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Abstract
The main objective of current study was to investigate the chemopreventive and chemotherapeutic activity of Artemisia 
vulgaris extract on diethylnitrosoamine induced hepatocarcinogenesis in Balb C mice. Diethylnitrosoamine (DEN: 0.9%) 
was prepared to induce hepatocarcinoma in Balb C mice. The extract Artemisia vulgaris (AV) was prepared by 
maceration technique. Mice were classified into four groups as follows: Group 1 a control group (N=7) received saline 
solution (3.5 μl/mg), group 2 (N=14) received diethylnitrosoamine (3.5 μl/mg) intraperitoneally once in a week for eight 
consecutive weeks, group 3 (N=7) received only plant extract (AV: 150 mg/kg (Body weight) once in a week, while 
group 4 (N=7)  was given in combination of diethylnitrosoamine (3.5 μl/mg) and plant extract (AV: 150 mg/kg (body 
weight). After eight weeks of DEN administration, mice of group 2 were divided into two subgroups containing seven 
mice each; subgroup 1 was sacrificed while subgroup 2 was treated with plant extract only (150 mg/kg (body weight)) 
once in a week for eight consecutive weeks. The DEN injected mice significant decline in levels of albumin with 
concomitant significant elevations such as aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase, 
alpha feto protein, gamma glutamyl transferase, 5 nucleotidase, glucose-6-phosphate dehydrogenase and bilirubin. 
The administration of A. vulgaris significantly decreased the DEN induced hepatotoxicity. Present study revealed the 
potential anti-cancerous nature of Artemisia vulgaris, both in case of chemopreventive and post-treatment of A. vulgaris. 
Further studies are needed to explore the mechanism of prevention and therapy.
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Avaliação dos efeitos quimiopreventivo e quimioterápico do extrato 
de Artemisia vulgaris contra carcinogênese hepatocelular induzida por 

dietilnitrosamina em camundongos Balb C
Resumo
O objetivo principal do presente estudo foi investigar as atividades quimiopreventiva e quimioterápica do extrato 
de Artemisia vulgaris em hepatocarcinogênese induzida por dietilnitrosoamina (DEN) em camundongos Balb C. 
Dietilnitrosoamina (DEN: 0,9%) foi preparada para induzir hepatocarcinoma em camundongos da linhagem Balb C. 
O extrato de A. vulgaris (AV) foi preparado pela técnica de maceração. Os camundongos foram classificados em quatro 
grupos conforme os seguintes: grupo 1, grupo controle (N=7) recebeu solução salina (3,5 µl/mg); grupo 2 (N=14) 
recebeu dietilnitrosoamina (3,5 µl/mg) por via intraperitoneal uma vez por semana durante oito semanas consecutivas; 
grupo 3 (N=7) recebeu apenas o extrato vegetal (AV: 150 mg/kg (peso corporal) uma vez por semana; enquanto no 
grupo 4 (N=7) foi administrado uma combinação de dietilnitrosoamina (3,5 μl/mg) com extrato vegetal (AV: 150 mg/kg 
(peso corporal). Após oito semanas de administração de DEN, os camundongos do grupo 2 foram divididos em dois 
subgrupos, contendo sete camundongos cada um; no subgrupo 1, os animais foram sacrificados, enquanto no subgrupo 2, 
os animais foram tratados apenas com extrato vegetal (150 mg/kg (peso corporal)) uma vez por semana durante oito 
semanas consecutivas. Os camundongos nos quais foram injetados DEN apresentaram declínio significativo nos níveis 
de albumina, mas elevações significativas concomitantes de: aspartato aminotransferase, alanina aminotransferase, 
lactato desidrogenase, alfa-fetoproteína, gama-glutamiltransferase, 5’ nucleotidase, glicose-6-fosfato desidrogenase 
e bilirrubina. A administração de A. vulgaris diminuiu significativamente a hepatotoxicidade induzida pelo DEN. 
O presente estudo apresentou a potencialidade anticancerosa da A. vulgaris, tanto nos casos de quimioprevenção quanto 
no pós-tratamento da A. vulgaris. Mais estudos são necessários para explorar o mecanismo de prevenção e a terapia.

