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Abstract

Conventional chemotherapy is an effective approach to cancer treatment. However, several side effects limited its
uses. Natural products have been reported for their anticancer potential. This study evaluated the anticancer
efficacy of Urtica pilulifera leaves extract (UPLE) alone or in combination with the Cis chemotherapeutic drug
Cis in Ehrlich ascites carcinoma (EAC)-bearing mice. Phytochemical constituents were determined in UPLE by
guantitative methods. Seventy mice were divided into seven groups (n = 10) as follows: Gpl was used as a
negative control, from Gp2 to Gp7 were inoculated with 1 x 10° EAC-cells/mouse, then Gp2 left as a positive
control, Gp3 was injected with Cis (2 mg/kg), Gp4 was injected with UPLE (100 mg/kg), Gp5 was co-treated with
Cis as Gp3 and UPLE as Gp4. Gp6 was injected with a low dose of Cis (0.5 mg/kg), and Gp7 was co-treated with
a low dose of Cis as Gp6 and UPLE as Gp4. The body weight change percentages (b.wt%) were calculated. On
day 14, all groups were sacrificed, the ascitic fluids were harvested, and the total tumor volume, count, and live
and dead tumor cells were measured. Sera samples were collected for biochemical parameters assessment. Liver
tissues were collected for the determination of oxidants/antioxidants biomarkers. The results showed that
combinatorial treatment of the high or low doses of Cis with UPLE led to a synergistic effect on the reduction in
the % b.wt changes due to the decrease in the ascitic tumor fluid. Cotreatment with Cis and UPLE exacerbates the
antitumor efficacy of Cis with a significant decrease in liver dysfunctions induced by Cis and enhances the hepatic
antioxidant status.

Keywords: Urtica pilulifera; Phytochemical; Antitumor; Cisplatin; Hepatotoxicity.

Received: February 25, 2023. Accepted: May 3, 2023. Published: May 20, 2023


mailto:kareem.ali@science.tanta.edu.eg

Journal of Bioscience and Applied Research, 2023, Vol.9, No. 2, P.82-93

Introduction

Cancer is an incurable global health problem that is
characterized by uncontrolled cell growth that can
metastasize to other parts of the body, it remains a
significant challenge for societies and healthcare
systems [1]. Cancer ranks as a leading cause of death,
it is the second biggest cause of premature death, after
cardiovascular diseases [2]. For cancer treatments,
conventional  treatment  approaches including
chemotherapy can be used, it is required to create a new
revolution in neoplastic cancer or medications that
target the various tumor entities' routes and traits [3, 4].
Chemotherapy is considered the most effective and
widely used modality in treating several types of
cancers, however, they cause humerous side effects due
to increasing the oxidative stress agents and
consequently led to toxicity of vital organs [5].
Constraints of traditional chemotherapeutic methods
include lack of selectivity, quick metabolism, and
mostly negative side effects [6].

One of the most used chemotherapeutic medications
for treating various cancers is cisplatin (Cis), whose
induction of oxidative stress has been identified as a
key contributor to toxicity [7]. The ability to target
certain pathways involved in the advancement of
cancer therapies has greatly improved with
combinatorial strategies, it hits important pathways in
a manner that is typically additive or synergistic. Co-
treatment with ibuprofen and Cis accelerates the
apoptosis of cancer cells [8]. This strategy may lessen
medication resistance while also having therapeutic
anti-cancer advantages [9].

Natural antioxidants have shown promise in
locating free radicals and counteracting their damaging
effects, perhaps treating cancer [3]. Plant-derived
bioactive compounds are natural constituents used as
preventive and therapeutic agents due to their
antioxidant  properties  [10, 11].  Recently,
phytochemicals have gained much attention in cancer
research due to their pleiotropic impacts and safe
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behavior. However, to comprehend the potential
anticancer properties of these phytochemicals as well
as the processes underlying their action, additional
research is required [12].

