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Abstract

Backgrounds: Lithium carbonate is drug has been used for prolonged treatment of psychiatric disorders. But was known
to be accompanied by side effects and highly toxicity especially to renal tissue.

Objectives: this study aimed to investigate the influence of lithium carbonate and ascorbic acid on the kidney tissue in
Wistar albino rats.

Methodology: Ninety rats were used in two experiments. The experiment was performed in three months and blood
samples were collected monthly, then specimen of the kidney, was used for histopathological examination. In experiment
1, forty rats were used and divided to four groups, three groups were subjected to different oral doses of drug (9, 17 and
34 mg/kg/BW) daily and the fourth was kept as control group. In experiment 2, fifty rats were used and divided to five
groups, ascorbic acid, (7mg/kg BW) as antioxidant was added to the different doses of drug during the experimental
period.

Results: Urea and creatinine showed significantly (P<0.005) higher levels in the groups used different doses of the
lithium therapy compared to the control group. Only the uric acid showed significantly (P<0.003) lower level compared
to the control group. Tubular necrosis, congestion and infiltration of inflammatory cells were the common pathological
lesions observed in the kidney and congestion of capillaries was the common pathological lesion at different doses of
lithium carbonate. The serum levels of urea and uric acid were significantly (p<0.004) increased in all groups of the
treated rats compared to the control group. The serum creatinine was significantly (P<0.000) higher in rats treated with
9mg/kg BW, and ascorbic acid but other groups treated with higher doses and ascorbic acid showed significantly
(p<0.000) lower levels compared to the control group. For histopatholgical changes, when drug was accompanied by L-
ascorbic acid, the infiltration of inflammatory cells was less in kidney compared to the groups treated with lithium

carbonate alone.
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Conclusions: The use of L-ascorbic acid alone also reduced infiltration of inflammatory cells. The study recommended

that patients on drug should be periodically evaluated for renal dysfunction and also advised to be supplied with ascorbic

acid, to reduce the toxicity of lithium therapy. Future studies should investigate the effect of different doses of the

ascorbic acid on responses to lithium therapy. Also the effects of other antioxidants on drug responses should be tested.
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Introduction

Lithium is the lightest alkali metal used effectively to
treat manic disorders and in preventing recurring manic
depressive episodes [1,2] since it has a narrow
therapeutic range which makes blood serum lithium
levels monitoring mandatory to avoid lithium intoxication
[3]- Chronic lithium treatment can produce significant
changes in different organs like kidney, liver, brain and
spleen [4]. Also Lithium salts cause ocular side effects [5],
polyuria and polydipsia, and impaired renal concentration
capacity after water deprivation [6]. Lithium is well
absorbed by the stomach and doudeneum with no
absorption in the large intestine, after ingestion peak
serum lithium levels are seen after two and a half hour
and completed within 6-8 hours [7]. Lithium does not
bind to plasma protein but binds to some legend [8], as it
moves slowly from extra- cellular compartment to
intracellular space it may require 6-10 days to reach
steady blood concentration and the desired therapeutic
responses [1,9]. Lithium effects have been investigated in
details in the brain, intestine, liver and thyroid gland, and
revealed many deformities and histological alteration
[10,11]. Antioxidant supplements may include a number
of different free radical-fighting compounds. It is thought
that antioxidants, such as vitamin C, E and beta carotene,
may reduce the damage caused by free radical in the
bodies by inhibiting their formation [12]. The objective of
this study was to assess the nephrotoxicity by measure
serum creatinine, urea and uric acid and histopathological
of kidney tissue, of drug and to compare it with its use,
accompanied by ascorbic acid as an antioxidant, in Wistar
Albino rats.

Material and Methods

Animals

This research was carried on 90 adult male rats
obtained from the Faculty of Pharmacy, University of
Khartoum, Sudan, reared in the premises of the
Department of Biochemistry, Faculty of Veterinary
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Medicine, University of Khartoum. All animals were
maintained on standard rat diet and water and used for
two experiments.

