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Edmundson. A.G., Vessiney, R. & Tobin. T. Phenylbwazone and its metabolites
in plasma and urine of thoroughbred horses: population distributions and
etfects of winary pH. J. vet. Pharmacol. Therap. 8, 136-149.

A survey of plasma and urinary concentrations ol phenylbutazone and s
metabolites in thoroughbred horses vacing in Kentucky was carried out.
Post-tace blood samples from more than 200 horses running at Latonia
Racetrack and Keeneland in the Spring of 1983 were analysed. The modal
plasma concenration of phenylbutazone was between 1 and 2 pg/ml, the mean
concentration was 3.5 pg/mi and the range was up to 15 pg/ml. Oxyphenbuta-
sone had a modal plasma concentration hetween 1 and 2 pghul. 4 mean
concentration of 2.07 pyg/ml and a range of up to 13 pg/ml. yOH-phenvibutazone
had a modal plastia concentrztion of less than 1 pg/ml, 4 mean level of 1.39
ag/ml and a vange of up o 7.32 pgfml All plasma concentration frequency
distributions were well fited by log normal disuributions.

Urinary concentrations of’ phenvibutazone yielded miodal concentrations of
fess than | g/l s mean arinary concentration of 2.9 pyg/ml, with a range of up
0 305 pg/ml. This population fited a log-normal distribution. For oxyphen-
butazone. the modal concentration was less than 3 ug/ml, the mean concentra-
tion was 15.26 pgiml, with: a vange to 815 pg/ml. The frequency distribution of
these samples was apparentdy bimodal. For yOH-phenvibutazone, the maodal
concentration was less than 4 wml. the mean concentration 21.23 py/ml, with 4
range of up to 122 pg/ml The population frequency distribution for
vOH-phenylbunazone was mdeterminate.

Analvsis of the pH of these post-race urine samples showed a bimodal
frequency distribution. The pH values observed ranged from 4.9 1o 8.7, with
peaks at about pH 5.25 and 7.25. This bimodal pattern of urinary pH values is
consistent with abservations made in England and Japan.

Urinary pll influenced the concentrations of phenylbutazone, oxyphenbuta-
zone and YOI 1-phenylbutazone found in the urine samples. The concentration
of these metabohtes found in alkaline urines were from 32 1o 225 times greater

*Present  address:  California  Horse  Racing

Board. 1010 Hurley Way, Room 101, Sacramento, TPresent address: Truesdail Laboratories, 14201
CA 95825, US.A. . Franklin Avenue, Tufuin, CA 92680, U.S.A.
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than those found in acidic urines. Plasma concentrations ol phenylbutazone and
its metabolites, however, were unatfected by urinary pll.

In interlaboratory experiments. horses rnning at Hollywood Park were
dosed with phenvibutazone i about © ¢/ 1000 s 24 and 18 h betore racing, and
a mean dose of 0.6 g/1000 lhs at 72 h priovto vacing. Post-race plasna samples
from these horses showed phenylbutizone concentrations ranging from 0.4.4 10

9.97 pg/md, with o mean concentr

ation of 109 weinl. Plasma oxyphenbutazone

concentrations in these horses varied (rom 0.8 ugoml o PLY pg/ml, with o mean

of 5.3 pg/ml.

Comparison of plasma concentrations of phemvibutazone and oxvphenbuta-
zone in horses racing in Rentucky, with the 1esults of dosing experiments in

horses in training, suggests th

at most horses vacing in Kentucky ave being dosed

with amounts of phenvlbutazone broadly equivident to, or less than, proposed
no-race-dav medication rule’ dosing schedules.

T. Tobin, Kentucky Equine Dine Researth wnd Testing Pro srams, Department of
; g Y 4 g d

Veterinary Science, University of Kentucky, Lexingtun, KY 40546-0076, 17.S.A.

INTRODUCTION

Phenvlbutazone is a  non-steroidal  anti-
inflammatory drug (NSAID) widely used in
racing horses (Tobin. 1981). Because of its
effectiveness in the wreatment of musculo-
skeletal disorders, phenvibutazone mav be
used 1n training or racing horses (Tobin,
1979). Since phenvibutazone mav take 66 days
or longer to clear a horse’s svstem, and can be
detected for at least 7 davs after dosing, it i
very commonly detectable in the body fluid of
horses during races (Tobin e af., 1982).
However, the levels actuallv found in post-
ace urine samples are likely 10 be influenced
to a considerable extent by the medication
regulations of the jurisdiction in which the
horses race (Tobin, 1981).

