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To evaluate the hepatoprotective activity of extract and silver nanoparticles of Dodonaea viscose leaves against hepatocellular carcinoma in male 
rats.

Eighty adult Wistar male rats were exposed to N-
nitrosodiethylamine to induce hepatocellular carcinoma and allocated in 

-1different groups supplemented with 125, 250 and 500 mg kg  b.wt. of 
Dodonaea viscosa (DVLE) and DVLE-AgNPs for 12 weeks. Liver samples 
of treated groups were used to estimate the activities of alanine 
transaminase (ALT), aspartate aminotransferase (AST), glutathione 
peroxidase (GPx) and albumin levels. DNA damage, DNA adducts, ROS 
generation, apoptosis rate, and the expression analysis of the genes 
associated with the apoptosis (Bcls, Bax and p53) were also determined. 

HCC group exhibited alterations in the activities of ALT, AST, GPx 
and levels of albumin compared with the control group. High rates of DNA 
damage, DNA adducts and ROS generations as well as changes in the 
apoptosis rates and the expression levels of Bcls, Bax and p53 genes were 
observed in HCC-induced rats compared with those in control group. 
DVLE and DVLE-AgNPs prevented the NDEA action on liver damage in a 
dose-dependent manner by reducing the alteration in the enzymatic and 
protein levels, decrease ROS generation, diminish genetic toxicity (DNA 
damage and DNA adducts), increased the apoptosis rate and suppressed 
the expression changes of Bcls, Bax and p53 genes.

The action mechanism of DVLE and DVLE-AgNPs could probably attribute to the presence of polyphenolic and sesquiterpenes which are 
considered as potent inhibitors of cancer progression of liver cells.

Key words: Apoptosis, Dodonaea viscosa, HCC, ROS generation, 8-OHdG formation

Hepatoprotective activity of Dodonaea viscosa leaf 
extract nanoparticles against N-nitrosodiethylamine 
induced tumor initiation in rat liver: Modulation of 

apoptosis and signaling pathways

177-187Vol. 432022March© Triveni Enterprises, Lucknow (India) 

Received: 28.07.2021                                        Revised: 18.09.2021 Accepted: 28.10.2021

1,2A. Alasmari
1Department of Biology, The Faculty of Sciences, University of Tabuk, Tabuk, 71491, Kingdom of Saudi Arabia

2Genome and Biotechnology Unit, The Faculty of Sciences, University of Tabuk, Tabuk, 71491, Kingdom of Saudi Arabia

*Corresponding Author Email : ab.alasmari@ut.edu.sa

How to cite : Alasmari, A.: Hepatoprotective activity of Dodonaea viscosa leaves extract nanoparticles against N-nitrosodiethylamine induced tumor initiation in rat 

liver: Modulation of the apoptosis and signaling pathways. J. Environ. Biol., 43, 177-187 (2022).

p-ISSN: 0254-8704    •    e-ISSN: 2394-0379    •    CODEN: JEBIDP

Journal website : www.jeb.co.in « E-mail : editor@jeb.co.in

Journal of Environmental Biology
Triveni EnterprisesTriveni Enterprises

(Educational Services Set-up)(Educational Services Set-up)

JEBJEB
®®

DOI : jeb/43/2/MRN-2096http://doi.org/10.22438/

Original Research



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, March 2022¨

polyphenolic antioxidants from the leaves of viscose sp. These 
polyphenols are derivatives of dicaffeoylquinic acid, and the 
caffeoylquinic acid family is considered as potent inhibitor for 
replication of human immunodeficiency virus (HIV-1). It is known 
that the use of nanoparticles in pharmaceutical and clinical 
applications has been reported to improve the efficiency of 
anticancer drug due to low side effects, low drug concentration and 
low toxicity levels (Abdu et al., 2017; Attallah et al., 2018; Hegazy et 
al., 2018). As D. viscosa extract contains active free radical-
scavenging compounds such as polyphenolic and sesquiterpenes, 
therefore, this study was carried out to evaluate the role of D. 
viscosa and its nanoparticles as anticancer agents against HCC.

