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,Alter intravenous injection of procaine HC! in maures, urinary concentrations of

the drug fell slowly (¢%5 > 3 hours), in contrast with the relatively short (t% =
45 minutes) plasma half-life of the drug in horses.Similarly, after intra-articulur
injection of procaine HCI, urinary concentrations fell more slowly than plasma
concentrations of the drug. After intramuscular injection of procaine HCI or
procaine penicillin, plusma and urinary concentrations of the drug fell in parailel
and slowly. These experiments suggest that procaine is sequestered in the urinary
tract and that its release into urine can be rate limiting for its renal elimination.
The nature of this rate limiting step is unknown. After intrumuscular administra-
tion of procaine HCI or procaine penicillin, the rate of absorption of the drug
from the intrumuscular site appears (o be equivalent to, or slower than, the rate
limiting renal process. Under these conditions, plasma and urinary concentra-
tions of the drug declined in parallel. The experiments show that after adminis-
tration of procaine HCI urinary concentrations of procaine are found long after
procaine has become undetectable in plasma. The results suggest that routine
racetrack testing be expanded to include plasma procaine determinations and
that **calling™ of a procaine pusitive be contingent on determination of plasma
levels of the drug. The experiments also suggest that routine urine samples should
be cooled to 0°C in the period between collection and analysis.

Introduction

Under cucrrent rules of racing, the presence of procaine in the urine of racing
horses is an infraction of the rules and can lead to disciplinary action.® This is
because the presence of procaine in the urine of a racing animal is taken as
evidence that the animal has been raced under the influence of procaine. Since
procaine has both local anesthetic and ceatral stimulant actions in the
horse,*¥ the performance of any animal racmg “‘on procame" may be influ-
enced by this drug.

Simple detection of what may be very small amount§ of procaine in the
urine of 2 horse does not, however, mean that the animal was pharmacologi-
cally influenced by procaine at the time of racing. Preliminary experiments by’
Tobin and Blake* have shown that urinary concentrations of procaine in the
horse decline more slowly than plasma levels of procaine. Therefore, it is pos-
sible that under some circumstances a horse might test **positive’ for urinary.
procaine but be analytically free of procaine in its blood stream. Similarly, it is
known that urinary concentrations of procaine in horses are found for up to 1
week after dosing with procaine penicillin.! This study was undertaken to
further investigate the relationship between plasma and urinary procaine
levels.
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Materials and Methods

Muture Thoroughbred mares of between 400 and 500
kg bady weight were used. Housing and gencral treatment
of thesc animals was as previously described.® All urine
samples were obtained by catheterization and draining
the bladder at the indicated time intervals. A 20-mi aliquot
of the total urine sample was taken for analysis. All drugs,
injections. and blood samples were as previously de-
scribed. Plasma and urine samples were stored overnight
at =30° C accompanied by appropriate standards for
analysis on the following day. Plasma and urine concen-
trations of procaine were determined by gas chromatog-
raphy or occasionally colorimetrically (Fig 3) as described
by Tobin et al. *'* and by Blake et al.? In the gas
chromatographic method, 1 ml of saturated sodium tet-
raborate and 2 mi of benzene were added to 4 ml of the
biological fluid and the whole rotoracked for 10 minutes.
The system was then centrifuged at 5,000 x g for 10 min-
utes and the benzene layer transferred to a tube contain-
ing 50 pl of 5% pyridine in benzene and 50 ul of hepta-
fluorobutyric anhydride (HFBA). The system was allowed
1o react at room temperature for 3 minutes and § mi of
saturated sodium tetraborate again added and the system
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Fig 1 — Gas chromatographic snslysis of pracsine HFBA derivs-
tives.

The right-hand chromatogram is that of s standard <olution of
10 ng/mi of procaine derivatized as autiined in **Methods.” The
center chromatogram is that of s urine sample from a horse pre-
treated with procaine HCl and derivatized as outlined in
“Methods.” The left-hand chromatogram Is that of urine from an
univested animal treated as outlined in **Methads."*
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rotoracked. After centrifugation, the hensene laver was
separated and used for gas chromatographic analvis,

Gas chromalography was on a Perkin-Elmer 1920 gas
chromatograph cquipped with an clectron capture detec-
tor. Injection temperature was 260" C on 4 column of 3%
OV-101. Detector temperature was 300° C unless other-
wise stated. and the carrier nitrogen flow rate was 70
ml/minutc. This mcthod was sensitive down to less than s
nanograms/ml procaine. The results obtained with this
method correlated well with those obtained by the col-
orimetric method. Unless otherwise noted. all cxperimen-
tal points are the means = SEM of experiments on at least
4 difTerent animals.

