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Abstract: Cadmium (Cd), an environmental health hazard, is a causative agent of many pathological conditions
especially liver diseases. The possible ameliorative role of L. Carnitine on cadmium- provoked liver injury was
discussed in this study. Twenty-four male rats were daily challenged for 30 days with CdCl, (cadmium chloride)
5mg/kg/day and/or L. Carnitine 100 mg/kg/day. L. Carnitine administration halted the alteration of liver
function biomarkers induced by cadmium which appeared as decreased AST, ALT and ALP levels. L.
Carnitine prohibited CdCl,-generated oxidative stress via Nrf2/HO.1 pathway by increasing TAC and
decreasing MDA and NO. L. Carnitine also restrained inflammatory insult created by CdCl. by suppressing
TLR4/NF«B pathway through reducing the inflammatory mediators including TNF-a, IL-1f and I1L-18. Finally,
our biochemical data were confirmed by the improvement of the liver histology by L. Carnitine. These results
revealed that TLR4/NF«B axis implicated in L. Carnitine protection against CdCl,-triggered hepatotoxicity
accompanied by inhibition of oxidative stress and this may provide new ideas in order to treat cadmium-related
diseases.
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inflammatory mediators “ thus oxidative stress and
inflammation are regarded as the main causative
agents of cadmium-induced liver injury °.

1. INTRODUCTION

Liver diseases are considered as a crucial
health problem causing about 2 million deaths
around the world *. Cadmium is a toxic compound
to which man can be exposed that has a long half-

The transcription factor called Nuclear
factor erythroid 2-related factor 2 (Nrf2) creates
genes responsible for anti-oxidative stress reaction

life within the human body. Once absorbed, it
accumulates in the body organs especially in the
liver 23, Humans are intoxicated by cadmium via
industrially contaminated food, cigarette smoking
and inhalation of contaminated air thus it promotes
tissue injury by causing inflammation and
oxidative stress 3

In the same context, it induced liver damage
mechanistically by two pathways, Primary injury
is triggered by Cd binding to sulfhydryl groups of
molecules in mitochondria causing oxidative
stress but secondary injury is a result of
stimulation of Kupffer cells and boosting of

and drug detoxification resulting in the regulation
of cellular defense against oxidative damage © so
its pathway is considered as a pharmacological
target to mitigate many liver diseases * particularly
Cd toxicity which causes hepatic damage in rats
via activation of oxidative stress and inhibition of
Nrf2 pathway ’.

One of the most crucial mechanisms
responsible for the pathogenesis of several
diseases is TLR4 /NF-xB pathway & it was
confirmed that Cd intoxication triggered
TLR4/NF-xB pathway . NF-xB activation causes
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up-regulation of some  pro-inflammatory
cytokines so cadmium-induced liver inflammation
is accompanied by excessive output of pro-
inflammatory mediators such as TNF-a, IL-1p and
IL-18 210,

Recently, agents with anti-oxidative and anti-
inflammatory properties have been used to
counteract oxidative stress and inflammation
which cause several health complications.

L-carnitine is a non-essential amino acid
derivative naturally present and widely distributed
in nature ! it halted muscle injury, diminished
cellular damage and decreases free radical
generation. In addition, it decreases hypoxia-
induced cellular and biochemical alterations via
enhancement of blood flow and oxygen supply to
the muscle tissue !> L-carnitine has a hepato-
protective effect related to its capability to
detoxify free radicals and to motivate the
antioxidant systems ! ¥ notably, it exerts
antioxidant action via activating Nrf2 signaling
pathway *4. Moreover, it has an anti-inflammatory
effect by down-regulation of TNF-a and NF-kp °
in addition;  Acetyl-L-carnitine can exert
protective effect against neuro-inflammation
caused by lipopolysaccharide via inhibition of
TLR4/NFxB pathway 16

Herein, we assess the hepato-protective role
of L-carnitine on a rat model of cadmium-caused
hepatic damage and explain possible mechanisms
by which L-carnitine exerts its action.

2. METHODS

Study design
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2.1. Animals

We used adult male Wister albino rats (150-
200 g) body weights in our study. Source of
animals is the breeding colony of Egyptian Drug
Authority (EDA) and kept in its animal house.
During our study, rats given food and water ad
libitum. Animals required adaption period for a 2-
weeks prior to starting of the experiment and we
must provide 40%-60% relative humidity, 21—
24°C and a 12-h light—dark cycle for animals. The
ethical standards for laboratory animal research
were followed the protocols were confirmed by
the EDA's standard operating procedures.

We obtained (Approval number:
NODCAR/1/10/2023) in handling the
experimental animals and corresponds to the
Guide for Care and Use of Laboratory Animals
published by the US National Institutes of Health
(NIH Publication No. 85-23, revised 1996).

2.2. Reagents and chemicals

Sigma-Aldrich Co. is the source of the used
Cadmium chloride which dissolved in distilled
water and administered per os with the dose (5
mg/kg/day) daily for 30 consecutive days as used
by Yang et al Y. L. Carnitine was purchased
from Mepaco Pharmaceutical Co., Ltd. Egypt and
was dissolved also in distilled water and given
daily with a dose (100 mg/kg; orally) Ahmed
etal 8

2.3. Experimental design

The schematic representation of the study
methodology is illustrated in Figure 1.

Distilled water

L. Carnitine (100
mg/kg)

mgkg)

L. Carnitine

/Cadmium Chloride Orally for 30 davs

ALY ,AST, ALP, MDA, NO
and TAC

Nri2, HO.1 . TLR4,NFxB,
TNFoa, IL1B and IL18

Figure 1: Methodological Overview: Study Design, Biochemical Analysis and Histological Examination
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Our experiment performed using four groups
of animals (6 in each group). Group I: animals
given distilled water for 30 days and was used as
normal control animals.

Group II: contained rats which
administered L. Carnitine 100 mg/kg; per os for 30
days. Group Ill: rats were challenged with

cadmium chloride 5 mg/kg/day; orally for 30
consecutive days. Group IV: rats were co-treated
with L. Carnitine along with cadmium as
previously described.

On the 31% day, Blood samples were
collected when the rats were under anesthesia and
subsequently centrifuged for 15 min at 4000 to
collect serum for assessment of liver function
biomarkers. After that, rats were euthanized and
livers were removed, cleaned, cleansed with ice-
cold saline then weighed. For histopathological
examination, 10% formalin solution used for
keeping different parts of the livers from each
treated group. Another part was homogenized in
phosphate buffer saline for the evaluation of
oxidative and inflammatory biomarkers.

2.4. Parameters to be estimated
2.4.1. Determination of hepatic function indices

Serum content of hepatic function
biomarkers was assessed using colorimetric
method as follow:, alanine
aminotransferase (ALT; Bio Diagnostic CO.,
Egypt),aspartate aminotransferase (AST; Bio
diagnostic, Egypt) and alkaline
phosphatase (ALP, Bio-med diagnostic, Egypt)
along the same lines as the manufacturers’
guidelines.

2.4.2. Assessment of oxidative stress markers

Liver homogenate of the different treated
groups was used for estimation of Nrf2 using
(MyBiosourse, Rat Nuclear Factor Erythroid
2Related Factor 2 {NFE2R2} Elisa kit. Cat. N.
MBS752046), HO.1 estimated by (Rat Heme
Oxygenase 1 Elisa Kit. Cat. N. MBS764989 ),
total antioxidant capacity was assessed by (Bio
diagnostic, TAC colorimetric kit, Egypt. Cat. NO.
TA 25 12), MDA content determined using (Bio
diagnostic, MDA colorimetric kit Egypt. Cat. NO.
MDA 25 28) and finally, evaluation of nitric oxide
occurred using (Bio diagnostic, NO kit Egypt. Cat.
NO. 25 33).

