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Abstract

Kalimeris indica (L.) Sch. Bip. is a traditional Chinese medicine (TCM) and a portion of
food used for cooking in China. It has been demonstrated that an ethanol extract of
K. indica has an anti-inflammatory effect by inhibition of nitric oxide (NO) produc-
tion on murine macrophage RAW264.7 cells after lipopolysaccharide (LPS) induc-
tion. In this study, the hepatoprotective effects of the total phenolics of K. indica
(TPK), the total triterpenes of K. indica (TTK), and the total flavones of K. indica (TFK)
from ethanol extracts of K. indica were evaluated in Bacille Calmette-Guerin (BCG)/
LPS-induced liver injury in vivo. The treatments of TPK, TTK, and TFK improved liver
injury in mice. Additionally, all treatments significantly not only reduced the hepatic
malondialdehyde (MDA) content and hepatic total nitric oxide synthase (tNOS) but
also induced the hepatic superoxide dismutase (SOD) and glutathione peroxidase
(GSH-Px) activity. The treatments of TPK and TTK significantly reduced the hepatic
inducible nitric oxide synthase (iINOS). The treatments of TPK, TTK, and TFK reduced
the serum total bilirubin (T-Bil), and only TFK treatment reduced the serum alanine
aminotransferase (ALT). Our results suggest that TPK, TTK, and TFK from ethanol
extracts of K. indica might play an essential protective role against BCG/LPS-induced

liver injury in vivo.
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1 | INTRODUCTION
Liver injury is a widespread disease throughout the world and usu-
ally results from a viral infection, metabolic disorders, chemistry
compound, drugs, and/or alcohol (Asrani, Devarbhavi, Eaton, &
Kamath, 2019; Cheng et al., 2016). The hepatocyte injury even-
tually leads to liver fibrosis and cirrhosis (Kourkoumpetis & Sood,
2019; Osna, Donohue, & Kharbanda, 2017). The pathogenesis of
hepatic injury is associated with oxidative stress and inflamma-
tory reaction (de Andrade et al., 2015). The liver injury models are
known to study the hepatoprotective effects and the underlying
molecular mechanisms of new drugs (Kourkoumpetis & Sood,
2019; Yan, Huo, Yin, & Hu, 2018). The Bacille Calmette-Guerin
(BCG)/lipopolysaccharide (LPS) method to establish the hepatic
injury model in vivo is first reported in 1981 (Ferluga, 1981). BCG/
LPS-induced liver injury in mice is as immune-mediated chronic
hepatitis to further investigate the hepatoprotective actions
(Wang et al., 2004). BCG has been reported to induce mononuclear
cell infiltration into liver lobules and granuloma formation (Coash,
Forouhar, Wu, & Wu, 2012; Ufimtseva, 2013). LPS can cause acute
hepatic injury by release of reactive oxygen species (ROS), nitric
oxide (NO), glutathione (GSH), and interleukin (IL)-6, IL-1p, inter-
feron (IFN)-y, and tumor necrosis factor (TNF)-a (Barboza, da Silva
Maia Bezerra Filho, Silva, Medeiros, & de Sousa, 2018; Pan, Long,
Yi, & Zhao, 2018). The previous studies have demonstrated that
the contents of alanine aminotransferase (ALT), alkaline phospha-
tase (ALP), TNF-a, and INF-y in the serum and malondialdehyde
(MDA) in liver homogenate were increased in the BCG/LPS-in-
duced liver injury mice; the activities of superoxide dismutase
(SOD) and glutathione peroxidase (GSH-Px) in liver homogenate
were decreased. The serious pathological change in liver occurs in
the liver of mice with BCG/LPS-induced liver injury as compared
to normal mice (Jiang et al., 2018; Wang et al., 2004).

Kalimeris indica (L.) Sch. Bip., an agricultural product, belongs to
the family Asteraceae (Compositae) and is found in the eastern Asian

countries of China, Taiwan, Korea, and Japan, and in America (Wang
etal., 2015, 2017). Kalimeris indica is also named Ma Lan, Ji Er Chang,
and Tian Bian Ju (Wang et al., 2017). The plant of K. indica has been
used in traditional Chinese medicine (TCM) and as food for cooking
(Wang et al., 2015, 2010). The major clinical applications of K. in-
dica include the treatments of the acute gastric abscess, acute or-
chitis, blood vomiting, conjunctivitis, cold, diarrhea, and gastric ulcer
(Wang et al., 2015, 2010, 2017). Chemical investigations of K. indica
have been found to exert the sixty compounds or phytochemicals,
including flavonoids, triterpenes, phenolics, and polysaccharides.
(Wang et al., 2017).

Our previous study has shown the hepatoprotective effects of
K. indica on carbon tetrachloride (CCl,)-induced acute liver injury
in primary cultured hepatocytes (Wang et al., 2010). However, the
hepatoprotective effects of the ethanol extracts from K. indica
on BCG/LPS-induced liver injury of mice are still unclear. In this
study, the underlying hepatoprotective effects were investigated
to find the total phenolics of K. indica (TPK), the total triterpenes
of K. indica (TTK), and the total flavones of K. indica (TFK) from
ethanol extracts of K. indica in BCG/LPS-induced liver injury mice

model in vivo.

2 | MATERIALS AND METHODS

2.1 | Chemicals and reagents

TNF-a, INF-y, IL-4, and LPS were purchased from Sigma-Aldrich
(Merck KGaA). BCG vaccine was purchased from Shanghai Ruichu
Biotech Co., Ltd.. NO, ALT, AST, total bilirubin (T-Bil), ALP, MDA,
SOD, total nitric oxide synthase (tNOS), inducible nitric oxide syn-
thase (iNOS), and GSH-Px kits were purchased from the Nanjing
Jiancheng Bioengineering Institute. Sodium carboxymethyl cellulose
(CMC-Na)was purchased from Sinopharm Chemical Reagent Co. Ltd..
Bifendate pills were purchased from Wanbang Biopharmaceuticals
Co. Ltd.
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2.2 | Plant materials

The K. indica herbs were collected in August 2015 in Hefei, China,
and identified by Professor Cheng-Wu Fang (Anhui University of
Chinese Medicine). A voucher specimen (No. KI-201501) has been
deposited in Anhui University of Chinese Medicine. The whole plant

of K. indica is as shown in Figure 1.

