Does Chitosan Introduce Protection Against Methotrexate-
Induced Hepatorenal Injury in Rats?
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ABSTRACT

Objective: Chitosan possesses antioxidant properties and exhibits anti-inflammatory characteristics. The objective of the investigation was
to assess the effectiveness of chitosan in protecting against hepatorenal injury induced by methotrexate (MTX), a medication utilized for
immunosuppression and chemotherapy.

Methods: Wistar albino rats were allocated into 3 different groups, each consisting of six animals (n=6). The control group received saline for
5 days (i.p.), the MTX group was administrated a single dose MTX (60 mg/kg, i.p.) along with saline for four days (i.p.), while MTX+Chitosan
group received a single dose of MTX (60 mg/kg, i.p.) followed by Chitosan administration (200 mg/kg, i.p.) for four days. On the sixth day,
the animals were decapitated, and blood and tissue samples were collected. BUN, creatinine and tissue inhibitors of metalloproteinase-1
(TIMP-1) levels and activities of AST, ALT, ALP, LDH, matrix metalloproteinases (MMP-3, MMP-8, MMP-9) activities were quantified in the
blood. The liver and kidney were evaluated for caspase-3 and-9 through western blotting, while structural damage was examined using light
microscopy.

Results: In the MTX administered group, blood and tissues values except for all TIMP-1 statistically increased when compared to the control
group, while activity of TIMP-1 decreased significantly. The Chitosan-treated MTX group had comparable values to the control group.

Conclusion: Based on its influence on metalloproteinases and caspases, our findings lead to the conclusion that Chitosan offers a protective
effect against liver and kidney damage induced by MTX.
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1. INTRODUCTION

Methotrexate (MTX) is an inhibitor of dihydrofolate reductase
(DHFR) that is involved in the treatment protocols of cancer
and autoimmune disorders. It has been shown to cause
hepatorenal damage via different oxidative and inflammatory
mechanisms (1-3).

levels becomes a critical determinant of MMPs’ efficacy in
maintaining tissue homeostasis (6, 7). Caspases serve as
the principal executors of apoptosis, and numerous studies
have demonstrated their involvement in MTX-induced tissue
injuries, including oral and hepatorenal tissues (8, 9).

Matrix metalloproteinases (MMP) activation has been
associated with inflammation, angiogenesis, embryogenesis,
and apoptosis. Furthermore, it augments caspase (Casp)
activity, impacts hemodynamic parameters, and induces
hepatorenal damage during MTX administration (4, 5).
MMPs, which are proteolytic enzymes integral to the
extracellular matrix, perform crucial functions in a range
of biological processes, encompassing inflammation and

Chitosan, utilized in diverse medical applications, has
demonstrated protective effects attributed to its antioxidant
and anti-inflammatory properties in numerous studies on
inflammation and toxicity (10-12). While investigations
have explored the protective effects of various antioxidant
and anti-inflammatory drugs against MTX toxicity, the
issue of hepatorenal damage remains significant in MTX

tissue repair. Tissue inhibitors (TIMPs) naturally inhibit
MMPs by effectively regulating their activity. TIMPs bind
to MMPs in a unidirectional manner, exerting inhibitory
effects. Consequently, the balance between MMP and TIMP

administration (10-12). However, as of now, there is no
evidence to suggest the efficacy of chitosan in ameliorating
drug-induced hepatorenal injury, which limits its use as a
treatment option in methotrexate therapy (9, 13).
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In the present study, we utilized MTX to induce liver and
kidney damage in order to examine the effect of chitosan
on MTX-induced hepatorenal injury. Rats were chosen as
the experimental model to assess the potential protective
efficacy of chitosan against MTX-induced hepatorenal injury.
Based on these considerations, the aim of our study was
to assess the protective effects of chitosan against MTX-
induced hepatorenal injury by examining MMPs, caspases,
and conducting a histopathological examination.

