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Abstract: Hepatocellular carcinoma (HCC), one of the most common malignancies worldwide, is highly resistant to standard therapy. Hepatocellular carcinoma (HCC), which are the most health-threatening conditions drawing considerable attention from medical professionals and scientists.  While liver surgery is not suitable in many of the HCC cases, patients are mostly given palliative support cares or transarterial chemoembolization or systemic chemotherapies. However, HCC is well known to be a highly chemoresistant tumor, and the response rate is <10–20%. To this end, alternative medicines are being actively sought from other sources with hopes to halt the disease's progression or even eliminate the tumors. In this work, we discuss our findings and trial studies of some semisynthetic and natural compounds on human HCC cell line. The effect of Vit. E, Corn Oil, t-BHQ and HMBA) against Hep-G2 cells was assessed using MTT assay to investigate cytotoxcity and cell proliferation .Flow cytometeric analysis was used for measurement apoptosis, nicrosis and cell cycle analysis. The results revealed that the treatment of Hep-G2 cells with Vit. E, corn oil, HMBA and TBH dramatically inhibited the cell growth in a dose dependent manner, with IC50 values of 4.48 , 3.97, 3.35 mM and 350.02 µM, respectively. Flow cytometric analysis was performed. The growing cells were treated with IC50 value of different investigated compounds for different intervals (6 and 12 hrs). The untreated cells showed the expected pattern for continuously growing cells, whereas the cells treated with HMBA and TBH for 12 hrs showed a progressive accumulation in the S phase and G2/M phase of the cell cycle correlating with decreased number of cells in the G0/G1 phase. Meanwhile, Vit. E and Corn oil treated cell showed a progressive accumulation in the Go/G1 phase. The treatment of HMBA showed highest induction of apoptosis followed by TBH, vit. E and the lowest induction of apoptosis was corn oil. It is concluded that the cytotoxicity of semisynthetic compounds (HMBA & TBH) has direct effect on the liver cells represented by the effects on the cell cycle and apoptotic mechanism while natural compounds (vit. E & corn oil) has less effect by the two mechanisms than other tested compounds but still has cytotoxic effect.     
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1. Introduction
HCC is a major problem worldwide because of its high prevalence and treatment outcomes have generally remained poor (Huynh et al., 2002). Despite the high mortality and frequency of this cancer, surgical resection is an available option for only a small proportion of patients because metastases are often present when the cancer is discovered. Chemotherapy plays an important role in the treatment of cancer, but it is limited to a significant extent by its toxicities, significant resistance to available chemotherapeutic agents and side effects, including myelosuppression, neutropenia and thrombocytopenia (Chau et al., 2006). 

As it is difficult to give sufficient doses due to poor liver function and low sensitivity for anticancer agents. Since prognosis and survival of patients with HCC is still very poor, novel strategies and agents, which have greater targeting on HCC but lower toxicity for normal liver cells, are seen as a direction of enormous potential. The development of malignancies can be considered as the result of change of the normal process of cell differentiation. The induction of terminal differentiation in tumor cells represents a possible therapeutic strategy with less toxicity (Mukhtar and Ahmad, 1999). Common cancer treatment techniques, such as chemotherapy, take advantage of apoptosis, to eliminate malignant cells within tumors (Fadeel et al., 2004). 

