
Inhibition of restraint-induced neuroendocrine

and serotonergic responses by buspirone in rats

Noreen Samad1, Tahira Perveen1, Saida Haider1, Mohammad A. Haleem2,

Darakhshan J. Haleem1

�
���������� �	 
����������� �������������� 
��������� ����������������� ������� �����

���������� �	 ������� ������������� ��������

�
���������� �	 
���� ���� !����������� "�� "�� ���������� �	 !���������� �� #��������� �������������

��������

Correspondence: ������ "��� � ������$ ���������� %��&����'���

Abstract:

The effects of buspirone (0.5 mg/kg) on the neuroendocrine and serotonergic responses to stress were monitored in rats. Exposure to

2-h of restraint stress increased circulating levels of corticosterone, noradrenaline and glucose. The metabolism of

5-hydroxytryptamine (5-HT; serotonin) increased in the brain. Prior administration of buspirone did not alter levels of

corticosterone, noradrenaline and glucose in unrestrained rats, but inhibited stress-induced increase in the activity of

hypothalamic-pituitary-adrenal (HPA) axis and circulating levels of glucose. Restraint-induced rise in brain 5-HT and

5-hydroxyindole-acetic acid (5-HIAA) was also attenuated by buspirone. Unrestrained animals injected with buspirone also

exhibited a decrease in brain 5-HIAA concentration. The findings are discussed in the context of the role of somatodendritic 5-HT��

receptors in responses to stress.
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Introduction

Rats exposed to 2-h of restraint stress exhibited be-

havioral deficits [15, 17, 22]. On repeated immobili-

zation of 2-h/day for 5 days, the behavioral deficits

were no longer observed. It was suggested that re-

peated exposure to an uncontrollable stressor could

induce adaptive changes that led to behavioral toler-

ance [14]. Conversely, failure to adapt to repeated

stress is a depression model [6, 15]. Serotonergic re-

sponse to stress is also a part of this adaptive mecha-

nism. Thus, the whole brain and regional 5-hydroxy-

tryptamine (serotonin; 5-HT) metabolism increased

following exposure of rats to 2-h restraint, the in-

creases did not occur in rats restrained 2-h/day for

5 days [17], suggesting that adaptation also occurs in

serotonin response to stress along with behavioral ad-

aptation. It was shown in subsequent studies that a de-

crease in the responsiveness of somatodendritic

5-HT1A [14, 18] and terminal 5-HT1B [18] receptors

may help coping with stress demand to produce adap-

tation to stress.

Buspirone is a partial agonist at 5-HT1A receptors

[34, 37]. It has been shown that administration of bus-

pirone before submitting rats to an episode of 2-h
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restraint-stress attenuated restraint-induced behav-

ioral deficits [38, 39]. It was suggested that the drug

may help coping with stress demand to attenuate be-

havioral consequences of stress [38, 39].

Stress stimuli also activate hypothalamic-

pituitary-adrenal (HPA) axis and the sympathetic

nervous system (SNS). To further investigate the role

of serotonin and HPA axis in responses to stress, the

present study investigated the effects of buspirone on

restraint stress-induced activation of HPA axis, SNS

and brain serotonin metabolism. The drug was se-

lected because of its 5-HT1A binding profile [10, 47]

and therapeutic potential in the treatment of stress re-

lated disorders, such as affective and anxiety disor-

ders [20, 23]. Plasma corticosterone, glucose and

noradrenaline were taken as the endpoints of HPA

axis and SNS activity and the drug was administered

at a dose that has been previously shown to attenuate

restraint-induced behavioral deficits [33, 36].

Materials and Methods

Animals

Twenty four locally bred male albino Wistar rats

weighing 200–220 g purchased from The Agha Khan

University, Pakistan, were housed individually under

a 12-h light and dark cycle (light on at 06:00 h) with

free access to cubes of standard rodent diet and tap

water for 3 days before experimentation. All experi-

ments were performed according to a protocol ap-

proved by the local Animal Care Committee.

Drug

Buspirone purchased from Sigma was dissolved in sa-

line at a dose of 0.5 mg/kg and injected intraperito-

neally (ip) in volumes of 1 ml/kg. Control animals

were injected with saline (1 ml/kg).

