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Abstract

Ginkgo (Ginkgo biloba L.) is one of the most distinctive plants,
characterized by excellent resistance to various environmental
conditions. It is used as a medicinal plant in both traditional and
Western medicine. The aim of the present study was to investigate
the effect of dried Ginkgo biloba leaves on oxidative stress as well
as on liver functions of rats with induced liver toxicity. Thirty adult
male albino rats (Sprague-Dawley strain), weighing about 180 + 10
g,were divided randomly into two main groups as follows: the first
group (negative control= 5 rats) was fed on basal diet. The second
group (25 rats) was fed a basal diet then these rats were classified as
the positive control group fed on basal diet only, however the other
rats were fed on basal diet supplemented with dried ginkgo biloba at
levels of 2.5%, 5% ,7.5% and 10% , respectively. After four weeks
from the start of the experiment, the second groups from 2 to 5 were
injected intraperitoneally with CCla 1mL/kg BW, a (1:1) mixture
with corn oil for 3 days to induce liver toxicity. The existing study
illustrated that Ginkgo biloba leaves at the four tested levels could
significantly improve (P<0.05) the liver functions and lipid profile,
increasing the activity of antioxidant enzymes and lowering the
oxidative stress by eliminating the deleterious toxic effect of CCls,
especially with the higher levels of Ginkgo biloba. The findings
indicated that ginkgo leaves may have a protective effect role on the
oxidative stress in rats with induced liver toxicity.

Keywords: Liver Toxicity , Ginkgo Biloba , Ccl4 , oxidative stress, Rats,
antioxidants .
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INTRODUCTION

The liver is not only the largest organ in the body but also the one
playing one of the most important roles in human metabolism as it is
in charge of transforming toxic substances in the body (Lorente et
al ., 2020) .The liver is a critical organ in the human body. Although
it comprises only about 2% of an adult’s body weight,
approximately 25% of the total cardiac output goes through the liver
(Bashir et al ., 2023) . The liver is anatomically, histologically, and
functionally unique (Juza and Pauli , 2014). It processes blood
flowing from the gut through its complex lobular architecture,
detoxifying and extracting nutrients from the portal venous blood. It
is immunologically unique in the number and types of conventional
and nonconventional antigen-processing cells which enable the liver
to simultaneously tolerize T cells to the innocuous nutrient and
commensal bacteria antigen load from the gut while also
(Andersson, 2021). Oxidative stress is a causative factor in various
types of pathologies, such as cancer, diabetes, neurological disease,
and liver illness (Cichoz-Lach, and Michalak, 2014) . Plants
generally secrete secondary metabolites in response to stress. These
secondary metabolites are very useful for humankind as they
possess a wide range of therapeutic activities. Secondary
metabolites produced by plants include alkaloids, flavonoids,
terpenoids, and steroids ( Roy et al ., 2022 ) .Ginkgo biloba is an
ancient plant species that is thought to provide a variety of health
benefits to living organisms and contains plenty of bioactive
components including terpene trilactones, flavonoids, fatty acids,
proanthocyanidins, and polysaccharides , making it a chemically
diversified plant (Ma et al ., 2016 ) . Mature ginkgo trees
typically reach a height of 20 to 40 m and a trunk diameter of one to
four meters . They form two types of shoots: long shoots with
widely spaced leaves and axillary buds, and short shoots with
clustered leaves with no internodes or axillary buds. The leaves have
long stalks and a characteristic fan-shape with dichotomously
branched veins. They are light green in color and turn golden yellow
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in the fall. The tree bark is grey in color, smooth in older trees with
longitudinal cracks turning the bark color to brown. The flowers are
dioecious and grow only on short shoots (Samec et al ., 2022 ) .
Recent research has proven that polysaccharides in G. biloba show
various biological activities, such as antioxidant, antitumor,
antiinflammatory, hepatoprotective, antidepressant properties, and
so on (Fang et al ., 2020 ) . CCl4 is a well-known hepatotoxin
and has been widely used in inducing acute and chronic liver failure
(Ghasemietal ., 2014) .

This study was carried out to investigate the protective effect
of dried Ginkgo biloba leaves on oxidative stress as well as on liver
functions of rats with induced liver toxicity.