2.4.3. Determination of TLR4 and NF«xB

(CUSABIO®, Elisa Kit China, Cat. NO.
CSB-E12108m) was used for the determination of
NF«xB and (Elabscience Biotechnology Inc. USA,
Cat. NO. E-EL-R1121) was used for estimation of
TLR4 in agreement with manufacturer's
instructions.

2.4.4, Pro-inflammatory biomarkers

determination

TNF-a, IL1B and IL18 expressions were
measured in liver homogenate using (CUSABIO®,
China Elisa Kit. Cat. NO. CSB-E11987r),
(MyBioSource® rat IL1B Elisa Kit. Cat. NO. #
MBS825017) and (Elabscience Biotechnology
Inc., USA kit Cat. NO.E-EL-M0858) respectively,
were used corresponding to the manufacturer's
guidelines.

2.4.5. Histopathological examination

Hepatic tissue samples were fixed in 10%
formalin for twenty-four hours. As the method
explained by Bancroft and Gamble 9,
Histopathological samples were prepared and
subsequently examined using a light microscope.

2.5. Statistical analysis

Graph Pad Prism software version 5 (Graph
Pad Software Inc,. San Diego, USA) was used to
carry out statistical analysis .Our results were
evaluated using one-way analysis of variance
(ANOVA) followed by Tukey's multiple
comparison test and data in form of means + SE.
For all statistical tests, the level of significance
was provided at p < 0.05.

3. RESULTS

3.1. L.Carnitine administration Improves
Serum hepatic enzymes impairment in
Cadmium-challenged rats

As shown in Figure 2, cadmium intoxication
provoked marked alterations in hepatic function
biomarkers. This was demonstrated by a
significant elevation of ALT, AST and ALP by
nearly 3-folds, 199% and 98.65% respectively, in
comparison to control animals. The administration
of L.Carnitine to cadmium-intoxicated animals
counteracted these aberrations in form of a
considerable decrease in serum hepatic enzymes
by 50% for ALT, 52% for AST and 31% for ALP
versus cadmium treated animals. These findings
revealed the capability of L .Carnitine for rescuing
hepatic injury rendered by cadmium in rats.
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3.2. Giving L. Carnitine to intoxicated rats
minimizes Cadmium-Induced oxidative stress
in their liver

Cadmium triggered oxidative damage and
this shown by significant decline in liver content
of Nrf2 and its downstream HO.1 and TAC by
70.9 %, 62.6 % and 56.3% respectively, alongside
a significant increase in MDA and NO by 145.3 %
and nearly 3-folds respectively, in comparison to
control animals.

On the other hand, Administration of L.
Carnitine for cadmium-intoxicated animals halted
this oxidative stress, as demonstrated by a
significant elevation in Nrf2, HO.1 and TAC by
156%, 85.4 % and 95.3% respectively, with
significant reduction in MDA and NO by 44.4%
and 58.9 % respectively, relative to cadmium
treated rats as demonstrated in Figure 3. These
data revealed the involvement of oxidative stress
suppression by L. Carnitine in the attenuation of
cadmium induced hepatotoxicity in rats.

3.3. L. Carnitine co-treatment curtails
Cadmium-Induced Pro-Inflammatory events

and TLR4/NF-kB Pathway Activation in liver
of rats

We found a significant elevation of hepatic
TNF-a, IL1B and IL18 protein expression by
158.9%, 287.8% and 65.9 % respectively, as a
result of cadmium administration in comparison to
control animals as shown in Figure 4 which
proved cadmium ability to activate the pro-
inflammatory responses in the animal's liver. This
was affirmed by the significantly up-regulated
expression of hepatic TLR4 and its downstream
NF«B by 92.0% and nearly 4-folds %
respectively, versus to control animals.

Administration of L. Carnitine to cadmium-
intoxicated rats ameliorated these inflammatory
responses as demonstrated by a significant
decrease of TNF-a, IL1B and IL18 by 50.6%,
60.5% and 29.7 % respectively,. In the same
context, the protein expression of hepatic TLR4
and NF«kB were significantly down-regulated by
315%and 41.1%, respectively as compared to
cadmium treated rats. These findings clarify the
role of inflammatory and TLR4/ NFkB pathway
inhibition by L. Carnitine in the improvement of
the hepatic injury provoked by cadmium in rats.
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Figure 2: Effect of L. carnitine administration on (A) ALT, (B) AST and (C) ALP levels in cadmium treated rats. Values

are presented as mean + SE. * or # statistically significant from the control or cadmium group, respectively, using one way
analysis of variance followed by Tukey—Kramer as a post hoc test at p < 0.05.
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Figure 3: Effect of L. carnitine administration on (A) Nrf2, (B) HO.1, (C) Total antioxidant capacity, (D) MDA and (E)
NO levels in cadmium treated rats. Values are presented as mean + SE. * or # statistically significant from the control or
cadmium group, respectively, using one way analysis of variance followed by Tukey—Kramer as a post hoc test at p < 0.05.
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Figure 4: Effect of L. carnitine administration on (A) TLR4, (B) NF«B (C) TNF a (D) IL1p and (E) IL18 levels in cadmium
treated rats. Values are presented as mean + SE. * or # statistically significant from the control or cadmium group,

respectively, using oneway analysis of variance followed by Tukey—Kramer as a post hoc test at p < 0.05.
145

https://aijpms.journals.ekb.eg/



Elhemiely, Azhar Int J Pharm Med Sci 2024; Vol 4 (2):141-153

3.4. L. Carnitine Administration Attenuates
Cadmium-Induced Histological Lesions in liver
of Rats

Histologic image of control rats (Figure 5A)
demonstrated normal liver architecture with no
histological abnormalities as well as a typical
central vein and hepatocyte arrangement.
Hepatocyte nuclei were visible within cells as dark
red structures whereas the cytoplasm was colored
red.

Hepatic strands that go from the lobule's edge
to the central vein appear normally as well as
normal sinusoids and usual portal region. Bi-
nucleated cells and kupffer cells were found in
large numbers. Similar to control rat, L. Carnitine
treated rats as appeared in (Figure 5B) showed

normal hepatic histology with hepatic cords which
positioned appropriately around the sinusoids.
Hepatocytes and portal components seemed to be
in good shape. But in cadmium treated animals
(Figure 5C and D), in liver sections there was
degenerated hepatocytes, lobular disorganization,
nuclear disintegration and fatty degeneration, as
well as disarrangement of normal hepatic cells.
The portal region was revealed to have
lymphocyte infiltration. On the other hand,
Administration of L. Carnitine for cadmium
intoxicated animals (Figure 5E) revealed signs of
improvement appeared as normal hepatocytes
with active euchromatic nuclei which looked to be
in excellent health and no inflammatory cell
infiltrations were seen.

Figure 5: Photomicrographs of hepatic tissue of (A) control rat and (B) L. carnitine treated rat showing with normal
histological structure showing central vein (CV), portal vein (PV), bile duct (BD), hepatocytes (H) and kupffer cells (arrow),
(C and D) cadmium treated rat showing mononuclear cell invasion (Bifid arrow), pyknotic cell (Wavy arrow), degenerated
hepatocyte (dh), lymphatic infiltration (Star), cytoplasmic vacuole (arrow head) and binucleated cell (bold arrow). and ( E)
L. carnitine + cadmium treated rat showing central vein (CV), hepatocytes (H) ,pyknotic cell (Wavy arrow) and kupffer

cells (arrow).

