
RESPIRATION, BIOCHEMISTRY, ELECTROLYTES AND PERFORMANCE 

The ROle oJ the Respiratory System during Exertion 

Biochemical Genetics and Performance Ability in Horses 

J.R. Gillespie 305 

D.R. Osterhoff, M.A.J. Azzie and J. Op't Hof 311 

Glucose and Insulin Biorhythms in the Horse J.W. Evans, P.G. Thompson and C.M. Winget 317 

Serum Enzyme Changes and Haemato-ehemical Levels in Thoroughbreds 
after Transport and Exer-eise D.Codazza, G. Maffeo and G. Redaelli 331 .' -
Normal and sAb~ormal Electrolyte Levels in the Racing Horse and 
their Effect on Performance H.M. Williamson 335-

Glycogen Depletion Pattern and the Biochemical Response to Varying 
Exercise Intensities in Standardbred Trotters 

Blood Gases, Acid-Ba:se Balance and Electrolyte and Enzyme Changes 
in Exercising Horses 

Lactic Acid Concentrations and pH Values in Trotters after Racing 

Correlations between Physiological and BiQchemical Parameters used 

A. Lindholm 341 

D.W. Milne 345 

H. Krzywanek 355 

to Assess Fitness in the Horse Maureen M. Aitken, Marion G. Anderson, Grace Mackenzie and J. 
for the expected attendance as possible. 

Open Discussion 

Sponsors and Paticipants 

List of Sponsors - Lys van Borge 

List of Participants - Lys van Deelnemers 

Associ~tions- cind Congresses 

World Veterinary Association 

World Veterinary Congress 

American Association of Equine Practitioners 

In Lighter Vein 

Veterinarians and African Music 

Inded to Advertisers 
Advertensie-opgaaf 

241 

371 

Borge en Deelnemers 

250 

374 

Verenigings en Kongresse 

262 

370 

344 

'In Ligte Luim 

38U 

Inside Back Cover 
Binne Agteromslag 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



Injectable choleretic 
and digestant 

for all domestic animals 

ad us. vet. 
stimulates the activity 
of the digestive glandula 

1 ml contains . 
106,4 mg So dium -4-lp-ch'loro -N­
(p-me th oxypheny l)-benzam ldo j­
butyra te (co rresponding to 100 mg 
Clanobutln -Sod iu m) 

Indi cati ons 
inappete nce 
ove re ating 

d iges tive d isturbances 
ato ny of the Intestin es 
co nst ipa tio n 
food Intox icat io n 
tympa ny 
pancrea tic Insuf fi Cienc y ... 
piroplasmosis and anaplasmosis 

ava ilab le as mul tl dose via l of 100 ml 

~i~ BykGulden 
I Pharmaceuticals 

dlstrllJut ed by 
Inge lhelm Pharmac eu ticals (PtY ILt (j 
Pnv al e Bag X 303 2 
Rand tJu rg 2 125 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



STUDY TOUR 

xx WO R l-O VET E R I N A R Y CON G RES S 
p / 

THESSAlONIKI/GREECE 6 - 12 JUl Y, 1975 

ALL INCLUSIVE PRICE R961 

This is an escorted group tour especially designed for members of the South African Veterinary Associa­
tion and their spouses to attend the XX World Veterinary Congress in Thessaloniki, at the all inclusive 
cost of R961 per person. 

Special features include: 

LONDON: 

MUNICH: 

CONSTANCE: 
(Lake Constance) 

THESSALONIKI: 

ATHENS: 

- FLIGHTS: 

FURTHER 
INFORMATION: . 

3 full days in London. Accommodation at the Piccadilly Hotel. A visit to the 
WELCOME FOUNDATION LTD. has been arranged on June 30th. 

2 days in Munich. Accommodation at the Hotel International. Arrangements 
to 'visit the Veterinary University. 

A scenic-coach tour via the romantic Bavarian castle of Neuschwanste'in takes 
you to Constance where members will be accommodated at the renown~d 
Insel Hotel for two nights. A visit to the modern laboratory of Messrs. BYK­
GULDEN has been arranged. Messrs. BYK-GULDEN will be your host for the 
day. 

Despite the heavy booking situation, we have been fortunate in securing 
accommodation in Thessaloniki for members of the S.A. Veterinary Associa­
tion for the period of the Congress. 

5 days at your leisure to explore this magnificent capital. A list of optional 
tours is available. 

By LUFTHANSA and SOUTH AFRICAN AIRWAYS. 

For details of this tax deductable study tour write to: 

South African Veterinary Association 

Centabak Bldg, P.O_ Box 2460 Pretoria. 0001 
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JOURNAL OF THE SOUTH AFRICAN VETERINARY ASSOCIATION 

The JOURNAL of the S.A. V.A. is owned and published by the South African Veterinary Association, of which it is 
the official organ. It appears quarterly and is devoted to matters of veterinary importance generally. The statements 
made and opinions expressed by contributors to this Journal are their responsibility only; such statements are 
not necessarily endorsed by the Editorial Committee, neither do their opinions reflect those of the Committee. 

SUBSCRIPTION - A free copy of each issue is sent to all Members of the Association in good standing. The subscription 
rate for non-members is RIO.OO per annum, post free surface mail. 

BACK NUMBERS are obtainable at R3.00 per number. 

CONTRIBUTIONS - The Editor will consider contributions of veterinary interest. Double spaced, carefully revised, type­
written manuscripts should be submitted in triplicate (original plus first two copies). Layout and references should 
be in the style of this number. Complete titles of references must be given. The number of figures and tables may 
be limited at the Editor's discretion unless the author contributes to the cost of reproduction. The latter considera­
tion applies particularly to reproductions in colour. 

REPRINTS can be obtained by authors and should be ordered at the time articles are submitted for publication. 
Twenty-five "tear-outs" of each article will be available free to authors. 

TABLES and figures should be in widths of 8,5 cm, or 17,75 cm, or in sizes of 26,25 x 17 ~75 cm, or reducible thereto. 

ADVERTISING RATES on application. 

AGENTS IN GREAT BRITAIN - Bailliere, Tindall & Cassell, 8, Henrietta Street,"'Covent Garden, London. 

If 

CORRESPONDENCE AND CONTRIBUTIONS should be addressed to the Editor, Jl S. Afr: vet. Ass:; 1,>.0. Box 
2460, Pretoria, 0001. (Tel. 2-6233). 

EDITORIAL COMMITTEE H.P.A. DE BOOM 
J.M.M. BROWN 
lo COETZEE 
P.G. HOWEll 
R.K. LOVEDAY 
J.H. MASON 
R.C. TUSTIN 
loW. VAN DEN HEEVER 
G.c. VAN DRIMMElEN 

Representative of the 
Financial Committee 
P.J. PUlllNGER 

ACKNOWLEDGEMENT 

SEC,ET ARY Mrs. M. MARAIS 

The financial subvention by the Department of National Education is gratefully acknowledged. 
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TYDSKRIF VAN DIE SUID-AFRIKAANSE VETERINERE VERENIGING 

Die TYDSKRIF van die S.A.V.V. is die eiendom van en word gepubliseer deur die Suid-Mrikaanse Veterinere Vereniging: 
dit is die offisii=He mondstuk van die Vereniging. Dit verskyn kwartaalliks en word aan sake van algemene veeartseny­
kundige belang gewy. Bydraers tot hierdie Tydskrif maak hul steliings en lug hul menings slegs op eie verantwoordelik­
heid; sodanige stellings word nie noodwendig deur die Redaksiekomitee onderskryf nie en die menings gee nie noodwendig 
die Komitee se menings weer nie. 0 

INTEKENING - 'n Eksemplaar van elke uitgawe word gratis aan aile volwaardige lede van die Vereniging gestuur. Die 
intekengeld vir persone wat nie lede is nie beloop R10,OO per jaar, posvry per land- of seepos. 

VORIGE UITGAWES is verkrygbaar teen R4 per eksemplaar. 

BYDRAES - Die Redaksie sal aile bydraes van veeartsenykundige belang vir publikasie oorweeg. Dubbel-gespasieerde, 
noukeurig hersiene, getikte manuskripte moet in triplikaat (oorspronklike en twee afskrifte) ingedien word. Opset en 
verwysings moet die styl van hierdie uitgawe volg. Volledige titels van verwysings moet gegee word. TABELLE en 
FIGURE moet in breedtes van 8,5 em, of 17,75 em, of in groottes van 26,25 x 17,75 em weergegee word, of tot daardie 
mate gereduseer kan word. Die getal figure en tabelle kan na oordeel van die Redaksie be perk word tensy die outeur 
tot die koste van reproduksie bydra. Laasgenoemde oorweging geld veral ook kleurreproduksie. 

HERDRUKKE is verkrygbaar mits die bestelling ten tye van indiening van die bydrae geplaas word. Vyf-en-twintig 
"skeurstukke" van elke artikel word gratis aan outeurs beskikbaar gestel. 

ADVERTENSIETARIEWE is by aansoek verkrygbaar. 

AGENTE in die VERENIGDE KONINKRYK - Bailliere, Tindall & Cassel, 8, Henrietta Street, Covent Garden, London. 

KORRESPONDENSIE en BYDRAES moet geadresseer word aan: Die Redakteur, Tydskrif van die S.A. Veterinere Ver­
eniging, Posbus 2460, Pretoria 0001. (Telefoon 2-6233). 

REDAKSIE: H.P.A. DE BOOM 

J.M.M. BROWN 

l. COETZEE 

P.G. HOWELL 

R.K. LOVEDAY 

J.H. MASON 

R.C. TUSTIN 

loW. VAN DEN HE EVER 

G.C. VAN DRIMMELEN 

Verteenwoordiger van die 

Finansieskomitee 
P.J. PULLINGER 

ERKENNING 

SEKRET ARESSE Mev. M. MARAIS 

Die finansie'e ondersteuning deur die Departement Nasionale Onderwys word met dank erken. 
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THE 'FOX' 
HASN'T GOT 
A CHANCE 
- He doesn't take EPOLI 

But these horses and hounds of The Cape Hunt 
and Polo Club do. They thrive on Epol cubes 
and keep in the pink of condition for the exac­
ting test of the hunt. 
Horse and dog lovers all over South Africa have 
found that protein-rich Epol is the complete 

balanced food with all the minerals, phos­
phorus and vitamins essential for vigorous ani­
mal health. 
Your pet whether he's a champion hunter or a 
lovable mongrel dog will thrive on EPOL, too. 

E~~~~ 
THE COMPLETE ANIMAL FOOD 
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EDITORIAL NOTE 

PROCEEDINGS OF THE FIRST INTERNATIONAL EQUINE 
VETERINARY CONFERENCE, PRETORIUSKOP, KRUGER NATIONAL 

PARK, AUGUST 5-10, 1974 

VERHANDELINGE VAN DIE EERSTE INTERNASIONALE 
HIPPIATRIESE KONGRES, PRETORIUSKOP, KRUGER NASIONALE 

WILDTUIN, AUGUSTUS 5-10, 1974 

FIRST INTERNATIONAL EQUINE VETERINARY CONFERENCE 
1974 

In Western history for centuries the horse had been 
the primary object of veterinary attention, until the 
full impact of the advent of motor transport and the 
increasing demand for animal protein soon thereafter 
caused the veterinarian of necessity to turn his atten­
tion to farm livestock. Intensified urbanization, 
meanwhile, had elevated small animal practice. 

Increasing affluence brought about indulgence in 
the sport of kings and of gentlemen; the horse, once 
regarded as on its way out, has become re-instated, in 
a nobler form than before. This swing of events is re­
flected in the holding of the First Jnternational 
Equine Veterinary Conference at Pretoriuskop in the 
Kruger National Park from August 5 till August 10, 
1974, a month before the World Association of Buia­
trics was due to hold its eighth international meeting 
in Milan. 

The veterinary profession in South Mrica, and 
particularly the Equine Practitioners Group of the 
South Mrican Veterinary Association, is honoured 
and proud to have been able to take the lead in 
organizing a successful first international conference 
- hopefully the forerunner of many more - and to act 
as hosts to a gathering of distinguished visitors. 
Equally, the Editorial Committee of the Association 
is proud to be able to devote two issues of this Jour­
nal entirely to the Conference Proceedings. 

It would be puerile to expect final answers in these 
papers but extremely helpful guidelines have been 
laid down. 

Tribute is paid to Dr M.A.J. Azzie, founder of the 
Equine Practitioners Group of the South African 
Veterinary Association, for conceiving the idea of an 

international conference of this kind and for his dogg­
ed perseverence in bringing the idea to fruition. The 
major load of organization was willingly borne by him. 

To Professor Frank J. Milne the Editorial Com­
mittee extend their deep indebtness for his meti­
culous, hard work as Conference Proceedings Editor. 
It was a major accomplishment on his part to be able 
to hand over the edited version of all the papers sub­
mitted (which'means all the papers but two) to the 
Journal Editor before his departure from South 
Mrica. A major part of the first session's discussions 
had also been under his care. It has been a pleasure 
and an educational experience to collaborate with 
him. 

The infra-structure of the Conference, the social 
side and the 17 ~nd 11 day tour organization were in 
the hands of a veritable Jeeves, in the person of the in­
imitable Bill Mounsey of Festivals and Conventions 
Trust (Pty) Ltd (FACT). 

Except for the occasional group photograph, no 
report on the social activities, formal or informal, will 
appear in these pages. Nevertheless, it would be 
grossly unjust not to make mention in passing of the 
grand spirit exhibited and goodwill generated at the 
various get-togethers. Veterinarians the world over do 
indeed possess remarkable and unsuspected poten­
tialities, as the feature pages in this and the next 
issue will show. 

Readers and contributors should please note that 
the international metric system (SI) is followed as far 
as possible. Litres a:r:'e indicated by t. - EDITOR. JI S. 
Afr. vet. Ass. ' 

FOREWORD 

The December, 1974 and March, 1975 issues of the 
Journal of the South Mrican Veterinary Association 
carry the Proceedings of the highly successful First 
International Equine Veterinary Conference held in 
the Kruger National Park during August, 1974. The 
part of the Conference which covered the parameters 
indicative of performance ability and state of fitness 
will be found in this, the December, 1974 issue, while 
that part of the Conference dealing with the alimen­
tary tract will be featured in the March, 1975 Jour­
nal. 

Because this: typewriter can probably not spell in 
the Scottish dialect, at best, we can reproduce the 
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philosophy of the great Robbie Burns by saying that 
the best laid plans of mice and men often go wrong, 
and it was unfortunate that the well-laid arrange­
ments to have a steno-typist present to record the ex­
temporaneously delivered con~ributions could, for 
reasons beyond control, not be fulfilled. This meant 
that at the last minute alternative arrangements had 
to be made to have the discussions taped, trans­
cribed, typed and returned where possible for the con­
firmation of the speakers concerned. Unfortunately, 
distortion occurs in all forms of transmission, and this 
may be reflected in the discussion following the main 
presentations. No apologies are offered to those whose 
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extemporaneous remarks appear mutilated, for this 
c.ould have been overcome, or at least avoided, if the 
persons concerned had accepted the invitation of the 
Programme Chairman to submit their questions and 
answers in writing! 

To Professor H.P.A. de Boom and Miss Dianne 
Fulton, Dr. Azzie's efficient and hard-working secre­
tary, my grateful thanks are due for all the work they 

did to publish these Proceedings within a reasonable 
time of the completion of the Conference. 

It was an honour and a privilege for me to be in­
vited to participate in this International meeting. 

F.J. Milne, 
Editor, Proceedings of the First International Equine 

V eterinary Conference. 

INAUGURATION OF A WORLD EQUINE VETERINARY ASSOCIATION 

INVITATION 

Equine veterinary services have progressed so 
rapidly over the past fifty years that equine 
veterinarians have developed specialized practices all 
over the world. 

The wave of enthusiasm, led by the AAEP, followed 
by the BEV A, has extended to other countries. 

The South African Equine Practitioners Group held 
the first International Equine Veterinary Congress in 
August, 1974. The reproduction specialists held an 
International Symposium in the United Kingdom in 
July, 1974. Both of the above meetings were attended 
by approximately 200 delegates. 

It is clear from the success of these two events and 
the continuing interest indicated by the attendance of 
domestic annual equine conferences in many coun­
tries of the world, that the time is now ripe to co­
ordinate the scientific knowledge of the world. 

The Convenor's introduction at the First Inter­
national Equine Veterinary Congress indicates the 
needs and the advantages to be gained from a world 
body of this kind. 

An informal meeting was held during this Congress 
to probe the individual feelings of the attending 
delegates. There were sixteen countries represented 
and the principle was favoured by all as individuals. 

The Chairman of the Australian Equine Veterinary 
Association extended an invitation to hold the next 
International Equine Veterinary Conference at Fiji in 
1976, where they would be hosts. 

Attention was also drawn to the fact that the BEVA 
is holding its 1976 meeting in the Republic of Ireland. 
The importance of World Equine Veterinary Associa­
tion to prevent overlaps, that might occur, is urgently 
required. I am sure many of us would like to attend 
both meetings. 

The co-operation of Equine Veterinary Associations 
from most countries in the world could greatly assist 
the inauguration of a World Equine Veterinary 
Association and, I am sure, the knowledge of every 
Equine Veterinarian in the world and his country will 
benefit considerablv. 

The Equme Practitioners Group of the South 
African Veterinary Association will work as 
Convenors until a Committee is formed. 
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The following objectives of the World Equine 
Veterinary Association have been drawn up 
provisionally: 
1. To establish liaison between all Equine Veterinary 

Associations and GrotIps. 
2. To provide an information service of all Equine 

Veterinary Meetings and new Equine veterinary 
literature. 

3. To establish a, register of all Equine Veterinary 
Associations and aim to have these national 
Associations as member~ of this World 'Group. 

4. To advance and exchange veterinary kFlOwledge, 
a. by regular International COnferences 
b. by action on the recommendations made by 

national associations that are of International 
importance, i.e., the re{;ognition of blood typing 
for parentage and registtation of horses, stan­
dards of soundness examinations, clarification 
of destruction on humane gr~unds, inter­
national movement of horses and doping of race 
horses, etc. 

c. by liaison of post-graduate student exchange. 

Further Recommendations for Discussion are 
Welcome 

The above function will. be carried out by a Com­
mittee formed by representatives from each Equine 
Veterinary Association or Group. It is hoped to have 
an inaugural meeting not later than June, 1976, when 
the representatives will meet to draft a constitution 
and make recommendations. It is not predicted to 
meet more than once a year, or more likely every se­
cond year. The expenses of tra\zel and membership are 
envisaged to be the responsibility of the National 
Association and the venue will be selected as centrally 
for the expected attendance' as possible. 

An appeal is made to advise us of your interest and 
to make whatever suggestions you deem appropriate 
to:-

Dr. M.A.,J. Azzie, 
P.O. Box 4024, 
Alrode 1451 
Transvaal 
South Africa 
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OPENING ADDRESS 
A.B. LA GRANGE 

PRESIDENT SA V A 

It is indeed a very great honour and privilege to Even in our small country the growth in meetings 
have been invited by the Chairman to this very select and gambling in horse races are quite astounding. It 
International Conference of the Equine Practitioners becomes impressive if we bring it in line with our defi-
Group of the S A V A. As a prelude to this Confe- nite, ultra-conservative approach to these matters. 
rence I had the good fortune of winning my office Our authorities firmly believe in the old saying: 
pool's July fortune of R9 this year. It is the first clear If you win money on the races, that's Gambling. 
profit I have ever shown on betting and the first If you win money at bridge, that's Social Amuse-
money I have received while not having worked for it. ment. 
My other ventures in this line have all been un- If you win money on the Stock Echange, that's a 
successful. Miracle. 

This First International Equine Veterinary Confe- In 1968 there were 333 meetings with a total stake of 
rence is a momentous occasion to which many pri- 3,4 million and a total turnover of 54,2 million Rand. 
vate practitioners and members of our Faculty of In 1973 these figures jumped to 437 meetings, with 
Veterinary Science have been looking forward. It is stakes of 6,2 million and the staggering total figure of 
not only important for those who are actively engaged· 134 million Rand. It is estimated that the total gamb-
in equine work but prides our entire profession, for ling spree is in excess of 300 million Rand per annum. 
what is being initiated here on an international level Over the corresponding period yea~ling sales have 
of exchange of knowledge can become a permanent in- risen from 356 in 1968 to 702 in 1973. The value of 
stitution. these sales jumped from 1,2 million to well over 3 mil-

We are proud to receive all our overseas' colleagues lion Rand per annum. 
in our country under these special and unique condi- It is to be expected that big money will. always have 
tions. We know that we will benefit greatly from your a positive as well as a negative side, be it in horse rac-
wide field of knowledge which you are willingly shar- ing, American saddler competitions and shows, or 
ing with us and we trust to contribute meaningfully Arab shows, etc. In general, laws, rules and regula-
to the proceedings as well. tions of countries, societies and associations are daily 

If one thinks of the equine species, be it as a stu- being tested to the extreme by modern man. This is 
dent or as a veterinarian, or the average citizen, one part of the life style of the modern era in which we 
automatically visualizes the Thoroughbred horse win- live. Whether we"lIke it or 'not, we are part of this 
ning the July, or the Derby, or the Oaks, or other society and part of this era, where the old traditions 
famous and traditional races all over the world. I do and the digni ty and nob iii ty of it is being opposed and 
not think there is any other animal that grasps the im- undermined by conniving and all sorts of intrigues. 
agination of the public to the extent that a fine and It gives me immense pleasure to be here today at 
well-trained horse can do, be it as a July winner, or a the beginning of a conference of equine specialists 
Five-gaiter, or a Clydesdale pulling the beer wagons, who are geared towards the positive side of this enor-
or a jumper clearing his jumps, or seeing someone ex- mous industry. On studying. your congress pro-
pertly mounted on the back of his best friend, trot- gramme one can only be impressed by the papers that 
ting around the outskirts of the cities.' will be read and the field that will be covered. 

The horse has been one of mankind's biggest friends This does not only reflect the positive side of equine 
for many centuries. In fact, as an important part of practice and research, but it also typifies the desire to 
man's activities, horses date back to well over 4 500 learn. Continued education is an integral part of 
years. Tribes in places as far apart as Mesopotamia modern veterinary practice. It is the veterinarians' 
and China had domestic horses 4 000 years ago. sincere desire and constant effort to keep abreast of 
Domestic horses were recorded in ancient Greece as science and technology, modem techniques and re-
early as 1 700 BC and in Egypt in 1 600 BC. There is search. . 
reference to a mounted Olympiad about 640 BC. It It is unfortunately true that in many instances and 
was the Romans who standardized horses as a means occasions the extremely important contact and liai-
of sport and recreation. Ironically, however, when son between research institutions and faculties of 
Caesar invaded Britain in 55 Be he was astounded to veterinary science aQ'd 'private practice is not as close 
find himself opposed by charioteers. as it should be. Nofhing can be more detrimental to 

To the British must go the credit of organized horse progress than a lack'of liaison and close collaboration 
racing and the developing of the noblest horse breed - between these three vital links. 
the Thoroughbred. Over the centuries it has spread, I am sure that this international conference of 
as the Sport of Kings, to all countries, even to those equine specialists and.practitioners which is now be-
without kings. ing opened will strengthen these links and that every-

Thinking of countries like America, England, body present will leave here enriched and revitalized 
France, Japan, Australia, and many others, also this with knowledge, skills, techniques. and new ideas. 
country, we realize that this is a massive industry and On behalf of the Parent Body, I wish to congratu-
we are called upon to look after the health, soundness late and thank Dr Azzie and his co-workers for the in-
and continuation thereof. In the U.S.A. the earnings spired effort, the energy they have expended and work 
of top horses far outstrip their counterparts in the rest they have done to make' this conference a success. 
of the world, though Japan is showing remarkable Mr. Chairman, it is indeed a very great honour and 
progress. In the 1968 Japan Derby there were 161 000 privilege to now declare your congress formally open 
spectators who; betted 11 500 000 dollars on a single and to wish you success, happiness and enjoyment for 
race. the days ahead. 
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SPONSORS BORGE 

OUR GRATEFUL THANKS ... ONS HARTLIKE DANK 

The First International Equine Veterinary Conference organisers would like to pay tribute to all the donors for their 
many generous contributions. This excellent support has enabled us to stage this Conference at a level in which we can 
all take pride. 

S.A. VETERINARY .FOUNDATION - HAWAII 
FOUNDATION FUND 
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PROCEEDINGS OF THE FIRST INTERNATIONAL EQUINE 
VETERINARY CONFERENCE 

INTRODUCTION 
M.A.J. AZZIE 

Convenor: Fir~t International Equine Veterinary Conference 

The importance of a congress such as this to the 
equine community needs no emphasis. 

As equine specialists, we will exchange scientific 
knowledge at an international level. We will meet our 
colleagues who are engaged in similar research or 
clinical investigations. This will provide an oppor­
tunity to exchange information on the progress of per­
sonal research. It will seed new thoughts of projects 
which require investigation. It will avoid over-lapping 
of research and the duplication of similar investiga­
tions without justification. This contact will provide 
guidance to new literature. This meeting provides an 
opportunity to discuss our projects with other ex­
perienced equine veterinary specialists, who may have 
different views which will be defended publicly. 

The practitioner will be greatly rewarded by the 
consolidation of considerable research knowledge and 
by participating in its discussion. 

The standard of veterinary science and clinical 
veterinary medicine can be perpetually elevated by 
regular meetings of this kind, and great professional 
pride will be accomplished by enhancing the progress 
of science. The economics of the entire equine in­
dustry will benefit. 

It is hoped that the publication of the proceedings 
of this meeting will stimulate the desire of every 
country to support the inauguration of a World 
Equine Veterinary Association so that similar 
meetings will follow. 

SECTION A: SOME PARAMETERS INDICATIVE OF PERFORMANCE 
ABILITY AND STATE OF FITNESS OF EQUINES 

First Session: CARDIOLOGY, HAEMATOLOGY AND PERFORMANCE 

Chairman: A. LITTLEJOHN 

AN INVESTIGATION OF CARDIAC RHYTHM USING AN ON-LINE RADIOTELE­
METRY/COMPUTER LINK 

J.R. HOLMES' 

SUMMARY 

The paper describes the findings in various types of arrhythmia at rest and after exercise using an on-line radiotelemetry/ 
computer link to measure and plot heart beat interval durations. 

INTRODUCTION 

From the haemodynamic point of view, the circu­
lation can be regarded as a closed system with a pump 
at its centre. In an inanimate situation, to maintain 
regular flow, the pump should pulsate regularly; any 
irregularity will have repercussions on fluid flow in the 
system. In the living animal the analogy is not quite 
true, however, for a variety of other mechanisms 
besides cardiac contractions influence blood flow 
through the arterial, capillary and venous channels. 
Particularly in the resting horse, in which species the 
heart rate is comparatively slow, it is apparent that 
irregularities may occur in rhythm which are compati­
ble with normality. Horses with a variety of arrhyth­
mias at rest have been found to be capable of com­
pleting the requirements of Three Day Event Trials 
which represent a fairly severe test of cardiac efficien-

• Depart ment 01 Veterinary Medicine, University of Bristol, Bristol, Eng 
land. . 
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cy~. It is likely that these irregularities, observed at 
rest, disappeared whim heart rate accelerated and 
there is good evidence that in fact at high heart rates 
these horses have regular rhythm. The conclusion to 
be drawn from this 'KInd of.observation is that at slow 
resting heart rates (30040 per minute), some apparent­
ly normal horses maihave rhythm irregularities but 
that in many of them the irregularities disappear 
when heart rate accelerates and thus do not impair 
performance. The persistence of arrhythmia at high 
heart rates, however, during or immediately after ex­
ercise, would probably justify a guarded prognosis, for 
at these times circulatory efficiency is of major impor­
tance, particularly when a temporary oxygen debt 
may occur, tne repayment of which is favoured by an 
efficient blood flow through lungs and periphery. 

The resting heart rate of different horses varies and 
it may vary from time to time in an individual horse 
depending particularly on the activity of the animal 
and the influence of the environment. It if'. likely that 
cardiac rate is slowest when an animal is asleep, 
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whereas movement and feeding may influence resting 
heart rate. In race-fit Throughbreds particularly, rate 
may readily be affected by stimuli from the environ­
ment. Thus, other horses moving about a stable yard 
or the approach of the feed bucket may result in short 
periods of excitement which are associated with tran­
sient tachycardia. This generally subsides as quickly 
as it appears. 

The variations in resting heart rate may have a 
marked influence on the appearance of some 
arrhythmias (using the term arrhythmia in its 
broadest sense to 'Include the dysrhythmias). Thus, 
resting heart rate at the time of examination is very 
important and in easily excitable horses it may be dif­
ficult to obtain an appreciation of rhythm at the real 
resting heart rate. The appearance of irregularities in 
rhythm at one examination and their absence at 
another may depend on the heart rate at the time of 
the examination. The character of the horse therefore 
may influence the kind of arrhythmia encountered at 
rest. The phlegmatic type or one undisturbed by its 
surroundings and with a slow resting heart rate may 
often show first and second degree partial A V block 
whereas the excitable horse with a relatively high 
"resting" heart rate may not show this dysrhythmia. 

When heart rate accelerates, even the most bizarre 
rhythms tend to become less obvious, so that during 
exercise, when the heart rate may rise to 230 per 
minute, arrhythmia may be difficult to detect but it 
readily becomes apparent when heart rate begins to 
slow. 

METHODS OF STUDYING CARDIAC RHYTHM 

An appreciation of rhythm may oe gained trom 
pulse palpation or cardiac auscultation at rest and 

immediately after exercise. The use of electrocar_ 
diography has the advantage not only of providing a 
permanent record of the rhythm but of allowing 
diagnosis of the nature of any arrhythmia. At. rest a 
conventional electrocardiograph may be used with 
leads attached directly between horse and machine 
but this method cannot be applied during exercise. 

The first few minutes after the end of exercise is a 
critical period when heart rate decelerates very quick­
ly, and potentially significant and yet transient 
irregularities in rhythm may occur. This period is 
generally missed if a horse has to be connected to a 
conventional electrocardiograph. The problems may 
be overcome by the use of radiotelemetry and the 
method we use has been described. 6 By 
radiotelemetry, ECG data may be viewed on an os­
cilloscope, written directly on an electrocardiograph 
and/or stored on magnetic tape. The introduction of 
computer methods has greatly increased the useful­
ness of the radiotelemetry technique. Using a PDP12 
computer, the ECG signal received by radiotelemetry 
may be passed, after suitable amplification, into the 
computer's .clock which may be set to measure time 
intervals between selected signal peaks such as RR- or 
SS-intervals and to store these values on sequential 
blocks of computer magnetic tape. Subsequently the 
results may be output to a teletype or displayed, 256 
values at at time (=1 tapeblock) as a histogram or as 2 
x 128 beat-by-beat plots. Thus, irregularities in 
rhythm may be easily recognized. At the same time, 
the incoming data are stored on a conventional tape 
recorder and can later be written on an electrocardio­
graph for confirmation or study of the nature or any 
arrhythmia dem6nstrated by the comput.er's display 
,(Fig. 1). . 

I LiP I Receiver ::;:::;:::::::::::~ • • ___ _ 
L-____ .I _~ Tape 

IV;deograPh~ . Recorder 

~ 
D. C. 

Amplifier 

---
Computer 

~r:::l 

L:J 
-

XYIT .. 
Plotter 

.. Monitor 
-.-: Scope 

~ 

Fig. 1 :Arrangement of the transmitter and receiving and recording equipment. 
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Any display on the computer's oscilloscope may be 
output to an Xyrr plotter and the plots which are 
used for figures 3 to 16 were drawn directly under 
computer control. This is a very easy and rapid way of 
permanently illustrating various types of arrhythmia 
and any number of sequential beats may be measured 

Fig. 2: Normal impulse conduction through th'e myocar­
dium. The pacemaker is in the sinoatrial node (SAN) from 
where a ripple contraction mechnically crosses the right and 
left atria (RA and LA). From the atrioventricular node 
(AVN) the activation passe's through the Bundle of His 
(BH) and (hence via the Purkinje pathways in the right and 
left bundle branches (RBB imd LBB) to activate the two 
ventricles virtually simultaneously. 

and then plotted in blocks of 256 values. It is there­
fore ideal for long-continued monitoring at rest as well 
as for observations on the effect of exercise. 3 

CLASSIFICATION OF ARRHYTHMIAS . 

The nature of the more common arrhythmias may 
be appreciated by a consideration of the normal origin 
and pathway of impulse conduction in the myocar­
dium (Fig. 2). The pacemaker in the sinus node in­
itiates a relatively slow ripple contraction across the 
atria followed by stimulation of the AV -node and bun­
dle of His, then rapid transmission through the 
Purkinje pathways to the. right and left ventricles. 
Irregularities in rhythm may therefore arise as a result 
of disturbances in impulse formation and from inter­
ference in impulse conduction or a combination of the 
two. 

Whilst there are certain clearly recognized arrhyth­
mias which may often be diagnosed on ausculta­
tion, sometimes arrhythmias may be very complex 
with mixed irregularities. Some forms of arrhythmia, 
particularly atrial irregularities, are also open to dif­
ferent interpretations as to their nature'. 

Disturbances of impulse formation include effects 
in the sinus node (pacemaker) and ectopic foci in atria 
or ventricles which may initiate myocardial contrac­
tions. Disturbances of impulse conduction include 
various forms of heart block. Mixed disturbances of 
impulse formation and conduction include fibrilla­
tion, dissociation and parasystole. 

Atrial Fibrillation 
This is the commonest cause of the most bizarre 

rhythm. On auscultation, the profound irregularity, 
absence of atrial contraction sounds and variation in 
intensity of first and second heart sounds are in­
dicative of atrial fibrillation. A histogram of 256 beats 
at rest will show typically a wide range of RR-inter­
vals and the irregularity is very apparent on a beat­
by-beat plot (Figs 3 and 4). During exercise, at high 
heart rates, the arrhythmia persists but is less ob­
vious 4 7. It quickly becomes very apparent as heart 
rate begins to slow immediately after exercise (Fig. 5). 

VI CASE 95 ATRIAL FI BRllLATION 
....J 
< > 

1 
c:::: 
LLJ 
~ :z 

c:::: 

e:::: 201 
oj \ 

0.0 1.0 2.0 2.5 3.0 3.5 

R - R INTERVALS ( SECS. ) 

4.0 4.5 
, 

5.0 

Fig. 3: Case 95. Twenty-years-old Hanoverian spayed mare. Atrial fibrillation. Histogram from 256 heart beat intervals at rest. 
This mare had had atrial fibrillation for at least 10 years and also had a marked pansystolic murmur. It had been regularly 
hunted during t.his period but had become progressively less efficient for sustained gallops and particularly when climbing 
hills. Note t he wide range of RR-intervals typical of atrial fibrillation. 

The minimum RR-interval was 0,7 s and the maximum was 5,0 s. 
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Fig. 4: Case 95. Plot of 128 sequential heart beats comprising part of the histogram of figure 3 to illustrate the bizarre rhythm. 
The longest interval was 4,53 s, representing an equivalent heart rate of 13/min and the shorMst was 0,72 s representing a heart 
nite of 83/min. The total time for the 128 intervals was 196,5 s (3 min 16,5 s). Despite the marked irregularity, the times for 
4 x 32 intervals were not very different (47,6 to 50,6 s). 
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In all beat-by-beat plots the values above the plots represent the time in seconds for each group of 32 intervals. 
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Fig. 5: Case 95. Plots of 128 sequential heart beats. 
a) Immediately after 6,75 min lunging exercise. 
b) 72,3 s after the send of a) 
c) 555,6 s after the end of b) .. 
Note the persistence of arrhythmia at high heart rates and the progressive development of it pattern resembling LhaL olJst!rvW 
at rest (Fig. 4). 
Total times for the 128 intervals were:-

Sequential beats secs. 
a) 1 - 128 65,5 
b) 257 - 384 85,1 
c) 1025 - 1152 133,8 

Although there are undoubtedly horses with unsus­
pected atrial fibrillation which are racing, in our ex­
perience this is one cardiac abnormality most often 
associated with a history of poor performance and 

. fading during racing, and, in the Hunter, dyspnoea on 
.~ climbing hills. It is the most frequent cause of true 
\jug!11arpulsation in the horse. Strangely, the condi­

tion:seems to occur only in big horses and we have 
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Fig. 6: Case 504. Six-years-old Thoroughbred mare. Plot of 128 sequential heart beat intervals at rest. Note the occasional in­
tervals of approximately twice the normal length. These were due to second degree partial A V -block. The plot shows 6 missed 
beats in 128 ventricular contractions, occurring at a resting heart rate which averaged 43/min. 
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.Fig. 7: Case 483~ Five-years-old Thoroughbred gelding. Plot of 128 sequential heart beat intervals at rest. in this case the long 
mtervals, which:occurred very frequently, were due to second degree partial AV -block. There was also occasional first degree 
AV -block, the longer-than-normal PR-interval increasing the length of the associated RR-interval. Note that when heart rate 
accelerateo. the AV-block temporarily disappeared. In this plot there were 33 missed beats during the period of 128 ventri­
cular contractions. There were periods of both 2:1 and 3:1 block. They occurred when heart rate averaged 34/min and were 
absent when heart rate accelerated to over 45/min. Total time was 288,1 s (4 min 48,1 s). -
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never seen it in animals measuring under 14,0 hands. 
The heavy draught horse and .the heavyweight Hunter 
seem to be more often affected. In our view it con­
stitutes an unsoundness. In early cases free from mur­
murs, treatment with quinidine sulphate by mouth 
may re-estab,lish sinus rhythm. Some cases show no 
significant gross lesions but others may have very 

severe atrial fibrosis 1. It is difficult clinically to 
differentiate between the two. History of possible re­
cent occurrence, absence of murmurs and ectopic 
beats and absence of jugular pulsation and/or oedema 
should be taken into consideration in deciding 
whether to advise treatment. 
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and 11 double missed beats during 128 ventricular contractions when)leart rate averaged 50/min. The single and double 
missed beats were distributed irregularly but both disappeared when ,tieart rate accelerated slightly. After exercise in this 
pony, rhythm was regular. '" .' 
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Second Degree Partial A V-Block 
This is the commonest form of rhythm irregularity 

observed in horses at rest, clinically recognizable by 
the appearance of missed beats during which, in the 
majority of cases (80 per cent), the atrial contraction 
sound can be heard. Thus, in most horses the condi­
tion can be diagnosed without difficulty on ausculta­
tion. It is often accompanied by first degree AV -block 
and is generally Wenckebach type I with variations in 
PR-interval which often progressiyely lengthen up to 
a missed beat 5. Thus, on auscultation there is a cor­
responding increasing separation between the atrial 
contraction sound and the first heart sound. The mis­
sed beats may occur relatively infrequently and 
irregularly (Fig. 6) or appear very frequently, produc­
ing 2:1 or 3:1 block (Fig. 7). Often the appearance of 
missed beats is very rate-dependant and they may 
disappear if the heart accelerates slightly. Double 
missed beats are also not uncommon (Figs. 8 & 9). 

It seems doubtful whether any clinical significance 
can be attached to the frequency or regularity. Heart 
rate at the time is probably an important controlling 
factor. The effect of pulse acceleration and particular­
ly exercise on the missed beats is probably a much 
more important criterion of their significance. 
Sino-atrial Block 

Generally, the condition is rlfCognizable by missed 
beats during which no atrial contraction sound can be 
heard. Much less common than partial AV -block, it 
may sometimes be confused with the latter. 
Theoretically the typical SA-block is represented by a 
pause of approximately twice the normal interval 
length, but in practice there may be considerable 
variation so that the picture may be rather reminis­
cent of atrial fibrillation and then would probably be 
better referred to as sinus node exit block, of varying 
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degree. The radio-computer method is particularly 
useful in depicting this type of irregularity (Fig. 10). 

Ectopic Beats 
Ectopic beats may arise from the atria or the ven­

tricles. The A V -node may also act occasionally as a 
source of myocardial activation even when the sinus 
node is the dominant pacemaker. The majority arise 
from foci which stimulate the myocardium irregularly 
and unpredictably. Their presence becomes apparent 
only if they trigger an impulse outside the refractory 
period. Sinus rate and the timing of the ectopic beat 
relative to the previous.sinus beat (coupling interval) 
determine whether they can be interpolated in the 
normal rhythm or whether they abolish the next sinus 
impulse resulting in a compensatory pause. Their 
prematurity, generally louder than a normal first 
heart sound and, when present, the ensuing compen­
satory pauses, are features of diagnostic significance 
on auscultation. Usually the sinus pacemaker is the 
dominant pacemaker because it is the fastest 
pacemaker but very occasionally the ectopic focus 
may possess rhythmicity. A condition of atrial or ven­
tricular parasystole then exists, depending on the 
location of the ectopic focus. ' 
A trial ectopic beats may cause the pacemaker to 
"change step" or the sinus node may retain its rhythm 
in which case a compensatory pause follows the 
premature atrial beat (Fig. 11). 
Ventricular ectopic beats may be interpolated in the 
normal rhythm although they are more often followed 
by a compensatory pause. Interpolation is very depen­
dent on sinus rate and coupling interval. It is possible 
only at sinus rates which are sufficiently slow for the 
myocardium to recover from the premature ectopic 
contraction before the next sinus impulse 
arrives(Figs. 12 & 13). 
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Fig, 10: Case 451:. Aged Thoroughbred gelding. Plot of 128 sequential heart beats. The long RR-intervals were due to sinoatrial 
block and the intermediate intervals probably represent various degrees of sinus node exit block. This results in a markedly 
irregular rhythm. namely the basic cycle length and intermediate pauses of variable duration. Here there were 5 intervals of 
approximately twice the basic cycle length but there were 12 others of intermediate length. ' 
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Fig. 11: Case 422. Six-months-old Thoroughbred colt foal. Found to have very marked arrhythmia when ~;amined for in­
surance purposes at 5 weeks of age. Atrial ectopic beats occurred very frequently either singly or in groups. The foal,was nor­
mally active and grew satisfactorily. The incidence of ectopic beats became progressively less and by 22 months of age were 
relatively infrequent. Plot of 128 sequential heart beats recorded when the foal was 6 months old. In this case the earlier-than­
normal beats were not followed by a compensatory pause although the next RR-interval was slightly longer than the basic cy­
cle length. Thus the sinus node had changed its rhythm. There were 8 premature beats (PAS) in the 128 intervals in this plot. 
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Fig. 12: Case 445. Sixteen-years-old draught mare. Histogram of 256 heart beat intervals at rest. This mare had very frequent 
ventricular ectopic beats. 

Parasystole is relatively rare in the horse and few 
cases have been reported. By setting the computer's 
clock to trigger only on ectopic beats, ectopic inter­
vals can be measured and plotted. Figure 14 provides 
an example of a histogram from a case of ventricular 
parasystole constructed from 1 024 sequential ectopic 
beats, illustrating how they occur in multiples of a 
basic cycle length because the focus possesses rhyth­
micity. 
Mixed irregularities sometimes occur, such as second 
degree partial AV-block with premature atrial 
systoles and blocked premature atrial beats. 
Variations in sinus node exit block and second degree 
partial AV-block, not uncommonly accompanied by . 
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sinus arrhythmia, may also produce a very bizarre 
rhythm. ., 

EFFECT OF EXERCISE,ON CARDIAC RHYTHM 

Our practice in assessing cardiac response to work is 
to gradually increase the amount of exercise. Thus, we 
generally first have the horse trotted a short distance 
in hand.' This has the advantage that the induced 
tachycardia is of short duration and the effect on 
rhythm can be observed quickly. Later, the horse is 
ridden at the trot, then the canter and later at the 
gallop, the duration depending on degree of fitness 
and the findings in each case. 
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Oscilloscope monitoring of ECG signals by 
radiotelemetry indicates that at high heart rates, dur­
ing exercise, rhythm is generally regular. The moment 
exercise stops, however, heart rate begins to slow, 
rapidly after light exercise and more slowly after more 
severe exertion. We do not adopt a standar.d exercise 
test partly because we are asked to examine a wide 
range of different types of horses and ponies and also 
because they are presented in varying states of fit­
ness. 

Thus, immediately after the end of exercise, 
rhythm is generally regular. After light exercise, how­
ever, a transient arrhythmia is not uncommonly 
observed in many apparently normal horses wh ich 

have regular rhythm at rest. Such a pattern is shown 
in figure 15 and from ECG recordings we consider this 
to be sinus arrhythmia. It is generally very transient, 
indeed we would probably not have been able to 
record it if we had to connect the animal to ao. elec­
trocardiograph, such is its short duration. It is 
probably associated with vagal activity related to the 
commencement of heart rate slowing. Mter more 
severe exertion it is usually absent. 

Radiotelemetry has also shown interesting transient 
irregularities in some cases of second degree partial 
AV-block. Using a conventional electrocardiograph, it 
was observed that in most horses with partial A V­
block at rest the missed beats disappeared after exer-
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Fig. 13: Case 445. Plot ot 128 sequential heart 'beats comprising part of the histogram of figure 12. In this plot there were 10 
premature beats (P.V.S.). Nine of them were followed by full compensatory pauses (F.e.p.), whilst one was interpolated in the 
normal sinus rhythm. 
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Fig. 14: Ca~e X2~1. Three-years-old pony. Histogram of 1 024 sequential ventricular ectopic intervals. The ventricular focus 
possessed rhyth~icity. Its' basic cycle length was 1,1 s and the longer intervals were multiples of this basic cycle length. This is 
typical of ventricular parasystole. 'l'he numbers above the plots are the average values in each group. ' 
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cise and did not recur until heart rate approached 
resting rate 4. On the other hand, using radiotele­
metry, which permits immediate monitoring after the 
end of exercise, it has been found that a significant 
number of horses with partial AV-block at rest may 
also show missed beats, singles and sometimes 
doubles, for a short period immediately exercise is 
stopped. This transient period is then usually follow­
ed by regular rhythm until heart rate approaches rest­
ing rate, when partial A V-block reappears (Fig. 16). 
The transient nature of this arrhythmia suggests that 
it may be a manifestation of excessive vagal action 
associated with the onset of heart rate slowing, just as 
vagal influence may explain the frequency of partial 
AV-block in horses at slow resting heart rates. It may 
not therefore justify a grave prognosis. 

Ectopic beats of atrial or ventricular origin may 
become more frequent after exercise 4. Their 
appearance implies the presence of some irritant focus 
in the myocardium. Nevertheless, from our post-

mortem studies, often no gross lesions are apparent. 
In man, Lewis observed that the presence of ectopic 
beats per se would not necessarily justify a grave 
prognosis but should emphasize the need for a close 
scrutiny of the heart. If no other signs of cardiac dis­
ease were detected, their significance became 
negligible 8. They are, however, inefficient contrac­
tions and, if very frequent or associated with 
parasystole, may warrant a guarded prognosis. The 
majority of horses with ectopic beats seems to im­
prove with rest and this is one of the few cop.ditions in 
which a period of rest appears to be beneficial. 

It is important not to get the problem of arrhythmia 
out of perspective. The majority of horses have regular 
rhythm at rest, as well as during and after exercise. 
Arrhythmia is obviously undesirable and yet certain 
forms of irregularity, notably second degree partial 
AV-block at slow heart rates, may be a way of resting 
the myocardium without impairing the circulation. 

At high heart rates, as the heart slows after exer-

CASE 4991·, SINUS ARRHYTHMIA (AFTER EXERCISE), 
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I 

3~.1 

l. 6 -_. 37.5 :::t: 

~ 
~ 

50.0 ..... 
~ 

0.8 75.0 ~ 
1"1"1 

150.0 3: 

0.0 z 
'T. . O.O~----------------'---------------~I----------------~I----~--------~~ 

a:: 1 32 64 96 126 
Sequential R - R Intervals .I 

Fig. 15: Case 499. Twenty-one-years-old Hunter gelding. Plot of 128 sequential heart beats immediatelY after a short gallop. 
This horse had pulmonary emphysema. There were no cardiac murmurs on auscultation. Rhythm was regular at rest. The 
arrhythmia depicted was transient and rhythm later became regular as heart rate slowed. The RR~intervallength at the begin­
ning of the record was equivalent to a heart rate of lO8/min. The total time for the 128 ventrich41r contractions was 121,7 s, 
during which there were 12 periods initiated by a long RR-interval followe9 by progressive shortenIng of the intervals back to 
the previous rapid rate. After 128 intervals the RR-interval length was equivalent to a heart rate of 47/min. 
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Fig. 16: Case 541. Six-years-old Thoroughbred gelding. Plot of 128 sequential heart beats i.mmediately after 2,5 minutes' 
galloping. Note the presence of frequent single and later double missed beats which were due t6 second degree A V -block. This 
horse had frequent single and occasional double missed beats at rest. At the commencement of the plot, the RR-interval was 
equivalent to a heart rate of 117/min. Then during the following 94,9 s, the time for 128 ventricular contractions, there were 6 
single, 5 paired and 5 double missed beats. In the next 21 intervals there was 1 double and 3 single missed beats after which 
rhythm was regular for the next 405 intervals measured. Missed beats did not occur after the first RR-interval equivalent to a 
heart rate of 60/min in this recording. Thus the post-exercise arrhythmia was transient and regular rhythm developed to be fol­
lowed later by return of second degree parti.al AV-block when resting rate was approached. 
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cise, transient sinus arrhythmia is probably of no 
clinical significance. Even transient second degree 
partial AV-block, which may have a similar aetiology, 
may be benign, provided it appears only temporarily 
but perhaps a more serious view should be taken at 
present when it appears at high heart rate!, and per­
sists. 

Arrhythmia of mixed aetiology and atrial fibrilla­
tion with very bizarre rhythm must result in severe 
disturbance to blood flow and, over a period of time, 
impair circulatory efficiency. 

Our knowledge of these matters is too insufficient to 
allow us to be dogmatic but evidence will gradually 
accumulate to permit a more rational prognosis in 
cases of arrhythmia. 
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DISCUSSION 

G. Frost: When examining horses such as hunters and jumpers for 
soundness, can arrhythmias which disappear upon exercise be 
ignored, or should they be mentioned? Are they to be regarded 
as a sympton of unsoundness? 

,J.R. Holmes: They should definitely be mentioned. For purposes 
of evaluation, all factors must be taken into account, such as 
the presence or absence of murmurs and the use to which the 
horse is being put. In the absence of other signs one would 
be justified in stating that they are of no significance. 

J.D. Steel: If we exclude all horses required to act at speed, I 
would agree. This type of arrhythmia is less significant than 
when considering the racing horse. Because acceleration of 
heart rate leads to disappearance of discernible arrhythmia as 
recorded on the ECG it does not necessarily mean that it is 
not going to affect performance when speed is important. It 
has been shown that heart rate bears a linear relationship to 
speed of work. If we plot this ratio for horses moving between 
400 to 800 m/min. a higller rate will be detected in those horses 
whose resting ECG's can be classified as abnormal. There is 
going to be a point in cardiac acceleration at which there is 
insufficient time for adequate ventricular filling and thus for 
sustained stroke volume. At higher heart rates performance 
must then be affected significantly. 

G.F. Fregin: What would b~ considered an abnormally long PR­
interval when considering first degree AV -block? 

If the resting heart rate is 30, what would you consi­
der a normal PR-interval to be in the thoroughbred? 

I would agree with Dr Steel about the significance 
of incomplete AV-block with a short beat. It seems difficult 
to determine from the literature at what level the cut-off point 
should really be. Dr Steel in his 1963 monograph had taken 
0,40 s as the cut-off point. It seems somewhat short from our 
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experience. It seems Dr Steel had taken double the human 
criterion of 0,20 s. If we use that as basis, namely 0,40 to 0,44 s, 
as a maximum for incomplete AV-block with dropped beat, 
or first degree AV -block, there are categories of horses that will 
drop beats below this interval and also those that drop beats 
with intervals above this value. We have used this as a general 
guide line in trying to determine the actual significance. I 
think there are ways of looking at dropped beats in the horse. 
One that has not been mentioned is age. Below two years - say 
in a yearling - a dropped beat I would consider quite ab­
normal. In tM majority of young animals with this symptom 
on which we have had the opportunity to perform an autop­
sy, myocarditis could be found, usually in the area of the 
AV node or in the septum. In young horses below two years 
of age dropped beats are probably indicative of heart disease, 
For those older than two years we have either taken perfor­
mance, as Dr Steel has done, or we have taken PR-intervals 
of over 0,44 s. In those with multiple dropped beats usually 
there was very good evidence of decreased exercise perfor­
mance. Single dropped beats' with intervals of over 0,44 s, or 
multiple dropped beats - 2 to 3 in a row - in our experience 
proved to be relatively reliable evidence of cardiovascular 
disease. At autopsy each case had myocarditis in the vicinity 
of the conducting system. Many had histories of decreased 
exercise performance, or at the age of 4 to 5 years dropped 
considerably in their performance. Many ofthese horses can do 
a fair amount of work, as show animals or hunters, but when 
really put to the task of covering a long distance within a 
certain period of time they 'cannot cope. 

J.R. Holmes: The PR-iriterval is rate dependent and we use a for­
mula which work~ out the normal range of PR-intervals 
associated with particular heart rates. The formula is : y = 
5,682 x '/x + O,l'5-·w.ith a Standard Deviation of ± 0,0564 s, 
where y = the PQ.intervaI in seconds and x = the heart rate 
per minute. . . 

One could find a· value lower then 0,40 s in a first degree 
AV-block. . . . 
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WORLD VETERINARY ASSOCIATION 
Announcement 

The Secretariat of the World Veterinary Association 
intends to issue the following publications: 
l. News Items (as until now 2 times.a year) 
2. Monthly News Letter 
3. Report on the implementation of the resolutions of 

the 19th World Veterinary Congress, Mexico, 1971. 
4. World catalogue of veterinary films and films of 

veterinary interest. 

