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Abstract: The aging process is concerned with oxidative stress and causing malfunction of various organs such as the
liver, kidney and heart. Lithium (Li) salts have shown anti-manic, anti-suicidal, and antioxidant properties. The current
study is aimed to evaluate the possible inhibitory effects of various doses (10, 20 & 40mg/ml/kg) of Lithium chloride
(LiCl) on D-galactose (D-gal)-produced aging model and explore the underlying mechanism. In the study 40 male rats
were randomly alienated into 8 groups i.e. saline, LiCl (10, 20 & 40mg/ml/kg), D-gal and D-gal+LiCl (10, 20 & 40
mg/ml/kg). D-gal was given at a dosage of 300mg/ml/kg and animals received their respective treatment for 6 weeks
[intraperitoneally (1.P), once daily]. After 2 weeks animals were decapitated and organs (liver, kidney, and heart) were
removed for antioxidant assays. Blood was also collected for biochemical parameters. LiCl substantially decreased
oxidative strain marker and increased enzymatic antioxidants in the liver, kidney, and heart of D-gal treated rats. LiCl
also decreased serum alanine aminotransferase (ALT), aspartate transaminase (AST), creatine, urea, CK-MB,
triglyceride, cholesterol, low-density lipoprotein (LDL) and increased high-density lipoprotein (HDL) in D-gal treated
animals. High dose (80mg/ml/kg) of LiCl observed as the most effective dose against D-gal induced alterations. These

finding LiCl inhibits D-gal induced liver, kidney and heart damages via its antioxidant potential.
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INTRODUCTION

Aging; a natural process that is impossible to escape. This
naturally occurring process of aging influences the
efficiency of all organs and systems (Zhang et al., 2020).
The minute difference in the capability of organs
associated with age is mostly seen during the third and
fourth decennium of life (Boss and Seegmiller 1981). The
downturn of physiological functions associated with age
is pretty perceptible, however, the rate at which
physiological reserves decline is different among different
organs but is quite uniform within the system (Lazarus et
al., 2019). So, aging prevails at the same rate for different
age groups, the only difference is the accumulation of
more age-related changes within the older group (Knight
and Nigam 2008). The difference between age-associated
physiological decline and lessen threshold for the onset of
ailment due to advancing age must be made clear because
uncertainty can have left several disorders untreated.
Persons with advancing age undergo physiological
reserve decline leading towards a high mortality rate
(Thoppil and Riabowol 2020) (Hasty et al., 2003).
Physiological inability associated with aging is magnified
with the pervasiveness of concurring diseases. This
situation is worsened by the fact that aging people
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somewhat lose repairability and become more vulnerable
to pathological conditions (Siervo et al., 2016). Aging
influences organs in different ways. There have been
many theories to explain underlying mechanisms of
aging, that reactive oxygen species (ROS) play a pivotal
role in the advancement of aging (Ciacka et al., 2020)
(Baranov and Baranova 2017). This theory s
strengthened by the chronic diseases associated with
aging like cancer, neuropathy, and diabetic retinopathy
apparently all these pathophysiological conditions involve
an excessive accumulation and wear and tear caused by
ROS (Zhen et al., 2016).

D-galactose (D-gal) is a reducing sugar and also known as
a corporal nutrient. It is naturally present in the body and
other dietary stuff i.e., milk, yogurt, fruits, nuts, and
vegetables (Acosta and Gross 1995). D-gal is converted
into Advanced Glycation End-products through non-
enzymatic addition of amines from free amino acids. The
normal level of D-gal is metabolized to give energy to the
cell; however, in the excess amount, it is accumulated and
metabolized to pro-oxidative metabolites which lead to
ROS induced oxidative strain (Minha Doan et al., 2015).
D-gal has reportedly been involved in mimicking age-
related effects. Besides, it causes oxidative stress resulting
in organ injury due to accumulated ROS (Chen et al.,
2018). Aging is induced as a result of stress-induced
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metabolic mechanisms, however exoatically given D-gal
accelerates the organ aging (Sikora et al. 2011).

