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Drug Metabolism and

Elimination in Horses
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Mwﬂm&wﬁnﬁnmhbﬂcm
mindrugnnhbolnkbtmdyﬂndmghu:h
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soluble. Then, in its modified and more water-soluble
lom\,tl'n&wmbcpundaldhbodyw
uwmammmmuww
mtbcmbcabod.ThemMndmm
more water-soluble, less Hipid-soluble forms s there-
fore the central prpcess in drug metabolism *

mmwmm«mm
WWMWWN&
the tenm drug detoxification, this s not always true.
Many examples exist of drugs which are metabolized
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Table 1 shows the likely biotransformation path-
ways followed by drugs. Drugs with a simple ester or
amide linkage are generally hydrolyzed by plasma or
liver esterases. The first step in handiing an aromatic
group is usually ring hydroxylation. The likely pathway

for phenolic or aromatic hydroxyl groups is

glucuronide conjugation. Aliphatic amino groups tend
10 be deaminated, while aromatic amino groups are
elther conjugated or acetylated. In its patterns of drug
metabolism, the horse broadly tesembles other species
in that most of the oxidations associated with micro-
somal enzymes in other species have been demon-
strated. Reviewing drug metabolism in the horse,
lbu‘uputllﬂwﬂ:ﬂnpoﬂ:lempﬂonda

TABLE 1
Probable bictransformation pathways of drugs.
Ester group: Hydrolysis
Asomatic rings: Hydrospdation
Hydroxyl (—OH)
Aliphatic: Chain asddation; glucuronic
acid conjugation
Aromatic: Glucuronic acid conjugation;
sulfate conjugation;
_ methylation
Carbouyl (—COOH):
Aliphatic: Glucuronic acid
conjugalion
Aromatic: Giycine conjugation;
: ghucuronic acld
conjugation
Amino (—NH,):
Aliphatic: Deamination
Aromatic: Acetylation; glhucuronic
acid conjugstion;
methylation (sulfate
conjugation)}

The simplest pattern of drug metabolism is that
found with procaine, where plasma and ver esterases
hydrolyze the drug to p-amincbensoic acid (PABA)

and diethylaminoethanol.®® This process occurs quite
midyhhlood.aonS‘l‘Chqﬁnbbod.
procaine has a hal-ife of sbout 8 minules. In the
horse, however, most procaine is distributed outside
hbboduﬂhmwmnﬂnww
Be of procaine In the horse, at about 50 minutes, is
much longer than it is in the blood. It i important,

however, to add oxalate and fluoride or other enzyme
poisons io blood samples if one wishes 10 find pro-
cainchﬂ’mn.faﬁﬂ’bhnotdﬂﬂhpbﬁd\l”-

ent will be rapidly hydrolyzed by plasma procaine es-
terases.'

Since procaine is largely hydrolyzed by liver and
plasma esterases, and since these are, 10 a gresier or

is likely that the kinetics, plasma half-life, and rate of
excretion of procaine in the horse are prolonged by
exposure o these drugs, and this possibility should be
considered by horsemen when estimating “clearance
m" for procaine or procaine penicilin in horse

The Phase I, metabolic reactions of drugs are car-
ried out by eraymes that are localed predominantdy In
the liver. When liver cells are fractionated, the drug
metabolizing activity is found in what is called the “‘mi-
crosomal systemn,” 30 the enzymes are called the mi-
crosomal ouidizing enzymes. These enzymes have a
specific requirement for reduced nicotinamide adenine
dinucieotide phosphate (NADPH) and molecular oxy-
gen (O;) and are classified as mixed-funciion csidases.
This system contains a cytochrome called “cytoc-
hrome P-450" and a flavoprotein which catalyees re-
duction of this cytochrome by NADPH, called

(as with phenyibutazone), N and O dealigylation, sul-
foxide formation, N oxidation, N hydrowylation and
deamination of primary and secondary amines.™*

The metabolism of phenyibutazone in the horse
provides a good example of ring and side chain hy-
droxydation of a drug (Figure 2). Hidrosylation on the
ring yields oxyphenbutazone, which shares many of
the pharmacological actions of phenylbutasone and is
the most persistent of the phenyibutazone metabolites
¥i~horse urine. Hydroxylation of the side chein gives

the fiest 10 hours afier a single dose. This side chain
oxddized molecule s much less tighdly protein bound
than phemyibutazone, and this is the reason that & is
excreted in high concentrations in wrine during the first
24 hours after a dose of phenylbutazone.® Together,
these two metabolites account for about 26% of a
dose of phenylbutazone administered 10 a horse, with
the remaining 75% of the dose currently unaccounted
for.s
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Flgure 3. Dessaination of amphetaming in the horse. Two im-
wmdwm-um-n
1.phenyiprepen-E-al and 1 with thest

tion of a drug.! In glucuronide formation, the parent
drug, i it has a suitable acceptor group, or a drug
molecule at the end of Phase | transformation, Is linked

to glucuronic acid. Glucuronides constitute a major
proportion of the metabolites of many phenols, al-
cohols, and carboxylic acid-containing drugs in the

