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Abstract The aerial part of Wedelia calendulacea have

been used in Ayurveda, Unani, Tibetan, Siddha and other

folk medicine systems to protect the liver and renal tissue.

Liver is considered as primary metabolizing site of body,

which is prone to damage by endogenous and exogenous

toxicants. A reason for liver toxicity, and major causes of

the hepatocellular carcinoma (HCC). 19-a-Hydroxyurs-
12(13)-ene-28 oic acid-3-O-b-D-glucopyranoside (HEG), a

triterpenoids found in the higher plants, has been known to

possess protective effect against various toxicants. The aim

of the current study was to scrutinize the hepatoprotective

mechanism of HEG against DEN-induced oxidative stress,

hyperproliferation, inflammation and apoptosis tissue

injury in Wistar rats. Invitro cell lines study of HEG

scrutinized against the Hep-G2 and HuH-7 cells. A single

dose of DEN (200 mg/kg) and double dose of phenobar-

bitol were administered to induce the liver damage in rats;

the dose treatment of HEG was terminated at the end of

22 weeks. Macroscopical study was performed for the

confirmation of hepatic nodules. The serum and hepatic

samples were collected for further biochemical and

histopathological analysis. Hepatic; non-hepatic; Phase I

and II antioxidant enzymes were also examined. Addi-

tionally, we also scrutinized the inflammatory cytokines

viz., tumor necrosis factor-a, interlukin-6, interlukin-1b,
and Nuclear factor kappa beta (NF-kB), respectively.

Histopathological study was also performed for analyzing

the changes during the HCC. HEG confirmed the reduction

of growth and deoxyribonucleic acid synthesis of both cell

lines. DEN successfully induced the HCC in all group,

which was significantly (p\ 0.001) altered by the HEG in

a dose-dependent manner. The decreased level of pro-in-

flammatory cytokines and altered membrane-bound

enzyme activity were also observed. HEG inhibits the

phase I, II and antioxidant enzymes at the effective dose-

dependent manner, which were considered as the precursor

of the HCC. The alteration of phase I, II and antioxidant

enzymes confirmed the inhibition of inflammatory reaction

and oxidative stress, which directly or indirectly inhibited

the NF-kB expression. Collectively, we can conclude that

the HEG inhibited the growth of Hepatocellular carcinoma

via attenuating the NF-kB pathway.
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Abbreviation

HCC Hepatocellular carcinoma

HEG 19-a-Hydroxyurs-12(13)-ene-28 oic acid-3-O-

a-D-glucopyranoside
DEN Diethylnitrosamine

TNF-a Tumor necrosis factor-a
IL-6 Interlukin-6

IL-1 b Interlukin-1b
NF-kB Nuclear factor kappa beta

DNA Deoxyribonucleic acid

CYP2E1 Cytochrome P450

OH Hydroxyl

RO2 Peroxyl

O2
- Superoxide

ONOO- Peroxynitrite

H2O2 Hydrogen peroxide

ROS Reactive oxygen species

AFP Alpha feto protein

ALP Alkaline phosphatase

AST Aspartate aminotransferase

LPO Lipid peroxidation

GR Glutathione reductase

CAT Catalase

GPx Glutathione peroxidase

GSH Glutathione

SOD Superoxide dismutase

GST Glutathione-S-transferase

MPO Myeloperoxidase

NC Normal control

Introduction

Hepato-cellular carcinoma isconsidered as the major

malignancy Worldwide: the 5th most common malignant

tumor among the other types of cancer, especially high

incidence in Asian countries. It is believed as the 3rd

leading cancer-related death incidence globally (Yin and

Evason 2013). The expansion of the liver tumor occurs

during the liver cirrhosis setting the stage for chronic liver

disease. In most of the cases, the diagnosis of the cancer is

not easy and limited options are left for treatment for

hepatic cancer viz., liver transplantation. The recurrence

rate of this particular cancer is high and the survival rate is

poor (Lawrence et al. 1995; Yin and Evason 2013). Other

treatment options for the HCC are radiotherapy and

chemotherapy; both are ineffective and have minimum

effect. Chemoprevention has been considered as the suit-

able treatment for treatment of HCC with altering the

incidence of the disease and also effective in the prognosis

of HCC (Kwak et al. 2001).

Diethylnitrosamine (nitrosamine) is the member of the

N-nitroso compound and is considered as the most

important hepato-toxin and carcinogens in the environ-

ment. Nitrosamine-containing compounds are considered

to be more effectual hazards to human health as they are

widely used in the industry (Marnewick et al. 2009). N-

Nitroso is commonly found in alcoholic beverages, agri-

culture chemical, tobacco smoke, occupational settings,

ground water, cosmetics, food like cheese, soybean, dried

and salted fish. Alcohol, viral infection, fungal toxin,

especially aflatoxin, toxic industrial chemicals, water and

air pollutants are considered as the major risk factor for the

expansion of HCC. Various drugs are metabolized into the

body and start the generation of DEN in a single form or

repeated form (Ip et al. 2013). In liver, cytochrome P450

(CYP2E1) stimulates the N-nitrosodiethylamine to form

reactive oxygen species and electrophilic, which induce the

carcinogenicity, cytotoxicity, and mutagenicity via oxida-

tive damage. Another mechanism of nitrosamine to induce

the HCC, CYP2E1 excite the Kupffer cells, which start the

generation of reactive oxygen species (superoxide, peroxyl,

hydroxyl and hydrogen peroxide) and damage the hepatic

cells. ROS also generates the cell death via activation the

DNA fragmentation, lipid peroxidation and carbonylation

(Pradeep et al. 2007; Bishayee et al. 2010).