Materials and Methods

Collection of plant materials: Plant materials of D. viscosa were 
collected from several points of the mountains in the southwest 
namely Billasmar, Saudi Arabian, between August to December, 
2018. D. viscosa leaves were authenticated and identified by a 
taxonomist Faculty of Science, University of Tabuk, Kingdom of 
Saudi Arabia. The leaves were isolated from branches, washed 
carefully, dried in an open area, stored in plastic bags and kept at 
−20ºC until further use.

Preparation of plant extract: Dry powder (about 90 g) of each 
collection was extracted separately in 70% aqueous ethanol to 
make a volume of 300-500 ml. The samples were kept in a shaker 
for three days at 180 rpm at room temperature. Thereafter, the 
samples were centrifuged, the upper phase was separated and 
the residues were re-suspended in alcohol three times followed 
by centrifugation to separate the mixture again. The obtained 
materials after centrifugation were mixed and concentrated under 
reduced pressure at 40 ºC. The ethanol was evaporated and the 
dried extract of D. viscosa leaves was collected in sterile tubes at 
4ºC until further use.

Biosynthesis of silver nanoparticles: Silver nitrate 
nanoparticles were prepared in an aqueous solution containing 
fresh D. viscosa leaf extract in 9:1 ratio. The solution mixture of 
silver nanoparticles (Ag-NPs) and D. viscose extract was placed 
in a shaker at 27±2°C for 6 hrs for constant rotation.

Nanoparticles characterization of D. viscosa leaves extract 
AgNPs: DVLE-AgNPs were characterized using UV-visible 
spectrophotometry. To perform X-ray diffraction assessment, X-
ray Diffractometer (Equinox 3000) was used. Hitachi (S-4160) 
scanning electron microscopy was used to analyze the size and 
shape of the biosynthesized nanoparticle. To evaluate the particle 
and molecule size of the prepared nanoparticle a Nno-z 590  
Malvern-Zetasizer was used.

Experimental animals: Adult Wistar male rats (n=80, 140-155 g; 
age= 6-8 weeks) were procured from the Faculty of Science, 
University of Tabuk, Kingdom of Saudi Arabia, and were fed 
regular laboratory diet (starch 60 %, protein 20 %, fibers 10 %, oil 
seed cake 7 %, bone meal 2 % and salt 1 %) and water ad libitum. 

Introduction

The most common type of cancer worldwide in humans is 
rdhepatocellular carcinoma which is mentioned as the 3  cancer in 

thmales and the 7  common cancer in females. Every year~about 
800,000 hepatocellular carcinoma cases occur globally and 
~700,000 deaths take place due to hepatocellular carcinoma 
malignancy (Alqahtani et al., 2019; Pinheiro et al., 2019). The 
International Agency for Research on Cancer (IARC) has 
reported that the incidence rate of hepatocellular carcinoma is 4.5 
per 100,000 cases and the mortality rate due to hepatocellular 
carcinoma is 4.2 per 100,000 cases (Ferlay et al., 2019). 
Additionally, the Agency of Saudi Cancer Registry estimated in 

th2014 that the hepatocellular carcinoma is considered as the 9  
thcommon cancer among females and 6  among males in the 

Saudi Arabia population (SCR, 2014). Hepatocellular carcinoma 
is considered as the most common liver cancer type which 
begins and progress in the major type of hepatic cells, namely 
hepatocyte (Dimitroulis et al., 2017). There are several risk 
factors responsible for the hepatocellular carcinoma 
occurrence reported in Western, Asian and African countries 
such as hepatitis C virus and hepatitis B virus (Dimitroulis et al., 
2017; Janevska et al., 2015). Moreover, non-alcoholic fatty liver 
disease, obesity, heavy alcohol use, diabetes, aflatoxins and 
tobacco smoking are considered as other risk factors 
accountable for increase the probability of getting 
hepatocellular carcinoma (Dimitroulis et al., 2017).