Results

Figure | shows typical chromatograms of the pro-
caine HFBA derivative obtained from spiked standards,
compared with chromatograms of extracts of urinc from
treated and untreated horses. A peak with a retention
time corresponding to the procaine HFBA peak wis seen
only in urine from the procaine treated horse. Further. if
the column temperature was varied. the retention times of
the known procaine HFBA derivative and the putative
procaine HFBA derivative varied in paralicl. The experi-
ment shows that the peak observed in the urine of pro-
caine treated horses is an HFBA derivative of procaine
(Fig 2).
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Fig 2 — Comparison of retention times of putative and authentic
procaine HFBA.

The croses (x-x) show retention times for the standurd procsine
HFBA chromatographed as outlined in **Methads™ except that the
column temperature was varied as indicated an the horizontal axis.
The circles (0 - ©) show the retention times of the similar peak ob-
served in the urine of procaine treated horses aver the same tem-
perature range.
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Because of the instability of procaine in equine
plasmi ! we first studicd the stability of procaine in
equine urine at various temperatures. Figure 3 shows that
at 37 C procaine added to equine urine (pH approxi-
mately 7.5) had an apparent half-life of about 24 hours.
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Fig 3 — Hydrolysis of procaine by horse urine.
Two thousand nanograms/mi of procaine HCl were added to §
mi of freshly drawn horse urine or distilled water buffered to pH

7.4 with 50 mM phosphate bufTer. These samples were then inco- .

bated at 0°, 22°, or 37° C and aliquots taken at the indicated time
pﬂmm“’dwmmmm@w)uﬂm
squares (® - 8) show recoveries of procaine from buffered aque-
ous solutions at 0 * and 37°, . The solid circies (¢ - o),
open squares (O - 0), and solid triangles (A - A) show hydrolysis
of procaine in urine at 37° in the presence of eserine. All points are
meaas of at Jeast 4 experimental determinations.

This same half-life was observed in eserinized urine and
in aqueous solution buffered to pH 7.4. The results, there-
fore, suggest that the rate of breakdown of procaine in
equine urine is about that of the spontaneous breakdown
of procaine under similar temperature and pH conditions.
Figure 3 also shows that cooling the system to 22° C, or
more especially 0° C, protected procaine against this

" spontaneous hydrolysis.

Figure 4 shows plasma and urinary concentrations of
procaine after the rapid intravenous administration of 2.5
mglkg of procaine HCL. As reported previously, plasma
procain¥=levels initially fell rapidly, then more slowly,
with a terminal half-life in the order of about 45 minutes.

. Urinary concentrations of procaine, however, continued

to climb slowly, peaked at about 4 hours, and then de-
clined in a biphasic manner, more rapidly at first with an
apparent half-life of about 3 hours, then much more
slowly. In this experiment, some individual urinary con-
centrations of procaine declined with overall half-lives of
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8 hours or less.* Inspection of Fig 4 thus suggests that
procaine is likely to be found in the urine of horses for
quite some time after it has become undetectable in
plasma.

Figure 5 shows that essentially the same results were
observed after intra-articular injection of procaine. In this
experiment, plasma concentrations of procaine peaked at
about 60 minutes and then declined with an apparent
half-life of about 1.5 hours (dotted line in Fig 3 replotted
from Fig 9 from reference #9). Urinary concentrations of
procaine, however, continued to increase, peaked at
about 4.5 hours, and then declined very slowly with an
apparent terminal half-life in the order of about S hours.
The expériment shows that substantial and easily detect-
able urinary concentrations of procaine were observed
after the intra-articular injection of small amounts of pro-
caine and that procaine again continued to be eliminated
in urine long after it had become undetectable and pre-
sumably pharmacologically inactive in plasma.
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rapid intravenous injection of 2.5 mg/kg of procaine FCL The 8

phase half-life of plasma procaine under these conditions was ap-

proximately 45 minutes. The solld cicrcies (@ - o) show

levels of procaine in these experiments. The dotted line shows a fit

to the fastest portion of the urinary half-life observed with an*
appareat 1% of sbout 3 hours. ARl points are the means = SEM of

§ experimental determinations.
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The solid circles (@ - 6) show urinary concentrations of pro-
caine sfter the intra-articular injection of 6.33 mg/kg of precaine
HQ as Novocaine®. The dotted line shows plesma levels of pro-
caine after the intra-articular injection of this concentration of
procaine, replotted from Fig 9 of reference #9. All points, except
that at 2 hours, sre the means = SEM of data obtained on 4 or
more animals.

