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Abstract

The fall in body temperature and inhibition of hypothalamic cholinesterase induced by rivastigmine (a pseudo-reversible carbamate

inhibitor) were compared in male and female rats. In males, 1.5 mg/kg lowered body temperature by 1 �C and in females by 3.2 �C
(P< 0.001) and inhibited cholinesterase by 65% and 74%, respectively (P<0.05). Pilocarpine (20 mg/kg) decreased body temperature by 1.1

�C in males and 1.9 �C in females (P< 0.05). Orchidectomy, but not ovariectomy, abolished the sex difference in the hypothermic effect of

pilocarpine and the enzyme inhibition induced by rivastigmine, but not in its effect on body temperature. Testosterone (10 mg/rat) decreased

the cholinesterase inhibition and the temperature reduction induced by rivastigmine in gonadectomised males and females, but that induced

by pilocarpine in males only. In conclusion, rivastigmine causes less inhibition of cholinesterase because testosterone may interfere with its

entry into the brain. Testosterone may further decrease the temperature-lowering effect of rivastigmine and acetylcholine receptor agonists in

males by an action at a receptor level. D 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Several independent studies of rodents have shown that

organophosphorus and carbamate cholinesterase inhibitors

have a different effect in males and females, but that the

direction is inconsistent. In particular, the sex difference in

the hypothermic effect varies with the particular agent.

Thus, chlorpyrifos, an organophosphorus insecticide, pro-

duces a greater fall in body temperature in female than in

male rats (Gordon et al., 1997), while di-isopropyl-fluoro-

phosphonate (DFP) is more effective in males (Overstreet et

al., 1979). In the latter study, pilocarpine, a muscarinic re-

ceptor agonist, caused a greater degree of hypothermia in

females than in males.

The effect of these drugs on body temperature results

from stimulation of muscarinic receptors in the pre-optic

area of the hypothalamus, promoting increased heat loss

through peripheral vasodilatation (Gordon, 1994). This can

be prevented by prior treatment with scopolamine or atro-

pine (Sen and Bhattacharya, 1991). Although it is presumed

that cholinesterase inhibitors lower body temperature via

increased levels of acetylcholine, wide discrepancies have

been reported between the magnitude of hypothermia in-

duced by physostigmine and paraoxon and their respective

inhibition of cholinesterase in the hypothalamus (Coudray-

Lucas et al., 1981; Gordon, 1994).

To our knowledge, there has been only one report of a sex

difference in the action of cholinesterase inhibitors in human

subjects. Physostigmine increased plasma cortisol and adre-

nocorticotropin more in normal elderly women and those

with Alzheimer’s disease than in men, although plasma

levels of the drug did not differ (Peskind et al., 1996). We

have recently found that physostigmine causes greater

inhibition of cholinesterase in the brain, but not in the heart

and plasma, of female than of male rats (Wang et al., 2000).

We also showed that rivastigmine, another carbamate chol-

inesterase inhibitor currently used for the treatment of

Alzheimer’s disease (Rosler et al., 1999), was more effective

in antagonising spatial memory deficits in female than in

male rats. This effect was associated with a greater inhibition

of cholinesterase in the cortex and hippocampus of females

(Wang et al., 2000). Rivastigmine is more suitable than

chlorpyrifos for studying the relationship between enzyme

inhibition and hypothermia because it is inactivated entirely

by its target enzymes, acetyl and butyrylcholinesterase
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(Farlow and Hake, 1998), and not by cytochrome P450 or

liver carboxylesterase, which may be sex hormone-depend-

ent (Ma and Chambers, 1994; Moser et al., 1998). More-

over, in contrast to physostigmine, rivastigmine is not

readily detached from the enzymes during the extraction

procedures preceding the measurement of cholinesterase

activity ex vivo. Thus, one may expect to obtain a more

accurate estimate of enzyme inhibition by doses that cause a

significant fall in body temperature.

The aims of the present study were: (a) to examine the

relationship between hypothalamic cholinesterase inhibition

and the fall in body temperature induced by rivastigmine in

male and female rats; (b) to investigate the role of sex

steroids in the mediation of the sex difference by examining

the influence of castration and hormone replacement on

these pharmacological effects of rivastigmine.

2. Materials and methods

2.1. Animals

The study was performed according to the guidelines of

the University Committee for Institutional Animal Care,

based on those of the National Institutes of Health, USA.

