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CHANGES IN ORGAN-BODY WEIGHT RELATIONSHIP AFTER WITHDRAWAL OF CHRONIC
LITHIUM ADMINISTRATION IN RABBITS

Nazreen Sharif, Ansa Rabia and Omar Iftikhar

Background: There is widely increasing use of lithium in psychiatric patients. Its chronic use
has various side effects on the body. These effects are more severe if drug is withdrawn suddenly,
affecting not only body weight but also other organs of the body disturbing hypothalamic-
hypophyseal axis.

Objective: To document changes in organ-body weight relationship after withdrawal of chronic
Lithium administration in rabbits

Material and Methods: Thirty adult male rabbits were divided into two groups, control and
experimental. Each group was further divided into three subgroups. Lithium Carbonate powder
34.2 mg per kg body weight was administered daily by oral route in the form of capsule for four
weeks to experimental group whereas control group was given empty capsules and normal diet.
Animal weight and serum lithium levels were measured at the beginning of the experiment and
thereafter checked weekly. After four weeks, one third of the animals in each group were
sacrificed and their liver, kidney, thyroid and pituitary were weighed to see the effect of drug.
Second and third groups were sacrificed one and two weeks after lithium withdrawal, respectively.
Results: The mean serum lithium levels gradually dropped after one week and significant fall
was seen after 2 weeks of withdrawal but it did not touch the baseline. After 4 weeks of lithium
consumption, hypothalamic-hypophyseal axis showed exaggerated response reflected by
statistically significant increase in thyroid weight and statistically significant fall in that of pituitary
along with decrease in weight of animal and kidney.

Conclusion

Abrupt withdrawal of drug set hypothalamic-hypophyseal axis at a new level as reflected by
increase in thyroid and pituitary weight. Weight gained by body might be on account of other
reasons.
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Introduction

Affective disorders are extremely common in
general medical practice as well as in psychiatry. It
covers an extraordinarily broad range from normal
grief to sometimes fatal psychosis. The lifetime risk
of suicide in major affective disorders is about 10-
15%." Lithium has been used since the late
eighteenth century in different parts of the world for
the treatment of bipolar disease. It was used for the
first time to treat the bipolar patients in the 1870's by
CarlLange and William Hammond in Denmark and
New York respectively.” Lithium carbonate lowers
up to 7 folds in rate of suicidal acts and 2.7 folds in
morbidity, whereas there is an increase of up to 14
times in fatalities after its discontinuation in manic
depressive patients.” Non psychiatric uses are
limited, however, it had been used in prophylaxis of
cluster headaches (trigeminal autonomic cephalgias)
and in neuro-degenerative diseases like amyotrophic

lateral sclerosis. * Lithium however has a narrow
therapeutic index of 0.6 to 1.2 meq/lit which makes
its blood serum monitoring absolutely essential to
avoid intoxication. Levels above 2 meq/lit are usually
toxic.”

Chronic lithium usage had been shown over the years
to produce a number of side effects. A lot of research
had been focused on studying the harmful effects of
lithium on various organs such as the kidney, thyroid,
brain and liver.”” However another common effect of
such use was noticed to be weight gain.”

Lithium is a drug which is concentrated in various
tissues like brain, kidney, thyroid, bone, liver and
muscle cells against concentration gradient, causing
increased lithium ratio.” Inside the cell its
concentration may affect various functions and
metabolism of the cells" so when the drug is
withdrawn, unexpected response occurs. """ These
effect are more severe with abrupt rather than with

10



Esculapio - Volume 06, Issue 03, Oct. - Dec. 2010

Table-1: Lithium therapy given to albino rabbits.

Groups Subgroups Rabbits Treatment Duration Serum lithium level done & Sacrificed
Group “A” A1 5 Normal diet & empty capsule 4 weeks  29th day
A2 5 Normal diet & empty capsule 4 weeks  After one week of withdrawal 36th day
A3 5 Normal diet & empty capsule 4 weeks  After two week of withdrawal 43th day
Group “B” B1 5 Normal diet & lithium 34.2mg/kg 4 weeks  29th day
B2 5 Normal diet & lithium 34.2mg/kg 4 weeks After one week of withdrawal 36th day
B3 5 Normal diet & lithium 34.2mg/kg 4 weeks  After two week of withdrawal 43th day

of lithium being prescribed around the world, the
present study was designed to highlight its effect not
only on body weight but also on different organs of
the body especially in relation with hypothalamic-
hypophyseal axis.

Material and Methods

Chemical: Lithium carbonate powder by Fluka
Chemic AG. CH-9470 Buchs Company, made in
Switzerland was obtained from the medical store of
Postgraduate Medical Institute, Lahore and was used
for the study.