Urtica pilulifera belongs to the family Urticaceae
and is classified as a popular plant cultivated in the
Mediterranean region, it is an annual herb with a
straight, square-shaped leafy stem and a troublesome,
branching, rhizome [13]. Different parts of U. pilulifera
have been reported for their potential antioxidant
properties and phytochemical content [14]. Various
pharmacological effects have been connected to several
phytochemical elements found in Urtica. Urtica
extracts have been known in traditional medicine to
protect against various diseases in experimental
animals [15, 16]. Numerous species of Urtica have
been used extensively to treat a variety of conditions,
including rheumatism, asthma, coughs, dandruff,
diabetes, eczema, gout, scurvy, and tuberculosis [17].
Additionally, Urtica species have primarily been used
as diuretics and for the treatment of prostate
hypertrophy [18]. It has been reported that U. pilulifera
root could markedly improve the paclitaxel sensitivity
of breast cancer cells [19]. Furthermore, Lower urinary
tract infection symptoms can be relieved by U.
pilulifera preparations [20]. Therefore, this study
investigated the anticancer efficacy of Urtica pilulifera
leaves extracts (UPLE) alone or in combination with
the Cis chemotherapeutic drug Cis in EAC-bearing
mice.

Materials and Methods
Chemicals
Chemicals for phytochemical assessments were
purchased from Sigma (St. Louis, Mo., USA). Cisplatin
(50 mg/50 mL vial) was purchased from Merk Ltd.
(Cairo, Egypt). Biochemical kits were purchased from
Bio-diagnostic Company, Egypt.
Collection of plant materials and extract preparation
Urtica pilulifera leaves were purchased from the
local market in Tanta City, Gharbia, Egypt. The plant
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materials were identified and authenticated by a
taxonomist at the Botany Department, Faculty of
Science, Tanta University. Leaves were dried, and
crushed and a certain weight of powder was mixed with
ethanol. The hydroalcoholic Urtica pilulifera leaves
extract (UPLE) was weighed and stored at 4 'C for
further processing.

Phytochemical analysis

The total phenolic contents of the 9 extracts were
determined by using the Folin-Ciocalteau reagent
according to Singelton et al. [21]. The flavonoid
content was assessed by using the aluminum chloride
colorimetric method according to Zhishen et al. [22].
The phosphomolybednum method was used to
determine the total antioxidant capacities (TAC) of all
extracts [23]. The free radicals scavenging capacity
spectrophotometrically were assessed according to the
method of Blois [24].

Mice and experimental design

Ehrlich ascitic carcinoma (EAC) cells were
collected from the tumor-bearing mice purchased from
the National Cancer Institute (NCI, Cairo, Egypt). The
number of tumor cells was adjusted at 2x10°
cellssfmouse for intraperitoneal (i.p) inoculation.
Seventy male Swiss albino mice (20 + 2 g) were given
drinking tap water and normal experimental pelleted
animal food ad libitium. Mice were divided into seven
groups as follows: Gpl was used as a negative control,
from Gp2 to Gp7 were inoculated with 1 x 10° EAC-
cells/fmouse, then Gp2 left as a positive control, Gp3
was injected with Cis (2 mg/kg), Gp4 was injected
with UPLE (100 mg/kg) [25], Gp5 was co-treated with
Cis (2 mg/kg) and UPLE (100 mg/kg). Gp6 was
injected with the low dose of Cis (0.5 mg/kg), and Gp7
was co-treated with the low dose of Cis (0.5 mg/kg)
and UPLE (100 mg/kg).

All treatments were intraperitoneally (i.p)
injections after 24 hours of EAC-cells inoculation for
6 consecutive days. All groups were weighted at the
beginning (initial b.wt) and at the end of the
experiment (final b.wt). The percentage of the change
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in the total body weight was calculated. On day 14,
mice from all groups were sacrificed. By using 10 ml
syringes, the ascitic fluids were harvested from all
groups under the study. The volume of ascitic tumor
fluids was measured. To determine the number of live
and dead tumor cells, the trypan blue exclusion method
was used. Blood samples were collected, and the sera
were separated and frozen at -20 "C until used for the
determination of biochemical parameters. Liver
homogenates were used for the determination of
oxidants/antioxidants biomarkers.
Biochemical analyses

Sera alanine transaminase (ALT), and aspartate
aminotransferase (AST) activities were assayed
according to the method of Reitman and Frankel (1957)
[26]. Alkaline phosphatase was estimated according to
Belfield and Goldberg, (1971) [27]. Total proteins were
assessed according to Gornall et al. (1949) [28].
Superoxide dismutase (SOD) and catalase (CAT)
activities were measured [29, 30]. Reduced glutathione
was assayed according to the method of Beutler et al.
(1963) [31]. The malondialdehyde (MDA) levels were
assayed according to the method of Esterbauer and
Cheeseman (1990) [32].
Statistical analysis

