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STORLIEN, L H, F M HIGSON, R M. GLEESON, G. A SMYTHE AND D M. ATRENS Effects of chronic
lithuum, amutriptyline and nuanserin on glucoregulation, corticosterone and energy balance in the rat PHARMACOL
BIOCHEM BEHAV 22(1) 119-125, 1985 —Major negative side-effects reported for mood-stabilizing and antidepressant
drugs i humans are excess weight gamn and carbohydrate craving. The aim of the present study was to establish whether
the rat could usefully be employed 1n investigation of these phenomena Three experiments investigated the effects of
chronic lithium (40 mg/kg LiCl), amitriptyline (2 5 mg/kg), mansern (2.5 mg/kg) and saline administration (15-20 days, one
subcutaneous imection/day) on body weight, food intake and fluid intake. Water and food cubes were provided in all
experiments Additionally available, as separate fluid sources, in Expeniment 2 were 24% sucrose and 0 6% saccharin and
in Expeniment 3, 0 6% saccharin Blood was collected for plasma glucose and insulin determinations 20-24 hours after the
final injections. Lithium admimstration resulted i a marked increase in weight gain but only if both sucrose and saccharin
were available (Experiment 2). Sacchann imtake was increased with hthum treatment as was total caloric intake with
sucrose available Amtriptyline mduced a sweetness craving; however, weight gain was somewhat depressed with Just
cubes available (Expeniment 1) and only normalised by the additional availability of sucrose and saccharin (Experiment 2).
With amitriptyline, total calonic mtake was never different from controls. Weight gain was slightly suppressed and caloric
intake slightly elevated by mianserin but importantly the two effects combined for a decrease 1n metabolic efficiency which
was particularly exaggerated under the condition of carbohydrate availability (Experiment 2) Lithium and amitriptyline
both produced hyperinsulinemia with normoglycemia whether or not the rate of weight gain was changed and whether or
not intake was increased Corticosterone levels were elevated by all drug treatments in Experiment 1 However, additional
availability of carbohydrate dramatically suppressed corticosterone levels to saline control levels in all drug-treated groups
Further, carbohydrate availability in saline treated animals further reduced corticosterone levels to 50% of chow-fed saline
controls The results demonstrate the usefulness of the rat for the study of the energy balance perturbations attendant upon
the use of some mood-stabilizing and antidepressant drugs and focus on carbohydrates as a major contributing factor
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CLINICAL literature suggests that some antidepressant and
mood stabilising drugs produce excessive body weight gain
and carbohydrate craving in humans as a side effect of their
action. In particular, hthium, [3, 17, 24, 27, 34], amitriptyline
[5, 11, 18, 19, 23] and mianserin [7, 25, 40] have been impli-
cated. The recurrent suggestion has been that this undesir-
able side effect may be due to alterations in insu-
lin/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
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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-

ramine has been reported to lead to weight loss [13].

Mianserin 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-



120

tratton of hthium, amitniptyline and mianserin, on body
weight, food and fluid intakes, carbohydrate and sweetness
craving and plasma insulin, glucose and corticosterone levels
1n male rats,

METHOD

A total of 85 male Sprague-Dawley rats (Castle Hill
Breeding Farms, Sydney) were individually housed 1n
wire-mesh cages in a controlled temperature environment
(2222°C) with a 12-12 hght-dark cycle (hghts on 0700-1900
hr) Allied Rat and Mouse Cubes (22 7% protemn, 6 6% fat,
45.7% carbohydrate) and tap water were available ad hib.
During the three week pre-testing period the rats were han-
dled regularly to mmimise stress

Drugs used were hithium chloride (40 mg/kg, Ajax Chemi-
cals, Sydney), amitriptyhne-HCl (2.5 mg/kg, a gift from
Merck, Sharp and Dohme Aust Pty Ltd ) and miansenn-
HCI (2 5 mg/kg, a gift from Organon, Oss, Holland) All
drugs were dissolved in distilled water and administered
subcutaneously in 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
minimise iatrogenic confounds

After 2 weeks habituation to individual caging all rats
were weighed to the nearest gram between 1000 and 1200 hr
on the first day of the experiment and then every third day
until three pretreatment measures were obtamned. The
animals were then divided into treatment groups on a semi-
random basis so that on the first ijjection day all groups had
approximately equal mean body weights.

