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ABSTRACT

Aim: Methotrexate, a folic acid antagonist is a chemotherapeutic drug used in the treatment of various inflammatory diseases
as well as some cancer types. The purpose of this study; it is the study of the effects of boric acid against the hepatotoxic side
effects of methotrexate.

Material and Method: Male Wistar albino rats were divided into five groups and each group consisted of six animals. The
rats in group 1 were used as a control group. Methotrexate was administered to the rats in group 2 and boric acid to the rats
in group 3. While the rats in group 4 were given first methotrexate and then boric acid, the rats in group 5 were administered
boric acid first and then methotrexate.

Results: Light microscopic examination revealed sinusoidal dilatation, hepatocyte degeneration, vascular congestion-
thrombosis, and inflammatory infiltration in the livers of rats treated with methotrexate. It was observed that the protective
effect of boric acid was more effective than its treatment. In the groups given methotrexate, the level of oxidative stress-
related parameters such as lipid hydroperoxide, MPO and disulfide increased (p<0.05 for all parameters), whereas the level of
antioxidant parameters such as native thiol, total thiol and catalase decreased (p<0.05 for all parameters).

Conclusion: In this study, the protective effect of boric acid was found to be higher than the therapeutic effect in liver damage
caused by methotrexate. Oxidative hepatotoxicity resulting from methotrexate application disrupted the thiol disulfide balance
and caused a shift to the oxidation side.
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INTRODUCTION

Methotrexate (MTX) is a folic acid antagonist and is
an antineoplastic and immunosuppressive drug used
in the treatment of many types of cancer such as acute
lymphoblastic leukemia (ALL), osteogenic sarcoma and
lung cancer, and various autoimmune diseases such as
rheumatoid arthritis, psoriasis and multiple sclerosis.
While it is used in high doses in oncological diseases, a
dose of 20mg/m? per week is applied in the treatment of
diseases such as ALL and rheumatoid arthritis. MTX affects
cells in the synthesis phase. By binding to dihydrofolate
reductase, which is the key enzyme in cell replication, it
inhibits tetrahydrofolate synthesis, which is necessary
for the production of purine and pyrimidine. Thus, by
preventing nucleic acid and protein synthesis, it causes the
emergence of DNA defects that result in apoptosis (1,2).
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In recent studies, the biological importance and positive
effects of boric acid (BA) on human health are mentioned.
It is emphasized that boric acid plays an important role
in immune system, wound healing, energy metabolism,
bone development, mineral and hormone metabolism,
and antioxidant system (3).

In this study, we aimed to evaluate the protective and/
or therapeutic effect of BA against the hepatotoxide
effects of MTX, which is widely used in the clinic, and to
determine the relationship between these side effects and
thiol metabolism.
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MATERIAL AND METHOD

This study was conducted with the approval of Ankara
University Animal Experiments Local Ethics Committee
(Date: 22.01.2020, Decision No: 2020-2-17). All procedures
were carried out adhering to the ethical rules and the
accordance with the principles of Guide for the Care and
Use of Laboratory Animals.

All chemicals and drugs used in the study were purchased
from Sigma-Aldrich Chemical Co. (Milwaukee, WI) and
Merck Co. (Darmstadt, Germany). Also, all chemicals
were ultrapure grade, and type-I reagent-grade deionized
water was used.

Thirty male Wistar Albino rats were used in this study.
The rats were fed at room temperature for 12 hours of light
(7:00-19:00) and 12 hours of darkness (19:00-7:00). Baits
in steel containers; water was given in glass bottles. A single
dose of 20 mg/kg methotrexate, which was determined as
a result of literature review, was administered (1,2,4,5).

Subjects were divided into 5 groups, each containing 6 rats:

o Group 1 (Sham group): Saline injection was
administered (for 10 days).

o Group 2 (MTX group): Wistar Albino rats were
administered 20 mg/kg subcutaneous methotrexate
for 1 day to induce hepatotoxicity in the liver. Saline
injection was given for the next 9 days

» Group 3 (BA group): Wistar Albino rats were injected
with 20 mg/kg i.p. BA for 10 days to evaluate the effect
of BA on the liver.

o Group 4 (MTX+BA group): Wistar Albino rats were
administered 20 mg/kg subcutaneous MTX for 1
day and then 20 mg/kg i.p. BA for 9 days to evaluate
the healing effect of BA against MTX-induced
hepatotoxicity.

+ Group 5 (BA+MTX group): To evaluate the protective
effect of BA against MTX-induced hepatotoxicity,
Wistar Albino rats were administered 20 mg/kg
i.p. BA for 9 days and then 20 mg/kg subcutaneous
methotrexate for 1 day.