Adjuvant therapy for cancer which is defined as surgery 
operation followed by radio- or chemotherapy is administered to 
decrease or prevent metastases recurring (Labianca et al., 2010). 
The efficiency of radio- or chemotherapy has been restricted by 
resistance development and by severe side effects (McWhirter et 
al., 2013). Thus, to overcome the side effect problem and drug 
resistance in HCC patients additional therapies are required. 
Nowadays, natural products are known to have antitumor activity 
with less toxicity and high efficiency (Ma and Wang, 2009). In this 
regard, most of the anticancer drugs (~more than 60%) which are 
currently in use, have been extracted from the natural products 
mainly from plant sources (Gordaliza, 2007). Therefore, there is 
much more interest to develop novel anti-cancer agents extracted 
from the herbal medicines. This attention is much more raised due 
to the need to minimize the side effects related to currently available 
anti-cancer medications (Al-Naqeb and Taj Al- Deen, 2017). 

Dodonaea viscosa (L.) is a medicinal permanent herb 
native to the Mediterranean basin (Wang et al., 2004). D. viscosa 
plant has viscous leaves with intense yellow flowers that bloom 
yearly during August and November. D. viscosa is used in 
traditional medicine like a medicament plant due to its antipyretic, 
antimicrobial and anti-inflammatory action (Lauro and Rolih, 
1990). Several studies on D. viscosa have been conducted and 
exhibited the presence of some active compounds such as 
sesquiterpenes (Rozenblat et al., 2008) and polyphenols (Talib 
and Mahasneh, 2010) which play an effective role in the apoptosis 
pathway in cancer cells. Danino et al. (2009) extracted 
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DNA adducts determination: The formation ratio of DNA 
adducts was assessed in hepatic tissues of all treated animals 
according to Abdu et al. (2017). The isolation of genomic DNA 
from the hepatic tissues of treated rats was performed following 
chloroform/isoamyl method. Using various electrochemical 
HPLC sensors, the ratio of 8-OHdG/2-dG formation was 
determined (Monien et al., 2015).

Expression profile of genes promoting apoptosis: Total RNA 
of liver samples was isolated with TRIzol® reagent. DEPC 
treated water was used to dissolve the isolated RNA to protect it 
from the damage (Salem et al., 2018). DEPC-RNA was divided 
into aliquots and stored at -80°C as per the isolation manual of 
the reagent. The isolated RNA was utilized to the synthesis of 
the cDNA copy using the First Strand cDNA Synthesis Kit via 
reverse transcription reaction. The obtained cDNA copies were 
stored at -80°C for amplification of the synthesized cDNA 
(Langemeijer et al., 2018). The previously synthesized cDNA 
copies were used for quantitative amplification reaction using 
SYBR® Premix Ex TaqTM kit. The obtained values from the 
qRT-PCR reactions of p53, Bcl , Bax genes (Table 1) were 2

normalized on the expression values of housekeeping gene. 
The quantitative values of p53, Bcl , Bax genes to the β-actin 2

−ΔΔCTgene were determined using 2  method.

Statistical analyses: The obtained data of biochemical and 
genetic parameters were analyzed using General Liner Models 
from the software of Statistical Analysis System. Scheffé-test was 
performed to assess the significant differences between all the 
experimental groups. The values obtained from all analyzed 
parameters are presented as mean±S.E. Additionally, the 
probability of P<0.05 was used to assess the significance 
between all tested groups.

Results and Discussion

The perusal of data showed that the hepatocellular 
carcinoma-induced rats exhibited high ALT and AST activities and 
low levels of albumin compared with control rats wherein these 
differences were highly significant (P<0.01). However, the 
treatment of hepatocellular carcinoma-induced-rats with D. 
viscosa extract and DVLE-AgNPs considerably decreased 
(P<0.05) the activities of ALT and AST as well as increased the 
albumin levels with high dose of D. viscosa extract only. 
Moreover, the treatment of HCC-induced-rats with DVLE-AgNPs 
at medium and high doses exhibited significant improvement, 
especially with dose of extract nanoparticles (DVLE-AgNPs500).

Over the past decades, the treatment strategy of 
malignant tumors mainly rely on radiation therapy and different 
forms of cytotoxic chemotherapy. The efficiency of radio- or 
chemotherapy is restricted due to resistance development and 
severe side effects (Rabik and Dolan, 2007; McWhirter et al., 
2013).  Hence, in order to overcome the side effects and drug 
resistance in HCC patients additional therapies are required. 
Nowadays, natural products are known to have antitumor activity 

Following 7 days of acclimatization, eight groups of animals were 
designed (10 rats each) in which the animals were housed 
separately in plastic cages. The protocol of the study was applied 
depending on animal care guidelines wherein the rats were not 
suffering at any time period of the experimentation. According to 
the Medical Ethical Committee of the Faculty of Science, 
University of Tabuk, Kingdom of Saudi Arabia, the experiments 
were approved under the number:  (192-16/10/2019).