On every third day throughout the experiments the
animals were weighed and food and fluid intakes were meas-
ured in the following manner. A weighed amount of food
cubes m excess of need (approximately 55 grams) was placed
n 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 spilled 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 1 grams

Fluid intake was assessed by weighing fluid bottles before
and after the 24 hr period and converting the difference to mi
consumed or, where graduated cylinders were provided, by
simply reading the volume 1n and the volume out and record-
ing the difference to the nearest ml Loss of fluud due to
evaporation or hcking-tube leakage was assessed 1n pilot
studies and found to be neghgible

Drug injections were administered every day for 15-20
days following baseline. 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 quantities 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 saline) and the three
drug treatments All rats had access to cubes and water dur-
ing basehne testing but from the first injectton period the
saline choice (Sc) and the drug treatment groups were pro-
vided with cubes, water, a 24% sucrose solution and a 0 6%
saccharin solution (a gift from Boots Co., Austraha) The
saline group had only water (from three cylinders) and cubes
available The positions of the three fluid containers on each
cage were randomised both within and between groups
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FIG 1 Upper Panel—Experiment 1 mean (+SEM) body weight
changes from EI for Iithium (x—x, N=7), amitriptyline (O—D,
N=7), mianserin (A—A, N=7), and saline (@—@®, N=8) treated
rats Bl to B3 and E1 to E7 refer to baseline and experimental 3-day
test periods respectively Middle Panel—Experiment 1 mean
(+=SEM) 24-hr food cube intakes Lower Panel—Experiment 1 mean
(+=SEM) 24-hr water intakes

Experment 3 was designed to further investigate the
exaggerated saccharnn intake displayed by the lithium and
amitriptyhne treated groups of Experiment 2 Seven rats
were assigned to each of three treatments saline, lithium and
amutriptyline (total N=21, mean body weight=426 g) Food
cubes, water and 0 6% saccharin were provided throughout
the experiment 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 in heparinised tubes and 1m-
mediately centrifuged The plasma was removed and stored
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FIG 2 Upper Panel—Experiment 2 mean (=SEM) body weight
changes from E1 for ithium (x—x), amitriptyline (O—O), mianserin
(A—A), saline choice (@—@) and saline (A—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. Insulin was analysed by radioimmunoassay using
rat insulin standard (Novo) and human I'® as tracer Corti-
costerone was also determined by radiormmunoassay as
previously described [34]. Blood samples were taken only
for the Expenments 1 and 2

All data were analysed with either ANOVA and Tukey’s
test or Student’s 7-test when appropnate

RESULTS

The major findings of these experiments can be sum-
marised as follows. In Experiment 1 with 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 (¢(/3)=2 34,
p<0.05). Food intake was constant and equal for all groups
throughout the experiment (Fig. 1, middle panel) as was
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FIG 2 Experiment 2 mean (= SEM) 24-hr sucrose (upper four lines)
and saccharin (lower 4 lines) intake for ithium (x—x), amutriptyline

(O0—0), manserin (A—A) and saline choice (@—@®) groups
(N=7/group)

water intake (Fig. 1, bottom panel), except for the lithium
group which showed the expected hyperdipsia but not the
polydipsia often reported for higher dosages [38,43].

In Experiment 2 sucrose and saccharin were additionally
available and their availability induced marked effects in the
drug treated groups. The hthium treated amimals gained
weight rapidly with respect to their appropriate saline con-
trols (Fig. 2, top panel). The average gan for the lithum
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 amitriptyline
animals in this experiment had a body weight increase equal
to that of the Sc group

Figure 2 (bottom panel) shows the intakes of food cubes.
The cube intake declined significantly in all 4 groups given
access to sucrose but did not differ between them. Figure 3
shows the sucrose and saccharin intakes of these 4 groups
There was no significant difference between groups in su-
crose intake 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 intake over the last three measurement periods was
significantly higher than that of the Sc group (145 2+8.42 vs.
123.9+2.23 kcal, p<0.05) The mean daily total caloric n-
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FIG 4 Upper Panel—Experiment 1 mean (+SEM) plasma glucose
and insulin levels for saline (S, N=7), ithum (L, N=7), amitrip-
tyline (A, N=6) and manserin (M, N=6) treated rats Lower
Panel—Experiment 2 mean (+SEM) plasma glucose and imsulin
levels for saline (S), saline choice (Sc) lithium (L), amitriptyline (A)
and mianserin (M) treated groups (N=7/group)

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

Also of prime interest was the more than doubling of 1n-
take of saccharin by both lithium and amitriptyline-treated
groups compared to groups treated with mianserin or saline
(Fig. 3).

