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Abstract

Aluminum chloride is a chemical compound widely used in both pharmaceutical and industrial sectors. The
present study aimed to assess the effect of aluminum chloride on TNF levels and metallothionein gene
expression in rat livers. A total of 16 Wistar rats were used as an experimental model and assigned to four
groups (n=4). The treated groups received aluminum chloride (Sigma/USA) at a dose of 25g/kg body weight via
a feeding tube as follows: group 1: Non-treated rats as the control group, group 2 were treated with aluminum
chloride for 8 weeks, group 3 were treated with aluminum chloride for 12 weeks, and group 4 received
aluminum chloride for 16 weeks. The TNF-o. was measured in liver tissue using an enzyme-linked
immunosorbent assay (ELISA). Immunohistochemistry and real-time polymerase chain reaction (RT-
PCR) were used to analyze metallothionein gene expression in rat liver. To estimate TNF levels, the results
revealed that levels were considerably higher (P<0.01) in all experimental groups, especially in group 4 which
underwent treatment for 16 weeks (401+22.1 ng/ml), as compared to that in the control group. For the
immunohistochemistry assay, a gradient intensity of staining for liver tissue was observed, ranging from zero
staining in the control group to moderate, medium, and high staining in the experimental groups after 8, 12, and
16 weeks of aluminum chloride treatment, respectively. The greatest amount of methylothionine expression was
observed in the livers of group 4 which received aluminum chloride for 16 weeks (15.5-fold), with a significant
difference (P<0.01) from the other experimental groups. In both immunohistochemical and RT-PCR
experiments, aluminum administration had a substantial influence on TNFa levels and metallothionein
expression in rat livers.

Keywords: Aluminum chloride, Immunohistochemistry, Liver, Metallothionein, RT-PCR, TNF

1. Introduction

Aluminum chloride has industrial and biological
applications, and toxicity research on this compound is
limited to the cases of acute exposure. Aluminum
chloride may infiltrate the food chain, causing animal
and human poisoning (1). Oral absorption of aluminum
chloride is thought to cause genotoxic damage (2).
Prabhakar, Reddy (3) have elucidated the possible
involvement of oxidative stress and altered antioxidant
status in the induction of aluminum toxicity after acute
oral treatment. Several studies have indicated that the

toxicity of aluminum chloride in vitro and in vivo has a
severe impact on cellular shape and components, leading
to apoptosis, as well as DNA and protein damage (4).

In addition, aluminum chloride exposure can result in
genetic damage, inflammatory response, carcinogenicity,
cytotoxicity, the generation of reactive oxygen species
(ROS), and mitochondrial dysfunction (5). The effect is
determined by the amount consumed, the velocity of the
entrance, tissue distribution, concentration reached, and
excretion rate (6). Aluminum toxicity is caused by the
reduction of enzyme activity and protein synthesis, as
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well as alterations in DNA composition and cell
membrane permeability.

Aluminum  chloride  toxicity alters cellular
components and structure (7), protein structure and
function (via activation or inhibition), as well as gene
expression which encodes these proteins (8). The
recognition of the impact of aluminum chloride on gene
coding is a key regulator of its cellular metabolism (9).
TNF-oTNF  is  an  anti-inflammatory  and
proinflammatory cytokine involved in apoptosis,
proliferation, inflammation, immunology, and cirrhosis
(10). The MT-2 gene encodes a low molecular weight
protein that binds to divalent heavy metal ions.

The conserved cysteine residues coordinate metal
ions through mercaptide linkages (11). These proteins
are antioxidants that aid with heavy metal
detoxification and metal homeostasis in the cell (12).
Since MT2A is expressed in a variety of organs,
tissues, and cultured cells, it has received assiduous
attention in recent years due to its important
pathophysiological function in
detoxification, antioxidation, and inflammation (13).
The MT2A upregulates mineral homeostasis, oxidative
stress for detoxification, immune defense, cell cycle
progression, angiogenesis, cell proliferation, and
differentiation; moreover, it has a specific function in
regulating autophagy and apoptosis (14).

The disruption of the metallothionein genes causes
problems with heavy metal protection, oxidative stress,
immunological responses, and carcinogens (15).
Mammalian metallothionein-2A is present in the
nucleus during cell proliferation and regeneration.
Given the importance of the topic, the current study
sought to examine the effect of aluminum chloride
treatment on TNFa level and MT2A expression in the
liver by immunohistochemistry and real-time
polymerase chain reaction (RT-PCR)in rats as an
experimental model.