Objections 1o the presence of phenvi-

butazone or its metabolites in the urine of

racing horses come from analysts, who may
hold that the presence of phenylbutazone or
its metabolites in equine urine interferes with
or ‘masks’ the detection of other drugs
(Tobin, 1981; Takade & Vassiluros, 1982).
Further, it has been suggested that horsemen
may deliberately administer phenylbutazone
at high doses o racing horses 10 ‘mask’ or
conceal the presence of illegal medications in
horse urine (Takade & Vassilaros, 1982). No
published scientific evidence either 1o support
or to refute such charges exists.

Before one can assess the ability, or other-
wise, of phenylbutazone o ‘mask’ the detec-
tion of illegal medications, one needs to know

the concenmrations of phenylbutazone found
in the plasnicand urine of racing horses. We
have, therelore, surveyed the concentrations
of phenvlbutazone and its metabolites in
plasma and urine samples from horses vacing
in Kentucky in the Spring of 1983, 1n
addition, the vesilts of 1ests on plasnur concen-
trations of phenvibutazone and oxyphenbuta-
wne in horses vading in California are
reported, )

MATERIALS AND METHODS

Phenvibutazone (PB) and oxyphenbutazone
(OPB) were obtiined {rom Ciba Pharmuaceu-
ticals — (Sannmit, Ny and y-hydroxy-
phenbutazone (v-O1PR)  from Ciba-Ceigy
(Basle, Switzerland). Liquid chromatographic-
grade methanol and water were obtained from
Burdick-Jackson (Allech, Deerfield, IL). All
other solvents and reagents used were of
analvtical  grade  from  Fisher  Scientific
Company (Louisville, KY7J.

All blood and urine samples tested were
post-race blood and urine samples submitted
to the Kentueky Equine Drug Vesting Labora-
tory by the Kentucky State Racing Commis-
sion. Blood sumiples were obtained and urine
samples were collected when the horse voided
urine post-race. Al sumples were tightly
sealed immedimely after drawing and stored
at °C thioughout. The pH of the urine
samples were uiken immediately on arvival at
the University of Kentucky and the drug
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analysis completed within 48 h. Phenvl-
butazone is a permitted medicdion  for
thoroughbred horses racing in Kentucky.,

A Beckman 341 liquid  chromiograph
equipped with a 421 conwoller, an Altex
model 160 pump, and an Alex model 153 UV
detector (254 nm) were used. A 20-ul loop was
used on the 210 sample injector valve. An
ulirasphere-ODS 5-pm column (4.6 nm X
25 ) with a guard column (Pethcutar C-18,
4.6 mm X 5 cm, Alltech) between the injector
and analytical column was used for separation
of the compounds.

The pH of the urine was measured on a
Fisher Accumet Model 230 pH meter when
the samples were received in the laboratory.

The chromatographic procedure used was
based on that described by Marunaka of al.
(1984}, The maobile phase was a linear gradi-
ent of 50% methanol-50% 0.01 ar sodium
acetate (pH 4) as the inital concentration and
0% miethanol @t 3% min) as the final
concentration. The colwnn was maintained at
room temperature with a How vae of 1.0
mi/min and the eluted compounds  were
detected at 254 nm.

Blood samples were collecied in 20-ml
Vacutainer tubes containing potassivin oxa-
Lute and sodium fluoride. Urine sanples were
collected it glass jars when the honses voided.
To Ll of plasina was added 4 of saturaned
KHLPO; and 6.l o Gichdotomietivae at room
temperatwre. The  samples  were roto-
racked for 6 min, centrifuged for 2 min .
2000 c.pan. and the organic laver was trns-
ferred 1o a clean tube and evaporated 1o near
dryness m a water bath (65°C). The sample,
were completely dried under a stream of N,
One hundred micioliters of metumol was
added 10 the residue, and 20 g of the sample
was injected onto the columm. the urine
samples were prepured in a sl manner,
except 4 ml of pH 3.3 satuvated KH.PO, was
added.

Standird curves were prepared for the
determination of phenvibutazone. oxyphen-
butazone and y-hydroxyphenvibutazone by
adding known amounts of authentic stan-
dards to blank plasima or urine and assaving
by thie same extraction procedure. Concentra-
tion ranges of 0.5-50.0 ug/ml were used. Peak
heights were plotted against the concentra-
tion.

Statistical analysis

The frequency distributions of plasma and
serum levels of  phenylbutazone and  its
metabolites were analysed for normality using
the Shapiro-Wilk's Statistic (Chay ef al., 1983).
Ihe best-tit transformation was determined
and a distribution curve was estimated using
the methads of moments based on the calcu-
lated mean and standard deviation. ‘The prob-
ability of auaining a given plasma or serum
concentration of phenylbutazone and oxy-
phenbutazone after different dosing schedules
was then calculated using this calculaied mean
and standard deviation.

All data are described as the range and
mean of the values reported. For those dis-
tributions which  could be logarithmically
tanslormed 1o normal distributions, the stan-
dard deviations presented represent the anti-
log of the stndard deviation of the
logarithmically transtformed data. Where the
data did not normalize when log-transtormed,
the arithmetic standard  deviation is pre-
sented.

