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Metformin ameliorated methotrexate-induced
hepatorenal toxicity in rats in addition to its
antitumor activity: two birds with one stone
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Abstract: Methotrexate (MTX) is a drug used in treatment of various malignancies. Unfortu-
nately, it leads to life-threatening complications including hepatorenal toxicity. Previous studies
revealed the protective effects of metformin (MET) on hepatorenal toxicity in other models in
addition to its anticancer effects. The current study investigates the effect of MET on MTX-
induced hepatorenal toxicity and the possible mechanisms involved in this toxicity which can
be overwhelmed by MET. Thirty male rats were divided into 3 groups: normal control, MTX
treated and MET/MTX treated. After 7 days, MTX induced hepatorenal toxicity as proved by
histological examinations and biochemical analysis of liver and kidney functions. Also, it led to
significant increase in hepatic and renal malondialdehyde levels, significant decrease in hepatic
and renal total antioxidant capacity levels and Na+/K+-ATPase activities and significant up
regulation of mRNA expressions of nuclear factor kappa-light-chain-enhancer of activated B
cells, cyclooxygenase-2 and caspase 3 compared with the control group. While, MET could
significantly reduce hepatorenal toxicity and counteract the effects of MTX on all measured
parameters. In conclusion, MET can be an effective adjuvant to MTX chemotherapy that could
ameliorate its hepatorenal toxicity through antioxidant, anti-inflammatory and anti-apoptotic
mechanisms.

Keywords: hepatorenal toxicity, metformin, methotrexate

Introduction

Combination therapy is an important strategy in cancer treatment. The combination
of two or more drugs increases the efficacy and safety of the treatment compared with
a monotherapy regimen.!

Methotrexate (MTX) is a cytotoxic drug that is used in the treatment of various
malignant disorders.? Unfortunately, cytotoxic effects of MTX do not affect tumor
cells only, but extend to affect other vital organs such as the liver and kidneys.? The
hepatorenal toxicity of MTX in these organs may be due to several factors including
oxidative stress, inflammation and apoptosis.* Therefore, it is imperative to combine
it with another drug which could decrease its toxicity and increase its efficacy.

Metformin (1,1-dimethylbiguanide) is one of most important drugs which is used
in treatment of type 2 diabetes mellitus.’ In addition, previous clinical and experimen-
tal studies revealed that it had preventive and curable effects on cancer in different
organs, including the liver and it inhibited the resistance to breast cancer treatment.*’
Moreover, it prevented the deleterious effects of oxidative stress in different cell types
and it had anti-inflammatory effects.®’
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All these findings suggested that metformin (MET) might
have a preventive effect against MTX induced hepatorenal
toxicity and could be a good adjuvant compound to antican-
cer therapy.

Here, we propose to replicate the preventive effects of
MET on MTX-induced hepatic toxicity in rats that were pre-
viously studied by Hadi et al' and in rabbits to investigate, for
the first time, the effect of MET on renal toxicity induced by
MTX with exploring the possible mechanisms of this effect.

Material and methods

Drugs and chemicals
Metformin was obtained from Cid Co, Egypt, in the form of
tablet freshly prepared in distilled water. Methotrexate was
obtained from Shanxi PUDE pharmaceutical Co. (Shanxi,
China), in the form of vial freshly prepared in saline for
intraperitoneal injection (ip) in rats.

All chemicals used, unless otherwise described, were
purchased from Sigma (Sigma-Aldrich Co., St Louis, MO,
USA) and were of high analytical grade.

Animals

Male Wistar albino rats weighing 230-290g were housed
in clean cages in the Pharmacology Department, Faculty of
Medicine, Tanta University, 5 rats in each cage. Rats were
acclimatized to standard laboratory conditions (12:12 light—
dark cycle, environmental temperature 24+2°C) for 15 days
before starting the experiment with free access to water and
food. All experiments of this study were performed during the
same time of the day. All animals were cared for in accordance
with the Guide for the Care and Use of Laboratory Animals
(1996, published by National Academy Press, Washington,
DC, USA). The experimental protocol was reviewed and
approved by the animal care review committee at the Faculty
of Medicine, Tanta University.

Experimental design
After the acclimatization period, 30 male rats were randomly
and equally divided into 3 groups 10 rats in each.

