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This study was carried out to evaluate the hepato-protective property of (Arachis hypogea L.) peanut
skin extracts in CCls induced hepatotoxicity in mice. The antioxidant activity was measured utilizing 2, 2-
diphenyl-1-1 picrylhydrazyl (DPPH) radical scavenging capacity. The results showed that the methanolic
extract was the highest free radical scavenging activity than the aqueous extract with values (92.34 *
0.45 and 87.62 £ 0.44) respectively in 12 mg/mL compared to 89.61 + 0.34 for Butylated hydroxytoluene
(BHT) and 93.25 % 0.06 for vitamin C, which means that the methanolic extract of peanut skin is superior
to BHT. Furthermore, the total phenolic content was analyzed by using Folin-Ciocalteu method, the
amount of total phenol in aqueous extract was15.32 + 0.45, 39.29 + 0.64 and 56.63 + 1.03 mg/g in 2, 6
and 10 mg/ml respectively, while the methanolic extract was 47.08 + 0.56, 68.40 + 1.18 and 85.35 +
0.62 mg/g respectively in the same concentrations. The hepato-protective effect of peanut skin extract
was evaluated in CCls induced hepato-toxicity. The experiment was conducted in two methods: pre-
treatment groups and post-treatment groups. Mice were treated with 50 and 100 mg/kg of agqueous and
methanolic peanut skin extracts for 35 days before being damaged by CCls (pre-treatment group), and
the other groups (post-treatment groups) which the mice were injected with CCls and received 50 and
100 mg/kg of aqueous and methanolic peanut skin extracts for 35 days. Biochemical studies show that
there is decrease in the levels of serum ALT, AST, ALP, MDA and increases in the levels of SOD with
significant differences (p <0.01) when compared with the CCls treated group. The histo pathological
examination of liver obtained from mice with administrated intraperitoneally 3 ml/kg CCls showed
histopathological changes in the liver represented in fatty changes of excessive hepatocyte
accumulation of fatty material, while when treated with 100 mg/kg of peanut extract revealed look like
normal structure appearance of hepatic tissue and normal structure appearance but with few apoptotic
cells.
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INTRODUCTION

The liver is an organ plays a central role in
metabolism of nutrients, synthesis of glucose and
lipids, and detoxification of drugs and xenobiotics
(Chiang, 2014). Some chemicals or drugs can
cause liver and kidney damage such as carbon
tetrachloride (CCls), acetaminophen and cisplatin

(Yamamotoya et al., 2017). Liver is not only the
target organ of CCl4 which could be taken in the
body via respiration, digestion, and the skin
(Karakus et al., 2016). Oxidative stress (OS) term
is used to describe an imbalance between the
systemic manifestation of free radicals and
capability of cells to detoxify them and negate
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their damaging effects on proteins, lipid, and
Deoxyribonucleic acid (DNA) (Chandra et al.,
2015), the aim of many ongoing studies is to
elucidate the underlying mechanisms and role of
oxidative stress in disease onset and
development. In particular, there is considerable
emphasis on finding new therapeutic strategies for
decreasing oxidative stress (Cabello-Verrugio et
al., 2017).

Arachis hypogea L. is a rich in antioxidants as
many fruits (Talcott et al.,, 2005). Peanut is a
dietary source of biologically active polyphenols
such as the stilbene trans resveratrol, flavonoids
such as the proanthocyanidins, flavonols such as
qguercetin (Wang et al.,, 2008). Most of the
antioxidants are located in the skin of peanuts
(Lou et al., 2004). Peanut skin has been reported
to be rich in polyphenols, and the color skin varies
from light brown to deep red, the redness and hue
angle of the peanut skin had strong correlations
with total polyphenol content, they also had good
correlations with antioxidant capacity supporting
the strong correlation between total polyphenols
and antioxidant capacity (Chukwumah et al.,
2009). The aim of this study is to determine the
role of Arachis hypogea L. skin as hepato-
protective against CCls induced hepatotoxicity in
mice.

MATERIALS AND METHODS

Chemical substances

All reagents were of the highest purity
available. DPPH, BHT and CCls were purchased
from Sigma-Aldrich (Germany). Commercial kits
of AST, ALP, ALT were bought from company
(Agappe, Swiss), (SOD) and (MDA) (cohesion
biosciences, Swiss).

Plant collection

Raw peanuts pods were collected from the
local Iragi markets. Pods were manually shelled
and the skins were collected from the raw peanut
kernels. The skins were ground using a grinder
and stored at -20°C for further analysis.

Preparation of aqueous extract

Water extract was prepared according to
N’Guessan et al., (2007). Macerated 100 gram of
peanut skin in 1000 ml of distilled water for 72
hours, after extraction, the mixture was vacuum
filtered through Whitman No. 1 paper and the
filtrate was dried at 50°C by a rotary evaporator.
The resulting extract stored in amber glass vials at
4 °C until analyzed. The whole process was

completed under dim light to minimize light
induced degradation of phenolics, which are
generally light sensitive.

Preparation of methanolic extract

Methanolic extract was prepared according to
(AACC, 1984) by using Soxhelt apparatus. So 50
gram of peanut skin was put in a thimble and 350
ml of methanol was added within 40-60 °C for 6
hours. The solution have been filtered through a
filter paper Whitman No.1 and evaporated to
dryness under vacuum at 40°C, the dried extract
have been weighed and stored in amber glass
vials at 4 °C until analyzed.

Evaluation of Antioxidant activity
DPPH assay

In order to obtain an indication of the
antioxidant activity of peanut s skin crude extracts,
5 ml of a freshly prepared 0.004 % of 2,2-
diphenyl-1-picrylhydrazyl (DPPH) in methanol was
mixed with 50 pl of different concentration of
peanut s skin crude extracts (2,4 ,6, 8, 10 and
12) mg/ml and the absorbance of each dilution,
after 30 minutes, was measured at 517 nm
(Kedare and Singh, 2011). Butylated
hydroxytoluene (BHT) and vitamin C were the
antioxidants used as positive control. All tests
were performed in triplicate and the methanol was
used as a blank solution. The percentage DPPH
reduction (or DPPH radical scavenging capacity)
was calculated as:
% Reduction = (Abs DPPH — Abs Dil.) /Abs DPPH
x 100

Whereby: Abs DPPH = average absorption of
the DPPH solution, Abs Dil. = average absorption
of the three absorption values of each dilution.
With the obtained values, a graphic was made
using Microsoft Excel. The EC50 of each extract
(concentration of extract or compound at which
50% of DPPH is reduced) was taken from the
graphic.