RESULTS

The plasma  concentrations  of  phenyl-
butazone observed in 182 thoroughbred
Lorses racing in Kenwucky in the Spring of
1983 arve shown in Fig. 1. No phenylbutazone
was detecied in thirtv-eight of these horses,
and the modal blood concentration of phenyl-
butazone was less than 2 pg/ml. The distribu-
tion of plasma concentrations is log-normal,
with ten horses showing plasma concentra-
dons above 10 pgiml.

The plasma coucentrations of oxyphen-
butazone found in 173 of these horses are
shown in Fig. 2. No oxyphenbutazone was
detected in twenty-six of these samples. The
modal plisma concentration of oxyphenbuta-
zone was less than 2 yg/ml. The distribution of
plasma concemtrations was log-normal, -and

one-horse showed a phsma concentration of -

oxvphenbutazone above 12 pg/ml.

The plasma  concentrations of yOH-
phenvibutazone or the aleohol metabolite
found in 161 of these horses are presented in
Fig. 3. The modal concentration of yOH-
phenvibutazone found in these horses was less
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FIG. 1. Frequency distribution of plasma phenyl-
butazone levels in 182 thoroughbred horses racing
in Kentucky. The open bar represents those plasma
samples in which no phenvibutazone was detect-
able. The hatched bars represent the frequency of
occurrence of each concentration ol pheml-
butazone. The range of values observed was from
0.20 to 15.0 pg/ml, with the mode between 1.0 and
2.0 pg/ml, and a mean level, not including those
samples in which no drug was detected, of 3.49
ug/ml. The standard devintion of this distribution
was 13.98 pg/ml, and the population was well fitted
by a log-normal distribution, with a Shapiro-Wilk's
statisuc of > .15,

than 1 pg/ml. Again, the distribution was
log-normal, with the highest  plasma
concentration being less than 8 pg/ml.

The concentrations of phenvibutazone
found in urine samples from 155 of these
horses are presented in Fig. 4. No detectable
phenvibutazone was found in twenty-five of
these urine samples, and the modal phenyl-
butazone concentration was less than 1 pug/ml.
All but eight of the samples showed urinary
concentrations of less than 20 pg/ml. How-
ever, the overall distribution was clearly
skewed. with a long “ail’ of individual high
urinary concentrations of phenvibutazone.

The concentrations of oxyphenbutazone in
the urine of 168 of these horses are shown in
Fig. 5. No oxyphenbutazone was detected in
eleven of these horses, and the maodal
concentration was less than 3 pg/ml. The
distribution then fell away sharply, showing
only two samples with urine concentrations
between 13 and 14 pg/ml. Thereafier, how-
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FIG. 2. Frequency distribution of plasma oxvphen-
butazone feveds in 175 thoroughbred horses racing
in Kentucky. The open bar represents those plasma
samples in which no oxvphenbutazone was deteat-
able. The tusched bars represent the frequency of
occurrence o each concemration of oxvphenbuta-
rone. The range of values observed was from 0,30
10 13.00 pgml, with the mode between 1.0 and 2.0
ug'ml. and the mean level, not including those
saumples in which no drag was deteaed, of 2.07
ugml. The standind devistion of this disteihution
was 214 pgantand the popudistion was well tined by
a log-normad distribution, with a Shapiro-Wilk's
statistic of > 0,023,

ever, urinary concentrations of oxvphenbuta-
zone increased, with eight horses showing
concentrations of about 36 pg/mi, and then
declined, with  the highest  recorded
concentration about 83 ug/ml. The population
distribution appears o be best described as
bimodal.

The concemtrations of yOH-phenylbuta-
zone found in 152 of these urine samples are
presented in Fig. 6. No y©)H-phenvibutazone
was detected in eleven of these samples. The
modal concentration in equine urine was less
than 4 ug/al, followed by a frequency of
concentrations which declined slowlv to about
80 pg/ml Two horses, however, showed
urine concentrations of yOH-phenvibutazone
above 112 pg/ml. Although dearly skewed
to the left, the population distribution was not
well fitted by a log-normal curve and was
described as indeterminate.
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FIG. 3. Frequeaey distribution ol pliso yO1-
phemvibutazone levels in thoroughbred hoises rac-
ing in Kentucky. The open bar vepresents those
plasnr samiples in which no yOl-phens Ihatazone
was detectable. The hatched bars epresent the

frequency ot occurrvence of each concentration of

vOH-phemvibutazone, The rmge of vadues ob-
served was hom g0 1o 732 gaind, with the mode
between 8.1 and L) pgand, and the mean fevel, not
cluding those sampies i which na diug was

detected, o 134 pganl. The standard desiation of

this disteibution was 234 pg/mil and the popubation
was well fined by a log-normal distribuion, with a
Shapiro-Wilk's statistic of 0.124.