On the 11* day, after decapitation under anesthesia (75
mg/kg ketamine+10 mg/kg xylazine), the liver tissues of
the rats were removed rapidly by midsaggital incision. It
was fixed with 10% formaldehyde. Paraffin blocks were
prepared by histological tissue preparation procedure.
4um thick sections were taken from the paraffin blocks.
Sections were stained with Hematoxylin & Eosin (H&E)
and Masson Trichrom. The prepared preparations were
examined and photographed with an Olympus BX43
photomicroscope. Scoring was done using the H-Score
method (6). In addition, various oxidant, antioxidant and,
liver function tests were measured in the sera of the rats. All
biochemical tests measured in the study were performed
on the Siemens ADVIA 1800 Automatic Analyzer
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(Siemens Healthycare GmbH, Erlangen, Germany).
Albumin, alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and alkaline phosphatase (ALP)
tests have been studied with commercial kits of this
device. Native thiol and total thiol levels were measured
and expressed as pmol/L, disulfide and % disulfide/native
thiol parameters were calculated according to the method
developed by Erel and Neselioglu (4). Lipid hydroperoxide
(LOOH) was measured using the xylenol orange method
described by Jiang et al. (5), and the results were expressed
as umol/L. As described by Bradley et al. (6) MPO
measurement was performed according to the method
used the chromogen as o-dianisidine. Enzyme activity
was presented as U/L. Catalase enzyme was measured
according to the method described by Goth (7) and the
activity results were given as U/L.

A sample size calculation was carried outconsidering
detection of 0.70 effect size, a=0.05 and a power of 80.0
% using analysis of variance (one-way ANOVA). The
result of the power analysis showed that the minimum
number of sample required was 30. The data were
evaluated using visual (histograms, probability plots)
and statistical methods (Kolmogorov-Smirnov test and
Shapiro-Wilktest) to determine whether the data were
normally distributed. Descriptive analyses were presented
using mean and standard deviation (mean+SD) for the
normally distributed variables. As the data were normally
distributed, one-way ANOVA were conducted to compare
the parameters among groups. An overall 5% type 1 error
was used to infer statistical significance. Statistical analyses
and figures were performed using the SPSS software
version 20 (SPSS Inc. Chicago, IL, USA).

RESULTS

In our study, sinusoids, hepatocytes, sinusoidal cells
and portal areas were observed normally in the sections
belonging to the control group (Figure 1 [Al, A2]).
Vascular congestion, sinusoidal dilatation, mononuclear
cell infiltration in the periportal area and hydropic changes
in hepatocytes were detected in group 2 in which a single
dose of MTX was applied (Figure 1 [B1, B2, D1, D2]).
Congestion in the periphery of the lobule and cytoplasmic
vacuoles around the nucleus of hepatocytes were observed
due to BA applied in group 3. No pathological changes were
detected in the vascular structures, and the hepatocyte
cell membrane was also preserved (Figures 1 [C1, C2]).
There were signs of vascular congestion in group 4, which
was applied first MTX and then BA and aimed to observe
the therapeutic effect of BA. Mononuclear cell infiltration
was found in places in the interstitial area. Hydropic
degeneration was observed in hepatocytes around the
portal area (at the periphery of the lobule) (Figure 2
[E1, E2]). Towards the center, the hepatocyte structure
appeared to have been preserved. It was determined that
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the degeneration of hepatocytes in group 5, in which
BA was applied first and then MTX was applied and the
protective effect of BA was aimed to be observed, was
much less than group 2 given MTX. It was observed that
the hepatic lobule structure was preserved and similar to
the control group, and vacuolization was less in hepatocyte
cytoplasms. Hepatic fibrosis was not observed in any of the
groups (Figures 2 [F1, F2]).

area are distinguished normally, H&E x 400, Portal Area (PA).

A2 (Grupl, control): No fibrosis, findings are normal; Masson
Trichrom x400. B1 (Group 2, MTX): Intracellular vacualization,
cellular degeneration, capillary vasodilation, cytoplasmic findings are
distinguished, H&E x 400. B2 (Group 2, MTX): There is no increase
in collagen fiber, capillary dilatation is present, vascular structures
are preserved; Masson Trichrom x 400. C1 (Group 3, BA): There is
no problem in the vascular area, cytoplasmic changes are prominent,
there are signs of congestion in the tissue, hydropic degeneration

is distinguished, H&E x 400. C2 (Group 3, BA): Collagen fibers are
evident in the vascular area, the vascular structure is preserved, and
no endothelial damage has been detected. Masson Trichrom x 400

When groups 2 and 4 are compared with other groups
in terms of laboratory parameters; in the groups 2 and
4, the levels of liver function tests (ALT, AST, ALP) and
tests reflecting oxidation (disulfide,% disulfide/native
thiol, MPO, LOOH) increased (p<0.05), antioxidant
parameters (native thiol, total thiol, catalase, albumin)
levels decreased (p<0.05) (Table, Figure 3). In addition,
evaluating the therapeutic and protective effect of BA;
it was determined that all oxidant parameter levels
increased and all antioxidant parameter levels decreased
in group 4 comparing with healthy controls. In group
5, it was determined that all oxidant parameter levels
decreased and all antioxidant parameter levels increased
with healthy controls (Table 1, Figure 3).

