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increased. In 1958, Colorado approved phenylbuta-
zone for use in racing. and the era of controlled medi-
cation was born.”

Phenylbutazone and the other nonsteroidal anti-
inflammatory drugs produce their anti-inflammatory
effects by inhibiting the production of chemicals called
“prostaglandins.” ! Prostaglandins are produced in
large amounts in inflamed tissues and are involved in
the blood vessel changes which cause the reddening.
heat, swelling, pain and loss of function that we as-
sociate with inflammation. They also have another
peculiar action. in that they act to supersensitize pain
receptors in the inflamed area to agents which cause
pain. Anybody who has had anything as simple as a
good sunbum is familiar with the great increase in sen-
sitivity to even the lightest touch which occurs in sun-
burned tissue. This hypersensitivity is a typical effect of
certain prostaglandins. In fact, if minute amounts of
prostaglandins are injected into a normal joint, that
joint soon becomes excruciatingly painful to move.
This sensitizing action of the prostaglandins is repre-
sented schematically in Figure 3. It is clear from this
mechanism of action that if the concentration of pros-
taglandins in inflamed tissues can be reduced. the
signs of inflammation, swelling, and particularly the
perception of pain in that area will also be reduced.

When phenylbutazone is injected intravenously it
takes about 30 minutes to distribute throughout the
horse and to begin blockage of formation of the pros-
taglandins. There are, however, unusually large
amounts of prostaglandins already present in an in-
flamed tissue.'® Therefore, even though the formation
of new prostaglandins is blocked, phenylbutazone will
not appear to take etfect unti! these high prostaglandin
levels have been reduced. This process usually takes
about three to four hours, and once the excess prosta-
glandin has dissipated, the supersensitivity to pain re-
duces and the swelling and heat in the area begin to
decline. Loss of these signs of inflammation will re-
quire an additional period of time, and it may take up
to 12 hours or more for the full pharmacological action
of phenylbutazone to become apparent. 1

Since all the nonsteroidal anti-inflammatory
agents produce their effects in more or less the same
way, they all take a period of at least several hours to
begin producing effects, even when they are given by
intravenous (IV) injection. On the other hand, when
blood levels of these drugs decline, the concentration
of the prostaglandins in the inflamed tissues builds
back up again, and the pain and other signs of inflam-

» Bierhaus. G.H.. Personal communication. Colorado Racing Commission
Veterinarian (1979).
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Figure 3. Sensitizing action of the prostaglandins.

mation begin to return. It is then time for another dose
of phenylbutazone. It is clear from this mechanism of
action that the therapeutic effects of phenylbutazone
are directly related to its ability to reduce inflammation,
and that any analgesic action it may have is secondary
to and dependent on the anti-inflammatory effect.
Phenylibutazone has no anesthetic actions and is not
an anesihetic. It is simply a very effective anti-
inflammatory drug, and as such, prevents the appeat-
ance of pain, which is one of the cardinal signs of
inflammation.

In an average-sized horse (1000 1bs), a dose of 2
to 3 g/day of phenylbutazone IV. or about 4 g orally
should produce the optimal anti-inflammatory effect.
Two grams daily should then maintain the effect.!! As
the dose of the drug is increased, the blood levels
increase and the plasma half-life of the drug is also
increased (Figure 4).* If the drug is given orally instead
of IV it takes about five hours for peak blood levels to
be attained, and the time to attain peak pharmacologi-
cal effect will be further delayed (Figure 5)."* Urinary
levels of phenylbutazone are usually higher than
plasma levels of the drug, and urinary jevels are de-
tectable for at least 24 hours after a 2 g/1000 Ib dose
IV (Figure 6). Since the anti-inflammatory effect is not
good for more than about 24 hours, daily dosing with
phenylbutazone is required."

For a long time the only way to assess the anti-
inflammatory and lameness-alleviating efficacy of
phenylbutazone was simply by “eyeballing’’ a treated
horse. This led to some confusion about how effective
the drug really was, how long it took to act, and for
how long a period it was effective. Recently, however,
Professor Pratt and his co-workers at the Mas-
sachusetts Institute of Technology have developed an
instrument called a **force plate’” which can provide an
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Figure 4. Plasma leveis of phenylbutazone in a horse after administration of three differ-

ent doses (after Piperno et ol )."

objective measurement of lameness and the effects of
drugs on lameness.'? This instrument measures small
variations in the load on a horse’s leg. It turns out that
a horse is very unsteady on a lame leg, and that this
unsteadiness, in the form of constant small readjust-
ments of weight on this leg, can be measured by
means of the ‘‘force plate.” After administering
phenylbutazone, the horse becomes much more com-
fortable and thus steadier on his sore leg, which begins
to be comparable with his good leg. Using this instru-
ment, 2 g phenylbutazone orally has been shown to
take several hours to act after administration of an IV
dose and to be largely over by 24 hours. If the dose is
given intravenously, the onset of action is a little faster,
but probably not much faster, because the reduction
of tissue prostaglandins by phenylbutazone and other
NSAIDs takes some time to develop.