In a preliminary analvsis of some of these
data, Houston ¢t af. (1983) showed that urin-
ary concentrations of oxyphenbutazone were
strongly influenced by urinary pH. Because
this observation might explain the skewed
populations of urinary drug concentrations,
we studied the eflects of wminay pll on
plasma and urinary concentrations of phenyl-
butuzone and its mewabolites.

Figure 7 shows the population distributions
of urinary pH values in the 202 post-race
urine samples available (o us. The lowest value
observed was pH 4.9, and the highest pH 8.7.
‘The population distribution was apparently

bimodal, with a population peak at about pH
5.75, a trough at pH 6.25 and a major peak at
pH 7.25. This bimodal distribution is similar
to the distributions reported from England
and Japan (Tobin, 1931).

Figure 8 shows the relationship between
urinary pH and urinary concentrations of
phenylbutazone. For urine samples with pH
vialues between pH 4.5 and 5.0, the mean
concentration of phenylbutazone was 0.04
ug/ml This increased rapidly at first, then
more slowly between pii 6.0 and 7.0, and then
sharply between 7.5 and 8.5, Ovwerall, the
effect of winary pH on urinary concentra-
tions of phenylbutazone in these post-race
horse urines appeared 10 result in abowt a
225-fold increase from the lowest 10 the
highest urinary pH value. On the other hand,
however, plasma concentrations of phenyl-
butizone were essentially independent of
urinary pH, as shown in Table I.

Figure 9 shows the relationship between
wrinary concemtrations of oxyphenbutazone
and urinary pH. For urinary pH values of
4.5-5.0, the average concentration of OXYy-
phenbutazone in equine urine was 0.6 ug/mi.
As urinary pH increased, the concentrations
of oxphenbutazone in the urine sample in-
creased about ten-fold w0 6.5 pg/mi and about
seven-fold by pH 8.5, at which the mean
urinary concentration of oxyphenbutazone
was 0.1 pg/ml. Overall therefore, the
urinary concentrations of okyphenbutazone
increased  about 66-fold, again apparently
depending on urinary pH. As with phenyl-
butazone, the concentrations of oxyphenbuta-
sone in equine plasma were not affected by
urinary pH (Table 1).

A broadly similar pattern was observed with
YOH-phenyvibutazone (Fig. 10). At a urinary
pH of 4.5-5.0, the mean urinary concentra-
tion observed was .4 pg/nl. This concentra-
tion increased rapidly until, at pH 6.5, the
mean concentration was 28.3 pg/ml. There-
after, the urinary concentration dropped, but
then rose again rapidly 1o a mean level of 44.2
pg/ml above pH 8. Urinary concentrations of
YOH-phemvibutazone,  therefore,  showed
about a 32-fold increase over the range of
urinary pH values, with the concentration
increasing as pH increased. On the other
hand, the plasma  levels of yOH-
phenylbutazone appeared o decrease with
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FIG. 4. Frequency distribution of urine phenylbutazone levels in dioroughbred horses racing in Kentucky,
The open bar represents the urine saiples in which no phenvibutone was detectable. The hutched bars
represent the frequency of occurrence of each concenration of phomybuazone. The range of values
observed was from 0.20 10 30.5 ng/ml, with the mode between 01 and 1.0 g/l The mean level, not
including those samples in which no drug was detected, was 2,50 weml. The standard deviation of this
distribution was 3,11 gg/ml and the population was well fined Iy g tog-notmal distribution with a
Shapiro-Wilk's statistic of > 0.15.
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FIG. 5. Frequency distribution of uvine uxyphenbutuzone fevels in thoroughbred horses racing in Kentuckv,
The open bar represents those urine samples in which no oxyphenbutazone was detectable, The hatched bars
represent the frequency of occurrence of each concentration of oxvphenbutasone. The range of values
observed was from 0.30 w0 81.50 pganl, with the mode between 140 and 4.0 ug/ml. The mean level, not
including those samples in which no drug was deteated, was 1526 ugial. The standard deviation of this
distribution was 4.45 pg/ml and the population was not fitted by 4 log-uormid disttbution (Shupito-Wilk's
statistic < 0.01).
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increasing urinary pH. as shown in Table 1. butazone,  oxyphenbutazone and  yOH- The
Because a number of racing jurisdictions phenylbutazone for each hall pH unit (Fig. ey
have regulations stating that certain levels of 11). As might be expected, urinary concentra-
‘phenylbutazone and its metabolites” in equine tions of phenylbutazone and its metabolites DS
urine shall not be exceeded (Lobin, 1981), we  increased from 2.8 ughnl at pH L5 10 87.9 ~
sununed  the conceutrations  of  phenyl- pg/ml at pH 8.85, an approximately 32-fold Ins
- . . . . 1
merease mourinary concentrations. As with i
60— T I T T the individual parent and metabolites, the —
n= 202 plasma concentrations of phenylbutuazone and Lo
50l MEANpH =68 N its metabolites showed no such increase in : St
u association with increasing urinary pH plas
E (Table 1). o - Wi
. $ 40+ ] Inaparallel study, horses racing in Califor- e,
/ T nia were (rcancd. with a regimen of phenyl- ‘ CEiH
B & sl ] |?lll;lZ()llc ;q)pbmxlmmcly'eql.nvalcv:m o2 g/(!ay : 1w
et for 2 davs, with no medication for 24 h prior lowe
Z o post time. Figure 12 shows the plasma levels : e s
2 20k - “vhenvibut: . vryhes e
3 of plunylhul.mfn}( and oxyphenbutazone in dulk
& these samples. The modal level of phenyl- : hzi.
w © butazone in these samples was between 3 and that
- .y . an Ot ith a v
1 ug/inl, the me an I_.UJ pg/ml, with a range of resti.
up to 9.97 pg/ml. These data were well fited D
o} 4‘ : by a log-normal distvibution. The oxyphen- bt
pH OF URINE butazone levels found in these samples were Lo plics:
greater than the phenylbutazone levels, with a four
e . L . mean of 5.29 and a range of up 0 11.32. The . with
FIG. 7. Population distribution of  arinary ptl ) e . . ! )
. - o e ‘. plasma levels of oxyphenbutazone in these ; tics
values. The hatched bavs show e frequency of . o . i bids
observed urinary pi values in 202 post-race urine h(’“es were well fitted by a normal distribu- Anic.
samples of horses racing in Kentucky. uon. : has
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tions of phenylbutazone. The open cirdes (O)
show urinary concentrations of phenvibutazone
(from Fig. 4} plotted against urinary pli The solid
circles (®—@) show the mean urinary concentia-
tions of phenvibutazone for each talf pit £ SEM.
The line connecting the solid civddes was fined by
eve,

