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1 INTRODUCTION and digestive problems, as well as fungal and bacterial
infections [5, 6].

Multiple in vitro and in vivo studies of E. alata
extracts indicate that its phytochemicals are linked to
diverse biological activities, including antibacterial, anti-
inflammatory, antioxidant, anti-obesity, anti-diabetic,
antiviral, and anticancer effects. As noted by [7], the
70% ethanol extract of E. alata exhibits antimicrobial
activity and anticancer effects in a breast cancer cell line.
The methanolic fraction likewise shows anti-obesity and
antioxidant properties [6]. These benefits are attributed
to a high content of bioactive constituents, including
phenolic acids, tannins, flavonoids, cardiac glycosides,
alkaloids, reducing sugars, and saponins [8].

Heavy metals, particularly lead, pose serious health
risks to living organisms [9]. Lead and other heavy
metals are widely present at low levels across natural

Herbal remedies have been used for millennia, es-
pecially in emerging nations, not only for cultural
and economic reasons but also because many contem-
porary pharmaceuticals have limitations and botanical
agents often carry milder side effects [1]. Plant-derived
natural compounds provide extensive opportunities for
discovering novel therapeutics [2].

Ephedra alata (Arabic: “Alanda”) is a perennial
species in the family Ephedraceae, order Gnetales [3].
The plant is pale green, robustly branched, and dioecious,
typically reaching 50-100 cm in height. It is indigenous
to multiple regions, including Iran, Palestine, Saudi Ara-
bia, Algeria, Morocco, Egypt, Tunisia, Libya, Lebanon,
Jordan, and Iraq [4]. In traditional herbal practice, the
decanted stem of E. alata is used to treat diverse ailments,
including kidney disorders, bronchial asthma, circulatory
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environments, yet lead has no physiological role in the
human body [10]. Exposure can cause long-term disease,
including hepatic, neurologic, and renal disorders [11].
Most toxicity cases arise from contact with dangerously
high concentrations of lead (Pb) in industrial settings and
waste sites [12]. Because they are not effectively elimi-
nated by normal physiological mechanisms, heavy met-
als, especially cadmium, mercury, lead, and chromium,
accumulate in organisms and enter the food chain [13].
Among these, lead is one of the most hazardous and is a
major public health concern [14].

Lead is a toxic heavy metal that accumulates in the
liver, testes, kidneys, bones, and brain [15]. After hepatic
uptake, a portion of absorbed lead is bound and ulti-
mately excreted in urine via the kidneys. Progressive
accumulation disrupts multiple organ functions, particu-
larly in the liver, a primary site of Pb toxicity [16]. This
study was designed to evaluate the hepatoprotective and
antioxidant effects of the aerial organs of Ephedra alata
in rats intoxicated with lead acetate.

2 MATERIALS AND METHODS

2.1 Animals

Forty adult male albino rats (185-215 g) were used.
Animals were purchased from the Animal Research Cen-
ter, Tikrit University (Iraq), and housed in the animal
facility of the College of Pure Science Education, Uni-
versity of Anbar. Rats were acclimated for 10 days under
standard conditions (12-h light-dark cycle; 25-28 °C)
with free access to pelleted chow and tap water. During
acclimatization, animals were housed in polycarbonate
cages with appropriate bedding and environmental en-
richment. All procedures conformed to the International
Guidelines for the Ethical Care of Laboratory Animals
and the Hygiene Standards of the Redesigned Laboratory
Biological Clinic; approval was granted under Document
No. 243 (dated 12/26/2024).

2.2 Lead acetate

Lead acetate (analytical grade) was purchased from
Sigma-Aldrich (St. Louis, MO, USA). A dose of 60
mg/kg was used, following [17].

2.3 Plant materials

Aerial parts (twigs and leaves) of Ephedra alata were
collected from the Western Desert, Anbar Governorate,
Iraq. The plant was taxonomically identified and authen-
ticated by Prof. Dr. Muhammad Othman Musa, Desert
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Studies Center, University of Anbar.

2.4 Preparation of the Ephedra alata extract

Aerial parts were air-dried for 15 days at ambient
temperature, protected from light and humidity, then
pulverized to a fine powder. The ethanolic extract was
prepared by macerating 50 g of powder in 150 mL of
70% ethanol with magnetic stirring for 72 h at room
temperature, protected from light. The macerate was
filtered through Whatman filter paper, the residue was
re-macerated once under the same conditions, and the
two filtrates were combined. Solvent was removed at 50
°C using a rotary evaporator (Laborota 400). The dried
extract was stored refrigerated until use [17].