2. METHODS

According to the 1964 Helsinki Declaration’s guiding
principles, this study was carried out. The Local Animal
Experiments Ethics Committee of the Near East University
was authorized to approve the study protocol (Decision
no: 2020/111). The experiment was carried out in a single
center as a single-blind, randomized, controlled study. A
total of eighteen Wistar albino rats, including both males
and females, were allocated into three groups (n=6). The rats
were housed following standard laboratory conditions. The
control group was administered oral saline exclusively for a
duration of 5 days. Conversely, the MTX group received an
intraperitoneal dose of 60 mg/kg MTX on day 1, followed by
intraperitoneal administration of saline for the subsequent
4 days (14). The MTX + Chitosan group, on the other hand,
received a single intraperitoneal dose of 60 mg/kg MTX,
followed by four days of oral gavage with 200 mg/kg Chitosan
(15, 16). Following the sacrifice of the animals on day 6,
blood and tissue samples (liver and kidney) were collected
from each subject. Low molecular weight chitosan (50-190
kDa) was used in this study because it has been shown to
significantly decrease tumor growth, whilst high molecular
weight has not been shown to have any effect. Chitosan has
a deacetylation level of 75-85%, making it suitable for use
in biomedicine including tissue regeneration, inflammation,
and cancer therapy (17, 18).

2.1. Biochemical Assays

Biochemical indicators including alanine transaminase (ALT),
lactate dehydrogenase (LDH), aspartate aminotransferase
(AST), blood urea nitrogen (BUN), and creatinine were
measured and evaluated using commercially available test
kits (Mindray, Shenzen, China). Specific enzyme immunoassay
test kits designed for rats were utilized to determine the
activity levels of MMPs (MMP-3, MMP-8, and MMP-9) and
TIMP-1 levels (MMP-3 E-EL-R0619, MMP-9 E-EL-R302 from
Elabscience, Wuhan, China; MMP-8 ELR-MMPS8 and TIMP-1
ELR-TIMP-1 from RayBiotech Life Inc., Norcross, GA, USA).

2.2. Histopathologic Evaluation

Structural damage to tissues was evaluated under the light
microscope. Formalin solution (10%) was used for the fixation
of liver and kidney tissues. The 4 um thick slices cut from
paraffin blocks obtained during standard histological tissue

processing. Routine staining with hematoxylin and eosin was
conducted on these slices. Subsequently, the sections were
examined using a light microscope.

2.3. Western blotting

Each group’s dissected tissues were homogenized before
being centrifuged at 2000g for 10 min. According to the
Lowry method, the quantity of protein in each sample was
50 pg. The samples were then loaded onto SDS (12%) PAGE
gels. Samples were separated according to their protein
weights and transferred to the nitrocellulose membranes
(Schleicher and Schuell, 0.45 m, Germany for 75 min at 90
V) and incubated with primary antibodies [caspase-3 (casp-3;
sc-56053) and caspase-9 (casp-9; sc-56076) 1:200 dilution, at
+4° C], while all membranes were standardised with B-actin
(1:100; sc-130657) and analysed with a free program for
densitometric analysis (www.totallab.com).

2.4. Statistical Analysis

The statistical analysis was performed using Prism 7.0
software (GraphPad, CA, USA). Significances among sample
means were assessed using the TUKEY'’s test following a one-
way analysis of variance (ANOVA). A significance level of
p<0.05 was employed to determine statistical significance.

3. RESULTS

Administration of MTX resulted in elevated levels of
biochemical indicators, including AST, ALT, LDH, BUN, and
creatinine, compared to the control group. However, after
treatment with Chitosan, a significant reduction in the
changes of these biochemical parameters was observed
compared to the group that received MTX (p<0.05; p<0.01)
(Table 1).

Table 1. Serum a) AST and b) ALT c) BUN, d) Creatinine and e) LDH
activities of all groups (n=6) in hepatorenal damage induced by MTX
in rats.

Control MTX MTX-Chitosan
AST (U/L) 103.4+16.1 | 199.1+16.6 ** | 129.9+12.5*
ALT (U/L) 443+48 89.5+8.9 ** 585+9.6*
LDH (U/L) 871+44 1389 + 130 ** 977 £54*
BUN (U/L) 16.80+1.68 | 25.70+2.67* | 17.64+1.59*
Creatinine (U/L)) | 0.62+0.03 | 1.16+0.12** | 0.69+0.11*

* p<0.05, ** p<0.01 compared to control group; + p<0.05 ++ p<0.01
compared to MTX group.

