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Robert Gilmour explains the laboratory technique he's developedfor recording the electrical activity of a single living
Purkinje fiber cell-the type of cell suspected to cause cardiacarrhythmia.
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Unraveling the Cause of Cardiac Arrhythmias

Horses have a wide range of normal heart rates and rhythms that vary
widely depending on the animals' activity. Compared with other com

panion and performance animals, however, horses show more variety in
their heart rates and rhythms than many other species. And one of those
rhythms is an abnormal heartbeat called an arrhythmia, which horses experi
ence more frequently than most other domestic species. Arrhythmias often
occur during intense exercise and endurance training but are also caused by
certain drugs, such as cisapride, which is used for noncardiac purposes. And
while some arrhythmias are benign, some compromise athletic performance
and some are even life threatening. •



Cardiac arrhythmias
continued from page 1

As in many species, the equine heart
beat is regulated by electrical im
pulses. Protein structures in heart
cells, called ion channels, control the
flow of ions (charged atoms or groups
of atoms) such as potassium, sodium,
and calcium ions. The flow of these

ions in and out of the cells produces
the electrical activity of the heart, ex
plains Robert F. Gilmour, Jr., Ph.D., a
professor of physiology, who has a
grant from the Zweig Memorial Fund
to study the cardiac electrophysiol-
ogy of the equine heart.

When the heart activates contractions

in a normal orderly sequence, car
diac output is optimal and plenty of
oxygenated blood flows to the body's
muscles, brain, and other tissues.
When the sequence is disrupted,
however, as during an arrhythmia, the
contractions are compromised and
the body's tissues and brain may not
get enough oxygen and blood. The
result can be fatigue, severe disorien
tation, and even death.

One of the most common causes of

life-threatening arrhythmias in hu
mans is medication that is also com

monly used in equine practices, such
as erythromycin, cisapride, and
trimethoprim-sulfa combinations.
These drugs can block potassium
channels that are responsible for the
heart's repolarization, that is, the re
charging of the electrical system after
each heartbeat. Evidence suggests
that horses might be at risk for these
kinds of problems as well.

"The outward potassium current is
thought to play a particularly impor
tant role in sustaining the complex
patterns of electrical activity that ex
ist in different regions of the heart,"
says Gilmour. The potassium move
ment from the inside of the cardiac

cells to the outside via specific potas
sium channels is largely responsible
for how long the cellular electrical re
sponse is and the subsequent heart
contraction.

Although the molecular nature of
these potassium channels in differ
ent regions of the heart is very well
understood in humans, dogs, cats,
rats, and other animals, very little is
known about it in horses.

"A major lesson learned from a de
cade of intense research, however, is

that you can't generalize from one
species to another with respect to
these potassium channels and repo-
larizing cardiac currents because a
tremendous amount of species varia
tion has been observed," Gilmour

adds.

'These very preliminary

results indicate that the

spectrum of potassium

channels in the horse

heart may differ

significantly from those
in the human heart."

Robert F. Gilmour, Jr.

Gilmour's Zweig grant focuses on the
potassium channel function in the
horse. His study is designed to iden
tify the potassium channels in the
equine heart and to characterize their
biophysical properties and their re
sponse to various potassium chan
nel-blocking agents to determine
which may promote or suppress car
diac arrhythmias. In addition,
Gilmour and his colleagues, which
include Dr. Thomas Divers at Cornell

University and Drs. Lisa Freeman and
James Lillich at Kansas State Univer

sity, are correlating the effects of vari
ous drugs on individual currents with
changes in the electrical response of
isolated cardiac cells in the lab as well

as cardiac electrical activity in live
horses.

"So far we've shown in isolated horse

ventricular tissue that cisapride and
several other drugs that are known to

block the potassium current called
IKr prolong the duration of the car
diac action potential and, in high
doses, induce cellular rhythm distur
bances (known as early after-
depolarizations)," says Gilmour. "The
latter would be manifest in the intact

horse as a potentially lethal cardiac
arrhythmia.