MATERIALS AND METHODS

Materials: Dried whole leaves of ginkgo biloba were purchased
from the herbalist shops in Cairo, Egypt and was identification at
the Agriculture Research Center, Cairo, Egypt. Also, carbon
tetrachloride (CCls) , chemical kits . Casein, cellulose, sucrose,
choline chloride, D-L methionine, vitamins and minerals
constituents were purchased from EIGomhoriya Pharmaceutical
Company, Cairo, Egypt. Thirty adult male albino rats (Sprague-
Dawley strain), weighing about 180+10 g, were obtained from the
Animal House of the National Research Center, Dokki, Egypt.

Methods

Preparation of Ginkgo biloba leaves: Dried whole leaves of
Ginkgo biloba were cleaned from dust and all invalid parts were
removed. Then a grinder mill and sieves were used to obtain a
powder particle of less than 0.4mm of all plant parts.

Induction of Liver Toxicity in Rats: After the four weeks from the
start of the experiment, subgroups from 1 to 5 will be
intraperitoneally injected with CCla 1mL/kg BW, a (1:1) mixture
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with corn oil for 3 days to induce liver toxicity (karthikeyan and
Deepa, 2010) .

Diet Composition and Experimental Animal Design: The basal
diet was formulated according the AIN-93M diet (Reeves et al.,
1993). Animals (30 rats) were housed in well conditions in the
biological studies lab of Faculty of Home Economics. They were
left for seven days as an adaptation period, and they were allowed to
feed on standard laboratory food and water. After the period of
adaptation, animals were divided into two main groups, as follows:
the first group (5 rats) was fed on basal diet and served as a negative
control group (-ve), the second group (25 rats) was divided as
follows: subgroup (1) positive control group was fed on basal diet
only. Subgroups (from 2 to 5) were fed on basal diet and
supplemented with 2.5, 5, 7.5 and 10% of dried ginkgo biloba,
respectively.

After four weeks from the start of the experiment, the second groups
from 2 to 5 were injected intraperitoneally with CCls 1mL/kg BW,
(1:1) mixture with corn oil for 3 days to induce liver toxicity.

At the end of the experimental period (4 weeks), rats were
fasted overnight before scarifying and blood samples were collected
from each rat and were centrifuged at 3000 rpm for 15 min to obtain
the serum for biochemical analysis.

Biological Evaluation: Feed intake (FI), body weight gain percent
(BWG%) and feed efficiency ratio (FER) were determined
according to Chapman et al., (1959) using the following equation:

Biochemical Analysis of Serum: Aspartate aminotransaminase
(AST) and Alanine aminotransaminases (ALT) were determined
according to the method described by Young, (2001), and Alkaline
phosphates (ALP) was determined according to Roy, (1970). Total
bilirubin, malondialdehyde (MDA) and glutathione peroxidase
(GPx) were determined according to Young, (2001); Draper and
Hadley, (1990) and Hissin and Hilf, (1970), respectively. Serum
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total cholesterol (TC), triglyceride (TG), high density lipoprotein
cholesterol (HDL-C) were determined according to Richmond,
(1973); Wahlefeld, (1974) and Albers et al., (1983), respectively.
Regarding serum low density lipoprotein cholesterol (LDL-C) and
very low-density lipoprotein cholesterol (VLDL-C) were calculated
according to Fridewald et al., (1972).

Statistical analysis: All data obtained results were analyzed using
Statistical Package for the Social Sciences (SPSS) for Windows,
version 20 (SPSS Inc., Chicago, IL, USA). The Analysis of
Variance (ANOVA) test was used for determining the significances
among different groups according to (Armitage and Berry, 1987).
All differences were considered significant if P-values were (P<
0.05).

RESULTS AND DISCUSSION

Results recorded in Table (1) showed that the final body
weight (FBW) of the positive control group had a significant
(p<0.05) decrease in FBW as compared to the negative control

group.

Regarding to (BWG), the obtained results showed that the
positive control group had a significant (p< 0.05) decrease in BWG
as compared to the negative control group, while supplemented
groups with ginkgo biloba leaf powder had a significant (p< 0.05)
increase in BGW as compared to the positive control.

Concerning (FI1), the results obtained showed that the positive
control group had a significant decrease (P< 0.05) compared to the
negative control group

The results obtained showed that the positive control group had
a significant (p< 0.05) decrease in (FER) as compared to the
negative control group In contrast, feeding rats on GBLP caused
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significant (p< 0.05) increase in FER as compared to the positive
control group.

The highest improvements for (IBW, FBW, FI, BGW and FER)
were observed at the group that fed on 10% of Ginkgo biloba leaf
powder .