Palavras-chave: Artemisia vulgaris, carcinogênese hepatocelular, dietilnitrosoamina, alfafetoproteína, camundongos Balb C.
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1. Introduction

Liver cancer or Hepatocellular carcinoma (HCC) is 
the sixth most normal malignancy and the third driving 
cause of cancerous deaths in the world (Ferlay  et  al., 
2010). The load of malignancy is expanding in developing 
nations because of population increase and growth as 
well as, increasingly, an adaptation of cancerous related 
life style choices like reduced physical activity, smoking 
and western diets. An expected 748300 new HCC cases 
and 695900 cancerous deaths happened throughout the 
world. In Europe 60, 200 cases were diagnosed in 2008 
(Jemal  et  al., 2011). Hepatitis viral diseases, alcohol, 
toxic industrial chemicals, aflatoxins, food additives, air 
and water contaminants are the real hazard elements of 
liver tumor (Farazi and DePinho, 2006). Human liver is 
the site in the body that utilizes ingested material. It has 
pore to cancer-causing affront. In addition, because of the 
high resilience of liver, HCC is sometimes distinguished at 
the early stage and once recognized, treatment confronts 
a poor anticipation much of the time (Singh et al., 2009).

Diethylnitrosoamine (DEN) is an intense hepatocarcinogenic 
nitrosamine introduced in tobacco smoke, water, cheddar, 
cured and singed suppers, word related settings, beauty 
care products, rural chemicals and pharmaceutical operators 
(Sivaramakrishnan et al., 2008). Diethylnitrosoamine is 
broadly acknowledged for inducing preneoplastic sores 
and hepatic tumors in rats and it is started by annoyances 
of atomic compounds required in DNA repair or replication 
(Khan et al., 2011). Examination have given proof that 
DEN causes a variety of cancers in all animal species 
and such compounds are perilous to human wellbeing 
(Ramakrishnan et al., 2006). Diethylnitrosoamine prompted 
injuries and also tumors in rodents demonstrate marked 
biochemical, histological and molecular similarities to the 
progress of HCC in people (Mcintyre and Rosalki, 1992; 
Feo et al., 2000).

In recent studies, identification of biologically active 
compounds from the therapeutic plants have been seen 
to hinder the carcinogenesis in various animal models 
of tumorigenesis, including particular organ sites such 
as the esophagus, oral cavity, skin, lungs, stomach, liver, 
pancreas, small intestine, colon and prostate has gained 
considerable consideration (Aggarwal and Shishodia, 
2006). Naturally occurring compounds in plant are gaining 
increased consideration for the inhibition of tumour 
progression in the diverse stages of neoplastic diseases 
(Ravindranath et al., 2009). The plants are thought to be 
laxative, diuretic, anthelmintic, diaphoretic and utilized 
for the purifying blood and in the impediment of liver 
(Hussain  et  al., 2012). Artemisinins belong to family 
of sesquiterpene trioxane lactone that are used against 
malaria, derived from the sweet woodworm Artemisia 
annua, it is a restorative herb which has for quite some 
time been utilized as a part of Chinese medication to treat 
in various fevers. This essential anti-malarial derivative was 
obtained from Artemisinin, this compound is extracted in 
Chinese drug discovery from screen of herbal extract used 

