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Pharmacology of Procaine in the Horse: A Preliminary Report

T. Tobin, DVM, PhD; J. w. Blake, PhD; C. ¥, Tai, PhD; S. Arneti

SUMMARY

Rapid intravenous injection of
1 g of procaine hydrochloride in
Thoroughbred mares produced vari-
able signs of central nervous sys-
tem excitation for as long as 4
minutes. Plasma concentrations of
procaine were similarly variable and
transient, decreasing with a half-
life of approximately 25 minutes.
In vitro, plasma from freshly col-
lected equine blood hydrolyzed
procaine with a half-life of approx-
imately 7.5 minutes. This hydrol-
ysis was apparently due to plasma
esterases. Penicillin, when added
free or complexed as procaine-peni-
cillin, did not protect procaine
against hydrolysis by these plasma
esterases at pH 7.4.

Procaine has both local anes-
thetic and central stimulant actions
in horses, and as such, its presence
in blcod or urine of racehorses is
prohibited by most racing authori-
ties. However, reports on the phar-
macokinetics, hehavioral effects,
and dose-response relationships of
procaine in horses are infrequent,
and such information is needed for
accurate assessment of the efficacy
or otherwise of procaine as a doping
drug in horses. Information about
the behavioral effects of procaine
in horses seems limited to the re-
port of Meyer-Jones,” who de-
scribed signs of excitement in horses
dosed with procaine. Occasionally,
authors have reported on the ester-
ase activity of equine serum or
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plasma, and Kunde and Frey* sug-
gested that though procaine “is
hydrolyzed relatively slowly by
horse serum cholinesterase,” blood
concentrations are not reached after
the subcutaneous injection of pro-
caine, which the authors believe
would result in central nervous sys-
tem (cNs) stimulation or a positive
influence on racing performance,

The purpose in the present re-
port is to describe preliminary re-
sults of an investigation on the
pharmacologic features of procaine
in Thoroughbred. horses.

Materials and Methods

Mature Thoeroughbred mares weigh-
ing between 454 and 499 kg each were
used. For the experimental period,
these mares were housed in individual
loose boxes and fed hay and water ad
libitum. All drug administration, be-
havioral observations, and sample col-
lections were performed in the mares’
“home” loose boxes.

Procaine HCIl, procaine base, pro-
caine-penicillin, and physostigmine
{eserine) were commercially ob-
tained.* The procaine HCI ran as a
single spot on thin layer chromatog-
raphy in methanol or chloroform:
methanol (9:1)." Procaine HCl was
prepared for injection by dissolving it
in approximately 30 ml of double-
distilled water and sterilized by draw-
ing it through a 45-,m (apPp) grid
filter. All intravenous (1v) injections
were made, and blood samples were
collected by jugular venipuncture.
Blood samples for plasma procaine
estimation were drawn into 15-ml
heparinized tubes® to which 1 mi of
50%, sodium arsenite® and 0.05 ml of
1 mM physostigmine had been added.
Immediately after withdrawing the
blood sample, the tube was inverted
3 times to ensure prompt and ade-
quate mixing of esterase inhibitors
with the freshly collected blood. The
samples were then placed in crushed
ice, cooled to 0 C, and centrifuged at
5,000 x g for 10 minutes. The plasma

* Sigma Chemical Company, St Louis, Ma,

b Vacutainer, Becton-Dickinson and Company,
Rutherford, NJ.

¢ K & K Laboratories Plainfield, NJ.

was then separated from the packed
erythrocytes and kept for not more
than 2 hours at 0 C before analysis for
procaine.

For the in vitro experiments, blood
was collected into heparinized tubes,”
cooled, and centrifuged, and the
plasma was separated as before.
Freshly prepared plasma (2 ml} was
then diluted with an equal volume of
60 mM phosphate buffer (pH 7.4) and
incubated at 37 C. The experiment
was started by the addition of approxi-
mately 20 pg of procaine HCI and
stopped when required by the ad-
dition of 1 ml of equal parts of 509,
sodium arsenite and 1 mM physo-
stigmine, The samples were then ana-
Iyzed for procaine.

