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Abstract:

The role of 5-hydroxytryptamine (serotonin; 5-HT)2C receptors in anxiety and the anxiolytic effects of drugs is well documented.

In view of the withdrawal anxiety associated with repeated diazepam intake, the present study concerns the efficacy of 5-HT2C re-

ceptors in rats treated with diazepam. Results show that diazepam injections at a dose of 2 mg/kg daily for two weeks increased

weekly food intake and growth rate. Anxiolytic effects of the drug monitored in a light/dark activity box were not significant after

single administration. One week and two weeks of administration elicited anxiolytic effects, which were smaller after two weeks of

administration as compared to one week, suggesting the development of tolerance to the anxiolytic profile of diazepam. Moreover,

three days’ withdrawal from repeated administration elicited anxiogenic behavior in the light/dark activity box. The behavioral and

neurochemical effects of 1-(m-chlorophenyl)piperazine (m-CPP) (3 mg/kg), a 5-HT2C agonist, were monitored following with-

drawal (three days) from two weeks of diazepam administration. Results showed that hypophagic as well as anxiogenic-like effects

of m-CPP were not different from repeated saline or repeated diazepam-injected animals. Administration of m-CPP increased 5-HT

metabolism in repeated saline as well as repeated diazepam-injected animals. However, m-CPP-induced increases in 5-HT metabo-

lism were greater in repeated diazepam-injected animals. Results are discussed in the context of the role of 5-HT2C receptors in

the precipitation of withdrawal anxiety.
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Introduction

Benzodiazepines are the most commonly prescribed

anxiolytic drugs, as they are effective against a wide

spectrum of anxiety disorders. Benzodiazepine with-

drawal in humans is associated with increased anxi-

ety, insomnia, sensory disturbances and even seizures

[36]. Similar symptoms have been observed in ani-

mals withdrawn from chronic benzodiazepine treat-

ment [15].

Serotonin (5-HT) is one of the transmitters in-

volved in the pathophysiology of depression and anxi-

ety. The hypothesized role of 5-HT in the pathogene-

sis of anxiety stems from observations of 5-HT anta-

gonists in operant models [39]. Furthermore, a signifi-

cant correlation between a reduction in 5-HT turnover

and the anxiolytic effects of benzodiazepines [23]
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suggests that a reduction of serotonergic neurotrans-

mission results in an anxiolytic-like effect. Conversely,

increased serotonergic activity produces an anxio-

genic response. Diazepam, a benzodiazepine, is often

reported to produce its anxiolytic effects by decreas-

ing central 5-HT neurotransmission [51]. Anxiety

studies in animal models show that administration of

diazepam increased entries and time spent in the open

arm of an elevated plus maze. High (10, 32 mg/kg),

but not low (3.2 mg/kg), doses of diazepam impaired

motor coordination, as tested with the Rota-rod in rats

and mice [28]; however, activity in an open field test

decreased at low, moderate and high doses [6].

It is well established that long-term intake of diaze-

pam produces tolerance and withdrawal anxiety upon

abrupt discontinuation [16]. There is abundant experi-

mental evidence that the median raphe nucleus-dorsal

hippocampal 5-HT pathway mediates diazepam with-

drawal-induced anxiety [3]. Withdrawal from chronic

diazepam treatment has also been shown to induce an

increase in 5-HT release in different brain regions,

particularly the hippocampus [2].

Evidence suggests that the anxiogenic-like effects

of 5-HT are mediated via the stimulation of post-

synaptic 5-HT2C receptors. The 5-HT agonist m-CPP

increases 5-HT release [7, 22] via the selective stimu-

lation of postsynaptic 5-HT2C receptors [20]. One-

time administration of the drug also elicits hypoloco-

motion [21, 32, 37, 47], hypophagia [25, 43, 44], im-

paired motor coordination [41] and other anxiety-like

behaviors [19, 33] in experimental animals. Tolerance

to the drug’s hypolocomotive effects [18], but not to

the hypophagic effects of m-CPP [48], is also reported

following repeated administration of m-CPP.

In the present study, diazepam was injected at

a dose of 2 mg/kg for two weeks to test whether toler-

ance to drug treatment occurred during days 7–14 of

drug administration. It was hypothesized that repeated

administration of diazepam would alter the respon-

siveness of 5-HT2C receptors, resulting in tolerance

and withdrawal anxiety upon abrupt discontinuation.

