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A rapid, reliable method for measuring uptake of [ "H] serotonin (5-HT) in horse
platelets was developed. Using this method, [*H| serotonin uptake in horse
platelets was found to be highly temperature sensitive, blocked by high concen-
trations of imipramine and uniabeled serotonin and partiaily inhibited by high
concentrations of reserpine. These resuits are consistent with platelet uptake of
serotoanin being due to an active transport mechanism at the plasma membrane
which is inhibited by imipramine and a granular binding mechanism which Is
inhibited by reserpine. A large dose of reserpine administered in vivo to a horse
produced substantial in vitro inhibition of platelet serotonin uptake, suggesting
that this inhibition may be a usefui biochemical correlate of the pharmacclogical
actions of reserpine in the horse.

Introduction

Reserpine is an alkaloidal drug obtained from a climbing plant indigenous to
India and neighboring countries. It was introduced into western medicine in the
1950s for the treatment of psychoses and hypertension. Because of severe side
etfects associated with its use, it is currently used in human medicine only in
patients resistant to other forms of therapy .t

Because reserpine is a very potent and effective tranquiilizer, small doses
are sometimes used to calm hyperexcitable race, trotting and show horses.
Until recently, no suitable analytical method was available for the very small
(< 2 ng/kg) doses of reserpine used in the horse. This led us to examine the
pharmacological effects of reserpine on neurohormone metabolism uas a possi-
ble murker fur the presence of reserpine in the equine system and also as a
possible biochemical corretute of the pharmacological effects of reserpine.



326 Phannacology of Reserpine

ro

July, 1979, Voi. 3

Reserpine produces its pharntacological ettects by
blocking the storuge of norepinephnne, dopanune und
serotomin in storage granules throughout the nervous sys-
tem. ' Platelets also possess the same serotonin upluke
and storuge mechumism ay serotonergic neuvrons,'' so it
appeured 10 us that measurement of the effects ol reser-
pine? on platetet serotonin metabolisi might be a usetul
biochemcal indicator of the presence of reserpine’ in the
horse.

This puper churacterizes the eflects of reserpine on
serotontn metabolism in equine platelets in vitro. A pro-
cedure for measurement of serotonin® uptake in horse
platelets was devised, and the sensitivity of this uptake to
specitic inhibitors, reserpine and imunprumine.*® was Je-
termined. Preliminary experiments with reserpine ad-
ministered i vivo 10 horses suggest that the presence of
the drug in equine platelets causes substantial inhibition
of the normal rute of uptake of serotonia.

Materials and Methods

Sample Collection und Drug Administration

Mature Thoroughbred mares, weighing between 400
und 550 kg, were used. These anumals were housed in
individual loose boxes und fed hay, outs and water ud
libiturn. All drug administration and sampie tuking was
done in the animals’ loose boxes.

Chemical Methods

Equine bluod was drawn into vacutainer tubes® con-
taining Na, EDTA, and immediately centnifuged at 250 x
g foc 15 minutes at 2°C. Aliquots of plasma directly above
the red cell layer, platelet-rich plasma (PRP),” 1.0 ml per
5.0 mi blood, were removed and incubated without shak-
ing for two minutes at 37°C. All uptake experiments were
started by uddiag 1.6 x 10°*M [3H] serotonin¥ (1 Ci/mi)
10 this PRP. The uptuke reaction was followed by remov-
ing 1.0 ml aliquots of the plasma alter appropriate time
periods into a tiltration maaifold® (0.45u filters) followed
by washing with 20.0 ml of ice-cold normal saline. The
filters were removed from the manifold, air-dried in the
dark, and counted in a liquid scintillation cocktail/ in a
counter.” Silanized glassware was used throughout this
procedure. Platelet counts on the pilatelet-
rich plasma were pertormed on a photomicroscope?
using a4 hemocytometer,' and were averuged from four
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Figure 1. [°H| uptake in rabbit platelets. Freshly drawn rabbit

platelets were incubated at 37°C (open circies, O - O) and 0°C
(triangle, A) with 3.6 x 10 * M [*H| servicain and the uptake
reaction stopped at the indicated times. All data points are indi-
vidual determinations oa » single playma sample aad are typical of
experiments on ¥ number of different rabbit plasma sampies. The
dashed line represents 8 least yquares (it of the slope of the initial
four daia points of the uptake curve.

separate observations. Unless otherwise noted, all ex-
perimental values are the means = SEM of determi-
nations on at least four experimental plasma saumpies. In
all experiments the initial rate of [*H} serotonin uptake.
was estimated by fitting a least squares slope to the first
four points of the uptauke curve. All data are ploited as the
number of umoles of [*H] serotonin taken up by 10%
platelets/minute after the uptake reaction was started.

