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NUTT, D. J.,  P. J. COWEN, M. FRANKLIN, P. MURDOCK, B. GOSDEN AND S. FRASER. The eJJ~'ct ofdiazepam on 
indices ~['5-HTfunction in man. PHARMACOL BIOCHEM BEHAV 24(5) 1491-1495, 1986.--The effects of acute and 
chronic diazepam administration on L-tryptophan induced prolactin release was studied in seven male volunteers. Acute 
diazepam diminished the prolactin neuroendocrine response to L-tryptophan. On chronic administration this effect was 
lost, suggesting tolerance had developed. The sedative effects of L-tryptophan were unaltered by either acute or chronic 
diazepam administration. A possible explanation for the tolerance development to the neuroendocrine effects may be the 
observed reduction in platelet :~H-imipramine binding that was observed. 
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Neuroendocrine challenge test 5-HT function 

THE benzodiazepines (BDZs) are probably the most widely 
used psychotropic drugs worldwide. In the United Kingdom 
it has been estimated that over 250,000 persons have taken a 
BDZ daily for the past 7 years [18]. Estimates from the USA 
show a similar level of  chronic use with 2.4 percent of  the 
adult population using a BDZ daily for the previous year 
[l 5]. Despite the recent trend away from long-term prescrib- 
ing, the problems of chronic BDZ usage seem likely to per- 
sist for many decades. 

Such chronic usage is often associated with the develop- 
ment of tolerance to the effects of these drugs. This may 
most readily be seen in the recrudescence of seizures when 
BDZs are used for their anticonvulsant effects [10]. 
Tolerance development to the therapeutic anxiolytic effects 
is more controversial. However,  what is established is that 
after many months or years of BDZ consumption a with- 
drawal syndrome is revealed on cessation of  dosage in a 
proportion of patients [18,20]. Animal studies have 
suggested that changes in BDZ receptor number do not ac- 
count for this [2,4], although some recent work in our group 
has suggested changes in BDZ receptor coupling may ac- 
count for withdrawal phenomena [12]. 

Another possibility is that chronic administration of 
BDZs produces compensatory alterations in other neuro- 
transmitter systems. Perhaps the most likely site for such a 
change is the GABA receptor (see [8]). However,  alterations 
in monoamine function might also be implicated since for 
many years BDZs have been known to interact with these 
monoamine pathways (see this issue). 

The animal evidence suggesting that BDZs interact with 
5-HT pathways is reviewed elsewhere is this issue. There 
have been few studies in man, a fact which probably reflects 
the difficulties of assessing 5-HT function in vivo. The only 

direct evidence for an effect of BDZs on 5-HT metabolism 
comes from the study of Petursson et al. [17]. This showed 
that in a group of 4 patients who had been taking BDZs 
(mostly diazepam) for between 1 and 20 years urinary excre- 
tion of 5-hydroxyindoleacetic acid (5-HIAA) was increased 
significantly during their withdrawal from these drugs. Al- 
though the 5-HIAA levels pre-withdrawal were low they were 
still within the normal range. However, they more than doubled 
during the withdrawal period. This suggests that 5-HT turn- 
over  is relatively reduced during chronic BDZ use and re- 
turns to normal during withdrawal. 

Recently attempts have been made to assess brain 5-HT 
function more directly. The tests employed have centered on 
the use of the neuroendocrine challenge model in which an 
increase in brain 5-HT function is followed by the release of 
prolactin and growth hormone [14]. In man three main phar- 
macological approaches have been used to increase brain 
5-HT function: the 5-HT-releasing agent, fenfluramine [19], 
and the precursors, 5-hydroxytryptophan (5-HTP) [16] and 
L-tryptophan (LTP) [3]. Although from a theoretical view- 
point fenfluramine is probably the most selective and well 
defined challenge test [6] it is generally used orally and so 
takes many hours to produce its effects. This makes studies 
tedious for the subjects and of uncertain validity. In contrast 
LTP may be given intravenously, and produces a rapid re- 
lease of prolactin that peaks at 45 rain after the start of the in- 
fusion. A complete test may be performed in under 3 hours [7]. 