Therefore, m-CPP was injected at a dose that has

been previously shown to elicit significant but sub-

maximal anxiogenic-like and hypophagic effects [25,

31]. The behavioral and neurochemical effects pro-

duced by the selected dose of m-CPP were compared

in repeatedly saline-injected and repeatedly diaze-

pam-injected animals.

Materials and Methods

Animals

Locally bred albino Wistar rats weighing 200–220 g

were obtained from Aga Khan University, Karachi.

Animals were individually housed in cages-covered

with sawdust flooring with free access to cubes of

standard rodent diet and tap water 3 days before start-

ing the experiment. At the start and during the experi-

ment, weighed amounts of food were given to the ani-

mals. All experiments were performed according to

a protocol approved by the local Animal Care Com-

mittee. The temperature of the room was maintained

at 20 ± 1°C.

Drugs and injections

Diazepam (F. Hoffmann–La Roche Ltd., Basel Switzer-

land), purchased as injectable ampoules of 5 mg/ml,

was injected intraperitoneally (ip) at a dose of 2 mg/kg.

m-CPP purchased from Sigma (USA) was dissolved

in saline (0.9% NaCl) at a dose of 3 mg/kg. Control

animals were injected with saline (0.9% NaCl) in

a volume of 1 ml/kg.

Experimental protocol

Twenty-four male albino Wistar rats were randomly

divided into two equal groups of 12 each: control and

test. Baseline values for the two groups of rats were

monitored in the light/dark activity paradigm one day

before starting the experiment. Control animals re-

ceived vehicle (1 ml/kg), while experimental animals

received diazepam (2 mg/kg) once daily for two

weeks. During the treatment, rat movements were

monitored following day 1, day 7 and day 14, 1 h after

the injection of saline or diazepam. Food intake and

body weight were monitored weekly.

Two days after drug withdrawal, animals were fur-

ther divided into four groups of six each: (i) saline plus

saline (1 ml/kg); (ii) saline plus m-CPP (3 mg/kg);

(iii) diazepam plus saline (1 ml/kg); (iv) diazepam

plus m-CPP (3 mg/kg). On day 16, food was removed

from the cages. On day 17, animals were injected with

either saline or m-CPP. Activity in the light/dark box

was monitored 30 min after the saline or m-CPP in-

jection. After testing in the light/dark box, animals

were returned to their home cages. Weighed amounts
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of food were placed in the food buckets, and food in-

take was monitored at 2 and 4 h after m-CPP or saline

injection. The animals were decapitated 4 h after

the m-CPP injection to collect hippocampus for neu-

rochemical estimations of 5-HT and 5-HIAA by

HPLC-EC.

Behavioral analysis

Food intakes

Food intake was monitored by giving rats a weighed

amount of food and weighing the food remaining in

cage hoppers.

Growth rate

Body weights of rats were monitored weekly during

treatment. Growth rate was calculated in terms of per-

centage of initial body weight.

Light/dark activity

The apparatus used in this investigation was a two-

compartment box. The compartments are of equal

size (26 × 26 × 26 cm), with a place of access (12 × 12

cm) between the compartments, each different in its

sensory properties. One of the compartments was

dark (made up of a black plastic wall), and the other

was white (made up of transparent plastic). A rat in-

jected with saline or diazepam was introduced to the

apparatus by placing it in the light compartment. Time

spent in the light compartment and the number of en-

tries into the light box was monitored for 5 min. The

apparatus was placed in the light room.

Neurochemical analysis

HPLC-EC determination of 5-HT and 5-HIAA
(5-hydroxyindole acetic acid)

A 5� shim-pack ODS separation column of 4.5 mm

internal diameter and 15 cm length was used. The mo-

bile phase was 0.1 M sodium phosphate buffer (pH 2.9)

containing 14% HPLC grade methanol, 0.023% OSS,

0.005% EDTA. Electrochemical detection was done

at an operating potential of 0.8 V (glassy carbon elec-

trode vs. Ag/AgCl reference electrode).

Statistical analysis

The effects of diazepam administration on food in-

take, growth rate and light/dark activity were ana-

lyzed by two-way ANOVA (repeated measure de-

sign). Neurochemical and behavioral data on the ef-

fects of m-CPP were analyzed by two-way ANOVA.

Post-hoc comparisons were done with the Newman-

Keuls test; p < 0.05 were considered significant.

Results

Figure 1 shows the effects of two-weeks of diazepam

administration on weekly food intake and growth rate.