The obtained results showed that the positive control group had
a significant (p< 0.05) decrease in liver weight (LW) as compared to
the negative control group, while liver weight increased in groups
treated with ginkgo biloba powde

Table (1): The effect of supplemented diet with ginkgo
biloba leaves powder on body weight status and relative
liver weight in rats with liver toxicity.

crowgs | VW | FEW | R LRG| g || weign
% G
Control (-Ve) 185.40+1.72a | 239.20+1.88a 16 53.80£0.58a |29.02+0.93a | 0.080+0.001a | 7.23+0.26a
Control (+Ve) | 185.80+1.49a | 200.60+1.92d 10 14.800.11e | 7.98+0.65e | 0.035+0.002d | 3.28+0.07d
2.59 GBLP | 187.40+1.01a | 205.20#1.35cd | 11 | 17.80+0.37de | 9.49+0.16de | 0.038+0.001d | 4.830.24c
5% GBLP 186.20+1.11a | 208.00+1.73cd 12 21.80+0.86d |11.70+0.43d | 0.043+0.001cd | 5.57+0.44bc
7.5% GBLP | 185.20+1.18a | 212.40+2.01c | 125 | 27.20+0.97¢ |14.67+0.51c | 0.051+0.001bc | 6.27+0.11ab
10% GBLP | 186.20+1.86a | 221.00+1.04b 14 34.81+0.96b | 18.96+0.55b | 0.059+0.001b | 6.84+0.13a

Results are expressed as means * SD;

values at same column sharing the same superscript letters are not
significantly different (P< 0.05)

Kim and Go, ( 2024) showed that some compounds which found in
Ginkgo biloba have a promising impact on lipid metabolism,
suggesting their significance in addressing obesity-related metabolic
disorders. G. biloba seeds contain high levels of vitamin C, carbohy-
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drates, riboflavin, proteins, and various other nutrients (Youdim
and Joseph ., 2001).

Our results showed that the positive control group had a
significant decrease in FER, FI, FBW, BWG, BWG% and Liver
weight as compared to the negative control group. These findings
were consistent with Chang et al. ., (2007).

The dried leaves of Ginkgo biloba, contain flavonoids, terpene
lactones, polyphenols, polysaccharides, and other compositions with
a variety of biological functions, such as improving growth
performance, nutrient digestibility, and antioxidant activities of
animals (Van and Montoro, 2009 ).

Results illustrated in Table (2) liver enzymes were
significantly (P< 0.05) elevated by CCls injection of the positive
control group as compared with the negative control group. Whilst
treating rats with (2.5%, 5% , 7.5% and 10%) of GBLP caused
significant (P<0.05) reductions in the serum of AST, ALT and
ALP and total bilirubin levels, compared to untreated liver toxicity
rats. However, there are no changes in serum ALT, ALP, or total
bilirubin between the groups fed on 2.5 and 5% of Ginkgo biloba
leaf powder.. Also, there are no changes in serum ALT, or total
bilirubin between the groups fed on 5 and 7.5% of Ginkgo biloba
Leaf Powder. The highest improvement in liver functions was
observed by the group that fed on 10% of GBLP. There were
significant differences for serum AST among the treated rats.
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Table (2): The Effect of Supplemented Diet with Ginkgo biloba
leaves Powder on Serum Liver Function Enzymes in Rats with

Liver Toxicity.

arameters AST ALT ALP Biﬁ?fﬁ‘)'in
Groups p/L p/L mg/dL mg/dL
Control (-Ve) 21.22+0167 | 3533:043°¢ | 10528+1.48° | 0.51£0.06°
Control (+Ve) 47.78+020° | 7543%055% | 169.18+125° | 0.97%0.01°
2.5% GBLP 41.38:042° | 71.63t034° | 16519+1.02® | 0.85%0.08 ®
506 GBLP 38.38£031° | 69.31£050% | 162.98+1.89° | 0.80£0.06®
7.5% GBLP 34.08:0249 | 67.312054° | 153.79+1.38° | 0.7320.09 ®
10% GBLP 30.78:040° | 63.93:0579 | 146.18+1.319 | 0.62+0.05°

*Results are expressed as means = SD;
* Values at same column sharing the same; superscript letters are not
significantly different (P< 0.05).