Experimental protocol

Twenty four animals randomly divided into buspirone

(0.5 mg/kg)- and saline (1 ml/kg)-injected animals

were subdivided to unrestrained and restrained

groups. Animals were injected with saline and buspi-

rone 1-h before exposing to an episode of 2-h restraint

stress commencing between 09:00 and 11:00 h. The

animals assigned to unrestrained groups injected with

saline or buspirone were left in their home cages. Im-

mediately after the termination of restraint period ani-

mals were decapitated to collect plasma and brain

samples. Unrestrained animals were also decapitated

at the same time. Samples were stored at –70°C for

the determination of plasma corticosterone, nora-

drenaline and glucose and brain 5-HT and 5-hydr-

oxyindole-acetic acid (5-HIAA).

Restraining the animals

The animals were restrained on wire grids of 10’’ × 9’’

fitted with a Perspex plate of 9’’ × 6.5’’. Restraining

procedure was the same as described earlier [17, 38,

39]. Immobilization was produced by pressing the

fore legs of the rats through the gaps in the metal grids

and taping them together with zinc oxide plaster tape.

Hind limbs were also taped and the head of animal

rested on the Perspex plate. The animals were killed

immediately after the termination of restraint period.

Biochemical studies

Determination of plasma corticosterone and

glucose

Blood was collected in the heparinized centrifuged

tubes for the estimation of plasma corticosterone by

the method of Mattingly [31, 32] as decribed by

Haleem et al. [12] and Haleem [13]. Plasma glucose

levels were estimated by O-toluidine method.

Determination of plasma noradrenaline

Plasma samples were extracted and the levels of

plasma noradrenaline were determined by HPLC-EC.

A 5 µm Shim-Pack ODS separation column of 4.0 mm

internal diameter and 150 mm length was used. Sepa-

ration was achieved by mobile phase containing

methanol (5%), octyl sodium sulfate (0.03%) and

EDTA (0.0035%) in 0.1 M phosphate buffer of pH 2.9

at an operating pressure 2,000–3,000 psi on Shimadzu

HPLC pump. Electrochemical detection was achieved

on Shimadzu L-ECD-6A detector at an operating po-

tential of 0.6 V.
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Determination of brain 5-HT and 5-HIAA

Brain samples were homogenized as described previ-

ously [17]. 5-HT and 5-HIAA levels were determined

by HPLC-EC as described before [18, 19]. A 5 µm

Shim-Pack ODS separation column of 4.0 mm internal

diameter and 150 mm length was used. Separation was

achieved by mobile phase containing methanol (14%),

octyl sodium sulfate (0.023%) and EDTA (0.0035%) in

0.1 M phosphate buffer of pH 2.9 at an operating pres-

sure 2000–3000 psi on Shimadzu HPLC pump. Elec-

trochemical detection was achieved on Shimadzu

L-ECD-6A detector at an operating potential of 0.8 V.

Statistical analysis

Data on the effects of buspirone on restraint-induced

increases in plasma corticosterone, noradrenaline,

glucose and brain serotonin metabolism were analyzed

by two-way ANOVA. Post-hoc comparison was done

by Newman-Keuls test: p < 0.05 taken as significant.

Results

The effects of buspirone administration

on restraint-induced increases in circulating

corticosterone

Data on plasma corticosterone levels (Fig. 1) ana-

lyzed by two-way ANOVA revealed significant

effects of stress (F = 14.57, df = 1,20; p < 0.01), and

buspirone (F = 13.45, df = 1,20; p < 0.01). Interaction

between stress and buspirone (F = 18.80, df = 1,20;

p < 0.01) was also significant. Post-hoc analysis by

Newman-Keuls test showed that an episode of 2-h re-

straint stress increased plasma corticosterone levels in

saline-injected but not in buspirone-injected animals.

The levels of corticosterone were comparable in sa-

line- and buspirone-injected unrestrained animals but

were smaller in buspirone injected restrained than sa-

line injected restrained animals. It may be noted that

the mean values of plasma levels of corticosterone

14.29 µg/dl in unrestrained animals were slightly

higher than the values reported by authors utilizing

methods such as RIA [21, 25], but the values were

smaller than reported by Haleem et al. [12] and Haleem

[13], where the method of Mattingly [31] was used.