4. DISCUSSION

Cadmium is one of the more toxic
environmental pollutants % liver is the main target
organ for Cd toxicity resulted in hepatocellular
injury by oxidative stress which considered the
main mechanism of cadmium induced hepatic
damage 24?2, Once Cd caused oxidative stress and

inflammation, it affected the permeability barrier
of plasma membranes 224, Transaminases such as
ALT and AST are important liver injury markers
therefore increased ALT and AST levels indicated
liver damage % also to evaluate hepatic cells
function, ALP level is assessed as any increase in
ALP activity is associated with the biliary pressure
26, The results of our study revealed that cadmium
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increased serum ALT, AST and ALP levels 2" 28
and this related to the ability of cadmium to affect
membranes integrity, increasing cell-membrane
permeability and cellular leakage resulting in the
release of some ALT and AST into the blood
confirming liver tissue damage " 2> 26, On
contrast, the significant decrease in ALT, AST and
ALP levels in the Cd and L. Carnitine co-treated
group means that L. Carnitine ameliorated the Cd-
induced liver toxicity as previously proved by
Abu-El-Zahab et al ,Abdel-Emam et al

29,30

Oxidative stress occurs when generation of
reactive oxygen species (ROS) rises above cellular
antioxidant capacity resulted in pathogenesis of
several health complications such as liver diseases
8L 32 Oxidative stress caused by Cadmium is
related to its ability to bind to sulfhydryl groups on
critical molecules in mitochondria 4.

Nrf-2 is a key transcription factor that has
ability to defeat oxidative stress via regulating the
expression of antioxidant and detoxification
enzymes as HO-1 %2 so Nrf2 stimulation could
mitigate drug-induced liver injury in mice
therefore Nrf2 activators have clinical importance
as they activate Nrf2 thus enhance the expression
of cyto-protective genes for treating liver diseases
33

Related to these facts, we found that
cadmium caused down-regulation of Nrf2 and
HO-1 protein expression causing oxidative stress

action correlated to weakened Nrf2 signaling 7 3*
36

MDA is end product of lipid peroxidation so
its level represents the degree of lipid peroxidation
37 accordingly; it is used as an indicator of
oxidative stress-induced liver impairment in
cadmium challenged rats 2°.  Additionally, the
overproduction of NO induces nitrosative stress
through peroxynitrite formation which also
damages the tissues  besides; The TAC reflected
the total antioxidant ability in the whole body
which contributed to its ability to reduce Fe3+ to
Fe2+ 3. In our study, cadmium increased MDA
content and nitric oxide level along with a
decreased level of total antioxidant capacity. This
result was early mentioned by Agir and Eraslan,
Sanjeev et al, Moradkhani et al, Omidifar et al,
Bhardwaj and panchal 4>, In the same context,
L. Carnitine amended this cadmium-induced
oxidative stress by promoting expression of Nrf2
and HO-1 which is a vital detoxifying enzyme %
and this ameliorative effect appeared as an
augmented level of total antioxidant capacity

along with a considerable reduction of MDA and
nitric oxide levels and this coincides with
previously concluded data 45-5! .

SO0 briefly, The main mechanisms by which
L-carnitine exerts its protective effect to combat
hepatic injury could be achieved through
stimulation of endogenous  anti-oxidative
molecules 7, Elimination of free radicals,
regulation of nitric oxide, activation of anti-
oxidative damage enzymes, as well as chelation of
ferrous ions which promotes oxidative stress 5253,

Finally , our findings that L. Carnitine plays
a synergistic role to restrict Cd-mediated liver
injury are similar to those documented by Abu-EI-
Zahab et al ° who proved that L-carnitine
modulated Cd-induced liver toxicity in mice by
reducing Cd-triggered oxidative stress and Cd-
mediated ALT and AST levels alteration and by
increasing non-enzymatic antioxidant activities .

Cadmium induces hepatic injury through
induction of inflammation which regarded as one
of the main causes of liver injury 5 5. Toll like
receptors (TLRs) are important regulators of
inflammation and are considered as an effective
link between inflammation and fibrosis in chronic
liver injury %, TLR4 is stimulated either by
exogenous ligands as lipopolysaccharide or by
endogenous ligands; damage-associated
molecular pattern molecules from injured cells
triggering tissue damage of liver by different
causes as when it activated, several pro-
inflammatory cytokines are released due to its
capability to mediate IxkB phosphorylation
resulting in NF-xB activation 575°,

Nuclear factor-xB (NF«B) is a transcription
factor that performs a vital role in stimulating
genes responsible for many pathological disorders
and also responds to cell injury and infection
60 NF-kB signaling pathway is the most important
pathway involved in liver inflammation so
actually, NF-kB activation is connected to
hepatocyte injury and liver fibrosis ®*. Once NF-
kB activated either by oxidative stress or by TLR4
stimulation 3. 5 62 jt controls the pro-
inflammatory response via promoting the
expression of some pro-inflammatory cytokines
such as TNF-a, IL-1p and IL-18 210 & with great
concern given to TNF-a which is an important
downstream cytokine of the NF-«xB stimulation
additionally , these inflammatory mediators bind
to the pattern recognition receptors such as TLR 4
on hepatocytes resulting in cell damage 5.
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Notably, it is known that Cd toxicity
activated the TLR4/NF-xB signaling pathway
resulting in cell damage 8.

With regard to these data, we found that
cadmium activated TLR4 in rat liver cells and
promoted the expression of NF-xB. This comes to
an agreement with already proved results & 2
and also enhanced the synthesis of TNF-a, IL-1p,
and IL-18 and this similar to early obtained data
23.3586,87 particularly TNF-a which is released from
non-parenchymal cells and it responsible for many
complications observed with cadmium-induced
hepatotoxicity®®.

On contrast, L-carnitine can inhibit the
TLR-4/NF-xB inflammatory pathway ¢, we found
that L-carnitine treatment corrected inflammatory
responses via decreasing TLR4 activation and
down-regulation of NF-xB protein expression
and this in coincidence with Morid et al, Sun et
al 570 together with reduction of the hepatic levels
of TNF-a, IL-1p and IL-18 in consensus with
Morid et al, Emran et al, Zheng et al ®772, So
it is clear that this anti-inflammatory effect is
explained by the ability of L-carnitine to prevent
NF-xB movement from cytoplasm to nucleus and
prevent the production of TNF-a and interleukins
15,4774 |eading to improvement of all parameters
related to oxidative stress and inflammation 7

In this experiment, the liver of Cd-challenged
animals showed many histological lesions as
degenerated hepatocytes, lobular disorganization,
nuclear disintegration and fatty degeneration,
disarrangement of normal hepatic cells and
lymphocyte infiltration .by using these results to
evaluate the organ damage 7, Cd provoked
deleterious pathological effects in rat liver similar
to early observations 4% 43 7 this abnormal effect
may be correlated to the oxidative damage which
seen in cadmium toxicity 22 7576,

Otherwise, all these histopathological
alterations induced by cadmium were abrogated
by L-carnitine in the form of restoration of normal
histological architecture of the liver and enhanced
antioxidant enzymes. These findings concurred
with Hassan et al , Rashad et al “¢"” who found
that L-carnitine decreased oxidative stress and
restored liver morphological alterations.

