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Abstract

Launaea sarmentosa (Asteraceae) 
rich in alkaloids, flavonoids and glycosides has 
traditionally popular therapeutic virtues, partic-
ularly in treating cancer. This work was aimed 
to assess the anticancer efficacy of aerial part 
of Launaea sarmentosa extracted with ethanol 
(EELS) against hepatocellular carcinoma (HCC) 
induced by N-Nitrosodiethylamine (NDEA)+phe-
nobarbital+CCl4 in Wister albino rats. Firstly, 
pharmacognostical parameters of the plant was 
established followed by in vitro antioxidant stud-
ies. Successively, in vitro and in vivo anticancer 
survey of EELS (100, 200 and 400 mg/kg) was 
performed correspondingly in HepG2 cells and 
NDEA-induced HCC in Wister albino rats along 
with detailed biochemical, morphological and 
histopathological assessment. EELS admin-
istration (14 days) reinstated the altered  body 
weight to normalcy and prevented subsequent 
rise  of  liver weight as  a prognostic marker  in 
HCC. The in vitro study presented promising an-
tioxidant action of EELS correlating with in vivo 
results (enzymatic, non-enzymatic antioxidants 
and lipid peroxidation). A remarkable reduction 
in hepatic biomarkers (ALP, ALT, and AST) as 
well as inflammatory biomarkers (IL-1β and 
TNF-α) were observed in EELS-treated animals 
in a concentration-dependent manner. Finally, 
histopathological investigation of the liver tissue 

showed restoration of typical tissue skeleton 
along with reduced expression of proliferative 
markers on EELS administration as compared 
to untreated HCC animals. Outcome of this ex-
periment have established anti-hepatocarcino-
genic capacity of EELS, thereby advocating its 
use along with conventional therapies for HCC.

Keywords: Launaea sarmentosa, hepatocellu-
lar carcinoma, Anti-oxidant, hepatic biomarkers, 
inflammatory biomarkers, hepatic biomarkers

Introduction

Hepatocellular carcinoma (HCC) is a 
major contributor to cancer-related mortality 
(survival rate of below 9%) (1,2) with a preva-
lence that is three times higher in males com-
pared to females on a global scale (3), account-
ing for 830,000 deaths in 2020, followed by lung 
and colon cancer (4). It exhibited resistance to 
chemotherapy with moderate efficacy towards 
radiotherapy, thereby restricting the choices of 
medication in case of an inoperable tumor. This 
opens new avenues for  alternative therapies 
using  natural compounds or their secondary 
metabolites with proven anti-carcinogenic and 
hepatoprotective action (5). Medicinal plants 
have demonstrated their worth as reservoirs 
of compounds with therapeutic potential and 
continue to be a significant source for discov-
ering novel drug candidates (6). In addition, 
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herbal medications are currently the subject of 
substantial scientific attention due to their abil-
ity to supply essential biomolecules for treating 
many diseases including cancer, while also 
offering a wide range of long-term usage and 
safety. Hundreds of medicinal plants are being 
employed as a treatment modality either direct-
ly or indirectly by derivatising various synthetic 
molecules (7). The discovery of plant-derived 
drugs has led to the development of over 120 
single-entity drugs used in western medicine, 
including established drugs such as atropine, 
codeine, colchicine, pilocarpine, and quinine, as 
well as newer drugs like galanthamine and pacl-
itaxel (8-10). It should come as no surprise that 
numerous powerful chemotherapeutic agents, 
including taxol, doxorubicin, topotecan,  cispla-
tin, vincristine,  vinblastine and  vindesine  were 
extracted from the plants (5). The present focus 
on alternative medicine necessitates an exten-
sive effort to develop new chemicals that can 
assist in liver cancer treatment while minimizing 
adverse effects.

Pharmacognosy, together with ethno-
botany, pharmacology, and biological sciences, 
plays a crucial role in guaranteeing the quali-
ty control of ethnomedicinal remedies (11). 
The ongoing  Pharmacognostical  investigation 
examines roots, leaves, and petioles of the 
plant. It encompasses inspection, detailed in-
terpretation and documentation. In addition, 
high-resolution pictures were taken to ensure 
an accurate evaluation. The ethnomedici-
nal  study has moved forward with recent ad-
vancements in the pharmacognostical profiling 
of plants (12,13). Herbal medications must be 
pharmacognostically evaluated to avoid the in-
clusion of  inferior components and sometimes 
whole  product substitution, thereby validating 
standard potency, purity and therapeutic value 
(14-16). Therefore, the objective of this work 
was to examine the pharmacognostic charac-
teristics of L. sarmentosa and investigate the 
potential of EELS as an anti-carcinogenic agent 
against NDEA-induced HCC.

Launaea sarmentosa (L. sarmentosa) 

or “Sagar Paathri” is a costal sand dunes, run-
ners well grown in the western zones of India 
belongs to family Asteraceae (17,18). The plant 
bears yellow flower heads with milky white latex 
(19), traditionally used for the treatment of di-
arrhea (20). L. sarmentosa is widely known for 
its antihelminthic activity, wound healing activity 
(21,22), thrombolytic and membrane stabilizing 
activity (23), antimicrobial activity (24,25), an-
algesic, anti-pyretic (26) and anti-inflammatory 
activity (27), alpha glucosidase inhibitory ac-
tivity and antioxidant activity (28). Such activity 
may be attributed by the presence of a variety 
of phytoconstituents including alkaloids, carbo-
hydrates, amino acids, steroids, glycosides, fla-
vonoids, etc in it (29). L. sarmentosa roots are 
rich in α and β amyrin acetate, lupeol acetate 
and psi taraksa sterol acetate, 4-allyl-2,6-dime-
thoxyphenol glucopyranoside, scorzoside, ix-
erisoside D, and 9α-hydroxypinoresinol (30,31). 
Many species of Launaea including Launaea 
nudicaulis is proven to possess cytotoxic poten-
tial against HePG-2 and PC3 cancer cells (32).