P D . R N
Figure 1. D1 (GROUP 2, MTX): Intracellular vacualization (OC),
cellular degeneration, capillary vasodilation, cytoplasmic findings
are distinguished, H&E x 1000. D2 (GROUP 2, MTX): No increase
in collagen fiber was detected, capillary dilatation is present, vascular
structures are preserved, Masson Trichrome x 1000, Portal Vein (PV)
E1 (GROUP 4, MTX-BA): Signs of vascular congestion are still
present, H&E x 1000, Central Vein (CV). E2 (GROUP 4, MTX-BA):
No increase in collagen fiber was detected, Masson Trichrom x 1000
F1 (GROUP 5, BA-MTX): Less degenerate around the portal area,
H&E x 1000, Portal Area (PA). F2 (GROUP 5, BA-MTX): No fibrosis
visible, Masson Trichrom x1000

DISCUSSION

In this study, the process of oxidative stress generating
of MTX and the effects of BA against MTX-induced
hepatotoxicity were examined (8, 9). MTX is used
in the treatment of many cancers and autoimmune
diseases due to its antiproliferative, anti-inflammatory,
and immunosuppressive properties (8-13). However,
many side effects such as hepatotoxicity, small intestine
damage, acute renal failure, and lung infiltration
have also been reported (14,15). Although the cause
of hepatotoxicity due to MTX has been tried to be
explained with several possible mechanisms, the
main reason is not yet known. One of the possible
mechanisms is that MTX causes oxidative stress. In
various studies, it has been determined that MTX
increases the level of oxidative parameters and reduces
the level of antioxidant parameters and it has been stated
that hepatotoxicity is due to the increase of ROS (10).
In the literature, antioxidants such as methionine, folic
acid, and nicotinamide have been used to reduce the
side effects of MTX treatment, and these antioxidants
have been shown to have protective effects (11-17).
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Figure 3. Antioxidant (A) and oxidant (B) status of the study groups. Data are expressed as mean valueststandard error of mean.

Table. Laboratory findings of rats in study groups

: Control BA BA+Mtx Mtx+ BA
Variable () () (n=6) s Mtx p-value
Native Thiol (pmol/L) 235+7.9%¢ 228+9.6% 222+4.24¢ 194+9.12b< 19345.23b< <0.001
Total Thiol (umol/L) 271+6.3%¢ 267+7.3%¢ 265+1.8%¢ 255+4.6%>< 248+3.4%b< <0.001
Disulfide (umol/L) 18+4.14¢ 20+1.8%¢ DIEEPM) S 30+4.5%b< 28+1.3b¢ <0.001
MPO (U/L) 90+19.5%¢ 120+36.14¢ 129+33.6%¢ 201+47.5%b< 236+58.42b< <0.001
LOOH (umol/L) 10+0.9¢4¢ 10+0.8¢%¢ 10+1.0%¢ 12+0.9%b< 13+0.92b< <0.001
Catalase (U/L) 100+2.0%¢ 97+2.4%¢ 96+3.6%¢ 88+4.22b< 86+3.3%b< <0.001
Albumin (g/dL) 34+1.44¢ 33+0.6%¢ 34+1.6% 29+1.3b¢ 28+2.4%b< <0.001
ALT (U/L) 45+9.74¢ 47+6.0%¢ 49+13.6% 105+19.8%b< 108+9.8%b< <0.001
AST (U/L) 59+8.94¢ 62+12.24¢ 66+11.4¢% 171+47.8b< 189+39.9%b< <0.001
ALP (U/L) 78+4.0%¢ 73+20.3%¢ 81+18.6% 180+36.3%>< 174+38.3%b< <0.001
Values are expressed as mean+SD. p value, One-way analysis of variance [ANOVA];
*Statistically significant difference between the control group vs other group;
bStatistically significant difference between BA (Boric acid) group vs other group;
“Statistically significant difference between BA+Mtx (Boric acid+Methotrexate) group vs other group;
dStatistically significant difference between Mtx+BA (Methotrexate+Boric acid) group vs other group;
“Statistically significant difference between Mtx (Methotrexate) group vs other group;
MPO, myeloperoxidase; LOOH, lipid hydroperoxide; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase.

