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Pilannacology of Procaine in the Horse: Pharmacokinetics
and Behavioral Effects

- Thomas Tobin, DVM, PhD; J. W. Blake, PRD; L. Sturma, MSc; Steve Arnett; J. Truelove, PAD
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(2.5 mg/kg of bollrail® broughifti mdbesNE 2s30cifl) with central nervous system excitation in
plasma levels of decreasediar fr X dorses are thus at least 20-fold more
minutes) and th nsith centrgiagbimulant action of procaine

model (model I). This model gave an apparent Vd,
hrpmaineinthehomotaboutﬂ.‘ll.\/kgofbody

to equine
plasma protein, this gave a true Vd; fmg ~
abéut 124 L/kg. After subcutaneous injechiomsl
pm (3.3 mg/kg), pllm‘ levels paglifiic at 400 Siat Y behavioral M of
ng/ml and then decreased with a halfle of sbout 65 rcnia i o1 horse are of forensic importance be-
minutes. These data were well £ by model I wt 8 the pNgence of procaine in the blood and urine
it was modified to include -','~ §¢, 1st-order ALBoy N of racing anitfi\ls is forbidden by most racing author-
(k = 0.043 minutes) from 8 subcutaneouzdfff€ction ities.'s The pMrmacokinetics of procaine are com-
site (model II). After ighi¥fnuscular injeqfiis of oo plicated further ¥ the routes and forms in which pro-
: ggine may dmiistered to racehorses. Procaine may
about 270 ng/ml and tJh decreased with a half-life of I dministered sulfutaneously (sc) or intramuscularly
about 600 minutes. fhese data were approximately (DM for its Jocal andythetic action associated with minor

fitted by model I agafiming & 1st-order rate constant surjcal operation. Rlternatively, it may be given m
for ll::rphon of prffaine of 0.0024 minutess, After ingflatively large agfbunts as procaine penicillin. These
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plasma levels of prdrhin peaked rapidly at ghoused
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obtained by assuming \pe existence of 2 intramuscular perve big uf4nd the direct injection of procaine into
(Eontaining readily-absorbable inflam go7joints. Both of these techniques permit a horse

gpable drug (model ITI). _with"Bone or tendon problems to improve its perfor-
After intraarticular O wdpocani wwmmd%myﬁ?memgmrofa?m. .
mg/kg), plasma levels of this drug peaked at about °_ Another clear-cut aspect of the use of procaine
24 ng/ml and then decreased with a half-life of about in racing horses ja the belief that central effects pro-

ki The . duced by high concentration levels of procaine are
::tbo drt:: N daht:n‘; modeled. Abaorpj::on stimulatory and may positively affect the courage or

ete by all routes, since performance of racing horses’ i

cing horses.® Clear-cut experimental

dose-corrected areas under evidence is not presently available in this area, but this
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procaine to alleviate lameness, has led racing authorities

fo ban the use of procaine or procaine-containing prep-
n horses about to be raced.
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dmmetis, and equine authorities require information on

the pharmacokinetics and behavioral effects of procaine

in horses. The veterinarian who administers procaine

in any form to racing horses needs to know the plasma

concentrations and urinary half-lives of procaine in

horses after its administration by various routes so that
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After rapid intravenous injection of procaine HCI
(2.5 mg/kg of body weight) in Thoroughbred mares,
phmlevelsofthkdmgdemedmpldly(t%-as.s
minutes) and then more slowly (t148 = 50.2 minutes).
Mhueﬁamwnnﬁtudbyazémmtopen
model (model I). This model gave sn apparent Vd,
h-pmcdneinthehmeofaboute.'ll./kgotbody

' wdght."Sincaprpclinemaboutﬁ%boundtoequine

phmpmtein,thisgnveadepforpmaimot
about 124 L/kg. After subcutaneous injection of
procaine (8.3 mg/kg), plasma levels peaked at 400
ng/ml and then decreased with a half-life of sbout 65
minutes. These data were well fitted by model I when
itmmodiﬁedtoinchdodmple,ht-ordunbsorpﬁon
(k = 0.048 minutes-1) from the subcutaneous injection
site (model II). After igtramuscular injection of pro-