Animals: Thirty adult male albino rabbits were used
for the experiment. They were kept at the Animal
House of Postgraduate Medical Institute, Lahore
and were allowed 2 weeks for acclimatization in
optimal light and temperature and had free access to
water and seasonal vegetables. Animals were
randomly divided into 2 main groups; control A and
experimental B, each with further subgroups A1, A2,
A3 & B1, B2, B3, each having 5 animals. Lithium
carbonate powder was given orally in a dose of 17
mg/kg calculated from chronic oral consumption of
1200 mg/day for an average of 70 kg given to man.’
The weighed quantities of Li,CO, in double the
therapeutic dose 34.2 mg/kg body weight, once daily
in capsules was given (Table 1). The control group
animals were given empty capsules. Serum lithium
levels were recorded by using FP 10 & IT 20 Flame
Photometer at the beginning of experiment and
then weekly till the end of the experiment (Table 1).
The animals were also weighed and sacrificed on
different days; their thyroid, liver, pituitary and
kidneys were removed from the body and were
weighed (mean weight of both kidneys was used for
statistical analysis). The results were analyzed using
statistical variance appropriate to the experimental
design.

Results
No serum lithium levels were detected in control
group animals as they did not receive lithium. The

mean serum lithium levels gradually dropped after
one week of withdrawal in B2 but it was not
statistically significant when compared with B1(p
value=0.732). However, statistically significant
decrease was seen in subgroup B3 when compared
with subgroups B1 and B2 (p values=0.000 and 0.001
respectively) i.e. after 2 weeks of withdrawal of drug;
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Figure I: Graph showing mean serum lithium levels
with chronic lithium therapy and after its withdrawl in
different experimental groups.
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Figure Il: Graph showing comparison of weight of
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Figure I11: Graph showing comparison of weight
of thyroid and pituitary in control (C) and
experimental (E) groups.
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Figure I'V: Graph showing compatison of weight
of kidney and liver in control (C) and experimental

(E) groups.

Animals gained body weight both in groups A and B.
There was a statistically significant weight gain in B3
when compared with A3 (p value=0.030) i.c. after 2
weeks of withdrawal of drug (Figure II).

The weight of thyroid increased both in groups A
and B. There was a statistically significant increase in
weight of thyroid in subgroup B1 when compared
with subgroup Al (p value=0.035) i.c. after 4 weeks
of Lithium therapy and also in subgroup B3 when
compared with subgroup A3 (p value=0.043). There
was no statistically significant change in weight of
pituitary when subgroups of group B were
compared with comparable subgroups of A (p
values=0.051; 0.523 and 0.0223 at week 4, 5 and 6
respectively) as shown in (figure IIT).

The weight of liver increased both in groups A and

B. There was a statistically significant increase in
weight of liver in subgroup B1 when compared with
subgroup Al(p value=0.017) ie. after 4 weeks of
Lithium therapy. There was no statistically significant
change in weight of kidney when subgroups of group
B were compared with comparable subgroups A (p
value=0.736; 0.271 and 0.508 at week 4, 5 and 6
respectively (Figure IV).

Discussion

In the present study, after 4 weeks of chronic lithium
therapy, there was a statistically significant rise in
serum lithium levels in group B1 as was also observed
by Javaid and Sharif.” Animals gained body weight
both in groups Al and B but it was more so in group
Al as compared to group B1l. However, this
difference in weight was not statistically significant.
Individual vatiation in response to Lithium had been
largely reported. " Lithium did not affect appetite in
normal individuals,”” whereas other workers had
reported weight gain despite reduced appetite which
might be due to an altered resting metabolic
rate.” Combining anti-psychotics with mood
stabilizers had lead to a greater weight gain than
treatment with one or two mood stabilizers.”

Animals belonging to control group Al showed an
increase in weight of organs like kidney and pituitary
but liver and thyroid did not show any rise. There was
a decrease in weight of thyroid and increase in weight
of pituitary in animals belonging to control group
showing that there was normal functioning of
hypothalamic-hypophyseal axis. Not only this, it also
explained decrease in BMR which was reflected by
increase in body weight and decrease in the weight of
liver. An increase in kidney weight seemed to follow
that of body weight. In experimental group B1, the
hypothalamic-hypophyseal axis showed an
exaggerated response which was reflected by an
increase in thyroid weight with a concomitant
decrease in weight of pituitary, causing an increase in
BMR reflected by increase in liver weight and a fall in
body weight. Kidney followed weight change as that
of body. Chatterjee et al (1990) observed marked
weight loss in the experimental animals after three
weeks of lithium consumption in therapeutic dose.
Chronic lithium therapy had been reported to cause
mild microscopic changes but no effect on weight of
the kidney " whereas functional changes related to
oxidative stress had been reported.” Lithium is a
known anti-thyroid drug' and goiter associated with
lithium therapy was suggested to be a compensatory
reaction to its anti-thyroid effect. Mild to moderately
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enlarged thyroid on gross examination with mild to
moderate follicular hyperplasia and increased
vascularity on microscopic examination had been
noted earlier.” Similar findings suggestive of goiter
had been reported earlier.” Inflammatory, congestive
changes” and bile duct proliferation” had been
reported on histological examination of liver from
animals treated with chronic lithium therapy which
might be responsible for this weight gain. An
increase in hepatic glycogen with such therapy
causing a weight gain had also been observed.”
Chronic lithium therapy had been known to induce
oxidative stress in liver.”

