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Objective: Citrus peel, a waste product of citrus consumption and processing, is rich in
flavonoids. This study aimed to study the protective effect of flavonoid extract from the
peel of gonggan (Citrus reticulata Blanco var. gonggan) on acute chemical liver injury.
Materials and Methods: We established a chemical liver injury model induced by carbon
tetrachloride (CCly) in mice. The flavonoid composition in gonggan (Citrus reticulata Blanco
var. gonggan) peel was detected by HPLC. The histopathological sections of liver, related
biochemical indicators in serum and liver, and related genes were examined to evaluate the
protective effect of gonggan peel flavonoid extract (GPFE).

Results: The results showed that GPFE contained narirutin, hesperidin, nobiletin, tangeretin,
and 5-demethylnobiletin. After 14 days of intragastric administration of GPFE, the result
showed GPFE could reduce the increase in liver index, serum alanine aminotransferase
(ALT), and aspartate transaminase (AST) levels caused by CCl,. At the same time, patho-
logical sections of liver confirmed that GPFE alleviated the damage to liver tissue. Moreover,
biochemical indicator results showed that GPFE increased the activities of superoxide
dismutase (SOD) and catalase (CAT) in liver tissue and reduced the content of malondialde-
hyde (MDA). Also, it reduced the levels of inflammation factors: tumor necrosis factor-o
(TNF-a), interferon-y (IFN-y), interleukin (IL)-1B, and IL-6. In addition, q-PCR results
showed that GPFE upregulated mRNA expression levels of nuclear factor erythroid 2-related
factor 2 (Nrf2), copper/zinc superoxide dismutase (SOD/), manganese superoxide dismutase
(SOD2), glutathione peroxidase (GSH-Px), y-glutamylcysteine synthetase (y-GCS), CAT, and
downregulated /L-6 and TNF-a mRNA expression levels. The mechanism of GPFE may be
related to the inhibition of oxidative stress and inflammation.

Conclusion: The experiment indicates GPFE has a good protective effect on acute chemical
liver injury in mice induced by CCly via antioxidant and anti-inflammatory pathways.
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Introductions

Chemical liver injury is caused by alcohol, chemical toxic substances, drugs, and other
hepatotoxic substances. It is a precursor of liver disease, and further development could
cause different degrees of hepatocyte necrosis, fatty degeneration, hepatocirrhosis, liver
cancer, and other serious liver diseases. It is one of the most common types of liver injury
in clinical practice.'” Acute liver injury has the characteristics of high morbidity and
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mortality, which is increasing in recent years.® Current studies
indicated that the pathogenesis of liver injury mainly involves
oxidative stress, mitochondrial damage, inflammation,
immune regulation, and cell apoptosis, etc.* ® The occurrence
of liver injury usually involves the participation of multiple
mechanisms. Therefore, it is of great significance to study the
prevention and treatment of acute liver injury.

Flavonoids are common components of natural products
and have various physiological activities.” Natural flavonoids
have become important effective components of anti-
chemical liver injury. Studies have shown that total flavonoid
extracts and monomeric compounds have good anti-
chemical liver injury activity.*'© The mechanisms are
related to the inhibition of oxidative stress, inflammation,
hepatocyte apoptosis, and other methods of exerting hepato-
protective effects. Citrus flavonoids are one of the main
sources of dietary flavonoids and have many biological
activities. Studies about the effects of citrus on liver injury
are concentrated on the monomer of citrus flavonoids and
citrus extract. The extracts of Citrus aurantium L., Citrus
depressa, Citrus aurantium, natsumikan (Citrus natsudaidai)
and shekwasha (Citrus depressa) have certain protective
effect on liver injury, and the liver injury model is established
by acetaminophen, alcohol, or D-galactose.'' ' Nobiletin, as
a monomer of citrus flavonoids, had protective effect on
lipopolysaccharide/D-galactosamine-induced liver injury.'®
Naringin and hesperidin could inhibit liver injury induced by
CCl,."” The CCly-induced liver injury is a typical liver injury
model, and its pathophysiology is like the pathogenesis of
human liver.'® The research on the effect of citrus extract on
liver damage caused by CCly is few. Citrus peel, a waste
product of citrus consumption and processing, is a more
convenient source compared with the monomer. Therefore,
the study of functional components from citrus peel on liver
injury induced by CCl, could can not only enrich related
research but also make full use of the by-products of citrus
processing and improve the added value of citrus products.'