Determination of total phenolic contents

Total phenolic content of aqueous and
methanolic extracts were determined
spectrophotometrically using the Folin-Ciocalteu
method described by Jayaprakasha et al., (2001)
0.4 ml of each sample were mixed with 2.0 ml of
the Folin- Ciocalteu reagent (diluted 10 times),
and 1.6 ml of 7.5% sodium carbonate solution.
Total volume was adjusted to 5 ml by adding
distilled water. The tubes were covered with
parafiim and allowed to stand for 30 minutes at
room temperature before the absorbance was
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read at 760 nm spectrometrically. The tests were
carried out in triplicate. Results were expressed
as milligrams of gallic acid equivalent per gram of
dry weight (mg GAE/g dry weight).

Determination of acute toxicity peanut skin
extracts

A group of 40 adult normal male albino mice
weighing 35+2 g were used for methanolic and
aqueous peanut skin extract to study the acute
toxicity. It was subdivided into six subgroups each
of six mice. All subgroups were treated orally with
rising doses of 100, 250, 500, 1000, 1500 and
2000 mg/kg of methanolic and aqueous peanut
skin extract. Mortality rates were recorded 24
hours post treatment (El-Sayed et al., 2013).

Experimental animals

Forty male albino mice weighing 35 £+ 5 g
were obtained from Biotechnology Research
Center, AL- Nahrain University. They were kept in
standard conditions, the temperature about 22 °C,
12 hours light/dark cycle. The forty mice were
randomly divided into ten groups of four animals
each.
The experiment was conducted in two methods:
pre-treatment groups and post-treatment groups.
Group 1: This group served as a negative control
in which the mice received normal feed and
distilled water for 35 days
Group 2: This group was a positive control for
CCl4, which induce liver and kidney damage in
mice. CCls was solved in olive oil with ratio (1:3)
(CCl4: olive oil) at a dose of 3 ml/kg injected
intraperitoneally (i.p.).
Group 3: This group was the pre-treatment group,
in which the mice were administered with 50
mg/kg methanolic extract orally for 35 days and
injected (i.p.) 3 ml/kg of CCls and olive oil mixture
on the 35 day.
Group 4: This group was the pre-treatment group,
in which the mice were administered with 100
mg/kg methanolic extract orally for 35 days and
injected (i.p.) 3 ml/kg of CCls and olive oil mixture
on the 35 day.
Group 5: This group was the pre-treatment group,
in which the mice were administered with 50
mg/kg aqueous extract orally for 35 days and
injected (i.p.) 3 ml/kg of CCls and olive oil mixture
on the 35 day.
Group 6: This group was the pre-treatment group,
in which the mice were administered with 100
mg/kg aqueous extract orally for 35 days and
injected (i.p.) 3 ml/kg of CCls and olive oil mixture
on the 35 day.

Group 7: This group was the post-treatment
group in which the mice were injected (i.p.) 3
ml/kg of CCls and olive oil mixture on the 1st day
and treatment with 50 mg/kg methanolic extract
orally for 35 days.

Group 8: This group was the post-treatment
group in which the mice were injected (i.p.) 3
ml/kg of CCls and olive oil mixture on the 1t day
and treatment with 100 mg/kg methanolic extract
orally for 35 days.

Group 9: This group was the post-treatment
group in which the mice were injected (i.p.) 3
ml/kg of CCls and olive oil mixture on the 1st day
and treatment with 50 mg/kg aqueous extract
orally for 35 days.

Group 10: This group was the post-treatment
group in which the mice injected (i.p.) with 3 ml/kg
of CCls and olive oil mixture on the 1st day and
treatment with 100 mg/kg aqueous extract orally
for 35 days.

Collection of blood

Blood samples were collected at the end of
the experiment; the mice were anesthetized with
the injection of 200 ul (160 pl ketamine 10% + 40
Ml xylazine) of anesthesia agent. Then their
abdominal areas were opened and the blood
samples were directly taken from their hearts. The
blood sample was rocked slightly and centrifuged
at 3000 rpm for 5 minutes. The serum was then
stored in the freezer at -21°C until analyzed
(Prohp and Onoagbe, 2012).

Statistical Analysis

The Statistical Analysis System - SAS (2012)
program was used to effect of difference factors in
study parameters. Least significant difference —
LSD test (ANOVA) was used to significant
compare between means in this study.

RESULTS AND DISCUSSION

Toxicity of Peanut Skin Extracts

Acute LD 50 is a statistically derived amount
of a substance that can be expected to cause
death in 50% of the animals when given by a
specified route as a single dose and the animals
observed for a specified time period (Adamson,
2016). In this study the result showed that no
deaths occurred in either the aqueous or
methanolic extract when treated by oral gavages
at doses of 2000 mg/kg and the results revealed
that the aqueous and methanolic extracts
practically non toxic according to Hodge and
Sterner (2005) as shown in (Table 1).
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Table 1. Hodge and Sterner toxicity scale

No. Term LD50
1. Extremely Toxic Less than 1 mg /kg
2. Highly Toxic 1-50 mg/ kg
3. Moderately Toxic 50 - 500 mg/ kg
4. Practically Non-Toxic 500 - 5000 mg /kg
Table 2. Radical Scavenging Activity of Peanut Skin Extracts
Mean + SE
Concentration -
(mg/ml) M?Ethanollc Aqueous Extract BHT V.C.
xtract
2 70.80+0.51b 43.54+1.08d 7157+1.03c 89.20+0.11¢c
4 80.63+1.29b 64.11+1.17c 85.23 +0.12b 90.75+0.42b
6 84.33+0.69 ab 84.35+0.50b 88.73 + 0.62a 92.60+0.10 a
8 88.56 + 0.54 ab 86.03 + 0.67ab 89.35 +0.27a 92.84 +0.08 a
10 90.07+0.21 a 87.54+0.43a 89.63 + 0.39a 93.04+0.35a
12 92.34+0.45a 87.62+0.44a 89.61 + 0.34a 93.25+0.06 a
LSD value 8.047 ** 2.396 ** 1.696 ** 0.731 **
** (P<0.01).
Means having with the different letters in same column differed significantly
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Figure 1. EC50 of peanut skin extracts

Antioxidant activity of peanuts skin extracts

DPPH assay

Flavonoids and phenolic compounds have
proven their ability to deactivate or remove free
radicals and able to protect lipids from being
destroyed in the oxidative process (Frozza et al.
,2013). DPPH radical scavenging activity is one of
the most widely used method for screening the
antioxidant activity of plant extract (Sahu et al.,
2013). In the DPPH assay, the antioxidants are
able to reduce the stable radical DPPH to non-
radical form DPPH-H. The purple colored of

