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Abstract

Objective: This study investigated the possible protective effect of aqueous extract of Sesamum radiatum leaves against
paracetamol- induced hepatotoxicity and a possible synergistic effect when it is co-administered with ascorbic acid. Materials
and Methods: The protective effect of graded doses (200 and 400 mg/kg) of the extract, ascorbic acid (100 mg/kg) and extract
(200 mg/kg)/ Ascorbic acid (100 mg/kg) was evaluated against paracetamol (2g/kg) -induced hepatotoxicity in rats. Following
treatment, hepatoprotective effect was investigated through the assay of liver function parameters, namely Alanine
aminotransaminase (ALT), Aspartate aminotransaminase (AST), and Alkaline phosphatase activities (ALP), total and direct
bilirubin, serum protein and albumin concentrations, total cholesterol (T. Chol.), triacylglyceride (TAG), High density lipoprotein
(HDL) and Low density lipoprotein (LDL). The liver tissues of the rats were also subjected to histopathological examinations.
Results: Administration of graded doses of the extract, ascorbic acid as well as the extract/ ascorbic acid co-administeration
significantly (p< 0.05) reduced the activity of enzymes (ALT, AST and ALP), total cholesterol, direct and total bilirubin,
T. Chol., TAG and LDL and also significantly (p< 0.05) elevated serum levels of HDL, total protein and albumin. Histology of
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the liver sections from extract, ascorbic acid- treated, and extract/ ascorbic acid co- treated rats showed reductions in the
pathological features compared to the paracetamol-treated animals. The biochemica changes were consistent with
histopathological observations suggesting marked hepatoprotective effect of the extract. However, the protective effect of the
extract/ ascorbic acid co- administration was much more. Conclusion: From the present results we could conclude that agqueous
extract of Sesamum radiatum leaves possess a promising hepatoprotective effect against paracetamol hepatic damage and when
co- administered with ascorbic acid, it provides a synergistic effect that could be useful in the management of liver diseases.

Keywor ds. Sesamum radiatum, hepatotoxicity, histopathological examinations.

1.0 Introduction

The liver is the mgjor organ involved in intermediary
metabolism and detoxification/ elimination of toxic
substances. In humans, the liver is often exposed to an
array of toxic substances through environmental
exposure, socia factors such as acoholism, drugs,
consumption of contaminated food or during exposure
to chemica substances in the occupationa
environment, all of which can damage and weaken it,
eventually leading to diseases like hepatitis or
cirrhosis (Zimmerman et al., 1994). Hepatic diseases
pose a serious threat to human health worldwide but
unfortunately, modern medicine offers few effective
treatment options for these diseases (Nyblom et al.,
2006). It is therefore necessary to search for drugs of
high efficacy and safety to replace or augument the
ones currently available for the treatment of liver
diseases.

Various studies have reported the hepato-protective
properties of Ascorbic acid. Bashandy and Alwasel
(2011) reported that Ascorbic acid normalized levels
of adanine aminotransferase, aspartate
aminotransferase, akaline  phosphatase, blood
hydroperoxide and malondialdehyde in liver of carbon
tetrachloride intoxicated rats. The ability of vitamin C
to prevent Carbon tetrachloride induced hepatatoxicity
in rats was aso reported by (Ademuyiwa et al., 1994;
Kataoke et al., 2012). Ascorbic acid was also able to
preserved 100% of cell integrity and modulated
aanine aminotransferase and aspartate
aminotransferase (Grgjeda- cota et al., 2004). Similar
observation was reported by Amballi et al. (2010). He
and his co-workers evaluated the effect of Ascorbic
acid on short-term hematological and biochemical
aterations induced by acute chlorphyrifos in wistar
rats. They reported that vitamin C mitigated aterations
in serum biochemical parameters via the normalization
of alanine amino transferase, aspartate
aminotransferase and alkaline phosphatase. Ascorbic
acid is reported to form synergy with other agents.
One of the visible synergies is between vitamin C and
vitamin E. This is supported by the co-administration
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of vitamins C and E as food supplement administered
for 7 daysto ethanol intoxicated rats. This ameliorated
ethanol induced hepatotoxicity via normalization of
transaminases and inhibition of lipid peroxidation.
Ethanol induced histopathological changes were also
reversed (Oyinbo et al., 2006).