_ Figure 6 shows that similar results were obtained
after the intramuscular injectioa of procaine HCl (10

mg/kg). As observed previously, 89 plasma concentra- -~~~

tions of procaine fell with an apparent half-life of about
3.0 hours after its intramuscular injection. Urinary con-
centrations of the drug, however, declined at about the
same rate, with an apparent half-fife on the order of about
5 hours, and urinary concentrations of the drug were
again detectable long after plasma levels of the drug had
become undetectable.

‘Figure 7 shows the relationship between plasma and
urine concentrations of this drug after administration of
procaine penicillin. Plasma .concentrations of procaine
peaked at about 1 hour and then declined with an appar-
ent initial half-life of about 8 hours. Then, after 24 hours,
the apparent plasma half-life of procaine increased to
about 24 hours. a rate of decline which was approximately
maintained until plasma levels of the drug became unde-
tectable on the sixth day.

After administration of procaine penicillin. urinary
concentrations of procaine followed plasma levels much
more closely then previously. Afier peaking at 12 hours
postdosing, urinary concentrations of the drug fell rapidly
at first, with a half-life apparently p:«rﬁling the initial
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Fig 6 — Urinary levels of procaine after the intramuscular injoer”
tion of procaine HCI.

mwm(c.o)showphsmmhdprmmmaug
intramuscular administration of 10 mg/kg of procaine HCL The
solid circles (¢ - ©) and solid squares (® - @) show urinary
concentrations of procaine In 2 separate experiments. AH data
points are the means of experiments on at least 3 () and § (w)
horses, respectively,

v T M v L] T T T 12 ol T Y T

-
PLASMA AND URINARY PROCAINE 7
AFTER PROCAINE PENICILUIN -1/M

g §8i

i1 i 1 i L+ 1 1 & 1 &t 1
[} 2 4 ¢ 8 0 2 "
DAYS POST PROCAINE PENICLLIN

Fig 7 — Plasma and urinery concentrations of procaine after in-
tramuscular sdministrution of procaine penicillin.

The open circles ( - ©) show plasma concentrations of procaine
sfter the intramuscular administration of 33,000 1.U./g of pro-
caine penicillin to Thoroughbred horses. The solid squares (v - =)
shew urinary concentrations of procsine in these experiments. All
data points sre means = SEM of experiments on 4 different horses.
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8-hour plasma half-life of procaine. Then, as the plasma
half-life of procaine increased to about 24 hours, the uri-
nary half-life of the drug also increased, though appar-
ently 1o a somewhat greater value than the apparent 24-
hour plasma half-life of the drug. After becoming almost
undetectable in urine on the ninth day, the urinary levels
of procaine increased to peak at-the 11th day and then
declined again to the 14th day, when the experiment was
concluded.

Discussion

Though procaine Is relatively rapidly hydrolyzed by
equine plasma in vivo, substantial concentrations of a ma-
terial behaving like procaine were found in the urine of
horses treated with this drug. This material is procaine
because (a) it gave the colorimetric reaction for procaine as
described by Tobin et al., >4 and procaine concentra-
tions determined by this colorimetric reaction were simi-
lar to those determined gas chromatographically; and (b)
the HFBA derivative of this material could not be distin-
guished from the HFBA derivative of authentic procaine
over 3 different column temperatures (Fig 2) and under a
number of other conditions in our gas chromatographic
system. Further, experiments by other workers have

. demonstrated the presence of procaine in the urine of

horses after its administration as either procaine HCl or
procaine penicillin. Thus, Brodie* showed that after ad-
ministration of 2 grams of procaine HCl to horses, up to
# g/mi of procaine were found in the urine of the horses at
$ hours. Similarly, Evans and Lambert® have shown that
procaine is detectable in the urine of horses in substantial
concentration after the administration of either procaine
HCI or procaine penicillin. Finally, protaine has been the
most commonly reported drug in horse urine by the Asso-
ciation of Official Racing Chemists in 1972,* by this group
between 1949 and 1962," and also by the equine drug test-
ing laboratory in Kentucky. Based on these consid-
erations, it seems reasonable to conclude that the material
found in the urine of these horses which could not be
dnstmgulshed from procaine is procaine.