against Plasmodium species in 1970s (Li, 2012). Among 
the Artemisinins, Artesunate is the most studied analogue 
because in addition, a hemi-succinate group which is 
considerably water-soluble and are highly orally bioavailable, 
bringing about more favorable pharmacological activities 
(Newton et al., 2000). Artemisia vulgaris L. (Mugwort) 
belongs to Asteraceae family, perennial herb in nature and 
distributed in hilly areas of India. In traditional medicine, 
this plant is being widely used for the treatment of diabetes 
and the extracts of the whole plant is used for epilepsy and 
in combination for psychoneurosis, depression, irritability, 
insomnia and anxiety stress. This is a potent medicinal plant 
as being widely used against diabetes, while the whole 
plant extracts are used against epilepsy, psychoneurosis 
depression, insomnia, irritability and anxiety stress (Walter 
and Memory, 2003). A. vulgaris played a medicinal role 
in treatment of uterine cancer (Shaik and Hussain, 2004), 
leaves past against skin diseases (Kapoor, 2000) and it 
acts as a vermifuge against intestinal parasites (George 
and Roger, 2000). The biologically active components are 
vulgarin, coumarins, sesquiterpene lactones, volatile oils 
(90% effective against yellow fever) and inulin 

(Reviewed in Bora and Sharma, 2011).

2. Materials and Methods  

2.1. Ethical statement
All animal trial techniques were directed as per local 

and worldwide controls. The nearby direction is the Wet 
op de dierproeven (Article 9) of Dutch Law (international) 
and a similar law regulated by the Bureau of Animal 
Experiment Licensing, local University.

2.2. Chemicals used
Diehtylnitrosoamine (Sigma-Aldrich Chemical Co, 

St Louis, Mo, USA) and normal saline (NaCl 0.9% w/v) 
were used.

2.3. Animals
Male Balb C mice (35-40 g) were acquired from 

the animal’s house in National Institute of Health (NIH) 
Islamabad, Pakistan. The mice were kept in animal house 
having temperature 20-23 °C with 12:12 h light/dark cycle 
in polypropylene confines. The mice were encouraged 
with standard nourish and water was given ad libitum.

2.4. Preparation of diethylnitrosoamine
One percent diethylnitrosoamine was prepared by 

using 99 ml of normal saline NaCl (0.9 percent) solution to 
which was added 1 ml of concentrated diethylnitrosoamine 
(DEN) solution (0.01 µg/µl).

2.5. DEN induced hepatocellularcarcinoma
Male balb C mice (35-40 g) were classified into four 

groups. Group 1 a control group (N=7) had received 
saline solution (3.5 µl/mg), group 2 (N=14) received 
diethylnitrosoamine (3.5 µl/mg) intraperitoneally once in 
a week for eight consecutive weeks, group 3 (N=7) was 
given combination of diethylnitrosoamine (3.5 µl/mg) and 
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plant extract (150 mg/kg), while, group 4 (N=7) received 
plant extract (150 mg/kg) once in a week.

2.6. Plant material
Leaves of Artemisia vulgaris were collected from 

Muzaffarabad, Azad Kashmir, Pakistan and washed with 
running tap water; air dried under shade, coarsely powdered 
and kept in airtight container for further use.

2.7. Extract preparation
Extract was prepared through maceration extraction 

method (Hafeez et al., 2017) Air dried powder was soaked 
in methanol for 20 days to increase the polarity at room 
temperature (25 °C-30 °C). The crude extract was filtered 
through Whatmann filter paper I (Sigma Aldrich), evaporated 
under reduced pressure using rotary evaporator (Temp, 37 °C 
and at speed of 100 rpm) to get the required concentration. 
The extract was then dissolved in water and methanol in 
proportion of 23:1 respectively for anti-cancer screening.

2.8. In vivo pharmacological interventions against 
hepatocellular carcinoma

After eight weeks of DEN induction group 2 mice 
were divided into two subgroups containing seven mice 
each, subgroup 1 was sacrificed while subgroup 2 was 
treated with plant extract (150 mg/kg) once in a week for 
eight consecutive weeks. According to the acute toxic 
classic method was presented by Hussain et al. (2012). 
For each step, three male Balb C mice were used in this 
study. The mice were kept fasting with water overnight and 
extract was administered intraperitoneally at a single dose 
of 150 mg/kg. Mice were regularly observed for 4 h after 
initial administration and then once in a day for consecutive 
two weeks. If the mortality occurred in two of the three 
mice than the dose was toxic if not then this dose was 
used as standard. Mice survived at dose of 150 mg/kg and 
this dose was used as a standard in the whole experiment.