In this study, the mouse model of acute liver injury
induced by CCl; was used. The pathological sections,
serum, and liver biochemical indicators were analyzed,
and the q-PCR results of related genes were explored to
evaluate the protective effect and possible mechanism of
gonggan peel flavonoid extract (GPFE) on acute liver
injury in mice. This study would provide the experimental
basis for the development of citrus peel and the research of
protecting chemical liver injury.

Materials and Methods
Preparation of GPFE

The peel of gonggan (Citrus reticulata Blanco var. gong-
gan from Yulin City, Guangxi Zhuang Autonomous
Region, China) was freeze-dried and ground into
a powder. A solution of citrus peel powder (100 mg) and
80% ethanol solution with a liquid-to-material ratio of
20:1 was heated at 80°C for 4 h.>*?' To purify the crude
extract, AB-8 macroreticular resin (Beijing Solarbio
Science & Technology Co., Ltd., Beijing, China) was
used with a 90% ethanol eluent. When the eluent became
colorless, the separation was stopped and the eluates were
combined, and evaporated under reduced pressure. The
residue was freeze-dried and then ground into powder to
be used as the source of GPFE. The total flavonoids of
GPFE were obtained by detecting the absorbance at the
wavelength of 500nm (Evolution 300 ultraviolet spectro-
photometer, Thermo Fisher Scientific, Inc., Waltham, MA,

USA) with rutin as standard substance.

Determination of GPFE Composition

Two milligrams each of narirutin, hesperidin, nobiletin,
tangeretin, and S5-demethylnobiletin (Shanghai Yuanye
Biological Technology Co., Ltd., China) were dissolved
in methanol (2 mL, HPLC grade) separately to afford the
standard solutions.

A liquid chromatography system (UltiMate3000 HPLC
System, Thermo Fisher Scientific, Waltham, MA, USA)
with a Welch C18 column (4.6 x 250 mm long, 5 um) was
employed. The mobile phase A was acetonitrile (HPLC
grade) and mobile phase B was 0.5% glacial acetic acid
aqueous solution. The mobile phase gradient was: 0
min, 12% A; 0~20 min, 25% A; 20~35 min, 45% A;
35~40 min, 100% A. The flow rate was 1.0 mL/min and
column temperature was 35°C. After 10 pL test solution
was injected, the chromatographic peak area was obtained
at detection wavelength of 285 nm.*> The compounds in
GPFE were analyzed according the chromatographic peak
area of standard substance.

Animal Models and Treatment

Fifty specific pathogen-free (SPF) Kunming mice aged six
weeks (20 = 2g, male) were housed at room temperature
22+ 2°C, 55+ 5% humidity with 12 h light-dark cycle
conditions. After one week of adaptive feeding, the mice
were randomly divided into normal group, model group,
silymarin group, low concentration GPFE extract group
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(GPFE-L group), and high concentration GPFE extract
group (GPFE-H group). All mice were free to eat and
drink. At the same time, the mice in silymarin group
were given intragastric administration of 200 mg/kg sily-
marin; the mice in GPFE-L group and GPFE-H group
were given intragastric administration of 150 mg/kg and
300 mg/kg GPFE separately. After 2 weeks, all mice,
except the normal group, were peritoneally injected with
0.8% CCly/olive oil mixture and the induction dose was
10 mL/kg.>*** After fasting for 16 hours, the blood was
taken from the orbit and quickly put at 4°C for 0.5 h,
followed by centrifugated at 4000 rpm/min for 10 min.*>**
After the mice were sacrificed by severed neck, the liver
was removed immediately and washed in normal saline.
The serum and liver were stored at —80°C for further
testing. Additionally, the formula: Liver index (%) =
organ weight (g)/body weight of mice (g) x100% was
used to calculate the liver index.”’

Histological Analysis of the Liver Tissues
The liver tissues (~0.5 cm?) were fixed in 10% formalin
solution for 48 h and then embedded in paraffin. The
tissues were sectioned and stained with hematoxylin and
eosin to observe the pathological changes of liver tissue in
each group by an optical microscope (BX43, Olympus,
Tokyo, Japan).