DPPH radical changes to yellow in the presence
of a hydrogen donating antioxidant which could be
measured at 517 nm. The use of the DPPH assay
provides an easy and rapid way to evaluate
antioxidants by spectrophotometer (Huang et al.,
2005). In this study, the radical scavenging activity
of the aqueous and methanolic extracts was
compared at a concentration of (2, 4, 6, 8, 10 and
12) mg/ml. BHA and vitamin C were used as
references. DPPH scavenging activity increased
gradually with extract concentrations, as for the
statistical analysis between different
concentrations of the same extract, there was a
significant difference at p<0.01 (Table 2). The
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results showed that the methanolic extract was
the highest free radical scavenging activity than
the aqueous extract with values (92.34 + 0.45 and
87.62 + 0.44) respectively in 12 mg/mL compared
to 89.61 + 0.34 for BHT and 93.25 + 0.06 for
vitamin C, which means that the methanolic
extract of peanut skin is superior to BHT. In
agreement with this result, Adriano et al., (2011)
revealed that peanut skin extracts showed a
higher scavenging activity than that of BHA, which
was used widely in the food industry as an
antioxidant for a variety of food products. Gaafar
et al., (2015) reported that methanolic extract of
peanut skin showed higher activity compared to
aqueous extracts. Also Al-Jubouri (2017) mention
that the methanolic extract was the highest free
radical scavenging activity in compare with ethyl
acetate and aqueous extract. Furthermore, the
antioxidant activity is expressed as an effective
concentration (EC50). The half maximal effective
concentration (EC50) are often refers to the
concentration of a drug, toxicant or antibody which
induces a response half way between the
baseline and maximum after a specified exposure
time, it commonly used as a measure of potency
of a drug (Chan, 2015). In this study the radical
scavenging capacity (EC50) of vitamin C was (1
mg/ml), while methanolic and BHT was found to
be (1.5 mg/ml), On the other hand, the (EC50) of
aqueous extract was (2.5 mg/ml) as shown in
(Figure 1). Lee et al., (2008) mention that if the
EC50 value of an extract is less than 10 mg/ml it
indicates that the extract is an effective
antioxidant. In this study, the  EC50 value of
peanut skin extracts were less than 10 mg /ml,
and this indicates that the extracts were effective
antioxidant.

Total phenolic content of peanut skin extracts

Phenolic compounds are a major class of
semi water soluble compounds from fruit and
vegetable sources (Rasoulia et al., 2017). They
contain benzene rings, with one or more hydroxyl
substituent, and range from simple phenolic
molecules to highly polymerized compounds
(Velderrain - Rodriguez et al., 2014). The peanut
skin extracts were evaluated by using Follin-
Ciocalteu’s reagent for the determination of total
phenolic contents. The antioxidant activity of plant
materials correlated well with the phenolic content
(Murali et al., 2013). In this study, the results
showed that total phenolic content of aqueous
extract was15.32 £ 0.45, 39.29 + 0.64 and 56.63
+ 1.03 mg/g in 2, 6 and 10 mg/ml respectively,
while the methanolic extract was 47.08 + 0.56,

68.40 £ 1.18 and 85.35 + 0.62 mg/g respectively
in the same concentrations, as shown in (Table
3). Hoang et al., (2008) found that the amounts of
phenolic compound in methanolic extract were
much higher than in the case of the less polar
solvents, and suggest that the methanol soluble
fraction mostly consisted of phenolics compound.
In agreement with AL-Azawi et al., (2017) who
mention that the highest amount of the total
phenolics was shown by the methanolic extract
more than aqueous and ethyl acetate extract. Yu
et al.,, (2007) also found that one gram at dry
peanut skin contained 90-125 mg of total
phenolics and types of solvents used for
extraction significantly affected the total phenolics
content. The higher total phenolic content of
peanut skin may be attributed to the presence of
phenolic compounds (Yvonne et al.,, 2007). The
total phenolic content of peanut skin found in this
study was comparable to that reported by Wang
et al., (2007). However, Nepote et al.,, (2005)
reported that total phenolic content in peanut skin
was 118 mg/g dry skin.

Effect of peanut skin extracts on serum
Alanine Transaminase (ALT) Level

Table (4) shows that the serum (ALT) level
was significantly increased (p <0.01) in the CCla4
treated group (group 2) of mice (61.36 + 1.05 U/l)
compared with the control group (31.99 = 1.26 U/I)
indicating the induction of severe hepatotoxicity.
The toxic effect of CCls may damage liver cells
and other tissue cells and membranes through
Lipid peroxidation of oxy and hydroxy radicals and
other ways has been experimentally shown in in
vivo/ in vitro environments (Karadeniz et al.,
2009). CCls is bio transformed by cytochrome
P450 to the trichloromethyl free radical (CCls) that
induces membrane lipid peroxidation and disturbs
Ca?* homeostasis to produce hepatocellular injury
(Arun and Asha, 2007). When the animals
treatment with methanolic extract 50 mg/kg
(Group 3) the result showed significant decrease
(p < 0.01) in concentrations of serum (ALT) (43.62
+ 0.69 U/l) compared with the CCl4 treated group,
as well as the levels of (ALT) significantly
decreased (p<0.01) (34.61 = 0.76 U/l) when
treated with 100 mg/kg of methanolic extract
(Group 4). Likewise the result showed significant
decrease (p < 0.01) in concentrations of serum
(ALT) (47.69 + 1.26 U/l) when treatment with
aqueous extract 50 mg/kg (Group 5) compared
with CCla treated group.
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Table 3. Total Phenolic content of Peanut skin extracts

Peanut skin Concentration (mg/g) LSD value
extracts 2 mg/ml 6 mg/ml 10 mg/ml
Methanolic extract 47.08 £0.56 C 68.40+1.18B 85.35+0.62 A 5.271 **
Aqueous extract 15.32+0.45C 39.29+£0.64 B 56.63+1.03 A 4.894 **
LSD value 1.994 ** 3.746 ** 3.348 **
** (P<0.01).
Means having with the different letters in same row differed significantly

Table 4. Effect of peanut skin extracts on serum AST, ALT, ALP in CClsinduced hepatotoxicity

Groups Mean + SE
ALT (Ull) AST (U/l) ALP (U/l)
Group 1 42.75+1.51c 31.99+1.26e 201.67+£1.99d
Group 2 62.53+1.26a 61.36+1.05a 301.25+7.82a
Pre-treatment groups
Group 3 51.64+1.63b 43.62+0.69b 212.13 + 3.29 bed
Group 4 43.91+0.77c 34.61 £0.76 de 208.08 * 4.85 bcd
Group 5 52.64+1.05b 47.69+1.26b 218.17+2.79b
Group 6 46.82 +2.09 c 35.77 + 1.81 cde 211.75 + 1.13 bed
Post-treatment groups
Group 7 52.35+1.81b 43.62+1.33b 214.50 + 2.86 bc
Group 8 4421+1.26¢C 36.35+1.26 cd 207.17 £1.99 cd
Group 9 55.55+£0.76 b 47.11+£2.80b 216.79 + 3.57 bc
Group 10 46.24+£2.01c 38.97+0.76 ¢ 208.54 + 3.21 bcd
LSD value 4.174 ** 4.209 ** 10.868 **
** (P<0.01). Means having with the different letters in same column differed significantly

Group 1: Control, Group 2: CCl, (3 ml/kg), Group 3: Methanolic extract (50 mg/kg) + CCls, Group 4: Methanolic extract (100
mg/kg) + CCl,, Group 5: aqueous extract (50 mg/kg) + CCls, Group 6: aqueous extract (100 mg/kg) + CCl,, Group 7: CCl, +
Methanolic extract (50 mg/kg), Group 8: CCl, + Methanolic extract (100 mg/kg), Group 9: CCl, + aqueous extract (50 mg/kg),

Group 10: CCl, + aqueous extract (100 mg/kg).

