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ABSTRACT

Hepatoprotective Effects of Tamarix dioica Leaf
Extracts on Paracetamol-Induced Hepatotoxicity

This study aimed to evaluate the hepatoprotective effects of aqueous, methanolic, and ethanolic extracts of Tamarix
dioica leaves against paracetamol-induced toxicity. In this study, 36 albino mice were randomly grouped into six
groups, each consisting of six mice: Group I (normal control), Group II (paracetamol-toxified), Group III (positive
control with Silymarin @ 200 mg/Kg), Group IV (aqueous 7. dioica extract @ 400 mg/Kg), Group V (methanolic 7.
dioica extract @ 400 mg/Kg), and Group VI (ethanolic 7. dioica extract @ 400 mg/Kg). Hepatoprotective potential
was assessed through liver function indicators (ALT, AST, ALP, total bilirubin, and total protein in blood serums),
hepatic antioxidants (SOD, CAT, GSH, and GPx in liver homogenate), and inflammatory markers (IL-6, TNF-a,
COX2), along with other liver biomarkers. Histopathological alterations in the liver were evaluated using Hematoxylin
and Eosin staining. The leaf extracts effectively restored liver function indicators and hepatic antioxidants to normal
levels, demonstrating a significant improvement compared to the elevated levels observed in the paracetamol control
group (P < 0.001). Furthermore, a reversal of hepatoarchitecture was recorded. The study highlights the pronounced
hepatoprotective effects of 7. dioica leaf extracts against paracetamol-induced toxicity in albino mice. The extracts not
only successfully normalized liver function indicators and hepatic antioxidants but also exhibited a significant reversal
of hepatoarchitecture. These findings suggest the potential therapeutic value of 7. dioica in mitigating liver disorders,
emphasizing its promising role as a natural hepatoprotective agent.
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he liver, a central organ for detoxification, metabolism,

and excretion, holds a pivotal role in maintaining
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physiological balance within the human body (Ayenew
and Wasihun, 2023). The production of highly reactive
molecules, known as free radicals, by the liver poses a
threat to tissue integrity, with the covalent linkage of free
radicals to cell membrane lipids leading to tissue injury
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(Pramod et al., 2008). Across all age groups, the liver is
indispensable for sustaining metabolic and physiological
equilibrium (Narici et al., 2021). Hepatitis, cirrhosis, and
alcoholic liver problems can be attributed to exposure
to various stressors, including free radicals, alcohol,
xenobiotics, food additives, and pollution (Wahyuningsih
et al., 2021). Approximately 10% of the global population
suffers from liver ailments, encompassing conditions
like fibrosis, cirrhosis, chronic hepatitis, hepatocellular
cancer, and alcoholic steatosis (Zhang et al., 2013). The
associated morbidity and mortality of liver diseases
present a notable public health concern, particularly in
economically disadvantaged nations (Ornos et al., 2023).
The treatment of liver diseases in modern medicine faces
challenges, with corticosteroids and immunosuppressive
medications being the only approved options, albeit
accompanied by various negative side effects (Ayenew and
Wasihun, 2023). In response, there has been an increasing
reliance on complementary and alternative medicine,
particularly herbal treatments, for liver conditions, given
the recognized efficacy of plant medicines (Algasoumi,
2012). Paracetamol (acetaminophen), a commonly used
non-narcotic analgesic and antipyretic, can become a
potent hepatoxin leading to fulminated hepatic and renal
tubular necrosis when ingested in lethal quantities. This
transformation poses a fatal threat to humans and various
animal species, including mice (He et al., 2012).

Liver disease treatment is important and requires
careful attention to detail. Although several traditional
medications have been shown to boost liver function,
provide hepatic protection, or aid in ‘the regeneration of
hepatic cells, these same medications have also been shown
to be hepatotoxic when used‘in certain dosages (Stahl
et al., 2018). Among the many common experimental
models used to assess the hepatoprotective properties of
plant extracts, acetaminophen (N-acetyl-p-aminophenol,
paracetamol) induced toxicity in rats and mices have been
observed (Subramanya et al., 2018). Paracetamol is safe
when used in therapeutic dosages (Caparrotta et al., 2018).
However, in people and experimental animals, overdosing
on it might result in hepatic necrosis, nephrotoxicity, extra
hepatic diseases, and even death (Offfor et al., 2022).
Natural substances should be tested to see whether they
can replace synthetic ones.