Although this approach is effective on a wide variety of tumors, it not highly selective and thus cause its adverse effects on healthy tissue. An improved strategy for cancer treatment would be to use small molecules to selectively differentiate cancerous cells into normal cells (Richon et al., 1998). Differentiating therapy using cyto-differentiating agents represents a novel approach for cancer treatment. One possible way to increase the efficacy of anticancer drugs and to decrease toxicities or side effects is to develop traditional medicines, especially from medicinal plants (Greenwald et al., 2002; Johnson et al., 2007; Li et al., 2007; Dai et al., 2008). This is particularly evident in the treatment of cancers, in which more than 60% of drugs are of natural origin (Norikura  et al., 2008). 
Hence a new medicinal plant with anticancer activities could be a valuable substance in cancer treatment. The history and biological action (i.e., anticancer) of vit. E as will as the antiangiogenic effects of T3 and its mechanisms reported by several researches. Tadeusz et al. (2005). Vit. E describes a number of compounds that differ in chemical structure and biological activity. Naturally occurring Vit. E consists of a mixture of eight compounds that differ by the methylation patterns of the chromanol ring (α-, β-, γ-, and δ-tocopherol) and the presence or absence of double bonds of the phytyl side chain (α-, β-, γ-, and δ-tocotrienol). The role of these molecules as lipophilic antioxidants in vitro and in vivo is widely accepted. In addition, the non antioxidant properties of Vit.E family members have also been investigated (Aziz et al., 2002). 
The Vit. E molecule can be divided into three different domains. The functional domain (I) arises from the substitution pattern at position C6 of the chromanol ring. This position determines whether the molecule behaves as redox active or redox silent. 
The well documented antioxidant properties of the four tocopherol isomers resulted in their application in cancer clinical trials (Pham and Plakogiannis, 2005). The second, signaling domain (II), exhibits activities that are independent of the antioxidant nature of tocopherols and are given by the methylation pattern of the aromatic ring. (Kunisaki et al., 1995 and Tasinato et al., 1995). The lipophilic side chain of Vit. E isomers distinguishes between tocopherols with saturated isoprenyl units and tocotrienols with unsaturated isoprenyl units. 
The hydrophobic domain (III) determines whether the molecule can bind to lipoproteins and membranes or be degraded by phase I enzymes (Birringer et al., 2002; Neuzil and Massa, 2005).  Redox Silent Tocopherol Derivatives: Modifications of the Functional Domain.  Mitocans induce apoptosis by initiating the mitochondrial (intrinsic) pathway. It has been reported that α-TOS-induced apoptosis was more pronounced in cancer cells with reduced antioxidant capacity (Kogure et al., 2002). 
Agents that induce malignant cells to generate differentiated progeny might prevent the progression of cancers (Marks et al., 1996). Hexamethylene bisacetamide (HMBA), a low molecular weight synthetic compound, induces terminal differentiation and apoptosis in transformed cells in culture ( Richon et al., 1997 and Siegel et al., 1998)). Induced differentiation of transformed cells by hybrid polar compounds, such as hexamethylene bisacetamide (HMBA), is regularly associated with a loss of proliferative capacity (Marks  et al., 1996). This is generally associated with cell cycle arrest in G1 (Richon et al., 1998). 
In some cell lineages, inducer mediated loss of proliferation reflects programmed cell death  (Andreeff et al., 1992; Richon et al., 1997 and Siegel et al., 1998).  t-butyl-hydroquinone (tBHQ), is  well known phenolic antioxidants used in food preservatives, strongly activated c-Jun N-terminal kinase-1 (JNK1) and/or extracellular signal regulated protein kinase-2 (ERK2) in a dose  and time dependent fashion. At relatively high concentrations, tBHQ stimulated proteolytic activity of ICE/Ced3 cysteine proteases, and caused apoptosis. 
Further increase in concentrations lead to rapid cell death predominantly occurred via necrosis, t -Butylhydroquinone is used as an antioxidant in cosmetic products such as lipsticks, eye shadows, perfumes, blushers, and skin care preparations at concentrations ranging from 0.1% to 1.0%; the chemical is also used at concentrations up to 0.02% in oils, fats, and meat products to prevent rancidity, and as a polymerization inhibitor for various polyunsaturated polyesters (Okubo et al., 2003).

2. Materials and Methods:

1. Tested compounds: 

Vit. E, Corn oil, N-Hexamethylen bisacetamide (HMBA) and t–Butyl hydroquinone (TBH) which were  purchased from Sigma Chemical Co. (St Louis, MO).

2. Cell culture:   

Hep-G2, a human hepatocellular carcinoma cell line was obtained from National Cancer Institute of Cairo University. Cells were cultured in RPMI-1640 medium (RPMI-1640, Sigma–Aldrich, St Louis, USA). The medium was supplemented with antibiotic- antimycotic (100 U/ml penicillin and 2 mg/ml streptomycin) and 10% fetal bovine serum (FBS, Sigma, USA). The cells were subcultivated after trypsination (Trypsin-EDTA, Cambrex BioScience Verviers, Belgium) once or twice per week and resuspended in complete medium in a 1:5 split ratio. Cell line was maintained as monolayer in 75 cm2 cell culture flasks with filter screw caps (TPP, Trasadingen, Switzerland) at 37 °C in a humidified 5% CO2 incubator. Tested compounds were dissolved in DMSO (99.9%). In all the cellular experiments, results were compared with DMSO treated cells. The data was represented as mean ±S.D. 