Sesamum radiatum is a perennia herb found in the
tropical areas of Africa and belongs to the Pedaliaceae
family (Purseglove, 1974; Hutchinson and Dalzid,
1954). The leaves, seeds and oil serve as food
especialy in farming communities in Nigeria (Akpan-
Iwo et al., 2006). The leaves are used for treating
various stomach ailments. The decoction of the leaves
is used for the treatment of catarrh, eye pains as well
as bruises and erupted skins. The decoction of
combined roots and leaves has been reported to have
anti-viral and antifungal activity (Gills, 1992). The
aqueous extract of the leaves has been found to berich
in phenols, lignans and flavonoids. Sterols were also
found to be among its constituents. Despite the many
reported pharmacological properties of this plant, its
hepatoprotective property is yet to be studied. This
study therefore seeks to investigate the
hepatoprotective property of the aqueous extract of the
leaves of Sesamum radiatum and also to investigate a
possible synergistic protective effect against
paracetamol- induced hepatotoxicity when co-
administered with Ascorbic acid.

The experimenta intoxication induced by Paracetamol
is widely used for modeling liver injury in rats.
Hepatotoxicity is connected with severe impairment of
cell protection mechanisms. The location of liver
injury is defined mainly by the biotransformation of
paracetamol, which is cytochrome P-450 dependent.
Free radicals initiate the process of lipid peroxidation,
which is generally caused by inhibition of enzyme
activity. Damage to the liver is not due to the drug
itself but to a toxic metabolite (N-acetyl-p-
benzoquinone imine NAPQI) which is produced by
cytochrome P450 enzymes in the liver. In normal
circumstances this metabolite is detoxified by
conjugating with glutathione in phase 2 reaction. In
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overdose large amount of NAPQI (Boyd and
Bereczky, 1966), is generated which overwhelm the
detoxification process and lead to damage to liver
cells.

2.0 Materialsand Methods

2.1 Materials
2.1.1 Chemicalsand drugs

Assay kits for the estimation of serum ALT, AST,
ALP, total bilirubin and total protein were commercial
kits from Randox Laboratories Limited, United
Kingdom. All other chemicals used in this study were
of analytical grade and were purchased from Sigma
Chemical Co. Ltd (USA) through a local vendor.
Ascorbic acid and Paracetamol (500mg) were
purchased from aloca pharmacy shop.

2.1.2 Animals

Adult Wistar rats of either sex weighing 150-200g
were used for this study. They were kept in stainless
stedl cages under standard laboratory conditions. They
were maintained on clean water and standard rodent
feed.

2.2 Methods
2.2.1 Plant Collection and I dentification

The leaves of Sesamum radiatum were collected from
anatural habitat in Mararaba Area of Nassarawa State,
Nigeria. The plants were identified at the herbarium
unit of Biologica Sciences Department, Ahmadu
Bello University, Zaria and voucher specimens were
deposited for future references.

2.2.2 Preparation of Extracts

The leaves of Sesamum radiatum were shade- dried
for five (5) days and pulverized using an electric
blender. One thousand and five hundred (1500) gram
of the pulverized leaves was soaked in distilled water
for 72- hours. The resulting mixture was filtered using
Whatmann filter paper (Size Nol) and the extract was
concentrated using a free- dryer.
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2.2.3 Acute Toxicity Study

The ora median letha dose (LD50) of the extract was
determined in rats according to the method of Lorke
(1983).

2.2.4 Experimental Design

A total of 30 rats were weighed and divided into six
groups of 5 animals each and treated as follows:
Group 1 consisted of normal animals that were
administered with digtilled water (1 ml), Group 2 was
administered distilled water (1 ml), group 3 and 4
were administered 200 and 400 mg/kg of Sesamum
radiatum extract respectively, while group 5 was
administered 100 mg/kg Ascorbic acid +200 mg/kg
Sesamum radiatum extract daily for 7 days. Group 6
was treated with Ascorbic acid (100 mg/kg) for the
same period. Paracetamol 2g/ kg, was administered to
groups 2-6 on the 7th day. Twenty-four hours after
paracetamol administration, animals were sacrificed
under light anasthesia. Blood samples were collected
by cardiac puncture and used for biochemical assays
while the liver was excised for histopathological
examination.