Antioxidants have been shown to lessen the likelihood
of developing liver disease by blocking the oxidative
damage produced by free radicals (Shahidi and Zhong,
2010). Several illnesses have been treated with herbal
remedies for decades. Yet, natural products continue to play
a significant role as sources for the creation of numerous
medications used to treat a broad range of disorders,
including cancer and liver disease (Ji ef al., 2009). Many

types of trees, shrubs, and bushes from antiquity belong
to the genus Tamarix, which is simply referred to it by
its common name. Tamarix, also known as Tamarisk and
salt cedar, is a genus of over 60 halophyte plants grown
worldwide and distributed widely in Saudi Arabia. Salt
glands cover the needlelike leaves of these plants (Samadi
et al., 2013). Primitive species like 7. dioica Roxb. Roth
and T ericoides Rotti et Wild may be found in India and its
neighboring regions (Arianmanesh et al., 2016).

Tamarix dioica, widely utilized in herbal medicine,
holds significance for the treatment and prevention of
various diseases (Komal et al., 2021). Belonging to the
family Tamaricaceae, T. dioica has a rich history in both
ancient and contemporary herbal remedies (Atanasov et
al., 2015). Acknowledged for its diverse properties such as
anti-fungal, anti-diabetic, anti-dermatosis, anti-infective,
carminative, anti-diuretic.and anti-inflammatory, 7. dioica
has been valued in medicinal applications (Bahramsoltani
et al., 2020). Despite its traditional use, there is a scarcity
of clinical studies examining the therapeutic effectiveness
of T. dioica (Samejo et al., 2013). Many studies on the
phytochemistry of several Tamarix species have shown
a wide variety of substances, the most notable of which
are. polyphenolic compounds such phenolic acids,
flavonoids, and tannins. In addition, the natives of Asian
and African nations, including Saudi Arabia, Pakistan,
India, and Algeria, use this plant due to its medicinal
properties, where tamarisk grows naturally (Alnugaydan
and Rah, 2019). In the leaves, many chemical compounds
of therapeutic value, such as tamarixetin, kaempferide,
D-mannitol, rhamnetin, polyphenols, flavanols, and
[-sitosterol, were identified (Samejo et al., 2013). Tamarix
dioica served a number of practical applications for
the economy, including production of fuel and baskets
(Percival et al., 2014). T. dioica is used medicinally as
carminative, antifungal, anti-infectious (Rehecho et al.,
2011), for treating ring worms and gonorrhoea, aphrodisiac
(Aziz et al., 2018; Urumarudappa et al., 2019), utilized in
cough and flu treatments, and diuretic for liver and spleen
inflammation in ancient and modern herbal medicines.
External applications of an ointment made from the bark
of this plant were used to treat piles and ulcers (Post-White
et al.,2007).

The milk thistle (Silybum marianum) plant is the
source of silymarin, a flavonolignan that is used almost
exclusively for the purpose of hepatoprotection (Valkova
et al., 2020; Pradhan and Girish, 2006). Instead of dealing
with the difficulties of standardization, quality control,
and contamination with heavy metals or bacterial toxins,
silymarin might be used instead, potentially replacing
polyherbal formulations. Flavonolignan isomers silybin,
isosilybin, silydianin, and silychristin make up silymarin.
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The most popular and effective among all is silybin (Radko
and Cybulski, 2007). Silymarin is mostly eliminated
as sulphates and conjugates in bile after being ingested
orally. Silymarin provides effective protection in a
number of animal studies using toxic liver disease models
(Radko and Cybulski, 2007). Mechanisms of action
include antioxidant defense, lipid peroxidation defense,
fibrosis resistance, inflammation suppression, membrane
stabilization, immune modulation, and liver regeneration
(Domitrovi¢ and Poto¢njak, 2016).

