
Lithium salts are efficiently used for treatment of psychiatric disorders. However, prolonged treatment

frequently involves adverse side-effects. In the present work, effects of lithium carbonate administration

on some biochemical parameters were studied in male mice. Lithium carbonate (20, 40 or 80 mg/kg body

weight, corresponding to 3.77, 7.54 or 15.08 mg Li element/kg body weight, respectively) was injected

daily for 14 or 28 days. The following parameters were recorded : water consumption, body weight, lithi-

um and testosterone serum concentrations, activities of catalase (CAT), superoxide-dismutase (SOD) and

glutathione-peroxidase (GPX) and level of lipid peroxidation (expressed as TBARS) in liver was per-

formed. Lithium treatment, especially at the highest dose for 28 days, was found to induce weight gain,

polydipsia and a significant decrease of plasma testosterone level. Lipid peroxidation level and activities

of SOD and GPX were increased in liver which suggests a perturbation of the antioxidative status. Our

results indicate that subchronic exposure to lithium, which induces weight gain and polydipsia under our

experimental conditions, also damages the male reproductive system and triggers an oxidative stress in

the liver.
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INTRODUCTION

Lithium salts are frequently used for treatment of some psychiatric disorders [13, 26].

For decades, mechanism of lithium action was extensively studied to unveil its ben-

eficial effect in controlling bipolar disorders, maniac behaviour and severe depres-

sion but also to understand its toxicity described as lithium sickness [25].

Besides lithium therapy, lithium poisoning can occur due to its extensive usage in

ceramics, lubricants, batteries and other industrial processes. Lithium toxicity main-
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ly involves ocular troubles, polydipsia and polyuria, loss of body mass and impaired

renal function [5, 7, 15, 16]. As it crosses the placental barrier, lithium also produces

teratogenic and toxic effects in the fetus [9], including cardiovascular abnormali-

ties [19].

Lithium toxicity, as it may happen during long-lasting therapy or experiments in

animals, also includes: cerebellar ataxia [18], hyperkeratosis [29], hypercholes-

terolemia, hyperglycemia, activation of transaminases and hypochromic anemia [12,

22, 23, 27].

On the other hand, lithium administered chronically but at low doses, was also

proposed as a preventive or current therapy in neurodegenerative diseases [6]. As a

contribution to this field of research, the aim of the present study was to investigate

the effects of subchronic lithium administration in male mice on biochemical para-

meters, paying special attention to testicular and hepatic tissues.

MATERIALS AND METHODS

Animals and experimental protocols

The 48 male mature albino Wistar mice, weighing about 30 g, used throughout this

study were supplied by Pharmacie Centrale de Tunis (Tunisia). Animals were kept at

22 °C in a room with stable hygrometry, under constant photoperiod and given stan-

dard laboratory feed (SICO, Sfax, Tunisia) and tap water ad libitum. They were used

after one week acclimatization.

In order to study biochemical and histopathological changes in blood, liver and

testis due to lithium carbonate administration for 14 or 28 days, animals were divid-

ed into 4 groups of 6. Groups Li20, Li40 and Li80 received daily intraperitoneal

injections of 20, 40 and 80 mg lithium carbonate per kilogram of body weight,

respectively. These doses corresponded to 3.77, 7.54 and 15.08 mg lithium element

per kilogram of body weight, respectively. Control group (C) received daily sham

injections of physiological saline (0.9% NaCl).

Each day, water consumption and body weight were measured. At day 14 and 28,

animals were sacrificed 12 h after the last injections. Collected blood samples were

immediately spun down and serum was kept frozen (–20 °C) until use. Livers were

stored at –20 °C until use. For assays, about 1 g liver was cut into small pieces,

immersed into ice-cold Tris-buffered saline (TBS, pH 7.4), homogenized and cen-

trifuged (3000 × g for 15 min at 4 °C). Supernatants were stored at –70 °C until use.

Biochemical analyses

Lithium concentration in serum was measured by flame atomic absorption spec-

trophotometry (Analyst 400, Perkin-Elmer).



Testosterone level was measured in serum using the radioimmunoassay (RIA) kit

n° 1119 from Immunotech. Experiments were repeated twice and results were

expressed as nmol testosterone per ml serum.

Lipid peroxidation level in liver was evaluated by the amount of thiobarbituric

acid reactive substances (TBARS) as described in [8]. Briefly, 125 μL of liver

homogenate supernatant were mixed with 125 μL 20% Trichloroacetic acid contain-

ing 1% Butyl-hydroxytoluene in order to precipitate proteins. After centrifugation

(1000 × g, 10 min at 4 °C), 200 μL of supernatant were mixed with 40 μL 0.6N HCl

and 160 μL of 120 mM Thiobarbituric acid in 25 mM Tris buffer. The mixture was

heated at 80 °C for 10 min and the optical density of the solution was measured at

530 nm. TBARS concentration was calculated using an extinction coefficient of

156 mM–1 cm–1.

Superoxide dismutase (SOD) activity was assayed at 25 °C by measuring its abil-

ity to inhibit the oxidation of nitroblue tetrazolium (NBT) as described in [4]. In this

assay, one unit of SOD is defined as the amount which inhibits the oxydation of NBT

by 50%.

Catalase (CAT) activity was determined at 25 °C according to Aebi [1], by mea-

suring the decrease in absorbance at 240 nm of H2O2 for 1 min. Activity was calcu-

lated by using an extinction coefficient of 0.043 mM–1 cm–1 and expressed as μmoles

of H2O2 destroyed/min/mg of protein.