In all of the experiments reported here, urinary levels

" of procaine after administration of procaine HC] fell more

slowly than plasma levels of the drug. While this effect
showed up clearly after intra-articular administration of
the drug, it was not clear from these experiments whether
or not the discr¥ancy in the rates of decline of the uri-
nary levels was a renal phenomenon or simply a reflection
of unusual pharmacokinetics of procaine, such as are ob-
served after its intramuscular administration (Figs 8 and
12 in reference #9). Therefore procaine HCl was given in-

" travenously at 2.5 mg/kg to rule out the possibility of

tissue binding at the site of injection and show release of
the drug as a possible cause for the discrepancy. As
shown in Fig 4, procaine lgvels in the urine again declined

“much more slowly than plasma levels of the drug. Based

on these observations, it seemed reasonable 1o conclude
that specific factors were acnng to delay the elimination
of procaine in urine.

Studying urinary elimination of procaine in the hu-
man, Brodie* reported that about 2% of a 2-gram dose of
procairie in man was excreted unchanged in the first 48
hours. In these intravenous experiments. only about
0.15% of the total dose administered was excreted in the
first 6 hours which suggests that less than 1% of the total
dose will be excreted by this route over a 48-hour period
in the horse. The reason for the discrepancy between our
results and those of Brodie is not apparent, but a possible
source of error is the somewhat less specific colorimetric
method used by Brodie.¢

- When drug levels in urine decline more slowly than
plasma levels of a drug, the simplest explanation for this
phenomenon is that the drug is selectively bound in the
urinary tract and only slowly released into urine. In this
way, plasma levels of the drug can decline to below
measurable levels, but renal levels of the drug remain high
and release of the drug into urine (and, similarly, back
into the bloodstream) can proceed. This mechanism may
provide an explanation for the data of Figs 4 and § which
show consistently slower renal elimination of the drug
thaa decline of plasma levels.

There is no evidence to suggest the way in which

' procaine may be sequestered in the urinary tract. Among

the possibilities are tissue binding and/or active transport
of procaine into renal tissues. While it is possible that
procaine is transported into the kidney by the organic
base transporting system, this hypothesis runs into the
problem of the high lipid solubility of procaine. Thus,
though procaine may be readily transported into renal
tissue in much the same way as n-methylnicotinamide, it
should readily diffuse out again by virtue of its lipid solu-
bility and ready movement across cell membranes.® The
possibility of such rapid movement of procaine in the uri--
nary tract is further attested to by the observations of
Evans and Lambert® who have shown that urinary levels
of procaine are strongly dependent on and vary readily in
accordance with urinary pH. Similarly, recent experi-
ments by Tobin and Roberts'® have shown no effect of
furosemide treatment on urinary concentration of pro-
caine in horses, again suggesting rapid equilibration of
renal and urinary procaine levels and speaking against
transport dependent concentration gradients of procaine
in renal tissue.

Another possibility is that procaine is selectively and
relatively specifically bound in the equine kidney and
only slowly released into the urinary tract. The difficulty
with this hypothesis is that. for it to account for the ob-
served data, the procaine-binding ‘site complex would
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have to be quite stable. This is because the case of move-
ment of free procaine into urine 312 suggests that the dis-
sociation of procaine from its binding sites would have to
be the rate limiting step in the system. However, in sup-
port of the hypothesis of *‘tight™* procaine binding in the
kidney are the observations of previous experiments
which show that similar poorly diffusible pools of
procaine were observed after injection of the drug intra-
muscularly into horses.®

In view of the fact that the urinary half-life of pro-
 caine in the experiments of Figs 4 and § was in the order
of about 5 hours or greater. it was of considerable theoret-
ical and practical interest to inject procaine penicillin and
study the relationships between plasma and urinary con-
centrations of the drug. This is because after the injection
of procaine penicillin the rate of decline of plasma con-
ceatrations of the drug is quite slow, with a %4 of about 10
hours,® which is slower than the rate of decline of urinary
concentrations of the drug. As shown in Fig 7, after in-
tramuscular injection of procaine penicillin in these ani-
mals, the rates of decline of plasma levels initially had an
apparent half-life in the order of about 8 hours, then later
an apparent half-life in the order of about 24 hours or
more.

In previous experiments on the pharmacokinetics of
procaine in the horse, these authors observed?® that
absorption of procaine penicillin from an intramuscular in-
jection site is a complex process, which starts with a half-
time of about 5 hours to account for the plasma concen-
trations peaking between 1—2 hours but then slows down
to a half-time of about 8—-10 hours to accommodate the
plasma half-life of this drug observed during the 4-24
hour period (Fig 9 in reference #9). Since these rates are
all of the same order or slower than the urinary half-lives
for procaine observed in previous experiments (Figs 4—6),
it appeared possible that for procaine penicillin the rate of
absorption from the intramuscular site might be rate limit-
ing and might control the rate of decline of urinary con-
centrations of the drug.