Oxygen derived radicals such as hydroxyl (OH), peroxyl

(RO2) and superoxide (O2
-) as well as non-radicals viz.,

peroxynitrite (ONOO-) and hydrogen peroxide (H2O2) are

from reactive oxygen species (ROS) family. Various

investigations confirm that the generation of oxygen-

derived radicals involves in exogenous and endogenous

stimulus. ROS is also considered as highly toxic substance

of cellular metabolism which directly shows the effect on

expansion of cells and confirms the survival on the

expansion of cancer (Bishayee et al. 2011; Bingül et al.

2013). During the metabolic biotransformation of DEN,

liver is the primary target site to induce the HCC, which

enhances the content of oxidative stress and cellular dam-

age due to continuous production of ROS along with the

production of the oxygen-derived ROS that results either in

damaging the cellular component or activation of signal-

specific transduction pathways and can also deactivate the

maladaptive molecular response. Enhancing the ROS

content in the liver increases the content of free radical,

which in turn boosts the consumption of endogenous

antioxidant enzymes (Pradeep et al. 2010). Consequently,

excessive generation of ROS stimulates the oncogenesis

via modulation of redox signal pathways. The previously

discussed mechanism confirms that the ROS plays a sig-

nificant role in the expansion of apoptosis, cellular

proliferation, signal transduction and differentiation. In the

current experimental study, we made efforts to explore the
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novel chemo-protective agents which reduce the initiation

of malignant transformation.

Various chemo-protective and epidemiologic investiga-

tion already proved that the regular intake of fruit and

vegetable has been reducing the risk factor of cancer in

animal and in human. Wedelia calendulacea. (Composi-

tae), is the only species of the genus Wedelia native to

tropical and sub-tropical region including India, Ceylon,

Burma, Japan and China. In India, Wedelia propagated in

Assam, West Bangel, Jammu and Kashmir, Himachal

Pradesh and Tamilnadu, etc. The root, rhizomes, bark,

young stalks and leaves of the plants are edible, and tra-

ditionally it is used as renal protective tonic. In the remote

areas, the plant is commonly used in the treatment of renal

diseases, jaundice, cholagogue, hepatic enlargement and

deobstruent. It is also used in treatment of swelling, dis-

tended stomach, hepatitis, headaches, baldness and various

types of skin diseases and disorder. The bioactive chemical

constituents viz., Norwedelic acid, bisdesmosidic oleanolic

acid, ginsenoside, bisdesmosidic oleanolic acid glycoside

and Kauren diterpene are isolated from the plant. Several

shreds of evidence have accentuated that biologically

active products present in functional food may be exploited

as a complementary treatment for hepatic cancer (Jang

et al. 1997; Wagner et al. 2001; Butler 2008). Various

forms of the foods and drinks confirm the presence of

Triterpenoids and have been scrutinized as the potential

treatment of various inflammatory and cancer diseases

(Setzer and Setzer 2003; Neto 2007; James and Dubery

2009). Triterpenoids, metabolites of isopentenyl

pyrophosphate oligomers, are widely distributed in differ-

ent species of higher plants in the form of phytosterol,

triterpene glycosides (saponin), free triterpenoids and their

precursors with a protective effect against various diseases

(Mahato et al. 1992; Neto 2007; James and Dubery 2009;

Hill and Connolly 2012). The anti-inflammatory, antidia-

betic, anticancer and anti-arthritic effects of Triterpenoids

have already been proved by several researchers. Numer-

ous studies confirmed the antioxidant effect of

triterpenoids, which confirm the antioxidant potential and

their capacity to scavenge the free radicals generated via

oxidative stress(Mahato et al. 1992; Neto 2007; James and

Dubery 2009; Hill and Connolly 2012). Triterpenoids get

more attention due to their free radical scavenging effect

and antioxidant action. The current experimental study was

designed as a follow-up to our group research interest in

the discovery of novel hepatoprotective phytoconstitutents

from traditional Indian medicine . We made an attempt to

scrutinize the chemoprotective effect of 19-a-hydroxyurs-
12(13)-ene-28 oic acid-3-O-a-D-glucopyranoside (HEG)

(Fig. 1) isolated by Verma et al. (2017) against the

diethylnitrosamine (DEN)-induced hepatocellular

carcinoma in Wistar rats and tried to decipher the possible

mechanism.

Materials and methods

Chemicals

Diethylnitrosamine and other reagents were purchased

from the Sigma-Aldrich (USA). Other chemicals and sol-

vents used in the current study were of analytical grade and

purchased from the local vendor.

Effect 19-a-hydroxyurs-12(13)-ene-28 oic acid-3-O-

b-D-glucopyranoside (HEG) (Fig. 1) on the growth

inhibition in HCC cell lines

HCC cell line viz., HuH-7 and Hep G2 was used for the

current experimental study. The cells were cultured

according to the reported method of Anwar et al. (2015b)

with minor modification. Both cell lines were grown in

Dulbecco’s Eagle medium (DMEM). The medium was

supplemented with penicillin–streptomycin, L-glutamine,

fetal bovine serum and was subjected to incubation.

The drug was dissolved in solvent with different dilution

to get the stock of the drug prepared. For getting the

desired concentration of the drug, the drug was further

diluted with the solution and then applied to the growing

adherent cells. Different doses of HEG (0.1–0 mM) were

used for the in vitro study.

Determination of growth inhibition

Direct cell counting method was used for scrutinizing the

effect of HEG on the cell growth. Cell growth was deter-

mined via using the Haemocytometer. Different

concentrations of HEG (10–50 mM) were added in the

5 9 105 cells, and the cells seeded into the 60 mm plates

for 24 h. After 48 h, both adherent and floated cells were

harvested, and viable cells were dyed with the trypan blue

dye exclusion. The cell growth was counted in presence

and absence of the HEG.