The concentration of higher dose than 150 mg/kg 
causes the acute and abrupt alteration within the metabolic 
and morphological activities of mice evanescently, which 
leads toward the death of experimental model within no 
time. The dose management is anfractuous step of our 
experiment because we experimentally observe the death 
of number of mice by higher dose than 150 mg/kg.

3. Biochemical Analysis

After the final treatment, the mice were fastened 
overnight, and all of the rats were anesthetized with 
chloroform presented on a cotton ball and euthanized by 
cervical decapitation. Ethylene diamine tetra acetic acid 
(EDTA) tubes (size 13*75, containing ~1.8 mg K2EDTA 
per ml blood) were used for collection of blood samples. 
Blood samples were centrifuged for a minimum of 
10 minutes at 1000-2000 RCF (Relative Centrifugal Force). 
Centrifuged plasma was utilized for different biochemical 
assessment. The livers were extracted instantly from the 
mice, washed with ice-chilled physiological saline and 
refrigerated until examination.

The activities of biochemical parameters like aspartate 
transaminase (ASAT) and alanine transaminase (ALAT) 
were assessed by the method of (Reitman and Frankel, 
1957) while Gamma glutamyl transferase (Y-GT) was 
assessed by methods of (King, 1965; Szasz, 1976). Total 
bilirubin level (TBL) was assessed by modified dimethyl 
sulfoxide (DMSO) method (Dangerfield and Finlayson, 
1953) on the basis of sulfanilic acid reaction with sodium 
nitrite to produce deoxidized sulfanilic acid. Activity 
of lactate dehydrogenase (LDH) was assessed by the 
method described by (King, 1965). While total albumin 
level was measured by using procedure demonstrated by 
Savory et al. (1976). Activity of 5 nucleotidase (5NT) was 
measured by the process explained by (Rieder and Otero, 
1969). G6DPH was assessed by the method explained by 
(Minucci et al., 2009). Quantitative measurement of cancer 
marker alpha fetoprotein (AFP) antigen (CEA) was based 
on solid phase enzyme linked immunosorbent assay using 
the UBI MAGIWELL (USA) enzyme immunoassay kit 
(Sell and Beckar, 1978; Sell et al., 1983; Macnab et al., 
1978). Activity of G6PDH was assessed by the method 
explained by (Tepperman and Tepperman, 1962).

4. Statistical Analysis

GraphPad Prism for Windows (version 5.03) was used 
for Statistical analyses and also used for plotting graphs 
with error bars of standard errors of the means (SEM). 
To analyse the impact of different treatments on levels of 
biomarkers in mice, one-way analysis of variance and a 
Dunnett’s multiple comparison test with probability level 
of five percent as the minimal criterion of significance 
was used.

5. Results

5.1. Effects of diethylnitrosoamine and Artemisia 
vulgaris on blood serum

5.1.1. Effect on ALAT
Intraperitoneal administration of DEN (3.5 µl/mg 

body weight once in a week for eight consecutive weeks 
in mice) caused highly significant increase in levels of 
ALAT (control: 29.0 ± 1.8 U/L; DEN: 141.5 ± 2.2 U/L; 
AV: 37.3 ± 2.0 U/L). When extract of AV was given in 
combination with DEN no significant increase in levels of 
ALAT was observed (DEN+AV1: 73.2 ± 2.3 U/L) .When 
extract of AV was injected intraperitoneally (150 mg/kg 
body weight once in a week for eight consecutive weeks) 
in DEN treated mice, significant decrease in level of ALAT 
(DEN: 141.5 ± 2.2 U/L; DEN + AV2: 127.5 ± 2.5 U/L) 
was observed (Figure 1).

