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Methanolic extract of Ephedra alata ameliorates cisplatin-induced
nephrotoxicity and hepatotoxicity through reducing oxidative
stress and genotoxicity
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Abstract
Cisplatin (CP) is a powerful anticancer agent used in the treatment of a diverse type of cancers. Oxidative stress is one of the most
important side effects limiting the use of cisplatin. The protective effects of methanolic extract (ME) and ephedrine (EP), major
compound, of Ephedra alata on CP-induced damages were here assessed. Treatment with CP-induced nephrotoxicity and
hepatotoxicity characterized by biochemical alterations. In fact, using CP reduced significantly glutathione (GSH) levels, enzy-
matic activities of superoxide dismutase (SOD), catalase (CAT), glutathione-S-transferase (GST), and increased
malondialdehyde (MDA) content. Nonetheless, CP-treatment induced DNA damage at renal, hepatic, and blood cells and
increased interferon gamma (IFNγ) level in serum. Co-treatments of mice with ME normalized relative kidney/body weight,
restored biochemical and oxidative stress parameters, reduced DNA damage and IFNγ level. In conclusion, ME exhibited the
best protective effect against CP damage compared with ephedrine. This is could be attributed to the presence of polysaccharides,
organic acids, flavonoids, and tannins in addition to ephedrine alkaloids. These compounds were reported to play a major role in
inhibiting and scavenging free radicals, providing an effective protection against CP- induced oxidative damage.
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Abbreviations
SOD Superoxide dismutase
CAT Catalase
GST Glutathione-S-transferase
MDA Malondialdehyde
IFNγ Interferon gamma
ROS Reactive oxygen species
DPPH 1.1-diphenyl-2-picryl-hydrazyl
AST Aspartate transaminase
ALT Alanine transaminase

CR Creatinine
EDTA Ethylenediaminetetraacetic acid
CDNB 1-chloro-2,4-dinitrobenzene
H2O2 Hydrogen peroxide
DTNB 5,5′-dithiobis-(2-nitrobenzoic acid)
Na2HPO4 Sodium phosphate dibasic
TPC Total phenolic contents
TFC Total flavonoids contents
GAE Gallic acid equivalents
RE Rutin equivalents
LD50 Median lethal dose
TBA Thiobarbituric acid
TCA Trichloroacetic acid
OD Optical density
DMSO Dimethyl sulfoxide

Introduction

Cisplatin (CP) is a chemotherapeutic agent widely used in the
treatment of cancer since being certified by the Federal Drug
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Administrationin in 1978. The treatment using high doses of
CP revealed an efficient cancer therapy. However, these ther-
apy doses induced in parallel nephrotoxicity and irreversible
renal dysfunction side effects limit their effectiveness
(Atessahin et al. 2005, Tikoo et al. 2007). In fact, CP induced
cytotoxicity in healthy tissues by contributing to the formation
of reactive oxygen species (ROS), inducing mitochondrial
oxidative damage, and inhibiting antioxidant enzymes
(Coskun et al. 2013). Diverse experimental studies were car-
ried out using a combination of CP with radical scavengers or
natural foods having antioxidant properties in order to protect
healthy tissues against free radicals without reducing its anti-
tumor capacity (Abdelmeguid et al. 2010, Iseri et al. 2007,
Mansour et al. 2006). For example, caffeic acid (Choi et al.
2014), apigenin (He et al. 2016), hesperetin (Sahu et al. 2013),
and resveratrol (Reddy et al. 2016) were reported to protect
against CP toxicity. In this context, medicinal plants have been
used for their richness on bioactive compounds. Ephedra
alata (Alanda) is a medicinal plant belonging to the
Ephedraceae family. This species is widely distributed in sev-
eral countries of Africa and in Asia (Abourashed et al. 2003).
Significant medicinal properties of this genus were reported
such as antimicrobial, antioxidant, antidiabetic, hepato-
protective, cardiovascular, and anticancer effects (Hyuga
et al. 2016). The preliminary phytochemical analysis of
Ephedra alata showed the presence of cardiac glyco-
sides, reducing sugars, flavonoids, phenolic compounds,
and alkaloids such as ephedrine, pseudoephedrine,
norephedrine, norpseudoephedrine, methylephedrine,
and methylpseudoephedrine.

