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Abstract

Background: Chronic kidney disease (CKD) is a major worldwide public health concern. A
hallmark that is shared by all progressive chronic kidney diseases is tubulointerstitial fibrosis.
Prolonged exposure to high amounts of carbon tetrachloride (CCLA4), especially in vapor
form, can cause kidney injury. Autophagy played a major role in stress adaptation and organ
homeostasis maintenance. Impaired autophagy has frequently been associated with renal
damage and fibrosis.

Objectives: The aim of this work is to assess the kidneys' histopathological response to CCl4
and the potential involvement of autophagy in this disease.

Materials and Methods: Twenty adult male albino rats were randomly divided into two
equal groups (10 rats, each); Group 1: Control group. Group 2: The CCl4 group, rats were
received CCl4, 1.5 mg/kg twice weekly subcutaneously (S.C) for 12 weeks. After sacrifice,
kidneys were taken from all animal groups and processed for light microscopy,
Immunological studies, Biochemical tests and statistical analysis were done.

Results: When CCL4 was administered, the kidney tissue underwent histological alterations,
including areas of tissue breakdown, inflammatory cell infiltration, congestion and fibrosis.
Conclusion: Renal adverse effects, including inflammation, degeneration, and subsequently
fibrosis, were brought on by CCl4 treatment for a duration of 12 weeks. One of the key
processes via which CCl4 damages tissue is autophagy suppression.
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Introduction

Renal fibrosis is the main histologic
characteristic of CKD. Worldwide, about
10% of persons suffer from CKD (Bikbov
et al.,, 2020). The disease is becoming
more common each year and is one of the
main illnesses threatening the public's
health. The US Centers for Disease
Control and Prevention estimated that 7%
of elderly people may eventually develop
end-stage renal disease (ESRD), which
necessitates kidney transplantation or
dialysis to survive (Keith et al., 2004).
Target organs primarily impacted by
xenobiotics are the liver and kidney (Aziz
et al, 2022). CCH4 is a frequently
employed toxin that is utilized to induce
organ toxicity in experimental settings.
Covalent binding to protein membranes
and increased lipid peroxidation, which
results in tissue damage, are two distinct
mechanisms by which the chemical
molecule CCl4 facilitates oxidative stress
and cell death (Morsy et al., 2021). A
common solvent in the chemical industry
is CCl4. It is also widely documented to
have harmful effects on the kidneys, liver,
brain and lungs. Serious health risks are
imposed by it (Baig and Khan, 2023).

Almost all eukaryotic cells have

basal levels of autophagy, which is
responsible  for maintaining cellular
homeostasis (Li et al., 2021). Autophagy
is a highly conserved lysosomal protein
degradation system that breaks down
protein aggregates, damaged organelles,
and even invasive infections (Mizushima
et al.,, 2008). Moreover, autophagy is a
required adaptive process for cell survival
and can be triggered by metabolic,
genotoxic, or hypoxic stress signals
(Mizushima and Levine, 2020).

Autophagy provides protection against
injury to renal cells (Tan et al., 2018). On
the other hand, a lack of autophagy
increases the kidney's susceptibility to
injury, increasing the risk of renal fibrosis,
decreased renal function, and an
accumulation of damaged mitochondria
(Gui et al., 2021). However, other studies
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have shown that persistently inducing
autophagy is harmful to the kidney after
significant injury, leading to renal cell
senescence and promoting renal fibrosis
through the release of profibrotic cytokines
(Zheng et al., 2019).

The aim of the current work is to
assess the kidneys' histopathological
response to CCL4 and the potential
involvement of autophagy in this disease.
Materials and Methods
I- Chemicals
CCl4 solution was purchased from Sigma
Co., St. Louis, USA.

Olive oil was purchased from a local
supermarket.
Antibody against P62 was obtained from
Cell Signaling (Danvers, MA, USA).
I1- Animals

A total of 20 adult male albino rats, 8
weeks of age, 200-250 gm in weight, were
bought from the Assiut University animal
house and kept in hygienic, roomy cages,
with up to 4 rats per cage. The rats were
kept in an aerated room with a natural
light-dark cycle of 12 hours, with water
and regular rat pellets as their meal. The
temperature was kept at 25 £ 5°C. Qena
Faculty of Medicine, South Valley
University, Egypt's Institutional Animal
Research ~ Committee  accepted  the
experimental protocol, and it was
conducted in accordance with the ethical
guidelines that were suggested by the same
university. The full ethical committee
approval code is: (SVU, MED, HIS002, 2,
6/2021, 208).