3. Cell treatment: 

Cells were treated with vit.E at concentration range from 0.65ug/dl to 5ug/dl, corn oil at concentration range from 0.65ug/dl to 5ug/dl, t-BH at concentration range from 12.50 to 200.00 µg/ml and with HMBA at concentration range from 0.65 to 5.00 ug/ml. The percentage of viable cells was determined by trypan blue exclusion. 

4. MTT cytotoxic assay: 

Anti-proliferative activity against liver tumor cell line was estimated by the 3-[4,5-dimethyl-2-thiazolyl]-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay, which is based on the cleavage of the tetrazolium salt by mitochondrial dehydrogenises in viable cells . Cells were treated for 24 hrs with various concentrations of Vit. E, Corn oil, HMBA and TBH before submitted to the MTT assay. The relative cell viability was expressed as the mean percentage of viable cells comparing to DMSO-treated cells, and the half maximal growth inhibitory concentration (IC50) was calculated by the trend line equation.
 5. Flow cytometric cell cycle analysis:  

Hep-G2 cells (5x105 cells/well) were plated in 6 well microplate. Then collected after treatment with IC50 concentration of Vit.E, Corn oil, HMBA and TBH for 6h, washed two times with PBS, resuspended in 300µl of PBS, and fixed with 4 ml of ice cold 70% ethanol. When ready to stain with propidium iodide (PI), cells were centrifuged; the ethanol was removed and washed once in PBS. The cell pellets were then resuspended in 1ml of PI/Triton X-100 staining solution (0.1% Triton X-100 in PBS, 0.2 mg/ml RNase A and 10 mg/ml PI) and incubated for 30 min at room temperature. The stained cells were analyzed using a MoFlo flow cytometer (DakoCytomation, Glostrup, Denmark).
6. Flow cytometric Apoptosis/Necrosis analysis: 

Annexin V is a protein that binds to phosphatidylserine (PS) residues, which are exposed on the cell surface of apoptotic, but not normal cells. In living cells, the distribution of the PS group in the plasma membrane is asymmetrical, such that the groups are directed toward the inside of the cell. During apoptosis, this asymmetry is lost, and the PS groups are exposed to the exterior of the cell membrane. The binding of PS with annexin V is therefore an established biochemical marker of apoptosis.

Loss of phospholipids asymmetry and exposure of PS in the outer leaflet of the cell membrane of Hep-G2 cells was assayed using fluorescence isothiocyanate (FITC) conjugated Annexin V and Propidium iodide (PI) double staining using Apoptest Kit (DakoCytomation, Denmark). PI can be used to assess plasma membrane integrity and cell viability, where it is excluded from cells with intact plasma membranes. Hep-G2 cells (5×105) growing on 6-cm culture dishes were treated with IC50 concentration of Vit. E., Corn oil , HMBA and TBH for 6 and 12h, then collected by trypsinization, washed with PBS, spooled with floating cells and submitted to the kit procedure as manufacturer instructions. The sample was submitted to flow cytometric analysis using MoFlo sorter.
3. Results:
Using MTT assay, we studied the possible anti-proliferative effect of Vit. E, Corn oil (Fig.1A ), HMBA (Fig. 1B) and TBH (Fig. 1c) on the growth of our tumor cell line after incubation for 24 h. The treatment of Hep-G2 cells with Vit. E, corn oil, HMBA and TBH dramatically inhibited the cell growth in a dose dependent manner, with IC50 values of 4.48, 3.97, 3.35 mM and 350.02 µM, respectively.