Though the pharmacological action of phenyl-
butazone is. over within 24 hours, the time for the
animal to “eliminate” phenylbutazone is indefinite, as
it is with any drug given to a horse. Since phenylbuta-
z20ne is relatively easy to detect, it can be detected for a
very long period indeed if the analyst so desires. Figure
7 shows some of the best data on plasma levels of
phenylbutazone in the horse that has come to my at-
tention.'* In this experiment horses were given varying
doses of phenylbutazone for up to three days. and
plasma and urinary levels of the drug followed. Plasma

levels started at about 20 to 30 ug/ml, declined with
a half-life of about nine hours, and were still detectable
in plasma eight days after dosing and, in some urine
samples, on the ninth day after dosing. This experi-
ment, when taken in conjunction with the previous
data, emphasizes the point that while the phar-
macological actions of phenylbutazone may be over
within 24 hours, detection of phenylbutazone in
plasma and urine after treatment with this drug is pos-
sible for very long periods indeed.

Although the ‘‘clearance times” for phenylbuta-
zone in plasma and urine obviously depend on the
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Figure 5. Plasma levels of phenylbutazone following 4 g/1000

Ib (453.6 kg) administered by the oral and intravenous routes
{after Piperno et of. )."'
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Figure 6. Plasma and urine levels of phenylbutazone in a horse following 2 g/1000 b (453.6 kg) [\Y)

{after Piperno et al )."

methods that the analyst elects to use, itis usually safe
to assume that plasma and urine are clear by 48 to 60
hours after the last dose. Judging from the data of
Figure 7 and what we know about the pharmacology
of phenylbutazone, there appears to be little need for a
phenylbutazone positive to be called when plasma or
urinary levels of the drug are less than 1 pg/ml

At the other end of the scale, some racing au-
thorities have rulings designed to discourage race-day
medication of horses with phenylbutazone. These rul-
ings state that if certain levels, often 165 pg/ml, of
phenylbutazone or metabolites are found in postrace
urine, that this level indicates race day medication and
that 2 “‘no medication on race day” rule has been
infringed. In the absence of published data. the scien-
tific status of these claims is somewhat certain, and
rulings based on this information should be treated
with caution.

As far as the horse is concemed, phenylbutazone is
a very safe drug. The number of doses administered
to horses over the years must be astronornic. while
the incidence of reported side effects is small. The princi-

pal dangers with phenylbutazone are assoclated with
its improper injection. Ilf phenylbutazone is injected
around the jugular vein by mistake, it may cause se-
vere inflammation, abscessation, and eventual loss
(sloughing) of the vein. This, however, can occur with
many drugs and is a problem with the injection
technique rather than with phenylbutazone. Phenyl-
butazone may also be injected directly into the carotid
artery in the neck by accident. If this happens the
horse immediately becomes excited, falls prostrate and
may die. Some veterinarians and trainers report that
phenylbutazone will occasionally depress a horse,
especially with large doses in Standardbred horses.
However, to judge from the number of horses running
on phenylbutazone at some tracks, this effect must
cither be very rare or else horses get over it very
rapidly.

There is only one single report in the literature in
which horses treated with massive doses of phenyl-
butazone developed stomach ulcers and liver prob-
tems.” Thus, all in all, phenylbutazone, when adminis-
tered with normal care and in reasonable doses. is ¢
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Figure 7. Symbols show plasma levels of phenylbutazone in
hotses which had been dosed with 2. 4, and 6 g phenylbutazone
for up to three days before measurement of plasma levels.
Phenyilbutazone was detectable in plasma for eight days and
urine for up to nine days {after Norheim et al.)."

very safe and effective drug in the horse with minimal
side effects and toxicities.

This pattern of minimal toxicity due to phenyl-
butazone in the horse contrasts sharply with the seri-
ous toxicities seen in man. In man. some type of side
effect is seen in from 10 to 40% of patients. including
peptic ulcer, liver and kidney problems and. most seri-
ously, inability to form red cells or white cells in the
blood. A number of phenylbutazone-dependent
deaths have been recorded, and for this reason its use
is restricted in man, and it is best used only in short-
term therapy.”

