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Abstract

Methotrexate (MTX) is an anti-folate used to treat cancer and some inflammatory
diseases. The efficacy of MTX is often limited by its severe toxicity. Propolis is one of the most
significant bee products that has an important role in balancing antioxidant systems and has an
anti-peroxidant effect on several tissues. The present study was conducted to investigate the
ameliorative effect of propolis against the methotrexate induced oxidative damage on blood,
liver and kidney in rats. A total of one hundred and twenty male Wistar albino rats of mean
body weights 90 + 5 g were divided into 5 groups. Rats were administered their respective doses
of propolis and/or MTX for 3, 6 and 9 weeks intervals. Control groups (G; and G,), propolis
group (G;), methotrexate group (G,) and methotrexate and propolis co-administered group
(Gs).The results showed that the MTX significant reduced hemoglobin concentration,
hematocrit %, MCHC value, RBCs, WBCs and platelets count and significantly increased MCV
and lymphocytes %. Moreover, it caused a significant increase in MDA level and significant
decrease in GSH concentration in liver tissue as compared to normal control group (Gy) in a
time dependent manner. MTX administration also caused significant increase in serum AST,
ALT and ALP activities in a time dependent manner, but a significant increase in total bilirubin
only in 9 weeks as compared to normal control (G;). On the other hand, MTX impaired kidney
function as reflected by a significant increase in serum urea and creatinine levels and decrease
in serum uric acid level as compared to normal control group. Results suggest that
administration of propolis extract (Gs) help reduce the deleterious effects due to MTX injection
in a time dependent manner, whereas, administration for 9 weeks offers better alleviation over 6
or 3 weeks. Data showed that long term administration of MTX for 9 weeks produce maximum
damage over 6 or 3 weeks. Propolis extract administration also recovered the structural and
functional integrity of the hepatic cells.

Key words: Methotrexate, Propolis extract, Oxidative damage, Liver function, kidney function
Antioxidant system, Rats.

1. Introduction

Methotrexate (MTX) is widely used as a cytotoxic chemotherapeutic agent to treat
various neoplastic diseases such as acute lymphoblastic leukemia, lymphoma, solid cancers and
autoimmune diseases such as psoriasis and rheumatoid arthritis. It has the potential to generate
free radicals, and such free radicals could precipitate oxidative stress especially in the presence
of insufficient endogenous antioxidant enzymes within the biological system.
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However, the efficacy of this agent often is limited by severe side effects and toxic
sequelae. Since, the cytotoxic effect of MTX is not selective for the cancer cells; it also affects
the normal tissues. MTX administration has been reported to cause acute renal failure,
hepatotoxicity characterized by necrosis and fibrosis, neurotoxicity, hematologic and intestinal
mucosa oxidative stress. Patients taking methotrexate are more likely to discontinue therapies
because of the adverse effects of medication rather than lack of efficacy (Sener et al., 2006) and
(Mohamed and Metwally, 2009).

Some drugs may enhance or inhibit the activities of enzymes needed for nutrient
metabolism. The drug MTX, which acts by interfering with folate metabolism and thus
depriving rapidly dividing cancer cells of folate they need to multiply. MTX resembles folate in
structure and competes with folate for the enzyme that converts folate to its active form. The
adverse effects of using methotrexate therefore include symptoms of folate deficiency (De
Bruyne and Pinna, 2013).

MTX-induced toxicity appears to be a consequence of the interaction of many factors:
dosing schedule and length of treatment, patients’ risk factors, type of disease, and presence of
genetic and molecular apoptotic factors (Krajinovic and Moghrabi, 2004). The nutritional
approach by supplementing or supporting the body with natural phytochemicals cannot only
reduce adverse side effects but also improve the effectiveness of chemotherapeutics (Sak,
2012).

Propolis is a resinous material collected by bees from bud and exudates of the plants
and is transformed by bee enzymes. Bees use the propolis (bee glue) along with bees wax to
construct their hives. Bees use it to seal holes in their honeycombs, smooth out internal walls as
well as to cover carcasses of intruders who died inside the hive in order to avoid their
decomposition. Propolis also protects the colony from diseases because of its antiseptic efficacy
and antimicrobial properties (Najaf et al., 2007).