5. Conclusion: Cadmium  induced
inflammatory disorder by NFxkB/TLR4 pathway
furthermore generated oxidative damage by
impairment of Nrf2, HO.1 and degradation of non-
enzymatic antioxidants and these are considered
the key mechanisms participates in cadmium-
induced hepatic damage thus the ameliorative

effect of l.carnitine is because of its capacity to
overcome these mechanistic pathways.

Funding: This research received no external
funding.

Acknowledgments: The author thank Prof. K.A.
Ahmed (Faculty of Veterinary Medicine, Cairo
University) for her careful assistance in
histopathological examination.

Ethical Statement: The ethical standards for
laboratory animal research were followed the
protocols were confirmed by the EDA's standard
operating procedures. We obtained (Approval
number: NODCAR/1/10/2023) in handling the
experimental animals and corresponds to the
Guide for Care and Use of Laboratory Animals
published by the US National Institutes of Health
(NIH Publication No. 85-23, revised 1996).

Author Contribution: Alzahraa A. Elhemiely:
Conceptualization;  methodology;  validation;
formal analysis. The author revised the results and
accepted the final form of the manuscript.

List of Abbreviations: CdCI2: cadmium
chloride, AST: aspartate aminotransferase , ALT:
alanine  aminotransferase;  ALP:  alkaline
phosphatase; Nrf2: Nuclear factor erythroid 2-
related factor 2; HO.1: Hemeoxygenase.1; TAC:
total anti-oxidant capacity; MDA.:
Malonaldahyde; NO: nitric oxide; TLR4: Toll
like receptors 4; NF«xB; Nuclear factor kappa B;
TNF-a: Tumer necrosis factor alpha; IL-1p:
interleukin 1 beta; 1L-18: interleukin 18; ROS:
reactive oxygen species.

REFERENCES

1. Galicia-Moreno, M.; Lucano-Landeros,
S.; Monroy- Ramirez, H. C.; Silva-
Gomez , J. Gutierrez-Cuevas, J.;
Santos, A. et al . Roles of Nrf2 in Liver
Diseases: Molecular, Pharmacological,
and Epigenetic Aspects.
Antioxid. 2020;9(10), 980.

2. Souza-Arroyo, V.; Fabian, J. J. ; Bucio-
Ortiz, L. ; Miranda-Labra, R.
U.; Gomez-Quiroz , LE. and
Gutiérrez-Ruiz, M. C. The mechanism of
the cadmium-induced toxicity and
cellular response in the liver .Toxico.
2022; 480.

3. Salama, S. A.; Arab, H. H.; Hassan M.
H. ; Al robaian, M. M. and Maghrabi, I.
A. Cadmium-induced hepatocellular
injury: Modulatory effects of y-glutamyl

148
https://aijpms.journals.ekb.eg/


https://www.nature.com/articles/s41401-020-0449-8#auth-Hai_lan-Zheng
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/aspartate
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/alanine-aminotransferase
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/alanine-aminotransferase
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/alkaline-phosphatase
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/alkaline-phosphatase
https://sciprofiles.com/profile/1302987
https://sciprofiles.com/profile/author/ajByTmZZdG5KVklMQlJ5N1VFRlF6QnlxUjhTMjFvMFNMUTI5SmJObkJNOD0=
https://sciprofiles.com/profile/1671043
https://sciprofiles.com/profile/1671043
https://sciprofiles.com/profile/307682
https://sciprofiles.com/profile/307682
https://sciprofiles.com/profile/1739176
https://sciprofiles.com/profile/1026459
https://sciprofiles.com/profile/1026459
https://www.sciencedirect.com/journal/toxicology
https://www.sciencedirect.com/journal/toxicology/vol/480/suppl/C

Elhemiely, Azhar Int J Pharm Med Sci 2024; Vol 4 (2):141-153

10.

cysteine  on the biomarkers of
inflammation, DNA damage, and
apoptotic cell death. J. Trace. Elem. Med.
Bio. 2019; 52 : 74-82.

Rikans, L. E. and Yamano T.
Mechanisms of Cadmium-Mediated
Acute Hepatotoxicity. J. Biochem.
Molecular Toxico. 2000; 14, (2).

Bhattacharjee , B.; Pal , P. K.
Chattopadhyay ,A. and
Bandyopadhyay D. Oleic acid protects
against cadmium induced cardiac and
hepatic tissue injury in male Wister rats:
A mechanistic study. Life Sci .2020;
244,

He, F.; Ru, X . and Wen, T. NRF2, a
Transcription Factor for Stress Response
and Beyond. Int. J. Mol. Sci.
2020; 21(13): 4777.

Fang, J.; Yin, H.; Yang, Z.; Tan, M,;
Wang, F.; Chen, K. et al. Vitamin E
protects against cadmium-induced sub-
chronic liver injury associated with the
inhibition of oxidative stress and
activation of Nrf2 pathway. Ecotox.
Environ. Saf. 2021; 208: 111610.

Li, Y

Zhang,Y.; Feng,R.; Zheng,P.; H
uang, H.; Zhou, S. et .Cadmium induces
testosterone  synthesis  disorder by
testicular cell damage via
TLR4/MAPK/NF-«B signaling pathway
leading to reduced sexual behavior in
piglets. .Ecotox. Environ. Saf. 2022; 233.

Liu, W.J.; Ge, M.; Hu, X.Q.; Lv, A,
Ma, D.X.;Huang, X.D. The Effects of
Agaricus blazei Murill Polysaccharides
on Cadmium-Induced Apoptosis and the
TLR4 Signaling Pathway of Peripheral
Blood Lymphocytes in Chicken. Biol.
Trace Elem. Res.2017; 180: 153-163.

He, Q.; Luo, Y. and Xie, Z.
Sulforaphane  ameliorates  cadmium
induced hepatotoxicity through the up-
regulation of /Nrf2/ARE pathway and the
inactivation of NF-xB a. J. Fun. Foods
.2021;77 :104297.

11.

12.

13.

14.

15.

16.

17.

18.

Haggag, N.A.; Aziz, M.A.; Zahra, A A;;
Belih, S.S. and Khalifa, H.O.
Ameliorative effects of L-carnitine on
florfenicol-induced hepatotoxicity in
broilers. J Hellenic Vet Med Soc,.2022;
73 (1): 3605-3612.

Fielding, R.; Riede, L.; Lugo,J. P. and
Bellamine, A L-Carnitine
Supplementation in  Recovery after
Exercise. Nutrients. 2018; 10:349.

Aboubakr, M.; Elsayd, F.; Soliman, A.;
Fadl, S.n E.; El-Shafey, A.; Abdelhiee,
E. Y. L-Carnitine and vitamin E
ameliorate  cardiotoxicity  induced
tilmicosin in rats. Environ. Sci. Poll.
Res.2020; 27:23026-23034.

Salama, A.; Fayed, H. M. and Elgohary
R. L-carnitine alleviated acute lung
injuries  induced by  potassium
dichromate in rats: involvement of
Nrf2/HO-1 signaling pathway .Heliyon.
2021; 7, (6):07207.

Salama, A. and Elgohary R. L-
carnitine and Co Q10 ameliorate
potassium dichromate -induced acute
brain  injury in rats targeting
AMPK/AKT/NF-kp.Inter.

Immunopharm.2021; 101( B): 107867.

Jamali-Raeufy, N.; lizadeh, F.; Mehrabi,
Z.; Mehrabi, S. and Goudarzi, M. Acetyl-
L-carnitine  confers  neuroprotection
against lipopolysaccharide (LPS) -
induced neuroinflammation by targeting
TLR4/NFkB, autophagy, inflammation
and oxidative stress. Meta. Brain
Dis.2021;36:1391-1401

Yang, Z.; He, Y.; Wang, H. and Zhang,
Q. Protective effect of melatonin
against  chronic  cadmium-induced
hepatotoxicity by suppressing oxidative
stress, inflammation, and apoptosis in
mice .Ecotox. Environ. Saf.2021; 228
:112947.

