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STORLIEN, L H,  F M HIGSON, R M. GLEESON, G. A SMYTHE AND D M. ATRENS Effects of chronic 
hthium, amltnptyhne and mlanserm on glucoregulation, cortwosterone and energy balance in the rat PHARMACOL 
BIOCHEM BEHAV 22(1) 119-125, 1985 --Malor negative side-effects reported for mood-stabdlzmg and antidepressant 
drugs m humans are excess weight gain and carbohydrate craving. The aim of the present study was to establish whether 
the rat could usefully be employed in mvest~gataon of these phenomena Three experiments investigated the effects of 
chromc lithium (40 mg/kg LICI), amitrlptyhne (2 5 mg/kg), mlanserln (2.5 mg/kg) and saline admmistratton (15-20 days, one 
subcutaneous lnjectmn/day) on body weight, food retake and fluid retake. Water and food cubes were provided in all 
experiments Additionally available, as separate fired sources, m Experiment 2 were 24% sucrose and 0 6% saccharin and 
in Experiment 3, 0 6% sacchann Blood was collected for plasma glucose and insnlm determmatlons 20-24 hours after the 
final injections. Lithium administration resulted m a marked increase in weight gain but only ffboth sucrose and sacehann 
were available (Experiment 2). Sacchann intake was increased with hthmm treatment as was total caloric intake with 
sucrose ava,lable Amltrlptyline reduced a sweetness craving; however, weight gain was somewhat depressed with just 
cubes available (Experiment 1) and only normahsed by the additional avallabihty of sucrose and saccharin (Experiment 2). 
With amltriptyhne, total calonc retake was never different from controls. Wetght gain was slightly suppressed and caloric 
intake shghtly elevated by mlanserln but importantly the two effects combined for a decrease m metabolic efficmncy which 
was particularly exaggerated under the condition of carbohydrate avallabihty (Experiment 2) Lithium and amitnptyline 
both produced hyperlnsuhnemm with normoglycemia whether or not the rate of weight gain was changed and whether or 
not intake was increased Cortlcosterone levels were elevated by all drug treatments in Experiment 1 However, addmonal 
avaalablhty of carbohydrate dramatically suppressed cortlcosterone levels to saline control levels m all drug-treated groups 
Further, carbohydrate avmlabihty in sahne treated animals further reduced cort~costerone levels to 50% of chow-fed saline 
controls The results demonstrate the usefulness of the rat for the study of the energy balance perturbataons attendant upon 
the use of some mood-stabdlzmg and antidepressant drugs and focus on carbohydrates as a major contributing factor 

Amltnptyhne Body weight Corticosterone Food intake, lithium Mmnserm Plasma glucose 
Plasma insulin Sacchann Sucrose 

CLINICAL literature suggests that some antidepressant and 
mood stabihsing drugs produce excessive body weight gain 
and carbohydrate craving in humans as a side effect of their 
action. In partmular, lithium, [3, 17, 24, 27, 34], amitnptyline 
[5, 11, 18, 19, 23] and mianserin [7, 25, 40] have been impli- 
cated. The recurrent suggestton has been that this undesir- 
able side effect may be due to alterations in insu- 
hn/carbohydrate metabolism (see above references plus [12, 
30, 37, 41]). However, most reports are anecdotal and often 
involve the description of a single case. 

The general disarray of the clinical literature on the nature 
and mechanisms of obesity generating effects of 
antidepressants and mood stabilising drugs suggests the need 
for controlled laboratory experimentation. Unfortunately, 
the existing results with laboratory species, mainly rats and 

mice, are also contradictory. With lithium, weight increase 
[22, 26, 36, 38], weight loss [32] and no change [36,38] have 
been variously reported with differing drug dosages, and sub- 
ject sex and age. The effects of lithium on insulin and glucose 
tolerance are also inconsistent with reports of increased [37] 
and decreased [23] tolerance. Amitriptyline does not appear 
to have been investigated in rats although chronic imip- 
ramme has been reported to lead to weight loss [13]. 
Mlanserin treatment was reported to result in a small loss of 
weight in rats [8] but a small gain in mice treated with a lower 
dosage [6]. 