2.3 | Preparation of crude extracts of
Kalimeris indica

The air-dried herbs of K. indica (500 g) were treated with 40% ethanol
concentration (16.5:1) three times for 2 hr each time. The extracts
were evaporated under reduced pressure. The flow rate of purifica-
tion concentration by macroporous resin (HDP-300) was 0.1 g/ml,
and the sampling mount was 2 ml/min. The concentration and vol-
ume of elution ethanol were 90% and 2 bed volume (BV). The total
flavones of K. indica (TFK) yielded 21.69 g. With rutin as the reference
substance, the content of TFK was 56.29%. The air-dried herbs of
K. indica (500 g) were crushed and extracted four times with 40%
ethanol (1:18) for 1 hr each time. The extracts were evaporated under
reduced pressure. The flow rate of purification concentration by ma-
croporous resin (HDP-500) was 0.02 g/ml, and the sampling mount
was 2 ml/min. The concentration and volume of elution ethanol were
70% and 2 BV. The total triterpenes of K. indica (TTK) yielded 64.86 g.
With oleanolic acid as the reference substance, the content of TTK

is 17.72%. The air-dried herbs of K. indica (500 g) were crushed and
extracted six times with 53% ethanol | (1:12) two times for 2 hr each
time. The extracts were evaporated under reduced pressure. The flow
rate of purification concentration by macroporous resin (HDP-300)
was 0.004 g/ml, and sampling mount was 4 ml/min, respectively.
The concentration and volume of elution ethanol were 90% and 3
BV. The total phenolics of K. indica (TPK) were to yield 55.90 g. With
chlorogenic acid as the reference substance, the content of TPK was
24.80%. The crude extracts were dried by freeze-drying, as previ-
ously described (Wang et al., 2015, 2017). The procedures of prepa-

ration of each K. indica extract can be seen in Figure 2.

2.4 | Animal experiments and biochemical assays

A total of 120 male Kunming mice (25 + 5 g) were obtained from
the Experimental Animal Center at Anhui Medical University. The
animals were treated in accordance with the “Guide for the Care
and Use of Laboratory Animals, 8th edition” and approved by the
Experimental Animal Ethics Committee of Anhui University of
Chinese Medicine. The mice were kept in an environmentally con-
trolled breeding room (temperature 20 + 2°C, humidity: 60 *+ 5%,
12-hr light/dark cycle) and used for our study when they reached
5 weeks of age. All mice had free access to tap water.

They were randomly divided into 12 groups (ten mice per group).
The mice were fed a basal diet for 5 days before being used in this

study. All of the mice, apart from those in the mock group (normal mice),
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FIGURE 3 Experimental design of hepatoprotective activities of Kalimeris indica in vivo. The mice were infected by intravenously (1.V.)
injecting BCG and then orally (P.O.) treated with K. indica ethanol extracts. After administration, all mice were sacrificed, and the liver tissue
and serum were harvested to further investigate enzyme activity and biochemical assays

were infected by intravenous (.V.) injection with BCG at 4 mg/0.2 ml/
mouse via a tail vein, with the control group getting an equal volume of
normal saline. All test samples (TFK, TTK, and TPK) were dissolved in
0.5% CMC-Na and administered orally every day at a volume of 0.2 ml
per mouse (200, 400, and 600 mg/kg, per oral [P.O.]). The bifendate
group as a positive control was orally administered every day at a vol-
ume of 0.2 ml per mouse (150 mg/kg, P.O.). The mock group received
the basal diet without infection and was administered water instead of
treatment. The administration of treatment lasted for 10 days, during
which the mice were given a normal diet. After the last administration,
LPS (10 pg/0.2 ml per mouse) was injected into the tail vein in addition
to the mock group to induce liver injury.

After administration, the mice were fasted for 16 hr, and then,
blood from the eyeballs and liver was taken. After the blood was left to
stand for 45 min, the serum was harvested after centrifugation at 252
g for 10 min. The serum levels of ALT, ALP, NO, and T-Bil were deter-
mined according to each kit's instructions. The liver tissue (0.3 g) made
of 10% liver homogenate with ice physiological saline, according to the
instructions to determine the MDA, SOD, GSH-Px, tNOS, and iNOS
content in the liver homogenates. The levels of TNF-«, INF-y, and IL-4
in the serum were measured via enzyme-linked immunosorbent assay
(ELISA) according to the manufacturer's kit instructions. After termi-
nation of the reaction, absorbance was measured at 450 nm using a
microplate reader. All procedures and biochemical methods used in
the animal experiments were summarized in Figure 3.

2.5 | Histological examination

The liver tissue was collected and immediately fixed in 10% for-

maldehyde. The samples were then dehydrated in graded ethanol

(50%-100%) series and cleared in xylene prior to embedding in paraf-
fin. The sections (4-5 pm) were prepared and stained with hematoxylin
and eosin (HE) dyes. The areas of necrotic lesions were microscopi-
cally evaluated to check the liver injury using a microcomputer image

device (MCID) Image analyzer (Imaging Research Inc., St.).

2.6 | Statistical analysis

The differences between the mean values of the treatment were
determined via one-way analyses of variance (ANOVA) followed by
Student's t test using SPSS ver. 21.0. software (SPSS, Inc.), and the
values were expressed as the mean + standard deviation (SD). The
level of significance was uniformly set at p < .05.

3 | RESULTS

3.1 | Effects of TPK, TTK, and TFK on liver
histopathology in mice

The results of HE staining showed that the liver lobule structure
of the normal group was clear. The central cells were the hepato-
cyte plate, and the cytoplasm was deeply stained. There was no
inflammatory cell infiltration in the portal area. The HE staining
section of the model group found the central vein around the liver
(Figure 4). Liver injury is shown to exert cell swelling and degen-
eration, partial hepatocyte rupture, massive interstitial hyperemia,
large amounts of inflammatory cell infiltration in the portal area,
and the surrounding area and large area of flaky necrosis (Kleiner,
2017). The high (600 mg/kg), medium (400 mg/kg), and low dose
(200 mg/kg) groups of TPK, TTK and TFK significantly reduced
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FIGURE 4 Histological image of liver
tissues from mice after each Kalimeris
indica ethanol extract exposure. All liver
sections were subjected to histological
study via staining with hematoxylin and ;
eosin (HE). The liver of normal mice { R N
showed no histological abnormality. bR
The negative control indicated severe
degeneration of hepatocytes with marked
mononuclear infiltration (liver injury). The
bifendate (150 mg/kg) group was used as
a positive control, and the liver injury mice
were orally administrated (P.O.) with TPK
(200, 400, and 600 mg/kg), TFK (200,
400, and 600 mg/kg), and TTK (200, 400,
and 600 mg/kg)

TPK

(200 mg/kg)

TFK

(200 mg/kg)

hepatocyte injury and the extent of necrosis (Figure 4). Also, the
degree of inflammatory cell infiltration is lighter than the control

group (Table 1).