Male and female Sprague–Dawley rats, aged 9–11 weeks,

weighing 220–300 g, were purchased from Harlan, Jerusa-

lem. The rats were housed four per cage for 1 week in the

Animal House before the experiment. The ambient temper-

ature was 23 ± 1 �C and there was a 12-h diurnal light cycle

(lights on at 0600 h and off at 1800 h). Body temperature

was measured in a room adjacent to that in which the rats

were housed and had the same ambient conditions.

2.2. Experimental procedures

2.2.1. Measurement of effects of rivastigmine and pilocar-

pine on body temperature

A digital thermistor probe was covered with a thin layer

of lignocaine gel to reduce discomfort and inserted into the

rectum to a depth of 6 cm. Rivastigmine, (0.75, 1.5, 2.5 and

3.5 mg/kg) or pilocarpine (20 mg/kg) was injected s.c in

groups of five to six rats per dose and sex. Temperature was

measured before and at 15-min (pilocarpine) or 30-min

(rivastigmine) intervals after injection up to 3 h.

2.2.2. Determination of optimal conditions for obtaining

effect of gonadectomy and testosterone administration on

hypothermic effect of rivastimine

Orchidectomy was performed under ether anaesthesia in

five groups of six rats. One group of intact rats served as a

control. Three groups and the controls were injected with

vehicle and the effect of rivastigmine (1.5 mg/kg) on body

temperature was assessed 1, 2 and 3 weeks, respectively,

after orchidectomy. In the remaining two groups, testoster-

one (5 or 10 mg/rat) was injected i.m. 2 weeks after

orchidectomy, and the effect of rivastigmine on body tem-

perature was measured 1 week later. Both doses of testos-

terone resulted in serum hormone levels 1 week after

injection that were a little higher than those in intact rats.

2.2.3. Effect of gonadectomy and testosterone administra-

tion on the effect of rivastigmine and pilocarpine on body

temperature

Groups of male and female rats were castrated under

ether anaesthesia and further groups of sham-operated males

and females served as controls. The hypothermic effect of

rivastigmine (1.5 mg/kg) (10–12 rats per group) and pilo-

carpine (20 mg/kg) (5–6 rats per group) was measured in

rats of each sex and that of rivastigmine (0.75 mg/kg) was

assessed in females only (5–6 rats per group), 3 weeks after

castration and injection of vehicle or testosterone (10 mg/

rat) as described above.

2.3. Measurement of cholinesterase inhibition in the

hypothalamus

Saline (1 ml/kg) or rivastigmine (1.5 mg/kg) was injected

s.c. into male and female rats (five to nine per group) and

additional groups of females were given 0.75 mg/kg, since

this lowered body temperature to the same extent as 1.5 mg/

kg in males. The rats were decapitated after 60 min and the

brains were rapidly removed. The hypothalamus was dis-

sected out, weighed and homogenised in 0.1 M phosphate

buffer (33 mg/ml), pH 8.0, containing 1% Triton. Trunk

blood was collected and separated into plasma. Total enzyme

activity, almost entirely butyrylcholinesterase in plasma

(Cullumbine, 1963) and more than 90% acetylcholinesterase

in the brain (Hobbiger and Lancaster, 1971), was measured

in 25-ml aliquots of enzyme homogenates in a total volume of

1 ml by the method of Ellman et al. (1961) using acetylth-

iocholine as a substrate. The percent inhibition of the enzyme

by rivastigmine was calculated by comparison with chol-

inesterase activity in the hypothalamus and plasma taken

from rats injected with saline under the same conditions and

at the same time of day to avoid diurnal variations in

cholinesterase activity (Moudgil and Kanungo, 1973).

2.3.1. Effect of gonadectomy and hormone replacement on

cholinesterase activity and its inhibition by rivastigmine

Male and female rats were castrated and given injections

of vehicle or testosterone as described in Section 2.2.3.

Cholinesterase activity was measured in the hypothalamus

and plasma after injection of saline or rivastigmine (1.5 mg/

kg) in rats of each sex, or 0.75 mg/kg in females only, as

described in Section 2.3.

2.4. Drugs

Pilocarpine nitrate was from Sigma (MO, USA) and

rivastigmine bitartrate (ENA713) from Novartis (Basle,

Switzerland). Testosterone enanthate was from Schering
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(Berlin, Germany). All doses are expressed in terms of mg/

kg body weight of the salt. Testosterone was dissolved in

alcohol, one part, and diluted with arachis oil, nine parts.