1. NEWS ITEMS OF THE WORLD VETERINARY 
ASSOCIATION 

This attractive booklet of about 30 pages is publish­
ed two times a year. It contains full information on the 
activities of the WV A Secretariat, interesting news on 
the World Veterinary Congresses and the countries 
where these congresses are held, information from 
Member and Associate Member-associations with 
reports about recent meetings, a comprehensive list of 
coming meetings and congresses, details about con­
tacts with other organizations of related interest, such 
as FAO, World Health Organization, World Medical 
Association, International Veterinary Students 
Association, with reports of observers from the WVA 
at the meetings of these organizations and any other 
news that may interest members of the profession. 

2. WVA MONTHLY NEWS LEITER 

This News Letter will.be published every month 
except, in May and December, when the News Items 
appear. The first News Letter will be published In 

April 1975. 

The WVA News Letter will be a supplement to the 
News Items and an excellent means to be kept 
regularly informed about international activities in 
the veterinary and related fields. 
3. REPORT ON THE IMPLEMENTATION OF THE RE­
SOLUTIONS OF THE 19th WORLD VETERINARY 

CONGRESS. MEXICO; 1971 

This report will be published in April 1975. It will 
describe in a general way the measures which have 
been taken in the Member-countries of the WV A to 
implement the Resolutions of the Congress in Mexico. 
It should be considered as a supplement to the 
proceedings of that Congress and all those who hold 
copies of these proceedings are recommended to buy a 
copy of the report. 

4. WORLD CATALOGUE OF VETERINARY FILMS 
AND FILMS OF VETERINARY INTEREST, 1975 

One or the purposes of the World Veterinary 
Association mentioned in Article 1 of the Constitu­
tion, is to promote all branches of veterinary science, 
inc!. the collection and distribution of information on 
films. 

This catalogue aims t9 provide information to those 
who wish to buy or borrow films for educational pur­
poses. The films that will be listed and described in 
the catalogue, will be available either for sale or on 
loan, in and outside their country of origin. A number 
of films will atso be of interest to agricultural 
organi;>;ations and various ,other groups int,erested in 
animal production and health.· 

PRICES AND CONDITIONS OF PAYMENT (Prices in Swiss Francs) 
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1. NEWS ITEMS (per year) 
For veterinarians affiliated to the WVA 10,00 12,00 13,50 15,50 
For others 15,00 17,00 18,50 20,50 

2. MONTHLY NEWS LETTER (1975: 6x) 
For veterinarians affliliated to the WVA 5,00 11,00 6,00 12,00 
For others 7,50 13,50 8!50 14,50 

~ 

3. REPORT ON THE IMPLEMENTATION 
OF THE RESOLUTIONS, 19th WVC 
For veterinarians affil iated to the WVA 10,00 11,00 12,00 13,00 
For others 15,00 16,00 17,00 18,00 

4. CATALOGUE OF VETERINARY FILMS 
For veterinarians affiliated to the WVA 30,00 31,00 33,50 34,50 
For others 40,00 41,00 43,50 44,50 

, 
PUBLICATIONS 1,2,3 & 4 TOGETHER 
For veterinarians affiliated to the WV A 55,00 65,00 65,00 75,00 
For others 77,50 87,50 87,50 97,50 

(Continued on p. 271) 
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JI S. Afr. vet. Ass. 45(4) 263-268 

(Proc. 1st equine Vet. Conf., Pretoriuskop 1974) 

ELECTROCARDIOGRAPHY OF THE HORSE AND POTENTIAL PERFORMANCE 
ABILITY 

J.D. STEEL AND G.A. STEWART' 

SUMMARY 
The use of electrocardiography to determine heart size expressed as a heart score and the relation of heart score to cardiorespiratory function 

has been described. Attention was drawn to the relationship between heart score and racing performance expressed in terms of stakes won, and 
this was further examined by reference to the heart scores of horses that have won the A.J.C. Derby, the Victoria Derby, the Caulfield Cup and 
the Melbourne Cup. The winners of set-weight, Classic races like Derbies usually have heart scores of 120 or higher and while most major han­
dicap winners have similar heart scores, these races may be won by horses with heart scores between UO and U6. Preliminary analysis of data 
on the heritability of heart score indicates a high level of heritability and suggests an important role for the mare in the transmission of heart 

size. 

Studies on the racehorse and the human athlete 
showing a relationship between the resting electro­
cardiogram and perfomance have been reported pre­
viously. 4567 8 9 to 11. The essential proposition in 
these reports is that if one carefully records a resting 
ECG and then, equally carefully, reads and inter­
prets the tracing, two pieces of information become 
avialable. One is an assessment of heart size or heart 
weight, expressed as a heart score, and the other is 
knowledge of whether the ECG is normal or abnor­
mal. 

Because several aspects of the work going on in 
Sydney and Melbourne for over 20 yean~ may not be 
fully understood, an attempt will be made to restate 
some old concepts and indicate some current aven­
ues of interest. As about half the programme at this 
conference is concerned with "parameters indicative 

• Depart ment of Veterinary Preclinical Sciences, University of Melbourne. 
Australia 3052. 

of performance ability and state of fitness", the con­
tributions of Stewart and myself on two aspects of 
cardio-respiratory function should be seen in proper 
perspective. Figure 1 shows what might be called the 
oxygen transfer chain. It is seen as a functional chain 
for the transfer of oxygen from outside the body to 
metabolizing tissue. This transfer chain includes O2 

uptake (upper and lower respiratory tract function), 
O~ carriage (red cells and haemoglobin), ,02 transport 
(the cardiac pump and circulation through the vascu­
lar system), O2 delivery (dissociation, diffusion and 
2,3-diphosphoglycerate) and O2 utilization (myoglo­
bin, mitochondria, oxidizable substrate and en­
zymes). 

Although the papers by .Stewart and myself are 
concerned with only two links in the chain - heart and 
haematology - we do have some appreciation of the 
wider horizon. Our view is that the oxygen transfer 
chain is only as strong as its weakest link. It is also 

CARD IDRESP I RATORY FACTORS AFFECT! NG PERFORMANCE 

02 UPTAKE 

nasopharynx 

larynx 

trachea 

lungs 

02 CARRIAGE 

red cells 

haemoglobin 

THE OXYGEN TRANSFER CHAIN 

02 TRANSPORT 

heart 

vessels 

02 DELIVERY 

°2 
diffuSiP?. 
2, 3-DPG· .. ~· ... 

02 UT I LI ZA TI ON 

myoglobin 

mitochondria 

oxidisable 
substrates 

METABOLITE EXCRETION 

carbon dioxide 

lactate 

water via 

lung 

kidney 

skin 

Fig. 1: Showing mechanisms for the transfer of oxygen from outside the body to metabolizing tissu~s. 
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suggested that the weakest link will vary from indivi­
dual to individual, and from time to time in an indi­
vidual. 

The ECG fits into the concept of cardio-respiratory 
function because it is a non-invasive technique for ob­
taining some information about the cardiac pump. It 
is not a panacea for problems in the difficult business 
of horse racing, but it is often very useful and worthy 
of wider application. If the ECG is to be used effec­
tively, the persol);' concerned should not be under 
client pr~ssure. Electrocardiography is a specialized 
field of knowledge, and the over-busy person will not 
do justice either to himself or his clients. The first re­
quirement is a good, well-tuned, frequently serviced 
electrocardiograph. It should have a frequency res­
ponse from 0,05 Hz to 80 Hz and a high input impe­
dance. This should be a minimum of 10 mega-ohms 
so that proper balance within and at the current 
source can be maintained. In addition, because a high 
skin resistance or a difference in skin resista.nce at the 
electrodes of only 150 ohms can cause recording diffi­
culty, there should be a high common mode rejection 
ratio. Although satisfactory recording is possible with 
instruments having a common mode rejection ratio of 
10 000: 1, existing technology permits the ratio to be 
raised to 100 000:1. Instruments meeting the higher 
specification have greater capacity to obviate errors 
due to electrode impedance imbalance. 2 

The patient cable should be about 4,5 m long and 
each part of the split section about 105 cm in length. 
The lead selector switch should permit the recording 
of leads I, II, III, a YR, a VL, a VF, and CV, CR, CF and 
CL leads from the left apex of the heart. The reason 
for recommending these lead combinations is that the 
first three are essential to determine the heart score 
and the remainder provide confirmatory and critical 
evidence as to whether the ECG is normal or abnor­
mal. These recommendations are not as far from the 
standard 12 lead ECG which we use on human 
athletes as might be imagined. As we are not really 
interested in the anatomical localization of infarcts, 
the recording of VI to V6 in athletes and the record­
ing of unipolar ann. bipolar chest leads from one point 
on the equine thorax provide a procedure whereby the 
number of chest leads showing T-wave changes can be 
counted as an aid to the assessment of ventricular 
injury. In addition, because the equine T-wave is 
labile and subject to change of direction due to excite­
ment, there is merit in scanning the heart by the use 
of bipolar chest leads rather than run the risk of 
causing excitement and tachycardia when electrode 
sites are changed. 

When recording the equine ECG, it is essential to 
have a relaxed horse, with a slow heart rate and 
proper limb posture. In any quadruped, it is easy to 
change ~RS-wave form and T-wave direction by 
changing the forelimb position at the time of record­
ing. As an aside, it might also be noted that human 
wave forms are readily changed by recording at the 
full inspiratory or full expiratory chest positions. 

Because of these factors, it is recommended that 
horse ECGs be recorded when the forefeet are square­
ly placed and level with one another. If this is im­
possible because of a restless horse, it is better to 
record when the left forefoot is on the ground some 10-
15 cm in advance of the right forefoot. Do not record 
with the right forefoot in advance of the left because 
this affects the T -wave and makes the duration of the . 
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QRS-interval in lead I more difficult to determine. At 
anyone time, all leads should be recorded with the 
feet in the one position. 

If adequate records are to be obtained, the horse 
must be settled down so that its heart rate is less than 
40 min-I. The exceptions to this rule could be when a 
recording is made from a foal or weanling, or when an 
obvious abnormality is causing tachycardia. As a 
general rule, the recording of all the leads required 
takes 10-12 minutes, and when examining a group of 
horses the time allocation should be estimated on the 
basis of about three horses per hour. This-amount of 
recording means thfi! use of considerable paper. Do not 
economize on recording paper because unless one 
records at least 30-40 complexes from each of leads I, 
II and III, one may not get clean, artefact-free com­
plexes with some showing the beginning or end points 
of QRS clearly associated with perpendicular time 
lines. 

To obtain measurable tacings, it is best to record 
at a paper speed of 25 mm per second. When paper 
speeds of 50 mm per second are used, the turning 
points or elbows that mark the beginning and the end 
of the QRS complex become more rounded, flattened 
and less easy to -read. 

Determination of the heart score is carried out by 
the following procedures: 
1. Measure the duratil1n of the QRS-interval in each 

of the standard limb leads. 
2. Calculate the arithmetic mean of the value ob­

served in each of the three leads. 
This will give t,pe mean QRS-interval or heart score 

expressed in milliseconds. . 
. All 'measurements of th!'! QRS-interval are made 
with the aid of a 5 or 10 times magnifier. The QRS­
interval in an individual lead is measured' to the near­
est 10 milliseconds or t mm on tracing paper run at a 
speed of 25 mm per secon~i. Because the resulting 
heart score is an arithmetic"~xpression, the last figure 
of a heart score is tne nearest one-third of 10 milli­
seconds. & 

During the actual reading process, the following 
guidelines apply: . 
a. Select parts of the tracing from eac h lim b lead that 
are free from artefact, in the centre of the tracing 
paper and without baseline wander. 
b. Look at several Complexes in each lead so that 
characteristic wave forms are selected. 
c. Make actual readings from c'omplexes in which the 
beginning and/or end of QRS can be accurately lined 
up against a perpendicular time line. 
d. Make the readings so that the thickness of the 
tracing lines is not included in the QRS duration mea­
sured. The way in which this is done has been des­
cribed previously.9 

Difficulty may be encountered in identifying the S­
T junction which marks the end of the QRS-interval. 
To overcome this problem, it is recommended that 
the reader look back along the S-T segment and 
regard a distinct turning point or elbow as indicating 
the end of QRS. When no such elbow can be identi­
fied the QRS duration should be read to the point 
that is isoelectric or level With the beginning of the Q 
or the·R wave. . 

Figures 2-4 show examples of some of the QRS wave 
forms likely to be seen in leads I, II and III. They have 
been . carefully selected so that the beginning and/or 
end points of QRS are lined up with perpendicular 
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MEASUREMENT OF QRS INTERVAL 

LEAD I 

QRS 

0.10 sec. 

QRS 

0.10 sec. 

i , 

..•.. "',A ... 
~~ 

QRS 

0.12 sec. 

QRS 

0.09 sec. ...... " ~ 
.... : 

. . . . . . . . 

. . . . . . '" . 

Fig. 2: Showing the QRS-interval in lead 1 from different horses. 

r1EASUREMENT OF QRS INTERVAL 

LEAD II 

T 1 ~ 

QRS ~ 
0.12 sec. 