However, the therapeutic efficacy of 7. dioica
has seen little clinical testing too far. In light of these
considerations, the purpose of the current investigation
is to determine the hepatoprotective activity of aqueous,
methanolic and ethanolic extracts of the 7. dioica plant
using Swiss albino mice having the acute liver damage
caused by paracetamol. Efficacy in protecting against
aracetamol-induced hepatotoxicity was compared to that
of silymarin, a well-established hepatoprotective drug.

MATERIALS AND METHODS

Chemicals

Paracetamol was purchased from local supplier in
Saudi Arabia (Panadol, GSK), and liver functions (ALT,
AST, ALP and total bilirubin) were detected by detection
kits (Verisana). All the other chemicals of analytical grades
were purchased from the chemical market of Riyadh,
Saudi Arabia (Merck).

Plant collection and preparation of extracts

Tamarix dioica leaves were bought at an open market
of Riyadh, Saudi Arabia, washed twice with tap water to
remove the dust particles. Plants were then kept at Oven
at 45 °C to dry the washed leaves, cut, and crushed into a
powder (using pestle mortar and mechanical blender). The
powder was stored in an airtight container until required.

Aqueous, methanolic and ethanolic extracts were
prepared by following the protocol of Samejo et al.
(2013) with minor modifications. The dried 7. dioica
plant leaf powder was soaked in solvent (water, 80%
methanol, absolute ethanol) overnight at a concentration
of 20g/200ml heated for 48 h at 40°C. The extract was
then cooled to room temperature and filtered off using
Whatman filter paper no 42 to separate the supernatant.
The prepared extracts were initially subjected to the
qualitative phytochemical analysis.

Qualitative phytochemical analysis

To assess contents, the aqueous, methanolic, and
ethanolic extracts and powdered leaf samples of Tamarix
dioica were analyzed for proteins, terpenoids, alkaloids,

steroids, amino acids, saponins, flavonoids, glycosides,
tannins, phenols and phlobatannins according to published
literatures (Domitrovi¢ and Poto¢njak, 2016; Trease and
Evans, 1989; Zar-Pasha et al., 2022).

Tannins and phenols gave blue-black precipitate with
0.1% FeCl, alkaloid precipitated reddish-brown, with a few
drops of Dragendorff’s reagent. Blueish green ring after
addition of chloroform and a few drops of concentrated
H,SO, indicated terpenoids. Foam foamation after boiling
distilled water with dried powdered sample indicated the
presence of saponins. Formation of red color after boiling
ethanol treated sample with a few bits of magnesium
ribbon and a few drops of strong HCI showed the presence
of flavoriods.

The appearance of a green/blue precipitate after
adding 1 ml of glacial acetic acid, a few drops of FeCl,, and
a few drops of concentrated H,SO, to 2 ml of 1% extracts,
suggested the existence of glycosides. Formation of green
ring after addition of acetic anhydride and few drops of
concentrated H,SO, shows presence of steroids. Deposition
of a red hue after addition of 1% HCl and boiling indicated
the presence of phlobatannins. The presence of amino
acid was shown by appearance of purple tint after adding
ninhydrin reagent and heating.

The presence of proteins was revealed by their violet
color, after adding a few drops of 5% NaOH and a few
drops of 1% Cu(SO,),.

Experimental plan

Healthy Swiss albino mices (male), 65-75g were
mentioned in an animal house with a temperature of 25
+ 2 °C, a relative humidity range of 40-50 percent, and
a light: dark cycle of 12:12 h. They were fed on normal
standard diet.