Chemicals

Lithium preparation used in this study is Li»Cos. (El-
Nile Company, Egypt with the trade name Prianil CR)
presented in the form of tablets of 400 mg. The dose of
the drug was calculated by converting adult human
therapeutic dose (600-2400 mg/day) to animal dose
[13,14].

L-ascorbic acid made in the European Union
(Scharlauchemie S.A) in the form of powder. Each of the
Li;Coz and the ascorbic acid were dissolved in distilled
water before use and the calculated doses were given
orally using stomach tubes.

Experiment I (The Effect of Adding Different
Doses of Lithium Carbonate in Wistar Albino
Rats)

Forty male adult rats weighed between (125-217g).
Food and water provided ad libitum for two weeks, before
experiment, as adaptation periods, were allotted random
to four groups, each of 10 rats; group 1, were to be fed the
basal rat diet and water, served as control group. Groups
(2, 3, and 4) received the diet and water and treated by
lithium carbonate (Li,Co3) at doses of 9 mg/kg BW,
17mg/kg BW 34 mg/kg BW respectively. The Li,Cozwas
dissolved in distilled water and the calculated doses were
given orally using stomach tubes. The duration of
experiment is three months. After two weeks of
adaptation period. Blood was collected and body weights
of animals were measured at the zero time, after 1month,
2month and at the end of the experiment. The animals
were anaesthetized with diethyl ether and sacrificed at
end of the experiment. Tissues from the kidney were
removed and specimens were fixed in 10% neutral
buffered formalin for histopathology.
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Experiment II (The Effect of Adding Different
Doses of Lithium Carbonate Pluse L- Ascorbic
Acid in Wister Albino Rats)

Fifty male adult rats weighted between (100-200g)
were used in this experiment. Food and water provided
ad libitum for two weeks before the start of the
experiment as adaptation period.

The rats were allotted at random to five groups, each of
10 rats;

Group 1 continued to be fed the basal rat diet and water,
and served as control group (negative control). Group 2
(positive control) received ascorbic acid (7mg/kg BW).
Group 3 received lithium carbonate and ascorbic acid (9
mg/kg BW li;Co3+7mg/kg BW ascorbic acid).

Group 4 received lithium carbonate and ascorbic acid
(17mg/kg BW lizCo3+7mg/kg BW ascorbic acid).

Group 5 received lithium carbonate and ascorbic acid
(34mg/kg BW li,Coz+7mg/kg BW ascorbic acid).

The Li»Coz and ascorbic acid were dissolved in distilled
water and the calculated doses were given orally using
stomach tube. The duration of this experiment was three
months. After two weeks of the adaptation period the
blood sample were collected of animals was recorded at
zero time, then blood was collected monthly to assay
biochemical parameters, after one month, two month and
at the end of the experiment.

The animals were anaesthetized with diethyl ether and
sacrificed at end of the experiment. Tissue from the
kidney specimens were removed and were fixed in 10%
neutral buffered formalin for histopathology.

The blood samples were allowed to clot, and the sera
were separated by centrifugation at 3000 rpm for 5 min
and stored at -20°C until the analysis was performed. The
estimation of serum chemistry was performed using
spectro-photometric methods and commercial Kits. The
parameters determined were urea, creatinine and uric
acid.

Histological Investigations

The method described by Turner RD, et al. was used for
histological investigations [15]. Tissue specimens were
obtained from the kidney of rats for histological
examination. After sacrificing the rats the specimens were
immediately preserved in 10 % formalin. The specimens
were then processed in paraffin using an automatic tissue
processor (Elliot tissue processor, London). The
specimens were then cut to sections, and stained with
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haematoxylin and eosin.