Ahmed, S. A.; Abd El Reheem, M. H.
and Elbahy, D. A. L- Carnitine
ameliorates the osteoporotic changes and
protects against simvastatin induced
myotoxicity and hepatotoxicity in
glucocorticoid-induced osteoporosis in

149
https://aijpms.journals.ekb.eg/


https://www.sciencedirect.com/journal/journal-of-trace-elements-in-medicine-and-biology
https://www.sciencedirect.com/journal/journal-of-trace-elements-in-medicine-and-biology
https://www.sciencedirect.com/journal/journal-of-trace-elements-in-medicine-and-biology/vol/52/suppl/C
https://www.sciencedirect.com/journal/life-sciences
https://www.sciencedirect.com/journal/life-sciences/vol/244/suppl/C
https://www.sciencedirect.com/journal/life-sciences/vol/244/suppl/C
https://sciprofiles.com/profile/519418
https://sciprofiles.com/profile/author/K2pKVkRvZzdCbDBXRmRHWXNvU01SYTlRMFNETy9hUVJNcWY4YVNPNkFjVT0=
https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety
https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety
https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety/vol/208/suppl/C
https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety
https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety/vol/233/suppl/C
https://www.sciencedirect.com/journal/heliyon/vol/7/issue/6
https://www.sciencedirect.com/journal/international-immunopharmacology
https://www.sciencedirect.com/journal/international-immunopharmacology
https://www.sciencedirect.com/journal/international-immunopharmacology/vol/101/part/PB

L.carnitine can attenuate cadmium induced hepatotoxicity in rat

19.

20.

21.

22.

23.

24,

25.

26.

rats. Biomed.
152:113221.

& Pharmaco.2022;

Bancroft, J.D. and Gamble, M. Theory
and Practice of Histological Techniques.
Elsevier Health Sciences.2008.

Koyu, A.; Gokcimen, A.; Ozguner,F.;
Bayram, D.S. and Kocak AEvaluation of
the effects of cadmium on rat liver .Mol.
Cell. Biochem.2006; 284: 81-85.

Arroyo, V.S.; Flores, K. M.; Ortiz,L B.;
Gémez-Quiroz, L. E .and Gutiérrez-Ruiz
,M. C. Liver and Cadmium Toxicity . J
Drug Metab Toxicol.2012; S5:001.

Renu, K.; Chakraborty , R.; Myakala
, H.; Koti, R .;Famurewa ,A.; Madhya
stha, H.; etal. Molecular mechanism of
heavy metals (Lead, Chromium, Arsenic,
Mercury, Nickel and Cadmium) -
induced hepatotoxicity — A review.
Chemosphere.2021; 271.

Cao, Z.; Yang, F.; Lin,Y.; Shan,J.; Cao,
H.; Zhang, C et al. Selenium Antagonizes
Cadmium-Induced Inflammation and
Oxidative Stress via Suppressing the
Interplay between NLRP3
Inflammasome and HMGB1/NF-xB
Pathway in Duck Hepatocytes. Int. J.
Mol. Sci. 2022; 23: 6252.

Koizumia, T.;
Shirakura a, H.; Kumagai b, H.; Tatsu
moto ¢, H. and Suzuki,

K.T. Mechanism of cadmium-induced
cytotoxicity in  rat  hepatocytes:
cadmium-induced active oxygen-related
permeability changes of the plasma
membrane. Toxicol. 1996; 114( 2, ): 125-
134.

Wang, J.; Ding, L.; Wang , K.; Huang,
R.; Yu, W.; Yan , Bet al. Role of
endoplasmic  reticulum  stress in
cadmium-induced hepatocyte apoptosis
and the pro tective effect of quercetin.
Ecotoxicol. Environ.|l Safety. 2022; 241.

Kumar , A; Siddiqi , N.
J.; Alrashood, S. T. ; Khan, H. A. and
Sharma, A.B. Protective effect of
eugenol on hepatic inflammation and
oxidative stress induced by cadmium in
male  rats. Biomed. Pharmaco.
2021;139

217.

28.

29.

30.

31.

32.

33.

34.

El-Sisi , A. A;; Fahmy , S. R.; El-
Desouky , M. A.; El-Tawil,O.; Mohamed
, A. S. And El-Sherif, A. A. protective
roles of novel thiosemicarbazone
derivatives on hepatotoxicity and
nephrotoxicity induced by cadmium
chloride in rats. acta poloniae pharma.—
drug res.2021;78 (2): 193-203.

Alshehri,A. S. El-kott, A. F. ; EI-Gerbed,
M. S A. ; El-Kenawy, A. E. ;
Albadrani,G. M. and Khalifa, H. S.
Kaempferol prevents cadmium chloride-
induced liver damage by upregulating
Nrf2 and suppressing NF-«kB and keapl.
Environ. Sci. Poll. Res. 2022;29:13917—-
13929 .

Abu-El-Zahab ,H. S.H.; Hamza,R.
Z.; Montaser, M.M.; El-Mahdi, M.
M. and. Al Harthi ,W.A . Antioxidant,
antiapoptotic, antigenotoxic, and hepatic
ameliorative effects of L-carnitine and
selenium on cadmium-induced
hepatotoxicity and alterations in liver cell
structure in  male mice.Ecotoxicol.
Environ. Safety.2019; 173 : 419-428.

Abdel-Emam,R. A. and Ali M.
F. Effect of I-carnitine supplementation
on lead acetate-induced liver cell
apoptosis and inflammation: role of
caspase-3 and glycogen synthase kinase-
3B enzymes.Life Sci.2022; 291.

Lingappan K. NF-«B in Oxidative Stress
.Curr. Opin. Toxicol. . 2018;7: 81-86.

Hu, J.; Zhu, Z.; Ying, H.; Yao, J.; Ma, H.;
Li, L .et al Oleoylethanolamide
Protects Against Acute Liver Injury by
Regulating Nrf-2/HO-1 and NLRP3
Pathways in Mice. Front. Pharmacol.
2021; 11.

Zhou, J.; Zheng, Q. and Chen Z. The
Nrf2 Pathway in Liver Diseases. Front.
Cell Develop. Bio. 2022; 10.

Liu, C.; Zhu, Y.; Lu, Z.; Guo , W.;
Tumen , B.; He , Y. et al. Cadmium
Induces Acute Liver Injury by Inhibiting
Nrf2 and the Role of NF-xB, NLRP3,
and MAPKs Signaling Pathway. Int. J.
Environ. Res. Public Health.2020;17:
138.

150
https://aijpms.journals.ekb.eg/


https://www.sciencedirect.com/journal/chemosphere
https://www.sciencedirect.com/journal/chemosphere/vol/271/suppl/C
https://www.sciencedirect.com/journal/toxicology
https://www.sciencedirect.com/journal/toxicology/vol/114/issue/2
https://www.sciencedirect.com/journal/biomedicine-and-pharmacotherapy
https://www.sciencedirect.com/journal/biomedicine-and-pharmacotherapy/vol/139/suppl/C
https://www.sciencedirect.com/journal/biomedicine-and-pharmacotherapy/vol/139/suppl/C
https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety
https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety
https://www.sciencedirect.com/journal/ecotoxicology-and-environmental-safety/vol/173/suppl/C
https://www.sciencedirect.com/journal/life-sciences
https://www.sciencedirect.com/journal/life-sciences
https://pubmed.ncbi.nlm.nih.gov/?term=Lingappan%20K%5BAuthor%5D
https://www.sciencedirect.com/science/article/pii/S2468202017301195?via%3Dihub

Elhemiely, Azhar Int J Pharm Med Sci 2024; Vol 4 (2):141-153

35.