No studies appear to have investigated carbohydrate 
craving with administration of any of the antidepressant or 
mood stabilising drugs in animals. 

The following is a report of the effects of chronic adminis- 
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tratlon of hthlum, am~tnptyhne and mlansenn,  on body 
weight, food and fired intakes, carbohydrate and sweetness 
craving and plasma insulin, glucose and cortlCOsterone levels 
in male rats. 

M E T H O D  

A total of 85 male Sprague-Dawley rats (Castle Hill 
Breeding Farms, Sydney) were individually housed in 
wire-mesh cages in a controlled temperature environment 
(22-+2°C) with a 12-12 light-dark cycle (hghts on 0700-1900 
hr) Allied Rat and Mouse Cubes (22 7% protein, 6 6% fat, 
45.7% carbohydrate) and tap water were available ad hb. 
During the three week pre-testmg penod the rats were han- 
dled regularly to mmlmlse stress 

Drugs used were hthmm chloride (40 mg/kg, Ajax Chemi- 
cals, Sydney), amltrlptyhne-HCl (2.5 mg/kg, a gift from 
Merck, Sharp and Dohme Aust Pty Ltd ) and mlansenn- 
HC1 (2 5 mg/kg, a gift from Organon, Oss, Holland) All 
drugs were dissolved m dlstdled water and administered 
subcutaneously m volumes of 0.4 ml/kg. Pilot studies indi- 
cated that the chosen drug dosages were adequate for 
producing a pharmacological effect but low enough to 
mmlmlse mtrogemc confounds 

After 2 weeks habituation to lndtvldual caging all rats 
were weighed to the nearest gram between 1000 and 1200 hr 
on the first day of the expenment  and then every third day 
untd three pretreatment measures were obtained. The 
animals were then dwlded into treatment groups on a semi- 
random basis so that on the first rejection day all groups had 
approximately equal mean body weights. 

On every third day throughout the expenments the 
ammals were weighed and food and fluid retakes were meas- 
ured m the followmg manner. A weighed amount of food 
cubes m excess of need (approximately 55 grams) was placed 
in each cage and the cubes remaining were weighed again at 
the end of the 24 hour period. Spillage, collected on paper 
towels placed under the individual cages, was dried at room 
temperature, brushed from the towels and weighed The dry 
weight of spdled food was subtracted from the difference 
between the weight in and the weight out of the cubes to give 
a final food intake figure accurate to the nearest 0 l grams 

Fluid retake was assessed by weighing fired bottles before 
and after the 24 hr period and converting the difference to ml 
consumed or, where graduated cyhnders were provided, by 
stmply reading the volume in and the volume out and record- 
ing the difference to the nearest ml Loss of fluid due to 
evaporation or hckmg-tube leakage was assessed m pilot 
studies and found to be neghglble 

Drug injections were administered every day for 15-20 
days following basehne. In Experiment 1 eight rats were 
assigned to a saline (0.9% NaCl) treatment group and seven 
to each of the three drug treatments (total N--29, mean body 
weight=546 g) These rats had access to cubes and water 
throughout with measured quantlt]es on test days 