Furthermore treatment with aqueous extract
100 mg/kg (Group 6) have significant decrease (p
< 0.01) in concentrations of serum (ALT) (38.97 +
0.76) compared with CCls treated group. The
decrease in the (ALT) levels in the groups treated
with peanut skin extracts may be attributed to the
presence of flavonoids which also have been
known to possess significant hepatoprotective
effect. Nquyen et al., (2017) mention that the
presence of flavonoids have strongly linked to its
hepatoprotective  effect because flavonoid
containing plant extracts help to stave off the
hepatic damage caused by various noxious
agents. The efficacy of any hepato-protective drug
is mainly dependent on how effectively it reverses
the toxic effects or restores normal hepatic
physiological function (Rehman et al., 2018).

The second method was the post-treatment
(7, 8, 9 and 10 groups), the results showed
significant decrease (p < 0.01) in concentrations
of serum (ALT) (43.62 + 1.33 and 36.35 + 1.26

U/l) when treatment with methanolic extract 50
and 100 mg/kg (Group 7 and 8) respectively
compared with the CCls treated group.
Furthermore treatment with aqueous extract 50
and 100 mg/kg (Group 9 and 10) showed
significant decrease (p < 0.01) in concentrations
of serum (ALT) (47.11 + 2.80 and 38.97 + 0.76
U/l) respectively when compared with the CCls
treated group. Pre- and post-treatment with (120
mg/kg) of (Tanacetum parthenium L.) could
significantly (P < 0.001) decrease ALT, AST, ALP
(Mahmoodzadeh et al., 2017).

Effect of peanut skin extracts on serum
Aspartate Transaminase (AST) Level

The serum (AST) level was significantly
increased (p <0.01) in the CCls treated group
(group 2) of mice (62.53 + 1.26 U/l) compared
with the control group (group 1) (42.75 + 1.51 U/l)
indicating the induction of severe hepatotoxicity.
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Treatment with methanolic extract 50 mg/kg
(Group 3) showed significant decrease (p < 0.01)
in concentrations of serum (AST) (51.64 + 1.63
U/l) compared with the CCls treated group.
Furthermore the best effect in the level of (AST)
was in methanolic treated groups 100 mg/kg
(Group 4) (43.91 + 0.77 U/l) when compared with
the control group as shown in (Table 4). Chiu et
al. (2018) mention that CCls group have significant
decrease in (AST) after treatment with ethanolic
extract of Polygonum orientale L. (0.5 and 1.0
g/kg) and suggest that the activity might be
partially associated with protocatechuic acid,
taxifolin, and quercetin. On the other hand
treatment with aqueous extract 50 mg/kg (Group
5) showed significant (p < 0.01) decrease in
concentrations of serum (AST) (52.64 + 1.05 U/l)
when compared with the CCls treated group.
Furthermore the levels of (AST) significantly
decreased (p<0.01) in methanolic treated groups
100 mg/kg (Group 6) (46.82 + 2.09 U/l) when
compared with the CCls treated group. Borthakur
et al. (2017) suggest that the decrease in serum
AST levels in the aqueous extract of Alternanthera
sessilis L. treated groups may be attributed to the
presence of saponin, which exerts its
hepatoprotective effect.

The second method was the post-treatment,
the results showed significant decrease (p < 0.01)
in concentrations of serum (AST) (52.35 + 1.81
and 44.21 + 1.26 U/l) when treatment with
methanolic extract 50 and 100 mg/kg (Group 7
and 8) respectively compared with the CCls
treated group. Furthermore treatment with
aqueous extract 50 and 100 mg/kg (Group 9 and
10) showed significant decrease (p < 0.01) in
concentrations of serum (AST) (55.55 £ 0.76 and
46.24 £ 2.01 U/l) respectively when compared
with the CCls treated group. AL-Mashhadani
(2017) mention that 200 mg/kg fenugreek of
(Trigonella foenum graecum Linn L.) leaves
extract and 500 mg/kg fenugreek seed extract
showed significant (P<0.001) differences in AST,
ALT, ALP when compared to CCls treated rats.

Effect of peanut skin extracts on Serum
Alkaline Phosphatase (ALP) Level

Table (4) shows that the serum (ALP) level
was significantly increased (p <0.01) in the CCla4
treated group (group 2) of mice (301.25 + 7.82
U/l) compared with the control group (group 1)
(201.67 + 1.99 U/) indicating the induction of
severe hepatotoxicity. Treatment with methanolic
extract 50 mg/kg (Group 3) (212.13 + 3.29 U/l)
showed significantly decrease (p < 0.01) in

concentrations of serum (ALP) when compared
with the CCls treated group. While the levels of
(ALP) significantly decreased (p<0.01) in
methanolic treated group 100 mg/kg (Group 4)
(208.08 + 4.85 U/l) and it was the best effective
group when compared with the CCls treated
group. Mirazi et al., (2016) mention that treatment
with  hydroalcoholic  extract of mangrove
(Avicennia marina L.) leaves at doses of 400 and
800 ml/kg significantly (P < 0.05) decreased the
serum levels of ALP in rats. Likewise the result
showed significant decrease (p < 0.01) in
concentrations of serum (ALP) when treated with
aqueous extract 50 and 100 mg/kg (Group 5 and
Group 6) (218.17 £ 2.79 U/l and 211.75 + 1.13
U/l) respectively when compared with the CCls4
treated group. Karakus et al., (2016) mention that
(Silybum marianum L.) and (Taraxacum officinale
L.) extracts at dose 100 mg/kg/day significantly
(p<0.05) decreased the serum ALP. Moreover
Amim et al, (2013) suggest the antioxidant
property of the root of (Taraxacum officinale L.)
attributed to possess important components such
as lactones, triterpenes, sterols, flavonoids, and
phenolic acids.

The second method was the post-treatment,
the results showed significant decrease (p < 0.01)
in concentrations of serum (ALP) (214.50 + 2.86
and 207.17 = 1.99 U/l) when treatment with
methanolic extract 50 and 100 mg/kg (Group 7
and 8) respectively compared with the CCls
treated group. Furthermore treatment with
aqueous extract 50 and 100 mg/kg (Group 9 and
10) showed significant decrease (p < 0.01) in
concentrations of serum (ALP) (216.79 + 3.57 and
208.54 + 3.21 U/I) respectively when compared
with the CCls treated group. This indicates the
effective  role of peanut extracts as
hepatotherapeutic. A study showed that animals
treated with CCls with 250 mg/kg of (Juniperus
phoenicea L.) berries caused a significant
increase in ALP level because plant aqueous
extract contained high levels of total phenolic
compounds , tannins and flavonoids (Laouar et
al., 2017).