MTX is stored in hepatocytes by forming polyglutamate
derivatives from folic acid. Polyglutamate derivatives are
toxic and cause hepatocyte necrosis. In addition, MTX
inhibits dehydrogenases that provide the synthesis of
NADPH in cells (17). Thus, intracellular antioxidant
NADPH levels decrease and the resulting oxidative stress
causes hepatotoxicity (18, 19). In addition, the glutathione
reductase enzyme also NADPH is used, which protects the
glutathione level against reactive oxygen species (ROS).
That is, the decrease in NADPH levels causes a decrease in
the synthesis of glutathione, a powerful antioxidant. Thus,
hepatocytes become sensitive to oxidation and hepatocyte
necrosis develops. As a result, it has been demonstrated
that the liver damage caused by methotrexate is mainly
caused by oxidative stress (20, 21).
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Boric acid, a natural mineral, has been shown to have
antioxidant (22) and hepatoprotective (23) effects in
many studies. It hasalso been suggested that BA increases
the amount of glutathione in the body, inhibiting other
reactive oxygen species and counteracting oxidative
damage (24).

Two important results of this study draw attention. First,
when group 2 and group 4 were evaluated histologically, it
was observed that hepatotoxic damage such as sinusoidal
dilatation, hepatocyte degeneration, and intracellular
vacuolization occurred in both groups (Figure 2 [D1,
D2, El1, E2]). When the laboratory parameters of
group 2 and group 4 were evaluated, it was found that
the levels of tests reflecting hepatocyte damage (ALT,
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AST, and ALP) increased (p<0.05), the levels of oxidant
parameters (lipid hydroperoxide, MPO, disulfide and,
% disulfide/native thiol ratio) increased (p<0.05) and
the levels of antioxidant parameters (native thiol, total
thiol, albumin and, catalase) decreased (p<0.05) in both
groups comparing with other groups. In other words,
these detected results show that MTX causes hepatocyte
damage and oxidative stress (Table, Figure 3). We think
that the main reason for the impairment of oxidant-
antioxidant balance may be due to the deterioration of
thiol-disulfide homeostasis. Thiol disulfide homeostasis
consists of antioxidant and oxidant parts and is in
equilibrium under physiological conditions. While the
native thiol level reflects the antioxidant side of this
balance, the disulfide level reflects the oxidant side.
Thiol groups can be oxidized for various reasons and
thus disulfide bonds are formed. Disulfide bonds can
also be converted back to thiol groups by reduction. In
another word, thiol-disulfide homeostasis is reversible
and in balance. This balance is disturbed in many illness
situations (4,25-28). In our study, the decrease in native
thiol level and increase in disulfide and % disulfide/
native thiol levels in MTX administired groups show that
thiol-disulfide balance deteriorates in favor of oxidation
(Table, Figure 3).

In addition, previous studies required the evaluation
of many oxidant and antioxidant parameters in order
to quantitatively measure the oxidative stress caused
by methotrexate (9,29,30) However, in our study, both
antioxidant and oxidant levels can be determined
simultaneously by measuring only thiol-disulfide
balance. Our work is unique in this respect.

When the laboratory parameters are evaluated, the
second important result of our study is that boric acid
has a protective effect but does not have a therapeutic
effect against hepatocyte damage due to oxidative stress
caused by MTX. It has been observed that boric acid
given before MTX injection (group 5) has a protective
effect by preventing oxidative damage caused by
MTX. In addition, it was clearly observed that boric
acid administered after MTX administration did not
eliminate the oxidative damage caused by MTX and had
no therapeutic effect (Table 1, Figure 3). Determining
that boric acid is protective and forecasting that cell
damage after oxidative stress is mainly caused by the
disruption of the thiol-disulfide homeostasis has been
a guide to prevent the side effects of methotrexate
application. We think that thiol-containing drugs or
reinforcing agents with antioxidant properties can be
used to prevent the side effects of MTX. Glutathione
and N-acetyl cysteine are frequently preferred in many
diseases due to their antioxidant and hydrophilic
properties (31-33).
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CONCLUSION

When histological imaging and laboratory parameters
are examined, MTX administration causes damage
due to oxidative stress in both blood and liver cells.
Therefore, we anticipate that the use of a-lipoic acid, a
thiol-containing agent that has both hydrophilic (against
oxidation in the blood) and lipophilic (against oxidation
in the hepatocytes) property, may be more effective.
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