Seven rats were assigned to each of five groups in Exper- 
iment 2 (total N=35, mean body weight=511 g) The groups 
comprised two saline (saline choice and sahne) and the three 
drug treatments All rats had access to cubes and water dur- 
ing basehne testing but from the first injection period the 
saline choice (Sc) and the drug treatment groups were pro- 
vlded with cubes, water, a 24% sucrose solution and a 0 6% 
sacchann solution (a gift from Boots Co., Australia) The 
saline group had only water (from three cylinders) and cubes 
available The positions of the three fired containers on each 
cage were randomlsed both within and between groups 
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FIG 1 Upper Panel--Experiment 1 mean (_+SEM) body weight 
changes from El for hthmm (x--x, N=7L amltnptyhne (©--,9, 
N=7), mlanserm (A--~, N=7), and sahne (O---O, N=8) treated 
rats BI to B3 and El to E7 refer to basehne and experimental 3-day 
test periods respectively Middle Panel--Experiment 1 mean 
(+ SEM) 24-hr food cube mtakes Lower Panel--Experiment 1 mean 
(+SEM) 24-hr water intakes 

Experiment 3 was designed to further investigate the 
exaggerated sacchann retake displayed by the hthmm and 
amltnptyhne treated groups of Experiment 2 Seven rats 
were assigned to each of three treatments saline, lithium and 
amltriptyhne (total N=21, mean body weight=426 g) Food 
cubes, water and 0 6% saccharin were provided throughout 
the expenment  with measured quantities on test days and 
free access at other times 

The rats were killed by decapitation 20-24 hours after 
their last injection and following 4 hr of food deprivation 
Trunk blood was collected m heparinlsed tubes and im- 
mediately centnfuged The plasma was removed and stored 
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FIG 2 Upper Panel--Experiment 2 mean (+_SEM) body weight 
changes from El for lithium (x--x), amitnptyhne ((3--(3), mianserm 
(A--A), saline choice (e--Q) and saline (A--&) groups 
(N=7/group) Lower Panel--Experiment 2 mean (_SEM) 24-hr 
food cube intakes 

at -20°C for later analysis of glucose, insulin and corticoste- 
rone. Glucose was determined on a YSI 23A glucose 
analyser. Insuhn was analysed by radioimmunoassay using 
rat msuhn standard (Novo) and human 112~ as tracer Cortl- 
costerone was also determined by radm~mmunoassay as 
prevmusly described [34]. Blood samples were taken only 
for the Expenments 1 and 2 

All data were analysed with eRher ANOVA and Tukey's  
test or Student 's t-test when appropriate 

RESULTS 

The major findings of these experiments can he sum- 
mansed as follows. In Experiment 1 wRh cubes and water 
available no body weight increases were observed for any 
drug group (Fig. 1, top panel) and in fact the only difference 
was a weight decrease with amitriptyline (t(13)=2 34, 
p<0.05). Food intake was constant and equal for all groups 
throughout the experiment (F~g. 1, middle panel) as was 
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FIG 3 Experiment 2 mean (-+SEM) 24-hr sucrose (upper four hnes) 
and saccharin (lower 4 hnes) intake for hthmm (x--x), amRnptyhne 
(0--(3), mlanserm (A--A) and sahne choice (O--O) groups 
(N =7/group) 

water mtake (Fig. 1, bottom panel), except for the hthmm 
group which showed the expected hyperd~psla but not the 
polydlpsla often reported for higher dosages [38,43]. 

In Experiment 2 sucrose and saccharin were additionally 
available and their availability reduced marked effects in the 
drug treated groups. The hthmm treated animals gamed 
weight rapidly with respect to their appropriate saline con- 
trols (Fig. 2, top panel). The average gain for the hthlum 
animals by the 15th day of drug treatment was 48.7 g com- 
pared to 23.7 g for the Sc group (p<0.05). The amltriptyline 
animals in this experiment had a body weight increase equal 
to that of the Sc group 

Figure 2 (bottom panel) shows the retakes of food cubes. 
The cube retake declined significantly in all 4 groups given 
access to sucrose but did not differ between them. Figure 3 
shows the sucrose and sacchann intakes of these 4 groups 
There was no sigmficant difference between groups m su- 
crose retake but the calories taken as sucrose more than 
compensated for the reduced food cube calories and the 
mean daily total caloric intakes of the four choice groups are 
all significantly higher than that of the saline group. Impor- 
tantly, lithium treated rats tended to have higher intakes of 
both food cubes and sucrose and their mean daily total 
caloric retake over the last three measurement periods was 
significantly higher than that of the Sc group 045 2-+8.42 vs. 
123.9+-2.23 kcal, p<0.05) The mean dally total caloric m- 