QRS 

0.12 

i 1lI'l!I"· .. I .... I .. '·:FT:; 
::[" [II 

sec.~ 

QRS 

I : I ' 
i'! Ai if: A: i 
~~~ . I:: .: .! 

0.11 sec. 

QRS 

0.13 sec. 

Fig. 3: Showing the QRS-interval in lead II from different horses.' 

time lines. If they are examined under a magnifier, 
the measuring points used to determine QRS dura­
tions are readily identifiable. With the exercise of 
patience and care during recording and reading, the 
determination of heart scores is a usable and prac-
tical procedure. . 

Observations showing that the heart mass of race­
horses can vary from about 2 to 6 kg and that there is 
a positive correlation of 0,9 between the heart score 
and the heart mass have been reported previously 
5 7 9. These recorded observations indicate that heart 
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mass will increase by about 0,8 kg for each 10 milli­
seconds rise in the heart score. They mean that if a 
horse has a heart score of 100, its heart mass will be 
approximately 3,0 kg; if the score is lID, the heart 
mass will be approximately 3,8 kg; if 120, it will be 
approximately 4,6 kg; and if 130, approximately 
5,4 kg. 

Although these generalizations over-simplify the 
true biological position, they are necessary if the ques­
tion indicated by recent work by Kubo et al. 3 is to be 
answered. This work describes the determination of 
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.' 

I~EASUREr1ENT OF QRS INTERVAL 

LEAD III 

n' " 
r- • ~r 

tV . I I i 

QRS QRS 

sec.~ 0.12 sec. 0.16 

, , 

" t_1 + 

QRS QRS 

0.14 sec. ~ 0.13 sec. 

Fig. 4: Showing the QRS-interval in lead III from different horsis. 

cardiac output and stroke volume in standing, un­
anaesthetized Thoroughbred horses. The results ob­
tained showed that cardiac output varied from 18 to 
42 litres per minute and stroke volume from 400 to 
1238 ml. Observations such as these immediately 
pose the question of the relationships, if any, between 
heart score, heart mass, cardiac output and stroke 
volume. 

The relationship between heart score and racing 
performance expressed in terms of average total 
stakes won and average earnings per start in a race 
has been recorded 5 79. Because prize money has risen 
substantially in recent years, another way of looking 
at the relationship between heart score and per­
formance is the examination of class of race won. A 
starting point for such examination would be the 
three-year-old Classic races. In Australia, the two 
most important three-year-old Classic races are the 
A.J.C. Derby run in Sydney, and the Victoria Derby 
run in Melbourne. These races are run in early Oc­
tober and early November over a distance of 2400 
metres (It miles). Since 1951, we have done RCGs on 
18 horses that won these two races on 22 occasions. It 
means there are four dual Derby winners in the list. 
With one exception, all these horses had heart scores 
between 120 and 136. The exception was a horse with 
a heart score of 1l0, and in this Derby horses with 
heart scores of 106 and 113 ran second and third. 
There are no fillies in the list of Derby winners. 

Unfortunately, during this period the ECGs of only 
six Oaks winners were recorded. The fact that all six 
winners had heart scores between 110 and 116 may 
help underline the earlier observation that, in gene­
ral, fillies and mares have lower heart scores and 
smaller hearts than colts and geldings. This obser­
vation does not negate the idea that there are some 
mares with heart scores between 120 and 130 and 
these horses do at times beat colts under wieght-for­
age or open handicap conditions. 

The two richest handicap races in Australia are thE 
Caulfield Cup of 2400 metres (It miles) and the Mel 
bourne Cup 0(3200 metres (2 miles). . 

Sin,ce 1953, ECGs hav,e been recorded,on 20 win· 
. ners of these two races. Their heart scor.es have variec 
, between 110 and 136, and all but five ha've had hear! 
scores of 120 or more. The only in are to Win one 01 
these races had a heart score of 1l0. These obser· 
vations on the winners of major handicaps indicatE 
that while they are often w'mi'_by horses that should bE 
ranked jn the top class, they are also won by horse! 
with heart scores of 110 to 116. The ECGs and hear! 
scores of some of these horses are shown in figures 1 
aI?-d 6. 
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The observations now made on racehorses and 
human athletes permit the conclusion that in ath­
letic events which place a considerable demand on the 
cardiovascular system, there is an advantage for those 
individuals that possess. a high heart score and a large 
cardiac pump. 

There is, however, a significant difference between 
the two species. Whereas human breeding is largely 
uncontrolled, the breeding ofracehorses has been con­
trolled by man for over 200 years. By using per­
formance on the racetrack as a progeny test and then 
mating the best performers of both sexes, horse 
breeders have probably made unconscious selections 
for large heart size. If this is true, the following ques­
tions must be asked. Is qeart score inherited? If so, 
how? 

The slow breeding cycle in horses and the tendency 
for animals to scatter when they go to the stud, make 
the collection of data bear-ing on these questions for­
midable: The data we have on the heri tabili ty of heart 
score have not been full,y analysed. A preliminary 
analysis of data from 140 progeny, 52 brood mares and 
a number of stallions used to produce these progeny 
indieates that heart score is highly heritable 1. At pre­
sent, the data available tend to support the well 
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"S,K," (gr.h.4) 

LEAD I ~. 

LEAD II ~ 

LEAD III ~ 

HEART SCORE 

QRS 
(sec) 

0.10 

0.14 

0.13 

123 

"C,M," (b.c.3) 

--~--

\ 
I 

tyl;-

\ 

~4--
HEART SCORE; 

QRS 
(sec) 

0.10 

0.14 

0.14 

126 

Fig. 5: Showing the heart scores of a Derby winner and a Derby and Caulfield Cup winner. 

"L,J,'·· (b.c.3) "T,B,'! (ch.h.?) 

QRS 
(sec) 

QRS 
(sec) 

LEAD I 0.12 

··········N .. ···· 
0.13 

; .. ····l·.·· ..... L· ............ : .. \'!': ••. 

! •• ::: .... > •••• !, ••• ! 

LEADII:~ 0.12 0.12 

I ~====-=-.-~.-----
I 

LEAD III ,~~ 0.14 .0.14 

HEART SCORE 126 HEART SCORE 130 

Fig. 6: Showing the heart scores of a Melbourne Cup winner and a dual Derby winner. 

known American rule of ·horse breeding which says 
that 85~'(, of winners come from the quality of the 
mare, but the 15~~ of top horses bred come from the 
quality of the stallions with which these mares are 
mated. 

Finally, although the oxygen transfer chain indi­
~ate8 that assessment for performance in just one area 
\s both diff.icult ·and complex, when ECGs are care­
fully recorded and read, the heart score, as an indica-
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tor of heart size, represents a useful clinical aid. At 
this point in time, individual judgement may vary on 
the question of whether any link in the chain is of 
special importance in relation to performance limita­
tion. Despite this, the way ahead ~ndoubtedly de­
pends on further work aimed at devising tests or 
measures for: 

1. Innate capacity or potentiality. 
2. Responses to conditioning or training .. 
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3. The identification of peaks of fitness using the 
word "fitness" to mean a readiness to win. 

In the concept above, it should be noted that heart 
score is regarded as an indicator of innate capacity or 
potentiality. 

ACKNOWLEDGEMENTS 

Our thanks go to the Melbourne University Equine Research Fund and the 
contributing racing clubs of Victoria for financial support. Miss H. Downey is 
thanked for aid in preparing the manuscript and to Mrs M. Smith for photo_ 
graphing the illustrations. 

REFERENCES 

1. BEILHARZ R.G., GODDARD M., STEEL J.D. & STEWART G.A. 1974 
Unpublished data. 

2. FENELON' A.R. 1974. Electronics Department, Royal Melbourne 
Hospital. Personal communication. 

3. KUBO K., SENTA T. & SUGIMOTO O. 1973 Cardiac Output in the 
Thoroughbred Horse. Exp. Rept. Equine Hlth Lab. No. 10:84 

4. STEEL ,J.D. 1957 The Electrocardiogram of Racehorses: A Preliminary 
Communication. Med. J. Aust. 1:78 

5. STEEL J.D. 1963. Studies on the ElectrocardioRram of the Racehorse 
Sydney: Australasian Medical Publishing Co. 

6. STEEL ,J.D. 1966-67 The Equine Electrocardiogram and the Heart Score 
Concept. Vict. vet. Proc. 25:84 

7. STEWART G.A. & STEEL .J.D. 1970 Electrocardiography and the Heart 
Score Concept. Proc. 16th A. Conv. Am. Ass. equine Practnr. 16:363 

8. STEEL .J.D., STEWART G.A. & TOYNE A.H. 1970 Application of the 
Heart Score Concept to the Electrocardiography of olympic Atheletes. 
Med. J. AUHt. 2:728 

9. STEEL .J.D. & STEWART G.A. 1972 Electrocardiography and Racing 
Performance. In Equine Medicine and Surgery 2nd Ed. Wheaton, I1Ii­
nois: Am. Vet. Publications Inc. p. 943 

10. STEEL .J.D. 1978 Use of Electrocardiography to Determine a Heart 
Score for Athletes. Sport in the Modern World - Chances and Problems .. 
Proc. Sci. Conp'o Munich. Berlin, Heidelberg: Springer-Verlag p. 460 

11. STEWART G.A., CHENNELLS M.H.D., HENNESSY M.E. & 
MACKAY R.H. 1974 The Heart Score in Relation to Heart Size and Ex­
ercise Performance. Proc. XXth World Congr. Sports Med. Melbourne. 
p. A7 

DISCUSSION 

A. Littlejohn: Have you any data on the effect of age, for example, 
relating the heart scores of youngsters to those at the time 
when they are about to undertake their first race? 
Secondly, have you had the opportunity of correlating heart 
scores with body mass of horses? 

J.D. Steel: The first question revolves around the question of 
youngsters, whether they be school boys or horses. We have 
been going to one of the leading schools in Melbourne every 
year and doing ECGs on pupils who self-select themselves 
into the school athletic squad. The first ECG is done at 
about the age of 14 and then followed through annually until 
about the time of leaving school. 
Heart score in man increases from birth until maturity, i.e. 
somewhere near the age of 20 years. Heart score in horses in­
creases about thirty milliseconds from birth until three years 
of age, or approximately at the rate of ten milliseconds per 
annum. This means that if one takes a three-week old foal 
and it has a heart score of 73 one can anticipate that it will 
reach 103 at three years. If it is 96 at three weeks it will reach 
126 at the age of three years. Regarding the second question, 
we have not had facilities for weighing our horses: of the 
7 000 to 9 000 ECGs available, the body mass is known for 
only 3 or 4 horses. The answer thus is: No. In the case of 
the athletes observed by us, the body mass is known and, as 
shoWl! on the slide, there is not necessarily a relationship 
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between body size and heart size. In man, it is true, there is 
the general proposition that heart mass is related to body 
mass. Nevertheless, in observations on footballers and 
Olympic athletes and the like, one frequently observes small 
individuals with relatilVely high heart scores and, conversely, 
quite large individuals with relatively low heart scores. 

M.A.J. Azzie: What is Prof. Steel's opinion on the value of hean 
scores in yearlings that have never been trained before, i.e. 
at presale level, particularly as he has indicated that the 
possible ideal stage to take an ECG is when animals are not 
in a state of fitness. Is there any possible link with heredi-
tary factors? .. . .-

J.D. Steel: A possible misconception has to be dispelled. When 
referring to the oxygen transfer chain, I did not intend to im­
ply that the ECG has to be,done when animals are fit and 
ready to race. The heart scoce-is not modified by state of fit­
ness. (Case in human athlete quoted as example.) 
Reg!J.rding yearlings, one has to bear in mind that heart size 
is going to increase from birth to three years of age. The prog­
nosis given at the yearling level depends on the actual age of 
the animal. When this is known at the time of' recording it 
would be necessary to add 6, 10 or even 13 points to approxi- I 

mate the likely heart score at maturity. 
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JI S. Afr. vet. Ass. 45(4) 269·271 

(Proc. 1st into equine vet. Conf. Pretoriuskop 1974) 

ACQUIRED CARDIOVASCULAR DISEASES AFFECTING EXERCISE PERFORMANCE 
- DIAGNOSIS, THERAPY, AND PROGNOSIS 

G. F. FREGIN* 

SUMMARY 

Primary myocardial disease occurs more frequently following many of the common infectious, p~rasitic ~nd toxic disease states than has 
enerally been appreciated. Myocarditis may be followed by rapid recovery, sudden d.ea.th, subacute zllness wIth recovery an.d relapses, an? by 

~hronic heart disease. In general, management should be directed towards the systemIc Illness. HO.rses ~ust ?e evalua~ed daIly, howe~er, SInce 
cardiac decompensation may develop rapidly. Satisfactory recovery following the onset of cardIac dIlatatIOn and SIgns of congestive heart 
failure is unlikely. 

INTRODUCTION 

Diseases of the heart of the horse occur more com­
monly than has generally been appreciated by the 
veterinary practitioner. Cardiac arrhythmias and 
murmurs are detected more frequently in this species 
than in any other domestic animal. Their signifi­
cance, however, continues in many instances to 
be a subject of debate as well as of concern. Early 
decrescendo systolic heart murmurs in the aortic and 
pulmonic valve areas and cardiac arrhythmias such as 
incomplete atrioventricular block with dropped beats, 
for example, are detected in horses without other 
reliable evidence of cardiovascular disease. 

In some horses, however, these same findings may 
be associated with decreased exercise performance 
and occasionally with post-mortem evidence of car­
diac disease. 

Although the only truly unassailable evidence of 
heart disease is the demonstration of histologic 
evidence of inflammation or the presence of other 
structural abnormalities, the following clinical fin­
dings have been used in our clinic as depen.dable signs 
of cardiovascular disease in the horse: 
1. Grade 4 or greater systolic murmur at resting heart 

rate in the absence of anaemia. (Systoli'c ejection 
murmurs may appear with accelerated heart 
rates.) 

2. Grade 3 or greater prolonged diastolic murmur at 
resting heart rate. (Pre-systolic and early diastolic 
flow murmurs may appear with elevated heart 
rates following excitement or exercise.) 

3. Precordial thrill (in the absence of anaemia). 
4. Generalized venous distension. 
5. Pericardial friction rub. 
6. Atrial fibrillation or flutter. 
7. Complete heart block. 
8. Intermittent claudication with loss of arterial 

pulse. 
9. Atrial or ventricular premature systoles occurring 

frequently, when increased by exercise, or when 
arising from more than one ectopic focus. 

Certainly, other clinical findings, although somewhat 
less reliable, are suggestive signs of heart disease: 
1. Low intensity systolic or diastolic murmurs in 

animals in which they have not previously been 
heard, in older animals and in areas where flow 
murmurs are not usually audible. 

2. Occasional atrial or ventricular premature beats. 
3. Arrhythmias developing after exercise. 
4. ST-segment and T-wave deviations. 

* School of Veterina;v Medicine, Universitv of Pennsvlvania, New Bolton 
Centre, Kennett Square RDI, 'Pennsylvania 19348, U.S.A. 
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5. Cough, dyspnoea, ascites or oedema, generalized 
weakness, cyanosis, fainting; tachycardia and 
fevers of unknown origins. 

Since it is impossible to cover these findings in their 
entirety, it is the purpose of this paper to d!scuss only 
one of the more common types of cardiac disease that 
has been associated with these various clinical 
manifestations. 

PRIMARY MYOCARDIAL DISEASE 

Inflammatory or degenerative lesions of the myocar­
dium may be the most frequent of all diseases of the 
heart, occurring in approximately 2 to 3 per cent of 
routine post-mortem examinations in the horse. 
Myocarditis has been noted following various infec­
tious and parasitic diseases and as a result of exten­
sion from primary endocardial or pericardial 
lesions 25. Sudden death, associated with inflamma­
tory changes in the myocardial paren.chyma or c?n­
duct ion system, has been reported III horses with 
chronic pharyngitis and in horses recently recovered 
from streptococcal infections and from influenza 2. 

Toxic states also are encountered in metabolic distur­
bances (uraemia), nutritional deficiencies and ~r~g 
intoxications which may produce acute myocarditis. 
Electrocardiographic studies in man suggest a tran-

sient cardiac involvement of 5 to 15 per cent in most 
common infectious diseases with an even higher in­
cidence in diphtheria, rickettsial diseases, 
poliomyelitis and Chagas' disease 4. Similar studies, 
although uncommon on the horse, have indicated 
electrocardiographic abnormalities following Strep­
tococcus equi and certain other infectious diseases. 
Significant changes, .. for example, were found in 8 
(32(';) of 25 Stand(:irdbred horses with fever, 
lumphadenitis and :'purulent rhinolaryngotracheitis 
from which Streptocoecus.equi had been isolated in 16 
of the horses examined 1. In four horses the electrocar­
diograms had returned to normal within two weeks; 
in two horses, several· months were required and in 
one, abnormalities were present a year after the initial 
infection (one case was not followed up). 

Diagnosis of myocarditis has often been made dif­
ficult because many horses apparently recover spon­
taneously without overt clinical signs. Myocardial in­
jury also may be overlooked due to the preoccupation 
with the primary infection. The detection of acute 
myocarditis, however, would be more frequent if there 
were greater general awareness among clinicians of its 
association with many of the known bacterial, viral 
and parasitic diseases. The following clinical signs, 
although not pathognomonic, have been. associated 
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with myocarditis occurring usually 1 to 4 weeks after 
onset of the illness: 
1. Decrease exercise performance, dyspnoea on exer-

tion, fainting, or collapse and even sudden death. 
2. Tachycardia disproportionate to fever. 
3. Murmurs and gallop sounds. 
4. Cardiac arrhythmias, i.e., premature systoles, 

paroxysmal ventricular tachycardia, atrial fibrilla­
tion and incomplete atrioventricular block with 
dropped beats. ,:' 

5. Electrocardiographic abonormalities such as ST­
segment and T-wave deviations, slurring and 
prologation of QRS-complex, electrical alternans 
and prologation of PR- and QT-intervals. 

6. Generalized congestive heart failure 
Based on these criteria, 96 horses suspected of hav­

ing primary myocardial disease were detected in a 
group of 298 horses referred for cardiovascular ex­
amination from July 1st, 1969 to June 30th, 1973. 
Seventy-one of the horses were seen at least once after 
the initial examination, while 20 have been followed 
up to the present time. 

In 23 horses, atrial fibrillation was diagnosed, 11 
had wandering atrial pacemakers and sinoatrial 
block, eight had atrial premature beats, nine had in­
complete atrioventricular block with dropped beats, 
nine had ventricular ectopic beats, 28 had T-wave ab­
normalities and five had miscellaneous changes such 
as microvoltage and QT-interval prolongation. 

Quinidine sulphate therapy was successful in 13 of 
the horses with atrial fibrillation, two horses, how­
ever, did revert, but have since been retreated and 
have remained normal up to the present time. One 
horse died during treatment, while a second horse did 
not respond to therapy. Eight horses were not treated: 
one reverted spontaneously, two were retired, two 
were kept as controls, while the remaining four 
developed signs of congestive heart failure. 

Post-mortem examinations were done on 38 horses. 
Unfortunately histologic descriptions of the heart 
were available for only 21 of these animals. In nine 
horses, evidence of myocarditis was noted, eight had 
myocardial degeneration and fibrosis, while the 
remaining four had tumours involving the heart. 
Clinical signs of congestive heart failure were present 
in four horses, three of which had atrial fibrillation. 
Myocarditis, degeneration and fibrosis, or cardiac 
dilatation was present in all seven horses with atrial 
fibrillation which were available for post-mortem 
examination. 

In those horses in which the cardiovascular 
manifestation began to dominate the clinical picture, 
the following diagnostic criteria, in order of severity, 
are suggested: 
1. Mild acute myocarditis - minimal ST-segment 
and T-wave changes, wandering atrial pacemaker, 
sinoatrial block, incomplete atrioventricular block 
with dropped beats, occasional atrial or ventricular 
premature beats. 
2. Moderately severe acute myocarditis - electrocar­

diographic findings as in (1), tachycardia dis­
proportionate to fever, multiple atrial and ven­
tricular premature beats, electrical and pulsus 
alternans, accentuated gallop rhythm and atrial 
fibrillation. 

• Xylocaine 2",: Astra Pharmaceutical Products, Inc. Worcester, Mass. 
•• Inderal: Ayerst laboratorise Inc. New York. N.Y. 
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3. Severe acute myocarditis - clinical manifestation 
as in preceding, only more severe; functional mur­
murs, cardiac enlargement, signs of congestive 
heart failure, poor peripheral pulse and circulatory 
collapse. 

exhibiting signs of mild acute myocarditis, with 
steady improvement usually occurring over a period of 
two weeks to several months. In a few horses, how­
ever, resumption of training may be associated with 
recu'rrence of minor electrocardiographic changes and 
an extended period of rest may be necessary. 

In animals with moderately severe acute_myocardi­
tis, stall rest is absolutely essential with treatment 
again being directed primarily towards the systemic 
illness. These horses, however, must be evaluated dai­
ly to determine any change in cardiovascular status 
since signs of severe acute myocarditis with cardiac 
decompensation may develop rapidly. Electrocardio­
graphic abnormalities (with the exception of atrial 
fibrillation) usually diminish within three to four 
months, although occasionally they may persist up to 
a year. Permanent damage obviously may be sustain­
ed in a small percentage, with racing performance 
usually being affected adversely. 

In severe acute myocarditis, cardiac decompensa­
tion has usually occurred early in the course of the dis­
ease, with death from intractable heart failure in­
tervening after several months, or, rarely, up to a year 
later, despite treatment 

THERAPY 
The treatment of acute myocarditis is best divided 

into two categor.jes, the first related to the systemic 
disease itself and' the second related to the heart dis­
.ease. In general, the man~gement should 'J;>e directed 
toward the systemic illness; sirice improvement of the 
myocarditis usually follows. Once myocardial injury 
is suspected, vigorous treatment with antibiotics and 
supportive therapy must be instituted to prevent per­
manent damage to the heart. The hor~e must be 
rested until the infection ha~ -subsided and theelec­
trocardi()gram has returned to a normal rate, rhythm 
and configuration. 

Horses with atrial fibrillation, in the absence of any 
other reliable evidence of heart disease, are good can­
didates for treatment with quinidine sulphate 23. 

Those with signs of congestive heart failure and atrial 
fibrillation, however, have responded poorly to 
digitalis, diuretics andanti~arrhythmic agents. 

Frequent premature ventricular contractions in the 
absence of signs of congestive heart failure may be 
suppressed with agents such as lidocaine 
hydrochloride * or propranolol hydrochloride * * , 
although experience with both drugs has been limited. 
Prolonged use, however, during training or racing is 
not deemed advisable. Resting these horses for four to 
six months, without furth~r therapy, has usually 
resulted in disappearance of these ectopic contrac­
tions. 
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DISCUSSION 

J.R. Gillespie: Do you see myocarditis in the same locality without 
the ECG changes that you have described? 

G.F. Fregin: Not in my experience. 

J.R. Gillespie: What explanation do you have for the changes that 
you see with exertion or with excitation on the rotation of 
these vectors of the ECGs? . 

G.F. Fregin: These are due to changes in vago/sympathetic 
(autonomic) tone. Variations occuring from direct cardi.ac 
stimulation plus circulation catecholamil).es, -c'an 'be 
shown experimentally very nicely to cause' :a'lterations in 
repolariza1.ion of the mvocardium which can be seen on the 
electrocardiogram. It is a very complex type of change but 

one can expect to see it in all horses; that is why I always 
point them out. 

J.R. Coffmann: Could you comment on the use of enzymology as an 
aid in the diagnosis of myocarditis, e.g., CPK arid LDH 
isozymes. 

G.F. Fregin: Our experience has been relatively limited from the 
point of view of enzyme studies. Those having the most 
positive results have had tumours involving the heart. It 
is difficult to demonstrate enzyme changes unless one ac­
tually obtains serum during the acute phase. In many of 
the horses it is difficult to date the onset of the actual in­
flammatory process. This might be the reason why the 
enzymes have not always correlated well with the degree 
of damage that might be seen. 

CONDITIONS OF PAYMENT FOR WVA PUBLICATIONS 

(Continued from page 2(2) 

Rkmittances must be made in advance to the account 210.685 OOM, "Union de Banques Suisses", Geneva, 
Switzerland. They should contain the following information: 
1. Name and address 
2. Publication requested 
8. Forwarding instructions (ordinary mail, airmail, registered) 
REMITTANCES MADE BEFORE Ist MAY, 1975 FOR THE REPORT ON THE IMPLEMENTATION OF 
THE RESOLUTIONS, 19th WVC OR FOR THE CATALOGUE OF VETERINARY FILLMS WILL BENEFIT 
OF A 5', DISCOUNT AND FOR REMITTANCES BEFORE 1st MAY 1975 FOR PUBLICATIONS 1, 2, 3 & 4 
together. 10', MAY BE DEDUCTED FROM THE ABOVE-MENTIONED AMOUNTS. 
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• A spectrum especially suitable for swine 
dysentery 

• Wide safety margins 
• No problems of resistance in the field 

That's 'Emtryl' effectiveness - an effectiveness 
which brings almost immediate response in swine 
dysentery. 
So next time you're called to an outbreak of swine 
dysentery, why not start treatment with 'Emtryl' 
Soluble before considering depopulation. You'll 
find the results dramatic and the cost low. And to 

prevent reinfection we suggest you recommend 
feed medication with 'Emtry\' Premix.,' 

Further information is available on request 
'Emtryl' is a trade mark of May & Baker Ltd 
Maybaker (SA) (Pty) Ltd Port Elizabeth 
P.O. Box 1130. Telephone: 4-5481 
Branch Office: Johannesburg P.O. Box3926 
Telephone: 724-2146/7 

'M1=' Maybak~ CD 
\ 

A member of the RhOne-Poulenc Gro\4l of ~es ,p 
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JI S. Afr. vet. Ass. 45(4) 273-277 

(Proc. 1st int. equine vet. Conf. Pretoriuskop 1974) 

HAEMATOLOGY IN RELATION TO PERFORMANCE AND POTENTIAL 

A GENERAL REVIEW 

R.K. ARCHER' 

SUMMARY 

This paper consists of a review of existing knowledge on haematology as it is related to performance and potential in horses. Particular 
ference is made to the Thoroughbred in training. ... b 

re It is to be noted that the circulation of blood occurs within vessels containm~ a subs~antlal number of q~lte large I~cunae, these lacun~e. e­
. f s ch size however that erythrocytes will not normally pass through. It IS for thIs reason that close mterpretatlOn of blood counts IS Im-
lOgo, U , • I d h' I I . kn 'ble unless the animal is both at rest and has been repeatedly samp e so t at ItS persona norma range IS own. pOSSI 

INTRODUCTION 

The ability of horses to achieve remarkable levels of 
exertion in a very short period of time is legendary. 
The limits of performance are offundamental interest 
where the potential is to be considered. In the case of 
muscular performance, the limits are imposed by the 
amounts of oxygen and fuel that can be delivered to 
the musculature, the efficiency of the removal of the 
waste products from the muscU\, including heat; and 
besides all this, the efficacy of heart, lungs, blood 
vessels and the other support mechanisms vital for 
effective muscular work. Blood is, in fact, the only 
parthway by which the musculature can be both 
supplied and relieved; it is this aspect of performance 
and potential which will be considered. 

When an animal is exerted, the changes produced 
in circulating blood are remarkably swift and 
profound. In less time then blood takes to complete 
one cycle of circulation (say 90 seconds) there is a 
sharp increase in the level in unit volume of 
erythrocytes, leucocytes and platelets. There is an in­
crease in concentration of some, but certainly not all, 
chemical constituents 'of blood plasma. This in­
crease, however, is not precisely parallel to the in­
creases in cell concentrations just mentioned, nor is 
the time sequence so swift. The response to exertion, 
then, is both complicated and exceptionally in­
teresting. 

VALUE OF HAEMATOLOGICAL OBSERVA­
TIONS AT REST AND AFTER EXERTION 

With a fluid so subject to natural variation as cir­
culating blood, all practical steps to standardize that 
variation are of great value. Quantitation of partial 
exertion is probably impossible and bleeding horses 
during sleep is clearly impracticable. The most repr~­
ducible conditions occurs, therefore, when the horse IS 
at rest, for preference in the morning after a night 
during which exertion has been minimal. Given these 
conditions remarkably reproducible laboratory re­
sults can be obtained from horses, particularly Tho­
roughbreds, in ahy given locality. At Newmarket, 
England, the Equine Research Station has esta­
blished accurate figures for the haematology of 
Thoroughbreds in training and at stud (Table). 

• Director. F,quine ReRearch Station of the Animal Health Trust, Newmar­
ket. Suffolk. CBR-7 OW. F,ng-Iand 
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It has to be accepted that some horses cannot be 
bled at rest, or perhaps it should be described as re­
laxed. In such instances 'normal' figures cannot be 
obtained, for even the presence of an attendant or the 
veterinary surgeon leads to sufficient s~imulatio~ that 
an increase in blood cells over the restmg state IS un­
avoidable. 

After exertion there is a substantial change in cur­
culating blood and this depends to some extent on 
the individual horse in addition to the degree and 
duration of the exercise. Horses which do not respond 
to exertion with an increased blood count are certain-
ly abnormal. . " 

To achieve meaningful laboratory figures with 
equine blood samples it is therefore essential to pro­
vide good clinical control when the specimens are ta­
ken- where this is not possible by reason of the tem­
per~ment of the subject, some allowance in attempt­
ing interpretation is essential. Besides this, good.labo­
ratory quality control is most important and thiS can 
be very difficult to achieve, particularly in isolated 
areas. It is most important for the proper interpreta­
tion of equine haematology in trained racehorses to 
concentrate on the individual and not on the average 
of a group. The objective of the racehorse is to win: 
not to be an average horse. In fact, individual horses, 
as people, have particular characteristics w.hich 
change very little; the mean cell volume (MCV). IS an 
excellent example (if. this. The MCV of a partlc~lar 
horse seldom changes by as much as 0,5 per cent m a 
year, provided, of course, there is no intercurrent 
frank illness or dis.order. 

LABORATORY METHODS 

In the last decade or so, haematological methods 
have been considerably changed. In the 1960's, 
probably the most reproducible single test in blood 
was the packed cell colume (PC V) or haemato~rit. A 
little later this was overtaken by haemoglobm es­
timation ' following the introduction of the 
cyanmethaemoglobin method and stable standards. 
Currently with the advent of really accurate elec­
tronic eq~ipment, erythrocyte counting is the most 
accurate and reproducible single haematological test, 
particularly since equipment is available ":hich will 
give automatically a distribution curve, by Size, of the 
cells being counted. The PCV is now regarded as one 
of the least accurate because of the difficulty of allow­
ing for trapped plasma between the packed 
erythrocytes. Attempts to overcome this by using 
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Table: NORMAL RED CELL VALUES IN THOROUGHBRED HORSES* 

-
Age of Hb g% ABC PCV % MCV x 10..9 mm 3 

Thoroughbred ± S.D. x 1Q6/mm 3 ± S.D. ± S.D. 
(number examined) ± S.D. 

< 1 month ( 78) 13,6 ± 1,90. 9,85 ± 1,31 37,8 ± 5,0.0. 38,S ± 2,49 

1 - 9 months ( 75) 12,7 ± 1,55 10.,33 ± 1,24 35,3 ± 4,40. 34,3 ± 2,92 

Yearling (10.0.) 13,7 ± 1,44 9,91 ± 1,11 37,5 t 3,89 37,9 ± 1,90. 

2 V.o. (308) 14,6 t 1,44 9,86 ± 0.,98 39,9 ± 3,99 40.,6 ± 2,53 

'0' 

3 V· o. (353) 15,1 ± 1,52 9,71 ± 1,06 41,4 t 4,18 42,7 ± 2,54 

" 

4 V.o. (138) 15,0. ±. 1,65 9,28 ± 0.,98 40.,8 ;to 4,65 44,3 .J: 2,43 
~ 

, . 
. - / ,. 

j) : 

Over 4 v.o. (30.2) 14,6 ± 1,61 8,80. ± 1,0.9 39,8 .:1;4,70. 45,S ± 2,56 

* Normal red cell values in English Thoroughbred horses. In a series of more than a thousand blood samples from normal horses examined by the latest quality~ 
controlled methods, means with S.D. are given for tne red cell parameters and for plasma viscosity. Reprinted from: The Equine Veterinary Journal (1973) 5: 136 

MCH pg MCHC g% P.V. 
± S.D. ± S.D. mPa.s 

(Centipoises) 
± S.D. 

13,8 ± 1,0.7 36,1 ± 1,62 1,48 ± ... Q,lQ 

12,3 ± 1,23 36,1 ± 2,25 1,56 ± 0.,12 

13,8 ± 0.,68 36,6 ± 1,36 1,59 ± 0.,0.9 

14,7 ± 0.,87 36,2 ± 1,0.2 1,50. ± 0.,08 

15,6 ± 0.,83 36,S ± 1,0.7 1,51 ± 0.,08 

16,7 ± 0.,86 36,S ± 1,30. 1,53 ± 0.,0.8 

16,6 ± 0.,96 36,S ± 1,36 1,55 ± 0.,10. 
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other methods, such as the electrical resistance of 
blood, so far have not proved good enough to restore 
the measurement of PCV to its previous place. None­
the-less, as a quick test for use in a practice 
laboratory, requiring a minimum of technical skill 
and apparatus, it retains a most important and 
probably supreme position. 

Modern laboratory methods require careful and 
continuing quality control. Details of methods to 
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achieve this are not appropriate here, but the prin­
ciples may be of interest. These include the regular 
counting of a given sample from an individual in good 
health, the repetition on the next morning of the sam­
ple last done on the previous day; and, most impor­
tant, wherever available, participation in a national 
quality control scheme which regularly issues blood 
samples of known constitution. 

Modern methods are unlikely to include the use of 
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PLASMA VISCOSITY (centlpoises) 

Fig-. 1.: A series o'f 48 hlood samples from normal Thoroughbred horses examined for ESR and plasma viscosity. Whilst the ESR varied from 
zero to 60 over the whole range, including pathological, each measurement of plasma viscosity fell between the normal limits of 1,4 to 1,8 
mPa.S (centipoisesl. Redrawn from: The Veterinary Record, 86 (1970):362. 

275 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



erythrocyte sedimentation rate (ESR). Whilst thi: 
is a valuable screening test, in the horse the sedimen­
tation is always rapid since the erythocytes are small 
(MCV ca 45) and tend to form rouleaux. Increases in 
ESR cannot therefore be measured accurately; 
decreases are seldom of clinical importance, save in 
haemoconcentration, which is better revealed by 
other tests. The measurement of plasma viscosity is a 
valuable new technique, since both increases and 
decreases are easily measured (Fig.) and increases 
above about 1,8 mPa.s(centipoises) are certainly 
clinically significant. 

EFFECTS OF EXERTION ON BLOOD 

The effects'of exertion upon blood are exceedingly 
difficult to quantify. Probably the shift of fluid into 
and out of the circulation is the most important single 
factor, but since the body is about two thirds water by 
mass, the problem is complex. Most of the body water 
is intracellular (about 60 per cent), with about a third 
in tissue space (35 per cent). Only 5 per cent of the 
body water is in plasma. 

Capillary structure is very relevant to the status of 
circulating blood. Effectively, capillary wall is like a 
coarse net, with large holes, just smaller than the 
erythrocyte mean diameter (about 3 Jl m). Presum­
ably, electrostatic effects prevent platelets and large 
molecules from free movement through these holes, 
but one can, for example, visualize the cigar-shaped 
albumin molecules slipping in and out of a capillary 
quite freely. 

The role of the spleen in the exerted horse has not 
yet been evaluated fully, but it is unlikely that any 
contraction of it could fully explain the apparent in­
crease in circulating erythrocytes following exercise. A 
racehorse in training has a blood volume of about 50 
litres (70 ml/kg; 700 kg) and the resting PCV is about 
45. After exercise, the PCV may be about 60 if the 
work is fast, apparently representing some eight litres 
of extra red cells. The spleen of a Thoroughbred at 
necropsy weighs 1-3 kg, or rather more after destruc­
tion by barbiturate. It seems unlikely that anything 
like eight litres of packed cells could be released from 
this organ by contraction of a normal spleen. Of 
course, there are other organs in which erythrocytes 
could be sequestered (the lungs, for instance). Besides 
this, the effect may be relative, at least in part a ref­
lection of fluid shift rather than an increase in cir­
culating red cell mass. 

We are actively engaged at this time on the study of 
peripheral blood taken from exerted horses. One of my 
post-graduate pupils, Sarah Catling, is working on ex­
erted and trained ponies and will shortly be extending 
her investigations to cover the Thoroughbred. She has 
reconfirmed the extraordinary speed and profundity 
of the change in the circulating blood following the 
commencement of exertion. It has also been con­
firmed that at a given level of work, at the steady trot 
for example, there is a return towards the resting 
levels after about five or ten minutes, even though the 
exertion be continued. When exercise is stopped, the 
return to pre-exercise levels is rapid (say ten or fifteen 
minutes) in all the conditions investigated and, ad­
ditionally, there is always a rebound for a variable 
time below the resting level. 

By dye dilution experiments it has been shown that 
the circulating plasma volume decreases sharply, 
leading to haemoconcentration. This is, accompanied 

-, 

by a modest increase in plasma protein concentration, 
indicating presumably that water is leaving the cir­
culation at a higher rate than would be accounted for 
by plasma movements only. While there is also an in­
crease in the circulating red cell mass during exertion, 
it is not to an equivalent extent in all cases and is 
unaccompanied by any change in MCV derived by 
calculation or by observation on 'Channelyser' plots. 
The leukocyte count is somewhat increased during ex­
ertion, alorig with the erythrocyte count. 

These experiments are being repeated on ponies 
with isotope labels and will be extended to 
Thoroughbreds, including splenectomized in­
dividuals. In due course, Miss Catling's work should 
enlarge on the substantial contributions of Persson* 
and extend them to trained Thoroughbreds. 

At my laboratory we now have a string of eight 
Thoroughbred two-year-olds in training. During 
training, these have been bled at rest every two weeks 
and Miss Catling has been examining the 
erythrocytes. From December to the following June, 
all these animals have shown an increase of 
erythrocyte count averaging 4 per cent per month: a 
substantial increase. During this period, the MCV has 
increased only very slightly and this has been con­
firmed by 'Channelyser" examinations. Both MCH 
and MCHC have also increased appreciably at the 
rate of about 1 per cePIt and 0,7 per cent per month, 
respectively. Perhaps the most striking finding, how­
ever, is that while all the Thoroughbreds in this string 
have haematological values within the normal limits, 
the limits of each individual are not only very much 
smaller than tnis, but also remain in a particular 
order,relative to each other. 

This current work and 'existing knowledge permit 
, the tentative conclusion that changes iiI the concen­
tration of erythrocytes and leukocytes tend to run in 
parallel in exerted horses and this forms a valuable 
piece of evidence to suppo.r'Lthe theory that much of 
the change in blood is attributable to fluid shift. The 
fact that there is evidence of a decrease in the 
albumin space, which is approximately the plasma 
volume, at a comparable time and to a comparable 
extent, supports the theory further. Bearing in mind 
the extraordinary structure of capillary wall, clearly 
adapted for rapid and repeated fluid shift substantial­
ly without cells, one may define a main mechanism of 
the haemoconcentration of exertion. 
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ASSESSMENT OF PERFORMANCE AND POTENTIAL 
BY THE HAEMATOLOGICAL EXAMINATION OF 

PERIPHERAL BLOOD 

The conclusion from the evidence presented in this 
paper must be that from examinations of peripheral 
blood, subject as it is to', both rapid and profound 
changes, cannot lead directly to the assessment of the 
potential performance of an individual. Much more 
can be said when an individual is well known from 
repeated laboratory 'examinations, for small 
deviations from the individual's norm can be noticed 
quickly and reliably: The limits of normality as defin­
ed by a particular labor~tory, in a particular place 
and for' a particular group of horses, can be !,!pecified 
fairly closely. Deviations from these limits are quickly 
seen, and such animals cannot, at the time concerned, 
be at the potential possible in normal health. 

~ Persson S,G,R 1967 The hlood volume and working capacity in horses, 
Acta vet. scand, SuppL 19:1. 
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Two caveats are essential. The first is that all the 
foregoing depends upon the ani.mals being~ampl.ed 
when truly at rest; as has been discussed earlier, with 
some horses this is simply not possible. Secondly, it is 
important to avoid the interpretation that it is an ad­
vantage for an individual to be at the upper El,lld of the 
normal range. This is by no means true. Further, in­
dividuals above the upper limit of normality are at a 
definite disadvantage, although the mechanisms of 
this are not known. Probably they include increased 

blood viscosity, leading to poorer microcirculation, 
and the inability to respond to the challenge of exer­
tion if, so to speak, the response is in part already 
made. 

There is no doubt of the great, and increasing, use 
of haematology to assess or rather monitor the health 
status of horses. This assessment is powerfully im­
proved by the use of clinical chemical tests and a con-

, sideration of these form the substance of the next 
paper. 
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DELTA CORTRIL 1/M 
10 ml & 50 ml 

DEMADETH 
100 ml 

LlOUAMYCIN 100 
50 ml 

LI OUAMYCI N 1/M 
50 ml 

LlOUAMYCIN VIOLET SPRAY 
142 ml 

MASTALONE 
10 ml 

TERRA CORTRIL SPRAY 
30 ml 

TERRA CORTRIL EYE/EAR 
OINTMENT 
4 ml 

TERRAMYCIN OPHTHALMIC 
OINTMENT 
3,5 gm 

a formulation 
to meet 
every need 
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JI S. Afr. vet. Ass. 45(4) 279·286 

(Proc. 1st int. equine vet. Conf., Pretoriuskop 1974) 

HAEMATOLOGY IN RELATION TO PERFORMANCE AND POTENTIAL 

2. SOME SPECIFIC ASPECTS 

L.B. JEFFCOTT* 

SUMMARY 
Some of the constituents of blood plasma are considered and their relationship to physical fitness and disease is discussed. The paper is 

divided into three main sections. Firstly, the properties of the major plasma proteins are described and values for normal Thoroughbreds from 
hirth to adulthood presented. Some of the alterations that occur in the serum protein profile are reported and their clinical implications dis· 
cussed. In the second part some aspects of clinical haemodynamics are touched upon with particular references to the horse's ability to rapidly 
alter the cell/plasma ratio in peripheral blood. Finally, the application of clinical biochemistry in relation to performance is considered. Senm 
enzvmes C P K and GOT are particularly useful in judging the progress and status of the muscular system during training and could on occa. 
,io~ be used to assess performance potential. The evaluation of bone metabolism by serum biochemical estimations has not yet proved to be of 
~uch value clinically. 

INTRODUCTION 

The first part of the paper has dealt with the cellu­
lar elements of the blood; we will now consider some of 
the constituents of plasma and discuss their relation­
ship to physical fitness and disease. The plasma not 
only acts as a suitable medium for suspending the 
cells of the blood but is largely responsible for the 
maintenance of homeostasis under the control of the 
nervous and endocrine systems. 

Plasma is an exceedingly complex mixture of com­
ponents. In the compass of this paper only a few 
aspects can receive consideration. About 93 per cent 
of plasma is water and the other components include 
proteins, enzymes, lipids, carbohydrates and salts. It 
is intended to consider first the plasma proteins and 
their main functions, followed by some aspects of 
clinical haemodynamics and finally to review some of 
the important biochemical features of muscle and 
bone metabolism in the horse. 

• Equine Research Station of the Animal health Trust, Newmarket, 
Suffolk, England. 

THE PLASMA PROTEINS 

a) Properties 

The plasma proteins form the major group of sub­
stances of the blood plasma. They are made up of 
some 40 odd proteins together with a large number of 
enzymes, hormones, clotting and complement fac­
tors 28. For practical purposes they may be divided 
into two main groups, namely albumin and the 
globulins (Table 1). These perform a host of different 
functions including maintenance of blood pH, colloid 
osmotic pressure and viscosity. They are involved in 
the complex process of coagulation and by conjuga­
tion, in the transport of various hormones, vitamins, 
fats and essential ions. They also playa vital role in 
the body's defence mechanisms. 

The albumin, which makes up about 50 per cent of 
the total serum protein, is a simple protein, soluble in 
water and has a molecular weight of 67000. Albumin 
molecules have a characteristic corkscrew-shaped 
molecular conformation which apparently makes 
them particularly mobile in blood and tissue. By vir-

. TABLE 1. MAJOR PROTEIN CONSTITUENTS OF PLASMA 

PROTEIN APPROX MOL. SIZE SITE OF FUNCTION 
BIOSYNTHESIS 

Albumin 67000 Liver Regulation of plasma volume by colloid 
osmotic pressure; storage form of 

'. '''protein; transport functions (e.g. Ca and 
.:~ Pl· 

Prealbumin 61000 Liver Binding of thyroxine 
c.II1 Globulins 

j, 1 Lipoprotein 195 000 - 435 000 Liver Transport of fats & vitamins 

Ceruloplasmin 160000 Liver Carrier of copper 
c.II), Globulins Haptoglobulin 100000 Liver Binds Hb & transports it 

d., 2 Lipoprotein 5 000 000 - 20 000 000 Liver Transport of fats 

Transferrin 90000 Liver Transport of iron 
~lGlobulin 

j3Lipoprotein Transport of fats, vitamins & hormones 3200000 Liver 

~ Globulin IgGT 152000 R.E. system Antibodies 

'Y Globulin IgG 152000 R.E. system Antibodies 
IgM 1000000 R.E. system Antibodies 
IgA 350000 R.E. system Antibodies 

Fibrinogen 341000 Liver Coagulation (Factor 1) -
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tue of this and of their relatively small size, they con­
tribute much more to maintenance of fluid balance of 
the blood and to the colloid osmotic pressure (oncotic 
pressure) than do the globulins. Albumin also acts as 
a primary source of reserve amino acids for tissue pro­
tein when the need arises. These features are of par­
ticular importance in fit racehorses. Albumin also 
acts as a vehicle for a variety of smaller molecular 
substances by birding to them and preventing their 
excretion by the kidney. 

The globulins listed in table·1 are only the major 
constituents and many more occur in trace amounts. 
As a group they do ptovide some colloid osmotic pres­
sure, but are chiefly concerned with transport 
mechanisms and immunity. The last of the major 
plasma proteins is fibrinogen which is an essential 
factor of the blood-coagulation system. The site of 
synthesis of albumin, -r}I and {31 globulin and fibrino­
gen is the liver. The immune proteins ( 132 and 'Y 
globulin) are produced by plasma cells and lymphocy­
tes of the reticuloendothelial system. 

b) Plasma Proteins in the Horse 

There is comparatively little published work on 
plasma proteins in the horse compared with the litera­
ture on cellular haematology. The value of serum pro­
tein determinations by electrophoretic separation as 
an aid to clinical diagnosis has been referred to pre­
viously by Coffman 6 and Jeffcott 14. There has been 
a number of references to serum protein estimations 
in horses, although a wide range in the number of pro-

tein fractions separated and in their respective con­
centrations have been reported 3 1213 17 2231. Jeff­
cott 15 and Morgan 20 have reported serum protein 
levels in ponies and Standardbreds during the first 
year of life and the values for albumin have been 
determined in Thoroughbreds in training 21. Coffman 
& Hibbs 7 and Jeffcott 15 have reported on the serum 
proteins of horses during immunization procedures. 

c) Normal Values in Thoroughbreds 

In order to show the alteration of serum proteins 
according to age, the results of a group of 19 normal 
Thoroughbred foals from one well-managed stud are 
given in table 2. A further 101 healthy horses from six 
months to six years of age were examined prior to go­
ing into training and during active training (Table 3). 
Total serum protein was estimated by the biuret 
method and the individual proteins (albumin, ·(fll, 

dl'l, 13 and 'Y globulin; see Fig. 1) differentiated on 
CAM strips 15. 

In the foals, there was a very low total protein at 
birth but the level rapidly increased after colostrum 
ingestion. In the neonatal period there was a fall of 
passive 'Y globulin and to a less extent of the 
albumin. The low albumin levels during foalhood may 
have been associated with the great demands for 
tissue protein during the peak period of growth. There 
was a steady rise from two weeks of age to adulthood 
at four to six years of age and an accompanying in­
crease in the t~tal protein. 

TABLE 2. SERUM PROTEIN LEVELS IN HEALTHY THOROUGHB~EDS FROM 
ONE STUD (g/100 ml) . 

(No. of TOTAL GLOBULINS 
AGE animals) PROTEIN ALBUMIN 

d\1 (/12 , {3 'Y , 
o hr. (16) 4,25 2,87 0,19 ~ 0,59 0,63 0 

24 hr. (17) 5,24 2,95 0,18 0,36 0,98 0,76 

7 dys. (19) 5,12 2,65 0,26 0,56 1,04 0,63 

14 dys, (19) 4,97 2,44 0,26 0,54 1,21 0,54 

28 dys. (18) 5,03 2,46 0,29 0,64 1,25 0,43 

2 mth. ( 16) 5,34 2,45 0,29 0,81 1,34 0,45 

3 mth. ( 8) 5,81 2,74 0,22 0,91 1,40 0,52 

TABLE 3: SERUM PROTEIN LEVELS IN HEALTHY THOROUGHBREDS (g/100 mIl 

(No. of TOTAL GLOBl,JLlNS 

AGE animals) PROTEIN ALBUMIN 
r}l1 r}l2 13 'Y 

, 
6-9 mth. (32) 5,88 2,81 0,27 1,03 1,25 0,53 

1 yr. (23) 5,82 2,96 0,21 0,96 1,25 0,42 
" 

2 yr. ( 9) 5,98 2,99 0,31 0,88 1,16 0,53 

3 yr. (27) 6,07 3,45 0,29 0,71 \ 1,03 0,61 
-

4-6 yr. ( 10) 6,46 3,74 0,27 0,66 1,11 0,70 

6 mth.-6 yr. (101) 5,99 3,13 "0,26 0,88 1,18 0,54 
' .. -
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ALB. o£ I (3 
F'ig. 1: Electrophoretic separation of normal serum proteins in the 
horse. 

As immunological competence increased, there 
were rises in the ·dl2, {3 and 'Y globulins of the foals. 
Nevertheless, the pattern altered from the time the 
animals went into training as yearlings. The {J 
globulin, which had risen steadily since birth, levelled 
off at one year and fell a little over the n~xt two to 
three years. The 0\ 2 globulin followed a similar 

pattern but showed a more pronounced drop with age. 
The 'Y globulin, which began with a steady rise from 
two months, declined temporarily at one year and 
then increased gradually. Levels remained below that 
recorded after birth, the latter resulting from colos­
trum ingestion. The cf,1 globulin showed no signifi­
cant alteration at any time from birth to adulthood. 
A very different picture was seen in ponies kept out 
at grass: these three fractions continued to rise in the 
second year, particularly the f3 2 globulin. 

The progressive reduction of values in globulin seen 
in one-, two- and three-years-olds may have been 
associated with the rather protected environment of a 
training establishment and the absence of significant 
parasitic infestation. 

d) A Iterations in the Serum Protein Profile 

Some of the more important alterations in serum 
proteins are given in table 4. There will be an eleva­
tion of total serum protein in horses with dehydration 
and haemoconcentration. The changes in albumin 
concentration in Thoroughbreds usually prove to be 
the most informative. Sykes 29 reports that a fall in 
serum proteins, particularly albumin, occurs under 
conditions of increasing stress during training. Cer­
tainly, low albumin levels are seen in horses with in­
testinal damage. The albumin is the major protein to 
be lost because of its smaller molecular size. Where 
there is enteritis or ulceration of the mucosa in the 
large or small bowel, protein can leak out between the 
damaged cells into the intestinal lumen. There is 
usually some compensatory rise of the globulin frac­
tions which tends to maintain colloid osmotic pres­
sure and prevent oedema and ascites. As the liver is 
the site of synthesis of albumin, chronic or low grade 
hepatic damage may affect the serum albumin con­
centration. In cases of renal damage, there may be 

TABLE 4: SOME FACTORS AND CONDITIONS AFFECTING THE SERUM PROTEIN 
PROFILE OF HORSES 

PROTEIN 
, 

SERUM CAUSES 
CONCENTRATION 

Albumin I Low - Intestinal damage - protein losing enteropathy 
I 

Chronic liver damage'. i -
! " 

- Chronic parasitism 

: High - Dehydration & Memo'concentration 

.... 
dl1 Globulin High - ':'Z. " 

rj,2 Globulin High - Pyrexia & viral infections 

- Chronic suppurative conditions 

- Inflammatory reaction of bone or joints 

- Nephrosis & amyloidosis 

f3 Globulin High - Systemic parasitism (e.g., S. vulgaris) 

- Chronic infections (e.g., Tuberculosis) 

'Y Globulin Low - Late pregnancy; poor passive immune status in foals 

High - Chronic infections; 

, lactation; , cirrhosis; 
; paraproteinaemia 

'---
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considerable urinary loss of albumin although cases of 
nephritis in horses are rare. Hypoalbuminaemia is a 
common finding in helminth infections and in 
strongyle infections it can produce marked rises in the 
~ globulin levels 25. 

Hypergammaglobulinaemia and raised {3 ·globulin 
levels usually indicate some immune process, often 
the result of chronic infection or inflammatory focus. 
Nevertheless, oth~r factors may be involved and it 
appears to be quite normal for lactating mares to have 
an increased 'Y globulin level until after weaning. 
Hypergammaglobulinaemia also occurs in cirrhosis of 
the liver and during immunization 7. A number of 
paraproteinaemias also occasionally occur in 
Thoroughbreds and these are usually associated with 
lymphoid tumours such as lymphosarcoma. 

Increased levels of (j, 2 globulin usually indicate 
some inflammatory reaction often involving bones 
and joints, although it may reflect damage to the kid­
ney. Chronic purulent foci, osteomyelitis and sup­
purative arthritis (joint-ill) produce marked rises in 
the (j, 2 globulin. The first indication of these raised 
globulin values may be an elevation in the plasma 
viscosity 2 and it is always worth carrying out serum 
protein estimations in any horse which shows a 
viscosity greater than 1,80 mPa.s (centipoises). 

Lowered 'Y globulin levels are seen in pregnant 
mares just prior to parturition. This is associated with 
the selective concentration of immunoglobulins by the 
mammary gland prior to foaling 16. Hypogamma­
globulinaemia is sometimes seen in young racehorses 
and presumably indicates some form of immune in­
competence. Certainly, a careful clinical check on 
these animals should be kept to prevent untoward in­
fections. A primary combined immunodeficiency has 
been reported in Arabian foals 19 but the condition has 
not yet been seen in Thoroughbreds. 

CLINICAL HAEMODYNAMICS IN THE HORSE 

The effects of exertion and excitement on the blood 
picture have already been mentioned. A marked 
alteration in the cell/pla~m~ ratio of the peripheral 
venous blood takes place with an associated shift of 
intravascular to extravascular fluid. The source of the 
increased number of cells is considered to be wholly or 
partly from the spleen 23 although other organs of se­
questration such as the gut and lungs may also play 
an important role. 

The resting packed cell volume (PCV) of fit race­
horses is about 40 per cent ± 4 per cent I while under 
exertion this will rise by 10 - 20 per cent, thereby 
greatly improving gaseous exchange and tissue ox­
ygenation. There is, of course, a concomitant rise in 
blood viscosity at this time. While it is essential that 
levels be at least 35 - 45 per cent for PCV, some race­
horses are haemoconcentrated at rest or show an ap­
parent polycythaemia. The aetiology of this condi­
tion is not clearly understood but resting levels of 
PCV of over 50 - 60 per cent are seen in otherwise 
clinically normal-looking horses. These animals rare­
ly perform well and often 'blow up' in a race, finishing 
well below their expected form. Probably what 
happens is that with the increasing PCV during exer­
tion, the blood becomes so viscous that there is in­
creased resistance to blood flow in small blood vessels 
and capillaries which leads to a rapid reduction in ox­
ygenation of the tissues. Sykes 30 suggests administra­
tion of 500 mi of 5 per cent saline amtsodium citrate 

" 

to reduce PCV by temporary transfer of fluids in the 
blood stream. Restriction of fast work and DOCA 
(desoxycorticosterone acetate) implants have also 
produc,ed a return to form in these horses. 

The ability of horses to call on their reserves of 
erythrocytes by rapid haemoconcentration can easily 
be reversed and the situation of haemodilution ob­
tained. A hypotensive drug such as acetyl promazine 
(ACP) can produce a significant drop in the blood 
cells (Table 5). This is accompanied by very little 
change in the plasma viscosity and serum proteins 
although there is probably some increase of intra­
vascular fluid. Similar changes were recorded in hor, 
ses given the drug by intravenous or intramuscular 
administration while the blood picture of control 
animals showed no significant alteration (Fig. 2). In 
this situation, which might prove a useful model for 
further study of haemodynamics, the cells 'presum­
ably sequester or return to whatever reservoir of cells 
may be available. Persson, et ai. have recently repor­
ted that after splenectomy there is very much reduced 
variation in the PCV and they conclude that the un­
even distribution of erythrocytes in the vascular 
system is due largely to significant red cell accumula­
tion in the spleen 24. 

TABLE 5: ADMINISTRATION OF ACETYL 
PROMAZINE TO 5!l'HORSES BY INTRAMUSCULAR 

AND INTRAVENOUS INJECTION 

(Dose rate 0,049 :t 0,0012 mg/kg) 

ESTIMATION .' EFFECT ONE HOUR 
AFTER[ I NJECTI ON , 

(a) BLOOD 
TRC , 20% Fall 
Hb ., " 25% ' Fall 
PCV '" 15% Fall . TWC 20% 
Platelets No significant change 

(b) PLASMA 
PV 3,5% Fall 
TP 2% Fall 
ALB No significant change 
GOT No significant change 

~OME ASPECTS OF CLINICAL BIOCHEMISTRY IN 
RELATION TO PERFORMANCE 

a) Serum Enzyme Activity in Muscle Metabolism 

The skeletal musculature comprises some 50 per 
cent of the total body mass and is a particularly active 
tissue in such an athletic \animal as the racehorse. It 
contains the following enzymes in fairly large concen­
trations GOT (glutamic oxaloacetic transaminase), \ 
GPT (glutamic pyruvic transaminase), CPK (creatine 
phosphokinase), LOH .(lactic dehydrogenase), MDH 
(malic dehydrogenase), ALD (aldolase); there are 
smaller amounts ofAP ,(alkaline phosphatase), SDH 
(sorbitol dehydrogenase) and GLDH (glutamic dehy­
drogenase) 10. The two enzymes usuaUy examined in 
the la bora tory are GOT and CPK. The values for rest­
ing levels in normal healthy horses in our laboratory 
for GOT are 107 i.u./i (SD 20) and for CPK 37 i.u./l 

'. (SD 19). 
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Fig. 2: Changes in total red cell values before and after administration of acetyl promazine. 
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Fig. :,l: Levels of Serum GOT (i.u.//) in horses in training (from the data of Cardinet et ai', and Mullen2t ) 
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It was first shown by Cornelius et al that horses in 
training have higher GOT levels than inactive 
horses 8. This has since been confirmed by Cardinet et 
al 4 and Mullen 21, who determined the GOT activity 
throughout a training programme (Fig. 3). The levels 
rose rapidly by two to three times the resting value in 
the first two weeks of work. There followed a gradual 
fall over the ensuing two to three months to a 'fitness' 
value which was significantly higher than the normal 
resting levels. hi" the racehorses in Mullen's series, 
levels remained constant provided the horses were 
kept in ~egular work. Cardinet et al. 4 observed an in­
crease in GOT activity from about the third to fourth 
month of the training programme but this was ascrib­
ed to some reduction in the exercise with the high feed 
intake maintained. 

The enzyme changes in working animals are believ­
ed to be due to slight muscle damage, particularly at 
the onset of the training programme rather than to 
changes in the permeability of muscle cells. Where 
there is severe muscle damage, as in azoturia or set­
fast, there are marked increases in the muscle enzyme 
activity of the serum. This particular condition has 
been the subject of a considerable amount of in­
vestigation in recent years although the exact aetiolo­
gy still remains obscure 4 5 II ru 11. Attacks of azoturia 
result in an almost immediate release of muscular en­
zymes and this takes place even before the onset of 
clinical signs. CPK is the most useful indicator as it is 
a muscle-specific enzyme and shows the fastest reac­
tion by reaching maximum activity often within 15 
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minutes but certainly not later than 24 hours of an at. 
tack. Gerber states that CPK and ALD are the most 
sensitive indicators of muscle damage followed by 
GOT, MDH, LDH, and GPT 11. Liver damage wilJ 
also produce somewhat elevated ALD levels; the other 
enzymes are found in considerable concentration in 
other organs. GOT is a non-specific enzyme and rais. I 
ed levels indicate more or less any kind of cellular 
damage but in horses it is most likely to be that of I 
skeletal muscle. 

A close correlation seems to exist between the ex. 
tent of muscle damage and the seru~ enzyme activi. 
ty. In addition, there is not much qualitative diffe. 
rence in the pattern of enzyme release between 
azoturia, tying-up, myositis, tetanus, muscular 
trauma or even the effects of physical exercise in un· 
trained animals 10. 

The determination of CPK and GOT levels in 
horses which do not perform particularly well can 
sometimes be a rewarding exercise. In a series of 14 I 
fairly fit horses the muscle enzymes were determined 
before and after 20 minutes lunging or ridden exer· 
cise (Fig. 4). There was no obvious difference in values 
and no rise by 24 hours after exercise. In a series of five 
horses referred with a history of back trouble or 
obscure lameness, with no evidence of bone damage, 
the CPK rose somewhat immediately after exercise' 
but showed a considerable elevation within 24 hours. 
There was also a doubling of the mean GOT values at 
this time. None of these animals showed obvious signs 
of azoturia or tying-up although a clinical diagnosis of . 
muscle damage was made in ea1::Q case. 

~ ~ 
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c ...... 
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Fig. 4: Mean levels of muscle enzymes (CPK & GOT) before and after exercise in two groups of horses. (0-0 horses showing no sign of mu" 
damage: • __ horses showing subclinical muscle damage).' . 
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b) Blood Levels of Ca/Pand Alkaline Phosphatase (AP) 

Serum analysis of Ca and P for an assessment of 
bone metabolism in relation to fitness and perfor­
mance usually proves to be of little value. Serum Ca 
and P levels in horses (Blackmore, 1973, personal 
communication) from foalhood for four years of age 
are given in table 6. The physiological compensatory 
mechanisms that maintain normal serum levels are 
very efficient and the dietary intake must always be 
considered. Repeated determinations over a period of 
time may support a diagnosis of excess dietary 
phosphorus 18. High and low Ca diets have little effect 
on serum Ca but a high P diet will produce a hypocal­
caemia 27 Hypercalcaemia occurs during hyper­
parathyroidism or from excessive administration of 

TABLE 6: MEAN VALUES OF SERUM CALCIUM AND 
INORGANIC PHOSPHATE ACCORDING TO AGE IN 

650 HORSES 

Calcium mgtl 00 ml Inorganic Phosphate 
Age (SD) mg/1QO ml 

(SD) 

-

Foals> 1 V.O. 12.B (0,4) 
.~ 5.9 (0,4) 

1 V.o. 12,6 (0.3) 4,9 (0.3) 

2 V.O. 11,9 (0,3) 4,5 (0,6) 

3 V.o. 11,9 (0,3) 4,2 (0,4) 

4 V.o. 11,B (0,3) 3,9 (0,6) 

vitamin D. High P levels are sometimes seen in young 
animals showing clinical signs of epiphysitis. 

Exercise may increase the dietary requirement for 
Ca and P 26 as substantial amounts of both ions are 
lost during sweating. The requirements of the mature 
working horse can probably be met by diets providing 
0,4 per cent Ca and 0,3 per cent P. 

Alkaline phosphatase is capable of hydrolysing 
monophosphate esters with the liberation of inorga­
nic phosphate. There is a very high serum activity of 
this enzyme at birth. This is followed by a gradual 
and progressive fall with age 9 21. AP will be raised in 
such conditions as rickets and osteomalacia. 

CONCLUSIONS 

A number of biochemical tests can assist in 
assessing the fitness and health status of horses. In 
conjunction with the results of the blood cell picture, 
they can form part of a useful metabolic profile. 
Nevertheless, there is considerable scope for more 
work to further our understanding of the complicated 
physiological mechanisms associated with fitness. 

Serum enzyme levels have a particular application 
in judging the progress and status of the muscular 
system during a training programme. It is possible to 
pick out horses showing clinical or subclinical muscu­
lar damage and therefore to assess to some extent 
their performance potential. Serum biochemical es­
timations for evaluation of bone metabolism are not 
meaningful because of the. efficient compensatory 
mechanisms of homeostasis and the influence of 
dietary intake. 

The horse has a reserve pool of erythrocytes that 
can be mobilized very rapidly during exertion or alter­
natively added when there is lowering of blood pres­
sure. The resting PCV is a useful aid to assessing the 
health of a racehorse. 
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DISCUSSION 

Maureen Aitken: Did you measure CPK levels at hourly intervals 
in the period between cessation of exercise and 24 hours later 
or just imm~diately post-exercise and then 24 hours later? 

L.W. Jeffcott: We examined only three blood samples in each of 
these horses, before exercise, immediately after exercise and 
after 24 hours. I have mentioned this regime simply as a 
clinical aid to diagnosis and was not trying to show the exact 
time of release of the enzyme. A significant rise takes place 
within 24 hours if a rise is:going to take place at all. 

Maureen Aitken: We have measured CPK levels in our horses and 
have shown a peak of release at five hours post-exercise. 

M.A.J. Azzie: The CPK levels that you refer to at approximately 
24 hours according to your graph reached a level of about 
500 IU/litre. Is that correct? 

L. W. Jeffcott: The 'normal' group of clinically fit and healthy 
animals did not show a significant rise at all. The levels 
were plotted on a log scale and in the group of horses with 
suspected muscular conditions involving either the back or 
hind limbs, there was a rise in CPK levels in the 24 hour 
post-exercise sample. The levels at this time rose from about 
30 IU/litre to a mean of over 500lU/litre. 

M.A.J. Azzie: The reason I asked this question was because in a 
survey we carried out here the highest levels reached in 
physically fit horses approximately five or six hours after a 
race were in the range of 85-95 IU/litre. 

L.W. Jeffcott: Thank you, Dr Azzie that confirms my point. In fact 
we have also examined one or two horses that had been sub­
jected to strenuous racing and have obtained a result similar 
to yours . 

• Atlas nylon syringes are 
unbreakable 

• choice of "Record" or "Luer 
Lock" metal tips 

Trade 
enquiries: 

• speCially constructed to 
survive rough handling 

• interchangeable barrels and 
plungers . 

• easily and safely sterilised -
either by boiling or autoclaving 

• available in 2cc, 5cc, 10cc, 
20cc, and 50cc sizes 

No broken glass, no worries, no 
continuous expense. Order Atlas 
veterinary syringes from your 
usual veterinary supplier or Co-op. 

EBSIJRGffiED 
Surgical and ryledical Supplies (Ply) Ltd., 
P.O. Box 3157, Jofiannesburg. 
Telephone 23-7773. 22-0579. 

Atlas unbreakable 
nylon veterinary 

syringes are made to I.ast. 

Atlas syringes through Surgmed 

EC 1553jVJ 

286 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



JI S. Afr. vet. Ass. 45(4) 287-291 

(Proc. 1st equine vet. ConL, Pretoriuskop 1974) 

HAEMATOLOGY OF THE FIT RACEHORSE* 
G.A. STEWART AND J.D. STEEV' 

SUMMARY 
Studies relating the resting blood count to racing performance are reviewed, and the role of circulating red cells and 

haemoglobin as part of an oxygen transfer chain that affectscardio-respiratory function is indicated. As a result of changing 
from manual to automated laboratory techniques, some modification of the normal range of values for RBC, Hb and WBC has 
been described. The principal aim of studies on resting blood samples is to identify horses likely to perform below expecta­
tions. Low results are unlikely to have been significantly affected by excitement and splenic contraction, and can be associated 
with poor performance. It is considered that after laboratory quality control is taken into account, any blood count below one 
standard deviation from the mean is suboptimal from the point of view of successful racing in the Melbourne metropolitan 
area. Because of this, definition of optimal, sub-optimal and anaemic blood levels is useful when factors affecting racing per­
formance are being considered. 

INTRODUCTION 

In the paper on electrocardiography at this con­
ference 1:1, attention was drawn to a number of car­