Determination of SOD, CAT, and MDA

Levels in Liver Tissues

Liver tissue (100 mg) was ground in 900 uL saline solu-
tion in ice bath, and then the homogenate was centrifu-
gated at 10,000 rpm for 15 min at 4°C to obtain the test
supernatant. The SOD, CAT, and MDA levels in liver
tissue were detected by using the kit (Nanjing Jiancheng
Bioengineering Institute, Nanjing, Jiangsu, China).

The method of determining SOD is as follows.
According to the kit instruction, the distilled water (20
pL) in blank experiment and supernatant of tissue homo-
genate (20 pL) in test experiment were added with the
enzyme working solution (20 pL) or enzyme diluent (20
pL) as required. All samples were added with applied
solution (200 pL). After mixing, the solution was incu-
bated at 37°C for 20 minutes, and the absorbance was
measured at 450 nm with Varioskan LUX Multimode
Microplate Reader Fluoroskan (Thermo Fisher Scientific,
Waltham, MA, USA).

The method of determining MDA is as follows. The
reagents provided in the kit were used to prepare reagent
1, reagent 2, reagent 3, and standard solution. Ethanol
(0.1 mL), standard solution (0.1 mL) and supernatant of
tissue homogenate (0.1 mL) were added separately to
different centrifuge tubes, followed by the addition of
reagent 1(0.1 mL), reagent 2 (3 mL), and reagent 3 or
50% glacial acetic acid (1 mL) according to the instruc-
tion. Then, the mixing solution was heated at 95°C for 40
minutes, and the absorbance of the supernatant was mea-
sured at 532 nm after centrifugation. The MDA content
was calculated according to the formula.

The method of determining CAT is as follows. The
solution of reagent 1 (1 mL) and reagent 2 (0.1 mL)
provided in the kit was mixed, then supernatant of tissue
homogenate (0.05 mL) was added in test experiment, but
not in blank experiment. The solution was reacted at 37°C
for 1 minute. After adding reagent 3 (I mL) and 4
(0.1 mL) in both test and blank experiment, only the
blank group was added with supernatant of tissue homo-
genate (0.05 mL). The absorbance of the solution was
measured at 405 nm.

Determination of ALT, AST, TNF-a, IFN-
v, IL-1B and IL-6 in Serum

After the serum thawed, the determination of ALT, AST,
TNF-a, [FN-y, IL-1pB, and IL-6 levels in serum were carried
out by using the corresponding enzyme kit (Nanjing
Jiancheng Bioengineering Institute, Nanjing, Jiangsu, China).

The method of determining ALT and AST is as fol-
lows. In the test experiment, 5 pL serum was added to
matrix fluid (20 pL). In the blank experiment, matrix fluid
(20 pL) without serum was present. Subsequently, the
solution was heated at 37°C for 30 minutes, followed by
the addition of 2,4-dinitrophenylhydrazine (20 puL). Then,
serum (5 plL) was added only in the blank experiment.
After the mixture was heated at 37°C for 20 minutes, 0.4
mol/L NaOH solution (200 pL) was added in two experi-
ments. The absorbance of the solution at 510 nm was
determined.

The method of determining inflammatory cytokines is as
follows. Serum samples (10 pL) and diluents (40 pL) are
added to the ELISA plate, followed by the conjugate reagent
(100 pL). After incubating at 37°C for 60 minutes, the solu-
tion was discarded and ELISA plate was washed 5 times with
the washing solution. Then, the ELISA plate was added with
the chromogenic reagent and left in the dark at 37°C for 15
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minutes. After termination reaction with stop solution, the
absorbance of sample was measured at 450 nm to calculate
the concentration of cytokine according to the standard curve.