122 S T O R L I E N  E T  A L  

_ 12 -  

10 -  

m 8 -  

( . I  
• .~ 6- 

4 -  
< 

~ 2 -  

0 
S L A M 

.L 

_L 

s 

1 

A M 

• 7 0  

-co ~ .  

E 
-50 - 

z 
- 4 0  3 

- 3 0  z_ 

- 2 0  ~; 
(n 
< 

o 

_ 1 2 -  

"~ 10- 
E 

Fo a 
o 
o 6 

4 
< 
s 
u) 2 
< 
¢. 

o 
11 

L 

I 
s S Sc L A M Sc L 

- 8 O  

l - 7 0  _. 

- 6 0  

_L - 5 0  z 
..d 

- , ~  
z 

- 3 0  < 

¢. 
lO 

o 
A M 

FIG 4 Upper Panel--Experiment 1 mean (_+SEM) plasma glucose 
and insulin levels for sahne (S, N=7), hthmm (L, N=7L am]tnp- 
tyhne (A, N=6) and mmnserm (M, N=6) treated rats Lower 
Panel--Experiment 2 mean (±SEM) plasma glucose and msuhn 
levels for saline (S), sahne cho]ce (Sc) hthmm (L), amltnptyhne (A) 
and mmnsenn (M) treated groups (N=7/group) 

takes o f  the four  choice  groups were  all significantly higher  
than that  o f  the saline group 

Also  of  prime interest  was the more than doubling o f  in- 
take of  saccharin by both lithium and aml tnp tyhne- t rea ted  
groups compared  to groups t reated with mlanserln or  saline 
(Fig. 3). 

The  mlanserln t reated rats o f  E x p e n m e n t  2 had a signifi- 
cantly higher  total c a lonc  intake than the saline group on a 
mean  daily basis o v e r  the inject ion per iod (133 9_+5 21 vs 
93 8_+4 77 kcal p < 0  001) but  showed  identical body weight  
gain (13 0-+5.35 vs 14 6-+3 44 grams) Looked  at another  
way  the mlansenn  animals were  eating more than the Sc 
animals on the same diet (133 9-+5 21 vs 123 9-+2 40 kcal) 
but  gaining less weight  (13 0_+5 35 vs 23 7_+4 13 grams) 
This demons t ra tes  a significant loss o f  e f f ioency  in the Utdl- 
satlon o f  available nutrients in the mlansenn  t reated rats 

The  plasma Insulin, g lucose  and cor t Icos terone levels  
20-24 hr fol lowing the final inject ion were  determined for 
Exper iments  1 and 2 

The insulin and glucose data  are presented  in Fig 4 In 
both exper iments  glucose values did not  differ be tween  any 
of  the groups.  H o w e v e r ,  msuhn levels  differed (Exper iment  

T A B L E  1 

PLASMA CORTICOSTERONE LEVELS (nmoles/l) 20-24 HOURS 
FOLLOWING THE FINAL INJECTION FOR THE GROUPS OF 

EXPERIMENTS 1 AND 2 

Experiment 1 Experiment 2 
Group (mean _+ SEM) (mean _+ SEM) 

Sahne 409 _+ 89 6 294 _+ 55 5 ~ 
Sahne choice - -  145 ± 38 0 
Llthmm 928 +_ 56 6' 378 ± 49 6 ¢ 
Amltnptyhne 811 _+ 94 3' 224 + 84 1 
Mmnserm 751 _+ 77 I h 288 + 60 7 

'~Dffferent from Sahne, i7<0 01 
"Different from Sahne,/7<0 05 
'Different from Sahne choice p<0 05 