Statistical Analysis

Mean values in body weight, blood and antioxidant
data were expressed as (Mean #SE) and statistical
analysis was carried using computerized SPSS program
version (21) with one way ANOVA. One-way Analysis of
Variance (ANOVA) was used for determining the
significance [16]. One-way analysis of variance (ANOVA)
assessed for biochemical parameters; and then means
were separated using DMRT. The animal experiments
were designed by the complete randomized design (CRD);
factorial arrangement 4x4. Where 4 indicate four groups
(A; control, B, C and D; treated) and the other 4 indicate
times (0, 1, 2,3 months) for experiment one, and also
factorial arrangement 4x5. Where 4 indicate five groups
(A; control, B, C, D and E; treated) and the other 4 indicate
times (0, 1, 2,3 months)for experiment two.

RCD = Randomized Complete Design
ANOVA = Analysis of variance
DMRT = Duncan multiple range test.

Results

Biochemical Parameters of the Kidney

In the experiment I: The effect of adding different doses
of lithium carbonate on urea in wistar albino rats is
presented in table 1. The mean of serum urea showed
highly significantly (p=0.002) increase in all treated
groups of rats after one month of the experiment, but
after second month the group D was significantly
(p=0.027) decreased and also group C was slightly
decreased but group B was significantly (p=0.027)
increased compared to the control group. At the end of
the experimental period the concentration serum urea
was insignificantly higher in group B also groups C and D
were slightly insignificantly decreased compared to the
control group. The effect of adding different doses of
lithium carbonate on creatinine in wistar albino rats is
presented in table 2. The mean of serum creatinine
showed significant (p=0.003) increase in group B
compared to its starting values, also groups C and D were
significant (p=0.003) increased after one month of the
experiment. After the second month group B was
significantly (p= 0.024) higher than the control group, and
also groups C and D showed insignificantly higher values
compared to the control group. At the end of the
experimental period the concentration of the serum
creatinine was still significantly (p=0.000) higher in group
B than its starting value, but groups C and D re turned to
their starting levels, similar to the control group. The
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effect of adding different doses of lithium carbonate on
serum uric acid in Wistar albino rats is presented in table
3. The mean of serum uric acid showed significant
(p=0.103) lower levels in groups C and D and insignificant
in group B after one month of the experiment compared
to the control group. After the second month the serum
uric acid was still lower in all groups of the treated rats
compared to the control group. At the end of the
experimental period the concentration of the serum uric
acid was significantly (p=0.022) higher in all groups of the
treated rats compared to the control group.

Also in experiment II: The effect of adding different
doses of lithium carbonate and L-ascorbic acid on urea in
Wistar albino rats is presented in table 4. The mean of
serum urea showed lower levels in all treated groups
after one month of the experiment except group D which
showed similar level compared to the control group. After
the second month all treated groups showed more or less
similar levels compared to the control group with slightly
lower values in groups D and E. At the end of the
experiment period the concentration of serum urea was
higher in the treated groups, with high significance
(P=0.014) in group C compared to the control group and
group B. The effect of adding different doses of lithium
carbonate and L-ascorbic acid on creatinine in Wistar
albino rats is presented in table 5. The mean of serum
creatinine showed slightly insignificantly higher level in
the group C, but groups B, D and E were not affected after
one month of the experiment compared to the control
group. After second the month the serum creatinine was
significantly (p=0.005) lower in the treated groups
compared to the control group. At the end of the

experimental period the concentration of serum
creatinine was significantly (P=0.001) higher in group C
compared to all other groups. Also all groups showed
significantly (p=0.000) lower levels compared to the time
zero except group C. The effect of adding different doses
of lithium carbonate and L-ascorbic acid on uric acid in
wistar albino rats is presented in table 6. The mean value
of serum uric acid showed significant (p=0.000) increase
in all groups of rats after one the month of the experiment
compared to time zero. This elevation continued after the
second month for the serum uric acid except group C
which returned to a level similar time zero. At the end of
the experimental period the concentration of serum uric
acid was significantly (p=0.026) higher in groups D and E,
compared to the control group. The effects of different
doses of lithium carbonate alone or with L- ascorbic acid
on serum urea is presented in figure 1. The effects of
different doses of lithium carbonate alone or with L-
ascorbic acid on serum creatinine is presented in figure 2.
The effects of different doses of lithium carbonate alone
or with L- ascorbic acid on serum uric acid is presented in
figure 3.