The data of Fig 7 are in good agreement with this
hypothesis, showing that urinary concentrations of the
drug at first fell rapidly with an apparent half-life of about
8 hours, paralleling the initial rate of decline of the plasma
concentrations. From about 4 days on, however, the rate
of decline of the urinary concentrations slowed, in paral-
lel with the slower deciine in plasma concentrations of the
drug. Toward the end of the experiment, the rate of de-
cline of the urinary concentrations appeared slower than
the rate of decline of the plasma concentrations. It is,
however, important to note that the rate limiting step in
the whole process, i.e., the rate at which procaine was
absorbed from its intramuscular site, decreased over the
whole time during which it was followed and that it is

@)

likely to continue to decrease. Thus. the apparently very
slow terminal half-life for urinary procaine in Fig 7 is
probably consistent with a similar slowing in the no longer
measurable plasma half-life of procaine.

The increase in urinary levels of procaine between 9
and 11 days is likely due to a change in urinary pH, and
similar sharp changes in procaine levels associated with
urinary pH changes have been reported by Evans and
Lambert.* Urinary pH values were not, however, moni-
tored throughout these experiments.

A hypothesis has’ been presented® which suggests
that after administration of procaine penicillin, procainé
exists in the blood or urine of horses as a *‘pro- -
caineepenicillin’® complex. Examining this hypothesis,
Tobin et al. 11 could find no experimental evidence in
vitro or in vivo in support of this hypothesis. In good
agreement with this conclusion are the experimental data
of Evans and Lambert? showing similar patterns of varia-
tion in urinary procaine concentrations whether or not the
procaine was administered as procaine HCI or procaine
penicillin. These observations therefore offer further sup-
port for the concept that the procaine found in equine
urine after dosing with procaine penicillin exists as free
procaine.

The practical significance of these results is clear.
The experiments confirm earlier reports which suigest
that clearance of procaine from the urine of horses is
relatively slow. While the actual periods will depend on
the sensitivity of the analytical techniques used by the
testing laboratory, the data suggest that after administra-
tion of small amounts of procaine (i.e., 8 ml of a 2% solu-
tion) intravenously, subcutaneously, ot iitra-articularly, -
at least 48 hours should be allowed for the urine to clear.
After administration of more substantial doses (gram
quantities) into muscle or subcutaneous tissues, it is

. probably prudent to allow at least 6 days. After procaine

penicillin, low concentrations of procaine were still de-
tectable in equine urine for up 10 2 weeks. Longer than
this should obviously be allowed, but how much longer is
difficult to say. If a horse is put on an intensive course of
procaine penicillin for medical reasons it is possible that
months would be required for the animal to clear procaine
from its system.

The current practice of most racing authorities of tak-
ing only a single postrace urine sample maximizes the
potential for penalizing innocent transgressors of the pro-
caine rule. The taking of blood samples with appropriate
precautions to prevent hydrolysis of procaine!! as close
to race time as possible, in association with urine sam-
ples, would help considerably. Thus, absence of a plasma
concentration of procaine in the presence of a urinary -
concentration would rule out the possibility that the ani-
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mal was riwed under the pharmacological influence of
procaine. In the presence of a plasma concentration
of procaine, the problem becomes a determination of
whether the plasma concentration is due 10 i nerve or
joint block with procaine HCl ur is due to procaine
penicillin, To nuike this determination, access to the ani-
mal is necessary. If the animal shows a rapidly declining
plisma concentration of procaine (%3 approximately 2
hours or less) and becomes lamie, the evidence is consis-
tent with a procaine HC induced nerve or joint block. If
the plasma concentration of procaine declines slowly (142

> & hours) and the animal stays sound. the picture is
consistent with administration of procaine penicillin o a

sanind aniniad. A long procaine halt-life (%4 > 8 hours) and
an animal rapidly becoming lame is consistent with (a)

- procaine nerve block and o masking dose of procaine

penicillin, or (b) innocent administration of procaine
penicillin with lameness developing during or after the
race.

in the unlikely event that plasma concentrations of
procaine were used in an attempt to improve performance
of an animal by virtue of its central stimulant effect.’! the
high plasmi and urinary concentrations of the drug re-
quired would make this pattern of abuse readily identifi-
able.
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