All data are presented as mean + SD. One-way
analysis of variance (ANOVA) was used to assess the
significant differences among treatment groups. The
SPSS statistics program was used for data analysis. The
criterion for statistical significance was set at p < 0.05.
Results
Phytochemical constitutes of Urtica pilulifera leaves
extract (UPLE)

The results showed that the U. pilulifera yield an
adequate extract amount (9 %). The results showed that
the total phenolic amount of UPL was 19.65 + 2.35 mg
GAE/mg of dry samples (Table 1). The total flavonoid
content was 10.31 + 6.82 mg QE/g of dry samples. The
total antioxidant capacity (TAC) of the leaves extract
was 0.31 + 0.08 mg AAE/g DW, and DPPH scavenging
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activity (%) was 73 %. The amount of leaf extract
which able to reduce 50% of DPPH was 6.95 + 3.56
mg/mL (Table 1).

Administration of UPLE improves the decrease in
the percentage of body weight changes

The results indicated that the % b.wt changes of
the EAC-bearing mice were significantly increased (p
< 0.05) up to 32.56% + 4.21 when compared to the
negative control group (18.78% % 3.15). Treatment of
EAC-bearing mice with the therapeutic dose of Cis (2
mg/kg b.wt) or UPLE (100 mg/kg) for 6 consecutive
days led to a significant decrease in % b.wt changes to
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7.10% + 2.14, or 14.89% + 2.33, respectively when
compared to EAC-bearing mice alone (Figure 1).
Combinatorial treatment of a high dose of Cis/UPLE
resulted in a much more decrease in the % b.wt changes
up to 4.69% + 1.67 when compared to a single
treatment. EAC-bearing mice that were treated with the
low dose of Cis showed a significant decrease in % b.wt
changes (11.67 + 1.58) but not as the treatment with the
therapeutic dose, however, the combination of a low
dose of Cis and UPLE led to a synergistic effect on the
decrease in the % b.wt changes due to the decrease in
the ascitic tumor fluid (Figure 1).

Table (1): Quantitative phytochemical analysis of Urtica pilulifera leaves.

Phytochemical analysis UPLE
Total phenolic content (mg GAE/g DW) 19.65 £ 2.35
Total flavonoids contents (mg QE/mg DW) 10.31 + 6.82
Total antioxidant capacity (TAC) (mg AAE/g DW) 0.31+0.08
DPPH scavenging activity (%) 73 % +5.44
ICso of DPPH (mg/ml) 6.95 + 3.56

GAE: Gallic acid equivalent; QE: Quercetin equivalents; DW: Dry weight; TAC: Total
antioxidant capacity; AAE: Ascorbic acid equivalent; DPPH: Diphenyl-1-picrylhydrazyl;

ICso: Inhibitory concentration of 50%.
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Figure (1): Initial, and final body weights, and the percentages of body weight changes in
the different groups under the study. The values represented as means + S.D.; Means that do
not share a letter are significantly different (p < 0.05).
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Total tumor volume, viable and dead EAC-cells
after different treatments in the different groups of
EAC-bearing mice

The results indicated that there were significant
decreases in the total ascitic tumor of EAC-bearing
mice that had been treated with Cis (2 mg/kg) or/and
UPLE (1.9 mL £0.52, 4.1 mL £ 0.35, 1.1 mL + 0.23)
when compared to EAC-bearing mice alone (9.2 mL +
0.79). Moreover, EAC-bearing mice that were treated
with the low dose of Cis showed a significant reduction
in the total tumor volume (3.8 mL % 0.50) when
compared to its value in EAC-bearing mice alone (9.2
mL + 0.79). Co-treatment with a low dose of Cis and
UPLE led to a synergistic effect on the reduction of the
tumor volume that represented 2.2 mL + 0.48 when
compared to the EAC-bearing mice that were treated
with the low dose of Cis alone (Table 2 and Figure 2).
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As compared to the EAC-bearing mice, the treatment
with a high dose of Cis led to a significant decrease (p
< 0.001) in the total tumor cell counts (T.T.C). Also,
the treatment of EAC-bearing mice with UPLE led to a
significant decrease in the T.T.C (221 x10° + 12.2)
when compared to EAC-bearing mice alone (593 x10¢
+ 25.0). Furthermore, the co-treatment with a high dose
of Cis and UPLE resulted in a significant reduction in
the T.T.C to 30 x10° + 6.2 when compared to a single
treatment. Treatment of EAC-bearing mice with a low
dose of Cis or in combination with UPLE caused a
marked decrease in the T.T.C (64 x10° £ 8.7 and 40
x10° £ 5.4, respectively). The number of viable tumor
cells decreased, and the number of dead EAC-cells was
increased after different treatment protocols when
compared to their numbers in the EAC-bearing mice
(Table 2).

