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Abstract: Ephedra alata subsp alenda (Stapf) Trab, is an endemic plant of the Algerian Sahara. Inthis study, we
sought to investigate the possible preventive effect of plant extract against hepatotoxicity induced by fenthion
in male Wistar rats. For this purpose, 40 albinos male rats were randomly divided into four groups.The first group
received orally 1.5 ml of cornoil serving as a control; the second group were treated by 1 mg/kg/d of fenthion;
group 3received 300 mg/kg/d of E. alata extract; and the 4" group received both fenthion and ephedra. 30 days
later, rats were sacrificed, Blood samples were collected for hematological and biochemical estimation, and liver
fragments were reserved to assess antioxidant activity and histopathological examination. Our results showed that
exposure to fenthion caused decrease in body weight, and induced biochemical disturbances characterized by
hyperglycemia, hyperlipidemia, leukocytosis, and significant increase in hepatic biomarkers accompanied by
increase in liver relative weight. In the oxidative stress profile, we found that MDA activity increased, while GSH
level, GST and CAT activities decreased. Furthermore, fenthion showed histological damage in liver tissue.
Otherwise, addition of E. alata notably allows to restore most of the parameters measured in this study. These
results suggest that the studied dose of E. alata had antioxidant activity and hepatoprotective effect against fenthion
toxicity in male rats.
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INTRODUCTION

fenthion’s oxidative metabolism (Furnes and Schlenk,

Pesticides belonged to a wide group of chemicals that
are employed in agriculture in order to prevent
agricultural pests, and to regulate plant growth. They are
an important factor in world food security. Indeed,
pesticides could be used as insecticides, herbicides, or
fungicides (Sun et al., 2019). In spite of their wide benefits
for preserving cultures, they are known as the most
common factors leading to liver damage in developing
countries (Abdou et al., 2012; El-Bini et al., 2015). In fact,
fenthion is one of these phytosanitary products widely
used. It is a systemic Organophosphate (OP) insecticide
that is frequently used in urban and agricultural
environments (Krieger, 2010). Fenthion possess a
tremendous novices effects including inhibition of
cholinesterase (AChE), flaccid paralysis, exophthalmia,
diarrhea, vomiting and neurotoxicity—(Muralidharan,
2014). The liver is considered as an important site for

2005).

Hence, natural and conventional remedies for
preventing and treating liver diseases have gained global
popularity in recent years. However, information about
the biological activities and mechanisms of these
remedies is still limited. Ephedra is one of the famous
plants used in traditional remedies in Algeria. One of this
species is Ephedra alata which belong to Ephedraceae
family. Furthermore, it is primarily thriving in the
Algerian desert and is locally known as alenda. Ephedra
alata contains various phytochemicals, including
alkaloids and flavonoids (Saidi et al., 2022). Some of
these compounds may possess antioxidant and anti-
inflammatory properties which are generally considered
beneficial for liver health (Chouitah, 2019). We
purposefully chose to research Ephedra alata alenda's
preventive properties since its ephedrine content makes it
a candidate for a preventative impact (Danciu etal, 2018;
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Mufti al ., 2023). Ephedrine has been shown to protect
against neurotoxicity, ischemic damage, and depression
(Shi and Li, 2021; Ramachandraih etal,2011) While in the
literature, all research has focused on the phytochemical
screening and anticancer effects of Ephedra, there is some
preliminary research suggesting that certain compounds
found in Ephedra alata may have protective properties.
The scientific evidence is not extensive, and more
rigorous studies are needed to confirm these effects. In
the highlight of this latter, this work is aimed at
evaluating the antioxidant activity and hepatoprotective
effect of Ephedra alata alenda extract against fenthion
toxicity in rats.

MATERIALS AND METHODS
Chemicals

Fenthion is an organophosphate insecticide. Its
chemical name is [O,0-dimethyl O-[3-methyl-4-
(methylthio) phenyl]phosphorothioate] (C1oH;505 PS»). In
this study, hepatotoxicity was induced using a
commercial formulation of fenthion named ‘‘Lebaycid 50
EC’, Bayer Crop Science, East Hawthorn, Australia.

