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Abstract

Background: Teucrium oliverianum and Rhazya stricta are medicinal plants used in traditional and herbal medicine for the treatment of diabetes,
liver diseases and inflammatory conditions. The present study was planned to investigate the antitumor efficacy of Teucrium oliverianum and
Rhazya stricta in chemically-induced hepatocellular carcinoma (HCC) in rats.
Materials and Methods: Forty adult male rats weighing 170-200 g were divided into four groups; each group was comprised of ten rats: (1): Normal
healthy animals served as negative control group, (2): Hepatocellular carcinoma (HCC) group in which the rats were orally administered N-
nitrosodiethylamine (dissolved in 0.9% normal saline), in a dose of 20 mg/kg b.wt. five times a week for six weeks, (3): HCC group treated with
Teucrium oliverianum extract in a dose of 600 mg/kg b.wt for two months and (4): HCC group treated with Rhazya stricta extract in a dose of 750
mg/kg b.wt for two months. Serum alanine aminotransferase (ALT), asparatate aminotransferase (AST), alkaline phosphatase (ALP) and gamma-
glutamyl transferase (γ-GT) activities were estimated. Serum carcinoembyronic antigen (CEA), alpha-fetoprotein (AFP), alpha-L-fucosidase (AFU), 
glypican-3 (GPC-3), golgi protein 73 (Gp-73) and vascular endothelial growth factor (VEGF) levels were determined. Histopathological examination
of liver tissue sections was also carried out.
Results: The HCC group showed significant elevation in serum AST, ALT, ALP and γ-GT activities as well as CEA, AFP, AFU, Gpc-3, Gp 73 and
VEGF levels versus the negative control group. Photomicrograph of liver tissue sections of rats in HCC revealed hepatic parenchyma with foci of
anaplastic hepatocellular carcinoma as well as other foci of cystic cholangio carcinoma associated with areas of telangictasis with haemorrhage as
well as individual hepatocellular necrosis.
Conclusion: Treatment of HCC groups with Teucrium oliverianum or Rhazya stricta extract experienced significant improvement in the measured
biochemical parameters as well as in the structural organization of the liver. In conclusion, the current study provided experimental evidences for the
antitumor efficacy of Teucrium oliverianum and Rhazya stricta against hepatocellular carcinoma. Such effect could be attributed to
hepatoprotective properties, antiproliferative activity and antiangiogenic potential.
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Introduction

There has long been standing interest in the identification of natural products for the treatment of various diseases for thousands of years.
Natural products possess immense pharmacological significance in the development of drugs including cancer (Kuete et al., 2013; Alil et al., 2014).
Natural products with potential bioactivity compounds have received major attention of many researchers. They have been shown to be an excellent
source for the development of food additives in food industry, and new drugs in medical fields (Zhang et al., 2007). Teucrium species have been used
as medicinal plants for more than 2000 years and some of them are still used in folk medicine as antispasmodic, tonic, antipyretic and antiseptic.
Many Teucrium species are known for their medicinal utilisation and exhibit interesting biological properties such as hypoglycaemic, hypolipidemic,
hepatoprotective, antipyretic, anti-inflammatory, antiulcer, antitumor, antibacterial and insect antifeedant activities (Bagci1 et al., 2010). The genus
Teucrium (family Labiatae) is one of the richest sources of diterpenes, with a neoclerodane skeleton and more than 220 diterpenes have been
described (Piozzi et al., 2005). Also, essential oils have been reported from the aerial parts of several Teucrium spp. The oils showed different yields
in the various species, ranging between 0.5% and 1.5%, and the percentage of the major chemical constituents (mainly monoterpene/sesquiterpenes
hydrocarbons and oxygenated sesquiterpenes) differs notably from species to species (Saroglou et al., 2007). Rhazya stricta Decne (Harmal), a
member of Apocynaceae family, is an important medicinal species used in folkloric medicine to cure various diseases in South Asia and in the
Middle East (Gilani et al., 2007). Extracts of R. stricta leaves have been prescribed for the treatment of various disorders such as diabetes, sore
throat, helminthesis, inflammatory conditions, stomach problems, liver diseases and rheumatism (Marwat et al., 2012). It has been reported that R.
stricta is a good source of antioxidants (Iqbal et al., 2006). Some of the chemical constituents of R. stricta and their pharmacological activities have
been reviewed (Ali et al., 2000; Marwat et al., 2011). The plant extract contains many alkaloids, glycosides, flavonoids, tannins and triterpenes (Al-
Yahya et al., 1990).
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The effective uses of R. stricta described in traditional medicine have been attributed to the presence of indole alkaloids. Indeed, the
activity- guided phytochemical analysis of R. stricta extract has shown that the alkaloidal fraction has the highest biological activity (Tanira et al.,
2000). Interestingly, two indole alkaloids, 16-epi-Z-isositsirikine and didemethoxycarbonyl tetrahydrosecamine, isolated from R. stricta experienced
antineoplastic activity (Atta-ur-Rahman and Zaman, 1986). Previous work has shown that the aqueous extract of R. stricta, acting as a single agent,
inhibited cell proliferation in the breast cancer cell lines MCF-7 and MDA MB-231 (Baeshen et al., 2012). However, the aqueous methanol extract of
Teucrium oliverianum and Rhazya stricta exhibited antitumor activity against murine hepatoma cells due to their ability to induce NAD(P)H:
quinoneoxidoreductase (Shahat et al 2013).