Control rats received vehicle injections consisting of alcohol

and arachis oil in the same proportions.

2.5. Data analysis

The fall in body temperature induced by rivastigmine

and pilocarpine was compared by analysis of variance

(ANOVA) (intact, gonadectomised and gonadectomised plus

testosterone). Differences in percent inhibition by rivastig-

mine of cholinesterase in the hypothalamus and plasma were

analysed by ANOVA for sex, pretreatment and tissue. When

significant differences were found, Duncan’s test for multi-

ple comparisons of individual groups was performed. The

level of statistical significance was P < 0.05. All data are

expressed as the mean values for the group ± S.E.M.

3. Results

3.1. Hypothermic effect of rivastigmine in male and female

rats

The resting body temperature of male and female rats did

not differ significantly and was 38.1 ± 0.1 and 37.9 ± 0.2 �C,
respectively. The hypothermic effect of different doses of

rivastigmine in males and females is shown in Fig. 1, and

the time course of the fall in body temperature induced by

rivastigmine (1.5 mg/kg) and pilocarpine (20 mg/kg) is

shown in Fig. 2. The fall in body temperature was much

greater in females than in males at all doses ranging from

0.75 to 2.5 mg/kg, respectively. The maximum reduction in

body temperature occurred 60–90 min after injection in rats

of both sexes. The extent of the hypothermic effect of

pilocarpine (20 mg/kg) did not differ from that of rivastig-

mine (1.5 mg/kg) in males, but was significantly smaller in

females. Thus, although statistically significant, the sex dif-

ference in the hypothermic effect of pilocarpine was clearly

less than that of rivastigmine.

3.1.1. Effect of gonadectomy and hormone replacement on

the hypothermic effect of rivastigmine and pilocarpine

Neither orchidectomy nor ovariectomy significantly

changed the basal body temperature of rats maintained at

an ambient temperature of 23 �C. The values for gonadec-

tomized males and females 3 weeks after surgery were

37.8 ± 0.1 and 37.6 ± 0.3 �C, respectively. The body tem-

perature of castrated males and females was unaffected by

Fig. 1. Dose– response relationship for the fall in body temperature induced

by rivastigmine in male and female rats. Significantly different from males,
aP < 0.01.

Fig. 2. Time course of hypothermia induced in male and female rats by rivastigmine 1.5 mg/kg and pilocarpine 20 mg/kg. Significantly different from

respective males, aP < 0.05; significantly different from females treated with rivastigmine bP < 0.05.
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testosterone. A significant increase in the hypothermic effect

of rivastigmine was seen in males 2 and 3 weeks, but not 1

week after castration. The hypotherma induced by rivastig-

mine in castrated rats was restored to control levels by

testosterone (5 or 10 mg/rat) 1 week after injection (Fig. 3).

Two-way ANOVA for differences produced by gonadec-

tomy and testosterone injection in the peak hypothermic

effect of rivastigmine (1.5 mg/kg) revealed a significant

effect of sex [F(1,60) = 77.9, P < 0.0001], pretreatment

[F(2,60) = 6.76, P< 0.005] and a sex� pretreatment inter-

action [F(2,60) = 3.67, P < 0.05]. Post hoc tests showed a

marked difference in the effect of the drug in intact males and

females. It also showed that gonadectomy significantly

increased the peak fall in temperature induced by rivastig-

mine in males but not in females (Fig. 4). The fall in

temperature remained significantly different between gona-

dectomised males and females. Although testosterone re-

duced the hypothermic effect of rivastigmine in

gonadectomised rats of either sex, the sex difference was

still pre-sent. Ovariectomy still had no effect when a smaller

dose of rivastigmine (0.75 mg/kg) was given to females to

produce the same fall in temperature to that seen in males

given 1.5 mg/kg. However, testosterone decreased the hypo-

thermic effect of this dose in ovariectomised females to the

same level as in orchidectomised males (Fig. 4).

Two-way ANOVA on the hypothermic effect of pilocar-

pine (20 mg/kg) in the different treatment groups revealed a

significant effect of sex [F(1,30) = 12.8, P < 0.001], no

effect of pretreatment [F(2,30) = 2.0, P= 0.16] and a sig-

nificant sex� pretreatment interaction [ F(2,30) = 8.5,

P < 0.0025]. In contrast to rivastigmine, the sex difference

was completely abolished by orchidectomy, so that the fall

in body temperature in males no longer differed from that in

intact or ovariectomised females (Fig. 5). Furthermore,

testosterone restored the effect of pilocarpine in orchid-

ectomised males to that in intact animals, but did not change

that in ovariectomised females.