2.5 Experimental design

Animals were randomly assigned to five groups for
treatment. Group I (control) received distilled water at
5 mL/kg. Group II received lead acetate at 120 mg/kg
diluted in distilled water. Group III received the alcoholic
extract of Ephedra alata orally at 30 mg/kg (1 mL per rat).
Group IV was given lead acetate for six weeks and then
E. alata extract for six weeks at the same concentration.
Group V received E. alata extract first and, two hours
later, received lead acetate at the same concentration
described above.

2.6 Blood sampling

Under general anesthesia, blood was collected by car-
diac puncture, allowed to clot at room temperature, and
centrifuged at 3,000 rpm for 10 minutes to obtain serum.
The separated serum was transferred into labeled plain
(additive-free, white) tubes for subsequent biochemical
analyses. Immediately after blood collection, animals
were humanely euthanized using an institutionally ap-
proved method. All procedures conformed to the Inter-
national Guidelines for the Ethical Care of Laboratory
Animals and the Hygiene Standards.

2.7 Biochemical analysis

Serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were assayed as indicators of
hepatic injury [18]. Oxidative-stress markers of malondi-
aldehyde (MDA) activity and total antioxidant capacity
(TAC) concentration were determined according to the
referenced methodologies [19] and [20], respectively.
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2.8 Immunological analysis

The concentration of IL-17 in rat plasma was mea-
sured by enzyme-linked immunosorbent assay (ELISA)
using the rat ELISA kit (ABclonal Biotechnology, Cat.
No. RK00020), following the manufacturer’s protocol.
Microplates were treated with antibodies specific for IL-
173 as directed. Plasma TGF-5 was quantified with the
rat TGF-betal ELISA kit (BT LAB, China), according
to the manufacturer’s datasheet.

2.9 Histological Study

Fresh liver samples from each rat were rapidly ex-
cised and fixed in 10% neutral buffered formalin, then
dehydrated through graded ethanol (70%, 80%, 90%,
and 100%). Tissues were embedded in paraffin wax,
sectioned at 5-7 um on a rotary microtome, and stained
with standard hematoxylin and eosin (H-E). Histological
slides were examined by light microscopy, and represen-
tative photomicrographs were captured accordingly [21].

2.10 Statistical analysis

Data were analyzed using the Statistical Package for
the Social Sciences (SPSS), version 17. Differences
among groups were assessed by one-way analysis of
variance (ANOVA) followed by Duncan’s test. Results
are presented as mean £ SEM, and differences were
considered statistically significant at p < 0.05.

3 RESULTS

Figures 1-A and 1-B display the enzyme data ob-
tained in this study. There was a significant increase in
serum aspartate transaminase (AST) and alanine amino-
transferase (ALT) in Group II (oral lead acetate) com-
pared with the healthy control group. The figures also
show that oral administration of Ephedra alata extract,
whether given before or after lead acetate, produced a
significant reduction in both enzymes in Groups IV and
V relative to Group II. By contrast, enzyme values in
Group III (extract of E. alata alone) were comparable to
those of the control group.

There was a significant rise in malondialdehyde
(MDA) with a concomitant fall in total antioxidant ca-
pacity (TAC) in Group II, which received lead acetate
at 60 mg/kg. In contrast, Group III (alcoholic extract
of Ephedra alata alone) showed MDA and TAC val-
ues within the normal range. Compared with Group II,
Groups IV and V, administered E. alata either before or
after lead acetate, exhibited the opposite pattern, with a
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significant decrease in MDA and a significant increase in
TAC. These findings are illustrated in Figures 2-A and
2-B.

Results in Figures 3-A and 3-B show a significant in-
crease in interleukin-15 (IL-1/5) and transforming growth
factor-3 (TGF-/3) in the group that received oral lead
acetate compared with the control group. By contrast,
values for these markers in Group III (alcoholic extract
of Ephedra alata alone) were nearly identical to controls.
In Groups IV and V, oral administration of E. alata,
either before or after lead acetate, was associated with
decreased IL-15 and TGF-{ relative to the lead-acetate
group.