Hepatocellular carcinoma is a major health problem worldwide, due to its high incidence and high rates of mortality (Alves et al., 2011).
Major risk factors for HCC include chronic infection with HBV or HCV, alcoholic liver disease, and most probably nonalcoholic fatty liver
disease. Less common causes include hereditary hemochromatosis, alpha1-antitrypsin deficiency, autoimmune hepatitis, some porphyrias, and Wilson's
disease. The distribution of these risk factors among patients with hepatocellular carcinoma is highly variable, depending on geographic region and race
or ethnic group (El-Serag, 2011). Most of these risk factors lead to the formation and progression of cirrhosis, which is present in 80 to 90% of patients
with hepatocellular carcinoma (Minguez et al., 2009). The treatment of hepatocellular carcinoma (HCC) remains a dismal, with 1- and 3-year
survival rates of 20% and 5%, respectively and a median survival of 8 months. The current therapies for HCC include hepatic artery
embolization , chemotherapy, radiofrequency ablation, and cryoablation (Befeler and Di Bisceglie, 2002) as well as liver transplantation which can
provide survival rate of 28% at 3 years (Rougier et al., 2007). Although these therapies play an important role in HCC treatment, but their therapeutic
outcome remains very poor due to its toxic side effects. Moreover, there is a significant resistance to available chemotherapeutic agents and liver
tolerate frequent doses of radiation (Chau et al., 2006).Therefore; there is an urgent need for naturally occurring products that have anticancer activity
with low toxicity and side effects (Wang et al., 2010). The current study was undertaken to elucidate the antitumor potential of, Teucrium oliverianum
and Rhazya stricta aqueous, methanolic extract against diethylnitrosamine-induced hepatocellular carcinoma in male rats with special concern on
their mechanism of action.

Materials and Methods
Chemicals

N-nitrosodiethylamine (NDEA) (CAS no. 55-18-5) was purchased from Sigma-Aldrich Chemicals Co. (St Louis, MO, USA). All other
chemicals and solvents were of analytical grade.

Plant Materials

Teucrium oliverianum and Rhazya stricta were collected from the Tanhat protected area, Saudi Arabia in April 2012. The plants were
identified by the Plants Taxonomist at the Herbarium Unit. The voucher specimens (15970 and 15957) were deposited at the Herbarium of the
Faculty of Pharmacy, King Saud University, Riyadh, Saudi Arabia.