Control group: normal group received 0.5 mL distilled
water/rat orally by gastric gavage once daily for 7 days
and 0.5 mL saline/rat ip at the first day only one hour after
administration of distilled water.

MTX group: this group received single dose of MTX
(20mg/kg) ip on the first day of experiment to induce hepa-
torenal toxicity.*

MET group: MET/MTX treated group MTX as in MTX
group one hour after MET administration on the first day only.

MET was administered once daily in a dose of (200mg/kg)'°
for 7 days (first day with MTX then 6 days without MTX).

Collection of blood samples

At the end of the experiment, blood samples were collected
by cardiac puncture, under light anesthesia using diethyl
ether." Blood was collected in sterile plain tubes for serum
separation then centrifuged at 3000rpm for 15 minutes. The
separated serum was stored in aliquots at —80°C until used.
The obtained serum was used to estimate colorimetrically
the levels of aspartate aminotransferase (AST) enzyme
activity, alanine aminotransferase (ALT) enzyme activity,
urea and creatinine using commercial kits (BioSystems
Company, Spain kits number 11567, 11568, 11,537 and
11,802 respectively).

Tissue sampling

Immediately after blood sampling, animals were sacrificed by
cervical dislocation under deep ether anesthesia. Liver and
kidney tissues were removed, rinsed with saline to eliminate
blood contamination, dried by blotting with filter paper and
weighed then divided into specimens for preservation in
10% formalin solution for histopathological examination.
The remaining tissues were divided into small pieces (0.5g
weight) then immediately frozen at —80°C for biochemical
analysis of tissue homogenate.

Preparation of tissue homogenates

The liver and kidneys were homogenized using Glas-Col
homogenizer and a 20% w/v homogenate was prepared in
ice-cold phosphate buffer (0.01M, pH 7.4). The homogenate
was centrifuged for 20 minutes at 3000 rpm then the super-
natant was separated to avoid sample thawing and refreezing
and was kept at —80°C until use.

Assessment of oxidative stress markers

in liver and kidney tissue homogenates
The aliquot was used for the assessment of lipid peroxida-
tion by measuring MDA levels which were estimated by the
double heating method as previously described.'? This method
is based on the use of spectrophotometry to measure the
generated color by the reaction of thiobarbituric acid (TBA)
with MDA at 532 nm. Then the absorbance coefficient of
the MDA-TBA complex (absorbance coefficient of 1.56 x
105cm™ M) was used to calculate the concentration of MDA
and the results were expressed as nmol/g tissue.

Total antioxidant capacity (TAC) level was assessed using
ferric reducing ability of tissue as previously described by
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Benzie and Szeto."* We measured the ability of tissue antioxi-
dants in reduction of ferric-tripyridyltriazine (Fe3*-TPTZ) to
a ferrous form (Fe2*). Absorbance was measured at 593nm
using a spectrophotometer (UV-visible). The results were
expressed as nmol/mg protein in tissue.

The measurement of Na+/K+-ATPase activity was based
on the measurement of inorganic phosphate produced from
3mm disodium adenosine triphosphate added to the incuba-
tion medium containing: Smm KCL, 100mm NaCl, 6mm
MgCl12, 0.1mm EDTA and 30mm Tris HCL of pH 7.4. The
medium was incubated at 37°C in water bath for 5 minutes.
Following this pre-incubation period, Na2 ATP, at a final con-
centration of 3mm, was added into each tube and incubated
at 37°C for 30 minutes. After the incubation, the tubes were
placed in an ice bath to stop the reaction. The mixture was
then centrifuged at 3500g, and Pi in the supernatant fraction
was determined as previously described by Fiske and Sub-
barow.!* The specific activity of the enzyme was expressed
as (umol/mg protein/hour). The protein concentration of
the supernatant was measured as previously described by
Lowry."