A total of 36 albino mices were divided into 6
groups each containing six mice. Where, Group I (Normal
Control) received only distilled water @ 5Sml/Kg of body
weight (P.O) for 7 days. Group II (Paracetamol Control)
received distilled water @ 5SmlI/Kg of body weight (P.O)
for 7 days except the 5" day when paracetamol @ 2g/Kg
of body weight was given. Group III (Positive Control)
received only Silymarin @ 200 mg/Kg of body weight
(P.O) for 7 days except the 5" day when paracetamol @
2g/Kg of body weight was given. Group IV (Test group
I) received only aqueous 7. dioica extract @ 400 mg/Kg
of body weight (P.O) for 7 days except the 5% day when
paracetamol @ 2g/Kg of body weight was given. Group V
(Test group II) received only methanolic 7. dioica extract
@ 400 mg/Kg of body weight (P.O) for 7 days except the
5% day when paracetamol @ 2g/Kg of body weight was
given. Group VI (Test group III) received only ethanolic
T. dioica extract @ 400 mg/Kg of body weight (P.O) for
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7 days except the 5 day when paracetamol @ 2g/Kg of
body weight was given.

Biochemical analysis of blood serum

At the end of experimental period blood and liver
samples were taken. Blood samples were centrifuged at
12,000 rpm for 5 min for isolation of serum (Zar-Pasha et
al. 2022), for assessment of key biomarkers like alkaline
phosphate (ALP), alanine aminotransferase (ALT),
aspartate transaminase (AST), total bilurubin and total
proteins, albumin, triglycerides, urea , creatinine, total
chlolestrol and lipid as per specifications of kits used for
determination. Percentage protection can be calculated by

the following formula:
(Mean value of Group Il — Mean value of test group)

P t tection =100 x
ercentage protection (Mean value of Group II — Mean value of Group I)

Assessment of key oxidative stress biomarkers

A portion of the liver tissue taken from the animals
that were used in the experiment was washed and then
homogenized (1:10, weight-for-weight) in an ice-cold
solution of 50 mmol/L Tris buffer with a pH of 7.4. The
homogenate was centrifuged at 10,000 rpm for 20 min
at 4 °C. The supernatant was used for determination of
superoxide dismutase (SOD) according to Marklund and
Marklund (1974), catalase (CAT), glutathione (GSH), and
glutathione peroxidase (GPx), malondialdehyde (MDA) is
a result of lipid peroxidation that was tested in the form of
thiobarbituric acid reactive (TBARS) material.

Quantification of IL-6, TNF-0, and COX2

ELISA procedure, using kits of Elabscience®, China
for the estimation of interlink-6 (IL-6), tumor necrosis
factor-o. (TNF-a) and cyclooxygenase-2 (COX2) was
followed.

Histopathological assessment

For hietopathological assessment, the liver tissue was
fixed in 10% formaline and then proceeded further for
cutting 5 um thick section. The histological sections were
stained with a hematoxylin and eosin (H and E).

Statistical analysis

The statistical analysis was performed using GraphPad
Prism version 5.0, considering mean + standard deviation
(SD) values from a sample size of six (n = 6). A two-way
analysis of variance (ANOVA) was initially conducted
to assess the overall variability, followed by post hoc
Dunnett’s multiple comparison test. The significance levels
were set at P < 0.05, indicating statistical significance, P <
0.01 for a higher degree of significance (most significant),
and P <0.001 denoting a highly significant difference.