Histological examination of the control group showed
the normal architecture of liver tissue: a regularly struc-
tured central vein (CV), hepatocytes (HC) arranged ra-
dially around the CV, blood sinusoids (S), and Kupffer
cells (KC), as shown in Figure 4-1. Histological findings
in the E. alata-only group were comparable to the control
liver architecture Figure 4-2. In contrast, the group dosed
with lead acetate alone exhibited severe pathological
alterations, including thickening of the central vein wall
(TW), disruption of the normal radial plates of hepa-
tocytes around the central vein, marked leukocytic in-
flammatory infiltration (LI), vascular congestion (CON),
cellular degeneration, and areas of necrosis (N), with
amyloid deposition (AM) also observed, Figure 5 (1-4).

In the preventive group, histological examination
showed a near-normal architecture, with only mild
changes, simple congestion and dilation of blood si-
nusoids, and minimal hemorrhage (HE), as shown in
Figures 6-1 and 6-2. In the treatment group (Figures 6-3
and 6-4), liver morphology appeared most similar to the
control, with overall restoration of tissue structure and
only residual, minor alterations characterized by slight
cellular degeneration.

4 DISCUSSION

The aim of the current investigation was to examine
the effect of co-administration of E. alata on lead acetate-
induced toxicities in Wistar albino rats. Although lead
affects multiple organ systems, this study specifically
focused on liver enzyme activities. Lead is a toxic metal
pollutant worldwide; occupational and environmental
exposure can include lead in drinking water [11], leached
from plumbing and fixtures that contain lead. Absorbed
lead is stored in soft tissues, predominantly the liver.
As the first organ to receive nutrients directly via the
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Fig. 1 Effect of Ephedra alata extract on serum ALT (A) and AST (B) activities in male albino rats treated with lead
acetate. G1: control, G2: lead acetate, G3: Ephedra alata, G4: Preventive group, G5: Therapeutic group. Each
group contained n = 8 rats. Different lowercase letters denote a significant difference between groups, whereas

identical letters indicate no significant difference

portal vein, the liver is a primary site of exposure and
toxicity [22].

The administration of lead acetate to rats produced
a marked rise in serum AST and ALT compared with
the control group. Lead exhibits hepatotoxic properties
that impair hepatocytes, leading to elevated circulating
AST and ALT; its harmful effects stimulate the release
of these enzymes into the bloodstream. Increased plas-
ma/serum AST and ALT have been linked to greater
fluidity of liver microsomal membranes, free-radical
generation, and compromised hepatocellular integrity
following lead-acetate exposure [23,24]. The elevation
in ALT and AST activities may also reflect lead-acetate
toxicity-induced increases in basal cellular metabolic
rate, heightened irritability, and adverse alterations in
liver function [25]. In addition, higher serum ALT and
AST primarily result from leakage of these enzymes from
damaged hepatocytes [26]. In our study, oral adminis-
tration of the crude extract of E. alata at 30 mg/kg daily
for 90 days significantly reduced plasma AST and ALT
activity compared with the lead-acetate group, suggest-
ing that the extract helped protect the liver from lead-
induced injury [27]. The E. alata extract, which is rich
in bioactive compounds such as phenols and flavonoids,
may exert protective effects by stabilizing the biofilm
structure, scavenging free radicals, and mitigating lipid
peroxidation processes that contribute to toxin-mediated
hepatic damage [28,29].
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In a similar vein, the present study showed that lead-
acetate exposure in rats increased lipid peroxidation
(elevated MDA) and reduced total antioxidant capacity
(TAC) compared with the control group. Enzymes within
the antioxidant defense system are critical for main-
taining the balance between pro-oxidants and antioxi-
dants; however, high lead levels induce oxidative damage
by increasing free-radical generation while weakening
cellular defenses, lowering TAC and GSH, inhibiting
sulthydryl-dependent and other antioxidant enzymes,
and amplifying lipid peroxidation (MDA) [10,30]. Our
findings further demonstrated that treatment with E. ala-
ta lowered MDA and increased TAC. Thus, E. alata
improved lipid-peroxidation status, highlighting potent
chemopreventive and antioxidant properties against lead-
acetate-induced hepatotoxicity in rats [27]. As previ-
ously concluded, E. alata exhibits antioxidant activity
attributable to biomolecules known to scavenge reactive
oxygen species (ROS) [28].