DNA synthesis assay

Both cell lines were seeded in the 24-well plates. After

24 h, the different dilution of the HEG dissolved was added

in the growing cells. After 24-h treatment of HEG to cells,

24-well plates were treated with the 1 lCi [methyl-3H]-

thymidine and incubated for the 6 h. Both cell lines were

trypsinated and each well was again harvested onto a glass

fiber filter mat via cell harvester; the plates were dried for
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1 h and the DNA incorporation was estimated by using the

1450 Microbeta scintillation counter.

Experimental study

Animals

Pathogen-free Swiss albino Wistar rats were used for the

current investigation. Wistar rats (150–200 g, sex = male)

were collected from the Faculty Animal House. The rats

were kept in the single cage and maintained as per the

committee for the purpose of control and supervision of

experiments on animals (CPCSEA) guidelines. The rats

were kept in relative humidity (30–70%) and temperature

(25 ± 2 �C) with a 12/12 h light and dark cycle of light in

the Faculty Animal House. The rats were treated with the

standard diet pallet and water ad libitum. The study was

approved by the Laboratory Animal Facility (LAF), Sam

Higginbottom University of Agriculture, Technology and

Sciences, Allahabad, Uttar Pradesh, India 211007 (IAEC/

SHIATS/PA151X/FVK01).

Induction of HCC

Diethylnitrosamine (200 mg/kg) was used for the induction

of HCC in the rats (Anwar et al. 2015b). Single intraperi-

toneal injection of DEN (prepared via dissolved in the

phosphate buffer, pH = 4.5) was used for induction of

HCC and after 1 week Phenobarbital was administered to

promote the HCC. After the above discussed treatment,

alpha feto protein (AFP) level was estimated for confir-

mation of HCC in the rats.

Experimental treatment

Each group contains six rats and groups were divided in the

following manner: Group I: normal control (treated with

saline only); Group II: normal control ? HEG treated;

Group III: DEN control; Group IV: DEN ? HEG (5 mg/

kg); Group V: DEN ? HEG (10 mg/kg); Group VI and

DEN ? HEG (20 mg/kg).

At the end of the experimental study, all group rats were

subjected to mild anesthesia, and blood samples collected

from the retro-orbital plexus; the collected blood samples

were subjected to centrifuge for separate the serum. The

serum samples were further used for the estimation of

different biochemical, hepatic, nonhepatic and antioxidant

parameters. All groups of rats were killed via cervical

decapitation and the liver samples were immediately

removed, washed with the ice cold saline and blotted to

dryness. 5 mm sample of the liver tissue was further used

for the histopathology and small tissue sample was

homogenate in Tris–HCl buffer and centrifuged at

2000 rpm for 15 min at 4 �C to obtain the clear supernatant

(remove the cell debris).

Biochemical estimation

The hepatic parameters viz., ALP and AST were estimated

via standard kits (Nicholas India) using instruction of the

manufacturer. Non-hepatic parameters viz., albumin, BUN,

total bilirubin and total protein were also estimated via

using the standard kits (Nicholas India Pvt. Ltd., India).

AFP was determined according to the reported method of

Khan et al., with minor modification (Khan et al. 2015).

The membrane-bound enzymes including Mg2? ATPase,

Ca2? ATPase and Na?/K? ATPase were determined via

using the reported method of Pradeep et al. (2007) with

minor modification.

Phase I enzymes

The phase I enzymes such as cytochrome b5 reductase,

cytochrome P450 reductase and NADH-cytochrome b5

reductase were determined via using the reported method

with minor modification (Dhanasekaran et al. 2009; Ghosh

et al. 2012).

Antioxidant parameters

Antioxidant parameters such as malondialdehyde (MDA),

glutathione reductase (GR), catalase (CAT), glutathione

peroxidase (GPx), glutathione (GSH), superoxide dismu-

tase (SOD), reduced glutathione, glutathione-S-transferase

Fig. 1 Structure of 19-a-hydroxyurs-12(13)-ene-28 oic acid-3-O-b-
D-glucopyranoside

136 A. Verma et al.

123



(GST), p. carbonyl, myeloperoxidase (MPO) were esti-

mated using the reported method with minor modification

(Kumar et al. 2013, 2014, 2015, 2016, Anwar et al.

2015a, b; Khan et al. 2015; V. et al. 2015; Verma et al.

2016; Yuan et al. 2016).

Pro-inflammatory cytokines and inflammatory

mediator

Pro-inflammatory cytokines such as IL-6, IL-1b and TNF-a
and inflammatory mediators such as NF-kB were deter-

mined according to the the manufacturer’s instruction.

Statistical analysis

The data obtained were subjected to one-way ANOVA and

Dennett’s multiple comparison tests were performed using

GraphPad Prism statistical package. Values are expressed

as mean ± SEM. p value \0.05 was considered as

significant.

Results

HEG reduced DNA synthesis

3H-thymidine incorporation was used for the estimation of

inhibitory effect of HEG on both the cell lines, We used

various concentrations of HEG for confirming the inhibi-

tory effect against the 3H-thymidine incorporation; it was

found that the all does of HEG significantly reduced the

3H-thymidine incorporation in both cell lines (Hep G2 and

HhH-7). From the Fig. 2a, HEG dose the reduction in the

3H-thymidine incorporation, 96% at dose 50 mM.

HEG induced growth inhibition

After 48 h of HEG treatment, both visible cells (Trypan

blue stained) and cells without stain were counted. Dif-

ferent concentrations of HEG such as 10, 25 and 50 mM

considerably confirmed the reduction in the growth of cells

(Fig. 2b).

Macroscopical evaluation

Supplementary Figure 1 illustrates the microscopical eval-

uation of the different group of rats. NC and NC treated with

HEG (20 mg/kg) confirmed the unchanged hepatic mor-

phological character (figure not shown). On the other hand,

DEN control group rats confirmed the growth of HCC via

expansion of hepatic nodules; generate the patches on the

surface of the liver. The liver of this group of rats also showed

rough surface, which confirms the expansion of disease.