. caine penicillin (33.000m/k¢),phmhvehpeakedat

about 270 ng/m! and then decreased with a half-life of
about 600 minutes. 'Ihesedahwmapproﬁmately
ﬁt&dbymoddnmumingahbaderntemnshnt
ﬁoraborpﬁonofpmineofo.mm‘. After
intramuscular injection of procsine HCl (10 mg/kg),
plmlevelsofpmcainepeuhdupidlyataboutm
ng/ml but decreased slowly (tl4 = 125 minutes). A
satisfactory pharmacokinetic model for this data could
not be developed. An approximation of these data was
obeyaszumingtheeﬁstem‘eonintummﬂar
drug compartments, one containing readily-absorbable
drug and the other poorly-absorbable drug (model III).
administration of procaine (0.3

mg/kg), plasma levels of this drug peaked at sbout

%ndmlandthendmsedwithahclf-ﬁﬁeo{about
97 minutes. These data were not modeled. Absorption
oftbedrugwuementiaﬂyeompletebyaﬂroutes,dnce
doee-eormctedarmunderthephmlevdmmwere

lable at plasma levels of about 1,500 ng/ml. These
plasma procaine levels are about one-twentieth of those
associated with central nervous system excitation in
human beings. Horses are thus at least 20-fold more
sensitive to the central stimulant action of procaine
than are human beings. .

The pharmacokinetics and behavioral effects of
ptoeaineinthehommoffomsichnporhncebe-
cause the presence of procaine in the blood and urine
of racing animals is forbidden by most racing author-
ities.’* The nacokinetics of procsine are com-
pliated!urtherhythemuteuandiormsinwhiehpm-
caine may be administered to racehorses. Procaine may
be administered subcutaneously (sc) or intramuscularly
(1) for its local anesthetic action usociatedbewith minor
surgical operation. Alternatively, it may given m
inrelaﬁvelyhmamountsupminepenicﬂlin. These
mofprouinemeommonineqtﬁnemedicineand
mrgicalpmcedumandue,perse,quiteaoceptableto
racing authorities. :

Otherpoﬁbleusuofpmuinepmidninarere-
garded with distavor by racing authorities. These in-
clude the use of small

inflamed joints, Bothofthesetechniquespermitahorse
with bone or tendon problems to improve its perfor-
mance and thus may affect the outcome of a race,

Another Jess clear-cut aspect of the use of procaine
inmdnghomhthebeﬁefthatoentuleﬂectspro-
duced by high concentration levels of procaine are
stimulatory and may positively affect the courage or
performance of racing horses® Clear-cut experimental
evidenceisnotpreaenﬁyavaﬂableinthisarea,butthis
possibility, combined with the well-characterized uses of
procaine to alleviate lameness, has led racing authorities
to ban the use of procaine or procaine-containing prep-
arations in horses about to be raced.

Because of these considerations, horsemen, veter.
inarians, and equine authorities require information on
the pharmacokinetics and behavioral effects of procaine
in horses. The veterinarian who administers procaine
in any form to racing horses needs to know the plasma
concentrations and urinary half-lives of procaine in
horses after its administration by various routes so that



these animals will not inadvertently be raced with de-
tectable concentrations of procaine in their body fluids.
Racing authorities also require this information. to en-
ahlethemtoinmpmt'andmleonrepomhommﬂyt-
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rope. To accommodate this response, a tri

d the holding. Procaine HCl was
jection) by Qissolving in about 30 ml of double-distilled
water and sterilized by drawing it 45-myu grid filters

I/ml The re-

a 2-compartment open model (model I) by fixing 1/the
apparent volume of distribution of the central compartment
(V.) at 9 X 107 ml (obtained ) and allowing
all other values to float. The line of best fit and the variables:
calculated from this model are given (Fig 3; Table 1). In
were fixed at the 1v

: new rate constants in-
u'oducedwemaelectedbyi?hnﬁon (u.,nllo::ledtoﬂoag~
noted, all experimental values are the
means = sEM of determinations on at least 4 experimental

Thoroughbred mares.