Reverse Transcriptase Quantitative
Polymerase Chain Reaction Assay

After liver tissue (100 mg) was ground in 1 mL of Trizol
(Invitrogen, Carlsbad, CA, USA), 200 pL chloroform
was added to the homogenate and allowed to stand at
0°C for 5 minutes. After centrifuging the homogenate at
14,000 rpm/min for 15 min, the supernatant was sepa-
rated, and equal volumes of isopropanol was added. The
mixed solution was allowed to stand on ice for 15 min-
utes, then centrifuged at 14,000 rpm/min for 20 min.
After discarding the supernatant, 500 puL ethanol/DEPC
water (volume ratio 3:1) was used to wash the precipi-
tate. The solution was centrifuged and the precipitate was
dissolved in 20 pL DEPC water. The RNA concentration
of the
microspectrophotometer

sample was measured using an ultra-
(Nano-100, All for Life
Science, Hangzhou, Zhejiang, China). The reverse tran-
scription kit (Tiangen Biotech Co., Ltd., Beijing, China)
and 1 pL diluted total RNA (1 pg/uL) were used to
synthesize a cDNA template. The q-PCR reaction system
consists of SYBR Green PCR Master Mix (10 uL), the
cDNA template (1 pL), and the upstream and down-
stream primers (Tables 1, 1 pL). The reaction was per-
formed as follows (StepOnePlus Real-Time PCR System;
Thermo Fisher Scientific): 95°C for 90 s, 40 cycles of
95°C for 30 s, 60°C for 30 s, 72°C for 30 s, then 95°C for
30 s, and 55°C for 35 s. The 27**“" method with glycer-
(GAPDH) as

housekeeping genes was selected to calculate relative

aldehyde-3-phosphate  dehydrogenase

gene expression.

Statistical Analysis

The experimental data were analyzed with SPSS 17.0
(SPSS Inc., Chicago, IL, USA) and GraphPad Prism 7
statistical software (Graph Pad Software Inc., La Jolla,
CA, USA). The results are expressed as mean + standard
deviation. Comparisons among groups were made by one-
way analysis of variance followed by Tukey’s test. It
indicated that the difference was statistically significant
when P < 0.05.

Table | Sequences of Primers Used in This Study

Gene Name Sequence
soDI Forward: 5'-AACCAGTTGTGTTGTCAGGAC-3'
Reverse: 5'-CCACCATGTTTCTTAGAGTGAGG-3'
SOD2 Forward: 5-CAGACCTGCCTTACGACTATGG-3'
Reverse: 5'-CTCGGTGGCGTTGAGATTGTT-3'
CAT Forward: 5-AGCGACCAGATGAAGCAGTG-3'
Reverse: 5'-TCCGCTCTCTGTCAAAGTGTG-3'
y-GCS Forward: 5-CTTCCCTCCCTTCGGATCG-3'
Reverse: 5'-GTCCACAGAGATGCAGTGAAA-3'
GSH-Px Forward: 5-AATGTCGCGTCTCTCTGAGG-3'
Reverse: 5'-TCCGAACTGATTGCACGGG-3'
Nrf2 Forward: 5-CTGAACTCCTGGACGGGACTA-3'
Reverse: 5'-CGGTGGGTCTCCGTAAATGG-3'
IL-6 Forward: 5-CTGCAAGAGACTTCCATCCAG-3'
Reverse: 5-AGTGGTATAGACAGGTCTGTTGG-3'
TNF-a Forward: 5-GAGGCCAAGCCCTGGTATG-3'
Reverse: 5'-CGGGCCGATTGATCTCAGC-3'
GAPDH Forward: 5-TGGCCTTCCGTGTTCCTAC-3'
Reverse: 5'-GAGTTGCTGTTGAAGTCGCA-3'

Abbreviations: SOD/, copper/zinc superoxide dismutase; SOD2, manganese
superoxide dismutase; CAT, catalase; y-GCS, y-glutamylcysteine synthetase; GSH-
Px, glutathione peroxidase; Nrf2, nuclear factor erythroid 2-related factor 2; IL-6,
interleukin- 6; TNF-0, tumor necrosis factor-o; GAPDH, glyceraldehyde-3-phos-
phate dehydrogenase.

Results

Composition Analysis of GPFE Extract
The total flavonoids in GPFE were 20.3% with rutin as
reference substance. The kind and content of flavonoid in
GPFE were analyzed by HPLC (Figure 1). The HPLC
results were represented as follows: narirutin (10 mg/g),
hesperidin (84.9 mg/g), nobiletin (27.3mg/g), tangeretin
(28.3 mg/g), 5-demethylnobiletin (8.4 mg/g).