Due to their radical scavenging and an-
tioxidant properties, flavonoids and other poly-
phenolic substances can prevent cancer growth 
(33). The presence of life-sustaining phyto-
constituents has prompted researchers to ex-
tensively study phytotherapy, which has led to 
natural products becoming alternative medicine 
or functional foods to combat carcinogens (34). 
Thus, in our study, we have primarily focused 
on assessing anti-cancer potential of ethanolic 
extract of aerial part of Launaea sarmentosa 
(EELS) against N-Nitrosodiethylamine (NDEA) 
induced HCC in Wister albino rats.

Materials and Methods

Chemical and reagents required

Analytical-grade chemicals and re-
agents, including acetone, methanol, ethanol, 
hydrochloric acid, Mayer’s reagent, ferric chlo-
ride, Fehling solutions A and B, chloroform, 
sulfuric acid, ammonia, glacial acetic acid, di-
methyl sulfoxide (DMSO), sodium dihydrogen 
phosphate, disodium hydrogen phosphate, 
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hydrogen phosphate, ascorbic acid, 1,1-diphe-
nyl-2-picrylhydrazyl (DPPH), sodium nitroprus-
side, sulfanilamide, naphthyl ethylene diamine 
hydrochloride, and phosphoric acid, were ob-
tained from Finar Scientific Chemicals, Mumbai, 
Maharashtra.

Collection of plant materials and authentica-
tion

Plant samples of L. sarmentosa were 
gathered in October 2022 from the rocks of 
the seashore of Visakhapatnam. L. Rasingam, 
the Scientist In-Charge of the Botanical Survey 
of India in Hyderabad, Telangana, identified 
and verified the samples. A voucher specimen 
(BSI/DRC/2022-23/Identification/438) has been 
stored in the Botanical Survey of India, Hyder-
abad, herbarium department for future refer-
ence. 

Extraction procedure

Following their collection, aerial por-
tions of L. sarmentosa were dried under shade 
and crushed into fine powder. Nearly 1.5 kg of 
this powder was subjected to Soxhlet extraction 
for 48-72 hours using ethanol as the solvent 
and then dried using a rotary evaporator (mod-
el-R-1001-VN, ZGSIT, China) (35).

Pharmacognostic evaluation 

The microscopic examination was per-
formed on the transverse sections (root, petiole 
and leaf) of the FAA fixed sample following sa-
franin staining using Axiolab 5 trinocular bright 
field microscope attached to Zeiss Axiocam208 
color digital camera. Furthermore, quantitative 
microscopy (epidermal number, stomatal index, 
stomatal number, vein islet number, palisade 
ratio and vein termination number) and pow-
dered characteristics of the drug was examined 
through trinocular microscope (Olympus BX43 
and Nikon ECLIPSE E200) connected to digital 
camera (Zeiss ERc5s) following the method of 
(36). In addition, preliminary  evaluations were 
conducted on EELS to assess the presence of 
phytochemicals (37).

In-vitro assessment of antioxidant potential 

Scavenging activity of EELS (10-50 μg/
ml) on Hydrogen peroxide (H2O2), Nitric oxide 
(NO) (38) and 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) (36,39) radical was estimated through 
a UV–Vis double beam spctrophotometer (UV-
1900i, Shimadzu, Japan) by taking ascorbic 
acid as control. The percentage scavenging is 
assessed as follows: 

				    …....... (Eq. 1), 
where At: absorbance of test or standard and 
Ab: absorbance of blank.

The percentage scavenging activity 
(Y-axis) was plotted against the concentration 
(X-axis). Furthermore, the resulting graph was 
extrapolated to ascertain the half maximal in-
hibitory dose (IC50 value) of the plant extract re-
quired to achieve 50% scavenging activity (40).

MTT assay

EELS was subjected to a cytotoxicity 
activity study using the MTT assay. HepG2 cell 
was cultured in 96-well plates for approximate-
ly 24h using 50% CO2 at 37°C. The cells were 
initially distributed at a density of 104 cells per 
well and thereafter subjected to varying con-
centrations of extracts. The control group con-
sisted of cells that had been treated with the 
desired solvent. Subsequently, the cells were 
treated with a solution of MTT (3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) 
at a concentration of 0.5 mg/ml, followed by the 
addition of the solvent above. The formazan 
generated was subsequently extracted from the 
MTT-containing media and dispersed in DMSO 
(200 μl), after which the optical density was 
measured. Percentage of HepG2 cell inhibition 
as per the formula given below (Eq. 2) (37). 

                                             

Acute Toxicity Study 

This study was executed by administer-
ing various doses (5-2000 mg/kg) of EELS in 
male Swiss albino mice weighing 25-30 gm as 
directed in OECD 420 guidelines. The animals 
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were surveilled for 12h for any physiological and 
behavioural alterations, while mortality was doc-
umented for 24 hours. No death was reported 
in this 24h period in all treatment doses. Based 
on this pilot investigation, three doses (100mg/
kg, 200mg/kg, and 400mg/kg) were chosen for 
future experiments.