3.2 | Effects of TPK, TTK, and TFK on MDA, SOD,
GSH-Px, tNOS, and iNOS levels of liver injury in mice

The MDA, tNOS, and iNOS levels were significantly increased, and the
SOD and GSH-Px levels were significantly decreased in the liver injury
un-treatment group (control) compared with the mock group (Figure 5).
All of the treatment groups saw the MDA level in the liver homogen-
ates effectively reduced (Figure 5a). The TPK at 600 mg/kg and TTK
at 400 and 600 mg/kg groups all saw an effective increase in the SOD
level (Figure 5b). All the groups effectively increased the GSH-Px level
(Figure 5¢) and reduced the tNOS (Figure 5d) and iNOS (Figure 5e) lev-
els when compared to the control group (liver injury mice).
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Liverinjury
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3.3 | Effectsof TFK, TTK, and TPK on ALT, ALP,
NO, and T-Bil levels in the serum of mice

Compared with the mock group, the ALT, NO, and T-Bil levels of
the serum in the liver injury un-treatment group (control) were sig-
nificantly increased. Compared with the control group, the TPK
and TTK groups were ineffective in the ALT level, and only the
TFK (200, 400, and 600 mg/kg) groups significantly reduced the
ALT level (Figure 6a). However, there were no significant differ-
ences in ALP levels among the all groups treated with or without
TFK, TTK, and TPK (Figure 6b). In comparison with control group,
the TPK at 600 mg/kg and TTK at 600 mg/kg groups significantly
reduced the NO level (Figure 6c). The TPK at 400 and 600 mg/kg
groups, the TTK at 600 mg/kg, and the TFK at 400 and 600 mg/
kg groups were able to significantly attenuate the high T-Bil levels
(Figure 6d).
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TABLE 1 Effects of TPK, TTK, and TFK
on the pathological grading changes in

Degree of liver injury

Groups Dose (mg/kg) 0 1 I m v p-value BCG/LPS-induced liver injury in mice
Mock - 10 0 0 0 0 -
Control (BCG/LPS) - 0 0 0 0 10 '
Bifendate 150 0 9 1 0 0 #
TPK 200 0 6 2 1 1 #
400 0 7 2 1 0 #
600 1 8 1 0 0 #
TTK 200 0 5 2 2 1 #
400 0 6 2 2 0 #
600 1 7 1 1 0 #
TFK 200 0 6 2 1 1 #
400 0 7 1 1 1 #
600 0 8 1 1 0 #

Note: Each group consists of 10 mice, and the figures represent number of mice per grade.
*p < .05, compared with mock (normal) group.
#p < .05, compared with control (BCG/LPS) group.
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FIGURE 5 Effects of Kalimeris indica ethanol extracts on liver enzyme activity in BCG/LPS-injured mice. The levels of (a) MDA, (b)
SOD, (c) GSH-Px, (d) tNOS, and (e) iINOS were detected, as described in the MATERIAL AND METHODS section. Data were presented as
mean * SD (n = 10). *p < .05 compared with mock (normal) group, and #p < .05 compared with control group

The TPK at 600 mg/kg, the TTK at 600 mg/kg, and all of the TFK
(200, 400, and 600 mg/kg) groups had the effects on downregu-
lating the TNF-« (Figure 7a) and INF-y (Figure 7b) levels. But only
The levels of TNF-a, IFN-y, and IL-4 in the serum were determined the TPK at 600 mg/kg and the TFK at 400 and 600 mg/kg groups
via ELISA. The TNF-«, IFN-y, and IL-4 levels in the serum in the reduced the IL-4 level (Figure 7c) compared the control group (liver

3.4 | Effectsof TPK, TTK, and TFK on TNF-a,
INF-y, and IL-4 levels in mice

control group (liver injury un-treated mice) were slightly increased. injury mice).
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FIGURE 6 Effects of Kalimeris indica (a) 200 -
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FIGURE 7 Effects of Kalimeris indica ethanol extracts on cytokine activity of the serum in BCG/LPS-injured mice. The levels of (a) TNF-a,
(b) INF-y, and (c) IL-4 were tested via ELISA, as described in the MATERIAL AND METHODS section. Data were presented as mean + SD

(n = 10). *p < .05 compared with mock (normal) group
4 | DISCUSSION

Kalimeris indica is a traditional Chinese medicine (TCM) and an ag-
ricultural product used for food, especially in China and Taiwan.
The whole plant of K. indica has been used in the clinical treatments
of the acute gastric abscess, acute orchitis, conjunctivitis, diar-
rhea, gastric ulcer, injuries, and vomiting (Wang et al., 2015, 2010,
2017). The pharmacologic studies showed that the compounds or
extracts of K. indica have an anti-oxidant, anti-inflammatory, antivi-
rus, antimicrobial, antigastric ulcer, and hepatoprotective activities
(Wang et al., 2015, 2010, 2017). Our previous study has demon-
strated the hepatoprotective effects of K. indica in CCl,-induced

acute liver injury in vitro (Wang et al., 2010). In the current study,

the hepatoprotective action of BCG/LPS-induced liver injury in vivo
was evaluated after individual exposure to TPK, TTK, and TFK from
ethanol extracts of K. indica. This study is the first to demonstrate
that all treatments of K. indica ethanol extracts (TPK, TTK, and TFK)
have significant hepatoprotective effects on mice with liver injuries.
The treatment reduced the hepatic MDA content, hepatic tNOS, and
serum T-Bil, as well as the treatments of TPK and TTK significantly
reduced the hepatic iINOS and induced hepatic SOD and GSH-Px
activities.