5.1.2. Effect on ASAT
Intraperitoneal injection of DEN (3.5 µl/mg body 

weight once in a week for eight consecutive weeks in mice) 
showed tremendous increase in levels of ASAT (control: 
87.9 ± 2.7 U/L; DEN: 474.0 ± 7.6 U/L: AV: 113.6 ± 5.1). 
When extract of AV was given in combination with DEN 
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no significant increase in levels of ASAT was observed 
(DEN + AV1: 214.6 ± 3.1 U/L). But, intraperitoneal 
administration of extract of AV (150 mg/kg body weight 
once in a week for eight consecutive weeks) in DEN treated 
mice, resulted in significant decrease in level of ASAT 
(DEN: 474.0 ± 7.6 U/L; DEN + LAV2: 443.3 ± 7.7 U/L) 
(Figure 1).

5.1.3. Effect on LDH
DEN injected intraperitoneally (3.5 µl/mg body weight 

once in a week for eight consecutive weeks in mice) 
resulted in highly significant increase in levels of LDH 
(control: 373.2 ± 15.0 U/L; DEN: 2165.7 ± 78.9 U/L; 
AV: 467.4 ± 17.3 U/L) When extract of AV was given in 
combination with DEN no significant increase in levels 
of LDH was observed (DEN + AV1: 797.0 ± 27.2 U/L). 
But, intraperitoneal administration of extract of AV (150 mg/kg 
body weight once in a week for eight consecutive weeks) in DEN 
treated mice, resulted in significant decrease in level of LDH 
(DEN: 2165.7 ± 78.9 U/L; DEN + AV2: 1871.8 ± 76.9 U/L) 
to significant value (Figure 1).

5.1.4. Effect on AFP
Highly significant increase in levels of Tumor marker 

AFP was caused by DEN (3.5 µl/mg body weight in 
mice) once in a week for eight consecutive weeks 
(control: 13.5 ± 0.9 ng/ml; DEN: 63.4 ± 2.4 ng/ml; 
AV: 19.5 ± 1.0 ng/ml). When extract of AV was given in 
combination with DEN no significant increase in levels 
of AFP was observed (DEN + AV1: 41.5 ± 2.7 ng/ml). 
Significant decrease in level of AFP (DEN: 63.4 ± 2.4 ng/ml; 
DEN+AV2: 50.8 ± 2.3 ng/ml) was seen after intraperitoneal 
induction of extract of AV (150 mg/kg body weight once 
in a week for eight consecutive weeks) in DEN treated 
mice (Figure 2).

5.1.5. Effect on Bilirubin
Level of bilirubin was also significantly increased (control: 

0.9 ± 0.1 mg/dl; DEN: 2.9 ± 0.2 mg/dl; AV: 1.1 ± 0.1 mg/dl) 
when DEN (3.5 µl/mg body weight once in a week for eight 
consecutive weeks in mice) was injected intraperitoneally. 
When extract of AV was given in combination with DEN 
no significant increase in levels of bilirubin was observed 
(DEN + AV1: 1.3 ± 0.2 U/L). Intraperitoneal administration 
of extract of AV (150 mg/kg body weight once in a week 
for eight consecutive weeks) in DEN treated mice, caused 
significant decrease in level of bilirubin (DEN: 2.9 ± 0.2 mg/dl; 
DEN+AV2: 1.9 ± 0.1 mg/dl) (Figure 2).