Histopathological Examination of Liver

Tissue

In Figure 2, hepatocytes of the normal group were intact
and clear, and arranged radially in the center of the central
vein. The hepatocyte in the model group had irregular
arrangement accompanied by cellular steatosis and necro-
sis. Compared with the model group, hepatocyte’s arrange-
ment in treatment group was basically orderly and the cell
structure is relatively clear with few fat vacuoles. The
histopathological results showed that the silymarin,
GPFE could alleviate liver injury induced by CCl, at
different degrees, and the effect of high-dose-GPFE was

better than that of low-dose-GPFE.
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Figure | Flavonoids in GPFE. The detection wavelength is 285 nm. (A) standard chromatograms; (B) flavonoids constituents of GPFE: I. narirutin, 2. hesperidin, 3. nobiletin,

4. tangeretin, 5. 5-demethylnobiletin.

Inhibition of Liver Injury in Mice

The organ index is one of the important indicators of biological
research, which reflects the degree of pathological swelling of
tissue cells.”® The liver index of mice in the model group was
significantly higher than that in normal group (Table 2, P <
0.05). After treatment, liver index of mice in the silymarin and
GPFE-H group compared with the model group was decreased
by 8.7% and 6.9%, respectively (P < 0.05), but there was no

significant difference between the treatment groups. AST and
ALT are the most sensitive indexes to detect liver function, and
their activity level reflects the degree of liver damage. An
increase of serum ALT and AST levels in model mice was
observed compared with normal mice (Table 2, P < 0.05). The
result showed that mouse serum ALT and AST levels were
decreased by silymarin and GPFE (P < 0.05). The reduction of
ALT level in silymarin, GPFE-H and GPFE-L group was 65%,
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Figure 2 Histopathological observation of liver tissues sections in mice of the different groups after staining with hematoxylin and eosin (H&E).

50% and 31%, respectively. And AST level in silymarin,
GPFE-H and GPFE-L group was decreased by 65%, 47%
and 33%, respectively. The high-dose GPFE had better perfor-
mance than low-dose in decreasing ALT and AST activities.

SOD, CAT, and MDA Levels in Liver

Tissues

In the model group, the result showed that CCl, decreased SOD
and CAT activities and elevated the MDA level in the liver
tissue (Table 3, P < 0.05). It indicated that CCl, caused the
body’s oxidation and anti-oxidation imbalance, and the ability
to clear free radicals is significantly decreased. In the treatment
group, the SOD and CAT activities were increased compared
with the model group (P < 0.05). The increase ratio of SOD was
113%, 123% and 91%, respectively, in the silymarin group,
GPFE-H group and GPFE-L group. And increase ratio of CAT
was 33%, 38%, 18%, respectively. However, MDA level was
decreased by 42%, 44%, and 25%, respectively, in the silymarin
group, GPFE-H group and GPFE-L group (P < 0.05). The
effect of high-dose GPFE was like that of silymarin.

Serum TNF-qa, IL-6, IL-183, and IFN-y

Levels in Mice
Table 4 reveals that the serum inflammatory cytokines TNF-
o, IFN-y, IL-1B, and IL-6 of the normal group were lowest

Table 2 The Liver Injury Degree in Mice

Group Liver Index (%) ALT (U/L) AST(UI/L)
Normal 4.07 £ 0.10° 34.1+7.4° 12.642.17
Model 5.02 + 0.29° 162.9+11.9° 40.2+2.6°
Silymarin 458 + 0.34° 57.5+10.8° 14.242.9*
GPFE-H 467 +0.18° 81.6+11.2¢ 21.2+2.2°
GPFE-L 4.88 +0.22° 112.1£7.9° 27.1+4.2¢

Notes: Values are presented as the mean * standard deviation (n = 8/group).
Silymarin, mice treated with 200 mg/kg silymarin; GPFE-H, mice treated with
300 mg/kg GPFE; GPFE-L, mice treated with 150 mg/kg GPFE. **Mean values
with different letters in the same column are significantly different (P < 0.05)
based on Tukey’s test.