DISCUSSION

Inspection of the data reported in this paper
reveals a number of clear patterns. Firsily, the
mean and modal concentrations of phenyl-
butazone and its metabolites in both plasma
and urine were surprisingly Jow. No modal
plasma concentration greater than 2 ug/ml
was seen for phenvibutazone or anv of its
metabolites. Further, the modal urinary con-
centrations of phenvibutazone were less than
I pg/ml. These modal concentramions are
lower than those which might be expected in
horses racing on no-race-day medication sche-
dules (Chay et al., 1984). They are also lower
than might be expected because of the fact
that Thoroughbred racing in Kentucky has no
restrictions on the use of phenylbutazone.
Despite the fact that the use of phenvi-
butazone in Kentucky is unrestricted, the
plasma concentrations of phenvibutazone
found in these horses compare very favorably
with those observed in ‘no-race-dav medica-
tion rule’ experiments. For example, the
American Association of Equine Practitioners
has suggested that 2 g injected iv. is a
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‘non-abusive’ dose of phenylbutazone for a
racing horse (Harvey, 1983). Based on these
cousiderations, Dr Larry Soma of the Univer-
sty of Pennsvhinia, in co-operation with the
Pennsylvania Horsensan's Benevolent and
Protective Assoctation (HBI'A), dosed horses
motraining at hevsone Ruacetrack  with 2
£ 1000 1 of phenvibutazone v, for 4 days
and measured plasma level residues ol the
drug on the fifth dav (Soma, 1983: L. Soma
personal connunication).

Analysing  plsma sumples  from  these
horses i our Luboratory, we found that the
mean plema concentation  of - phenyl-
butazone in these torty-three horses was 4.75
ag'ml, with a sange of from 1.3 o 9.8 pg/ml
Table 1. Both the mean and modid concen-
trations of  phenvibutazone in the  horses
sunning in Kentucky were less than those in
these samples from the Kevstone study.
Statistical projections ot the concentrations
trom the Kevstone distribution suggests that
about one horse o 1000 dosed with the
Kevstone schedule would reach 16,2 ug/ml.
Of the 152 Kentuchy samples analvsed for
phenvibutizone,  the  highest  plasina
concentration observed was about 15 pg/mi.
Overall, the dat show thae the actual concen-
trations of phemibutazone in horses running
in Kentucky were dlose o those which might
be found under the no-race-dav medication
rule recommended by the American Associa-
ton of Equine Practitioners,

’

The plisna concentrations of  oxyphen-
butazone found in horses vacing in Kentucky
showed modal concentrations less than 2
pgml and o mean concentration of 2,07
ngml The range was up to 13.00 pg/ml
These concentrations compared well with
those obtained in our analysis of the Keystone
study, where the inean and modal concentra-
tions were about 3.5 ug/m! and the range up
to 8 ug/ml. Inspection of Fig. 8 shows that two
of the 176 Kentucky samples were 9 ug/ml,
with only one above this level. Again, the
concentrations ol oxvphenbutazone in horses
racing in hentueky under no medication
restrictions are comparable to concentrations
likelv to be found under a no-race-day
medication rule.