Glutathione peroxidase (GPX) activity was measured at 25 °C by the method of

Flohe and Gunzler [10]. Absorbance was recorded at 412 nm. Enzyme activity was

expressed as μmoles of GSH oxidized/min/mg of protein.

Statistical evaluation

Results are expressed as the mean ± standard error to the mean (SEM). Comparisons

were made using the student’s t-test. A result was considered significant for P < 0.05.

RESULTS

Serum lithium concentrations and indices of toxicity

Blood levels of lithium were increased in a dose-dependent manner, reaching 0.11,

0.12 and 0.25 mM at the end of the experiment in the Li20, Li40 and Li80 groups,

respectively (Table 1). Lithium treatment was found to induce a weight gain, more

markedly after 15 days of treatment in the Li80 group (Fig. 1).

In parallel, a time- and dose-dependent polydipsia (Fig. 2) was observed. For

instance, drink water uptake was increased by 142% at day 5 in the Li80 group, as

compared to controls. In groups Li20 and Li40 the water uptakes were increased at

day 25 by 62% and 260%, respectively.

At the same time, lithium treatment induced a decrease of blood testosterone lev-

els in animals of the Li40 and Li80 groups, as compared to controls (Table 1).

Biochemical effects of lithium 275

Acta Biologica Hungarica 60, 2009



276 R. NCIRI et al.

Acta Biologica Hungarica 60, 2009

Fig. 1. Evolution of body weight of mice receiving 80 mg of lithium carbonate/kg body weight over

a 28-day period, as compared to controls (C)

Fig. 2. Drink water consumption (ml/mouse/day) in mice receiving 20 mg (Li20), 40 mg (Li40) or

80 mg (Li80) lithium carbonate/kg body weight over a 28-day period, as compared to controls (C)

Table 1

Serum lithium concentration (mM) measured 12 h after injection and serum concentration

of testosterone (nM) in control mice (C) or in mice receiving 20 mg (Li20) or 40 mg (Li40) or

80 mg (Li80) lithium carbonate/kg body weight for 14 and 28 days and for 28 days, respectively

Days C Li20* Li40* Li80*

Lithium concentration 0 0 0 0 0

(mM) 14 0 0.076 ± 0.009 0.098 ± 0.009 0.215 ± 0.017

28 0 0.11 ± 0.009 0.122 ± 0.011 0.25 ± 0.017

Testosterone concentration C Li20 Li40* Li80*

(nM) 28 3.472 ± 0.303 3.043 ± 0.211 1.3 ± 0.063 0.875 ± 0.066

* p ≤ 0.01, Student’s t-test.

Values correspond to the mean ± SD established from four animals.
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Fig. 3. Levels of TBARS (nmoles/mg protein) and activities of SOD (U/mg protein), CAT (I.U.) and GPX (μmoles GSH oxidized/min/g protein) in liver

of control (C) and lithium-treated (Li20, Li40, Li80) mice for 14 and 28 days. * p ≤ 0.05, Student’s t-test. Values correspond to the mean ± SD (4 animals)
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Indices of oxidative stress in liver

Lipids peroxidation level, expressed as TBARS concentration in the liver of lithium-

treated mice, was probably increased as a consequence of a lithium-induced oxida-

tive stress (Fig. 3). SOD and GPX activities were also increased in the liver of treat-

ed animals, especially in the Li80 group. No significant change of the CAT activity

was observed under our experimental conditions.

DISCUSSION AND CONCLUSION

The therapeutic and prophylactic effects of lithium on several psychiatric disorders are

well documented and many undesirable side-effects of this therapy were reported [26].

The doses of lithium carbonate used in our study on mice were based upon previous

studies [20]. Mouse is claimed to be much more sensitive to lithium than human and

the 0.25 mM blood concentration is very high with respect to this animal, even when

compared to the 0.5 to 0.8 mM therapeutical concentration in human patients.

A marked polydipsia resulted from the treatment. A similar result, accompanied

with diarrhoea, was observed in rat given lithium carbonate (200 mg per kg body

weight, per os, per day) [2]. In humans undergoing a long-lasting lithium therapy,

polydipsia and diarrhoea are also frequently observed [14].

The noticeable weight gain observed in mice of the Li80 group could be the result

of the polydipsia and of a somewhat impaired renal function leading to body water

retention. However, humans undergoing a long-lasting lithium treatment are known

to gain excessive body weight to a point which sometimes is a reason for discontin-

uation of the treatment [6, 28]. In this case, a direct effect of lithium on leptin recep-

tors in the hypothalamus was proposed as the responsible mechanism [3].

Lithium toxicity to male reproductive system could be in part mediated by the

decrease of testosterone production, as evidenced by the lowering of the blood level

of this hormone, especially in the Li40 and Li80 experimental groups. An adverse

effect of lithium upon testosterone production was also reported in rat [21].

Under our experimental conditions, lithium administration for 28 days resulted in

a disturbance of anti-oxidative status in liver cells, as evidenced by the increase of

TBARS level, a classical index of lipid peroxidation. This was accompanied by an

increase of both SOD and GPX activities. Similar increase of SOD and GPX activi-

ties was reported in rats receiving lithium per os [11, 17]. Such changes are indices

of a lithium-induced oxidative stress.

Our results confirm that subchronic lithium treatment involves several adverse

effects: polydipsia, weight gain, alteration of testis functions and oxidative stress.

Since chronic treatment with lithium is proposed for new therapeutical approaches of

neuro-degenerative diseases in humans, attention must be paid to define protocols

which would either minimize the undesirable effects or counteract them by accom-

panying health care such as diet observance and supplementation with anti-oxidant

nutriments (tocopherol, acetyl-cysteine, selenium etc.) [30].
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