Table 3 Liver Tissue Levels of ALT, AST, SOD, CAT and MDA in
Mice from Each Group

Group SoD (U/ CAT (U/ MDA (nmol/
mgprot) mgprot) mgprot)
Normal 650+26° 6.73+0.42* 0.88+0.112
Model 266+37° 4.39+0.47° 2.35+0.30°
Silymarin 567+40° 5.86+0.23¢ 1.3740.16¢
GPFE-H 5954+ | 5¢ 6.04+0.26° 1.31£0.19¢
GPFE-L 509+36¢ 5.160.44¢ 1.76%0.11¢

Notes: Values are presented as the mean * standard deviation (n = 8/group).
Silymarin, mice treated with 200 mg/kg silymarin; GPFE-H, mice treated with
300 mg/kg GPFE; GPFE-L, mice treated with 150 mg/kg GPFE. *“Mean values
with different letters in the same column are significantly different (P < 0.05)
based on Tukey’s test.
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(P < 0.05). Conversely, the inflammatory cytokine contents
in liver injury mice induced by CCl, were highest, indicating
that the mice were in an inflammatory state. After gavage
with GPFE and silymarin, a decrease of TNF-a, IFN-y, IL-
1B and IL-6 levels was detected compared with the model
group (P < 0.05). TNF-a level in the silymarin group,
GPFE-H group and GPFE-L group was decreased by 30%,
16% and 11%, respectively. The reduction of IFN-y level
was 31%, 31% and 24%, respectively. IL-1f level in the
silymarin group, GPFE-H group and GPFE-L group was
decreased by 24%, 34% and 19%, respectively. Similarly,
IL-6 level was reduced by 35%, 35%, and 32%, respectively.
The result indicated GPFE and silymarin efficiently alle-
viated the inflammatory response.

Nrf2, SODI, SOD2, GSH-Px, CAT, -
GCS, IL-6 and TNF-a mRNA Expression

Levels in Liver Tissue

To explore the possible mechanism of GPFE, the mRNA
expression of antioxidant-related genes was examined,
including Nrf2, SODI, SOD2, y-GCS, GSH-Px, and CAT.
Also, the inflammatory genes /L-6 and TNF-a were detected.
CCly suppressed the mRNA expression levels of Nrf2,
SOD1, SOD2, y-GCS, GSH-Px, and CAT, and enhanced the
mRNA expressions of /L-6 and TNF-a in liver injury mice
compared with the normal mice (P < 0.05, Figure 3). After
intervention with GPFE and silymarin, the mRNA expres-
sion of Nrf2, SODI1, SOD2, y-GCS, GSH-Px, and CAT were
upregulated, simultaneously /L-6 and TNF-oo mRNA expres-
sions were downregulated. GPFE had better effect than sily-
marin in improving the mRNA expression of SOD and CAT,
which was basically consistent with the previous experiment.

Discussion

Citrus flavonoids play a critical role in plant flavonoids. At
present, most of the flavonoids found in citrus exist in the
form of glycosides, mainly flavanones, flavones and

flavonols.'”?® The content and kind of flavonoids are
different in different varieties of citrus fruits. Flavanones
are the highest content of flavonoids in the citrus. The
common aglycones are hesperetin and naringenin, which
are mainly in the form of glycosides.'®*° The glycosides
could be divided into rutinoside and neohesperidoside.
Rutinoside  includes  hesperidin,  narirutin, and
didymin."”?° Neohesperidoside includes neohesperidin
and naringin.’® The common flavones include nobiletin,
tangeretin, luteolin, diosmetin and so on. The common
flavonols are quercetin, rutin, kaempferol and so on.
HPLC analysis of the components of GPFE included nar-
irutin, hesperidin, nobiletin, tangeretin and 5-demethylno-
biletin, which was consistent with common citrus
flavonoids. In the investigation of dietary flavonoid intake
and disease, it was found that people who consume about
500 mg of flavonoids a day have the low risk of cancer or
cardiovascular disease.”” Above the 500 mg, there are no
additional benefits. Based on this study, 500 mg was
selected as the reference value for the intake of flavonoids.
The total flavonoids in GPFE were 20.3%. For dose con-
version, the weight of adults is 70 kg and that of mice is
20g. The dose of GPFE in mice was about 300 mg/kg,
which was calculated by dose conversion and the flavo-
noids content in GPFE. Therefore, we finally chose the
high dose is 300 mg/kg and the low dose is 150 mg/kg.
CCly could be quickly absorbed by the liver after intake
and is metabolized by hepatic cytochrome P450 to generate
trichloromethyl radical (CCly-), trichloromethyl peroxide
(OOCCl;*), and a series of reactive oxygen species
(ROS), which cause serious damage to hepatocytes.”®*’
At the same time, CCly induce liver inflammation by acti-
vating Kupffer cells to release pro-inflammatory factors.
Under the combined action of lipid peroxidation and pro-
inflammatory factors, the hepatocyte becomes necrotic.*®>’
When the hepatocyte is damaged, ALT and AST, which are
mainly distributed in the liver, are released resulting in the
serum levels of those increasing. So, serum ALT and AST