The obtained results are in the same line with Arab-Nozari et
al ., (2020) who demonstrated that G.B treatment led to decreasing
the serum levels of ALP, AST and ALT enzymes, which can
represent the ameliorative effects of this extract against liver
structure damage. Abdul-Hamid et al ., (2018) demonstrated that
supplementing with grape seed or Ginkgo biloba significantly
reduced blood ALT and AST levels after 8 weeks, demonstrating an
Improvement in enzyme function. The variations in the liver
enzymes' activity were improved by ginkgo biloba. The results by
Yang et al ., (2011) indicated that Ginkgo Biloba Powder was able
to suppress the hepatotoxicity of CCIl4 and the hepatoprotective
effect was comparable to the conventionally reputed essential.

Ginkgo biloba has hepatic protective action on the liver and
antioxidant defense properties. The leaf extract of G. biloba consists
mainly of terpenoids and glycosides that have antioxidant potency
(Raafat et al., 2013). The combination of ginkgo biloba and
bezafibrate significantly decreased AST, ALP, AST/ALT ratio,
albumin/globulin ratio, and IL-6 with significant elevations of
catalase, and GSH. The combination group produced
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more hepatoprotection. This could be attributed to the additive anti-
inflammatory and antioxidant effects of the combination (Zhwan et
al., 2023).

There was a significant decrease in serum SOD, GPX and
CAT of the positive control group as compared to the negative
control group as seen in Table (3). There was a significant increase
in malondialdehyde level of the positive control group as compared
to the negative control group. On the other hand, all groups fed on
Ginkgo biloba leaf powder had a significant increase in SOD, GPX
and CAT while all groups fed on Ginkgo biloba leaf powder had a
significant decrease in malondialdehyde level as compared to the
positive control group. There was a significant difference in the
level of MDA between the group fed on 2.5% and 5% GBLP, while
there were no significant changes in the mean of MAD observed
between the groups fed on 7.5 and 10 GBLP. Regarding the
antioxidant enzymes, it was seen that feeding rats with basal diet
supplemented with 2.5 or 5% of GBLP caused a significant increase
in in the level of SOD, GPX as well as between the groups fed on
7.5 and 10%. The highest increase in antioxidant biomarkers and the
lowest decrease in the oxidative biomarkers was observed at the
group fed on 10% GBLP.

Table (3): The Effect of Supplemented Diet with Ginkgo biloba
leaves Powder on antioxidant and oxidative biomarkers Levels
in Rats with Liver Toxicity.

Parameters MDA SOD CAT GPX

Groups ng/mL U/mL Pg/mL U/mL
Control (-Ve) 103.83+0.86° 1.77+0.05? 15.77+0.252 69.70+0.732
Control (+Ve) 273.98+0.542 0.54+0.01° 7.60+0.21¢ 47.95+0.51¢
2.5% GBLP 241.81+0.48° 0.61+0.02¢ 8.16+0.27¢ 52.87+0.49¢
5% GBLP 224.41+0.60° 0.68+0.01°¢ 9.75+0.19° 56.89+0.93°¢
7.5% GBLP 212.64+0.47¢ 0.70£0.04°¢ 10.96+0.46° 59.13+0.22°¢
10% GBLP 206.19+0.67¢ 0.97+0.08° 13.04+0.25° 63.24+0.55°

Results are expressed as means = SD;
values at same column sharing the same; superscript letters are not significantly
different (P< 0.05).
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Pretreatment with Ginkgo biloba leaf as well as silymarin
prevented the decrease due to CCls and restored the GSH levels to
almost normal. Both Ginkgo biloba leaf and silymarin elevated the
SOD levels markedly. The CAT activity of liver homogenate in the
CCls-treated group was measured to be lower in the normal group.
Liver CAT activities in Ginkgo biloba leaves and silymarin were
higher than those in the CCls toxicant group. Liver GPX activity in
theCCl4 group showed a decline as compared withnormal animals.
Ginkgo biloba leaf treatment elevated GPX levels (Naik and Panda
2007) .

GbE has been used to improve blood circulation without ill
effects for centuries in traditional Chinese medicine. GbE contains
two groups of major components: flavonoid glycosides and
terpenoids. GbE has the property of inactivating oxoferryl radical
species, which are more efficient oxidative agents than classical
hydroxyl radicals (Schindowski et al., 2001). Ginkgo biloba partly
promotes anti-oxidative effects by inducing Keapl-Nrf2signaling
(which is the major regulator of the cytoprotective Personal non-
commercial use only (Liu et al., 2007).