Chemical analysis of propolis has pointed to the presence of at least 300 compounds in
its composition. It is mainly composed of resin (50%), wax (30%), essential oils (10%), pollen
(5%), and other organic compounds (5%) (Russo et al., 2002). Among these organic
compounds, phenolic compounds and esters, flavonoids in all their forms (flavonoles, flavones,
flavonones, dihydroflavonoles, and chalcones), terpenes, beta-steroids, aromatic aldehydes and
alcohols, sesquiterpenes, and stilbene terpenes. Its composition varies with different factors,
such as source of the exudates, climate, and environmental conditions. At least 38 flavonoids
have been found in propolis, including galagin, kaempferol, quercetin, pinocembrin,
pinostorbin, chyrisin, narinigen and pinobanksin. Other important elements present in propolis
include calcium, manganese, magnesium, zinc, copper, silicon and iron. Propolis is also rich in
pro-vitamin A (B-carotene), vitamin A (retinol), vitamins By, B,, Bs, Bg, C, E, D and also
proteins and carbohydrates (Kedzia, et al., 2009). Latterly, propolis has gained popularity in
connection with oxidative stress and used widely in healthy drinks and foods to recuperate
health and prevent diseases such as inflammation, heart disease, diabetes and even cancer
(Tatli-Seven et al., 2009). Propolis presents a plenty of biological and pharmacological
properties, such as immuno-modulatory, antitumor, anti-inflammatory, antioxidant,
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antibacterial, antiviral, antifungal, anti-parasitic activities, among others. These properties of
propolis are based on its rich, flavonoid, phenolic acid and terpenoid contents (Sforcin and
Bankova, 2011).

It’s likely that the presence of a large number of compounds in propolis may produce a
synergistic effect greater than the sum of the effects of individual components (Tatli-Seven et
al., 2009). Caffeic acid phenethyl ester (CAPE) is extensively used in oxidative stress related
researches. CAPE, is one of the major components of honeybee propolis, it can be speculated
that CAPE may affect the transcriptional and/or translational pathways of these antioxidant
enzymes. Another explanation for this effect of CAPE may be that it prevents the induction of
the enzymes by the inhibition of toxic oxidative products the inhibition of ROS formation by
propolis and its components provides a potential molecular basis for the protective actions of
propolis not only through the retardation of NF-xB activation, inhibition of eicosanoid
synthesis, and reduction in expression of various inflammatory cytokines in the nucleus, but
also through the inhibition of oxidative damage to proteins, lipids, DNA/RNA and
carbohydrates (EI-Masry et al., 2011) and (Farooqui and Farooqui, 2010). This study aimed
to investigate the modulatory effect of propolis against oxidative damage of methotrexate.

2. Materials and Methods
Materials

Ethyl Alcohol (95 %) and dimethyl sulphoxide (DMSO) were purchased from El-
Gomhoria Company for chemicals and drugs, Cairo, Egypt. Propolis (PP) was purchased from
the faculty of agriculture, Cairo University, Giza, Egypt. Methotrexate drug (MTX) was
obtained from Orion Corporation. Finland.

Preparation of Propolis extract:

The extract of dried, milled Propolis was prepared by soaking 10 g in hydroalcoholic
mixture (30% water and 70% ethanol) for three days in a dark place according to Sforcin et al.
(2002). After filtration, the extraction solvent was evaporated under vacuum by a rotary
evaporator at 40°C and the solvent was removed. The obtained viscous residue was dissolved in
DMSO as a vehicle for propolis.

Animals and experimental design:

In the present study, one hundred twenty male Wistar albino rats, weighing 90 + 5 g
were used in this study. Animals were obtained from the animal house of Helwan-Farm, Cairo,
Egypt. Rats were housed individually in animal care facility with constant environment in
controlled stainless steel cages, under a room temperature (25 °C = 5 °C), relative humidity
(50% £ 10%), with 12 hour light/dark cycles. Animals were allowed seven days pre-
experimentation period to be adapted to the laboratory conditions. Rats were allowed to a
standard commercial pellets diet, diet according to NRC (1995). Throughout the experiment
and water was given ad libitum. Rats were randomly divided into five groups with 8 rats in
each. Rats were weighed every other day and accordingly, the dose of PP and MTX were
adjusted. Propolis was administered orally at a dose (200 mg/kg b.wt. twice/week) using intra-
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gastric tube. Methotrexate was injected intra-peritoneal at a dose (2.5 mg/kg b.wt. single
dose/week) throughout the experimental periods (3,6 and 9 weeks). The groups were as the
following:

Group 1: Healthy rats fed on the standard commercial diet (control group).