Lithium in the form of salts i-e Lithium chloride (LiCl),
has extensively been used as a mood stabilizer and a
medication to treat mania (Ettenberg et al. 2020). Despite
the development of other mood stabilizers, Li has been
used for more than 60 years. Initially, Li was thought to
increase life-span due to lower suicide risk, but now it is
known that it has some additional potential to reduce
mortality rate (Barjasteh-Askari et al., 2020). Although it
is used to treat bipolar disorder since ages and has anti-
inflammatory potential (Fernandes et al. 2019). It is also
known as an antioxidant, due to its protective activity
against oxidative stress as it lowers lipid peroxidation and
enhances antioxidants by these ways it improves cell
viability (Allagui et al. 2009). Several parameters affect
the antioxidant potential of Li among those; the dose of
Li, duration of exposure and target cell type play the most
significant role (Dietrich-Muszalska et al. 2015).

In existing data, limited reports have shown the inhibitory
effects of LiCl on the D-gal induced aging of organs. To
underlying its mechanism in the current study we
hypothecated that the antioxidant potential of LiCl could
be inhibiting the physiological damage of various organs
(liver, kidney, heart) caused by D-gal induced oxidative
stress. LiCl with dosages 10, 20 and 40mg/ml/kg were
given to rats used as an aging model, to determine the
effectual dose of LiCl for inhibition of D-gal induced
physiological reserve decline.

MATERIALS AND METHODS

Animals

In the present work 40 adult male Albino Wistar rats
(weighing 180-220 gm, eight weeks old) were locally
bred and utilized in this study. Rats were housed in an
individual cage (with static racks) to keep away from
social contact effect because social contact can influence
behavioral analysis of animals and given standard rodent
diet and drinking water under controlled temperature
(20£5°C) and 12-hour light/dark cycle. Before starting the
experimental work, rats were experienced to 7 days of
acclimation time and different conduct measures to
diminish the stress of newness and treatment. All
experiments were approved by Institutional Ethical
Committee (D-1981-018-Biochem; Dated April 10,
2018).

Chemicals and reagents

D-galactose, Lithium Chloride, Sodium azide, Thio-
barbituric-Acid, Tri-chloro-acetic-acid, Hydroxylamine-
hydrochloride, Di-thio-bis-nitrobenzoic-acid, Nitro-blue-
tetrazolium, and other reagents were procured from Co.
Sigma.

Experimental protocol

40 male rats were separated into 8 sets (n,5); (a) saline
(0.9% NaCl; I ml/kg) (b) LiCl; (10mg/ml/kg) (c) LiCl;
(20mg/ml/kg) (d) LiCl; (40mg/ml/kg) (e) D-gal (f) D-
gal*LiCl (10mg/ml/kg) (g) D-gal*LiCl (20mg/ml /kg) (h)
D-gal*LiCl (40mg/ml/kg). Saline injected batch was
given 1 ml/kg, whereas D-gal was given 300/mg/ml/kg
per dose. Saline solution was used to dissolve all drugs.
Drugs were administered intraperitoneally for 6 weeks.
After 6 weeks, animals were decapitated then organs
(Liver, kidney and heart) and blood were preserved in
cold saline solution at -4°C for further antioxidant assay
and blood parameters.

Biochemical Parameters

The liver, kidney, and heart were cleaned in an isotonic
solution. Homogenate of 10% (weight/VVolume) was
managed by 0.10 Molar PO, buffer [pH7.4] from each
organ and centrifuged at 4°C for ten minutes. The method
of Chow and Tappel (1972) was used for the analysis of
MDA with some changes in the procedure. Activity of
catalase was determined by the method Samad et al.
(2018). While % inhibition of SOD and activity of GPx
were estimated by the procedure of Pari and Latha (2004)
and Flohe and Gunzler (1984) respectively. Other

biochemical parameters (urea, creatinine, CK-MB,
triglyceride,  low-density  lipoprotein,  high-density
lipoprotein, cholesterol, aspartate aminotransferase

(AST), alanine aminotransferase (ALT)), were calculated
in serum by Automated Biochemical Analyzer EPM-168,
while troponin-I analyzed by using ELISA kit.

STATISTICAL ANALYSIS

Post hoc analysis subsequent 2 -way ANOVA, (mean +
SD) was performed for statistical analysis using SPSS V.
23.0. p<0.05 taken as significant.