Plant collection, preparation, and decoction

Fresh harvested plant material (Ephedra alata subsp
alenda (Stapf) Trab) was collected from El Oued (Algeria)
in March 2022
(https://www.google.com/maps/place/33%C2%B014'07.
8%22N+6%C2%B046'32.8%22E),and  identified as
Ephedra alata subsp. alenda (Stapf) Trab (Ephedraceae)
by a botanist at Tebessa University. The aerial portion
were dried at room temperature using a convection oven
at 35°C for three days. It was grinded into fine powder
using an electric blender (moulinex, France). The Ephedra
decoction was obtained by boiling 100g of plant powdered
leaves in 2L of distilled water for 25 min. The extract was
filtered using Whatman paper and lyophilized (Saidi et al.,
2022).

Animals

Forty adult Male Wistar rats weighing between 400-
450g were obtained from Pasteur institute, Algeria.The
experimental protocol was approved by the Local Animal
Care Committee of TEBESSA University. All procedures
were accomplished in accordance with laboratory
guidelines for animal care, Algerian Executive Directive
(18 March 2004, N_10-90 JORA) and Law No.88-08 of
26 January 1988 relating to veterinary medicine activities
and the protection of animal health (NJORA: 004 of 27-
01-198)

Forty rats were randomly divided into four groups of
ten each:

Group C (n=10): Control rats received orally 1ml of
corn oil by oral gavage route.

Group F (n=10): Fenthion treated group received
Img/kg of fenthion dissolved in 1.5ml/kg of corn oil by
oral gavage route.

Group E (n=10): Rats received 300mg/kg of Ephedra
alata extract by oral gavage route-(Ben Lamine et al.,
2019).

Group E+F (n=10): Rats received 300mg/kg of
Ephedra alata 30 min before fenthion administration
(1mg/kg) by oral gavage route.

During experimental period (30 days) body weight of
rats were measured every day at the same time . After 30
days, the rats were fasted overnight and then sacrificed.
The blood samples were collected into heparin tubes.
Then, the liver from each group were removed and
washed with cold saline solution (0.9%)and fixed in 10%
formalin for histopathological examination.

Oxidative Stress Parameters
Tissue Homogenate

Liver was immediately collected, washed using 0.9%
NaCl solution and weighed;lg was put in 2 mL of TBS
(Tris-buffered saline),Tris 50 mM, NaCl 150 mM,
adjusted to pH=7.4 with HCl 1M.The mix was
homogenized using a “SONICS,Vibra-Cell VX 1307
sonificator, under ice-cold conditions. Homogenates were
centrifuged at 3000xg for 30 min at 4°C. The supernatants
were then aliquoted and stored at -20°C.

Malondialdehyde (MDA) evaluation

The evaluation of lipid peroxidation levels was
accomplished by detecting the value of MDA in organ
homogenates. MDA reacts with thiobarbituric acid as a
reactive substance to generate a red-colored complex.
The procedure  involved combining 500L of tissue
homogenate with 1 mL of TCA-TBA-HCI (15%, 0.375%,
0.25 N) and mixing thoroughly. The mixture was heated
in a boiling water bath for 15 min. Then, the flocculent
precipitate was removed by centrifuging at 1000xg for 10
min and the absorbance was measured at 535 nm-(Draper
and Hadley, 1990).

Reduced Glutathione (GSH) evaluation

Liver GSH was measured by employing a
colorimetric technique based on the oxidation of GSH by
DTNB, which generates a yellow color according to the
Elman method (1959).Tissue homogenate (400 pL) was
added to 100 uL of sulfosalicylic acid (0.25%) and left
forl5 min in an ice bath. After centrifugation at 1000 rpm
forl5 min, 250pL of supernatant was collected and added
to 500 puL mL of Tris-EDTA buffer (0.4 M HCI, 0.02 M
EDTA, pH 9.6) and 12.5 pL of DTNB (0.01 M). After
shaking and incubating at 30°C for 5 min, the absorbance
was recorded at 412 nm using spectrophotometer UV.

Catalase (CAT) activity measurement

The Catalase (CAT) activity was assessed using the
method described by Aebi (1984).The initiation of the
enzymatic reaction was assured by adding 20 pl of the
homogenized tissue and the substrate (hydrogen peroxide,
H»0,) to a concentration of 0.5M in a medium containing
100 mM phosphate buffer at a pH of 7,4. The absorbance
levels were measured at 240 nm using spectrophotometer,
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the enzyme activity was expressed as pmol H,O,
consumed per minute per milligram of protein.