dio-respiratory factors that affect racing perfor­
mance. It was proposed that these factors form an 
oxygen transfer chain and that circulating red cells 
and haemoglobin constitute one of the links in that 
chain. It follows that a temporary or permanent defi­
ciency of this or any other link could be a critical fac­
tor limiting capacity for performance. 

In previous studies 3 II 12 14 Iij, an attempt was 
made to define optimal, sub-optimal and anaemic 
levels for the erythrocyte count (RBC), haemoglobin 
concentration (Hb) and packed cell volume (PCV). 

The study by Clarkson 3 on 50 metropolitan 
winners sampled within three days of their win show­
ed that 82 per cent had RBC, PCV and Hb levels 
which exceeded the breed means established from a 
study of 329 Thoroughbreds. Of the remainder, five, 
with values below the breed mean,were two-year-olds 
running over distances of about 1000 metres. 

Following this, Stewart et at. 14 found that a group 
of 55 metropolitan winners and a group of'71 winners 
of lesser races on country racecourses had RBC, PCV 
and Hb levels that exseeded the population mean. 

These observations led to the suggestion that levels 
within the normal range that were below the breed 
means should be regarded as sub-optimal for 
metropolitan racing especially when the horses were 
older than three years! 

The mean values for RBC, PCV and Hb levels 
which permitted this' division of the normal range 
were presented by Stewart and Steel 16. 

CHANGES IN LABORATORY TECHNIQUE.· 

Since publication of the data referred to above, 
there have been significant changes in some techni­
ques used in our laboratory. These include the in­
troduction of an automatic cell counter t and 
associated dual dilutor tt and haemoglobino­
metertt, which have been used routinely since 
December 7, 1971. 

Previously, blood for RBC and total leukocyte 
counts (WBC) was diluted in standard diluting 
pipettes to concentrations of 3: 1 000 and 1:20 respec-

'I're,ented by ,J.D .. Steel. 

"Department of Veterinary Preclinical Sciences, University of Melbourne, 
A'''lralia :lOfi~. : 

';'('oulter C,,'unter Model FN: Coult.er Electronics Ltd., England. 
;'i('oulier Elrctronics Lt.d .. England. 
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ti vely, according to the recommend a tions of 
Schalm 10. The cells were counted in improved 
Neubauer counting chambers. Haemoglobin estima­
tions were then done according to the cyanmethaemo­
globin method of Evelyn and Malloy 4 using a com­
mercial reagent and standard solution 0, and pipettes 
calibrated to contain 0,02 mt blood. 

There has been no change in the methods for deter­
mining PCV 00 or ESR 000. 

When the new methods were adopted in the labora­
tory, comparative studies with samples estimated by 
both the old and new techniques indicated that the 
new methods gave slightly 10wer'RBC, Hb and WBC 
estimates than the old methods. 

Results obtained from control samples provided by 
the N.S.W. Blood Transfusion Service (Table 1) and 
others purchased from the manufacturer of the new 
apparatus, have led to the conclusion that the 
automatic cell counter and haemoglobinometer pro­
vide results which are closer to the true levels present 
in the samples. This necessitated re-definition of the 
normal range and the means used for defining opti­
mal and sub-optimal levels for metropolitan racing. 
The old and new means are included in table 2. These 
effects of laboratory technique illustrate the need to 
take into account the methods and quality control of 
a laboratory when interpreting results received from 
it. 

Quality Control 

In the quality control programme employed in our 
laboratory, at least, one duplicate sample is included 
in each batch oCt:putine samples submitted to the 
laboratory for analysis. The duplicate is always 
collected from the' 'same venepuncture immediately 
after the routine si;unplE,l, and given a fictitious name 
and other details so as not to reveal its identity to the 
laboratory staff. From the duplicate estimations, a 
measure of the repeatability or precision of the 
laboratory method is obtained, The result~ of our 
latest analysis of 36 coded duplicates are shown in 
table 3, These indicate the precision of individual 
estimates of Hb, PCV, RBC and WBC as approxi­
mately ± 5~(J. This represents an improvement in 
precision of RBC and WBC over that reported by Ste­
wart et at. 14 when cell counting was still being done 
manually. 

O-"Aculute" and "Acuglobin": Ortho Diagnostics, Sydney, N.S.W. 

00 "Autocrit" Centrifuge: Clav Adams Inc., New York. 
000 "Sedirak": Becton Dickinson & Co. Ltd., Rutherfor~, N.J. 
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TABLE 1: QUALITY CONTROL PROGRAMME HAEMOGLOBIN - ABSOLUTE LEVELS· 

Number of Control Tests: 17 

Mean of Known Levels (A): 13,6 gl100 ml 

Mean of Labor.atory Results (B): 13,6 gl100 ml 
.: --_ .. _--- ... ~-.-.-- ... -- -. ~- -_ .. --~------

Variance of Techniquef; 0,106 -

Standard Deviation: 0,33 gl100 ml 

Precision (95% probability): ± 0,69 gl100 ml (Le. ± 5.1%) 

• Based on solutions of known concentration provided regularly by tha N.S.W. Blood Transfusion Servica. 

t Based on differences (d) between individual estimates (B-A). a 1. = ~1. 

TABLE 2: HAEMATOLOGICAL PARAMETERS· IN THOROUGHBREDS IN VICTORIA 

,. 

1966 - 1971 1971 - 1973 
TECHNIQUES MANUAL CELL AUTOMATIC CELL 

COUNTI NG ETC. t COUNTING ETC. t 

No. of Observations: 2356 637 

RBC (xl06 /mm 3
) 10,1 ± 1,3 

:. 
. 9.4' ± .1,,3 

Hb (g/100 m/) 16,0 ± 1,7 15,0 - ± 2,0 

PCB (%)t 40,9 ± 4,2 40,3 ± 5,7 

MCV (xl0·9 mm3 ) 40,7 ± 4,0 43,2 ± 3,0 

MCHC (g/100 mt) 39,3 ± 2,2 ~t2 ± 1;8 

MCH (pg) 16,0 ± 1,6 . 16,1 ± 1,3 

ESR (mm/hrlt 39,4 ± 14,5 38,8 ± 16,6 

WBC (xl03 /nim 3
) , 9,8 ± 2,1 8,9 ± 1,9 

< 

" Mean ± standard deviation. t For datails of methods, saa taxt. 

TABLE 3: QUALITY CONTROL PROGRAMME - REPEATABILITY ESTiMATES· 

RBC Hb 
(xl06 /mm 3

) (g/100 mt) 

Mean of Original Estimates (A) 9,0 14,3 

Mean of Duplicate Estimates 
(B) 9,1 14,5 

Variance of Techniquet 0,044 0,090 

Standard Deviation 0,21 0,30 

Precision (95% probability) ± 0,42 ± 0,61 
Le. (4,7%) (4,2%) 

• Based on 36 coded duplicates each collected after the original sample. 

t Based on differencas (d) between individual estimates (B-A): 61.= ~1. 
'. 
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PCV -
(%) 

38,8 
\ 

39,4. ., 
0,802 

0,90 

± 1,8: 
(4,6%) 

WBC 
(xl03 /mm 3

) 

8,52 

8,56 

0,056 

0,24 

± 0,48 
(5,6%) 
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The Normal Range 

Based on the conventional definition of the normal 
range as the mean ± 2 standard deviations, I 17 the 
ranges obtained with the new laboratory techniques 
from Thoroughbreds in Victoria are shown in table 4. 
In our experience, the extremes of this range are too 
wide to be useful. They suggest that some anaemic 
and some polycythaemic animals have been included· 
in the so called normal population. Accordingly, 
modification of the upper and lower limits of the nor­
mal range have been suggested in table 4. 

working capacity of trotting horses and the THb, ex­
pressed as g/kg body mass. He also reported a highly 
significant correlation between the post-exercise 
haemoglobin level and racing performance expressed 
as kilometre time. 

The degree of sympathetic stimulation associated 
with venepuncture and blood collection appears to 
vary considerably with the technique of the collector. 
A greater response is likely in excitable horses, par­
ticularly those which have had previous painful expe­
riences associated with injections or venepuncture. 

TABLE 4: NORMAL RANGE OF ERYTHROCYTIC PARAMETERS IN 
THOROUGHBREDS IN WORK IN VICTORIA 

Mean Suggested Meen - ·Suggested Mean 
- 2 SO Lower Precision MEAN Upper + 2 SO 

Limit· Estimete Limit 

RpC 
(x10 Imm 3

) 7 7,5 9 9,5 11 12 

Hb 
(g/100 ml) 11 12,5 14,5 15 17,5 19 

PCV 
(%) 29 33 38 40 48 51 

-
OPTIMAL 

(;--------- ----- ) 

DIAGNOSIS ANAEMIC SUB-OPTIMAL POLY· 

I 
( --- - ----) CYTHAEMIC 

DOUBTFUL 

• Suggested Limits ~ Mean ± (Standard Deviation + Precision Estimatel. 

Bearing in mind the preCISIon determined fron.. 
quality control of the methods used, a doubtful area 
has been included at the lower end of the segment of 
the normal range regarded as optimal for metropoli­
tan racing. Results below this, classed as sub-opti­
mal or anaemic, are considered unsatisfactory for 
metropolitan racing, as it is unlikely that laboratory 
errors or disturbance ouring collection could have 
produced a false result.~ 

Excitement during Venepuncture 

Increases in RBC, Hb and PCV arising from dis­
turbance or excitement of horses during collection of 
the blood samples are well recognized 2, and are 
presumably due to splenic contraction following sym­
pathetic or adrenergic stimulation 9 18. In an attempt 
to overcome this problem, which causes false high 
results, some workers have advocated procedures 
designed to produce more complete and constant 
splenic contraction and re-definition of the normal 
range on this basis. Irvine 5 suggested using a com­
parison of results obtained immediately after exer­
cise with those obtained at rest, before finally asses­
sing RBC, Hb and PCV for racing purposes.Like­
wise, Persson (i 7 H placed greater reliance on Hb es­
timations from samples collected after exercise or 
adrenaline injection than from the resting subject. 
After calculating total body haemoglobin (THb) from 
the post-exercise Hb arid the blood volume, Persson 7 

reported a highly significant correlation between the 
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Ideally, the people associated with those experiences 
should not be present when a resting blood sample is 
being collected. 

The technique of venepuncture and collection is ex­
tremely important. It should be done in a manner 
which causes minimum disturbance and discomfort 
to the animal. For·venepuncture we routinely use 20-
gauge I! inch steril~ disposable needles which can be 
inserted gently through the skin and into the jugular 
vein without the horse flinching. Aqueous antiseptict 
is used in preference to alcoholic solutions to avoid the 
cooling sensation 8,nd odour which the horse may 
associate with unpJea:sant injections. The needle is 
then connected to :an evacuated collection tube tt 
and 7 ml blood quickly withdrawn. Using this techni­
que, it is usually possible to collect the sample from 
the horse standing unrestrained in its loose box. With 
some horses, it may' be necessary for the animal's 
usual attendant to offer the minimum restraint of 
placing his hands on the horse's nose. Only in a few 
cases, when more restraint is thought necessary, are a 
head stall and lead placed on the animal. After a few 
routine collections, even in these, it is usually possible 
to collect the sample from the horse unrestrained. 

If a horse does become disturbed, it is likely to be 
shown by the horse flinching when the jugular vein is 

t"Hibitane": rCI Australia Ltd., Melborne. 
H"Vacutainer", containing EDTA: Becton-Dickinson & Co. Ltd., Ruther­
ford. N .• 1. 
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raised, by pulling back and resisting venepuncture, or 
simply by an increase in the force or rate of the car­
diac impulse. If these signs occur, they are noted at 
the time of collection and less reliance is placed on the 
result. 

Using the above technique, it is commonly possible 
for the sample to be obtained in less than 30 seconds 
after the collector first enters the loose box. In earlier 
studies on the effects of excitement during collec­
tion \0, it appeared that after the horse became dis­
turbed, approximately 30 seconds elapsed before the 
RBC, fIb and PCV of the jugular blood became eleva­
ted. 

When the duplicate sample is collected for quality 
control studies, it is always the second sample collec­
ted, and the total collection is achieved in approxi­
mately 45 seconds. 

The 36 duplicate collections presented in table 3 
were obtained in this way. In 15 of these samples, 
each of the RBC, Hb and PCV had increased slightly 
in the second sample, whereas in the other 21, there 
was no change or a decrease in at least one of these 
parameters. In the 15 which did show a consistent in­
crease, it could be assumed that some excitement 
contributed to the result. In these, the mean in­
creases in RBC, Hb and PCV were approximately 3% 
(Table 5). Before attempting to generalize, however, 
two aspects should be considered: (i) the effect oc­
curred only in 15 of the 36 duplicate collections, and 
(ii) the time for the duplicate collection was longer 
after venepuncture than that taken for routine 
samples. Nevertheless, by using these duplicates as a 
basis for quality control, collection effects as well as 
laboratory precision have contribted to the over-all 
variability of approximately ± 5% (Table 3). 

Since changing to the new techniques in December 
1971, routine samples have been obtained from 46 
winning horses, which won a total of 20 metropolitan 
and 40 country races within 28 days of the blood 
collection. All except one had haemoglobin levels 
above 13,0 g/lOO mt (i.e. Mean - 1 SD). This horse 
with 12,8 g/100 mt was still above our suggested lower 
limit of 12,5 g/lOO mt, which takes the precision esti­
mate into account. Combining these observations 
with those of Clarkson :3, gives 96 individual winners, 
of which only one had a resting haemoglobin level 
more than one standard deviation below the breed 
mean. This horse had a heart score of 120, which may 
have helped to compensate for his haemoglobin defi­
ciency. 

In Melbourne metropolitan racing, there is little 
doubt that when the Hb level falls below 12,5 g/lOO 
mt, the red cell count below 7,5 x 106 mm3 and the 
packed cell volume below 33%, the chance of racing 
success is low. 

It is this association between a low result and poor 
performance, or the identification of horses likely to 
perform below expectation, that is the principal aim 
of studies on the resting blood sample. Tbe converse, 
namely, a correlation between a high blood count and 
good performance, presents greater difficulties be­
cause many factors contribute to winning or losing. 
While there is some ccJhcern that a high count may be 
due to inadequate technique, this is lessened by the 
fact that the object is not to say that certain horses 
will win, but rather to say that certain horses are un­
likely to win. \, 

At times, other authors' seem to have interpreted 
. the studies of Persson 8.J;ld ourselves a~ being con­

tradictory, but this is probably not the~Fase. In both 

TABLE 5: PROBABLE EFFECT OF MINOR EXCITEMENT DURING COLLECTION OF 
15 DUPLICATE SAMPLES .. " 

RBC 
(x 1 06 /mm 3) 

Mean of First Samples Collected 8,6 

Mean Increase in Second Sample 
Coliected* 0,3 ± 0,3 

(3,7%) 

* Mean ± standard deviation. 

RELATIONSHIP OF ERYTHROCYTIC PARAMETERS 
TO RACING PERFORMANCE 

It has been shown that the majority of metropoli­
tan winners in Melbourne had higher resting blood 
counts than country winners and non-winners. This 
justifies the definition of an optimal range for RBC, , 
Hb and PCV. 

In the 50 metropolitan winners studied by Clark­
son 3, no horse won with a Hb level more than one 
standard deviation below the mean. On this basis, 
reference to table 4 indicates that the suggested lower 
limit of 12,5 g/100 mt allows for a standard deviation 
down to 13 g/lOO mt and a precision estimate of ± 0,5 
g/100 mt down to 12,5 g/lOO mt. ' 

~''''-,. 
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'" 

Hb PCV WBC 
(9/100 mil (%) (xl03/mm 3) 

13,8 37,7 8,7 

0,4 ± 0,3 1,3' ± '1,3 0,1 ± 0,4 
(3,2%) (3,4%) (1,5%) 

points of view, there seerps to be agreement that good 
racing performance requires adequate oxygen carriage 
in the blood and this means high circulating Hb 
levels. The differences, between us appear to be in 
technique and approach, with Persson seeking to 
identify horses that will perform well, and we seek­
ing to identify those horses which are likely to per­
form below expectations., 

With this objective in mind, providing one takes 
care during collection and knows the precision of the 
laboratory, the resting'blood sample can provide valid 
results. It is also simpler and more practical when the 
analysis of about 3 000 blood counts is being con­
sidered. 
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DISCUSSION 

D.H.G. Irwin: In our laboratory we find that some of our horses 
can run very adequately on what would be approximately 
It standard deviations below our norm. Our figures from 
PCV - Hb are much higher than yours; I do not know if 
it is the altitude, because in Johannesburg we are at about 
1700 m. Also we use a 2 500 rpm centrifuge, and not a micro­
haematocrit technique which may affect the PCV values. 
Do you consider it possible that these horses are capable of 
successful performance with haematological values about 
It standard deviations below norm? 

J.D. Steel: Well, fairly obviously there is going to be an occasio­
nal horse that will perform successfully at the figures you 
mention. Haematology is highly personalized in that you 
really have to establish normal standards for your own labo­
ratory and, having done that, perhaps use other figures as a 
guide. It is not very commom in our environment for horses 
to run well one standard deviation below the mean. It also 
depends on the standard of competition. The other thing 
that can happen is that occasionally a horse will compensate 
for a low blood count by having a high heart score. 

P.F.B. Williams: Did you test any other placed or unplaced horses 
in the races in which you tested the winners in comparison 
with the winners that have a PCV of 35 or thereabouts? 

I 

,J.D. Steel: The figures that appeared on the board refer to 
Thoroughbreds. If you are going to bring in the Standard­
breds you establish a new set of values related to that breed. 
A PCV of 35 in a Standardbred would not upset me because 
the population mean for Standardbreds may be as low as 38, 
so you are only three below breed mean. 
Regarding your particular question, we have not yet analy­
sed our taped data to obtain a critical comparison between 
blood values of winners and placed and unplaced hor'ses in 
any specific race. A point I would like to make is that some 
people are overemphasizing the positive value of a haema­
tological examination whereas it really ought to be a proce­
dure where the emphasis is on the negative. The object is to 
identify animals not likely to corne up to expectations. It is 
not a device for picking winners. 
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W.H.S. Bellinge: I refer to Dr Jeffcott's thesis relating to low blood 
counts following the \lse of acetyl promazine, which was 
mentioned this morning. In relation to this I would ask 
whether a horse with an exceptionally phlegmatic nature 
and which has a very low haemogram can fall outside your 
picture. We had an exceptionally good horse about four years 
ago, whose blood pictures were absolutely appalling .but 
which won some very good races. When you walked mto 
his box to take the samples he hardly woke: Could this ex­
treme phlegmatism affect the blood picture? 

J.D. Steel: Yes, it is biologically possible. All that we can really 
say is that there are exceptions to every biological situation 
and all we can really do, is try and play the numbers game: 
if we look at a hundred winners, we may have only one 
that is going to be below certain suggested limits. This 
means that if either a boolf:-maker or I could have all this 
information, we could easily make some money by shelv­
ing the odds. It is Ii·o.good to a punter, but it is very valuable 
to a book-maker:< .. , . 

A.M. Merritt: What do 'you consider the most common cause of 
anaemia in your horses and how would these findings 
influence your therapy? 

J.D. Steel: That is difficult to answer and I really do not know. 
We have looked at the serum iron level; it is very difficult 
to determine and not a reliable indicator: even in man 
reliable criteria for diagnosis of iron deficiency have not been 
clearly or firmly esta blished. We have looked at erythrocyte 
protoporphyrin levels; they might be slightly more useful, 
but the technique is cumbersome and time-consuming. 
One must look upon iron deficiency in one form or another 
as being a cause, as well as the possibility of folic acid defi­
ciency and perhaps vitamin B12 deficiency. 

A.M. Merrit: Have you got bone marrow pictures? 

J.D. Steel: No. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



Your mixing days are over. 

Thanks to Ciba-Geigy you don't have to 
make up your own combinations any more. 
Because our research chemists have per­
fected the combinations you require. Like 
Opticortenol S, Ertilen Co, Cosumix 
(V) and Vecortenol Vioform. 

Why you should use our combinations: 
* Each combination is fully tested as a 

combination. 
* We have eliminated the risk of con­

tamination caused by mixing. * No need for multiple filling of syringe. 

* Only one product on the shelf - less 
wastage. 

* Components are present at optimal 
concentrations. 

We work to make things easier for you. 

elBA-GEIGY 
Biotechnical Products Depar1ment, P.O. 
Box 92, 'SANDO, 1600, Tv'. 
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JI S. Afr. vet. Ass. 45(4) 293-299 

(Proc. 1st int. equine vet. Conf., Pretoruiskop 1974) 

BLOOD VOLUME IN RELATION TO EXERCISE TOLERANCE IN TROTTERS 

S.G.B. P.ERSSON AND L.E. ULLHERG* 

SUMMARY 
Blood volume can be regarded as an expression of the dimensional capacity of the cardiovascular system; as such it should 

be regarded as a limiting factor of the 'oxygen conduction system' conveying oxygen from the air to the metabolically active 
tissues of the body. An unimpeded flow of oxygen to the tissues is also dependent on the functional capacities of the cardio-res­
piratory system. Thus, blood volume should be correlated to parameters describing functional capacities of the cardio-vascu­
lar system; both dimensional and functional capacities should determine the exercise performance in the horse as well as in 
other animal species. 

Tn the present communication the relationship is demonstrated between blood volume and working capacity assessed from 
several types of exercise-tolerance tests, based on heart rate and blood lactate response to exercise. The dependency of exer­
cise performance on these parameters is discussed, as well as the clinical applicability of these relationships. 

Exercise tolerance is related to the aerobic capaci­
ty of the cardio-respiratory system. Thus, both 
dimensional and functional capacities of this organ 
system are limiting factors for maximal oxygen up­
take and, consequently, for exercise performance, as 
aerobic energy production predominates during work 
lasting more than about one minute. During heavy 
exercise, however, both aerobic and anaerobic energy 
production contributes to the work output. Obvious­
ly, an unimpeded flow of oxygen to the working 
muscles requires that the different dimensional and 
functional capacities of the cardiovascular system be 
related to each other, which, in fact, has been demon­
strated to be true in man2 • Furthermore, an increas­
ing demand on the energy production caused, for ex­
ample, by continuous physical training, induces a 
corresponding dimensional and functional adapta­
tion of the cardiovascular system 3 4. It should be 
possible to predict the degree of adaptation to physi­
cal work, that is exercise tolerance, from parameters 
indicative of cardiovascular efficiency. In the horse, 
the easiest of such parameters to determine' are total 
blood volume (TBV), total red cell volume (CV) and 
total haemoglobin (THb). Provided the splenic 
erythrocyte reservoir is mobilized by exercise or in­
travenous adrenalin injection, the dye-dilution 
method allows these determinations to be done with a 
precision of ± 3 per cent.:I_ The variation of this para­
meter between individu~ls is about ± 10 per cent if 
variations owing to body mass (Bm), sex, age and 
breed is taken into account. It is further reduced if the 
state of training is taken into consideration 3. 

Several parameters are related to the functional 
capacity of the cardio-respiratory system. Many of 
those used in man, however, are not applicable to the 
horse. The obvious parameter describing the total 
work output in trotters is racing performance express­
ed, for instance, as kilometre time in seconds (kmt), 
i.e., the total time taken divided by the distance in 
kilometres in a standard race. This parameter is a 
relevant expression for the aerobic work capacity as it 
is significantly correlated with TBV 3. The racing 
performance, however, is affected by factors other 
than the aerobic capacity of the horse. Factors of 
general significance, such as anaerobic energy release, 
mechanical efficiency of the energy turnover, pace, 
body build and track conditions, tend to increase the 

----
'Department (Ii' Medicine I, Royal Veterinary College, S 104 05 StocKholm 
ii(j. ~weden. 
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variability of this parameter. Furthermore, racing 
performance in the trotter is greatly influenced by 
factors such as tactical driving and pulling up from 
the gallop. 

For this reason, an exercise tolerance test based on 
the heart rate response to increasing,. reproducible 
and measurable work loads on a treadmill was de­
vised 3. Work load is defined as treadmill velocity 
which can be measured exactly. The treadmill 
velocity causing a heart rate (HR) of 150 beats/min is 
extra- or intrapolated from 3 to 4 submaximal work 
loads on the treadmill and this parameter (V 150 

metres/sec) is considered to be an expression of the 
circulatory capacity of the horse and, thus, correlated 
with the stroke volume of the heart and also with 
the arterio-venous oxygen difference of the blood 3 4. 

On the average, the blood lactate level does not in­
crease significantly above the resting level until the 
heart rate exceeds 158 beats/min (Fig. 1). This indi­
cates that a work load causing a heart rate of 150 
beats/min should be performed almost entirely 
aerobically in most horses and, thus, V150 should be an 
expression for the aerobic capacity of the animal. It 
should be noted (Fig. 1) that a very steep increase of 
the blood lactate level occurs at an exercise heart rate 
of about 200 beats/min, indicating that above this 
level the anaerobic energy release starts to play a 
significant role in work output. 
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Fig. I: Blood lactate (~mol/ml) in relation to heart rate (HR, 
heats/min) at rest (mean value + 2x S.D.) and during exercise in 

trotters. 
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If V 150 reflects the aerobic capacity of the cardio­
vascular system, a relation to the dimensional capaci­
ty, or, for instance, TBV should prevail. This is the 
case in normal trotters provided body mass is taken 
into consideration :l. In adult mares and geldings this 
correlation is lacking, however. As the mean value for 
VlfiO is the same in trained adult mares and geldings 
as in adult stallions (7,0 m/s), in spite of lower TBV in 
mares and geldings, it seems that these have a 
hypokinetic circulation relative to the stallions, that 
is, they hav.e a more efficient peripheral oxygen 
utilization and, thus, a wider arteriovenous oxygen 
difference during submaximal work. This might have 
a bearing on the lack of erythropoietic effect of testos­
terone on mares and geldings. Young horses, too, 
seem to be hypokinetic relative to adult stallions. 
This means that prediction of the aerobic working 
capacity from blood volume parameters in clinical 
work must take age and sex into consideration. The 
clinical application of this test has been described 
earlier 4. 

A treadmill is an expensive piece of machinery. It is 
most useful for basic studies of cardio-respiratory 
function in the horse, but, for obvious reasons its use 
in clinical diagnostic work is restricted by economics. 
Therefore, the relevance of some exercise tolerance 
tests performed on the track was studied. These tests 
were based on the heart rate or the lood lactate 
response to work loads to which the horses were well 
accustomed. 

The parameters were calculated from two types of 
experimental procedures. In one of these, the horse 
trotted at a constant speed of 10 m/s over 4000 metres 
on a lOOO-metre track. The driver continuously 
checked the speed by timing the passing of poles 
100m apart and the velocity was also checked by the 
investigator from the track tower. All the work tests 
were performed under standard track and weather 
conditions. Heart rates were calculated from electro­
cardiograms recorded by radiotelemetry towards the 
end of every 500-metre distance. As will be seen from 
figure 2, there was a gradual increase in heart rate 
throughout the work test. This is in accordance with 
earlier observations I. Two parameters with refe­
rence to the heart rate response to this test were 
calculated: the mean heart rate denoted as HRlO , 

that is, the mean HR at a speed of 10 m/s and the 
heart rate increase during the test denoted as HR Incr 

expressed as the regression coefficient for the 
pulse/distance relationship. Immediately after the 
end of work, and 2,5' and 5 minutes later, blood 
samples were taken for determination of blood lac­
tate concentrations. Two parameters with reference 
to blood lactate response to this submaximal exercise 
test were used, namely: the blood lactate level im­
mediately after work, denoted as LA lO , that is, the 
lactic acid concentration at a work level of 10 mis, and 
lactic acid clearance (LA CI ) expressed as the regres­
sion coefficient for the blood lactate/time relation­
ship during the 5-minute post-work period. Obvious­
ly, this parameter is negative for decreasing, and 
positive for increasing lactate levels. 

The other exercise test was performed by trotting at 
four increasing submaximal speeds, each for 1 000 
metres. The driver was instructed to maintain a con­
stant speed at each level and the speed was calcula­
ted by the investigator. The work load at the highest 
submaximallevel was chosen so that. it would cause a 
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r: 0.91 j t = 5:318 
.lO" 
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Fig. 2: Mean heart rate (HR 10) J:- SD ~t 500 metres interval dur!ng 
trotting at 10 m/s over 4 000 metres In 76 horses. r = correlatIOn 
coefficient for the mean heart rate/distance relationship. Km ~ 

kilometre, 

heart rate slightly exceeding 200 beats/min. 
Immediately after the highest submaximal work 
level, the horse was made to trot one more round of 
1 000 metres distance at its maximum speed. The 
heart rate at the end of each work level was assessed 
telemetrically as previously described and the blood 
lactate concentration was determined from samples 
taken in the same manner as after the constant-speed 
exercise test. The following variables with reference to 
heart rate and blood lactate response to this exercise 
test were used:- V200, defined as the velocity attained 
at a heart rate of 200 beats/min, intrapolated from the 
linear pulse/speed relationship in metres/second; 
HRmax which is the heart rate at the end of the 
roun'd ~t maximum speed and considered to repre­
sent the maximal heart rate of the'horse; LAnIAx 
which is the blood lactate concentration immediately 
after the trot at maximum speed; LA maxC'l , which 
is the regression coefficient for the blood lactate/time 
relationship during the -'5}minute period following 
maxi~al work. This is very often positive, that is, the 
blood lactate concentration increases (Fig. 3). The 
maximal velocity attained (V max in metresfsecond) 
was considered to represent the maximal worR output 
ability, or, the sum of the maximal capacities for 
aerobic and anaerobic energy release of the horse. 
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Fig. ;,: Lactic acid clearance (LAcl ; see the text) in relation to the 
Mood lactate concentration (LA) at the end of sub maximal (filled 

symbols) and maximal (open symbols) exercise in trotters. 
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Fig. 4: Heart rate at a trotting speed of 10 mls predicted from the 
plilsp/submaxima\ work regression (HR 10 pred.; see the text) i!!, 
rl,lntion to that observed (HR to obs.). Broken line = identity line; d 

mean difference between predicted and observed heart rates. 
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Fil(. 5: Observed heart rate (HR nlR' os.) in relation to heart rate 
extrapolated from the pl)lse/submaximal work regression (HR 
pren.) at maximal speed (see the text). Broken line ~ identity line; 
('ontinuous line ~ regression line; d ~ mean difference between 
ohsprved and predicted heart rates: open symbols = mares and 

geldings: closed symbols = stallions. 

The reproducibility of the heart rate response to 
:rack work is indicated by the relationship betw~en 
HR 10 observed and predicted from the increasing 
Nark-load test in the same animal (Fig. 4). The 
Jresumption that the heart rate during the last work 
oad is maximal is supported by the fact that in most 
:ases it deviates from the pulse/submaximal work 
'egression line (Fig. 5). 

In the following discussions, these parameters, 
lssumed to be related to the exercise tolerance of the 
lorse, are usually considered to be dependent 
lariables. Apart from the blood volume, or rather, the 
:otal red cell volume, age, sex, and body mass were 
lsed as independent variables affecting the variabili­
.y of exercise tolerance. The linear correlation and 
nultiple regression calculations were done using a 
'Olllputer and standard statistical programmes. The 
nllowing degrees of probability (p values) for signifi­
'ance were used: p~O,OOl *** highly significant; 
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O,OOl<::::::p~O,Ol ** significant; and O,0l-=.p===O,05* 
probably significant. 

y X Coefficient of correlation 

A 11 horses ! ~ + (6) 

Age CV/Bwt 0.55xXX (107) 0.65 xXX 
(62) 0.46xx (45) 

LAlO -0.31x (66) -0.23 (41 ) -0.45x (25) 

LAmax 0.35 (31 ) 0.47 (15) 0.28 (16) 

LA
maxC1 

0.56 xx (24 ) o .69 x 
( 12) 0.22 (12) 

HRlO _0.42xXX (76) -0.45" (49) -0.38 (27) 

V
200 

0.47xXX (61 ) 0.62 xXX 
(37) 0.25 (24 ) 

HRmax -0.26 (37) -0.47x (22) 0.11 (15) 

Vmax 0.55 xXX (37) 0.53 x 
(22) 0.54 x (15) 

CV/Bwt LAlO -0.38xx (63) -0.23 (38) -0.53 xx (25) 

LACl 0.39 xx (57) 0.26 (36) 0.52 x (21 ) 

HRlO -0.36xx (72) -0.38xx (45) -0.32 (27) 

V200 0.68xXX (57) O.72xXX (33) 0.62" (24 ) 

Vmax 0.68 xxx (35) 0.66 xx (20) 0.62x (15) 

Fig. 6: Correlation matrix (Abbreviations - see the text). Degrees of 
probability for correlations: O.OIC:::pEO.05*; O.OOloc::; p:=O.Ol **; 
P~O.OOI *** Figures in parentheses indicate number of observa-

tions. Bwt (body weight) = Bm (body mass) in text. 

y X Coefficient of correlation 

A 11 horses r? ~ + (61 
LA10 LACl -0. 72 xxx (60) _0.68xXX (39) 

I 
-0.75'xx (21 ) 

LA"", 0.45 ( 19) 0.26 (10) I 0.46 (9) 

HR
IO 

o .47"xx (65) 0.52 xXX (41 ) 0.41' (24) 

HR Incr 0.39 xx (64) 0.40 x (40) 0.49 x (24) 

V200 -0.37 (23) '-0.50 (13) -0.37 (10) 

Vmax -0.66 xx (20) -0.55 (11 ) -0.73' (9) 

LACl HR IO -0.28x (59) -0.29 (39) -0.32 (20) 

HR Incr -0.28' (58) -0.27 (38) -0.39 (20) 

V200 0.39 (23) 0.59' ( 13) 0.25 (10) 

Vmax o .S7 xx (20) 0.49 (11 ) 0.56 (9) 

HR IO HRIncr 0.32 xx (74) 0.32' (48) 0.34 (26) 

V200 
-0. nXxx (29) -0.74'xx (18) -0.8S'xx (11 ) 

HRmax 0.66'xx (22) O.77xx (12) 0.54 (10) 

V max 
-0. 74'xx (22) _O.71xx ( 12) -0.84'xx ( 10) 

HRlncr V max -0.44' (22) -0.57 ( 12) -0.17 (10) 

V200 HRmax -0.63'xx (37) -0. 73 'xx (22) -0.43 (15) 

V
max 

o .60xx, (37) 0.57xx (22) O.72xx ( 15) 

V LAma,CI max 
0.48' .(24) .... 0.57 (12 ) 0.19 (12) 

'. .'. 
Fig. 7: Symbols as in Fig. '6;' 

Some interrelationships found in the correlation 
matrix are shown in figure 6 and 7. As has been 
demonstrated earlier, there is a significant dependen­
cy of CV/Bm on age :1. This is true in mares and 
geldings up to four years of age and in stallions to five 
years of age. This difference due to sex explains the 
higher correlation coefficient in st~llions. After the 
age of four and five years, respectively, age alone has 
no influence on the cardiovascular dimension 3. 

The influence of age on the blood lactate response 
to this submaximal work load also seems to end at 
maturity (Fig. 8). This might indicate that the lower 
dimensional and, consequently, the lower aerobic 
capacity is compensated for by a higher anaerobic 
energy release in young horses at this work level. The 
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Fig. 8: Blood lactic acid at 10 m/s (LA 10; see the text) in relation to 
age. The line indicates mean values. Symbols as in Fig. 5. 

LAmaxCI 
+0.5 

• • 0 Q • 0 
# 

0 0 0 

• 
0 0 

0 0 • 0 0 
0 • 0 

-as • 
, 

11 12 13 Vmax 
Fig. ]0: Blood lactate clearance after maximal work (LAmaxcl)in 
relation to maximal trotting speed (Vmllx .• m/s; see the text). Sym­

bols as in Fig. 5. 

higher correlation coefficient in mares and geldings 
could, in addition, have a bearing on their lower 
dimensional capacity. This will be further discussed 
later. 

The positive dependency of LAmax('l on age is 
somewhat confusing (Fig. 9), but this might be due to 
the reasonable, positive correlation between Vmax and 
LAmaxCl (Fig. 10) as Vma~} too, is positively correlated 
with age. 

The heart rate response to exercise, expressed 
either as HR III or as V 200, tends to be age-dependent 
as well only up to maturity (Fig. 11 and -12). The in­
verse correlation between HRmax and age in stal­
lions is of interest as it is concordant with observa­
tions in man. The lack of correlation in mares and gel­
dings, on the other hand, is not in accord with the 
situation in man. It should be kept in mind, however, 
that most horses in this study were relatively young, 
from a biological point of view, and the age range was 
limited. 

HRIO 

230 • 

• 
1.20 

,. 
c»e 

).JO • .. • 0 

• 0 

• .. 
1.00 c» 

£ • • 
0 

• -S Iqo i' 0 - ,- • 
~ 

/80 • • • • I 

;, 3 II ','5· . , 6 t 8 Yf.A~ 
"-

Fig. 11: t-Ieart rate at ]0 mls (HR 10; see the text) in relation to age. 
Symbols as in Figs. 5 and 8. 

V
200 

j m/sec.. 

IZ • 

" 0 

10 ., 
0 

• 
'J • 

0 

g \ 

~ 3 If 

Fig. 12: Intrapolated trotting velocity with a heart rate of 200 
beats/minute (V 2i)l); see the text) in relation to age. Symbols as in 

Figs. fi and 8 . 

Both parameters based on the lactic acid and the 
heart rate response to submaximal exercise are 
significantly correlated to the dimensional capacity of 
the cardiovascular system. The inverse dependency of 
LA III on CV/Bm is significant for mares and geldings 

. only (Fig. 13). This might be due to their sex-depen' 
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dent lower dimensional capacity with, therefore, a 
tendency to rely on anaerobic energy production even 
at this submaximal work load - a tendency signifi­
cantly modified by increasing cardiovascular dimen­
sion. In almost half of the stallions this work load 
barely raised the lactate level. . 

The tendency towards a positive relationship be­
tween LA ('\ and CBlBm, which means that the 
greater the CV IBm the slower the LA ('\, is some­
what confusing. One would have expected the reverse 
relationship. Probably the explanation is the strong 
inverse relation between LA ('I and LA 10, which 
means that, up to a certain level, blood lactate is 
eliminated faster at increasing values for LA 10. This 
is also seen in figure 3. 

10 
0 • 0 

8. • • 0 0 
~ 

5 
gO • o· a • o • 0 • • o. 00.,0 .cC 0 

• 0 OQ o •• 
•••• - •• #' ••• • 

50 60 70 80 CV/8wt 
Fig. Iil: Blood lactic acid at 10 mls (LA 10) in relation to the total red 
cell volume divided by the body mass (CV/Bwt, mt). Symbols as in 

Fig, 5 

The discrepancy in the dependency of the para­
meters based on heart rate response to exercise on 
CV IBm is unexpected. The correlation between V 200 
and CV IBm is fair and of the same degree as that 
between V lfiO, measured on the treadmill, and 
CV/Bm The sex difference found in the latter relation­
ship is not to be foundin the V 200/CV-relation, at 
least not to the same extent. Obviously, V 200 is as 
good an expression for the aerobic functional capaci­
ty as racing performance and V 150, judging by its 
dependency on the blood volume parameters. 
Further, the equally high correlation between the 
maximal work output, expressed as VmHxand CVlBm 
suggests that the former, to a large extent, is limited 

Vmax 

13 • • • 0 

• • fP . ::~ 0. • 
12 • 0 

0 00 
0 • 11 • 0 

50 60 70 80 CV/Bwt 
~'ig. 14: Maximal trotting speed (VIIlIl') in relation to the total red 
(ell volume divided by the body mass (CV/Bwt), Symbols as in Fig, 

n. 
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by the oxygen transport capacity of the horse. The 
predictability of V max from CV IBm is equally reliable 
in both sex groups as the regressions are statistically 
identical (Fig. 14). 

The correlation between LA 10 and LAcl has been 
commented on previously. Obviously, the rate of 
elimination of lactate from the blood is dependent on 
the quantity of lactate to be removed. But, on the 
other hand, it is possible that the degree of accumula­
tion of blood lactate is modified by the efficiency of 
removing lactate from the blood. 

The dependency of LA 10 on HR 10 is probably an 
expression for an increasing demand on anaerobic 
energy production at increasing relative work loads 
(Fig. 15). As suggested by this relationship, there 
seems to be a gradually increasing blood lactate level 
with HR 10 approaching HRmax that is, the correla­
tion is curvilinear. At least in stallions. it seems that 
the anaerobic energy resource is not recruited until 
the heart rate exceeds 85 to 90 per cent of the maxi­
mal heart rate. Following this, it is not surprising to 
find a weak, but significant positive correlation be­
tween LA 10 and HR:lncr, or, in other words, the 
higher the heart rate and the faster it approaches the 
maximal heart rate, the higher the lactate accumula­
tion in the blood, or from another point of view, a 
gradual accumulation of lactate tends to increase the 
heart rate . 

10 

5 

-!... I­• 
I 

85 

o 

o 

o 
/ . / 

o 

. / 
/ 

/ 0 ~ 
/ 

0/ 0 
__ ....... 0 

• • 
90 HR lO /HRrr{ax 100 

Fig. In: Blood lactic acid (LA 10) in relation to heart rate at 10 mls 
as a percent.age of the maximal heart rate (HR IOIHRmax X 100). 
Symbols as in Fig. n. The broken line indicates the probable regres-

sion line. 

LA 10 tends to be inv.~rs~ly dependent on the cardio­
vascular functional capacity, expressed as V 200. 
Although not statistically significant, this relation­
ship seems logical, but, judgment on its relevancy is 
restricted by too few observations. The inverse rela­
tion between LA 10 and' V !J on the other hand. is 
fair and of considerable interest. It means that horses 
which can trot 10 mls with a low lactate accumula­
tion in the blood, have a high maximal performance 
and vice versa. This should mean that a low LA 10 
reflects a high aerobic capacity.' The difference be­
tween the sex groups, with a higher correlation coeffi­
cient in mares and geldings, also seen in the 
LA III/CV-relationship, is probably due to the fact 
that about 213 of the stallions exhibit almost no in­
crease of blood lactate at 10 mls (Fig. 16). The higher 
correlation between V,llax and LA 10 than between 
CV IBm and LA 10 should be ascribed to the addi-

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



tional information of the functional capacity in­
cluded in V max as is indicated by the dependency of 
this parameter on HR 10, which will be discussed 
later. 

Vmax 
• 

13 • .; 

• 
0 0 

• • 0 
0 

• • 12 , • 
f 0 

o 

11 • 
5 10 LA 10 

Fig. 16: Maximal trotting speed (Vmax) in relation to blood lactic 
acid at 10 mls (LA 10). Symbols as in Fig. 5. 

The correlation between LA CI and VlI1ax is probably 
due to the dependency of LA Cion LA 10. On the 
other hand, a high capability of eliminating excess 

Vmax 

13 
• • b~. (en - 001.03 = 

• bd' = - 0.0273 
0 

, 

• • 

12 

00 

0' , 
"- • 11 "- , 

180 200 220 HRlO 
Fig. 17: Maximal trotting speed (Vmax) in relation to heart rate at 10 
mls (HR 10). Broken regression line and open circles = mares and 
geldings: continuous regression line and closed circles = stallions; b 

= regression coefficient. 

lactate might be beneficial for maximal exercise per­
formance. 

Apart from the relationships with V 200 and HRlllHx, 
which are obvious by definition, HR 10 is strongly 
correlated with Vmax. Unexpectedly, this correlation 
is even better than that between V 200 and Vmax.ln 
both correlations the highest correlation coefficients 
are found in mares and geldings. These correlations 
demonstrate the dependency of exercise tolerance 
on the cardiovascular functional capacity. This seems 
to indicate that mares and geldings, having a lower 
dimensional capacity, must rely on an increasing 
functional capacity in adaptation to continuous exer­
cise stress. This is also indicated by the significantly 
higher regression coefficient in this sex group than in 
stallions in the Vmax/HR III relationship (Fig. 17). 

So far, it might be concluded that mares and 
geldings, lacking the anabolic effect of androgens, 
seem to depend, to a higher degree, on increasing car­
diovascular functional capacity and anaerobic 
capacity to improve their exercise tolerance than is 
the case with stallions, which primarily increase their 
card iovascular dimensional capaci ty. 

I Dependent Independent variables 
variable tested significant t r SO % n 

V 
·max 

Age, CV/Bwt, CV/Bwt .. 3.32Bxx 

V200 , HRmax vioo 2.12Sx 0.72 0.3B 3.1 35 

Age, CV/Bwt, CV/Bwt 4.017xXX 

V200 , 

LA
max

_
CI 

'} .. 
LAmax-Cl 2.343x 0.76 0.37 3.0 23 

4.0SBxxX 
, 

Age, CV/Bwt, CV IBwt I •. 

LAlQ' ffRlO 
HRIO 1.0BSn o .B6 :;"O.29 2.4 20 

V20.0 

Age, CV/Bwt, CV/Bwt 4.0SBxXX 

LAlQ' HR IO HR
IO 

... 
·3.0BSXX 0.B6 0.29 2.4 20 

" 
HR 1ncr , LACl 

Fig. 18: Stepwise multiple regression analysis of the dependency of 
maximal trotting velocity (VOlax) on several variables. Abbrevia­
tions - see the text. t~ test of hypothesis: b400, where b = regression 
coefficient. Degrees of significance as in Fig. 6. r = multiple correla­
tion coefficient; SD ~ standard deviation; "; = variation coeffi­
cient; n ~ numher of observations .. (Bwt (body weight) = Bm (body 

mass) in text. 

Finally, in a limited number of horses, the depen­
dency of the maximal exercise performance, Vmax 

on several independent variables was tested, using a 
stepwise, multiple regression computer programme 
(Fig. 18). The results indicate that the main factors 
limiting maximal work performance in race horses are 
the dimensional and functional capacities, in that 
order, of the cardiovascular system, that is, an im­
proved exercise tolerance is primarily achieved by an 
increased aerobic capacity. 
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DISCUSSION 

M.e. Morison: You said that higher lactic acid clearance was evi­
dent in mares and geldings than in stallions. If this is the 
case. could you explain why mares .are more liable to suffer 
from azoturia than stallions? Does this mean that there is 
less lactic acid huild-up in stallions than in mares that suf­
fer from this condition? Do these mares have an inability to 
excrete higher levels of lactic acid? 

S.G.B. Persson: I did mention that the blood lactate response to 
suhmaximal exercise 00 m/s) is more evident in mares and 
geldings, whereas most stallions barely increase their blood 
lactate at all at this work level. Merely for purposes of dis­
cussion I have postulated the possibility of higher lactic 
acid clearance in mares. If it is an accepted fact that azo­
turia is more common in mares than in stallions, this might 
have a hearing on the tendency of mares to rely more on 
their anaerohic energy release, as this would mean higher 
lactic acid concentration in the working muscles. There is no 
evidence of a slower elimination of lactate from the blood in 
'mares. 
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J.R. Gillespie: 1 am concerned a'bout the temporal effects on lac­
tic acid build-up in the blood. There must be a different rate 
of build-up with a different intensity of exercise. What do 
you mean by maximum work? 

, S.G.B. Persson: As was pointed out in the paper, the blood lactate 
accumulation during exercise is dependent on the intensity 
of exercise. or, rather on the relative work load, expressed 
as the rate response relative to the maximal heart rate of 
the horse. It was also mentioned that in many horses this 
lactic acid accumulation in the blood continues for at least 
five minutes after work. This is especially the case at high 
relative work loads. That was one reason for studying the so 
called lactic acid clearance. The criteria for maximal work 
were that the horse was' urged by the driver to trot as fast 
as it could; the heart rate then usually deviated significant­
ly from the value extrapolated from the heart/rate submaxi­
mal work regression line. 
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salupel 
The veterinary geriatric 

. with a proven record 
of success 

Extensively tested and documented, SALUPET is recommended for 

* Counteracting the symptoms of old age and retarding the 
ageing process I-

* Heart conditions and dilation of heart supply vessels 

* Rheumatism. Arthritis and other forms of stiffness in limbs 
and joints 

* Listlessness. excessive panting and loss of app~tite 

Animals of all ages also benefit greaily from a course of SALUPET 
for 

* Sturdy development of muscle and bone 

* Show-condition coats 
* Alertness and endurance in game dogs 

* Convalescence - particularly after bili~ry as it increases red 
'0. 

blood corpuscles and haemoglobin varues 

Each tablet contains: 

Vitamin E 5.00 mg 
(Alpha Tocopherol Acetate) 
Haematoporphyrin 0.50 mg 
Procaine Hydrochloride 12.50 mg 
(H,) 
Vitamin A 1250 i.u. 
Vitamin B. 
Vitamin B, 
Nicotinamide 
Vitamin C 
In a food yeast base 

3.25 mg 
0.50 mg 
0.25 mg 
3.75 mg 
6.25 mg 

Dosage: Up to two tablets daily 
according to body weight. 
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Readily accepted by animals 
whole or crushed and mixed 
into food. 
Registration· no. GB 1171 
Act No. 36 of 1947. as 
amended. Available from 
chemists only. Pack of 
60 tablets - 1 to 4 months 
supply: R1.30. 
20 tablets: 45 cents 
More detailed technical 
documentation av'ailable from 
Salusa (Pty) Ltd., 
P.O. Box 17. 
Silverton/Preto,ria. 2860/e 
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Jl S. Afr. vet. Ass. 45(4) 301-304 
(Proc. 1st int. equine vet. Conf., Pretoriuskop 1974) 

OPEN DISCUSSION ON CARDIOLOGY, HAEMATOLOGY AND PERFORMANCE 
Chairman: M.A.J. Azzie. 

G. Buys: 1 found Dr Persson's clear delineation of lactic acid meta­
bolism very interesting. The fact that anaerobic metabolism 
leads to the build-up of lactic acid has various implications. 
I would like Dr Persson's views on the fact that when one 
exercises a horse heavily, the lactic'acid builds up because 
the horse has to depend on anaerobic metabolism. If one sub­
jects this horse to heavy silage feed which contains lactic 
acid. I suppose that this lactic acid will increase the blood 
level and the blood level will remain high until the lactic 
acid is removed from the muscles. Could he elaborate on this 
aspect of lactic acid accumulation and destruction in the 
bod.v, because I have an idea that the lactic acid is also a 
cause of stiffness in the horse. At what point do we get 
muscle dystrophy, where the horse will eventually peter out 
or even die. I have seen this happen when a hard-worked 
horse eats silage with high lactic acid content and is again 
worked the following day without having enough time to 
eliminate the lactic acid from the muscles. 

S.G.B. Persson: I am afraid I am not able to comment on the nutri­
tional aspect; there are people here who are much more com­
petent to discuss that point. The accumulation of lactic acid 
to very high levels is interesting in relation to fading out or 
even death. In pigs there is the well known 'porcine stress 
syndrome'. It can be induced experimentally by strenu­
lously exercising the untrained pig. In the trained pig the ac­
cumulation of lactic acid in the blood after standard work is 
much less than in the non-trained animal. In the non-trained 
animal it very often starts a vicious circle, the increasing lac­
tic acid levels inducing a higher body temperature which 
triggers off more lactic acid accumulation until there is a 
complete or vast destruction of skeletal muscles; the pig 
often dies acutely from this condition or from simultaneous 
circulatory failure. I hope this answers your question. 

A.M. Merritt: I just want to get clarification on the point regard­
ingthe usefulness of the packed cell volume as indicator of 
performance ability. I got the impression from both Drs 
Archer and Steel that it is not a go()d indicator but these gen­
tlemen could possibly cast some light on the matter. 

L.W. Jeffcott: I think the PVC is much more an indicator of poor 
performance. That is the point I was trying to get across, 
rather than saying the PVC is a good'iridicator of per­
formance; I apologize for misleading you~ 

M.A.J. Azzie: First of all, is there any significantJ!lanner in which 
a blood sample can be identified as having been collected 
from.a horse during excitement? After all, we do not know if 
the farrier was making a noise in the stable five minutes 
before we got there to collect our specimen. Secondly, Dr 
Persson in his work clearly indicated why he did not rely 
on haematocrits as an indicator of state fitness of the horse 
and that is why today he broached a completely different 
subject. Our own work in South Africa, involving about 
10 000 blood tests, indicated that PVC is only a guide to a 
state of fitness but it is a highly individualized guide; a horse 
will have an optimum PVC for his own state of fitness and 
this will vary by as much as 2"i either way within one week of 
performance. This is the fundamental reason why, when a 
horse's PVC can vary as much as 4"" in ·Johannesburg, these 
tests are only a guide to a state of ill-health and not to a state 
of fitness. On this level I would like to ask our haematology 
lI1en; what significance is attached to plasma volume 
changes having taken place as well? 

,J.D. Steel: We have not done any work on plasma volumes, there­
fore I cannot comment on whether changes in plasma 
volume, causing effects in haematological parameters, tend 
to interfere with either their interpretation or their useful­
ness. The reason we have not done blood volumes is that on 
account of the work involved we have not had the capacity to 
undertake these additional measurements. If you look upon 
the parameters, of red cells, haemoglobin, and packed cell 
volume in an individual horse and you look at these regu­
larly, there are going to be relatively small variations. I tried 
to point-out that these variations in part are due to the ani­
mal and in part due to the precision of the laboratory tech-
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niques employed. One ends up in a situation where one can 
say that plus minus 5\';' in most of these parameters is not go­
ing to be really meaningful. One of the difficulties in haema­
tology in relation to performance is that we have probably 
consistently tried to read too much into small changes. I per­
sonally believe that it is a valuable tool, providing you do not 
try to over-refine it by putting too much significance on 
small changes in the figures. 

R.K. Archer: First of all, I agree entirely with what the previous 
speaker has said; no comments on that. The identification of 
blood samples taken during excitation, whether inadvertent 
or not is impossible from the haematologist's point of view; 
therefore it is essential to know whether excitation has oc­
cured, otherwise the blood sample is uninterpretable. There 
is no differential change associated with excitation suffi­
ciently different from that which might arise from other 
causes. Concerning plasma volume, I would extend Prof. 
Steel insofar that the assessment of plasma volume is a fairly 
elaborate matter. It is not a question of putting a needle into 
a vein and taking a sample of blood, one has to do more than 
that. It is less of a routine matter and more an experimental 
procedure, rather than one to be used in practice. I did not 
mention quality control in my paper and if Prof. Steel did so, 
I missed it. It is quite essential if you are setting up quality 
control methods for use on horse blood, not to standardize on 
human material. All the commercially available equipment 
is designed for human material, particularly the Coulter 
4C, which is probably the best known and certainly the best 
nationally available. It is useless, I repeat, useless for the 
horse. The reason is quite simple; the mean blood cell 
volume of man is around 85 and the mean cell volume of the 
horse is around 45. Coulter 4C and the commercial pro­
ducts are all made to measure a mean cell volume of around 
70, designed to include human microcytic anaemia, but the 
apparatus used for counting human blood is designed to cut 
off with a lower threshold around 60 cubic microns. That is 
above the value for the horse's mean cell volume. Conse­
quently, if one standardizes equipment designed for count­
ing horse cells on human material, one will consistently get 
a higher MCV than true, because one's counter will be cut­
ting off parf of the sample. We even go so far as to say that 
in cases of samples having been tested in a human labora­
fory and tben sent to us for an opinion, which happens too 
oft~n for my personal comfort, the horse has 'Coulter S 
disease'. 
Dr Steel, I think, mentioned the use ofvacutainers. We never 
use vacutainers; in' my experience vacutainers and haem 0-

lysis are inseparable. It just so happens that horse blood cells 
break more easily than do those of humans or cattle. In a 
vacutainer the 5 cm or so that the blood sprays from the back 
end of the needle to the bottom of the tube is enough to lyse 
about 1"( of cells'. 
If you want reprodusible work my advice is; abhor the vacu­
tainer. The next pointTwould like to take up is anaemias. In 
England the commonest cause for anaemia in Thorough­
bred horses is worms .. The treatment is obvious, the use of 
haematinics is superfluous but harmless, that is my view. I 
should also perhaps add that it is well established that the 
horse manufactures its own vitamin B12 with the greatest 
ease, so, if one injects vitamin B'2, one is giving cobalt in a 
very expensive form. Cobalt chloride will work just as well. 
(The papers were published by Frank Alexander In Edin­
burgh about 5 years ago). There is certainly a dietary anae­
mia of Thoroughbreds attributable to deficiency of folic acid. 
Some of the Thoroughbreds fisnish racing in say October 
(beginning of our winter), go inside, hard tack, no grass. 
When they come out again, around next March, and are put 
to work, some of the animals fail to produce that work. Upon 
careful haematological examination, particularly if a 
channelizer is used. one sees that the cell size distribution 
has shifted to the left, i.e., the mean cell volume is larger but 
it is not evenly distributed: it has a bi-modal course. That is 
a dietar.v deficiency of folic acid; it is very readily correct­
able by folic acid so long as that acid is injected. For some 
curious reason folic by mouth is almost inactive: almost 100 
times the calculated amount has to be given by mouth to get 
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the same effect as by injection; I do not know why. We have 
some work running on that point. 
The last thing I would like to take up is bone marrow biopsy. 
It is perfectly straightforward, we do it frequently. Its use in 
clinical haematology is limited. It is sometimes very handy, 
particularly in cases of horses which have an undiagnosed 
swelling of any kind, and the possibility of malignancy has to 
be considered. It is very handy indeed to look at the bone 
marrow and see if the accompanying anaemia is attributable 
to under-activity of the bone marrow or over-activity with 
destruction or arrest at any point. Leukaemia is incredibly 
rare; I only know of one case in the literature I would regard 
as proven - I have never seen one. Leukaemoid reactions, 
yes. Generalized lymphosarcoma can fox one a little. 

J.D. Steel: Two brief comments concern firstly the standardiza­
tion of the Coulter. It was human material from the blood 
bank which was used for the standardization of the automa­
tic haemaglobinometer. Concerning standardizing the 
particle-counting part of it, we regularly purchase particles 
of known size and run those through to check that we are 
getting the counter to op~rate within ranges of red cell size 
one is likely to encounter in the horse. 

S.G.B. Persson: May I just explain how I measure the total blood 
volume in the horse. Immediately after standard training 
work blood is drawn by venepuncture from the jugular vein 
for determination of the postwork haematocrit. Through the 
same needle I inject the measured amount of dye. Mter 15 
minutes, a new blood sample is taken from the contralateral 
jugular vein for determination of dye concentration. The 
subsequent laboratory routine is very simple; determination 
of packed cell volume by haematocrit and determination of 
the dye concentration. This procedure is not very elaborate 
and can be done as a routine in the laboratory. The. method 
gives quite reproducible and reliable results. 

J.R. Holmes: If I may turn to Dr Fl'egin's paper, I agree with what 
he said in the first part of his contribution. Just for what it is 
worth, in my experience the pandiastolic murmur of all the 
murmurs in the horse is the one which we find associated 
with cardiac lesions. The majority by far concerns lesions on 
the aortic valve cusps. In my experience many practitioners 
fail to recognise the third heart sound or confuse the third 
heart sound with an early short diastolic murmur. The key to 
recognition is its relationship to the second heart sound and 
also the site of its maximum intensity. 
I would just like to-refer to the treatment of atrial fibril­
lation which Dr Fregin mentioned but had not time to deal 
with in detail. The literature describes the treatment of 
atrial fi brillation by very frequent and gradually increasing 
dose's of quinidine sulphate. This involves a great deal of 
work for the practitioner, a stomach tube having to be passed 
3,4 or 5 times a day and that day after day. Frankly, I do not 
think this is practicable for the majority of practitioners. 
Some of the people we have advised to treat horses in this 
manner have, in fact, given big doses once a day by stomach 
tube. They have obtained just as good results, no better, 
nOr worse, than with the method found in textbooks. We 
always give a test dose or advise a test dose of quinidine to 
make sure there is no individual idiosyncrasy. After that, in 
the Throughbred, there is an initial dose of 20 gm per day. 
ThIs is increased by 5 or 10 gm per day until we get either 
sinus rhythm or signs of toxicity. Dosing does not go on lon­
ger than 10 days and if we get sinus rhythm the drug is gra­
dually withdrawn. This is done, of course, after digitalizing 
the horse, using digitalis pulv. in the food. If! could summa­
rize Prof. Steel's contribution, the larger the heart, the lon­
ger the time for ventricular depolarization, which we would 
all accept and expect. What does surprise me is that he ad­
vocates the use of paper speed of 25 mm/second. I would 
have thought the more rapid the paper speed the greater 
would be the accuracy. We use variable paper speeds up to 
100 mm/second and experience no difficulty in detecting the 
position where wave forms pass the iso-electric line, which 
are the points of measurement for determining heart score. 
I must plead ignorance about the heart score, I can only 
think that many of you are going to make a lot of money 
in the future giving numbers to horses. I only hope you 
won't exclude potentially good horses in the process. 1 have 
not the experience that Prof. Steel has in evaluating this 
technique. 
Dr Fregin, in discussing the effects of inf1ammatory reac­
tions on the myocardium, spoke of ST-segment and T-wave 
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changes. I am sure that he did not have the time to detail 
what he meant by this. I must just say something about T­
wave changes. The two speakers have already indicated that 
the T-wave is an extremely labile wave form and tRat it h 
extremely rate dependent. It also varies according to the 
amount of exercise that a horse has been given. I myself am 
not so confident, not so sure, that we know enough yet about 
the significance of the T-wave to be able to attach clinical 
significance to its changes. Human medicine is in the same 
predicament; we do not know enough about repolarization of 
the myocardium. Hepolarization is a process completel) 
different from de-polarization with its specific conduction 
pathways. I emphasize this because it would be a mistake for 
you to go away from here Believing, if you see iI T-wave form 
change, this necessarily is of grave or any clinical signi­
ficance. Heart rate is a factor which effects the T-wave but 
we do not know enough about the significance of the T -wave 
for it to be assessed clinically. 
Dr Fregin deals with vectors in the latter part of his paper. I 
wonder if we ever think why we put electrodes on the limbs of 
horses. I suppose it is because we use the techniques that are 
used in man and the comparable parts of the body to wrists 
and ankles are the limbs of the horse. Yet it is doubtful whe­
ther any really accurate assessment has been made of the 
value of these limb leads in vectorial terms until fairly 
recently. I have no objection to Einthoven's limb leads if the 
technique is used for the recognition and diagnosis of arrhy. 
thmias in the horse. When t"his technique is used to cal­
culate vectors, then I must disagree entirely. We found, and 
Dr Fregin's paper shows, that if one looks at Einthoven's 
limb lead II and III we have R-waves and a positive deflec­
tion in the lead forms. And yet, when one looks at body sur­
face potentials, one finds that in a majority of horses acti­
vation at the time of the peak of ventricular depolarization 
during QRS is not backwards, but is upwards, forwards and 
leftwards. So here is a situation where Einthoven's limb 
leads do not give us a true representation of the cardiac elec­
tric field. The cardiac electric field does not matter at all if 
one is using,the ECG for recognition of arrhythmia. If the 
ECG is used"for an accurate portrayal of cardiac vectors in 

. planes or in space, then a lead system is requjred which more 
accurately represents the true·position. The procedure which 
we adopted was to place unipolar electr~qes over the body 
surface, always with a standard site on the neck as a time 
base, and then to calculate from the deflection which we ob­
tained by integration of the body surface potentials the 
resultant cardiac dipole moment at each instant in time, i.e., 
the direction and magnit;}E!f' of the spatial vector instant by 
instant through the cardiac cycle. It was quite a long pro­
cetlure, which we did on 4 horses. The result was that at the 
peak of the R-wave (ventricular depolarization) the vector 
was upwards, forwards and leftwards. Yet in these horses 
Einthoven's leads put on the limbs in the conventional way 
showed a positive deflection in lead II" and lead III, indi­
cating the backwardly direction of the vector, thus clearly 
not representing the true nature of the cardiac electric field, 
there being a greater degree of positivity to the root of the 
hindlimb than to that of the forelimb and so causing an 
opposite deflection, which is. not representative. The next 
procedure was to calculate·the expected vector cardiograms 
in three planes and the expected scalar ECGs in three axes, 
the axis from left to right we call x, from behind we call yand 
the vertical we call z. From the data obtained, we calculated 
the expected ECG pattern. Electrodes were placed about the 
body of these four horses to find out where we would get the 
patterns we had predicted. From that we developed what 1 
call a semiorthogonal system. We described what it is, and 
how we use it. We use it',outinely. I am not suggesting for 
one second it is the perfect lead system, but if one wants to 
talk about vectors, then it is a great deal more accurate than 
Einthoven's lead system. . 

G.F. Fregin: Maybe it is best to stan with atrial fibrillation, a pro­
blem that is commonly seen. At our university we have had 
about 50 cases over the last ten years. Thirty of these were 
selected for treatment:: There appear to be two different 
populations of horses, maybe three, that are see!) with atrial 
fibrillation. The cases that were reported by Sally-Ann Glen' 
denning and others were usually older horses. Apparently, in 
the States, at least where I am, we see a number of younger 
horses, between the ages of two and three years that have 
atrial fibrillation which usually has quite an acute onset. 
Because they are engaged in racing or training at the time. 
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we usually get them fairly quickly after trotting. These ani­
mals are very good candidates for treatment if there are no 
other indications of cardiovascular disease. From the stand­
point of therapy. quinidine sulphate is mixed into a suspen­
sion and given by stomach tube. I used to use a balling gun 
and put 10 gm of quinidine into a gelatine capsule and gave 
it that way, hut often got into difficulties. Dosing the suspen­
sion by stomach tube yielded more satisfactory results. Most 
of the horses that we have treated have been able to convert 
to normal sinus rhythm on quinidine levels of about 40 gm/­
day. Obviously there are different ways to achieve this. I give 
10 gm every 2 hours; by the time I get up to 40 gm, or at the 
most 60 gm, the greater percentage of horses will convert at 
that level. A thousand pound horse can be given up to 60 gm 
of quinidine over a 12 hour period without getting into severe 
straits from toxicity. Once over 60 gm, one begins to run into 
difficulty; over 80 gm one is really asking for trouble. We 
have gone as high as 110 gm in a day's time. This was done 
on an experimental basis and these animals got really sick. 
In practice, if one wishes to be cautious, one could start the 
animal on 10 gm twice a day and work up to 10 gm three 
times a day until one gets to 40 to 50 gm. Once over the 60 gm 
level, one must do electrocardiographic monitoring. Other 
methf)ds of treatment have been suggested, e.g., intra­
venous quinidine administration. I think Dr Gerber pub­
lished an article on three cases receiving intravenous quini­
dine, one of which converted to sinus rhythm. I tried that on 
a number of occasions but found it more difficult to control 
than oral dosing. When I gave the medication intra­
venously, no matter how small the dose, I ran into trouble 
with a ventricular type of tachycardia very quickly after the 
drug had heen administer.ed. Administration of the drug in­
travenously over a period of arf hour was usually followed 
within 20 to 30 minutes by tachycardia, the heart rate going 