The effects of buspirone administration

on restraint-induced increases in circulating

noradrenaline

Data on plasma noradrenaline levels (Fig. 2) analyzed

by two-way ANOVA showed that effect of drug ad-

ministration (F = 11.61, df = 1,20; p < 0.01) was sig-

nificant. Effect of stress (F = 3.4, df = 1,20; p > 0.05)

and interaction between stress and drug (F = 3.5,

df = 1,20; p > 0.05) was not significant. Post-hoc

analysis by Newman-Keuls test showed that single

2-h restraint stress increased plasma noradrenaline in

saline-treated animals but not in buspirone-treated

animals. The levels of noradrenaline comparable in
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saline-treated unrestrained and buspirone-treated un-

restrained animals, were smaller in buspirone-treated

restrained than saline-treated restrained animals.

The effects of buspirone administration

on restraint-induced increases in circulating

glucose

Data on plasma glucose levels (Fig. 3) analyzed by

two-way ANOVA revealed significant effects of stress

(F = 10.81, df = 1,20; p < 0.01) and buspirone admini-

stration (F = 25.81, df = 1,20; p < 0.01). Interaction

between stress and buspirone (F = 15.72, df = 1,20;

p < 0.01) was also significant. Post-hoc analysis showed

that 2-h restraint stress increased plasma glucose levels

in saline-treated but not in buspirone-treated animals.

Buspirone-treated restrained animals exhibited smaller

levels of plasma glucose than saline-treated restrained

animals. Saline-injected and buspirone-injected unre-

strained animals exhibited comparable values.

The effects of buspirone on restraint-induced

increases in serotonin metabolism

Data on brain 5-HT levels (Fig. 4A) analyzed by

two-way ANOVA showed a significant effect of stress

(F = 9.80, df = 1,20; p < 0.01). Effect of buspirone

(F = 4.68, df = 1,20; p > 0.05) and interaction between

stress and buspirone (F = 2.07, df = 1,20; p > 0.05)

were not significant. Post-hoc analysis by Newman-

Keuls test showed that 2-h restraint stress increased

5-HT levels in saline-treated animals, but not in

buspirone-treated animals. Prior administration of

buspirone did not alter 5-HT levels in unrestrained or

restrained animals.

Data on brain 5-HIAA levels (Fig. 4B) analyzed by

two-way ANOVA showed that effects of stress

(F = 43.04, df = 1,20; p < 0.01) and buspirone

(F = 21.63, df = 1,20; p < 0.01) were significant. In-

teraction between stress and buspirone administration

(F = 1.28, df = 1,20; p > 0.05) was not significant.

Post-hoc analysis showed that an episode of 2-h re-

straint stress increased 5-HIAA concentration in sa-

line- as well as buspirone-treated restrained animals.

Administration of buspirone decreased 5-HIAA levels

in unrestrained animals and attenuated restraint-

induced increase in 5-HIAA concentration.

Discussion

A number of 5-HT1A receptor agonists including

8-OH-DPAT and the azaspirone derivates, buspirone

and gepirone have been shown to increase plasma lev-

els of corticosterone [1, 16, 26, 27, 28, 46], nora-

drenaline (NA) [2, 4, 7] and glucose [5, 9, 41, 43, 44].
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De Boer et al. [7, 8] observed a dose dependent in-

crease in plasma corticosterone, noradrenaline and

adrenaline concentration following acute administra-

tion of 2 and 20 mg/kg buspirone. Matheson et al.

[28] administered buspirone at a dose of 1 mg/kg and

observed that the dose enhanced activity of HPA axis.

In a similar study 3.9 mg/kg dose of buspirone was

more efficacious in increasing the activity of HPA

axis [30]. Conversely, chronic treatment with buspi-

rone (3 mg/kg, twice daily) reduced the basal levels of

plasma corticosterone [29]. We found that a single ad-

ministration of buspirone at a dose (0.5 mg/kg) that

has been previously shown to attenuate restraint-

induced behavioral deficits, did not alter basal levels

of plasma corticosterone, noradrenaline or glucose but

inhibited restraint-induced increases of all of these.

There is substantial evidence that the effects of

5-HT1A agonists on the activation of HPA axis are

mediated via the stimulation of postsynaptic receptors

because the response was inhibited by prior admini-

stration of drugs with antagonist activity towards

5-HT1A receptor [12]. Moreover, an increase in the

activity of HPA axis also occurred following the infu-

sion of 5-HT1A agonist directly into the paraventricu-

lar nucleus (PVN) of the hypothalamus [16]. A dose

of a tranquilizer, chlordiazepoxide which significantly

decreased an immobilization-induced rise of plasma

corticosterone [20] had essentially no effect on the

rise induced by 5-HT1A agonist, 8-OH-DPAT [16].