Procaine concentrations in all sam-
ples were determined as described by
Tobin et al." This method, a modifica-
tion of that of Brodie et al,® involves
the alkaline (pH 9.0) extraction of
procaine into benzene and returning it
to a 1 N HCI solution. The concentra-
tion of procaine in the HCI is then
determined by diazotizing it with
sodium nitrite and following this by
the addition of n-ethylenediamine to
give a bright red dve. Absorbance of
the red dye at 550 nm is then
measured, and the procaine concentra-
tion is calculated by comparison with
known standards.

Results

By trial and error, a dose (given
) of 1 g of procaine HCl was
found to produce cNs excitation,
yet still permit the safe collection
of blood samples with minimal re-
straint at 5 minutes. Twitching,
pacing, deep respiration with rapid
“blowing” exhalation, and other
signs of cNs excitatidn commenced
approximately 30 seconds after the
injection was completed. At ap-
proximately 1 minute, the mares
paced unsteadily in their loose
boxes; this pacing continued for 3
more minutes. By the end of the
4th minute, the mares had quieted,
and it was usually possible to ap-
proach them and collect a blood
sample by the 5th minute. In some
instances, the mares had resumed
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Fig 1—Plasma concentrations of procaine
after intravenous (IV) and intramuscular
(IM)  administration of procaine HCI,
A—A = Plasma concentration of procaine
after IM injection of 5 g of procaine HCI
in aqueous solution; @—O and B—J =
plasma concentrations of procaine after
rapid |V injection of 1 g of procaine HCI
in aqueocus solution to 4 Thoroughbred
mares. All lines were fitted by eye, and the
biood concentrations are calculated as pro-
caine base.

feeding by the 5th minute. How-
ever, a 5-minute blood sample was
not collected from the 1st pair of
horses. In other experiments, the
rapid 1v injection of equivalent
amounts of distilled water or normal
saline solution to these mares did
not produce observable behavior
changes for as long as 2 hours after
injection.

Blood concentrations of procaine
calculated as micrograms per milli-
liter of procaine base in 4 Thorough-
bred mares given (1v) 1 g of pro-
caine hydrochloride are shown (Fig
1). The blood concentrations ob-
served were variable, but the de-
crease in plasma concentrations
was, In each mare, log linear and
with an apparent half-life of ap-
proximately 25 minutes. Extra-
polating the plasma concentrations
back to zero time gave initial blood
concentrations between 0.5 and 1.0
ug of procaine/ml. Central nervous
gyatem excitation was more marked
in the 2 mares which had the higher
blood concentrations. The data in-
dicate that, after 1v injection of
procaine, plasma concentrations
rapidly decrease, and cNs excita-
tion due to procaine seems to be
associated with plasma procaine
concentrations of at least 0.5 pg/ml.

Intramuscular () injection of
5 g of procaine HCl in the most
phlegmatic mare in the group
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Fig 2—Hydrolysis of procaine by equine
plasma in vitro. Freshly collected hepari-
nized blood from Thoroughbred mares was
centrifuged and the plasma was separated.
To 2 ml of plasma 2 ml of 60 mM phos-
phate buffer (pH 7.4) and 20 xg of pro-
caine HC| were added. The plasma samples
were then incubated at 37 C for the indi-
cated periods, and the reaction was stopped
by addition of 1 ml of equal parts of 50%
sodium arsenite and 1 mM physostigmine.
The plasma samples were then analyzed for
procaine as previously described. Each sym-
bol represents plasma samples from differ-
ent Thoroughbred mares. :

caused transient signs of ONs ex-
citation that commenced approxi-
mately 5 minutes after injection
and lasted approximately 15 min-
utes (Fig 1). This mare was ap-
proached with extreme caution for
collecting the 1st blood sample at
20 minutes. Thereafter, however,
difficulty was not experienced in col-
lecting blood samples. The data
again indicate that blood concen-
trations in the order of 1 pg/ml are

associated with cNs excitation, and.

that more prolonged blood concen-
trations of procaine are obtained
after 1M injection.