up to 160 to 180 heats per minute. Orally one does not run 
into that type of trouble until the 60 to 80 gm/day level 
is reached. I do not digitalize the animal. If an animal comes 
in with congestive heart failure, as far as I am concerned the 
las! thing I wo.uld worry ahout is atrial fibrillation. I would 
digitalize that animal. But the majority of animals that 
come into our clinic with atrial fibrillation do not show clear 
signs of congestive heart failure; resting the heart rates are 
normal: in the thirties or so. Hence I have not used any 
digitalis preparations. Concerning continuation of therapy 
after the animal has converted to normal sinus rhythm, in 
the past I did give them quinidine until converted and then 
placed them on a maintenance dose of 10 gm twice a day 
for three to four days. On occasion the students would for­
get to give the foll~wing day's medication; after that had 
happened a numher of times, we just decided not to give itj 
we have not had any 'unfavourable effects as far as I can 
tell. I give it until the animal converts or begins to show 
signs of toxity. Then I stop and do not give it any more 
quinidine after that. We request that the horse be rested for 
at least two or three months and then returned to the hospi­
tal for another check to see if there is normal sinus rhythm. 
I have them hegin training the horse and I have a look 
half-way through its training period if the electrocardiogram 
is still normal. We have a numher of horses that have gone 
hack into racing. There are 22. I think, that have been trea­
ted for atrial fihrillation and that have gone back into racing. 
One of these horses rell1psed and had to be retreated. We lost 
two or three. Most of' them have gone back and raced as 
well as they did prior to the atrial fibrillation. We have 
had some fairly good horses that have had it. I do not know 
what Dr Holmes would say is a large dose. 

.R. Holmes: I go up to 40 gm a day but it is easy to attain conver­
sion on doses as low as 10 gm. I cannot see any reason why, if 
you have taken the electrocardiogram and you are certain 
that the animal has atrial fihrillation that you could not try 
going up to 40 gm or so; I do not think yo~ should get int~ 
trouble. We can talk later about the type of difficulties you 
can get into and what can be d0ne to help circumvent them, 
but I do not know if there will be the time available. 

'.F. Fregin: With regard to myocarditis, Dr Holmes commented 
on Dr Steel's and my opinions about ST-segments and T­
wave changes. I thought I had shown on the slides that the T­
wave certainly is extremely labile, just like the heart rate is 
in the horse.; By exciting the horse one can get changes in 
both the T-wave and the P-wave. By exercising the horse 
there are obvious changes in the T-wave. We keep the limbs 
as parallel as we can to each other. We also try to keep the 
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animal as quiet as we can by keeping him in his own box 
and using a long set of leads so that the recording machine is 
outside. We use personnel who are used to working with the 
animal. We have followed a fairly large group of horses, not 
in their thousands like these gentlemen have been talking 
about, but ahout 100 horses. These we have followed from 
the time they were two years old up to date, and we have 
done them from four to six times a year, just as a sort of ex­
perimental procedure. I can now look at the electrocardio­
gram and already know what horse it is on. The ECGs are 
very reproducible if they are done in the same way. Making a 
diagnosis of myocarditis on the basis of T-wave changes or 
ST-segment deviations, I would agree is taking a chance, but 
if one is using this in conjunction with other factors and clini­
cal findings, I think it can be used as a diagnostic tool. We 
may even be able to use it in a prognostic sense. There are 
certainly non-specific T-wave changes that take place in the 
horse just as they do in man. These, however, I have not had 
in following the group of horses which we studied. The pro­
blem could be a liability if one were not very cautious. 
I would concur that when a pandiastolic murmur is heard, it 
is mostly associated with cardiovascular disease, primarily 
disease of the aortic valve. 
At a cardiology session last year we tried to talk about vec­
tors. There were many arguments about the type of lead 
system that should be used: which lead system might be the 
best and what type of information we could use from the 
diagnostic point of view. As Dr Holmes has pointed out, just 
about any lead system can pick up sinus arrhythmia and 
premature beats. There is no question of that, but the use of 
vectors is a very difficult matter. I do not think now is the 
time to try to conclude whether Dr. Holmes' lead system is 
any better than the one we are using. When one analyses 
specific groups of horses like Standardbreds, Thorough­
breds or Quarter horses or race ponies it seems to me that in 
the more cold-blooded horses there is a greater percentage of 
animals that has QRS-vectors going dorsally and cranially 
according to our leads. When we look at the Thoroughbred, 
there are more animals in which these vectors are going dor­
sally, again, hut by contrast also caudally and to the left. I 
do not know what this really means. I think there are prob­
ably different populations of horses. I am still not convinced 
that either lead system has any advantage over the other. 
Some forces may move over rapidly in one direction and may 
be of very short duration. One may have forces going in an 
opposite direction which may cancel these out. There are a 
number of factors that have to be taken into consideration 
and I believe it will be along time before we arrive at a com­
pletely reliable lead system. The question arises: what is one 
going to do once one has the QRS vector - of what diagnostic 
value is it going to be? One can make diagnoses, in humans 
at least, of right ventricular hypertrophy; it would be ad­
vantageous to apply that to the horse, irrespective of the lead 
system used. 
The only time that 1 have seen and conducted a right ventri­
cular hypertrophy was in horses with congenital heart 
disease: tetralogy of Fallot, interventricular septal defect 
and pulmonary stenosis. With our lead system such cases 
will have ventricular axes that have shifted clearly to the 
right. There is. no question about a right axis deviation being 
present. In horses with interventricular septal defect in 
which pulmonary"b'ypertension (elevated right heart pres­
sure) has not de"eloped, one does not usually see any elec­
trocardiographic .shift; at best a minimal shift may be pre­
sent. The same situation holds for the chronically emphy­
sematous horse. It {s only when the condition has existed for 
a long time and the horse has developed very elevated right 
heart pressures that the vectors are shifted. 
Left ventricular hypertrophy is very difficult to determine. 
We even have the difficulty in establishing criteria in dogs 
where we have colonies of dogs with congenital stenosis 
where we know left ventricular hypertrophy is going to devel­
op. Even here it is difficult to pick out affected animals 
from the normal population of the same breed. I think per­
haps the same goes for the horse. The QRS-complexes in the 
cases I have seen - and they are relatively few - had the 
same direction as the nmmal population. 

A. Littlejohn: We know that atrial fibrillation is an unsoundness. 
But what is the judgment to be on a horse that has been 
successfully treated and in which sinus rhythm has been re­
established? Is the animal now sound and must we regard 
atrial fibrillation in the same light as a nasty bout of influ­
enza in such cases? 
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It is generally agreed that the Einthoven lead system cer­
tainly does give rather variable results because of diffe­
rences in position of the limb!!: To me this seems to be a re­
commendation for the orthogonal lead system as has been 
proposed by several workers in, this field. It is certainly a S)'S­

tem we propose to use in Pretoria. 
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C. Button: We find that about every horse on which we tried will 
stand crocodile clips on its skin. I would never have believed 
that this could be possible. It is much more convenient for 
holding electrodes on to animals. It does not worry the horse 
at all and there is no change in the herat rate. 
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JI S. Air. vet. Ass. 45(4) 305·309 

(Proc. 1st into equine vet. Conf., Pretoriuskop 1974) 

SECOND SESSION: RESPIRATION, BIOCHEMISTRY, 
ELECTROLYTES AND PERFORMANCE 

Chairman: A Littlejohn 

THE ROLE OF THE RESPIRATORY SYSTEM DURING EXERTION 
J.R. GJLLESPIE* 

SUMMARY 
We measured maximal expiratory flow (V E max:) in healthy horses to determine if dynamic events in the pulmonary air­

ways might limit ventilation during maximal exercise. We found horses were capable of very high peak expiratory flow rates 
(540 kg horse. ~.E max = 80 to 100 LIs). The general shape of the expiratory flow-volume curves from horses were similar to 
those of other mammals measured with the same technique. 

Using prediction formula from the literature for oxygen uptake during maximal exercise, we determined that it is unlikely 
that healthy horses are limited by expiratory flow during maximal exercise. Horses with chronic obstructive lung disease have 
severe ventilatory limitations owing to dynamic narrowing and closure of intrathoracic airways during expiration. 

INTRODUCTION 

Grimby recently reviewed the subject of respi­
ration during exercise in man. He discussed four fac­
torS which might limit strenuous exercise: 1) work of 
breathing; 2) the factors limiting flow; 3) capacity 
for transfer of oxygen and carbon dioxide; and 4) 
breathlessness or inhibition of exercise caused by 
neuromuscular responses initiated by the mechanore­
ceptors of the lung 2 3. Strenuous exercise to the point 
of exhaustion within a few minutes, called 'maximal 
exercise,' was considered for three groups of indivi­
duals: 1) young sedentary persons, 2) athletes; and 3) 
elderly persons. He concluded that in young sedentary 
persons the respiratory function does not limit 
maximal exercise. In athletes with very high aerobic 
power maximal exercise may beIimited by factors of 
respiratory gas flow. In elderly persons with aging pro­
cesses in their lungs, their ventilation may ·be maxi­
mal during exercise, yet their blood gases are normal. 
He was unable to rule out curtailment of exercise in 
any of the groups as a result of the sensation of breath­
lessness caused by stimuli other than those of hypo­
xaemia or hypercapnoea. 

Respiratory flows have been measured in horses so 
that we can begin to examine one of the four factors 
which might limit maximal exercise 4. I will consider 
respiratory flow in horses which may limit their venti­
lation and thereby exercise. 

MATERIALS AND METHOD 

Six normal anaesthetized horses were suspended 
upright within an integrated-flow, pressure-volume 
plethysmograph after performance of tracheostomy 
and insertion of oesophageal balloons. We 4 measured 
quasi-static volume-pressure curves of lungs and of 
chest walls, and recorded flow-volume curves during 
passive and during forced deflation of the lungs. 

RESULTS AND DISCUSSION 

The following figures and data are based upon 
values from a healthy 540 kg Thoroughbred-type 
mare. Figure 1 represents a record of a slightly larger 

• Depart men! of Physiological Sciences, 
S"hool of Vel.erinary Medicine, 
liniversitv of California, 
Davis. (,~lifi)rnia 9[;616 
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Fig. 1: Thoracic gas volume against inspiratory and expiratory 
flow rate during an entire breath in which the tidal volume is 
slightly larger than resting levels for a 540 kg horse. Inspiratory 
events to the left. expiratory events to the right. 

than normal resting tidal breath in which the lung 
volume is plotted (y-axis) against the gas flow rate (x­
axis). Inspiratory' events ar~ to the left and expira­
tory events are to th~tight. The breath begins at func­
tional residual capai:ity (FRC), and the volume in­
creases at various l'ates of flow, to end-inspiration. 
Expiration follows in which flow rate increases to 
"peak" flow rate then decreases exponentially to zero 
at end-expiration with lung volume again at FRC. 
This represents one breath cycle and one can visua­
lize a series of breaths during regular breathing re­
tracing the loop in figure 1. Subsequent figures will 
show only expiratory events because it is during ex­
piration that flow limitation is effort-independent 
and may occur during maximal breathing. Inspi­
ratory flow limits exist too, but inspiration is effort­
dependent. 

Figure 2 shows a passive expiratory flow-volume 
curve from total lung capacity (TLC) to FRC. This 
figure shows the instantaneous flow rates out of the 
respiratory system at various lung volumes between 
TLC and FRC with no muscle force used to 'squeeze' 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



the lung during expiration. Figure 3 shows a family of 
curves «(a - e) in which increasing expiratory force is 
employed to increase the flow rate and more com­
pletely empty the lungs. Curve a is the passive expira­
tory curve and is the same as the curve in figure 2. 
Curves b, c, d and e represent flow-volume curves in 
which increasing expiratory effort is employed with 
each subsequent expiration. 
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F,ig. 2: Passive expiratory flow-volume curve for a 540 kg horse ini­
tIated at TLC and ending at FRC. 

Curve e is unique. This curve represents the maxi­
mal expiratory flow-volume curve for this particular 
horse. We produced this curve by applying an expira­
tory force to the horse's respiratory system beginning 
at TLC. When we applied greater expiratory forces, 
the flow-volume curve did not change. At first sight 
this does not seem reasonable. One might expect grea­
ter expiratory force to always produce greater expi­
ratory flow. I will discuss later the dynamic events 
that occur in the airways during forced expiration 
that cause flow limitation. Effort-independent ex­
piratory flow limitation has been found in every mam­
malian species studied. 
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Fig. 3: A series of expiratory flow-volume curves for a 540 kg horse 
initiated from TLC. Curve a is a passive expiratory flow curve (see 
Fig. 2). Each curve (a, b, C, d, & e) is produced with greater 
expiratory force (a< b .... cc;;d..::e). Curve e is the maximal expira­
tory flow-volume curve between TLC and RV. Only curves a and 
e were traced from original data. ". 
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Figure 4 presents maximal expiratory flow-volume 
curves initiated at different lung volumes. Cuive e is a 
complete maximal expiratory flow-volume curve and 
is the same as curve e in figure 3. Curve a is a maxi­
mal effort initiated at TLC and terminated after 
about seven litres are expired. Curve b is a maximal 
expiratory effort started seven litres below TLC and 
ends after expiration of seven litres. Curves are shown 
which are initiated at,·progressively smaller volumes 
(curve c, and d). At each new volume, maximal ex­
piratory effort never produces a greater flow than can 
be produced by a complete maximal expiratory flow­
volume effort at a comparable volume. From. these 
curves it can be seen that maximal flow is volume­
dependent, i. e., peak flows decrease with decreasing 
lung volume (a = b = c ~ d, Fig. 4). 

en 
<lO 

40 
-He 

~ 20 t----------=.-,. ---====-:::::/ .-- - -F RC 
C> 
<lO 
0::: 
C> 
:r: 
>- 10 

o 

d 

- - -RIJ 

20 4 0·6 0 eO 100 
EXPIRATORY FLOW, liters/sec 

Fig. 4: A series of partial maximal expiratory flow-volume curves 
for a 540 kg horse with each subsequent curve initiated at a lower 
lung. volume and each expiration !!qual t~ ab?ut 7 litres: Note the 
partIal curves produce an outer she11' whICh IS the maxImal flow­
volume cu;ve between 'f'LC and RV (see Fig. 3). Only curve e was 
traced from original data. . 

Both tidal volume and breathing frequency can be 
increased from the flow-volume at rest (Fig. 1). In­
creases in frequency at any tidal volume will require 
increases in inspiratory and/or expiratory flow rate. 
Near rest (Fig. 1), a relatively small tidal volume and 
flow rate will meet the animal's ventilatory require­
ments. The healthy animal has a 'flow-reserve' which 
is the distance between the resting loop (Fig: 1) and 
the maximal loop (curve e, Figs. 3 and 4). With exer­
cise, the flow-volume loop can enlarge until it reaches 
its limit, the maximal expiratory flow volume curve 
(curve e Figs. 3 and 4). 

We now can consider tlW mechanisms which set 
the limit on expiratory flow. It has been shown in 
human beings that healthy individuals can develop 
expiratory muscle force far in excess of that required 
to achieve maximal expiratory flow. In horses, we 
found that we could·demonstrate a maximal expira­
tory flow and that further increases in driving expi­
ratory force did not change the expiratory flow. We 
lack direct evidence that healthy horses can· develop 
sufficient expiratory muscle force to reach their maxi­
mal expiratory flow. We measured inspiratory pres­
sures in excess of 1,5 x 10 4 Pa (150 cm H20) when 
horses breathed against an obstructed airway. For 
this reason, it seems likely to me that ho:r:ses, like 
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man, have an excess expiratory muscle force. If they 
do not, then ventilation would be limited by muscular 
weakness and might be improved with specific respi­
ratory muscular exercises. 

A: F RC 

d 

B: TLC 

C: RV 

Fig. 5: Three models of the respiratory system with the 'parts labell­
ed; a, airways; b, alveoli; c, pleural space, d, diaphragm; e, lung 
parenchyma with elastic eleml"nt represented by spring. Model A; 
the system at rest, pleural pressure 5 x 102 Pa (5 cm H20) negative 
to atmospheric and lung volume at FRC. Model B; maximal 
(static) lung vol: pleural pressure 30 x 102 Pa (30 cm H20) nega­
tive to atmospheric and lung volume at TLC. Note the enlarge­
ment of the intrapulmonic airways as a result of increased para­
bronchial lateral tissue tension on the airways (stretched springs). 
Model C; maximal expiration pleural pressure 1,5 x 10" Pa (150 cm 
H20) positive to atmospheric and lung volume at RV. Note the nar­
rowing of intrathoracic airways as a result of loss of parabronchial, 
parenchymal support (collapsed springs). 

Figure 5 shows three models of the chest wall and 
lungs. In model A, the respiratory system is depicted 
at rest with pleural pressure 5 x 10· 2 Pa (5 cm H20) 
less than atmospheric pressure. This is sufficient to 
resist the recoil of the lung and hold the lung volume 
at FRC and the airways open. 

The cross-sectional area of airways is a critical 
structural feature which determines flow resistance. 
Airways in the lung depend in part upon surrounding 
lung tissue for their support. The conformation of the 
surrounding parenchyma depends upon the elastic 
elements in the lung tissue. The high tension on the 
elastic elements at high lung volumes increases the 
outward pull o~ the airway's walls and increases their 
cross-sectional :area. 

Model B, (Fig. 5) shows the respiratory system at a 
high volume. The diaphragm has contracted and in-
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creased the difference between the pleural pressure 
and the atmospheric pressure to 30 x 1()2 Pa (30 cm 
H20). The lung is stretched to a larger size and lung 
volume increased. The airways are pulled open and 
have a large cross-sectional area. The greater the 
volume inspired, the greater will be the cross-sec­
tional area of the airways and the smaller the resis­
tance to gas flow through them. Hence, resistance to 
gas flow decreases during inspiration and increases 
with decreasing volume during expiration. 

Model C shows the respiratory system during a 
forced expiratory effort. In this instance, pleural pres­
sure is positive to atmospheric pressure: the lung is 
'squeezed'. The parabronchiolar tissue supports 
become ineffective and the airways are allowed to 
narrow and with additional squeeze they close. Dur­
ing expiration, resistance increases as airways narrow. 
Increasing expiratory force will increase expiratory 
flow rate until the expiratory force critically narrows 
and/or closes airways which increases resistance and 
limits flow. Additional force is wasted as it will yield 
no additional flow. 

The maximal flows along the flow-volume curve are 
volume-dependent and effort-independ,ent. In an in­
dividual, higher flows can be achieved near TLC than 
at lower lung volumes, and individuals with larger 
lungs can achieve higher flows than those with smal­
ler ones. 

CONCLUSIONS 

Minute ventilation increases with exercise and can 
be changed by increases or decreases in tidal volume 
and/or frequency. There are mechanical restraints to 
large increases in tidal volume or frequency. At high 
lung volumes (near TLC) and at low volumes (near 
RV), the lung and chest wall become stiff (Fig. 6) and 

.:1 
'-' 

'" o 
.0::: 
t-

40-

30· 

20· 

Horse E. A. R. -70 -10 

II years, 540 kg. 

10--- . - - - - - - - - RV 

-60 -50 -40 -30 -20 -10 0 10 20 30 40 

Pressure, em H20 

Fig. 6: Expiratory volume-pressure (compliance) curves of the lung 
and chest wall of a 540 kg horse. 

require greater changes in pressure for each unit 
volume breathed in and out. Large tidal volumes and 
high respiratory flows require large energy expendi­
tures by the respiratory muscles. There are optimal 
(minimal) energy costs for each level of ventilation 
which are achieved by appropriately adjusting tidal 
volume and frequency. It is not known if breathing is 
finely controlled in the horse to achieve exercise venti­
lation with minimal energy costs. 
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With present data we can begin to define the limits 
of ventilation. If we assume horses have sufficient 
respiratory muscle strength to achieve their maximal 
expiratory flow-volume curve, we can approximate 
their maximal ventilation and make some prediction 
on the respiratory limitations to exercise. 

Table 1 illustrates how respiratory flows set minute 
ventilation. In this example, I am estimating a mean 
respiratory flow rate (inspiratory and expiratory) of 75 
I/s, based upon our. records of maximal expiratory 

L.' 

T~ble 1: ESTIMATES OF MAXIMAL MINUTE 
VENTILATION FOR THE HORSE 

Mean Inspiratory and Expiratory Flow = 751/s 

Tidal Volume (I) Breaths/min Minute Ventilation 
(I/min) 

10 225 2250 

15 150 2250 

20 112 2250 

30 75 2250 

flows. If I asume equal inspiratory and expiratory 
periods, then the minute ventilation (V min ) will be 
2250 I/min. The vital capacity (TLC-RV) of a 540 kg 
horse is about 30 litres (see Fig. 6). For the example in 
table 1, I have selected tidal volumes ranging from 10 
to 30 litres. Ten litres would likely be too small, as it 
would require a respiratory rate of 225 breaths/min, 
whereas 30 litres would be too large as it would have a 
high energy cost for the horse to breathe at the ex­
tremes of its vital capacity (see Fig. 6). Tidal volumes 
of 15-20' I seem more reasonable, and the respiratory 
rates of 122-150 breaths/min are in line with the 
counts of respiratory frequency ventilation made by 
Mead on racing horses 5. This must be near maxi­
mum ventilation for a 540 kg horse and it is very large. 

Table 2 shows the comparisons of minute venti­
lation, oxygen consumption (~02) and cardiac output 
(CO) for human athletes during maximal exercise and 
estimated maximal values for a 540 kg horse assu­
ming a V min maximum of 2250 I/min, and a arterio­
venous oxygen difference of 16 vol. per cent for both 
species. Athletes are able to achieve about 80 per cent 
of maximal ventilation during exercise. The values 
given in the upper line for the horse in table 2 are bas­
ed upon estimate maximal V min and the values in 
the lower line are 80 per cent of maximal values. 

Taylor and co-workers 6 developed the expression 
for minimum cost of running (M (run) mI02g-1km-l ) 

for mammals: M (run) = 8,46 W-Ij 40 where W is body 
mass in grams. I assumed a speed of 0,8 km/min and 
calculated a Vo~ of 17,5 I OJmin for a running 540 
kg horse. If Taylor and co-worker's formula accurate­
ly predicts Vo~ for the horse during maximal exercise, 
and if our measures represent maximal respiratory 
flows and volumes, then the healthy horse has a sub-

Table 2: MINUTE VENTILATION (~min), OXYGEN CONSUMP­
TION (V02) AND CARDIAC OUTPUT (CO) IN HUMAN ATH­
LETES DURING MAXIMAL EXERCISE AND ESTIMATED 

MAXIMAL VALUES FOR A 540 KG HORSE. 
Ventilatory Equivalent ('¥ min!~02) of 30 and arteriovenous 
difference of 16 vol. per cent were used for both species to 

calculate *02 and CO. 

Vmin \'Imin/kg I!t02 I!t0 2 /kg CO COlkg 
(tfmin) (tlminl (l/min) (tlminl (tlmin) (l/minl 

kg) kg) kg) 

-
Man* 170 2,43 5,7 0,00 36 0,51 

Horse 2250 4,17 75 0,14 469 O,B7 

BO% of 1 BOO 3,33 60 0,11 375 0,69 
values 

*Data from Biological Handbook. 1970. Respiration and Circulation, 
P.L. Altman 0.5. Dittmer (Eds). Bethesda, Maryland: Fed. Am. 
Soc. expo BioI. p.BO. 

stantial ventilatory reserve with a flow limitation to 
exercise v~ntilation. 

We must be cautious, however, in attempting to 
scale the horse to the human athlete. One would ex­
pect that the horse has evolved with far greater pres­
sures than man to be able to run fast for long periods 
of time. Perhaps the ex~ercising horse has a much 
greater ~o~ than we are predicting. It is also possible 
that the horse has a very large ventilatory reserve for 
reasons other than gas exchange, e.g., temperature 
regulation. 

For whatever re~son, it does appear that healthy 
hQrses have a very large ventilatory reservt1. This is 
not always true for the horse with respiratorY disease. 
We have recorded the passive and maximal expiratory 
flow-volume curves in a horse with bronchitis and 
emphysema4• This horse had essentially no flow 
reserve and its passive expiratory curve was essen­
tially the same as its maximal 'expiratory curVe. As in 
human beings, we expect this test in horses to be of 
value in measuring ventilatory impairment with di­
sease. 

I have considered only one of four possible respi­
ratory factors which might limit exercise: respiratory 
flow limitation. Our da,ta 4 described lung volume and 
respiratory flow limits for horses of particular sizes. 
My estimate based upon these .data indicates that 
healthy horses have a large respiratory volume and 
flow reserve which would provide ventilations in ex­
cess of those currently thought necessary for exercise. 
We lack direct measures of ventilation and gas ex­
change during exercise. 

We have collected some data on arterial oxygen and 
carbon dioxide tensions during exercise. These data 
may be of use in evaluating a\second important fac­
tor of respiration, the gas-transfer function of the 
lung. We still lack data for the horse on work of 
breathing and on the sensation of breathlessness dur­
ing exercise. 
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DISCUSSION 

D.H.G. Irwin: Would you consider answering a question concern­
ing the horse which holds its breath. Sometimes trainers 
complain that horses hold their breath. On the other hand, 
as they jump from the starting gate, some horses take a 
breath with every stride. Is it perhaps the case that as the 
horse extends its stride it breathes in and as it collects itself 
it will breathe out. Some human athletes in the top echelon 
will run a 100 yards without taking a breath. Would you 
speak to this please. 

J.R. Gillespie: Let me approach the breah-holding question first. 
The 100 yard dash for man compared to our usual sprint 
races for Thoroughbreds is shorter, and ventilatory demands 
for the two groups are quite different. Certainly horses could 
not hold their breath for the entire race. I would not be sur-
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prised if horses come out of the gate with a nearly full lung 
and take several strides before they take a breath. The large 
lung capacity of the horse very likely provides a substantial 
reserve for gas-change during the initial portion of the race. 
We have looked at movies of horses racing to ascertain 
whether or not they entrap, that is, breathe in some sort 
"Of multiple of their striding frequency. It appears to us that 
most horses do. Tbey often inspire with body extension and 
expire with flexion. 
Entrapment seems to be normal; it makes a lot of sense 
because of the mechanical advantage offered for breathing. 
A good way of examining breathing during racing is to watch 
movies of races in England, where they run the horses while 
it is fairly cold. One can count the breaths and correlate 
breathing phase with stride, viewing the condensation with 
each expiration. 
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The 

RIM GASKET 

Catalogue No. A.809 
All Centrifuges are now fit­
ted with a rim gasket to 
work in conjunction with 
"Cristaseal" plastic tube 
sealer. This gasket is easily 
fitted to existing centrifuges 
and replacement. where 
necessary. is a simple opera­
tion. 

BRAKE 

The automatic timer switches 
off the centrifuge. but if it 
is desired to stop the head 
quickly merely press the 
brake button for a rapid but 
controlled stop. 

FASTER 

I n no case is it ever necessary 
to centrifuge for longer than 
five minutes. This is not only 
an important initial advantage 
but if a re - run is necessary 
the check reading is available 
in minutes. 

MORE ACCURATE 

Studies have proved that 
higher gravitional force is 
necessary to give complete 
cell packing. Older methods 
and centrifuges often do not 
provide this force. The 
Hawksley Micro Haematocrit 
develops 12.000 x G. More 
than sufficient for all types 
of blood. 

MICRO 

Blood can be taken directly 
into a heparinised capillary 
tube from a finger prick or 
into a plain tube from a 
venous supply rendered in­
coagulable in either case only 
a maximum of 50 micro litres 
of blood is required and 
even so it is not necessary 
to measure an exact amount. 

Hawksley Micro-Haematocrit 
Centrifuge 

SAFER 

New catch for lid is an inter­
locking switch. that switches 
off the motor if the lid is 
opened before the timer is 
returned to zero. Conversely 
the centrifuge lid should be 
closed and securely clipped 
before the centrifuge is 
switched on. 

Caution: The lid switch 
should not be used to start 
machine as its current 
switching capacity is not 
meant to be used instead 
$If the timer. 

MICROTOR 

Catalogue No. A.816 
This useful head spins up to 
12 micro tubes with an 
approximate G force 10.000 
Centrifuges small qu~ntities 
of "'ood or other liqui~s. To 
fit :this head merely remove 
the two screws holding the 
standard head. Repla'ce the 
screws and slip the niicro 
head over the spindle. Will 
also ~it existing centrifuges. 

MACROTOR 
"-

Catalogue No. A.810 
This special Rotor has been 
produced to hold glass tubes 
of approximately-. 200 ul 
capacity. If furthet sampling 
'is to be made of serum and! 
or cells after centrifugation 
it is possible to run the 
haematocrit in one slot and 
this larger tube in the 
adjacent immediate slot. The 
Macrotor can be purchased 
as an' additional head for any 
new or existing centrifuges 
or as an alternative to the 
standard head in a new 
centrifuge. A Special read.!r 
for haematocrits taken in 
this larger tube is available 
on request. 

GURR SURGICAL INSTRUMENTS Ply. Ltd. 
Harley Chambers Kruis Street, P.O. Box 1562,. Johannesburg 
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JI S. Afr. vet. Ass. 45(1) 311-316 

(Proc. 1st int. equine vet. Conf., Pretoriuskop 1974) 

BIOCHEMICAL GENETICS AND PERFORMANCE ABILITY IN HORSES 
D.R. OSTERHOFF', M.A.J. AZZIE" AND J. OP'T HOF'" 

SUMMARY 

Genetical markers identifying 18 pairs of chromosomes of the horse, including six different blood group systems, haemoglo­
bin types, five serum protein types and six enzyme types, were used to find a relationship of the racing performance ability to 
these markers. 

It was established that Thoroughbred horses in different parts of the world are very similar in their genetic make-up and 
that the variability of different phenotypes has diminished in the process of selection for performance ability. 

Scores were alotted to the horses tested and suggestions were made for pre-selections according to the results obtained. 

INTRODUCTION 

During the thirty years which have passed since 
Systematical studies of blood groups in farm animals 
were initiated by means of isoimmune antibodies, the 
subject of immunogenetics and the more recent field 
of biochemical genetics have developed greatly and a 
number of gene-controlled polymorph isms have been 
discovered and elucidated. 

The term polymorphism refers to the occurrence In 

a population of two or more alleles of a given codon, in 
certain proportions. In general, according to Ford, the 
term polymorphism has been applied to those genetic 
systems where the less common gene has a frequency 
in excess of one per cent. There is in fact no clear 
dividing line between the frequency of what is usually 
termed a rare recessive gene and the frequency of a 
gene member of a polymorphic system. 

Blood group research on horses is basically no less 
important than that done on other species but most of 
the work has been done by single persons in different 
countries and the results had not been compared until 
quite recently. . 

When a registered Thoroughbred mare in the 
United States or in the Republic of South Africa is 
bred to two registered Thoroughbred stallions, the 
resulting foal can be reg(stered only as the offspring 
of both stallions. This method of double registry has 
obvious disadvantages when it comes to keeping 
records of pedigrees. The Jockey Clubs would like to 
keep the number of doubly registered horses at a mini­
mum, hence the keen interest in this work of identifi­
cation using genetical markers is understandable. 

In South Africa, the first immunizations for the 
production of immune antisera were performed in 
1967. Table 1 gives the summary ofthe South African 
production of horse blood group reagents. 

Table 1: PRODUCTION OF HORSE BLOOD 
TYPING REAGENTS

s 

Year No. of Immunizations Reagents produced 

1967 86 3 
1968 552 21 
1969 341 6 
1970 117 0 
1971 66 4 

TOTAL 1 162 34 

, Dept. of Zootechnolog-y, Faculty of Veterinary Science, University of 
Pretoria, Onderstepoort, 0110 

" P.O. Box 4024, Alr~de 1451. Transvaal 

" Dept. of Health, Pretoria, 0002 
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All these reagents have been compared in four 
different International Horse Comparison tests. 

In table 2, other genetic markets which have been 
compared with the mentioned blood typing reagents 
are included. 

Table 2: INTERNATIONAL HORSE COMPARISON 
TESTSS 

South Africa's 
Partici- Contribution 

Year Duty pating 
Laboratory Labora- Blood Other 

tories Group Genetic 
Reagent Markers 

1968 Davis, U.S.A. 5 11 4 
1969 Paris, France 10 29 5 
1971 Uppsala, Swe- II 32 7 

den 
1973 Newmarket, 17 30 10 

Engl. 

All factors belonging to these systems which have 
been compared and accepted internationally are com­
piled in table 3. 

Table 3: BLOOD GROUP SYSTEMS IN HORSES 

Genetic Systems 

A 

C 

D 

K 

P 

Q 

T 

U 

Antigenic Factors 

Al A2 HI H2 A' ZI Z2 F 

C 

Dl D2 El E2 E'G J 1 J2 

The most important aspect of the blood group fac­
tors to the practising veterinarian is that of 
erythroblastosis foetalis. Up to a year ago, no 
laboratory in the world was able to differentiate 
between the 'Rh positive' and the 'Rh negative' horse 
in order to predict the possible consequences. In the 
meantime it has been proved at Newmarket, 
England, that not a single Rh factor is responsible for 
haemolytic disease 10. The factors which may cause 
isosensitization are AI, Q, R, Sand E 2• The usual 
cause is sensitization with Al or Q, less commonly 
with Rand S and rarely with E 2• At a recent meet­
ing in Davis, California, Watanabe 12 'from the 
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Hokkaido University, Sapporo, Japan, reported on 39 
cases of 41 mares that had bred and icteric foal. The 
following antibodies were noticed in the sera of the 
mares involved: AI, C, PI, Q and E2• As to blood factor 
AI, which is apt to produce antibody in the mare, the 
disease appeared from the first to the fifth birth; as to 
Q, from the third birth onward; as to C, P and E2, 

from the sixth birth onward. The Japanese and 
British results arl:}' very similar and it seems that 
within a year or two the whole icterus situation will 
have been clarified. 

Further investigations - also in our laboratory -led 
to biochemical polymorphism in different systems of 
haemoglobins, serum proteins and enzymes in horses. 

The methods used in detecting genetic variation in 
these proteins are of much more recent nature, 
notably the techniques of starch gel electrophoresis. 
From many parentage tests performed in our 
laboratory two examples will be given, whereby both 
the serological and the starch gel electrophoresis 
techniques played their part. Table 4 represents a 
paternity test performed for a breeder of Arab horses 
in which four stallions were involved. 

Only those haemolysins and agglutinins which ac­
tually reacted with the respective reagents, are given 
in the table; the others have been omitted. The case 
was solved with the final statement: the stallions 
Storik, Raktha and Masrik are excluded as possible 
sires and Azymdar qualifies as the sire of the foal with 
proof in the' agglutinin, transferrin and carbonic 
anhydrase systems. 

In the second case, the antigenic characters of the 
erythrocytes could not contribute to the solution. 
Table. 5 represents a case in which the protein and en­
zyme systems settled the matter. 

This case was solved with the final statement: the 
stallion Powder Rock was excluded as the possible sire 
and the stallion Veronese qualifies as the sire with 

proof in the pre-albumin-, 6-PGD-, esterase- and 
LDH-systems. -The results demonstrated that these 
tests are efficient in solving problems of questionable 
parentage in horses and they confirm the validity of 
the methods. 

MATERIAL AND METHODS 

From different studs in Transvaal, 377 horse blood 
samples were obtained and the horses recorded as ac­
curately as possible with regard to parentage, age and 
racing performance. The performance score was 
calculated as follows: 
One race won: three points; one placing: one point. 
These are added up and the result is multiplied by a 
factor of 10. The classes were then divided as follows: 

Class Scores 
1 Up to 30 
2 31 to 60 
3 61 to 90 
4 91 to 120 
5 121 and Higher 

Table 6: GENETIC SYSTEMS INVESTIGATED 

Blood group systems 

Haemoglobin 

Serum proteins 

Enzymes 

TOTAL 

6 different systems: A, C, D, K, P, Q 

"transferrin 
Albumin 
Pre-albumin 
Post.albumin 
Pre-haemoglobin (Protein X) 

Esterase 
Carbonic anhydrase , 
6-ph'osphogluconate dehy'drogenase 
Acid phQsphatase .i 
Phosphogluixlmutase ',: 
Phosphoglucose isomerase 

Genetic markers of 18 chromosomes 

Table 4: HORSE PARENTAhE CASE 

Animal Haemolysins Agglutinin, 
A C 5 7 8 14 17 22 25 J K 1 2 4 5 Hb Tf Alb Ca Es 

POSSIBLE 
SIRES: 

STORIK + + + + + + + + + + Aa DH AB IS FI 
RAKTHA + + + + + Aa DO AB IS FF 
MASRIK + + + + + + + + Aa DH AB IS " AZYMDAR + + + + + + ,j- Aa FF BB FS " 
DAM: 
SALLY + + + + + + + + + Aa HH BB SS FF 

FOAL: + + + + + + + + + + + Aa FJi BB FS FI 

Table 5: HORSE PARENTAGE CASE 

Hemolysins Agglutinint 

A H C 
SA SA SA SA SA J2 NA NA Hb Tf Alb Pre 6- Est LDH 
f 14 17 19 29 5 7 ',. Alb PDG 

Foal + + + + + + + + - + + Aa OF AB \ FS FS FS FS 
Tasmin (Dam) + + + + + + + - .- - - Aa FF AB SS FF SS FF 
IPowder Rock + ± + - + - - - + + + Aa DO AB SS FF SS FF 

(Sire) 
Veronese (Sire) + + + - + - - + -+: + + Aa DD BB FS SS FS FS 

312 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



By using well-known serological, immunological 
and electrophoretic techniques, the following genetic 
systems were investigated (Table 6). 

RESULTS AND DISCUSSION 

Blood Groups 
The results of blood typing of the 377 South African 

Thoroughbreds were very close to those of the 
American horses tested a few years ago. In our in­
vestigation, many new factors were also tested for, but 
not included in table 7. 

Table 7: ESTIMATES OF THE FREQUENCIES OF 
ALLELES IN SIX BLOOD GROUP SYSTEMSII 

Loci Alleles 
Frequencies In Thoroughbreds 

American (276) South African (377) 

A Al 0,705 0,734 
A' 0,029 0,035 

H 0,004 0,000 

A'H 0,000 0.000 

a 0,262 0,231 

C C 0,732 0,684 

0 0 0,000 0,000 

J 0,150 0,142 

d 0,850 0,858 

K K 0,064 0,059 

P P 0,205 0,310 

P' 0,091 0,087 

p 0,704 0,703 

Q Q 0,508 0,488 

R 0,000 0,004 

S 0,103 0,089 

q 0,389 0,419 

, 
No attempt at correlating these results with perfor­

mance scores was made, because blood group typing 
thus far has not proven to be of any significant value 
in selective breeding programmes, although newer 
methods, like the electron microscope technique re­
ferred to during the above-mentioned meeting in Cali­
fornia, could deliver promising results: the quantity 
and distribution of blood group antigens on the sur­
face of red cells can now be studied by using indirect 
labelling methods and gene dosage effects, and dif· 
ferences between heterozygous and homozygous 
animals can be studied. 

Table 8: PERCENTAGE OF HAEMOGLOBIN TYPES IN 
DIFFERENT HORSE BREEDS6 7 

Breed No. 
Haemoglobin type 

tested Al AIA2 Al +A2" A I ,A2+ 

Common horses 228 0 97,4 2,2 0,4 . 
1I.rabs 46 0 98,1 1,9 0 
Percheron 45 0 77,8 22,2 0 
Thoroughbred 441 0 100,0 0 0 
Welsh and Welsh 

cross ! 18 0 100,0 0 0 
Experimentel grou~ 60 0 93,4 6,6 0 
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Haemoglobins 
In Thoroughbreds, only one type of haemoglobin is 

found, not only in South Africa, but also in other 
countries where polymorphism in horses has been in­
vestigated. Table 8 gives a comparison of diffl;)rent 
breeds investigated in South Africa; it is obvious that 
this system cannot be used in any comparison of per­
formance ability. 

Serum Protei'ns 
Of the proteins listed in table 6, the post-albumins 

and the pre-haemoglobins (protein X) were subject to 
very little variation and could not be used in further 
studies for correlations with performance ability. 

Transferrin, on the other hand, proved to be the 
most variable and interesting protein type. In table 9, 
the frequency of transferrin alleles in Thoroughbreds 
of Belgium, Netherlands, Hungary, U.S.A. and South 
Africa is compared, proving the fact presented in 
table 7 of an excellent concordance of gene frequen­
cies. It seems that strict selection for performance 
shaped the gene frequencies in these countries in a 
very similar way. 

Table 9: FREQUENCY OF TRANSFERRIN ALLELES 
IN THOROUGHBREDS2 3 

Country No. TfO TfF TfH TfO TfR 

Belgium 333 0,314 0,488 0,066 0,090 0,042 

Netherlands 35 0,300 0,442 0,043 0,129 0,086 

U.S.A. 150 0,267 0,563 0,027 0,090 0,053 

Hungary 208 0,313 0,471 0,019 0,101 0,096 

South Africa 377 0,261 0,551 0,042 0,074 0,072 

In table 10, the transferrin types are correlated with 
the performance of the horses. Unfortunately, only 
206 horses could be included in these studies because 
not all the records were available at the time of 
writing; in many cases the horses had neither been 
raced nor had obtained any score. All these animals 
had to be eliminated in further investigation. 

Table 10: TRANSFERRIN TYPES AND RACING 
PER·FORMANCE 

Ho~ses .(%) with score 
Transferrin Total (%) 

Type 5 4'.:,· .,3 2 1 
... 

FF 33 56 28· 25 27 68 (33) 
OF 33 37 37 27 25 61 (30) 
FO 4 8 7 10 16 (8) 
FR 33 8 9 6 14 (7) 

00 10 5 5 11 (5) 
10 others 3 9 27 21 36 (17) 

TOTAL 3 27 40 56 80 206 (100) 

There is a significant surplus of FF horses in the 
score-class 4 which could indicate the superiority of 
these horses in their racing performance. 

The determination of the frequencies of albumin 
types, when compared with those in other countries, 
showed a very similar pattern in all populations in­
vestigated. Table 11 presents the results of the com­
parison of racing performance with albumin types. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



Tilble 11: SERUM ALBUMIN TYPES AND RACING 
PERFORMANCE 

Horses (%) with score 
Albumin Total (%) 

type 5 4 3 2 1 

SS 67 56 58 55 64 112 (59) 
FS 33 26 30 18 24 49 (24) 
FF ,: 18 12 27 12 35 (17) 

TOTAL 3 27 40 56 80 206 (100) 

No clear-cut difference could be shown between the 
albumin types with reference to racing performance; 
in comparison with Basuto ponies, Arab horses and 
many other horse breeds in the world, it is clear that 
racing horses have a far greater frequency of the allele 
Alb s, which indicates a clear preferem::e.of this allele 
in the breeding of such horses. 

A new genetic system, only recently evaluated in 
family studies, is the pre-albumin system. Table 12 
presents the results of this investigation with the 
respective racing performance of the horses. 

Table 12: PRE-ALBUMIN TYPES AND RACING 
PERFORMANCE 

Horses (%) with score 
Pre-albumin Total (%) 

type 5 4 3 2 1 

LL 66 81 58 63 66 135 (65) 
FS 33 4 5 4 1 7 (3) 
FL 11 13 18 13 28 (14) 
FF 4 3 4 (2) 
IL 10 5 8 13 (6\ 

5 others 14 6 9 19 (10) 

TOTAL 3 27 40 56 80 206 (100) 

Further investigations seem to be necessary but it is 
apparent that the pre-albumin homozygous LL 
genotypes have a better racing performance, 
predominating in the score-class 4. 
Enzymes 

Of the six enzymes investigated, only two showed 
remarkable type variation, serum esterase and 6-
phosphogluconate dehydrogenase. The variation in 
carbonic anhydrase, acid phosphatase, phosphogluco­
mutase and phosphoglucose isomerase (phosphohex­
ose isomerase), through intensive selection for racing 

Table 13: SERUM ESTERASE TYPES AND RACING 
PERFORMANCE 

Horses (%) with score 
Esterase 
type 5 4 3 2 1 Total (%) 

II 100 84 90 92 88 161 (89) 
IS 4 5 4 8 11 (5) 
IF 4 5 4 4 8 (4) 
FF 
FS 4 1 (1) 

SS 4 1 (1) 

TOTAL 3 27 40 56 80 206 (100) 

performance, has diminished to such an extent that 
there is really very little left. Thus, no correlation 
studies with these genetic systems could be per­
formed. 

Of the serum esterase polymorphism, the II type is 
the most frequent, and this is true for almost all 
breeds investigated. Table 13 correlates esterase types 
with racing performance. 

Without any doubt, the breeder should concen_ 
trate on the esterase type II homozygous stallion in his 
selection programme and avoid all other combi_ , 
nations. 

The 6-phosphogluconate dehydrogenase plays an 
, important role in the hexose monophosphate shunt 

pathway. The oxidative decarboxylation of 6-phos­
phogluconate (6-PG) to ribulose 5 -phosphate (R 5P) 
is catalyzed by 6-phosphogluconate dehydrogenase 
(6-PGD), generating a second molecule of nicotina. 
mide adenine dinucleotide phosphate (NADP). This 
enzyme has been found to vary both in electrophore. 
tic pattern and catalytic activity. In table 14, horse 
breeds so far investigated for the different 6-PGD 
types are compiled, together with the present results. 
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Table 14: GENE FREQUENCIES OF 6-PGD IN 
DIFFERENT HORSE BREEDS (INCLUDING MULES 

& D,.ONKEYS)i 4 8 

Breed! 
Type! D F S Num- Author 

Species ber 

" 
North 0,092 0,997 0,001 457 . Sandberg and 
Swedish " . Bengtsson , ' 

Horse 
,f 

Swedish 0,002 0,794 0,204 264' Sandberg and 
Trotter Bengtsson 

Common 0,000 0,812 0,188 40 Bender et al. 
German 

, 
... " 

Horses 'u . 
Common 0,000 0,837, 0,163 135 Op't Hof & Os-

S.A. Rorses terhoff 1973 
Mules 0,013 0,895 0,092 38 Op't Hof & Os· 

terhoff 1973 
Donkeys 0,100 0,871 0,029 35 Op't Hof & Os-

terhoff 1973 
Thorough- 0,000 0,600 0,400 377 This report 

breds (all) 
Thorough- 0,000 0,612 0,388 206 This report 

breds (with 
score) 

There was no difference between horses with scores 
and those without, as yet, any performance results. 
This suggests that the young horses of the group in­
vestigated certainly stand a good chance to compete; 

Table 15: 6-PHOSPHOGLUCONATE 
DEHYDROGENASE TYPES AND RACING 

PERFORMANCE 

Horses (%) with score 
6-PGD Total (%) 
Type 5 ·4 

'{ 
3 2 1 

FF 30 48 39 39 79 (38) 
FS 60 55 \ 35 47 46 94 (45) 
SS 40 15 17 14 15 33 (17) 

'-

'TOTAL 3 27 40 56 80 206 (100) 
-
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it also indicates that we should move in the direction 
of increasing the frequency of 6-PGDs alleles by in­
troducing homozygous SS stallions. Table 15 in­
dicates that the heterozygous FS horses certainly per­
formed well (see the significant deviation in the score-
class 4). . 

In a report from Sweden presented at the California 
meeting in June, genetically controlled variants of 
NADH diaphorase were established in horse red 
cells 9. The enzyme NADH diaphorase in red cells is 
considered to be a major agent in the reduction of 
methaemoglobin to haemoglobin. Deficiency of the 
enzyme has proved to be associated with congenital 
methaemoglobinaemia in man. Three types were es­
tablished in horses and family data indicated that the 
variants were controlled by two co-dominant 
autosomal alleles, tentatively designed Dia F and 
Dia s. 

This finding is mentioned as an example of the 
future direction of the present work. The typing of 
NADH diaphorase of the 377 samples collected during 
this investigation has already been started. 

CONCLUSION 

The results so far obtained are compiled in Table 16 
and should serve as a guide for breeding race horses. 

Table' 16: PREFERRED COMBINATION FOR 
BREEDING HIGH PERFORMANCE RACE HORSES 

Marker Type 

Transferrin FF 
Albumin F5 
Pre-albumin LL 
Post-albumIn 55 
Esterase II 
6-PGD 55 
Acid Phosphatase F5 
PGM F5 
PGI F5 

The list of combinations will be lengthened when 
more results become available. This is the first study 
of its kind and should stimulate further investigation, 
not only in South Africa but elsewhere. 

Future research should concentrate on those 
systems which are directly involved in the 
physiological and biochemical processes, and could 
provide new parameters indicative of performance 
ability in the equine. 
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DISCUSSION 

J.R. Gillespie: Because of its importance in the transport of ox­
ygen, I was wondering 'if you could use 2-3DPG as a possible 
enzyme to be evaluated, as you have others, relative to per­
formance and if that would get us anywhere. 

D.R. Osterhoff: I could have added another enzyme that was pre­
sented just four weeks ago at the same meeting. The NADH 
diaphorase was' established in a Swedish laboratory and also 
here, since this enzyme in red cells is considered to be a ma­
ior agent in the reduction of methaemoglobin to haemoglo­
bin and also it has been shown that this particular enxyme, if 
sufficient, has been proved to be associated with congenital 
methaemoglobinaemia in man. It is being studied at the mo­
ment. There is not only one, but a whole series, which should 
be followed up. 

P. Boyazoglu: You had one chart which showed a comparison of 
about five different breeds of horses in which you indicated 
that 100~;, of Thoroughbreds had one haemoglobin type and 
9il, 1 '., of Arabians had that type but also 1,9'0 had a type 
which the Thoroughbred did not have. If you look back into 
the development of the Thoroughbred, we see three Arabian 
stallions pl~ying a prominent role in the development. 
How 'do you explain the vanishing of that type from the 
Thorough bred? 
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D.R. Osterhoff: It is correct that the Arab played a tremendous role 
in the development i:Jfthe Thoroughbred, but the Thorough­
bred has been bred away from the Arab: probably these extra 
or odd types; and other types, have disappeared in this 
strong selection. for speed. This is the only explanation I 
have. There were·Die Welsh crosses in the same table, con­
sisting of 18 hors·es·,· none of which had this particular type. 
Of 441 Thoroughbr~ds all had only one type of haemoglobin. 
This is an indication, I think that the other types were lost in 
the evolution of the Breed. 

If I may, this is the opportunity to mention the disparity of 
blood typing results and the urgent need for world-wide stan­
dardization and official recognition by breed societies. This 
may be the right group of people together here to consider 
these possibilities for the future, and in your respective coun­
tries to work out a policy with the different horse breed socie­
ties, which could then be accepted officially. In countries like 
Germany, Holland, Sweden, USA and England this is accep­
ted and we are on the way to getting international standards 
accepted by our societies. If horses are transferred, or in the 
future semen is exported to or imported from different coun­
tries their blood group and type determinations should be 
acceptable to the countries involved. Already in the com­
parison tests 16 different countries are involved. This parti­
cular group of equine. specialists should consider steps 
towards recognizing this type of test as a rule in horse 
breeding. 
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· M.I\.J. Azzie: I would like to compliment Dr Osterhoff on his in­
vestigations and also on the original work that he has done 
on typing of blood groups of horses. Two weeks ago in Cam­
bridge there was much discussion about possible artificial in­
semination of horses and the attitude that should be adop­
ted. The message that really comes horne here is that there is 
no problem in relation to identification of prqgeny: the pro­
blem now is solved and it is up to us as a group to try to 
stimulate our various horse communities and horse indus­
tries to make use of tests of this kind in the advancement of 
breeding. 

J.D. Steel: There is 'just one point which might not have been 
brought out strongly enough. Roumanet, who is the Presi-
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dent of the Society for the Encouragement of Horse Racing 
in France, has been very anxious to make it possible for 
horses to move more freely from one country to another, so 
racing can become truly international. At the Third Inter· 
national Conference of Infectious Diseases of Horses which 
was held in Paris in 1972 this question of using blood groups 
as a means of identification was very thoroughly discussed. 
Roumanet is strongly pushing for the idea that all horses 
should have an identification passport and that part of the 
information to be included in that passport would be infor· 
mation about the blood groups. This is perhaps another way 
that this sophisticated and magniffcent study might be put 
to practical use. ' 
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JI S. Afr. Vet. Ass. 45(4) 317·329 

(proc. 1st int. equine vet. Conf., Pretoriuskop 1974) 

GLUCOSE AND INSULIN BIORHYTHMS IN THE HORSE 
J.W. EVAN~', P.G. THOMPSON' AND C.M. WINGET" 

SUMMARY 
The plasma concentration of insulin and glucose is the result of complex regulatory mechanisms. The data demonstrate cir· 

cadian rhythms in plasma glucose lind insulin. Glucose also has ultradian rhythms of 17 to 19 minutes and 70 to 80 minutes. 
The glucose data lend support to the concept that homeostasis is not the maintenance of a steady state but of a regulated state. 
The baseline of regulation varies over a 24·hour period. Because of the continuous changes in regulatory input and output of 
the system, there is a circadian rhythm. As a result of noise in the regulatory systems, a rapid oscillation or ultradian rhythm 
lasting a few minutes about the baseline also exists. No ultradian rhythms were observed for plasma insulin which lends sup· 
port to the concept that the insulin system in the horse is a slow reacting system. 

CIRCADIAN RHYTHMS 

Introduction 

Glucose metabolism and its control have been stu· 
died extensively in many species but has received lit­
tle attention in the horse I 2 3 5 9 13 14. Argenzio & 
Hintz 2 3 suggested that changes in plasma glucose 
concentration in ponies are mediated by different 
mechanisms from those in ruminants, while the in­
sulin response to glucose resembled that reported for 
man. Madigan & Evans 13 observed that, compared 
with man, the equine pancreas is slow to respond to a 
decline in plasma glucose concentration. Glucose is an 
important energy SOurce in horses and Evans 5 has ob­
served a two-fold increase of glucose in exercise-condi­
tioned horses. 

Many studies have demonstrated that changing 
periods of light and darkness affect the activities of 
many physiological processes in animals and man 4 12. 

The horse is a complex organism which carries on a 
countless number of physiological processes in order 
to produce its most important commodity - the abili­
ty to run, trot or pace. The types and levels of per­
formance are determined not only by the interactions 
of many physiological processes but also by the proper 
degree of each interaction. These interactions and 
degree of interactions o(the various physiological pro­
cesses are dependent upon rhythmical variations in 
certain i processes. Changes in light-dark schedules 
alter the functions of many metabolic processes and 
thus the efficiency of energy utilization. Therefore, 
desynchronization of these processes will affect the 
ability of the horse to give a winning effort in a race. 
Gill, Skwarlo & Flisinka-Bojanowska 8 failed to ob­
serve a significant circadian rhythm in plasma glucose 
concentration, but the horses were not maintained 
under closely controlled environmental conditions. 
The purpose of our investigations was to determine 
the temporal t1uctuations of plasma glucose and in­
sulin and the effect of changes of the light-dark sche­
dule on the temporal patterns. 

Materials and Methods . 

To determine the circadian rhythm in plasma glu­
COse and insulin, six Thoroughbred mares in anoestrus 
were maintained under a constant temperature of 
24°C and a light-dark schedule of 12:12. The lights 
came on at 06hOO and went off at IShOO. The mares 
Were allowed t9 eat a completely pelleted ration and 

, , 

'Department of Animal Science,' University of California, Davis. 
"NASA, Ames Research Center, Moffett Field, California. 
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drink water ad libitum, but fresh feed 5 and water 
were given at OSh30 each day. After the horses re­
mained under the controlled conditions for a 45 day 
acclimatization period, blood samples were ob­
tained at 4h intervals for 14 days. Plasma glucose was 
determined by the o-toluidine method on the Auto 
Analyzer 16 and insulin was determined by radio­
immunoassay \:1. Owing to a laboratory accident, 
plasma samples from Horses 5 and 6 were not ana­
lysed for insulin. To investigate the effects of changes 
in the light-dark schedule, three of the above horses 
were subjected to the following light-dark schedule 
while blood samples continued to be obtained at 4h 
intervals. On experimental Day 15, the lights re­
mained on at 06hOO until' IShOO hours so that the 
horses were subjected to an additional 12 hours of 
light and a subsequent reversal of the light-dark 
period. On Day 43, the lights remained off at IShOO 
hours and came on at 06hOO hours of Day 44 so that 
the light-dark schedule was reversed and returned to 
the first 14-day schedule. On Day 65, the lights re­
mained on at IShOO and· remained on until Day 9S. 

Results 
Significant circadian rhythms in plasma glucose 

were observed in 5 of 6 horses during the first 14-day 
period (Fig. 1). In Horses 1, 2 and 6, a large aqd sharp 
peak was observed at 12hOO, and minimal values were 
observed at OShOO. 'Mare 4 had a similar pattern ex­
cept the peak was observed at OShOO. During the rest 
of the day, the plasma concentration remained con­
stant. In Mares 3 and 5, minimal values were ob­
served at OShOO, 'but the plasma concentration con­
tinued to increase \ri)til 16hOO to 20hOO. 

Horses 1, 2 and 6: had ,greater mean daily ampli­
tudes and ranges of 'O!icillation than Horses 3, 4 and 5 
(Table 1). The amplitude; which is the greatest devia­
tion from the daily mean, ranged from 2,2 to 9,6 mg 
per cent except for Horse 1 which had an amplitude of 
21,6 mg per cent. It appears that the horse has a smal­
ler daily amplitude than man and sheep, the. ampli­
tudes of which are about 20~n and lEn of the daily 
mean, respectively \0 11. 

The daily range of oscillation between the mini­
mum and maximum values varied between 3,S and 
13,3 mg per cent except for Horse 1 which had a 2S,9 
mg per cent average. In comparison with other spe­
cies, a range of oscillation of 3W n of the daily mean 
has been observed for mice 6, 25~n for rats 15, 40% for 
man 10 and 15P~ for sheep 11. The horse appears to be 
similar to the ruminant in respect to the range of os· 
cillation. . 
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Fig. 1: Circadian rhythms in plasma glucose determined in six horses oy,er a 14-day period._-lights off, r::::::J- lights on 
Values are mean ± S~. 
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Table 1: GLUCOSE AND INSULIN CIRCADIAN RHYTHM VALUES 

Glucose 

Day Time of Horse Daily mean· Amplitude 
Lights on mg% mg % 

1-14 0600 1 106,4 21,6 
2 96,5 5,1 
3 92,0 3,3 
4 94,6 3,4 
5 97,9 2,2 
6 103,9 9,6 

30-43 1800 1 107,0 3,9 
2 95,0 2,1 
3 92,5 2,3 

51-65 0600 1 105,1 9,6 
2 100,4 3,9 
3 91,3 2,6 

85-98 Continuous 1 106,3 17,3 
2 101,4 11,5 
3 91,2 1,7 

Reversal of the light-dark schedule by exposure to 
an additional 12 hours oflight (experimental Days 15 
to 43) depressed the mean daily amplitude and mean 
range of oscillation in Horse 1 during Days 30 through 
43 (Fig. 2). The daily mean concentration was not 
changed (Table 1). The glucose rhythm did not under­
go a phase shift and the rhythm had not re-synchro­
nized by Days 30 to 43. In Horse 2, the glucose rhythm 
was abolished. In Horse 3, a phase shift occured so 
that the daily minimum value was observed 12 hours 
later at 20hOO. The daily maximum value was phase­
shifted to 12hOO. The light-dark schedule did affect 
the glucose rhythms, but the time of adding fresh food 
to the manger may be a more important 'zeitgeber'. 
Unfortunately, the mares were not observed for deter­
mination of their eating habits. A second reversal of 
the li&"ht-dark schedule: by an additional 12 hours of 
darkness, which returned the horses to the original 
light regime, caused a 'return of the glucose rhythm 
during Days 51 through 65 in Horse 1 resembling the 
rhythm of Days 1 to 14. The rhythm in Horse 2 did not 
re-synchronize. The amplitudes and ranges of oscil­
lation of Horse 2 were decreased compared with Days 
1 through 14 and the daily maximum was phase­
shifted to 16hOO. In Horse 3, the daily minimum value 
returned to 08hOO and the daily maximum values 
tended to be observed at 24hOO. Therefore, Horse 3 did 
not re-synchronize within this time period. During the 
85 to 98-day period after the horses had been under 
consJant light for 2 weeks, Horses 1 and 2 had glucose 
rhythms almost identical to the period Day 1 to 14. In 
contrast, Horse 3 had no significant rhythm, but the 
daily minimum value tended to occur at 08hOO. 

The insulin circadian rhythms of Horses 1 and 2 
were similar in their wave form during Days 1 through 
14 (Fig. 1). Nevertheless, Horse 1 had a large ampli­
tude of 5,5 ng compared with 0,9 ng for Horse 2 (Table 
1). Horse 4 ha d a different type of tempora I pattern in 
that a minimum value of 1,8 ng/ml was observed at 
lOhOO. The da,ily minimum value was between two 
peak values observed at 12hOO and 20hOO. The rhythm 
was not Significant (P>0,05). Horse 3 also had a daily 
minimum value at 08hOO but the maximum daily 
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Insulin 

Range of Range of 
Oscillation Daily Mean Amplitude Oscillation 

mg % ng/ml ng ng 

28,9 2,9 5,5 7,3 
8,0 1,1 0,9 1,5 
5,9 1,9 0,1 0,3 
4,4 1,9 0,2 0,3 
3,9 - - -

13,3 - - -

7,4 2,4 1,4 3,8 
2,9 1,2 0,2 0,4 
4,2 1,0 0,2 0,4 

12,9 3,0 2,1 3,3 
5,7 1,5 a,5 0,8 
4,6 0,7 0,2 0,4 

22,6 2,7 4,9 6,5 
15,4 1,2 1,7 2,2 
2,8 3,6 0,4 0,7 

value was observed at 20hOO. Reversal of the light­
dark schedule resulted in changes in the characteris­
tics of the rhythms. Horse 3 phase-shifted to re-syn­
chronize its insulin circadian rhythm with the light­
dark schedule. In Horse 3" the minimum value was 
phase-shifted from 08hOO to 16hOO and 20hOO and the 
daily maximum value was phase-shifted from 20hOO 
to 08hOO. In Horses 1 and 2, the 12hOO peak was de­
pressed but thE) general temporal pattern was un­
changed. Horse 3 also re-synchronized its insulin 
rhythm after the next light-dark schedule change. 
The rhythms in Horses 1 and 2 during Days 51 to 65 
did not change much compared with the rhythms for' 
Days 30 through 43, except Horse 2 had a definite 
peak value at 16hOO. Exposure to continuous light re­
turned the insulin rhythms in Horses 1 and 2 to their 
original wave form observed during Days 1 to 14. 
Minimum values in Horse 3 were again observed at 
04hOO to 08hOO hours, but the rest of the values tended 
to be rather constant. 

ULTAADIAN RHYTHMS 

Introduction 

Within the last 't~w years, the ultradian rhythms 
and episodic secretions of various metabolites and 
hormones have been investigated, particularly in 
man. These studies have demonstrated that there is 
considerable oscillation about the baseline of regula­
tion for most blood constituents. Because of the day­
to-day variations that were observed in glucose and 
insulin concentrations of plasma samples obtained at 
a given time each day, the purpose of our next investi­
gation was to determine if ultradian rhythms III 

plasma glucose and insulin existed in horses. 

Materials and Methods 

Six Thoroughbred and Quarter Horse mares were 
kept under the same conditions as in Days 1 to 14 of 
the previous trial. The horses were'trained to stand in 
a sampling cage connected to the environmentally 
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Fig. 2: Effect of changes In the light-dark cycle on the circadian rhythms in plasma glucose of three horses. -lights off. 
CIlights on. Each point is mean ± SE for 14 days. 

\ 

controlled room. A jugular catheter was passed necessary. Blood samples were obtained at 20-
through a light-tight port in the cage so that the horse minute intervals for 2 to 5 days and at 5-minute inter-
could be bled without being disturbed. A one-way vals from 15hOO to 19hOO for two consecutive days to 
mirror was installed so the horses could be observed· if· determine the ultradian rhythms. 

", 
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Fig. 4: Plasma glucose concentrations in blood samples obtained at 5-minute inter~als for 4 hours from Horse 2. 
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Fig. fi: Plasma glucose concent.rations in blood samples obtained at 5-minute intervals for 4 hours from Horse 6. 
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Results 

Typical short-term oscillations in plasma glucose 
are shown for Horses 2 and 6 in figures 4 and 5 res­
pectively. Horse 6 had a smooth oscillating rhythm, 
whereas the oscillations in Horse 2 were not as consis­
tent. Except for two other 4-hour periods, which 
resembled Days 1 and 2 for Horse 2, the oscillations 
resembled those for Horse 6. The periods of the oscil­
lations were determined as shown in figure 5. Based 
upon this type of analysis, ultradian rhythms which 
averaged 16 to 19 minutes in length were observed for 
each of the horses {Table 2). The minimum period 
length observed during the twelve 4-hour periods was 
10 minutes and the maximum 33 minutes. 

Period of 
17 18 15 15 15 Rhythm (min)! 
l l l l 

III 
110 
109 
108 
107 

~ 0 106 
0' 
E 105 

w 104 en 
0 103 u 
~ 102 ......J 
(.!) I, 

101 II 
I, <t 1/ 

~ 1/ II 

100 " en v 
\I 

<t 
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......J 99 I 

a.. 
98 
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96 
95 
94 
93 

l 

Table 2: GLUCOSE AND INSULIN ULTRADIAN 
RHYTHMS 

Glucose Insulin 
Horse 

min. ± SE rnin. ± SE min. ± SE 

1 18,1 ± 0,7 71,8 ± 3,9 N. S. * 
2 17,1 ± 1,1 69,5 ± 3,3 N. S. 
3 16,2 ± 0,6 73,8 ± 5,5 N. S, 
4 18,8 ± 1,4 71,4 ± 3,3 N. S. 
5 18,1 ± 1,2 71,2 ± 5,7 N. S. 
6 16,8 ± 0,4 67,9 ± 2,2 N. S. 

• not significant: P > 0.05 

I-

HORSE# 6 DAY I 
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Fig. 6: Analysis of f)-minute interval glucose samples. Lines.were drawn, based upon the fact that in many instances a straight 
li~e connected three or more points. 
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In analysing the data obtained at 20-minute inter­
vals, there were glucose rhythms with periods of 70 to 
80 minutes in the six horses (Fig. 7 and Table 2). 

The oscillations in plasma insulin were difficult to 
interpret. Typical oscillations that occurred in Horses 
2 and 6 are shown in figures 8 and 9 respectively. Dur­
ing Day 1 in Horse 2, the insulin concentration had a 
three-fold change, but it is doubtful if a 15 to 20-
minute rhythm was present. During the 4-hour period 
of Day 2 only minor changes were observed except for 
a four-fo'ld increase and decrease that occurred during 
the last hour of observation. During Day 1 in Horse 6, 
the plasma concentration also went through a three­
fold change along with other minor fluctuations. Day 
2 was similar to Day 1, except the minor fluctuations 
were more pronounced. The other data were similar to 
the data in figures 8 and 9. Data for the 20-minute in­
terval samples did not reveal a 70 to 80-minute 
rhythm as was observed for plasma glucose (Fig. 10 
and Table 2). We do not feel that sufficient evidence 
exists to suggest an insulin ultradian rhythm with a 
period length of a few minutes. The important point, 
however, is that it is difficult to obtain a single plasma 
sample and use the value to indicate the physiolo-' 
gical state of the animal in regard to insulin meta­
bolism. ,. 
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DISCUSSION 

J.R. Coffman: You mentioned that the horses were fed a pelleted 
ration at a standard time each day. Could you elucidate fur­
ther the make-up of the ration, particularly the grain-to-hay 
ratio. 

J.W. Evans: The completed ration consisted of alfalfa hay (66%), 
barley (20~,;), bran (9"';), molasses (4%) and salt (1%). 

J.R. Coffman: Have you looked at plasma cortisol? 

J.W. Evans: Yes, we have. There appears to be an ultradian 
rhythm with a period length of 25 to 35 minutes. It is not un­
common to observe a 3 to 4-fold rise and fall of the cortisol 
concentration over a period of6 to 8 hours. Our resting values 
are between 50 to 70 ng / ml plasma. They may stay within 
this range or they may fluctuate 2 or 3-fold with minimal 
values in this range. 

.1.R. Coffman: Could you correlate glucose, insulin and cortisol 
values - and could you demonstrate counter-regulatory 
patterns? 

J.W. Evans: The data have not been analyzed in this respect, but 
will be analyzed very shortly. It was one of our objectives to 
observe the interrelationships between these three factors. 
Briefly, we had planned to use a computer, but its analysis 
depends upon a sine wave. The oscillations are not sine 
waves and thus require 'hand calculations.' 

A.M. Merritt: I was curious to know if you observed any of these 
horses after they were fed? 