Figws 4. Drug-giucuronids complex. Socanse of the OH and
COO" greups on the glucuanide melety, drag-gincurenide
coemphenss ars highly wator aeleble and poerly esiuwile I orgasic

. inspection of the gucuronic acid molecule in Fig-
ure 4 shows it to carry a free COOH (carboxyt group)
and numerous OH groups. These structures render a

complex highly water soluble ‘and
greatly facilitate its excretion. Once cleared by
glomerular filtration, a drug-glucuronide complex is
highly unlikely to be reabsorbed across the renal
tubules. Further, by virtue of its free carboxyd group, all
glucuronides may be axcreted by the organic acid
tranepost system of the renal tubules, which further
accelerates their excretion. Glucuronide conjugates
may also be excreted in the bile, and this can be an
important route of excretion ¥ the molecular weight of

plmmanduﬂm.Emw&ndmgeonlhew-
boxyl (COO~) group can be eliminated by extracting
under acidic conditions, the numerous OH groups on
the glucuronide molecule prevent movement of the
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drug-glucuronide complex inta the analyst's extracting
solvents. In experimental work with radiocactive drugs
the fraction of radiolabel in urine which will not readily

The analyst's approach to this problem is o ex-
pose the plasma or urine sample 10 an enzyme called
p-wa»mmmm
these conditions the drug-glucuronide bond Is split,
and the parent drug or the Phase | metabolite which is
a slightly modified drug is recovered. Most analysis run

hydrolytic for about two to three hours.
At the end of this period the analyst “extracts” the
“hydrolyzed” urine and examines his extract for
drugs. By either acidic or enzymatic hydrolysis & is
likely that only a fraction of the drug present is re-
isased, and the acidic hydrolysis of horse urine is par-

£

. ticulady likely to release exiraneous material which

Another factor which has the potential to greatly
affact the dlearance times for some drugs in horse
wrine Is the urinary pH. Most drugs or drug metabolites
in urine can be highly dependent on urinary pH.»?
Because acidic drugs Wil be charged {ionized) in a
, and basic drugs will be charged in an
, they tend to *trap"* in urines of the oppo-
characteristic, l.e. basic drugs “trap” in acidic
and acidic drugs “wap” in basic urines.! This
has two potential eflects on drug clear-
namdyﬁuﬂlmay'mamﬁn
concentrations of drugs in urine and it may accelerate
or retard the rate of excretion of drugs by horses.

bLf
% i3

|

* Talmin®-V. Winstheop Labomstories, New York, NY.
Dy J. W. Biaks: perscnel communicasion, University of lentucly.

There Is very good evidence that urinary pH can
both vary widely in racing horses and markedly influ-
ence the concentration of drugs in horse urine. Exami-
nation of the pH of urine samples received from the
track in both Japan* and England* have shown a
range of urinary pH values from pH{ 4.5, which is rela-
tively acidic, to pH 10.0, which is quite basic {Figure
5). In each case, the frequency distribution curve was
biphasic, with the greatest number of urines having a
pH on the acidic side of sbout 5.0, but another peak
on the basic side showed that a large proportion of the
urines had a pH of 8.0. Both distributions, however,
show that the range of urinary pH values varies from a
jow of about 4.5 10 a high of about 10.0. Because
urinary pH is messured on a Jog scale, this is dose 0 8
one-mitlion-fold range, from 10~* M hydrogen lons
(pH 4.0 acidic) so 10-** M hydrogen fons {(pH 10.0
alkaline). Based on this range of possible urinary pH
values and given a certain plasma level of drug such as
procaine, one can calculate the possible range of pro-
caine concentrations in equine urine using the
Henderson-Hasselbach eguation.¢ It turns out that be-
cause of the urinary pH factor, there is a rather mind-
boggling 9.000-foid possible range in urinary procaine
concentrations, given a single, fixed plasma level of the
drug. This huge range of possible procaine concen-
trations in horse urine leads this author to the conclu-

< So0 Apponalix for detalls of this calculaion.
600 |- JAPAN

NUMBER OF SAMPLES

T B VS S S
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Figure 5. Range of urinary pH velues In raceharess. The upper
Riztogram shows tha tange wrinesy gl valuos of sheut 18,000
mmﬁ-m-u&hmmm
hndm;ﬂﬁ-h“m-ﬁuh
England n 1974.°
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sion that anybody who tries to estimate a time of pro-
caine administration from a urinary drug concentration
cannot be doing more than making wild guesses
against tremendous odds.