36.

37.

38.

39.

40.

41.

Mahmoud, A. M.; Hussein,O. E.
Hozayen , W.G. ; Bin-Jumah, M . and
Abd EI-Twab, S. M. Ferulic acid
prevents oxidative stress, inflammation,
and liver injury via upregulation of
Nrf2/HO-1 signaling in methotrexate-
induced rats. Environ. Sci. Poll .Res.
2020; 27:7910-7921

Xiang, Y.; Ji, M.;Wu ,L,;Lv ,L;
Liang , Q.; Deng , Ret al
Rosmarinic Acid Prevents Cisplatin-
Induced Liver and Kidney Injury by
Inhibiting Inflammatory Responses and
Enhancing Total Antioxidant Capacity,
Thereby Activating the Nrf2 Signaling
Pathway .Molecules.2022;27: 7815 .

Wang, Q.; Ju ,X.; Chen, Y.; Dong ,X.;
Luo ,S.; Liu,H. et al. L-carnitine exerts a
cytoprotective effect against H202-
induced oxidative stress in the fathead
minnow muscle cell line. Aqua. Res.
2017;48: 941-954

Owumi , S. E; Olayiwola, Y, O.; Alao
,G.E. ; Gbadegesin ,M. A. and Odunola,
0. A. Cadmium and nickel co-exposure
exacerbates genotoxicity and not oxido-
inflammatory stress in liver and kidney
of rats: Protective role of omega-3 fatty
acid . Environ.Toxicol.2020;35: 231
241

Chen, X.;  Xiang, L.; Jia, G.; Liu
G.; Zzhao ,H. and Huang ,Z
Effects of dietary leucine on antioxidant
activity and expression of antioxidant
and mitochondrial-related genes in
longissimus dorsi muscle and liver of
piglets. Anim .Sci J.2019; 90:990-998.

Agir, M. S. and Eraslan, G. The effect of
diosmin against liver damage caused by
cadmium in rats. J Food Biochem.
(2019);43

Sanjeev, S.; Bidanchi, R.

M.;  Murthy, M. K.; bramanian, G. G .
and Roy, V. K. Influence of ferulic
acid consumption in ameliorating the
cadmium-induced liver and renal
oxidative damage in rats. Environ. Sci.
Poll. Res. 2019; 26:20631-20653

42,

43.

44,

45,

46.

47.

48.

Moradkhani, S.; Rezaei-
Dehghanzadeh, T. and Nili-Ahmadabadi,
A. Rosa persica hydroalcoholic extract
improves cadmium-hepatotoxicity by
modulating oxidative damage and tumor
necrosis factor-alpha status . Environ.
Sci. Poll. Res. 2020; 27:31259-31268.

Omidifar , N .; Nili-Ahmadabadi, A ;
Gholami, A .; Dastan, D .; imoghaddam,
D. A. and Nili-Ahmadabadi, H.
Biochemical and Histological Evidence
on the Protective Effects of Allium
hirtifolium Boiss (Persian Shallot) as an
Herbal Supplement in Cadmium-Induced
Hepatotoxicity .Evidence-Based
Complemen. Alternative Med. 2020 .

Bhardwaj, J. K. and Panchal, H.
Quercetin - mediated attenuation of
cadmium-induced oxidative toxicity and
apoptosis of spermatogenic cells in
caprine testes in vitro. Environ Mol
Mutagen. 2021;62:374-384.

Li, J.; Zhang, Y.; Luan,H.; Chen,
X.; Han, Y. and Wang, C. I-carnitine
protects human hepatocytes from
oxidative stress-induced toxicity through
Akt-mediated activation of
Nrf2 signaling pathway .Canadian J.
Physio. Pharma. 2016; 94( 5).

Zhang,D.; Guo,Z.; Zhao, Y., Wan
g,Q.;Gao, .;Yu, T. etal. L-carnitine
regulated Nrf2/Keapl activationin
vitro and in vivo and protected oxidized
fish oil-induced inflammation response
by inhibiting the NF-kB signaling
pathway in Rhynchocypris
lagowski Dybowski. Fish & Shellfish
Immuno.2019; 93 : 1100-1110.

Lebda, M. A.; Hashem, A. S.; Taha, N.
M. ; Mandour, A. and Edres H. A. L-
carnitine mitigates bisphenol A-induced
hepatic toxicity via activation of Nrf2
and inhibition of pro-inflammatory
cytokine gene expression in rats .Vet.
Arhiv. 2020; 90 (1):57-68.

Hassan, N.; Rashad, M.; Elleithy, E.;
Sabry ,Z.; Ali, G. and Elmosalamy, S.
L-Carnitine alleviates hepatic and renal
mitochondrial-dependent apoptotic
progression induced by letrozole in

151
https://aijpms.journals.ekb.eg/


https://link.springer.com/article/10.1007/s11356-019-05420-7#auth-Sanasam-Sanjeev
https://link.springer.com/article/10.1007/s11356-019-05420-7#auth-Rema_Momin-Bidanchi
https://link.springer.com/article/10.1007/s11356-019-05420-7#auth-Meesala_Krishna-Murthy
https://link.springer.com/article/10.1007/s11356-019-05420-7#auth-Guruswami-Gurusubramanian
https://link.springer.com/article/10.1007/s11356-019-05420-7#auth-Vikas_Kumar-Roy
https://link.springer.com/journal/11356
https://link.springer.com/journal/11356
https://link.springer.com/article/10.1007/s11356-020-09450-4#auth-Shirin-Moradkhani
https://link.springer.com/article/10.1007/s11356-020-09450-4#auth-Tayebeh-Rezaei_Dehghanzadeh
https://link.springer.com/article/10.1007/s11356-020-09450-4#auth-Tayebeh-Rezaei_Dehghanzadeh
https://link.springer.com/article/10.1007/s11356-020-09450-4#auth-Amir-Nili_Ahmadabadi
https://link.springer.com/journal/11356
https://link.springer.com/journal/11356
https://cdnsciencepub.com/doi/abs/10.1139/cjpp-2015-0305#con1
https://cdnsciencepub.com/doi/abs/10.1139/cjpp-2015-0305#con2
https://cdnsciencepub.com/doi/abs/10.1139/cjpp-2015-0305#con3
https://cdnsciencepub.com/doi/abs/10.1139/cjpp-2015-0305#con4
https://cdnsciencepub.com/doi/abs/10.1139/cjpp-2015-0305#con5
https://cdnsciencepub.com/doi/abs/10.1139/cjpp-2015-0305#con6
https://cdnsciencepub.com/journal/cjpp
https://cdnsciencepub.com/journal/cjpp
https://cdnsciencepub.com/toc/cjpp/94/5
https://www.sciencedirect.com/journal/fish-and-shellfish-immunology
https://www.sciencedirect.com/journal/fish-and-shellfish-immunology
https://www.sciencedirect.com/journal/fish-and-shellfish-immunology/vol/93/suppl/C

L.carnitine can attenuate cadmium induced hepatotoxicity in rat

49.

50.

51.

52.

53.

54.

55.