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J.W. Evans: No, we have not. I suspect that the horses that had a 
sharp peak in glucose at noon were meal-eaters and those 
that did not have peak values at noon were nibblers or conti-
no us eaters. . 

A.M. Merritt: Do you feel that light or diet is the more important? 

J.W. Evans: I am not really sure. This is one of the areas we will be 
investigating. We are forming a group of horses to separate 
the effects of light versus meals, i.e. light versus one meal, 
two meals and four meals per day. The fasted condition must 
also be considered . 

Maureen Aitken: I bave just one small question which is related to 
the last one. Did all the horses completely eat their entire ra­
tion at a fixed time every day. We have recorded some not 
very sophisticated, careful measurements of glucose. We 
found that if we feed the horses only on hay, then we do not 
see the normal rise which we do when they get their pelleted 
diet. 

J.W. Evans: Yes, this is one of the parameters that has bothered 
us. It is one of the reasons we are going to separate the effects 
of light and diet. I suspect. that the horses with definite 
rhythms ate all their feed at once, whereas, those horses that 
did not have much of a r~ythm probab~y ate continuously 
over 24 hour period. We did not observe the animals because 
we did not want to influence them. The one-way mirror was 
installed for observation in the sampling cage for the ultra­
dian rhythm experiment. 
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:< . the safest procedure is to administer 
Sulphonamides in doses sufficient to establish 
an antibacterial effect until a day or so after 
the infection has cleared up" 

Jones: Veteriilary Phannacology 
and Therapeutics: Third Ed. 

No problems! 
DAI METON® DOES IT 
in your surgery ... and at the patient's home 

DAIMETON B INJECTION DAIMETON TABLETS 
Daimeton B is painless and long acting providing A safe long acting tasteless tablet that only has to 
a really broad spectrum cover of all major bacterial be given once a day for 2-3 days at the most. 
pathogens and ensuring high initial blood levels. 

Tog-ether they represent an effective, safe and convenient long term therapy. 

~t~ 
~ CHEMVELD , 

CHEMVElD DIVISION OF CHEMICAL SERVICES (PTY) LTD .. 
Johannesburg 636-7185; Cape Town 536911; Durban 355145; 

Port Elizabeth 46007; East London 26995. 
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JI S. Afr. vet. Ass. 45(4) 331-334 

(Proc. 1st into equine vet. Conf., Pretoriuskop 1974) 

SERUM ENZYME CHANGES AND HAEMATO-CHEMICAL LEVELS IN THOROUGH­
BREDS AFTER TRANSPORT AND EXERCISE 

D. CODAZZA. G. MAFFEO AND G. REDAELU* 

SUMMARY 

Serum enzyme changes and haemato-chemical levels in Thoroughbred horses after transport and exercise have been stu­
died. The samples were collected at the commencement of travel (300 km), immediately after arrival, after resting periods of 
24 and 48 hours, and finally after an extended canter of 1 500 m. The values concerning total proteins, blood glucose, glu­
tamic-oxalacetic and. pyruvic transaminase, creatine phosphokinase, lactic dehydrogenase, lactate, pyruvate and creatinine 
were measured and the serum levels of calcium, magnesium, sodium, potassium and phosphorus ions noted. A certain simi­
larity of muscular function appears to occur both during transport and prolonged work_ 

INTRODUCTION 

Race-horses are frequently moved from one centre 
to another to race. When the journey is reasonably 
short (up to 200 km), horses are usually moved a few 
hours before the event. Although nowadays modern 
means of transport are in use and transfer is carried 
out during the most suitable hours of the day, it is 
clear that these journeys by road could have an ad­
verse effect on the physiological conditions and there­
fore the performance of the individual. Therefore, we 
investigated the serum-enzymatic changes and the 
haematochemical data involved during transport 
and muscular work of race-horses. 

MATERIALS AND METHODS 

The research was carried out on 40 clinically 
healthy Thoroughbred horses, three to five years old. 
Both sexes were included. Blood samples were taken: 
a) at the commencement of a 300 km journey, b) 
immediately on arrival; c) after resting for 24 and 48 
hours, respectively, and d) following a 1,500 extended 
canter. Of these samples, taken from the jugular vein 
without anticoagulant, one was left to clot at room 
temperature and the other was deproteinated by 
adding different dilutions of HC I 0 4 (perchloric 
acid). The samples were frozen at collection and the 
evaluations carried out within six hours. The follow­
ing investigations were carried out:-

1) Total serum-proteins 8 

2) Calcium and magnesium 3 

3) Sodium and potassium 19 

4) Inorganic phosphorus 4 

5) Creatinine 14 

6) Creatine phosphokinase IX 

• Equine Research Station of Pathology and Prophylaxis of Infectious 
Diseases, University of Milan, 2013 Milano, via Celoria 10, Italy. 

7) Lactic dehydrogenase (LDH) 20 

8) Glumatic-oxalacetic transminase (GOT) 11 

and pyruvic transaminase (GPI') 20 

The plasma obtained by centrifugation of the de­
proteinated blood was used to determine glucose, 12 

lactate and pyruvate 9. 

RESULTS 

Since the investigation was carried out over a long 
period of time, under different experimental condi­
tions, the results are 'graphically' recorded as percen-

10 

10 

20 

30 

* TOTAL PLASMA PROTEINS 

• GLUCOSE 

Fig. 1: The effect of transport; rest and exercise on total protein 
and glucose levels in the blood of Thoroughbreds. Time of sampl­
ing along x-axis. Percentage change along y-axis. 

Table 1: THE EFFECT OF TRANSPORT, REST AND EXERCISE ON TOTAL PROTEIN, 
GLUCOSE, ENZYME, LACTATE, PYRUVATE AND CREATININE LEVELS IN THE BLOOD OF 

THROUGHBREDS -
Activity Sample Time Total Glucose GOT GPT CPK LDH Lactate Pyru- Creati-

No. Protein vate nine -
Transport 10 0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 

- 20 6h 102,1 101,9 84,2 105,4 160,1 130,1 110,3 118,1 106,7 

Rest 30 24h 102,5 89,4 96,5 93,3 100,3 122,3 90,1 90,0 96,9 
40 48h 101,1 73,7 101,1 94,6 103,4 84,0 95,8 83,3 73,7 

Exercise 50 51h 116,4 88,4 133,5 118,2 137,4 125,0 109,5 93,4 170,8 

Values given as percentage change from pre-transportation levels taken as 100. 
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tage deviation from the values initially determined. 
Although the blood values of the horses examined 
appear to be within the normal range 10 it is interest­
ing, however, to consider the following observations:-
a) There is no significant change in the total protein 

content of the blood serum when determined 
immediately after the journey and also shortly 
thereafter when the horses are at rest, but there is 
a definite in~:r€ase following muscular exercise 
(+16,4~( - Table 1 Fig. 1). 

b) Blood glucose remains more or less constant dur­
ing transport, decreases after rest (down to 
-26,3%), increases to some degree after exercise, 
but fails to return to the original values (-11,6% -
Table 1, Fig. 1). 

c) GOT values undergo· a slight decrease following 
transport, but return to their original values at the 
third blood collection (after 24 hours rest), and 
then increase remarkably, during muscular work 
(+33,5% - Table 1, Fig. 2). 

60 

30 

o 

30 

Fig. 2: The effect of transport, rest and exercise on serum enzymes 
of Thoroughbreds. Time of sampling along x·axis. Percentage 
change along y-axis. 

d) GPT changes only slightly up to 48 hours, with an 
18,2% increase after exercise (Table 1, Fig. 2). 

e) CPK values are considerably increased after trans­
port (+60,1 %) but they return quickly to their nor­
mal values for 24 hours, before they rise again after 
exercise (+37,4~( - Table I, Fig. 2) 

f) LDH undergoes an increase of 30,1 % at the second 
collection and then decreases after rest to points 
lower than the original values (-16%) but in­
creases again after exercise (+25% - Table 1, Fig. 
2) 

g) Lactate shows a curve similar to LDH, altough of 
lesser amplitude, with a final value of +9,5'10) 
Table 1, Fig. 3). 

h) After transport, the pyruvate curve reaches a value 
18,Er higher than the one prior to the horses' 
departure. This decreases during rest to 16,7% 
below the-original value and tends to increase dur­
ing exercise to 6,69~ below the original figure 
(Table 1. Fig. 3). 
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i) Serum creatinine increases slightly after trans_ 
port (+6,7%) while decreasing at the third and 
fourth collection and then increasing again con. 
siderably after exercise to + 70,8% above the origi. 
nal level (Table 1, Fig. 3). 

PYRUVATE 

60 )( Jto--1:)( CREATININE 

• • LACTATE 

30 

30 

,. 
Fig. 3: The effect of transport, rest and exercise on blood pyruvate, 
lactate and creatinine levels in Thoroughbreds. Time of sampling 
along x-axis. Percentage change along y-axis. 

j) Magnesium." levels drop appreciably both after 
transport and exercise (-7,8% al)d -13,5% respec­
tively while calcium ',values do not change signifi­
cantly with a drop to :-2,3% and ultimately to 
- 6, 1 ~( (,fable 2, 'Fig. 4). -,: 

10 

IS 

20 

Fig. 4: The effect of transport, rest and exercise on blood electro 
lyte levels of Thoroughbreds. Time of sampling along x-axis. per 
centage change along y.axis'. 

k) Phosphorus falls after transport (-5,4%) and un­
dergoes a further decline during the first twentY' 
four hours of rest. Then it increases but does nod°t 
revert completely to normal at the fourth blo 
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collection. Finally, muscular work causes a lower­
ing of serum inorganic phosphate to a level 16,7% 
below the original value (Table 2, Fig. 4). 

I) Serum potassium shows lower values both after 
transport and work (-19,4~~ and -9,7%); during 
the rest however, the level returns to normal. 
Sodium does not undergo any appreciable change 
(Table 2, Fig. 4). 

Table 2: THE EFFECT OF TR,ANSPORT, REST 
AND EXERCISE ON BLOOD ELECTROLYTE LEVELS 

OF THOROUGHB-REDS 

Activity Sample Time Ca Mg Na K p 

No. 

Transport 1° 0 100,0 100,0 100,0 100,0 100,0 
2° 6h 97,7 92,2 99,7 80,6 94,6 

Rest 3° 24h 103,8 94,3 98,7 105,6 81,0 
4° 48h 97,7 93,2 99,0 97,9 90,3 

Exercise 5° 51h 93,9 86,S 99,3 90,3 83,3 

Values given as percentage change from pre·transportation levdl/s 
taken as 100. 

DISCUSSION AND CONCLUSIONS 

As seen from the tables, transport appears to have 
influenced the blood enzyme levels, with increased 
LDH and CPK blood values. The CPK levels are even 
higher than those seen after muscular work (canter). 

These changes could be explained by the degree of 
muscular work demanded by the standing and rock­
ing position during transport. 

In man, the CPK values increase under psycho­
logical stress, anxiety, depression, etc. 13 • Since the 
Thoroughbred horse is a very sensitive and excitable 
animal, assumption of the existence of similar condi-
tions is warranted. . 

The changes of GOT and GPT transaminases after 
transport seem to exclude any damage to the skeletal 
musculature. In fact, even if we consider that serum 
values of these enzymes are expressions of the func­
tions of different sections of the animal body, the 
variations observed are not sufficient to point out any 
specific functional damage. 

After work, the changes proceed at the same con­
stant degree, particularly as they affect the enzy­
matic activities and the creatinine, thus indicating 
some muscular work which, however, is different from 
that required during transportation. Moreover, the 
alteration of the lactate, pyruvate and creatinine in 
the two different stages of the experiment give an 
indication that different metabolic pathways are used 

to recover energy for the muscle fibres. In fact, the 
rapid increase of the creatinine blood values after 
exercise could also be explained as a recovery of the 
energy necessary to the muscle fibre contractions by 
the easiest route i.e. the creatine phosphate .. 

During transportation, on the other hand, when 
muscular work is prolonged, it seems possible to hypo­
thesize that energy is recovered through a slower 
method, that is lactate and the Krebs cycle. The in­
crease of blood protein during work is probably due to 
a measure of haemoconcentration 5. This is not found 
during transportation and may be a further con­
firmation of a different kind of body response to diffe­
rent conditions causing fatigue. 

Variations in blood glucose levels are more difficult 
to explain, although the increase (rather small during 
transportation, higher after the canter) could be 
grouped under the so called 'general adaptation syn­
drome' 16, which accounts for a sudden need for glu­
cose because of the demands of muscular work. 

The potassium changes could be explained like­
wise, although we must not forget the quantity of pot­
.assium eliminated through perspiration which is quite 
plentiful in this kind of animal 17 • 'Phosphorus 
changes also depend on carbohydrate metabolism; 
the lower value of glucose and phosphorus after 
strong muscular work and transportation might con­
firm this. We already know that inorganic phos­
phorus changes are associated with the metabolism of 
glucose 2. As far as other mineral elements are con­
cerned, only magnesium shows some noteworthy 
variations and our results agree with statements made 
by Hefsum et ai. I:, about athletes during performan­
ce. 

The time of rest (48 hours) available to some sub­
jects after transport, seems sufficient to permit a 
return to normal haematochemical values. These 
values are comparable to those recorded by others 16 

and ourselves in previous research on race-horses sub­
jected to similar sport activities without previous 
transportation "-

From these observations and considerations we con­
clude that with regard to muscular function (i.e., 
exercise and transport), the two different circum­
stances generally act in a similar way on the body of 
the animals. 

It is interesting to note the different methods of 
metabolic response to the energy requirements neces­
sitated by a moderate but prolonged demand during 
transport, compared. with the sudden intense demand 
of athletic performa~c~; 

Finally it is conch,td,ed that it is not advisable to 
transport animals immediately before a race, even 
though the distances involved are not great (200-
300 km). 
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DISCUSSION 

J.R. Gillespie: Each line represents samples for how many ani­
mals? 

V. Codazza: It is the average value obtained from 40 animals; five 
or six animals were used at a time. 

H.H. Krzywanek: What was the running distance and at what 
speed was it covered? 

D. Codazza: It was 1500 metres at a canter (moderate exercise). 
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D.H.G. Irwin: a) From the practical point of view one would like to 
know when transporting a horse by road whether it is best for 
the horse to be standing with his long axis in the direction of 
travel or across the direction of travel. 
b) Surely there will be some optimal size of floor surface with 
regard to proper support for the horse offered by the sides of 
the vehicle in which he is transported. 

D. Codazza: With his long axis facing in the direction of travel and 
1,20 m space aHowed for a horse of normal size. 
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Chairman: W.L. Jenkins 

JI S. Afr. vet. Ass. 45(4) 335-340 

(Proc. 1st int. equine vet. Conf., Pretoriuskop 1974) 

NORMAL AND ABNORMAL ELECTROLYTE 
LEVELS IN THE RACING HORSE AND 
THEIR EFFECT ON PERFORMANCE 

H.M. WILLIAMSON' 

SUMMARY 

To elucidate poor race-track performance in clinically healthy r~ce-horses with foIormal haematological parameters, norm.al 
serum enzvme levels and functionallv normal hearts of adequate size (but some with moderate to severe T -wave changes) In­

vestigation of their serum electrolyte levels was undertaken. The values for Nat, Kt, Cl- and HCOr of 200 winning per­
formers. which fell within narrower limits than those recorded in the literature, served as standard. 

The poor perfclrmers had various abnormalities of their serum electrolyte levels. Adrenal exha~stjon wit~ el~vation of ~eru m 
potassium and depression of sodium. chloride and ultimately of bicarbonate; hypochloraemlc alkalosIs with elevatIOn of 
senim potassium: hypokalaemia; hyponatraemia; transient hypernatraemia; and acidosis with or w~thout ~.vperch.loraemja 
hut not associated with adrenal exhaustion were identified. The clinical picture of these disorders IS described briefly and 
the methods of therapy instituted on the basis of the underlying pathological physiology are outlined. 

INTRODUCTION 

The findings which this paper conveys are the result 
of observations made routinely upon animals under 
our care, in a desire to understand the pathology of a 
particular race-track syndrome. While the resulting 
observations have proven clinically valid in my prac­
tice, I do not claim to have completely elucidated the 
underlying physiology. This is complex and I have 
attempted to interpret it by extrapolation from con­
ditions found in man: I know of no literature on the 
endocrinology of the horse as it applies to the humoral 
mechanisms controlling hormone production by the 
adrenal cortex. The findings which I inten<;i to present 
on the electrolyte levels in the race-horse arose out of a 
desire to understand better a major problem faced by 
trainers: the so-called 'Morning Glory' which trains 
well, or well enough, but fails to produce form, or at 
least consistent form, under race conditions. This 
type of horse falls into one of two groups:. those which 
frankly stop; i. e. actually get slower as the race 
progresses; and those which fail to run on; i.e., fail to 
produce a sprint during the final part of the race, 
which, under New Zealand conditions, is the fastest 
part of the race. Haematology, lameness and elec­
trocardiography all supply some of the answers to this 
problem but we found in our practice that we had a 
group of sound horses with normal haematological 
parameters and functionally normal hearts of ade­
quate size but which failed to race well. We also found 
a group of horses with moderate to serve T-wave 
changes on electrocardiography, which were frank 
stoppers. This group had normal total white cell 
counts and serum enzyme levels; there was no clinical 
evidence of myocarditis in these cases. It was the in­
vestigation of this latter group which first led us to 
study serum potassium levels, then serum sodium 
levels and finally serum sodium, potassium, chloride 
and bicarbonate levels along with our routine 
hae~atological examinations. It is now three years 
since we commenced doing the complete range of tests 
during which time we have made 1 100 analyses on 
Which our findings are based. 

H;! Evans Street. Timaru, New Zealand. 
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METHODS 

Our methods are quite standard. Blood is collected 
from the jugular vein of the rested horse by means of a 
21 gauge, 38 mm, double-ended collecting needle and 
evacuated glass tube**, a 5 mt vial with EDTA as an­
ticoagulant for haematology, and a 10 mt vial with 
sodium heparin as anticoagulant for serology. 
Sodium and potassium estimations are done by flame 
photometer, chlorides by diphenyl carbozone titra­
tion with mercuric chloride, and the bicarbonate es­
timations by measurement of total carbon dioxide us­
ing the gasometric technique. The latter method was 
chosen for bicarbonate estimations as it dispensed 
with the necessity of drawing a further specimen un­
der oil. Measurements were all made in mEq per litre. 

As already stated, samples were always drawn from 
a rested donor to eliminate excitement as a source of 
error, and serum separation was carried out as soon as 
was practicable after collection to prevent leakage of 
electrolytes from within the cellular elements of the 
blood. Fortunately all the estimations were carried 
out by the same, highly competent technician, so 
minimizing the human error. 

Samples were collected from both Thoroughbred 
and Standardbred horses, the latter outnumbering 
the former. No difference in parameters between 
breeds are evident iti':,the results. 

NORMAL SERUM ELECTROLYTE VALUES 

A search of the literature for normal electrolyte 
values in the equine species left us somewhat 
bewildered. There was no real paucity of references -
our search turned up 12 altogether - but the references 
to which we had access ;\ ;, !4 IIi gave ranges so wide 
that most of our measurements fell within the normal 
figure given! Since we are seeking not only the frankly 
iII horse but also the horse which deviated from its 
optimum state of health, we set out to ascertain a nor­
mal range of electrolyte values for ourselves; these, of 
necessity, had to fall within fairly narrow limits. 

•• Venoject. ,Jintan-Terumo Co. Ltd. ,Japan. 
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Normal levels of each of the electrolytes studied 
were established by taking the serum findings close to 
a winning run, i.e., a few days before or after a win­
ning performance, on the assumption that those 
horses providing the samples must be in good elec­
trolyte balance to perform adequately. The results of 
samples from 200 winning performers are shown in 
table 1. 

Table 1: NORMAL'SERUM ELECTROLYTE LEVELS 
IN THE HORSE 

Author Na+ K+ C1' HCO; 

Tasker i
? 132-146 2,4-4,7 99-109 -

Burch 3 139-152 4,1-5,6 95-107 25-27 

Spectori4 146-152 2,7-3,5 98-106 28 

CosgroveS 136_150 4,1-5,6 98-110 

Williamson 139-143 3,7-4,0 100-103 26-28 
(winning runs) 

Mean of Winners 141 3,8 101 27 

Range from all 125-149 2,3-7,0 92-108 22-35 
analyses 

When one compares those figures taken from win­
ning horses with the range into which our over-all 
analyses fell, it is apparent that deviations from nor­
mal in the electrolyte levels of race-horses occur in 
both directions, that is, both excesses and deficiencies 
of sodium, potassium and chloride occur. The bicar­
bonate levels indicate race-horses also deviate into 
both alkalotic and acidotic states. The amounts of the 
deviation can be marked if the cause remains un­
corrected; the effect on performance can be dramatic. 

POTASSIUM LEVELS 

As already stated, our initial electrolyte analyses 
were serum potassium estimations made while in­
vestigating the cause of T-wave changes in electrocar­
diographs of horses which were stopping in their races. 
It might be easiest to commence our discussion at this 
point. In the analyses which we reviewed for this 
paper, serum potassium levels ranged from 2,3 mEq/ 
litre to 7,0 mEq/litre. Successful race-track perfor­
mance was associated only with potassium levels 

ranging from 3,6 to 4,0 mEq/litre and 'I'-wave changes 
were consistently seen in those horses whose serum 
potassium levels exceeded 4,8 mEq/litre, May I 
respectfully suggest to our cardiologists that here is 
one possible explanation for the T-wave changes 
which they see in horses which .perform poorly but in 
which they find no lesions on subsequent investiga­
tion. 

Adrpnal Exhaustion 
Horses with potassium levels of this magnitude in­

itially do not display marked clinical signs except for 
poor race-track performance. When racing, these 
horses stop; this may occur as late in the race as the 
200 metre pole or as early as the half-way mark, 
depending on the severity of the syndrome. In the ear­
ly stages of the disease, these horses often baffle train­
ers by their apparent lack of distress as they do not 
show respiratory embarrassment and their general 
condition is good. For this reason these horses are of­
ten labelled 'cheats' or 'dogs', or are accused of being 
cunning and not trying. As the disease progresses, 
however, loss of condition becomes apparent; the 
horse becomes a poor sweater, the eye becomes 
sunken, and there is loss of skin turgor. 

Haematological examination reveals haemocon­
centration, with elevated haemoglobin, red cell count, 
and packed cell volull}.e. The sedimentation rate is 
decreased - commonly to less than 10 millimelres per 
hour; the mean corpuscular volume is increased, and 
the eosinphil count is usually elevated. This is the 
typical hypotonic contraction described by Sykes i5.t 
Along with the elevated serum potassium level 
described, there is also a depression of :both serum 

. sodium and chloride levels, The' sodium level may be 
'depressed to a greater extent than the chloride level, 
owing to the development of a hyp~rchloraemic 
acidosis9 • As this acidosis increases, the bicarbonate 
levels become more depressed. 

In our work, 94 horses, or"S,";) per cent of cases, show­
ed this clinical syndrome, which, I believe, is that of 
adrenat"insufficiency, or adrenal exhaustion. As seen 
in the horse, adrenal exhaustion, as far as we can 
ascertain, is basically a loss of production of 
aldosterone by the adrenal cortex. The condition is 
highly responsive to therapy with mineralo-corticoids 

t(l think this is also the haemoooncentration problem referred to by Dr Jeff· 
cott,) 

Table 2: CASE HISTORY: ADRENAL EXHAUSTION 

Date Record Date Record 

18.10.71 Raced unplaced 7.2.72 Na 136 K 5,0 CI97 HC03 25 
9.11.71 Raced unplaced 9.2.72 91 Na salts,\)OCA 

12.11.71 Raced unplaced 12.2.72 Raced unplaced 
17.11.71 Raced unplaced 14.2.72 Raced won 
20.11.71 Na 134 K 6,2 CI96 HCU3 25 16.2.72 Raced won 
27.11.71 DOCA, 9 1 NaC1 20.2.72 4,51 Na salts 

NaCit, Na HC03 23.2.72 Raced unplaced 
3.12.71 91 Na salts 26.2.72 Raced unplaced 

10.12.71 91 Na salts 27.2.72 4,5 1 Na salts 
17.12.71 4,51 Na salts 29.2.72 Raced 3rd. 
23.12.71 4.51 Na salts DOCA 5.3'.72 Na 137 K 4,8 CI98 HC03 26 

Na140 K 3,8 cr 102 HCU3 ;u 7.3.72 DOCA, Na salts 
1. 1.72 Raced WOn 13.3.72 Raced 2nd 
3. 1.72 Raced won 15.3.72 Raced won 

21. 1.72 Raced 4th 16.3.72 Na salts 
23. 1.72 Na 137 K4,4 Crgg HC0326 . 18.3.72 Raced won 
30. 1.72 91 Na salts 
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and the horses return to form without the necessity of 
supplying cortisol or hydrocortisone, which is the 
main requisite in the therapy of this condition in 
mans. 

Adrenal exhaustion arises in the horse which is not 
being allowed sufficient recovery time- between 
stressful experiences. While the whole concept of 
training is to apply increasingly stressful stimuli to 
the race-horse, one must do this in a progressive 
manner, so that the animal passes into the stage of 
adaptation before facing the challenge of the next 
progressively stressful level of training. When a very 
quick progression through the preliminary period of 
training is made, a horse may develop the 
hypoaldosteronism which we have described. The 
onset of insufficiency may 011 other occasions be 
traced to a particularly meritorius race-day effort 
followed by a sudden, or occasionally progressive, loss 
of form. In these cases the race-day performance has 
been particularly exhausting and because the horse 
has not had enough time to recover, his subsequent 
workouts or races cause diminished aldosterone 
production and the horse becomes exhausted or 
'trains off. 

Aldosterone is the controlling factor which main­
tains the water, sodium and potassium balances in 
the animal. In its absence the sodium pump 
mechanism breaks down, sodium levels increase in­
tracellularly and potassium escapes from the cells 
into the extracellular fluids. In the absence of 
aldosterone the ability of the renal tubules to conserve 
water and sodium is also lost, and dehydration 
results. This is the cause of the decreased skin turgor 
and shrunken eye, and a major cause of the weight 
loss evident as the disease progresses. 

Treatment consists of replacing the aldosterone. 
Aldosterone itself is available commercially but it is 
expensive and, having a short period of action, must 
be administered frequently. 9-dI fluorohydrocortisone 
can be given orally; it is the next most 'powerful 
mineralo-corticosteroid, but it must be given daily. 
Desoxycortisone may be given by injection and can be 
obtained if the form of salts which have a prolonged 
period of action. The dehydration, too, must be cor­
rected and the hyponatraemia requires the provision 
of sodium ions, while alkaline radicals such as bicar­
bonate, lactate or citrate ions should be provided to 
correct the acidosis. I usually initiate treatment with 
intravenous saline containing added alkaline anions, 
and subsequently maintain water and electrolyte in­
take orally with four to nine litres of a compound 
drench providing sodium chloride, bicarbonate and 
citrate. Work is restricted for the first week of 
therapy. 

Routine haematology and serology as an adjunct to 
training can prevent the occurrence of this syndrome 
by monitoring the adjustment which the race-horse in 
training is making. 

Hypochloraemic Alkalosis 

In our survey we also found another 214 serological 
evaluations - approximately 19 per cent - which also 
had serum potassium elevations - but had neither 
clinical or laboratory evidence of adrenal insufficien­
cy. These cases had serum potassium levels in excess 
of 4,0 mEq/l but only rarely did they exceed 4,8 
rnEq/l. This clinical syndrome was elucidated when 
We began doing serum chlorides and bicarbonates. 
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Analysis had shown that the horses which raced 
best had a bicarbonate level of 26-28 mEq/l and a 
chloride level of 100-103 mEq/l. The bicarbonate 
levels, in horses suffering from this syndrome, how­
ever, were always elevated above 29 mEq/l and ran­
ged as high as 35mEq/l. The horse from which this 
latter reading was taken was so severely affected that 
it could not even train without becoming severely dis­
tressed. These animals also had depressed sodium 
and chloride levels, with the chloride level being 
lowered to a greater degree than the serum sodium 
value. 

These horses characteristically displayed increased 
depth and rate of respiration for a long time after ex­
ercise and are commonly described by trainers as be­
ing 'thick-winded' or 'fat inside' 11. For this reason, 
they are usually allotted heavier training schedules 
which have a detrimental effeCt on the well-being of 
the horse. If this alkalotic condition presists, the 
affected horse becomes noticeably hyperexcitable, be­
ing easily startled, difficult to handle and wayward to 
ride or drive in the field. Some Standardbreds become 
rough-gaited, develop shadow jumping propensities 
and, under New Zealand's system of standing starts, 
often develop bad barrier manners and finish on the 
unruly list. 

O'Connor 12 describes a fatigue condition of trail 
ride horses, which he calls thumps or spasm of the 
diaphragm and which he considers to be an alkalotic 
condition with potassium loss. I have seen Standard­
breds exhibiting all the signs of the syndrome which 
O,Connor describes: the stiff attitude, a high purse­
respiration ratio(usually 1,0), and the thumping dia­
phragm. The severity of the attack and the urgency 
for treatment has not enabled us to wait for serum 
electrolyte analysis, but subsequent analysis of 
samples taken at the time of the attack have revealed 
serum potassium levels in the 4,1-4,6 mEq/l range, 
bicarbonate levels in excess of 30 mEq/l and depres­
sion of the serum chloride level to below 97 mEq/l. 
The syndrome described by O'Connor appears to be 
the final acute attack which these alkalotic horses suf­
fer if continually insulted with the stress of exercise. 

It must be borne in mind that the cause of 
metabolic alkalosis is almost always multi-factorial 
and that serum potassium levels are not a good in­
dication of the body's total potassium status, since 
most of the body's potassium is intracellular. It is 
therefore possible to have elevated serum potassium 
levels in a horse which.is actulllly potassium deficient, 
were it possible to meitsure the intracellular compo­
nent of its total bodY'potassium 9. 

Adrenocorticotropin :is i;!ecreted by the anterior 
pituitary gland and stimulates production of cortisol, 
corticosterone and perhaps desoxycorticosterone by 
the adrenal cortex. Circulating plasma levels of cor­
tisol and cortisone reaching the anterior pituitary 
gland in turn regulate ACTH secretion by that en­
docrine gland. High plasma levels of these two cor­
ticosteroids will suppress ACTH production, while 
low plasma levels will result in enhanced secretion of 
the tropic hormone. This servo-mechanism maintains 
circulating plasma cortisol levels within fairly narrow 
limits except in the presence of stress, when this con­
trol is over-ridden. Stressful stimuli reaching the 
cerebral cortex cause the escape of the hypothalamic 
centres of the brain from the sustained inhibition of 
the limbic system under which they normally func­
tion. Within these centres large secretory neurons 
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stomach tube at the initial freatment. Depending on 
the severity of the syndrome, this therapy may have to 
be repeated several times. Milder cases need only be 
eased in their work but severe cases must be given a 
spell of rest at grass to effect recovery. A few days 
after initiating therapy 15 g potassium chloride is 
added daily to the feed and the dietary intake of salt is 
raised to 120 g per day. .' 

Hypokalaemia 

Low serum potassium levels were found to be an un­
common condition in this practice, occurring in only 
21 instances, which is a mere 2 per cent of the survey. 
This is not suprising when it is realized that almost all 
New Zealand horses in training run at pasture for 

produce cortiocotropin releasing factor which acts on 
the anterior pitu(tary gland to increase ACTH 
production irrespective of the level of plasma cortisol. 
Repeated stressful stimuli wiII therefore result in in­
creased circulating plasma levels of cortisol and cor­
ticosterone. High levels of these hormones induce a 
hypochloraemic alkalosis. In such a state, chloride 
ions are excreted by the kidney with hydrogen ions as 
ammonium chloride; and with sodium ions as sodium 
chloride. Further hydrogen ions will also be 
transferred from extracellular fluids to intracellular 
locations which will displace potassium ions from 
within the cells, raising the levels found extracellular­
ly. This relative hyperkalaemia is further contributed 
to by the dehydration induced by the loss bf sodium 
and chloride ions, so that the developing potassium 
deficiency is masked still further 18. . some part of every day. Their dietary intake of 

Table 3: CASE HISTORY: HYPOCHLORAEMIC ALKALOSIS 

Date Record Date Record 

1. 8.73 Na 139 K4,6 Cll00 HC0330 15. 9.73 Raced 2nd 
3. 8.73 Saline and acid 29. 9.73 'Raced unplaced 
5. 8.73 Saline and acid 4.10.73 Na 141 K 3,9 Cll02 HC0327 
8. 8.73 Saline and acid 26.10.73 Raced won 

11. 8.73 Saline and acid 1.11.73 Na 139 K 4,6 CI98 HC0329 
18. 8.73 Acid saline drench 3.11.73 Saline'and acid 
25. 8.73 Acid saline drench 10.11.73 Saline and acid 
30. 8.73 Na 142 K 3,9 Cll02 HC03 28 13.11.73 Raced won 

5. 9.73 Raced won 1.12.73 Raced third 

.~, 

Table 4: A CASE OF THUMPS 

, 
Date Record Date Recorq 

Eleven unplaced performances prior to attack. 

4. 3.71 Na 129 K 4,5 CI97 HC0334 
4. 3.71 5 I NaCI i/v 

1 + acid 
6. 3.71 5 I NaCI i/v 

1 + acid 
6. 4.71 Na 139 K4,O CI99 HC0329 

10. 4.71 9 I acid mix 
17. 4.71 9 I acid mix 
10. 8.71 Na 141 K 3,6 Cll0l HC03 28 

Treatment consists of providing adequate chloride 
ions to overcome the hypochloraemia initiating the 
syndrome, sodium replacement therapy and a change 
in training to relieve the stress causing the ext:essive 
corticosteroid production. After initiating this 
therapy, and only after initiation of therapy, it is 
desirable to increase the horse's potassium intake, to 
correct the intracellular deficiency of that ion which is 
produced in the syndrome. A serological analysis 
made during recovery will usually show 8' return 
towards normal levels of the sodium chloride and 
bicarbonate levels and a change from hyper- to 
hypokalaemia reflecting the basic potassium 
deficiency from which the animal is really suffering. 
This change is, of course, brought about by the return 
of the potassium to an intracellular locatiQn with the 
correction of the alkalosis. In treating these cases I 
have followed O'Connor 12 in giving 1 litre of normal 
saline intravenously to which has been added 1 ml of 
concentrated hydrochloric acid. In addition I always 
give a further 2litres of normal saline without acid in­
travenously and 4 litres of a saline' solution by 
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, 
26. 8.71 Race~ unplaced 

2. 9.71 Raced ~on 
~6. 9.71 Raced fourth 

9.12.71 Raced 2nd 
13.12.71 Raced 2nd 
27.12.71 Raced won 

11 unplaced performances 
3. 3.72 Na 142 K 4,7 Cll00 HC0330 

potassium normally, therefore! is quite high. Cases of 
hypokalaemia therefore, had to be due to malabsorp­
tion or excessive excretion ofthe cation concerned. As 
the kidney has no potassium conserving ability, the 
latter is the more likely situation. The majority of 
cases were found when doing check tests on horses 
during therapy for the alkalotic syndrome previously 
described. Cases of protein deficiency with an accom­
panying potassium deficiency were also seen and heal­
ing was successful only in these cases when concur­
rent potassium administration was effected along 
with the protein thearapy. The hypokalaemic state 
must always be borne in mind, however, as it is likely 
to arise at any time when large scale intravenous the­
rapy with potassium-free fluids is attempted to cor­
rect dehydration. Two cases were also seen in horses 
mistakenly treated with mineralo-corticoids after 
wrongfully diagnosing atlrenal exhaustion instead of 
hypochloraemic alkalosis. At the time, I believed 
serl,lm potassium levels in excess of 4,0 mEq/l to be 
·.due to hypoaldosteronism and, not having ap­
preciated the significance of the elevated bicarbonate 
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level, had treated them accordingly. The initial 
response was good but form subsequently fell away 
and hypokalaemia was found when check tests were 
done. Replacement therapy with oral potassium 
chloride and ACTH to correct any suppression of the 
adrenal gland that may have occurred was effective 
and the horses returned to a satisfactory level of per­
formance. 

Therapy of hypokalaemia consists of oral 
supplementation using potassium chloride, 15 g daily 
in alkalotic states and potassium citrate when the 
animal is acidotic. Dextrose is usually administered 
concurrently to encourage passage of the potassium 
into cells, and small doses of testosterone or anabolic 
steroids are given to further enhance potassium up­
take. Potassium had been administered intravenously 
by us only in conjunction with protein hydrolysate in 
those cases exhibiting hypoproteinaemia. 

SODIUM LEVELS 

Sodium is the major cation of the extracellular fluid 
and its concentration in the extracellular fluid deter­
mines water distribution between extra- and in­
tracellular locations. In the racing horse 
hyponatraemia (Table 5) is the most commonly noted 
electrolyte disturbance. In this survey it was 
presented in 20 per cent of the estimations done. In 8,5 
per cent of these horses it was associated with adrenal 
exhaustion which we have discussed but a further 11,5 
per cent of the 115 cases were not associated with 
hypoaldosteronism. These horses were suffering from 
sodium deficiency owing to high sweat loss, insuf­
ficient water intake and inadequate amounts of 
sodium chloride in their diet, with associated 
dehydration. They showed a progressive weight loss, 
which, because it was gradual, often went unnoticed 
until well advanced. The affected horse was usually 
somewhat depressed and apathetic in demeanour, 
poorly muscled about the neck, with a shrunken eye, 
diminished skin turgor and lacking in stamina. 

hyponatraemia are established. Under these condi­
tions there is also movement of water from the extra­
cellular compartment to within the cells, which in 
turn impairs their function. Water intake is also 
diminished as the thirst reflex is not maintaiIled in 
the presence of hyponatraemia, irrespective of severi­
ty of the dehydration. 

Treatment consists of correcting the sodium and 
water deficits and any anion imbalance associated 
with them. By restoring the sodium balance in the ex­
tracellular fluids, the horse's willingness to drink will 
be restored, and the simplest method of administering 
fluids and electrolytes will once more be available. We 
have found the oral route to be very satisfactory in 
treatment of hyponatraemia. It allows the ad­
ministration of large volumes of fluid quickly and 
simply. In severe cases we routinely give 9 I of solution 
by stomach tube and repeat the dose as frequently as 
we consider necessary. Intravenous therapy is also 
used at the initial treatment, usually in quantities of 
4 I per administration. The solution used is dependent 
on the bicarbonate or chloride levels which we find on 
analysis. If acidosis is present, we administer lactate 
and citrate along with sodium chloride intravenously, 
and bicarbonate and citrate with the chloride orally. 
If alkalosis is present we administer only chlorides in­
travenously, but add bicarbonates and citrate to the 
sodium chloride given by stomach tube but in much 
reduced proportions, An effort is also made to per­
suade trainers to place large water containers in each 
stall or yard so that the horse' has free access to a plen­
tiful supply of water and the dietary intake of salts is 
raised to 120 g daily or 1 per cent of the ration. 

Elevation of serum sodium levels was only rarely 
seen in these cases under review and was transient in 
nature as far as we could ascertain. 

Of our survey, 45 cases or 4,1 per cent, had low bi­
carbonate levels not associated with adrenal exhaus­
tion in which it is commonly seen; 35 cases had an 
accompanying serum chloride elevation or at least ele-

Table 5: CASE HISTORY: HYPONATRAEMIA 

Date Record 

30, 9,72 Raced ninth 
5,10,72 Na 129 K 4,0 cr 98 HC0325 
6,10,72 91 NaCI NaHC03 

orally 
7.10,72 Raced ninth 

11,10.72 9 I NaCr NaHC03 
orally 

14.10,72 Raced sixth 
16,10.72 Na 134 K 3,8 CI95 HC0322,7 
17.10,72 91 NaCl Na HC03 

orally 
20.10.72 91 NaCI NaHC03 

orally 

Sodium loss induces a reduction in the concentra­
tion of this cation in the extracellular fluid. This sup­
presses the production of antidiuretic hormone so 
that water excretion by the kidney is increased until 
the sodium concentration is restored. This has been 
referred to as the sacrifice of volume in the interests of 
tonicity 9. Once volume deficit assumes more signifi­
Cant propo'rtions, however, disproportionate water 
loss no longer follows, and sodium loss and resultant 
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Date Record 

24,10.72 Na 138 K 3,8 cr 101 HC0 3 24,5 
25.10.72 4,51 Nacr Na HC03 

'orally 
29,10.72 4,,5/ NaCr ~aHC03 

orally·· 
30.10,72 Ra~9 sixth 

1,11,72 Na·140 K 3,8 cr 101 HC03 26 
5,11.72 4,51 :NaC,l Na HC03 

orally 
7,11.72 Raced won near record 

10.11.72 R aced 2nd near record 

vation of chlorides relative to sodium ions, indicating 
hyperchloraemic acidosis probably owing to reduced 
kidney function in the presence of dehydration. Of the 
horses under review 1 per cent did not show elevation 
of chlorides and these may have been cases of massive 
lactic acid production from excessive effort. Whatever 
the cause, the condition responds readily to therapy 
with bicarbonate, citrate or lactate given orally or in­
travenously, 
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CONCLUSION 

I hope I have been able to show that there are at 
least three quite distinct clinical entities which result 
from, or produce imbalance of, electrolytes in the 

race-horse. From this I believe it is evident, too, that 
one cannot haphazardly administer electrolytes to the 
race-horse but must base therapy on precise 
laboratory estimation of the electrolyte status of the 
patient. 
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DISCUSSION 

A.M. Meritt: Have you seen the 'thumps' in some of the horses you 
described as alkalotic? 

H.M. Williamson: I have seen cases in standard-bred horses which 
resemble the thumping which O'Connor described. We took 
serums from them because O'Connor's A.F.E.P. paper sug­
gests that it might be a hypokalaemic condition but he did 
not actually present any figures to support this. When we 
saw these cases we took a serum sallwle before treating them 
but 1 cannot project the figures clearly enough here. See 
table 4. 

A.M. Merritt: Did you also perhaps run calcium determinations? 
The only time we have seen 'th\lmps' was in cases with 
hypocalcaemia. We have seen numerous animals with a 
marked hypokalaemia and yet never a sign of'thumping', 
yet we have had a couple of cases where 'thumping' and per­
sistent hypocalcaemia were presented. When they become 
very hypocalcaemic, one of the outstanding signs was the 
'thumping' of the diaphragm. When treated with calcium, 
the 'thumping' stopped. I wondered if you had also in­
vestigated calcium. 

H.M. Williamson: 1 did not mention serum calcium but maybe the 
calcium ions are upset owing to the alkalosis. Horses with 
alkalosis not severe enough to go into 'thumps' become very 
bad race-horses. They shadow jump badly, they seem to be 
very nervous and are bad goers and performers. Such horses 
gallop away hopelesly from standing starts and are hard to 
handle. It may be that there is some tie-up of calcium ions 
or some conditions like that. We did not do calcium analyses. 
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We certainly saw that condition but I would not say there 
were marked potassitm elevations. I would say these were in 
the range of 4 mEq or more but under 4,8. I think once one 
gets into the high realms over 4,8 one runs into the adrenal 
exhaustion condition. 

A.M. Merritt: YOl~ made a statement that the horse cannot con­
serve potassi\Jm. Maybe I misunderstood tl)e statement, but 

. if that is what you saiq, could .YOu support,it? 

H.M. Williamson: I did not m~ntio'n the horse'as 'such; I said the 
physiology underlying this is' extrapolate'd basically from 
hyman physiology and the kidney cannot conserve 
potassium. 

P. Boyazoglu: Would you expr~ss any preferenc~ regarding the 
desirability of administerin:fi:~lectrolytes in drinking water or 
ill feed to correct deficiencies? 

H.M. Williamson: 1 did not mention the horse as such; I said the 
imbalances and to maintain electrolyte· levels one probably 
does better by feeding them. The racing economy of New 
Zealand is not as strong as the racing economy in other coun­
tries, so that many horses which we in New Zealand see as 
practice are not being looked after by having routine 
biochemistry done on them. Often we are only called in when 
the horse is presented as a case. Under these circumstances 
one has to administer electrolytes in such a way as to get 
reasonably large dC)ses into the animals quickly. I think you 
can then maintain them by giving electrolytes in the feed or 
water. 
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JI S, Afr, vet, Ass, 45(4) 341.34a 

(proc. 1st int, equine vet. Conf., Pretoriuskop 1974) 

GLYCOGEN DEPLETION PATIERN AND THE BIOCHEMICAL 
RESPONSE TO VARYING EXERCISE INTENSITIES IN 

STANDARDBRED TROTTERS 
A. L INPHOLM* 

SUMMARY 
rn Standard-hred Trotters glycogen depletion was slight [O,3mmolx(kg x min)-I] at slow trotting speed (3 min 20 s x 

km -I)hut rose to nearhy 14mmol x (kg.x min) _I at maximal trotting speed (1 min 20 x km _I) for 6 x 400 m. At slow speeds 
predominantly the 'slow twiteh' fihres hecame depleted and, once that had occurred, the 'fast twitch, high oxidative' fihres 
also hecame suhject to depletion. During maximal speed, after 6 x 4UU m, the 'fast twitch, low oxidative' fibres became strik­
ingly depleted as well. There is thus a preferential fibre recruitment with increase in speed and duration of exercise. 

Lactate accumulation in the hlood did not increase strikingly until speeds exceeded 10m x s _I, 
Repeated 700 - 1 000 m exercise sessions at maximum to near-maximum speed, respectively, appears to be appropriate for 

I raining of fast twitch fihres, as well as for achieving a high heart rate and a high demand on anaerobic energy release. 

INTRODUCTION 

Both during racing and training, horses are sub­
jected to severe stresses. Therefore, training methods 
are required which are both efficient and minimally 
stressful to the muscles, joints and skeleton of". the 
horse. For the development of such training methods 
a detailed study of the adaptation of muscles to heavy 
work is required. This paper condenses previous 
publications by the author and co-workers 4 6 6. 

MATERIAL AND METHODS 

Sixty-eight clinically healthy Standardbred trotters 
(0,5-8 years old) were investigated. Horses older than 
two years were in professional training at Solvalla' 
Race Track, Stockholm, Sweden. 

Determinations were performed on muscle samples, 
taken mainly from the gluteus medius muscle and ob­
tained using a needle biopsy technique I. 

Biochemical analyses were performed on muscle 
samples frozen in liquid nitrogen immediately after 
sampling. A modified Lowry technique 3 was used for 
biochemical investigations of glycogen and related 
metabolites. 

Two different histochemical staining procedures 
were used for the identification of muscle fibres. 
Alkaline-stable myofibrillar adenosine triphosphatase 
(ATP-ase) and reduced nicotinamide dinucleotide 
diaphorase (NADH-diaphorase) were estimated as 
described by Padykula & Herman 8 and Novikoff et 
al. 7, respectively. The distribution of glycogen was 
estimated on the basis of PAS staining 9. Blood from 
the jugular vein was analyzed for lactate, free fatty 
acids (FFA) and glucose according to Scholz et al. 10, 

Trout, Estes & Friedberg II and Hjelm & de Ver­
dier 2, respectively. 

Muscle temperature was determined using electro­
thermometry and the heart rate was telemetrically 
recorded. 

RESULTS 

Muscle Fibre Composition 
Three major fibre types were identified. Fibres dis­

Playing high ATP-ase staining intensity were 
designated 'fast; twitch', whereas fibres possessing a 
--------
'I)"parlmenl 0;' Surgery, Itoya) Veterinary Collel(e, S·I04 Or, STOCKHOLM 
~w(>dell. .. , 
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low level of staining intensity were designated 'slow 
twitch' (ST). Fast twitch fibres were stained either 
lightly or heavily for NADH-diaphorase. The latter 
was termed 'fast twitch, high oxidative' (FTH), 
whereas the former was termed 'fast twitch, lowox-
idative' (FT) fibre. ' 

The 4 to 8-year-old horse displayed a fibre composi­
tion consisting of 22 per cent FT, 54 per cent FTH and 
24 percent ST fibres. The size of all fibres increased 
with age and/or training and, in the mature horse, FT 
and FTH fibres comprised about 43 per cent of the 
total cross-sectional area, respectively. 

Pattern of Glycogen Depletion in Muscle Fibres 
Preferential fibre recruitment was according to 

speed and work duration. At a slow trotting speed (3 
min 20 s x km -I) horses beoame exhausted after 4 
hours. Glycogen depletion at this speed was slight 
rO,3 mmol x (kg x min)-Il and muscle lactate did 
not exceed 1,6 mmol x kg- I. 

At maximal trotting speed (1 min 20 s x km- I ) for 6 
x 400 m, muscle lactate amounted to 10 mmol x kg- I 

and horses tired after 3 min of exercise. Glycogen 
depletion amounted to nearly 14 mmol x (kg x min)-I. 

The present data indicate that predominantly ST 
fibres were depleted of glycogen at slow trotting 
speeds. Once some ST fibres were depleted for 
glycogen, FTH fibres also began to be depleted. Dur­
ing maximal speed, however, 1fT fibres were strikingly 
depleted of glycogen and after 6 x 400 m of maximal 
trotting, the reductiOll..in the PAS staining intensity 
was as pronounced 'hi ,FT, as in FTH and ST fibres. 
The present results indicate that ST fibres were most 
active at slow trotting'speeds, but FTH fibres became 
active when ST fibres were depleted or speed in­
creased successively. During maximal trotting, the 
glycogen depletion indicated that FT fibres were the 
most active. 

Metabolic Response to Exercise 
Heart rate: It was found that at high exercise inten­

sity, both the speed and duration of the trotting were 
of importance to the increase in heart rate. A maximal 
heart rate (± ~40 beats x min-I) was obtained in trot­
'ting at top speed (12,1-12,5 m x S-I) for at least 700 m 
or in 1 000 m or more of trotting at close to maximal 
speed (t- 11,8 m x S-I). 

Muscle and rectal temperatures displayed a linear 
increase with increasing speed and work'duration. 
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Values as high as 43°C and 41°C, respectively, were 
recorded after repeated 700-1 000 m interval training 
sessions. 

Lactate accumulation: When trotting was per­
formed at a gradually increasing speed, lactate ac­
cumulation in the blood did not increase strikingly 
until speeds exceeded 10 x S-I. During a normal train­
ing program (3 x 2 100 m) muscle and blood lactate 
concentrations comparable to those obtained during 
racing were achieved only during the third 2 100 m 
work-out. Trotting work amounting to 6 x 400 m at 
maximal speed (12,1 m x S-I) was found to be too 
short a distance to elicit a good metabolic response 
and muscle lactate amounted to about 13 mmol x 
kg-I. Repeated 700 m exercise sessions at maximal 
speed and repeated 1 000 m sessions at near-maximal 
speed appeared to constitute a suitable distance range 
for interval training for the horse. Muscle and blood 
lactate concentrations exceeded 20 mmol x kg-I and 

1-1, respectively, in both distances. Glycogen utiliza­
tion was found to be directly related to work intensity. 
The greatest decrease in glycogen levels (20 mmol 
glucose units x kg-I x min-I) was observed in the first 
two heats when trotting at maximal speed - 6 x 700 m. 

CONCLUSIONS 

The importance of exercise intensity in the recruit­
ment of FT fibres was clearly demonstrated in this 
study; it is obvious that maximal speed is required in 
order to bring most FT fibres into use. 

The results also indicate that repeated 700-1 000 m 
work bouts (11,8-12,1 m x S-I) is appropriate for train­
ing of the fast twitch fibres, as well as for achieving a 
high heart rate and a high demand on anaerobic 
energy release. 
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DISCUSSION 

S.G.B. Persson: Which pathway do you think is the most impor­
tant for energy production in the horse during exercise and, 
further, do you think that glucose concentration is an indica­
tion of the pathway involved? 

A. Lindholm: At these distances the horse is trotted for about 3 to 4 
minutes. It is only carbohydrates which are utilized. During 
the four hour experiment they all produce free fatty acids in 
the metabolism. This is at a very low speed and as soon as 
the speed increases utilization of fat decreases and that of 
carbohydrates increases. In the resting condition the horse 
uses mostly fat. To transport a horse he uses mostly fat and 
not so much glycogen. As soon as the speed increases, there 
ia a higher demand on the carbohydrate. About the glucose 
concentration in the blood, if there is a high glycogen concen­
tration delivered and a high concentration in the muscle, it 
does not matter what there is in the blood, because the fuel is 
in the muscles and if the muscles need more fuel, then they 
take it from the liver. The liver is the reserve for the muscle; 
so, during exercise, there is a build-up and break-down of 
glycogen all the time. In my four hour experiment the liver 
could supply the muscle glycogen for two hours, but after 
that time the liver was depleted and the glucose concentra­
tion also dropped. But just for work it is only the glycogen in 
the muscle which is important. 

H.M. Williamson: You stated that in your examination of horses 
they were being trained by the executive training technique 
in your country, that is they were only trained twice a day. 
Under New Zealand and Australian conditions they are nor­
mally trained by fast work three times a day. I wonder if you 
have examined horses which had more frequent periods of 
training in fast paces than what is the normal situation in 
your country. If you have not, would you care to comment in 
any way on whether this could increase fitness as against the 
twice a week regimen. 
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A. Lind/101m: If one waits two hours after working at maximum 
speed, the lactate is down to zero, but it takes about two 
hours. If one wants to train an animal twice within these two 
hours, one starts with a higher lactate level and one obtains a 
higher lactate value. If one trains them three times a day at 
longer than two hours intervals, one has the same situation 
as one would when training once a day. Because one can 
never deplete the muscles of glycogen, there is still a con­
siderable amount of glycogen left in the muscle, even if the 
horse is exhausted. 

H.M. Williamson: I think I have perhaps not expressed myself 
clearly, although'I do appreciate the information that you 
are after. meaning a greater number of times per week rather 
than more frequently per day. 

A. Lindholm: It is hard to say which is the best, because one cannot 
measure the oxygen uptake and there is nothing relevant to 
go by. In a few years' ti~e we might be able to answer this 
question. Much more experimentation is required before we 
can say anything about it. 

H.H. Krzywanek: I wond~r whether there are always small 
differences between lactic acid concentration in muscle and 
in blood at the 'end of the competition. I think in humans 
measurements have been done and considerable difference, 
have been found. 

A. Lindholm: That is right, This is a problem, because in humans 
one can put a needle into the thigh of the experimental case, 
at once as soon as exercise stops, but a horse has to be taken 
to a quiet place which takes 30 seconds. That is why one gets 
somewhat lower values. They would be higher if one could sit 
on the horse and take the biopsy immediately. 
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G.F. Freign: I would like to compliment you on a most interesting 
paper. I am sure we all enjoyed it. Could you throw further 
light on the ratio between slow twitch and fast twitch muscle 
fibres. Does the ratio remain the same irrespective of age or 
is it modified in any way by training or use? 

A. Lindholm: I showed you one slide in which a slight increase of 
the first twitch, high-oxidative fibres is apparent. The slow 
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twitch fibres, however, remain the same from foals to adult 
horses, so the tendency is only a change from the fast twitch, 
low-oxidative to fast twitch, high-oxidative fibres. I do not 
believe tha.t this is a transformation, because one may have 
some fast twitch, high-oxidative fibres in the untrained 
animal, but which upon training turn out to be more.highly 
oxidative. That is why one sees little difference. The 
difference is significant but not highly so. 
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JI S. Mr. vet. Ass. 45(4) 345-354 

(Proc. 1st into equine vet. Conf., Pretoriuskop 1974) 

BLOOD GASES, ACID-BASE BALANCE AND ELECTROLYTE 
AND ENZYME CHANGES IN EXERCISING HORSES* 

D.W. MILNE" 

SUMMARY 

A study consisting of three separate experiments was carried out to evaluate blood gases, acid-base balance, electrolytes 
and enzyme changes in exercising horses. In the first experiment, comparisons were made between arterial and venous pH, 
P02. PC02 and HCO!i' in unconditioned horses at rest, after two submaximar work loads and 15 minutes after completion of 
the heavier work load. The blood samples were obtained from the carotid artery and jugular vein by direct puncture within two 
minutes of the completion of each exercise period. There was no change in acid-base balance during moderate work but all 
horses developed a partially compensated metabolic acidosis during heavy work. The changes in acid-base parameters were 
still present 15 minutes after completion of the heavy work but were returning towards pre-exercise resting levels. The Pa02 
decrel;lsed during moderate work but was normal during heavy work. The O2 carrying capacity and O2 content of both arterial 
and venous blood increased during both submaximal work rates. There was a linear relation between the changes in arterial 
and venous pH. PCO; and HC03' . Arterial pH, PC02 and HCOj could be predicted accurately from a knowledge of 
venous blood during exercise in these horses. The PC02 and HCO'3 of the venous blood were found to be consistently slightly 
higher and venous pH consistently lower than arterial blood. PaO 2 could not be accurately predicted from venous blood. 
Serum calcium increased significantly during heavy exercise but there was no significant change in serum potasium. Creatine 
phosphokinase (CPK) and serum glutamic oxalotransaminase (SGOT) increased significantly on completion of exercise. 

In the second experiment, arterial, venous and mixed venous pH, P02, PC02 and HCOj were measured in uncondi­
tioned horses at rest and after an anaerobic submaximal work load. The (a-vO 2)ofthe horses after exercise at'700m/min in­
creased two times over the resting levels. 

In the third experiment, venous blood gases, ph, HCO 'j and serum electrolytes were determined on sixteen horses before, 
during and after an 80 km endurance ride. The PCO 2 and bicarbonate were significantly decreased at the completion of the 
ride. The pH was significantly elevated at the middle of the ride. No significant change in venous PO 2, serum potasium or cal­
cium was found during or after the event. 

INTRODUCTION 

Blood gas and acid-base status have been in­
completely evaluated in the horse during eYercise, 
although they have been studied extensively in man. 
Changes in acid-base balance and blood gases during 
exercise vary among different species. Respiratory 
alkalosis occurs in dogs performing exhaustive 
work :10 :19. In man, during strenuous work, metabolic 
acidosis occurs 1 :I. Engelhardt 8 and Krzywanek 19 aJ 

found that arduous exercise will also cause metabolic 
acidosis in the horse. Most of these studies have 
utilized short exercise periods of submaximal or max­
imal work. 

Numerous studies have evaluated changes in serum 
electrolytes in horses during endurance events. Serum 
potassium and calcium concentrations have been 
shown to decrease in endurance horses 23 24. Few 
studies evaluating electrolyte changes in short dura­
tion exercise have been made in the horse. Sreter 36 

found a significant increase in serum calcium and 
Potassium in Thoroughbreds immediately following a 
one-to-three minute race (900-1 OOOm/min). 

Changes in serum muscle enzymes have been 
studied in the horse. Cornelius 6 and Cardinet 5 found 
significant increases in serum glutamic oxalotransa­
minase (SGOT) after strenuous exercise in horses. 
Reithmuller 31 found an increase in resting serum 
SGOT, creatine phosphokinase (CPK) and lactic 
dehydrogenase (LDH) over a seven-month training 
period. 

The purpose of this study was to evaluate the 
Changes in acid-base balance and blood gases in exer­
Cising horses and to determine the accuracy of es-
-------
~ln the unavoidable absence of the author, this paper was presented by Dr 
•. F. Fregin. 

~l'he Ohio Stat~ University. College of Veterinary Medicine, Department of 
etennary Clinical Sciences. 19~5 Coffey Road. Columbus, Ohio 43210. 
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timating arterial blood gases, pH and HCO 3 from 
venous blood during normal resting conditions, sub­
maximal work and recovery from exercise. In addi­
tion, we wished to determine the arterial-venous O2 

difference (a-v02) and the approximate area of 
anaerobic threshold in unconditioned horses, and to 
compare the changes in blood gases and acid-base 
balance in unconditioned horses and endurance 
horses. 

This paper also presents the effects of different 
types of exercise on serum potassium and calcium and 
the effects of short-duration exercise on serum SGOT 
and CPK concentrations. 

MATERIALS AND METHODS 

The study was divided into three separate ex­
periments. 
1. In the first experiment, measurements were made 

on six mature healthy horses: one Thoroughbred 
and one Quarterb6rsestallion; one Thorough­
bred and one Arabian gelding; one Standardbred 
and one Quarterhotse mare. all of which were 
sedentary and had not been in training for at least 
six months. The mean mass and height of the six 
horses was 460 kg and 160 cm, respectively. Blood 
samples were drawn from the carotid -artery and 
jugular vein by direct puncture. Heparinized 
samples were drawn anaerobically for determina­
tion of blood gases, pH and HC03- by a blood gas 
analyzer. t Samples for venous lactic acid were 
drawn into oxalate tubes, placed in an ice bath and 
deproteinized with 0,6 mol perchloric acid. Lac­
tic acid was determined by an anzymatic met­
hod 22 25tt. An ethylene diaminetetracetate-trea. 

tComing No. 165 Blood Gas' Analyser: Scientific Instruments, Mansfierd, 
Mass. 
ttEskalab: Smith Kline Inst., Palo Alto. California. 
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ted blood sample was drawn for the determination 
of packed cell volume (PCV) and total solids (TS). 
Serum total solids was determined by refractome­
try and the PVC by microhaematocrit technique. 
A clotted sample was obtained for determination of 
serum potassium and caicium, and serum SGOT 
and CPK. Serum potassium and calcium were 
measured with an atomic absorption spec­
trophotomete~. The plasma activity of CPK and 
SGOT was determined spectrophotometrically by 
the Rosalki method :12 and Karmen method 17, 

respectively. Commercial reagents for blood deter­
minations were utilized. ttt 

Resting blood samples were drawn while the 
horses were standing quietly in their stalls. Each 
horse was then worke!i under saddle at a rate of 
350m/min for 7 km (20 min). The horses were 
allowed to rest for 30 minutes and then were wor­
ked at a rate of 700m/min over a distance of 3,5 
km (5 min). The total mass of rider and saddle 
was 53 kg. All the samples were drawn within two 
minutes of completion of the exercise periods and 
15 minutes after completion of the heavier exer­
cise. Blood gases, pH, HCOa-, lactic acid, PCV 
and TS were determined immediately after 
sampling. The clotted samples were placed into a 
water bath for ten minutes at 37°C, the blood cen­
trifuged and serum removed and frozen at -65°C 
for determination of electrolytes and serum muscle 
enzymes at a later date. 

Blood gases, pH and HCOa- were analyzed by 
three-way analysis of variance for repeated 
measure, followed by a Student Newman Keul's 
Test when the "F" statistic was significant a5. The 
level of significance for differences in sample 
values was determined for the location (location = 
either arterial or venous blood samples) and time 
(time = rest, 350m/min, 700m/min or 15 minutes 
post-exercise) (Figs 1-4). Lactic acid, PCV, TS, 
Ca++, K+, SGOT and CPK were analyzed by two­
way analysis of variance for repeated measures 
followed by a Student Newman Keul's Test when 
the "F" statistic were significant (Figs 5-10). 

2. In the second experiment, measurements were 
made on four mature healthy horses, 1 Thorough­
bred stallion, 1 Thoroughbred gelding, 1 Standard­
bred mare, and 1 Quarterhorse mare, all of which 
were sedentary for two months. The mean mass 
and height of the four horses was 460 kg and 160 
cm. respecti vely. Two of the horses had exterioriz­
ed carotid arteries to facilitate sampling for 
arterial blood. 

Prior to the exercise period, each horse was 
catheterized with a 110 cm Swan-Ganz flow 
directed balloon catheter n. The catheter was 
placed into the right jugular vein, the palloon in­
flated and the catheter passed into the right ven­
tricle and jugular vein. Heparinized samples were 
position of the catheter tip in the right ventricle 
was monitored by pressure tracings using an os­
cilloscopeoo and the pressure transducerooo. The 
catheter was sutured securely to the horse. Resting 
blood samples were drawn while the horses were 

tttEskalab: Smith Kline Inst., Palo Alto, California. 

OEdwards Laboratories, Santa Ana, California. 
ooOata.cope No. 860: Oata.cope Corporation, Paramus, N.J. 
oooTransducer P23Db; Datascope Corporation, P~amus, N.J. 
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standing quietly. Samples were drawn 
simultaneously from the carotid artery, right ven. 
tricle and jugular vein. Heparinized samples were 
drawn anaeorobically for the determination of 
blood gases, pH and HC03-. Each horse was then 
worked under saddle at a rate of 700 m/min for 3,5 
km (5 min). Carotid, jugular and right ventricle 
samples were taken within two minutes of comple_ 
tion of the exercise. The mean values of the four 
horses were determined. 

3. In the third experiment, measurements were made 
on 16 variably-conditioned endurance horses 
which included Arabians, Quarter Horses and 
Thoroughbreds. The environmental conditions 
were moderate for the day of the ride. The 
temperature was 22°C and the relative humidity 
was 65 per cent. The evening before, in the middle 
and at the completion of an 80 km ride, venous 
blood samples were obtained. Heparinized 
samples were drawn for analysis of pH, P02, PC02 
and HCOa-with a blood gas analyzer. An ethylene 
diaminetetracetate sample and a clotted sample 
were drawn for determination of PCV, serum TS 
and potassium and calcium, respectively. Serum 
calcium and potassium were measured by an 
atomic absorption spectrophotometer. Serum total 
solids was determined by refractometry and the 
PCV by microha:matocrit technique. 

The data were statistically analyzed by a two­
way analysis of variance for repeated mt:asures. 
When the "F" statistic was significant, the data 
were followed by a Student Newman Keul's Test. 

RESULTS 
Experiment 1 

During rest and exercise, there was no significant 
difference between arterial and venous pH (Fig. I). 
The venous pH values ,Were consistently lower ~than 
arterial pH, the average'..difference being 0,01 units. I 

7.5 

iE 7.3 

7.1 

D ARTERIAL 

~ VENOUS 

REST = :/,.9 Ig:~'!. 
f--~~~ 

3 WAY ANALYSIS OF VARIANCE· 
(REPEATED MEASURES DESIGN) 

~U~;M~ tlf ~ LEVEL OF 

LOCATiON I 

ANIMALS 5 

TIME 3 

TIME VS. LOCATION 3 

0.23 

0.114 

NOT SIG. 

990/. 

NOT SIG. 

RESIDUAL ERRORL.o~""'------+ _______ ...J 

Figure I - Arterial and venous pH 
from the carotid and jugular vein 
of unconditioned horses performing 
two submaximal work loads. Statistics' 
df • degrees of freedom. 
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LOCATION I 7.40 99% 
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TIME 3 4253 99% 
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RESIDUAL ERROR'-'35=-________ ---1 

Figure 2 - Arterial and venous 
HCO - from the carotid artery 
and jugular vein of unconditioned 
horses performing two submaxi mal 
work loads. Statistics' df' degrees 
of freedom. 

There was a significant difference between arterial 
and venous HC03- and between arterial and venous 
PCO~ (Figs 2,3). The resting and working venous 
HC03-; was consistently slightly higher than arterial 
HCOI, the average difference being 2,47 mElt. The 
rest and working venous PC02 were consistently 
,lightly higher than arterial PC02, the average 

50 

"' ... 
~ ~ 30 

E 

o 

n ARTERIAL 

~ VENOUS 

REST 350 700 I~:r. 
I--~~~ 

:3 WAY ANALYSIS OF VARIANCE­
(REPEATED MEASURES DESIGN) 