A two-way ANOVA (repeated measure design)

(df = 1,22) showed significant effects of diazepam

on food intake (F = 31.87, p < 0.01) and growth rate

(F = 10.41, p < 0.01). Effects of weekly measures for

food intake (F = 2.67, p > 0.01) and growth rate
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Fig. 1. Effects of two weeks of administration of diazepam on weekly
food intake and growth rates. Values are the means ± SD (n = 12). Sig-
nificant differences by Newman-Keuls test. * p < 0.05, ** p < 0.01 from
repeatedly saline-injected rats, + p < 0.05 from first week diazepam-
injected rats, following two-way ANOVA (repeated measure design)



(F = 4.26, p > 0.01) were not significant. Interaction

between weekly measurements and the drug for food

intake (F = 3.32, p > 0.01) and growth rate (F = 2.60,

p > 0.01) were also not significant. Post-hoc analysis

showed that diazepam administration increased food

intake and growth rate during the first week of treat-

ment. Increase in food intake but not growth rate was

observed during the second week of treatment. Mean

values of food intake and growth rate after the second

week were less than values from the first week in

diazepam-injected animals.

Figure 2 shows the effects of diazepam on the ac-

tivity of rats in a light/dark box. The data on number

of entries analyzed by two-way ANOVA (repeated

measure design) showed significant effects of diaze-

pam (F = 219.473 dF = 1,22; p < 0.01), repeated

monitoring (F = 37.066 dF = 3,66; p < 0.01) and inter-

action between the two factors (F = 52.17 dF = 3,66;

p < 0.01). Post-hoc analysis showed that diazepam

administration increased entries into the light com-

partment following single, one-week and two-week

administration. Effects on entries following one week

and two weeks of repeated administration were greater

than those following single administration of diaze-

pam, while entries into the light compartment were

fewer after two weeks as compared to one week of

drug administration.

The data on time spent in the light compartment

were analyzed by two-way ANOVA (repeated meas-

ure design) and showed significant effects of diaze-

pam (F = 234.91 dF = 1,22; p < 0.01), repeated moni-

toring (F = 54.13 dF = 3,66; p < 0.01) and interaction

between the two factors (F = 73.21 dF = 3,66; p < 0.01).

Post-hoc analysis showed that time spent in the light

compartment increased following one week and two

weeks of repeated administration but not following

single administration. Effects on time spent in light

compartment following one week and two weeks of

repeated administration were greater than following

single administration of diazepam. Mean values of

time spent in the light compartment following admini-

stration for two weeks were smaller than for one week.

Figure 3 shows the effects of administering m-CPP

to repeatedly saline-injected and repeatedly diaze-

pam-injected animals on entries into and time spent in

the light compartment of a light/dark activity box.

Two-way ANOVA (dF = 1,20) performed on the num-

bers of entries into the light compartment shows that

the effects of diazepam (F = 4.21, p > 0.01) were not

significant. Effects of m-CPP (F = 43.80, p < 0.01)

were significant; interaction between diazepam and

m-CPP (F = 0.0052, p > 0.01) was not. Post-hoc analy-

sis showed that administration of m-CPP decreased en-

tries into the light compartment in saline-injected

(46.7%) as well as diazepam-injected (57.44%) animals.

The data on time spent in the light compartment

analyzed by two-way ANOVA (dF = 1,20) demon-

strate significant effects of diazepam (F = 11.8,

p < 0.01) and m-CPP (F = 90.613, p < 0.01). Interac-

tion between the two factors (F = 2.08, p > 0.01) was

not significant. Post-hoc analysis showed that m-CPP

decreased the time spent in the light compartment in

saline-injected as well as diazepam-injected rats. Di-

azepam plus saline-injected animals spent less time in

the light compartment than saline plus saline-injected

animals, while diazepam plus m-CPP- (76.4%) in-

jected animals spent less time in the light than saline

plus m-CPP- (49.2%) injected animals.
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Fig. 2. Effects of diazepam on the activity of rats in a light/dark box
following single, one-week and two-week repeated administration.
Values are the means ± SD (n = 12) 1 h after saline or diazepam injec-
tion. Significant differences by Newman-Keuls test. ** p < 0.01 from
saline-injected rats, ++ p < 0.01 from single diazepam-injected rats,
## p < 0.01 from one-week diazepam-injected rats, following two-way
ANOVA (repeated measure design)



Figure 4 shows the effects of m-CPP on 2-h and

4-h food intake (post-injection) in repeatedly saline-

injected and diazepam-injected animals. The data on

2-h food intake analyzed by two-way ANOVA

(dF = 1,20) showed significant effects of diazepam

(F = 8.34, p < 0.01) and m-CPP (F = 18.64, p < 0.01).