Glutathione-  S-transferase (GST)
measurement

The activity of Glutathione-S-transferase (GST) was
measure according to the method of Habig et al., (1974).
The P-nitro benzyl chloride was used as substrate. The
absorbance was measured using spectrophotometer UV at
340 nm wavelength at 60 second intervals for Smin.

activity

Hematological evaluation

ImL of blood was collected in a test tube with an anti-
coagulant substance (EDTA) for blood enumeration using
ERMA INC full automatic blood cell counter model PCE-
210N.

Plasma ALT and AST activities estimation
Plasma activities of alanine aminotransferase (ALT),
and aspartate aminotransferase (AST) were assayed using
RANDOX® assay kits following the manufacturer’s
procedure. ALT and AST activities were assayed by the
method of Reltman and Frankel (1957). ALT activity was
determined by observing the concentration of pyruvate
hydrazone generated with 2,4-dinitrophenylhydrazine at a
wavelength of 546 nm. Plasma AST activity was
determined by monitoring the concentration of
oxaloacetate =~ hydrazone  produced  with  2.4-
dinitrophenylhydrazine at a wavelength of 546 nm.

Plasma total cholesterol and triglycerides
evaluation

The measurement of total cholesterol is based on an
enzyme method determined by Allain et al. (1974) (Kit
Biomaghreb, Algeria, Réf 20211). The intensity of the
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rose color is proportional to the initial concentration in
cholesterol. The dosage of triglycerides is an enzymatic
and colorimetric dosage based on the Fossati and Prencipe
method (1982) (Kit Biomaghreb, Algeria, Réf20231). The
intensity of the rose color is proportional to the
concentration of triglycerides. This coloration is evaluated
by the spectrophotometer at the longest range of 505 nm.

Liver histopathological examination

Liver specimens were obtained from rats, and
immediately fixed in 10% formalin for 24 hrs. and
decalcification was occurred on formic acid then washed
in tap water. Serial dilutions of alcohol (absolute ethyl)
were used for dehydration. Specimens were cleared in
xylene and embedded in paraffin at 56°C in hot air oven
for 24 hr. Paraffin bees wax tissue blocks were prepared
for sectioning at 4 microns thickness by sledge microtome.
The obtained tissue sections were collected on glass slides,
deparaffinized, stained by Hematoxylin & Eosin stain then
examination was done through the light microscope
(Banchroft et al., 1996).

Statistical analysis

Data were analyzed using one-way ANOVA, the
significance of differences was checked using Tukey’s
test. (*** p <0.001 = very highly significant, ** p < 0.01
= highly significant, * p < 0.05 = significant)

RESULTS

Physiological parameters

Effect of fenthion and Ephedra on body weight
The body mass control during 30 days of experiment

period (Figure 1) indicated that fenthion and E. alata

treatment induced a significant reduction in the body

weight compared to control group.
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Fig 1. Effect of fenthion and Ephedra alata alenda on rat’'s body weight.

Effect of fenthion and Ephedra treatments on
liver weight

The study of the absolute and relative weight of the
liver (Table 1), shows a significant increase in fenthion-

treated rats as compared to the control group. On the other
side, E. alata supplementation ameliorated these settings.
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Table 1.

Fenthion and Ephedra alata alenda treatment effect on absolute and relative liver weight
Parameters/Groups C F E E+F
Absolute Weight (g) 8.537+0.802 9.388+0.722** 8.580 + 0.900"s 7.338+0.647**
Relative Weight 1.958+0.221 2.259+0.187** 1.72910.249" 1.753+0.165***
(g/100g)

(*p <0.05, **p< 0.01, ***p<0.001, ns: No significance)

Hematological parameters
Results in Table 2 revealed that fenthion exposition
induced a significant increase in white blood cells

eosinophil’s, platelets, red blood cells and compared to
control group. However, the addition of Ephedra to
fenthion group restored some of the mentioned parameter.