~~~~~fo<: df F slr.~Yfi~~CE 
LOCATION 

ANIMALS 

TIME 

nME VS. LOCATION 

RESIDUAL ERROR 

I 25.87 99% 

5 - -
:3 29.20 99% 

:3 0.245 NOT SIG. 

35 

Figure 3 - Arterial and venous peo 
from the carotid artery and jugular 2 
vein of unconditioned horses 
performing two submaximal work 
loads. Statistics' df' degrees of 
freedom. 

:lifference being 6,99 x 102Pa (5,24 mm Hg). There 
Nas no significant difference in pH, HC03- or PC02 
Nith respect to time versus location (Figs 1, 2, 3). The 
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pH, HC03- and PC02 of venous blood at each time 
(rest, 350m/min, 700m/min and 15 minutes post­
exercise) consistently reflected the changes in arterial 
values. 

The pH, HC03- and PC02 were significantly 
different with respect to time (Figs ~, 2, 3). The pH, 
HC03- and PC02 did not change significantly at 
moderate work (350m/min) but decreased significant­
ly at heavy work (700m/min) and had begun a signifi­
cant return towards normal by 15 minutes post­
exercise. 

Arterial oxygen (Pa02) and venous oxygen (PV02) 
were significantly different (Fig. 4). The resting and 
working PV02 values were consistently lower than 
Pa02. There was also a significant difference in P02 
with respect to time versus location, i.e., the PV02 did 
not reflect the changes in Pa02. 

The Pa02 and PV02 were significantly different 
with respect to time (Fig. 4) Th¢ resting and working 
PvO" did not reflect the changes in Pa02. The Pa02 
decreased significantly at a submaximal work load 
of 350m/min but the PV02 values did not change 
significantly. The PV02 increased significantly at 700 
m/min and had begun to decrease by 15 minutes post­
exercise, but was still significantly elevated over 
resting levels. 

... 
",:I: 
OE 
I1.E 

120 

80 

40 

o 

nARTERIAL 

~VENOUS 

REST ~ 700 I5mln • 

f- ~ ~ ~ 
:3 WAY ANALYSIS OF VARIANCE· 

(REPEATED MEASUR~~ES DESIGN) 
SOURCE OF VEL OF 
VARIAnON f-d~f __ ..!:F __ ..i!!!;!!!!Ir..!FICANCE!<f!!!!&""~ 

LOCATION 

ANIMALS 

TIME 

nME VS. LOCATION 

RESIDUAL ERROR 

., 618.61 99% 
5 '. - -
:3 10.94 99% 

:3 3.63 95% 
I'~ 

~~u'r'e 4 -'Arterial and venous PO 
frem ··the carotid artery and jugular 2 
vein of unconditioned horses performing 
two submaximal work loads. Statistics' 

df' degrees of freedom. 

The lactate concentration in venous blood was 
significantly different with respect to time (Fig. 5). 
Venous lactic acid concentration did not change 
significantly during moderate work but had increased 
significantly at 700m/min and had begun to decrease 
by 15 minutes post-exercise but had not reached the 
normal resting values. 

The PCV and TS were significantly elevated in 
venous blood at both moderate and heavy work (Figs 
6,7). Compared to resting levels, the PCV rose 32 per 
cent at a work rate of 350m/min and 55 per cent at. a 
work rate of 700m/min. The total solids rose 6 per 
cent during moderate work and 16 per cent during 
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o 

2 WAY ANALYSIS OF VARIANCE· 
(REPEATED MEASURES DESIGN) 

SOURCE OF LEVEL OF 
VARIATION r=d"-f_----'F'--__ ....:S2!�~GN~I~FI~CA~N:!:C~E:..........j 

TOTAL 23 
ANIMALS 5 

TIME 3 14.07 99% 
ERROR~15 _______________ ~ 

9.6 

Figure 5 - Lactate from venous blood 
of unconditioned horses at two 
submaximal work loads. Statistics· df 
- degrees of freedom. 

2 WAY ANALYSIS OF VARIANCE· 
(REPEATED MEASURES DESIGN) 

SOURCE OF LEVEL OF 
VARIATION df F SIGNIFICANCE. 

TOTAL 17 
ANIMALS 5 

TIME 2 25.43 99% 
ERROR (0 

L-__________________ __ 

Figure 6 - Total solids from venous 
blood of horses at two submaxi mal 
work loads. Stati stics • df - degrees 
of freedom. 

348 

60 

50 

40 

2 WAY ANALYSIS OF VARIANCE· 

SOURCE OF (REPEATED MEAS~~~C'g~'GN) 
VARIATION elf F SIGNIFICANCE 

TOTAL 17 

ANIMALS 5 
TIME 2 18.34 99% 

ERROR 10 
~~------------~ 

13.5 

12.5 

11.5 

10.5 

Figure 7 - P. C. ·V. from 
venous blood of unconditioned horses 
apwo submaximal work loads. 
Statistics • df -degrees of freedom. 

2 WAY ANALYSIS OF VARIANCE· 
(REPEATED MEASURES DESIGN) 

LEVEL OF 
'df F SIGNIFICANCE 

TOTAL 17 

ANIMALS 5 

TIME? 7.21 95% 

ERROR 10 
~~------------~ 

figure 8 - Calcium from 
venous blood of unconditioned 
horses at two submaximal 
work loads. Statistics· df 
- degrees of freedom. 
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Table 1: PHYSIOLOGIC DATA OBTAINED AT REST, AFTER 350m/min AND 100m/min 
IN UNCONDITIONED HORSES 

IX of Six Horses) 

. 
Condition 

PCV Hb °2 
% 9 % Capacity Vol. % 

Rest X 36,6 12,2 ' 16,35 

350 
mlmin X 48,3 16,1 21,57 

700 
mlmin X 56,5 18,8 25,19 

• = 1,33 x 10
2 

Pa 

300 

SOURCE OF 
VARIATION f--'!:'--'------==:.:.:....:.;:::...::.=---j 

TOTAL 
ANIMALS 

TIME 9.06 95% 
ERROR 5 

Figure 9 - S. G. O.T. from venous 
blood of unconditioned horses after 
exerci se. Stati stics • df = degrees of freedom. 

heavy work. This rise in PCV and TS resulted in an 
increase in oxygen carrying capacity of the blood 
(Table 1). 

The serum muscle enzymes were significantly 
elevated on completion of exercise (Figs 9,10). The 
SGOT rose 50 per cent and the CPK 227 per cent over 
the resting levels. Serum calcium rose significantly 
(13 per. cent) after the heavy work but there was no 
significant change in serum potassium (Fig. 8). 

Experiment 2 
The pH and HC03 - decreased in arterial, venous 

and mixed venous blood at the heavy work load 
(7oom/ min) (Figs 11, 13). The PC02 fell in arterial 
and venous blood but was unchanged in the mixed 
venous blood after exercise (Fig. 12). The P02 in­
creased in venous blood but showed little change in 
arterial and mixed venous blood over the resting levels 
(Fig. 14). The (a-v02) was calculated using one third 
the packed cell volume as a measure of the 

pH 
P02 % Sat- 02 Con-

mm Hg· uration tant Vol. % 

7,417 Arterial 102 97% 15,86 

Venous 40 75% 12,26 

7,428 Arterial 93 95% 20,49 

Venous 49 81% 17,47 

7,231 Arterial 109 95% 23,93 

349 

Venous 62 85 21,41 

250 

50;-~~,-----~~--. 
700 

m.min 
2 WAY ANALYSIS OF VARIANCE· 

(REPEATED MEASURES DESIGN) 
LEVEL OF 

F SIGNIFICANCE 

TOTAL II 
ANIMALS 5 

TIME_ I 19.62 99% 
ERROR 5 

~~---------~ 

Figure 10 - C. P. K. from venous 
blood of unconditioned horses after 
exercise. Statistics· df = degrees 
of freedom. 

haemoglobin concentration. The (a-v02) increased 
with exercise (Fig. 15).' The mean (a-v02) of the four 
horses was 36 ml/l atre'st and 74 ml/l after exercise at 
700m/min. 

Experiment :J 
Venous PCO~ and. HCO; were significantly 

decreased at the completion of the ride with no 
associated change of pH (Table 2). The pH, however, 
was significantly increased at the middle of the ride. 
There was no significant difference in blood gases, 
pH or bicarbonate between those horses that com­
pleted the ride in the fastest time and those horses 
that completed it in the slowest time. The horse with 
the fastest time, subject 7A, completed the ride in 6,5 
hours (200m/min) while the subject with the slowest 
time (29A) completed the ride in 10,5 hours (130 m/­
min). They both exhibited an increase in pH and a 
decrease in PCO~ at the middle of the ride and a 
decrease in PC02 and HC03 - on completion of the 
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Table 2: BLOOD GASES, pH, HC03 ·CHANGES IN HORSES DURING AN 
80 KM ENDURANCE RIDE 

pH P02 PC02 HC 0 3' 

mm Hg· mm Hg· mEq/1 

Pre- Mid. Post- Pre- Mid- Post- Pre- Mid- Post- Pre- Mid- Post-

X 7,406 ,:.7,434 7,406 36,8 39,6 40,3 43,3 '41,0 35,5 26,2 26,5 21,7 

±S.E.M. ± 4,1 ± 4,2 ± 5,0 ± 3,4 ± 4,2 ± 3,1 ± 1,8 ± 2,9 ± 2,9 

TWO WAY ANALYSIS OF VARIANCE FOR REPEATED MEASURES FOLt.O\"lED -
BY STUDENT NEWMAN KEUL'S TEST WHEN F IS SIGNIFICANT 

F (2,30) 4,35 2,60 17',53 18,08 

Mid. separate group Not Post. separate group Post, separate group 
from Pre. & Post. Significant from Pre, & Mid. from Pre. & Mid. 

P < 0,05 P < 0,01 P < 0,01 

• Critical value (F(2,30) 95% 99% 
3,32 5,39 

1,33 x 102 Pa 

Table 3: P.C.V., T.S., Ca++ AND K+ CHANGES IN HORSES DURING AN 
80 km ENDURANCE RIDE I' 

PCV T,S, Ca++ K+ 
% g% mg% mEq/1 

" 

Pre- Mid- Post· Pre- Mid- Post- Pre- Post- Pre- Post-

:. 
X 36 43 44 8,45 8,75 8,87 12,74 12,42 4,38 :- 3,85 

.' 
±S.E.M. ±2,44 ±4,66 ±6,17 ± 0,45 ±O,52 ±<l,70 ± 0,88 ± 1,3 ±2,4 : ± 3,1 

TWO WAY ANALYSIS OF VARIANCE FOR REPEATED MEASURES FOLLOWED 8Y 
STUDENT NEWMAN KEUL'S TEST WHEN F IS SIGNIFICANT " .. " , 

"-
F(2,30) 29,84 4,35 F(l,10) F(l,10) 

0,41 4,47 

Pre- separate group Pre. separate group Not ' Not 
from Mid. & Post from Mid. & Post Significant Significant 

P < 0.01 P < 0,05 

Critical value F(l,10) 

Critical value F/2,30) 

ride (Table 4). Four horses had no changes in blood 
gases, pH or HCO I from the beginning to the middle 
of the ride and only one horse showed no change from 
the beginning to the end of the ride. These horses were 
neither the fastest nor the slowest competitors. 

There was no significant change in serum 
potassium, although the mean potassium concentra­
tion did decrease substantially from the pre-ride 
value and the F statistic was very close to the critical 
value (Table 3). Packed cell volume and 1'8 were 
significantly higher at the middle of the ride and 
remained high at the completion of the ride, Both 
PCV and the total solids increased significantly by 
the completion of the ride (22 per cent and 5 per cent 
respecti vely). 

350 

95% 99% 
4,96 10,0 

95% 99% '. , 

3,32 5,39 

DISCUSSION 

The data presented showe'Q that these horses during 
strenuous exercise developed metabolic acidosis. This 
is in agreement with the findings of Krzywanek 20 and 
Engelhardt H. Nevertheless, the decline in pH was not 
directly correlated to the rise in blood lactic acid, 
Respiratory compensation resulted in a fall in venous 
and arterial PC02 to help ameliorate the low blood 
pH. Dur'ing exercise, the decrease in bicarbonate con­
centration was found to be very similar to the rise in 
lactic acid. At moderate 'work (350m/min) there was 
no significant change in bicarbonate in spite of the 
20-minute duration of exercise, while at the heavy 
~xercise level (700m/min), the bicarbonate decrease 
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Table 4: BLOOD GASES, pH, HC03 -CHANGES IN THE FASTEST AND SLOWEST 
HORSE DURING AN 80 km ENDURANCE RIDE 

Subject 

7A 

29A 

* = 1 ,33 x 1 02 Pa 

:r 
0. 

7.5 

7.1 

Speed 

m/min 

200 

130 

mJ ARTERIAL 

l:ZI VENOUS 

o MIXED VENOUS 

Pre 
Mid 
P9st 

Pre 
Mid 
Post 

... 
:I: 

50 

~ 30 
N 

o o 
Q. 

o 

pH 

7,415 
7,448 
7,317 

7,430 
7,461 
7,404 

P02 
mmHG* 

.34,3 
38,6 
46,0 

41,7 
42,8 
42,4 

!lEI ARTERIAL 

IZ:l VENOUS 

D MIXED VENOUS 

PC02 
mm Hg* 

44,2 
40,4 
38,1 

42,7 
38,4 
38,5 

.... 
cr .. 
E 
.", 
o o 

30 

:I: 10 

HC03' 
mEq/1 

27,4 
26,9 
18,7 

27,3 
26,3 
23,4 

B.E. 

+3,4 
+4,1 
- 5,9 

+3,7 
+3,9 
+0,3 

1m ARTERIAL 

~ VENOUS 

L.J MIXED VENOUS 

Figure II - Arterial. venous and mixed 
venous PH from the carotid 
artery. jugular vein and right 
ventricle of unconditioned 
horses performing at lOOm/min. 

Figure 12 - Arterial, venous and mixed 
venous PC02 from the carotid 
artery. juglllar vein. and 

Figure 13 - Arterial. venous and mixed 
venous HCO~ - from the carotid 
artery. jugUlar vein and right 
ventricle of uncondilioned 
horses performing at 7oom/min. 

right ventricle of unconditioned 
horses performing ar 700m/min. 

... 
:I: 
e 
e 
N 

~ 
40 

m ARTERIAL 

C".aVENOUS 

o MIXED VENOUS 

Figure 14 - Arterial,venous and mixed 
venous P0

2 
from the carotid 

artery, jugular vein. and 
right ventricle of unconditioned 
horses performing al 700 m/min. 

was a: 'mirror image of the lactate increase. Therefore, 
there was no change in acid-base balance at mode­
rate exercise and an incompletely compensated meta­
holic acidosis at heavy exercise. The effects of exer­
cise on the acid-base balance and blood gases of arte­
rial and venous blood depend on the severity of exer­
cise. It is apparent from this study that unconditioned 
horses must exceed a work rate in excess of 350 m/min 
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::::: 
E 
~ 
Z 
III 
~ 

§ 
ON 

150 

r-

II!III ARTERIAL 

o MIXED VENOUS 

36· 

1 roo 
~ 

74· 

Figure 15' Arleria~and mi~ed venous POl 
conlen! from the carotid arlery 
and right ventricle 01 unconditioned 
horses performing at 7oom/min . 
• /,A-VOl' difference 

and approach a work rate in excess of 600m/min in 
order to challenge the lactic acid system of anaerobic 
metabolism. During rest, moderate and heavy exer­
cise, we found a linear relation between the changes 
in arterial and venous pH, PCOz and HC03-. There­
fore, in these exercising horses, arterial blood pH, 
PCOz and HCO'; could be predicted accurately from 
venous blood, These findings show that venous 
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samples can be used to characterize arterial acid~base 
status during exercise, avoiding direct arterial 
puncture. 

In the horse, the oxygen supply during exercise is 
increased not only by an increase in blood flow to the 
working muscle but also by an increase in oxygen 
carrying capacity of the blood20 . This is evident by the 
progressive increase in PCV from moderate to heavy 
work in these horses. The oxygen capacity ofthe blood 
increased 8,84 vol' per cent from rest to the heavy work 
(Table 1.). 

Arterial P02 decreased in these horses during 
moderate work but returned to resting level during 
heavy work. In man, there is a disagreement with 
respect to the nature of change in Pa02 during exer­
cise 1 3 34. In the horse at rest, the distribution of 
blood flow in the lungs is such that the uppermost 
parts of the lungs are very poorly perfused compared 
to the lower segments 14. 

This is believed to be due to the effects of gravity on 
the blood in the pulmonary blood vessels. Alveolar 
ventilation is also believed to be greater in the lower 
segments of the lung than in the upper segments. The 
rate of increase in perfusion with distance down the 
lungs, however, is greater than the rate of increase in 
ventilation, resulting in a high ventilation/perfusion 
ration (V NQ) in the upper zone and a low V NQ ratio 
in the lower zone of the lungs. The decrease in Pa02 
during moderate work in th~se horses may be a result 
of an ever wider spread in this ventilation/perfusion 
ratio. Whipp's findings in man\ indicated that during 
moderate exercise there is a greater increase in the 
blood to the upper segments of the lungs than to the 
lower segments which tends to result in a more even 
distribution to the ventilation/perfusion ratio. If 
moderate exercise in the horse were to result in a more 
even distribution of the V NQ ratio, the distribution 
in ventilation/perfusion would not contribute 
significantly to a decrease in Pa02. Other possible 
causes of this decrease in Pa02 would be a larger right 
to left pulmonary vascular shunt, a diffusion limita­
tion or a combination of the two 1 3 28 39. The cor­
responding rise of Pa02 during heavy exercise in these 
horses most likely represents increased return of the 
more highly oxygenated venous blood to the lungs. In 
man and dog, the mixed venous oxygen tension 
(PV02) decreases during exercise resulting in an in­
crease in the arterial-venous oxygen difference (a­
V02r' :19. This is believed to be the result of an increase 
in O2 extraction by the working muscles. The (a-vU2) 

also increased in the horses studied but the PV02 was 
very similar at rest and after exercise. The rise in (a­
V02) from rest to exercise in these horses was primari­
ly a result of the increased O2 content of the arterilll 
blood and not a fall in PV02 (see footnottl page 353'). 
The rise in PV02 appears to represent the return of 
highly oxygenated venous blood from the he'ad region. 

The significant rise in blood pH on completion of 
the first half of the endurance ride was probably a 
result of the decrease in venous PC02 owing to hyper­
ventilation. The hyperventilation may have occurred 
in order to help in the control of body temperature 
since it was greater than that required to handle the 
acid load caused by increased CO2 production owing 
to increased metabolism. Ventilation is of 
significance in the regulation of body temperature in 
the horse, and environmental factors, such as the 
temperature and humidity, have a great influence on 
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the respiratory rate l2 • It is conceivable that 
temperature regulation may have induced sufficient 
hyperventilation to have been responsible for the 
tendency towards alkalaemia in these endurance 
horses. 

Part of the significant fall in PC02 on completion of 
the ride most likely represents respiratory compensa_ 
tion for the significant reduction in HC03-that also 
was present on completion of the ride. The fall in 
bicarbonate is probably best explained by a cor­
responding rise in lactic acid as a result of anaerobic 
metabolism during the final portion of the ride. It has 
been shown in previous studies in man and this study 
in the horse, that bicarbonate is inversely and linearly 
related to lactic acid concentration in the blood of 
subjects performing anaerobic work 38. A portion of 
the decrease in PC02 indirectly represents respiratory 
compensation for the metabolic lactic-acidosis. Since 
the pH did not significantly differ from the resting 
value, the metabolic acidosis was fully compensated 
for by blowing off CO2. The fall in PC02 was greater 
than expected for the associated fall in HC03"7 This is 
based on the 95 per cent confidence limits for the ex­
pected degree of respiratory compensation to un­
complicated metabolic acidosis proposed by 
Winters 41. This suggests the presence of some other 
stimulus to respiration besides that associated with 
the metabolic acidosk This additional decrease in 
PCO t may be a result of increased ventilation as a 
result of heat exchange. This compensated metabolic 
acidosis at the completion of the ride probably oc­
curred because,many riders had their horses complete 
the last portion of the ride at a considerably faster 
rate'than the rest of the ride. Speeds :in excess of 
600m/min cause considerable lactic-acidosis in the 
horse R. ' 

Electrolyte changes have been shown to occur in ex­
ercising man and horse. Most of the studies in the 
horse have been conceme'd 'with endurance events. In 
man, .serum potassiumC6ncentrations have beer 
shown'to increase after both short duration exercisl 
and marathon running while serum calcium increasel 
during short-duration exercise 29 33. 'The significanl 
increase in serum calcium after heavy exercise in thl 
horses in this study is similar to the findings in man 
This rise in serum calcium most likely represents t 
shift of calcium out of the musch~ cell as a result 01 
acidosis :1:1. . • 

Serum calcium has been shown to decrease in bott 
man and horse during marathon running, presumabl) 
as a result of loss in the sweat 24 37. In this study, therE 
was no change in serum calcium. Previous studies iI1 
endurance horses by Mansmann 24 showed a signifi' 
cant decrease in serum Ca++ on completion ofthe 160 
km endurance ride. The difference in our findings 
may indicate only that the two studies did not deal 
with similar stress with respect to environment, speed 
and distance. . 

The mean serum potassium was decreased at the 
end of the endurance ride but was nO\qUite signifi· 
cant at the 95 per cent contidence {eve. In man, duro 
ing short strenuous exercise and mara hon running, 
serum potassium has been shown to ri e above that 
which can be explained by volume contnlctionl 4 21

, 

This rise in serum poiassium has been explained bY 
an efflux of potassium from intracellular stores in eJ(' 
change for hydrogen ions during metabolic acidosis, 
by the'diffusion of potassium from the intracellular 
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space when muscle and liver glycogen is reduced and 
by intravascular haemolysis 4 13 18. The decrease in 
potassium in these endurance horses may have been 
from loss in the sweat. 

The tendency towards alkalaemia at the middle 
and at the end of the ride in these horses may be im­
portant in respect to setting the stage for the develop­
ment of metabolic disorders. Both alkalaemia and 
hypokalaemia have been found in association with 
synchronous diaphragmatic flutt~r 7 24. The tendency 
towards alkalaemia and hypokalaemia in these en­
durance horses indicates that replacement solutions 
may be beneficial during competition to maintain a 
normal metabolic state. 

Several studies in man have indicated that serum 
muscle enzymes rise after exercise 10 15 16. It is believ­
ed that the increase in these enzymes is a result of in­
creased cell membrane permeability due to hypox­
ia J() 11 In. Unconditioned individuals may suffer mus­
cle hypoxia at much less severe work loads than well-

conditioned individuals. Therefore, unconditioned 
horses would be expected to have higher serum mus­
cle enzyme levels after a particular work load. 
Cornelius 6 found that SGOT serum activity was two­
and three-fold higher after strenuous exercise in un­
conditioned horses. In this study, we found a 50 per 
cent increase in serum SGOT and 225 per cent in­
crease in CPK after heavy work. This enzyme 
response to a given amount of exercise may be useful 
as a biochemical estimate of physical fitness in the 
horse. 

ACKNOWLEDGEMENTS 

I thank Drs J. Hensel and D. Given for the statistical analysis; 
C.J. Kuder, K.V. Karaffa, Sherman Mathey, Linda Sager and P. 
Shrimpton for galloping the horses; Sherry Seimer and Barbara 
Speidel for lactic acid and electrolyte determination and Sandra 
Key for typing the manuscript. 

The failure to observe a tall in PVo, may be the result of the time of sampl­
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DISCUSSION 

J.R. Gillespie: I compliment the author in his absence. It was a 
very worth-while paper. With regard to the question why the 
oxygen content increases as exercise becomes more severe, 
that is, exactly what one would expect for the very reasons 
mentioned in the paper. What is happening is that the air in 
the lungs is going to where the blood is and, vice versa, the 
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blood going through the lung is going where the dilatation is. 
So there is an evening out: the matching of diliatation and 
thus considerably higher efficiency of the gas chain units in 
the lung. I agree with every conclusion that the author made. 
On one point, however, I would like to sound a note of cau­
tion. If one wants to look at the total body and its respiratory 
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activity, the only way to do this is by looking at arterial 
blood. Anything short of that just will not do because one is 
then by-passing the lung. Whether one uses mixed venous 
blood or jugular blood, they both have the short-coming of 
having by-passed the lungs, effect on gas exchange and par­
ticularly on pH effects on the blood. This also holds true, by 
the way, if one wishes to consider things like lactic acid; the 
minute one changes the pH of the blood one is likely to 
change the shift between lactic acid and other acidizations of 
the blood. This does not mean that these other 
measurements .do not have something to reveal how the 
whole body is 'reacting to stress. 

Maureen Aitken: Could Dr Fregin or some other speakers tell us 
what value they consider the lactate: pyruvate ratio to be. 
We thought that this was a useful method of assessing 
anaerobic metabolism. 

A. Lindholm: There is an increase in pyruvate during work but it is 
not very high and not that important. The muscle pyruvate 
concentration is very interesting. Foals have very high 
pyruvate concentrations; with increase in age there is a 
decrease in pyruvate concentration. Very little has been done 
on pyruvate in animals; this is especially so in the horse. I 
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h"ve looked at it but I did not find it that important. I think 
lactate is more important. 

J.R. Gillespie: We must be very careful hanging our hats on lactic 
acid as index of anaerobic metabolism, because there are 
studies to show that muscles can be bathed in oxygen, with 
plenty of oxygen about, and they just simply will not Use it. 
They will go ahead and begin to produce lactic acid. It may 
be, and we have some studies to show this, that the enzymes 
are being over-loaded. It may be an enzymatic problem, not 
at all associated with how much oxygen is present in the ac­
tive muscle. I do not think we should consider exclusively 
lactic acid and the lactic acid:pyruvate ratio as an index of 
anaerobic versus aerobic exercise. 

S.G.B. Persson: I could be wrong, but I think Dr Milne concluded 
that the increase in AV oxygen difference was bro~ght about 
mainly by the increase of the arterial oxygen saturation. If 
that the increase in (a-vO~) difference was brought about 
dings. In the horse, during exercise the (a-v02) difference 
is certainly to the greatest extent brought by the decre~se in 
the venous and in the mixed venous blood, which is to ~e ex­
pected. Possibly this difference could have been caused by 
the fact that we measured these values during work, which is 
an advantage. 
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(Proc. 1st int. equine vet. Conf., Pretoriuskop 1974) 

LACTIC ACID CONCENTRATIONS AND pH VALUES IN TROTTERS 
AFTER RACING 

H. KRZYWANEK* 

SUMMARY 

In horses not exhausted by racing (1 900 to 2500 m) at speeds from 1:22,3 to 1:31,0 kmt, the mean pH values of the jugular 
venous blood dropped from 7,379 before the race to 7,164 immediately afterwards, and rose to 7,213 fifteen minutes later. In 
those exhausted after racing the respective values were 7,379; 7,086 and 7,105. 

The mean blood lactate values for horses not exhausted by the above performance were 0,63 mEq// before the race, 17,99 
mEq// immediately thereafter and 16,92 mEq// fifteen minutes later, whereas the values for horses exhausted by the race were 
0,58; 23,14 and 24,37 mEq//, respectively. 

Resting values were attained more rapidly after the race if the horses were jogged at a speed of about 450 m/min for 2000 m. 

During the past five years we have conducted ex­
periments on blood acidity in race-horses, at rest, as 
well as after submaximal and interrupted exercise; in 
a few instances, also, before and after races 3 4 5 6. 

In another study, 173 blood analyses were carried 
out on 34 horses, all of them before and after races. 
Blood was taken from the jugular vein immediately 
before, and 2 and 15 minutes after the race. pH values 
were obtained using capillary glass electrodes (Radio­
meter) and lactic acid concentrations enzymati­
cally 2. Racing distances ranged from 1 900 to 2 500 m, 
running speeds from 1:22,3 to 1:31,0 kmt. ** In so far 
as only few similar investigations have been under­
taken before 1 7 9 10, the results of our studies have 
thrown new light upon the issue. 

Table 1 shows mean values and standard devia­
tions of all data collected in our experiments. The 
material was divided into two groups. Group A com­
prised animals that were not exhausted after the race; 
Group B animals that were exhausted. pH-values in 
Group A dropped from 7,379 at rest to 7,164 imme­
diately after the race. Fifteen minutes later a mean 
value of 7,213 was found. Lactic acid concentration 
increased from 0,63 at rest to 17,99 mEq/l; after the 
race 15 minutes later the mean value was 16,92 mEq/l. 
Thus, pH values were almost always higher 15 
minutes after the race than immediately after the 
completion of the com'petition. Lactic acid concen­
tration, measured 15 minutes following the race, fluc-

* Department of Veterinary Physiology, Free University Berlin, Germany. 
.* Kmt =. kilometres per unit of time, 

tuated. In some cases there were increases, in other 
decreases. 

In Group B, pH values dropped from 7,379 at rest to 
7,086 after the race. Fifteen minutes later pH values 
amounted to 7,105. Lactic acid concentrations in­
creased after the race from 0,58 at rest to 23,14 mEq/l. 
Fifteen minutes later, a mean value of 24,37 mEq/l 
was still in evidence. Only in a few experiments were 
decreases of lactic acid concentrations seen 15 
minutes after the race. The results of Group B clearly 
reflect the exhaustion of the horses after the races. In 
some cases, a remarkable degree of acidosis was 
found. In one horse (No. 56) the pH value dropped 
from 7,39 at rest to 6,97 after the race. Fifteen minutes 
later, a pH level of 6,94 was present. Lactic acid con­
centrations were 26,5 mEq/l after the race, 32 mEq/l 
15 minutes later, as against 0,55 at rest. The above 
post-exercise value is 50 times greater than the resting 
value. 

Table 2 shows results of studies obtained from two 
trotters (No. 60 and No. 71). On the left side of the 
table are listed pH values and lactate concentrations 
at rest, after the race and 15 minutes later. Horse No. 
60, whose trotting performances were of average quali­
ty, ran to exhaustion in its first race. Post-exercise 
acidosis was high even though the running perfor­
mance was only moderate. The horse failed to be plac­
ed. In a second race, the same horse placed 5th; com­
pared with the results of the first race its kmt was 
better and acidosis less pronounced. In a third race, 
the horse won with a still better kmt and less marked 
acidosis. . 

Table 1: BLOOD pH VALUES AND BLOOD LACTATE CONCENTRATIONS BEFORE (B.R.) AFTER RACES (A.R.) AND 15 MINUTES 
LATER (A.R. + 15") 

~-.- -r --- ---
A ( n = 98) B (n=74) -

pH LA [mEq/l] pH LA [mEqll 

B. R. 7,379 ~ 0,02 0,63 ~ 0,3 7, 379 ~ 0,02 0,58 ! 0,3 

...----_.- ----_. ---

A. R. 7,164 ! 0,04 17,99 ~ 2,8 7, 086 ~ 0,05 23,14 ! 2,5 

-
A. R. 

+ 15' 
7,213 ! 0,05 16,92 ! 3,8 

II 

7, 105 ! 0,06 
I 

24,37 t 3,4 

Group A: horses not exhausted, Group B: horses exhausted. 

355 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



,. 
Table 2: pH VALUES AND BLOOD LACTATE CONCENTRATIONS OF TWO HORSES (N. 60 AND NO. 71) BEFORE AND AFTER 

RACES 

I 
No. 6C pH CLac 

r \~~&m B. R. 7,34 0,35 

A.R. 6,99 26,59 
1: 28,2 

.15' 6,97 29,83 

I -

I:' 2~ri6~ B. R. 7,36 0,37 
A.R. 7,04 24,26 

I 1~,7 .15' 7,03 25,60 
! 

I 

I 
13.12. B. R. 7,34 0,35 
1900 m A.R. 7,06 21,22 

I l' 26,3 
1 .15' 7,06 21,46 

No. 71 pH CLac 
1----

23.5. B.R. 7,3fl 0,57 
1900m A.R. 7,17 16,64 

i 1: 26,1 
.15' :~19_~7H -
.-

3.6. B. R. 7,41 1,85 
2000m A.R. 7,06 21,4 1: 24,6 

- .7,5' 7,05 24,S7 _ .. 
17. 6. B. R. 7,39 0,58 
1900 m A.R. 7, 11 19'9~ 1: 23,0 

II + 10' 7,09 23,65 
--_ .. 

29 8. B. R. 7,4 0,82, 
1900m A.R. 7,19 19,98 j 1 : 22,3 

III .7,5 7,17 22,16 

(For explanation of symbols see caption to Table 1). 

On .the right side of table 2 are shown results ob­
tained' from Horse No. 71 which had a very good rac­
ing record (it placed 6th in the German Derby in 1973 
and won the St. Leger ). In its first race of the season, 
included in our experimental series, the animal was 
driven with restraint. Nevertheless, it ran much faster 
than Horse No. 60. Blood acidosis after the race was 
lower. In three subsequeRt .races, running perfor­
mances of Horse No. 71 improved further, while post­
exercise acidosis continued to be less pronounced. 

Table 3 contains results of experiments with yet 
another horse (No. 73). Changes of blood acidity after 

the races were less pronounced than expe.!;ted in terms 
of our previous findings with other trotters. To speci­
fy, lactic acid concentrations after six races of Horse 
No. 73 were 17,79; 21,52; 12,56; 10,30; 13,56 and 12,15 
mEq/l. Corresponding blood analyses in Group B had 
yielded a mean value of 23, 14 mEq/l. Evidently, blood 
acidity levels do not necessarily correspond to racing 
performances. Since degree of acidosis after races does 
not depend on th.e state of training, it reflects deter­
minants of maximal work capacity as indicated in 

.figure· 1, in which lactate .concentrations :after races 

. are plotted against running speed (kmt~,~ 

Table 3: pH VALUES AND BLOOD LACTATE CONCENTRATIONS OF HORSE NO. 73 ASSESSED BEFORE AND AFTER 6 RACES 

.. _--
No. 73 pH CLac 

.. ----- . .: .. "'.-
No. 73~ pH CLac . 

5.12.73 B. R. 7,40 0,65 24.2.74 B. R. 7,37 0,68 
1900m A.R. 7,20 17,79 
Z. n. g. 

II + 15' 7,22 17,60 

1900m A.R. 7,21 10,30 
1: 27,5 

II + 15' 7,26 . 9,96 
.-

9. 1. 74 B. R. 7,37 0, 73 28.3.74 B. R. 7,.36 0,79 
2040m A.R. 7, 17 21,52 
Z. n. g. 

IV + 15' 7,13 19,72 

1900 m A. R. 7,20 13,56 
1: 26,0 

I I + 17' 7,27 10,75 

20.2.74 B. R. 7,37 0,69 11.4.74 B. R. 7,40 1,05 
1900 m A. R. 7,20 12,56 
1: 26,3 

V + 15' 7,26 11,73 

2000 m A.R. 7,28 12,15 
1:25,8 

IV + 17' 7,34 8,89 

(For explanation of symbols see caption to Table 1). '\ 

That pH values are influenced by lactic acid con­
centration is known. In figure 2, pH values are plotted 
against lactate .concentrations, assessed after sub­
maximal as well as after maximal loads; in this graph 
each point represents the difference between pre-load 
and post-load values. For lactic acid concentrations 
·up to 12 mEq/l, a linear correlation with pH exists. 
For lactic acid concentrations of 12 mEq/l and above, 
corresponding pH values decreased significantly. 

In this context it must be remembered that, during 
exercise, horses release blood with high erythrocyte 
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concentration from the spleen. Thus, a conspicuous 
increase in haemoglobin content of the peripheral 
blood, accompanied by an increase of its buffer 
capacity, occurs. A noteworthy release of erythrocy­
tes from the spleen occurs even during submaximal 
exertion', while at the same time lactic acid. concen­
tration does not necessarily increase. After maximal 
effort, the increase in numbers of erythrocytes and of 
concentration of haemoglobin is still greater but the 
extent to which the additional shift manifests itself is 
not as great as the additional shift over the previous-
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fo'ig. 1: Blood lactate concentrations plotted against racing speed (kmt). (Summary of 156 measurements>. 

.. 
. "I: . 
::-"~". • • 4 .:.:: .. -.~ .::. 

"~::~.' ... ' 

• I - •••••• ~:_ 

• -=--: --- ...... 
. ' . 

'0 2 I, 6 8 10 12 

.... ....... .. ....... . . -..... -.... -. - ..... 

II, 

-.. .- .. ..... 
. :-

16 18 

.... ~ •.... 
" . ..~- .... -... . .. ~ '. .: .. -.-" -'-

' .. 
••••• e' ••••• 

• I. I·· I • ... .. : .. 
,. 

20 22 

.. 
'. 

A LA mEq/l 

y-------r 

21, 26 

2: Rlood pH plotted against lactate concentration. (Each point represents the difference between resting and post-race values'. 
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ly mentioned lactic acid concentrations. In figure 3 
the alterations of haemoglobin and lactate con­
centrations after different running loads (300 m./min, 
450 m./min and 60 m./min) are summarized. Results 
obtained with horses in Groups A and B are shown 
separately. The distribution pattern of lactic acid 
values plotted against pH shown in the scatter dia­
gram (Fig. 2) seems to be explained by the findings 
summarized in .figure 3. Haemoglobin concentrations 
are elevated virtually maximally already after 
moderate exercise, while lactate concentrations reach 
their highest values only after races. 

The time pattern of return of blood acidity after 
races to pre-race levels is depicted in figure 4 (horse 
No. 66). Resting values can be reached more rapidly if 
the horses are moved after the race. To exemplify 
figure 5 shows pH values and lactic acid concentra: 
tions of Horse No. 60 before and after races. In experi_ 
ment a) the horse went back to the stable after the 
race and rested; in experiment b) the horse was 
harnessed again after the race and made to jog at a 
speed of about 450 m/min (2000 m). pH values and 
lactate concentrations assessed immediately after the 
races were identical in both experiments (7,037 and 

Fig. 3: Haemoglobin and lactic acid concentrations at rest and af~er different work loads (Columns 1- 4). The last two columns 
depict results obtained from animals not exhausted (Group A) and exhausted (Group B) after races. 

CLac [m Eq II] 

20 

10 

+--.----~----~----~--~----~----~----~---.--~~~,~ 
'\ 90 180 B.R. A.R.- 10 20 30 40 so 60 70 80 

t [min] 

Fig. 4: Lactic acid concentrations in blood at rest, after race and during recovery (Horse No. 66). 

After the races, the horses usually are led into the 
stables. At that time, acidosis is very high. The ques­
tion arises whether high acidosis is 'dangerous'. In 
athletes, Osnes & Hermansen 8 found even higher lac­
tate concentrations, accompanied by corresponding­
ly lower pH values, after an exhausting physical per­
fOl'mance of short duration. Such high levels of acidity 
are well tolerated. 
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26,4 mEq/l, respectively). In experiment a) the pH 15 
minutes after the race' was 7,026, which means it h8d 
remained virtually unchanged, while the 'lactate coO' 
centration had increased from 26,4 immediately after 
the race to 29,8 mEq/ll5 minutes later. In experimeo: 
b) the pH had increased from a post-race value 0 

7,037 to 7,19, whereas the lactate concentration h811 
decreased from a post-race value of 26,4 to 18 mEq/·1 
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LA 
[mEqllJ 

30 

20 

10 

________ - a 

b 

pH 

7,4 

7,3 

7,2 

7,1 

, 
\ 

\ 

_, b 

i ________________ • a 

B.R. A.R. 10 15 t [min] B.R. A.R. 10 15 [min] 

Fig. fi: Blood lactate and pH before and after races, assessed under two different experimental conditions. 
(For explanation see text). 