Histopathological Findings of the Kidney

In the kidney figure 5-7 tubular necrosis, congestion
and infiltration of inflammatory cells were the common
pathological lesions observed in the kidney at different
doses of lithium carbonate in the first experiment. The
protective effect of L-ascorbic acid on kidney tubules was
(suitable) with lithium carbonate doses, Figures 9-11 L-
ascorbic acid reduced infiltration of inflammatory cells.

Months
Treatment Zero 1= nd 3 Overall P-value.
A 42.69+2.58BCD 52.33+2.02bcdAC 63.34+2.99dAB 59.07+2.37A 54.35+1.748 0.000™
B 45.09+1.098¢D 66.95+3.423A 67.56+5.71dA 62.15+6.52A 60.29+2.634C | 0.002™
C 47.19+1.878¢C 66.77+2.98aAD 57.81+4.84A 55.63+2.58B 56.85+1.92B 0.002™
D 46.41+0.948D 72.76+6.012ACD 46.87+2.592bBD 58.39+4.4248C 55.27+2.558 0.000™
Overall 45.35+0.888 64.05+2.084 59.87+2.46A8 58.55+1.8748
P-value. 0.297Ns 0.002* 0.027" 0.710Ns

Table 1: The effect of adding different doses (mg/kg) levels of lithium carbonate on serum urea (mg/dL) in Wistar albino

rats.
Key:

A = Control group
B = Treated with 9 mg/kg/BW lithium carbonate

C = Treated with 17mg/kg/BW lithium carbonate
D = Treated with 34mg/kg/BW lithium carbonate.
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Treatment Zero 1=t Months nd 3rd Overall P-value.
A 0.48+0.058¢ 0.98+0.02dAcD 0.63+0.06PAB 0.55+0.058 0.66+0.048 0.000*
B 0.45+0.038B¢cD 0.99+0.04dADA 0.89+0.032AD 0.62+0.05ABC 0.75+0.05A¢ 0.000*
C 0.51+0.01B¢ 0.87+0.05bcAD 0.77+0.05AD 0.51+0.058¢ 0.67+0.03BD 0.000"
D 0.50+0.058B¢ 0.76%0.052bAD 0.74+0.104D 0.49+0.0458¢ 0.61+0.048¢ 0.005"
Overall 0.486+0.0198¢ 0.911+0.0244 0.761+0.0324B 0.538+0.02458
P-value. 0.716Ns 0.003" 0.024" 0.383Ns

Table 2: Effect of adding different doses (mg/kg) of lithium carbonate on serum creatinine (mg/dL) in Wistar albino rats.

Treatment Zero 1ot Months nd 3rd Overall P-value.
A 5.56+0.55dBD 8.80+0.96¢dACD 4.15+0.508 3.08+0.36bcdAB 5.39+0.46P 0.000™
B 5.25+0.454d8B 6.89+0.69AcC 4.05+0.298 4.69+0.6028 5.26+0.31D 0.003"
C 4.36+0.328 6.79+0.483ACD 3.81+0.518 4.12+0.2228 4.77+0.27P 0.000™
D 2.85+0.42abcdBD 6.40+0.573ACD 3.37+0.458 4.24+(0.182A8 4.08+0.3248BC 0.000™
Overall 4.50+0.278 7.29+0.384A 3.88+0.2248 3.96+0.2048
P-value. 0.000™ 0.103ns 0.680Ns 0.022"

Table 3: Effect of adding different doses (mg/kg) of lithium carbonate on serum uric acid (mg/dL) in Wistar albino rats.