Group 2: Healthy rats fed on the standard commercial diet, injected with saline and orally
administered DMSO (Saline + DMSO group).

Group 3: Healthy rats fed on the standard commercial diet and orally administered propolis
extract (PP group).

Group 4: Rats fed on the standard commercial diet and injected with methotrexate (MTX
group).

Group 5: Rats fed on the standard commercial diet and injected with methotrexate and orally
administered propolis extract (MTX + PP group).

After 3, 6 and 9 weeks, the rats were sacrificed after 12 hour fasting. The blood
samples were taken from hepatic portal vein into two tubes: the first tube contained ethylene-
diamine-tetra-acetic acid (EDTA) for blood picture determination .The second tube was left for
15 minutes at 37 °C, then centrifuged at 4000 r.p.m for 20 minutes. Serum was separated and
kept at -20°C until analysis. Liver was removed and washed twice with ice cold saline solution.
Liver tissue was stored at -20°C for estimation of various biochemical parameters. Parts of liver
were kept in 10% formalin solution for histopathological examination and then liver tissue
sections were stained with Hemato-xylin and Eosin.

Biochemical analysis:

Hemoglobin concentration (Hb), hematocrit (Hct) %, mean corpuscular volume (MCV),
mean corpuscular hemoglobin concentration (MCHC), erythrocytes count (RBCs), platelets
count, white blood cells count (WBCs) and lymphocytes % were assayed using an automatic
cell counter (dirui BCC3000B, X123000BBCC0114, China).

Glutathione reduced (GSH) activity and malondialdehyde (MDA) were determined in
liver homogenate using colorimetric method, kits developed by the Biodiagnostic and Ben Italy
company respectively according the procedure of Beutler et al., (1963) and Ohkawa et al.,
(1979) respectively. Serum activities of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) and alkaline phosphatase (ALP) were determined using the
colorimetric method according to the kits developed by Bio STC company and procedure
described by Henry, (1974 a, b) and Belfield and Goldberg (1971) respectively. Total
bilirubin was determined in serum according to the colorimetric method, kits from Salucea
company as described by Malloy and Evelyn (1937). Serum uric acid and creatinine levels
were determined by enzymatic colorimetric method from Vitro Scient as described by
Gochman and Schmitz (1971) and Rock et al. (1987) respectively. Serum urea level was
performed by enzymatic colorimetric method according to Tobacco et al. (1979) by Kits
performed from Diamond company.
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Statistical analysis:

Results are expressed as mean + SD. The data were statistically analyzed following the
one way analysis of variance [ANOVA, F test and least significant difference (L.S.D)] at (P <
0.05) were carried out using the statistical package for social science (SPSS) version 17.0
followed by Dunnett’s multiple comparisons test to compare all the groups.

Results and Discussion:

Chemotherapeutic drugs are often associated with some degrees of toxicities, which
are coursed by reactive metabolites generated by the biotransformation of anticancer drugs in
the liver (Moreira et al., 2011). Toxicity often limits the usefulness of anticancer agents being
also the reason why many patients discontinue the treatment (Sak, 2012).

While the cytotoxic effect of MTX is not selective for cancer cells, it also affects the
normal tissues which have a high rate of proliferation, including the hematopoetic cells in the
bone marrow and actively dividing cells of the intestinal mucosa (Kovacic and Somanathan,
2008). Recent reports suggest that propolis may have an important role in balancing antioxidant
systems and has an antiperoxidant effect on several tissues, which may account for its beneficial
effect in oxidant induced injury (Bhadauria et al., 2008).