DEN group rats treated with HEG (5 and 10 mg/kg) dis-

played hepatic nodules, which were less in number as

compared toDEN control. None or less hepatic nodules were

found in DEN-treated group with the HEG (20 mg/kg); this

group showed white patches only on the outer surface of the

liver and on touch,we feel the smooth surface as compared to

the DEN control group rats.

Table 1 demonstrates the development of the hepatic

nodules in the different group of rats except NC and NC

treated with HEG (20 mg/kg). DEN control group rats con-

firmed the expansion of hepatic nodules in all rats with 100%

incidence rate, and the hepatic nodule incidence was consid-

erably decreased by the HEG in a dose-dependent manner.

Table 1 illustrates the hepatic nodules, the average size

of hepatic nodules and relative size of nodules. DEN

control group rats showed the expansion of the hepatic

nodules with maximum size more than 1 mm and the HEG

treatment group rats showed the less hepatic nodules with

less in size (less than 1 mm).

Effect of HEG on body weight and relative liver

weight

The results of the current investigation prove that the rats

of all group have increased the body weight till the end of

the experimental study. NC group rats showed the initial

body weight of 158.4 ± 4.65–332.8 ± 8.94 with growth

gain rate 1.13 per day and NC group rats treated with HEG

(20 mg/kg) demonstrated the original body weight of

163.4 ± 5.43–343.2 ± 10.34 with growth gain rate of 1.17

per day. DEN control group also confirmed the enhanced

body weight with growth gain rate of 0.83 per day, as

compared to the NC and HEG control group rats. DEN

group rat treated with HEG also confirmed the improved

body weight at end of the experimental study with growth

gain rate 0.90, 1.0 and 1.12 at a dose of 5, 10 and 20 mg/

kg, respectively (Fig. 3a).

The liver weight and relative liver weight were also esti-

mated for all groups at the end of the experimental study.We

found that the liver weight and relative weight of NC andNC

treated with the HEG (20 mg/kg) were almost similar. But

the DEN control group confirmed the increased liver weight

(16.2 ± 0.73) and relative liver weight (5.4 ± 0.23), which

were higher than the control group. HEG-treated group

proved the down-regulation pattern for liver weight

(15 ± 0.65, 13.8 ± 0.34 and 11.4 ± 0.13) and relative liver

weight (4.8 ± 0.11, 4.2 ± 0.09 and 3.4 ± 0.04) as com-

pared to DEN control (Fig. 3b).

Effect of HEG on hepatic parameters

Significant variation was observed in the hepatic parameter

profile when compared to all group rats (Fig. 5). In fact,
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unsubstantial enhancement of AFP concentration was

observed after the DEN treatment, which remained higher

at the end of the experimental study. A down-regulated

AFP level was available on increasing the dose of HEG as

well. On the other hand, HEG dose (5 mg/kg)

(235.2 ± 6.03) was associated with decreased level of AFP

as compared to DEN control and the higher dose HEG

(20 mg/kg) confirmed the down-regulation of the level of

AFP (50.8 ± 3.92) (Fig. 4).

A similar trend of hepatic parameters including viz.,

ALT and ASTwas observed in DEN-induced group rats

and dose-dependent treatment of UFD significantly

(p\ 0.001) altered the hepatic parameter content.

Effect of HEG on non-hepatic enzymes

Non-hepatic parameters such as albumin, total protein,

BUN and total bilirubin were estimated in rats of all

groups. DEN-induced group confirmed the down-

regulation of albumin and total protein and boosted the

level of BUN and bilirubin as compared to the NC- and

HEG-treated rats. HEG rats improved the level of albumin

and total protein and reduced the BUN and bilirubin level

in a dose-dependent manner (Fig. 5).

Effect of HEG on antioxidant markers

Phase I antioxidant enzymes including NADPH-cy-

tochrome P450 reductase, NADH-cytochrome b5

reductase, cytochrome b5 and cytochrome P450 consider-

ably altered during the DEN-induced HCC. An effective

treatment of HEG significantly (p\ 0.001) modulated the

phase I antioxidant enzymes in a dose-dependent manner

(Fig. 6).

When LPO concentration was estimated , the DEN

control showed the up-regulation of MDA level (an indi-

cator of LPO). A dose-dependent reduction of MDA was

observed in HEG treatment (Fig. 7).

Fig. 2 a Expresses the DNA synthesis inhibition in HCC cell lines.

Cells were treated with ligands in 0.1–50 lM concentration and after

24 h, a standard 3H-thymidine incorporation assay was performed.

b The effect of 19-a-hydroxyurs-12(13)-ene-28 oic acid-3-O-b-D-
glucopyranoside (HEG) on proliferation of HCC cell lines. All the

values are given as mean ± SEM

Table 1 Effect of 19-a-hydroxyurs-12(13)-ene-28 oic acid-3-O-b-D-glucopyranoside (HEG) on the development of macroscopic hepatocyte

nodules induced by DEN in rats

S.

No.

Groups Total number of

nodules

Tumor

incidence (%)

Average number of nodules/

nodules bearing rats

Relative size (% of number size)

B1 mm \3 mm[ 1 mm C3 mm

1 DEN control 102 100 36.83 ± 2.83 54 (52.94) 29 (28.43) 19 (18.62)

2 DEN control ? HEG

(5 mg/kg)

87 83.33 27.32 ± 2.38* 46 (52.87) 25 (28.73) 16 (18.39)

3 DEN control ? HEG

(10 mg/kg)

64 66.67 14.39 ± 1.82** 37 (57.81) 18 (28.12) 9 (14.06)

4 DEN control ? HEG

(20 mg/kg)

21 33.33 7.92 ± 1.62*** 12 (57.14) 7 (33.33) 2 (9.52)

Group I (normal control) and Group II (normal control ? HEG 20 mg/kg) did not show any visible hepatocyte nodule. The comparisons were

made by ANOVA followed by Dunnett’s test

* p\ 0.05 is considered as significant

** p\ 0.01 is considered as very significant

*** p\ 0.001 is considered as extremely significant
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A similar pattern of up-regulation was found in the

MPO/GSH/P. Carbonyl/GST level, which was significantly

(p\ 0.001) down-regulated in a dose-dependent pattern.