3.2. Cholinesterase inhibition by rivastigmine in the

hypothalamus

ANOVA on resting cholinesterase activity in the hypo-

thalamus did not reveal any significant differences between

intact males and females, nor was it affected by gonadec-

tomy or testosterone [F(5,29) = 0.22, P= 0.95]. As reported

by Overstreet et al. (1979), plasma cholinesterase activity in

intact females was about double that in males and signifi-

Fig. 3. Influence of time interval after castration and testosterone

replacement on the fall in body temperature induced by rivastigmine, 1.5

mg/kg, in male rats. GONX= gonadectomy. Significantly different from

intact males, aP < 0.05; aaP< 0.01; significantly different from gonadec-

tomised males + vehicle, bP < 0.05; bbP < 0.01.

Fig. 4. Effect of gonadectomy and testosterone replacement on the fall in

body temperature induced by rivastigmine in male and female rats.

Significantly different from intact males, aP< 0.01; significantly different

from gonadectomised males and females, bP< 0.05; significantly different

from gonadectomised males + testosterone, cP < 0.05.

Fig. 5. Effect of gonadectomy and testosterone replacement on the fall in

body temperature induced by pilocarpine, 20 mg/kg, in male and female

rats. Significantly different from intact males, aP < 0.01; significantly

different from intact females, bP < 0.05; significantly different from

gonadectomised males + testosterone, cP< 0.05.
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cantly reduced by ovariectomy. ANOVA on plasma chol-

inesterase activity in six groups of rats was [F(5,30) = 8.59,

P < 0.0001]. Post hoc tests revealed that this was due to the

difference between intact males and females and between

intact and ovariectomised females. Neither orchidectomy

nor testosterone administration had a significant effect on

plasma cholinesterase activity (Table 1).

Two-way ANOVA for cholinesterase inhibition by riva-

stigmine (1.5 mg/kg) in the hypothalamus of intact, gona-

dectomised males and females, with and without tes-

tosterone revealed a significant effect of sex [F(1,30)

= 7.90, P < 0.01], pretreatment [ F(2,30) = 12.95, P

< 0.0001] but no sex� treatment interaction [F(2,30) = 2.6

P= 0.1]. Rivastigmine (1.5 mg/kg) caused significantly

greater cholinesterase inhibition in the hypothalamus of

intact females than of males. Gonadectomy significantly

increased cholinesterase inhibition in males but not in

females (P < 0.05) and abolished the sex difference. Testos-

terone restored the cholinesterase inhibitory activity of

rivastigmine in gonadectomised males to that in intact males

and also reduced the activity in females to below the level in

intact and ovariectomised animals.

ANOVA for percent inhibition of plasma cholinesterase

by rivastigmine (1.5 mg/kg) in the three groups of male and

females rats did not detect any significant differences

between the groups [F(5,30) = 1.01, P= 0.43]. However,

when compared to the percent inhibition of cholinesterase

in the hypothalamus of the same rats, ANOVA for the

factors tissue, sex and pretreatment revealed a highly sig-

nificant effect of tissue [F(1,64) = 57.8, P < 0.0001] and a

significant area� pretreatment interaction [F(1,57) = 3.98,

P < 0.025]. While percentage inhibition of cholinesterase in

the hypothalamus was significantly greater than that in

plasma in intact males and females and after gonadectomy,

it did not differ after testosterone administration (Table 2). A

similar tissue� pretreatment interaction was seen when

cholinesterase inhibition was analysed in the hypothalamus

and plasma of females given rivastigmine (0.75 mg/kg),

[F(1,37) = 5.7, P < 0.01]. This was due to a decrease in

cholinesterase inhibition in the hypothalamus and an

increase in plasma as a result of testosterone administration

to ovariectomised rats.