The mianserin treated rats of Experiment 2 had a signifi-
cantly higher total caloric intake than the saline group on a
mean daily basis over the injection period (133 9+5 21 vs
93 8+4 77 kcal p<0 001) but showed 1dentical body weight
gain (13 0+5.35 vs 14 6+3 44 grams) Looked at another
way the miansernin 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 05 35 vs 23 7+4 13 grams)
This demonstrates a significant loss of efficiency in the utihi-
sation of available nutnients 1n the miansenn treated rats

The plasma msuhn, glucose and corticosterone levels
20-24 hr following the final injection were determined for
Experiments 1 and 2

The msulin and glucose data are presented 1n Fig 4 In
both experiments glucose values did not differ between any
of the groups. However, insulin levels differed (Experiment
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TABLE 1

PLASMA CORTICOSTERONE LEVELS (nmoles/1) 20-24 HOURS
FOLLOWING THE FINAL INJECTION FOR THE GROUPS OF
EXPERIMENTS 1 AND 2

Experiment 1 Experiment 2

Group (mean * SEM) (mean = SEM)
Saline 409 + 896 294 + 55 5¢
Saline choice — 145 = 380
Lithium 928 + 56 6! 378 = 49 &
Amitriptyline 811 =943 224 + 84 1
Mianserin 751 = 77 1" 288 + 60 7

aDifferent from Saline., p<0 01
"Different from Sahine, p<0 05
‘Different from Saline choice p<0 05

1 F(@3,22)=3 35, p<005, Expertment 2 F(4,30)=7 77,
p <0 001) being increased for the lithium groups compared to
the appropriate control group in each expertment (p<0 05)
Amitniptyline treatment, compared agamn to the appropriate
saline control treatments, also induced a tendency to
hyperinsulinemia in Experiment 1 (p =0 08) and highly signif-
rcant hypermsulinemia in Experiment 2 (p<<0 01) These 1n-
creased insulin levels were mamfested whether or not the
drug treated rats were gaining more weight than controls and
whether or not their intakes were higher Mianserin did not
evoke any insulin level changes in either expertment

The corticosterone data are presented in Table I In the
first experiment all drug treatments resulted in higher corti-
costerone levels compared to the saline control group Inter-
estingly 1n the saline treated groups of Experiment 2 access
to carbohydrate significantly reduced corticosterone levels
The hthium-treated ammals still had corticosterone levels
higher than thetr appropnate saline controls (Sc) but none of
the drug treated groups 1n this experiment had corticosterone
levels above that of the saline treated, chow fed group

In the third experiment with cubes, saccharin and water
available, the body weight and food intake results were very
similar to those of Experiment 1 There were no differences
in intakes and only a shight loss of weight was seen again in
the amitriptyline group (Fig 5) The non-availability of su-
crose 1n this experiment (compared to Experiment 2) re-
sulted in an increased saccharin intake 1n salne treated rats
but a decrease 1n both Iithium and amitriptyline groups (con-
trast Fig 3 with Fig S, lower panel) However, saccharin
intake 1s still somewhat higher in the drug-treated groups

DISCUSSION

From the present results use of the rat will prove produc-
tive in the study of many of the energy balance perturbations
of mood-stabilising and antidepressant drugs 1n man

The hithium results are clear. Lithium treatment results in
hyperinsulinemia and an increased weight gain and ntake
with sucrose and saccharin available. This gain was vanable
but 1t reached values in excess of 90 g in just 15 days for two
rats This represents approximately an 18% ncrease 1n body
weight for these rats and three of the remaining five rats were
showing body weight gains rapidly diverging from control
values by the end of the experiment Interestingly, insulin
correlates (Spearman rank order) highly with weight gain for
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FIG 5 Upper Panel—Experiment 3 mean (+SEM) body weight
changes from E1 for hithium (x—x), amitriptyline (O—O) and saline
(@—@) treated groups (N=7/group) Lower Panel—Experiment 3
mean (+SEM) 24-hr saccharin (upper 3 hnes) and water (lower 3
lines) intakes

the hithium group (r=0.92, r=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 1s tempting to compare the large vanability in weight gain
with the vaned response to lithium in humans Previously,
three studies [36, 37, 43] had shown small increases 1 weight
gain with female rats maintained only on cubes and water, an
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effect not seen with male rats in the present experiment. It
would be interesting if the female was more susceptible to
the obesity-generating influences of the carbohydrate-
lithium interaction in rats.