On the contrary, endogenous antioxidants viz., SOD,

CAT and GPx were significantly (p\ 0.001) reduced in

DEN group. Administration of DEN down-regulation the

concentration of endogenous antioxidant marker viz., SOD,

CAT and GPx, a dose-dependent treatment of HEG sig-

nificantly (p\ 0.001) up-regulated the level of endogenous

antioxidant (Fig. 7).

Effect of HEG on membrane-bound enzymes

The Ca2? ATPase level decrease was observe in the DEN

control group as compared to NC control group rats. Pre-

treatment of HEG showed the dose-dependent up-regula-

tion of Ca2? ATPase level.

An almost similar pattern of reduction was available for

the Na?/K? and Mg2? ATPase activity in the hepatic tis-

sue. HEG showedsignificantly (p\ 0.001) increased

activity of Mg2? ATPase level in a dose-dependent manner

(Fig. 8).

Effect of HEG on pro-inflammatory

and inflammatory mediator

When scrutinizing the pro-inflammatory cytokines in the

DEN-induced group rats, a similar pattern of up-regulation

was observed at end of the study and dose-dependent

treatment of HEG significantly down-regulated the pro-

inflammatory cytokines (Fig. 9). DEN afforded up regu-

lation of NF-kB; the use of HEG was evident with a dose-

dependently reduced the NF-kB activity (Fig. 9).

Fig. 3 The effect of 19-a-hydroxyurs-12(13)-ene-28 oic acid-3-O-b-
D-glucopyranoside (HEG) on the body weight. a Shows the initial

body weight and final body weight of the different group rat.

b explains the liver weight and relative body weight of the different

group rats. Relative body weight of the different group rats was

estimated as gm liver/100 g body weight. The comparisons were

made by ANOVA followed by Dunnett’s test. *p\ 0.05 is consid-

ered as significant, **p\ 0.01 is considered as very significant,

***p\ 0.001 is considered as extremely significant

Fig. 4 The effect of 19-a-hydroxyurs-12(13)-ene-28 oic acid-3-O-b-
D-glucopyranoside (HEG) on the hepatic parameters of DEN-induced

HCC rats. Hepatic parameters were scrutinized in terms of altered

level of a AFP, b ALT, c AST, d NO. AFP Alpha feto protein, ALT

Alanine transaminase, AST aspartate aminotransferase, NO. The

comparisons were made by ANOVA followed by Dunnett’s test.

*p\ 0.05 is considered as significant, **p\ 0.01 is considered as

very significant, ***p\ 0.001 is considered as extremely significant

Fig. 5 The effect of 19-a-hydroxyurs-12(13)-ene-28 oic acid-3-O-b-
D-glucopyranoside (HEG) on the hepatic parameters of DEN induced

HCC rats. Hepatic parameters were scrutinized in terms of altered

level of Albumin, BUN, total bilirubin and total protein. BUN blood

urea nitrogen. The comparisons were made by ANOVA followed by

Dunnett’s test. *p\ 0.05 is considered as significant, **p\ 0.01 is

considered as very significant, ***p\ 0.001 is considered as

extremely significant
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Effect of HEG on histopathology

Table 2 represents the histopathological changes of all

group rats. DEN group rats confirmed the expansion of

HCC via the visible changes viz., generated the cell

necrosis, thick cords of unsystematic hepatic parenchyma,

inflamed blood vessels, irregular cells with rich sinusoids,

cell swelling, basophilic, cytoplasm having irregular

shapes and pseudoacini. It also showed the hepatocytes,

which were enclosed with macro lipid droplets and contain

masses of eosinophilic in vaculation covered by cytoplasm.

The histopathological observation confirmed that enlarge-

ment of hyperplasia and nuclei (karyomegaly) in the bile

duct confirm the carcinogenic effect on the tissue. The

tissue also confirmed the proliferation in the portal area of

hepatic stellate cells (HSCs), which further confirm the

focal proliferation. DEN rat treated with HEG (5 and

10 mg/kg) proved its protective effect by displaying the

less inflammatory cells, necrotic cell, enlarge karyomegaly

and expansion of proliferation in the HSCs area and less

HSCs focal proliferation as compared to DEN group rat.

Another dose of HEG (20 mg/kg) confirms the chemo-

protective effect against the DEN group via showing the

less microdroplet, HSCs and focal proliferation (Supple-

mentary Figure 2).

Discussion

DEN model is widely used for the estimation of the anti-

cancer effect of the compound on various stage viz.,

initiation, expansion and neoplastic transformation of

hepatic cancer. Several investigations confirmed that the

DEN expands the preneoplastic and neoplastic nodules in

Fig. 6 Effect of 19-a-hydroxyurs-12(13)-ene-28 oic acid-3-O-b-D-
glucopyranoside (HEG) on the phase I enzymes in liver a NADPH

cytochrome P450 reductase b cytochrome P420 c NADH cytochorme

b5 and d cytochrome b5 content. The comparisons were made by

ANOVA followed by Dunnett’s test. *p\ 0.05 is considered as

significant, **p\ 0.01 is considered as very significant,

***p\ 0.001 is considered as extremely significant

Fig. 7 The effect of 19-a-hydroxyurs-12(13)-ene-28 oic acid-3-O-b-
D-glucopyranoside (HEG) on the DEN-induced hepatocarcinogenesis

rat. Antioxidant parameters were scrutinized in terms of altered level

of a MDA, b P. Carbonyl, c CAT, d SOD, e MPO, f GSH, g GST,

h GPx as described in ‘‘Materials and Methods’’. ns non-significant,

DEN diethylinitrosamine, CAT catalase, SOD superoxide dismutase,

GPx glutathione peroxidase, GST glutathione transferase. The com-

parisons were made by ANOVA followed by Dunnett’s test.