Effect of peanut skin extracts on serum
Superoxide Dismutase (SOD) Level

Superoxide Dismutase is a group of
metalloenzymes that plays a crucial antioxidant
role and constitutes the primary defense against
the toxic effects of superoxide radicals in aerobic
organisms (Kaur and Jindal, 2017).
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Table 5. Effect of peanut skin extracts on serum SOD and MAD in CCls induced hepatotoxicity

Groups Mean + SE
SOD (U/ml) MAD (nmol/ml)
Group 1 19.11+1.14a 5.27 £ 0.63d
Group 2 6.11 £0.43 e 14.18 +1.00 a
Pre-treatment groups
Group 3 13.12+0.59 cd 12.28+0.31b
Group 4 18.72+1.75a 7.48+0.20c
Group 5 13.93 + 1.02 bed 12.28+0.31b
Group 6 18.55+1.33a 8.06+0.15¢c
Post-treatment groups
Group 7 13.82 £ 0.67 cd 12.46 +0.07b
Group 8 17.06 £ 1.53 ab 8.04+0.21c
Group 9 12.97 £0.71d 13.05+0.69 ab
Group 10 16.33 £ 0.95 abc 8.83+£0.29¢c
LSD value 3.230 ** 1.409 **
** (P<0.01).
Means having with the different letters in same column differed
significantly

Group 1: Control, Group 2: CCl4 (3 ml/kg), Group 3: Methanolic extract (50 mg/kg) + CCls, Group 4: Methanolic extract (100
mg/kg) + CCl,, Group 5: aqueous extract (50 mg/kg) + CCl,, Group 6: aqueous extract (100 mg/kg) + CCls, Group 7: CCl, +
Methanolic extract (50 mg/kg), Group 8: CCl, + Methanolic extract (100 mg/kg), Group 9: CCl, + aqueous extract (50 mg/kg),

Group 10: CCl, + aqueous extract (100 mg/kg).

(Table 5) shows that the serum (SOD) level was
significantly decreased (p <0.01) in the CCls
treated group (group 2) of mice (6.11 £ 0.43 U/ml)
compared with the control group (group 1) (19.11
+ 1.14 U/ml) indicating the induction of severe
hepatotoxicity. Treatment with methanolic extract
50 mg/kg (Group 3) showed significantly increase
(p < 0.01) in concentrations of serum (SOD)
(14.12 = 0.59 U/ml) compared with the CCls
treated group. Furthermore the levels of (SOD)
significantly increased (p<0.01) in 100 mg/kg
methanolic extract (Group 4) (18.72 £ 1.75 U/ml)
and it was the best effective group compared with
the CCls treated group. Akdemir et al., (2017)
Conclude that p-Coumaric acid (a phenolic class
compound) protects the liver and kidney against
Cisplatin-induced oxidative damage in rat and the
SOD activities significantly p < 0.05 increased in
(100 mg/kg) of p-Coumaric acid. On the other
hand, treatment with aqueous extract 50 mg/kg
(Group 5) showed significant increase (p < 0.01)
in concentrations of serum (SOD) (13.93 + 1.02
U/ml) when compared with CCls treated group,
while the level of serum (SOD) significantly
increase (p < 0.01) (17.55 £ 1.33 U/ml) when
treatment with aqueous extract 100 mg/kg (Group
6) compared with CCls treated group. Lu et al.,
(2017) mention that the pre-treatment with
phloretin at 100, 200 and 500 mg/kg significantly

increased SOD activity against acute liver
oxidative injury induced by CCls in mice.

The second method was the post-treatment,
the results showed significant decrease (p < 0.01)
in concentrations of serum (SOD) (13.82 + 0.67
and 17.06 = 1.53 U/ml) when treatment with
methanolic extract 50 and 100 mg/kg (Group 7
and 8) respectively compared with the CCls
treated group. Furthermore treatment with
aqueous extract 50 and 100 mg/kg (Group 9 and
10) showed significant decrease (p < 0.01) in
concentrations of serum (SOD) (12.97 + 0.71and
16.33 + 0.95 U/ml) respectively when compared
with the CCl4 treated group. Tsai et al., (2017)
mention the activities of antioxidant enzyme
(SOD) significantly increased after treatment with
(0.5 and 1.0 g/kg) ethanolic extract of Coreopsis
tinctoria L. flowers.

Effect of peanut skin extracts on serum
Malondialdehyde (MDA) Level

Malondialdehyde (MDA) is a commonly used
biomarker for the assessment of lipid peroxidation
(Mistry et al., 2013). (Table 5) shows that the
serum Malondialdehyde (MDA) concentrations
were significantly increased (p <0.01) in the CCl4
treated group (group 2) of mice (14.18 + 1.00
nmol/ml) compared with the control group (5.27 +
0.63 nmol/ml ) the increase of MDA level in the
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CCl4 treated group due to the increase of lipid
peroxidation level (Messarah et al., 2013).
Treatment with methanolic extract 50 mg/kg
(Group 3) showed significant decrease (p < 0.01)
in concentrations of serum (MDA) (11.07 =
0.31nmol/ml) when compared with the CCls
treated group, while the best effect was in
methanolic extract 100 mg/kg (Group 4) (7.48 *
0.20 nmol/ml) with significant decreased (p<0.01)
when compared with control group. Some
compounds such as sabinene, tannins, and
flavonoids can prevent lipid peroxidation and
damage to cells (Ottu et al., 2013). Hussain et al.,
(2014) mention that Alcea Rosea extracts has
antioxidant properties against free radicals due to
having isoquercetin, kaempferol. Likewise when
treatment with aqueous extract 50 mg/kg (Group
5) showed significant decrease (p < 0.01) (12.28 +
0.31 nmol/ml) when compared with CCls treated
group. Furthermore treatment with aqueous
extract 100 mg/kg (Group 6) showed significant
decrease (p < 0.01) in concentrations of serum
(MDA) (8.06 + 0.15 nmol/ml) when compared with
CCls treated group. This indicates the effective
role  of methanolic peanut extract as
hepatoprotective. Anand et al., (2011) mention
that chrysin (natural flavonoid) at dose 200 mg/kg
showed lower levels of MDA in rats, the ability of
chrysin to enhance the levels of antioxidants
along with its anti-lipid peroxidative activity and
suggest that this compound might be potentially
useful in counteracting the free radical mediated
injury involved in the development of tissue
damage caused by CCla.