1 F(3,22)=3 35, p < 0  05, E x p e n m e n t  2 F(4,30)=7 77, 
p < 0  001) being increased for the lithium groups compared  to 
the appropna te  control  group in each exper iment  (/9<0 05) 
Aml tnp tyhne  t reatment ,  compared  again to the appropriate  
saline control  t reatments ,  also induced a tendency  to 
hyper insuhnemia  in E x p e n m e n t  1 (p =0  08) and highly sigmf- 
lcant hypennsuhnemia  in Exper iment  2 (p<0  01) These  in- 
creased insulin levels were  manifested whe ther  or  not the 
drug t reated rats were  gaining more weight than controls  and 
whe ther  or  not their  intakes were  higher Miansenn  did not 
evoke  any Insulin level  changes in e i ther  exper iment  

The  cor t lcos terone  data are presented in Table  1 In the 
first exper iment  all drug t reatments  resulted in higher cortl-  
cos te rone  levels  compared  to the sahne control  group Inter- 
estlngly in the saline t reated groups o f  Exper iment  2 access  
to carbohydra te  significantly reduced cor t lcos terone  levels 
The  h thmm-t rea ted  ammals  still had cor t lcos terone  levels 
higher than their  appropriate  saline controls  (Sc) but none of  
the drug treated groups in this exper iment  had cor t lcos terone  
levels  above  that o f  the saline t reated,  chow fed group 

In the third e x p e n m e n t  with cubes ,  saccharin and water  
available,  the body weight  and food intake results were  very 
similar to those  of  Exper iment  1 There  were  no differences 
in intakes and only a shght loss of  weight was seen again in 
the amltr lptyhne group (Fig 5) The non-avadabll l ty of  su- 
crose  in this exper iment  (compared to E x p e n m e n t  2) re- 
sulted in an increased sacchann  intake in saline t reated rats 
but a decrease  in both lithium and ami tnp tyhne  groups (con- 
trast Fig 3 with Fig 5, lower  panel) H o w e v e r ,  saccharin 
intake is still somewhat  higher  in the drug-treated groups 

DISCUSSION 

F r o m  the present  results use of  the rat will prove produc- 
twe  in the study of  many of  the energy balance per turbat ions 
o f  mood-s tablhsmg and ant idepressant  drugs m man 

The lithium results are clear.  Li thium t rea tment  results m 
hypermsuhnemla  and an increased weight gain and retake 
with sucrose  and sacchann  available.  This gain was vanable  
but it reached values in excess  of  90 g in jus t  15 days for two 
rats This represents  approximate ly  an 18% increase m body 
weight  for these rats and three o f  the remmnmg five rats were  
showing body weight  gains rapidly diverging from control  
values by the end of  the exper iment  Interest ingly,  insulin 
correla tes  (Spearman rank order)  highly with weight  gain for 



40" 

~ 20" 
< .r 
o 

o- k. 
Z t~ 
u 
t~t 

t 
- 2 0 -  

0 o 
m 

- 4 0  

~" 4 0 -  
m 

I 

U,I 

< 30" 
l -  
Z 

O 
O 
o 20 U. 

MOOD-SqABIL1Z1NG DRUGS AND ENERGY BALANCE 123 

_• 70-  

6 0 -  

_z s o -  

.,¢. , io-  
I -  

~: 30-  
J 

z 2 0 -  
1¢ < "!" 
o 10-  
o < 
(a o I I ! ! I I ! ! ! 