Experimental Groups: The rats
were randomly divided into two groups,
ten animals each as follows: Group 1
(control group): Rats received distilled
water orally at a dose of 0.5mg/kg daily by
intragastric tube.

Group 2: (CCL4 group): Rats received
CCL4 S.C dissolved in olive oil in 50:50
percentage at a dose of 1.5 ml/kg twice
weekly for 12 weeks (Barakat and
Almundarij, 2020). At the end of the
experiment, all animals were sacrificed
under general anaesthesia, and kidneys
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from each animal group were removed by
decapitation via a median abdominal
incision. The kidneys were then processed
for immunological research, biochemical
testing, statistical analysis, and light
microscopy.

For Light microscopy: Kidney
specimens were extracted from each
group, preserved in 10% formalin, cleaned
in 70% alcohol, dried using increasing
alcohol concentrations, embedded in
paraffin, sectioned using a microtome at a
thickness of 5 pm, and stained with the
subsequent dyes:

I- Routine hematoxylin and eosin
(H&E) stain: for  routine
histological examination.

2- Masson's trichrome stain: for
demonstration of collagen fibers.
All staining methods were done
according to Bancroft and Layton
(Bancroft and Layton, 2013).

3- P62 positive cell recognition via
IHC staining. Using a Leica
microscope equipped with a digital
camera, pictures of the examined
slides were taken.

Biochemical study: First, blood
samples were centrifuged for 15 minutes at
3000 rpm per minute (rpm). The non-
hemolyzed, transparent supernatant sera
were extracted and stored at -20°C until
needed for  examination.  Spectral
diagnostic kits (Spectrum®, Hannover,
Germany) were used to measure the
amounts of blood urea, serum creatinine,
blood albumin, and serum uric acid
(mg/dL). Commercial kits were used to
test serum albumin (gm/dl).

Morphometric  study:  Masson’s
Trichrome  stained  sections  were
morphometrically analysed. The mean
percentage area of collagen fibers was
measured in Masson’s trichrome stained
sections in all groups by using image j
software. The number of P62 positive cells
were compared in the groups of the study.
A computerized image analyzer system
software (Leica Q 500 MCO, Leica) and a
camera attached to a Leica universal
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microscope at the Histology Department,
Faculty of Medicine, Assiut University
were used.

Statistical analysis

Data was collected, coded, revised, and
entered into the Statistical Package for
Social Science (IBM SPSS) version 27.
Data were tested for normality using the
Kolmogorov-Smirnov and Shapiro-Wilk
tests. The data were presented as mean +
standard deviations (SD) for the numerical
variables with parametric distribution.
Student t-test was used in the comparison
between two groups with quantitative data
and parametric distribution.

The  p-value was  deemed
significant as follows:* p > 0.05:
Nonsignificant (NS) ¢ p < 0.05: Significant
(S)s p <0.01: Highly significant (HS).
Results
H&E-stained sections
H&E-stained kidney slices from control
rats demonstrated normal renal cortex
architecture (Fig. 1), with renal corpuscles
featuring glomeruli with normal cellularity
encircled by Bowman's capsule and
capsular spaces. Numerous proximal
convoluted tubules (PCT) Ilined by
pyramidal cells and distal convoluted
tubules (DCT) lined by cubical -cells
encircle renal corpuscles. These cells'
nuclei are basophilic, while their
cytoplasm is acidophilic (Fig. 2).

When compared to the control rats, the
kidney experienced significant histological
damage as a result of CCL4 treatment.
Investigating renal cortical slices from rats
treated with CCl4 revealed damaged
Malpighian corpuscles, exhibiting
glomeruli that are deformed and shrunken,
with some capsular spaces becoming wider
and certain Bowman's capsules becoming
thicker (Figs. 3,4 and 5).