2.2.4.1 Biochemical Assays

Serum aspartate aminotransferase (AST) and aanine
aminotransferase (ALT) were measured according to
the method of Reitman and Frankel, (1957). Total
bilirubin (Jendrassik 1938) and direct bilirubin were
aso measured. Triglycerides were determined
according to Fassati and Prencipe (1982), while total
cholesterol was determined according to Fredrikson et
al., (1967). Tota protein was estimated by the method
of Henry, (1964) and albumin were also estimated. All
serum biochemical constituents were estimated using
commercia kits Randox Laboratories Limited, United
Kingdom.

2.2.4.2 Histopathological Examination

Liver of the sacrificed rats were taken from each rat
and immersed in 10 % formalin solution. The
specimens were then trimmed, washed and dehydrated
in ascending grades of alcohol. Samples were then
cleared in xylol, embedded in paraffin, sectioned (4-6
microns) and stained with Heamtoxylin and Eosin for
histopathological examination according to the method
of (Sheehan and Harpchak, 1980).
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2.2.5 Statistical Analysis

Statistical analysis was carried out using SPSS version
20.0. All the data were expressed as mean + SEM and
the statistical differences between the means were
determined by one way analysis of variance
(ANOVA) which was followed by Duncan test and
difference between means at P > 0.05 were considered
significant.

3.0 Results
3.1 Acute Toxicity

The results of acute toxicity studies showed no
mortality or physical changesin skin and fur, eyes and
mucus membrane, respiratory rate, circulatory signs,
autonomic and central nervous system effects up to a
dose of 5000 mg/kg of aqueous extract of Sesamum
radiatum. The oral LDs, of the extract was then taken
to be > 5000 mg/kg.

3.2 Effect of the Administration of Aqueous
Extract of Sesamum radiatum Leaves, Ascorbic
Acid and Extract/ Ascorbic Acid Co-
administration on Serum Biochemical Parameters

The results of protective effect of aqueous extract of
Sesamum  radiatum and ascorbic acid against
paracetamol —induced hepatotoxicity in rats are shown
in Tables 1- 2 and Figures 1- 2. The Digtilled water+
Paracetamol- treated group showed significant (p <
0.05) increase in serum hepatic enzyme levels (AST,
ALT and ALP), when compared to control group
(Didtilled water- treated) (Table 1). Administration of
agueous extract of Sesamum radiatum leaves at doses
of 200 and 400mg/kg, Ascorbic acid at a fixed dose of
100 mg/kg and co- administration of Sesamum
radiatum leaves (200mg/kg)/ Ascorbic acid (100
mg/kg) decreased the activities of serum hepatic
enzymes. When compared to the normal control
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(Didtilled water- treated), only the Sesamum radiatum
leaves (200mg/kg)/ Ascorbic acid (100 mg/kg) co-
administration showed no significant (p >0.05)
difference (Table 1). The Digtilled water+
Paracetamol- treated group also showed significant (p
< 0.05) increase in Tchol, TAG and LDL with a
corresponding significant (p < 0.05) decrease in HDL
when compared to control group (Distilled water-
treated) (Table 2). Treatment with graded doses of
aqueous extract of Sesamum radiatum leaves (200 and
400mg/kg), Ascorbic acid (100 mg/kg) and co-
administration of Sesamum radiatum leaves
(200mg/kg)/ Ascorbic acid (100 mg/kg) significantly
(p £ 0.05) decreased the serum concentration of
Tchol., TAG, LDL and significantly (p < 0.05)
increased the serum concentration of HDL. Only the
agueous extract of Sesamum radiatum leaves
(200mg/kg)/ Ascorbic acid (100 mg/kg) co-
administration showed no significant (p >0.05)
difference in the level of Total Chol., TAG, LDL and
HDL when compared to the normal control (Table 2).
The Distilled water+ Paracetamol- treated group
showed significant (p < 0.05) decrease in total protein
and albumin and levels (Figure 1) and significant
increase in total and direct bilirubin (Figure 2) when
compared to control group (Distilled water- treated).
Treatment with graded doses of agueous extract of
Sesamum  radiatum leaves (200 and 400mg/kg),
Ascorbic acid (100 mg/kg) and co- administration of
Sesamum radiatum leaves (200mg/kg)/ Ascorbic acid
(100 mg/kg) aso significantly (p < 0.05) increased the
serum total protein and albumin levels (Figure 1) and
significantly (p < 0.05) decreased the tota bilirubin
and direct bilirubin levels (Figure 2). Only the co-
administration of the agueous extract of Sesamum
radiatum leaves (200mg/kg) and Ascorbic acid (100
mg/kg) showed no significant (p >0.05) difference in
the serum total protein, abumin, total bilirubin and
direct bilirubin concentrations when compared to the
normal control (Table 2).
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Table 1: Effect of the Administration of Aqueous Extract of Sesamum radiatum Leaves, Ascorbic Acid and
Extract/ Ascorbic Acid Co- administration on Serum Liver Enzymes