Table (2): Total volume, viable and dead EAC-cells in the different groups of EAC-bearing

mice.
Groups TTV T.T.C T.LC T.D.C

(ml) (x10%/mouse) (x10%mouse) = (x10%/mouse)

Group 2 9.2+0.79° 593 +25.0° 571 +28.32 22+3.1°

Group 3 1.9+052° 43+7.1° 11+26° 32+33¢%

Group 4 41+035° 221 +12.2° 106 +75°¢ 115+8.4°

Group 5 1.1+0.23° 30£6.257 7£06° 23+0.8°

Group 6 3.8+0.50° 64 +8.7¢ 44 + 159 20+1.2°

Group 7 2.2+0.48¢ 40 £5.4° 11+0.7° 29+2.1°%

The values represented mean + SD. T.T.V: Total tumor volume, T.T.C: Total tumor count,
T.L.C: Total live cells, T.D.C: Total dead cells. This means that do not share a letter in each

column is significantly different (p < 0.05).
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Figure (2): Total tumor volume (ml) mouse of EAC-bearing groups under the study. This means that
do not share a letter are significantly different (p < 0.05).

Co-treatment of Cis with UPLE mitigated liver
dysfunctions in EAC-bearing mice

The results showed that in EAC-bearing mice,
there was significant increase (p < 0.05) in the serum
ALT, AST, and ALP enzymes due to liver
dysfunctions, which represented 194 + 10.1 U/L, 202.3
+ 13.3 U/L, and 264.37 + 9.7 U/L, respectively when
compared to the normal control groups (43.5+ 2.9 U/L,
83.2 £ 7.2 U/L, and 93.78 £ 4.2 U/L, respectively)
(Table 3). The data demonstrated that the treatment of
EAC-bearing mice with high or low doses of Cis led to
significant improvement in liver functions evidenced
by a significant decrease in the serum ALT, AST, and
ALP activities when compared to the group of EAC-
bearing mice alone. However, the co-treatment of
EAC-bearing mice with UPLE and Cis (high or low
doses) resulted in significant alleviation of liver injury
much more than single treatments and a significant
decrease in the sera activities of ALT, AST, and ALP
(Table 3). Their EAC-bearing mice showed a
significant decrease (p < 0.05) in their total protein
levels when compared to the negative control groups.
However, the treatment of EAC-bearing mice with high
or low doses of Cis led to a significant increase in the
sera protein levels due to improvement in liver
functions. Moreover, the combinatorial treatment of
EAC-bearing mice with UPLE and Cis (high or low
doses) resulted in significant alleviation of liver injury
much more than single treatments by a significant
increase in the total protein levels (Table 3).

Co-treatment of Cis with UPLE improved hepatic
antioxidants/oxidants status in EAC-bearing mice

Antioxidants/oxidants biomarkers including
superoxide dismutase (SOD), catalase (CAT), reduced
glutathione (GSH), and malondialdehyde (MDA)
levels were determined post-different treatments in the
different groups under the study. The result indicated
that EAC-bearing mice showed significant decreased
(p < 0.05) in the SOD, CAT, and GSH levels to 1.65 +
0.08 U/mg protein, 45.31 + 2.3 U/mg protein, and 1.85
+ 0.33 umol/g tissue, respectively when compared to
the negative control groups that represented 6.05 + 0.26
U/mg protein, 86.27 = 2.6 U/mg protein, and 7.18 +
0.52 pmol/g tissue, respectively. On the contrary, levels
of MDA in liver tissues of EAC-bearing mice were
significantly increased (p < 0.05) up to 71.59 + 2.5
nmol/g tissue when compared to the normal control
group that represented 32.44 = 1.7 nmol/g tissue
(Figure 3). The data obtained from the current study
demonstrated that treatment of EAC-bearing mice with
high or low doses of Cis led to significant improvement
in the antioxidants/oxidants status evidenced by an
increase in SOD, CAT, and GSH levels accompanied
by a significant decrease in the levels of MDA in the
liver tissues homogenates. Moreover, the treatment of
EAC-bearing mice with Cis and UPLE showed much
more improvement in their antioxidant capacity
(Figure 3).
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Table (3): Serum activities of ALT, AST, ALP, and the total protein levels in the different