These theoretical predictions concemning procaine
concentrations in horse urine were tested by Evans
and Lambert* who presentied evidence that even
horses and horse wrines obey the laws of chemistry.
Evans and Lambert injected horses with procaine or
procaine penicillin and followed urinary concen-
trations of procaine. They then dosed their horses with
ammonium chioride 10 change their urine fo an acidic
pH, and followed the changes in urinary pH and ut-
nary levels of procaine. They found (Figure 6 and
other experiments) that a decrease in urinary pH was
associated with an increase of about five-fold in uri-
nary procaine concentrations. Further, because Evans
and Lambert did not stabilize their plasma procaine

does not.

Although the actual concentrations of procaine in
horse urine may vary markedly, i does not appear
Sikely that changes in urinary pi{ will, in general, affect
the plasma hali-Ne of procaine. This is because pro-
caine i vary widely distributed in the horse and its
plasma hali-ie is determined largely by enaymatic hy-
drolysis of the drug. As far as the kinetics of procaine
are concerned, one might view the horse as a very
mm&hdﬁapoaknkhy&dyudby
enzymes in equilibrium with a very small compart-
ment, the bladdix, in which the level of procaine is
highly pH-dependent. Because so lttle (less than 1%)
of a dose of procaine ever appears in the urine, rela-

-

URINARY pH 2
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tively large variations in urinary concentrations of the
drug likely ocour without any significant changes in the
plasma half-life of the drug. This, however, is largely
supposition and needs 1o be checked by rigorous cal-
culations or, more satisiactorily, by experimentation.

This apparent ability of urinay pH 1o affect the
concentration of drugs or drug metabolites in horse
utine with litde effect on their plasma half-ife may also
hold for other drugs. Studying the urinary elimination
of C* administerad as C* phenylbutazone in horses,
Moss and Haywood? showed that the C'* was ex-
creted over a much longer period into an acidic urine
rather than a basic urine. In other experiments, how-
ever, Piperno and co-workers!?! showed that changes
in utnary pH had no effect on the plasma hali-life of
phenyibutazone. Again, metabolism Is the primary fac-
tor which determines the plasma half-life of phenyl-
butazone, and although the concentration of phenyl-
butazone or metabolites in urine may
vary, the amounts of drug lost by this route are appar-
ently not large enough to significanty influence the
plasma half-ie of the drug.

Experiments by Baggot® and co-workers have
shown similar results with amphetamine, where chang-
ing the pH of homse's wine did not affect the plasma
half-sie of the drug but may affect its urinary Jevels.*
The message appears 10 be that, as a general rule, the
rate of decline of plasma levels and drug action in the
horse is determined by drug metabolism, and while
urinay drug conoentrations mey change dependent
on urinary pH, they do not affect the raie of decline of
plasma levels of drugs.

Another factor which might affect the plasma
half-kfe of drugs In horses is the presence of other
drugs. In our laboratory we examined the possibility
that drugs such s chioramphenicol, quinidine and
axyphenbutazone, which have been shown to be po-
fent inhibitors of drug metaboliem In other species,
might inhiblt drug metabolism in the horse and thus
give rise to unusually prolonged urinary clearance
times for drugs. Of thess three drugs, only oxyphen-
butazone was found %0 inhibit phenylbutazone me-
tabolism, and that only 1 a very small degree. We
therefore concluded that clinically (or forensically)
significant inhibition of drug metabolism was not likely
0 occur in the horse dus 10 any of these drugs.'¢

it has been widely shown in laboratory animals
that pretreatment with certain drugs can induce the
liver drug-metabolizing enzymes, and chronic adminis-
tration of phenytbutazone $o dogs can increase the rate
of metabolism of phenyfbutazone iself and also of
other drugs.’? To this author's knowledge, no studies
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on the possible effects of hepatic enzyme induction on
the rate of clearance of drugs from equine plasma and
urine have been made. However, it seems likely
because of the large number of plant constituents
which the horse is normally exposed 1o, that the effects
of “nomal” medication in the horse may not have
any significant extra inducing effects on drug
enzymes.

Another factor which might be expected to alter
the plasma half-life of drugs in the horse is alteration
in blood flow to the liver, reducing the rate of delivery

in hepatic blood flow, and &t is probable that similar
effects occur in the horse. This possibility led Powis
and Snow" to study the effects of exercise in the horse
on plasma levels of propanolol, a drug which is princi-
pally cleared by hepatic metabolism and which has
few hemodynamic effects at low doses. Powis and
Snow found rather large incresses in plasma levels of
propanolol occurring during exercise, and the changes
observed were 100 great 0 be accounted for by re-
duced drug metabolism. These workers further found

mm.dmhmmm Snow
wes unable 10 explain the marked alleration in plasma
levels of propanclol seen in his experiments. As a prac-
tical matter, however, the plasma levels and rates of
cdearance of propanclol retumed %o control rapidly
after exercise had ceased. Because of the very brief
period of exercise in which most recing horses are
fnvolved, it does not appear that exercise is likely 10