Results

Because central nervous system stimulation in the
horse occurs at much lower plasma concentrations of
procaine than in persons, the sensitivity of the usual
analytical method had to be improved. The simple
modifications (outlined in Materials and Methods)
made the colorimetric method!s effective at concentra-
tions as low as 20 ng/ml, adequate for most aspects of
the present study. ies of various concentrations
of procaine added to water, plasma, and urine samples

- are shown (Fig 1); 90% or more of the added procaine

was recovered at all concentrations tested.

Because this colorimetric method for procaine was
more likely to be susceptible to the presence of inter-
fering compounds than gas chromatographic methods,
this method was compared with the HFBA method re-

4 Perkin-Elmer 3920, Perkin-Elmsr Corporstion, Norwalk, CL
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Fig 2——Comparizons of colorimetric and heptafiuorobutyric anhydride
(HFBA) determinations of plasma procaine concantrations—A horse
was administered 33,000 U of procsine penicillin intramuscularly
(IM} at O time, and blood samples were collected at the indicsted
tienes. Plasma concentrations of procaine (0—@) were determined
by the colorimetric method, and plasma concentrations ((—{7) by
HFBA determination and gas chromatograchic determination. All
points represant single experimental detsrminations.

Mav. 1977

Fig 3—Plasma concentrations of procaine after rapid Intravenous (IV)
Injection of procsine HCl—Procaine HCl (2.5 mg/kg) was adminis-
tered to horses by rapid 1V injection. Plasma procaine concentrations
(0=——0; A—A) ware cbserved in 2 separate experiments. The solid
fine is that obtained from an SAAM-23 program fit of the data 1o the
differential equations describing the 2-compartment open model
(model 1), using a weight of 1/5D" for all data points. The rate con-
stants ke, ka, and ke-am all Ist-order rate constants, snd all were
terated. Values for varisbles obtained from this analysis are pre-
sented in Table 1.
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ig 4=-Blood plasma partitioning of procaine~—The indicated concen-
trations of procaine were added to 15 m! of equine blood corttaining
M physostigmine. The system was incubated for 30 min-

£
1x 10"
utes at 37 C with shaking to sllow equilibestion of the drug. The
blood then was centrifuged at 5,000 X g for 10 minutes, and portions
of the plasma and erythrocyte fractions taken for procaine determina-
tion; [1=——{_] = the calculated recovery at each concentration from the
erythrocyte and plasma fractions; X-—X = the procaine concentration
found in the erythrocyte fraction: and @ —@ = plasma procaine con.
centrations; A—4A = tha percentage of bicod procaine found in the
plasma fraction at the various concentrations of procaine added 10 the
system. All experimental points are the means = SEM of 4 separate
experimental determinations.
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TABLE 1——Phsrmacokinatic Variables for Procaine After Intravenous
Administration Caiculated from the SAAM-23 Program (Mode! {)

Kimetic variables Mesn 2 &
| ™ 0.057 == 0008 minute-t
ku 0.041 & 0.008 mimoie?
e 0.044 = 0.044 minmiye
Ve 1118 L e .11 L/kg
Ve 3,547 Lo 6. T1 L/Ag
A 905 g/l
B . 387 g/l
= 0.1962 minutet
tha .40 minctes
F 0.0138 mingte
%8 80.2 minutes
elsarsnce 1.19 L/minartet

TABLE 2-—Absorption Varisbles for Procaing After intramuscular Ad-
ministration Calculated from the SAAM-23 Program (Model 1)
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of procaine penicillin when measured by either method
(Fig 2). Because of simplicity and rapidity of the
colorimetric assay, this was the most frequently used
method for determination of procaine values in the
present study.