Treatment AST ALT ALP
(1U/L) (IU/L) (1U/L)
Group 1 43.49+5.06% 33.17+2.772 33.17+5.25°
Group 2 91.29+9.80" 98.07+4.28° 91.27+5.56"
Group 3 77.7145.27° 69.61+9.47° 70.10+3.25°
Group 4 75.47+6.12™ 70.16+6.66° 71.33+4.21°
Group 5 41.10+7.23% 41.73+3.53? 35.05+5.33%
Group 6 74.33+4.41™ 70.05+4.71° 70.33+4.22°

Data are presented as mean + SD. Data was analysed by one- way ANOVA followed by Duncan post- hoc test for
multiple comparisons, (n=5). Mean values having different lower case alphabets as superscripts are considered
significant (p< 0.05) across the columns.

Group 1: Control received 1ml distilled water. Group 2: received 1ml distilled water +Paracetamol. Group 3: received
200 mg/ kg Extract + Paracetamol. Group 4 received 400 mg/ kg Extract + Paracetamol. Group 5: received 200 mg/
kg Extract + 100mg/kg Ascorbic acid +Paracetamol. Group 6: received 100mg/kg Ascorbic acid
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Figure 1. Effect of the Administration of Aqueous Extract of Sesamum radiatum L eaves, Ascorbic Acid and
Extract/ Ascorbic Acid Co- administration on Serum Total Protein and Albumin Concentrations

Data are presented as mean + SD. Data was analysed by one- way ANOVA followed by Duncan post- hoc test for
multiple comparisons, (n=6).

Group 1: Control received 1ml distilled water. Group 2: received 1ml distilled water +Paracetamol. Group 3: received
200 mg/ kg Extract + Paracetamol. Group 4 received 400 mg/ kg Extract + Paracetamol. Group 5: received 200 mg/
kg Extract + 100mg/kg Ascorbic acid +Paracetamol. Group 6: received 100mg/kg Ascorbic acid
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Figure 2: Effect of the Administration of Aqueous Extract of Sesamum radiatum L eaves, Ascorbic Acid and
Extract/ Ascorbic Acid Co- administration on Serum Total Bilirubin and Direct Bilirubin Concentrations

Data are presented as mean + SD. Data was analysed by one- way ANOVA followed by Duncan post- hoc test for
multiple comparisons, (n=6).

Group 1: Control received 1ml distilled water. Group 2: received 1ml distilled water +Paracetamol. Group 3: received
200 mg/ kg Extract + Paracetamol. Group 4 received 400 mg/ kg Extract + Paracetamol. Group 5: received 200 mg/
kg Extract + 100mg/kg Ascorbic acid +Paracetamol. Group 6: received 100mg/kg Ascorbic acid

Table 2: Effect of the Administration of Aqueous Extract of Sesamum radiatum Leaves, Ascorbic Acid and
Extract/ Ascorbic Acid Co-administration on Serum Lipid Profile

Tchol TAG HDL LDL
Treatment (mg/dl) (mg/dl) ( mg/dl) (mg/dl)
Group 1 79.13+4.48° 72.33+4.77° 50.26+3.15° 14.40+7.80°
Group 2 148.25+9.58" 135.91+7.56° 13.30+0.98° 107.77+5.99°
Group 3 119.13+9.99° 116.78+7.30° 33.17+4.16° 62.60+9.08"
Group 4 101.98+7.20° 83.39+9.34%® 47.97+5.27% 37.33+6.98"
Group 5 82.17+7.43° 83.05+9.41%* 49.33+3.18% 16.23+5.07
Group 6 102.45+5.40° 106.18+7.77% 31.17+4.22° 50.04+6.44%

Data are presented as mean + SD. Data was analysed by one- way ANOVA followed by Duncan post- hoc test for
multiple comparisons, (n=6). Mean values having different lower case alphabets as superscripts are considered
significant (p< 0.05) across the columns.