At week 5 i.e. one week after withdrawal of chronic
lithium therapy, a fall in serum lithium level was
observed in B2 but it was statistically insignificant
when compared with that of B1. However, a post
withdrawal rise in serum lithium levels, attributed to
redistribution of lithium from its stored tissues like
brain, kidney, liver and thyroid had been reported.”
In control group A2, there was a fall in weight of
thyroid and pituitary; however, only fall in pituitary
weight in A2 was statistically significant when
compared with that of Al So it seemed to follow
hypothalamic-hypophyseal axis. But due to decrease
in BMR, there was an increase in body weight
followed by kidney and liver in control group A2. In
experimental group B2, hypothalamic-hypophyseal
axis was disturbed as sudden withdrawal of lithium
had reset the hypothalamic-hypophyseal axis to a
higher level so that basal and TRH stimulated
response of pituitary was exaggerated causing
central hyperthyroidism" which was shown by an
increase in weight of both thyroid and pituitary
along with those of body, liver and kidney, but no
value was statistically significant when compared
with those of A2. So it was observed that there was a
sustained effect of drug on weight of animal and its
various organs after one week of sudden withdrawal
of chronic lithium therapy. Thyroid gland had been
reported to be moderately enlarged with prominent
isthmus and mild congestion after sudden
withdrawal of chronic lithium therapy on gross &
microscopic examination respectively.” This
exaggerated response might be due to unmasking of
anti-thyroid antibodies by lithium withdrawal
leading to rebound phenomenon. " Mild focal
changes in renal architecture without congestion
had been observed but without effecting weight of
the organ.”” This prolonged excretion pattern of
lithium might be related to tissue storage,
particularly in bones™" and its gradual release from
there into blood.™

Two weeks after withdrawal of chronic lithium
therapy, there was a statistically significant fall in
lithium level (B3). but it did not reach the baseline.
Normally after withdrawal of the drug the serum
lithium levels usually reach baseline in 10-14 days.'
Margo and McMahon and Delva et al observed
similar effect of withdrawal on the serum lithium
levels.""” However, such unpredictable responses in
various individuals could be due to genetically
determined lithium ratio, erythrocyte lithium/serum
lithium, which is different even in mono-dizygotic
twins.” Hypothalamic-hypophyseal axis was normal
as weight of thyroid was increased with significant fall
in weight of pituitary, suggesting an increase in BMR
as reflected by fall in body weight, followed by
statistically significant fall in kidney weight. There was
an increase in liver weight suggesting an increased
metabolism. An age-related decrease in pituitary
weight had been reported earlier.”” In experimental
group (B3), hypothalamic-hypophyseal axis was set at
a new level. This was suggested by an increase in
weight of pituitary and thyroid when compared with
those of A3. However, body weight and weight of
thyroid in B3 was statistically significant more than
those of A3 which could be supported by Sharif
(2006) who reported thyroid gland to be grossly
enlarged with marked congestion 2 weeks after
withdrawal of chronic lithium therapy on gross and
microscopic examinations.” It had been reported that
changes appearing one week after lithium withdrawal
persisted at week 2. When the drug was
discontinued suddenly, it gave rise to unexpected
results. Regression analysis suggested that there was
dose dependent gradual increase in weight which
became significant after 2 weeks of withdrawal.
Raised erythrocyte ratio in rabbits as compared to
humans, caused sustained effect on various tissues
like muscles, liver and fat cells, leading to increase
weight even after the withdrawal. Tt may be either due
to its insulin like effect on carbohydrate metabolism,
leading to increase in glucose uptake and glycogen
synthesis in muscles, adipose tissue and brain;
accompanied by depletion in liver glycogen™”
due to persisting edema.”

Conclusions

After 4 weeks of lithium consumption, hypothalamic
-hypophyseal axis showed exaggerated response
reflected by statistically significant increase in thyroid
weight and statistically significant fall in that of
pituitary causing an increase in BMR, leading to
increase in liver metabolism and decrease in weight of
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of animal and kidney.

2 weeks after sudden withdrawal of drug,
hypothalamic-hypophyseal axis was set at a new level
as reflected by increase in thyroid and pituitary

Therefore, in order to find the level of disturbance of

weight, but weight gained by body might be on

account of other reasons as explained earlier.

It is suggested that abrupt withdrawal of chronic

lithium therapy could have unexpected side effects.
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