The tubular epithelial cells displayed
hazy (vacuolar) swellings, degeneration,
and shedding, while the tubules appeared
dilated with uneven walls and casts in their
lumens. In addition to interstitial
hemorrhages, the PCT brush borders have
disappeared  (Fig. 6). Additionally,
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Fig. 1. Photomicrograph of kidney section stained with hematoxylin-eosin stain from control
rats, showing normal histological architecture of the rat kidney cortex, normal glomeruli (G),
normal Bowman's space, normal PCT and DCT (H&E, x400) .
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Fig. 2. Photomicrograph of kidney section of control group at higher magnification showing
normal histological architecture of the rat kidney cortex, normal glomeruli (G), normal
Bowman's space, normal PCT and DCT (H&E, x1000).

.\,',

Fig. 3. Photomicrograph of CCL4 treated kidney section showing loss of normal architecture
of renal cortex. Malpighian corpuscles display shrunken and distorted glomeruli (G) with
widening of the capsular spaces, the renal tubules are destroyed (*) (H&E, x400).
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Fig. 4. Photomicrograph of CCL4 treated kidney section at higher magnification showing
distorted and congested glomerulus (G). The surrounding proximal and distal tubules (rt) are
dilated, irregular with vacuolar degeneration of their lining cells (arrows), some lumens
contain casts (*) may be shredded and necrotic epithelium (H&E, x1000).

o

Fig. 5. Photomicrograph of CCLA4 treated kidney section showing renal tubules (rt) with
vacuolar degeneration of their lining cells, some lumens contain casts (*), may be shredded

Fig. 6. Another photomicrograph of CCL4 treated kidney section showing destructed renal
tubules, congestion of blood vessels (BV) and interstitial hemorrhages (arrow) (H&E, x400).
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Fig. 7. Photomicrograph of CCL4 treated kidney section showing dilated renal tubules (rt)
with vacuolar degeneration of their lining cells (downward arrows), some lumens contain
casts (*), may be shredded and necrotic epithelium, the upward arrows refers to inflammatory

cell infiltrations (H&E, x1000) .

Masson’s trichrome-stained sections

The interstitial connective tissue
composition of the renal tissues varied
noticeably between the treated and control
sections. Little interstitial connective tissue
was visible surrounding the glomeruli and
tubules in the control sections of the renal
tissues stained with Masson's trichrome
(Fig. 8).

The interstitial connective tissue
content greatly increased in the renal
tissues of rats treated with CCl4; this
increase was mainly seen in the intra-
glomerulus, around the renal corpuscles, in
the intertubular spaces, and around the
blood vessels (Fig. 9).

Fig. 8. Photomicrograph of kidney sections stained with Masson’s trichrome stain from
control group showing scanty interstitial connective tissue and low collagen content
surrounding the glomeruli and tubules (arrows) (Masson’s trichrome, x400).
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Fig. 9. Photomicrograph of CCl4 treated sections exhibited an extensive increase in the
connective tissue content in the glomeruli (G), peri-glomerular spaces (arrowheads),
surrounding the blood vessels (BV), and in the intertubular spaces (arrows) (Masson’s

trichrome, x400).

The mean percentage area of
collagen fibers was calculated using Image
J software. Between the test groups, there
was a statistically significant difference
(p<0.001). The percentage of fibrosis was

found to be considerably higher in group 2
(CCLA4) compared to group 1 (control)
(26.6460 = 291320 % vs. 8.5510 =+
1.03218%, respectively; p< 0.001)
(Table.1, Chart.1).

Table 1. Autophagy marker (P62) and fibrosis among the studied groups

Parameters Group (1) Group (2) P value
Mean = SD Mean = SD

Anti-P62 (%) 13.8123 £2.06323 | 33.2946 + 3.42240 | <0.001*

Fibrosis area (%) | 8.5510 + 1.03218 26.6460 £2.91320 | <0.001*

Fibrosis area (%)

30

25

20

15

10 8.551

Group 1

26.646

Group 2

Chart 1. Mean percentage of the fibrosis area among the tested groups.

Immunohistochemical observations for P62 (Autophagy marker):

As compared to control rats (Fig. 10), the
CCl4-treated group displayed more

cytoplasmic immunoreactivity, as
evidenced by the brown color in the renal
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tissues of the rats (Fig. 11).This was for P62 expression.
according to the results of i image analy51s
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Fig. 10. Photomicrograph of kidney tissue sections stained with Anti P62 immunostaining

from a control rats showed low levels of immunoreactivity for P62 in the renal tubules (rt) as
shown by the brown staining (x400).