In addition to the above cited alkaloids, Ephedra is rich in
antioxidant phenolic compounds such as transcinnamic acid,
catechin, syringin, epicatechin, symplocoside, kaempferol 3-
O-rhamnoside-7-O-glucoside, and isovitexin-O-rhamnoside
which contributed significantly to the antioxidant potential
of the plant (Amakura et al. 2013).

Despite the high potential of Ephedra alata up to date, no
study has been conducted to evaluate in vivo protective effect
on CP toxicity. This research aimed to comparatively evaluate
the protective effects of Ephedra alatamethaonlic extract and
ephedrine against cisplatin-induced nephrotoxicity.

Materials and methods

Collection of plant material

Ephedra alata were collected from the sahara of Tataouine, a
region situated in southeast of Tunisia, in February
2017. A voucher specimen has been kept in our labora-
tory for future reference. The aerial part of plant was
shade dried, powdered, and stored in a tightly closed
container for further use.

Preparation of methanol extract

The powder (100 g) was macerated into methanol (1 l) for
7 days at room temperature (Ala et al. 2018). The filtrate
was concentrated by rotary evaporator under reduced pressure
at 40 °C to obtain methanolic extract (ME). The methanol was
evaporated to dryness at room temperature to produce the
crude extract which was collected and stored at − 4 °C for
further test. The yield of extraction was 18.5%.

Total phenolic and flavonoid content analysis

MEwas analyzed for its total soluble phenolic content accord-
ing to the Folin-Ciocalteu colorimetric method (Piccinelli
et al. 2004). The result was expressed as mg/g gallic acid
equivalent. The colorimetric aluminum chloride assay was
used to evaluate and determine the total flavonoid content
and expressed as mg/g rutin (Sarker & Oba 2018).

1,1-Diphenyl-2-picryl-hydrazyl assay

The antioxidant activity of the extract was determined against
the free radical 1,1-diphenyl-2-picryl-hydrazyl (DPPH), as de-
scribed earlier (Villano et al. 2007) with some modifications.
Briefly, 200 μl of each concentration (4–300 μg/ml) were
mixed with 3.8 ml DPPH solution and incubated in the dark
at room temperature for 1 h. The decrease of optical density
(OD) of the samples was measured at 517 nm with methanol
as blank. Trolox was used as a positive control. The ability of
the sample to scavenge DPPH radical was calculated using the
following formula:

DPPH scavenging effect ¼ Control OD−Sample OD

Control OD
� 100

Experimental animals

Specific pathogen-free BALB/c mice (6–8 weeks old; male,
25 g) were obtained from the Pasteur Institute (Tunis,
Tunisia). All mice were housed under standard conditions of
temperature 24 °C, humidity 50%, and light (12 h light/dark)
in an accredited pathogen-free facility. All animals were provid-
ed ad libitum access to standard rodent chow and filtered water.
All experiments were performed in accordance with the guide-
lines for the care and use of laboratory animals as published by
the US National Institute of Health. All experiments received
the explicit approval of the Ethics Animal Committee in
Tunisia.

Acute toxicity

Mice were randomly divided into groups of 6 animals and
treated by intraperitoneal (IP) injection; ME was dissolved
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in DMSO. The control group was treated by IP saline solution
(0.5% DMSO). Groups were treated by different doses of
extracts (150, 250, 350, 500, 800, and 1000 mg/kg). The
number of dead animals was followed every day for 1 week
after treatment in order to determine the 50% lethal dose
(LD50).