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

The mcreased insulin levels with normal blood glucose n
hithium-treated rats also may be mteresting with respect to
the well-known association between manic-depressive dis-
orders and diabetes mellitus (see [28]) These authors point
out the life ime nisk for mayor affective disorders is 2-3% and
for 1diopathic diabetes mellitus less than 2%. Thus the ob-
served 10% diabetes mellitus 1n manic-depressive patients is
far in excess of chance With acute injections of lithium we
have observed marked hyperglycemia (unpublished results).
It may be that the hyperinsulinemia seen 1n the present ex-
periments reflects a drive to counter hyperglycemia. In
mildly diabetic ammals, or 1n those predisposed to diabetes,
frank diabetes may be revealed by lithrum administration.

As with ithum, amitriptyhne induced a hypennsulinemia
which was particularly pronounced under the condition of
additional carbohydrate availability It is interesting that in-
sulin levels correlate significantly with sucrose intake
(r=0.63, p<0.025) for the amitriptyline and hthium groups
but not for the saline group (r=—0 22, N.S.) Insulin injec-
tions 1n normal animals result in increased intake and weight
gain, the intake being almost exclusively, given the choice,
in the form of increased carbohydrate [10]. In Expertment 2
one might have expected not only a significant correlation
between msulin and sucrose with hithium and amitriptyline
but also a significant increase in sucrose consumption 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 protemn and less than two
percent as fat This relative msufficiency of essential amino
acids and free fatty acids may have obscured the carbo-
hydrate craving. It 1s tempting to relate this suggestion to the
high levels of saccharin intake seen in both lithum and
amitriptyline groups of Experiment 2 Experiment 3 was de-
signed specifically to examine this effect and showed 1t to be
dependent upon an mteraction with sucrose. It may be then
that the high saccharin intakes of Experiment 2 represented
an attempt on the part of the lithium and amitriptyhne treated
rats to satisfy a carbohydrate craving while avoiding deple-
tion of essential amno acids and free fatty acids by consum-
ing a sweet source which is at least gustatonally similar to
sucrose.

On the basis of our results mianserin must be seen as
potentially the drug of choice where energy balance pertur-
bations are to be avoided 1n the pharmacological treatment of
depression. Mianserin treatment, when compared to the ap-
propriate saline control treatments, had no significant effect
on glucose, nsulin, nutrient intake or body weight. Indeed
the only effect on these measures seen with mianserin admin-
istration was a loss of metabolic efficiency which was most
clearly seen in Experiment 2

The changes m corticosterone levels with carbohydrate
availabihty are marked In saline-treated ammals, this
change was a significant decline to 49% of the chow fed
group. In the drug-treated groups the levels were reduced
from double control values in the first experiment to within
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the control range 1n the second (see Table 1) If corticoste-
rone levels are seen as an index of physiological stress, 1t
could be argued that carbohydrate intake is a way of
ameliorating stress, as mdeed has Wurtman [42] Carbo-
hydrate craving 1s then an adaptive reaction to chronic
stress

The brain mechanisms by which various mood-stabilising
drugs might act are unclear We have recently shown that the
activation of central NE neuronal activity stimulates the re-
lease of pituitary ACTH and adrenal corticosterone in the rat
and that there 1s a highly significant correlation between
medial basal hypothalamic NE activity and plasma cortico-
sterone [34] The association of reduced corticosterone and
presumed reduced NE neuronal activity with increased
carbohydrate intake 1s interesting from two viewpoints First
it 1s consistent with a negative feedback role for glucose on
central NE activity [35] Second, an inverse relationship has
been demonstrated between hypothalamic NE neuronal ac-
tivity and 5-HT neuronal activity in normal and stressed rats
[34] and, 1n the present case, this relationship would result in
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a facilitation of 5-HT activity, especially 1n the saline choice
group Such a facilitation of 5-HT activity would be consis-
tent with the findings of Wurtman and coworkers [4,42] that
central 5-HT activity 1s enhanced after carbohydrate intake