From the results obtained in table (1& 2), MTX caused significant reduction in
hemoglobin concentration, MCHC, hematocrit values, platelets, RBCs and WBCs count in
MTX group. Moreover, MTX caused relative increase in MCV and lymphocyte percentage
(p<0.05) as compared to control group. The results of Ulrich et al. (2001) are similar to the
results of the current study who reported that the most important potential side-effect of
methotrexate is myelosuppression, it causes profound suppression of the bone marrow. Which is
characterized by anemia (reduced hematocrit, hemoglobin and number of red blood cells),
leucopoenia (reduced number of white blood cells) and thrombocytopenia (reduced number of
platelets).

Also, Sener et al. (2006) and Cetin et al. (2008) reported that MTX treatment caused
significant reductions in hemoglobin and hematocrit values and diminished numbers of red and
white blood cells and platelets while relative increase in lymphocyte percentage was observed.
Haematological parameters should be monitored during therapy because the occurrence of
neutropenia and thrombocytopenia can limit the dose administered or obligate the cessation of
MTX therapy (Juntti-Patinen et al., 2006). Consumption of propolis extract (Gs) reversed the
alterations induced by MTX in all of these hematological parameters to be near normal control
levels. The amelioration caused was time dependent as 9 weeks treatment with propolis was
more effective compared with 6 or 3 weeks treatment. The improvement may be due to propolis
induced extensive proliferation of hematopoietic cells in the spleen and bone marrow.
Moreover, it improves the digestive utilization of iron and increases the regeneration efficiency
of hemoglobin especially during recovery from an anemic syndrome. In addition, the high
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(EPO) and accelerates the generation of erythrocyte and hemoglobin (Abu Aita et al., 2012).

Table (1): Hb concentration (g/dl), Hct %, MCV (fl) and MCHC in the studied rats groups:

» Groups
5
5 L
£ § Healthy control  Saline + DMSO PP group MTX group MT?;: PP
g GY) ©2) ©3) (G4) G5)
3 1259+036*' 1260+040*' 12.83+0.92%! 8.7+.0.32%1 9.66 +0.19>°
£ 6 1267+052*' 1256+080*' 1283+057%* 742+0.22°%% 10.66 + 0.43 >2
9 1278+091*' 1246+050*' 1259+0.65%! 6.53+0.19 % 11.04 +0.09 >*
3 3266+036*' 3256+042*' 32.70+042%! 25.24 +0.91 %1 27.22+0.33"3
% 6 3261+043%*' 3276+046*' 32.78+0.39%! 22.25+0.54 %2 28.28 +1.31"2
9 3265+025%' 3264+059*' 3261+035%! 205+0.70¢* 29.59 +0.37 >*
3 5407+106°' 5404+068%! 5416+121>? 60.73 +3.84 2 61.85 +3.59 **
>
g 6 534+201°% 53.64+188%' 5388+1.80°¢" 65.26 +3.01 2 60.06 + 3.08 ™1
9 5340+099°' 5372+228%' 5404+101°%! 68.08 +1.74 %1 60.05 +2.07 *
3 3854+091*' 3875+125%' 39.26+299%! 35.24 +0.63 > 35.44 +0.71>2
(@]
5 6 388+165%" 3838+283%' 3915+198%"  3339+048"° 3806248
=
9 39.18+304%' 3830+165*' 3862+212%! 3217+1.15"% 3759 +045%!

Hb, hemoglobin; Hct, hematocrit; MCHC, mean corpuscular hemoglobin concentration; MCV, mean
corpuscular volume.

» Values are expressed as mean + S.D, n=8

» There was no significant difference between means have the same alphabetical superscripts (a, b, ¢, d and €)
in the same row.

» There was no significant difference between means have the same numerical value superscripts (1, 2, 3) in the
same column.
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&2 Groups

(<3

g £

8 £ Healthycontrol  Saline + DMSO (G PP group MTX group MTX + PP group
& (G1) 2) (G3) (G4) (G5)

3 287.56+7.67%! 291.34+10.48 %1 291.21+7.88%1 184.06 + 2.12 %1 185.03 +5.60 1
© 6 287.20%£394%1 287.32+£4.11%" 287.78£7.91%" 176.0+2.44%%  196.82+18.54"!
©
o

9 286.39+4.08%" 290.96 + 5.94** 290.03 + 6.05** 168.91+1.03%° 199,56 + 16.82 1
e 3 6220+163 el 62.53+0.96 ©* 61.55+1.40 ©* 73.55+0.96 2 76.04+ 1571
B
S 6 6079%243°" 62.24+2.09%" 61.20+1.07 %" 77.97+057 %2 71.15+0.67 ?
Q.