Experimental design

The mice were fed adaptively for 7 days, divided into six
groups of six animals each, and treated as following:

Group 1 (control) were administered IP saline solution
(0.5% DMSO; randomly 2 ml/kg) for seven consecutive
days, without any drug treatment.
Group 2 (ME) and group 3 ephedrine (EP) were admin-
istered IP 150 mg/kg of ME and 15 mg/kg of EP, respec-
tively, for seven consecutive days.
Group 4 (CP) were administered IP saline solution (0.5%
DMSO; 2 mL/kg) daily for 7 days. On the 4th day, a
single dose of CP (20 mg/kg IP) was given (Nojiri et al.
2016).
Group 5 (ME + CP) and group 6 (EP + CP) were admin-
istered IP 150 mg/kg of ME and 15 mg/kg of EP, respec-
tively, daily for 7 days. On the 4th day, a single dose of
CP (20 mg/kg IP) was given.

Sample collection and tissue preparation

Trunk blood samples were collected from the sacrificed ani-
mals and placed immediately on ice. Heparin was used as an
anticoagulant, and plasma samples were obtained by centrifu-
gation at 1500 rpm for 10 min and stored at − 20 °C until
measurements. Stored plasma samples were analyzed for bio-
chemical parameters. The liver and kidney of mice were ho-
mogenized in the presence of 10 mM Tris–HCl (pH 7.4) and
centrifuged at 12.000 rpm for 30 min at 4 °C. The supernatant
was collected, aliquoted, and stored at − 80 °C until use. The
total protein content was determined according to Bio-Rad
Protein Assay (Bradford 1976) using bovine serum albumin
as standard.

Determination of liver and kidney function indexes

Aspartate transaminase (AST), alanine transaminase (ALT),
and creatinine (CR) levels in plasma were determined by clin-
ical chemistry analyzer COBAS C × 72.

Evaluation of lipid peroxidation status

Lipid peroxidation was determined indirectly by measuring
the production of malondialdehyde (MDA) following the

method of Aust et al. (1985). Kidney and liver extracts
(200 μl) were mixed with trichloroacetic acid (TCA)
(250 μl, 20%) and thiobarbituric acid (TBA) (320 μl,
120 mM), then incubated at 95 °C for 2 h. The reaction was
stopped by immediate cooling in ice, and then the sam-
ples were centrifuged at 2500 rpm for 10 min at 4 °C.
The reaction between TBA and the lipids produced by
oxidative degradation generates red complexes measured
using a microplate reader at 530 nm (ThermoScientific,
Vantaa, Finland). The concentration of MDA (micro-
moles per milligram proteins) was obtained by extrapo-
lating absorbance values to concentrations of standard
curve of MDA.

Determination of superoxide dismutase activity

The superoxide dismutase (SOD) activity was evaluated by
the inhibition of nitro blue tetrazolium (NBT) reduction assay
(Beauchamp& Fridovich 1971, Houmani et al. 2016). Kidney
and liver extracts (50 μl) were mixed with NBT
(2 mM), methionine (10 mM), riboflavin (2.4 mM),
and EDTA (0.1 mM). The reaction was carried out for
15 min illuminated with a UV fluorescent lamp. The
absorbance was then measured at 560 nm. The SOD
activity was expressed as SOD units (μmol) by milli-
grams of enzymatic protein.

Determination of catalase activity

Catalase (CAT) activity was performed according to the meth-
od of (Brahmi et al. 2012). The reaction mixture consisted of
20 μl of kidney or liver extracts, phosphate buffer, and hydro-
gen peroxide H2O2 (0.5 M). The reaction was measured at
240 nm using quartz cuvette. One unit of catalase activity
was defined as the amount of enzyme required to decompose
1 μmol of H2O2.

Determination of glutathione S-transferase activity

Glutathione S-transferase (GST) activity was analyzed
spectrophotometrically at 25 °C following the formation
of the conjugate between reduced glutathione (GSH)
and 1-chloro-2,4-dinitrobenzene (CDNB) at 340 nm.
One milliliter of reagents mixture was prepared
(980 μl PBS, 10 μl of 0.02 M CDNB, and 10 μl of
0.1 M GSH). A blank cuvette containing 100 μl of PBS
and 900 μl of reagents mixture was used to calibrate
the spectrophotometer readings. The test cuvette was
filled with 100 μl of sample and 900 μl of reagents
mixture. The absorbance was measured every minute
during 3 min at 340 nm. The GST activity was
expressed as nmol GSH-CDNB/min/mg of protein
(Moatamedi Pour et al. 2014).
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Determination of glutathione levels