The obtained results agreed with Khattab , (2012) observed
that the levels of MDA in the rats' liver tissue were substantially
higher in the CCls-intoxicated group than in the control group,
according to the results. However, pretreatment of rats with GbE
exhibited improvement in hepatic MDA content, as the value of
MDA showed much lower as compared to the CCI4 group.
Superoxide dismutase has been reported as one of the most
important enzymes in the enzymatic antioxidant defense system. It
scavenges superoxide anion to form H,0O,, hence diminishing the

toxic effects caused by this free radical (Parimoo et al ., 2014 )

Administration of G. biloba leaves extract reduced the extent
and development of fibrous septa, liver cells change, and
biochemical alterations in mice exposed to thioacetamide (TAA).
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This study showed that G. biloba leaves extract has a potential
activity against TAA-induced liver fibrosis and suggested that the
chemical constituents of G. biloba are effective in modulation of
oxidative stress induced by TAA ( Al-attar, 2012)

The effect of a supplemented diet with ginkgo biloba leaf powder on
the lipid of hepatotoxic rats was revealed in Table (4). Serum TC,
TG, LDL-C and VLDL-C were significantly increased in the
positive control group compared with the negative control group.
Results also illustrated that all groups that were supplemented with
Ginkgo biloba leaves powder decreased significantly (P< 0.05) in
serum TC, TG and VLDL-C and LDL-C levels compared to the
positive control group, Regarding serum HDL-C level, results
showed a significant (P< 0.05) decrease in serum HDL-C level of
the positive control group compared to the negative control group.
There was a significant change in serum HDL-C level for all
supplemented groups with Ginkgo biloba leaves powder compared
to negative control groups. The highest improvement for the lipid
profile was observed at the group that fed on 10 % of Ginkgo biloba
leaves powder

Results of lipid profile were in the same line as Tabrizi et al
., (2021) demonstrated that GKB administration has been shown to
regulate lipid levels mainly by inhibiting adipogenesis and
stimulating lipolysis in animal models. also it is likely that the
flavonoids in GKB contribute to this beneficial effect by inhibiting
HMG-CoA reductase activity as well as modulating hepatocytes
gene expression involved in cholesterol metabolism, Saadallah et
al ., (2018) The use of Ginkgo biloba resulted in significant
reduction in cholesterol and triglycerides levels, non-significant
reduction in LDL-cholesterol. The level of VLDL, which is
proportional to triglycerides was also reduced significantly, Das et
al ., (2022) showed that In vitro studies have shown that G. biloba
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seeds can impact the synthesis of apolipoprotein B and LDL
receptor, modulating the blood cholesterol level of the liver. In vivo,
Hussein et al ., ( 2017) reported that GB treatment significantly
reduced plasma TG and cholesterol levels while increasing HDL-C
levels.

Table (4) : The Effect of Supplemented Diet with Ginkgo biloba
leaves Powder on lipid profile of Hepatotoxic Rats .

ameters TC TG HDL LDL VLDL
Groups mg/dl mg/dl mg/dl mg/dl mg/dl
Control (-Ve) | 153.20+1.73¢ | 82.85+0.37¢ | 38.54+0.81% | 98.09+0.41" | 16.57+0.07¢
Control (+Ve) | 178.21+1.43* | 125.46+0.69* | 24.3240.31° | 128.80+0.67* | 25.09+0.13%

2.5% GBLP 169.33+1.35" | 122.38+0.95% | 25.93+0.22% | 119.36+0.57" | 24.47+0.39
5% GBLP 166.47+1.74" | 114.22+0.52° | 27.84+0.54%¢ | 115.78+0.39° | 22.84+0.10°
7.5% GBLP 162.88+1.38° | 108.60+0.59° | 29.23+0.23° | 111.92+0.36¢ | 21.72+0.11°
10% GBLP 154.13+1.42% | 96.86+0.75 | 32.77+0.54° | 101.98+0.41° | 19.37+0.21¢

Results are expressed as means + SD;

values at same column sharing the same; superscript letters are not significantly
different (P< 0.05).

Finally, it was observed that the existing study illustrated that
Ginkgo biloba leaves at the four tested levels could significantly
improve (P<0.05) the liver functions, lipid profile, increasing the
activity of antioxidant enzymes and lowering the oxidative stress by
eliminating the deleterious toxic effect of Ccl4, especially with the
higher levels of Ginkgo biloba. The findings indicated that ginkgo
leaves may have a protective effect role on the oxidative stress in
rats with induced liver toxicity.
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