Treatment protocol: The animals were allocated in 8 groups, 
ten rats per group. The experimental groups are treated as 
follows: Group 1: Control healthy animals fed ad-libitum. Group 
2: Hepatocellular-induced rats hepatocellular carcinoma 

-1 received 20 mg kg b.wt. of N-nitrosodiethylamine (NDEA) by 
oral injection. The exposure to NDEA was five times per week 
for one-month duration treatment. Thereafter, the exposed rats 

-1received 10 mg kg  b.wt. of NDEA for another one week. 
Groups 3-5: hepatocellular carcinoma animals group were fed a 
standard diet plus several doses of D. viscosa leaves extract @ 

-1 125, 250 and 500 mg kg b.wt., respectively, for 12 weeks. 
Groups 6-8: hepatocellular carcinoma-rats were fed a standard 

-1 diet plus 125, 250 and 500 mg kg b.wt. of DVLE-AgNPs, 
respectively, for 12 weeks.

Biochemical analyses

Estimation of alanine transaminase and aspartate 
aminotransferase: Serum of ALT and AST activities were 
determined colorimetrically using Quimica Clinica Aplicada kit 
(Spain) according to Reitman and Frankel (1957).

Albumin levels: Serum albumin levels were assessed using 
Stanbio Laboratory kit (Boerne, Texas, USA) according to 
Doumas and Biggs (1972) method.

Glutathione Peroxidase: GPx activity was estimated according 
to Miranda et al. (1995). Alteration in the absorbance was read at 
470 nm at an interval of 30 sec.

Comet assay: According to Blasiak et al. (2004), comet assay 
was conducted to evaluate the damage in the DNA structure in 
treated rats. Tail migration of damaged DNA was determined in 3 
categories from Class 1 to Class 3.

Determination of apoptotic cells: Assessment of the apoptosis 
was carried out as per Villalba et al. (1992). The assay was 
started with homogenization of liver tissues to make single-cell 
suspensions. Annexin V/PI apoptosis detection kit was used to 
assess the apoptosis in the suspensions of treated cells by flow 
cytometry assay.

ROS generation assessment: Determination of ROS 
generation in hepatic tissues of all treated groups was carried out 
using fluorescent probe and flow cytometer according to Zorov et 
al. (2005). Assessment of ROS generation signals was 
conducted at 525 nm emission and 488nm excitation.
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with less toxicity and high efficiency (Ma and Wang, 2009). 
Additionally, different studies are consistent with the present 
findings that nano-scale of plant extracts are much more suitable 
for improving the delivery of herbal extracts to target organs 
(Nouri et al., 2020). It was found that nanoparticles preparation 

and other related parameters such as type of materials used and 
temperature are several factors which can affect the therapeutic 
activity and physico-chemical stability of herbal compounds in 
comparison to plant extracts in non nano-scale. Additionally, Gera 
et al. (2017) reported that formulation of plant compounds in 

Table 1: mRNA primer sequences utilized for qRT-PCR

Gene Primer sequence (5’-3’) Reference

p53 F: GCG GTA CCC CAG GTC GGC GAG AAT CC Qin et al.
R: GGG CTC GAG TCT AGA CTT TTG AGA AGC (2002)

Bcl F: CTC AGT CAT CCA CAG GGC GA2

R: AGA GGG GCT ACG AGT GGG AT
Bax F: ACA AAG ATG GTC ACG GTC TGC C

R: GGT TCA TCC AGG ATC GAG ACG G
β-Actin F: GTG GGC CGC TCT AGG CAC CAA

R: CTC TTT GAT GTC ACG CAC GAT TT

F: forward primer; R: reverse primer

Khalil and
Booles 
(2011)

Table 2: Role of D. viscosa extract and D. viscosa nanoparticles on ALT, AST and GPX activities and levels of albumin in -animals