Significant increases in the activities of MMP-3, MMP-8,
and MMP-9 were observed in the MTX group, along with
a notable decrease in TIMP-1 activity compared to the
control group. However, in the MTX + Chitosan group, these
parameters exhibited a significant decrease compared to the
MTX group (p<0.05, p<0.01), reaching values comparable to
those of the control group (Table 2).
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Table 2. Serum a) MMP-3, b) MMP-8 ¢) MMP-9 and d) TIMP-1
activities of all groups (n=6) in hepatorenal damage induced by MTX
in rats.

Control MTX-Chitosan

MMP-3 (ng/ml) | 10.04+0.33 | 16. 17+203* 11.01+£0.72*

MMP-9 (ng/ml) | 35.70+3.12 | 70.83 +5.04 **** | 41.34+4.25*

* p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001 compared to control
group; + p<0.05 ++ p<0.01 +++ p<0.001 compared to MTX group.

The impact of Chitosan treatment on tissue levels of caspase-3
(casp-3) and caspase-9 (casp-9) was evaluated using the
Western Blotting method (Figure 1). In the MTX group, both
kidney and liver tissues exhibited statistically higher levels of
casp-3 expression compared to the control group (p<0.001
and p<0.01, respectively). However, the administration of
chitosan significantly reduced casp-3 expression in both liver
and kidney tissues of the MTX + Chitosan group in comparison
to the MTX group (p<0.001 for liver, p<0.05 for kidney; Figure
2A and 2B). Furthermore, casp-9 expression demonstrated a
significant increase in the liver and renal tissues of the MTX
group compared to the control group (p<0.01 for both tissues).
Nonetheless, treatment with Chitosan led to a significant
reduction in casp-9 expression in both liver (p<0.01, Figure 2C)
and kidney tissues (p<0.05, Figure 2D).

Kidney Liver

Saline MTX MTX + Chitosan Saline MTX MTX + Chitosan

Figure 1. Representative membrane images showing the protein levels

of B-actin, casp-3, and casp-9 in kidney and liver tissues of Chitosan
treatment in the methotrexate-induced rat hepatorenal model.
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Figure 2. Protein levels of caspase-3 and caspase-9 in kidney and
liver tissues in the MTX-induced rat hepatorenal model. ** p<0.01,
*** p<0.001 compared to control group, + p<0.05 ++ p<0.01, +++
p<0.01 compared to MTX group.

Histological examination revealed necrotic spots with
inflammatory cells in the MTX group’s liver tissue (Figure 3B).
MTX + Chitosan treatment, on the other hand, resulted in
decreased neutrophil infiltration, with no evident necrotic
spots (Figure 3C). Microscopic examination of the kidney
showed fibrotic changes with neutrophil infiltration in the
renal cortex, tubules, Bowman’s capsule, proximal and distal
tubules in the MTX group. However, no significant neutrophil
infiltration and structural alterations were detected in the
nephron cells of MTX+Chitosan group (Figure 4).

Figure 3. Histopathological evaluation of liver tissues. 3A: Normal
integrity of liver in Control group; 3B Severe inflammatory cell
infiltrations (arrow) were detected in MTX group; 3C: Mild
inflammatory cells were observed (arrow) in MTX+Chitosan group.

Clin Exp Health Sci 2024; 14: 39-44

DOI: 10.33808/clinexphealthsci.1134320



Chitosan against MTX-induced hepatorenal injury

| Original Article |

Figure 4. Histopathological assessment of kidney tissues. 4A: Normal
structure of kidney in Control group; 4B: Fibrosis and moderately
inflammatory cell infiltrations (arrow) were detected in MITX group;
4C: Mild inflammatory cells were observed (arrow) and fibrosis is
absent in MTX+Chitosan group.

4. DISCUSSION

Several studies have established that chitosan, a biopolymer
that is compatible with tissues, has anti-inflammatory and
antioxidant properties, and it is also utilized in the production
of different of pharmaceutical preparations (19, 20). In this
study, the effects of methotrexate on ALT, AST, BUN, serum
MMPs, creatinine, caspase and LDH activity, inflammation,
and the protective impact of chitosan were examined by
histopathological evaluation of the structural damages.