Extract preparation

The aerial part T. oliverianum and R. stricta were dried under shade. The dried samples were powdered and used for solvent extraction. 1
kg of the dried sample was extracted twice with 3 L of 80% methanol. The methanolic extracts were filtered through Whatman No. 1 filter paper and
concentrated using a rotary evaporator under reduced pressure at 40 °C. to obtain residue with yields of 20 % for T. oliverianum and 22% for R.
stricta

Experimental protocol

Forty adult male Wistar rats weighing 170-200 g were obtained from the Animal House Colony of the National Research Centre, Cairo,
Egypt. The animals were housed in polypropylene cages in an environmentally controlled clean air room with a temperature of 25±1˚C, an 
alternating 12h light/12h dark cycle, a relative humidity of 60 ± 5% and free access to tap water and a standard rodent chow (Wadi El Kabda Co.,
Cairo, Egypt). Rats were allowed to adapt to these conditions for 2 weeks before beginning the experimental protocol. The animal experimental
protocol was approved by the Ethical Committee for Medical Research, National Research Centre, Egypt. After the acclimatization period, the
animals were divided into four groups; each group was comprised of ten rats: (1): Normal healthy animals served as negative control group, (2):
Hepatocellular carcinoma (HCC) group in which rats were orally administered N-nitrosodiethylamine (dissolved in 0.9% normal saline), in a dose of
20 mg/kg b.wt. five times a week for six weeks according to the modified method of Darwish and El-Boghdady (2011), (3) HCC group treated with
T.oliverianum extract in a dose of 600 mg/kg b.wt (Arzi et al., 2011) daily for two months (4) HCC group treated with R. stricta extract in a dose of
750 mg/kg b.wt (Baeshen et al., 2010) daily for two months.

Samples collection

After animal treatment was over, the animals were fasted overnight (12-14 h) and the blood samples were collected, under diethyl ether
anesthesia, from the retroorbital venous plexus in a clean dry centrifuge tubes without any anticoagulant agent and allowed to coagulate for 45
minutes at room temperature to obtain sera to be used for biochemical analysis. Serum samples were separated by centrifugation at 1800 xg for 15
minutes at 4˚C using cooling centrifuge. Aliquots of serum were frozen and stored at -20˚C pending further biochemical analyses.  
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After collection of the blood samples, the animals were scarified by cervical dislocation and the liver from experimental animals were quickly
excised, washed in saline blotted dry and fixed in 10 % formalin saline solution for histological examination.

Biochemical Analyses

Serum alanine aminotransferase (ALT) and asparatate aminotransferase (AST) activities were estimated using colorimetric kit purchased
from Salucea Co. Ltd (Netherlands) according to ECCLS (1989) method. Serum alkaline phosphatase (ALP) and gamma–glutamyl transferase (γ-
GT) activities were determined using colorimetric kit purchased from Reactivos GPL Co. Ltd (Barcelona) according to Tietz et al. (1995) method.
Serum carcinoembyronic (CEA) was quantified by enzyme linked immunosorbent assay (ELISA) technique using a kit purchased from Immunospec
Co., Ltd (USA), according to Schwartz (1987) method. Serum alpha-fetoprotein (AFP) level was measured by ELISA technique using ELISA kit
purchased from Immunospec Co., Ltd (USA), according to the method of Hirai (1982). Serum alpha-L-fucosidase (AFU) activity was evaluated by
ELISA technique using a kit purchased from Glory Science Co., Ltd (USA), according to the manufacturer’s instructions provided with AFU assay
kit. Serum glypican-3 (GPC-3) level was assayed by ELISA technique using a kit purchased from Glory Science Co., Ltd (USA), according to the
manufacturer’s instructions provided with GPC-3 assay kit. Serum golgi protein 73 (Gp-73) level was detected by ELISA technique using a kit
purchased from Glory Science Co., Ltd (USA), according to the manufacturer’s instructions provided with Gp-73 assay kit. Serum vascular
endothelial growth factor (VEGF) level was estimated by ELISA technique using a kit purchased from Glory Science Co., Ltd (USA), according to
the manufacturer’s instructions provided with VEGF assay kit.

