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FERNANDES, C., N. ANDREWS AND S. E. FILE. Diazepam J withdrawal increases [ H]-5-HT release from rat amyg- 
daloid slices. PHARMACOL BIOCHEM BEHAV 49(2) 359-362, 1994.-The release of [3H]-5-I-IT and [14C]-GABA from 
hippocampal and amygdaloid slices was studied in a group of rats in which an anxiogenic response had been found on 
withdrawal of chronic diazepam treatment (2 mg/kg/day for 21 days). Basal release and uptake of [3I-I]-5-I-IT and [m4C]-GABA 
and K+-evoked release of [m4CI-GABA were not significantly changed in either brain region following diazepam withdrawal. 
However, there was a significant increase in K+-evoked [3HI-5-I-IT release from the amygdala, but not from the hippocampal, 
slices. These results demonstrate that increased 5-HT release from the hippocampus is not necessary to mediate the anxiogenic 
withdrawal response, and that raised 5-HT release in the amygdala may he sufficient to mediate this response. The results are 
discussed with respect to conditions, such as noise during diazepam treatment, that might produce regionally specific changes 
in 5-HT tone and hence modify the pattern of changes found during diazepam withdrawal. 
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PREVIOUS studies have found increases in K+-evoked [~H]- 
5-HT release from hippocampal, but not from cortical, slices 
taken from rats withdrawn from chronic diazepam treatment 
(8,2). Although no behaviourai measures of the withdrawal 
response were carried out, it was suggested that these increases 
in 5-HT release from terminal regions in the hippocampus 
mediated the anxiogenic behavioural response during benzodi- 
azepine withdrawal (2). Consistent with this idea were the 
reversals of the anxiogenic withdrawal response by a number 
of ligands reducing 5-HT function (1). The causal link be- 
tween raised 5-HT release in the hippocampus and the increase 
in anxiety is difficult to establish, but was strengthened by the 
finding that a group of chronically treated animals that 
showed no increase in anxiety on withdrawal, also showed no 
increase in 5-HT release in the hippocampus (1). Although the 
increase in 5-HT was regionally specific in that no significant 
changes were detected in the cortex, the role of other limbic 
areas, such as the amygdala, has not yet been explored. 

The amygdaloid complex, which receives a major seroton- 
ergic input from the dorsal raph6 nucleus, has been proposed 
to play a pivotal role in anxiety and probably represents an 
important site of diazepam's action (4,9). It has also been 
demonstrated that the anxiogenic withdrawal response, fol- 
lowing chronic benzodiazepine administration, is reversed 

after injection of the 5-HT~ receptor antagonist ondansetron 
into either the amygdala or the dorsal raph~ nucleus (3). 

In the present study, we therefore examined the release 
and uptake of [3H]-5-HT and ['4C]-GABA from slices of the 
amygdala and hippocampus, taken from rats that displayed 
an anxiogenic withdrawal response in the elevated plus-maze 
test of anxiety, following withdrawal from chronic diazepam 
treatment. 

METHOD 

Animals 

Male, hooded Lister rats (Harlan UK Ltd, Bicester, Oxon, 
UK), weighing approximately 200 g were housed in pairs, in a 
room maintained at 22°C, with lights (30 scotopic Ix) on from 
0700 to 1900 h. Food and water were freely available. 

Drugs and Chemicals 

Diazepam (Roche Products Ltd., Welwyn Garden City, 
Herfordshire, UK) was ultrasonically dispersed in distilled wa- 
ter, containing a drop of Tween-20, for 20 min prior to injec- 
tion, to give a final concentration of 1 mg m1-1. Rats received 
daily morning injections of 2 mg kg- 1 administered intraperi- 

t To whom request for reprints should be addressed. 
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TABLE 1 
MEAN (± SEM) o7o NUMBER OF CLOSED ARM ENTRIES, 
% NUMBER OF ENTRIES ON TO, AND TIME SPENT ON 

THE OPEN ARMS OF THE PLUS-MAZE BY RATS 
TREATED FOR 21 DAYS WITH VEHICLE OR 

WITHDRAWN FROM DIAZEPAM (2 mg/kg/day) 

• /o Time Spent 
No. of Closed % No. of Open on the 
Arm Entries Arm Entries Open Arms 

Vehicle (n = 8) 12.9 + 0.8 35.8 + 3.3 39.5 + 5.2 
Diazepam withdrawal 

(n = 12) 9.3 + 1.5 18.8 + 5.2* 19.4 =1= 5.5* 

• p < 0.05 compared with vehicle group. 

toneally, in a volume of  2 ml kg -1 for 21 days. Control ani- 
mals received equal volume IP injections of  vehicle (distilled 
water/Tween-20) daily for 21 days. 