B1 B2 B3 E1 E2 E3 E4 E6 E6 
TEST DAYS 

FIG 5 Upper Panel--Expenment  3 mean (_+SEM) body weight 
changes from El for hthmm (x--x), amltnptyhne (O---(3) and sahne 
( e - - O )  treated groups (N=7/group) Lower Panel--Experiment 3 
mean (_+SEM) 24-hr saccharin (upper 3 lines) and water (lower 3 
hnes) retakes 

the hthmm group (r=0.92, t =5.21, p<0.01) which is not true 
for the other groups (r values from 0 15 to 0.26, all p>0.20). 
It is tempting to compare the large variability in weight gain 
with the varied response to lithium in humans Previously, 
three studms [36, 37, 43] had shown small increases m weight 
gain with female rats maintained only on cubes and water, an 

effect not seen with male rats m the present experiment. It 
would be interestmg if the female was more susceptible to 
the obesity-generating mfluences of the carbohydrate- 
lithium interaction in rats. 

A number of invesUgators have noted a high fluid intake 
with lithium treatment m humans (as seen in Experiment 1) 
and have suggested that weight gain could result from that 
extra fluid intake If it were m the form of high calorie soft 
dnnks or alcohol (see [9,31]). Our results support such a 
contention 

The increased msuhn levels with normal blood glucose in 
hthmm-treated rats also may be mterestmg with respect to 
the well-known association between manic-depressive dis- 
orders and diabetes melhtus (see [28]) These authors point 
out the hfe Ume risk for major affecUve d~sorders is 2-3% and 
for idiopathic diabetes mellitus less than 2%. Thus the ob- 
served 10% dmbetes melhtus m manic-depresswe patients is 
far m excess of chance With acute injectmns of hthium we 
have observed marked hyperglycemm (unpubhshed results). 
It may be that the hyperlnsuhnem]a seen in the present ex- 
periments reflects a drive to counter hyperglycemia. In 
mddly dmbet]c ammals, or m those predisposed to diabetes, 
frank dmbetes may be revealed by hthmm admmistratmn. 

As with hthmm, am]tnptyhne mduced a hyperlnsuhnemm 
which was particularly pronounced under the conditmn of 
addmonal carbohydrate avmlabdRy It is ]nteresting that in- 
suhn levels correlate significantly with sucrose ]ntake 
(r=0.63, p<0.025) for the am]tnptyhne and hthmm groups 
but not for the saline group ( r = - 0  22, N.S.) Insuhn rejec- 
tions in normal ammals result m increased retake and weight 
gain, the retake being almost excluswely, gwen the choice, 
m the form of increased carbohydrate [10]. In Experiment 2 
one might have expected not only a s]gmficant correlation 
between msuhn and sucrose with hth]um and amRnptyhne 
but also a s]gmficant increase m sucrose consumpUon How- 
ever, the rats of the present experiment consumed such a 
high proportion of their total intake as carbohydrate that less 
than seven percent was taken as protein and less than two 
percent as fat This relaUve ]nsufficmncy of essentml amino 
acids and free fatty acids may have obscured the carbo- 
hydrate craving. It Is tempting to relate tMs suggestion to the 
high levels of sacchann intake seen m both lithmm and 
am]trlptyline groups of Experiment 2 Experiment 3 was de- 
signed specifically to examine this effect and showed it to be 
dependent upon an mteractmn with sucrose. It may be then 
that the high saccharin ]ntakes of Experiment 2 represented 
an attempt on the part of the lithmm and am]tnptyhne treated 
rats to satisfy a carbohydrate craving while avoiding deple- 
tion of essentml amino ac]ds and free fatty acids by consum- 
ing a sweet source which is at least gustatonally s]mdar to 
s u c r o s e .  