Estimation of anticancer efficacy of EELS in 
hepatocellular carcinoma

Experimental animals

For this investigation, Wistar albino rats 
aged 50-55 days were procured from the Na-
tional Institute of Nutrition in Hyderabad. Sub-
jects were kept in polystyrene, properly venti-
lated enclosures at ambient temperature with a 
12-hour light/dark cycle. All animals were fed a 
regular pelleted diet and given unrestricted ac-
cess to food and water. Each study was con-
ducted with the authorisation of the Institutional 
Animal Ethics Committee of the School of Phar-
macy, Centurion University of Technology and 
Management, Odisha (1549/PO/Re/S/2011/
CPCSEA), in accordance with the norms set by 
NIH and CPCSEA, India.

Tumor induction and experimental design

Induction of liver cancer in Wistar rats 
was performed using the method of Pound et al 
(41) and Yadav et al (42) with little modification 
as required (43). Precisely partial hepatectomy 
(PH) was first performed on the all the exper-
imental animals. After 24 h of stabilization an-
imals were administered with a single dose of 
NDEA (100 mg/kg b.w., i.p.). Following NDEA 
induction, phenobarbital sodium (PB; 0.05% 
w/v, P.O.) was provided in drinking water up to 
4 weeks. Along with this CCl4 (1 ml/kg b.w., s.c.) 
was administered to the animals twice a week 
for first two weeks. 

Thirty animals were grouped into 5 
sets each containing six rats. Group I (normal 
control) rats were provided with no treatment. 
Group II (NDEA) animals were treated with 
NDEA to induce HCC as described above and 
were devoid of any treatment. Groups III-V 

(treatment groups) animals with HCC were 
treated with EELS (100, 200 and 400 mg/kg 
b.w., p.o. respectively) for 2 weeks. Each week 
the alteration in body weights of animals in each 
group were documented. Following 14 days of 
treatment, blood was withdrawn from all rats 
by eye-orbital method and serum was sepa-
rated from plasma for the biochemical estima-
tion. Then, experimental rats were euthanised 
by cervical dislocation following overnight star-
vations. After cervical dislocation, livers were 
surgically dissected and cleaned carefully by 
ice cold, phosphate buffer saline (PBS), pH 7.2 
(PBS,0.9% w/v) and observed for nodules, foci, 
lesions and tumors. The liver samples were pro-
cessed to remove any excess fat, then weighed 
and divided into small pieces. A portion of the 
liver tissue was then fixed in buffered formalin 
for histological examination. In addition, tissue 
homogenate was prepared by using a slice of 
liver tissue in neutral phosphate buffer saline of 
pH 7.

Estimation of Anti-oxidant enzymes

Analysis of the antioxidant enzymes su-
peroxide dismutase (SOD), glutathione reduc-
tase (GR), glutathione peroxidase (GPx), and 
catalase (CAT) was conducted using specific 
kits as directed by the producer by measuring 
the absorbance at 440 nm, 412 nm, 340 nm and 
520 nm respectively (37).

Lipid peroxidation (LPO) assay

The Sigma kit (MAK085) was used to 
conduct the LPO assay in accordance with the 
instructions provided by the manufacturer and 
the endpoint was assessed at 532 nm wave-
length.

Liver marker enzymes

Quantification of hepatic markers i.e., 
alkaline phosphatase (ALP), aspartate amino-
transferase (AST) and alanine aminotransfer-
ase (ALT) was carried out to examine the im-
pact of EELS on the restoration of cancerous 
liver. For this, the liver tissue homogenate was 
incubated with their respective reagent for min-
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utes and measured at 405 nm (ALP) and 570 
nm (AST and ALT) with the help of microplate 
reader following the directions provided by the 
manufacturer (5).

Estimation of cytokines

Inflammatory biomarkers (TNF-alpha 
and IL-1β) were estimated by employing their 
corresponding Enzyme-linked immunosorbent 
assay (ELISA) kit in accordance with the meth-
odology provided by the manufacturer (5).

Morphological study

For gross morphological study, the ex-
cised liver obtained from the sacrificed animals 
were examined microscopically on the surface 
as well as on a 3 mm cross-section to check 
visible hyperplastic nodules of greyish-white co-
lour clearly distinguishable from the surround-
ing reddish-brown liver. In order to determine 
the average diameter of each nodule, its nearly 
spherical shape was measured in two directions 
that were perpendicular to one another (44). 

Histopathological analysis

Following isolation and cleansing, rat 
liver tissues obtained from each group were 
fixed using formalin. Afterwards, formalin-fixed 
samples were treated with increasing strength 
of ethyl alcohol. Dehydration completion was 
checked by dipping in xylene and entrenched 
in paraffin wax to prepare tissue blocks. Tissue 
blocks were sliced to obtain 5-6 μM sections, 
deparaffinized, applied with H&E stain and tis-
sue architecture was observed under a micro-
scope.

Cell Proliferation analysis by BrdU assay

Liver tissue sections were deparaffin-
ized, rehydrated, their Ag were retrieved and a 
thin section (4µm) was dissected out for prepa-
ration of slide. It was impedded by incubating 
with hydrogen peroxide (3%) for 10 minutes. 
Subsequently, mouse anti-BrdU primary Ab 
(Bu20a; DAKO, Carpinteria, CA) in 1% BSA was 
added (dilution 1:500) and incubated through-
out the night (4ºC). It was followed by incubation 
with corresponding secondary Ab (rabbit an-

ti-mouse IgG Ab in a dilution of 1:500; 37ºC, 30 
min). At last the tissue section was stained with 
diaminobenzidine (DAB) and counter stained 
with haematoxylin before viewing under a mi-
croscope (45).