The second method was the post-treatment,
the results showed significant decrease (p < 0.01)
in concentrations of serum (MDA) (12.46 + 0.07
and 8.04 + 0.21 nmol/ml) when treatment with
methanolic extract 50 and 100 mg/kg (Group 7
and 8) respectively compared with the CCls4
treated group. Furthermore treatment with
aqueous extract 50 and 100 mg/kg (Group 9 and
10) showed significant decrease (p < 0.01) in
concentrations of serum (MDA) (13.05 £ 0.69 and
8.83 £ 0.29 nmol/ml) respectively when compared
with the CCls treated group. This indicates the
effective  role of peanut extracts as
hepatotherapeutic. Eshak and Osman (2013)
mention that treatment with 50 mg/kg body weight
daily of (Moringa oleifera L.) leaves aquous
extract was observed to have a therapeutic action
against radiation hazards through enhancing of
liver enzyme activities (AST, ALT and ALP),
decreasing the malondialdehyde (MDA) in
irradiated rats by gamma irradiation.

Histological examination of the liver

The light microscopic examination by specific
staining of liver cells in control tissues (group 1)
showed normal hepatic architecture with central
vein and increase in kupffer cells (Figure 2). Liver
sections obtained from the CCls group (group 2)
showed histopathological changes in the liver
represented in fatty changes of excessive
hepatocyte accumulation of fatty material (Figure
3). Chiu et al., (2018) mention that major changes
in histology induced by CCl4 resulted in increased
coagulative necrosis, inflammation, and
vacuolization when compared with the control
group. The post-treatment groups, in which the
mice were injected 3 ml/kg of CCls on the 1st day
and treatment with peanut skin extracts orally for
35 days. The results in the liver sections showed
dispersed focal areas of necrosis and
inflammatory cells, when treated with CCls +
methanolic extract 50 mg / kg (Group 7) as
shown in (Figure 5A) . In group 8 (treated with
CCls + methanolic extract 100 mg /kg) the
histopathological examination showed normal
appearance structure with slight sinusoidal
dilatation (Figure 5B). According to Al-Ezzy et al.,
(2017), the mice liver infected with CCls and
treated with 100 mg/ml of Achillia melifolium L.
methanolic extract showed congestion with
accumulation of glycoproteins granules, while
mice liver that infected with CCls and treated with
200 mg/ml of Achillia melifolium L. showed normal
appearance structure, consist of central vein and
threads of hepatocyte cells. Liver sections of
group 9 (CCl4 + aqueous extract 50 mg / kg)
showed congestion, dispersed areas of necrosis
of hepatocyte cells and heavy inflammatory cells
infiltration (Figure 5C). While the histopathological
examination of group 10 (CCl4 + aqueous extract
100 mg / kg) showed depletion of glycoprotein
granules inside the hepatocyte cells with preserve
structure appearance of hepatic tissue as shown
in (Figure 5D). Dutta et al., (2018) mention that
histopathological  evidences  showed less
leukocyte infiltrations sinusoidal dilations and bile
duct proliferation when treated with CCl4 + 50
mg/kg of  Croton bonplandianus L. extract
compare with control group, while (CCl4 + 100
mg/kg ) reflected comparatively less
haemorrhagic necrosis and fatty infiltrations,
furthermore, (CCl4 +250 mg/kg) demonstrated
lowering of most of the injury signs
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Figure 2. Histopathological section in the Figure 3. Histopathological section in the
liver of mice showing normal looking liver of mice exposed to CCl4 (3 ml / kg)
structure appearance of hepatic tissue with showing fatty changes of excessive
central vein (C.V) and a thread like hepatocyte accumulation of fatty material
arrangement of hepatocyte cells and (H&E stain 400 X).

increase in kupffer cells (H&E stain 400 X).
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Figure 4. (A) Histopathological section in the liver of mice pre -treatment with methanolic
extract 50 mg / kg for 35 days and exposed to CCl4 (3 ml / kg) showing dispersed necrosis
of hepatocyte cells with inflammatory cells infiltration. (B) Histopathological section in the
liver of mice pre- treatment with methanolic extract 100 mg / kg for 35 days and exposed
to CCls (3 ml / kg) showing accumulation of cholesterol inside the hepatocyte cells. (C)
Histopathological section in the liver of mice pre- treatment with agueous extract 50 mg /
kg for 35 days and exposed to CCls (3 ml / kg) showing congestion, accumulation of
glycoprotein granules with few apoptotic hepatocyte cells. (D) Histopathological section
in the liver of mice pre- treatment with aqueous extract 100 mg / kg for 35 days and
exposed to CCls (3 ml / kg) showing look like normal structure appearance of hepatic
tissue but with few anobtotic cells (H&E stain 400 X).
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Figure 5. (A) Histopathological section in the liver of mice exposed to CCls (3 ml / kg) and
treatment with methanolic extract 50 mg / kg for 35 days showing dispersed focal areas of
necrosis and inflammatory cells infiltration. (B): Histopathological section in the liver of mice
exposed to CCls (3 ml / kg) and treatment with methanolic extract 100 mg / kg for 35 days showing
look like normal appearance structure with slight sinusoidal dilatation. (C): Histopathological
section in the liver of mice exposed to CCl4 (3 ml / kg) and treatment with aqueous extract 50 mg /
kg for 35 days showing congestion, dispersed areas of necrosis of hepatocyte cells and heavy
inflammatory cells infiltration. (D): Histopathological section in the liver of mice exposed to CCls
(83 ml / kg) and treatment with aqueous extract 100 mg / kg for 35 days showing depletion of
glycoprotein granules inside the hepatocyte cells with preserve structure appearance of hepatic
tissue (H&E stain 400 X).
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CONCLUSION

These findings showed that Arachis hypogaea
L. possessed strong antioxidant effects as free
radical scavenger in quenching the DPPH. The
total phenolic content of the methanolic extract
was higher than aqueous extract. The use of
Arachis hypogaea L. skin extracts was beneficial
in attenuate CCls induced hepto toxicity by
modulating the activities of the antioxidant
enzymes and lowering liver biochemical markers.
Arachis hypogaea L. has a novel therapeutic
potential in liver tissues in male albino mice,
against oxidative damages on CCla.

The authors declared that present study was
performed in absence of any conflict of interest.

ACKNOWLEGEMENT

This work was supported by Biotechnology
department, Institute of Genetic Engineering and
Biotechnology = for  Postgraduate  Studies,
University of Baghdad.

AUTHOR CONTRIBUTIONS

AHA and AKI contributed to the design of the
experiments and performed the experimental
work. All authors carried out laboratory tests. AHA
wrote the manuscript, all authors revised and

Bioscience Research, 2018 volume 15(4): 3415-3428

3425



AL-Azawi et al.,

Hepatoprotective effect of Arachis hypogea

approval the final version.

Copyrights: © 2017 @ author (s).

This is an open access article distributed under the
terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author(s) and source are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not comply
with these terms.