3
J 9 6250+093%! 61.19+1.25%* 62.23+2.02%? 83.40 +0.40 ** 68.56 + 0.19 "

3 4670092 469+0.07"2 478+0.10%* 323+0.03%* 3.60+0.03%3
o)

%g.? 6 486+014°%! 473+0.13%%2 479+0.07°2"1 2.75+0.02%2 3.89+0.03%2

9 4710042 482+0.09%? 476+0.11%"1 2.25+0.01%3 4,06 +0.009 ©*

3 6.04+010%! 6.01+0.09%* 6.03+0.08%* 416+0.12%* 44140253
o)

& 6 608£013%! 6.11+0.15%* 6.08+0.16** 341+0.10%2 47140152
24
9  611+0.09°%! 6.08+0.16** 6.03+0.11%* 3.00+0.05%° 494+0.13"!

MCV, mean corpuscular volume; WBCs, white blood cells; RBCs, red blood cells.

» Values are expressed as mean = S.D, n=8

» There was no significant difference between means have the same alphabetical superscripts (a, b, ¢, d and €)
in the same row.

» There was no significant difference between means have the same numerical value superscripts (1, 2, 3) in the
same column.

As shown in table 3; the current results revealed that, MTX (G,4) caused a significant
increase in MDA level indicator of lipid peroxidation in liver tissue. This was accompanied with
a significant decrease in GSH concentration. This observation may be explained as;
methotrexate is a pro-drug which has to be metabolically activated to exert its cytotoxic effect.
During this activated state, free radicals are generated which can suppress the release and
availability of intracellular antioxidant enzymes. Methotrexate is capable of generating potential
toxic reactive oxygen species during its metabolism in the cell and thus the pro-oxidants-
antioxidant balance that is usually maintained in a normal cell can be shifted towards the pro-
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oxidants following MTX metabolism (Vezmar, et al., 2003). In addition, MTX and its toxic
known metabolite accumulates in the liver tissue and its long-lasting effects can be attributed to
MTX persistence in the cells and its strong affinity for cellular macromolecules and membranes
(Rossato et al., 2013).

Table (3): GSH (mg/qg tissue) and MDA (nmole/mg tissue) concentration in liver in the studied rats
groups:

Groups
4
Q
g 2 MTX + PP
8 2 Healthy control Saline + DMSO PP group MTX group group
S 1 2 4
a (GY) G2 G3) (G4) (G5)
3 426+027°! 4.40+0.16°* 4.14+030°! 11.56 +0.26 *3 10.75£0.36 ™1
5
S 6 427+027%° 4.22+024°%1 4.03+0.25%* 15.74 +1.74 2 10.06 +0.44 >2
9  4.24+0.06°" 4.24+0.13°%* 3.93+0.25%* 24.81+238%1 9.59+0.12 3
3 7577+183%! 75.86+265%  7472+176*'  50.73+0.30°%* 55.85+2.83 >3
T al al al c?2 b, 2
B 6 7611+1.09° 74.27+198% 75.75+239 % 46.40 +3.12 60.37+1.92 "
9  75.69+1.20%? 75.06+215%  7432+105*'  34.48+238°%° 67.34+1.29 "1

MDA, malondialdehyde; GSH, reduced glutathione.

» Values are expressed as mean + S.D, n=8

» There was no significant difference between means have the same alphabetical superscripts (a, b, ¢, d and e)
in the same row.

» There was no significant difference between means have the same numerical value superscripts (1, 2, 3) in the
same column.

It is well known that, liver is the most sensitive organ to pre-oxidative damage because
it is rich in oxidizable substances. The increment of the oxidative stress on the cells of the liver
and the consequent decrease in the antioxidant ability of the cells result in the occurrence of
aggressive cellular damage to the liver cells with destruction of their membranes and the release
of the enzymes into the blood stream. Liver is the major site for synthesis of GSH and
detoxification of different drugs and xenobiotics. GSH is one of the most important molecules
in the cellular defense against chemically reactive toxic compounds or oxidative stress (Seven
et al., 2004).
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In addition, Vardi et al. (2010) suggested that, MTX could decrease the availability of
NADPH in cells. Normally, NADPH is used by glutathione reductase to maintain the reduced
state of cellular glutathione (GSH).