56.

female rats through modulation of Nrf-2,
Cyt ¢ and CASP-3 signaling. Drug.
Chem. Tox. 2023; 46(2) :357-368 .

Koohpeyma, F.; Siri, M.;
Allahyari, S.; Mahmoodi, M.; SakiF.
and Dastghaib, S . The effects of L-
carnitine on renal function and gene
expression of caspase-9 and Bcl-2 in
monosodium  glutamate-induced rats
.BMC Nephro .2021; 22( 162).

El-Sherbiny H.R.; EIl-Shalofy, A.S.
and Samir, H. Exogenous L-carnitine
Administration Ameliorates the Adverse
Effects of Heat Stress on Testicular
Hemodynamics, Echotexture, and Total
Antioxidant Capacity in Rams .Front Vet
Sci. 2022; 9: 860771

Khatab, L. A. .; Abdel-Raheem, I. T. and
Ghoneim, A. I. Protective effects of
melatonin ~ and L-carnitine  against
methotrexate-induced toxicity in isolated
rat hepatocytes. Naunyn-Schmiedeberg's
Arch. Pharm.2022; 395:87-97.

Gulcin, 1. Antioxidant and antiradical
activities of l-carnitine. Life Sci.2006;
78.

Li, J.L.; Wang, Q.Y.; Luan, H.Y.; Kang,
Z.C. and Wang, C.B. Effects of L-
carnitine against oxidative stress in
human hepatocytes: involvement of
peroxisome proliferator-activated
receptor alpha. J biomed. Sci. 2012; 19.

Wang, Y.; Zhang, H.; Chen,Q.; Jiao, F,;
Shi, C .; Pei, M .etal. TNF-a/HMGB1
inflammation signalling pathway
regulates pyroptosis during liver failure
and acute kidney injury. Cell Pro.2020;
53.

Li, X;; Li,H.;
Cai,D.; Li,P.; Jin,J,; Jiang, X.; .et
al. Chronic oral exposure to cadmium
causes liver inflammation by NLRP3
inflammasome activation in pubertal
mice .Food Chem. Toxicol. 2021; 148.

Pradere, J.; Troeger, J. S.; Dapito,D. H.;
Mencin,A. A. and Schwabe, R. F. Toll-
like receptor 4 and hepatic fibrogenesis.
Semin Liver Dis. 2010;30(3): 232-244.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Guo, J. and Friedman, S.L. Toll-like
receptor 4 signaling in liver injury and
hepatic fibrogenesis .  Fibro. Tissue
Rep.2010; 3:21.

Soares, J.; Pimentel-Nunes,

P.; Roncon-Albuquerque
R. and Leite-Moreira A. The role of
lipopolysaccharide/toll-like receptor 4
signaling in chronic liver diseases. Hep.
Intern.2010; 4:659-672.

Dejban ,P .; Nikravangolsefid, N ;
Chamanara, M .; Dehpour, A. r. and
Rashidian, Athe role of medicinal
products in the treatment of
inflammatory bowel diseases (IBD)
through inhibition of TLR4/ NF-kappa B
pathway .Phyto. Res. 2021; 35:835-
845.

Bowie, A. and O’Neill, L.
A.J Oxidative stress and nuclear factor-
kB activation*: A reassessment of the
evidence in the light of recent discoveries
.Biochem. Pharm.,2000; 59(1): 13-23.

Arab-Nozari, M.; Abhangar, N.;
Mohammadi, E.; Lorigooini, Z. ;
Shokrzadeh, M ; Amiri, F.et al.
Ginkgo biloba attenuated hepatotoxicity

induced by combined exposure
to cadmium and fuoride via modulating
the redox imbalance, Bax/Bcl-2

and NF-kB signaling pathways in male
rats. Mol Bio. Rep.2020;47:6961-6972

Byun, M.; Jeon, K.; Choi, J.; Shim,.and
Jue ,D. Dual effect of oxidative stress on
NF-kB activation in HelLa cells.
Experimen. Molecule.med. 2002; 34(
5): 332-339.

Biswas, R. and Bagchi, A. NFkB
pathway and inhibition: an overview
.Computational Molecul. Bio. 2016;
6(1).

Liu, L.; Zhao, L.; Liu,Y.; Yu X.
and Qiao, X. Rutin  Ameliorates
Cadmium-Induced Necroptosis in the
Chicken Liver via Inhibiting Oxidative
Stress and MAPK/NF-xB Pathway.
Biologic. Trace Elem. Res. 2022;
200:1799-1810.

Hafez, H. M.; Waz , S.; El-Tahawy, N.
F. G .; Mohamed, M. Z. Agomelatine

152
https://aijpms.journals.ekb.eg/


https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-021-02364-4#auth-Farhad-Koohpeyma
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-021-02364-4#auth-Morvarid-Siri
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-021-02364-4#auth-Shaghayegh-Allahyari
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-021-02364-4#auth-Marzieh-Mahmoodi
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-021-02364-4#auth-Forough-Saki
https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-021-02364-4#auth-Sanaz-Dastghaib
https://bmcnephrol.biomedcentral.com/
https://pubmed.ncbi.nlm.nih.gov/?term=El-Shalofy%20AS%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Samir%20H%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9019560/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9019560/
https://link.springer.com/article/10.1007/s00210-021-02176-1#auth-Lamiaa_A_-Khatab
https://link.springer.com/article/10.1007/s00210-021-02176-1#auth-Ihab_T_-Abdel_Raheem
https://link.springer.com/article/10.1007/s00210-021-02176-1#auth-Asser_I_-Ghoneim
https://link.springer.com/journal/210
https://link.springer.com/journal/210
https://www.sciencedirect.com/journal/food-and-chemical-toxicology
https://www.sciencedirect.com/journal/food-and-chemical-toxicology/vol/148/suppl/C
https://link.springer.com/article/10.1007/s12072-010-9219-x#auth-Jo_o_Bruno-Soares
https://link.springer.com/article/10.1007/s12072-010-9219-x#auth-Pedro-Pimentel_Nunes
https://link.springer.com/article/10.1007/s12072-010-9219-x#auth-Roberto-Roncon_Albuquerque
https://link.springer.com/article/10.1007/s12072-010-9219-x#auth-Roberto-Roncon_Albuquerque
https://link.springer.com/article/10.1007/s12072-010-9219-x#auth-Adelino-Leite_Moreira
https://link.springer.com/journal/12072
https://link.springer.com/journal/12072
https://www.sciencedirect.com/science/article/abs/pii/S0006295299002968#FN1
https://www.sciencedirect.com/journal/biochemical-pharmacology
https://www.sciencedirect.com/journal/biochemical-pharmacology/vol/59/issue/1
https://www.sciencedirect.com/journal/biochemical-pharmacology/vol/59/issue/1
https://link.springer.com/article/10.1007/s12011-021-02764-5#auth-Lili-Liu
https://link.springer.com/article/10.1007/s12011-021-02764-5#auth-Liangyou-Zhao
https://link.springer.com/article/10.1007/s12011-021-02764-5#auth-Yuan-Liu
https://link.springer.com/article/10.1007/s12011-021-02764-5#auth-Xiaoli-Yu
https://link.springer.com/article/10.1007/s12011-021-02764-5#auth-Xinyuan-Qiao
https://link.springer.com/journal/12011
https://link.springer.com/article/10.1007/s12011-021-02764-5#citeas

Elhemiely, Azhar Int J Pharm Med Sci 2024; Vol 4 (2):141-153

66.

67.

68.

69.

70.

71.

72.

ameliorates cadmium-induced toxicity
through the modification of HMGB-
1/TLR-4/NFxB pathway. Toxicol.
Applied Pharmaco.2022; 457(15) .