Treatment Zero = Months nd 3 Overall P-value.
A 44.21+4.3¢ 49.34+2.9D 56.57+4.4AD 34.64+1.78¢ 46.20+2.3¢ 0.002™
B 47.34+3.1¢D 45.09+1.2¢D 56.05+2,148D 34.16+3.04BC 45.70£1.9¢ 0.000™
C 43.21+3.6 47.03£2.1 56.72+2.4 58.10+9.2ab 51.3+2.7ABCD 0.145Ns
D 42.50+3.8 49.67+4.3 50.80+4.9 45.20+5.9 47.00£2.4¢ 0.598Ns
E 47.96+3.8 43.16+1.2 50.66+5.2 49.28+2.4 47.80+2.5¢ 0.469Ns
Overall 45.05+1.6¢ 46.86+1.1¢ 54.16+1.84BC 44.28+2.7¢
P-value. 0.787Ns 0.369Ns 0.661Ns 0.014
Table 4: Effect of adding different doses (mg/kg) of Li2Co3 and L -ascorbic acid on serum urea (mg/dL) in rats.
Key:
A = Control group (negative control).
B = Treated with 7 mg/kg/BW L-ascorbic acid (positive control).
C = Treated with 17mg/kg/BW lithium carbonate and 7 mg/kg/BW L-ascorbic acid.
D = Treated with 34mg/kg/BW lithium carbonate and 7 mg/kg/BW L-ascorbic acid
E = Treated with 34 mg Li2Co3 + 7mg/kg ascorbic acid
Months
Treatment Zero 1ot nd 3rd Overall P-value.
A 1.01+0.01bBCD 0.69+0.03Ac 0.88+0.03beABD 0.64+0.03¢AC 0.81+0.03Ms 0.000"
B 1.27+0.08adeBCD 0.65+0.07A 0.67+0.062A 0.63£0.05¢A 0.80+0.06Ns 0.000"
C 1.11+0.048¢ 0.71+0.054p 0.81+0.044 0.98+0.09abdeB 0.90+0.04PE 0.000"
D 0.98+0.08bBCD 0.69+0.034 0.79+0.054 0.69+0.06<A 0.78+0.03¢ 0.006™
E 0.89+0.04bBCD 0.64+0.054 0.66+0.02aA 0.63£0.04¢<A 0.71+0.03¢ 0.000™
Overall 1.05+0.038B¢P 0.68+0.02Ac 0.76+0.0248 0.71+0.034
P-value. 0.001 0.814Ns 0.005" 0.001™

Table 5: Effect of adding different doses (mg/kg) of Li»Coz and L -ascorbic acid on serum creatinine (mg/dL) in rats.
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Treatment Zero 1ot Months nd 3rd Overall P-value.
A 1.61+0.24eBCD 4.98+0.40AD 4.98+(0.45AD 2.89+(0.1948BC 3.62+0.32Ns 0.000™
B 1.75+0.10¢BCD 4.20+0.45AD 4.38+0.40AD 2.71+0.13A8BC 3.30+0.26E 0.000™
C 2.06+0.18eBC 4.49+0.17ACD 5.31+0.47A8D 2.83+0.118¢ 3.70+0.28Ns 0.000*
D 2.17+0.22¢eBCD 4.88+0.394D 4.40+0.554 3.54+0.2948 3.77+0.27Ns 0.000™
E 3.51+0.34abcdB 5.38+0.38AcD 3.88+0.538 3.39+0.238 4.04+0.248 0.004*
Overall 2.22+0.158¢ 4.79+0.172 4.59+0.224 3.07+0.10BAC
P-value. 0.000™ 0.221Ns 0.281Ns 0.026"

Table 6: Effect of adding different doses (mg/kg) of Li,Coz and L -ascorbic acid on serum uric acid (mg/dL) in rats.
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Figure 1: The effects of different doses of lithium carbonate alone or with L- ascorbic acid on serum urea.
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Figure 2: The effects of different doses of lithium carbonate alone or with L- ascorbic acid on serum creatinine.
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Figure 3: The effects of different doses of lithium carbonate alone or with L- ascorbic acid on serum uric acid.

Figure 4: Kidney normal tubules and glomeruliin
control group (H&E X100).