Cell cycle checkpoints can be targeted for cancer therapy either by activating checkpoint mediated apoptosis or by exploiting chemical sensitivity because of loss of checkpoint function . To investigate further the nature of growth nhibition by Vit. E, corn oil, HMBA and TBH in Hep-G2 cells, flow cytometric analysis was performed. The growing cells were treated with IC50 value of Vit. E (4.48mM) ,Corn oil(3.79mM) HMBA (3.35 mM) and TBH (3.5 mM) for different intervals (6 and 12 h), and then subjected to flow cytometric analysis after staining their DNA. The distribution of cells in different phases of the cycle is illustrated in Fig. 2. 
The untreated cells showed the expected pattern for continuously growing cells, whereas the cells treated with HMBA and TBH for 12 h showed a progressive accumulation in the S phase and G2/M phase of the cell cycle correlating with decreased number of cells in the G0/G1 phase. Meanwhile Vit. E and Corn oil treated cell showed a progressive accumulation in the Go/G1 phase , the cell cycle chick point with a marked decreased number of cells that inter S phase.
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Figure (1): The cytotoxicity of Vit. E (A), Corn Oil (B) t-BH (C)and HMBA (d) against Hep-G2 cells was assessed using MTT assay. The data are represented as the mean ± S.D. of the percentage of control (DMSO- treated cells).  
	Vit E
	Corn oil
	HMBA
	t-BH

	Conc.mM/dl
	O.D
	Conc mM/dl
	O.D
	Conc mM/dl
	O.D
	Conc.uM/dl
	O.D

	5.00
	137.11
	5.00
	128.58
	5.00
	40.54
	200.00
	72.92

	2.50
	132.96
	2.50
	127.20
	2.50
	52.60
	100.00
	79.58

	1.25
	131.96
	1.25
	126.00
	1.25
	64.95
	50.00
	85.86

	0.65
	130.05
	0.65
	119.60
	0.65
	66.98
	12.50
	101.07

	IC50
	4.48
	IC50
	3.79
	IC50 
	3.35
	IC50 (µM)
	350.02

	The unit conc. For  IC50 mM/ml


This disturbance of the cell cycle phases aroused our interest to investigate the HMBA and TBH modulation of the necrosis and apoptosis ratio. Using a dual flow cytometry that investigate both of the apoptosis via tracing the presence of annexin-V protein and the necrosis via binding to PI (Fig. 3). The results of the analysis demonstrated that treatment with HMBA induced apoptosis ratio from 1.47 (control) to 7.63 after 6 hrs and from 1. 85 (control) to 63.44 after 12 hrs, while treatment with TBH induced apoptosis ratio from 1.47  (control) to 1.2 after 6 hrs and from 1. 85 (control) to 13.52 after12 hrs. The growth inhibition of Hep-G2 cells, S-phase and G2/M arrest and the induction of apoptosis ratio are suggesting that the apoptosis is associated to the block of DNA replication and/or mitosis.
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Figure (2): Results of cell cycle: Hep-G2 cells were treated with the IC50 of Vit. E (4.48mM), corn oil (3.97mM), HMBA (3.35 mM) and t-BH (3.50. mM) for different intervals 6 and 12 hrs. The percentages of the cell populations were presented as G0/G1 phase (blue bar), S-phase (red bar) and G2/M phase (yellow bar). Values are means ±S.D., n = 3.
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Figure of cell cycle analysis

[image: image21.png]10¢-

& &
i
10
0
rs 10
w
0 0 ¢ 0 ¢

FTIC-Annexin v



[image: image22.png]10¢-

&

i

10

0

&

w
0

0

¢ 0 ¢
FTIC-Annexin v



Representative figure for the results of Apoptosis /necrosis analysis
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Figure 3. Analysis of apoptosis and necrosis (annexin V-FITC/PI): A (control),B (DMSO treatment), C (HMBA treatment) and  D (TBH treatment). The percentages of the cell populations (E). Values are mean ±S.D., n= 3. 