groups under the study
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Groups ALT (U/L) AST (U/L) ALP (U/L) T. protein (g/dL)
Groupl | 435+29?%  83.2+7.2°% 93.78 +4.22 6.72 +0.282
Group?2 | 194+10.1¢ 202.3+13.3° 264.37+9.7° 3.24 +£0.19°
Group3 | 133.7+7.9° 1557+10.7¢ 200.64+85°¢ 481+0.25¢
Group4 |[1205+6.8%9 132.4+75%4 181.2+7.6¢°¢ 5.55+0.17 ¢
Group5 | 90.4+87°¢ 1125+759 129.6+55%¢ 6.05 +0.18°¢
Group 6 |[153.7+10.2° 173.1+8.4°¢ 22456 +10.3°¢ 4.35+0.05°¢
Group7 | 120.1+89° 140.1+6.3%¢ 1953 =+11.7¢¢ 5.75 +0.21°¢

The values represented as means = S.D.; ALT: Alanine transaminase; AST: Aspartate
transaminase; ALP: Alkaline phosphatase. This means that do not share a letter in each column

is significantly different (p < 0.05).

(A

SOD activity (U/mg protein)
- %] (%) S wn [-2] -

=

a
ac
4 ac
d [+
¢ -
c
4 b I

(c

GSH level (pmol/g tissue)
= -l N w - o L= -~ oo

Group1 Group2 Group3 Group4 Group5 Group6 Group7

‘i”lll

Group1 Group2 Group3 Groupd4 Group5 Group6 Group7

(B)

-
[ T I T - R R - - = =1
e o 2 2 o 2 2 2 o

CAT activity (U/mg protein)
3

=]

MDA level {nmol/g tissue)

ac

Group1 Group2 Group3 Group4 Group5 Group6 Group7

b
c
c [ I
50 " L c
ac
40 L
a
30
20
10
0 . ‘ . . . .

Group1 Group2 Group3 Group4 Group5 Group6 Group 7

88

Figure (3): Hepatic superoxide dismutase (SOD) activity (A), catalase (CAT) activity (B), reduced glutathione
(GSH) level (C), and malondialdehyde (MDA) level in the different groups under the study. The values
represented as means * S.D.; Means that do not share a letter are significantly different (p < 0.05).
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Discussion

Conventional chemotherapy is an effective approach
to cancer treatment. However, chemotherapy treatment
led to wide side effects on some vital organs and
induces resistance of the tumor cells to the treatment.
Cisplatin (Cis) is an effective chemotherapeutic agent
that is used to treat different types of cancer; however,
it has toxic effects on the liver, and other organs [33].
Resistance to chemotherapy and its adverse effects
remain the major problems in its cancer treatment
regimen Therefore, decreasing its resistance and
adverse effects without any limitation to its anticancer
efficacy is necessary [34].

Natural constituents have been tested for their ability
to fight cancer [35]. Urtica herbs have been found
worldwide  with  multiple  health  benefits.
Phytochemicals like polyphenols, including phenolic
acids and flavonoids, as well as amino acids and
vitamins, are all abundant in the perineal herbaceous
plant known as Urtica pilulifera [36]. A broad
spectrum of biological and pharmacological activities
of Urtica sp have been reported including anticancer,
antioxidant, antitumor agent, antibacterial,
antimicrobial, antifungal, and antiviral effects [37].
This study investigated the anticancer efficacy of
UPLE alone or in combination with high or low doses
of Cis in EAC-bearing mice. The naturally occurring
plant substances known as phytochemicals are
important sources of new drugs and sources for cancer
therapy by boosting antioxidant status, inactivating
carcinogens, reducing proliferation, and inducing cell
cycle arrest and apoptosis [38]. The current study
showed that UPLE had an adeqguate amount of
phytochemical constituents including phenolic and
flavonoids. A previous study demonstrated that there
were various phytochemical components found in U.
pilulifera including flavonoids, and phenolic
compounds like diocanol, alcohols, and terpenes,
which have been linked to a variety of pharmacological
effects [37].
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This study showed that inoculation of EAC-cells led
to an increase in the percentage of body weight change,
and this could be due to the proliferation of EAC-cells
inside the peritoneal cavity of mice. This finding agreed
with a previous study by EI-Naggar et al. (2019), who
reported that there was a significant increase in the total
body weight change in EAC-bearing mice compared to
naive mice [33]. Treatment of EAC-bearing mice with
Cis or UPLE led to a significant decrease in the
percentage of body weight change. This finding agreed
with the previous study of Ibrahim et al. (2022) [39].
Furthermore, combinatorial treatment with high or low
doses of Cis and UPLE increases the reduction in the
percentage of body weight change this could be due to
the inhibition of EAC-cells growth in the peritoneal
cavity of mice and decrease in tumor growth compared
to single treatments. Previous studies reported that co-
treatment of Cis with natural products enhanced the
antitumor activity and resulted in a reduction in the
percentage of body weight change of EAC-bearing
mice [33, 40, 41].