We have used the LTP challenge test to examine 5-HT 
function in man before and after 3 weeks" administration of a 
moderately high dose (25 mg/day) of diazepam. In addition 
the effect of a single acute dose of 15 mg was subsequently 
studied. 

Finally, we also assessed the effect that diazepam treat- 
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FIG. 1. Experimental protocol for study showing timing of tryp- 
tophan tests and platelet receptor binding. 
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FIG. 2. Time course of an individual L-tryptophan test. 

ment had on a peripheral index of 5-HT function; [3H]- 
imipramine binding in platelets. This ligand labels a part of 
the 5-HT uptake system [11] and shows very similar binding 
characteristics in platelets as in brain. Consequently it has 
been suggested that imipramine binding changes may mirror 
central changes in 5-HT uptake [11]. 

METHOD 

Subjects 

Eight male volunteers (aged 20-35 years) who had given 
informed consent were recruited into the study. They were 
physically fit and had full biochemical and haematological 
assessment prior to entry. None were taking any medication. 
Only 1 used tobacco and none were heavy drinkers. One 
subject dropped out of the study due to personal difficulties 
and his results have been excluded. The study was approved 
by the local Psychiatric Sector Research Ethics Committee. 

Drugs 

Diazepam (Roche) was administered orally in 5 mg tab- 
lets. Ideally subjects would have been given a loading dose 
of both diazepam and its main metabolite, desmethyl di- 
azepam, and then a maintenance dose of 25 rag/day. How- 
ever this would have produced profound and possible dan- 
gerous sedation in the early stages. To minimise the deleteri- 
ous effects of the drug regime a gradually increasing dosage 
was used so that the final dose of 25 mg/day (as 10 mg in the 
morning, 5 mg at lunch-time and 10 mg at night) was attained 
by day 6 (see Fig. 1). This dose was then maintained until 
day 21. In order to assess the effects of an acute high dose 
subjects were given a washout period of at least 3 months 
and then took a single 15 mg dose of diazepam the night 
before their 3rd LTP test. 

LTP testing was performed as detailed in [7]. Briefly LTP 
powder (E. Merck) was dissolved in 0.45% saline and 
sterilized by passage through an 0.22 ~m Millipore filter. A 
pre-warmed solution was administered IV at a dose of 110 
mg/kg (100 mg/ml) through an intravenous cannula. 

On test days subjects fasted from midnight (though took 
their a.m. diazepam if required. LTP infusions were carried 
out in the Research Unit starting at 09.00 hr. Subjects were 
tested reclining, and were not allowed to sleep. 

Blood samples were taken at the times shown in Fig. 2. In 
addition, at t = - 3 0  a 45 ml sample for plasma diazepam and 
platelet receptor binding was withdrawn. 

The sedative effects of the LTP infusion were assessed 

with a 100 mm visual analogue scale (sleepiness rating scale). 
This was arranged so that a score of 0 represented "not  at all 
sleepy" and one of 100 "the most sleepy I have ever been." 
The scale was administered at the times shown in Fig. 1. 

Assays 

Plasma prolactin was assayed by standard double 
antibody radioimmunoassay. The average intra-assay and 
inter-assay coefficients of variation were 6.7% and 8.8%. 
Prolactin responses were assessed by measuring the area 
under the curve (Simpson's rule) for t=0-120 and subtracting 
extrapolated baseline ( t = - 0 )  readings. 

Plasma diazepam and desmethyl diazepam concentra- 
tions were assayed by a high performance liquid chromato- 
graphic (HPLC) technique following a solvent extraction 
from alkalinised plasma. The HPLC system consisted of a 
Constrametric I (Laboratory Data Control, Stone, U.K.) 
twin-pistoned HPLC pump; a Cecil Model 212 UV detector 
(Cecil Instruments, Cambridge, U.K.), a Rheodyne 7125 in- 
jection valve fitted with a 50 pJ loop and a Brownlee HPLC 
cartridge pack containing a 10 cm reverse-phase 5 ~M ODS 
analytical column protected by a similar 3 cm guard column. 
The solvent system consisted of 0.03 M phosphate buffer pH 
7.8 and methanol (in the ratio 3:7). Tube flow rate was 1 ml 
per minute and the wavelength for the UV detector was net 
at 215 nM. The inter-assay and intra-assay coefficients of 
variation were respectively 12.5% and 8%. 