Quantitative RT-PCR analysis

Total RNA was isolated from rat liver and kidney using Gene
JET RNA Purification Kit (# K073 1, Thermo Fisher Scientific,
Waltham, MA, USA) according to the manufacturer’s protocol
and as previously described.!® Total RNA (5ug) was reverse
transcribed using RevertAid H minus reverse transcriptase
(#EP0451, Thermo Fisher Scientific) to produce cDNA.
The latter was used as a template to determine the relative
expression of the nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-kB), cyclooxygenase-2 (COX-2) ,
and caspase 3 (cas 3) genes using StepOnePlus real time PCR
system (Thermo Fisher Scientific). The primers were designed
by Primer 5.0 software (PREMIER Biosoft International, Palo
Alto, CA, USA) and their sequences were as follow: NF-xB
forward (F): 5 CCTAGCTTTCTCTGAACTGCAAA 3’ ,
and NF B reverse (R): 5" GGGTCAGAGGCCAATAGAGA
3, COX-2 F: 5 GATTGACAGCCCACCAACTT 3’, Cox2
R: 5" GCGGATGCCAGTGATAGAGTG 3’ and Cas3 F:
5" GGTATTGAGACAGACAGTGG 3’ and Cas3 R: 5’
CATGGGATCTGTTTCTTTGC 3’. The calculation of
fold change in target gene expression depended on the
housekeeping gene f-actin (with primer sequences; F: 5’
CGGGATGAACTCTCTCCTCA 3’ and R: 5 CGCTCATT-
GCCGATAGTG 3'. The preparation of 25-uL. PCR mix was
done by adding 12.5uL of 2X Maxima SYBR Green/ROX
gPCR Master Mix (# K0221, Thermo Fisher Scientific), 2uL

of cDNA template, 1pL forward primer, 1uL reverse primer,
and 8.5uL of nuclease free water. The conditions of thermal
cycling were as follows: initial denaturation at 95°C for 10
minutes, 4045 cycles of amplification of DNA denaturation
at 95°C for 15 seconds, annealing at 60°C for 30 seconds,
extension at 72°C for 30 seconds. At the end of the last cycle,
the temperature was increased from 63°C to 95°C for melting
curve analysis. The cycle threshold (Ct) values were calculated
for target genes and the housekeeping gene. The relative gene
expression was determined using 2 method.'” The ratio of
the targeted gene was normalized with B-actin and expressed
as mean £SE).

Histopathological examination
The liver and kidney specimens were collected, fixed in
10% formalin solution and embedded in paraffin followed
by preparation of Sum thick paraffin sections and staining
with H&E dyes.!® The stained slides were examined and
photographed using light microscopy (Olympus CX41) in
Histology Department Faculty of Medicine Tanta University.
Five non-overlapping fields were examined at x200 in
each slide of each animal for quantification of liver and kid-
ney histological observations. Quantification of liver histo-
logical observations was carried according to Knodell system
that is based on the sum of scores of (I) periportal necrosis,
(II) intralobular degeneration and focal necrosis, (I1I) portal
inflammation, and (I'V) fibrosis to yield a possible range of
0-22 as follow: (I) periportal necrosis: score 0 (none), score
1 (mild piecemeal necrosis), score 3 (moderate piecemeal
necrosis), score 4 (marked piecemeal necrosis), score 5
(moderate piecemeal necrosis plus bridging necrosis), score
6 (marked piecemeal necrosis plus bridging necrosis), score
10 (multilobular necrosis); (II) intralobular degeneration and
focal necrosis: score 0 (none), score 1 (mild = involvement
<1/3 of lobules or nodules), score 3 (moderate = involvement
1/3-2/3 of lobules or nodules), score 4 (marked = involve-
ment > 2/3 of lobules or nodules); (III) portal inflammation:
score 0 (none), score 1(mild = involvement <1/3 of portal
tracts), score 3 (moderate = involvement 1/3-2/3 of portal
tracts), score 4 (marked = involvement > 2/3 of portal tracts);
and (IV) fibrosis: score 0 (no fibrosis), score 1 (fibrosis portal
expansion), score 3 (bridging fibrosis), score 4 (cirrhosis)
to yield a possible range of 0-22." Quantification of renal
histological observations was applied on what was previously
described by Melnikov et al?®® and it is based on grading of
tubular necrosis, loss of brush border, cast formation, and
tubular dilatation in five randomly chosen, non-overlapping
fields (x200) as follows: score 0 (none), score 1 (£10%), score
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2 (11-25%), score 3 (26—45%), score 4 (46—75%), and score
5(276%). The collected data of liver and kidney scores were
organized, tabulated, and statistically analyzed.