In this study, the treatment of EAC-bearing mice
with high or low doses of Cis, UPLE led to a significant
reduction in the total tumor volume, total tumor count,
and total live tumor cells, however, the low dose of Cis
or UPLE did not completely treat the EAC-bearing
mice. This could be due to the low doses of Cis not
being enough to eliminate or stop the tumor cells
completely. Co-treatment with UPLE increased the
efficacy of the low doses of Cis as anticancer agents in
EAC-bearing mice. This finding was supported by the
decrease in the total volume, total tumor count, total
live tumor cells, and increase in the total dead tumor
cells. These results were in line with a previous study
that reported that the antitumor efficacy of low doses of
Cis could be enhanced in EAC-bearing mice by
increasing the percentages of dead tumor cells [33, 42,
43].

Elevated ALT and AST levels in EAC tumor-
bearing mice are a sign of deteriorating hepatic
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functions brought on by cancer proliferation due to
functional impairment of hepatic cell membranes and
cellular leakage, which showed that EAC-induced liver
injury [44]. In the present study, the protective and
antitumor effects of UPLE were addressed in EAC-
bearing mice. Elevation of ALT and AST enzymes in
EAC-bearing mice may be due to the cytotoxic effect
of EAC tumors which led to damage of liver cells and
canaliculi. The results showed that UPLE had
antitumor effects in vivo studies. In addition, the co-
treatment with UPLE could protect liver tissues against
Cis toxicity. These results agreed with the previous
studies that reported the efficacies of the co-treatment
with Cis and natural products [42, 45]. Combinatorial
treatment with Cis/UPLE led to a significant decrease
in the levels of these transaminases in EAC-bearing
mice compared to single injections which indicates the
ameliorative effects of UPLE on hepatotoxicity. The
ALT, AST, and ALP enzymes were decreased in the
group of EAC-bearing mice treated with a combination
of Cis/lUPLE. Decreasing the hepatic toxicity upon
treatment with this combination indicates that the
UPLE has a protective effect against liver dysfunction
and cellular injury of the liver. A previous reported a
significant impact of Urtica sp. extract as a
hepatoprotective agent by the decrease in serum ALT,
AST, ALP, and total bilirubin levels towards
normalization in hepatic injured rats. In addition, it has
been reported that Urtica sp. leaves powder decreased
the levels of AST, ALT, ALP, and albumin [46].

The present study stated that UPLE induced
significant improvement in reversing the alterations in
the hepatic antioxidant/oxidant hemostasis as it can
inhibit lipid peroxidation and prevent oxidative stress.
In agreement with Kataki et al. (2012), who discovered
that pretreatment of animals with Urtica sp. extract led
to a significant decrease in MDA level as well as a
significant increase in SOD level, treatment with USLE
significantly reversed the oxidative stress-associated

changes. This could be because the antioxidant defense
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system was improved [47]. Similar findings were made
by Pérez Gutiérrez et al. (2021), who showed that the
Urtica dioica extract boosted the antioxidant enzymatic
activity of SOD and CAT, which increased the levels
of GSH while lowering the MDA in hepatic tissues in
mice [48]. U. dioica leaves have been shown to have a
high concentration of antioxidant and free radical
scavenger components, which can reduce the high level
of oxidative stress found in malignant cells [49].

Conclusion

The co-treatment with UPLE and Cis led to
enhancement of the antitumor efficacy of low-dose Cis
and decrease its hepatotoxic effects via improvement of
liver functions and antioxidant status.
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