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Abstract

Wemm:hephmaandmuylewhof
phenylbutazone, oxyphenbutazone, and ~-hydroxy-
phenylbutazone for more than 200 thoroughbred
horses racing in Keamcky in the spring of 1983. In
¢ach case the plasma levels were well fitted by log-
normal distributions and were not influenced by uri-
nary pH values. The urinary concentrations of phenyl-
butazone were also well itted by a log-normal distri-
bution but those of oxyphenbutazone and y-hydroxy-
phenylbutazone were more complex. In each case
higher urinary concentrations tended to be associated
with higher urinary pH values. When this data was fit-
ted to & model of exponential increase in drug or drug
metabolite concentration with increasing urinary pH,
the effect of urinary pH was significant at p < 0.0001.
‘This analysis showed that 33 per cent of the varisbility
in urinary phenylbetazone concentrations, 58 per cent
of the varisbility in urinary oxyphenbutazone concen-
trations, and 28 per cent of the variability in urinary
+-hydroxyphenylbutazonc concentrations were due 10
the effects of urinary pH. This is consistent with
the known effects of alkaline urinary pH on urinary
concentrations and clearance of acidic drugs in other
species.

Introduction

Phenylbutazone is an effective non-steroidal anti-
inflammatory drug for treating musculoskeletal disor-
dess and is widely used for racchorses.” It can be de-
tecied for seven days or more and is generally present
in the body fiuids of horses during racing? However,
the amounts actusily found in post-race urine samples
are probably influeaced considerably by the medica-

in race-day wrine samples come from analysts who
may bold that these substances interfere with, or
‘mask’, the desection of other drugs./? No published
scientific evidence 10 either support or refuwe this
charge exists.

Before one can assess whether phenylbutazone can
mask the detection of illegal medication one needs to
know what concentrations of phenylbutazone are actu-
ally found in race-day plasma and urine samples. We
have therefore surveyed the concentrations of phenyl-
butazone and its metabolites in plasma and erine from
horses racing in Kentucky in the spring of 1983,

While analyzing the results it became clear that
a major factor affecting these concentrations in wine
was the pH of the urine sample. We therefore analyzed
the data from this survey 10 determine the significance
of pH as a factor in urinary drug concentrations. This
showed that pH has a substantial effect on urinary drug
concentrations, consistent with data reported for acidic
drugs in other species.

Materials and Methods

Phenylbutazone and- oxypheabutazone were ob-
tained from Ciba Pharmaceuticals' (Summit, NJ) and
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v-hydroxyphenyibutazone from Ciba-Geigy (Basel,
Switzerland). Liquid-chromatographic grade methanol
and water were obtained from Alitech {Deerfield, IL),
All other solvents and resgents were of analytical
KY)- ' g [}

The samples tested were all post-race blood and
urine samples submitted to the Keatucky Equine Drug
Testing Laboratory by the Kentucky State Racing
Commission. Blood samples were obtained when
the horses voided urine post-race. All sampies were
tightly sealed immediately after collection and stored
at 4°C. The pH of the urine samples was taken im-
mediately on arrival at the University of Keatucky and
the drug analysis completed within 48 hours, (Phenyl-
butazone is a permitted medication for thoroughbred
horses racing in Xentucky.)

Phenylbutazone and its metabolites were detecied
and quantified by liquid chromatography, as described
by Houson er ol The frequency distributions of
plasma and wrine levels of phenylbutazone and its
metabolites were analyzed for normality using the
Shapiro-Wilk's statistic” The best-fit transformations

were determined and the means and standard devia- .

tions estimatod. For those distributions that could be
logarithmically transformed to normal distributions the
standard deviations arc presented here as the antilogs

of the standard deviations of the Jogarithmically trans-

formed dats. Where the data did not normalize when
log-transformed the arithmetic standard deviation is
given,

Results

The plasma concentrations of phenylbutazone for
182 thoroughbred horses racing in Kentucky in the
spring of 1983 are shown in Figure 1. No pheayl-
butazone was detected in 38 of these horses and the
modal blood concentration of phenylbutazone was less
than 2 ug/ml. The distribution of piasma concentra-
tions was Jog-normal, with ten horses showing plasma
concentrations above 10 ug/ml.