Table 4 Serum Levels of TNF-q, IL-1p, IL-6, and IFN-y in Mice of Each Groups

Group IL-1p (pg/mL) IL-6 (pg/mL) TNF-0 (pg/mL) IFN-y (pg/mL)
Normal 47.3+3.7° 89.1+10.12 333+13° 426+16°
Model 79.642.6° 149.8+11.2° 531+34° 662+47°
Silymarin 60.6+2.6° 98.1+7.4 37314 459439
GPFE-H 52.8+4.3¢ 97.0+6.8 445+17¢ 459429
GPFE-L 64.5+2.8° 101.6+4.9 475£12° 505+32¢

Notes: Values are presented as the mean * standard deviation (n = 8/group). Silymarin, mice treated with 200 mg/kg silymarin; GPFE-H, mice treated with 300 mg/kg GPFE;

GPFE-L, mice treated with 150 mg/kg GPFE. *"°Mean values with different letters in the same column are significantly different (P < 0.05) based on Tukey’s test.
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Figure 3 mRNA expression levels of SOD 1, SOD2, CAT, y-GCS, GSH-Px, Nrf2, IL-6 and TNF-a in liver tissues of the different groups were investigated by qPCR. The data are
shown as mean + SD (n = 8). “°Mean values with different letters are significant difference (p < 0.05) according to analysis of variance.

levels are often used as liver function test indicators to
determine whether the liver is damaged.*® The experimental
results showed that GPFE significantly reduced the serum
ALT and AST levels in liver injury mice. Moreover, the
results of histologic sections and liver index showed that it
alleviated the degree of hepatocyte lesions.

Oxidative stress caused by free radicals is one of the
important mechanisms of liver damage induced by
CCL,.*%* MDA, as a product of lipid peroxidation,
destroys the membrane structure, causing swelling and
necrosis of hepatocytes.”’ SOD and CAT are important
antioxidant enzymes in the body. Superoxide radicals are
converted into hydrogen peroxide by SOD, and CAT
further degrades hydrogen peroxide into water.®' In this
study, the level of MDA in mice of the model group was
increased, and SOD and CAT activities were inhibited. The
pretreatment of GPFE could significantly inhibit MDA
content and enhance SOD and CAT activities, which indi-
cated that GPFE alleviated the oxidative stress in mice
with acute liver injury.

In CCly-induced liver injury, inflammation is another
important pathological mechanism. CCly-mediated oxida-
tive stress could activate inflammatory cells, causing them
to release excessive pro-inflammatory factors, such as
TNF-a and IL-6.>*>* TNF-a is an important inflammatory
cytokine that could activate neutrophils to release pro-
teases and oxygen-free radicals, causing hepatocyte apop-
tosis or necrosis.>* In the occurrence and development of
inflammation, IL-6 promotes the activation of lympho-
cytes, induces endothelial cells to produce chemokines,
and promotes the infiltration of inflammatory cells.* IL-
1B can not only cause severe inflammation by itself but
also induce the expression of inflammatory factors, to
participate in acute inflammation.*® IFN-y activates macro-
phages and promotes the secretion of IL-1, TNF-a, and IL-
6 to regulate inflammatory response.’’*® Experimental
results showed that GPFE effectively reduced TNF-a, IL-
6, IL-1B, and IFN-y levels in liver injury mice to inhibit