Because a dose of phenylbutazone persists a jong
time in the blood of man (haif-life about three days)
compared with its relatively short plasma half-life in the
horse (six to eight hours), it has been suggested that its
lack of toxicity in the horse is due to its rapid metabo-
lism by the horse. This theory ignores observations
that drug toxicities are very often due to drug metabo-
fites rather than to the drug itself. metabolites which
are of course formed at a much greater rate in the
horse than in man.

The question about the effect of phenylbutazone
on the performance of horses has often been raised
and has not been satisfactorily answered. Reviewing

the subiect of phenylbutazone and furosemide® in rac-
ing horses, the Vetennary Chemists Advisory Commit-
tee to the National Association of State Racing Com-
missioners concluded that phenylbutazone does not
change the innate ability of a horse to race, but by
relieving inflammation may enable him to race nearer
to his maximum capacity.® Studying the effects of
phenylbutazone in time trials in horses, Sanford and
his colleagues found that phenylbutazone adminis-
tered intramuscularly 23 hours before “‘time’” trials
improved performance in their horses.!? These workers
were apparently rather surprised by this result and
concluded that phenylbutazone had acted to relieve
subclinical lameness rather than to stimulate the
horses.* This interpretation is well supported by some
experiments from our laboratory, which show no ef-
fect of phenylbutazone on fentanyi-stimulated trotting
in horses. minimizing suggestions that phenylbutazone
cither stimulates or depresses horses at the usually
used clinical doses.*

Another important question with phenyibutazone
is whether or not it interferes with the detection of
other drugs, the popularly called “masking” eftect.
While there is no doubt that the presence of any drug
must make the detection and unequivocal identifica-
tion of another drug somewhat more difficult. the con-
sensus of the Veterinary Chemists Advisory Commit-
tee was that the usual doses of phenylbutazone given
on race day may or may not interfere with the detec-
tion of other medications, depending on the analytical
methods used and, perhaps just as importantly, on
what other drugs are being tested for.”

¢ Lasix. National Laboratories Caorporation, Somerville, NJ
+ Italicized portion represents this author’s comiments.

Part two of this review on nonsteroid anti-
inflammatory drugs will appear in the July issue of
The Joumnal.
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Viewpoints

Studies in Equine Biomechanics
James R. Rooney, D.V.M.

For those who may have missed articles recently
published on in vitro testing of horse forelegs, I should
like to summarize some of the findings.

Based on earlier in vivo experiments' it appeared
that the foreleg, from just above the carpus distad,
functioned largely as a passive automatic system. For
the in vitro studies the limb was cut off above the
carpus, leaving the superior check ligament-superficial
flexor tendon {SF) intact, the inferior check ligament-
deep flexor tendon (DF) intact, and the suspensory
ligament (SL) intact. The leg was placed in a high-
speed testing machine which was capable of delivering
force to the leg at almost the same acceleration and in
the same time as in the galloping horse. Two principal
findings emerged. First, the leg in vitro behaved in a
manner almost identical to that of the in vivo leg, but
there was one consistent difference between the live
and dead leg

The ventical force developed by a horse galloping
over a force plate buried in the racetrack is shown
schematically in Figure 1. The initial bump immedi-
ately after impact is characteristic of both human and
horse and is called the “heel-strike.” lts exact nature is
not known. Obviously, the vertical force on the foreleg
rises rapidly to a maximum at midsupport and then

decreases. becoming zero when the foot leaves the
ground at lift-off. It may be noted that the maximum
vertical force is aproximately two times the horse’s
body weight (i.e. for a 1000 Ib horse, the dynamic load
is 2000 Ib).

The dead leg in the testing machine was subject to
the same loading as the live leg and the curve in Figure
2 resulted. The graphic record of the vertical force is
essentially identical except for the high frequency vibra-
tions which appeared in the first moments after impact.

Verttal
Faice
i i
T it 1
Impact Mid- Litt-Off
Support
Figure 1

The conclusion is that the muscles of the foreleg
serve primarily to prevent vibration of the leg immedi-
ately after impact, since vibration is not present in the
live horse and is present, consistently, in the leg de-
prived of muscle.

The forearm muscles, then, as has been em-
phasized elsewhere!:? are not primarily concemed
with movement of the leg; their primary function is to
prevent movement—to prevent vibration.

(continued on page 292)