(p<0,05), lymphocytes, monocytes and a decrease in
Table 2.
Fenthion and E. alata treatment effects on Count Blood Cells
Parameters/groups C F E E+F
WBC103/ul 6.060 +0.973 7.696 +1.214 ** 6.371+ 0.725 s 7.241+£1.030 *
Lym 103/pl 7.013£1.027 9.303+2.318* 7.06+1.915 7.037£1.114 s
Mon (103/pl) 0.528+0.052 0.680 +0.08** 0.582+0.05" 0.597+ 0.070 "s
Eos (103/ul) 1.795+0.061 0.644 +0.342** 1.60+0.112* 1.016+0.303**
RBC(108/pl) 7.615 +1.25 7.315 = 1.562"s 7.987+ 0917 * 8.137+ 0.616 *
Hb (g/dl) 14.17£2.10 13.78 £2.57"s 15.31+2.046* 14.81% 0.775"
MCV (fl) 52.285+ 2.89 54.142+ 1.64** 53.87+ 1.27ns 52.95+1.9 ns
MCHC(g/dl) 18.18+ 1.93 18.95+1.03 ns 19.15+ 0.72* 18.21+ 0.78"
PLT (108/ul) 946.7+294.2 587.28+262.20*** 1053+53.67 ** 778+248**

(*p <0.05, **p< 0.01 ,***p< 0.001, ns: No significance)

Effect of fenthion and Ephedra on liver oxidative
stress
Effecton lipid peroxidation

A significant increase in liver malondialdehyde (MDA)
levels after oral administration of fenthion comparing
with control rats. Interestingly, the treatment with Ephedra
extract reduced significantly hepatic MDA elevation
compared to rats treated with fenthion. While, no change
in this parameter was observed when administrating
Ephedra extract alone in comparison to control animals
(Figure 2.A).

Effect on glutathione content

The reduced glutathione (GSH) form serves as one of
the main organism detoxifiers. In this study we observed
a decrease of liver GSH level after fenthion exposition,
compared with control (Fig 2.C). However, administration
of Ephedra extract to rats exposed to fenthion increased
the level of GSH compared to fenthion group.

Effect on antioxidant enzyme activities

Liver antioxidant enzyme revealed that fenthion
exposition induced a significant decrease in hepatic CAT
and GST activities compared with controls (Figure 2B, 2D).
However, administration of Ephedra extract to fenthion-
treated group had significantly enhanced CAT and GST
activities comparing with fenthion treated-group.
Furthermore, the administration of E. alata extract alone

improve the activities of hepatic antioxidant enzymes
when compared to the control animals.

Effect of fenthion and Ephedra alata on
biochemical parameters
Effect on Glucose level

Our findings show that daily treatment with fenthion at
arate of 1mg/kg for one month causes hyperglycemia. The
addition of E.alata decoction to fenthion treated rats
reduced insignificantly this elevation compared to

fenthion group.

Effect on liver biomarkers

Liver injuries were observed in rats when they were
received fenthion. Indeed, the levels of  specific
biomarkers related to liver impairments AST and ALT
were significantly higher compared to the control group.
On the other hand, when E. alata extract was administered
in fenthion treated group, AST and ALT levels were
decreased compared to fenthion-treated group.

Effect on lipid profile

Table 3 depict an important increase in the levels of
triglycerides and total cholesterol in rats treated with
fenthion. Yet, their levels were restored when E. alata was
administered to fenthion-treated group. Interestingly,
Ephedra  decoction supplement were induced
hypolipidemia compared to control group.
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Fig 2. Effect of fenthion and Ephedra alata alenda on Lipid peroxidation (A), Glutathione-S-transferase (B), Reduced

glutathione (C) and Catalase (D) activities of rat liver.

Table 3.
Fenthion and Ephedra alata treatment effects on biochemical parameters
Parameters Cc F E F+E

AST(UIN) 58,49 + 7,99 79,13 £ 17,35 54,28 + 13,78 61,20 + 6,68*
ALT(UIN) 95,89 + 9,01 137,43 + 28,24** 84,10 £7,36 * 101,11 £ 58,46*
Glycemia (g/l) 1,09+ 005 1,24 + 015* 1,00 £ 0,06 "s 1,12+ 0,16 "

Cholesterol (mg/dl) 0,740 £ 0,079 1,192 £ 0,375 0,578 +007* 0,808 +0,19*
Triglycerides (g/l) 0.735+0.078 0.854 + 0.212 ** 0.645+0.076** 0.799 + 0.075*

Liver histopathology assessment

Liver histology sections of control and E. alata-treated
rats revealed a normal structure, characterized by well-
defined hepatic cells; sinusoidal spaces were conserved
and the central vein was normal (Figure 3A,4D).