2. Materials and Methods
A total of 17 male albino rats (230-310 g) were

placed in cages with floors covered with fine sawdust.
The animals received a standard rodent diet and
sanitary water at 20°C-25°C according to Mohammed
(16) and the guidelines approved by the Animal Ethics
Committee of the University of Baghdad. The animals
were assigned to four groups (n=4 in each group) and
were treated with aluminum chloride (Sigma/USA),
25¢/kg weight according to Sanai, Okuda (17) via a
feeding tube as follows:

1. Rats in group 1 received no treatment (Control
group)

2. Rats in group 2 were treated with aluminum
chloride for 8 weeks.

3. Rats in group 3 were treated with aluminum
chloride for 12 weeks

4. Rats in group 4 were treated with aluminum
chloride for 16 weeks.

The rats were thoroughly sedated with an
intramuscular injection of 80 mg/kg ketamine
(Sigma/USA) one week following the final day of
the experiment. The rats were then sacrificed, and
the livers were separated into three sections: the first
was used to estimate TNF levels, the second was
used to determine MT2A expression via RT-PCR,
and the third was fixed in 10% formaldehyde
(Sigma/USA) for 24 h prior to being used in Lynch
(18) 's immunohistochemistry assay.

2.1. Estimation of TNFa Level in Rat Liver

A total of 50 mg of liver tissue was dissolved in 450 mg
lysis buffer (Sigma, USA) by blender, and the mixture
was centrifuged for 15 min (15,000xg at 4°C). A TNFa
kit (Thermo Fisher/USA) was used for the detection of
TNF-o in the liver according to Mohammed (19) and the
manufacturer's instructions at 450 nm absorption.

2.2. Immunohistochemistry Detection

Paraffin blocks were prepared according to Lillie
(20). Immunohistochemistry assay was performed
using antibody and DAB chromogen substrate kit
(Abcam/USA), as well as hematoxylin as nuclear
antibody contrastain, based on Mohammed (21) to
detect MT2A expression in liver tissues.
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2.3. Reverse Transcription Polymerase Chain
Reaction Assay

Total RNA was extracted from liver tissue using the
TRIzol reagent (Thermo Fisher/USA) in accordance
with the manufacturer's instructions. Using an RNA
purification kit (Bioneer/Koria), the RNA pellet was
dissolved in 25 g molecular biology grade water
(Sigma), and the tubes were then frozen.

Sambrook and Russell (22) used Nanodrop
(BioNeer/Korea) to measure RNA concentration and
purity. According to Due to Wang and Seed (23) and
Mohammed, AL-Thwani (24), the RNA-primer
mixture (Thermo Fisher/USA) was prepared by the
addition of RNA to hexamer dNTP and DEPC H;O
random hexamers. Thereafter, it was incubated at 65°C
for 5 min and on ice for 1 min, then briefly mixed with
a reaction mixture (Thermo Fisher/USA) containing
MgCI2 DTT, RNAase, as well as RT, and kept
according to Zhang, Volkmann (25). The RT-PCR was
performed employing SYBR green Mix (2X) (Thermo
Fisher/lUSA) and primers provided by Alpha
DNA/Canada (Table 1). Table 2 illustrates the 25
microliters of real-time mixed reactions incorporating
components. According to Pfaffl, Horgan (26), the
rotation program was followed. Tables 2, 3 and 4
represent the usage of Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as a housekeeping gene.

Table 1. Primer sequence

Primer 5-'3 "forward
MT?2 F Primer TCGCTCGATTTCTACCG
R Primer TGTCGGAAGCCCTTTGC
GAPDH F Primer GTCTTCACTACCATGGAGAAGG
R Primer TCATGATGACCTTGCCAG

Table 2. Polymerase chain reaction components

Ingredient Quantity (ul)
cDNA 0.2
H20 11.3
Primer pair mix (5 pm/ pul) 1
SYBR Green Mix (2x) 125
Final volume 25

Table 3. Polymerase chain reaction amplification program for

MT2 gene
Step Tm (°C) Time Cycles
Initial denaturation 95°C 10 min 1x
Denaturation 94°C 15 sec
Annealing 60°C 30 sec 35X
extension 72°C 20 sec
Final extension 86°C 5 sec 1X
Melting Curve 60-99°C 40 min 1X
Cooling 40°C 30 sec 1X

Table 4. Polymerase chain reaction amplification program for
the GAPDH gene

Step Tm (°C) Time Cycles

Initial denaturation 95°C 10 min 1x
Denaturation 94°C 15 sec

Annealing 58 °C 30 sec 35X
Extend 72°C 20 sec

Final extension 84°C 5 sec 1X

Melting curve 60°C-99°C 40 min 1X

Cooling 40°C 30 sec 1X

2.4. Statistical Analysis

The impact of variations on research parameters was
assessed using SAS statistical analysis system (27). The
one-way analysis of variance (ANOVA) test of least
significant difference was employed to compare the
mean.