Lead acetate exposure caused an increase in inflam-
matory markers, including IL-15 and TGF-{, compared
with the control group. Lead activates circulating mono-
cytes and tissue macrophages, thereby promoting the syn-
thesis and release of pro-inflammatory cytokines such as
TNF-q, IL-15, and TGF-g [31]. Lead-induced toxicity is
also associated with inflammatory-cell infiltration of the
interstitium, driving inflammation-mediated apoptosis
via the extrinsic pathway [30]. In contrast, treatment
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Fig. 2 Effect of Ephedra alata extract on MDA (A) and TAC (B) levels in male albino rats treated with lead acetate.
Each group contained n = 8 rats. Different lowercase letters denote a significant difference between groups, whereas
identical letters indicate no significant difference
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Fig. 3 Effect of Ephedra alata extract on IL-15 (A) and TGF-$ (B) levels in male albino rats treated with lead
acetate. Each group contained n = 8 rats. Different lowercase letters denote a significant difference between groups,
whereas identical letters indicate no significant difference
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Fig. 4 (1): Cross-section of control rat liver showing the central vein (CV) with radial plates of hepatocytes (HC),
blood sinusoids (S), and Kupffer cells (KC). H and E, 400x. (2): Cross-section of Ephedra alata-only group
showing a normal CV with surrounding HC plates, S, and KC, similar to control. H and E, 400x

Fig. 5 (1): Lead-acetate group: increased thickness of the central vein wall (TW), cellular degeneration (D),
inflammatory infiltration (LI), and congestion (CON). H and E, 400x. (2): Lead-acetate group: severe LI with
marked CON in the CV and widespread cellular degeneration (D). H and E, 400x. (3): Lead-acetate group: irregular
arrangement of HC around the CV, cellular necrosis (N) with hyperplasia (HP), and degeneration (D). H and E,
400x. (4): Lead-acetate group: LI with cellular degeneration (D) and amyloid deposition (AM). H and E, 400x
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Fig. 6 (1) Preventive regimen (E. alata — lead acetate): near-normal hepatic architecture with HC arranged around
the CV, mild cellular degeneration (D), and vascular congestion (CON). H and E, 400x. (2) Preventive regimen (E.
alata — lead acetate): near-normal CV-centered architecture with mild hemorrhage (HE) and dilated blood
sinusoids (S). H and E, 400x. (3): Treatment regimen (lead acetate — E. alata): hepatic architecture approximating
control with HC around the CV, mild residual cellular degeneration, and intact S. H and E, 400x%. (4): Treatment
regimen (lead acetate — E. alata): normal arrangement of HC around the CV with evident S and KC. H and E, 400x

with E. alata, at either lower or higher doses, produced a
marked reduction in serum IL-13 and TGF-3, consistent
with prior reports. E. alata has been noted to suppress
IL-138 and TNF-alpha synthesis through inhibition of
the NF-kB pathway [3].

The pathological alterations observed after lead ac-
etate exposure are attributable to lead’s toxic effects,
which drive excess free-radical generation. This, in turn,
increases lipid peroxidation of membranes and cellu-
lar components and reduces total antioxidant capacity
(TAC) [32]. Lead acetate exposure was also associated
with hepatic necrosis. Numerous studies have examined
the impact of lead acetate on liver structure and func-
tion [33]. For example, intraperitoneal lead acetate at
15 mg/kg for seven consecutive days markedly elevated
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serum liver enzymes in rats and produced histological
liver injury with hepatocyte necrosis. Mechanistically,
lead interacts with hepatic enzymes and proteins in the
interstitium, disrupting the antioxidant defense system
and promoting reactive oxygen species (ROS) gener-
ation [34]. The protective effects of E. alata extract
against lead acetate-induced liver injury likely relate to
its antioxidant properties. Consistent with prior work
and our findings, E. alata appears to mitigate hepato-
cyte damage and dysfunction by lowering inflammatory
cytokines, scavenging free radicals and ROS, and en-
hancing antioxidant capacity in tissue and serum [29, 35].
These antioxidant activities are attributed to constituents
with diverse functional groups, including ephedrine and
multiple phenolic compounds such as trans-cinnamic
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acid, catechin, syringin, epicatechin, symplocoside, and
kaempferol-3-O-rhamnoside [28].

S CONCLUSION

This study indicates that the Ephedra alata extract
exerted a therapeutic effect against lead-acetate-induced
hepatotoxicity in male albino rats, as evidenced by im-
proved biochemical markers (AST, ALT, MDA, TAC,
IL-15, TGF-$3) and supportive histopathology. These
findings support a hepatoprotective role for E. alata under
the conditions tested.
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