Resuits

A number of published methods for analyzing [*H]
serotonin uptake in platelets'%7 were applied to the
measurement of 5-HT uptake in horse platelets with littie
success. On the advice of Dr. Peter Henson® the Millipore
tiltration method outlined above was developed and
found suitable for both rubbit and horse platelets. Figure |
shows 5-HT uptake measured in rabbit platelets by this
method.

Figure 2 shows the initial rates and etfect of tempera-
ture on uptake of (3H!} 5-HT in horse platelets as meas-
ured by this method. At 37°C platelets took up [*H] §-HT
trom plasma at an inital rate of 1.01 umol/10"!
platetets/minute. Thus rate i1s about 20 times the initial rate
observed in rubbit platelets. It the temperature of the in-
cubation system was reduced, the initial rate of uptake of
5-HT was murkedly dJdepressed 1o 0.22 umol/10"
platefets/minute 2t 20°C and 0.028 moi/ 10 piakelets/



July, 1979, Vol. 3

Pharmacology of Reserpine 327

1 71 T Y T
EFFECT OF TEMPERATURE ON [H] SHT
UPTAKE IN EQUINE PLATELETS
7°
SLOPE =10 |
w 40F -
o
W
o
<
& 3ok / 4
B
Pind
g.
Z 20" 200 i
3 §:022
g $
10+~ )
Q*
. 5:0028
“_‘;‘__ 9 '
ot . =0*

| ) { )
0510 20 40
MINUTES AFTER W] SHT A00DITION

Figure 2. Effects of temperature on ["H| SHT uptake in equine
piateiets. Freshly drawn horse plutelets were incubated with {3H]}
5-HT as outlined in *‘Materials and Methods,” and the uptake
reaction stopped at the indicated time periods. The open circles (O
- Q) show [H| S-HT uptake at 37°C; the solid cirgles (@ - @)
at 20°C; the open squares ((J - 0) st 16°C, snd the soild squares
(8 - W) st 0°C. AUl data points are the mesas + SEM of six
separaie experiments, and the dashed lines represent the initial
upiake rates at each temperature.

T T 14 R 1 1 1]

EFFECT OF EXCESS UNLABELLED 5HT ON
[*H) SHT uPTAKE

pmot Pl 51T /10" PLATELETS

20+ -
A
or .
. ()®
O F 1 A L 1 J ] 1 -l' 0
0 0 26 30 40 80

MINUTES AFTER (H] SHT ADOITION.

Figure 3. Effect of excess unlabeied S-HT on [*H| S-HT uptake.
The open circles (O — O) shaw the rate of uptake of [ 'H| &HT in
horse platelets in virro at 37°C. The open squares (O - (J) show
uptake of [°H] 5-HT sfter addition of excess (! x 10 M) un-
labeled S-HT st 10 minutes. All points are the means = of five
separate experimental determinations.

BH) SHT UPTAKE INHIBITION BY VARIOUS
CONCENTRATIONS OF RESERPINE in vitro
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Figure 4. [3H] S-HT uptake inhibition by various concentrations
of reserpine in vitro. The open circles (O ~ O), show the uptake of
(*H] S-HT by freshly drawn horse plateiets at 37°C. The soiid
circies (@ — 9), open syuares (O] ~ 0) and solid squares (8 - W)
show inhibition of ["H| S-HT uptake by 1 x 10°-"M, 1 x 10-'M,
and 1 X 10 *M reserpine, respectively. Reserpine was added 10
minutes before the S-HT. In each case all points are the means
= SEM of six experimentai determinations.

minute at 10°C. In all experiments, essentiaily no uptake
was observed at 0°C, and binding of [3H] 5-HT under
these conditions was taken as background binding.

Figure 3 shows that the addition of excess uniabeied
5-HT to the incubation system resulted in an abrupt hait
in the uptike of [*H] 5-HT and a subsequent siow decline
in the level of bound (*H] 5-HT. The refatively slow de-
cline in bound [*H| S5-HT after the addition of excess
unlabeied S-HT suggests that the binding is relatively sta-
ble and that minimai changes in the level of bound [2H]
5-HT occur during the filtration process.