Plasma concentrations of procaine after rapid 1v
injection of 2.5 mg of procaine HCl/kg are given (Fig
3). The 1st series of experiments (solid circles o-o)
showed a rapid decrease in plasma procaine, as reported
previously.?® This decrease was, however, clearly non-

plasma
data points (solid triangles A-A) show a clear-cut g
in the elimination curve. The solid line
sociated with the data points is that obtained from
SAAM-23 program fit of the data to the differen
equations describing the 2-compartment open model
(model 1I; Fig 3) with 1v injection, using a weight of
1/(s0)® for all data points. In model 1, ks and ks are
1st-order rate constants for in tal drug
transfer, and k,, is a 1st-order rate constant for drug
elimination from the central compartment. The vari-
ables ks, ky, and k;; were iterated. The apparent
volume of distribution of the central compartment (V,),
volume of distribution (Vess), and half-life (t%8 =

EBE

0.693/8) were calculated from appropriate relationships.”
Variables obtained from this data analysis are presented

(Table 1). The half-life for the « or redistribution
phase of this curve is approximately 5 minutes, with the
half-life of the 8 or metabolic phase being 50.2 minutes.
The true plasma half-life for procaine after 1v injection
is longer than had been suspected from preliminary ex-
periments!® and the data suggest that the pharmaco-
kinetics of procaine in the horse after rapid 1v injection
& :Ldequately described by a 2-compartment open
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After the rapid 1v injection of 2.5 mg of procaine/
kg of body weight, signs of central nervous system ex-
citation in the horses sppeared within 30 to 40 seconds.
The 1st sign of excitation was usually deep, blowing
respiration. After about 1 minute, the horses paced
unsteadily in their loose boxes; this pacing continued
for about 3 to 4 minutes, Some animals were noticeably
incoordinated while pacing, whereas others seemed well
coordinated. By the end of the 4th minute, the horses
had quieted considerably and in some cases had resumed
feeding. Further signs of central nervous system stim-
ulation were not seen in these horses or in horses in-
Jected with equivalent volumes of saline solution or

To calculate the true volume of distribution, a
knowledge of the percentage of drug bound to plasma
protein under conditions shown (Fig 3) is required. In
whole blood, significantly greater concentrations of pro-
caine were found in the red blood cell fraction as com-
pared with plasma, which agrees with results of previous
experiments.!! Similarly, in the plasmsa fraction, a con-

. siderable proportion (up to 50%) of the procaine re-

covered was procaine that had been bound to plasma
protein. Therefore, at blood procaine concentrations of
100 ng/ml, only about 40 ng/ml are present in the
plasma fraction, and only about 22 ng of this 40 ng are
actually free in the plasma (Fig 4 and 5). The concen-
tration of free procaine in the bloodstream of the horse

Am 1 Vet Rac Val 32 Na &
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fig 8—Plasma procaine concentrations after IM administration of 10
mg of procaine HCl/kg—Procaing HCl was administered by IM in-
jection in the side of the neck to 4 horses. ®-—® = The plasma
concentrations of procaine observed at the indicated times (= SEM);
XX shows the best fit to these dats calculated from the differ-
entiat equations describing model 1| (Fig 7) with ku, ka, and ka held
at the values presented in Table 1; O—0 shows the baest fit to these
data calculated from the differential equations, describing model 1]
with ke, ke, and ku iterated and the other rate constants held at the
values of Table 1. A least squares fit to the plasma values from 22
minutes on gives a hali-life time for plasma concentrations of pro-
caine after s IM injection of 2.5 hours. .

iterated. The final value of kj, was 0.048 + 0.005 mm-1.

The experiment shows relatively rapid absorption of
procaine after its sc injection. Consistent with previous
data (Fig 6), signs of central nervous system excitation
were not seen in these horses which attained plasma
procaine levels of only 400 ng/ml.