RESULTS

Table 1 displays the properties of LiCl on oxidative stress
markers and antioxidant enzymes in liver of D-gal and
saline treated rats. All the data evaluated by 2-way-anova.
Data for lipid peroxidation revealed substantial effect of
D-gal {f (1'32)227.56, p<001}, Li {f (3132)256 29, p
<0.01}, and interaction between D-gal x Li {f (332=12.13,
p<0.01}. Post hoc analysis showed that D-gal increased
MDA levels than control animals. Administration of Li
(10 and 20mg/ml/kg) decreased lipid peroxidation than
their control animals. Level of MDA also decreased
following in Li (10, 20 & 40mg/ml/kg)*D-gal than D-
gal treated animals.

Data of SOD showed substantial effect of D-gal
{f(132):4948, p<001} and Li {f (332):24.12, p<001},
while insignificant interface of D-gal x Li {f 33, = 1.599,
p>0.05}. Post hoc investigation shown that D-gal
substantially reduced SOD activity than control one.
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Fig. 1: Effect of LiCl on serum ALT and AST in saline  Fig. 2: Effect of LiCl on serum creatinine and urea in saline
and D-gal injected animals (mean SD). 2 way-Anova  and D-gal injected rats (mean+ SD). 2 way-Anova followed
followed by post hoc test expressed *p<0.05, **p<0.01, by post hoc test expressed *p<0.05, **p<0.01, vs. respective
vs. respective control and +p<0.05, ++p<0.01 vs.  control and +p<0.05, ++p<0.01 vs. control and Li injected
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Fig. 3: Effect of LiCl on serum CK-MB and troponin-1 in saline and D-gal treated rats (mean+ SD). 2 way-Anova
followed by post hoc test expressed *p<0.05, **p<0.01, vs. respective control and +p<0.05, ++p<0.01 vs. control and
Li injected rats
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Attenuation by Li [40mg/ml/kg] increased SOD activity
than their control animals. Activity of SOD also increased
in Li [20 & 40mg/ml/kg]+D-gal compared to D-gal
treated animals. Action potential of SOD decreased in D-
gal+Li [10mg/kg] than Li [10mg/kg] rats.

Data of CAT shown substantial effect of D-gal
{f1.32=136.83, p<0.01} and Li {f (33=21.04, p<0.01},
while insignificant interface of between D-gal x Li {f
332=0.309, p>0.05}. Post hoc test showed that D-gal
decreased CAT activity than control animals.
Administration of Li increased CAT activity at 40mg/kg
in saline treated rats and at 20 & 40 mg/kg in gal treated
rats when compared to control animals. Administration of
D-gal+Li [10, 20 & 40mg/kg] decreased CAT activity
than their respective control.

Data for activity of GPx gave substantial effect of D-gal
{f (1’32):74.80, p<001} and Li {f (3'32):].5.07, p<001},
while insignificant interactivity between D-gal x LiCl {f
¢32=0.426, p>0.05}. Tukey’s test showed that
administration of D-gal decreased GPx activity than
saline injected rats. Administration of LiCl increased GPx
activity at 40 mg/kg in saline treated rats and at 20 and
40mg/kg in  D-gal treated rats compared to control
animals. Administration of D-gal*Li [10, 20 & 40mg/kg]
decreased GPx activity than their respective control.

Table 2 displays the outcome of LiCl on oxidative
markers and antioxidant enzymes in kidneys of D-gal
and saline given rats. All the data evaluated by 2-way-
anova. Data for lipid peroxidation showed substantial
effect of D-gal {f(1132)=108.10, p<001}, Li {f (3132)=23.81,
p<0.01}, and interface of D-galxLi {f (332=11.37,
p<0.01}. Post hoc test showed that D-gal substantially
enhanced MDA levels than control one. Li [10, 20 &
40mg/ml/kg)+D-gal decreased lipid peroxidation than
saline+D-gal animals. Levels of MDA increased in D-
gal+Li[10 and 20mg/kg] than saline+Li [10 and
20mg/kq].

Data for activity of SOD revealed substantial effect of D-
gal {f(1'32):124.76, p<001} and LI{F (3'32):23.07,
p<0.01}, while insignificant interaction between D-galxLi
{f 332=0.972, p > 0.05}. Post hoc  test showed that D-
gal reduced SOD potential than control one.
Administration of D-gal+Li [20 & 40mg/ml/kg] increased
SOD activity than D-gal animals. D-gal+Li (all doses)
decreased CAT activity than their respective control.