The phoma  concentrations  of  yOH-
phemvibutuzone found in horses racing in
Kentucky liad a modal concentration of less
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FIG. 9. Effect of urinary plf on urinary concentra-
tions of oxvphenbutazone. The open drdes (0)
show urinary concentrations of oxyphenbutazone
(from Fig. ) plotted against urinary pIl. The solid
circles (@—@) show the mean urinary concentra-
tions of oxvphenbutazone tor cach half pii unic £
SEM. The line connecting the solid circles was fitted
by eve.

than 1 ug/ml and a mean concentration of
1.39 pg/ml. These plasma concentrations are
much less than those of phenvibutazone and
oxvphenbutazone, consistent with the lesser
protein binding and more rapid elimination
of YOH-phenvibutazone from plasma. Plasma
concentrations of YOH-phenylbutazone were
not measured in the Kevstone or other inter-
laboratory studies, so no comparative data are
available.

The plasma concentrations of phenyl-
butazone and its metabolites found in horses
racing in Kentucky also compare favorably
with those found after a no-race-dav medica-
tion rule based on-oral dosing schedules.
Recently, Chay ef al. (1984) dosed horses in
training at Keeneland with 4 g/1000 Ibs of
phenylbutazone orally for 3 days, {ollowed by
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open circles () show urinary concentrations of
phenylbutazone (from Fig. 4) plotted against utin-
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FIG. 12, Phasma fevels of phenvibutazone and oxyphienbutazone in horses running at Hollvwood Park,
Calitornia, 1983, Thirty-four horses racing in Hollywood Park were dosed with phenyibutazone cither orvally
or intravenousiy v at 72, dR and 24 b prior 1o post. At 24 h Prior 1o post, 26 of these horses veceived 2
ghhorse, either oradlv oriv., 7 yeceived 3 g orall and one received 4 g ovally, At48 h prior 1o post, 2 horses
received no phenvibutazone, 26 received 2 g cither orally or iv., and 6 horses received no dose of
phenvibutizone, 8 received 2 g ovally and one harse received 3 g ordly. One horse received 2 gorally at 96 b
to post. The mean dosage vites. therefore, were 2.3 ¢ 1000 Ths ar 24 T, and 2.0 g/1000 1bs at 48 h. The
variable patterin of dosing a1 72 b is dif fiealt 1o evaliae, but amounted 10 @ mean dose of about 0.6 g/1000 1bs.
The Shupire-Wilk's statistic was 0.333 for the phenvibutazone distribution and 0.757 for the oxyphenbuta-

zone distribution.

2 g v, on Dav 4. Plasmi levels of phenyl-
butazone and oxyphenbutazoue were assaved
on Dav 5 w determine the blood concentra-
tions ol phenvibutazone and oxvphenbuta-
cone consistent with a 24-h rule after oral
dosing with this scheduie of pheavibutazone,

T he modal plasina concenration observed
i this study was about 2.5 pg/ml. The mean
plasnia concentration was 5,32 pg/ml, with a
ringe of up o 13638 pe/ml Seatistical projec-
tion of these datai showed thuat one horse in
1000 niay be expected to show blood coien-
trations ol phenvibutizone ol 245 pgml
(Labie 1)

These data are broadly similar to the bload
concentration data of Fig. 1. where the mican
and median e less dim those observed in
the oral dosing experiments, and the range is
remarkably simifar,

The oxvpheubutazone concentrations ub-
served o tns survey are also similar to those
observed in the oralfiv. study. The median
plasma concentration of oxvphenbutazone in
the oval v, study was 2.5 pg/ml, with a range
of up o 13.72 pyg/mb The plasma siouples
from the horses running m Keotucky showed
a modal concentration between 1 and 2 pgial,

a mean concentrition of .07 pg/ml, and a
L

range of up to 13 pg/mi. These data clearly
suggest that thoroughbred horses in Ken-
tucky are vunning on the approximate
equivalent of an Coral dosing” no-race-day
medication rule.

In pavallel  experimenis  in California,
thirtv-lowr horses rawing at Hollvwood Park
were dosed with approximately 2 g of phenyl-
butazone orally ae 24 and 48 h prior to post
time, Post-race plasina siainples from these
horses were anadvsed in our Laboratory and
these data are prosemed in Fig. 12, These

sumples showed mean blood plisma levels of

409 pg/inl, with a range of 0.4 p/ml w0 9.97
ug/ml. “This vange is very close to that of the
Reystone study (Table 1), and again suggests
that these horses have been dosed with dosage
scheduales dose 1o those of a ‘no-race-day
medication” schedule. However, it must be
borne in mind that the California study
represents a limited group of horses, and does
not constitute a survey of phenvibutiizone use
over a period.