Treatments ALT AST Albumin GPx activity
-1 -1 -1(U/L) (U/L) (g dl ) (U mg  tissues min )

c c a aControl 31.24±1.6 27.25±1.4 6.24±0.08 7.360.09
a a c cHCC 83.56±4.2 96.18±5.6 1.85±0.03 2.810.02
ab ab bc bcHCC+DVLE125 72.68±2.5 83.31±4.3 2.54±0.06 3.400.05
ab b bc bcHCC+DVLE250 65.91±3.7 72.66±3.2 2.87±0.04 3.920.04

3b b b bHCC+DVLE500 54.10±2. 58.43±2.5 3.61±0.05 4.850.06
ab ab bc bHCC+DVLE- AgNPs 125 61.33±2.9 78.11±4.2 2.95±0.02 4.160.02
b b b bHCC+DVLE- AgNPs 250 52.39±1.6 59.84±3.9 4.11±0.06 5.330.04
bc bc ab abHCC+DVLE- AgNPs 500 43.32±2.1 38.45±3.4 5.63±0.05 6.710.08

HCC: Hepatocellular carcinoma; DVLE: D. viscosa leaves extract; AgNPs: Silver nanoparticles; 125, 250 and 500: doses of D. viscosa; Data are 
a,b,cpresented as mean ± SEM.  Mean values within tissue with unlike superscript letters were significantly different (P< 0.05).

hepatocellular carcinoma

Table 3: Impact of D. viscosa extract and D. viscosa nanoparticles on the damage of DNA in -animals

¥ Treatments                             No. of cells                                Class of comet DNA damaged
cells (mean ± SEM)

Analyzed Total comets 0 1 2 3

dControl 500 38 462 34 4 0 7.6±0.08
aHCC 500 117 383 46 33 38 23.4±0.41
abHCC+DVLE 500 101 399 43 31 27 20.2±0.36125

bHCC+DVLE 500 88 412 41 28 19 17.6±0.38250

bHCC+DVLE 500 76 424 37 25 14 15.2±0.22500

bHCC+DVLE- AgNPs 500 93 407 42 29 22 18.6±0.28125

bHCC+DVLE- AgNPs 500 77 423 39 21 17 15.4±0.21250

cHCC+DVLE- AgNPs 500 53 447 28 17 8 10.6±0.11500

¥: Class 0= no tail; 1= tail length < diameter of nucleus; 2= tail length between 1X and 2X the diameter of nucleus; and 3= tail length > 2X the diameter of 
nucleus.(*): No of cells analyzed were 100 per an animal. HCC: Hepatocellular carcinoma; DVLE: D. viscosa leaves extract; AgNPs: Silver 

a,b,c,dnanoparticles; 125, 250 and 500: doses of D. viscosa; Data are presented as mean ± SEM.  Mean values within tissue with unlike superscript letters 
were significantly different (P< 0.05, Scheffé-Test).

hepatocellular carcinoma
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Normal cell                                                                                    Comet Class1 

Comet Class2                                                                              Comet Class3

Fig. 1: Class of DNA damage in -animals measured by Comet assay.hepatocellular carcinoma

were able to suppress NDEA action on liver damage. The GPx 
activities in -animals in the current study 
significantly reduced (P<0.01) when compared with the control 
animals. However, the treatment of hepatocellular carcinoma-
animals with D. viscosa extract and DVLE- AgNPs showed 
improved GPx activity. The activity of GPx improved significantly 
(P<0.05) in hepatocellular carcinoma-animals treated with D. 
viscosa extract at high dose only in comparison to those in 
hepatocellular carcinoma-animals. Furthermore, the GPx activity 
improved with considerable differences in hepatocellular 
carcinoma-animals administrated with DVLE- AgNPs at medium 
and high doses, with respect to hepatocellular carcinoma-rats. 
Additionally, high dose of DVLE-AgNPs exhibited highest GPx 
activity in hepatocellular carcinoma-rats which were relatively 
close to control animals (Table 2).