CLac [m Eq /lJ 
30 

pH 

7,4 . 
! . / 

20 7,3 

'tit 7,2 

10 \ 7,1 

'. '-. 
7,0 

B.R. A.R. 10 20 30 I [min] B.R. A.R. 10 20 30 I [min] 

lig. 6: The influence of moderate exercise during recovery (Horse No. 71) on lactic acid concentrations and pH-values. 
Symbols. III • give the mean values of group B; no exercise during recovery). 

In figure 6 are summarized the results obtained in 
six experiments with Horse No. 70, which was made a 
jog after races. The more prompt return towards nor­
rnal resting values of lactic acid concentrations and of 
pH is evident from a comparison with the correspon­
ding means obtained from horses which were allowed 

to stand in the stable following the races. 
To conclude, lactate concentrations and pH allow 

an evaluation of the physiological relevance of blood 
acidity. Our results thus yield insight into a biochemi­
cal prerequisite of the performance capacity of trot­
ting race horses. 
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DISCUSSION 

J.R. Gillespie: What criteria do you use to assess exhaustion in the 
horse? Earlier on you separated the horses into two groups, 
those that were exhausted after the race and those who were 
not. 
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H.H. Krzywanek: I was always present to examine the horses. I 
asked the trainer's opinion. The division could not be made 
objectively by some exact value. Subjective criteria had to be 
employed. In group A we had high lactic acid values and lo\\> 
ones in group B. 
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(Proc. 1st into equine vet. Conf., Pretoriuskop 1974) 

CORRELATIONS BETWEEN PHYSIOLOGICAL AND BIOCHEMICAL PARAMETERS 
USED TO ASSESS FITNESS IN THE HORSE 

MAUREEN M. AITKEN," MARION G. ANDERSON,' GRACE MACKENZIE' AND 

J. SANFORD'" 

SUMMARY 

Repeated regular performance of physical exercise can reduce the cardiac and respiratory deceleration times, the increases 
in blood lactate, pyruvate and lactate:pyruvate ratio and the increase in serum creatine phosphokinase concentration fol­
lowing exercise. Six horses of Thoroughbred and heavyweight Hunter type were subjected to three exercise programmes of 
varied severity. Biochemical changes were produced only by relatively severe exercise. One horse was judged physiologically 
and biochemically to be definitely unfit initially but its fitness was improved by training. On repetition of the exercise pro­
grammes three horses showed increased fitness as assessed physiologically. 

INTRODUCTION 

Physical exercise in the horse, as in other species, is 
accompanied by changes in physiological and bioche­
mical parameters. The magnitude and duration of 
such changes may indicate the ability of an animal to 
produce and utilize the energy required to support in­
creased muscular activity. This ability may be 
enhanced, as reflected by diminution in the 
magnitude of such changes, if exercise is repeated at 
regular intervals. An animal may thus be said to 
become increasingly 'fit' as a result of 'training'. 

The physiological changes accompanying exercise 
are elevation of heart rate and blood pressure with 
redistribution of blood to skeletal muscle and increase 
in cardiac output. Respiratory rate, depth and conse· 
quently minute volume increase. The biochemical 
changes include elevation of blood concentrations of 
the metabolites glucose, lactate, pyruvate, free fatty 
acids and glycerol and increased serum concentra­
tions of the enzymes lactic dehydrogenase (LDH), 
aldolase (ALD) and creatine kinase (CK). The rates 
at which heart and respiratory rates fall after exercise 
have been used to assess fitness in man and 
horse 3 14 17. High concentrations of blood lactate and 
pyruvate have been observed following exercise par­
ticularly in untrained human beings 6 12 13 and the 
relationship between blood lactate and pyruvate 
levels has been used as an index of the oxygen 
deficiency of tissues II 12. Training has been found to 
reduce or eliminate serum enzyme increases due to ex­
ercise in man and rats 7 8. 

We measured changes in the above parameters in 
horses of Thoroughbred and Hunter type subjected to 
exercise programmes of varied severity and frequency. 
In many cases, training effects were observed as 
progressive reductions in the biochemical and phy­
siological changes accompanying the exercise. Initial­
ly the biochemical aspects of exercise in the horse 
were investigated extensively by one of us 2 and, in 
different sets of experiments, heart and respiratory 
rates were monitored in relation to exercise 2. These 
fin~'ings will be outlined briefly. Subsequently, 

• Department of Veterinary Pharmacology, University of Glasgow, Veteri­
nary HORpital. Rea .... den Road, Rearsden, Glasgow. 

•• Formerly: Dept. of Veterinary Pharmacology. Present address: Depart­
ment of Microhiology, Institute for Research in Animal Diseases, 
Agricultural Re.earch (',ounci!, Compton, nr. Newbury, Berks. 

' •• Formerly: Dept. of Veterinary Pharmacology, Glasgow. Now with John 
Wyeth & Brother, 'i'aplow, Maidenhead, Berks, Englandl 
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selected physiological and biochemical parameters 
were monitored simultaneously in groups of horses 
given fixed amounts of exercise at regular intervals. 
The times taken for heart and respiratory rates to fall 
over a predetermined range after completion of exer­
cise were measured, and blood concentrations of lac­
tate and pyruvate befo{,e and after exercise deter­
mined. Serum concentrations of creatine kinase (CK) 
were likewise monitorad. CK has been shown to be the 
most specific of the enzymes released during exercise 
in being derived from skelet~l muscle 2. 

METHODS 

Recording of ECG, heart Rate and Respiratory Rate 
Electrocardiograms were recorded by radiotele­

metryt using a modified bipolar chest lead as pre­
viously described I 1015. A Neilson heart rate meter 
was used to obtain a continuous record of heart 
rate. Recording was carried out for five minutes before 
exercise, for one minute at 5-minute intervals during 
exercise and continuously on cessation of exercise un­
til the heart rate had fallen to under 50 beats per 
minute. Simultaneously, respiratory rate was 
measured by observation over 30 second periods and 
measurements contiriued every minute after exercise 
until the respiratory rates had fallen to under 20 per 
minute. 

Estimation of Blood. Lactate and Pyruvate Levels. 
Volumes of 10 ml olood ·were withdrawn from the 

jugular vein before and immediately on cessation of 
exercise. The blood was de-proteinized by mixing with 
10 ml volumes of 0,7M ice-cold perchloric acid and 
centrifuging at 2 000 rpm for 10 minutes. The super­
natant was stored at -15°C until lactate a:pd pyruvate 
estimations were carried out. 

Blood lactate levels were estimated using the 
Biochemica Test Combination Cat No, 15972 5 which 
is' based on the enzymatic method of Hohorst 9, Ex­
tinction readings at 340 nm were made on a Unicam 
SP800 spectrophotometer 2. 

Blood pyruvate levels were assayed using a method 
for the simultaneous enzymatic determination of 
acetoacetate and pyruvate 2 4 • 

i"Receiver and Transmitter: Ernes & Turner, LPndon, England, MIE Type 
TM2R. • 
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Estimation of Serum Enzyme Levels 
Jugular venous blood was collected in unhepariniz­

ed polystyrene tubes immediately before, immediate­
ly after and/or five hours after exercise_ It was centri­
fuged and the upper layer removed and allowed to 
clot. Assays on serum were carried out immediately or 
within four days of storage at -15°C. 

Creatine kinase was determined by the spectro­
photometric method of Oliver 16 with substrate con­
centration, pH arid temperature modified to provide 
optimal working conditions for horse enzymes 2. 

RESULTS OF INITIAL EXPERIMENTS 

Heart Rate and Respiratory Rate Deceleration 
Daily lunging exercise was used in initial obser­

vations on deceleration of heart and respiratory rates 
after exercise. Horses, when subjected to this exercise 
after several weeks 'rest' at grass, showed a 
progressive reduction in recovery time assessed as the 
time for heart rate to fall to pre-exercise level. This is 
illustrated in figure 1. This also shows the typical 
rapid fall in heart rate during the minutes following 
cessation of exercise. Similar reductions in ti~e· for 
the respiratory rate to return to normal were indicated 

HORSE NO.4 

but respiration varied considerably from minute to 
minute in depth and in rate. This, together with the 
method of recording, made this parameter less useful 
than heart rate. 

Many factors other than state of fitness influence 
heart and respiratory rates during and following exer_ 
cise. These are summarized in table 1. Speed of per­
formance had the greatest effect on respiratory rate in 
.Thoroughbred type horses while environmental 
temperature also affected heart arid respiratory rates 
particularly in heavyweight Hunters. Heart rate fell 
more slowly in heavyweight Hunters than in 
Thoroughbreds. (Table 2.) 

Blood lactate and Pyruvate levels 
The normal levels of lactate, pyruvate and lac­

tate/pyruvate ratios measured in nine horses on 
several different occasions are shown in table 3. Blood 
lactate and pyruvate levels and the lactate pyruvate 
ratio rose during exercise and began to fall when exer­
cise ceased. Increases were greatest during galloping 
as shown in figure 2. Daily exercise, consisting of trot­
ting and cantering for 13 km carried out by one horse, 
had a training effect as shown in figure 3. The in­
creases decreased over a 3-week period. 

HEART RATE AFTER EXERCISE. 

RATE/MIN. 

100 

90 

80 

70 

60-

50 

40 

30 

20 

5 

~ DA.Y 

0--0 DAY 

6---- ---6 DAY 

------ DAY 

DAY 
11 

DAY 
5 

10 

MINS. 

1 

2 

5 

11 

DAY 
2 

15 20 

Fig. 1: Reduction in ~~art rate deceferation time following daily lungeing exercise. 
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Table 1: FACTORS INFLUENCING HEART AND RESPIRATORY RATES 

Parameters 

1. Heart rate deceleration time/respiratory rate deceleration 
time 

2. Heart rate deceleration time/average time per circle 

3. Respiratory rate deceleration time/average time per circle 

4. Heart rate before exercise/respiratory rate before 
exercise 

5. Heart rate after exercise/respiratory rate after exercise 

6. o Heart rate after exercise/heart rate deceleration time 

7. Environmental temperatu re /average time per circle 

8. Environmental temperature/heart rate deceleration time 

9. Environmental temperature/respiratory rate deceleration 
time 

10. Environme(ltal temperature/sweat 

11. Average time per circle/sweat 

n = number of observations 
r = coefficient of correlation 

Horse Type 
No. 

Nos. 1 & 3 Heavy 
Hunter 

Nos. 2 & 4 Thorough-
bred 

p 

Table 2: 

Mean 
Average 
Time per 

circle sec. 

10,3 

10,4 

<0,45 
>0,40 

Table 3: 

No. of 
Metabolite Samples Mean 

!, 

lactate mg.ll00ml. 43 5,5 

Pyr~vate mg.ll 00 41 0,5 
mi. 

lactate/pyruvate 39 11,4 
ratio 

(From Anderson, 1913) 

Mean 'Mean 
Fastest Deceleration 

Time per Time Heart 
circle sec. Rate min. 

9,5 16 

9,1 9 

<0,3 < 0,005 
>0,2 

SD Range 

± 1,76 (2,8 - 11,0 ) 

±O,19 (0,24 - 1,28) 

±3,OI (4,7' -17,8 ) 

n 

25 

28 

25 

28 

25 

28 

27 

27 

25 

27 

28 

Horse No.1 
(Heavy Hunterl 

r 

0,48 

·0,21 

-0,09 

0,18 

0,21 

0,59 

-0,15 

0,44 

0,68 

0,49 

0,28 

110 

I •• 

12. 

100 

MG'- 00 
D .. 

•• 

It 

•• 3. 

• 

p 

<0,02 
>0,01 

<0,03 
>0,2 

<0,1 
>0,6 

<0,4 
>0,3 

0,3 

<0,01 
>0.001 

<0,5 
>0,4 

<0,05 
>Qm 

<0,001 

<~ 
>0,01 

<0,2 
>0,1 

-'---'-'+---i 
so 

Horse No.2 
(Thoroughbred) 

n r 

12 0,77 

12 -0,38 

12 -0.11 

12 0,52 

10 0,77 

12 0,83 

12 0,44 

12 ·0,007 

12 -0,26 

PYRUVATE 

100 

MINUTES AFTER [liE RCISE BEGINS 

p 

<0,05 
>0,02 

<0,3 
>0,2 

<~ 
>~ 
>0,1 
>0,05 

<0,05 
>0,02 

<0,02 
>0,01 

<0,2 
>0,1 

>0,9 

<0,5 
>0,4 

,_._ ••• _, TROT/CANTER • 1----1 GALLOP. 2 HORSES 

Fig. 2: Eff~cts of exercise on blood lactate, pyruvate and lac­
tate: pyruvate ratio. (From Anderson, 197:3). 
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LACTATI 

.G~ 

tI 

tI 

LACTATI tI 
"..,VATI tI 

• 

"I-IXIIICISI 0 
POST-IXIIICesl 

,eI DAY ..ttDAy 

Fig. 3: Effect of training on blood lactate, pyruvate and lactate: pyruvate ratio. (From Anderson, 1973). 

Serum CK Levels 

The normal range for serum. levels of CK in 10 
horses was found to be 111 ± 33, ~ range of'S3 to 170 
mIU/ml. Daily variation in CK levels was found in 
two horses to be 58-84 and 42-75 mIU/ml respectively. 
Sampling before, during and at intervals for 72 hours 
after exercise revealed elevations of CK which were 
maximal 5-S hours after exercise. Exercise consisting 
of trotting and cantering only, resulted in changes of 
similar magnitude to those produced when exercise 
included galloping. 

Weekly repetition of an exercise programme in­
volving trotting, cantering and galloping over a total 
distance of 20 km produced a training ~ffect as shown 
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in figure 4. The increase is expressed as a percentage 
of the initial increase. ' 

SIMULTANEOUS PHYSIOLOGICAL AND 
BIOCHEMICAL OBSERVATIONS 

Horses 
Six clinically normal animals, tour geldings and two 

mares of Thoroughbred or heavyweight Hunter type, 
aged 8 to 17 years, were used. They were housed in 
loose-boxes and maintained on a constant diet 
throughout the experiments. Daily maintenance exer­
cise, which all animals performed, unless otherwise 
stated, when not carrying out the experimental exer­
cise programmes, consisted of walking and trotting for 
20-30 minutes over a distance of 3 to 5 km. 
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EFFECT OF TRAINING ON MAGNITUDE OF 

INCREASE IN SERUM ENZYMES 

120 

* -ALD 

-LDH 
100 ---L_~ 

-CK 

• HAEMOLYSED 

80 ... 
(/) 

« ... 
II:: 
U 

60 ~ 

...J 
« 
t: 
z 40 

... 
0 

~ 

20 

2 4 

TIME (WEEKS) 

Fig. 4: Effect of training on serum enzymes. (From Ander­
son, 1973). 

Exercise Programmes 

Three experimental exercise programmes were 
used: all were performed in an indoor exercise unit. 

Exercise A: 

Ridden daily 
Pace: Canter 
Distance: 100 circuits of indoor arena 

100 x 90 m = 9 000 m = 9 km 
Duration: 27-33 min 
Speed: 5-6 m/s 

Exercise B: 

Lunged daily 
Pace: Canter 
Distance: Approximately 6-8 km 
Duration: 20 min 
Speed: 5-6 m/s 

Exercise c: 
Ridden twice weekly 
Pace: Trot 
Distance: 20 circuits of indoor arena 

20 x 90 m = 1 800 m = 1.8 km 
Speed: 3,5-5 m/s 
Pace: Canter 
Distance: 120 circuits of indoor arena 

120 x,90 m = 10 800 m = 10,8 km 
Speed: 5-6 m/s 
Total distance = 12,6 km 
Total duration = 35 min 
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Table 4 lists the types, ages and sexes of the horses 
used, together with the experimental exercise 
programme which they performed. Where exercise 
during the weeks preceeding the experimental 
programme was other than the daily maintenance 
described, this is indicated. 

Each horse performed an experimental programme 
on at least four occasions. Throughout the tests each 
horse was ridden or lunged by the same person to 
avoid effects due to different weights or styles of 
riding or lunging. The speed of cantering and trotting 
by each horse was maintained as constant as possible. 
The time taken to complete one circuit of the arena or 
lunge ring was measured every four minutes during 
Exercise A and C and every two minutes during Exer­
cise B. 

TABLE 4 

Ex-
peri-

men- Horse Exercise 
tal No. History Type sex 

Excer-
cise 

A 1 Maintenance Thoroughbred Mare 
A 2 Maintenance Heavy Hunter Gelding 
A 3 Maintenance Heavy Hunter Gelding 

'+ jumping 

B 4 Lungeing Thoroughbred Gelding 
B 5 Lungeing Thoroughbred Gelding 

C 4 Lungeing Thoroughbred Gelding 
C 6 Walking Heavy Hunter Mare 

RESULTS 

Exercise A 
Table 5 shows, for Horses No.1, 2 and 3, average 

cantering speed; maximum heart rate and respiratory 
rate during exercise; heart rate deceleration time, ex­
pressed as the time in minutes for heart rate to fall 
from 100 beats per minute to 50 beats per minute; 
respiratory rate deceleration time, expressed as the 
time for respiratory rate to fall from 70 to 25 per 
minute; CK concentrations in serum before and after 
exercise with the actual rise in CK and the rise ex­
pressed as a percentage of the pre-exercise concentra­
tion. Actual and ,percentage changes in lactate and 
pyruvate levels are si.milarly listed. Serum CK levels 
were those immediately after exercise. The 
relationship betwee:n",' 'heart rate deceleration and 
percentage rise in CK is ,illustrated for horses No 1 
and 2 in Figure 5. 

In Horse No 1, heart rate deceleration time was 
longest on the first day and was subsequently reduced 
by 60 per cent. This initial prolonged recovery did not 
correspond to the greatest increase in CK which oc­
curred on Day 5. The increase in CK was smallest on 
Day 11. The increases in lactate and lactate/pyruvate 
ratio fell progressively until Day 11 when large in­
creases ocurred. 

Horse No 2. showed no improvement in heart rate 
deceleration over 5 days and there was no rise in CK. 

Horse No.3 consistently showed a longer heart rate 
deceleration time (24 to 29 min) than No 1 and 2 (7 to 
9 min). This did not diminish over 12 days and was 
accompanied on Day 2 by a negligible rise in serum 
CK. 
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Fig. 5: Heart-rate deceleration times, changes in serum concentrations of creatine kinase and in blood concentration oflactate 
in two horses after cantering 9 km daily. . 

Exercise B 
Table 6 shows the effects on Horses No.4 and 5 of 

exercise on the lunge-rein. 
Horse No. 4 showed a steady cardiac and 

respiratory deceleration time and no increase in CK 
immediately after exercise. This rise in lactate, 
however, was smaller on Day 5 than on Day 2. This is 
illustrated in figure 6. 

Horse No.5 showed a slight improvement' in heart 
rate deceleration and CK increased less on Day 3 than 
on Day 1. 

Exercise C 
In this scheme, samples for CK estimation were 

taken five hours after exercise and metabolites were 
not measured. In figure 7 times for heart rate to fall 
from lOO/min to 50/min are shown for each occasion of 
twice-weekly exercise, together with percentage in­
creases in CK. Horse No 5 showed negligible changes 
in comparison to Horse No 6. 
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DISCUSSION AND CONCLUSIONS 

On the basis of observations on heart rate and 
respiratory rate, Horse No.2 was fit for the amount of 
exercise it was required to perform. Horse No.3 show­
ed no improvement and might also have been con­
sidered fit or alternativelY,as requiring a very extend­
ed period of training. Horse No.1 showed an improve­
ment. Biochemically, on the basis of CK changes, 
none of the three was clearly unfit although some im­
provemerit was indicated in No. 1. Lactate changes 
were not great. This might have been expected as 
galloping was not included in the exercise schemes. 
Changes in lactate/pyruyate ratio were variable. Of 
the three horses, No.3 had been performing more 
work than had the other two prior to the experiment. 

Horse No.4 appeared fit, physiologically and on CK 
changes, for Exercise B. Lactate increases, although 
small, might have indicated some training effect. 

. Horse No. 5 showed a slight improvement bioche-
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Table 5: EXERCISE A 

During Exercise Serum Blood 

Re-
Maxi- spira- Lactate: 

Maxi- mum Heart tory 
Creatine Kinase Pyruvate 

Pyruvate 

Ave- mum Re- Rate Rate 
Lactate Ratio 

Test rage Heart spira- Decele- Decele-
Day Speed Rate tory ration ration 

No_ secl Imin 
Rate 

Time Pre Post Inc % Inc Inc % Inc Inc % Inc Inc % Inc 
Imin Time 

cir- (min) 70/min 
cuit 100/mln +:15/min mlUl mgl mgl 

+SO/min mlU/ml ml 100ml 100ml 

Horse No_ 1 
1 14,7 114 15,5 8,2 71 111 40 56,3 17,2 521 0,2 62,5 29,1 282,5 

2 14,7 104 9 4,7 245 296 51 20,8 
3 15,4 130 108 7,7 9,5 146 213 67 ~,8 15,3 364 0,02 4,3 31,5 346 

4 15,9 108 6 1,2 
5 16,1 144 100 7 3,5 73 151 78 106 15,8 303 0,03 8,5 40,4 271 

8 15,1 108 9,2 3,5 
9 15,1 144 108 7,7 4,5 63 87 24 38 -2,2 - 34,3 - 0,19 -40 1,4 10,2 

10 15,6 104 8,2 4,5 
11 15,6 132 108 8,5 2,5 67 73 6 8,9 16,4 188,5 - 0,35, -76 209,3 1107 

Horse No_ 2 
1 17,5 124 9 3,7 104 
2 17,7 116 9 7,5 86 85 - 1 - 1,1 2,7 84 - 0,03 - 7,3 7,7 98,7 

3 16,0 116 11 6,7 
4 16,4 168 116 8 7 100 1,0 25 - 0,15 - 33 6,9 83,1 

5 16,8 112 9 6 

Horse No_ 3 
1 15,4 108 24 9,7 90 18,1 532 0,12 70,5 4,2 21 

2 15,8 104 28 8 102 
3 15,4 144 108 43 15 91 112 21 23 24,5 340 0,72 156,5 11,2 71,3 

4 15,9 104 23,5 4,7 100 
5 

I 

16,4 104 40,2 8,5 106 
8 16,3 108 18 6 102 39,1 1086 1,2 400 16,5 137,5 

9 16,3 100 24 3,2 
10 16,1 104 25,5 5 
11 16,3 104 27,7 2,5 96 11,6 232 0,7 162 3,1 26,7 

12 16,2 108 29,5 3,5 

Table 6: EXERCISE B 

During Exercise Serum Blood 

I Re-

I spira-

I 
Maxi- Heart tory Lactate: 

Ave- mum Rate Rate Creatine Kinase Lactate Pyruvate Pyruvate 

I Test rage Heart Decele- Decele- . -- Ratio 

Day Speed Rate ration ration 

( No. secl Imin Time Time Pre Post Inc % Inc Inc %-Inc : Inc % Inc Inc % Inc 

circuit (min) (min) 

I 
100/min 70/mln mgt mgl 

+SO/min ~25{min mlU{ml mlU{ml 100ml 100ml 

Horse No.4 
1 9,9 108 10 3,5 121 , 

I 2 10 108 7,5 3,5 90 86 4 - 4,4 13,3 141 - 0,17 -54,8 131.8 . 434,9 

J 9,9 102 10,2 3,0 
\ 

4 9,7 102 8 2,5 
" 5 . 9,8 8,7 5,2 1,1 31,5 0,13 100 9,2 34,2 

Horse No.5 
1 8,5 114 13 9 138 187 49 35,5 
2 9 108 14 8,7 160 
J 9,2 108 9 6 150 152 2 1,3 
4 9,1 114 7,5 2 
5 9,2 . 114 12,5 13,5 
8 10,0 108 6,5 2 

'--
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EXERCISE B. 

HORSE NO.4. 

H.R. DECELERATION 

LACTATE % INC. 

0 ..... .0 ,-!p RATIO 

\ 
\ % RISE IN 

150 100 

12 
\ LACTATE 

'0 RISE IN 

Lip RATIO 

Q \ 
HEART RATE 

DECELERAT ION 

TIME (MINS) 

10 

8 \X\\ .~ 

\. \~~ 
100 400 

\ 

• , \ 
, \ 50 200 

4 
, 

\ ,. 
\ 
• 

2 , 
\ ,,, 
, 
c 

2 3 4 5 

TEST DAY 

Fig. 6: Heart rate deceleration times, lactate and lactate: pyruvate ratjp in one horse after cantering on the lunge·rein for 20 
min daily. 

mically and physiologically. Both these horses were 
performing regular lunging exercise prior to the ex­
perimental programme. 

When Horse No. 4 began Exercise C, eleven days 
after completing its last performance of exercise B, it 
again appeared fit on the basis of heart rate decelera­
tion. Increases in CK were greater than during Exer­
cise B but remained steady except on Day 2 when the 
mcrease was greatest. Horse No.6, in contrast, was 
judged unfit on physiological and biochemical obser­
vation. The most marked difference between the 
parameters measured was between Day 1 and Day 2, 
particularly on the basis of CK increase. This horse 
had performed only gentle walking exercise for two 
weeks prior to the experimental exercise. 

CK levels were measured five hours after comple­
tion of Exercise C, whereas they were measured im­
mediately after Exercise A and B. .Also, Exercise C 
was performed twice weekly while Exercises A and B 
were carried out daily. 

As CK levels had been shown to reach a peak 5 
hours after exercise and to return to pre-exercise levels 
only within 48 hours 2, the risk of failing to detectCK 
increases was minimized in the case of Exercise C. 
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Levels of CK before exercise were found to be higher 
on Days 2 and 3 than on Day 1 in Horse No. 1. This 
might have suggested a delayed, prolonged rise in CK 
following the first performance of Exercise A. 

The difference in' cardiac and respiratory decelera· 
tion times between Thoroughbred and heavy Hunter 
type horses previously observed was again apparent 
between Nos. 1 and 3 in Exercise A, and between Nos. 
4 and 6 in Exercise C. Horse No.2 performed Exercise 
A extremely slowly anp its programme was halted 
when it became lame. I~ had been shown previously 
that in biochemical changes there was no apparent 
difference between horses of the two types 2. 

We conclude that the exercise programmes used in 
the above experiments were not sufficiently severe to 
produce clearly significant changes in biochemical 
parameters in the horses used, with one exception, 
namely Horse No.6. The CK increase even in this un' 
fit horse was marked on the first occasion of exercise 
but small thereafter.' The biochemical changes we 
measured did not appear to provide a sensitive index 
of gradual improvement in fitness. Rate of recoverY 
after exercise as measured by rate of return to resting 
levels of heart and respiratory rates revealed the 
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EXERCISE C. 

HORSE NO.' 

CANTERING SPEED 1"2 ! 0'2 

I HEART RATE 

DECELERATION 

I TIME (MINS~ 

30 

20 

9 

... 
\'. 

-

SECs.! CIRC UIT 

% RISE 

H. R. DECELERATION IN C K 

0----0 % RISE IN C K 

300 

200 \ 
. ~-----. 

10 100 

0- ------ ---- _____ -<l-- _____ -------0 

2 3 4 

TEST DAY 

HORSE NO.4 

CANTERING SPEED 15'1! 0'2 

HEART RATE 

DECELERATION 

TIME (MINS) 

30 

20 

10 

2 

SECSI CIRCUIT 

b- __ _ 
----0 

3 

"/0 RISE 

IN CK 

300 

200 

100 

,Fig. 7: Heart rate deceleration times and CK changes in two horses after trotting and cantering 12,6 km twice weekly. 
I 

degree of unfitness apparent biochemically but also 
\ revealed improvement not biochemically apparent. 
! Nevertheless, factors other than state of fitness which 
may influence any parameters examined cannot be ig­

Inored. 
: It is accepted that a horse must be trained by exer­
Icise programmes designed for the physical work it is' 
iintended to carry out. Training results in an animal 
I performing without becoming severely fatigued. As 
training progressed in the tests we have described, the 

\efforts required of the rider or handler to maintain a 
: steady speed in prolonged cantering exercise were 
Jreduced, but speed did not actually increase even in 
I the lunge test where no restraint was exerted by the 
handler. 

In daily and weekly performance of one or two 
furlong gallops over periods of approximately six 
weeks, we have not found horses to improve their 
speed of performance. The initial short gallop after a 
period of rest was in many cases the fastest perfor­
mance. Training reduced variability rather than Im­
proved speed. 
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DISCUSSION 

S.G.B. Persson: Have you tested the reproducibility of heart rate 
and respiratory rate in relation to time? 

Maureen Aitken: Yes, these results were really taken from ex­
periments where I was going to look ultimately at effects of 
drugs on heart rate and heart rate deceleration. We only 
began using the drugs when we were obtaining constant, 
reproducible results and we found that we had to make it as 
low as 50, because some of the exercise programmes which 
we were using and some of the other performance tests sub­
jected the animal to even less stress than they were here. We 
did find that if we kept the conditions very constant and 
carried the determinations out indoors that the results were 
reproducible. 

J.R. Holmes: I would just like to ask you a question about cardiac 
deceleration. If it is accepted that in heavy weight Hunters 

cardiac deceleration takes a longer time than in the 
Thoroughbred, the 9uestion is: Why? 

Maureen Aitken: That is a very good question. I think this is as 
might be expected from unconscious observation and obser_ 
vation by lay people that heavy weight Hunters are less fit 
than Thoroughbreds and that they do take twice as much 
longer to recover. It was probably badly put with no real 
reason apart from the fact that we expected it. 

J.R. Holmes: But your horses were all unfit. All of them. 

Maureen Aitken: Yes, but this is another point, I cannot remember 
the publication but I think someone once wondered whether 
a Thoroughbred was almost a natural athlete. It was 
suggested that Thoroughbreds never become tremendously 
unfit compared to other types of horses. 

,. 

XX WORLD VETERiNARY CONGRESS 

THESSALONIKI 6-12 JULY 1975 
GREECE 

INVITATION 

The Organizing Committee of the XXth World 
Veterinary Congress invites to Thessaloniki the 
veterinary surgeons of the whole world and all the 
friends of our profession, from 6 to 12 July, 1975. 

At the XIXth World Veterinary Congress held in 
Mexico, Greece offered to organise the XXth 
Congress, in Thessaloniki. The Association of Greek 
Veterinary Surgeons feel very honoured with the 
acceptance of their offer. On this occasion, the splen­
dours of the "hippiatri" of ancient Greece and the 
famous byzantine veterinary surgeons will be revived. 

This Congress, as well as the previous ones (Madrid 
1959, Hannover 1963, Paris 1967, Mexico 1971), is un­
der the aegis of the World Veterinary Association, 
which comprises over 100000 veterinary surgeons 
belonging to 55 countries and 11 International 
Organizations of Veterinary Specialists. 

The city of Thessaloniki is the seat of the splendid 
Aristotelian University of Thessaloniki, which encom­
passes one of the youngest Schools of Veterinary 
Medicine in Europe, founded in 1950. The School will 
celebrate its 25th anniversary at the same time with 
the XXth World Veterinary Congress. Its personnel 
and students will take an active part in the organiza­
tion of these events. 
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The installations of the Congress have been chosen 
with the object of providing the participants with 
every working facility and comfort. In order to 
facilitate group discussions and contacts among the 
congressists, we have tried not to overburden the 
scientific programme. 

The Congress will offer its participants a pleasant 
stay in a historical city, modern and of great interest 
to tourists with its roman and byzantine monuments, 
its medieval fortifications, its modern hotels and pic-
turesque beaches. . 

We believe that "xenia", the spirit of hospitality of 
the Greeks, world famous since ancient times, and the 
classic and natural beauties of Greece will leave yOU 
the best of memories. 

We hope that you will be able to take part in this 
Congress, which will' help strengthen the bonds of 
friendship and cooperation among the veterinary sur­
geons of the whole world. 

Prof. E.J. Tsiroyannis 
President of the Organizing Committee 
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JI S.Mr. vet. Ass. 45(4) 371-373 

(proc. 1st into equine vet. Conf., Pretoriuskop 1974) 

OPEN DISCllSSION ON RESPIRATION, BIOCHEMISTRY, ELECTROLYTES AND PERFORMANCE 

CHAIRMAN: W.L. JENKINS 

J.R. Coffman: Regarding Dr Gillespie's warning this morning 
against ascribing all aspects of lactic acid acidosis to ox­
ygen debt, there is one very straightforward factor, namely 
thiamin. Just as decarboxylation of pyruvate is thiamin­
dependent, so is the citric aeld cycle at the alpha­
ketogluterate level. In sheep. lactate-induced central ner­
vous signs may be blocked by thiamin. Have any of the 
speakers looked into the effect of thiamin on the conditions 
described in any of the papers today? 

A_ Lindholm: The pyruvate concentrations followed the lactic acid 
concentrations but were not very high in any of our ex­
periments. As we were not interested in pyruvate per se, I 
cannot really throw any light on this question. 

A.M. Merritt: Does Dr. Lindholm consider it possible and feasible 
to devise a feeding programme for horses in training which 
would be similar to that applied to human athletes when it is 
desired to pack the muscles with glycogen just before a race 
in order to obtain maximum utilization? Would it be prac­
ticable for the horse? 

A. Lindholm: This is an important issue. For long distance racing I 
do not have the answer. In short distance racing of three to 
four minutes' duration, the muscle glycogen is sufficient to 
stand the drain, consequently c!¥lsideration of prior glycogen 
loading does not apply. 

I have tried giving horses carbohydrate to increase their 
glycogen levels but it appears as if the mechanism is 
different to that in human athletes, where there is an 
overshooting of the mark and their glycogen has to be 
replenished. It takes about 48 hours to replenish the glycogen 
stores, whether a carbohydrate-rich diet or a normal diet is 
provided. 

For very long races it could be important to load the 
horse's glycogen stores as much as possible. 

J. W. Evans: Have you any experience of glycogen loading by 
change of diet or other procedure? We have been looking at 
the trees instead of the forest. We have to consider increasing 
the horse's performance. Can we indeed change the 
traditional ways of training a horse, developed over all these 
years for the Thoroughbred, so that we can increase the ef­
ficiency of utilization and change the metabolic profile 
within the muscle of the animal and the enzymes that have 
to deal with the substrates in such a way that the horse can 
do a better job of running? I do not think we have addressed 
this question today. 

D.H.G. Irwin: I have understood that lactic acid levels fell more 
readily after strenuous exercise when the horse was kept in 
motion than when it was put back into the stall. 

In some parts of the world horses are hosed down after 
strenuous exertion. There is a belief that human athletes 
should not take a cold shower in the immediate post-exercise 
period. On the supposition that one is aiming at clearing lac­
tic acid to avoid injury to muscle cells, which presumably 
will occur if a high concentration of lactic acid is allowed to 
remain for any length of time, will the practice of 'hosing 
down' horses impede the clearance of lactic acid? 

H.H. Krzywanek: When horses come into the stable after a race 
they have a high concentration'of lactic acid in their blood, 
in the muscle it is even higher, I believe. In our experiments 
we tried to determine the best time to subject the horse to 
moderate exercise after a race and found a pause of 10 
minutes to give the best results. Taking the horses on to the 
track again after only two minutes was not beneficial. 

The horses were washed with water and soap during the 
brief rest period. I do not know whether this has any effect on 
the lactic acid clearance. I believe a jog of about 5-6 minutes 
on the track after a rest of about 10 minutes is the best. 

A.. Lindholm: We have determined blood lactate every minute af­
ter racing. Mter 10 minutes the highest level was attained, 
then it started decreasing. Consequently the horse is at its 
highest blood lactate level if it is being exercised ten minutes 
after a race. 
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A. Littlejohn: Amongst the creditable and tremendous wealth of 
data pre~ented here, there is not much on the sprinters, the 5 
to 6 furlong horses. We have been looking at certain para­
meters over distances of 1 200 m, admittedly thus far only in 
three horses, so that conclusions as yet may not be drawn. 
Nevertheless the data are interesting. 

During the first few hundred metres up to the 600 m mark 
during a 1 200 m sprint at, the pretty fast rate of 12,50 mls -
about twice the speed of Dr Aitken's horses - arterial lactic 
acid initialIy is very high. At 600 m it drops some 10 to 15 per 
cent and then rises again to much" the same levels as at the 
start. In view of the small number of cases studies so far, this 
might not be significant. Obviously there is some relation­
ship to oxygenation, and thus there might be something to 
say for breath-holding. 

The other interesting point is that in those horses the ox­
ygen tension rises during a 1 200 m walk, so that it is about 
10 to 12 per cent higher at the end than it was at the start of 
the walk. 

During the trot there is not much difference in oxygen ten­
sion levels at the start and at the finish: there is a tendency, 
however, for it to decline. Again I have insufficient data to 
determine the significance of these differences. Perhaps Dr 
Persson could comment on the lactic acid picture. 

Incidentally, after the sprint the lactic acid values fall very 
quickly, very much more quickly than after the 3500 m walk 
periods reported. We measured lactic acid at 3 min intervals 
and found a very rapid drop, so that by about 12 min the 
lactic acid values had decreased to about one quarter of what 
they had been. 

J.R. Gillespie: Prof. Littlejohn has made a very important contribu­
tion because it is quite a different matter measuring lactic 
acid, oxygen tension, carbon dioxide tension, pH, etc., when 
the horse is on the go than when he stops. When a horse 
reduces its ventilation from 2 250 llmin to 1 500 llmin as it 
stops racing, ± 1 600 mol of acid is added each minute. 
Hence CO2 and lactic acid levels are definitely time­
dependent. 

Another point to consider is how fast the muscles are 
releasing that acid to the circulation. The body chemistry is 
intimately concerned here: the catecholamine level, the O2 

level, the pH at the level of the muscle. A combination of all 
these factors has to be considered when one looks at the lac­
tic acid levels after the animal has stopped racing. 

Maureen M. Aitken: May I ask Prof. Littlejohn whether he sampled 
during work? 

A. Littlejohn: Yes. 

Maureen M. Aitken: Our samples were taken at the end of different 
distances and at __ different speeds. On one occasion we 
measured 17 m/s:.:- :".: . 

S.G.B. Persson: One would-expect the lactic acid level to be higher 
at the beginning arid to· decrease during a race and to in­
crease again at the finish. At the beginning of exercise there 
is a delay in adaptation of the circulation. Until it adapts to 
the work load, the lactic acid concentration will be higher. 

Dr Williamson mentioned that hypokalaemia was not very 
common in his "material. We found that in cases of chronic 
diarrhoea hypokalaemia is very common and that potassium 
chloride by mouth is beneficial. has he had any similar ex­
periences? 

H.M. Williamson: None of the horses I included in this series suf­
fered from a chronic disease condition. I was looking at 
horses clinically fit to race. I agree with Dr Persson that 
potassium deficiency. Although the serum analyses indicate 
a moderate potassium elevation, the horse has a low serum 

I would like to re-emphasize that in cases of hypoka­
laemic alkalosis the over-all state of the horse is one of 
potassium deficiency. Although the serum analyses indicate 
a moderate potassium elevation, the horse has a low 
serum potassium" once the alkolosis is corrected. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



D.H.G. Irwin: Horses that hold their breath for a while when jum­
ping from the gate at the start of a race are generally 
accepted as having a weakness in their racing ability. If so, 
how can breath-holding be overcome? Can a horse be taught 
to breath at every stride with proper training? 

One fairly common problem is the horse that gets its 
tongue over the bit, possibly as a result of improper school­
ing. There is a technique for trying to prevent this. Could 
these two points be discussed? 

J.R. Gillespie: I do no(really believe that one may assume that it is 
necessarily a disadvantage if the horse holds its breath when 
jumping from the gate. The horse has a huge residual func­
tional capacity in the lungs and gas exchange will continue 
quite satisfactorily for some time. I would argue that it would 
be more efficacious were the horse not to tie its stride by 
trying to breathe at that time but were to hold its breath un­
til there is a breakthrough, just as there is in the human 220 
runner. The mile or so race is very much the same for the 
horse as the 200 metres for the human, possibly a little 
longer. The human athlete holds his breath after breaking 
the block until about the first bend, when he will start 
breathing. 

Purely from observations it seems that it would be a 
mechanical advantage to the horse were it to breathe in 
rhythm with its stride. The 'tucked-up' position could then 
be used as an expiratory force. 

I should say that at least in the resting horse probably 35 
per cent if not more, of the ventilatory effort is by the, 
diaphragm. Although I did not discuss the point, I showed it 
on a slide that the horse's chest is very stiff. To move that 
chest at 100 x min appears to demand considerable work, so 
the longer it stays on diaphragmatic breathing the better. 

One should have very good evidence about breath-holders 
being poor runners before accepting it as such. 

A. Lindholm: Imagine the horse to take one breath every 6 seconds. 
Initially it is anaerobic and during the next 3 to 4 seconds all 
the muscle work is dependent upon ATP & CTP stores. 
When these are depleted, oxygen is required and the horse 
starts to breathe again. 

M.A.,J. Azzie: I find it difficult to conceive that a horse covering 
five furlongs in 58 or 60 seconds is going to breathe at every 
stride, which means at the rate of 100 respirations/min. If 
one allows one second for every inhalation and for every ex­
halation one comes to a respiratory rate of 30/min, which 
appears reasonable. 

Does a horse actually breathe at a rate of 100/min in a 
gallop? I would appreciate having Dr Gillespie's opinion on 
this aspect of breathing in relation to stride. 

,J.D. Steel: I am somewhat perturbed about Dr Irwin's question con­
cerning breath-holding, which has been going around in the 
horse world for the last 10 to 15 years. Until we use systems of 
monitoring the horse's respiration throughout exercise we 
will not really know whether it is actually holding its breath. 
A competent jockey might know. None of the jockeys I know 
has ever suggested to me that horses tend not to breathe at 
the start of a race. They often do preliminaries du ring which 
they become reasonably warmed up. 

Study of an American slow motion film, made at, I think 
450 frames/s, indicated that during galloping, at any rate, 
the horse would tend to breathe in at the top of the stride 
when all four feet are off .the ground and breathe out as it 
comes down to the ground again. That does not necessarily 
imply that there has to be a respiratory cycle coinciding with 
every stride. There may well be a respiratory cycie with every 
6 to 10 strides. 

G.E. Frost: My question whether we are really sure that the horse 
holds its breath has already been emphasized by Prof. Steel: 
I concur. If it be assumed that a horse does, in fact, hold its 
breath when it jumps from the gate, this could conceviably 
affect its performance, especially in a short sprint. Unlike 
the human athlete, who can voluntarily adjust his breathing, 
the horse does not have that ability, so I believe. The horse's 
gait is more complex than that of man and it might well be 
that the moment the horse reaches a state of hypoxia and has 
to take a breath that that moment is inopportune and he 
might have to alter his stride sufficiently for him to be 
knocked out of the race. 
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S.G.B. Persson: Just a short comment on breath-holding. Trotters 
running on a tread-mill do breathe from the beginning; 
furthermore, breathing is certainly related to stride. 

J.R. Gillespie: I do not think I said that horses breathe at every 
stride. I did say that they 'entrap' i.e., they breathe with 
some multiple of stride frequency, at every so many strides. 
The same thing holds true for human athletes. What I did 
say, and this has been borne out by reference to the film, is 
that inspiration occurs when the horse is extended and ex­
piration when he is 'tucked up'. 

The best respiratory rate counts done on the horse ~uring 
galloping are those by Mead. He records figures from 110-
135/min. These I regard as the only ones beibg reasonably 
reliable. That again does not answer very much. If one forces 
a horse to take several strides before breathing, it will have to 
take a deeper breath because in the final instance it has to 
maintain minute ventilation. Hence it has to expend con· 
siderably greater effort against a stiff chest. 

I am not perturbed about a horse holding its breath for 
several strides from the gate. He is not going to become 
hypoxaemic: there is sufficient oxygen for continued gas ex­
change. If anything, I would be concerned about CO2• If the 
horse reaches the breakthrough point and starts to breathe, 
it will be as a result of acidosis and not hypoxaemia. 

W.L. ,Jenkins (from the chair): The one question as yet unanswered 
is that of the horse getting its tongue over the bit. Has 
anyone any view's on this matter? 

H.M. Williamson: It is difficult to evaluate the observations made 
over many years by old-time trainers who mostly have had 
no scientific training but who, as a race, are pretty astute 
observers. Certainly some horses must get their tongues back 
and when they come in after the race they have their tongues 
over the bit. I believe that such horses have problems, cer­
tainly when their tongues are tied they do better. 

C.J. Roberts: My ~ontribution concerns the acute type of azoturia 
. seen occasionally in th!! horse - one or two, casli!s per year .. 
The stables in New Zealand are very close to the track and 
the horses do not get home immediately. S{lch cases are seen 
to seize up with the typical clinical picture of Monday mor­
ning disease. One has to get to the case quickly and ad­
minister adrenaline hydrochloride - as much as 4 mt of 
1/1 000 solution very slowly intravenously - on the supposi­
tion that adrenaline is a ilililtor of muscle capillaries and gets 
the circulation back to the muscles. The horses sweat and 
&001 but return to normal in a day or two. Until we did this 
we found cases very difficult to treat and wasting of the 
gluteal muscles would sometimes supervene. 

A. Lindholm: I have biopsied about 75 horses with acute rhab­
domyolysis and have found lower glycogen levels in the 
muscles, higher lactate levels and lower CTP and ATP 
levels. That would indicate an hypoxic condition. I also 
found that upon training 'it was mainly the horses with low­
oxidative muscle fibres that. were invloved. Systematic ex­
amination of these muscles after such attacks revealed a 
severe damage to the muscle. Even if one tried to treat with 
saline as we did, one still had a damaged muscle which took 
several weeks to heal though the horse appeared clinically 
sound. 

S.G.B. Persson: I would like to question Dr Lindholm on the possi­
ble significance of the /Ilyoglobin content of muscles,. par­
ticularly as a possible oxygen store. If it is, what is the en­
zymal milieu of the musCle? 

A. Lindholm: In humans much research has been done on this 
aspect and it is considered to be very important. It is very 
difficult to measure the myoglobin content of muscle,we 
have not done that at all. I believe it to be very important 
and deserving considerable investigation. 

.J.D. Steel: We have tried to estimate myoglobin but found it ex­
tremely difficult to obtain a satisfactory method. In a muscle 
biopsy specimen one pas a mixture of myoglobin and haemo­
globin, so that one either has to separate them or measure 
the myoglobin in the presence of haemoglobin. The over-all 
evidence seems to be that in those species which engage in 
high muscle activity the myoglobin levels are high. One may 
say with certainty that the Thoroughbred has at least twice 
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as much myoglobin in its muscle. Not only is myoglobin an 
oxygen store but it may also act by speading the inward flow 
of oxygen from the capillaries to the mitochondria, a sugges­
tion that has come out in a paper by Wittenberg in Physio­
logical Reviews. One could have myoglobin playing a con­
siderable part in the whole question of oxygen delivery. 

A. Lindholm: I forgot to mention that whale muscle, 'for instance, 
has about twice the myoglobin content of equine muscle. 
The question is: Why? 

W.L. Jenkins: Regarding Dr Roberts' suggested therapy, we know 
that adrenaline is an alpha and beta agonist. It is believed 
that there are beta receptors in the vascular bed of skeletal 
muscle; these would be vasodilatatory. There is the com­
plication of the presence of sympathetic cholinergic fibres as 
well, nevertheless the treatment seems rational in principle. 

M.A.J. Azzie: Would anyone care to comment on the possibilities of 
improving the alkali reserve and thus the working capacity of 
the animal by doing so, e.g. by administration of alkaiies 
like sodium bicarbonate orally, or lactate-Ringer, or, going to 
the complete extreme, adminIstration of Darrow's solution 
as an electrolyte source either just before a race or say 48 
hours beforehand. 

M.C. Morison: In my experience horses will race more effectively 
when the alkali reserve has been built up. It can be done by 
feeding sodium bicarbonate at the rate of 1 to 2 ounces a day, 
4 to 5 days prior to a race or one may inject sodium bicar­
bonate at the rate of about 1 I of a 9 per cent solution within 
the last 24 hours before racing. It seems to be more efficient 
the closer to the race it is administered. 

H.M. Williamson: This would seem to confirm the human work. A 
reference has been quoted to the finding of enhanced en­
durance in human athletes after feeding sodium bicarbonate 
not only just before a race but for a couple of days after­
wards, to obviate any severe acidotic reactions resulting from 
discontinuance of bicarbonate administration. 

In view of my observations of horses in a state of alkalosis 
not racing well, I must sound a note of caution. It may be 
possible to tip horses over into an alkalotic state and so ac­
tually impair their performance. Until further study has 
been undertaken, no categorical statements can be made 
and only a warning mav be given. 

J.R Gillespie: It surprises me that if sodium bicarbonate were 
given much before a race it would not be excreted by the 
kidneys. I cannot reasonably conceive that much would be 
held in reserve and such a procedure does not make sense. 

M.A.J. Azzie: I would like to add a clinical observation which sup­
ports Dr Williamson's line of thought. The idea of building 
up alkali reserve had been introduced into South Africa and 
sodium bicarbonate had been administered upon request. In 
no less than three cases the animals were found lying down 2 
to 3 hours after bicarbonate administration. This suggests 
that if animals are going to race 2 to 3 hours after bicar­
bonate administration, it is not going to do them any good. 

May I suggest that the desirability and/or dangers of ad­
ministration of alkalies be investigated further, particularly 
when they are not indicated or not required by the animal. 

W.L. Jenkins: I must throw my lot in with Dr Gillespie with regard 
to bicarbonate administ.ration. It is a puzzle in a physio­
logical sense, inasmuch as bicarbonate is quickly 
eliminated. 

J.G. Boswell: As regards the question of handling of horses before a 
race, could anyone venture an opinion on the way horses 
should te transported, i.e .. sideways or facing the driver, or 
facing away from the line of travel: how long before the race 
should they be at the track; and when and what should they 
last be fed. 

Concerning air transport of which some of your probably 
have had more experience than we have in South Africa, the 
same question concerning direction of travel arises. It was 
mentioned that having the horses facing the tail of the plane 
was not all that satisfactory and that it was much better 
placing them sideways across. 
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C.J. Roberts: In New Zealand we have a type of horse float in com­
mon use taking seven horses, the one at the tail end being 
placed cross-wise. It is a common belief that the latter 
travels best on the whole. 

W.L. Jenkins: Have you any comments on the time interva.l: how 
long before a race must horses be taken to the course? 

C.J. Roberts: When the tracks are fairly close, may be up to 80 to 
100 miles, they are usually taken on the day of the race. 
Beyond that, say 200 to 300 miles, they are taken several 
days prior to the race as a rule. Over long distances, say 400 
miles or more, trainers prefer to take them a week-end 
before. 

H.M. Williamson: In New Zealand horses are flown in groups of six, 
four facing forward and two ~ackward, ail with their longi­
tudinal axes in the direction of flight. Those that face back­
ward appear to arrive just as well as those that face forward. 
Several trainers have commented that they have had their 
floats constructed so that the horses travel facing aft: they 
seemed much happier with this idea. 

RS. Thornbury: Regarding the 6-horse-float in which the one horse 
is placed cross-wise and the other facing the line of travel. 
these horses are transported this way every Saturday and 
usually Wednesdays as well, over distances pf 50 to 60 miles. 
Occasionally horses are flown tq Melbourne overnight, a dis­
tance of 500 miles. We are quite convinced that horses travel 
best cross-wise. 

J.D. Steel: There is some excellent Swedish work on exercise 
physiology according to which a conversion of 15 per cent of 
haemoglobin to carboxy haemoglobin leads to a 15 per cent 
decrease in work performance. A biochemist friend of mine, 
who is concerned with environmental pollution, commented 
on floats being towed hehind motor cars and the horses 
breathing in carbon monoxide from the exhaust. A study 
should be undertaken to see whether horses arrive at the race 
track with significant amounts of carboxyhaemoglobin in 
their blood, which would interfere with their racing perfor­
mance. If such an observation - purely hypothetical at the 
moment - were to have any validity, it would support the 
slight preference of horses travelling side-on or even with 
their tails facing the touring vehicle. 

M.A.J. Azzie: Despite the wide field covered, at no stage today has 
the oxygen consumption of the horse been considered. In 
South Africa routine tests are conducted on every potential 
mine worker. Any man that has an O2 consumption of less 
than, I think, 2,Slimin is not considered physically fit for the 
work he has to perform. Have any of you given consideration 
to the performan'ce of sim"ilar 0, consumption tests on the 
horse? 

J.R Gillespie: That i~ th~ essence of what we really would like to 
examine as far as··thli! respiratory system is concerned. We 
have talked at length,about our ultimate aims; the problem 
is to get down to dOing it when the horse is going full out. 

We have some ideas of how we might get at it: the prob­
lem is trying to determine O,-consumption without interfer­
ing with breathing at full pace. I might be able to come up 
with an idea I believe will work. 

S.G.B. Persson: Could you tackle the problem backwards by 
measuring the cardiac output in terms of arterio-venous ox­
ygen tension differences and so calculating the oxygen up­
take? That is what we did. 

J.R Gillespie: The problem lies in doing that with the horse going 
dead-out, that is quite a different proposition. 

S.G.B. Persson: You could consider using a tread-mill. 

J.R Gillespie: I doubt if one could get a horse to run at absolutely 
full speed on a tread-mill. 
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IN LIGHTER VEIN 

Photo by Kind courtesy of S.A. Panorama 

Drs. Pierre Bourdin, Felix Lucam, Danielo Codazza and Pierre Derome trying their hand at African music, after Dr. Hugh Tracey and his son Andrew's 
excellent lecture demonstration on this topic. 

IN I.IGTE LUIM 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

11
)



IT III 
fiTS 

TOGETHER 
From basic research to the 

healthy profitable animals 
of successful farmers, 
Coopers have the products, 
knowledge and skills that 
have made them the 
leading veterinary company 
for 130 years. 

They have saved the lives of 
millions and millions of cattle, 
sheep, goats and horses. 
They have helped to make 
many, many farmers rich and 
prosperous - and they are 
putting the pieces together 
for a successful future for the 
farmers of South Africa. 
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