Data for activity of CAT revealed substantial effect of D-
gal {f(1’32)=97.25, p<001} and Li {f (3'32)=19.84,
p<0.01}, whereas insignificant interface of D-galxLi {f
332=0.047, p=>0.05}. Post hoc test showed D-gal
decreased CAT activity than control one. Activity of CAT
increased in saline+Li [40mg/kg] than saline+saline and
D-gal+Li [20 & 40mg/kg] than D-gal treated rats. D-
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gal+Li (all doses) decreased CAT activity than their
respective control.

Data for activity of GPx revealed substantial effect of D-
gal [fa132=52.5, p<0.01} and Li {f (332=20.06, p<0.01},
while insignificant interface of D-galxLi {f(32=0.718,
p>0.05}. Post hoc test showed that D-gal reduced GPx
activity than control animals. Activity of GPx increased in
saline+Li [40mg/kg] than saline+saline and D-gal+Li [10,
20 & 40 mg/kg] than D-gal treated rats. D-gal+Li [at 10 &
20mg/kg] decreased CAT activity than their respective
control.

Table 3 displays the properties of LiCl on oxidative
markers and antioxidant enzymes in heart of D-gal and
saline injected rats. All the data evaluated by 2-way-
anova. Data for lipid peroxidation revealed substantial
effect of D—gal {f(1’32)257.ll, p<001}, Li {f (3’32):22.06,
p<0.01} and interface of D-galxLi {f (532=3.812,
p<0.01}. Post hoc test showed that D-gal enhanced MDA
levels than control one. Li [20 & 40mg/ml/kg]+D-gal
decreased lipid peroxidation than saline+D-gal animals.
Lipid peroxidation increased in D-gal+Li [10 & 20mg/kg]
than saline+Li [10 & 20mg/kg].

Data for activity of SOD revealed substantial effect of D-
gal {f(1'32)290.84, p<001], Li {f (3’32):28.73, p<001} and
interface of D-galxLi {f (33,=4.05, p<0.05}. Post hoc
showed that D-gal decreased SOD activity than control
one. Administration of D-gal+Li [20 & 40mg/ml/kg] and
saline+Li[40mg/kg] increased SOD activity than D-gal
and saline injected rats respectively. SOD’s activity
decreased in D-gal+Li [10 & 20 mg/kg] than saline+Li
[10 & 20mg/kg].

Data for activity of CAT revealed substantial effect of D-
gal {f(1'32)=72.33, p<001} and Li {f (3132)219.14, p<
0.01}, while non-significant interface of D-galxLi
{f5.32=2.61, p>0.05}. Post hoc test showed that D-gal
decreased CAT activity than control one. Activity of
CAT increased in saline+Li [40 mg/kg] than saline+saline
and D-gal+Li [20 & 40mg/kg] than D-gal treated rats.
Activity of CAT decreased in D-gal+Li [10mg/kg] than
Li[10mg/kg].

Data for activity of GPx revealed substantial effect of D-
gal {f132=156.30, p<0.01} and Li {f (33,=9.75, p<
0.01}, while insignificant interface between D-galxLi {f
3.32=0.48, p>0.05}. Post hoc test showed that D-gal
reduced GPx activity than control one. GPx increased in
D-gal+Li [40mg/kg] than D-gal injected rats. Potential of
GPx decreased in D-gal+Li [at all doses] than their
respective control.

Table 4  displays the properties of LiCl on serum
cholesterol, triglyceride, LDL and HDL levels saline and
D-gal treated rats. All the data evaluated by 2-way-anova.
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Data for levels of cholesterol revealed insubstantial effect
of Li {f @3»=2.75, p>0.0}. Effect of D-gal {f
1,39=135.02, p < 0.01}, and interaction between D-galxLi
{f (332=38.54, p<0.01} was significant. Post hoc test
showed that D-gal increased serum cholesterol levels than
respective control. Li at doses 10 & 20mg/kg significantly
increased cholesterol levels than their respective control.
D-gal+Li [at all doses] increased cholesterol than their
counterparts. The levels of cholesterol were decreased in
D-gal+Li [20 & 40mg/kg] than saline+D-gal treated rats.