The results revealed that DNA damage (Fig. 1) increased 
significantly in hepatic tissues of hepatocellular carcinoma-
animals in comparison to control animals (Table 3). In contrast, 
the DNA damage in hepatocellular carcinoma-animals was 
repaired when they were treated with D. viscosa extract and 
DVLE- AgNPs in a dose-dependent manner. The treatment of 
hepatocellular carcinoma-animals with D. viscosa extract at 
medium and high doses was able to minimize the damage in DNA 
structure with respect to untreated hepatocellular carcinoma-
animals. Moreover, a significant decrease in the rates of DNA 
damage was observed in hepatocellular carcinoma-animals 
when treated with DVLE- AgNPs at all three doses with respect to 
untreated hepatocellular carcinoma-rats. The apoptosis rates in 
hepatocellular carcinoma-animals slightly increased in 

hepatocellular carcinoma
nanostructured forms is a promising way to improve of 
biodistribution, stability, bioavailability and solubility of natural 
products. This fact is in agreement with the results of this study 
which demonstrated that the nanoparticles of D. viscosa extract 
exhibited more protective effects compared with non nano-scale 
extracts. The majority of novel synthesized antitumor drugs have 
been isolated from plant natural products (Newman and Cragg, 
2012). Thus, many natural products extracted from medicinal 
plants represent a common alternative to conventional drugs to 
treat cancer with less toxicity (Patil, 2013). This study revealed 
that male rats exposed to NDEA exhibited alterations in the 
enzyme activities, where the activity levels of AST and ALT as well 
as albumin values increased however, GPx activity decreased 
significantly. (Table 2). Similarly, Zhang et al. (2012) noticed that 
NDEA induced  in rats exhibited high 
levels of ALT, AST and albumin and significantly, decreased the 
levels of glutathione enzymes such as GST, GR and Gpx.

The alteration in enzymatic activities and protein levels 
can potentially be accredited to the release of their molecules 
from the cytoplasm into the blood stream after hepatic cellular 
damage (Shaarawy et al., 2009). The present study showed 
inhibitory effects of DVLE at high dose and DVLE-AgNPs at 
medium and high doses on enzymatic and protein levels (ALT, 
AST, GPx and albumin) in hepatocellular carcinoma-induced rats. 
These findings are in agreement with those of Shalaby et al. 
(2012), who reported that flavones extracted from D. viscosa 
leaves decreased the ALT and AST activities as well as increased 
glutathione in rats exposed to carbon tetrachloride induced liver 
fibrosis. These findings explained that DVLE and DVLE-AgNPs 

hepatocellular carcinoma
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Fig. 2: Effect of D. viscosa extract and D. viscosa nanoparticles on the apoptotic rate in hepatocellular carcinoma-rats. Data are presented as mean±SD.  
a,b,c,d Mean with different letters, within tissue, differ significantly (P< 0.05).

comparison to control rats (Fig. 2). On the contrary, apoptotic rate 
in hepatocellular carcinoma-induced rats significantly increased 
with D. viscosa extract and DVLE- AgNPs treatment depending 
on the selected doses. Hepatocellular carcinoma-rats treated 
with medium and high doses of D. viscosa extract showed a 
significant increase in the apoptosis rates in comparison to 
untreated hepatocellular carcinoma-animals. Moreover, the 
apoptosis rates increased considerably in hepatocellular 
carcinoma-rats treated with DVLE-AgNPs at all three doses in 
comparison to untreated hepatocellular carcinoma-rats.

The ROS generation rate in hepatocellular carcinoma-
induced rats increased significantly (P<0.001) in comparison to 
control rats (Fig. 3). In contrast, ROS formation in hepatocellular 
carcinoma-animals was minimized significantly on treatment 
using D. viscosa extract and DVLE- AgNPs depending on the 
selected doses. Hepatocellular carcinoma-rats treated with D. 
viscosa extract at medium and high doses significantly decreased 
(P<0.05) the formation of ROS in comparison to those in 
untreated hepatocellular carcinoma-animals. Moreover, the ROS 
generation was minimized significantly in hepatocellular 
carcinoma-animals treated with DVLE- AgNPs at all three doses 
compared with untreated hepatocellular carcinoma-rats. NDEA 

metabolism mainly takes place in liver tissues where the 
formation of ROS in the hepatic cells are identified. Consequently, 
ROS generation in liver is considered as an important reason in 
hepatocellular carcinoma induction due to NDEA exposure 
(Shaarawy et al., 2009). The current results also found that ROS 
generation increased significantly in rats exposed to NDEA induced 
hepatocellular carcinoma. Additionally, Karbownik et al. (2001) 
reported that ROS generation due to NDEA supplementation 
enhances the damage of biological systems by changing 
biochemical components, inducing chromosomal abnormalities 
and mutation, associated with initiation and progression of liver 
cancer. On the other hand, several studies indicated that cellular 
enzymatic antioxidants play an important role against hepatic 
cellular damage induced by ROS, subsequently suppressing risk of 
cancer (Bergman et al., 2001; Prasad et al., 2017). 