The results of Apoptosis /necrosis analysis In the flow cytometry representative 

	
	R1
	R2
	R3
	R4

	Control 6h
	5.19 ± 1.4
	0.17 ± 0.33
	93.17 ± 1.56
	1.47 ± 0.75

	Control 12h
	5.69 ± 1.54
	0.1 ± 0.02
	92.63 ± 1.61
	1.58 ± 0.09

	Corn oil 6h
	5.67 ± 0.63
	0.0 ± 0.0
	93.13 ± 1.56
	1.2 ± 0.08

	Corn oil 12h
	6.63 ± 1.63
	0.0  ± 0.0
	92.17 ± 1.54
	1.2 ± 0.07

	DMSO 6h
	6.05 ± 0.93
	0.13 ± 0.05
	92.35 ± 1.57
	1.47 ± 0.56

	DMSO 12h
	6.27 ± 1.13
	0.26 ± 0.037
	91.97 ± 1.63
	1.5 ± 0.69

	Vit E 6h
	5.93 ± 0.55
	0.19 ± 0.011
	92.35 ± 1.57
	1.53 ± 0.5

	Vit E 12h
	5.27 ± 0.54
	0.19 ± 0.02
	90.57 ± 1.64
	3.97 ± 0.49

	TBH 6h
	6.13 ± 0.94
	0.2 ± 0.01
	92.47 ± 1.62
	1.2 ± 0.04

	TBH 12h
	5.85 ± 1.1
	0.0 ± 0.0
	80.63 ± 1.6
	13.52 ± 1.87

	HMBA 6
	6.47 ± 1.53
	0.07 ± 0.02
	85.83 ± 1.59
	7.63 ± 1.22

	HMBA 12h
	2.29 ± 1.27
	7.83 ± 0.07
	26.44 ± 1.64
	63.44 ± 3.59


Results of Apoptosis /necrosis analysis
In the flow cytometry representative figures: R1 upper left quadrant (necrotic cells), R2 upper right quadrant (apoptotic cells with damaged membranes), R3 lower left quadrant (healthy cells), R4 lower right quadrant (apoptotic cells)

Results of cell cycle analysis

	
	G0/G1
	S
	G2/M

	Control 6h
	96.1 ± 5.4
	3.7 ±0.51
	0.2 ±0.01

	Control 12h
	95.2 ± 4.8
	3.4 ±0.42
	1.4 ±0.03

	Corn oil 6h
	95.4 ± 5.1
	4.1 ±0.44
	0.5 ±0.04

	Corn oil 12h
	95.6 ± 5.2
	3.8 ±0.39
	0.6 ±0.05

	DMSO 6h
	95.8 ± 4.6
	3.9 ±0.29
	0.3 ±0.02

	DMSO 12h
	96.1 ± 5.0
	3.6 ±0.34
	0.3 ±0.03

	Vit E 6h
	96.8 ± 6.1
	3.0 ±0.41
	0.2 ±0.02

	Vit E 12h
	95.1 ± 5.5
	3.2 ±0.29
	1.7 ±0.34

	TBH 6h
	64.6 ± 4.8
	21.5 ±2.8
	13.9 ±1.4

	TBH 12h
	51.1 ± 3.9
	24.8 ±2.1
	24.1 ±2.6

	HMBA 6
	44.2 ± 4.0
	45.1 ±5.2
	10.7 ±0.9

	HMBA 12h
	32.5 ± 3.9
	58.3 ±4.9
	9.2 ±1.4


4. Discussion:

Apoptosis and necrosis are two different forms of cell death, which are distinguished by well defined morphological and biochemical features. Necrosis is characterized by cell swelling, disruption, and rapid disintegration of the cell membrane, leading to the release of the cellular content, which may result in an inflammatory response (Fiers et al., 1999) and lysis of intracellular organelles. Apoptosis on the other hand is a tightly regulated process controlled by a hierarchical set of molecules. During apoptosis the cells undergo nuclear and cytoplasmic shrinkage, the chromatin is condensed and partitioned into multiple fragments, and the cells are finally broken into multiple membrane surrounded bodies (apoptotic bodies) (Fiers et al., 1999). Also, agents that induce malignant cells to generate differentiated progeny might prevent the progression of cancers (Aziz et al., 2002).

Cell cycle checkpoints can be targeted for cancer therapy either by activating checkpoint mediated apoptosis or by exploiting chemical sensitivity because of loss of checkpoint function (El-Deiry et al., 1993). Cel cycle analysis for the treated cell suggest that HMBA and TBH appears to affect processes that are essential to allow cells to progress through the S phase and G2/M phase of  the cell cycle, presumably by perturbation of the cell progression into the G1 phase.