Plasma concentrations of procaine observed after the
M administration of 10-mg levels of procaine HCl/kg
are given (Fig 8). The drug was rapidly absorbed with
peak plasma concentrations attained at 20 minutes,
followed by an exponential decrease in plasma concen-
tration with apparent half-life of 1256 minutes. In this
series of experiments, the mean peak plasma levels ob-
tained were about 600 ng/ml, at which signs of central
nervous system excitation may be expected. Transient
signs of central nervous system excitation were seen in
3 of 9 horses dosed with 10 mg of procaine/kg in the
present and related studies. At this point, blood sam-
ples were not taken from these excited horses, however,
because the laboratory personnel were inexperienced in
handling horses excited with procaine. This experiment
thus suggests that plasma values greater than 600 ng
of procaine/ml are required to produce signs of central
nervous system stimulation in horses, which agrees with
results of earlier experiments.'?

Inspection of the plasma levels presented in Figure 8
shows that peak concentrations were attained rapidly.
Nevertheless, the half-life for drug elimination was
much slower than the half-life after sc or 1v injection.
It was not possible to fit this average (or individual
animal data) to a model, assuming simple 1st-order
absorption (model 1I). The dofted line represents the
best fit obtained from the SAAM-23 program to model
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Fig 9—Plasma procaine concentrations after IM injection of procain
penicillin or intrasrticular injection of procaine HCH The x—
show plasma procsine concenteations after deep IM injection ©
33,000 1U of procaine penicillin/kg into the side of the neck. (Thes
data are replotted from Fig 3 of Tobin et al," 1976.) The solid lin
shows. the best fit to these data calculated from the differential equa
tions describing model U, with ka, ku, and kn held at the value
presented in Table 1. The O—O show plasma procaine concentra
tions after intraarticular injection of 0.33 mg of 2% procaine/kg
The solid line was fitted by eye. All experimental points are th
means of at fsast 4 individual experimental determinations.

TABLE 3—Absorption Rate Constants and Calculated Areas Unde
Plasma Concentration Curves

Rata

o
Route of § Cpdt constant

sdministration 0 (minute?)
Indramuscular {im; set sl 1) 122,900 0.067*
Intravencus {1v; ¥ 4) 110,70 . ..
Subcutaneous (aC; X 3) 132,000 0.048
Procaine penicillin (1M; X 0.66) 136,74 0.0024
Intrsarticular (X I 111,060 E——

"w or rate limiling rete conalant. All aress corrected for dose by
arbitrsrily setting (he 1v dose at 1.

11. In this fit, the variables k;2, k3, and k;, were held
constant at the values shown in Table 1, and the addi-
tional variable ki, (the 1st-order rate constant for ab-
sorption of the injected drug) was allowed to float. 1t
is apparent that, while this model can approximately
fit the prolonged plasma half-life times noticed, it can-
not account for the high initial plasma concentrations
observed.

The solid line represents that obtained from a SAAM
fit to model 111 (Fig 8). This model assumes a pre
absorption equilibrium which gives rise to rapidly sb-
sorbed and slowly absorbed compartments of drug al
the injection site. As with model II, the variables ks,

Am J Vet Res, Yol 38, Neo,§
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commonly used routes of administration
are intraarticularly (for procaine HCl) and m« for pro-
caine penicillin. Blood levels of procaine (X - X) ob-

peaicillin/kg are given (Fig 9). The solid line represents
the SAAM-23 program fit to model II. As previously,
variables ks, k1, and k;o were held at the wvalues of
Table 1, and ky; was iterated. The finsl value obtained
for ky: was 0.0024 + 0.00018 minutes:.

" Of at least 20 horses administered procaine penicillin
4 at doses of 33,000 1u/kg, only 1 horse showed signs
of central nervous system excitation. These signs

concentrations in this horse were atypical,
peaking at about 2 minutes and decreasing rapidly there-
after. This pattern was in contrast to the slower peak-
ing ‘and decresse in plasma procaine concentrations
usually found in these animals (Fig 9).