3. Results

The TNF-a has a major role to play as an antioxidant,
anti-apoptotic, and anti-inflammatory agent (28). Many
pathologic processes, such as gene expression, aging,
apoptosis, and necrosis, are caused by DNA damage
(29). The MT2A, as a free radical scavenger, has been
also shown to protect cells and tissues against oxidative
stress in studies. Heavy metal exposure is known to
induce  MT2A production, which is a sensitive
biomarker (30). Inflammatory mediators, such as
metals, medicines, and metals, promote MT2
expression in the liver. The MT2 is hypothesized to be
involved in metal metabolism, transport, homeostasis,
and toxicity or detoxification (31).

The MT2 is a direct promoter of tumor formation and
progression by increasing DNA damage and genomic
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instability. Moreover, it interacts with heavy metals,
influencing the intracellular and extracellular metal
distribution and donation to numerous critical factors
and enzymes (32). Regarding the examination of TNF-
o expression in rat liver tissues, the findings revealed
statistically significant (P<0.01) differences in TNF-
expression across the whole groups of aluminum-
treated rats, with the levels varying depending on the
dose of aluminum administered.

The results pointed out that the rats in group 4 which
were treated with aluminum chloride (25 g/kg body
weight/day) for 16 weeks had the highest level of TNF
(401£22.1 ng/ml) with a significant difference
(P<0.01), compared to other groups. On the contrary,
as compared to the control group, all experimental
groups demonstrated a statistically significant increase,
as displayed in table 5.

Table 5. Effect of aluminum chloride on the level of tumor
necrosis factor in rat liver

Groups TNFa (ng/ml) mean+SD
1 65.11+4.3
2 101+4.6
3 198.1+1.51
4 401+22.1
LSD value 49.652**
P-value 0.0001

**(P<0.01), LSD: least significant difference

The MT2 expression levels were found to be
significantly higher in all groups of rats that received
aluminum chloride treatment, as compared to the
control group, and these levels varied depending on
how long the rats had been exposed to aluminum
chloride. The MT2 protein was discovered in the
cytoplasm of hepatocytes and inflammatory cells, and
the accumulation of MT2 protein was evaluated as
follows: The score is 1 for MT2. According to Zhang,
Liu (33), the conditions were classified as negative,
weak, moderate, and strong staining in the presence of
only a small amount of staining, as well as 2%-33%,
33%-79%, and 80% staining, respectively. The current
findings revealed that MT2 expression was observed in
all groups of rats treated with aluminum chloride.

Moreover, it was indicated that there was a definite
relationship between MT2 protein accumulation and
the length of time the rats were exposed to aluminum
chloride. Figure 1 displays the microscopic appearance
of liver tissue sections obtained from rats in group 1
(controls), which contained normal hepatocytes, central
veins, Kupffer cells, and sinuses, as well as negative
staining with DAB against the anti-H&E stain,
implying that there was no changes detected in MT2
protein expression.

Figure 1. Normal central vein (CV), hepatocyte (HC),

Kupffer cell (KC), sinus (S), and negative
immunohistochemistry localization of MT2 staining with
DAB against the H&E staining in liver tissues of Group 1 rats
(control group) (X400)

The MT2 expression was found to be low in liver
tissues taken from rats in group 2 that were treated with
aluminum chloride (25g/Kg of body weight a day for 8
weeks), as shown in figure 2. The faint staining
indicates a poor expression of MT2 in liver tissues
collected from rats.