RESULTS AND DISCUSSION

Qualitative phytochemical analysis

Table I shows the qualitative phytochemical analysis
of leaf extract of Tamarix dioica. Water is the most
common solvent used for plant extracts and traditional
medicine relies heavily on water extract (Tiwari et al.,
2011). The results of phytochemical screening of Tamarix
dioica crude leaf, aqueous, methanolic and ethanolic
extracts showed that proteins, amino acids, alkaloids and
glycosides were not found in all extracts. Steroids and
phenols were additionally not found in methanolic extracts,
while tannins and saponins were additionally absent in the
ethanolic extract of Tamarix dioica. Phytochemicals in T.
dioica may be medicinal./ Flavonoids have antioxidant,
anti-allergic, anti-inflammatory, hepatoprotective, anti-
carcinogenic, anti-viral, and anti-thrombotic properties
(Najafi et al.; 2010). Anti-hemorrhoidal, anti-diarrheal,
and hemostatic - medications mostly include tannins.
Saponins, steroid glycosides, produce a waxy protective
layer on plant skins. Antioxidant and anti-inflammatory
saponins reduce cholesterol level (Shah er al., 2014).
Terpenoids are a broad and diversified class of naturally
occurring organic compounds present in all living things.
They possess antibacterial and skin thickening properties,
boost wound antioxidants, and recover inflammatory
tissues by improving blood flow (Krishnaiah et al., 2009).
Phenolics protect against cardiovascular disease, apoptosis,
inflammation, aging, atherosclerosis, cancer, endothelial
function, and angiogenesis and cell proliferation.

Table 1. Qualitative phytochemical analysis of Tamarix
dioica raw leaf, aqueous, methanolic and ethanolic
extracts.

S.  Compound Raw leaf Aque- Meth- Etha-
No extract ous anolic nolic
extract extracts extracts

1 Proteins - - - -
2 Amino acids — - - -
3 Steroids + + - +
4 Tannins + + + -
5 Phlobatannins + + + +
6  Alkaloids - - - -
7  Terpenoids + + + +
8  Flavonoids + + + +
9  Saponins + + + -
10  Phenols + + - +
11 Glycosides - - - _
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They also coagulate red blood cells, having bitter,
hemolytic, cholesterol-binding, and foam forming
activities. They are also significant because they interact
with sex hormones and have antimicrobial -effects
(Yadav and Agarwala, 2011). The presence of flavonoids,
terpenoids, and phenolics in 7. dioica suggests its potential
medicinal value, with documented antioxidant, anti-
inflammatory, and various other beneficial properties.
These findings contribute to a better understanding of the
plant’s chemical composition, laying the groundwork for
potential therapeutic applications and further exploration
of its pharmacological effects.

Toxicity tolerance

Animals showed a high degree of tolerance to
experimental doses of aqueous, methanolic, and ethanolic
extracts of the leaf from 7. dioica that were as high as
2,000 mg/kg of body weight. This was due to the fact
that the animals were given the extracts in one of the
three different solvents. After 15 days of treatment with
the extracts, there were no visible signs of toxicity or
mortality, which led the researchers to the conclusion
that the substance was not dangerous. This was true even
at the maximum dose. In most cases, 1/10" and 1/5" of
the lethal dosage is utilized for the calculation of the
effective dose. As a consequence of this, 400 mg/kg of
body weight has been assessed as test doses for each of
the samples. In addition, utilizing the specific test doses
that have been selected up to the point where' the research
has been done, not a single poisonous indication has been
found. This is the case even thoughthe study has been
completed. Medicinal plants in_different extract forms
have hepatoprotective effect (Yu et al., 2002). Some plants
have ability to decrease the hepatotoxic effects produced
by hepatotoxins via their antioxidant potential (Belfield
and Goldberg, 1971). During a study by Sangameswaran
et al. (2008) on rats it was observed that methanolic and
aqueous extracts of Andrographis lineata leaf (@ 845 mg/
Kg of the body mass have hepatoprotective effects against
the liver damage caused by CCl, in rodents. Similarly, the
leaves of C. hystrix and C. maxima were used to make their
ethanolic extracts which were then used to measure their
hepatoprotective against paracetamol induced toxicity
(Marklund and Marklund, 1974). An investigation was
conducted by Tiwari ef al. (2011) to determine the effect
of methanolic leaf extract of Ginkgo biloba in reducing the
damage to the liver caused by lantadenes in guinea pigs.
According to the results of this study, the use of G. biloba
as a possible hepatoprotectant against the liver damage.
Present study on liver protective action showed that T.
dioica leaves extracts (aqueous methanolic and ethanolic)
have given promising results against experimentally

paracetamol induced loss of liver’s structure and
functions in albino mice, and ratio of improvement
relatively comparable to the standard hepatoprotective
drug, silymarin. Numerous studies have been conducted
to investigate the antihepatotoxic properties of silymarin
and silybin, the component of silymarin that is considered
to be the most active. silymarin is derived from the plant
Silybum marianum (Najafi et al., 2010).