Figure 5: Hemorrhage, congestion of blood vessels,
tubular necrosis and Infiltration of inflammatory cells
in interstitium in rats treated with 9mg/kg lithium
carbonate (H&E X100).

Figure 6: Server congestion coagulative necrosis of
renal tubules in rats treated with 17 mg/kg lithium
carbonate (H&E X100).

Figure 7: Sever congestion, tubular necrosis, scanty
infiltration of inflammatory cells in rats treated with
34mg/kg lithium carbonate (H&E X100).
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Figure 8: Normal glomeruli and kidney tubules in rats
treated with L-ascorbic acid (H&E 100X)

Figure 9: Necrosis of tubules, congestion and
infiltration of inflammatory in rats treated with 9mg of
lithium carbonate +L-ascorbic acid (H& E 100X).

Figure 10: Tubular necrosis and congestion in rats
treated with 17 mg lithium carbonate + L-ascorbic acid
(H&E 100X).

Figure 11: Necrosis of tubules, hemorrhage and
infiltration of inflammatory cells congestion in rats
treated with 34 mg lithium carbonate + L-ascorbic acid
(H&E 100X).

Discussion

Since lithium carbonate is highly effective in controlling
and preventing recurring of manic depressive episodes,
its use in psychiatry to rehabilitate patients continues
despite its complications [17]. Structural and functional
effects of lithium carbonate have been studied by various
workers from time to time [18]. Chronic lithium
intoxication is more common. There is gradual
accumulation of lithium, usually due to decreased
excretion. Lithium poisoning causes impaired renal
function, drug interactions, volume depletion, and
concurrent illnesses such as congestive, inflammation and
necrosis [18]. Lithium exerts its effects on a wide range of
cellular functions by inhibiting inositol production, affects
the protein kinase C signaling pathway, and inhibits
glycogen synthase kinase [19]. Early recognition and
management of lithium induced organ toxicity can save
lives and reduce significant morbidity.

In the current study the total mean of serum urea in
different doses of lithium carbonate showed a highly
significant increase (P=0.000) compared to the control
group. This result agreed with Devesh K], et al. [20] who
found that the concentration of serum urea was
significantly increased by oral administration of lithium
treatment in rats. Also this result agreed with Aziz ], et al.
who reported that therapeutic doses of lithium carbonate
induce nephrotoxicity reflected as increase in serum urea
[21]. A similar study done by Sharma S, et al. reported
that lithium therapy treatment in rats caused increased
urea [2]. The results also agree Kielczykowska M, et al.

Modawe GA and ElBagir NM. Lithium Carbonate Therapy Causes Nephrotoxicity and its Copyright© Modawe GA and EIBagir NM.
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reported that lithium carbonate treated rats in the form of
water solution by stomach tube for 6 weeks caused the
increased serum urea [22]. A similar study conducted by
Omar HE, et al. reported that different doses of lithium
carbonate treated rats showed increase in all groups
treated. Kidney damage was evident in the present study
by histopathological findings [23]. Increasing of
concentration in the serum urea provided information
from cellular damage of kidney. In fact, urea is the first
acute renal marker which increases when the kidney
suffers any kind of injury [24].

In the present study the total mean of serum urea in
different doses of lithium carbonate and L-ascorbic acid
showed higher values compared to the control group. The
results agreed with Kielczykowska M, et al. reported that
lithium carbonate and L-ascorbic acid co administration
treated rats in the form of water solution by stomach tube
for 6 weeks caused the increased serum urea [22]. A
similar study done by Omar HE, et al. who reported that
different doses of lithium carbonate and antioxidants
vitamin treated rats showed increase of urea levels in all
treated groups [23]. A similar study done by Omar HE, et
al. reported that different doses of lithium carbonate and
other antioxidants as co administration the treated rats
showed increase in urea in all treated groups [23]. This
finding showed that urea levels may increase in animals
treated with lithium carbonate, even when antioxidants
were used.