Figure 4 shows the effects of reserpine addition on
this uptake of [*H | 5-HT by harse platelets. The indicated
concentrations of reserpine were added to the incubation
system 10 minutes prior 1o the addition of [*H] 5-HT.
Reserpine at | x 10 "M produced about 50% inhibition of
the initial rate of uptake of 5-HT, while the remaining
uptake was relatively resistant to inhibition by increasing
concentrations of reserpine. )

Imipramine’ has heen shown to inhibit the transport
of 5-HT across the platelet plasma membrane, and Figure
5 shows the effects of increasing concentrations of imip-
ramine on the initial rate of uptake of ("H| 5-HT. While |

' Toframi NCI. Cibde-Gergy Corporation. Summut. Nj.
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(H} SHT UPTAKE INHIBITION BY VARIOUS
CONCENTRATIONS OF IMIPRAMINE 1n vitro
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Figure S. {[*H] S-HT uptake inhibitios by various concentrations
of imipramine in vitro. The open circies (O ~ O) show the uplake
of {*H| S-HT by freshiy drawa horse plateless ut 37°C. The solid
circies ( @ - @), the open squares (O ~ Q), and wiid squares (8
~- @) show ighibitiva of 5-HT uptake by 1 x 10 ™, | x 10" *M,
and 1 X 10°*M imipramine, respectively. Imipramine was added
10 minutes before the [PH] 5-HT. la cuch case, ail points are the
means = SEM of four sepurate caperimentsi determinations.

X "10°"™M imipramine had relatively little etfect on the
initiat rate of uptuke of {*H| S-HT, higher concentrations
{1 X 107°M) produced essentially complete inhibition of
[3H] 5-HT uptake by platelets at 37°C.

Because imipramine and reserpine act at different
points on platelet uptake of serotonin,” we hoped that
simultaneous use of both inhibitors might result in a
potentiation of inhibition of 5-HT uptake by reserpine.
Figure 6 shows that § x 10~"M imipramine and | x 10" "M
reserpine euch produced about 60% inhbition of {*H|
5-HT uptake. However, addition of reserpine plus imip-
ramine produced only about a further 50% inhibition of
1*H] S-HT uptuke, showing that the eftect of drugs was
simply additive.

Figure 7 shows the effects of adnunistration of 100
mg reserpine intravenously to u Thoroughbred mare on
the initial rate of 5-HT uptuke by her platelets. Prior 0

administration of reserpine, the imitial rute of uptuke ol

5-HT by platelets was 1.5 umoi/10" platelets/minute,
while three hours postreserpme the uptuke had been re-
Jduced by mose than 66%.

RESERPINE AND IMIPRAMINE
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Figure 6. Reserpine and imipramine inhibition of | *H} 5-HT up-
take. The open circles (O - Q) show the uptake of [*H] S-HT by
freshly drawn horse platelets ut 37°C. The solid squares (8 ~ W)
show imhibitioa of |*H| 5HT uptuke by u combination of 1 X
10" "M reserpine sad 5 x 10" 'M imipramine. Reserping and imip-
ramine were sdded 10 mioutes before the [1H] 5-HT. In cach cuse
all points sre the means = SEM of four ieparute experimental
determinsaticas,
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Figure 7. In vitro [ 1H] uptake In platelets pre- and post-100 mg'
reserpine in vivo. The open circles (O - O) show uptake of {*H)
S-HT by control platelets at Y7 C. The solid circies (@ ~ @) show
uptake of [*H) S-HT io s plasma sampie taken three hours after
this horse was irested with 100 mg reserpine by rapid iatraveaous
injection. The initiai rate of uptake of the conirol (siope = 1.5) was
reduced more thua 60 in the postreserpine sampile (siope =
0.4386).
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Discussion

fhe methods and results reported here present a
rapid and reliable method for meusuring serotonin uptake
in platelets. With this method. platelet-rich plasma can be
prepured and the initial rate of uptake over a 20-minute
period determined within one hour of drawing the blood
sample. No repeated centrifugation or resuspension of the
platelets as used in other methods was required.'-* Since
we observed that equine platelets lose motility and begin
to lose the ahility to take up [*H] serotonin within 30
minutes of incubation at 37°C, the advantages of this
rapid method are substantial. A further advantage is that
the background levels of uptake observed were very low
in contrast to the substantial backgrounds observed when
we employed adaptations of methods used by other
workers.™¥

‘ Using this method, the 5-HT uptake by rabbit (Figure

1} and horse platelets was readily Jemonstrated. In rabbit
platelets the initial rate of {*H] 5-HT uptake using this
method was found (o be about one-half the rate reported
by other workers.* In equine platelets a 20-fold higher
initial rate of 1.0 umol/10* piatelets/minute was ob-
served, and this initial rate was coasistent throughout the
whole series of experiments. The experiment shows that
though horses have fewer pilatelets than rabbits, the rate
of uptake of serotonin by these platelets is extremely
high.