The current results showed that DVLE and DVLE-AgNPs 
elevated GPx activity which can be responsible for decreasing the 
ROS levels in NDEA-exposed rats. Moreover, numerous studies 
have proved that DVLE contains dicaffeoylquinic acid and 
caffeoylquinic acid (Danino et al., 2009; Brahmi-Chendouh et al., 
2019). These acids are considered as potent inhibitor for 
replication of HIV-1 as important reason for liver cancer induction. 

Treatments
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Fig. 3: Changes in intracellular ROS generation levels in the liver tissues of hepatocellular carcinoma-induced rats treated with D. viscosa extract and D. 
a,b,c,d,eviscosa nanoparticles. Data are presented as mean ± SEM.  Mean with different letters, within tissue, differ significantly (P< 0.05).

Based on these findings, it can be suggested that the active 
compounds present in DVL extract exhibit anticancer activity on 
hepatocellular carcinoma cells. DNA adducts ratio in 
hepatocellular carcinoma-rats elevated with significant 
differences as compared to control rats (Fig. 4). However, DNA 
adducts ratio in hepatocellular carcinoma-rats improved when 
these animals were treated with D. viscosa extract and DVLE-
AgNPs depending on the selected dose. Hepatocellular 
carcinoma-rats treated with D. viscosa extract significantly 
decreased (P<0.05) the ratio of DNA adducts at high dose only in 
comparison to those in untreated hepatocellular carcinoma-rats. 
Furthermore, the DNA adducts ratios reduced considerably in 
hepatocellular carcinoma-animals treated with DVLE- AgNPs at all 
three doses compared with untreated hepatocellular carcinoma-
animals. Enhancing DNA damage in the liver tissues due to exposure 
to mutagens might be one of the reasons for cancer induction (Hagen 
et al., 1994; Tsubota et al., 2008;  Cherng et al., 2011).

The present study is consistent with the previous reports, 
wherein high levels of DNA damage and adducts in rats exposed 
to NDEA were found, as it is one of common carcinogens and 
mutagens in animal models. The present results proved that 
DVLE and DVLE-AgNPs significantly decreased DNA damage 

and adducts in hepatic samples of hepatocellular carcinoma-
induced rats. To the best of our information, very few data 
regarding the protection role of DVLE against DNA damage are 
available. However, Mahyoub (2019) found that synthesized 
silver nanoparticles of D. viscosa reduced DNA damage in Aedes 
aegypti larva in a dose-dependent manner. These results clearly 
prove that administration of D. viscosa extract and D. viscosa 
nanoparticles significantly suppress NDEA-induced DNA 
oxidation and damage in the liver tissues due to reduction in the 
ROS generation and an elevation in the GPX activities. Indeed, 
alteration in the apoptosis process is almost associated with the 
initiation of cancer and also tumor maintenance (Moreno-
Càceres and Fabregat, 2015). It is well known that apoptosis 
dysregulation and prevention is an important reason for the 
formation and maintenance of hepatocarcinoma (Fabregat, 
2009). Data accumulation on natural products exhibited that the 
apoptosis is an essential action for cancer prevention with less 
toxicity and side effects (Khan et al., 2010). In view of this, the 
present study investigated the rate of apoptosis and the 
expression changes in genes encoding apoptosis in rats 
supplemented with DVLE and DVLE-AgNPs. The results of this 
study found that the apoptosis rats and gene expression 
alterations increased significantly with DVLE and DVLE-AgNPs 

Treatments

R
O

S
 (

m
ea

n 
flu

o 
in

te
ns

ity
)