Group 1: Control received 1ml distilled water. Group 2: received 1ml distilled water +Paracetamol. Group 3: received
200 mg/ kg Extract + Paracetamol. Group 4 received 400 mg/ kg Extract + Paracetamol. Group 5: received 200 mg/
kg Extract + 100mg/kg Ascorbic acid +Paracetamol. Group 6: received 100mg/kg Ascorbic acid.
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3.3 Histopathological Findings

Histopathological examination of the liver tissues of
control group showed radidly arranged plates of
hepatocytes with no abnormalities (Plate 1). Distilled
water+ paracetamol —treated group showed severe
hepatic lesions characterized by necrosis of
hepatocytes around the central vein, collapsed centra
vein with signs of necrosis such as karyalitic,
karyorrhexis, pyknosis and eosinophilia of the

cytoplasm (Plate 11). Administration of 200 and 400
mg/kg agqueous extract of Sesamum radiatum leaves
showed mild restoration of a normal architecture of
liver (Plates Il and 1V respectively). Co-

administration of 200 mg/kg aqueous extract of
Sesamum radiatum leaves/ 100 mg/kg Ascorbic
showed complete normalization of liver architecture
(Plate V). Administration of 100 mg/kg Ascorbic
showed mild restoration of the necrotized hepatocytes
of (Plate VI).

Plate 1. Micrograph of the liver of a normal control rat showing normal arrangement of the central vein,

Sinusoids and the hepatocytes. (H and E stain, Mg. x 100)

Plate I1: Paracetamol induced hepatotoxicity showing centrizonal necrotic areas, hydropic changes, congested
sinusoids and hepatocytes with piknotic nucleus. (H and E stain, Mg. x 100)

112



Int.J. Adv Res. Biol. Sci. (2018). 5(6): 106-117

Plate 111: Micrograph of the liver of a 200 mg/kg extract treated- group showing mild restoration of the
necrotized hepatocytes. (H and E stain, Mg. x 100)

Plate 1V: Micrograph of the liver of a 400 mg/kg extract treated- group showing mild restoration of the
necrotized hepatocytes. (H and E stain, Mg. x 100)

Plate V: Micrograph of the liver of a 200 mg/ kg Extract + 100 mg/kg Ascorbic acid (synergistic) Showing
advanced normalization of liver architecture. (H and E stain, Mg. x 100)
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Plate VI: Micrograph of the liver of a 100 mg/kg Ascorbic acid treated- group showing mild restoration of a
normal architectureof liver. (H and E stain, Mg. x 100)

4.0 Discussion

Liver is one of the largest organs in human body and
the chief site for intense metabolism and excretion.
Liver damage is usually associated with defects in its
metabolic functions and this pose a chalenge to
international public heath. Many orthodox drugs
currently available for the treatment of liver diseases
are inadequate and also cause serious side effects
(Nyblom et al., 2006). This has necessitated the
search for aternative cures particularly traditiona
herbal medicines that possess hepatoprotective
activity. It is generaly believed that a single drug
cannot be effective for all types of severe liver
diseases. Therefore, an effective combination of
medicinal plants or medicina plant and orthodox drug
is required. Hepatoprotective activity can be most
easily evaluated with the aid of several model systems
of liver damage in experimental animals. In this study,
the paracetamol- induced hepatotoxicity model was
employed.