5.1.6. Effect on Albumin
Albumin level was significantly decreased (control: 

6.2 ± 0.4 U/L; DEN: 2.8 ± 0.2 U/L; AV: 5.7 ± 0.3 U/L) 
by intraperitoneal administration of DEN (3.5 µl/mg 
body weight once in a week for eight consecutive weeks 
in mice). When extract of AV was given in combination 
with DEN no significant decrease in levels of albumin was 
observed (DEN + AV1: 4.2 ± 0.2 U/L). But intraperitoneal 
induction of extract of AV (150 mg/kg body weight once 
in a week for eight consecutive weeks) in DEN treated 
mice, resulted in significant increase in level of albumin 
(DEN: 2.8 ± 0.2 U/L; AV2: 4.8 ± 0.4 U/L) (Figure 2).

5.1.7. Effect on Y-GT
Intraperitoneal injection of DEN (3.5 µl/mg body 

weight once in a week for eight consecutive weeks in 
mice) caused highly significant increase in levels of 
Y-GT (control: 38.2 ± 1.6 U/L; DEN: 146.8 ± 2.6 U/L; 

Figure 1. Analysis of Alanine Transaminase, Aspartate 
Transaminase and Lactate Dehydrogenase.
DEN, Diethylnitrosoamine; AV, extract of Artemisia 
vulgaris; DEN+AV1, DEN and AV given at a time; 
DEN+AV2, treatment of DEN injected mice after eight 
weeks using AV *depicts differences between control 
and DEN treatment groups. #depicts differences between 
BC2 control and AV1 extract treatment groups. @depicts 
differences between control and AV2 extract treatment 
groups. $depicts differences between DEN and AV extract 
treatment groups. +depicts differences between DEN and 
AV1 extract treatment groups. ^ depicts differences between 
DEN and AV extract treatment groups. Each bar represents 
the mean value of seven replicates and SEM. Statistical 
icons: ^^ =p ≤ 0.01, +++, @@@, ###, ***, $$$ = p ≤ 0.001.
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AV: 49.7 ± 3.2 U/L). When extract of AV was given in 
combination with DEN no significant increase in levels 
of Y-GT was observed (DEN + AV1: 66.1 ± 3.8 U/L). 
But, intraperitoneal injection of extract of AV (150 mg/kg 

body weight once in a week for eight consecutive weeks) 
in DEN treated mice, decreased the level of Y-GT 
(DEN: 146.8 ± 2.6 U/L; DEN + AV2: 131.2 ± 3.2 U/L) 
to a significant level (Figure 3).

Figure 2. Analysis of Alpha Fetoprotein, Bilirubin and 
Albumin.
DEN, Diethylnitrosoamine; Av, extract of Artemisia 
vulgaris; DEN+AV1, DEN and AV given at a time; 
DEN+AV2, treatment of DEN injected mice after eight 
weeks using AV *depicts differences between control and 
DEN treatment groups. #depicts differences between control 
and AV1 extract treatment groups. @depicts differences 
between control and AV2 extract treatment groups. $depicts 
differences between DEN and AV extract treatment groups. 
+depicts differences between DEN and AV1 extract treatment 
groups. ^ depicts differences between DEN and AV2 extract 
treatment groups. Each bar represents the mean value of 
seven replicates and SEM. Statistical icon: @, ̂  =p ≤ 0.05, @@, 
^^ =p ≤ 0.01, +++, ###, ***, $$$ = p ≤ 0.001.

Figure 3. Analysis of Gamma Glutamyl Transferase, 
5-Nucleotidase and Glucose 6 Phosphate Dehydrogenase.
DEN, Diethylnitrosoamine; AV, extract of Artemisia 
vulgaris; DEN+AV1, DEN and AV given at a time; 
DEN+AV2, treatment of DEN injected mice after eight 
weeks using AV *depicts differences between control 
and DEN treatment groups. #depicts differences between 
control and AV1 extract treatment groups. @depicts 
differences between control and AV2 extract treatment 
groups. $depicts differences between DEN and AV extract 
treatment groups. +depicts differences between DEN and 
AV1 extract treatment groups. ^ depicts differences between 
DEN and AV2 extract treatment groups. Each bar represents 
the mean value of seven replicates and SEM. Statistical 
icon: ^^ = p ≤ 0.01, +++, @@@, ###, ***, $$$ = p ≤ 0.001.
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5.1.8. Effect on 5 NT
5 NT level was significantly increased (control: 