Different chemotherapy agents have been reported to increase
ALT, AST, BUN, and creatinine levels, as well as LDH activation,
all of which are important enzymes for assessing liver and
kidney function (21, 22). Methotrexate (MTX), a known
hepatorenal toxicant, has been associated with elevations in
serum levels of AST, ALT, BUN, creatinine, and the activation
of LDH. Furthermore, MTX is used to induce tissue damage in
experimental studies (10, 11). In this study, we observed that
chitosan altered the MTX-induced increase in serum ALT, AST,
BUN, and creatinine levels. The study results are consistent
with those of earlier researches that reported that chitosan

can modulate AST, ALT, BUN, creatinine levels, and LDH activity,
especially in inflammatory conditions (19, 23, 24).

MMPs, that provide normal maintenance of the normal
physiological process, considered as an important marker
during tissue damage or diseases (25). They are considered
as proteolytic enzymes that infiltrate neutrophils, especially in
the inflammatory process. The role of MMPs in the formation
of hepatorenal damage due to inflammation or various agents
has also been demonstrated (26, 27). The studies on the effects
of MTX on MMPs are still controversial (28-30). It has been
suggested that MTX exerts a protective effect by decreasing
the MMPs activity, which is increased during rheumatoid
arthritis. MTX has also been shown to increase MMPs activity
in cancer patients. In our study, MTX treatment increased
MMP activity while decreasing TIPM-1 activity. Although this
does not explain how MTX causes hepatorenal injury, the
heterogeneity in MMP activation suggests that MMPs may
contribute to MTX-induced hepatorenal injury. In our study,
chitosan treatment decreased the activity of MMP-3, MMP-
8, MMP-9, and TIMP-1 to levels that were close to that of the
control group. The effects of chitosan on MMP activities have
been investigated in several studies, and results from these
studies are consistent with our findings (31, 32).

In addition, MTX treatment is known to trigger apoptosis by
increasing caspase activity. The activation of caspase 3and 9 is
an essential factor in the emergence of MTX-induced liver and
kidney injury (33, 34). Studies on Chitosan have revealed that
it has antiapoptotic effects (35, 36). In our study, hepatorenal
injury following MTX administration was significantly
decreased by chitosan administration in accordance with the
literature (9).

MTX has been shown to induce structural damage in the liver
and renal tissues. Previous studies reported the existence of
widespread neutrophil infiltration and tissue necrosis (11, 12).
The current study showed that administration of MTX induced
damage to both liver and kidney tissues. Histopathological
examination confirmed the presence of structural damage
in the liver and kidney tissues caused by MTX treatment.
These histopathological findings are in line with previous
studies (37, 38), and the damage regressed following Chitosan
treatment. Thus, the cytoprotective agent, chitosan, has been
demonstrated to reduce MTX-induced hepatorenal injury in
the presented study.

Similar to other animal experiments, this study possesses
several limitations that can influence future research
directions. Subsequent investigations should independently
validate the involvement of proteolytic and apoptotic enzymes
in MTX-induced hepatorenal toxicity and ascertain whether
chitosan’s protective effect operates via modulation of these
enzymes. As this study was conducted on rats, it highlights the
necessity for clinical trials to evaluate the efficacy of chitosan
as a therapeutic intervention. Histopathological findings play a
crucial role in assessing the extent of structural damage. The
parameters we assessed contribute to providing an integrative
picture of chitosan’s impact on MTX-mediated hepatorenal
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injury. Further analysis is imperative to elucidate the potential
intricate mechanisms underlying this effect.

5. CONCLUSION

Based on the study findings, it was observed that chitosan
exhibited no cytotoxic effects. Instead, it demonstrated a
structural and functional protective role against MTX-induced
hepatorenal toxicity. This protective effect was attributed to
its modulation of proteolytic and apoptotic enzymes. MTX,
commonly administered for autoimmune conditions like
rheumatoid arthritis and cancer, significantly impacts liver
and kidney tissues in a detrimental manner. Hence, our
findings propose an alternative approach to MTX therapy,
emphasizing the potential of chitosan as a therapeutic
intervention.
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