MDA is the breakdown product of most important chain reactions leading to oxidation
of polyunsaturated fatty acids and therefore serves as a reliable biomarker of oxidative stress-
mediated lipid peroxidation (Ozguner et al., 2005).

Previous studies; Coleshowers, et al. (2010) and Sener et al. (2006) reported that
MTX administration caused a significant increase in the level of MDA concluding that lipid
peroxidation, mediated by oxygen free radicals, is believed to be an important cause of
destruction and damage to cell membranes and has been suggested to be a contributing factor to
the development of methotrexate-mediated tissue damage. The same observation were obtained
by Kovacic and Somanathan (2008) and Jwied et al. (2009) they reported that rats treated
with MTX resulted in a significant increase in hepatic lipid peroxidation measured by the
amount of MDA formed, associated with significant decrease in the liver tissue GSH levels
compared to control group. The oral administration of propolis to MTX toxicated rats (Gs) seem
to reduce liver MDA and increase GSH levels. The effect of propolis was more pronounced in 9
weeks. These findings demonstrate the ability of propolis to has marked hepato-protective
potential because of its composition of vitamins, minerals and bioflavonoids (Badr et al.,
2011).

The present data is in consistent with that reported by Cetin et al. (2011) and Badr et
al. (2011) they found that, co-administration of propolis with MTX, lowered MDA formation in
the rat liver tissue. Study by Ali et al. (2014) demonstrated the protective effect of chrysin as a
component of propolis against MTX-induced hepatotoxicity and showed that the chrysin was
capable of enhancing the therapeutic index of MTX when the two were administered
simultaneously. Chrysin co-administration reversed increase in MDA content and increased
GSH concentration.

With regard to MTX hepatotoxicity, marked by elevated serum aminotransferase
activities, ALP activity and total bilirubin concentration in the liver of MTX treated rats as
compared to control rats. MTX treatment for nine weeks possesses maximum damage, table 4.
With respect to total bilirubin there was a significant increase in MTX group after 9 weeks
compared to control group and no significant change in 3 and 6 weeks. It has been postulated
that, AST and ALT are cytosolic enzymes of the hepatocytes. They are involved in the
breakdown of amino acids into a-keto acids. Any increase in their activities reflects a leakage in
plasma membrane permeability, which in turn, is associated with cell death. They are best
indicators of liver necrosis (Abdel-Ghaffar et al., 2013).

The presence of higher activity of MTX poly glutamates inside liver cells causes a
longer intracellular presence of the drug, and this has been suggested as a mechanism for MTX
hepatotoxicity. In addition, oxygen radicals and hydrogen peroxides have been associated with
the many side effects of MTX and these free radicals trigger cell damage through binding to
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cellular macromolecules, particularly membrane lipids leading to releasing of AST and ALT
from cells to serum (Vardi et al., 2010). The present results in accordance with Jwied et al.
(2009), Badr et al. (2011) and Ali et al. (2014) they found that MTX group caused liver
dysfunction that appeared by a significant increase in ALT and AST activities which could be
due to liver damage, mild necrosis and inflammation. In contrast to our results, Abdul-Wahab
and Abdul Jalil (2012) showed no statistical significant differences in AST, ALT activities and
bilirubin level in methotrexate treated group, this may be due to administration of methotrexate
for short duration or may need high dose to produce change in the level of these enzymes, while
the level of ALP was decreased. Propolis reversed the adverse effect of MTX on liver
hepatotoxicity and decreased the levels of serum AST, ALT and ALP activities and total
bilirubin concentration.