In contrast, the liver sections of rats treated with
fenthion revealed disorganization of hepatocyte

architecture; the central vein appeared dilated (CVD) and
congested (CVC); inflammation cell infiltration (II); and
sinusoidal vacuolization (black arrow) (Figure 3B, 3C).
However, E. alata, was observed to minimize CVC and
CVD but not other damages induced by fenthion (Figure
4E).
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Fig 3. Photomicrographs of liver sections (HE; Grx40).(A):Control grup: CV, Centrilobular vein;H, Hepatocytes; S, sinusoid,
(B, C): Fenthion treated-group; CVC, CVD, and inflammation; (D), Ephedra-group; (E), fenthion-ephedra treated group.

DISCUSSION in Wistar rats. To our best knowledge, this research
This research was conducted to investigate the effect represents the first-time study highlighting the protective

of Ephedra alata alenda decoction extract on the properties of Ephedra alata alenda in reducing liver
reduction of the harmful effects of fenthion's liver toxicity damage caused by an organophosphorus compound such
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as fenthion. According to the obtained results, the body
weight revealed a significant decrease in rats exposed to
fenthion compared with the control group. These results
are in agreement with other research (Emara et Draz,
2007; Zhang et al, 2008) which they found a similar
impact on animals. Furthermore, the decline in body
weight gain serves as an indicator of toxicity and the
deterioration of animal wellbeing. The effect of pesticides
on the gastrointestinal system might lead to a decrease in
food and water intake. Thus, treated rats exhibit appetite
loss and/or poor absorption of nutrients (Mairif, 2015).
Furthermore, Ephedra alata alenda could promote weight
loss, according to Boozer et al., (2002). Indeed,
Ephedrine, the primary alkaloid in the Ephedra genus and
a thermogenic agent, is assumed to be responsible for
Ephedra's anti-obesity properties (Shekelle et al, 2003).
This study illustrates a significant increase in both relative
and absolute weight of the liver compared to the control
group. This increase could be attributed to the liver tissue
undergoing hypertrophy due to the accumulation of
fenthion. In parallel, a reduction was observed in the
absolute and relative weight of the liver in the fenthion-
Ephedra-treated group; this could be attributed to the E.
alata effect on lipid metabolism, responsible for lipid
oxidation and metabolism activation.

Besides, the current data demonstrated fenthion
treatment had induced hyperlipidemia, hyperglycemia, and
a significant elevation in plasma transaminases activities
(Table 3). These facts are a common sign of liver damage
(Rao, 2006), especially in the case of increasing AST and
ALT levels (Lasrama et al, 2014).Various enzymes
typically found in the cytosol are released into the
bloodstream following liver cell membrane disruption.
Additionally, our data showed that rats exposed to
fenthion and treated with FE. alata extract had
significantly reduced levels of transaminases compared to
the control group. The liver biomarker damage was
mitigated by the E. alata extract, suggesting its potential
effect in facilitating the restoration of liver function.
Furthermore, Sioud et al., (2021) demonstrated that the
daily administration of alkaloids extracted from E. alata
decreased serum levels of aminotransferase and creatinine
in the Cisplatin-induced liver injury. In parallel, Karami-
Mohajeri and Abdollahi (2011) found that pesticide
exposure can lead to an increase in glucose levels due to
two primary factors: decreased ability of target cells to
take up glucose and suppression of insulin manufacturing
in the Langerhans cells. Additionally, it’s known that the
lipophilic properties of pesticides allow their metabolites
to accumulate in fatty tissues and progressively reach the
bloodstream.  These  substances influence  the
differentiation of adipocytes and the mitochondrial
functioning of Langerhans cells, by contributing to the
development of insulin resistance (Azandjeme et al,
2013). In the highlight of this work, a notable increase in
triglyceride and totalcholesterol levels in fenthion-treated
group was observed. According to Yousef et al., (2006),
these elevation can be attributed to fenthion's impact on

and biochemical alteration in rat

the permeability of the liver cell membrane (Kandil et al,
2006). Additionally, clogged hepatic bile ducts can limit
or block the release of cholesterol into the duodenum,
contributing to elevated levels of total cholesterol
(Zaahkouk etal,, 2000).