For the neurotransmitter release studies, 4-amino-n-[U- 
14C]-butyric acid ([14C]-GABA, 213 mCi/mmol)  and 5-[1,2-3H 
N)]-hydroxytryptamine creatinine sulphate ([aH]-5-HT, 12.7 
Ci/mmol)  were obtained from Amersham International (Am- 
ersham, Buckinghamshire, UK). The Krebs bicarbonate 
buffer contained (raM): NaCI 118; KCI 4.8; CaCI2 2.5; MgSO4 
1.2; NaHCO3 25; KH2PO 4 1.2; and glucose (Sigma Chemical 
Co., Poole, Dorset, UK) 11.1. The Krebs buffer was continu- 
ously gassed with 9507o 02-507o CO2 and also contained ~M):  
amino-oxyacetic acid (Sigma) 50; pargylin¢ (Sigma) 50; 
ascorbic acid (Sigma) 100; and EDTA 35. All other chemicals 
were obtained through BDH Ltd (Dagenham, Essex, UK) un- 
less stated otherwise. 

Apparatus 

The plus-maze was made of wood and had two open arms 
(50 x 10 cm) with transparent perspex ledges (12 mm high) 
and two enclosed arms of the same size with walls 40 cm 
high. It was elevated 50 cm above the ground. The arms were 
connected by a central square (10 x 10 cm) and thus the maze 
formed a plus sign. The light level in the test room was < 50 
scotopic Ix. 

Procedure 

Animals were randomly allocated to either chronic (21 
days) diazepam (n = 12) or vehicle (n = 8) treatment groups. 
Rats were tested 18 h after the last chronic injection and 30 
min following an IP vehicle injection. Each rat was placed in 
the central square of  the plus-maze, facing an enclosed arm, 
and allowed 5 min to freely explore the maze. The rat was 
observed on a video monitor from an adjacent room and the 
numbers of entries onto, and times spent on, open and en- 
closed arms were scored by an observer blind to the chronic 
treatment. 

All testing took place under quiet conditions, in an order 
randomised for previous drug treatment, between 0930 and 
1200 h. Animals then received at least one more day of treat- 
ment and were sacrificed 18 h after their last chronic injection 
and 30 min following an IP vehicle injection. 

Measurement of Release 

Rats were stunned and killed by cervical dislocation. The 
brain was rapidly removed and hippocampus and amygdala 
dissected. Slices (0.2 mm) of both areas were cut using a Mac- 
Ilwain tissue chopper (Mickle Lab. Engineering Co., Gom- 
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FIG. 1. Mean (±SEM) K+-cvoked [3H]-5-HT release (~ FRCs above baseline) from hippocampal and 
amygdaloid slices taken from rats treated for 21 days with vehicle (CON) or withdrawn from diazepam (2 
mg/kg/day for 21 days; WD) 18 h following the last chronic injection. Rats were killed 30 min after i.p. 
injection with vehicle. *p < 0.05 compared with vehicle group. 
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shall, Surrey, UK) and the tissues (five slices equating to ap- 
proximately 10-15 mg wet weight) incubated separately in 5 
ml Krebs bicarbonate buffer at 37°C for 10 min. 

The release and uptake of [3H]-5-HT and [14C]-GABA 
from slices of the amygdala and hippocampus were measured 
by a superfusion technique, described by Andrews et al. (2). 

Statistics 

The data were analysed with one-way analyses of variance 
(ANOVA). 

RESULTS 

Behaviour in the Plus-Maze 

The rats withdrawn from 21 days of diazepam (2 mg/kg/  
day) showed a significant decrease in the percentage number 
of entries onto, and the percentage time spent on, the open 
arms of the elevated plus-maze, compared with controls, IF(I, 
18) = 6.0 and 6.3 respectively; p < 0.05 in each case], see 
Table 1. This is indicative of an anxiogenic withdrawal re- 
sponse. The decrease in the number of closed arm entries by 
diazepam-withdrawn rats compared with controls failed to 
reach significance (p = 0.07), see Table 1. 

[3H]-5-HT Release and Uptake 

The total K+-evoked release of [3H]-5-HT from amygda- 
loid slices was significantly increased in diazepam-withdrawn 
rats compared with control-treated rats IF(I, 18) = 4.1, p = 
0.05], see Fig. 1. There were no significant changes in basal 
release or in uptake of [3H]-5-HT from amygdaloid slices 
when control-treated rats were compared with the diazepam- 
withdrawn group. There were no significant differences in 
[3H]-5-HT release or uptake from hippocampal slices between 
these two groups, see Table 2. 