Protection against paracetamol-induced toxicity has
been used as a test for potentia hepatoprotective
activity by several investigators (Visen et al., 1993).
Paracetamol (Acetaminophen) is a widely used
analgesic and antipyretic. Adverse effects are usualy
not common with paracetamol within the therapeutic
dose range of 2g - 4g mg taken as three to four
separate doses in a day (Koch- weser, 1976). Despite
this high margin of safety, paracetamol toxicity
remains the leading cause of drug-induced liver failure
in the United States (Lee, 2003). Single doses of
paracetamol in humans around 15 g carry a great risk
of hepatotoxicity (Ameer and Greeblath, 1977),
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although doses of as little as 6.2 g may result in liver
damage (Bailey, 1980). Overexposure to paracetamol
results in fulminating centrilobular hepatic necrosis,
which can bridge to the periportal regions of the liver
lobule (Mitchel et al., 1973). Paracetamol is primarily
metabolized by conjugation with sulfate and
glucuronic acid (Cummings et al., 1967) while a small
percentage of the dose undergoes bioactivation by
cytochrome P450 enzymes to the reactive intermediate
N-acetyl p-benzoquinoneimine (NAPQI) (Miner and
Kissinger, 1979). At non-toxic doses, NAPQI is
eliminated from the liver after conjugation with
reduced glutathione (GSH) However, at toxic doses;
the two main conjugation pathways for paracetamol
become saturated, resulting in increased formation of
NAPQI. Consequently, detoxification of NAPQI is
compromised when existing stores of GSH have been
depleted and NAPQI then binds to celular
macromolecules, initiating cell death pathways
(Jollow et al., 1973; Potter et al., 1974). This study
investigated the possible protective effect of agueous
extract of Sesamum radiatum leaves against
paracetamol- induced hepatotoxicity and a possible
synergistic effect when co-administered with ascorbic
acid.
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The results of acute toxicity studies revealed that the
agueous extract of Sesamum radiatum leaves caused
no mortality or physical changes in skin and fur, eyes
and mucus membrane, respiratory rate, circulatory
signs, autonomic and central nervous system effectsin
rats up to a dose of 5000 mg/kg. Thisis an indication
that the plant is safe for acute consumption though
more studies is required to ascertain its safety when
consumed over along period of time.

Serum ALT, AST, ALP, total and direct bilirubin in
plasma have been reported to be a sensitive indicator
in liver injury (Molander et al., 1955). Lipid profile,
total protein and abumin are also useful markers to
ascertain the functiona capability of the liver. The
decrease in ALT, AST and ALP activities by the
agueous extract of Sesamum radiatum leaves,
Ascorbic acid and the extract/Ascorbic acid co-
administration may be an indication of regeneration
process and repair of hepatic tissue damage induced
by paracetamol. All the treatments also decreased the
elevated total and direct bilirubin levels. Bilirubin, a
metabolic product of hemoglobin, undergoes
conjugation with glucuronic acid in hepatocytes to
increase its water solubility. Determination of serum
bilirubin represents an index for assessment of hepatic
function, and any abnormal increase in the levels of
serum bilirubin indicates hepatobiliary diseases and
severe disturbance of hepatocellular function (Martin
and Friedman, 1992). Decreased serum bilirubin level
following extract treatment indicated the effectiveness
of the extract in restoring normal functiona status of
the liver. The agueous extract of Sesamum radiatum
leaves, Ascorbic acid and the extract/Ascorbic acid co-
administeration also increased the serum level of total
protein and albumin. This is suggestive of the
stabilization of endoplasmic reticulum leading to the
repair of impaired protein synthesis caused by
paracetamol with concurrent improvement of Kupffer
cells (Suresh Kumar and Mishra, 2008). Paracetamol-
induced toxicity might have affected the metabolism
of lipids in the liver as suggested by the increased
cholesterol levels of rats. Alteration of bio-membrane
lipid profile disturbs its fluidity, permeability, activity
of associated enzymes and transport system (Cooper et
al., 1977) and this could affect lipid transport in the
liver. The elevated levels of cholesterol, triglyceride
and LDL and decreased level of HDL observed after
paracetamol administeration was reversed by the
protective activity of the extract and ascorbic acid.
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Ascorbic acid is considered as highly effective
antioxidant. A synergistic effect exists between the
extract and vitamin C as seen in the results. The co-
administration afforded the best protective effect.

Our observation in the histological examination of
hepatic tissues further validates the result of the
biochemical studies. There was a dose dependent
restoration of the normal architecture of liver tissues
of rats administered graded doses of the extract and
ascorbic acid. However, a near normal restoration of
liver architecture was observed in the liver tissues of
rats that received the extract and ascorbic acid co-
administration. The mechanism by which the extract
induces its hepato-protective activity against oxidative
damage caused by paracetamol is not certain.
However, it is possible that polyphenolic compounds
worked in synergy with ascorbic acid to provide this
protection.

5.0 Conclusions

From the present results we could conclude that
agqueous extract of Sesamum radiatum leaves
possesses a promising hepatoprotective effect against
paracetamol hepatic damage and when co-
administered with ascorbic acid, it provides a
synergistic protective effect that could be useful in the
management of liver diseases.
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