REFERENCES

Adriano CC, Solange G, Thais MF, Marisa AB,
Maria AC, 2011. Gamma radiation effects on
peanut skin antioxidants. International
Nuclear Atlantic Conference, 141: 4-5.

Akdemir FNE, Albayrak M, Calik M, Bayir Y,
Gulcin I, 2017. The Protective Effects of p-
Coumaric Acid on Acute Liver and Kidney
Damages Induced by Cisplatin.
Biomedicines, 5 (18):1-11.

Al-Azawi AH, Salih WY, Hassan ZH, 2017.
Phytochemical and antioxidant activity of
(Arachis hypogaea L.) skin extracts
cultivated in Irag. Research J Pharm and
Tech, 10(11):1994-2000.

Al-Ezzy RM, Al-Anee RSA, Omer OA, 2017.
Hepatoprotective  Effects of  Achillea
millefolium L. methanolic extract on carbon
tetrachloride induced hepatotoxicity on albino
male mice. Int J Adv Res Biol Sci, 4(8): 98-
109.

Al-Jubouri  ZHH, 2017. Antioxidant and
Antibacterial Activity of Peanut (Arachis
hypogaea L.) Skin Extracts. M.Sc. thesis.
Genetic Engineering and Biotechnology
Institute. University of Baghdad.

AL-Mashhadani FA, 2017. Effect of fenugreek
seed and leaves on some hematological and
biochemical parameters in CCls-induced
liver injury. Int J Curr Microbiol App Sci, 6(4):

2328-2337.
American Association of Cereal Chemists
(AACC), 1984. Method 08-01. The

Association St. Paul, M.N.

Amim MM, Sawhney SS, Jassl MS, 2013.
Comparative antioxidant power
determination of Taraxacum officinale L. by
FRAP and DTPH method. J Pharm Anal
Acta., 4:221-223.

Anand KV, Anandhi R, Pakkiyaraj M, Geraldine P,

2011. Protective effect of chrysin on carbon
tetrachloride (CCls) induced tissue injury in
male Wister rats. Toxicology and Industrial
Health, 27(10): 923-933.

Arun M, Asha VV, 2007. Preliminary studies on
antihepatotoxic effect of Physalis peruviana
Linn. (Solanaceae) against carbon
tetrachloride induced acute liver injury in rats.
J Ethnopharmacol, 111(1):110-114.

Athokpam R, Bawari M, Choudhury MD, 2017.
Hepatoprotective activity of aqueous extract
of Pyrus pashia L. against CCl4 induced liver
damage. IIJPSR, 8(10): 4195 - 4200.

Borthakur A, Mohan P, Lahon LC, Kalita DJ,
Rahman T, Sarmah A, 2017. Evaluation of
hepatoprotective property of Alternanthera
sessilis L. in CCls induced hepatotoxicity in
rats. Int J Curr Microbiol App Sci, 6(8): 3271-
3279.

Cabello-Verrugio C, Simon F, Trollet C,
Santibafiez JF, 2017. Oxidative stress in
disease and aging: mechanisms and
therapies. Oxidative Medicine and Cellular
Longevity, 1-2.

Chan BKC, 2015. Biostatistics for Epidemiology
and Public Health. Using R. Springer.
Switzerland. Pp 458.

Chandra K, Salman AS, Mohd A, Sweety R, Ali
KN, 2015. Protection against FCA induced
oxidative stress induced DNA damage as a
model of arthritis and in vitro anti-arthritic
potential of costus speciosus rhizome
extract. Int J Pharma Phytochem Res, 7:
383-389.

Chiang JYL, 2014. Pathophysiology of Human
Diseases. Elsevier, Linda M McManus,
Richard N. Mitchell (eds.). Elsevier. Pp.1770-
1782.

Chiu YJ, Chou SC, Chiu CS, Kao CP, Wu KC,
Peng WH, 2018. Hepatoprotective effect of
the ethanol extract of Polygonum orientale L.
on carbon tetrachloride-induced acute liver
injury in mice. Journal of food and drug
analysis, 26: 369-379.

Chukwumah Y, Walker LT, Verghese M, 2009.
Peanut skin color: A biomarker for total
polyphenolic content and antioxidative
capacities of peanut cultivars. Int J Mol Sci,
10: 4941-4952.

Dutta S, Chakraborty AK, Dey P, Kar P, Guha P,
Chaudhuri TK, 2018. Amelioration of CCls
induced liver injury in swiss albino mice by
antioxidant rich leaf extract of Croton
bonplandianus L. Baill Plos one, 13(4): 1-30.

El-Sayed S, Abdel-Hameed SA, Abdel Nasser AS,

Bioscience Research, 2018 volume 15(4): 3415-3428

3426


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

AL-Azawi et al.,

Hepatoprotective effect of Arachis hypogea

2013. Protective effect of conocarpus erectus
extracts on CCls induced chronic liver injury
in mice. Global Journal of Pharmacology, 7
(1): 52-60.

Eshak MG, Osman HF, 2013. Role of Moringa
oleifera L. leaves on biochemical and
genetical alterations in irradiated male rats.
Middle-East Journal of Scientific Research,
16(10): 1303-1315.

Frozza COD, Silvestrin CCG, Gambato G, Denize
OM, Salvador M, Moura FFP, 2013.
Chemical characterization, antioxidant and
cytotoxic activities of Brazilian red propolis.
Food and Chemical Toxicology, 52:137-142.

Gaafar AA, Mahmoud KM, Salama ZA, 2015.
Antioxidant potential activity and cytotoxicity
effects of different parts of peanuts (Arachis
hypogaea L.). Int J Pharm. Bio Sci, 6(3): 19-
32.

Hoang VH, Apostlova P, Jana Dostalova J, Pudil
F, Pokorny J, 2008. Antioxidant activity of
peanut skin extracts from conventional and
high-oleic peanuts. Czech J Food Sci, 26(6):
447- 457.

Hodge A, Sterner B. 2005. Toxicity Classes. In:
Canadian Center for Occupational Health
and Safety.

Huang DJ, Ou BX, Prior RL, 2005. The chemistry
behind antioxidant capacity assays. J Agric
Food Chem, 53: 1841-1856.

Hussain L, Akash MSH, Tahir M, Rehman K,
Ahmed KZ, 2014. Hepatoprotective effects
of methanolic extract of Alcea rosea L.
against acetaminophen-induced
hepatotoxicity in mice. Bangladesh J
Pharmacol, 9 (3): 322-327.

Jayaprakasha GK, Singh RP, Sakariah KK, 2001.
Antioxidant activity of grape seeds (Vitis
vinifera L.). Food Chem, 73: 285- 290.

Kang H, Koppula S, 2014. Olea europaea L. linn.
fruit pulp extract protects against carbon
tetrachloride-induced hepatic damage in
mice. Indian J Pharm Sci, 76(4): 274-280.