Data for levels of triglyceride revealed substantial effects
of LiCl {f (3'32):141.97, p<001}, D-gal {f (1132):34.50, p<
0.01}, and interaction between D-gal* Li {f (33,=37.50,
p<0.01}. Post hoc test showed that D-gal increased serum
triglyceride levels than saline treated animals. Li at doses
10 & 20mg/kg significantly decreased triglyceride levels
than their respective control. D-gal+Li [at all doses]
increased triglyceride than their counterparts. The levels
of triglyceride were decreased in D-gal+Li [10, 20 &
40mg/kg] than saline+D-gal treated rats.

Data for levels of LDL revealed significant effects of Li
{f (3132):11.50, p<001}, D-gal {f (1'32):31.74, p< 001},
and interaction between D-galxLi{f (332=3.65, p<0.05}.
Post hoc test showed that D-gal increased serum LDL
levels than saline treated animals. D-gal+Li [10 mg/kg]
increased LDL than their counterparts. The levels of LDL
were decreased in D-gal+Li [20 & 40mg/kg] than
saline+D-gal treated rats.

Data for levels of HDL revealed non-significant effects of
Li {f (3132)20.51, p>005} Effect of D-gal {f (1'32)275.07,
p<0.01} and interactivity between D-galxLi{f
332=20.18, p<0.01} was significant. Post Hoc test
showed that D-gal decreased serum HDL levels than
saline treated animals. D-gal+Li [10 & 20mg/kg]
decreased HDL than their counterparts. The levels of
HDL were increased in D-gal +Li [40mg/kg] than
saline*D-gal treated rats.

Fig. 1 displays the properties of LiCl on activity of ALT
and AST (Liver function test) in saline and D-gal rats. All
the data evaluated by 2-way-anova. Data for serum levels
of ALT revealed substantial effect of D-gal {f (13,)=61.47,
p<0.01}, Li{f (33=0.038, p<0.01}, and interactivity
between D-gal*Li {f (332=17.60, p<0.01}. Post hoc test
showed that activity of ALT increased in D-gal+saline
than saline+saline treated animals. Li [40mg/ml/kg]+D-
gal decreased ALT activity than D-gal rats.

Data for serum levels of AST revealed substantial effect
of D—gal {f (1'32)=435.83, p<001}, Ll{f (3'32)=6.292,
p<0.01} and interface of D-gal*Li {f (33,=22.73,
p<0.01}. Post hoc test showed that activity of AST
increased in D-gal+saline than saline+saline treated
animals. D-gal+Li [20 & 40 mg/ml/kg] decreased the

activity of AST than D-gal+saline treated rats. Activity of
AST increased in D-gal+Li [at all doses] than their
respective control.

Fig. 2 displays the effects of LiCl on serum urea and
creatinine (kidney function test) in saline and galactose
treated rats. All data evaluated by 2-way-anova. Data for
serum urea levels revealed substantial effect of D-gal {f
132=19.99, p<0.01}, Li{f 332=25.17, 1p<0.01}, and
interface of D-gal*Li {f 332,=91.32, p<0.01}. Post hoc
test showed that levels of serum urea increased in D-
gal+saline than saline+saline treated animals. Li [20 &
40mg/ml/kg]+D-gal decreased urea than saline+D-gal
animals. Levels of wurea also decreased in Li
[40mg/ml/kg]+D-gal than Li [20 & 40mg/ml/kg] saline
treated animals.

Data for creatinine shown significant effect of D-gal {f
(1,32) =518.72, p<001}, Li{f(3'32):3.97, p<001} and
interactivity between D-gal*Li {f (33=7.81, p<0.01}.
Post hoc test showed that administration of D-gal+saline
substantially increased creatinine levels than saline+saline
treated animals. D-gal+Li [all doses] increased creatinine
than Li [all doses] +saline treated rats. Levels of serum
creatinine decreased in D-gal+Li [40mg/ml/kg] than
saline+Li [40mg/ml/kg] injected rats.