Figure 2. Liver tissues of group (2) rats (Treatment with
aluminum chloride 25 g/kg body weight/day) for 8 weeks,
showing weak immunohistochemistry localization for MT2
staining with DAB against counterstain H&E dye (X400)

As depicted in figure 3, moderate staining in liver
sections from rats treated with aluminum chloride (25
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o/kg body weight/day) for 12 weeks demonstrated a
moderate expression of MT2.
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Figure 3. Liver tissues from rats in group 3, demonstrating
considerable immunohistochemical localization of MT2
staining with DAB against the counterstain H&E dye after a
12-week treatment with aluminum hydroxide (25 g/kg body
weight/day) (X400)

Strong staining was observed in liver sections of rats
in group 4 treated with aluminum chloride (25 g/kg
body weight) for 16 weeks, represented by MT2
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Figure 4. Rat liver tissues of group 4 (Treated with aluminum
chloride 25g/kg body weight/day) for 16 weeks), illustrating a
strong immunohistochemical localization for MT2 staining
with DAB against counter stain H&E (X400)

When rats were treated with aluminum chloride (25 g kg
body weight/day) for 8 and 12 weeks, the results of RT-
PCR displayed fundamental and time-dependent elevations
in MT2 mRNA expression in the livers of rats in the
experimental groups, even in the lowest exposure period
(9.3-fold) and medium exposure period (11.2-fold) with a
significant difference (P<0.005). Moreover, the rats in
group 4 which were treated with aluminum chloride (25
o/kg body weight/day) for 16 weeks showed the highest
MT2 expression (15.5-fold) with a highly significant
difference (P< 0.01), when compared to the other
experimental groups. Furthermore, all experimental groups

displayed a significant increase, in comparison with the
control group (0.8-fold), as illustrated in figure 5.
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Figure 5. Effect of aluminum chloride treated with 25g/kg
body weight/day) for 0,8,12, and 16 weeks) on MT2
expression in rat liver measured in the real-time polymerase
chain reaction

4. Discussion

As evidenced by the result of this study, aluminum
treatment increased the levels of TNF and MT2
expression in either immunohistochemistry or RT-
PCR, which resulted in liver damage defined by
apoptosis. The first hepatocyte damage triggers a
greater inflammatory response, resulting in increased
MT2 expression in liver tissue (34). In fact, aluminum
chloride treatment elicits a wide range of immune
responses (35). Moreover, it was found that aluminum
chloride treatment caused a significant (P<0.01)
increase in TNFa level, especially in rats in group 4
which were treated with aluminum chloride for 16
weeks, as compared to controls. It can be attributed to
the fact that TNFa is considered a major inflammatory
factor in broad hepatotoxicity, which is produced by
macrophages in inflammatory or damaged tissues (35).

The results also pointed out that aluminum chloride
caused a significant increase in MT2 gene expression in
all experimental groups, particularly group 4 which
revised aluminum chloride (25 g/kg body weight/day)
for 16 weeks, as compared to the control group. The
rats in the experimental groups had elevated MT2
expression and strong staining in liver tissues, as well
as increased expression in RT-PCR. Moreover, a
significant time-dependent increase with grading was
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detected in MT2 expression in both RT-PCR and
immunohistochemistry, as compared to control.

It has been demonstrated that greater bodily damage
is directly related to increased MT2 expression. The
MT2 expression was detected after 8 weeks of
aluminum chloride treatment, whereas overexpression
was detected after 16 weeks, indicating enhanced
hepatotoxicity caused by aluminum chloride (36). The
MT2 may be involved in several liver infections,
toxins, and injuries (31). It is produced when a DNA
injury marker associated with chronic hepatitis
damages tissue (37), is required for normal hepatocyte
propagation during liver regeneration (38), and is a
mediator of hepatotoxicity in several animal models
(39).

To summarize, the results of the current study pointed
out that aluminum chloride treatment had a dramatic
impact on TNF level and MT2 expression in rat livers
in both immunohistochemistry and real-time RT-PCR
assays, necessitating the development of strategies to
protect individuals in order to maintain overall health.

Authors' Contribution

The author read and approved the final version of the
paper. B. J. M. came up with the idea for the study and
did the lab work, animal handling, and data analysis.

Ethics

The animals received a standard rodent diet and
sanitary water at 20°C-25°C according to Mohammed
(16) and the guidelines approved by the Animal Ethics
Committee of the University of Baghdad.

Conflict of Interest

The authors declare that they have no conflict of
interest.

Acknowledgment

The author would like to express his gratitude to the
University of Baghdad's Institute of Genetic
Engineering and Biotechnology for their assistance and
advice with all research needs.

References

1. Rastogi A, Zivcak M, Sytar O, Kalaji HM, He X,
Mbarki S, et al. Impact of metal and metal oxide
nanoparticles on plant: a critical review. Front Chem.
2017;5:78.