In the current study the total mean of serum creatinine
in different doses of lithium carbonate showed a
significant (p=0.000) increase compared to the control
group except group D that was not changed. Omar HE, et
al. reported that different doses of lithium carbonate
treated rats showed increase of serum creatinine in all
groups of the study, their results agreed with groups B
and C but disagreed with group D [23]. Kielczykowska M,
et al. reported that lithium carbonate treated rats in the
form of water solution by stomach tube for 6 weeks
caused no change in the concentration of the serum
creatinine, their results agreed with group D and disagree
with group C and B [22]. Also Omar HE, et al. reported
that the concentration of serum creatinine was
significantly increased in oral administration of different
doses of lithium treatment in rats [23]. The increase of
serum creatinine, can be attributed to the fact that, the
increment of creatinine in blood could be related to the
reabsorption of creatinine in the glomerular filtrate,
lower rates of glomerular filtration, which might be
expected due to perturbation of the renin-angiotensin
system. This could cause reduction of renal cortical blood
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flow [25]. Which was evident in the present study by
histopathological findings of the renal damage. On the
other hand, increasing concentration of creatinine in the
serum provide information from -cellular damage of
kidney. Sine creatinine is a known marker of renal
functioning and its concentration in the serum increases
as renal function decreases. The elevated creatinine levels
observed in serum of lithium treated rats may be the
reflection of reduced glomerular filtration capacity as
reported by Joshi D, et al. [24].

In the present study the total mean of serum creatinine
in different doses of lithium carbonate and L-ascorbic acid
showed slight increase in group C and slight decrease in
groups D and E compared to the control group. A similar
study conducted by Omar HE, et al. reported that,
different doses of lithium carbonate and L-ascorbic acid
treated rats showed unchanged level of serum creatinine
in all groups treated, this study agreed with their results
with exception of groups D and E [23]. The results also
agree with Kielczykowska M, et al. who reported that
lithium carbonate and L-ascorbic acid in co
administration, in treated rats, in the form of water
solution by stomach tube for 6 weeks caused slight
increase in serum creatinine this agreed with group C in
this study but different than groups (D and E) [22].
Tripathi S, et al. explained this to be attributed to the fact
that, the increment of creatinine in blood could be related
to the reabsorption of creatinine in the glomerular filtrate,
lower rates of glomerular filtration, which might be
expected due to perturbation of the renin-angiotensin
system [25]. This could cause reduction of renal cortical
blood flow; which was evident in the present study by
histopathological findings of the kidneyes. This finding
suggests the L-ascorbic acid may acted as protective
element.

In the current study the total mean of serum uric acid
in different doses of lithium carbonate showed a highly
significant(p=0.000) decrease compared to the control
group. Lithium carbonate well known antimanic agent,
was found to decrease serum uric acid levels and produce
uricosuric effect as reported by Anumonye A, et al., El-
Mallakh R, et al. [26,27]. Increased urinary excretion and
decreased serum uric acid is one of the complications of
lithium therapy, and has been observed in both
experimental animal and human after lithium
administration [26-28].

In the present study the total mean of serum uric acid

in the groups treated with different doses of lithium
carbonate and L-ascorbic acid showed no effect due to
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treatment, but the total mean of serum uric acid was
significantly increased in the group received the high dose
compared to group B, which received only ascorbic acid.
The results agreed with Omar HE, et al. reported that,
antioxidant beside lithium therapy increased the blood
uric acid [23]. A similar study conducted by
Kielczykowska M, et al. showed that, lithium carbonate
and co administration treated rats in the form of water
solution by stomach tube for 6 weeks caused changes in
serum uric acid [22]. This suggested that, the increase of
uric acid in blood could be related to the lower rates of
glomerular filtration, which might be expected due to
perturbation of the renin-angiotensin system. As it could
cause reduction of renal cortical blood flow as stated by
Tripathi S, et al. [25]. This was evident in the present
study by the histopathological findings of the kidneys.