Numerous agricultural and natural products with anti-oxidant ac-
tivity also have the hepatoprotective effect (Al-Sayed, Abdel-Daim,
& Khattab, 2019; Dai et al., 2018; Lin et al., 2018; Thabet, Youssef,
El-Shazly, El-Beshbishy, & Singab, 2018). Over fifty compounds,
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including flavonoids, oils, phenolics, polysaccharides, and triter-
penes, were identified from K. indica (Wang et al., 2015, 2010,
2017). The biological effects of flavonoids possess anti-adipogenic,
antimycobacterial, hepatoprotective, anti-inflammatory, immuno-
modulatory, neuroprotective, anti-oxidant, hypoglycemic, and anti-
cancer activities (Batra & Sharma, 2013; Chahar, Sharma, Dobhal, &
Joshi, 2011; Karker et al., 2016; Wang et al., 2018). The biological
effects of triterpenoids exert anti-allergic, hepatoprotective, anti-
inflammatory, immunomodulatory, anti-oxidant, hypoglycemic, and
anticancer effects (Tenkerian, El-Sibai, Daher, & Mroueh, 2015). The
biological effects of phenolics have antimycobacterial, anti-inflam-
matory, immunomodulatory, neuroprotective, anti-oxidant, hypo-
glycemic, and anticancer activities (Upadhyay & Dixit, 2015). Our
earlier chemical studies on K. indica have shown to detect phenolics
compounds that include 4-hydroxyacetophenone, episyringaresinol,
epipinoresinol, pinoresinol, vanillin, p-hydroxybenzaldehyde, syrin-
gic acid, 3,4-dihydroxybenzaldehyde, dibutylphthalate, coniferyl
alcohol, syringaresinol, lariciresinol, 4-allyl-3,5-dimethoxyphenol,
1-(3,4,5-trimethoxyphenyl) ethanone, physcion, chrysophanol, emo-
din, and physcion (Wang et al., 2015, 2010). Triterpenes compounds
were found to include kalimerislactone B, (3B)-3-hydroxyolean-12-
en-28-oic acid, soyasapogenol E, 6-hydroxy-eudesm-4 (14)-ene, 3-
oxo-dammara-20 (21),24-dene, 3p-acetyl-dammar-20 (21),24-dene,
friedelin, lupeone, a-amyrin, friedel-3-ol, olean-12-ene-2p,38,28a-
triol, gult-5-en-3p-ol, 3p-acetyl-25-hydroxydammara-20 (21),23-
diene, and argungenin. The flavonoid compounds contain wogonin,
oroxylin A, 7,4-dihydroxyisoflavone, apigenin, 7-hydroxy-4-me-
thoxyisoflavone, rhamnetin, apigenin-7-O-p-D-glucoside, and bioch-
anin A (Wang et al., 2015, 2017).

Our results of the histological changes in the liver directly re-
flected the degree of liver injury and repair in TPK, TTK, and TFK
treatment groups from ethanol extracts of K. indica (Figure 4 and
Table 1). The results showed that the total phenolics fractions (TPK)
from ethanol extracts of K. indica have the hepatoprotective effects
on BCG/LPS-induced liver injury of mice. TPK significantly reduced
the hepatic MDA (Figure 5a), hepatic tNOS (Figure 5c), hepatic iNOS
(Figure 5d), and serum T-Bil (Figure 6d) levels. Additionally, TPK sig-
nificantly induced the hepatic SOD at 600 mg/kg dosage (Figure 5b)
and GSH-Px (Figure 5c) activities. It has been reported that the phe-
nolics compounds such as hydroxyacetophenone derivatives have
anti-hepatitis B virus infection (Zhao et al., 2015). Pinoresinol (Kim et
al., 2010), vanillin (Makni et al., 2011), syringic acid (Itoh et al., 2010),
and emodin (Bhadauria et al., 2009) exhibit hepatoprotective effects
on CCl,-induced liver injury. On the other hand, emodin has been
demonstrated to have a hepatoprotective effect in vitro and in vivo
studies that attenuates LPS or acetaminophen-induced liver injury
(Bhadauria, 2010; Ding et al., 2018). Our results suggest that 4-hy-
droxyacetophenone, pinoresinol, vanillin, syringic acid, and emodin
maybe are the major elements of TPK on hepatoprotective active
fractions.

Our results indicated that the TTK significantly reduced the he-
patic MDA at 400 and 600 mg/kg dosages (Figure 5a), hepatic tNOS,
hepatic iNOS at 400 and 600 mg/kg dosages (Figure 5c and d), and
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FIGURE 8 Effects of Kalimeris indica ethanol extracts (TPK,
TTK, and TFK) on hepatoprotective activities in vivo. Kalimeris
indica ethanol extracts inhibited enzyme activities (MDA, tNOS,
and iINOS) in liver tissues and suppressed T-Bil and NO levels in the
serum from mice against liver injury

serum T-Bil at 600 mg/kg dosage (Figure 6d) levels. TTK significantly
induced the hepatic SOD at 400 and 600 mg/kg dosages (Figure 5b)
and GSH-Px at 600 mg/kg dosage (Figure 5c). Previous study has
shown that the triterpenes compounds, including a-amyrin (Singh,
Arya, Sharma, Dobhal, & Gupta, 2015), have hepatoprotective effects
on CCl,-induced liver injury. Our result suggests that a-amyrin maybe
is the major compound of TTK on hepatoprotective active fractions.

Additionally, our finding also demonstrated that the TFK signifi-
cantly reduced the hepatic MDA at 200, 400, and 600 mg/kg dos-
ages (Figure 5a), hepatic tNOS at 200, 400, and 600 mg/kg dosages
(Figure 5c), hepaticiNOS at 400 and 600 mg/kg dosages (Figure 5d),
and serum ALT at 200, 400, and 600 mg/kg dosages (Figure 6a),
and serum T-Bil at 400 and 600 mg/kg dosages (Figure 6d) lev-
els. TFK significantly induced the hepatic SOD at 600 mg/kg
dosage (Figure 5b) and GSH-Px at 200, 400 and 600 mg/kg dos-
ages (Figure 5c). It is documented that the flavonoid compounds,
including apigenin, exert anti-oxidative and hepatoprotective ef-

fects on paracetamol- and N-nitrosodiethylamine (NDEA)-induced
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liver injury (Ali, Rahul, Naz, Jyoti, & Siddique, 2014; Raskovic et al.,
2017). Biochanin A (Breikaa, Algandaby, EI-Demerdash, & Abdel-
Naim, 2013) and oroxylin A (Zhu et al., 2013) have hepatoprotec-
tive effects on CCl,-induced liver injury. Our result suggests that
apigenin, biochanin A, and oroxylin A maybe the major bioactive
components of TFK on hepatoprotective active fractions.