The added effects of the drugs complicate the 1ssue since
therr effect of increasing corticosterone may well imply a
relative reduction 1n net 5-HT activity which is frequently
associated with hyperphagia [42] Certainly this 1s 1n line
with the reported effects of amitriptyline and mmanserin
which indicate an antagonism of central 5-HT by these drugs
{2, 14, 15, 21, 29] However, it must be kept in mind that
mianserm, amitriptyline and lithium have a multiphicity of
effects on central monoamines (see [1, 16, 20, 32, 33])

ACKNOWLEDGEMENTS

Thus research was supported by an A R G S Grant to DMA and
anN H and M R C grant to GAS A preliminary report of some of
this work was presented at the Eighth International Conference on
Food and Fluid Intake, Melbourne, 1983

REFERENCES

Anderson, J L Serotonin receptor changes after chronic
antidepressant treatments hgand binding, electrophysiological
and behavioural studies Life Sci 32: 1791-1801, 1983
2 Blackshear, M A and E Sanders-Bush Serotonin receptor
sensttivity after acute and chronic treatment with mianserin J
Pharmacol Exp Ther 221: 303-308, 1982
3 Dempsey, G M ,D L Dunner, R R Fieve, T Farkas and J
Wong Treatment of excessive weight gain 1n patients taking
Iithmum Am J Psychiatry 133: 1082-1084, 1977
4 Fernstrom,] D and R J Wurtman Brain serotomn content
increase following ingestion of carbohydrate diet Science 174:
1023-1025, 1971
Gottfries, C G Influence of depression and antidepressants on
weight Acta Psychiatr Scand 63: Suppl 290, 353-356, 1981
6 Hano, J,J Vetulani, M Sansone and A Olivero Changes in
action of tricyclic and tetracyclic antidepressants, desipramine
and mianserin, on avoidance behaviour in the course of the
chronic treatment Psychopharmacology (Berlin) 73: 265-268,
1981
7 Harns, B and M Harper Unusual appetites in patients on
mianserin Lancet 1: 590, 1980
8 Kafoe,W F,J J DeRidderand B E Leonard The effect ofa
tetracychic antidepressant compound, Org GB94, on the turn-
over of biogenic amines m rat brain Biochem Pharmacol 25:
2455-2460, 1976
9 Kalucy, R S Drug-induced weight gain Drugs 19: 268-278,
1980
10 Kanarek, R B, R Marks-Kaufman and B J Lipeles In-
creased carbohydrate intake as a function of insulin administra-
tton 1n rats Physiol Behav 25: 779-782, 1980
11 Kendler, K S Amitriptylne-induced obesity in anorexia ner-
vosa A case report Am J Psychiatry 135: 1107-1108, 1978
12 Lazarus,J] H,M Rileyand T M Hayes The effect of ithitum
on hver glycogen concentration 1n the rat Biochem Pharmacol
24: 1820-1822, 1975
13 MacNeil, D A and M Gower Do antidepressants mduce
dopamine autoreceptor subsensitivity? Nature 298: 302, 1982
14 Maj,J A Lewandowska and A Rawlow Central antiserotonin
action of amitriptyline Pharmacopsychiatria 12: 281-285, 1979
15 Maj, J, H Swonska, L Baran, L Ganacarczyk and A Raw-
low The central antiserotonergic action of mianserin Psycho-
pharmacology (Berlin) 59: 79-84, 1978
16 Mandell, A J and S Knapp A neurobiological model for the
symmetrical prophylactic action of lithium 1n bipolar affective
disorder Pharmacopsychiatria 9: 116-126, 1976

—

L

17 Mellerup, E T, H G Thomsen, M Bjorum and O J
Rafaelsen Lithium weight gain and serum insulin in manic-
depressive patients Acta Psychiatr Scand 48: 332-336, 1972

18 Moore, D C Amutriptyhne therapy in anorexta nervosa Am J
Psychiatry 134: 1303-1304, 1977

19 Nakra, B R S, P Rutland, S Verma and R Gaind Amitryp-
tyline and weight gain, a biochemical and endocrinological study
Curr Med Res Opin 4: 602, 1977

20 Nobrega,] N and D V Coscina Chronic amitriptyline poten-
tiates feeding induced by intrahypothalamic norepinephrine n-
jections Life Sci 33: 1249-1253, 1983