The second importamt finding from these
experiments was the observation that plasma
concentrations o phenytbutazone and its
wettbolites in horses racing in Kentucky
toltow log-normal  frequency  distributions.
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.
TABLE I1. Comparison and statistical projections from data on horses running in
Kentucky and California and ‘no-vace-day medication rule’ studies

Number  Range  Mode  Median Mean 5% 1% 0.1%
of horses  (ug/ml)  (ugrnl) (egrmby  gimb (pg/md) ug/mh  (ug/ml)

Phenylbutazone*

Kentucky (post-race) 182 0.20~
15.00
Kevstone (i.v.) , 43 1.50~
9.88
Keeneland (oral — iv) 62 1.28~
13.63
Cilifornia 33 . 0.44-
9.97
Florida (serum) 57 0.27-
1.80
Oxyphenbutazone*
Kentucky (post-race) 175 0.30-
13.00
Keystone (i.v.) -~ 43 1.04-
7.70
Keeneland (oral — iv) 62 0.88—
10.26
California 33 0.84-
11.32
Florida (serum) 57 0.30-
l) "l)

12

31

2-3

A4

1-2

2.52 3.49 11.07 158 358
-L.00 175 8.8 118 16.2
510 H.32 10.3 18.6 235

3.65 4.049 10,45 16.78 2318
0.76 0.94 1.62 1.90 2.21
Lo 2.07 5.4 @12 16.2
3.55 3.52 6.6 8.9 12.4
392 3.20 84 13.6 21.7
5.04 5.29 9.61 1141 13.38
1.0 1.04 2.04 243 287

*All data reported here refer 1o drug or drug metabolite concentrations from these studies as assayed
by the Kentucky Equine Drug Research Program,

This is despite the fact that there were no
restrictions on dosing. These findings contrast
with the fact that the frequency distribution

patterns in urine for the metabolites of

phenylbutazone were more complex, and in
some cases could not be readily described
mathematically.

This finding is of regulatory importance
because it means that blood levels of drugs are
mathematically much more predictable than
urinary levels of drugs. This is an important
point for regulatory scientists, who may be re-
quested to develop tolerances or residual leveis
for certain drugs or. drug metabolies in body
fluids. Because of the mathematical predicta-
bility of plasma levels of drugs in comparison
with urinary levels of drugs, plasma is a much

more satisfactory medium for regulatory and
forensic work, especially if quantitation or
time rules are required by regulators.

As well as being less predicuable, urinary
concentrations of phenylbutazone were, by
and large, lower than plasia concentrations
of the drug. The modal concentration of
phenvibutazone in these urine samples was
less than 1.0 ug/ml, and the mean concentra-
tion was just under 3.0 pg/ml. ‘This was in
contrast with plasma concentrations of the
drug. where the modal concentration was
between about 1 and 2 pg/ml and the,mean
was 3.5 pgml.

While the bulk of the urinary concentra-
tions of phenylbutazone were, thus, lower
than plasma concentrations of this drug, there

N
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was a clear-cut ‘tail’ of individual urinary
concentrations above 10 pg/ml. These high
urinary concentrations of PB were apparenty
related o the alkaline pH of these urine
samples, However. despite this effect of pH
on the distribution of phenvlibutazone into
alkaline urines, the phenyvibutizone values
presented in Fig. 4 were well fitted by a
log-normal distribution.

In contrast, the uriniry concentrations of
oxyphenbutazone and yOH-phenylbutazone
were not well fined by log-normal distribu-
tious. Both of these population distributions
were more complex, and we were unable to fit
these populations to simple  mathematical
models.

Inspection of the frequency distribution of
oxyphenbutuzone in equine urine shows a
modal concentration ol oxvphenbutazone in
equine urine of less thin 3 pgiml, with the
frequency of higher concenaaiions dropping
away rapidiy to vield onlv two sinples with
urinary concentrations ol oxvphenbutazone
between 13 and 14 pganl. Therealter, the
frequency of higher oxvphenbaazone con-
centrations increased. with i secondary peak
it Irequency distribution of oxyphenbuta-
rone concentrations at about 36 pg/ml. From
36 pg/ml upwards, the frequeacy of higher
oxyphenbutazone concenivations decreased,
with a single concentiation of 8,13 pg/ml
being observed in these siumples,

We  were  also unable 10 desaribe
mathematically the trequenacy distribution of
concentrations  of  yOH-phemdbutazone in
these urine samples. Inspeciton of the curve
of Fig. 6 showed that ihe distvibution is
markediyv  skewed 10 the delt, but  the
distribution was not fited by o log-normal
distribution (Shaptro-Witk’s Stistic < 0.01).
We therefore described the distribution as
imdeterminate. However,  since it again
appeared hikely that uvinary pll was a major
cause of the high concentrations of yOH-
phenvibutazone 1w the  cquine  urine
sumples, we determined the effect of pH oon
the  concentration ol phenylbutazone,
oxyphenbutacone and yOH-phenylbutazone
and the sum of these metabolites in all the
urine samples tested.