Table (4): Serum ALT (U/L), AST (U/L), ALP (U/L) activities and total bilirubin concentration
(mg/dl) in the studied rats groups:

[ Groups

g 4

2 3

g 2 Healthy control Saline + PP group MTX group MTX + PP group
8 (G1) DMSO (G 2) (G3) (G4) (G5)

3 3340+ 1671 3330+157%'  3321+216°%! 60.20 + 0.64 *3 5253+1.83%1
£ 6 33.17+1.78°%1 33.05+202%" 3246+169%'  7250+293%2 47.35+241"2
<

9 3487 +1.45°%! 3334+114%'  3388+213°%! 86.22+1.24%1 4220 +1.83%°

3 21.40 +1.46 ©* 21.95+095%'  21.76+161°" 51.35+0.66 >3 4261+222%1
E 6 22.03+1.43°%! 21824104 Y 2168+155°%!  64.63+337%2 36.78 +3.22 »?

9 21.81+1.04 ©* 2266+082 !  2203+058 %!  76.49+264 *! 3312+1.32 %2

3 85.64 +3.17¢* 8658 +2.83°%1  86.03+237%!  11684+146%° 10527 +181">*
o
3 6 87.41+225°%! 86.75+298°%1 85091+257%!  12480+311%%  100.31+1.01>2

9 86.63 +2.08 ! 86.96+164°! 8578+238°!  13596+3.12%? 96.4 6+ 2.05 "3
c 3 0.52+0.01%* 0.52+0.03%! 0.48+0.01 ! 0.52+0.03 *2 0.54 +0.04 **
Qo
=)

% 6 0.51+0.02°1 0.52+0.02%! 0.48 +0.02>* 0.51+0.03 "2 0.53+0.02 **
s
e 9 0.52+0.01 "t 0.52+0.01"! 0.48 +0.02 %* 0.60+0.01 ** 0.53+0.02°1

AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase.

» Values are expressed as mean + S.D, n=8

» There was no significant difference between means have the same alphabetical superscripts (a, b, ¢, d and €)
in the same row.

» There was no significant difference between means have the same numerical value superscripts (1, 2, 3) in the
same column.
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Such improvements support the hepato-protective effect of propolis. This might be due
to the accelerated regeneration of hepatic parenchymal cells under the influence of various
bioactive compounds of propolis like flavonoid and their esters. They prevent membrane
fragility and subsequently decreased the leakage of marker enzymes into the circulation.

Previous results recorded that the treatment with propolis significantly decreased the
activities of serum ALT, AST and ALP suggesting its hepato-protective potential (Badr et al.,
2011 and Saleh, 2012). It seems that, MTX administered rats (G4) showed a significant increase
in serum urea and creatinine and a significant decrease in serum uric acid level (p<0.05) as
compared to control group; table 5. There was a significant progressive change over the
duration of administration as compared to the 3 and 6 weeks’ time intervals. The present results
indicated that nephrotoxicity is an important side-effect of this drug and that administration of a
high-dose of MTX may also results in acute renal failure possibly due to precipitation of MTX
and/or MTX metabolite (7-OH-MTX) in the renal tubules. This nephrotoxicity leads to delayed
MTX elimination. The decreased output of uric acid is a direct consequence of decreased purine
catabolism, and hence an indication of a possible treatment-related decrease in nucleic acid
turnover (Van den bongard et al., 2001). Recent studies; Pinheiro et al. (2010) reported that
MTX administration significantly increased the serum levels of urea and decrease uric acid
levels in the serum of MTX- group suggesting a nephrotoxic condition. From, the present
results it’s clear that after 9 weeks of propolis consumption (Gs) there were a significant
decrease in the elevated levels of serum urea and creatinine compared to MTX-treated group
(Gy).

Table (5): Serum urea (mg/dl), creatinine (mg/dl) and uric acid (mg/dl) levels in the studied rats
groups:

Eu’) ) Groups
% § Healthy control Saline + DMSO PP group MTX group M‘gl]’i;:ppp
& (G1) G2 G3) (G4) (G5)

3 2382x167%! 24,14+ 1.87%* 27.63+191°%1 49.46 + 4,11 %3 42.66+0.82""
& 6 2375:202°1 24,31+ 1.47%2 24,56 +2.82%1 52.48 +1.83 %2 37.69 + 2.56 2
> 9  2513+0.81%! 25.66+ 1.86 %2 2456+1.12%1 60.42+ 167! 33.83+234"°
e 3 0.95+0.03%* 0.97+£0.04%* 0.95+0.02%2 158+0.01*2 147+0.02°!
E 6  097002%* 0.96+0.03%* 0.96+0.02%%? 1.73+£0.19%2 1.25+0.05"2
5 9 0.97+0.01%* 0.97+£0.02%* 0.99+0.04%* 285+0.26%" 1.11+0.02"°
- 3 478+0.15%" 487+0.16%1 486+0.10%1 402 £0.01%* 419+ 0.10°°
§ 6  489+008%! 488+0.14% 486+0.16%" 323 £ 0.08%° 4.21+0.06"?
2 9 475+0.18%" 474+013%1 482+0.11°1 251+ 0.03%° 437+ 0.06™!