Analysis of PCNA expression

Streptavidin-avidin biotin immunoper-
oxidase-complex technique was used to de-
tect PCNA expression. After deparaffinization, 
rehydration and Ag retrieval, the small portion 
of tissue (5µm) was blocked by incubating half 
an hour with H202 (1%) in Tris-NaCl (0.1 M, pH 
7.6). After incubation with normal goat serum 
(5%; 37ºC, 1 hr), primary monoclonal mouse 
anti-PCNA antibody (2μg/ml; Anti PCNA clone 
#5A10, MBL Co., Ltd. Japan) was added and 
incubated overnight. Subsequently, the it was 
incubated with biotinylated secondary antibody 
anti mouse IgG (Immunopure; 1.5000 dilution; 
37°C, 30 min) and streptavidin peroxidase 
(1:100, 1 hr). Staining was developed with DAB, 
slides were counterstained with hematoxylin, 
dehydrated, and mounted. Primary Ab was re-
placed with PBS to prepare negative control. 
Prominent reddish-brown colouration depicted 
PCNA positive cells. In a random high-power 
field, no. of positive cells with respect to total 
number of cells was estimated to calculate the 
PCNA-labelling index using the formula given 
below (46).

Statistical analysis

For statistical analysis one-way analysis 
of variance (ANOVA) and Bonferroni’s multiple 
comparison test was used keeping sample size 
uniform. All values were expressed as mean ± 
standard error mean (SEM) with level of signifi-
cance p < 0.05.

Results and Discussion

Microscopic evaluation

Results of the microscopic evaluation of 
roots displayed an irregularly circular in outline 
and shows 4 to 5 tangentially running rows of 
lignified cork cells; in a few places, the cork tis-
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sues are seen exfoliating; underneath the cork 
wide cortex made up of loosely arranged thin-
walled parenchyma cells with few laticiferous 
cells is present; tannin deposition in some of the 
cortical cells; starch grains embedded with few 
cells. The centrally situated vascular bundles 
cover more than half of the section; the pres-
ence of phloem with some sieve tube and com-
panion cells above the xylem; the medullary 
rays arising from the centre and extending up to 
the cortex region are multiseriate, barrel-shaped 
and loaded with some starch grains; xylem 
with a small pith occupy almost entire portion 
of the root; is diarch to tetrarch and composed 
of xylem fibres, vessel and xylem parenchy-
ma (Fig. 1). Petiole is broadly concave on the 
lower region and irregular on the upper region 
with two winged projections; outer epidermis is 
covered by a thin cuticle and is single layered; 
4 layers of chlorenchyma cells are seen below; 
ground tissue is parenchymatous and contains 
3 vascular bundles; small vascular bundles are 
present in the winged region; pericyclic patch-
es are present above the bundles; phloem is 
present below the xylem elements (Fig. 2). The 
TS leaf is biconvex with uniseriate upper and 
lower epidermis covered by distinct cuticle; 3 to 
4 layers of chlorenchyma cells are seen below 
the upper epidermis, followed by 8 to 10 lay-
ered thin-walled parenchyma cells forming the 
ground tissue; a large collateral vascular bun-
dle is present in the center; xylem is composed 
of protoxylem (oriented towards the upper epi-
dermis) and metaxylem (located towards the 
lower epidermis) vessels; phloem is present 
below the xylem; parenchymatous pericycle is 
seen surrounding the bundle (Fig. 3a). In the 
lamina, upper and lower uniseriate epidermis is 
covered by thin cuticle; the dorsiventral meso-
phyll is distinguished into spongy and palisade 
parenchyma cells. The palisade parenchyma is 
2 to 3 layered and composed of followed by 4 
to 5 layers of spongy parenchyma cells; veins 
are seen traversing through the mesophyll; few 
oil globules are seen randomly distributed (Fig. 
3b). The epidermal peelings of the leaf were 
observed microscopically, and the quantitative 
parameters obtained were recorded (Table 1). 

The leaf was amphistomatic with a uniform dis-
tribution of anomocytic stomata on both adaxial 
and abaxial surfaces (Fig. 4). 

Powder microscopy was found to be 
grey in color with characteristic odour and salty 
taste and shows fragment of cork, epidermal 
fragment with anomocytic stomata, parenchy-
ma cells, cells with oil globules, annular, bor-
dered pitted and reticulate vessel, prismatic 
crystals and starch grains (Fig. 5). Furthermore, 
the extract was observed to be positive for the 
presence of alkaloids, triterpenoids, steroids, 
tannins, glycosides, saponins, carbohydrates, 
flavonoids, and phenolic compounds (Supple-
mentary Table 1).

Table 1. Quantitative microscopy of L. sarmen-
tosa leaf

Parameters Upper epidermis 
(/mm2)

Lower epider-
mis (/mm2)

Stomatal 
number

45-55 60-70

Epidermal 
number

100-110 120-130

Stomatal 
index

31-34 33-35

Vein termina-
tion

15-20 

Vein islet 8 – 10
Palisade 

ratio
18 – 20

Fig 1. T.S. of L. sermentosa Root; where Ck - 
cork; Ct - cortex; ECk - exfoliating cork; F - fi-
bre; MR - medullary ray; Pa- parenchyma; Ph 
- phloem; Pi - pith; TC - tannin cell; V - vessel; 
VB - vascular bundle.
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Fig 2. TS of L. sermentosa petiole; where Chl 
- chlorenchyma; Ct - cortex; Cu - cuticle; E - epi-
dermis; Pa- parenchyma; Per - pericycle; Ph - 
phloem; V - vessel; VB - vascular bundle.