2. Balasubramanyam A, Sailaja N, Mahboob M,
Rahman M, Hussain SM, Grover P. In vivo genotoxicity
assessment of aluminium oxide nanomaterials in rat
peripheral blood cells using the comet assay and
micronucleus test. Mutagenesis. 2009;24(3):245-51.

3. Prabhakar P, Reddy UA, Singh S,
Balasubramanyam A, Rahman M, Indu Kumari S, et al.
Oxidative stress induced by aluminum oxide nanomaterials
after acute oral treatment in Wistar rats. J Appl Toxicol.
2012;32(6):436-45.

4, Zhang Q, Li M, Ji J, Gao F, Bai R, Chen C, et al. In
vivo toxicity of nano-alumina on mice neurobehavioral
profiles and the potential mechanisms. Int J Immunopathol
Pharmacol. 2011;24(1 Suppl):23-9.

5. Chen L, Yokel RA, Hennig B, Toborek M.
Manufactured aluminum oxide nanoparticles decrease
expression of tight junction proteins in brain vasculature. J
Neuroimmune Pharmacol. 2008;3(4):286-95.

6. Riihiméki V, Valkonen S, Engstrom B, Tossavainen
A, Mutanen P, Aitio A. Behavior of aluminum in
aluminum welders and manufacturers of aluminum
sulfate—impact on biological monitoring. Scand J Work
Environ Health. 2008:451-62.

7. Bharathi VP, Govindaraju M, Palanisamy A,
Sambamurti K, Rao K. Molecular toxicity of aluminium in
relation to neurodegeneration. Indian J Med Res.
2008;128(4):545-56.

8. Lemire J, Mailloux R, Puiseux-Dao S, Appanna V.
Aluminum-induced defective mitochondrial metabolism
perturbs cytoskeletal dynamics in human astrocytoma cells.
J Neurosci Res. 2009;87(6):1474-83.

9. Takahashi S. Positive and negative regulators of the
metallothionein gene. Mol Med Rep. 2015;12(1):795-9.

10. Chung RS, Howells C, Eaton ED, Shabala L, Zovo
K, Palumaa P, et al. The native copper-and zinc-binding
protein metallothionein blocks copper-mediated AP
aggregation and toxicity in rat cortical neurons. PLoS One.
2010;5(8):12030.

11. Nielsen AE, Bohr A, Penkowa M. The Balance
between Life and Death of Cells: Roles of
Metallothioneins. Biomark Insights. 2007;1:99-111.

12. Penkowa M, Céaceres M, Borup R, Nielsen FC,
Poulsen CB, Quintana A, et al. Novel roles for



Jasim Mohammed et al / Archives of Razi Institute, Vol. 77, No. 4 (2022) 1439-1446 1445

metallothionein-I1+ 11 (MT-I+ II) in defense responses,
neurogenesis, and tissue restoration after traumatic brain
injury: Insights from global gene expression profiling in
wild-type and MT-I+ 1l knockout mice. J Neurosci Res.
2006;84(7):1452-74.

13. Miles A, Hawksworth G, Beattie J, Rodilla V.
Induction, regulation, degradation, and biological
significance of mammalian metallothioneins. Crit Rev
Biochem Mol Biol. 2000;35(1):35-70.

14. Ma H, Su L, Yue H, Yin X, Zhao J, Zhang S, et al.
HMBOX1 interacts with MT2A to regulate autophagy and
apoptosis in vascular endothelial cells. Sci Rep.
2015;5(1):1-14.

15. Krzeslak A, Forma E, J6zwiak P, Szymczyk A,
Smolarz B, Romanowicz-Makowska H, et al.
Metallothionein 2A genetic polymorphisms and risk of
ductal breast cancer. Clin Exp Med. 2014;14(1):107-13.

16. Mohammed BJ. Effect of gasoline inhalation on
tumor necrosis factor-alpha (TNF-alpha) expression in liver
of rats. Biosci Res. 2017;14(3):566-73.

17. Sanai T, Okuda S, Onoyama K, Motomura K, Osato
S, Hori K, et al. Effect of different doses of aluminium
hydroxide on renal deterioration and nutritional state in
experimental chronic renal failure. Miner Electrolyte
Metabol. 1991;17(3):160-5.

18. Lynch MJ. Medical laboratory technology and
clinical pathology. 1969.

19. Jasim B, Mohammed BJ. Investigation on the effect
of different concentrations of chlorine drinking water on
mice livers. Biochem Cell Arch. 2018;18.