» Values are expressed as mean + S.D, n=8

» There was no significant difference between means have the same alphabetical superscripts (a, b, ¢, d and €)
in the same row.

» There was no significant difference between means have the same numerical value superscripts (1, 2, 3) in the
same column.
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Results of Conlon and Law (2004) and Uz et al. (2005) revealed that administration
of caffeic acid phenethyl ester (CAPE) a component of propolis may have protective potential
in the pathogenesis of MTX-induced oxidative renal damage. In the same line Badr et al.
(2011) showed that group treated with MTX revealed increase in serum creatinine level and
While propolis administration revealed amelioration toward the normal control group.

The MTX-induced changes in oxidative damage markers detected in the present study
by biochemical analysis were in parallel to the alterations obtained from histological
observations of liver specimens. MTX-induced structural damage to the liver, such as hepatic
portal tract dilatation, inflammatory cell infiltration and fibrosis fig. 2, 3 and 4. MTX treatment
showed variable degrees of morphological and pathological changes. These changes were
gradual and progressive after 3 and 6 weeks of injections, and extended to 9 weeks of injections
which showed more damage. Similar histopathological results have been previously reported by
a multitude of MTX studies using in vivo models. Akbulut et al., (2014) observed focal areas
of necrosis in livers of rats exposed to MTX, and Jwied et al., (2009) showed degenerative
changes in liver tissues of MTX-administered rats.

Figure {1} Normal histological appearance of liver
in {control group). H&E (x200).

S I oA it A5, A Sends
Figure (3) Liver tissue of MTX group (after
6 weeks) showed marked portal tract
expansion by mononuclear inflammatory o'expansion by .severely dense mononucle'far
infiltrate (arrows) and interface hepatitis  inflammatory infiltrate (arrows), lymphoid
(stars). (H & E 200) The inset showed a aggregate formation (chevron) and interface

higher magnification (H &E x 400). hepatitis (stars). Moderate fibrosis could be
seen (H &E 200).

Figure (2) Liver tissue of MTX group (after
3 weeks) showed multifocal portal tract
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Figure (4) Liver tissue biopsy of the MT.
group (after 9 weeks) showed portal tract
expansion by fibrosis with porto-portal
bridging (arrow) (stage 3/6) and mild
mononuclear inflammatory infiltrate and
mild interface hepatitis (stars) (H&E
X200).

Figure (6) Liver tissue of MTX + PP group
(after 6 weeks) showed moderate portal
tract ~ expansion by  mononuclear
inflammatory  infiltrate  (arrows) and
interface hepatitis (stars). (H &E 200)
higher magnification (H &E x 400).

issue of MTX + PP

group (after 3 weeks) showed mild
portal tract expansion by mild

mononuclear inflammatory infiltrate
(arrows) and interface hepatitis (stars).
(H &E 200).

: I e N SRy
Figure (7) Liver tissue of MTX + PP group
(after 9 weeks) showed minimal portal tract
expansion by mononuclear inflammatory
infiltrate (arrows) and spotty parenchymal

inflammation (star)(H & E x 400 )
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The histopathological data proposed that, propolis was able to improve the MTX-
related histopathological damage induced in liver tissues, suggesting its potential benefit as
adjunct protective agents fig. 5,6,7.

4, Conclusion

Results suggest that propolis administration able to ameliorate the MTX induced
oxidative damage observed in blood, kidney and liver. It may alleviate oxidative stress by
synergistic action of its constituents that increase the endogenous antioxidant status, protecting
cells against free-radical damage, thus enhance the therapeutic effectiveness of MTX with better
tolerance of the drug.
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