Fig. 3 displays the properties of LiCl on serum CK-MB
and troponin-1 in saline and D-gal treated rats . All the
data evaluated by 2-way-anova. Data for serum CK-MB
levels revealed non-significant effect of Li {f (332=0.420,
p>0.05}. Effect of D-gal {f (132=155.29, p<0.01}, and
interactivity between D-galxLi {f 33,=10.21, 3p<0.01}
was significant. Post hoc test showed that D-gal+saline
increased CK-MB levels than saline+saline treated
animals. Li [40mg/ml/kg)+D-gal decreased CK-MB than
saline+D-gal animals. Levels of serum CK-MB increased
in Li [20 & 40 mg/ml/kg ]+D-gal than Li [20 & 40
mg/ml/kg ]+saline treated animals.

Data for levels of troponin-1 revealed non-significant
effect of Li {f 332=0.17, p>0.05]. Effect of D-gal {f
1.32=28.36, p<0.01}, and interactivity between D-gal x
Li {f (332=4.45, p<0.05} was significant. Post hoc test
showed that D-gal+saline increased troponin-I levels than
salinet+saline injected rats. D-gal*Li [10mg/ml/kg]
increased troponin-I than Li [10mg/ml/kg]*saline treated
rats.

DISCUSSION

Chronic administration of D-gal accelerates the aging
process due to increased ROS production; therefore D-gal
treated rats have been used as aging models in
gerontology and pathophysiological investigational
studies (Hoffman et al. 1997). It has been confirmed by
several studies that oxidative insult induced by D-gal
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leads to organ injury (Rathod et al. 2016). In the current
study frequent administration of D-gal
(300/mg/ml/kg/day) induced age-mimicking effects in
various organs (liver, kidney, and heart) by increasing
oxidative stress and reducing the natural antioxidant
potential of defense system (table 1-3). Lipid profile
(table 4) and serum levels of ALT and AST (fig. 1),
creatinine and urea (fig. 2), and CK-MB and troponin-I
(fig. 3) were also increased by treatment of D-gal.
Various doses of LiCl i.e. (10, 20 and 40 mg/ml/kg/day)
inhibited D-gal induced oxidative damage in various
organs and altered blood parameters.

Several studies have confirmed that aging involves
changes in organ indices and these physiological changes
are accelerated by D-gal administration (James et al.
2015). It is now generally known that oxidative damage is
mainly responsible for organ injuries and is determined by
the overproduction of oxidative stress marker MDA and
altered activities of antioxidant enzymes SOD, CAT, and
GPx (Wang et al. 2020). The finding of the current study
reveals that repeated administration of D-gal enhancing
the lipid peroxidation in all tested organs with reducing
antioxidant defense mechanism which is exhibited by
decreased levels of SOD, CAT, and GPx enzymes activity
(Table 1, 2 & 3). It is indicating that D-gal administration
is not only involved in the oxidative damage of liver,
kidney, and heart, it is also involved in the impairment of
organs functions and increased serum levels of liver
function enzymes i.e ALT, AST (fig. 1); kidney markers
i.e. creatinine, urea (fig. 2) and cardiac markers CK-MB,
troponin-1 (fig. 3) and serum lipid profile (Table 4).
Interestingly, our results showed that various doses of
LiCl decreased lipid peroxidation and increased
antioxidant enzyme activity in organs, indicating the
antioxidant potential of LiCl mitigating the oxidative
stress in heart, liver, and kidney while decreasing D-gal
induced increased serum levels of ALT, AST, creatinine,
urea, CK-MB and troponin-I and lipid profile in rats.

It is extensively reported that antioxidants include SOD,
CAT, and GPx may lessen oxidative deterioration and
potentially reverse oxidative related diseases (Fan et al.
2009). LiCl protected the antioxidant defense mechanism
by increasing the activity of the enzyme (SOD, CAT,
GPx) and suppressing lipid peroxidation (MDA) in the
kidney, heart, and liver of D-gal treated rats. LiCl may
correct the pro-oxidant antioxidant disequilibrium,
contributing to the protection of liver, kidney and heart
deterioration.

All vital organs are vulnerable to oxidative damage
induced by D-galactose including kidneys, liver, and
heart. Previous studies showed that the administration of
D-gal causes liver and kidney injury and abnormalized
functions by elevation of serum analytes which are
essential for normal functioning (Yu et al. 2015; Park et
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al. 2015). In the present study administration of D-gal
increased serum levels of ALT, AST in the liver,
creatinine, and urea in the kidney and troponin-1 and CK-
MB in the heart. Furthermore, the administration of
various doses of LiCl dramatically alleviated the D-gal
induced dysfunction of organs.