*p\ 0.05 is considered as significant, **p\ 0.01 is considered as

very significant, ***p\ 0.001 is considered as extremely significant
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rodents, which is closely similar to the human HCC (Si-

valokanathan et al. 2004; Agren et al. 2014). Recently, few

studies confirmed that the DEN-induced hepatic cancer via

gene expression patterns in rodent closely resembles the

subclass of human HCC. DEN-induced control group rats

showed the development of the hepatic nodules (3 mm in

size), which were considered as the detection of the pre-

neoplastic nodules via elevated the hyperplasia. Pre-neo-

plastic nodules are recognized as the precursor of HCC.

The current model is mostly used for scrutinizing the

potential effect of chemo-preventive effect in the clinical

setting. Various researchers proved the strong correlation

between the hepato-carcinogenesis and number of nodular

hyperplasia in both human disease and experimental rodent

model (Jagan et al. 2008; Jayakumar et al. 2012).

Alpha feto protein (AFP) is considered as the gold

parameter, which is commonly elevated during the HCC

(Dhanasekaran et al. 2009). The size and shape of AFP are

similar to another serum protein, but the concentration of

the AFP was found in minute quantity in the normal adult.

The altered level of AFP confirmed the expansion of HCC.

The current experimental study showed the elevated level

of AFP in DEN-induced rats and confirmed the develop-

ment of hepatic nodules, which was further proved by the

macroscopical and histopathological studies (Shizuma

et al. 2011). DEN-induced rats treated with HEG showed

the reduced concentration of AFP and claim the chemo-

protective effect; the current statement is supported by the

macroscopical and histopathological study (supplementary

Figures 1, 2).

Most tissue in human body is flooded with transminase

enzymes like ALT and AST catalyzing the formation of

amino groups from 2-oxacids and amino acids. Hepatic

parameter viz., ALT and AST are considered as the

determinants of the normal and altered function of the

liver. Several clinical studies showed that the content of

both enzymes increase 20–40 times during the hepatocyte

damage and also boost the level more than 100 times

during the serve injury of hepatic cells. The activities of

both enzymes viz., AST and ALT are mostly found in the

cytoplasm cells of liver, muscle and heart (Jayakumar et al.

2012). During the hepatic cell damage, the liver starts the

leakage of these specific liver enzymes into the plasma.

Fig. 8 Effect of 19-a-hydroxyurs-12(13)-ene-28 oic acid-3-O-b-D-
glucopyranoside (HEG) on the membrane-bound enzyme level of

hepatic tissue in all group rats. The comparisons were made by

ANOVA followed by Dunnett’s test. *p\ 0.05 is considered as

significant, **p\ 0.01 is considered as very significant,

***p\ 0.001 is considered as extremely significant

Fig. 9 Effect of 19-a-hydroxyurs-12(13)-ene-28 oic acid-3-O-b-D-
glucopyranoside (HEG) on the pro-inflammatory and inflammatory

mediator in DEN-induced HCC rats. Pro-inflammatory cytokines and

inflammatory mediator were scrutinized in terms of altered level of

a IL-6, b IL-1b, c TNF-a, d NF-kB as described in ‘‘Materials and

methods’’. The comparisons were made by ANOVA followed by

Dunnett’s test. *p\ 0.05 is considered as significant, **p\ 0.01 is

considered as very significant, ***p\ 0.001 is considered as

extremely significant
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Increased content of AST and ALT into the plasma initiates

the effect on the functional integrity of liver cells and

provokes the cellular injury in liver. DEN-induced group

rats showed increased content of hepatic parameters (AST

and ALT), which was significantly altered by the HEG in a

dose-dependent manner.

DEN-induced group rats demonstrated augmented con-

tent of bilirubin and ALP in serum; both are considered as

the hepatic toxicity marker. The high concentration of

bilirubin in the serum confirmed the increased degradation

rate of red blood cells, while modulation of ALP content

directly showed the pathological changes in biliary flow

(Zhao et al. 2015). DEN-induced rats treated with the HEG

proved the chemo-protective effect via reducing the leak-

age of ALP and bilirubin in the serum.

In the entire experimental study, all group rats showed

almost similar water and food intake. DEN-induced group

rats demonstrated significantly (p\ 0.001) reduced body

weight as compared to the NC group rats, which was sig-

nificantly (p\ 0.001) improved by HEG at dose-dependent

manner. Various researchers confirmed that the attenuation

of tumor expansion via natural product is well known that

has increased renewed interest (Pradeep et al. 2007; Jagan

et al. 2008). Few of researchers observed that the decreased

content of nutrition inducing the loss of body weight may

be connected with reduced tumor volume.

Several incidences confirmed the possible mechanism

for damage of the corpuscle in LPO, which is generally

induced by the free radicals. LPO is considered as the

classical marker of oxidative stress. During the oxidative

stress, free radicals absorb the electron from the cell

membrane and starts damaging the cells with lipid degra-

dation. During the oxidative stress, constant generation of

oxygen reacts with the unstable fatty acid and forms the

delicious product such as peroxy fatty acid radical and the

produced radical continues to react with the another free

radical and forms the unpredictable chain of lipid peroxide

(Jagan et al. 2008; Ghosh et al. 2012; Thangavel and

Vaiyapuri 2013). During the DEN-induced carcinogenesis,

LPO such as 4-hydroxy nominal and MDA react with the

various free radicals and initiate the oxidative stress, which

causes the carcinogenic effect. The enhanced content of

LPO during the DEN treatment provoked the generation of

free radicals, which was confirmed by reduce content of

endogenous antioxidant or initiate the production of ROS.