Also anesthesia prevented the immobilization-

induced rise of corticosterone but did not prevent the

rise on 8-OH-DPAT treatment [16].

It is known that buspirone administration either

systemically or iontophoretically, inhibits the single

unit activity of serotonergic neurons in the dorsal ra-

phe nucleus (DRN) in a dose-dependent manner [47].

Thus, the administration of buspirone significantly re-

duced 5-HT synthesis and metabolism in various re-

gions of the rat brain [19, 45]. Stress stimuli increase

the synthesis and metabolism of 5-HT in the whole

brain [35, 38] and most brain regions [17] including

midbrain that contains DRN. An increase in the activ-

ity of HPA axis increases plasma levels of corticoster-

one [3]. However, exposure to restraint stress did not

increase the synthesis of 5-HT in the hippocampus

and striatum [17]. Stress-induced increase in the ac-

tivity of HPA axis is often explained in terms of

stress-induced increase in brain 5-HT metabolism be-

cause 8-OH-DPAT-as well as immobilization-induced

rise in plasma corticosterone were inhibited by the

blockade of 5-HT1A receptor [11, 16].

Exposure to stress-inducing situation increases the

activity of HPA axis to increase circulating levels of

catecholamine and glucocorticoids [8]. Hyperglyce-

mic effects of stress largely depend on the mobiliza-

tion of glucose by circulating catecholamine and glu-

cocorticoids [42]. Inhibition of stress-induced in-

crease of HPA axis by buspirone may, therefore, inhibit

hyperglycemic effects of stress as observed in the

present study.

Buspirone is rapidly metabolized to 1-(2-pyrim-

idinyl)piperazine (1-PP), a potent �2-adrenergic an-

tagonist [42, 43]. The metabolite has been shown to

increase serum insulin levels and facilitate glucose-

induced insulin release [43]. This effect of buspirone

may also lead to an inhibition of stress-induced hyper-

glycemia [43].

It is tempting to relate the inhibition of restraint-

induced rise of plasma corticosterone in buspirone in-

jected animals in terms of a smaller increase in brain

5-HT metabolism in these rats because the increase in

5-HT functions via postsynaptic 5-HT1A receptors in-

creases plasma levels of corticosterone [16, 24]. On

the other hand, inability of buspirone to alter basal

levels of plasma corticosterone cannot be explained in

terms of a decrease in brain 5-HT metabolism ob-

served after the administration of buspirone. It is,

however, possible that at this dose the drug stimulates

both pre and postsynaptic receptors. An increase in

the activity of HPA axis by postsynaptic stimulation

and a decrease in the activity of HPA axis by pre-

synaptic stimulation produce no net influence on ba-

sal levels of plasma corticosterone.

It is important to note that buspirone-induced de-

creases in brain 5-HT metabolism were greater in re-

strained than unrestrained animals, suggesting,

a greater responsiveness of somatodendritic 5-HT1A

receptors in these animals. Previously, we have shown

that adaptation to stress was associated with a de-

crease in the responsiveness of somatodendritic

5-HT1A receptors [14]. The present results show that

exposure to a stress-inducing situation increases the

efficacy of somatodendritic 5-HT1A receptors.

In conclusion, the present study shows that expo-

sure to a stress-inducing situation increases the effec-

tiveness of negative feedback control over 5-HT me-

tabolism, that is known to be mediated via somato-

dendritic 5-HT1A receptors. Administration of a 5-HT1A

agonist such as buspirone, therefore, is more effica-
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cious in reducing stress-induced increase in brain

5-HT in restrained animals. A decrease in stress-

induced serotonergic neurotransmission by buspirone

is possibly involved in the inhibition of restraint-

induced activation of HPA axis as observed in the

present study and inhibition of restraint-induced anxi-

ety as reported previously. Antagonistic effect of 1-PP

a metabolite of buspirone, at �2 receptors and antago-

nist activity of buspirone at D2 receptors may also

contribute in the inhibition of restraint-induced acti-

vation of HPA axis and plasma glucose levels by bus-

pirone.
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