Effect of serum biomarkers of liver

The measurement of enzymes in the serum is a
valuable quantitative marker that may be used to identify
the degree of hepatocellular damage as well as the kind
of damage. This can be done by comparing the levels of
enzymes in the blood before and after exposure to the
toxin. A significant amount of liver damage and necrosis
of cells was observed in rats after they were given an
overdose of paracetamol at a dose of 2 g/kg. This was
demonstrated by an increase in the serum levels of hepatic
enzymes (ALT, AST, and ALP), a decrease in the level of
protein, and an increase in the level of total bilirubin. The
serum levels of hepatic enzymes (AST, ALT and ALP) are
pictorially represented in Figure 1A while distribution of
total bilirubin and total proteins among the test groups
and controlled groups is represented in Figure 1B. The
findings of the current study substantiate the hypothesis
that paracetamol has hepatotoxic effects, as evidenced by a
significant increase in the activity of liver function marker
enzymes ALT, AST, ALP, and bilirubin in the serum of
mice. These results align with related research (Ayenew
and Wasihun, 2023; Olaleye ef al., 2014; Sait et al., 2014,
Senthilkumar et al., 2014), providing further support for
the notion of paracetamol-induced hepatotoxicity.

When administered orally to mice, extracts of T
dioica leaves in aqueous, methanolic, and ethanolic
solvents were shown to be practically devoid of harmful
effects. Changes in serum marker enzymes revealed that
mice who were given paracetamol at a hazardous dosage
had significant liver damage. This was proved by the
fact that the enzyme levels changed. Mice that had been
pretreated with the leaves of Tamarix dioica (in aqueous,
methanolic, and ethanolic extracts) exhibited a significant
level of hepatoprotective activity against paracetamol, as
well as a marked armor against the hepatotoxicity that
was caused by paracetamol to the liver cells. This level of
activity was comparable to that of the standard silymarin.

Hepatotoxicity is proven and typically confirmed by
elevated levels of AST, ALT, ALP, and bilirubin (Shah et
al., 2022; Krishnaiah et al., 2009). Increases in ALT, ALP,
and bilirubin were blocked by coadministration of extracts
from all of the plants tested. The regeneration of liver cells
is responsible for the decrease in blood levels of alanine
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aminotransferase, alanine aminotransferase, and alanine
aminopeptidase (Yadav and Agarwala, 2011).
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Fig. 1. Effect of leaf extract of Tamarix dioica on liver
function enzyme (AST, ALT and ALP) total bilirubin and
total protein (A), kidney biomarkers (albumin, triglycerides,
Urea, creatinine, total cholesterol, TNF a, COX-2 and IL-6
in control and different group of albino mice.

Effect of T. dioica and Silymarin on the key serum
biomarkers of liver

Percentage protection among serum biomarkers
after silymarin usage for AST, ALT, ALP, TBIL an T.P
were 98.98 %, 96.30 %, 97.35 %, 95.09 % and 85.86 %
respectively which indicates the reversal of hepatotoxicity
by the liver cells after the use of known and control
antihepatotoxic agent. The use of extracts (aqueous,
methanolic and ethanolic) of 7. dioica showed reversal in
toxicity produced by paracetamol at its lethal dose (2000
mg/kg of body weight) but the aqueous extracts of 7. dioica
showed maximum protection (Table IT) among the all used
extracts of 7. dioica. Overall protection of treated groups in
Table II also showed that the aqueous extract of 7. dioica
showed the best results among the other extracts used.

Table I1. Percentage protection of serum biomarkers of
LFTs among different treated groups.