Because of the relatively rapid
decrease in blood concentrations of
procaine after 1v injection, the rate
of hydrolysis of procaine in equine
plasma was investigated. The data
presented (Fig 2) indicates that
procaine added directly to diluted
plasma from 4 different mares dis-
appeared with a half-life of approx-
imately 7.5 minutes,

In other experiments,® this hy-
drolysis did not occur in plasma
which had been heated to 100 C for
10 minutes and which had been
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Fig 3—Hydrolysis of procaine-penicillin by
equine plasma, The experimental design is
as in Figure 2, except that the 20 ug of
procaine was added as either procaine base
(@), procaine HCI ([7]), procaine-penicillin
(A), or as procaine base plus an equivalent
amount of potassium penicillin (X). The
procaine HCl was added to the assay sys-
tem in 20 ul of water; the other substrates
were added in 20 gl of isopropancl. Be-
cause the stability of the ‘‘procaine-penicil-
lin” complex in solution is unknown, all
solutions of procaine penicillin were freshly
prepared just before their addition to the
assay system. All points are the means of
experimental determinations on plasma
preparations from 4 horses. Standard er-
rors of the means (SEM) are shown for
the data peoints on procaine base and pro-
caine-penicillin. Other SEM are omitted for
the sake of clarity. Least square estimates
of the slopes for each curve were compared
with the slope of the procaine-penicillin
curve by means of an F test. None of these
slopes are significantly different, with P >
Q.10 in all cases.

treated with physostigmine, and
significant hydrolysis of procain-
amide by equine plasma was not
observed. Further, significant hy-
drolysis was not obtained with
erythrocytes alone. These obser-
vations are consistent, with this hy-
drolysis being due to one or more
plasma esterases.

Since procaine is rapidly hydro-
lyzed by equine plasma esterases,
these esterases presumably contrib-
ute, at least in part, to the short
plasma half-life of procaine (Fig 1).
It has recently been suggested? that
procaine administered IM as pre-
caine-penicillin may circulate in
blood as a procaine-penicillin com-
plex and that the procaine in this
complex is protected against esfer-
atic hydrolysis by steric hindrance
from the complexed penicillin mole-
cule. A direct test of this hypoth-
esis is shown (Fig 3). In this exper-
iment, the initial rate of hydrolysis
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of the procaine-penicillin was not
significantly different from that of a
system to which procaine and peni-
cillin were added separately. The
data indicated that procaine-peni-
cillin added to the esterase system
in isopropanol was not protected
against hydrolysis by equine plasma
esterases. Similar results were ob-
tained in other experiments in
which the procaine-penicillin was
dissolved in methanol for addition
to the incubation system.

Discussion

After 1v injection of procaine into
horses, plasma procaine concentra-
tions rapidly decreased, with an ap-
parent half-life of approximately 25
minutes. When added to freshly
prepared equine plasma, procaine
was also rapidly hydrolyzed, disap-
pearing with a half-life of approxi-
mately 7.5 minutes. This hydrolytic
activity of equine plasma was enzy-
matic, since it was not observed in
heated plasma, and seemed to be
due to esterases, since it was blocked
by eserine and did not hydrolyze
added procainamide.® Since the
rate of decrease of plasma procaine
concentrations in vitro was faster
than that in vivo, these plasma es-
terases presumably make a substan-
tial contribution to the rate of
decrease of plasma procaine concen-
frations in horses in vivo. Other es-
terases, notably hepatic esterases,'’
must also contribute to the hydrol-
ysis of procaine by horses in vivo,
but the quantitative significance of
such contribution is not clearly un-
derstood.

In other experiments,® the initial
rate of hydrolysis of procaine by
equine plasma decreased in propor-
tion with dilution of the plasma.
Thus, the half-life of procaine in un-
diluted plasma would be approxi-
mately 3.7 minutes, or about 6 times
the 0.66-minute half-life for pro-
caine in serums from healthy per-
sons as reported by Reidenberg.”
Similarly, Kisch and Strauss® re-
ported that the activity of equine
serum esterase is 20 to 12% of that
observed in human serums. In
agreement with these figures, Kunde
and Frey* reported that equine se-
rum esterase activity is approxi-
mately 16% of that observed in
persons. Hazard and Bonomay? also
showed that blood esterase activity
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in horses is intermediate between
that observed in primates and other
domesticated animals. However, a
recent (1972) report by Reiden-
bergt indicated that procaine ester-
ase activity is not found in equine
serum. The reason for this discrep-
ancy is not clearly understood.