The findings of this study reflected tubular necrosis,
congestion and infiltration of inflammatory cells as
common pathological lesions observed in the kidney at
different doses of lithium carbonate in the first
experiment. This finding was supported by Loghin F, et al.
who reported that chronic lithium treatment can produce
significant inflammatory and congestive changes in
kidney [4]. A similar study conducted by Mohammed A, et
al. reported that the histopathological observations of the
kidney tissue revealed many deformities and histological
alteration due to lithium treatment [29]. The development
of necrosis in proximal tubules, glomerular shrinking,
tubular necrosis and loss of cellular integrity due to
lithium exposure has been observed earlier also during
lithium therapy [30]. The results of the present study
were consistent with the previous findings of Lepkifker E,
et al. in which renal insufficiency in long term treatment
with lithium carbonate has been reported [31]. Similar
study performed by Omar HE, et al. reported that the
morphological examination of kidney revealed the finding
that cellular architecture was disturbed following lithium
treatment [23]. Several histopathological examinations
revealed congestive or degenerative lesions, large areas of
lesions and accumulations of leukocytes,
glomerulosclerosis,  peritubular infiltration  with
lymphocytes and mononuclear cells in the kidney of
lithium treated rats and co-treatment with antioxidant
improved those changes [32]. The study agreed with
Sharma §, et al,, as they reported congestive changes in
kidney during long term of lithium therapy treatment in
human and rats respectively [2]. The morphological
examination of kidney revealed that cellular architecture
was disturbed following lithium treatment. These findings
are concomitant with the findings of Weiner D, et al. [33].
The present study agreed with Aziz ] who reported that

Modawe GA and ElBagir NM. Lithium Carbonate Therapy Causes Nephrotoxicity and its

therapeutic doses of lithium carbonate induced
nephrotoxicity in the form of necrosis of the renal tubules,
alteration of cellular structures, degeneration, and
glomerulosclerosis with congestion were observed [21].
The study agreed also with Kanfer A, et al. [34] and was
supported by the finding of, Sharma S, et al. as they
detected chronic tubule-interstitial nephropathy after
long term of lithium therapy treatment in human and rats
respectively [2]. The pathogenies mechanism by which
lithium causes alteration in kidney are not well
understood and also lithium therapy induced renal
damage [35]. Lithium plays a role as a modulator of
pathway for inositol monophosphate, which results in
decreased inositol concentrations and inhibition of cell
cycle ,Thus, accumulation of lithium in cells of distal
nephron can cause Tubular damage revealed that the
modulation of the phosphoinositol pathway may play a
role in kidney pathological changes after lithium
treatment [35,10].

In the current study the protective effect of L-ascorbic
acid on kidney tubules was compatible with lithium
carbonate doses. L-ascorbic acid reduce infiltration of
inflammatory cells seen when lithium carbonate was
applied alone. Antioxidant supplements may include a
number of different free radical-fighting compounds. It is
thought that antioxidants, such as vitamin C may reduce
the damage caused by free radical in the bodies by
inhibiting their formation [12]. This finding supported by
Frei B, et al. who showed that histopathological
examination revealed congestive or degenerative lesion,
large areas of lesions and accumulations of leukocytes,
glomerulosclerosis, peritubular of infiltration with
lymphocytes and mononuclear cells in the kidney of
lithium treated rats and co-treatment with antioxidant
improved those changes [12]. The present study also
revealed that the L-ascorbic acid may protect against
lithium toxicity in kidney cells.

Conclusions

In conclusion, the present results suggested that
lithium carbonate induced renal toxicity in rats at
physiological and histopathological levels. It has also
potentials of inducing adverse effects in rat blood values
although, the precise mechanism of lithium carbonate
toxicity still remains incompletely understood, the clinical
use of lithium needs a carful and caution attention. And
also, the data from the present study showed that L-
ascorbic acid alone or it's the interaction with lithium
carbonate is effective in protection against lithium renal
toxicity in rats. Lithium carbonate exposure caused a
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and biochemical changes and lithium

accumulation but co-treatment with L-ascorbic acid
showed clear protect on against lithium toxicity.
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