Statistical analysis

Biochemical data were expressed as the mean =SD. Compari-
son between different groups was carried out using one-way
ANOVA then least significant difference as a post hoc test.
Scores of histological observations were expressed as the
median (minimum-maximum) and the comparison between
different groups was carried out using Kruskal-Wallis H
test. Statistical tests were performed with SPSS (IBM SPSS
Statistics for Windows, version 23.0; IBM Corporation,
Armonk, NY, USA). Differences were considered statistically
significant if probability (P) value <0.05.

Ethical approval

Experiments were in accordance with the recommendations
from the Declaration of Helsinki and the internationally
accepted principles in the care and use of experimental animals.
The experimental protocol was reviewed and approved by the
ethics committee at the faculty of medicine, Tanta University.

Results

Biochemical results

Effects of methotrexate and metformin on liver
enzymes and kidney functions

Administration of MTX significantly increased serum AST
activity, ALT activity, urea level and creatinine level com-
pared with the control group. While, administration of MET

along with MTX significantly decreased these measured
parameters compared with MTX group (Table 1).

Effects of methotrexate and metformin on hepatic
and renal oxidative stress markers

MTX administration caused significant increase in hepatic
and renal MDA levels compared with the control group but it
significantly decreased the hepatic and renal TAC levels and
Na+/K+-ATPase activities compared with the control group.
However, MET administration along with MTX significantly
decreased the hepatic and renal MDA levels compared with
the MTX group and significantly increased the hepatic and
renal TAC levels and Na+/K+-ATPase activities compared
with MTX group (Tables 2 and 3).

Effect of metformin on hepatic and renal NF-kB,
COX-2 and Cas3 mRNA expressions

Administration of MTX led to significant up regulation of
mRNA expressions of NF-kB, COX-2, and Cas 3 compared
with the control group in both liver and kidney tissues. While,
MET administration along with MTX led to statistically
significant downregulation of these parameters compared
with the MTX group and Cas 3 did not show significant dif-
ferences compared with the control group in both the liver
and kidney tissues (Figures 1 and 2).

Histological results

Liver

H&E stained liver sections of the control group demonstrated
widely spaced central veins surrounded by anastomosing

Table | Effects of methotrexate and metformin on liver enzymes and kidney functions

Parameters Control group MTX group MET group
(n=10) (n=10) (n=10)

AST activity (U/L) 54.10+3.78 97.10+4.9 65.30+4.50*°
ALT activity (U/L) 44.00+4.52 79.20+3.52* 66.60+3.50*°
Serum urea(mg/dL) 3.3840.13 4.20+0.07¢ 3.71£0.06*°
Serum creatinine (mg/dL) 0.32+0.07 0.9740.10° 0.63+0.06*°

Notes: Data are given as mean *SD. P <0.05 vs control group. °P <0.05 vs MTX group.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; MTX methotrexate; MET, metformin.

Table 2 Effects of methotrexate and metformin on hepatic oxidative stress markers
Parameters Control group MTX group MET group

(n=10) (n=10) (n=10)

MDA (nmol/g tissue) 17.58+1.08 26.68+0.96° 22.2540.66*°
TAC (nmol/mg protein) 0.69+0.07 0.36+0.09 0.62+0.05*
Na+/K+-ATPase activity (umol/mg protein/h) 47.6016.67 27.90+4.33* 41.53+2.17+*

Notes: Data are given as mean + SD. *P <0.05 vs control group. ®P <0.05 vs MTX group.
Abbreviations: MDA, malondialdehyde; TAC, total antioxidant capacity; MTX, methotrexate; MET, metformin.
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Table 3 Effects of methotrexate and metformin on renal oxidative stress markers

Parameters Control group MTX group MET group
(n=10) (n=10) (n=10)
MDA (nmol/g tissue) 18.36+1.30 25.59+0.57* 21.71+0.53*°
TAC (nmol/mg protein) 0.70+0.05 0.42+0.04* 0.60+0.05*°
Na+/K+-ATPase activity (umol/mg protein/h) 48.50£3.03 22.60+3.50° 39.50+3.75

Notes: Data are given as mean + SD. *P <0.05 vs control group. P <0.05 vs MTX group.
Abbreviations: MDA, malondialdehyde; TAC, total antioxidant capacity; MTX, methotrexate; MET, metformin.