The uptake of serotonin by horse platelets has a
number of characteristics of an active transport system
(Figure 8). It is highly sensitive to temperature (Figure 2)
and was almost completely eliminated at 0°C. This strict
temperature dependence is characteristic of active trans-
port systems, while uptake systems dependent on diiTu-
sion are not so substantiaily inhibited by cooling to 0°C.

More convincing evidence that the uptake system is a
carrier-mediated active transport is presented in Figure 3.
In this experiment an excess of unlabeled 5-HT was
added to the system 10 minutes after the uptake was
started. If the uptake was dependent on simple diffusion
through the plasma membrane, the entry of radiolabeled
5-HT iato the platelets would not be affected by the pres-
ence ol the unlabeled 5-HT. If the uptake was carrier-
mediated, however, hoth the labeled and unlabeted S-HT
would compete for the limited number of carrier sites.
Because of the great excess of unlabeied 5-HT, the uptake
of {?H] 5-HT exsentially ceased, and the bulk of the up-
take then presumably became uniabeled drug as seen in
Figure 3.

Figure 3 also shows that once transported into the
platelet. ["H] 5-HT was not readily tost. This was an im-
portant point to establish for the tiine course expenments,

DRUG INHIBITION OF PLATELET SEROTONIN
UPTAKE

SERQTONIN

O rree
@ woeiLe
@ souno

Blocked by
IMIPRAMINE

Blocied by
RESERPINE

GRANULE

MEMBRANE

Figure 8. Sites of inhibition of platelet serotonin uptake by imip-
ramine and reserpine.

since it shows that small variations in the washing step in
the filtration procedure did not introduce vanability into
the experimental results.

Studying the uptake of {*H} 5-HT by human
platelets. Stahi and Meltzer'? presented evidence that
|*H] serotonin uptake proceeds by three interdependent
pathways. Transport through the plasma membrane pro-
ceeds via a carrier-mediated active transport system (Fig-
ure 8) and aiso by simple passive diffusion. At low con-
centrations of 5-HT the carrier-mediated process is
dominant, so at low 5-HT concentrations, one is essentiaily
studying the active transport system. This hypothesis is in
good agreement with the observations of Figure 5, where
the uptake of 5-HT was 95% inhibited by imipramine,
suggesting a minirnal involvement of the passive diffusion
pathway at the 5-HT concentrations used in these
experiments.

Most experimental work on the mechanism of reser-
pine suggests that its pcimary action on serotonin binding
and storage is at the granular binding sites, and that its
effect is to block a binding reaction (Figure 8).* Thus,
Stahl and Meitzer!! have suggested that the best way to
1solate and measure the effect of reserpine on uptake is to
greatly increase the concentration of [TH) 5-HT in the
medium and increase the passive diffusion pathway to the
point that it overcomes (*'swamps out'’) the active trans-
port pathway. Under these conditions, the initial rute of
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uptake should be prunardy dependent vn the reserpine:
inhibituble binding mechanisat and aunimally influenced
by the active transport system. !

This theoretical approach peesents a problem in that
the imtial rate of uptake of (11} S-H 1 at very high S-HT
concentrations would be oo Tast 1o follow using the
“methods available to us. We therefure elected o tuke the
approich of inhibitng the uctive trunsport step with imip-
ramine? in the hope that that this tnhibition would 1n-
crease the sensitivity ol the uptuke sysiem Lo reserping.
Unturtunately, us showa in Figure 6, this procedure did
not appeur 10 crease the sensitivity of the sysiem (o
reserpine, as resérpine produced ubout the same frac-

tional inhibition ot uptake in the presence und absence of

imipramine.

Betcause we were unable to increase the sensitivity of

the [*H] 5-HT uptake system to reserpine, we elected to

do vur imuisd deteranaation of the eflicucy of this method
in vivo with a very large (100 mg) dose ol reserpiae. As
shown in Figure 7, a very substanual (approximately
60'%) nhibition of the imitial rate of uptake of | *H | seroto-
ain was observed. Though this purticutar dose ol reser-
pine was very large, there are good theuretical reasons tor
believing that platelet uptake of serotunin may be u very
sensitive indication of reserpinication. Principal among
them is the Tuct that reserpine must displace a relatively
large lruction of norepinephrine from the granule before
phurmacological effects are seen.® ‘Therefore, any dose of
reserpine which etfects behauvior in the horse has aiready
produced u very lurge ettect on the graaular binding of
norepinephrine und serutonin. in keeping with these pre-
Jictions, experiments currently in progress in our labora-
tory show very substantial inhibition ol the initial rate of
[*H| 5-HT in horse platelets after doses of reserpine as
low as 1.0 mg (2.0 ug/kg) and less.™
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