The hepatic MDA is the major product of lipid peroxidationin liver,
and the MDA can reflect the change that is liver damage (Smathers,
Galligan, Stewart, & Petersen, 2011). The levels of SOD and GSH-
Px are two important key enzymes in the anti-oxidative system, and
those can reflect the change in the anti-oxidation effect on the liver
(Dunning et al., 2013). Our results demonstrated that the TPK, TTK,
and TFK significantly reduced the hepatic MDA (Figure 5a). TPK, TTK,
and TFK also significantly induced the hepatic SOD (Figure 5b) and
GSH-Px activities. (Figure 5c). It has been reported that flavonoids,
phenolics, and triterpenes have an anti-oxidation activity by regulat-
ing SOD and GSH-Px activities in liver injuries (Ai, Huang, Liu, Han,
& Chen, 2016; Ali et al., 2018; Zhang et al., 2018; Zhao et al., 2012).
In a BCG/LPS-induced liver injury in vivo system, the hepatic tNOS
and hepatic iNOS are vital enzymes to regulate the pro-inflammatory
cytokine production or NO signal transduction (Soskic et al., 2011).
The level of INOS was to generate NO by oxidation of L-arginine to
L-citrulline. Inhibition of tNOS or iINOS enzyme activities protected
the liver against BCG/LPS-induced injury (Abdel-Salam et al., 2017).
Our results showed that TPK, TTK, and TFK significantly reduced the
hepatic tNOS or iNOS activities (Figure 5c and d). Flavonoids, phe-
nolics, and triterpenes have hepatoprotective actions by suppressing
iNOS expression in liver injury (Ai et al., 2016; Farombi, Shrotriya, &
Surh, 2009; Vicente-Sanchez et al., 2008; Xin et al., 2016). However,
the molecular mechanisms of iNOS gene regulation in the BCG/LPS
liver injury in vitro model indeed need to further study.

In conclusions, our results are in agreement with the measure-
ments of biochemical indicators in the serum and anti-oxidative in-
dexes in liver homogenate, which confirms that ethanol extracts of
K. indica possess hepatoprotective action in BCG/LPS-induced liver
injury mice, as illustrated in Figure 8.

ACKNOWLEDGMENTS

Thework was supported by the National Natural Sciences Foundation
of China (81303220), Anhui Province College Excellent Young Talents
Fund (gxyqZD2019035), Foundation of Key Laboratory of Plant
Resources Conservation and Sustainable Utilization, South China
Botanical Garden, Chinese Academy of Sciences (PCU201804).

CONFLICT OF INTEREST

The authors declare that they do not have any conflict of interest.

ETHICAL APPROVAL

This study was approved by the Experimental Animal Ethics
Committee of Anhui University of Chinese Medicine.

CWILEY- %%

INFORMED CONSENT

Written informed consent was obtained from all study participants.

ORCID

Guo-Kai Wang http://orcid.org/0000-0002-3924-6169
Chi-Cheng Lu https://orcid.org/0000-0003-3149-0914
Jai-Sing Yang https://orcid.org/0000-0001-7302-8248
REFERENCES

Abdel-Salam, O. M. E., Youness, E. R., Mohammed, N. A., Yassen, N.
N., Khadrawy, Y. A., El-Toukhy, S. E., & Sleem, A. A. (2017). Nitric
oxide synthase inhibitors protect against brain and liver dam-
age caused by acute malathion intoxication. Asian Pacific Journal
of Tropical Medicine, 10(8), 773-786. https://doi.org/10.1016/j.
apjtm.2017.07.018

Ai, G, Huang, Z. M,, Liu, Q. C., Han, Y. Q., & Chen, X. (2016). The protec-
tive effect of total phenolics from Oenanthe Javanica on acute liver
failure induced by D-galactosamine. Journal of Ethnopharmacology,
186, 53-60. https://doi.org/10.1016/j.jep.2016.03.024

Ali, F., Rahul, Naz, F., Jyoti, S., & Siddique, Y. H. (2014). Protective effect
of apigenin against N-nitrosodiethylamine (NDEA)-induced hepa-
totoxicity in albino rats. Mutation Research, Genetic Toxicology and
Environmental Mutagenesis, 767, 13-20. https://doi.org/10.1016/j.
mrgentox.2014.04.006

Ali, S., Khan, M. R, Shah, S. A., Batool, R., Maryam, S., Majid, M., & Zahra,
Z. (2018). Protective aptitude of Periploca hydaspidis Falc against
CCl4 induced hepatotoxicity in experimental rats. Biomedicine
& Pharmacotherapy, 105, 1117-1132. https://doi.org/10.1016/j.
biopha.2018.06.039

Al-Sayed, E., Abdel-Daim, M. M., & Khattab, M. A. (2019).
Hepatoprotective activity of praecoxin A isolated from Melaleuca
ericifolia against carbon tetrachloride-induced hepatotoxicity in
mice. Impact on oxidative stress, inflammation, and apoptosis.
Phytotherapy Research, 33(2), 461-470. https://doi.org/10.1002/
ptr.6242

Asrani, S. K., Devarbhavi, H., Eaton, J., & Kamath, P. S. (2019). Burden
of liver diseases in the world. Journal of Hepatology, 70(1), 151-171.
https://doi.org/10.1016/j.jhep.2018.09.014

Barboza, J. N., da Silva Maia Bezerra Filho, C., Silva, R. O., Medeiros,
J. V. R,, & de Sousa, D. P. (2018). An overview on the anti-inflam-
matory potential and antioxidant profile of eugenol. Oxidative
Medicine and Cellular Longevity, 2018, 3957262. https://doi.
org/10.1155/2018/3957262

Batra, P., & Sharma, A. K. (2013). Anti-cancer potential of flavonoids:
Recent trends and future perspectives. 3 Biotech, 3(6), 439-459.
https://doi.org/10.1007/s13205-013-0117-5