Serum Group III' GroupIV Group V Group VI
biomarker

AST 98.98 97.85 92.69 91.91
ALT 96.30 91.83 89.96 86.75
ALP 97.35 88.26 76.96 71.82
TBIL 95.09 87.73 79.14 69.33
Total protein  85.86 67.49 51.61 42.18
Overall protection

94.71 86.63 78.07 72.40
AST, aspartate transaminase; ALT, alanine aminotransferase; ALP,
alkaline phosphate; TBIL, total bilirubin.

Increased level of TNF a (230 £ 2.5), COX-2 (455 +
3.09) and IL-6 (59.9 £1.85) in group II was observed to be
decreased in all the treated groups of 7. dioica extracts as
well as silymarin treated group and comparative results are
shown in graphical form in Figure 1D. Proteomics studies
have identified IL-6, COX-2, and TNF-a as indicators
of inflammation. They play a role in the systemic
inflammatory response. In addition to its involvement in
controlling inflammation and apoptosis, TNF-a also has a
role in regulating a variety of other physiological events
(Alkhudayari et al., 2021). It has been observed before that
several types of experimental and clinical liver damage are
associated with elevated levels of inflammatory cytokine
activity (Fadhel and Amran, 2002). Extreme inflammation
and consequent upregulation of TNF-a, COX-2, and IL-6
were seen in albino mice treated with paracetamol in the
present investigation. Our findings show that a group
treated with 7. dioica extracts was able to reduce the
severity of paracetamol-induced liver damage, which may
be attributed to the extracts ability to reduce inflammation
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Table ITI. Comparison of oxidative biomarkers in test groups.

Treated Treatment SOD (U/mg CAT (umol of H,O, de- GPx (U/mg  GSH (ug/mg MDA (nmol
groups protein) composed/mg protein)  protein) protein) MDA/mg protein)
Group I Normal control 31.13+£048 115.17+0.89 3.61 £0.06 6.37+0.13 1.65 +0.09

Group 11 Paracetamol control ~ 14.81 +0.46 59.33+1.19 0.75+0.03 3.37+0.17 5.24+0.16

Group III Positive control 27.17+£0.97 107.19 £ 1.76 3.57+0.02 5.95+0.09 1.71 £ 0.02

Group IV Test group | 25.11+0.48 102.85+0.34 3.47+0.03 5.31£0.09 1.84 £ 0.11

Group V Test group 11 23.18+£0.59 97.69 +0.41 3.03+£0.18 5.13+0.07 2.12+0.11

Group VI Test group 111 19.85+0.51 91.49 +0.55 2.88+0.15 4.87+0.12 2.28+0.18

CAT, catalase; GSH, glutathione; GPx, glutathione peroxidase; MDA, malondialdehyde; SOD, superoxide dismutase.

by restoring normal levels of inflammatory mediators.
In terms of hepatoprotection, its impact was on par with
that of the gold standard, silymarin (Abirami et al., 2015).
From the Table III it is obvious that the usage of extracts
(aqueous, methanolic and ethanolic) from leaves of T.
dioica brought the liver biochemical markers also known
as oxidative stress markers back to the normal range.
Aqueous extract of 7. dioica again found to be the post
potent treatment other than the control treatment (silymarin
treatment).

Effect of T. dioica extract on oxidative biomarkers
Paracetamol induced toxification @ 2000mg/kg
in mices (Group II) caused the decrease in biochemical
parameters of liver (SOD, CAT, GPx and GSH) while
increase in MDA level was observed as compared to the
normal mices (Group I) (Figure 2). Detailed comparison
of liver biochemical parameters between different treated
groups (Group II to Group VI) and normal mices (Group
I) has been summarized in Table TII. SOD, CAT, and GPx
are just a few examples of antioxidant enzymes (Ighodaro
and Akinloye, 2018) that play a crucial role in protecting
organisms against reactive oxygen species (Miguez et
al., 1994). SOD is a protective enzyme that breaks down
harmful superoxide radicals into harmless hydrogen
peroxide. Eukaryotic cells’ peroxisomes include catalase,
a hemeprotein that catalyses the breakdown of hydrogen
peroxide into harmless water and oxygen. GPx is essential
for preventing the oxidative degradation of lipids and
proteins caused by chemical agents (Akther et al., 2013),
and for keeping the redox state of animals in check during
periods of acute oxidative stress. It has been hypothesised
that lipid peroxidation is the damaging mechanism in
paracetamol-induced liver damage (Ezzat et al., 2019).
An uptick in liver MDA levels is indicative of increased
lipid peroxidation, tissue damage, and a breakdown in
antioxidant defence systems. Reactive oxygen species
created by toxicants may be toxic, as shown by a reduction
in glutathione, GPx, SOD, and catalase enzyme activity.