Fig 5. Powder microscopy of L. sermentosa root 
and leaf.

In vitro anti-oxidant efficacy of EELS

The in vitro antioxidant activity of the 
ethanolic extract of L. sarmentosa was investi-
gated by three different methods, including hy-
droxyl radical, DPPH, and nitric oxide scaveng-
ing assays, using ascorbic acid as the standard. 
The IC50 values of the extract for hydroxyl radi-
cal, DPPH, and nitric oxide scavenging assays 
were found to be 39.24, 622.85, and 199.84 µg/
ml, respectively (Table 2), which is correlated 
with concentration, i.e., with increasing concen-
tration leading to increased activity.  These rad-
icals can induce oxidative damage to DNA, pro-
teins, and lipids, making it important to prevent 
their formation as a basis for preventing various 
diseases. 

Table 2. IC50 value of In vitro antioxidant activi-
ties of L.sarmentosa
Sample Hydroxyl 

radical 
scaveng-
ing activity

(µg/ml)

DPPH 
radical 
scav-

enging 
activity 
(µg/ml)

Nitric ox-
ide radical 
scaveng-

ing activity

(µg/ml)

L. sermantosa 39.24 622.85 199.84

Ascorbic acid 21.32 272.39 201.12

In vitro cytotoxicity study

MTT assay was performed to analyze 
the cytotoxic potential of EELS on HepG2 cell 
lines. EELS inhibited viability of HepG2 cells in 
concentration-dependent fashion from 1 μg/ml 
to 500 μg/ml with an IC50 value of 75.25 μg/ml 
concentration (Table 3). This inhibition of can-

Fig 3. TS of L. sermentosa leaf; (a) TS of lamina 
and (b) TS of midrib; where Chl - chlorenchy-
ma; Col - collenchyma; Cu - cuticle; LE - lower 
epidermis; Mes - mesophyll; Pa - parenchyma; 
Ph - phloem; SG - starch grains; UE - upper 
epidermis; V - vessel; VB - vascular bundle; LE 
- lower epidermis; OG - oil globule; Pal - pal-
isade parenchyma; SP - spongy parenchyma; 
UE - upper epidermis; Ve – vein.

Fig 4. Quantitative microscopy of L. sarmento-
sa leaf by observing upper epidermis and lower 
epidermis for studying vein islet and vein ter-
mination; where E - epidermis; St - stomata; VI 
- vein islet; VT - vein termination.
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cer cell proliferation was found to be associated 
with morphological alterations such as shrink-
age, cell-distortion as well as rounding of cells 
relative to the untreated cells as observed un-
der microscope (Data not shown).

Table 3. In vitro cytotoxicity study
Concentration (µg/ml) % cell inhibition (n=3)

0 0.00 ± 0.00
1 2.31 ± 0.09
5 5.96 ± 0.18

10 8.91 ± 0.48
50 32.64 ± 1.58

100 67.18 ± 2.31
200 80.20 ± 2.08
500 99.36 ± 4.67

Where, the data are represented as mean ± 
SEM

EELS altered body weight and liver weight in 
NDEA induced liver cancer bearing animals

In normal control animals, b.w. in-
creased gradually without any notable abnormal 
changes during the entire experimental period. 
After NDEA treatment, a significant decrease (p 
< 0.001) in b.w. was observed in all the animals 
compared to the normal control group up to 6th 
week. After treatment with EELS the b.w. of can-
cer bearing animals was found to be increased 
significantly. Moreover, group III animals (EELS 
100 mg/kg/day) exhibited lowest significant (p 
< 0.01) increase in b.w. while group V animals 
(EELS 400 mg/kg/day) revealed maximum in-
crease (p < 0.001) in b.w. as compared to group 
II animals (Fig. 6a).

Liver weight was also assessed in all 
the groups of animals (Fig. 6b). NDEA treated 
animals showed high significant increase in 
liver weight (p < 0.001) in comparison to nor-
mal control animals while liver weight reduced 
gradually after EELS treatment (groups III, IV, 
V). In comparison to induced control group, 
(EELS 100 mg/kg/day) exhibited no significant 
decrease (p > 0.05) in liver weight while higher 

doses (EELS 200 mg/kg/day and 400 mg/kg/
day) caused subsequent normalization of liver 
weight (p < 0.05, p < 0.01).

EELS treatment reduced oxidative stress in 
rats with HCC

When compared to the normal con-
trol (Group I), antioxidant enzyme activity 
(SOD, CAT, GR, and GPx) in the NDEA-treat-
ed group (Group II) was significantly reduced. 
EELS-treated groups (III, IV, V) showed a sig-

Fig 6. Effect of EELS on alteration in body 
weight (a) and liver weight (b) of experimental 
animals during the study period. Each value is 
represented as mean ± SEM; n=6. Group I: Con-
trol; Group II: NDEA; Group III: NDEA+EELS 
(100 mg/kg); Group IV: NDEA+EELS (200 mg/
kg) and Group V: NDEA+EELS (400 mg/kg). 
Comparisons: a=group II, III, IV, V with group I; 
b=group III, IV and V with group II. Significant: 
nsp > 0.05; *p < 0.05; **p < 0.01; ***p < 0.001. 
NDEA: N-Nitrosoethyldiamine, EELS: ethanolic 
extract of aerial part of Launaea sarmentosa.

nificant increase (p < 0.05) in enzyme activity 
(Fig. 7a, c, d, e), except for CAT (statistically 
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non-significant) [Fig. 7b] compared to the in-
duced control.