A possible explanation for these skewed
distributions of urinary oxvphenbutazone and
YOH-phenylbutazone concentrations may be

the pH of the urine samples. As acidic
metabolites, they are likely to concentrate in
alkaline urines. Examining this hypothesis,
Houston ¢f al. (1983) have shown that urinary
concentrations  of  oxyphenbutazone were
positively correlated with pH, and that high
urinary values were associated with high
arinary concentrations of oxyphenbutazone.
These dita prompted us to examine the
effects of urinary pH on urinary concentra-
tions of phenylbutazone and its metabolites.

As shown in Fig. 7, the frequency distribu-
tion of the urine pH values observed in these
samples is similar to those reported from
other jurisdictions (Fobin, 1981). Work from
England and Japan has shown a broad range
of pH values, with values starting at a pH of
about 4.0, a first peak at abouwt pH 5.0, a
trough at about 6.0, rising 10 a secondary peak
atabout 8.0, and then declining, with no value
greater than a pH of about 9.0. These
distributions  suggest  that a broad and
apparently bimodal patern of pH distribu-
ton in post-race equine urine is a consistent
phenomenon on post-race urines from thor-
oughbred horses. While the pH range ob-
served in these posi-race urine sanples is
likely 10 underestimate the range ot pH values
actually found in the renal tubules, the range
observed is consistent with reports trom other
Laboratories and large enough o be an impor-
tant factor in drug distribution,

When one plots the concentrations  of
phenylbutazone and its metabolites against
urinary pH for each of these agents, a pattern
of increasing urinary concentrations of these
agents as pH increases is observed. For
phemvibutazone (Fig. 7), its urinary levels
wcrease at least 225-fold as urinary pH
increases. For oxyphenbutazone (Fig. 8), urin-
ary concentrations increase about 66-fold, and
tor yOH-phenylbutazone (Fig. 8), its concen-
trations increase about 32-fold. These in-
creases are well within the range of those
which may be expected from ion-trapping
theory, and they are more than sufficient o
render the quantitation of urinary concentra-
tons of phenylbutazone and its metabolites
meaningless for regulatory purposes.

These observations are in good agreement
with  classical  pharmacological  principles.
According 1o Melmon & Morrelli (1972),
when acidic drugs have a pKa of between 3.0
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and 7.5, their reabsorption by-the renal tubule
is likely 10 be sensitive to changes in urinary
pH. Phenylbutazone, oxyphenbutazone and
YOH-phenylbutazone, with pKa values of 4.3,
4.7 and 4.0, respectively (Soma, 1983) are,
therefore, candidates for effects of urinary
PH on their concentration and excretion rates
in urine,

As acidic drugs, these agents will he largely
in their jonized forms at alkaline urinary pH
values, and will, therefore, tend to trap’ in
alkaline urine. pH-partition theory, therefore,
predicts that the concentrations of these
agents in equine urine will increase with
increasing urinary pH. This is consistent with
what was observed, as the urinary concentra-
tions of these agents increased between 39.
and 225-fold as the pH ol the urine samples
increased.

In summary, therefore, these data show the

plasma and urinary levels of phenvibutizone
and its metabolites in horses racing in Ken-
tucky in 1983, They show that the modal
levels and the mean levels of phenvibutazone
and its metabolites in horses running in
Kentucky were less than those found in the
plasma of horses dosed with amounts of
phenylbutazone consistent with ‘no-race-day
medication’ rules. The distributions of plasma
levels of phenylbutazone and its metabaolites in
horses racing in Kentucky followed log-
normal distributions. While the levels of
phenylbutazone in urine were readily des-
cribed by log-normal distributions, the urin-
ary concentrations of oxyphenbutazone and
YOH-phenvlbutazone did not follow this
distribution. The urinary concentrations of
oxyphenbutazone were apparently bimodally
distributed. Urinary concentrations of YOH-
phenylbutazone were markedly skewed 1o the
left, and also could not be readily described
mathematically. In each case, it appeared that
a major factor in determining the urinary
concentration of phenylbutazone or s
metaholite is the pH of the urine sample.
Because of this, the regulatory significance of
urinary quantitation of phenylbutazone or its
metabolites is, at best, tenuous.
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