The plasma concentrations of ox:
found in 175 of these horses are shown in Figure 2.
No oxypheabutazone was detected in 26 of these sam-
ples. The modal plasma concentration of oxyphen-
butazone was less than 2 ug/ml. The distribution of
plasma concentrations was log-normal, and one horse

Figure 1  Frequency distribution of plasma .
Phenylbutazone levels in 182 thoroughbreds racing in
Kentucky. The open bar represents plasma samples in
which no phenylbutazone was detected. The haiched bars
. show how ofien each concentration of phenylbutazone
occurred, The values ranged from 0.20 80 15.0 yegimi, with
the mode between 1.0 and 2.0 ugiml, and a mean {not

~ including those samples in which no drug was detected) of
3.49 ug'ml. The standard deviation of this distribution was
13.98 ug/mi and the population was well fitted by a log-
normal distribution with a Shapiro-Wilk's statistic of >0.15.

showed 2 plasma conceatration of oxyphenbutazone
sbove 12 ug/ml,

The plasma concentrations of y-hydroxypheayl-
butazone (the ‘alcohol metsholiee®) found in 161 of
these horses arc preseated in Figure 3. The modal
concentration of «-hydroxyphenylbutazone was less
than 1 xg/ml. Again, the distribution was Jog-normal,
with the highest plasma concentration being less than
8 ugfml,

Urinary concentrations of phenylbutazone for 155
of these horses are presented in Figure 4. No phenyl-
butazone was found in 25 of the samples, and the
modal concentration was less than 1 ug/ml. All but
¢ight of the samples showed urinary concentrations of
Icss than 10 ug/ml. Although the overall disuribution
was highly skewed with & Jong *tail’ of individual high
urinary concentrations of phenyibutazone, the distribu-
tion was well fined by a log-normal distribution.

Urinary concentrations of oxyphenbutazone for
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Figure2  Frequency distribution of plasma
oxyphenbutazone levels in 175 thoroughbreds racing in
Kentecky. The open bar represents plasina samples in
whick no oxyphenbutazone was detected, The hatched
bars show how ofien each concentration of
oxyphenbutazone occurred. The walues ranged from 0.30
10 13.00 ugimi, with the mode between 1.0 and 2.0 ugimi,
und a mean (not including those samples in which no drug
was detected) of 2.07 ughnl. The standard deviation of this
distribution was 2. 14 ugimi and the population was well
Jined by a log-normal distribution with a Shapiro-Wilk s
statistic of >0.023,

) Oxyphenbutazone
f/; in plasma
7
50- 7
7
%
ok
7
727
40+ ,/’;? "///ﬁ
77
30 4 A
7527
1y o
1 %7
& 27z
20 4 f;.'i; 7,
7
[ //‘

=
\\'{}

104

168 of these horses are shown in Figure 5. No oxy-
phenbutazone was detected in 11 of these horses, and
the modal concentration was Jess than 3 xg/ml. The
distribution then fell away sharply, showing oaly two
sampies with concentrations between 15 and 18 ug/ml.
Thereafter, however, urinary concentrations of oxy-
phenbutazone increased (with eight horses showing
concentrations of 36 to 39 ug/ml), then declined (with
a highest recorded concentration of 81.5 xg/ml). The
population distribution might best be described as bi-
modal.