Fig 7. Analysis of enzymatic and non-enzymat-
ic antioxidants and lipid peroxidation levels of 
rats treated with EELS following NDEA induced 
HCC i.e., (a) Superoxide dismutase (SOD), (b) 
Catalase (CAT), (c) Malonaldehyde (MDA), (d) 
Glutathione reductase (GR) (e) Glutathione 
peroxidase (GPx). Each value is represented 
as mean ± SEM; n=6. Group I: Control; Group 
II: NDEA; Group III: NDEA+EELS (100 mg/kg); 
Group IV: NDEA+EELS (200 mg/kg) and Group 
V: NDEA+EELS (400 mg/kg). Comparisons: 
a=group II, III, IV, V with group I; b=group III, IV 
and V with group II. Significant: nsp > 0.05; *p < 
0.05; **p < 0.01; ***p < 0.001. NDEA: N-Nitro-
soethyldiamine, EELS: ethanolic extract of aeri-
al part of Launaea sarmentosa. 

EELS restored altered liver enzymes

In the NDEA-treated groups (II, III, IV, 
and V), liver enzyme activity (ALP, ALT, AST) 
increased compared to the normal untreated 

control (Group I). The EELS-treated groups (III, 
IV, and V) showed a statistically significant de-
crease (p < 0.05) in enzyme activity compared 
to the NDEA-induced control (Fig. 8a-c). 

Fig 8. Analysis of liver marker enzymes of rats 
treated with EELS following NDEA induced HCC 
i.e., (a) Aspartate aminotransferase (AST), (b) 
Alanine aminotransferase (ALT) and (c) Alkaline 
phosphatase (ALP). Each value is represented 
as mean ± SEM; n=6. Group I: Control; Group 
II: NDEA; Group III: NDEA+EELS (100 mg/kg); 

Group IV: NDEA+EELS (200 mg/kg) and Group 
V: NDEA+EELS (400 mg/kg). Comparisons: 
a=group II, III, IV, V with group I; b=group III, IV 
and V with group II. Significant: nsp > 0.05; *p < 
0.05; **p < 0.01; ***p < 0.001. NDEA: N-Nitro-
soethyldiamine, EELS: ethanolic extract of aeri-
al part of Launaea sarmentosa. 

EELS treatment inhibits pro-inflammatory 
cytokines

A significant increase (p < 0.001) in the 
inflammatory markers (TNF-α and IL-1β) was 
observed in NDEA-induced hepatotoxic rats 
compared to the control group (Fig. 9). Howev-
er, treatment with EELS at a higher dose (400 
mg/kg b.w.) significantly decreased these in-
flammatory marker levels (p < 0.001).

Fig 9. Analysis of inflammatory cytokines in 
serum samples of rats treated with EELS fol-
lowing NDEA induced HCC i.e., (a) Tumour 
Necrosis Factor-α (TNF-α) and (b) Interleu-
kin-1β (IL-1β). Each value is represented as 
mean ± SEM; n=6. Group I: Control; Group II: 
NDEA; Group III: NDEA+EELS (100 mg/kg); 
Group IV: NDEA+EELS (200 mg/kg) and Group 
V: NDEA+EELS (400 mg/kg). Comparisons: 
a=group II, III, IV, V with group I; b=group III, IV 
and V with group II. Significant: nsp > 0.05; *p < 
0.05; **p < 0.01; ***p < 0.001. NDEA: N-Nitro-
soethyldiamine, EELS: ethanolic extract of aeri-
al part of Launaea sarmentosa. 

Treatment with EELS restores normal liver 
architecture

The appearance of hepatic hyperplastic 
nodules as judged by their percentage of inci-
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dence and number of nodules. One single dose of NDEA resulted in 92% incidence of hyperplastic 
nodules, from which nearly 7.5% nodules have a size of more than 3 mm. However, administration 
of EELS for 14 consecutive days repressed these nodules, having maximum inhibition (75%) at the 
dose of 400 mg/kg (Table 4).

Table 4. Effect of EELS in development of nodular hyperplasia in rats with HCC
Group % incidence of 

nodules
% inhibition of 
nodules

% of nodules relative to size
 <1 mm 1-3 mm >3 mm

NDEA 92% - 16.2 76.3 7.5
NDEA+EELS (100 mg/kg) 90% 30% 55.6 43.2 1.2
NDEA+EELS (200 mg/kg) 83% 59% 64 36 0
NDEA+EELS (400 mg/kg) 86% 75% 75.9 24.2 0

EELS restored altered liver histology

As depicted in Fig. 10, control rats dis-
played normal liver parenchyma with granular 
cytoplasm. Small uniform nuclei can be seen 
radially arranged the central vein [Fig. 10a(i)]. 
Induction of HCC phenotypically altered the ar-
chitecture of hepatocytes. Multinucleated, hy-
perchromatic, oval, irregular hepatocytes hav-
ing consistent focal lesion and nodules were 
observed. Portal veins were encircled by prom-
inent hyper basophilic mass i.e., clearly distin-
guishable from surrounding non-nodular pa-
renchyma. Nucleus were found to be large with 
centrally located nucleoli and surrounded by 
highly vacuolated cytoplasm containing masses 
of eosinophilic substances [Fig. 10a(ii)]. Treat-
ment with EELS (100 mg/kg) reduces the no. 
of multi-nucleated hepatic cells, reduced the 
nucleus size and improved vacuolation and 

compactness of hepatocytes, however, still 
some heterogeneity can be noticed. Basophil-
ic cells can be perceived to be scattered in the 
cytoplasm without being aggregated around the 
portal vein [Fig. 10a(iii)]. These alterations can 
be ameliorated and normal tissue architecture 
was restored on administration of higher doses 
of EELS [Fig. 10a(iv and v)].