Platelet [3H]-imipramine binding was performed accord- 
ing to the method described in [1]. Whole platelets separated 
by centrifugation were washed and resuspended in 0.1% 
EDTA. The suspension was incubated with [3H]-imipramine 
over a concentration range of 0.5-5 nM at 4 ° for 60 min and 
then terminated by centrifugation. Non-specific binding was 
determined by displacement with fluoxetine at a final con- 
centration of 1 /~M. 

RESULTS 

LTP Test--Prolactin Responses, 

The dose of LTP used in this study produces a robust rise 
in plasma prolactin. After three weeks of diazepam adminis- 
tration prolactin responses were not significantly different 
from the pre-treatment values (Figs. 3a and 3b). In contrast 
the acute single dose of diazepam produced a marked fall in 
prolactin response to LTP. This did not quite reach signifi- 
cance when compared with the pre-treatment AUC but LTP 
response was significantly reduced when compared with the 



D I A Z E P A M  E F F E C T S  O N  5-HT F U N C T I O N  1493 

E 
E 

. m  

0 

( 3 -  

a 

Human Prolactin responses to L-Tryptophan 

310 m- 4 Before 

300 ~ o---o Acute 
290 / / '  ~ H  Chronic 
280 
270 
260 
250 
240 
230 
220 
210 
2O0 
190 

170 

160 'm 

150 

140 

1" i i , I I I I 

-30 -15 0 30 60 90 120 

I I 
LIP 

Time ( rain ) 

FIG. 3a. Time course of prolactin response to LTP before diazepam, 
following chronic and acute diazepam administration. 

T A B L E  1 

LTP-PROLACTIN RESPONSES: INDIVIDUAL VALUES 

Pre Acute Chronic 

8910 1785 5610 
9225 1425 7515 
1770 315 5490 

150 0 0 
3825 12060 13545 

15975 0 6075 
9240 0 0 

7020 ± 2055 2220 ± 1665 6375 ± 1785 

Individual prolactin responses (AUC: miU.L-l.min). 0=No re- 
sponse. 
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FIG. 3b. Area under the curve LTP-prolactin responses before 
diazepam and following acute and chronic diazepam administration. 
Histograms represent mean±S.E.M. 
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FIG. 4. Changes in self-rated sleepiness scores produced by 
L-tryptophan in the 3 test sessions. 

r e s p o n s e s  dur ing  ch ron ic  d i a z e p a m  admin i s t r a t i on  (Figs.  3a 
and  3b). Indiv idual  va lues  are g iven  in Tab le  1. 

Sedative Responses 

As can  be seen  f rom Fig. 4, the  L T P  infus ion p r o d u c e s  a 
t r ans i en t  inc rease  in se l f - ra ted  s leep iness  wi th  a peak  at + 30. 
N e i t h e r  the  ch ron ic  no r  the  acu te  d i a z e p a m  p r o d u c e d  a sig- 
ni f icant ly  d i f ferent  peak  r e s p o n s e  (Fig. 4). T he  a p p a r e n t  
d i f fe rences  are due  to the  s o m e w h a t  e l eva t ed  base l ine  (pre- 

LTP)  levels  of  s leepiness  w h e n  on  drug. H o w e v e r  none  of  
the  th ree  base l ine  (p re -LTP)  poin ts  differ  as the  range  of  
indiv idual  scores  is large (before:  10-60, acute :  0-70,  
ch ron ic :  0-60).  Bo th  acu te  and  ch ron ic  vs.  before  p > 0 . 1 ,  
M a n n  Whi tney  U- tes t .  