4. Discussion

The hypothermia induced by cholinesterase inhibitors

and cholinergic agonists is believed to result from activation

of muscarinic receptors in the anterior hypothalamus (Gor-

don, 1994). However, previous studies with a carbamate

physostigmine, and organophosphorus cholinesterase inhib-

itors, DFP, soman and paraoxon showed considerable differ-

ences in the extent of enzyme inhibition in the brain for the

same decrease in body temperature (Gordon, 1994). Sex

differences have also been reported for brain cholinesterase

inhibition by chlorpyrifos and DFP and for the hypothermic

Table 1

Cholinesterase activitya in the hypothalamus and plasma of intact male and female rats and after gonadectomy and hormone replacement

Tissue Intact GONXb GONX+ testosteronec

Male Female Male Female Male Female

Hypothalamus 27.8 ± 1.6 27.4 ± 1.2 25.8 ± 2.7 27.8 ± 1.0 27.8 ± 1.4 28.0 ± 0.3

Plasma 1.11 ± 0.1 2.27 ± 0.24d 1.14 ± 0.09 1.66 ± 0.14e 1.00 ± 0.04 1.25 ± 0.16

a Activity of cholinesterase in mmol of acetylthiocholine hydrolysed/g/min.
b Three weeks after gonadectomy (GONX).
c One week after injection of testosterone. Significantly different from intact males.
d P < 0.01; significantly different from males.
e P < 0.05; significantly different from intact females.

Table 2

Effect of gonadectomy and testosterone on cholinesterase (%) inhibition by rivastigmine in the hypothalamus and plasma of male and female rats

Dose (mg/kg) Intact GONX GONX+ testosterone

Male Female Male Female Male Female

1.5

Hypothalamus 65.1 ± 0.9 73.9 ± 1.5a 71.3 ± 1.6b 72.1 ± 1.2 61.4 ± 3.0c 64.4 ± 1.1c

Plasma 51.2 ± 2.4d 47.7 ± 7.8d 49.8 ± 4.4d 56.6 ± 3.7d 50.7 ± 3.1 59.4 ± 4.2

0.75

Hypothalamus – 64.5 ± 1.8 – 62.1 ± 3.0 – 48.1 ± 3.9c

Plasma – 48.7 ± 2.4d – 50.8 ± 7.1 – 57.9 ± 1.0

NT= not tested.
a Significantly different from males, P< 0.05.
b Significantly different from intact rats, P< 0.05.
c Significantly different from GONX.
d Significantly different from respective value for hypothalamus, P< 0.05.
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effects of these drugs (Overstreet et al., 1979; Gordon et al.,

1997). These sex differences were investigated in more

detail in the present study, in which we also attempted to

relate the fall in body temperature to cholinesterase inhib-

ition in the hypothalamus, rather than in the whole brain

(Overstreet et al., 1979; Gordon, 1994) or serum (Gordon

and Fogelson, 1993). We used the carbamate, rivastigmine,

which produces a more stable interaction than physostig-

mine with the enzyme and therefore gives a more accurate

estimate of inhibition after removal of the tissue prior to

measurement. Moreover, rivastigmine is not metabolised by

liver enzymes, as are chlopyrifos and DFP, which could

explain the possible sex difference in their actions (Ma and

Chambers, 1994; Moser et al., 1998).

The smallest dose of rivastigmine that caused a signifi-

cant fall in body temperature (1 �C) was 1.5 mg/kg in males

and 0.75 mg/kg in females. These doses inhibited cholines-

terase in the hypothalamus by 65%. The findings with a

carbamate support the observation of Gordon (1994) for

organophosphorus compounds, namely that cholinesterase

must be inhibited by more than 60% before any significant

effect on body temperature is seen. The low (15–20%)

inhibition of the brain enzyme by physostigmine (Gordon,

1994) may have been due to its removal from the enzyme

during extraction from tissues prior to measurement.

In the present study, rivastigmine produced a much

greater fall in body temperature in female than in male rats

at doses ranging from 0.75 to 2.5 mg/kg. A dose of 1.5 mg/

kg in females reduced body temperature by 3.2 �C and

inhibited hypothalamic cholinesterase by 74%. This sex

difference in enzyme inhibition is not due to a greater affinity

of the drug for cholinesterase in the female brain since it was

not seen when rivastigmine was added to enzyme prepara-

tions from the brains of male and female rats (Wang et al.,

2000). The greater effect in females resembles that reported

by Gordon et al. (1997) for chlorpyrifos and may result from

a similar mechanism. However, while a difference in metab-

olism by liver enzymes could contribute to the smaller

pharmacological effect of chlorpyrifos in males (Ma and

Chambers, 1994; Moser et al., 1998), this does not explain

the sex difference seen with rivastigmine. Plasma cholines-

terase inhibition did not differ in males and females, indicat-

ing that the blood levels were similar.