In the current study, we observed the increased level of

LPO in the DEN-induced HCC rats, which was signifi-

cantly (p\ 0.005) reduced by the HEG dose dependently.

The current results confirmed the anti-LPO effect of HEG,

which is attributed to their free radical scavenging effect.

GSH and its oxidized product are considered as the

primary defense system of cells. Various studies confirmed

the possible mechanism action of GSH; it may behave like

non-enzymatic antioxidant via direct contact with –SH

group or it may be involved in the detoxification reaction of

ROS. On the other hand, we observed the enhanced content

Table 2 Effect of 19-a-hydroxyurs-12(13)-ene-28 oic acid-3-O-b-D-glucopyranoside (HEG) on DEN-induced hepatocarcinogenesis in rats

S. No. Histopathology Groups

DEN

control

DEN control ? HEG

(5 mg/kg)

DEN control ? HEG

(10 mg/kg)

DEN control ? HEG

(20 mg/kg)

1. Necrosis ? ? ? 2

2. Pseudo-nucleoli ? ? ? 2

3. Disorganized hepatic parenchyma ? ? 2 2

4. Apoptosis ? ? ? 2

5. Hydropic degeneration ? ? ? 1

6. Bile cysts ? ? ? 2

7. Peliosis hepatis ? ? 2 2

8. Hyperplastic foci ? ? 2 2

9. Diffuse dysplasia ? ? ? 2

10. Hepatocelluar adenoma ? ? 2 1

11. Cell necrosis ? ? 2 2

12. Small dark cytoplasm ? ? 2 2

13. Altered basophilic ? ? ? 2

14. Macro lipid droplets ? ? 2 2

15. Enlargement of karyomegali ? ? ? ?

16. HSCs focal proliferation ? ? 2 2

?, present; 2, absent
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of thiol group (SH), which is sensitive to inducing the

oxidative damage (Ghosh et al. 2012; Jayakumar et al.

2012). In the current study, DEN-induced group of rats

treated with HEG altered the level of GSH and thiol group

in a dose-dependent manner. The possible mechanism of

action of HEG may be directly improving the endogenous

antioxidant parameters by increasing the biosynthesis of

GSH.

Various clinical studies proved that there is a low con-

tent of ROS, during the normal cell physiological

progression. Several factors viz., directly affect the

macromolecules (nucleic acid, protein, and lipids), envi-

ronmental factors, stressful condition and carcinogenesis;

all of these factors are responsible for increasing the ROS

production (Dhanasekaran et al. 2009; Ghosh et al. 2012).

Various investigations showed that the expansion of neo-

plastic and pre-neoplastic directly or indirectly affect the

hepatic cells, which results in increase of ROS production

and inhibit the capacity of endogenous antioxidant

parameters. It is the hypothesis that increasing the overload

of abnormal cells may affect the antioxidant parameter via

down-regulating and detoxifying the endogenous antioxi-

dant defense mechanism. SOD and CAT both are

considered as the primary defense antioxidant system. SOD

converts the superoxide anion into O2 and H2O2; on the

other hand, CAT converts the H2O2 to H2O and confirms

the reduction in generation of delicious free radicals.

During the DEN-induced carcinogenesis, the content of

SOD and CAT significantly decreases due to biomolecule

changes, which is involved in the neoplastic and pre-neo-

plastic transformation (Jayakumar et al. 2012). SOD is

considered as the first line antioxidant; it plays an impor-

tant role to protect the cell from the superoxide injury via

inhibiting the reaction of superoxide. The antioxidant

content was estimated during the various pathological

conditions of rodent during the different conditions of

diseases. Scientific reports are sufficient to confirm the

deaths of experimental rats from increase oxidative stress

in them (Pradeep et al. 2007; Shizuma et al. 2011;

Jayakumar et al. 2012). It can be concluded that the HEG

significantly improved the antioxidant content and estab-

lished the chemo-protective effect via their anti-free radical

scavenging nature.

ROS not only damages macromolecules (protein, lipids,

and DNA) of cell but are also one of the prime factor for

toxicity in cells, this can be attributed to the fact that they

creates imbalance between endogenous antioxidant defense

system or alters the detoxifying capacity of natural

enzymes viz., GSH-Red, CAT, SOD, Glc-6-PD and GSH-

Px. The DEN-induced carcinogenesis rats revealed the

reduced content of these ROS detoxifying enzymes due to

the excessive mobilization of endogenous antioxidant

enzymes toward the detoxification of ROS such as (H2O2,

O2, ONOO and RO2) (Kweon et al. 2003; Qi et al. 2008;

Chen et al. 2012). The imbalance between the endogenous

antioxidants and increased oxidative stress on cellular

macromolecules start the oxidative injury and cell death.

DEN-induced rats demonstrated the reduced content of

ROS-detoxifying enzymes, which was significantly

(p\ 0.001) improved by HEG treatment. The current

effect of HEG may be due to free radical scavenging ability

of the compound; the hypothesis was confirmed by the

in vitro antioxidant effect of HEG.

During the proliferation, cells showed increased content

of GSH, GST and glutathione metabolizing enzymes. The

elevated content of GST and GSH is due to over-expres-

sion of proliferation and quick sequestration of

antioxidants via tumor cells (Shizuma et al. 2011; Than-

gavel and Vaiyapuri 2013). GST is considered as the cyto-

protective phase II enzyme, which is involved in the

detoxification of hydrophobic, conjugates, xenobiotics,

electrophilic, lipid hydro-peroxides and H2O2. The prime

role of GST is protecting the cell from the free radical-

induced damage. The purpose of the GST is to protect the

cell via catalyzing the production of lipid hydro-peroxides,

which are regularly generated during the oxidative damage

of cellular lipid molecules. Oxidative stress in cells is

controlled by phase II enzymes system. This enzyme sys-

tem work on mechanism of electron transport phenomenon

where cytochrome P450 reduces one electron from xeno-

biotics to give a stable compound with reduce two atoms

(Liu et al. 2010; Shaban et al. 2013). DEN-induced group

rats confirmed the increased content of phase II enzymes,

but the DEN-induced rats treated with HEG altered the

activity of phase II enzymes, and probably influenced the

hepatic damage. GPx is the antioxidant enzyme, which

protects the cell from the oxidative damage. The primary

function of GPx is to inhibit the lipid hydro-peroxides to

their alcohols free hydrogen peroxidase to water (Shaban

et al. 2013).