Figure3 Frequency distribution of plasma
y-hydroxyphenylbutatone levels in 161 thoroughbreds
racing in Kennicky. The open bar represents plasma
samples in which no y-hydroxyphenylbutazone was
detected. The hatched bars show how dfien each
voncentration of y-hydroxyphenylbuiazone occurred, The
values ranged from Q.10 to 7.32 ugimi, with the mode
between 0.1 and 1.0 ug/m!, and a mean (not including
those samples in which no drug was detected)of 1.39 pg/mi.
The standard deviation of this distribution was 2.39 ugin!
and the population was well fitted by a log-normal
distribution with a Shapiro- Witk s siatistic of 0.124.
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Urinary concentrations of ~-hydroxyphenyl-
butazone for 152 of these horses are presented in Fig-
ure 6. No <-hydroxyphenylbutazone was detected
in 11 of the samples, The modal concentration in

_ equine urine was less than 4 ug/ml. Concentrations



Figure 4 * Frequency distribifion of urine Figure S  Frequency distribution of urine
Pphenylbutazone levels.in 155 thoroughbreds racing in oxyphenbutazone levels in 168 thoroughbreds racingin
Kentucky.- The open bar represens urine sampies in which Kentucky. The open bar represents urine sampies in which
no phemylbutazone was detected. The hasched bars show 10 axyphenbutazone was detected. The harched bars show

how ofien each concentration of phenylbusazone how ofien each concentration of axyphenbutazone ]
occurred. The values ranged from 0.10 o 30.5 ughnl, with occurred. The walues ranged from 0.30 to 81.50 ugimi, _
the modie between 0.1 and 1.0 ugimi, and a mean (not with the mode besween 1.0 and 3.0 ug/ml, and & mean (nox. .
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2.89 ugiml. The standard deviation of this dissribution was 15.26 ugfml. The standanrd deviation of this distribution

3.11 ugfml and the population was well fited by a log- * m(lswmmemdaﬁmmnotﬁmdbyalog-

normal diseribution with a Shapiro-Wilk's statistic of >0.15.  normal distribution (Shapiro-Wilk's statistic <0.01).
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Figure 6  Frequency distribution of urine Figure 7 Population distribution of urinary pH values.
y-hydroxyphenylbutazone levels in 152 thoroughbreds The hatched bars show the frequency of pH values in 202
racing in Kenrucky. The open bar represerus post-race urine samples of horses racing in Kentucky. The
samples in which no y-hydroxyphenylbutazone was mean pH was 6.8,
h ‘ detecred. The haiched bars show how ofien each
concentration of y-hydroxyphenylbusazone occurred, The 60 -
values ranged from 0.05 s0 122.0 ugiml, with the mode
bemml.OmdiOygﬁnl,mdamu(mitMeg f
thase samples in which no drug was detected)of 21.23ugimi. 50 - %
The standard deviation of this distribution wes 21.70 ug/m! : % '
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manged up o 80 ug/ml except for two horses which
had urine concentrations of «-hydroxyphenyibutazone
sbove 112 ug/ml. Although clearly skewed 10 the
left, the population distribution was not well fitted by
a Jog-normal distribution and might best be described
as indeterminate,

This data shows clearly that urinary concentrations
of phenylbutazone and its metabolites follow more
complex distributions in wrine than in plasma. Al-
though the plasma concentrations of
and its metabolites followed apparently log-normal
distributions the concentrations of phenylbutszone
metabolites in urine tended to follow more complex
patierns.

In & preliminary analysis of some of this data,

Houston ef al.! bave shown that urinary concentra-

tions of oxypheabutazone were strongly inflnenced by
winary pH. Because this observation might explain the
skewed populations we studied the effects of urinary
Ppit on plasma and wrinary concentrations of phenyl-
butazone and its metabolites.

Figure 7 shows the population distribution of pH
values in the 202 post-race urine samples available

pH 5.75, & trough at pH 625, and a major peak at
pH 7.25. This bimodal distribution is similar 10 the
distributions reported from England and Japen.!