TABLE 2 
MEAN (± SEM) BASAL (FRCS) AN K*-EVOKED 

(r- FRCS ABOVE BASELINE) AND UPTAKE (DPM x 10 -3) OF 
I~C]-GABA AND [3H]-5-HT FROM HIPPOCAMPAL AND 
AMYGDALOID SLICES TAKEN FROM RATS TREATED 

FOR 21 DAYS WITH VEHICLE OR WITHDRAWN 
FROM DIAZEPAM (2 mg/kg/day) 

Diazepam 
Control Withdrawal 
(n = 8) (n = 12) 

[f4C]-GABA Hippocampus 
Basalrelease 0.7 ± 0.1 0.7 =1= 0.1 
K+-evoked 26.7 + 3.8 30.8 + 3.9 
Uptake 21.2 + 1.8 18.0 ± 0.9 

[14C]-GABA Amygdala 
Basalrelease 0.8 + 0.1 0.9 + 0.1 
K+-evoked 28.7 + 2.2 41.4 + 6.2 
Uptake 20.1 + 3.0 20.1 + 2.7 

[3H]-5-HT Hippocampus 
Basal release 0.8 + 0.1 0.8 + 0.1 
Uptake 166.5 + 25.2 170.7 + 11.5 

[3H]-5-HT Amygdala 
Basal release 0.7 ± 0.1 0.7 + 0.1 
Uptake 173.6 + 16.6 185.4 ± 15.0 

[UC]-GABA Release and Uptake 

The increase in K+-evoked [~4C]-GABA release from the 
amygdaloid slices did not reach significance (/7 = 0.12) and 
there were no other significant changes in basal or K+-evoked 
release or in uptake of [~4C]-GABA between control-treated 
and diazepam-withdrawn rats, in either area investigated, see 
Table 2. 

DISCUSSION 

Rats treated for 21 days with diazepam (2 mg/kg/day) 
displayed changes in the elevated plus-maze test, indicating an 
anxiogenic response, when they were tested 18 h after their 
last chronic dose. These results are in agreement with previous 
findings that increased anxiety can be detected in animal tests 
when rats are in spontaneous withdrawal from chronic treat- 
ment with a wide range of benzodiazepine doses (6). An in- 
crease in K+-evoked ]3H]-5-HT release from amygdaloid slices 
was detected in these diazepam-withdrawn rats, compared 
with controls. These results once again support the hypothesis 
that during benzodiazepine withdrawal there is an increase in 
anxiety and an increase in 5-HT release (1). However, in con- 
trast with previous findings (2), there was no change in [3H]- 
5-HT release from hippocarnpal slices after diazepam with- 
drawal. This highlights the important finding that raised 5-HT 
release in the hippocampus is not necessary to mediate the 
anxiogenic responses seen in the plus-maze on withdrawal 
from chronic diazepam treatment. Since the studies reporting 
increased [3H]-5-HT release from the hippocampus (8,2) did 
not include behavioural measures or examine release in the 
amygdala, we do not know whether an increased 5-HT release 
in either limbic area is sufficient to mediate behavioural 
changes, or whether it is the changes in the amygdala that are 
crucial. The absence of changes in hippocampal 5-HT release 
in the present experiment may be related to changes in the 
basal tone of the serotonergic and GABAergic systems within 
these areas. For example, Fernandes and File (5) found strik- 
ing increases in GABA release from amygdaloid and hippo- 
campal slices taken from rats housed in conditions of chronic 
noise, whereas there was increased 5-HT release only in the 
hippocampus. The present study also took place during expo- 
sure to intermittent noise of moderate intensity (ranging be- 
tween 70-100 dB), produced by construction work. The levels 
of ]3H]-5-HT and particularly [~4C]-GABA release from both 
regions in our control rats were comparable with those pre- 
viously found following noise exposure. It is possible that the 
elevation in hippocampal 5-HT release caused by the construc- 
tion noise prevented a further significant increase on with- 
drawal from diazepam. Indeed, we have also found that when 
the chronic diazepam treatment was given under conditions of 
more extreme noise this completely prevented the development 
of tolerance to the anxiolytic effects of diazepam and an anxi- 
ogenic response on diazepam withdrawal (7). It remains to be 
established whether there is any change in amygdaloid [3H]- 
5-HT release under these conditions. This will be a crucial test 
of the importance of increased amygdaloid 5-HT release to 
the anxiogenic response following withdrawal from chronic 
benzodiazepine treatment. 
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