The lipid profile is altered due to the aging process and
caused various ailments. Several experimental studies
reported that the administration of D-gal disturbed the
lipid profile which enhancing cholesterol, triglycerides,
and LDL and decreasing HDL, the main risk factor to
cardiovascular disease development (Chapman et al.
2011). The results of the present study are consistent with
the previous report. The effect of administration of LiCl
on lipid profile is not constant in various studies; some
studies exhibited an increase (Kanzariya 2011) while in
some no effect was observed (Kietczykowska et al. 2014).
In the present study, various doses (10, 20 and 40
mg/ml/kg) of LiCl produced differential effects. It was
observed that at doses 20 and 40mg/kg of LiCl, serum
levels of HDL and triglycerides were decreased while
cholesterol levels were increased, but no effect on LDL
level was observed. Conversely, dyslipidemic effects of
D-gal were inhibited by co-treatment with LiCl with
decreasing plasma levels of cholesterol, LDL (at 20 and
40 mg/kg), triglyceride (at all doses) and increasing HDL
(at 40 mg/kg). Although all doses (10, 20 and 40 mg/kg)
of LiCl were effective to improve dyslipidemia at high
dose effects were more potentiated. It is reported earlier
that Li exerted the divergent effect when used in various
dose ranges (i.e. low, medium, and high) (Li, 2001). So, it
is suggested that this drug could improve dyslipidemia by
decreasing cholesterol, LDL and triglyceride and reduce
harmful effects lipid factors and increasing the serum
levels of HDL in D-gal induced aging rats possibly via its
antioxidant potential.

The relationship  between oxidative stress and
inflammation is reported extensively (Dandekar et al.
2015). IL-1, IL-6, TNFs are key pro-inflammatory
cytokines which trigger inflammatory response involving
massive cell death of hepatocytes (Niederreiter and Tilg
2018), nephrocytes (Kim et al. 2018) (and cardiomyocytes
(Ueland et al. 2015). These pro-inflammatory cytokines
are critical players for the damage of these organs. The
inflammatory cascade is involved in the generation of free
radicals including ROS which causes oxidative damage
and dysfunction organs. Although in this study we didn’t
evaluate inflammatory markers but elevated oxidative
stress by increasing MDA and decreasing antioxidant
enzyme showing elevated inflammatory cascade (Chen et
al. 2008; Shi et al. 2004). It is reported earlier that the
body defense system of antioxidant enzymes including
CAT, GPx, and SOD fight against free radicals'
production and reduce oxidative stress (Rehman et al.
2016). It is recognized that LiCl inhibits pro-
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inflammatory cytokines (Nassar and Azab 2014). It is also
well reported that LiCl has great potential to alleviate
oxidative stress via its antioxidant capability (Samad et al.
2019). In the present study, LiCl improved the antioxidant
mechanism by increasing the activity of antioxidant
enzymes (SOD, CAT, GPx) and inhibiting lipid
peroxidation (MDA) in the liver, heart, and kidney of D-
gal injected rats. LiCl may normalize the unevenness of
pro-oxidant-antioxidant, contributing to the improvement
of liver, kidney, and heart functions. Accompanied with
the effects of D-gal induced oxidative stress on liver,
kidney, and heart, the activity of ALT, AST, serum level
of creatinine, urea CK-MB and troponin-l1 were also
higher than those of normal rats. However, LiCl not only
exhibited antioxidant properties by increasing antioxidant
enzymes and decreasing lipid peroxidation, showing the
contrasting effects on D-gal induced oxidative harms to
rats liver, kidney and heart but also palliated these
increases of ALT and AST enzyme activity, serum
creatinine, urea CK-MB and troponin-1 levels to an extent
lower than the saline+D-gal treated group, suggesting an
important role in protecting the normal function of the
liver, kidney, and heart.

CONCLUSION

In conclusion, LiCl at various doses (10, 20, and 40
mg/kg) improved antioxidant mechanisms and improve
the functioning of the liver, kidney and heart, and
dyslipidemia. Although all doses used in this study
exhibited their effects, a high dose (40 mg/kg) of LiCl
was more effective against D-gal induced adverse effects.
Hence, LiCl alleviates damages in the liver, kidney, and
heart from D-gal rats and LiCl might be used as a
therapeutic agent.
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