Histopathological examination

After fixation of the liver specimens in formal saline (10%) for 24 hours, the tissues were then washed in running tap water, dehydrated in
series of alcohol (methyl, ethyl and absolute alcohol). The specimens were cleared in xylene and embedded in paraffin at 56 degree in hot air oven
for twenty four hours. The paraffin wax tissue blocks were sectioned by slidge microtome at thickness of 4 μm. The obtained tissue sections were 
collected on clean glass slides and left in the oven at 40ºC for dryness before examination under the electric light microscope (Banchroft et al., 1996).

Statistical analysis

In the present study, the results were expressed as Mean + S.E of the mean. Data were analyzed by one way analysis of variance (ANOVA)
using the Statistical Package for the Social Sciences (SPSS) program, version 14 followed by least significant difference (LSD) to compare
significance between groups (Armitage and Berry, 1987). Difference was considered significant when P value was < 0.05. Percentage difference
representing the percent of variation with respect to the corresponding control group was also calculated using the following formula:

% difference = Treated value – Control value X 100

Control value

Results
Biochemical Results

The data in Table (1) illustrated the effect of treatment with T. oliverianum and R. stricta extracts on serum liver enzymes (AST, ALT, ALP
and γ-GT) activity in HCC bearing rats. HCC group showed significant elevation (P< 0.05) in serum AST, ALT, ALP and γ-GT activity with respect
to the negative control group. Treatment of HCC group with R. stricta extract experienced significant decrease (P< 0.05) in serum AST activity HCC
group treated with T. oliverianum extract revealed insignificant decrease (P> 0.05) on serum AST activity as compared to the untreated HCC group
(Table 1). Nevertheless treatment of HCC groups with T. oliverianum or R. stricta extract displayed significant decrease (P< 0.05) in serum ALT,
ALP and γ-GT activity relative to the untreated HCC group (Table 1).

The results depicted in Table (2) represented the effect of treatment with T. oliverianum and R. stricta on serum tumor markers (CEA, AFP
and AFU) levels in HCC bearing rats. The HCC group showed significant elevation (P< 0.05) in serum CEA, AFP and AFU levels as compared to
the negative control group (Table 2). On the other side, treatment of the HCC group with T. oliverianum or R. stricta extract revealed significant
decrease (P< 0.05) in serum CEA, AFP and AFU levels versus to the untreated HCC group (Table 2).

The effect of treatment with T. oliverianum and R. stricta extracts on serum glypican 3 and golgi 73 levels in HCC bearing rats is illustrated
in Table (3). The HCC group exhibited significant elevation (P< 0.05) in serum glypican 3 and golgi 73 levels as compared to the negative control
group (Table 3). However, treatment of the HCC groups with T. oliverianum or R. stricta extract produced significant decrease (P< 0.05) in serum
glypican 3 while they elicited insignificant (P> 0.05) decrease in serum golgi 73 levels in comparison with the untreated HCC group (Table 3).
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Table 1: Effect of treatment of with T. oliverianum and R. stricta extracts on serum liver enzymes activity in HCC bearing rats

Parameters
Groups

AST (U/L) ALT (U/L) ALP (U/L) γ-GT (U/L) 

Negative control group 84.0±1.53 44.7±1.05 109.5±7.11 14.48±1.06

HCC group
125.8±13.2a

(49.79 %)
88.9±4.31a

(98.85 %)
255.6±12.6 a

(133.43 %)
39.55±1.91a

(173.17 %)

HCC+ T. oliverianum extract group
111.2±6.37
(-11.61 %)

69.9±2.76 b

(-21.39 %)
199.5±12.26 b

(-21.93 %)
29.35±1.38b

(-25.78 %)

HCC+ R. stricta extract group
100.7±5.5 b

(-19.95 %)
64.8±2.93 b

(-27.15 %)
186.5±8.13b

(-27.02 %)
30.14±0.77b

(-23.8 %)

Data were expressed as means± standard error (SE) for 10 animals / group.
a: P< 0.05 vs negative control; b: P< 0.05 vs HCC group.