Fig.11. Photomlcrograph of kidney tissues of the CCLA4-treated group exhibited stronger and
widespread immunoreactivity for P62 compared to previous group as shown by the brown
coloration in the renal tissues (x400).

There was a statistically significant Group 1(control) than in Group 2 (CCl4)
difference between the control and CCL4 (13.8123 £2.06323 vs. 33.2946 + 3.42240,
groups regarding autophagy marker; p< respectively, p< 0.001), (Table.1, Chart
0.001. Anti-P62 was significantly lower in 2).

ANTI-P62 .,
6

35
30

25
20 13.812

15
10

Group 1 Group 2
Chart 2. Mean of the anti-P62 among the tested groups.

946



Adly et al. (2024)

Kidney function tests

The nephrotoxicity induced by CCl4
was demonstrated by measuring renal
chemistry. There was a statistically
significant difference between the tested
groups (p<0.001). The higher blood urea,
creatinine and uric acid levels were found
in CCL4 group which was significantly
higher than control group (p<0.001). The
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lower albumin level reported in CCLA4
group was significantly lower than control
group (p<0.001).(Table 2). Serum urea
level was significantly higher among
group 2 than group 1 (49.8760 = 4.14679
mg/dL vs. 20.1760 = 0.92790 mg/dL,
respectively, p< 0.001) (Table 2, Chart.3

).

Table 2. Renal chemistry among the tested groups* Student t-test

Parameters Group (1) Group (2) P value
Mean = SD Mean = SD

Urea (mg/dL) 20.1760+£0.92790 | 49.8760+ 4.14679 | <0.001*

Creatinine (mg/dL) | 0.8280 + 0.08230 | 2.4660 + 0.44290 | <0.001*

Uric acid (mg/dL) 1.7160 £0.11481 | 2.7320+0.17106 | <0.001*

Albumin (g/dL) 3.5740 £0.06310 | 2.3660 +0.31038 | <0.001*

blood urea (mg/dl)

60

50

40

30

20.176

20

10

group

1

49.876

group 2

Chart 3. Column graphic presentation of the mean of blood urea level among the tested

Serum creatinine was significantly
higher among group 2 than group 1
(2.4660 + 0.44290 mg/dL vs. 0.8280 =+
0.08230 mg/dL, respectively, p< 0.001)
,(Table 2, Chart 4 ). Serum uric acid was
significantly higher among group 2 than in
group 1 (2.7320 + 0.17106 mg/dL vs.

groups.

+

1.7160 0.11481 mg/dL, respectively,
p<0.001), ( Table 2, Chart 5). Finally,
Albumin level was lower in group 2 than
in group 1 (2.3660 + 0.31038 g/dL vs.
3.5740 = 0.06310 g/dL, respectively, p<
0.001), (Table.2, Chart.6).

Creatinine (mg/dl)

0.828

Group 1

2.466

Group 2

Chart 4. Column graphic presentation of the mean of the serum creatinine level among the
tested groups.
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Serum uric acid

2 1.716

Group 1

2.732

Group 2

Chart 5. Column graphic presentation of the mean of the serum uric acid level among the
tested groups.

Serum Albumin
(g/dl)

4 3.574

Group 1

2.366

Group 2

Chart 6. Column graphic presentation of the mean of the serum albumin level among the
tested groups.

Discussion

In this work, the damaging
consequences of a 12-week CCL4 therapy
were examined in adult male albino rat
kidneys, as well as the possible impact of
autophagy on these outcomes.

Based on our research, H&E-stained
kidney tissue slices revealed smaller,
deformed renal corpuscles with expanded
capsular spaces, thickened bowman's
capsules in certain instances, and
hemorrhages in the majority of the
glomeruli. The majority of renal tubules
were deformed, showing cloudy swellings
and degeneration of epithelial cells. In
their lumens, there were casts or necrotic
epithelium. A thicker basal lamina was
present in some tubules. Renal blood

vessels were also congested with areas of
interstitial hemorrhages.

The main target organs impacted by
xenobiotics are the liver and kidneys (Aziz
et al., 2022). CCly is a chemical compound
that promotes the process of oxidative
stress and cell destruction. It is still
possible to find CCl4 in firefighting
equipments (extinguishers), pesticides, and
cereals that have been disinfected
(fumigated). CCl14 is an established
experimental drug for the creation of
hepatotoxicity and neprotoxicity models,
since it is known to cause liver and kidney
fibrosis in humans (Yeh et al., 2013).