NFXB/B actin
B COX2/B actin
B CAS3/p actin

%//.7//

Control MTX MET

Figure | Effect of metformin on hepatic NF-xB, COX-2, CAS 3 mRNA expression in rat with quantification of RT-PCR product.

Notes: Data are given as mean £SE. *P <0.05 vs control group. ®P <0.05 vs MTX group.
Abbreviations: NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells; COX-2, cyclooxygenase-2; CAS 3, caspase 3; MTX, methotrexate; MET, metformin.

9
8 a NFXp/B actin

B COX2/B actin
1 @ CAS3/B actin

27

Control MTX MET

Figure 2 Effect of metformin on NF-xB, COX-2, CAS 3 mRNA expression in rat renal cortex with quantification of RT-PCR product.

Notes: Data are given as mean £SE. *P <0.05 vs control group. ®P <0.05 vs MTX group.
Abbreviations: NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells; COX-2, cyclooxygenase-2; CAS 3, caspase 3; MTX, methotrexate; MET, metformin.
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polyhyderal hepatocytes with flocculent cytoplasm and
central rounded single or double nuclei with prominent
nucleoli. The cells are separated from each other by hepatic
sinusoids (Figure 3A,B). MTX group showed loss of the
normal hepatic architecture. This was in the form of thin
few septa of portal fibrosis. Inflammatory cellular infiltration
was evident in the portal areas. Focal areas of liver necrosis
were observed. There was prominent hepatic steatosis in the
form of cytoplasmic vesicles displacing and distorting the
nucleus to form macrosteaotosis and microsteatosis (Figure
3C-F). The hepatotoxic effects of methotrexate including
congestion, cellular infiltration and fibrosis disappeared in
liver sections of the MET group except for mild dilation of
the central veins and microsteatosis of some hepatocytes
(Figure 3G,H).

Kidney

H&E stained renal sections of the control group demonstrated
normal Malpighian corpuscles with glomeruli of normal cel-
lularity surrounded by Bowman’s capsule. Cortical tubular
cells did not show vacuolations or exfoliations. Medullary
tubules are also normal with normal vasculature (Figure
4A,B). MTX group demonstrated loss of normal cortical
architecture. Malpighian renal corpuscle showed shrunken
glomeruli and dilated capsular spaces with precipitation of
some vacuolated acidophilic material. Tubular epithelial cells
were greatly affected in the form of exfoliation, vacuolation
and pyknosis of their nuclei. Inflammatory cellular infiltra-
tion and congested dilated peritubular blood capillaries were
also observed (Figure 4C-F). MET group depicted preserved
architecture except for some tubular vacuolations and mild
congestion of peritubular blood capillaries (Figure 4G,H).

Comparison between the scores of liver and kidney
histological observations in the studied groups

A Kruskal-Wallis H test showed that there were statisti-
cally significant differences (P<0.05) in the scores of liver
and kidney histological observations between the studied
groups (Table 4).

Discussion
This study investigated the possibility of protection of liver
and kidney, against MTX-induced toxicity, by MET using
the same dose that was used by previous experiment for
ameliorating MTX-induced hepatic damage and explored
the possible mechanisms involved in it."

In the present study, MTX administration deteriorated
both hepatic and renal functions as evident by biochemical

A B
c D
E F
G H

Figure 3 H&E staining of liver sections:

Notes: (A,B) Photomicrograph of liver sections of control group showing central
vein (CV) surrounded by plates of polyhedral hepatocytes (arrow) with central
rounded vesicular single or double nuclei (arrowhead). The spaces between cells are
hepatic sinusoids (star). (C,D) Photomicrograph of liver sections of methotrexate
treated group showing loss of architecture with thin few septa of portal fibrosis
(curved arrow) and hepatic steatosis in the form of foamy appearance of the
hepatocytes. Some hepatocytes demonstrate microsteatosis (double head arrow)
and macrosteatosis (thick arrow). Dilated central vein (CV) surrounded by dilated
hepatic sinusoids (*) were also observed. (E,F): Photomicrograph of liver sections
of the same group showing central vein (CV), loss of architecture, necrosis (N)
and cellular infiltration (1) at the portal area (P). The highly vacuolated hepatocytes
exhibit nuclear pleomorphism (uneven size of the nuclei), karyolysis (wavy arrow),
pyknosis (angled arrow), karyorrhexis (notched arrow). (G,H): Photomicrograph
of liver sections of group Il showing central vein (CV) surrounded by plates of
hepatocytes (arrow) with central rounded single or double nuclei (arrowhead).
Dilated hepatic sinusoids are seen between strands of hepatocytes (star). Some
hepatocytes show microsteatosis (double head arrow). Magnification: (A, C, E &
G) x100, scale bar =100um; (B, D & H) %400, scale bar =25um; (F) x1000, scale
bar =10um.

analysis of ALT, AST, urea and creatinine which showed
significant increases of these parameters compared with the
control group.