Effect of EELS on BrdU expression

A significant immunolocalization of 
BrdU-immuno positive hepatocytes was ob-
served in NDEA-induced group (BrdU-Li: 
25.3±0.27) as compare to normal animals 
(BrdU-Li: 13.2±0.32) depicting strong immuno-
reactivity. Nevertheless, treatment with EELS 
showed a moderate to low BrdU labelling with 
minimal focal areas and scattered BrdU positive 
cells (Fig. 10b and Table 5).

Table 5. Cell proliferative marker study
Group BrdU-labelling index (BrdU-Li) PCNA-labelling index (PCNA-Li)
Control 13.2±0.32 12.52±0.63
NDEA 25.3±0.27 28.39±0.25
NDEA+EELS (100 mg/kg) 21.6±0.16 22.05±0.39
NDEA+EELS (200 mg/kg) 17.5±0.28 21.10±0.42
NDEA+EELS (400 mg/kg) 16.2±0.21 19.39±0.68

Where, the data are represented as mean ± SEM values (n=6) and significance of difference is 
indicated as ***p < 0.001, **p < 0.01, *p < 0.05 and nsp > 0.05. Effect of EELS on PCNA expression

Where, the data are represented as n=6.
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Since PCNA plays an important role in 
DNA replication, we have the in situ estimated 
localization of PCNA expression in rat liver de-
picted in Fig. 10c. Intense immunostaining of 
PCNA along with clusters of focal expression 
inside precancerous lesion was observed in 
NDEA-induced group (PCNA-Li: 28.39±0.25), 
suggesting higher rate of cell proliferation upon 
cancer induction. This proliferative marker re-
duced in a dose-dependent manner following 
treatment with EELS (Fig. 10c and Table 5).

Discussion

Pathologic and metabolic changes 
induced by disproportionate antioxidant sta-
tus result in damaged cellular cohesiveness, 
fostering the development of tumor (47). Pre-
liminary phytochemical investigation found an-
tioxidant-potent phytoconstituents (phenols, 
flavonoids, alkaloids, glycosides, saponins,  tri-
terpenes,  carbohydrates, steroids,  tannins) in 
L.sermentosa. The preliminary phytochemical 
investigation found  antioxidant-potent phyto-
constituents (phenols, flavonoids, alkaloids, 

glycosides, saponins,  triterpenes,  carbohy-
drates, steroids, and tannins) in L.sermentosa. 
Reactive oxygen species (ROS) can cause ox-
idization of protein, DNA and lipid and hence, 
prevention of ROS is essential to reducing the 
risk of numerous diseases, including cancer 
(48). In vitro antioxidant assay exhibited a nota-
ble scavenging action against H2O2, DPPH, and 
NO radicals. A prominent surge in DPPH, H2O2 
and NO can occur due to stress. DPPH is a li-
pophilic radical which participates in lipid autox-
idation chain reactions.  It is a very stable rad-
ical that can consume hydrogen or electron to 
generate a diamagnetic molecule. Antioxidants 
lower DPPH absorbance at 517 nm, indicating 
its reducing capacity (49). A positive DPPH test 
reveals L.sermentosa scavenges free radicals. 
NO, a pro-inflammatory mediator generated 
when sodium nitroprusside breaks down at 
physiological pH, contributes to inflammation 
(37). Oxidative stress is also caused by oxy-
gen-derived free radicals like hydrogen perox-
ide (H2O2). L.sermentosa showed radical scav-
enging activity comparable to ascorbic acid.

Fig 10. (a) Alteration in liver histology observed after Haematoxylin and eosin (H&E) staining, (b) 
Microscopical images of liver tissue section showcasing BrdU expression profile following immu-
nostaining and (c) Microscopical images showcasing PCNA expression profile following immunos-
taining. NDEA: N-Nitrosoethyldiamine, EELS: ethanolic extract of aerial part of Launaea sarmento-
sa, BrdU: Bromodeoxyuridine or 5-bromo-2’-deoxyuridine, PCNA: Proliferating cell nuclear antigen.



Current Trends in Biotechnology and Pharmacy
Vol. 19(3) 2462-2479, July 2025, ISSN 0973-8916 (Print), 2230-7303 (Online)
DOI: 10.5530/ctbp.2025.3.30

Anti-hepatocarcinogenic potential of Launaea sarmentosa

2473

Subsequently, the effectiveness of 
EELS was estimated in an in vivo rat mod-
el of N-nitroso diethylamine (NDEA)-induced 
HCC. NDEA is a potent carcinogen that devel-
ops HCC by hindering DNA and RNA-repairing 
pathways, thereby triggering oxidative stress by 
initiating free radicals production (50). CytP450 
(CYP2E1) metabolizes  NDEA into 6-ethylde-
oxythymidine and 4-ethyl-deoxyguanosine with-
in liver. CCl4 also causes endoplasmic reticulum 
to produce trichloromethyl free radicals that 
interact with cellular lipid and protein to form 
peroxyl radicals. These radicals damage cell 
membrane lipids and proteins, increasing car-
cinogenic complexity (51,52). Since, NDEA is a 
widely available environmental pollutant found 
in chemical used in agriculture, industry, pack-
aged drinks, tobacco smoke etc. precipitating 
liver diseases (53), its employment as a typical 
hepatocellular carcinoma screening model for 
antioxidant-rich hepatoprotective drugs is fa-
vourable.