Table 2: Effect of treatment with T. oliverianum and R. stricta extracts on serum tumor marker levels in HCC bearing rats

Parameters
Groups

CEA (ng/ml) AFP (ng/ml) AFU (pg/ml)

Negative control group 0.12±1.250×10-2 19.03±1.52 32.33±3.07

HCC group 0.60±6.0×10-2 a (500 %)
40.07±2.98 a

(111.05 %)
121.2±6.14 a

(275 %)

HCC+ T. oliverianum extract group
0.31±0.41×10-2 b

(-47.5 %)
36.56±0.58b

(-8.82 %)
80.69±4.91b

(-33.44 %)

HCC+ R. stricta extract group
0.26±0.86 ×10-2b

(-55.55 %)
34.64±1.37 b

(-13.61 %)
71.86±6.59b

(-40.73 %)
Data were expressed as means ± standard error (SE) for 10 animals / group.
a: P< 0.05 vs negative control. b: P< 0.05 vs HCC group.

Table 3: Effect of treatment with T. oliverianum and R. stricta extracts on serum glypican 3 and golgi 73 levels in HCC bearing rats.

Parameters
Groups

Glypican 3 (pg/ml) Golgi 73 (ng/ml)

Negative control group 2.96±0.18 231.0±7.35

HCC group 4.85±0.13a (63.68 %) 322.0±3.74a (39.393 %)

HCC+ T. oliverianum extract group 4.03±0.24b (-16.81 %) 315.3±19.13 (-2.07 %)

HCC+ R. stricta extract group 3.63±0.21 b (-25.16 %) 297.3±7.15 (-7.67 %)

Data were expressed as means ± standard error (SE) for 10 animals / group.
a: P< 0.05 vs negative control. b: P< 0.05 vs HCC group.

Table (4) illustrated the effect of treatment with T. oliverianum and R. stricta extracts on serum VEGF level in HCC bearing rats. The HCC
group revealed significant elevation (P< 0.05) in serum VEGF level as compared to the negative control group (Table 4). While, treatment of the
HCC group with T. oliverianum or R. stricta extract caused significant decrease (P< 0.05) in serum VEGF level with respect to the untreated HCC
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group (Table 4).

Table 4: Effect of treatment with T. oliverianum and R. stricta extracts on serum VEGF level in HCC bearing rats.

Parameters
Groups

VEGF (ng/L)

Negative control group 91.66±2.61

HCC group 129.3±2.09a (41.06 %)

HCC+ T. oliverianum extract group 102.01±0.82 b (-21.1 %)

HCC+ R. stricta extract group 101.29±0.62 b (-21.66 %)
Data were expressed as means ± standard error (SE) for 10 animals / group.
a: P< 0.05 vs negative control. b: P< 0.05 vs HCC group.

Histopathological Results

Photomicrograph of liver tissue section of rat in the negative control group showed no histopathological alteration and the normal
histological structure of the central vein and the surrounding hepatocytes in the hepatic parenchyma (Fig.1). Photomicrograph of liver tissue section
of rat HCC group showed hepatic parenchyma with foci of anaplastic hepatocellular carcinoma as well as other foci of cystic cholangio carcinoma
associated with areas of telangictasis with haemorrhage as well as individual hepatocellular necrosis (Fig. 2). Photomicrograph of liver tissue section
of rat in HCC group treated with T. oliverianum extract showed very few foci of anaplastic hepatocytes (Fig. 3). Photomicrograph of liver tissue
section of rat in HCC group treated with R. stricta extract showed focal of anaplastic hepatocytes associated with congestion in the portal vein (Fig.
4).

(1) (2)

(3) (4)
(1): Photomicrograph of liver tissue section of rat in the negative control group showing normal histological structure of the central vein and the
surrounding hepatocytes in the hepatic parenchyma (H&E x 40).

Fig.(2): Photomicrograph of liver tissue section of rat in HCC group showing foci of anaplastic hepatocellular carcinoma with other foci of cystic
cholangio carcinoma (ch) (H&E x 16).