As reported for chlorpyrifos (Gordon et al., 1997), orchi-

dectomy also increased the hypothermic effect of rivastig-

mine. This differed from the effect of DFP on body tem-

perature, which was greater in males and was increased in

females by ovariectomy (Overstreet et al., 1979, 1981).

Removal of estrogen increased the concentration of DFP

in the brain and caused greater cholinesterase inhibition. At

the same time, butyrylcholinesterase activity in plasma

decreased. The authors suggested that the higher levels of

butyrylcholinesterase in females serve to trap the drug,

thereby reducing the amount reaching the hypothalamus

and hence diminishing its hypothermic effect. Although

rivastigmine also attaches to plasma cholinesterase, neither

the fall in temperature nor the enzyme inhibition in the

hypothalamus differed between ovariectomised and intact

females, even when a dose that gave a submaximal effect

was given. This may be because rivastigmine has a similar

affinity for acetylcholinesterase and butyrylcholinesterase

(Weinstock, 1999), while that of DFP is much greater for the

plasma enzyme (Lim et al., 1989).

The increase by orchidectomy of the effects of rivastig-

mine on body temperature and on cholinesterase inhibition in

the brain of males was restored to those in intact rats by

testosterone. This hormone also significantly reduced the

hypothermic effect and brain enzyme inhibition induced by

rivastigmine in ovariectomised females. However, in gona-

dectomised males and females, testosterone increased the

inhibition by rivastigmine of plasma cholinesterase, although

it had no effect on basal enzyme activity. The findings

suggest that testosterone may reduce the entry of rivastig-

mine into the brain, thereby making more rivastigmine

available to inhibit the enzyme in blood. We were unable

to address this question directly because sex differences in

brain cholinesterase inhibition were only seen at doses up to

1.5 mg/kg (Wang et al., 2000), and the brain levels achieved

at these doses were below the limit of detection by mass

spectrometry (Kosasa et al., 1999). However, we were able

to show that testosterone reduces the brain levels and hypo-

thermic effect of another cholinesterase inhibitor, tacrine

(Wang and Weinstock, 2001). An interference by testoster-

one with the access of rivastigmine to its site of action in the

brain explains why cholinesterase inhibition was smaller in

intact males than in females and also why orchidectomy

abolished the sex difference. However, it does not explain

why a considerable sex difference still remained in the

hypothermic effect of the drug after removal of the testicular

hormone. This may be due to an additional action at the level

of the receptors subserving temperature control.

The hypothermia induced by rivastigmine was entirely

blocked by scopolamine (Weinstock, unpublished observa-

tions), indicating that it resulted from activation of muscar-

inic receptors, probably in the preoptic area of the

hypothalamus (Gordon, 1994). Rivastigmine does not have

direct agonist activity so its effect on temperature is due an

accumulation of acetylcholine resulting from inhibition of

cholinesterase. In an attempt to study in more detail the

possible modulation by testosterone of the interaction

between acetylcholine and the muscarinic receptors

involved in temperature regulation, we used pilocarpine,

which readily enters the central nervous system. Pilocarpine

also caused a greater fall in temperature in females than in

males but the difference was significantly less than that after

rivastigmine. Like that of rivastigmine, the effect of pilo-

carpine in males was increased by orchidectomy and res-

tored to control levels by testosterone. However, in contrast

to rivastigmine, testosterone had no effect on the hypother-

mia induced by pilocarpine in females.

These findings raise the possibility that testosterone has

two actions that limit the hypothermic effect of rivastigmine
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in males. It reduces the amount of drug reaching the enzyme

in the brain, thereby diminishing the extent of enzyme

inhibition. This could occur by genomic or membrane

mechanisms in brain areas controlling cardiovascular func-

tion (Stumpf, 1990), or in blood vessels, which have recep-

tors for testosterone (Lin et al., 1981). The hormone may

also interfere with the interaction between acetylcholine or

pilocarpine and its receptors. Although estrogens have been

shown to alter the affinity of acetylcholine receptor agonists

to binding sites in the preoptic area of the hypothalamus

(Egozi et al., 1982), it is not known whether testosterone can

reduce the number or affinity of such sites in males.
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