The process by which CCl4 converts to
highly toxic free radicals of
trichloromethyl radicals («CCI) and
trichloromethyl peroxyl radical (¢CCl302)
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via the cytochrome P450 enzyme can be
used to explain the oxidative damage
produced by lipid peroxidation that occurs
in tissues as a result of CCI4 (Que et al.,
2022).

Lipid peroxidation occurs as a result of
these  dangerous free radicals in
phospholipid-rich membrane-like
structures such as the mitochondria and
endoplasmic  reticulum (ER). Lipid
peroxidation caused by CCl4 results in ER
stress, mitochondrial stress, and oxidative
stress. Free radicals initiate several
biological processes, such as necrosis,
autophagy, ferroptosis, and apoptosis
(Unsal et al., 2021).

Our results regarding CCL4 destructive
effects align with a number of earlier
studies. Ma et al. (2021) demonstrated that
CCL4 caused an inflammatory response
and renal fibrosis in mice by lowering the
amount of Nuclear factor erythroid 2-
related factor 2L (Nrf2), a critical regulator
of antioxidant proteins involved in the
control of antioxidant gene transcription
and the regulation of oxidative stress,
fibrosis, inflammation, and apoptosis.
Alzahrani et al. (2024) reported lowered
levels of catalase (CAT) and superoxide
dismutase (SOD), indicators of liver and
kidney tissues antioxidant capacity, in rats
subjected to CCL4, but the level of
malondialdehyde (MDA), a pro-oxidative
marker, was markedly increased. El-Refai
et al. (2024) documented reduced levels of
glutathione (GSH), a potent endogenous
antioxidant, and the total antioxidant
capacity (TAC) in relation to hepatorenal
damage caused by CCl4. Interleukin-6 (IL-
6), tumor necrosis factor-o (TNF-a)), TNF-
1B, and interleukin-10 (IL-10) were among
the inflammatory cytokines that Shi et al.
(2024) demonstrated their greater amounts,
causing fibrosis to develop in CCl4 rats.
Meanwhile, Zhao et al. (2024) found that
CCl4 increased liver fibrosis markers;
hyaluronic acid (HA), collagen type IV
(CIV), N-terminal propeptide of type III
procollagen (PIIINP), and laminin (LN),
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oxidative stress (SOD, MDA, GSH), and
inflammatory factors (IL-6, TNF-a).

The last stage of CKD is kidney
fibrosis, during which renal tissue
regeneration takes place in interstitial
tubules by forming a significant amount of
extracellular matrix (ECM) (Ruiz-Ortega
et al.,, 2020). Renal tubular epithelium-
derived myofibroblasts create ECM.
Epithelial mesenchymal transition; EMT,
is the term for this process that moves the
tubular epithelium in an interstitial course
(Sheng and Zhuang, 2020). CCl4
prolongs damage to kidney tubules and
glomerular cells, which results in a
constant generation of pro-inflammatory
cytokines like TNF-a and IL-6 (Lin and
Hsu, 2020). Overexposure to TNF-a and
[L-6 impairs normal regeneration and
triggers the EMT process (Li et al., 2016).

Our study's CCL4 and control groups
have notably varied interstitial connective
tissue  compositions. The  Masson's
trichrome stain was applied to demonstrate
this, and Image J software was utilized to
provide the morphometric confirmation of
the findings by calculating the mean
percentage area of collagen in each
experimental group. Rats subjected to
CCLA4 showed an expansion of their ECM.

According to Ma et al. (2021), Lamia
et al. (2021), and Singh et al. (2024),
CCL4 plays a significant role in the
beginning of  fibrosis in rats
which supported our findings. It was found
by Susilo et al . (2022) that o-SMA
expression (the key indicator of
myofibroblast activation) was increased by
CCl4.

Regarding the impact of CCL4 on renal
chemistry, our results aligned with those of
Baig and Khan (2023) and Ben Mansour
et al. (2024), who documented renal
damage caused by CCL4 in rats. In
contrast to the control group, it was clear
that CCl4 decreased blood albumin and
increased blood levels of urea, uric acid,
and creatinine. They states that glomerular
cell and kidney tubule toxicity are caused
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by the effects of CCl4 metabolism in the
body.