The interaction between diazepam and m-CPP

(F = 1.213, p > 0.01) was not significant. Post-hoc

analysis showed that administration of m-CPP de-

creased food intake in repeatedly saline-injected and

repeatedly diazepam-injected animals. Diazepam plus

saline-injected animals exhibited smaller values of

food intake than saline plus saline-injected animals.

The data on 4-h food intake analyzed by two-way

ANOVA (dF = 1,20) showed significant effects of di-

azepam (F = 11.33, p < 0.01) and m-CPP (F = 23.82,

p < 0.01). Interaction between diazepam and m-CPP

(F = 0.0867, p > 0.01) was not significant. Post-hoc

analysis showed that administration of m-CPP de-

creased food intake of repeatedly saline-injected and

repeatedly diazepam-injected animals. Four-hour food

intake was smaller in diazepam plus saline-injected

animals and diazepam plus m-CPP-injected animals

than in saline plus saline-injected animals and saline

plus m-CPP-injected animals, respectively.

Figure 5 shows the effects of m-CPP on 5-HT and

5-HIAA levels in the hippocampus of repeatedly

saline-injected and repeatedly diazepam-injected rats.

The data on 5-HT levels analyzed by two-way

ANOVA (dF = 1,20) revealed significant effects of di-

azepam (F = 49.16, p < 0.01) and m-CPP (F = 91.043,

p < 0.01), as well as a significant interaction between

diazepam and m-CPP (F = 36.26, p < 0.01) in rats.

Post-hoc analysis showed that administration of

m-CPP increased 5-HT concentration in both saline-

injected and diazepam-injected rats. The levels of

5-HT were higher in diazepam plus m-CPP-injected

rats than in saline plus m-CPP-injected rats.
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Fig. 4. Effects of m-CPP on 2-h and 4-h food intake in repeatedly
saline-injected or repeatedly diazepam-injected animals. Values are
the means ± SD (n = 6). Significant differences by Newman-Keuls
test. ** p < 0.01 from respective saline-injected rats, ++ p < 0.01 from
saline plus saline-injected animals and ## p < 0.01 saline plus
m-CPP-injected animals, following two-way ANOVA

Fig. 3. Effects of m-CPP on entries into and time spent in light com-
partment of light/dark activity box in repeatedly saline-injected or re-
peatedly diazepam-injected animals. Values are the means ± SD (n =
6). Significant differences by Newman-Keuls test. ** p < 0.01 from re-
spective saline-injected animals, ++ p < 0.01 from saline plus saline-
injected animals, ## p < 0.01 from saline plus m-CPP-injected ani-
mals, following two-way ANOVA



The data on 5-HIAA levels analyzed by two-way

ANOVA (dF = 1,20) revealed significant effects of di-

azepam (F = 92.94, p < 0.01) and m-CPP (F = 320.17,

p < 0.01) and also a significant interaction between

the two factors (F = 48.23, p < 0.01). Post-hoc analy-

sis showed that administration of m-CPP increased

5-HIAA levels in saline-injected as well as diaze-

pam-injected rats. The levels of 5-HIAA were greater

in diazepam plus saline-injected animals than in sa-

line plus m-CPP-injected animals.

Discussion

The present study shows that withdrawal from re-

peated administration of diazepam elicited anxiety, as

animals exhibited fewer entries into and less time

spent in the light compartment of a light/dark box.

This suggests that withdrawal from repeated admini-

stration of diazepam elicits anxiety. Other authors

have also reported that withdrawal from repeated ad-

ministration of diazepam elicits withdrawal anxiety in

social interaction and elevated plus maze tests [8].

Although administration of diazepam at a dose of

2 mg/kg did not decrease the number of entries into

the open arm of an elevated plus maze [34], extensive

evidence demonstrates that the anxiolytic effects of

diazepam in a light/dark box are not due to drug-

induced sedation [38].

Acute administration of diazepam at doses 0.25–1

mg/kg and 3.2 mg/kg has also been shown to produce

anxiolytic effects in the light/dark box [45]. We find

that single administration of diazepam at a dose of

2 mg/kg did not produce anxiolytic effects in this be-

havioral test. However, repeated administration for

one week increased entries into and exploration of the

lit compartment in the light/dark activity box, consis-

tent with the anxiolytic effects of the drug. Previously,

it has been shown that a single prior exposure to the

elevated plus maze results in one-trial tolerance [17].

Tolerance following a single administration could be

due to this phenomenon. However, the anxiolytic ef-

fects following one week of repeated administration

were greater than those observed after single admini-

stration (Fig. 2). A decrease in the anxiolytic effects

of the drug after one or two weeks of administration

suggesting the development of tolerance to the anxio-

lytic profile diazepam [16].