"We also have demonstrated, using
confocal microscopy and immuno-
blotting (or Western blotting), that
several potassium channels that we
expected to be present in the horse
ventricle, including the rapid delayed
rectifier (Ikr), are there, as is the ul
tra-rapid /potassium current (Ikur),
which we hadn't expected to find. In
addition, a channel that we expected
to be present, the transcient outward
potassium current (Ito), apparently
is not. These very preliminary results
indicate that the spectrum of potas
sium channels in the horse heart may
differ significantly from those in the
human heart. Consequently, differ
ent types of drugs may be required to
control equine cardiac arrhythmias
than are used to control human

arrhythmias."

Gilmour's research is important not
only for understanding the normal
function of equine cardiac electrical
activity but also for identifying the
mechanisms and potential therapy
for cardiac arrhythmias in the horse.
Many drugs now used have undesir
able side effects or only limited abili
ties in treating chronic or recurrent
problems. His work also should help
veterinarians develop protocols to
treat heart arrhythmias with fewer
side effects and allow clinicians to an

ticipate and avoid toxicities and po
tential life-threatening reactions as
sociated with non-cardiac drugs that
block cardiac potassium channels. It
should also confirm whether medi

cations such as cisapride put horses
at risk for cardiac arrhythmias. •



Study Points to Prognosis for Lame Racehorses

Joint problems are very com
mon in performance horses.

When joint injury is serious,
horses are often sent to a refer

ral center such as the Equine
Hospital at Cornell University.
Ideally, the hospital could give
owners an informed, objective
prognosis on the survival and
future performance of the
horse. Although lameness is the
most significant factor respon
sible for a Thoroughbred's fail
ure to race, veterinarians have
few reports to rely on when
they determine the short- and
long-term prognosis for a horse
affected with joint disease.

To determine which indicators

are most significant for horses
that are lame owing to joint dis
ease, a group of veterinarians
evaluated the risk factors of507

horses with joint disease that
came to the Cornell Equine
Hospital between 1983 and
1990. Supported by the Harry
M. Zweig Memorial Fund, the
study used logistic multiple re
gression analyses to simultaneously
examine more than one predictor
variable for successful outcomes.

"Simultaneous examination of vari

ables is important because it 'cor
rects' for relationships among the

Susan Fubini checks the corpus of a show horse
swelling and pain.

"For racing horses the

risk factors linked to better

odds of survival were

osteoarthritis, higher
hospitalization costs,

hospitalization longer than
a day, and having had
arthroscopic surgery."

Susan L Fubini

predicator variables," explains Susan
L. Fubini D.V.M., Dipl ACVS, profes
sor of surgery. The study, published
in a recent issue ofthe CanadianJour
nal ofVeterinaryResearch (1999, Vol.
63, pp. 253-260), was co-authored by
Rory J. Todhunter BVSc, M.S., Ph.D.,
Dipl ACVS, associate professor of sur
gery; Hollis N. Erb D.V.M., M.S., PhD.,
professor of population medicine and
diagnostic sciences; and Kathleen P.
Freeman, now at the Animal Health
Trust in Suffolk, England.

The researchers looked at breed, gen
der, how the owner used the horse,
diagnosis, joint(s) involved, and the
procedure used on the horse at the
clinic. They divided the horses by age.
There were 53 foals four months old

or younger, and 87 yearlings between
four months and two years of age.
There were 367 adult horses, ofwhich

141 were non-racers and 226 were

racers.

"Interestingly, we found that
some of the risk factors that

predicted whether racehorses
would be alive at follow-up
were different from those that

predicted whether non-race
horses would be alive," says
Fubini. For the non-racing
horses, the following risk fac
tors were associated with

higher odds of being alive three
months after admission to the

hospital: lameness associated
with the corpus, having had
arthroscopic surgery, a prog
nosis other than "poor" given,
having become sound, above-
average hospitalization costs,
and duration offollow-up. For
racing horses, however, the
risk factors linked to better

odds of survival were osteoar

thritis, higher hospitalization
costs, hospitalization longer
than a day, and having had
arthroscopic surgery.