P/atelet Imipramine Binding 

Dur ing  ch ron ic  d i a z e p a m  admin i s t r a t i on  a smal l  bu t  con-  
s i s ten t  fall in Bmax was o b s e r v e d  (Fig. 5). This  was  s ignif icant  
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FIG. 5. Changes in [3H]-imipramine binding to platelets of individual 
subjects before diazepam, after chronic diazepam, and during the 
phase of diazepam washout after chronic administration. The inset to 
the figure gives mean Bm~,~ values-+S.E.M, as well as mean Kd val- 
ues+S.E.M, for the 3 binding periods. 

(p<0.005) on a paired t-test. After cessation of drug binding 
returned to pre-diazepam values. Binding was not performed 
after the single acute dose of diazepam as we have previ- 
ously shown that benzodiazepines do not directly interfere 
with platelet [3H]-imipramine binding (K. Stump, unpub- 
lished observations). 

Plasma Drug Levels 

These are shown in Fig. 6. As expected, plasma levels of 
both diazepam and its metabolite, desmethyl diazepam, were 
greater during chronic administration than following the 
acute dosage. In particular, the levels of the long-acting 
metabolite, desmethyl diazepam, were increased. 

D I S C U S S I O N  

These findings show that following the acute administra- 
tion of a moderate dose (15 mg) of diazepam the prolactin 
response to LTP is reduced as compared with no drug and 
chronic diazepam tests. Although the comparison with the 
former test does not reach statistical significance in the 
group of 7 subjects, there was a pronounced fall in the re- 
sponses of 6. Further work is in progress to confirm this 
finding. All subjects had greater responses in the chronic 
phase than in the acute. This occurred despite markedly ele- 
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FIG. 6. Plasma levels of diazepam and its main metabolile, des- 
methyl diazepam, measured at the time of the acute and the chronic 
LTP tests. 

vated levels of plasma diazepam and metabolite and so 
suggests a functionally significant adaptive change or 
tolerance to the acute effects of BDZs. 

The lack of change in the sleepiness produced by LTP is 
hard to interpret. This may suggest that the systems mediat- 
ing this are different to those involved in the prolactin 
change. However, the fact that the sedative effects of 
diazepam may add in to those of LTP makes interpreting 
sedation data difficult. At present there is good evidence that 
the prolactin response to LTP is mediated via 5-HT recep- 
tors [6]. It is less clear whether sedation is similarly mediated 
and it has been suggested that this might act via BDZ recep- 
tors [13]. However, if this were the case one might expect 
the administration of the high affinity BDZ receptor ligand 
diazepam to prevent access of tryptophan to the receptor. 

Possible explanations for the recovery of normal prolactin 
responses during chronic diazepam administration are in- 
creased 5-HT synthesis or enhanced post-synaptic receptor 
sensitivity. Animal evidence such as the increased head 
twitch response to 5-HTP and the increased 5-HT2 receptor 
number in cortex following diazepam [9] supports the second 
possibility. The idea that tolerance develops to the BDZ- 
induced reduction in 5-HT turnover [5] is still controversial 
(see this issue). 

The changes in platelet imipramine binding may, if similar 
ones occur in the brain, offer a possible explanation. The 
reduction of imipramine binding sites would be expected to 
result in reduced 5-HT uptake. This should lead to reduced 
synaptic clearance and thus might enhance post-synaptic re- 
sponses to released 5-HT. 

In conclusion, therefore, we have evidence in man that 
moderate doses of diazepam acutely inhibit the prolactin re- 
sponse to the putative 5-HT challenge test LTP. Sedative 
responses are unaltered. Despite very much higher plasma 
levels after 3 weeks' administration of diazepam the 
prolactin response returns to normal. It remains to be de- 
termined whether a further increase in prolactin response is 
seen in patients who have been on BDZs for very much 
longer periods. The possibility that some form of 5-HT over- 
activity or rebound might contribute to the phenomenon of 
BDZ withdrawal should be considered. 
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