20. Lillie RD. Histopathologic technic and practical
histochemistry: The Blakiston; 1954.
21. Mohammed B. Study the inhibitory effect of Thuja

occidentalis against Pseudomonas aeruginosa isolated from
surgical wounds in vitro and in vivo. Int J Sci Nat.
2017;8(2):352-7.

22. Sambrook J, Russell DW. The condensed protocols
from molecular cloning: a laboratory manual. 2006.

23. Wang X, Seed B. A PCR primer bank for
quantitative gene expression analysis. Nucleic Acids Res.
2003;31(24):154.

24. Mohammed BJ, AL-Thwani AN, Kadhim AAA.
Effect of Nicotine Injection on Tumor Suppressor Gene
P53 Expression in Lung of Mice. Indian J Ecol.
2020;47(12):41-4.

25. Zhang CC, Volkmann M, Tuma S, Stremmel W,
Merle U. Metallothionein is elevated in liver and

duodenum of Atp7b (/) mice. BioMetals.
2018;31(4):617-25.

26. Pfaffl MW, Horgan GW, Dempfle L. Relative
expression software tool (REST®) for group-wise
comparison and statistical analysis of relative expression
results in real-time PCR. Nucleic Acids Res.
2002;30(9):36.

217. Cary N. Statistical analysis system, User's guide.
Statistical. Version 9. SAS Inst Inc USA. 2012.

28. Wang Z, Li S, Cao Y, Tian X, Zeng R, Liao D-F, et
al. Oxidative stress and carbonyl lesions in ulcerative
colitis and associated colorectal cancer. Oxidative Med
Cell Longev. 2016;2016.

29. Madureira PA, Waisman DM. Annexin A2: the
importance of being redox sensitive. Int J Mol Sci.
2013;14(2):3568-94.

30. Viarengo A, Ponzano E, Dondero F, Fabbri R. A
simple spectrophotometric method for metallothionein
evaluation in marine organisms: an application to
Mediterranean and Antarctic molluscs. Mar Environ Res.
1997:44(1):69-84.

31. Coyle P, Philcox J, Carey L, Rofe A.
Metallothionein: the multipurpose protein. Cell Mol Life
Sci. 2002;59(4):627-47.

32. Qiao X, Ma Z-Y, Shao J, Bao W-G, Xu J-Y, Qiang
Z-Y, et al. Biological evaluation of a cytotoxic 2-substituted
benzimidazole copper (1) complex: DNA damage,
antiproliferation and apoptotic induction activity in human
cervical cancer cells. Biometals. 2014;27(1):155-72.

33. Zhang H, Liu X, Warden CD, Huang Y, Loera S,
Xue L, et al. Prognostic and therapeutic significance of
ribonucleotide reductase small subunit M2 in estrogen-
negative breast cancers. BMC Cancer. 2014;14(1):1-16.

34. Schwabe RF, Brenner DA. Mechanisms of liver
injury. 1. TNF-a-induced liver injury: role of IKK, JNK,
and ROS pathways. Am J Physiol Gastrointest Liver
Physiol. 2006;290(4):583-9.

35. Beggs KM, Fullerton AM, Miyakawa K, Ganey PE,
Roth RA. Molecular mechanisms of hepatocellular
apoptosis induced by trovafloxacin-tumor necrosis factor-
alpha interaction. Toxicol Sci. 2014;137(1):91-101.

36. Chakraborty JB, Oakley F, Walsh MJ. Mechanisms
and biomarkers of apoptosis in liver disease and fibrosis.
Int J Hepatol. 2012;2012.

37. Raudenska M, Gumulec J, Podlaha O,
Sztalmachova M, Babula P, Eckschlager T, et al.
Metallothionein polymorphisms in pathological processes.



1446 Jasim Mohammed et al / Archives of Razi Institute, Vol. 77, No. 4 (2022) 1439-1446

Metallomics. 2014;6(1):55-68. 39. Krizkova S, Kepinska M, Emri G, Rodrigo MAM,
38. Guicciardi ME, Malhi H, Mott JL, Gores GJ. Tmejova K, Nerudova D, et al. Microarray analysis of
Apoptosis and necrosis in the liver. Compr Physiol. metallothioneins in human diseases—A review. J Pharm

2013;3(2). Biomed Anal. 2016;117:464-73.