Surprisingly, the researchers
found that within age and use
class, the horse's age, breed,

gender, intended use of the particu
lar joint, or number of joints involved
made little difference in whether the

horse was discharged from the hos
pital, became sound, or was alive at a
three-month follow-up.

What did matter was that foals with

infectious arthritis had good odds of
surviving, at least in the short term.

"Our interpretation of this finding is
that when foals with septic joints are
given appropriate therapy, they re
spond well, at least in the short term,"
adds Fubini.

Moreover, the researchers found that
multiple joint involvement was not a
poor prognostic sign. Further, year
lings with osteochondrosis dissecans
(OCD) did very well, although this
finding also implied that all the other
diagnoses associated with joint lame
ness among yearlings had less favor
able outcomes. •



How Does High-Intensity Exercise Affect the Immune System?

Equine athletes get lung infections,
such as pneumonia, infectious

bronchitis, and lung abscesses, sig
nificantly more often than other
horses do. These diseases not only
compromise racehorses' perfor
mance but also often force horses into

lengthy and cosdy convalescent pe
riods. In fact, respiratory diseases are
the second most common cause of

lost training or performance days
among racehorses.

"And one of the greatest risk factors
for developing pneumonia, pleuritis,
or lung abscesses in athletic horses is
the racing itself or strenuous exer
cise," says DorothyAinsworth D.V.M.,
M.S., Ph.D., Dipl ACVIM, an associ
ate professor of medicine in the de
partment of clinical sciences and sec
tion chief of large-animal medicine
in the Equine and Farm Animal Hos
pital.

"We need to better

understand how the

naturally occurring stress
of exercise adversely
affects the immune

response and contributes
to vaccine failures and

respiratory disease
development in
racehorses. This is critical

considering the growing
body of literature showing
vaccine failures for the

common equine

respiratory pathogens."
Dorothy Ainsworth

Racing is one of the greatest riskfactors for developing pneumonia, pleuritis,
and lung abscesses.

Evidently, the strenuous exercise
temporarily compromises race
horses' immune systems, which
makes the animals much more sus

ceptible to developing lung condi
tions.

"Because of the immunosuppression,
aspirated bacteria, which normally
reside in the pharyngeal cavity, can
take advantage of the depressed res
piratory tract defense mechanisms,
rapidly proliferate, and develop into
infections," explains Ainsworth, a
large-animal pulmonologist with a
special interest in pulmonary immu
nology. In addition, the immune sup
pression that's triggered by intense
exercise also can allow viruses to es

tablish themselves more easily in the
respiratory tract, which, in turn, can
predispose the horse to secondary
bacterial infections.

"We need to improve the pulmonary
defense mechanisms so that viruses

and bacteria can be effectively cleared
before they are able to proliferate and
cause illness," Ainsworth points out.
"It is especially critical that pulmo
nary infections and abscesses be pre
vented since the window ofopportu
nity available for a racehorse to
establish itself is only about two years,
which is relatively small. Infections

with a prolonged convalescent period
would, therefore, lesson the chances
that the horse would return to rac

ing."

Although many medications are
available and commonly used on the
racetrack and show circuit to boost

the immune system, says Ainsworth,
no objective studies have shown how
effective these medications actually
are in enhancing the immune re
sponse ofthe athletic horse or in pro
tecting these horses from respiratory
tract infections.

To that end, the Zweig Memorial
Fund has awarded Ainsworth a new

grant to characterize the specific ef
fects of high-intensity exercise on the
immune system. Specifically,
Ainsworth is running about six horses
on the high-speed treadmill to simu
late race conditions so she can mea

sure how much the high-intensity ex
ercise affects immune cells in the

lungs and blood of exercising horses.
She will measure how the exercised

horses respond to a sprayed vaccine
compared with age-matched seden
tary horses. Ainsworth and her col
leagues will use molecular biology
techniques to measure the horses'
antibody and cytokine response to
the vaccine. Cytokines are proteins



produced by immune cells that are
crucial for directing the magnitude
and nature of the immune response.
How well the cells can generate cer
tain cytokines or cytokine combina
tions, for example, in response to an
infection can determine the course

of the infection. Ainsworth wants to

know how exercise affects cytokine
production and how that influence
may boost the risk of pulmonary in
fections.