On the basis of our results mmnserm must be seen as 
potentmlly the drug of choice where energy balance pertur- 
batmns are to be avoided m the pharmacolog]cal treatment of 
depression. M]anserm treatment, when compared to the ap- 
propriate saline control treatments, had no significant effect 
on glucose, msuhn, nutrient intake or body weight. Indeed 
the only effect on these measures seen with m]anserin admin- 
istration was a loss of metabohc efficiency wh]ch was most 
clearly seen in Experiment 2 

The changes m cort]costerone levels wRh carbohydrate 
avaflabthty are marked In saline-treated ammals, this 
change was a significant dechne to 49% of the chow fed 
group. In the drug-treated groups the levels were reduced 
from double control values m the first experiment to within 
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the  con t ro l  range  in the  s e c o n d  (see Tab le  1) I f  cor t tcos te -  
r one  levels  a re  s een  as an  index  o f  phys io log ica l  s t ress ,  it 
cou ld  be  a rgued  tha t  c a r b o h y d r a t e  in take  is a way  of  
a m e h o r a t l n g  s t ress ,  as m d e e d  has  W u r t m a n  [42] Carbo-  
hyd ra t e  c r a w n g  is then  an  adap t ive  r eac t ion  to ch ron ic  
s t ress  

The  b r m n  m e c h a n i s m s  by  w h i c h  va r ious  m o o d - s t a b t h s l n g  
drugs  mtght  ac t  are  unc l ea r  We h a v e  r ecen t ly  s h o w n  tha t  the  
ac t i va t i on  o f  cen t ra l  N E  n e u r o n a l  ac t iv t ty  s t imula tes  the  re- 
lease  o f p t t u l t a r y  A C T H  and  adrena l  c o r t m o s t e r o n e  in the  ra t  
and  t ha t  t he re  is a h ighly  s ignif icant  co r re l a t ion  b e t w e e n  
media l  basa l  h y p o t h a l a m i c  N E  ac t iv i ty  and  p l a s m a  cor t ico-  
s t e rone  [34] The  a s soc ia t ton  o f  r e d u c e d  c o r t i c o s t e r o n e  and  
p r e s u m e d  r educed  N E  neu rona l  ac t iv i ty  wi th  m c r e a s e d  
c a r b o h y d r a t e  in take  is in te res t ing  f rom two  v iewpo in t s  F i rs t  
it is c o n s i s t e n t  wi th  a nega t ive  f eedback  role for  g lucose  on  
cen t ra l  N E  ac t lw ty  [35] Second ,  an  reverse  r e l a t ionsh ip  has  
b e e n  d e m o n s t r a t e d  b e t w e e n  h y p o t h a l a m l c  N E  n e u r o n a l  ac- 
t ivi ty and  5 -HT neu rona l  ac t iv i ty  in n o r m a l  and  s t r e s sed  ra ts  
[34] and,  in the  p r e s e n t  case ,  th is  r e la t ionsh ip  would  resu l t  in 

a fac i l i ta t ion of  5 -HT act iv i ty ,  especia l ly  in the  sal ine cho ice  
g roup  Such  a faci l i ta t ion o f  5 -HT act ivi ty  would  be  cons is -  
t en t  wi th  the  f indings  of  W u r t m a n  and  c o w o r k e r s  [4,42] tha t  
cen t r a l  5 -HT act ivi ty  IS e n h a n c e d  af te r  c a r b o h y d r a t e  in take  
The  added  ef fec ts  of  the  d rugs  compl i ca t e  the  issue since 
the i r  effect  o f  increas ing  co r t l co s t e rone  may  well  imply a 
re la t ive  r educ t ion  In ne t  5 -HT act lv l ty  which  IS f r equen t ly  
a s soc ia t ed  wi th  hype rphag l a  [42] Cer ta in ly  this  is in line 
wi th  the  r epor ted  effects  of  aml t r l p tyhne  and  mlanse r ln  
w h i c h  indicate  an  a n t a g o n i s m  of  cen t ra l  5 -HT by the se  drugs  
[2, 14, 15, 21, 29] H o w e v e r ,  it mus t  be  kep t  in mind  tha t  
m l a n s e r m ,  aml t r lp tyhne  and  l i th ium have  a mult ipl ic i ty  o f  
effects  on  cen t ra l  m o n o a m l n e s  (see [ l ,  16, 20, 32, 33]) 
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