Karadeniz A, Yildirim A, Karakoc A, Kalkan Y,
Celebi F, 2009. Protective effect of Panax
ginseng on carbon tetrachloride induced
liver, heart and kidney injury in rats. Rev Med
Vet., 160: 237-243.

Karakus A, Degerb Y, Yildirimc S, 2016.
Protective effect of Silybum marianum L. and
Taraxacum officinale L. extracts against
oxidative kidney injuries induced by carbon
tetrachloride in rats. J Renal Failure, 39(1):1-
6.

Kaur M, Jindal R, 2017. Oxidative stress response

in liver, kidney and gills of ctenopharyngodon
idellus (Cuvier & Valenciennes) exposed to
chlorpyrifos submit manuscript. J Biol Med,
1(4): 21-32.

Kedare SB, Singh RP, 2011. Genesis and
development of DPPH method of antioxidant
assay. J Food Sci Technol, 48(4):412-422.

Lee YL, Jian SY, Lian PY, Mau JL, 2008.
Antioxidant properties of extracts from a
white mutant of the mushroom (Hypsizigus
marmoreus L.). J Food Compos Anal, 21:
116-124.

Lou H, Yuan H, Ma B, Ren D, Ji M, Oka S, 2004.
Polyphenols from peanut skins and their free
radical-scavenging effects. Phytochemistry,
65: 2391-2399.

Lu Y, Chen J, Ren D, Yang X, Zhao Y, 2017.
Hepatoprotective effects of phloretin against
CCls-induced liver injury in mice. Food and
agriculture immunology, 28(2):211-222.

Messarah M, Saoudi M, Boumendjel A, Kadeche
L, Boulakoud MS, EIl Feki A, 2013. Green tea
extract alleviates arsenicinduced biochemical
toxicity and lipid peroxidation in rats. Toxicol
Ind Health, 29(4): 349-359.

Mirazi N, Movassagh SN, Rafieian-Kopaei M,
2016. The protective effect of hydro-alcoholic
extract of mangrove (Avicennia marina L.)
leaves on kidney injury induced by carbon
tetrachloride in male rats. J Nephropathol,
5(4):118-122.

Mistry S, Dutt KR, Jena J, 2013. Protective effect
of Sida cordata L. leaf extract against CCl4
induced acute liver toxicity in rats. Asian Pac
J Trop Med., 6(4): 280-284.

Murali KG, Muthukumaran M, Krishnamoorthy B,
Nishat, A, 2013. A critical review on
fundamental and pharmaceutical analysis of
FT-IR spectroscopy. Int J Pharm, 3(2): 396-
402.

N’Guessan JD, Bidie AP, Lenta BN, Weniger B,
Andre P, Guina F, 2007. In vitro assays for
bioactivity-guided isolation of anti-salmonella
and antioxidant compounds in Thon ninja
sanguine flowers. Afr J Biotechnology,
6:1685-1689.

Nepote V, Grosso NR, Guzman CA, 2005.
Optimization of extraction of phenolic
antioxidants from peanut skins. Journal of
the Science of Food and Agriculture, 85: 33-
38.

Nguyen TP, Tran CL, Vuong CH, Le TD, Mai DT,
Phan NM, 2017. Flavonoids  with
hepatoprotective activity from the leaves of
Cleome Viscosa L. Natural product

Bioscience Research, 2018 volume 15(4): 3415-3428

3427



AL-Azawi et al.,

Hepatoprotective effect of Arachis hypogea

Research, 30: 1-6.

Ottu 0OJ, Atawodi SE, Onyke E, 2013.
Antioxidant, hepatoprotective and
hypolipidemic effects of methanolic root
extract of Cassia singueana L. in rats
following acute and chronic carbon
tetrachloride intoxication. Asian Pacif J Trop
Med, 6 (8): 609-615.

Prohp TP, Onoagbe 10, 2012. Acute Toxicity and
dose response studies of aqueous and
ethanol extracts of (Triplochiton scleroxylonk
L.) International Journal of Applied Biology
and Pharmaceutical Technology, 3(1): 400.

Rasoulia H, Farzaeib MH, Khodarahmia R, 2017.
Polyphenols and their benefits: A review.
Intenational journal of food properties, 20:
1700-1741.

Rehman AU, Waheed A, Tariq R, Zaman M, Tahir
MJ, 2018. Anti-fibrotic effects of polygonum
plebeium L. in CCl4-induced hepatic damage
and fibrosis in rats. Biomedical Research and
Therapy, 5(4): 2223-2233.

Sahu RK, Kar M, Routray R, 2013. DPPH free
radical scavenging activity of some leafy
vegetables used by tribals of odisha, India.
Journal of Medicinal Plants Studies, 1 (4):
21-27.

Statistical Analysis System (SAS), 2012. User's
Guide. Statistical. Version 9.1th ed. SAS.
Inst. Inc. Cary. N.C. USA

Talcott ST, Passeretti S, Duncan CE, Gorbetb
DW, 2005. Polyphenolic content and sensory
properties of normal and high oleic acid
peanuts. Food Chemistry, 90: 379-388.

Velderrain-Rodriguez GR, Palafox-Carlos H, Wall-
Medrano A, Ayala-Zavala JF, Chen CYO,
Robles-Sanchez M, 2014. Phenolic
compounds: Their journey after intake. Food
Funct, 5:189-197.

Wang J, Yuan X, Jin Z, Tian Y, Song H, 2007.
Free radical and reactive oxygen species
scavenging activities of peanut skins extract.
Food Chem, 104: 242-250.

Wang ML, Gillaspie AG, Morris JB, Pittman RN,
Davis J, Pederson GA, 2008. Flavonoid
content in different legume germplasm seeds
guantified by HPLC. Plant Gen Res, 6: 62—
69.

Yamamotoya T, Nakatsu Y, Matsunaga Y,
Fukushima T, Yamazaki H, Kaneko S, 2017.
Reduced SHARPIN and LUBAC formation
may contribute to CCls or acetaminophen
induced liver cirrhosis in mice. Int J Mol Sci,
18: 326.

Yoshioka H, Usuda H, Fukuishi N, Nonogaki T,

Onosaka S, 2016. Carbon tetrachloride-
induced nephrotoxicity in mice is prevented
by pretreatment with zinc sulfate. Biol Pharm
Bull, 39 (6):1042-1046.

Yu J, Ahmedna M, Goktepe I, 2007. Peanut Skin
Phenolics: Extraction, Identification,
Antioxidant Activity, and Potential
Applications. In: Antioxidant Measurement
and Applications. F. Shahidi, C-T. Ho (Eds.).
vol. (956). ACS Symposium Series,
Washington.

Yvonne C, Walker L, Vogler B, Verghese M, 2007.
Change in the phytochemical composition
and profile of raw, boiled and roasted
peanuts. J Agric Food Chem, 55: 9266-9273.

Bioscience Research, 2018 volume 15(4): 3415-3428

3428