In the current research, fenthion exposition has
induced various adverse effects on rats' blood parameters.
This could be potentially attributed to the effect of stress
hormones, like catecholamines, which cause neutrophil
demargination. This process is frequently associated with
lymphocytosis and can result in monocytosis and
eosinophilia (Kandil et al., 2006). The rise in lymphocytes
and monocytes may also be due to the stimulation of
lymphopoiesis and the improvement of lymphocyte
release from the lymph of myeloid tissue-(Das and Das,
2007). Moreover, a significant decrease in the main
inflammatory immune cells, such as white blood cells,
monocytes, and lymphocytes, was also prevented by E.
alata treatment. This may be attributed to the presence of
flavonoids, which have both antioxidant and anti-
inflammatory properties (Mufti et al., 2023). E. alata is
rich in wvarious secondary metabolites, including
flavonoids, which have the potential to modulate the
expression of genes coding for antioxidant and
inflammatory molecules, either by enhancing or reducing
their activity (Al-Rimawi et al., 2017). Also, Ephedra
contains  substances such as ephedrine and
pseudoephedrine that have potent anti-inflammatory
characteristics and are able to inhibit the synthesis of
prostaglandin E2 (Kasahare et al., 1985).

On the other hand, oxidative stress represents another
mechanism through which pesticides induce cellular
damage and alterations in metabolic functions (Sioud et
al., 2021).The mechanism by which fenthion and
generally OP may cause oxidative stress has been
demonstrated in recent study (Sharma et al, 2005).
Othman and Abdel Hamid (2017) were established the
relation between the increase of lipid peroxidation and the
mechanism of pesticide toxicity observed in animals liver
and brain . Importantly, our results demonstrated that oral
fenthion administration increase MDA levels, which is in
agreement with the research of Selmi-et al, (2018). Also,our
data demonstrated that fenthion exposure significantly
reduced the activities of liverGSH, GST, and CAT (Figure
2), fenthion has been found to reduce the activity of
antioxidant enzymes either directly or by generating free
radicals that cause oxidative stress (Altuntas and Delibas,
2002; Ben Amara et al., 2014). Additionally, numerous
experimental investigations have reported the therapeutic
effects of the plant’s extract, which is used in
conventional medicine. Hence, it can help to
hepatotoxicity medication and maintain a
oxidant/antioxidant balance. Our findings support the
previous research, in which the following study
demonstrated that E. alata alenda extract induced an
increase in the activity of the antioxidant enzymes GSH,
CAT, and GST in rats (Bougrou et al., 2020; Djahara et
al., 2023). Recent studies revealed that Ephedra alata and
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its related flavonoids exert their activity by eliminating
hydroxyl, superoxide, lipid peroxides (Al-Rimawi et al.,
2017; Mighri et al., 2019) singlet oxygen, and
peroxynitrite through a scavenging process (Sioud et al.,
2021; Zhu et al., 2020) Furthermore, liver histology
examination of rats treated with fenthion revealed a
disorganization of hepatic architecture associated with an
enlarged and clogged centrilobular vein. Besides,
inflammatory and degenerative cells were observed in
specific areas. These results are well supported by the
study of Fidan etal. (2007), which showed that fenthion
injection induced hepatocyte degradation, inflammatory
cell infiltration and portal vein congestion. In our
investigation, E. alata treatment of rats attenuated
damages induced by fenthion.

CONCLUSION

This study has affirmed the hepatoprotective potential
of Algerian Ephedra alata subs alenda (Stapf)Trab
decoction extract, which modulate the side’s effects of
fenthion pesticide on oxidative stress, biochemical and
hematological parameters, and mitigate liver damages.
Ephedra extracts can serve as a potential candidate for
pharmaceutical industry.
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