GSH levels were estimated according to Moron et al. 1979
(Moron et al. 1979). A total of 100 μl of kidney and liver
extract was mixed with 100 μl of 10% TCA and vortexed.
The mixture was centrifuged at 5000 rpm for 20 min.
Subsequently, supernatant (100 μl), sodium phosphate dibasic
(Na2HPO4) (4 ml, pH 8, 0.3 M), and DTNB (5,5′-
dithiobis-(2-nitrobenzoic acid)) (5 ml) were added successive-
ly. The absorbance was measured within 10 min at 412 nm.
Commercially available GSH was used as standard. Level of
GSH was expressed as μmol GSH/mg of protein.

Histopathology

For histological studies, the kidney and liver were collected
from all the groups and were fixed with 10% phosphate-
buffered neutral formalin. Following dehydration in graded
(75–100%) alcohol, the tissues were embedded in paraffin.
Thin tissue sections, having 5 μM thickness, were cut and
stained with routine hematoxylin and eosin stain for photo-
microscopic assessment. Kidney tubular damage in stained
kidney sections was examined and scored based on the per-
centage of renal cortical tubular necrosis and hepatic necrosis

(Leemans et al. 2005), 0 = normal, 1 = 1–10%, 2 = 11–25%,
3 = 26–45%, 4 = 46–75%, and 5 = 76–100%. Slides were
scored in a blinded manner, and results are means ± SD of 6
representative fields/group.

Genotoxic/antigenotoxic effects

The alkaline comet assay was performed according the meth-
od of Singh et al. (1988) with minor modifications. After
3 days of CP administration, animals were sacrificed; the
blood, liver, and kidney were isolated. Cellular suspension
obtained from each organ were embedded in agarose gel,
lysed and subjected to electrophoresis. The total score of
DNA damage was determined using the following equation
(Collins et al. 1997):

Total DNA Damage TDDð Þ
¼ percentage of cells in class 0� 0

þ percentage of cells in class 1� 1

þ percentage of cells in class 2� 2

þ percentage of cells in class 3� 3

þ percentage of cells in class 4� 4

Determination of intracellular cytokines IFN-gamma

Serum interferon gamma levels were assessed using commer-
cially available ELISA kits as per the manufacturer’s
instructions.

Fig. 1 Total phenolic (TPC) and flavonoids contents (TFC). Gallic acid
equivalent (GAE) and rutin equivalent (RE)

Fig. 2 Radical scavenging activity of ME by DPPH method

Fig. 3 Body weight variation of mice during treatment. Results are mean
± SD (n = 6). ***p < 0.001 means significant difference betweenME, EP,
CP groups, and cont group. ##p < 0.01 means significant difference
between CP group and co-treated groups
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Statistical analysis

The data were expressed as mean ± SD. Statistical compari-
sons among groups were analyzed using one-way and two-
way analysis of variance (ANOVA) followed by Tukey’s mul-
tiple comparison test. All data were analyzed using the
GraphPad Prism version 6 (GraphPad SoftwareInc., CA,
USA). Statistical significance was considered for p value <
0.05.

Results

Total phenolic and flavonoids contents

The total flavonoids contents (TFC) and total phenolic con-
tents (TPC) of the extracts were reported in Fig. 1. The results
showed that ME of Ephedra alata was rich in phenolic and
flavonoid compounds. It contains 205 mg/g of phenolic com-
pound expressed as gallic acid equivalents (GAE), and

40.5 mg/g of flavonoid compounds expressed as rutin equiv-
alents (RE) were obtained. Ephedra plant investigated in this
study presented higher content of phenolic compounds com-
pared with other Ephedra alata reported by previous studies
(TPC, 101.2 GAE (mg/g); TFC, 9.8 RE (mg/g) for ethanolic
extract) (Al-Rimawi et al. 2017).

Radical scavenging potential

The radical scavenging potential of ME, measured as decol-
orizing effect following the trapping of the unpaired electron
of DPPH, was shown in Fig. 2. The results revealed that the
ME had a potent radical scavenger. In fact, a concentration of
14.7 (μg/ml) recorded was able to quench 50% of the DPPH-
free radicals.