Blood plasma levels of procaine observed after in-
anoquamgofz%pmineﬂm

tively slow peaking of plasma levels and the

apparent half-life of the drug after administration by
this route suggest slow absorption of the drug from
intraarticular injection sites, Signs of central nervous
system excitation were not seen in horses administered
procaine intrasrticularly. -

An important technical problem in pharmacokinetic
or forensic work with procaine is the necessity to have
an effective inhibitor of procaine esterase present in the
test tubes into which blood samples are drawn.1? Al-
though physostigmine or arsenite may readily be added

hdner 1077

‘ng of procaine/ml
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5 30 45 €0

equine plasma !
(Fig 10). However, when these agents were combined
with cooling (Fig 11), the rate of hydrolysis of procaine
by whole equine blood was decreased to a rate about
0.01 of that occurring in equine plasma at physiologic
temperatures.

Discussion

After rapid 1v injection of procaine, plasma concen-
trations of this drug decreased rapidly at first and then
more slowly. These data (Fig 8) are well fitted by a
2-compartment open model (model I), assuming the
various rate constants and variables described (Table
1). The apperent volume of distribution Vs of 3,456 L
is an underestimate of the actual volume of distribution
of the drug, since procaine is about 45% bound to equine
plasma proteins at pharmacologic concentrations (Fig
4 and §). The true volume of distribution of procaine
in the horse is therefore about 5,450 L, or about 14
times the volume of these horses. Thus, procaine is
extensively tissue-bound in the horse.
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" INOIVIOUAL DATA, TWO ANIMALS.

Fig 12—Plasma procaine concantrations after injection in individual
horses~—The open squares ) and circles (Q) represent plasma con-
contrations observed '

_Injection of procaine HCI (10 mg/kg). Data points are Individus! de-
terminations in snimals from the experiment of Figure 8 and the
curves were fitted by eye.

“I‘hephmahdf-lifeo!pmineinthehbue'(t}ﬁp:h
60.2 minutes) is considerably longer than might be
mdinvieyoftherehﬁvelympidhydmlysis of

& !. -

horse, Tobin et alt® reported a

caine in the horse of about 25 minutes and failed to
distinguish distinct o or g phases. However, the 1st
experiment reported in Figure 3 clearly suggested the
" presence of a slower 8 phase of elimination. Increasing
thegeﬁodofthisexpeﬁmentmdhnpmingthesens‘iﬁv—
ity "of the detection method demonstrated a slower
linear phase of drug elimination. The rates constant

for this elimination step were taken as the rate constant.

for the elimination phase in all subsequent data analyses.

Alter sc administration of procaine, plasma values
incressed relatively rapidly to peak at 20 minutes and
then decreased exponentially with a half-life of about
65 minutes. This pharmacokinetic pattemn is consistent
with relatively rapid absorption of procaine from a sin-
gle subcutanecus compartment by a 1st-order process,
with drug duh-ibuhon and elimination following the

plasma half-life for procaine of about 50 minutes, while
the actual plasma half-life observed was about 65 min-
The experiment shows that at least a portion of

entry into the bloodstream. )
After na administration of procaine, the pharmaco--
kineﬁcpattemdesmdbythepooleddahmd‘e—

longed

absorption of the drug from the mu injection site.
pparent contradiction is demonstrated quanti-
tatively (Fig 8). The solid line with crosses (X - X)

terminal half-life portion, it cannot account for the
initial high plasma procaine values observed in the
present experiments. Similarly, simple zero-order ab-
sorption from a single pool fitted to model II did not
account for the ic pattern observed.

Inspection of data plots for the individual animals
(Fig 12) shows that the pooled data (Fig 8) mask the
presence of a distinct discontinuity in the individual
pharmacokinetic patterns. Intuitively, this discontinuity
sppears consistent with the presence of at least 2
separate absorption processes, one proceeding rapidly
and giving rise to the high initial plasma levels of the
drug, the other proceeding slowly and accounting for
the prolonged spparent plasma half-life of the drug.
Therefore, the individual data plots (Fig 12) and the
pooled data (Fig 8) were fit to model III. This model
assumes the existence of 2 compartments at the in-
jection site, one of which contains drug readily avail-
able for absorption and the other containing drug poorly
available for absorption$ The solid line with the open
circles (O-O) of Figure 8 represents the best fit ob-
tainable with this model to the pooled m« data. The
experiment shows that this gives a plot which is qualita-
tively similar in shape to individual data plots. How-
ever, though the qualitative shape of this curve is
satisfactory, the quantitative fit to either the pooled
data (Fig 8) or to the data points for individual
animals. (not shown) was less than satisfactory. It is
apparent that the pharmacokinetics of procaine after i«
administration are determined by unexplained factors
resulting in accelerated and delayed absorption of the
drug from at least 2 distinct compartments. However,
al):sorpﬁon of the drug is nevertheless complete (Table
3).