21 Ogren, S O, K Fuxe, L F Agnati, ] A Gustafsson, G
Jonsson and A C Holm Reevaluation of the indoleamine hy-
pothesis of depression Evidence for a reduction of the func-
tional activity of central 5-HT system by antidepressant drugs J
Neural Transm 46: 85-103, 1979

22 Opitz, K and G Schafer The effect of lithium on food intake 1n
rats Int Pharmacopsychiatry 11: 197-205, 1976

23 Paykel, E S, P S Muellerand A M De La Vergne Amitrip-
tyline, weight gain and carbohydrate craving a side effect BrJ
Psychiatry 123: 501-507, 1973

24 Peselow, E D, D L Dunner, R R Fieve and A Lautin
Lithium carbonate and weight gamn J Affectine Disord 2: 303—
310, 1980

25 Pinder, R M, A Blum, S M Stulemeyer, M Barres, M
Molczadzk, A Rigaud, J Carbaul, L Isracl and T Kammerer
A double blind multicentre tnal comparing the efficacy and
side-effects of mianserin and chlorimipramine in depressed n
and out patients Int Pharmacopsychiatry 15: 218-227, 1980

26 Plenge, P K,E T Mellerup and O J Rafaelsen Weight gain
in lhithmum-treated rats Int Pharmacopsychiatry 8: 234-238,
1973

27 Reisberg, B and S Gerson Side-effects associated with lithium
therapy Arch Gen Psychiatry 36: 879-887, 1979

28 Russell, ] D and G F S Johnson Affective disorders, dia-
betes mellitus and lithium Aust N Z J Psychiatry 15: 349-353,
1981

29 Segwa, T and M Uehara Effect of methiothepin on imip-
ramine- or mianserin-induced subsensitivy of serotonergic re-
ceptors Life Sci 30: 809-812, 1982

30 Shah,J H and G Pishdad The effect of ithium on glucose and
tolbutamide-induced nsulin release and glucose tolerance in the
intact rat Endocrinology 107: 1300-1304, 1980

31 Silverstone, T Psychopharmacology of hunger and food mtake
in humans Pharmacol Ther 19: 417-434, 1983



MOOD-STABILIZING DRUGS AND ENERGY BALANCE

32,

33

34

35

36

37

Smuth, D F Lithium and motor activity of amimals, effects and
possible mechamisms of action Int Pharmacopsychiatry 15:
197-217, 1980

Smythe, G A ,J. F Brandstater and L. Lazarus Acute effects
of lithum on central dopamine and serotonin activity reflected
by mhibiton of prolactin and growth hormone secretion in the
rat Aust J Biol Sct 32: 329-334, 1979

Smythe, G. A,J] E Bradshaw and R. F Vining Hypothalamic
monamine control of stress-induced adrenocorticotropin release
in the rat Endocrinology 113: 1062-1071, 1983

Smythe, G A ,H S Grunstemn,] E Bradshaw M V. Nichol-
son and P J Compton Relationship between brain norad-
renergic activity and blood glucose Nature 308: 65-67, 1984
Teixeira, N A and I G Karmol The influence of age and sex
on weight vanation 1n rats treated chromcally with lithium
chlonde Acta Pharmacol (Copenh) 51: 15, 1982

Vendsborg, P B Intravenous glucose tolerance in lithium-
treated rats Acta Pharmacol Toxicol (Copenh) 45: 240-244,
1979

38

39

40

41
42

43

125

Vendsborg, P B. Weight gain and body composition n lithium
treated rats. Acta Pharmacol Toxicol (Copehnh) 46: 373-381,
1980

Vendsborg, P B, P Bech and O J Rafaelsen Lithium treat-
ment and weight gain Acta Psychiatr Scand 53: 139-147, 1976
Willlams, W Possible use of mianserin in cases of unacceptable
weight gain due to tricyclic antidepressant therapy Med J Aust
1: 132-133, 1980

Winston, F and M L McCann Antidepressant drugs and ex-
cessive weight gain Br J Psychiatry 120: 693697, 1972
Wurtman, R J Behavioural effects of nutnients Lancet 1:
1145-1147, 1983

Zilberman, Y ,J Kapitulmk, G Fuerstein and D Lichtenberg
Effects of prolonged lithium treatment on the water consump-
tion and hthium content of rats Pharmacol Res Commun 11:
467-474, 1979