The procaine esterase activity
complicates interpretation of the in
vivo pharmacokinetic data. Usually,
after 1v administration of a drug,
distinct redistribution and biotrans-
formation phases are identifiable.
With procaine, however, biotrans-
formation commences immediately,
and a substantial portion of the
drug will have been metabolized be-
fore redistribution is complete. This
rapid metabolism presumably also
accounts for part of the variability
in the blood concentrations of the
drug observed after 1v injection.
Some of the variability is also ac-
counted for by the small (=5%)
variation in the dose of procaine ad-
ministered when this is calculated
on a milligram-per-kilogram basis.
However, redistribution to extravas-
cular tissues presumably also oc-
curs, accounting for the longer half-
life of procaine in vivo than in vitro.

In the first 2 horses tested, the
extrapolated zero time blood con-
centrations of procaine are approx-
imately 1 pg/ml (Fig 1). Thus, the
original 1 g of procaine adminis-
tered has distributed itself through
an apparent volume of distribution
of approximately 1,000 L. This
large apparent volume of distribu-
tion indicates substantial movement
of procaine out of the bloodstream
to tissue-binding sites. Since the
principal sites for metabolism of
procaine are probably liver and
plasma, such tissue binding of pro-
caine presumably serves to protect
it against hydrolysis and prolongs
its half-life beyond the approximate
7.5-minute half-life expected in the
vascular system. Similarly, 1M in-
jection of procaine (Fig 1) prolongs
plasma concentrations of the drug
by allowing its slow release into the
bloodstream.

One important mechanism by
which procaine could be protected
against hydrolysis by procaine ester-
ase would be by steric hindrance
from a complexed molecule. Thus,
the salt of procaine-penicillin is
poorly soluble in water, and it has

been suggested that, after its 1M in-
jection, procaine-penicillin is ab-
sorbed directly into the bloodstream
and circulates as a procaine-penicil-
lin complex.? In this way, a propor-
tion of the procaine circulating in
horses given procaine-penicillin
could be protected against hydrol-
ysis by plasma esterases. Results in
the present experiments indicate
that procaine added as procaine-
penicillin in isopropanol was hydro-
lyzed at the same rate as free pro-
caine added to the system. These
results indicate that either bound
penicillin does not sterically hinder
the action of the plasma esterases
or procaine-penicillin complex disso-
ciates under these experimental con-
ditions so rapidly that the availabil-
ity of free procaine is not rate
limiting for its esteratic hydrolysis.

The observation that procaine
added as procaine-penicillin was hy-
drolyzed by these esterases at the
same rate as authentic procaine al-
lows only 2 major interpretations
(i.e., the molecules had dissociated
to give rise to free procaine or that
procaine was split in situ on the
complex). Though it seems un-
likely that complexed procaine
would be hydrolyzed at the same
rate as free procaine, data (Fig 3)
alone do not allow one to choose
between these possibilities. How-
ever, results in other experiments®
on the partition coefficients of pro-
caine and procaine-penicillin from
aqueous environments between pH
5.0 and 9.0 into a number of differ-
ent nonpolar solvents have not
shown differences in the partition-
ing of procaine from either source.
These experiments are consistent
with rapid and complete dissocia-
tion of the procaine-penicillin com-
plex in aqueous environments and
thus support suggestions that hy-
drolysis occurs because procaine is
free from the penicillin moiety.

All horses involved in these tests
had signs of cns excitation shortly
after the administration of procaine,
and this exzcitation was most
marked and prolonged after the IM

4 Monti, G. W.;: Some Aspects of the Metab-
olism of Procaine Penicillin in the Dog. MSc
Thesis, Department of Veterinary Physiology and
Pharmacology, the Ohio State University, Co-
lumbus, Oh, 1975.

¢ Tobin, T., Blake, J. W., O'Leary, J., Tai,
C. Y., Sturma, L., and Amett, S.: Pharmacology
of Procaine in the Horse, III. The FProcaine-
Penicillin Complex and Its Forensic Significance.
Submitted for publication, Am J Vet Res, 1875,
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dose of procaine was given. Accord-
ing to results, plasma concentra-
tions of greater than 0.8 ug of pro-
caine/ml are required for procaine
to produce signs of cNs excitation.
These observations agree well with
the data of Kunde and Frey,* who
reported signs of cNs excitation
were not seen in horses which had
blood concentrations as great as
0.63 ug of procaine/ml,
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