(3): Photomicrograph of liver tissue section of rat in HCC group treated with T. oliverianum extract showing very few foci of hepatocellular carcinoma
(H&E x 16).
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(4): Photomicrograph of liver tissue section of rat in HCC group treated with R. stricta extract showing focal area of anaplastic hepatocyte (hcc) with
congestion in the portal vein (H&E 16).

Discussion

The present study results demonstrated that HCC group displayed significant elevation in serum AST, ALT, ALP and γ-GT activity as
compared to the negative control group. AST elevations often predominate in patients with cirrhosis and even in liver diseases that typically have
increased ALT level (Green and Flamm, 2002). Recent studies have suggested that preoperative ALP levels could be utilized to monitor and predict
recurrence in high risk HCC patients (Kim et al., 2013). Chemical carcinogens may initiate some systematic effects that induce GGT synthesis
(Vanisree and Shyamaladevi, 1998). The elevated levels of GGT reflect the progress of carcinogenesis, since its activity correlates with tumor growth
rate, differentiation and survival of the host (Koss and Greengurd, 1982). The results of the current study revealed that the treatment of HCC group
with T. oliverianum extract produced significant decrease in serum AST, ALT, ALP and γ-GT activity as compared to the untreated HCC group.
These results are in agreement with Amini and Yazdanparast (2009) who reported that the beneficial effect of T. polium might be attributed to its
strong antioxidant and anti-inflammatory properties. Ethyl acetate extract of T. polium, with strong antioxidant property and high polyphenolic
content, exerted several favorable effects on experimental non-alcoholic steatohepatitis (NASH) disease. It caused a significant decrease in serum
liver enzymes with accompanying improvement in the histopathological patterns regarding steatosis, ballooning degeneration and lobular
inflammation (Amini and Yazdanparast 2009). In accordance with our results, Forouzandeh et al. (2013) reported that T. polium treated group
showed significantly lower serum AST, ALT and ALP activity. The current study demonstrated that the treatment of the HCC group with R. stricta
extract elicited significant decrease in serum AST, ALT, ALP and γ-GT activity as compared to the untreated HCC group. This effect may be 
attributed to the antioxidants activity of R. stricta (Iqbal et al., 2006).

In the present work HCC group showed significant elevation in serum CEA, AFP and AFU levels as compared to the negative control
group. In agreement with Ahmed et al. (2013) who recorded significant increase in these tumor markers in HCC bearing rats induced by N-
nitrosodiethylamine. Li et al. (2008) reported that when the rat liver tumor induced by DENA appeared, the CEA content in serum elevated. Song et
al. (2013) also recorded significant increase in serum AFP in HCC bearing rats induced by mucopolysaccharide. Moreover, It has long been
recognized that exposure of rats to certain carcinogens like NDEA caused an elevation of circulating AFP levels (Sell et al., 1983). The upregulation
of AFP gene expression in NDEA challenged rats might be due to necrosis of hepatocytes caused by NDEA. Hepatocyte localization within or
outside the liver plate is the defining factor that regulates the activity of AFP synthesis on a cellular level (Lazarevich, 2000). The increased serum
value of AFU in HCC group in the current work is in agreement with the prior study of Chen et al. (2012). Although the mechanism by which AFU
increases in HCC is still unknown, but the possible mechanism for that increase could be attributed to the increased synthesis of proteins by tumor
with a consequent increase in fucose turnover (Deugnier, 1984).