It has been well established that activation of the

serotonergic system results in the suppression of feed-

ing behavior [10, 12, 26]. The hypothalamus is a re-

gion of the brain known to have a role in the regula-

tion of appetite [30]. The facilitation of food intake by

benzodiazepine has been shown by a number of stud-

ies to be due in part to direct effects on appetite and

palatability [9, 13, 46]. The hyperphagic effects of

2 mg/kg diazepam that occurred over a period of two

weeks in the present study (Fig. 1) are explainable in

terms of a decrease in 5-HT metabolism, particularly

in the hypothalamus [25], resulting in decreased

availability of 5-HT at local hypophagic sites.

Administration of m-CPP has also been shown to

decrease the number of entries and time spent in the

lit compartment of the light/dark activity box [11, 24],

suggesting that the drug may elicit anxiogenic behav-

ior. A single dose of 5-HT2A/2C antagonists mianserin

and ritanserin effectively ameliorated withdrawal
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Fig. 5. Effects of m-CPP on 5-HT and 5-HIAA levels in the hippo-
campi of repeatedly saline-injected and repeatedly diazepam-
injected animals. Values are the means ± SD (n = 6). Significant dif-
ferences by Newman-Keuls test. * p < 0.05, ** p < 0.01 from saline
plus saline-injected animals, ++ p < 0.01 from saline plus m-CPP-
injected animals, following two-way ANOVA



anxiety produced by two weeks of diazepam admini-

stration (4 mg/kg) in rats [8]. The present study shows

that anxiogenic effects of m-CPP in the light/dark activ-

ity test were not different in repeatedly saline-injected

and repeatedly diazepam-treated animals.

The 5-HT2C receptor subtype has also been impli-

cated extensively in the regulation of ingestive behavior.

Research on this receptor shows that increases in the

functional activity of 5-HT at postsynaptic 5-HT2C

sites elicited satiety in experimental animals [35]. In

the present work, administration of m-CPP decreased

food intake 2 and 4 h post-injection (Fig. 4). Other

authors have also reported decreased food intake (hy-

pophagia) following the administration of m-CPP [18,

29]. The present study shows that the hypophagic ef-

fects of m-CPP did not differ in repeatedly saline-in-

jected or repeatedly diazepam-injected animals, sug-

gesting that the responsiveness of hypophagic 5-HT2C

receptors is also not altered in diazepam-induced with-

drawal anxiety.

The hippocampus is involved in the induction of

anxiety symptoms [4]; 5-HT2C receptors are highly

expressed in the hippocampus [1]. Pharmacological

evidence suggests that administration of 5-HT1A ago-

nists and benzodiazepines decreased serotonergic ac-

tivity in whole brain and various brain regions (in-

cluding hippocampus) to elicit anxiolytic effects [40,

42, 49]. Previous reports from our laboratory have

shown that repeated administration of diazepam – de-

creased 5-HT metabolism [27] in the hippocampus by

inhibiting the activity of tryptophan hydroxylase [5],

possibly due to the activation of somatodendritic

5-HT1A receptors. The present study shows that, after

withdrawal from repeated administration of diazepam,

5-HT metabolism was normal in the hippocampus.

Administration of m-CPP has been shown to sup-

press 5-HT turnover and to enhance extracellular lev-

els of 5-HT [14] by inhibiting reuptake of 5-HT into

the synaptosomes [50]. In the present study, m-CPP-

induced 5-HT metabolism was greater in the hippo-

campus of repeatedly diazepam-treated animals than

in repeatedly saline-treated animals (Fig. 5). This sug-

gests that a greater increase in m-CPP-induced 5-HT

efflux is associated with diazepam-induced withdrawal

anxiety.

In conclusion, the present study shows that admini-

stration of diazepam for only two weeks may result in

withdrawal anxiety that is not associated with greater

availability of 5-HT in the hippocampus or greater

anxiogenic response of post-synaptic 5-HT2C recep-

tors. It is not likely that the anxiolytic effects of diaze-

pam and diazepam-induced withdrawal anxiety are

both due to previous trial tolerance or amnesic effects

of the drug. Responsiveness of hypophagic 5-HT2C

receptors is also not altered. It is suggested that in-

creased stimulation-induced 5-HT efflux in the hippo-

campus may have a role in withdrawal anxiety or in

the tolerance accompanying the anxiolytic profile of

diazepam and other benzodiazepines.
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