The elevated serum activities of liver enzymes, ALT and
AST are used as indicators of hepatic cell damage because
both enzymes are present in the cytoplasm of hepatic cells
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and released when hepatic cells are exposed to injury with
subsequent loss of cell membrane integrity and cellular
leakage.! MTX leads to cell damage due to its ability to

A B
c D
E F
G H

Figure 4 H&E staining of renal sections.

Notes: (A,B) Photo micrograph of renal sections of control group showing normal
Malpighian corpuscle with normal glomerulus (arrow) surrounded by Bowman’s
capsule (arrow head). Cortical tubules are of normal architecture (star) and medullary
tubules showing normal vasculature. (C—F) Photomicrograph of renal sections of
methotrexate treated group showing marked loss of normal glomerular architecture
with glomerular collapse (arrow), dilated capsular space full of vacuolated acidophilic
material (arrowhead). Tubular epithelial cells showing cytoplasmic vacuolation,
pyknotic nuclei with some of them are exfoliated (star). Marked cellular infiltration
are also observed (angled arrow). Medullary peritubular blood capillaries are dilated
and congested (notched arrow). (G,H) photomicrograph of renal sections of group
Il showing preserved cortical architecture with normal Malpighian renal corpuscle
(arrow) and normal cortical tubules except for some tubular vacuolations (star).
Medullary peritubular blood capillaries showing mild congestion (notched arrow).
Magnification: (A—H) %400, scale bar =25pm.

bind with dihydrofolic reductase enzyme with subsequent
prevention of conversion of folic acid to its active form,
folinic acid. This inhibits the synthesis of nucleic acids and
proteins which in turn leads to damage of organelles and
cell membranes of hepatocytes allowing leakage of liver
enzymes.? In addition, MTX disturbs the kidney functions as
more than 90% of MTX is filtered by the kidneys.”* MTX is
poorly soluble at acidic pH so it precipitates in renal tubules
and induces tubular injury.2 Moreover, MTX has a direct toxic
effect on the renal tubular cells due to its inhibitory effect on
dihydrofolic reductase enzyme.**

MTX-induced hepatorenal damage was confirmed by
histological examinations of liver and kidney which revealed
loss of normal hepatic and renal architecture.

The results of the present study suggested some of the
possible mechanisms involved in MTX-induced hepatorenal
toxicity. MTX administration induced oxidative stress as it
led to significant increase in hepatic and renal MDA levels
and significant decrease in hepatic and renal TAC levels and
Na+/K+-ATPase activities compared with the control group.
Oxidative stress occurs when there is imbalance between
oxidants and antioxidants due to too much generation of
free oxygen radicals to be overcome by antioxidants with
subsequent cellular damage, lipid peroxidation,? failure of
Na+/K+-ATPase activity accompanied with cell membrane
damage and decrease of TAC which is a reflection of all
enzymatic and non-enzymatic antioxidants.?¢*” MDA is a
product of lipid peroxidation and its increase indicates that
the profound lipid peroxidation is an important contributing
factor in MTX-induced toxicity.”® The lipid peroxidation
could be considered as a leading cause of elevated liver
enzymes as it leads to damage of the cell membrane bilayers
and subsequently necrosis with leakage of the cytoplasmic
enzymes into the blood.”® These biochemical results were
supported by the histological results of this study which
showed focal areas of liver necrosis and exfoliated tubular
epithelial cells of kidney.