Figure 8 shows the relationship between urinary
pH and urinary concentrations of phenylbutazone.
For wine samples with pH values betweea 4.5 and
5.0 the mean concentration of phenylbutazone was
0.04 ug/ml. This increased mpidly at first, more
slowly between pH 6.0 and 7.0, then sharply between
7.5 and 8.5. Ovenall, the increase of urinary pH ap-
peared 1o result in an approximately 225-fold increase
in the urinary concentrations of pheaylbutazone in
these post-race horse urines. However plasma concen-
trations of phenylbutazone were essentially unaffected
by urinary pH {Table 1).

concentrations of oxyphenbutazone and urinary pH.
For urinary pH values of 4.5 10 5.0 the average con-
centration of oxyphenbutazone was 0.6 ug/ml. As
urinary pH increased the mean urinary concentrations
of oxyphenbutazone increased approximately 66-fold
©0 40.1 ug/ml at pH 8.0 w 8.5. As with phenyl-
butazone, axyphenbutazone concentrations in equine
plasma were unaffected by urinary pH [Table 1).

Figure 8  Effect of urinary pH on urinary concentrations
of phenylbutazone. The open circles show urinary
concentrations of phenylbuiatone (from Figure 4) plotied
against urinary pH. The solid circles (with bars) show the
miean urinary concentration of phenylbutazone (+ the
standard error of the mean) for each half pH unit.
(Between pH 4.5 and 5.0 this was 0.04 £ 0.04 ugimi and
between pH 8.0and 8.5, 9.0 2.7 ug'ml.) The line )
connecting the solid circles was fitred by eye.
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A broadly similar pattern was observed with
7-hydroxyphenylbutazone [Figure 10). At a wri-
nary pH of 4.5 10 5.0 the mean urinary concentra-
tion was 14 ug/ml This concentration increased
rapidly untll, at pH 6.0 w0 6.5, the mean concentra-
tion was 28.3 ug/ml. Thereafter the urinary concen-
tration dropped, then rose again rapidly to a mean
of 442 ug/m! above pH 8. Umymnum

- range. However, the plasma levels of 4-hydroxy-

phenylbutazone either were not affected or appeared
to decrease with increasing urinary pH [Table 1).
When the logarithms of the urinary concentra-
tions of phenylbutazone and its metabolites were plot-
ted against the pH of the urine samples, an F-test
showed that the effect of pH was highly significant
at p<0.0001. In addition,:an snalysis- of variance
showed that 33 per cent of the variatjop in phenyl-
butazone concentration, 58 per cent of the variation
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Figure 9 Effect of urinary pH on urinary concentrations
of oxyphenbutazone. The open circles show urinary
mmmtiomafogphmbmmﬁmm.ﬂp{md
against urinary pH. The solid circles (with bars) show the
mean urinary concentration of oxyphenlxaazone (+ the
standard error of the mean) for each half pH uniz.
(Between pH 4.5 and 5.0, this was 06 0.2 ughni and
berween pH 8.0and 8.5, 40.1 % 5.5 ugiml ) The line -
connecting the solid circles was fitted by eye.

80 4 Oxyphenbutazone
in urine

10

in oxyphenbutazone concentration, and 28 per cent of
the variation in v-hydroxypheaylbutazone concentra-
tion in these sampies were dne 10 the differences in
urinary pH.

<

Figure 10  Effect of urinary pH on uﬁ’mry
concentrations of y-hydroxyphenylbutazone.
circles show urinary concertrations of

m;)pen

(From Figure 6 plotted against

y-lydroxyphenylbusazone
urinary pH. The solid circles (with bars) show the mean
. l !" d -
(% the standard ervor of the mean) for each half pH unir,
(Between pH 4.5 and 5.0, this was 1.4 £ 0.9 ugimi and
between pH 80and 8.5, 44.2 & 11.5 ugiml) The line

connecting the solid circles was fitted by eye.
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Discussion

This data shows that these horses had plasma lev-
¢is of phenylbutazone and its metabolites that were
well fitted by log-normal distributions. However,
though the urinary concentrations of phenylbutazone
were well fitted by a log-normal distribution, those of
oxypheabutazone and Toutazone were
more complex. Although the mathematical nature of
mmdmmmy
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Table1 Effect of urinary pH on plasma levels of phenylbutazone and its metabolites