Acute toxicity

Intraperitoneal administration of ME did not cause any death
and did not show any toxic symptoms or change in general

Fig. 5 a ALAT (ALT) and ASAT (AST). b Creatinine (CR) level in mice
plasma after treatment. Results are mean ± SD (n = 6). ***p < 0.001
means significant difference betweenME, EP, CP groups, and cont group.

##p < 0.01, ###p < 0.001 means significant difference between CP group
and co-treated groups

Fig. 4 a Organ coefficient of the
kidney, liver, and spleen after
treatment. b Effect of cisplatin on
morphology of spleen. Results are
mean ± SD (n = 6). **p < 0.01
means significant difference
between ME, EP, CP groups, and
cont group. ##p < 0.01 means
significant difference between CP
group and co-treated groups
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behavior or other physiological activities of mice. The LD50 of
this plant was therefore estimated to be above 1000 mg/kg.
The dose with minimal cardiotoxicity of EP described by
Dunnick et al. (2007) was 15 mg/kg.

Change in body weight and organ coefficient

Before CP administration, the body weights of animals in all
the groups were not significantly different. After CP adminis-
tration, mice showed significant reduction in the average body
weight by 10.9% (Fig. 3).

All the groups showed no significant difference of kidney
or liver weight. However, an important decrease in organ co-
efficient of spleen by 41.5% was observed in CP group
(Fig. 4). The administration of ME ameliorates these abnor-
malities. In fact, the differences between body and spleen
weights of mice in CP and ME + CP groups were statistically
significant (p < 0.01). Whereas, the co-treatment with EP did
not ameliorate the weight loss induced by CP treatment.

Determination of plasma biochemical parameters

The values of AST, ALT (Fig. 5a), and CR (Fig. 5b) in the
serum of CP group were significantly higher compared with
other groups which reflect the hepatotoxicity and nephrotox-
icity effects of CP treatment. In contrast, the ME + CP group
revealed decreased values of biochemical parameters suggest-
ing that ME could effectively reduce the damage of the liver
and kidney induced by CP. Moreover, EP did not decrease the
level of the above-cited parameters, indicating that it did not
promote any nephroprotection or hepatoprotection.

Oxidative stress

Oxidative stress parameters of each group of animals were
presented in Table 1. ME and EP treatment alone did not alter
the level of MDA and GSH and the activities of SOD, CAT,
andGSTcomparedwith the control group (p > 0.05). CP treat-
ment revealed a marked decrease in SOD, CAT, and GST
activities and GSH level.

Co-treatment with ME and CP decreased the MDA levels
and enhanced the levels of antioxidants enzymes. The differ-
ences between the CP and ME + CP groups regarding all
oxidative stress parameters were statistically significant
(p < 0.01). Although, the treatment with both EP and CP in-
crease only the level of liver CAT and liver GST activities and
reported significant increase in kidney and liver MDA levels.

Histopathology

The effect on the histology of the kidney of the experimental
groups of mice was shown in Fig. 6a–f, and the severity of
damage was scored. Histopathological findings of controlTa
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(Fig. 6a), methanolic extract (Fig. 6b), and ephedrine (Fig. 6c)
mice showed normal glomerulus and tubules with regular
morphology. Cisplatin-induced renal damage was character-
ized by glomerular and tubular necrosis, tubular dilatation,
and tubular cast formation (Fig. 6d). Methanolic extract of
Ephedra alata (Fig. 6e) significantly reversed these changes
and showed marked protection against cisplatin-induced kid-
ney damage (Fig. 4e). However, the histological section of
mice co-treated by ephedrine (Fig. 6f) still showed damage
caused by cisplatin.

Liver sections of control (Fig. 7a), methanolic extract (Fig.
7b), and ephedrine (Fig. 7c) groups showed the normal archi-
tecture of the liver tissues. On the other hand, the administra-
tion of cisplatin (Fig. 7d) caused a severe liver injury as
reflected by hepatic necrosis and inflammatory aggregate.