inflammation.
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The anti-inflammatory activity of citrus flavonoids is
closely related to its structure. Flavonoids with 3- or
4-hydroxy substituents on the B ring could be used as selec-
tive lipoxygenase inhibitors, while flavonoids with 5 or more
methoxy substituents have higher phosphodiesterase inhibi-
tory activity.”” Hesperidin achieves anti-inflammatory effect
by inhibiting the synthesis and biological activity of different
pro-inflammatory mediators such as arachidonic acid deriva-
tives, prostaglandin E2 and F2.** Hesperidin can be used as
a lead drug for highly specific anti-inflammatory drugs
against phospholipase A2 isoenzymes for clinical inflamma-
tion treatment.*’ Nobiletin inhibited lipopolysaccharide
(LPS)-induced TNF-a and IL-1p production in microglia
by NF-kB signal pathway.*> Three polymethoxyflavones
(nobiletin, tangeretin and 5-demethylnobiletin) offered the
collective effect on inhibiting the secretion of NO, TNF-q,
IL-1B and IL-6 induced by LPS, which possesses potent anti-
neuroinflammatory capacity.*> Subsequent studies found that
the mechanism of three polymethoxyflavones may be related
to the regulation of JAK2/STAT3 pathway.44

Numerous studies have shown that the Nrf2/ARE sig-
nal pathway has an important role in resisting oxidative
stress and inflammation. When the body experiences oxi-
dative stress under the influence of various factors, the
Nrf2 signaling pathway is activated, and then regulates
the downstream gene expression, including y-GCS, SOD,
CAT, GSH-Px.*® In addition, related literature reported that
the degree of liver injury is obviously severe, and related
inflammatory factors (IL-lo, TNF-0, IFN-y) are signifi-
cantly increased in liver fibrosis mice induced by CCly
with Nrf2 gene deletion.*® It suggested that Nrf2 signaling
pathway was closely related to the inflammatory response.
The experimental results showed that GPFE enhanced
Nrf2 mRNA expression level, then the mRNA expression
of SOD1, y-GCS, SOD2, CAT, and GSH-Px were upregu-
lated by Nrf2 pathway. Meanwhile, /L-6 and TNF-a
mRNA expressions were downregulated, indicating that
the GPFE could relieve liver injury induced by CCly via
inhibiting oxidative stress and inflammation. According to
previous reports, hesperidin activates the Keapl-Nrf2-
ARE signaling pathway to improve the antioxidant
capacity.*”*® At the same time, the extracts of nobiletin
and tangeretin could also protect liver injury caused by
alcohol through the Nrf2 pathway.'® The contents of these
flavonoids are high in GPFE, which is why GPFE may
protect the liver through the Nrf2 pathway.

Recently, research has found that dietary flavonoids have
a good ability to prevent and treat liver injury and its

complications. Narirutin fraction from citrus peels attenuates
liver injury induced by alcohol via protecting the antioxidant
system and inhibiting the production of pro-inflammatory
cytokines.” Hesperidin could regulate Nrf2, PPAR-y, and
TGF-B1/Smad3 signals to suppress oxidative stress and inflam-
mation, thereby protecting the occurrence of chemically
induced liver cancer.”® The phytochemicals nobiletin, tangere-
tin, and 5-demethylnobiletin are the representative polymethox-
yflavones found in citrus peels. Through activating the Nrf2
inhibiting NF-
«kB-mediated cytokine production, nobiletin exerts a protective

antioxidant pathway and subsequently
effect in LPS/GALN-induced acute liver injury.'® Tangeretin
attenuates oxidative damage in HepG2 cells induced by tert-
butyl hydroperoxide through the MAPK-Nrf2-ARE signaling
pathway to upregulate the antioxidant enzymes NQO1 and HO-
1" 5-Demethylnobiletin could effectively inhibit CCl,-
induced ROS production, cell proliferation, and inflammation
to relieve acute liver injury.”> The flavonoids contained in
GPFE, as active ingredients against liver injury, may work
synergistically with each other to offer strong positive effects
on acute liver injury.

Conclusion

In this study, we found that GPFE could effectively reduce
liver index, liver function-related index enzymes, and
inflammatory cytokines in mice with liver injury caused by
CCly. At the same time, it can effectively improve the
antioxidant capacityand improve the pathological state of
liver injury. The GPFE have a good protective effect on
the acute chemical liver injury caused by CCly. The
mechanism of GPFE may be associated with the inhibition
of oxidative stress and inflammation through the Nrf2
signaling pathway. This experiment provides research con-
siderations for the development of citrus peel and the basis
for developing health food to protect against chemical
liver injury. However, because citrus peel extract is used
in this study, the exact physiological effects of flavonoids
monomer and the in-depth mechanism of GPFE need to be
further studied.
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