. allect drug metabolism or drug plasma and urinary

levels in a way that would significantly affect pre- or
postrace drug testing. )

In summary, drug metabolism is by and large the
most important mechanism In decline of plasma levels
of drugs and termination of drug action in horses. Drug

Phase Il synthetic reactions. The types of metabolic
tansfonmations seen are qualitatively similar to those
seen in other species, although there may be quantita-
tive differences. While exercise and administration of
other drugs have been shown 0 produce changes in
the plasma levels of drugs in the horse, these effects
are sither small or transient and unlikely 10 be of clini-
cal or forensic significance. Postrace urines from
horses show a very wide, almost one-million-fold
range, in pH (hydrogen jon) values. This variability in
urinary pH can cause very large changes In urinary
drug concentrations, but appears to have minimal ef-

fects on plasma levels or plasma half-ives of drugs.
However, this large range of urinary pH values in post-
race urines makes it essentially impossible to estimate
times of dosage or dosage forms of drugs in horses
from single urinary drug concentration measurements.

Appendix

ThepH-depmnnﬂobt&\q.mm
on opposite sides of a biological membrane may be
calkculated from the following transformation of the

Henderson-Hasselbalch equation (1):
{Plasmal _ 1+
(Unine] 1 + antilog (pia ~ PHJ

Given that the pKa of procaine is 8.7," and as-
suming an acidic urine of pH 4.7, a basic wine of pH
9.7, and a plasma pH of 7.4, in the basic urine:

(PasmaDrugl _1+antlog(87-74)_ 21 _ 19
{Udnary Drug] 1 +antilog (8.7 -970 11 1.

Therefore, this basic urine will contain 1/19 of the
procaine that the plasma contains.

In the acidic urine:
{Plasma Drug] 1+ 87-74__21 _ 1
{Urinary Drugl 1 +mlog{8.7-4.7} 10,001 476.

Therefore, this acidic urine will contain 476 times
more procaine than the plasma. :

The possible theoretical range of urinary procaine
concentzations given a single plasma conceniration is
therelore 19 x 476 = 9,044 or a more than 9,000-
fold possible range in urinary procaine concentration.
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Lettérs to thé Editor

Dear Sir,

Referring to the article entitied *‘Pharmacokinetics
of Digoxin in the Horse,"” J Eq Med Surg 2,
(1978): 384-388, | have the following queries:

a) In Figure ], the authors have plotted the mean

the more usual single line. For this reason their

definition of £ as “slope of monoexponential -

declining line” is confusing. If two distinct ines
with differing slopes are required to represent
the excretory phase of the drug, surely two
exponents and not one are involved?

b} Most digoxin radicimmuncassays, incuding
the one used by the authors, are considered
accurate to = (.2 ng digoxin/ml (the mass
equivalent of twice the standard deviation of
the 2ero binding).* Cakculations based on Rig-
ure 1 indicate that mean serum digoxin levels
fell below 0.1 ng/ml between 72 and 96
hours. The mean serum value at 168 hours,
for example, (approximately—iog 2.24) is 5.8
pg/ml. For the reasons stated above, the accu-
racy of measurements made from 96 to 168
hours may be questionable.

Sincerely,

K. Button, BV.Sc., M. Med. Vet. (Med.)
Department of Veterinary Physiology
and Pharmacology

College of Veterinary Medicine
Texas A & M University

« Digosin 125 radicknmunosssay kit {solid phase). New England Nuckwr,
Nowth Billerica, MA; (manulacturer’s technical data). ;

Dear Sir,

Conceming Dr. K. Bution’s remarks on our paper
“Pharmacokinetics of Digoxin in the Horse,” we
would Ske © make the following comments:

a) The curve represented in Figure 1 was drawn
using a curve-skeiching program which con-
nects the data points. The model fit by the
nonlinear declsion program selected only one
exponential for the terminal phase. Any devia-
fions obeerved from a single exponential curve
are the result of reproduction and point to
point curve-skeiching done by the computer
program.

b) it Is true that most of the six cumenty used
assay methods for determing serum or plasma
concentrations of cardiac giyoosides are con-
sidered accurate to about 0.2 ng/ml. The RIA
method is, though, the simplest, most rapid,
and the most sensitive.® Thus, it seems Bkely
at the present moment no assay is avallable
that would go beyond the sensitivity of the
RIA. Results are then presented and valid for
the assay used.

Sincerely,
W. M. Pedersoll, D.VM, Ph.D.

<« Buder, V. P., & Assays of Digialis n the Blood. Prog Candion. nu 1,
11972): 571-600. H
i