¨ Journal of  Environmental Biology, March 2022¨



O
n
l
i
n
e
 
C
o
p
y

184 A. Alasmari : Hepatoprotective activity of Dodonaea viscosa leaf extract

a,b,c,d,E Fig. 4: DNA adducts ratio in HCC-animals treated with D. viscosa extract and D. viscosa nanoparticles. Data are expressed as mean±SEM. Mean 
values within tissue with unlike superscript letters are significantly different (P< 0.05, Scheffé-Test).

treatment in a dose- dependent manner. These results suggest 
that active polyphenols compounds of DVL extract exhibit a 
prevention action against hepatocellular carcinoma formation. 
The expression profile of genes played an important role in 
apoptosis (Bcl2, Bax and p53 genes) in hepatocellular 
carcinoma-rats treated with D. viscosa extract and DVLE- AgNPs 
were estimated (Fig. 5A-5C). Bcl2 and p53 genes exhibited high 
expression levels with significant differences in hepatocellular 
carcinoma-animals in comparison to those in healthy animals. In 
contrast, hepatocellular carcinoma-animals treated with D. 
viscosa extract, except for low dose minimized with significant 
differences the expression levels of Bcl2 and p53 genes in 
comparison to those in untreated hepatocellular carcinoma-
animals. Furthermore, the expression values of Bcl2 and p53 genes 
declined considerably in hepatocellular carcinoma-animals treated 
with DVLE- AgNPs at all three doses in comparison to those in 
untreated hepatocellular carcinoma-animals.

Conversely, the expression values of Bax gene in hepatic 
samples of hepatocellular carcinoma-animals when compared 
with control rats were down-regulated significantly (Fig. 5B). 
However, the Bax gene exhibited high expression levels in 
hepatic tissues of hepatocellular carcinoma-animals treated with 
D. viscosa extract and DVLE- AgNPs when compared with 
untreated hepatocellular carcinoma-animals depending on the 

selected doses. Hepatocellular carcinoma-rats treated with D. 
viscosa extract at medium and high doses considerably 
increased the expression values of Bax mRNA compared with 
those in untreated hepatocellular carcinoma-rats. Furthermore, 
the expression values of Bax gene in hepatocellular carcinoma-
rats administrated with DVLE- AgNPs at all doses were elevated 
significantly in comparison to those in untreated hepatocellular 
carcinoma-animals (Fig. 5B). There are several genes that play 
an important role in the apoptosis pathway preventing cancer 
progression. Bcl2 is one of the genes associated with apoptosis 
through acting an essential role in neutralization of proapoptotic 
protein and determine the capability of tumor cells to undergo the 
apoptotic process (Tse et al., 2008).

Bax gene usually resides in the cytosol but it then 
translocates to mitochondria to enhance the apoptosis process. 
It has been found that the activity of Bax is counteracted by Bcl-
2 as anti-apoptotic proteins (Edlich et al., 2011). So, several 
types of cancer avoid apoptosis process by promoting Bcl2 
expression to be maintained and progressed (Danial and 
Korsmeyer, 2004). In this concern, the present study found that 
Bcl2 gene was down regulated markedly in hepatocellular 
carcinoma-rats treated with DVLE and DVLE AgNPs as a clear 
indicator to decrease cancer risks. Therefore, administration of 
hepatocellular carcinoma-animals with DVLE and DVLE-
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Fig. 5: The expression change of Bax (A), Bcl2 (B) and P53 (C) genes in the liver tissues of HCC- rats treated with D. viscosa extract and D. viscosa 
a,b,c,dnanoparticles. Data are presented as mean ± SEM.  Mean values within tissue with unlike superscript letters are significantly different (P< 0.05).
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AgNPs can be responsible to suppress cancer progression 
through expression regulation of apoptosis-related genes. 

Thus, DVLE and DVLE-AgNPs were able to suppress the 
action of NDEA on liver damage in a dose- dependent manner by 
altering the enzymatic and protein levels, reducing ROS 
generation, genetic toxicity (DNA damage and DNA adducts), and 
preventing cancer progression (through increase in apoptosis 
rate and regulation of the apoptotic related genes, e.g. Bcls, Bax 
and p53). The action mechanism of DVLE and DVLE-AgNPs can 
probably be attributed to the presence of polyphenols which are 
considered as potent inhibitor of cancer progression of liver cells.
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