Herein, the treatment of the HCC group with T. oliverianum extract resulted in significant decrease in serum CEA, AFP and AFU levels as
compared to the untreated HCC group. The decreased AFP in T.oliverianum treated group is in conformity with Hanachi et al. (2008). It has been
found that antioxidants decreased the level of AFP, therefore the antioxidant active constitute of T. oliverianum might affect the AFP level and could
express this beneficial effect (Fouad et al., 2013). In addition, T. oliverianum has been shown to be considered as an effective and safe chemo-
sensitizer agent for cancer therapy (Rajabalian, 2008). This could be due to its contents from diterpenoids, flavonoids, iridoids, sterols and terpenoids
(Bedir et al., 1999). Moreover, the anti-inflammatory and cytotoxic activities of Teucrium essential oils were evaluated to obtain an insight on the
beneficial effects of this species in conditions related to inflammation, cardiovascular diseases and cancer prevention. The previous results
demonstrated that oils of T.oliverianum exhibited strong anti-inflammatory and cytotoxic activity against the three human tumour cell lines. This
biological activity could be partly explained by the presence of sesquiterpenes, such as spathulenol, d-cadinene, caryophyllene, caryophyllene oxide,
a-humulene, and torreyol (Menichini et al., 2009). The present data revealed that the treatment of the HCC group with R. stricta extract induced
significant decrease in serum CEA, AFP and AFU levels as compared to the untreated HCC group. R. stricta is an alkaloid rich herb; alkaloids are
among the most important active components in natural herbs, which showed antiproliferation and antimetastasis effects on various types of cancers
both in vitro and in vivo (Lu et al., 2012). It has been revealed that the treatment with alkaloids significantly decrease the tumor markers and
suppressed HCC growth in vitro and in vivo, and increased the survival of HCC- bearing treated mice.

The anti-tumour effect may be attributed to direct and systemic anti-tumour activities (Nagler et al., 2004). In view of our data HCC group
showed significant increase in serum glypican 3 and golgi 73 levels as compared to the negative control group. Coston et al. (2008) demonstrated that
the sensitivity and specificity of GPC3 for HCC was 88% and 97%, respectively. GPC3 is a very specific marker not only for differentiating HCC
from non hepatic tumors with epithelial differentiation, but also for differentiating HCC from hepatic adenoma (HA) and focal nodular hyperplasia
(FNH). Golgiprotein-73(GP73) is a resident Golgi glycoprotein expressed in epithelial cells. GP73 serum levels are higher in early HCC patients
than in cirrhotic patients. GP73 is considered as a possible tumor marker for HCC and it showed a specificity of 75% and a sensitivity of 69%
(Malaguarnera et al., 2010). Serum GP73 is dramatically elevated in patients with HCC, and the sensitivity and specificity of GP73 for HCC might be
superior to those of AFP (Willyard, 2007). Treatment of the HCC group with T. oliverianum extract produced significant decrease in serum glypican
3 level while induced insignificant decrease in serum golgi 73 level as compared to the untreated HCC group. The therapeutic benefit of teucruium is
often attributed to its antioxidant properties (Dixon et al., 2005).

A methanolic extract of T. polium has been shown to protect red blood cells (RBCs) against lipid peroxidation (Suboh et al., 2004). It is
believed that oxidative stress plays critical roles in the initiation and progression of hepatocarcinogenesis. It has been hypothesed that polymorphisms
that impair anti-oxidative capacity may influence HCC risk. Moreover, Reactive oxygen species have been related to the aetiology of cancer as they
are known to be mitogenic and therefore capable of tumour promotion. Thus, it is possible that cumulative defects in protection from oxidative stress
may result in increased risk of liver cancer in the Moroccan population (Ezzikouri et al., 2010). Treatment of the HCC group with R. stricta extract led
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to significant decrease in serum glypican 3 level while it produced insignificant decrease in serum golgi 73 level as compared to the untreated HCC
group. It has reported that the aqueous extract of R. stricta inhibited cell proliferation and induced apoptotic cell death in the breast cancer cell lines
MCF-7 and MDA MB-231 (Huang et al., 2007). It has been demonstrated that the basic alkaloid fraction of R. stricta induced the chemopreventative
enzyme, NQo1, which could be, at least in part, a novel mechanism for the traditional use of R. stricta’s alkaloid as an antitumor agent (El Gendy et
al., 2012). This may be the underlying mechanism for the reduction of these tumor markers by R. stricta extract supplementation. Also, it has been
found that a crude alkaloid extract from R. stricta inhibited cell growth and sensitized human lung cancer cells, A549, to cisplatin through induction
of apoptosis (Elkady, 2013).