Urinary pH

45050 501055 551060 601065 651070 701075 7.51080 8.0t0 8.5

Phenylbutazone 2615 45409 28205 23409 20107 23+04 35+ 08 27107

(#g/mi plasma)

tazone 17107 32108 20+04 12203 11402 11202 1.8+ 04 1.7 04

(4g/mi plasma)

y-Hydroxyphenyl- 27410 23404 124202 0803 09102 06201 06+ 0.1 06+ 02

butazone
(18/mi piasma)

Total 69+25 101218 6012 43215 39+11 40106 59+12 S0+12

(ug/mi plasma)

phenylbutazone in urine was not clear, analysis of the
data showed that urinary pH had a major influence on
concentrations of phenyfbutazone and its metabolites
in the urines of these horses.

It has Jong been known that the renal clearance
of certain drugs is greatly affected by urinary pH. In
1946 Smith and his co-workers® showed that the renal
clearance of free salicylate increased more than ten-
fold as the urinary pH approached 8.0. At that time
the principle of pH trapping of ionized drug molecules
had not been developed but the experimental data is
clear [Figure 11] and in good accord with the results
reported in this paper. The 1946 data shows that the
urinary clearance of free salicylate increased exponen-
tiglly as the pH of the grine increased shove 7.0. A
broadly similar effect may be expected with phenyl-
butazone and its metabolites since they have similar
pX, values to salicylate.

Since Smith’s initial work with salicylates was re-
ported in 1946 the theoretical basis of this effect has
been worked out. The drugs affected are weak acids
o weak bases and their pX, values must be within
a certain range: The pX, value must lie between 3.0
and 7.5 for acidic drugs and between 7.5 and 10.5
for basic drugs. The concentrations and clearance
of salicylate, phenylbutazone, oxyphenbutazone, and
~y-hydroxyphenyibutazone (with pX,, values of 4.6, 4.5,
4.7, and 4.0 respectively) can therefore theoretically
be affected by urinary pH.

In general, the effect of pH on equine urinary con-
centfations ‘of phenylbutazone and its metabolites fol-
lows the pattern observed with salicylate, Little effect

Figwe 11 Relationship berween urinary pH and urinary
clearance of free salicylase for mans$ The solid circles
represent the free salicylate secreted per minwe, plosted
against urinary pH.

225 1 Free salicylate

H I. T -
55 60 - 65 70vV 75 B0 8.5
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the curve does not appear to climb steeply until pH

values of spproximately 8.0. However, the concen-

tration differential for phenylbutszone is large, with a
225-fold range between the acidic and basic post-race
urines. Over the same pH range the data for oxyphen-
butazone shows a 66-fold increase while the data for
4-hydroxyphenylbutazone shows a 32-fold increase.
Ovenall, the variability in urinary concentrations of
phenylbutazone and its metsbolites turas out 0 be ap-
proximately 33 per cent due 1o pH for phenylbutazone,
58 per cent for oxyphenbutazone, and 28 per cent for
~-hydroxyphenylbutazone.

In assessing the significance of these estimates of
variability it must be remembered that there are other
large sources of variability. First, an inspection sug-
gests the data is more complex than simple exponen-
tial increases in urinary concentrations with increasing
pH. An spproximate mathematical model can only un-
derestimate the varisbility that is due 1o pH.

Second, these samples were taken from horses rac-
ing in Kentucky in the spring of 1983 when there
were no restrictions whatsoever on phenylbutazone
use. Thus these horses represent the complets range
of dosing with this drug— from zero phenylbutazone
to medication right up o race day, including possible
race-day medication, This is probably by far the most
important source of varishility overall and it is a tribute
1o the power of urinary pH to affect the concentrations
of drugs that for one metabolite (oxyphenbutazone) pH
was in fact the major contributor.
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Discussion

GALL Tom, is it not true that there are no restric-
tions, cither, on the use of furosemiide in the
state of Kentucky?