In the second phase of the research
(a grant application to the 2001 Zweig
competition), Ainsworth plans to pre-
treat the horses in the high-intensity
exercise regimen with a medication
that boosts the equine immune re
sponse; she will use the immuno-
modulator EqStim or Proprionobac-
terium acnes and then compare the
response of the pretreated, exercis
ing group with both the sedentary
horses and a group of exercising
horses that did not receive the pre-
treatment.

"Infectious lung diseases negatively
affect the athletic capability of the
racehorse, impose a significant eco
nomic burden to horse owners and

trainers, and most importantly, con
tribute to horse wastage," says
Ainsworth. "We want to thoroughly
understand the immune cell function

and interactions in the equine ath
lete and determine ways to enhance
these interactions. We need to better

understand how the naturally occur
ring stress of exercise adversely af
fects the immune response and con
tributes to vaccine failures and

respiratory disease development in
racehorses. This is critical consider

ing the growing body of literature
showing vaccine failures for the com
mon equine respiratory pathogens.
Ultimately, our findings can help lead
to more effective vaccination pro
grams for young horses in race train
ing, improve the overall health of the
equine athlete, and reduce horse
wastage." •

Cornell Offers Horse Lovers the Latest

on Equine Health Care

Equine experts from Cornell's Col
lege of Veterinary Medicine

partnered with the New York Thor
oughbred Breeders, Inc., to present a
three-day symposium, "Cornell at
Saratoga: A Symposium on Equine
Health Care for the 21st Century," July
31 to August 2, 2000, in Saratoga
Springs.

Thanks to an overwhelmingly posi
tive response by the several hundred
attendees, exhibitors, and sponsors
from the equine industry, the event
is now planned to be repeated annu
ally. The symposium offered horse
owners, breeders, trainers, and other

horse lovers access to the latest

knowledge and technologies in
equine health care. Format included
presentations by leading veterinary
clinicians, researchers, and nation
ally renowned equine experts from
various sectors of the Thoroughbred
industry, interactive panel discus
sions, and exhibits by vendors.

The first day's kickoff session took
participants from the inception of a
breeding plan to Thoroughbred per
formance on the track. Leading own

ers, trainers, veterinarians, blood
stock agents, and pedigree consult
ants offered special insights on creat
ing, managing, buying, and selling the
racehorse.

On day two of the symposium,
Cornell research veterinarians pre
sented programs on topics ranging
from understanding angular limb de
formities, use of drugs in horses, nu
trition, prevention of osteochondri
tis dessicans (OCD), and gastric
ulcers, to the latest information on

Lyme disease, equine protozoal my
elitis, equine motor neuron disease,
and West Nile virus.

On the final day, Cornell equine ex
perts discussed health issues related
to foals, such as diarrhea and
Rhodococcus pneumonia, health
maintenance, pasture management,
infertility, and modern techniques for
diagnosing and treating OCD.

Those interested in sponoring or par
ticipating in next year's Cornell at
Saratoga should contact the college's
Office of Continuing Education at
607-253-3200. •

THE NEW YORK THOROUGHBRED BREEDERS, INC.'S

Cornell at Saratoga



The Harry M. Zweig Memorial Fund for Equine Research honors the late Dr. Harry M. Zweig, a distinguished
veterinarian, and his numerous contributions to the state's equine industry. In 1979, by amendment to the pari-

mutuel revenue laws, the New York State legislature created the Harry M. Zweig Memorial Fund to promote equine
research at the College of Veterinary Medicine, Cornell University. The Harry M. Zweig Committee is established for
the purpose of administering the fund and is composed of individuals in specified state agencies and equine industry
positions and others who represent equine breeders, owners, trainers, and veterinarians.
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