Paracetamol-treated test animals may have had lower GSH
levels because glutathione was being conjugated with
NAPQI to generate mercapturic acid (Balkwill, 2002).

Normal Cells Paracetamol Treated Group
(Group Iy (Group IT)

Silymarin Treated Group
(Group 11Ty

Aqueous extract Treated Group  Methanolic extract Treated Group  Ethanolic extract Treated Group
(Group V) (Group V) (Group V1)

Fig. 2. Effect of leaf extract of Tamarix dioica on liver
section in control and treated groups.

Histopathological analysis

When compared to the group of normal mice (Group
I), the results of the liver histological examination revealed
substantial alterations in the liver segment that had been
subjected to paracetamol toxification (Group II). Toxic
effects of paracetamol on liver sections showed aberrant
morphological features, including vacuolated hepatocytes,
fat buildup, mitotic figures, and the degree of hepatic
damage.

According to the findings of a histological
investigation that looked at liver slices from the group that
had been treated with silymarin (Group III), the mitotic
figures, the vacuolated hepatocytes, and the fat deposits
were all significantly reduced (Abirami ef al., 2015;
Ayenew and Wasihun, 2023; Parimoo et al., 2014; Shareef
et al., 2022). In comparison to the group of mice that was
given paracetamol (Group II), the groups of mice that were
pretreated with aqueous extract (Group IV), methanolic
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extract (Group V), and ethanolic extract (Group VI) at
doses of 400 mg/kg of body weight were found to have
significantly organized liver tissues, highly significant
lower fat accumulation, and vacuolated hepatic cells. The
level of liver protection was shown to be highest, in the
group of mices, that had been administered an aqueous
extract at a dosage of 400 mg/kg. In addition, when a
high dose of T. dioica aqueous, methanolic, and ethanolic
extracts was supplied orally over the course of 24 h, there
was no indication of any toxicity symptoms in comparison
to the group that served as the control. The dosage was
2000 mg/kg body weight of each extract. Furthermore,
inflammation score and fibroblast score in all the test
group is also calculated and recorded in Figure 3.

Ly 3 Group |

E2 Group |l
E3 Group Il
[ Group IV
Group V
E3 Group VI

Fibroblast score

Scores
Lt

ol

. L]
Inflammation Score

(=1

Fig. 3. Effect of leaf extract of Tamarix dioica on analysis
of Inflammation and Fibroblast score ‘among the control
and treated groups.

No prior research has shown that 7amarix dioica leaf
extract has any anti-hepatotoxic action against paracetamol
toxicity. Because extracts significantly decrease the
elevated levels of certain blood indicators, hence Tamarix
dioica extracts may be utilized to treat liver damage.

CONCLUSION

Extracts of Tamarix dioica leaves at a dosage of
400mg/kg were shown to have the most hepatoprotective
qualities and to prevent paracetamol-induced toxicity
on serum biochemical parameters to the greatest extent.
Maximum and analogous activity against paracetamol-
induced hepatotoxicity was seen by the aqueous extract.
Extracts of Tamarix dioica leaves may be purified to yield
chemicals with hepatoprotective action. For the purpose of
employing the separated active lead compounds in studies,
clinical trials, and retesting using various animal models,
NMR spectroscopy and other spectrum analyses may aid

the researcher in determining the molecular formula of the
compounds.
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