TOBIN That is comect.

GALL Do you not give any significance 1o the fact
that the horsemen are using furosemide within
a few hours of the race and that that affects the
urinary levels of pheaylbutazone?

TOBIN ' The regulation in Kentucky for furcsemide
is four hours prior t0 post. I'm not familiar with
its use outside that: 1 have no comment on that.

GALL There arc no means of eaforcing the four
hoars in Kentucky. Is that act correct?

TOBIN There sre two means of enforcing it: There
is the detention-bamn system and there is a
plasma wlerance. Those are the two means that
can be nsed, but neither of these are used in

Kentucky currently.
GALL You're using the honour system?
TOBIN That's correct.

SMITH (R L) Tom, looking st the pheaylbutazone
values of plasma, the variability’s huge. I think
the figure you gave suggested it ranged from
0.20 1o 1500 micrograms per mil within the
population you looked at. Have you any grasp
as 10 the source of this variability - how far
it's genetic or environmental in origin? And
from the genetic point of view, one would have
thought one has a handle in terms of pedigree re-
lationships to look for sibling correlations. Have
you Jooked at this at all?

TOBIN The range in blood levels is not huge; it’s
infinite, because it goes from zero (or nonde-
tectabie) to about fificen micrograms per ml. I
do not know what the factors that contribute 10
this range are. If you asked me w0 speculate, 1
would suggest the first one is the dosage sched-
ule determined by the veterinarian. The second
would be the time prior to post that adminis-
tration of the drug ceased. And that would be
about as far as I could go. I wouldn't care to go
beyond that except to point out that the range is
not that dissimilar 10 ranges that you get if you

dose horses with the clinically accepted doses

of phenylbutazone for about three to four days.
Does that answer your question, Bob?

SMITH (R L) Yes.

LAMBERT Just two questions. Do any of the
American authorities use urine levels in
lations? .

TOBIN That was the general paticrn until the early

cighties. I'm not sure whether any juristlictions
still do or not. T would suspect that some do.

LAMBERT The second question is, are these all
winners or is it random sampling?

TOBIN These are just the post-race samples that
come ©0 us in the drug-testing laboratory.
They're desermined in the usual way: winners;
beaten favouriles; whatever the stewards recom-
mend. If there's exotic betting, the horses fin-
ishing second and third will be sampled.

LAMBERT Why I asked that is, is it possible that
the fitter horses would have a maore acidic urine
and be less likely 1o be on phenylbutazone,
whereas the horses that romp in near the end of
the field might have a more basic pH and could
be on higher doses of phenylbutazone? I'm not

with your conclusion because it's
very logical, but would that be another possibil-
ity?

TOBIN That's quite reasonable, because we have
no control of the samples presented o us. It's
simply sn analysis of what went through the lab-
oratory in this period and I can't determine the
Pplace of finish of a horse or, indeed, its fimess.

IRVINE Tom, since you've shown so clearly that
pH has a'considerable influence on urinary con-
Centrstion, accentuating the importance of pH,
I wonder if you could tell us a little about the
reasons for the bimodal distribution of urinary
PH inssead of what one would have expected—a
normal distribution.

TOBIN 1 really can’t speculate as to that, CIlff,
Perhaps David Snow might like to tackle that
one if David is here. Could I throw that one to
David?

SNOW From an analysis-of urine:pHs in pre- and
post-race sampics, & much higher-frequency of



ally two populations there (onc which excretes
acid in their urines more readily and consis-
tcatly) which would be oae hypothesis, : And
the other hypothesis would be David's it's
simply a random event depending on the volume
of urine in the biadder prior to post. However,
this would be the place 1o answer this experi-
mental question,

SNOWYon‘veaimDaﬁd&onemxood

work to do.