In addition, free oxygen radicals may impair the mito-
chondrial function which cause energy deprivation and inter-
nalization of the Na—K-ATPase and decrease its activity.>*°

Table 4 Comparison between the scores of liver and kidney histological observations in the studied groups

Control group MTX group MET group P-value
(n=10) (n=10) (n=10)
Liver score | (0-1) 13(9-16) 4 (3-5) 0.002*
Kidney score I (0-3) 15(14-17) 5(2-6) 0.0037

Notes: Data are given as median (minimum — maximum). ** <0.05 was considered statistically significant in between groups.
Abbreviations: MTX, methotrexate; MET, metformin.
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The activity of Na—K-ATPase is important for maintenance
of normal polarized state of plasma membrane and normal
functions of the cells especially renal epithelial cells which
responsible for maintenance of solute reabsorption and
volume homeostasis.’! Moreover, ATP depletion due to mito-
chondrial dysfunction disrupts the tight junctions and leads
to leakage of extracellular fluid into the renal tubular lumen
with subsequent disturbance of renal functions.*?

However, concomitant administration of MET with MTX
could protect the liver and kidney from the toxic effects of
MTX as evident by significant decreases of ALT, AST, urea
and creatinine compared with MTX group but they did not
reach normal levels. These results were supported by histo-
logical examinations of liver and kidneys.

The hepatorenal protective effects of MET could be
explained by their antioxidant effects as the results of the cur-
rent study showed that concomitant administration of MET
to MTX significantly decreased the hepatic and renal MDA
levels and significantly increased the hepatic and renal TAC
levels and Na+/K+-ATPase activities compared with MTX
group. The antioxidant effects of MET may be attributed to
its ability to increase the expression of heme oxygenase-1
(HO-1) that protects against oxidative stress-induced dam-
age. Hence, MET could prevent oxygen free radical produc-
tion with subsequent prevention of lipid peroxidation, cell
membrane damage, exhaustion of antioxidant capacity and
mitochondrial impairment.**

Another possible mechanisms of MTX-induced hepatore-
nal damage were demonstrated by the histological examina-
tions of liver and kidney which revealed that MTX induce
inflammatory and apoptotic responses in both organs.

Moreover, The biochemical analysis of the expression
of inflammatory and apoptotic markers supported the his-
tological findings as it showed that MTX administration led
to significant up regulation of mRNA expressions of inflam-
matory markers including NF-xB and COX-2 and apoptosis
marker cas3 compared with control group in both liver and
kidney tissues. MTX-induced hepatorenal inflammation may
be attributed to oxidative stress which stimulates TNF-a/
NF-xB/COX-2 inflammatory pathway with subsequent
motivation of automated cell death, apoptosis.* TNF-o
stimulates the phosphorylation of the I kappa B-alpha, that
induces proteasome-mediated degradation and releases the
active form of NF-kB that is translocated to the nucleus and
activates many genes expression.>* These genes have bind-
ing sites for NF-xB at their promoter regions so when bound
increase the expression of COX-2.%

COX-2, is an enzyme, activates the conversion of ara-
chidonic acid to prostaglandins which play an important
role in the development of the inflammatory response.* The
accumulated pro-inflammatory cytokines activate specific
pro-apoptotic signals via caspase cascade.’” In addition,
the caspase cascades could be initiated by MTX-induced
oxidative stress which enhances DNA fragmentation and
denaturation that activates c-Jun N-terminal kinase which in
turn initiates programmed cell death via caspase cascades.?**

However, the results of the current work showed that
concomitant administration of MET along with MTX led
to significant downregulation of NF-xB , COX-2 and cas
3 mRNA expressions in liver and kidney tissues. The anti-
inflammatory and anti-apoptotic effects of MET might be
explained by its antioxidant effects as proved by the results of
this study. The anti-apoptotic effect of MET was previously
studied in a model of doxorubicin-induced cardiotoxicity
by Al-Kuraishy and Hussein.*’ Therefore, we could consider
MET is a rescue therapy for cancer treatment.

Conclusion

MET could reduce MTX-induced hepatorenal toxicity
through antioxidant, anti-inflammatory and anti-apoptotic
mechanisms. Since the anticancer effects of MET is now
studied by previous experiments we could suspect that MET
will be successful adjuvant to MTX chemotherapy that
could prevent its toxicity on liver and kidney and increase
its antitumor efficacy. Future studies are needed to evaluate
the efficacy and safety of MTX after adding MET to it in dif-
ferent cancer models and to relate the rat findings to human.
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