Bhadauria, M. (2010). Dose-dependent hepatoprotective effect of
emodin against acetaminophen-induced acute damage in rats.
Experimental and Toxicologic Pathology, 62(6), 627-635. https://doi.
org/10.1016/j.etp.2009.08.006

Bhadauria, M., Nirala, S. K., Shrivastava, S., Sharma, A., Johri, S., Chandan,
B. K., ... Shukla, S. (2009). Emodin reverses CCl induced hepatic cy-
tochrome P450 (CYP) enzymatic and ultrastructural changes: The
in vivo evidence. Hepatology Research, 39(3), 290-300. https://doi.
org/10.1111/j.1872-034X.2008.00380.x

Breikaa, R. M., Algandaby, M. M., El-Demerdash, E., & Abdel-Naim, A.
B. (2013). Biochanin A protects against acute carbon tetrachlo-
ride-induced hepatotoxicity in rats. Bioscience, Biotechnology, and
Biochemistry, 77(5), 909-916. https://doi.org/10.1271/bbb.120675


http://orcid.org/0000-0002-3924-6169
http://orcid.org/0000-0002-3924-6169
https://orcid.org/0000-0003-3149-0914
https://orcid.org/0000-0003-3149-0914
https://orcid.org/0000-0001-7302-8248
https://orcid.org/0000-0001-7302-8248
https://doi.org/10.1016/j.apjtm.2017.07.018
https://doi.org/10.1016/j.apjtm.2017.07.018
https://doi.org/10.1016/j.jep.2016.03.024
https://doi.org/10.1016/j.mrgentox.2014.04.006
https://doi.org/10.1016/j.mrgentox.2014.04.006
https://doi.org/10.1016/j.biopha.2018.06.039
https://doi.org/10.1016/j.biopha.2018.06.039
https://doi.org/10.1002/ptr.6242
https://doi.org/10.1002/ptr.6242
https://doi.org/10.1016/j.jhep.2018.09.014
https://doi.org/10.1155/2018/3957262
https://doi.org/10.1155/2018/3957262
https://doi.org/10.1007/s13205-013-0117-5
https://doi.org/10.1016/j.etp.2009.08.006
https://doi.org/10.1016/j.etp.2009.08.006
https://doi.org/10.1111/j.1872-034X.2008.00380.x
https://doi.org/10.1111/j.1872-034X.2008.00380.x
https://doi.org/10.1271/bbb.120675

380

WANG ET AL.

Chahar, M. K., Sharma, N., Dobhal, M. P., & Joshi, Y. C. (2011). Flavonoids:
A versatile source of anticancer drugs. Pharmacognosy Reviews, 5(9),
1-12. https://doi.org/10.4103/0973-7847.79093

Cheng, K. C., Lin, W.Y,, Liu, C. S,, Lin, C. C,, Lai, H. C., & Lai, S. W. (2016).
Association of different types of liver disease with demographic and
clinical factors. BioMedicine (Taipei), 6(3), 16. https://doi.org/10.7603/
s40681-016-0016-2

Coash, M, Forouhar, F., Wu, C. H., & Wu, G. Y. (2012). Granulomatous
liver diseases: A review. Journal of the Formosan Medical Association,
111(1), 3-13. https://doi.org/10.1016/j.jfma.2011.11.023

Dai, K., Yi, X. J., Huang, X. J., Muhammad, A., Li, M., Li, J., ... Gao, Y. (2018).
Hepatoprotective activity of iridoids, seco-iridoids and analog glyco-
sides from Gentianaceae on HepG2 cells via CYP3A4 induction and
mitochondrial pathway. Food & Function, 9(5), 2673-2683. https://
doi.org/10.1039/c8fo00168e

de Andrade, K. Q., Moura, F. A, dos Santos, J. M., de Araujo, O. R., de
Farias Santos, J. C., & Goulart, M. O. (2015). Oxidative stress and
inflammation in hepatic diseases: Therapeutic possibilities of N-
Acetylcysteine. International Journal of Molecular Sciences, 16(12),
30269-30308. https://doi.org/10.3390/ijms161226225

Ding, Y., Liu, P,, Chen, Z.-L., Zhang, S.-J., Wang, Y.-Q., Cai, X., ... Zhao,
L. (2018). Emodin Attenuates Lipopolysaccharide-Induced Acute
Liver Injury via Inhibiting the TLR4 Signaling Pathway in vitro and
in vivo. Frontiers in Pharmacology, 9, 962. https://doi.org/10.3389/
fphar.2018.00962

Dunning, S., ur Rehman, A., Tiebosch, M. H., Hannivoort, R. A., Haijer,
F. W., Woudenberg, J., ... Moshage, H. (2013). Glutathione and anti-
oxidant enzymes serve complementary roles in protecting activated
hepatic stellate cells against hydrogen peroxide-induced cell death.
Biochimica Et Biophysica Acta, 1832(12), 2027-2034. https://doi.
org/10.1016/j.bbadis.2013.07.008

Farombi, E. O., Shrotriya, S., & Surh, Y. J. (2009). Kolaviron inhibits di-
methyl nitrosamine-induced liver injury by suppressing COX-2 and
iNOS expression via NF-kappaB and AP-1. Life Sciences, 84(5-6),
149-155. https://doi.org/10.1016/j.1fs.2008.11.012

Ferluga, J. (1981). Tuberculin hypersensitivity hepatitis in mice infected
with Mycobacterium bovis (BCG). American Journal of Pathology,
105(1), 82-90.