5.3 ± 0.3 U/L; DEN: 16.3 ± 0.7 U/L; AV: 5.5 ± 0.3 U/L) 
in mice by intraperitoneal induction of DEN (3.5 µl/mg 
body weight once in a week for eight consecutive weeks). 
When extract of AV was given in combination with DEN 
no significant increase in levels of 5 NT was observed 
(DEN + AV1: 8.6 ± 0.6 U/L). But when extract of AV 
was administered intraperitoneally (150 mg/kg once in a 
week for eight consecutive weeks) in DEN treated mice, 
significant decrease in levels of 5 NT (DEN: 16.3 ± 0.7 U/L; 
DEN + AV2: 13.2 ± 0.8 U/L) was seen (Figure 3).

5.1.9. Effect on G6PDH
Intraperitoneal induction of DEN (3.5 µl/mg body 

weight once in a week for eight consecutive weeks in 
mice) caused highly significant increase in level of G6PDH 
(control: 4.1 ± 0.3 mU/ml; DEN: 13.7 ± 0.4 mU/ml; 
AV: 5.3 ± 0.4 mU/ml). When extract of AV was given in 
combination with DEN no significant decrease in levels of 
G6PDH was observed (DEN + AV1: 7.1 ± 0.4 mU/ml). G6PDH 
level was significantly decreased (DEN: 13.7 ± 0.4 mU/ml; 
DEN+AV2: 11.64± 0.4 mU/ml) when extract of AV was 
given intraperitoneally (150 mg/kg body weight once 
in a week for eight consecutive weeks) in DEN treated 
mice (Figure 3).

6. Discussion

Diethylnitrosoamine is a commonly used chemical 
carcinogen for the liver because it is activated by cytochrome 
P-450 enzymes in hepatocytes (Kang et al., 2007). Elevated 
generation of ROS and diminished antioxidant enzymes 
in liver tissues has been reported in many models of DEN 
injected hepatic carcinogenesis (Sivaramakrishnan et al., 
2008). In current research, we examined whether the extract 
of leaves of Artemisia vulgaris influence the toxicity and 
carcinogenesis of DEN in the Balb C mice. DEN (3.5 μl/mg) 
was administered in male Balb C mice at the age of four 
weeks. After eight weeks of DEN treatment, Balb C mice 
developed tumors.

Liver injury brought about by DEN generally 
demonstrates instability of hepatocyte metabolism that 
leads to distinct variations in the blood enzyme activities. 
Enzymes biomarkers are utilized for screening of specific 
malignancy conditions for prognosis, differential diagnosis, 
monitors the advances and for evaluating the reaction to 
treatment (Zimmer and Thomas, 2001). These enzymes 
are more specific and changes in their activities mirror the 
impact of multiplication of cells with development potential 
and its metabolic turnover. In the current research, elevation 
in pathophysiological marker protein levels upon DEN 
injection may be because of aggravation in the transport 
activities and the spillage of the enzymes.

Serum markers, Alpha-Fetoprotein (AFP), Gamma 
Glutamyl Transpeptidase (γ-GT), 5’-Nucleotidase, Alanine 
Aminotransferase (ALAT) Aspartate Transaminase (AST), 
Lactate Dehydrogenase (LDH), Glucose 6-Phosphate 