Co-treatment with ME of Ephedra alata decreased the high
pathologic changes, suggesting the attenuation of liver dam-
age with the preservation of the liver wall architecture. Liver
section of mice co-treated with ephedrine (Fig. 7f) showed
more less hepatic necrosis caused by cisplatin which presented
by significantly decreased score of hepatic necrosis.

Genotoxic and antigenotoxic properties

The administration of ME and EP to mice did not produce any
genotoxic effect in the kidney or in liver and blood cells.
Whereas, CP produced a strong genotoxic effect (p < 0.001)
in all of the observed types of cells of BALB/c mice (Fig.
8).The co-treatment with ME and CP induced a statistically
significant decrease of genotoxic effect of CP alone
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Fig. 7 Hematoxylin and eosin staining showing liver histopathology. a
Normal control untreated mice with normal hepatic cells. b ME-treated
mice with intact hepatic cells. c EP-treated mice with intact hepatic cells.
d Cisplatin-intoxicated mice with hepatocyts necrosis (HN) and inflam-
matory aggregate (IA). e Cisplatin-ME–treated mice with amelioration of

the undesirable changes produced after cisplatin-intoxication. f Cisplatin-
EP–treated mice with hepatocytes necrosis. Tubular injury score (G).
Results are mean ± SD (n = 6). ***p < 0.001 means significant difference
between ME, EP, CP groups, and cont group. ##p < 0.01 means signifi-
cant difference between CP group and co-treated groups

Environ Sci Pollut Res (2020) 27:12792–1280112798



(p < 0.001). However, EP protect just the liver (p < 0.01) and
blood (p < 0.05) against DNA damage induced by CP. These
results proved an antigenotoxic effect of ME of Ephedra
alata.

Intracellular cytokines

Each of ME or EP alone has no effect on serum cytokine
levels (Fig. 9.) The administration of CP to mice caused sig-
nificant increase in IFNγ levels. Whereas, the co-treatment
with ME or EP reduced this level of cytokines significantly
(p < 0.001).

Discussion

CP chemotherapy attenuates the normal homeostasis of the
body. During the normal clinical treatment, oxidative stress

plays a major role in cisplatin-induced toxicity which results
in dose escalation limitation and hindrance of the clinical out-
come as a consequence (Yousef et al. 2009). Recently, the main
goal of scientific research was focused on including new mol-
ecules and natural substances in the diet of patients to reduce
the toxicity of chemotherapy. In this line, vegetables are rich
source of nutraceutical compounds, hence known as protective
foods. In fact, their richness on secondary metabolites, present-
ing important therapeutic potencies, allowed effective health
protection. Flavonoids are the major active nutraceutical ingre-
dients in plants. As is typical for phenolic compounds, they can
act as potent antioxidants and metal chelators. For a long time,
they have been recognized by their anti-inflammatory,
antiallergic, hepatoprotective, antithrombotic, antiviral, and an-
ticarcinogenic activities (Komolafe et al. 2014). The present
study investigated the hypothesis that Ephedra alata, which is
rich in phenolic compounds, may fight oxidative stress and
genotoxicity resulting from CP clinical treatment. The first vis-
ible change after mice treatment with CP was weight loss. CP
group showed a significant reduction of body weight by 10.9%
and spleen coefficient by 41.5%. The weight loss of CP group
may be ascribed to gastrointestinal tract disorders resulting food
intake decrease (Atessahin et al. 2005). Whereas, reduction of
spleen weight could be explained by the apoptotic effect on
spleen cells, induced by oxidative and inflammatory effect
(Banerjee et al. 2018). On the other hand, Treatment of mice
groups with ME or EP alone did not induce any significant
change in body, kidney, liver, and spleen weight. Compared
with CP group, mice group treated with CP and ME exhibited
a significant increase (p < 0.01) in both body and spleenweight.
We observed that the single administration of a high-dose CP
(20 mg/kg) over a 72-h period is responsible of nephrotoxicity
and hepatotoxicity. In fact, the obtained results showed an in-
crease in the serum level of ALT, AST, and CR. These effects
could be a consequence of the disturbing of several antioxidant
system functioning, as CAT, SOD, GST, and GSH (p < 0.001)
resulting in lipid peroxide accumulation (p < 0.001) and thus
cell damaging (Gong et al. 2015). The observed findings were
in correlation with earlier published reports (Farooqui et al.
2016, Niu et al. 2017). Obvious kidney and liver damage in-
cluding dilation, severe necrosis, and degenerative changes in
renal and hepatic cells were also shown by microscopic exam-
ination after cisplatin therapy (Omar et al. 2016, Santiago et al.
2016). Co-treatment with Ephedra alata reversed oxidative
damage in the kidneys and liver, and prevented acute kidney
injury and histopathological liver damage due to cisplatin. The
generation of reactive oxygen species and the reduction of the
effectiveness of antioxidant defense system in CP group
seemed to be responsible of the genotoxicity and apo-
ptosis in non-tumor cells (Attia 2010). Nonetheless, the
kidney and liver of CP group exhibited a high comet
score (p < 0.001) which indicates high level of DNA
damage (class 3 and 4).