Itoh, A., Isoda, K., Kondoh, M., Kawase, M., Watari, A., Kobayashi, M., ...
Yagi, K. (2010). Hepatoprotective effect of syringic acid and vanillic
acid on CCl4-induced liver injury. Biological & Pharmaceutical Bulletin,
33(6), 983-987. https://doi.org/10.1248/bpb.33.983

Jiang, Z., Meng, Y., Bo, L., Wang, C., Bian, J., & Deng, X. (2018).
Sophocarpine attenuates LPS-induced liver injury and improves
survival of mice through suppressing oxidative stress, inflammation,
and apoptosis. Mediators of Inflammation, 2018, 5871431. https://doi.
org/10.1155/2018/5871431

Karker, M., Falleh, H., Msaada, K., Smaoui, A., Abdelly, C., Legault, J.,
& Ksouri, R. (2016). Antioxidant, anti-inflammatory and anticancer
activities of the medicinal halophyte Reaumuria vermiculata. EXCLI
Journal, 15, 297-307. https://doi.org/10.17179/excli2016-187

Kim, H.-Y., Kim, J.-K., Choi, J.-H., Jung, J.-Y., Oh, W.-Y., Kim, D. C,, ... Lee,
S.-M. (2010). Hepatoprotective effect of pinoresinol on carbon tetra-
chloride-induced hepatic damage in mice. Journal of Pharmacological
Sciences, 112(1), 105-112. https://doi.org/10.1254/jphs.09234FP

Kleiner, D. E. (2017). Drug-induced liver injury: The hepatic pathologist's
approach. Gastroenterology Clinics of North America, 46(2), 273-296.
https://doi.org/10.1016/j.gtc.2017.01.004

Kourkoumpetis, T., & Sood, G. (2019). Pathogenesis of alcoholic liver
disease: An update. Clinics in Liver Disease, 23(1), 71-80. https://doi.
org/10.1016/j.cld.2018.09.006

Lin, E. Y., Chagnaadorj, A., Huang, S. J., Wang, C. C,, Chiang, Y. H.,
& Cheng, C. W. (2018). Hepatoprotective activity of the etha-
nolic extract of polygonum multiflorum thunb. Against oxida-
tive stress-induced liver injury. Evidence-based Complementary

and Alternative Medicine: Ecam, 2018, 4130307. https://doi.
org/10.1155/2018/4130307

Makni, M., Chtourou, Y., Fetoui, H., el Garoui, M., Boudawara, T., &
Zeghal, N. (2011). Evaluation of the antioxidant, anti-inflammatory
and hepatoprotective properties of vanillin in carbon tetrachloride-
treated rats. European Journal of Pharmacology, 668(1-2), 133-139.
https://doi.org/10.1016/j.ejphar.2011.07.001

Osna, N. A., Donohue, T. M. Jr, & Kharbanda, K. K. (2017). Alcoholic liver
disease: Pathogenesis and current management. Alcohol Research,
38(2), 147-161.

Pan, Y., Long, X., Yi, R., & Zhao, X. (2018). Polyphenols in Liubao Tea
Can Prevent CCl(4)-Induced Hepatic Damage in Mice through Its
Antioxidant Capacities. Nutrients, 10(9), https://doi.org/10.3390/
nul10091280

Raskovic, A., Gigov, S., Capo, |., Paut Kusturica, M., Milijasevic, B., Kojic-
Damjanov, S., & Martic, N. (2017). Antioxidative and protective ac-
tions of apigenin in a paracetamol-induced hepatotoxicity rat model.
European Journal of Drug Metabolism and Pharmacokinetics, 42(5),
849-856. https://doi.org/10.1007/s13318-017-0407-0

Singh, D., Arya, P. V., Sharma, A., Dobhal, M. P., & Gupta, R. S. (2015).
Modulatory potential of alpha-amyrin against hepatic oxidative
stress through antioxidant status in Wistar albino rats. Journal
of Ethnopharmacology, 161, 186-193. https://doi.org/10.1016/j.
jep.2014.12.025

Smathers, R. L., Galligan, J. J., Stewart, B. J., & Petersen, D. R. (2011).
Overview of lipid peroxidation products and hepatic protein mod-
ification in alcoholic liver disease. Chemico-Biological Interactions,
192(1-2), 107-112. https://doi.org/10.1016/j.cbi.2011.02.021

Soskic, S. S., Dobutovic, B. D., Sudar, E. M., Obradovic, M. M., Nikolic, D.
M., Djordjevic, J. D., ... Isenovic, E. R. (2011). Regulation of Inducible
Nitric Oxide Synthase (iNOS) and its potential role in insulin resis-
tance, diabetes and heart failure. The Open Cardiovascular Medicine
Journal, 5, 153-163. https://doi.org/10.2174/187419240110501
0153

Tenkerian, C., El-Sibai, M., Daher, C. F, & Mroueh, M. (2015).
Hepatoprotective, Antioxidant, and Anticancer Effects of the
Tragopogon porrifolius  Methanolic  Extract. Evidence-Based
Complementary and Alternative Medicine: Ecam, 2015, 161720. https
://doi.org/10.1155/2015/161720

Thabet, A. A, Youssef, F. S., EI-Shazly, M., EI-Beshbishy, H. A., & Singab,
A.N. B.(2018). Validation of the antihyperglycaemic and hepatopro-
tective activity of the flavonoid rich fraction of Brachychiton rupes-
tris using in vivo experimental models and molecular modelling. Food
and Chemical Toxicology, 114, 302-310. https://doi.org/10.1016/j.
fct.2018.02.054

Ufimtseva, E. (2013). Investigation of functional activity of cells in gran-
ulomatous inflammatory lesions from mice with latent tubercu-
lous infection in the new ex vivo model. Clinical and Developmental
Immunology, 2013, 371249. https://doi.org/10.1155/2013/371249

Upadhyay, S., & Dixit, M. (2015). Role of Polyphenols and Other
PhytochemicalsonMolecular Signaling. Oxidative Medicine and Cellular
Longevity, 2015, 504253. https://doi.org/10.1155/2015/504253

Vicente-Sanchez, C., Egido, J., Sanchez-Gonzalez, P. D., Perez-
Barriocanal, F., Lopez-Novoa, J. M., & Morales, A. |. (2008). Effect
of the flavonoid quercetin on cadmium-induced hepatotoxicity. Food
and Chemical Toxicology, 46(6), 2279-2287. https://doi.org/10.1016/j.
fct.2008.03.009

Wang, G. K, Liu, J. S,, Zhang, C. E., Wang, Z., Cai, B. X., & Wang, G.
(2015). Study on Chemical Constituents of Kalimeris indica. Zhong
Yao Cai, 38(1), 81-84.

Wang, G., Wang, G. K, Liu, J. S., Yu, B., Wang, F.,, & Liu, J. K. (2010).
Studies on the chemical constituents of Kalimeris indica. Zhong Yao
Cai, 33(4), 551-554.