In light of the present results serum VEGF level in rats of HCC group showed significant increase which is in agreement with the result of
Ahmed et al. (2013) and El-Shahat et al. (2012). This result might be attributed to the high angiogenic activity in rats with hepatocellular carcinoma
induced by NDEA. This finding has been explained previously by that NDEA could increase No level which play a key role in enhancing
angiogenesis by stimulating the synthesis of VEGF (Jozkowicz et al., 2001). As Hiramoto et al (2002) showed that NDEA is decomposed, in
concomitant with the release of nitric oxide. Moreover, NDEA administration has been found to increase nitric oxide synthase-2 (NOS2) activity
indicating the generation of reactive oxygen species (ROS), promoting carcinogenesis and possibly leading towards angiogenesis (Fontanini et al.,
1997). Treatment of HCC group with T. oliverianum extract elicited significant decrease in serum VEGF level relative to the untreated HCC group.
This may be attributed to the antioxidant property of this extract due to its chemical constitunts of flavonoids (Yazdanparast and Ardestani, 2009),
and antiproliferative (Kandouz et al., 2010) properties of T. oliverianum extract. Rajabalian (2008) reported that combinations of T. polium extract
induce a massive apoptosis in several human cancer cell lines such as MCF7, A431, SW480 and Skmel-3. The bioactive compounds of T. polium,
flavonoids and neo-clerodane diterpenoids have an important effect on cell proliferation and cell cycle deregulation of human prostate cancer cells as
well as other human cancer cells (Kandouz et al., 2010). In addition, the Teucrium polium possesses anti-inflammatory activities (Esmaeili and
Yazdanparast, 2004).

In addition to its content of diterpenes which possess anti-angiogenic effect causing vascular shutdown in tumors and resulting in tumor
necrosis (Cragg et al., 2002). Treatment of HCC group with R. stricta extract exhibited significant decrease in serum VEGF level versus the untreated
HCC group. This may be attributed to indole alkaloids in R. stricta which have been found to possess numerous biological activities and anticancer
potentiality (Gilani et al., 2007). It has been found that a crude alkaloid extract from R. stricta inhibited cell growth and sensitized human lung cancer
cells, A549, to cisplatin through induction of apoptosis (Elkady, 2013). Photomicrograph of liver tissue section of rat in HCC group showed hepatic
parenchyma with foci of anaplastic hepatocellular carcinoma as well as other foci of cystic cholangio carcinoma associated with areas of telangictasis
with haemorrhage as well as individual hepatocellular necrosis (Fig. 2). These remarkable features of hepatocellular carcinoma are in agreement with
the studies of Abdallah and Khattab, (2004). Moreover, Seufi et al. (2009) reported that histological examination of liver tissue of HCC group
showed inflammatory cells infiltration and fibroblastic cells proliferation that divide the cancer and necrosed hepatocytes of the parenchyma into
nodules with hyperchromatic nuclei as well as cellular pleomorphism and polarity.

Photomicrograph of liver tissue section of rat in HCC group treated with T. oliverianum extract showed Very few foci of anaplastic
hepatocytes. The livers of rats treated with T. oliverianum extract exhibited an almost normal architecture, with the presence of double nucleus
hepatocytes, except for a slight deformity of hepatocytes with pyknosis and clearing of cytoplasm. These histological findings asserted the
hepatoprotective and anticancer efficacy of T. oliverianum (Panovska et al., 2007). Photomicrograph of liver tissue section of rat in HCC group
treated with R. stricta extract showed focal of anaplastic hepatocytes associated with congestion in the portal vein. This antitumor capability of R.
stricta extract could be due to its anticancer potentiality (Gilani et al., 2007) as well as antioxidants activity (Iqbal et al., 2006).

Conclusion

The present study provided experimental evidences for the antitumor potential of T. oliverianum and R. stricta against HCC induced in
rats. This action could be attributed to their potent hepatoprotective properties, antiproliferative activity and antiangiogenic effect.
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