Researchers claim that the alteration of lipid metabolism

provoked the hepatocellular carcinoma. It also affected the

development of cells and cellular function. Available lit-

erature clearly states that alteration in lipid profile and

increase oxidative stress are common features observe

during expansion of hepatic nodules in experimental rat (Li

et al. 2006). Altered lipid profile in malignant tissue is

considered as the critical parameter, due to an effect on the

fluidity, membrane integrity and circulation cellular pro-

cess, which is directly related to the cell survival and

growth.

Several experimental evidence confirms that membrane-

bound enzymes viz., Mg2?, Ca22? and Na?/K? ATPase

are responsible for the transport of ions across the cell

membrane at the expense of ATP. During the hepatic

injury that starts from the lipid membrane peroxidation,

Triterpenoids principle of Wedelia calendulacea attenuated diethynitrosamine-induced… 143

123



resultant generate the alteration of the functional and

structural characteristic of a membrane, which further

directly affects the membrane-bound ATPase activity.

During the DEN-induced HCC, decrease in the activity of

membrane-bound ATPase due to specific sensitivity from

the superoxide and hydro-peroxides radicals is observed.

DEN-induced HCC rats confirmed the reduction of the

membrane-bound enzyme, HEG treatment up-regulated the

membrane-bound enzyme activity via stabilizing the

interruption in the potassium and calcium metabolism. On

the other hand, we already confirmed that the HEG is

preventing the lipid peroxidation during the DEN-induced

HCC. On the basis of above fact, we can conclude that

HEG prevents the peroxidation of membrane lipids. We

can say that HEG prevented the hepatocytes damage and

also maintained the membrane integrity during the healthy

state via potent antioxidant nature.

IL-1b, a member of interleukin (IL) family, is consid-

ered as the potent pro-inflammatory cytokines, which play

a significant role in the initiation and expansion of

inflammatory reaction. Several clinical studies confirmed

that the low concentration of IL-1b causes the local

inflammatory response pursued by extending the potential

immune response; on the other hand, high level of IL-1b
induces the inflammation-associated tumor invasiveness

and tissue injury. Several clinical studies confirmed up-

regulated concentration of IL-1b in the HCC patient and

the same result was observed in our study. DEN-induced

disease control rats confirmed the increased level of IL-1b,
which further showed the inflammatory reaction in the

disease. On the other hand, HEG significantly (p\ 0.001)

suppressed the concentration of IL-1b in a dose-dependent

manner. On the basis of the current result, we can conclude

that HEG inhibits the IL-1b level, which confirmed the

anti-inflammatory effect of HEG.

Pro-inflammatory cytokines such as interlukin-6 and

TNF-a, both, are considered as the paracrine and autocrine

growth factor, which bind to the cell receptors. The main

actions of both pro-inflammatory mediators are targeting

the abandoned cell proliferation (Naik et al. 2011; Zhang

et al. 2012). Tumor necrosis factor-a (TNF-a) is considered
as the expansion factor for most tumor cells and also take

part in the promotion, initiation, and metastasis of tumors.

The various clinical investigations confirmed that the level

of NF-kB boosts up during the HCC. The same result was

observed in the current study. The various clinical studies

showed that the TNF-a activate the up-regulation of NF-kB

expression and start the inflammatory reaction. IL-6 regu-

lates the genes expression involved in the apoptosis

inhibition and cell cycle progression via alteration of

activation of transcription signaling pathway and Janus-

activated kinase-signal transducers (Mbimba et al. 2012).

The increased level of IL-6 has been observed in the patient

suffering from the HCC as compared to the normal vol-

unteer. The same result was observed in the disease control

group rats; HEG treatment significantly (p\ 0.001) down-

regulated the IL-6 concentration in adose-dependent man-

ner. The reduction of IL-6 concentration via HEG may be

due to an inflammatory mechanism.

Nuclear factor-kappa beta (NF-kb) is the member of five

closely related proteins, which are commonly found in the

various dimeric combinations and bind with DNA to the

kB sites. Several clinical studies showed that the NF-kB

activation has been recurrently observed in the tumor tis-

sues as well as non-tumor tissues (Majumder et al. 2010;

Mbimba et al. 2012). The level of NF-kB was up-regulated

via pro-inflammatory cytokines, free radicals, tumor pro-

moters, inflammatory reaction, carcinogens and endotoxins

(Cho et al. 2003; Lawrence 2009). In the current study, we

observed the increased content of free radical, pro-in-

flammatory cytokines, which boosted the NF-kB in the all

group rats. HEG showed the inhibition of NF-kB at dose-

dependent manner and confirm the chemoprotective effect.

The possible mechanism of HEG may be down-regulation

the oxidative stress and pro-inflammatory cytokines.

Conclusion

From the above results, we can conclude our experimental

study with two major findings. First, HEG down-regulates

the production of free radicals and inhibits the oxidative

stress via multiple mechanisms and it also stabilizes the

membrane-bound enzyme activity. Second, HEG showed

the effects via regulation of diverse transcription factors,

inhibition of pro-inflammatory cytokines, protein kinase

and activation of NF-kB. Given these promising findings,

the current investigation suggests that HEG inhibits the

oxidative stress and pro-inflammatory cytokines via

reduction of NF-kB. But, to find out the exact mechanism

of HEG in DEN-induced HCC, more cellular and molec-

ular investigation is required.
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