Jiao, D.; Jiang, Q.; Liu,Y. and Ji, L .
Nephroprotective effect of wogonin
against cadmium-induced nephrotoxicity
via inhibition of oxidative stress—induced
MAPK and NF-kB pathway in Sprague
Dawley rats. Human Experimen.
Toxicol. 2019;38(9) :1082-1090.

Chu, X .; Dai, X.; Pu,W.; Guo, H;
Huang, G.; Huang,B. et al. Co-
exposure to molybdenum and cadmium
triggers pyroptosis and autophagy by
PIBK/AKT axis in duck spleens.
Environ. Toxicol. 2023; 38(3 ): 635-
644.

Kayama, F.; Yoshida, T.; Elwell, M.R.
and Luster M.1. Role of Tumor Necrosis
Factor-a in Cadmium-Induced
Hepatotoxicity. Toxicol.  Applied
Pharmaco .1995;131( 2): 224-234.

Sun, C.; Guo ,Y.; Cong , P.; Tian Y.
and Gao X. Liver Lipidomics Analysis
Revealed the Novel Ameliorative
Mechanisms of L-Carnitine on High-Fat
Diet-Induced NAFLD Mice.
Nutrients.2023;15.

Morid, O. F .; Menze, E. T.; Tadros ,M.

G. and George, M. Y. L-carnitine
Modulates ~ Cognitive  Impairment
Induced by Doxorubicin and

Cyclophosphamide in Rats; Insights to
Oxidative Stress, Inflammation, Synaptic
Plasticity, Liver/brain, and Kidney/brain
Axes. J Neuroimmune Pharmaco.2023.

Emran, T.; Chowdhury,N. 1.; Sarker,
M.; Bepari, A. K.; Hossain, M.;
Sayedur Rahman, G.M. et al. L-carnitine
protects cardiac damage by reducing
oxidative stress and inflammatory
response via inhibition of tumor necrosis
factor-alpha  and interleukin-1beta
against isoproterenol-induced
myocardial infarction. Biomed. &
Pharmaco.2021;143:112139

Zheng, H.; Zhang, H.; Zhu,C.; Li,
H.; Cui, S.; Jin,J. et al. L-Carnitine

73.

74.

75.

76.

77.

protects against tacrolimus-induced renal
injury by attenuating programmed cell
death via PI3K/AKT/PTEN signaling
Acta. Pharm. Sin . 2021; 42:77-87.

Liang, X .; Zhang, Z .; Tian ,X.; Cui Q .;
Lu, H.; Zhao, M .et al. Metabolite acetyl-
L-carnitine participates in Bif. Animalis
F1-7 to ameliorate atherosclerotic
inflammation by  downregulating
theTLR4/NFkB pathway. Food Sci.
Hum. Well. 2022; 13.

Noor, K. K. ljaz , M.
U.; Ehsan, N.; Tahir, A.; Yeni,D.
K. Neamul, S.M. et al.

():Hepatoprotective role of vitexin
against cadmium-induced liver damage
in  male rats: A  biochemical,
inflammatory, apoptotic and
histopathological investigation
.Biomedicine & Pharmacotherapy; 2022.

Zou, H.; Sun, J.; Wu,B.; Yuan,Y.;
Gu,J.; Bian, J. et al . Effects of
Cadmium and/or Lead on Autophagy and
Liver Injury in Rats.Biological Trace
Element Research. 2020; 198:206-215.

Ibrahim, N. M.; Kandil, A. M.; Ali,R. S;
Moustafa, M.; Sami, H. and Elhemiely,
A. A.: Cadmium-Induced Testicular
Damage in Rats: Modulatory Role of
Stemenhance® Against Oxidative Stress
. Egypt. Acad. J. Biolog. Sci. 2023;
15(1):223-241.

Rashad, W. A, Saadawy, S.
F. and Refaay, N. E. : Mitigating effect
of L-carnitine against atrazine-induced
hepatotoxicity: histopathological and
biochemical analyses in albino rats.
Environ. Sci. Poll. Res .
2023; 30:22034-22045.

153
https://aijpms.journals.ekb.eg/


https://www.sciencedirect.com/journal/toxicology-and-applied-pharmacology
https://www.sciencedirect.com/journal/toxicology-and-applied-pharmacology
https://www.sciencedirect.com/journal/toxicology-and-applied-pharmacology/vol/457/suppl/C
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Chu/Xuesheng
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Dai/Xueyan
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Pu/Wenjing
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Guo/Huiling
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Huang/Gang
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Huang/Gang
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Huang/Bingyan
https://onlinelibrary.wiley.com/toc/15227278/2023/38/3
https://www.sciencedirect.com/journal/toxicology-and-applied-pharmacology
https://www.sciencedirect.com/journal/toxicology-and-applied-pharmacology
https://www.sciencedirect.com/journal/toxicology-and-applied-pharmacology/vol/131/issue/2
https://link.springer.com/article/10.1007/s11481-023-10062-1#auth-Olivia_Fayez-Morid
https://link.springer.com/article/10.1007/s11481-023-10062-1#auth-Esther_T_-Menze
https://link.springer.com/article/10.1007/s11481-023-10062-1#auth-Mariane_G_-Tadros
https://link.springer.com/article/10.1007/s11481-023-10062-1#auth-Mariane_G_-Tadros
https://link.springer.com/article/10.1007/s11481-023-10062-1#auth-Mina_Y_-George
https://link.springer.com/journal/11481
https://www.sciencedirect.com/journal/biomedicine-and-pharmacotherapy
https://www.sciencedirect.com/journal/biomedicine-and-pharmacotherapy
https://www.nature.com/articles/s41401-020-0449-8#auth-Hai_lan-Zheng
https://www.nature.com/articles/s41401-020-0449-8#auth-Hai_yue-Zhang
https://www.nature.com/articles/s41401-020-0449-8#auth-Chun_lian-Zhu
https://www.nature.com/articles/s41401-020-0449-8#auth-Hui_ying-Li
https://www.nature.com/articles/s41401-020-0449-8#auth-Sheng-Cui
https://www.nature.com/articles/s41401-020-0449-8#auth-Jian-Jin
https://www.nature.com/aps
https://www.sciencedirect.com/journal/biomedicine-and-pharmacotherapy
https://link.springer.com/article/10.1007/s12011-020-02045-7#auth-Hui-Zou
https://link.springer.com/article/10.1007/s12011-020-02045-7#auth-Jian-Sun
https://link.springer.com/article/10.1007/s12011-020-02045-7#auth-Bo-Wu
https://link.springer.com/article/10.1007/s12011-020-02045-7#auth-Yan-Yuan
https://link.springer.com/article/10.1007/s12011-020-02045-7#auth-Jianhong-Gu
https://link.springer.com/article/10.1007/s12011-020-02045-7#auth-Jianhong-Gu
https://link.springer.com/article/10.1007/s12011-020-02045-7#auth-Jianchun-Bian
https://link.springer.com/journal/12011
https://link.springer.com/journal/12011
https://link.springer.com/article/10.1007/s11356-022-23568-7#auth-Walaa_A_-Rashad
https://link.springer.com/article/10.1007/s11356-022-23568-7#auth-Sara_F_-Saadawy
https://link.springer.com/article/10.1007/s11356-022-23568-7#auth-Sara_F_-Saadawy
https://link.springer.com/article/10.1007/s11356-022-23568-7#auth-Nehal_E_-Refaay
https://link.springer.com/journal/11356