Numerous renal illnesses, including renal
fibrosis, have been linked to the
pathophysiology  of  autophagy, an
important stress-responsive system (Liang
et al., 2022). Autophagy plays a
significant role in adult renal resident cells
and is intimately associated with the
advancement of renal fibrosis (Dai et al.,
2022). Autophagy can be triggered by a
variety of cellular stresses, such as
invasive infections, hypoxia, reactive
oxygen species (ROS), stress on the ER,
DNA damage, and immunological signals.
However, it is unknown exactly how
autophagy functions in various renal cell
types during renal fibrosis (Shu et al.,
2021).

The  ubiquitin-proteasome  system
(UPS) and autophagy, are two important
quality control processes that facilitate the
effective removal of damaged proteins and
protein aggregates. Both pathways are
essential  for  maintaining  cellular
homeostasis (Pohl and Dikic, 2019).
Autophagy facilitates the removal of
cellular ubiquitinated aggregates, while the
UPS primarily uses proteasomes to break
down ubiquitinated misfolded proteins
(Mizushima, 2018). Selective autophagic
clearance of ubiquitinated proteins is a
UPS  compensatory  strategy  when
proteasome activity decreases with age or
in response to environmental stressors
(Matsumoto et al., 2011). The purpose of
the current study was to better understand
how kidney autophagy is affected by
CCL4 administration, so we measured the
level of P62 (autophagy marker) in the
tested groups.

Autophagy receptors mediate selective
autophagy by identifying and reserving
certain cargo for the autophagosome. The
autophagosome then merges with a
lysosome, where ubiquitinated proteins are
hydrolyzed by lysosomal hydrolases
(Lamark and Johansen, 2021).

P62 is an autophagy receptor that takes
role in the autophagic removal of
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ubiquitinated proteins before autophagy
activation degrades it and its cargo
(Kumar et al., 2022).

A Phox1 and Bemlp (PB1) domain, a
microtubule-associated protein 1 light
chain 3 (LC3)-interacting region (LIR),
and a ubiquitin associated (UBA) domain
are among the several domains that make
up P62. During selective autophagy, P62
interacts with LC3 on autophagosomes
through its LIR domain and uses its UBA
domain to bind to ubiquitinated proteins.
This  interaction eventually  causes
ubiquitinated proteins to be degraded by
lysosome fusion (Isogai et al., 2011).
Through the formation of insoluble
cytoplasmic inclusions called P62 bodies,
P62 in cells facilitates the assembly and
removal of ubiquitinated proteins (Sun et
al., 2018). It has been demonstrated that a
number of P62-binding partners and
posttranslational P62 changes, change the
behavior of P62 droplets which controls
P62-mediated selective autophagy
(Kageyama et al., 2021, Feng et al.,
2022).

It is not known how autophagosomes
effectively trap phase-separated P62
droplets, despite the fact that P62-mediated
selective  clearance of ubiquitinated
proteins depends on the interaction of
membrane-associated LC3 with the LIR of
P62 so P62 decreases when autophagy is
activated (Feng et al., 2022).

Our study showed that, in comparison to
the control group, rats exposed to CCL4
had significantly higher levels of P62
protein in their kidney tissues. This shows
that renal fibrosis due to CCLA4
administration has the effect of inhibiting
autophagy. Chen et al. (2024) examined
autophagy and ferroptosis-related gene
targets in the renal tissues of patients with
CKD and discovered a substantial
upregulation of P62 mRNA expression in
this condition. Their results were
consistent with our findings.

Numerous approaches have been taken
to investigate the function of autophagy in
fibrosis (Tang et al., 2020). Autophagy
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shields tubular cells from apoptosis and
stimulates cellular regeneration following
acute kidney damage (Lin et al., 2019).
Nevertheless additional research has
discovered that persistently triggering
autophagy is detrimental to the kidney
following severe damage, resulting in the
senescence of renal cells and encouraging
renal fibrosis by releasing profibrotic
cytokines (Zheng et al., 2019). Therefore,
the specific role of autophagy in renal
fibrosis remains unknown.

Conclusion
Treatment with CCl4 for a period of 12
weeks, resulted in unfavorable

consequences on the kidneys, such as
inflammation, degeneration and eventually
fibrosis. The downregulation of autophagy
in renal tissues exposed to CCL4 is one of
the main mechanisms by which the
chemical causes tissue damage. This was
observed in our research by an increase in

P62 level.
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