Wang, G. K., Yu, Y., Wang, Z., Cai, B. X, Zhou, Z. Y., Wang, G., & Liu, J. S.
(2017). Two new terpenoids from Kalimeris indica. Natural Product


https://doi.org/10.4103/0973-7847.79093
https://doi.org/10.7603/s40681-016-0016-2
https://doi.org/10.7603/s40681-016-0016-2
https://doi.org/10.1016/j.jfma.2011.11.023
https://doi.org/10.1039/c8fo00168e
https://doi.org/10.1039/c8fo00168e
https://doi.org/10.3390/ijms161226225
https://doi.org/10.3389/fphar.2018.00962
https://doi.org/10.3389/fphar.2018.00962
https://doi.org/10.1016/j.bbadis.2013.07.008
https://doi.org/10.1016/j.bbadis.2013.07.008
https://doi.org/10.1016/j.lfs.2008.11.012
https://doi.org/10.1248/bpb.33.983
https://doi.org/10.1155/2018/5871431
https://doi.org/10.1155/2018/5871431
https://doi.org/10.17179/excli2016-187
https://doi.org/10.1254/jphs.09234FP
https://doi.org/10.1016/j.gtc.2017.01.004
https://doi.org/10.1016/j.cld.2018.09.006
https://doi.org/10.1016/j.cld.2018.09.006
https://doi.org/10.1155/2018/4130307
https://doi.org/10.1155/2018/4130307
https://doi.org/10.1016/j.ejphar.2011.07.001
https://doi.org/10.3390/nu10091280
https://doi.org/10.3390/nu10091280
https://doi.org/10.1007/s13318-017-0407-0
https://doi.org/10.1016/j.jep.2014.12.025
https://doi.org/10.1016/j.jep.2014.12.025
https://doi.org/10.1016/j.cbi.2011.02.021
https://doi.org/10.2174/1874192401105010153
https://doi.org/10.2174/1874192401105010153
https://doi.org/10.1155/2015/161720
https://doi.org/10.1155/2015/161720
https://doi.org/10.1016/j.fct.2018.02.054
https://doi.org/10.1016/j.fct.2018.02.054
https://doi.org/10.1155/2013/371249
https://doi.org/10.1155/2015/504253
https://doi.org/10.1016/j.fct.2008.03.009
https://doi.org/10.1016/j.fct.2008.03.009

WANG ET AL.
Research, 31(20), 2348-2353. https://doi.org/10.1080/14786
419.2017.1306700

Wang, H., Wei, W., Shen, Y. X,, Dong, C., Zhang, L. L., Wang, N. P, ...
Xu, S. Y. (2004). Protective effect of melatonin against liver injury in
mice induced by Bacillus Calmette-Guerin plus lipopolysaccharide.
World Journal of Gastroenterology, 10(18), 2690-2696. https://doi.
org/10.3748/wjg.v10.i18.2690

Wang, J., Fang, X., Ge, L., Cao, F., Zhao, L., Wang, Z., & Xiao, W. (2018).
Antitumor, antioxidant and anti-inflammatory activities of kaemp-
ferol and its corresponding glycosides and the enzymatic preparation
of kaempferol. PLoS ONE, 13(5), e0197563. https://doi.org/10.1371/
journal.pone.0197563

Xin, Y., Wei, J., Chunhua, M., Danhong, Y., Jianguo, Z., Zonggqi, C., &
Jian-An, B. (2016). Protective effects of Ginsenoside Rgl against
carbon tetrachloride-induced liver injury in mice through suppres-
sion of inflammation. Phytomedicine, 23(6), 583-588. https://doi.
org/10.1016/j.phymed.2016.02.026

Yan, M., Huo, Y., Yin, S., & Hu, H. (2018). Mechanisms of acetamino-
phen-induced liver injury and its implications for therapeutic in-
terventions. Redox Biology, 17, 274-283. https://doi.org/10.1016/j.
redox.2018.04.019

Zhang, W., Dong, Z., Chang, X., Zhang, C., Rong, G., Gao, X., ... Lu, Y.
(2018). Protective effect of the total flavonoids from Apocynum
venetum L. on carbon tetrachloride-induced hepatotoxicity in vitro

CWILEY--®

and in vivo. Journal of Physiology and Biochemistry, 74(2), 301-312.
https://doi.org/10.1007/s13105-018-0618-0

Zhao, F. Q,, Yan, L., Cui, X. H,, Lin, S., Wang, C., Zhang, H., ... Ji, B. S.
(2012). Triterpenoids from Inonotus obliquus protect mice against
oxidative damage induced by CCl4. Yao Xue Xue Bao, 47(5), 680-684.

Zhao, Y., Geng, C.-A., Chen, H., Ma, Y.-B., Huang, X.-Y., Cao, T.-W,, ...
Chen, J.-J. (2015). Isolation, synthesis and anti-hepatitis B virus eval-
uation of p-hydroxyacetophenone derivatives from Artemisia cap-
illaris. Bioorganic & Medicinal Chemistry Letters, 25(7), 1509-1514.
https://doi.org/10.1016/j.bmcl.2015.02.024

Zhu, R., Zeng, G., Chen, Y., Zhang, Q., Liu, B., Liu, J., ... Li, M. (2013).
Oroxylin A accelerates liver regeneration in CCl(4)-induced acute
liver injury mice. PLoS ONE, 8(8), e71612. https://doi.org/10.1371/
journal.pone.0071612

How to cite this article: Wang G-K, Zhang N, Wang Y, et al.
The hepatoprotective activities of Kalimeris indica ethanol
extract against liver injury in vivo. Food Sci Nutr. 2019;7:
3797-3807. https://doi.org/10.1002/fsn3.1241



https://doi.org/10.1080/14786419.2017.1306700
https://doi.org/10.1080/14786419.2017.1306700
https://doi.org/10.3748/wjg.v10.i18.2690
https://doi.org/10.3748/wjg.v10.i18.2690
https://doi.org/10.1371/journal.pone.0197563
https://doi.org/10.1371/journal.pone.0197563
https://doi.org/10.1016/j.phymed.2016.02.026
https://doi.org/10.1016/j.phymed.2016.02.026
https://doi.org/10.1016/j.redox.2018.04.019
https://doi.org/10.1016/j.redox.2018.04.019
https://doi.org/10.1007/s13105-018-0618-0
https://doi.org/10.1016/j.bmcl.2015.02.024
https://doi.org/10.1371/journal.pone.0071612
https://doi.org/10.1371/journal.pone.0071612
https://doi.org/10.1002/fsn3.1241