Fig. 8 In vivo comet score of the kidney, liver, and blood cells. Results
are mean ± SD (n = 6). ***p < 0.001 means significant difference
between ME, EP, CP groups, and cont group. #p < 0.05, ##p < 0.01,
###p < 0.001 means significant difference between CP group and co-
treated groups

Fig. 9 Interferon-gamma levels in plasma. Results are mean ± SD (n = 6).
***p < 0.001 means significant difference between ME, EP, CP groups,
and cont group. ###p < 0.001 means significant difference between CP
group and co-treated groups
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Many studies reported that inflammation plays an impor-
tant role in CP induced nephrotoxicity (Florea & Busselberg
2011). Thereby, the administration of CP increased the IFNγ
gene expression (Son 1997). INFγ, one of the inflammatory
cytokine, plays an important role in the activation of innate
and adaptive immune system signaling pathways in the tumor
context (Ortaldo et al. 1983). The results we obtained with
CP-treated mice are in accordance with those reporting the
role of inflammatory system in CP-induced nephrotoxicity,
as far as we observed an increase of IFNγ level in this group.
The preliminary chemical study of Ephedra alata revealed the
presence of important quantities of polyphenol compounds
and flavonoids in ME. These results could be correlated to
antioxidant activity towards the free radical DPPH. We be-
lieve that ME, thanks to its flavonoids and polyphenol con-
tents, may reduce the oxidative stress induced by CP treatment
as far as ME revealed high antioxidant and radical scavenging
capacities. These properties ofME should explain the increase
of SOD, CAT, GST, and GSH levels in ME + CP–treated
animals, as well as the decreasing of ALT, AST, CR, and lipid
peroxide levels in the same group of animals. Although, com-
bined treatment of mice by ME and CP reduced significantly
the genotoxicity observed in the kidney, blood, and liver in-
duced by CP. Compared with EP, ME revealed a better
eff iciency in scavenging various free radicals .
Otherwise, our experiments revealed that EP restores
only liver CAT and GST levels in EP + CP–treated
group compared with CP-treated group, whereas SOD
and GST remain at the same level in both groups.
However, the administration of EP reduced significantly
the lipid peroxidation, level of interferon gamma, and
genotoxicity in the liver and blood cells, but did not
protect the kidney and liver from CP toxicity.

Conclusion

In conclusion, dose-limiting toxicity secondary to anti-
neoplastic chemotherapy constitutes a major obstacle
facing the effectiveness and continuity of the treatment.
In the present study, it is clear that cisplatin exposure
resulted in varying degree of lipid peroxidation, inhibi-
tion in the activities of antioxidant enzymes, DNA dam-
age, and alterations of biochemical parameters in the
blood plasma. Prior and post exposure to Ephedra alata
protect against the liver and kidney injuries by reducing
the level of oxidative stress and DNA damage. This
study could support that the pharmacological and me-
dicinal properties of Ephedra alata may not linked to
one or a few of its constituents, but sometimes to the
interaction of plant molecules. Further research is in
progress in our laboratory to explore the effect of ME
on antitumor activity of cisplatin.
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