The current study revealed a notewor-
thy decrease in b.w. in the NDEA treated group 
compared to the control animals, which may be 
attributed to stress. During the course of the 
experiment, it was seen that the dietary intake 
of rats decreased, resulting in a sudden fall in 
b.w. due to defective metabolism and liver tox-
icity (54). However, the administration of EELS 
resulted in a significant improvement of this 
condition depending on the drug concentration. 
Spontaneous cell replication takes place in the 
hepatic lobules during the regular developmen-
tal process and regeneration, in case of minimal 
tissue loss or after the end of the injury phase. A 
deficit of more than 20-30% limits the prolifera-
tion (55). The carcinogenic animals exhibited a 
substantial rise in liver weight, as compared to 
that of the normal animals, due to accelerated 
cell replication and an augmented tumour bur-
den, which get ameliorated upon administration 
of EELS.

Elevated levels of ROS due to oxidative 
stress with reduced antioxidants trigger tissue 
damage (56). Antioxidant enzymes are popu-

lar for their capacity to prevent carcinogen-in-
duced ROS generation in rats. The anti-oxidant 
enzyme SOD translates O2- into O2 and H2O2, 
thereby fortifying from its harmful effects. Fur-
ther, CAT converts H2O2 into H2O, completely 
neutralising free radicals. The enzyme GPx is 
a protein containing selenium, which is located 
in the mitochondrial matrix and cytoplasm of the 
cell (57). Together with glutathione, it shields the 
cell from oxidative damage (58). Another en-
zyme GR reduces oxidized glutathione (GSSG) 
into GSH. The NDEA-treated  group exhibited 
a significant decrease in anti-oxidant proteins. 
However, EELS ingestion ameliorates these 
effects, suggesting the oxidative stress-reduc-
ing capability of EELS. MDA is the final product 
of Lipid peroxidation (LPO) of polyunsaturated 
fatty acids, which can initiate the formation of 
cross-links within proteins, lipids, and nucleic 
acids. Thus, the amount of LPO was elevated in 
carcinogenesis, which aligns with our research 
findings (59). However, normalcy was restored 
upon ingestion of EELS.

Carcinogens like NDEA and CCl4 trig-
ger impairment of hepatic cells leading to the 
release of liver marker enzymes into the blood-
stream (60,61) and treatment with hepatopro-
tective agent restored their levels to normalcy 
(62). We found that EELS dose-dependently 
restored the level of AST, ALT and ALP in rats 
compared to carcinogen-induced animals. This 
proves that EELS regenerates parenchymal 
cells and reduces enzymatic linkage by main-
taining membrane integrity. Cytokines are a 
kind of  immune system pleiotropic hormones 
that contribute towards neoplastic induction, 
maintenance and advancement (63). In gener-
al, neoplastic cells and tumor-associated mac-
rophages (TAM) promote tumor development 
by inducing the release of inflammatory markers 
(TNF-α, IL-1β, and angiogenic and lymphangio-
genic growth factors) (64,65). Our study record-
ed elevated serum levels of these proinflamma-
tory cytokines in the NDEA treatment groups, 
while EELS therapy effectively attenuated their 
levels.
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NDEA treatment disrupts the liver’s nor-
mal histological architecture (hexagonal lobular 
structure with radially arranged hepatocytes, 
the central vein in the middle, and the periph-
eral portal triad) due to a cascade of events ini-
tiated by oxidative stress, leading to membrane 
damage, inflammatory cell infiltration, cellular 
atypia, and eventually transformation into HCC 
(65). However, partial to complete restoration 
of the liver’s histological features was observed 
following treatment with EELS. This reversal 
of toxic effects is likely due to the reduction or 
complete inhibition of NDEA-induced oxidative 
stress and improved antioxidant status. PCNA 
is an auxiliary protein of DNA polymerase δ and 
its expression is increased in proliferating cells. 
Combined with histopathological characteris-
tics, a high frequency of PCNA overexpression 
is a reliable marker for evaluating malignant 
grades or stages of tumor differentiation and 
the assessment of tumor progression. In our 
study, localized expression of PCNA in areas of 
high proliferative activity was observed which 
might be an early event in the pathogenesis of 
hepatic neoplasia. EELS-mediated suppression 
of PCNA, reflects anti-proliferative activity of 
EELS. Moreover, a profound decline in the level 
of BrdU positive cell supports this claim.

Conclusion

Our result clearly demonstrated sig-
nificant chemotherapeutic potential of EELS 
against HCC induced by NDEA+phenobarbi-
tal+CCl4 in Wister rats. A marked improvement 
in morphological and histological features along 
with amelioration of antioxidant, anti-inflamma-
tory and liver biomarkers were observed follow-
ing EELS treatment. This effect may attribute to 
the phytochemical richness of the plant which 
are known to exert antioxidant and antiprolifer-
ative properties. These discoveries could certify 
the anticancer activity of L.sementosa and pos-
tulate it as a functional food to treat liver car-
cinogenesis.
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