Dehydrogenase (G6PDH), albumin and total bilirubin 
are illustrative of liver function; increase in their level 
of ALT, AST, ALP, LDH and GGT but decrease in the 
level of albumin indicates liver damage and preneoplastic 
bruise (Gupta et al., 2010; Sadek et al., 2017). The study 
of Schmelzer et al. (2006, 2007) showed that Α-fetoprotein 
is another recognized hepatocyte biomarker expressed 
differentially among hepatoblasts sand hepatic stem 
cell. Α-fetoprotein (AFP) an oncofetal serum protein, is 
dynamically lost during development to such an extent that 
it is practically missing from the adults (Takayasu et al., 
2006). It has for quite some time been perceived that 
presentation of rats to specific cancer-causing agents like 
DEN causes a rise of circulating AFP levels (Debruyne and 
Delanghe, 2008) Glutamyl Transpeptidase is an enzyme 
installed in the hepatocyte plasma membrane, for the most 
part in the canalicular space; again the leakage of this 
protein into serum demonstrates harm to the cell and liver 
damage. It is imperative to call attention to that serum γ-GT 
activity is thought to be one of the best pointers of liver 
injury (Bulle et al., 1990). In hepatocellular carcinoma, 
different biomarkers and enzymes are involved depends 
on the potential cellular toxicity of carcinogens or other 
elements playing part in causing and developing the disease. 
Alkaline phosphatase (ALP) a metalloenzyme is one of 
the factor catalyzing the phosphomonoesters (R-O-PO3), 
hydrolysis of phosphomonoesters, R-O-PO3, with little 
regard to the identity of the ‘R’ group (Clifton and Titcomb, 
2003). Increase in ALP level is an indicator for tumorgenesis 
(Al-Rejaie et al., 2009; Ibrahim and Nassar, 2008; Kew, 
2012; Mohamed et al., 2012). Elevation of ALP in HCC 
group might be due to the disruption of secretory activity or 
alteration in gene expression (Sayed-Ahmed et al., 2010).

In this study, increase in serum Alpha-Fetoprotein (AFP), 
Gamma Glutamyl Transpeptidase (γ-GT), 5’-Nucleotidase, 
Alanine Aminotransferase (ALAT) Aspartate Transaminase 
(ASAT), Lactate Dehydrogenase (LDH), Glucose 
6-Phosphate Dehydrogenase (G6PDH), total bilirubin 
levels and decrease in levels of albumin upon infusion 
was related with increment in tumor development. After 
tumor induction extract of Artemisia vulgaris extract given 
to mice the decrease in tumor markers Alpha-Fetoprotein, 
Gamma Glutamyl Transpeptidase, 5’-Nucleotidase, Alanine 
Aminotransferase, Aspartate Transaminase, Lactate 
Dehydrogenase, Glucose 6-Phosphate Dehydrogenase, 
total bilirubin and increase in levels of albumin was 
found. After Artemisia vulgaris extract administration the 
levels of biological markers were decreased as compared 
to DEN treated value and almost equal values to control 
group showed reduction in the production rate of tumors, 
this showed that Artemisia vulgaris extract scavenged free 
radicals in the rat liver tissue.

7. Conclusion

This study showed that DEN induction resulted in a 
significant increase in Alpha-Fetoprotein, Gamma Glutamyl 
Transpeptidase, 5’-Nucleotidase, Alanine Aminotransferase, 
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Aspartate Transaminase, Lactate Dehydrogenase, Glucose 
6-Phosphate Dehydrogenase, total bilirubin levels and 
decrease in levels of albumin, indicated the induction 
of hepatocellular carcinoma. After the induction of 
hepatocellular carcinoma, the extract of Artemisia vulgaris 
caused decrease in values of Alpha-Fetoprotein, Gamma 
Glutamyl Transpeptidase, 5’-Nucleotidase, Alanine 
Aminotransferase, Aspartate Transaminase, Lactate 
Dehydrogenase, Glucose 6-Phosphate Dehydrogenase, 
total bilirubin levels and increase in levels of albumin and 
this decrease showed that extract of Artemisia vulgaris 
possess anti-cancerous activity against hepatocellular 
carcinoma and proven as a potential herb against tumor 
especially against hepatocellular carcinoma.
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