After v« injection of procaine penicillin, early plasma
concentrations of the drug were well accounted for by
the simple 1st-order absorption model (model II), as-
suming a rate constant for absorption of about 0.0024
minutes-!, This absorption rate is about 0.05 of the
rate of absorption occurring after the sc injection of
procaine, or of the rate-limiting step in the mnv model
(model III) presented. This slow rate of absorption is
consistent with generally accepted explanations for pro-
longed plasma concentrations of procaine penicillin.!¢
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. movement of procaine acroes cell membranes,

TABLE 4—Observed Plasma Half-Lives Compared with Thote Gen-
erated by Kinetic Models

. Reuloot Model t Observed
edisslnfoivetion : i m“
prossise 502 X
:’-hu 0e 8.7
182 penasine wLe gj
M i 7.1

poor. Further,
procaine predicted by the SAAM

fit to the data (Fig 9) is about § hours, or half the
plasma half-life actually observed (10 hours; Table 4).
discrepancy i experiments

in this laboratory which show prolonged tailing of low
concentrations (10 ng/ml) of procaine in equine plasma
for up to § days after n« administration of procaine
penicillin. These experiments again suggest the ex-

F
|
|

a half-life of about 97 minutes. Because of the very
low plasma concentrations observed and the complex
individual pharmacokinetic patterns obtained, attempt
was not made to fit these data to a pharmacokinetic
model. However, the 60-minute time to peak plasma
concentrations by this route and the slow decrease in
plasma concentrations of the drug (¢34 = 100 minutes)
suggest that absorption from the intraarticular site also
ishindnimdeompuedwithlhorpﬁontromthescsite.

!
B
%
:
g
2!
o
i

et al’*1* who showed that procaine entry into the ce-
rebral spinal fluid of dogs has an average half-time of
about 5 minutes, which agrees with the 5-minute half-
time for the distribution phase (Fig 3). However,
despite this evidence for good lipid solubili

complete,

since the areas under the plasma level curves are all
compersable (Table 3). These data all point to delayed
abeorption of procaine and thus presumably to tissue
binding of the drug.  The pharmacologic or chemical
basis of this binding is not clearly understood. How-
ever, recent experiments from this laboratory have
also shown evidence suggestive of procaine binding in
tet_ul tissues with prolonged release of procaine into
urine.

When plasma levels of procaine of more than 600
ng/ml were attained, signs of central nervous system
excitation became apparent. The 1st signs were usually
deep blowing expirations, If the plasma levels of pro-
caine continued to increase, pacing and signs of agita-
tion commenced. In restrained horses, instead of pac-

Mav, 1977

ing the threshold of excitation.
Similarly, Usubiaga et al'** studying the onset of con-
vulsions in unpremedicated humsen beings, reported
mean plasma concentrations of about 38 xg/m! assaci-
ated with the onset of convulsions. These concentra-
tions are also shout 20 times the plasma concentrations
at which the horses in the present study became un-
controllable and broke away.

These observations agree with those of Green et al¢
who reported blood values of procaine of between 3.6
and 11.0 xg/ml in patients immediately after i admin-
istration of large doses of procaine penicillin. Tn Green's
study,* only 8 patients showed transient behavioral
changes which were attributed to these plasma values
of procaine, .

In other experiments, Kunde and Frey* studied
plasma concentrations and behavioral effects after the
subcutanecus administration of § mg of procaine/kg to
horses. These authors observed plasms concentrations
of procaine in the order of about 600 ng/ml, which
agree with the plasma concentrations reported in the
present study. These authors saw no signs of central
nervous system excitation in the horses, consistent with
the fact that 600 ng/ml is the highest plasma concen-
tration at which no signs of central nervous system ex-
citation were observed in the present study. Kunde
and Frey,* however, further suggested that no central
nervous system effects might be expected from plasma
concentrations of this magnitude, an argument presum-
ably based on plasma concentration response data ob-
tained in other species. The results presented here,
however, which emphasize the sensitivity of the horse



reasans for the high sensitivity of horses to the
emtnlmmtemeﬂectuofmainemnotclurly
One possibility is that procaine is much
mmﬁzhﬂyboundtohmthantoeqninephma
proteins. Thus, at the plasma procaine concentrations
associated with excitement in man (20 ag/ml) the
procaine might be similar to about 400
ng/ml free in equine plasma when central nervous sys-
tem excitation becomes apparent in this species. In-
vestigating this possibility, an attempt was made to
messure the in vitro binding of procaine to human
plasma under the conditions of Figure 5. These experi-
ments were not successful in demonstrating any binding
of procsine to equine plasma, apparently because of
the high procaine esterase activity associated with hu-
man plasma? Another possible explanation for the
hizhermﬁﬁvityofthehometopmimmightbea
higher apparent affinity of central nervous system re-
ceptors in the horse for procaine. Studying the appar-
entaﬁnityofthecardiotouicsmoidﬁndingsiteon
Na*+ K* — ATPase for cardiac glycosides, Tobin et
al%i%-i¢ ghowed that the affinity of this receptor for
cardiac glycosides and erythrophleum alkaloids varied
behreauspeciesmdthatthisvaﬁabﬂityaecountedfor
~ species-dependent differences in sensitivity to the car-
diac glycosides. While such explanations are theoret-
ically possible in the case of procaine, they must be
considered speculative at this point, since pharmacologic
receptors for local anesthetics have yet to be identified.
As a practical matter, the present results bear di-
rectly on several aspects of the horse-doping problem.
'Iheeﬁcacyofprocainedoneuasﬂmxﬂantdopein
horses appears marginal. While some of the horses in
the present and other experiments, in which central
nervous system excitation was observed, paced well and
- appeared likely candidates for improved racing perfor-
mance, many were poorly coordinated and lable to ex-
aggerated startle and escape responses. This variability
in response to procaine, in combination with the brief
period for which plasma concentrations of the drug were
maintained after sc and m« injection, make procaine
itself an unlikely candidate for use as a doping drug.
~ An unexpected result of the present study was the
ease with which procaine penicillin may give rise to
plasma concentrations of this drug which are associated
with central nervous system excitation in horses. Fur-
ther, after administration of procaine penicillin, plasma
procaine concentrations are maintained for longer pe-
riods than by any other method of administration.
Thus, doubling the dose of procaine penicillin admin-
isteredtothmhorsesshouldgiveﬂsetoplasmapro—

When procaine is found in the blood or urine of a-
racing horse, those responsible for the animal occasion-
ally claim that the horse was ini procaine
ponidlli;r t:f:lpeutiany and that this mmtﬁt ac-
counts urinary procaine. ‘An ability on part
offorensichbonboﬁahodisﬁnguishbetmnprocaine
and procaine penicillin is thus of importance and could
greatly assist racing authorities.’® The yesults of the
present study show that procaine is cleared rapidly from
the body when administered alone (t14 « 2 hours), but
much more slowly when administered as procaine pen-
icillin (t}% = 10 bours). Thus, one possible approach
to this problem would be to take sequential blood sam-
ples from the horse in question and determine the half-
life of procaine in the plasma of the animal A half-life
of 10 hours or longer would be consistent with admin.
istration of procaine penicillin, while a half-life of 2
hours or less would suggest administration of procaine
alone, presumably for either its local anesthetic or cen-
tral nervous system stimulant actions.
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