In the present study, the kinetic induction of apoptosis in Vit. E, Corn oil, HMBA and TBH treated Hep-G2 cells were triggered by a coincident disturbance in the cell cycle phases. Apoptosis was associated with an accumulation of cells in S phase, which suggested a mechanistic modulation in the apoptosis factors. There are several possible speculated mechanisms that may explain the shifted mode of Vit. E, Corn oil, HMBA and TBH treated Hep-G2 to apoptosis.   

This study show dramatic inhibition of cell growth in a dose dependent manner showing IC50 values for Vit. E, corn oil, HMBA and TBH of 4.48, 3.97, 3.35 µM and 350.02 µM, respectively. The nature of growth inhibition by each of them in Hep-G2 cells, as illustrated by flow cytometric analysis clarified that the cells treated with HMBA and TBH for 12 h showed a progressive accumulation in S phase and G2/M phase.  Meanwhile, Vit E and Corn oil treated cell showed a progressive accumulation in the Go/G1 phase; the cell cycle chickpoint with a marked decreased number of cells that inter S phase. This result support previous study by (Yu et al., 2002) which emphasized that Vit. E analog results in  inhibition of cell proliferation which involves a G0/G1 cell cycle block, mediated in part by mitogen activated protein kinases MEK1 and ERK1 and up-regulation of the key cell cycle regulatory protein p21 (waf1/cip1). 

Apoptosis or necroses study support that disturbance in cell cycle analysis showing a clear shift on this ratio from control to all treated cell. The ratio of apoptotic cell was increased on treated cell than that of control which repot 1.4&1.58 after 6 & 12 h. respectively, while HMBA showed the great shift, or highest ratio (7.6 & 63.4. followed by t-BH 1.2 & 13.5, while Vit. E showed the smallest ratio but steel higher than control 1.5 & 3.9. Vit. E treated cell showed shift on induction to apoptosis from 1.5 in control to 3.97 after 12 h.  This behavior is similar to its effect on human melanoma cell by (Fermond et al., 2010) who emphasized that d-δ-Tochotrienol induce dose dependent suppression of cell proliferation coincident with cell cycle mediated arrest in G1 phase which was accompanied by reduced expression of cycling dependent kinase 4. Also this study clarified that these arrest was accompanied with induced caspase activation and apoptosis. All of these emphasized an activating checkpoint mediated apoptosis by vit. E on a time and dose dependent manner.

Also the cell cycle arrest on Go/G1 phase reflect a picture of suicide cell death, which is proved  in our study by the level of annexin V the established biochemical marker of apoptosis, where vit. E showed decrease ratio of necrotic cell than that of control and DMSO, this is agree with many several study done on Analogs of Vit. E, epitomized by α-tocopheryl succinate (α-TOS), and clarified that Vit. E present one group of mitocans ( Dong et al., 2006; Ralph et al., 2006; Wang et al., 2006 and Neuzil et al., 2007). α-TOS selectively kills malignant cells at levels at which it exerts no toxicity (or minimal toxicity) to normal cells or tissues ( Weber et al., 2002). It also overrides mutations leading to loss of tumor suppressor genes (Weber et al., 2002). Proved the anticancer effect of vit. E through its apoptotic effect on cancerous cell only, sparing normal cell 

This role of vit. E as a mitocan, that induce cell apoptosis through effects on the mitochondrial pathway (the intrinsic) pathway of apoptosis, dose not depends on the antioxidant potency of vit. E so it is not affect directly the DNA as the case on t-BH according to (Li et al., 2002). This study provide evidence that the bioactivation of tBHQ  results in the formation of paraquinone, semiquinone anion radical, and reactive oxygen species. The reactive oxygen species may be involved in oxidative DNA damage and hence may contribute to the carcinogenicity of BHA (Li et al., 2002).

Over the recent years, it has been demonstrated that vit. E and its analog regulate biological processes including cell proliferation, differentiation and apoptosis.  Also it has been found to modulate cellular functions at many levels which are deregulated during carcinogenesis. In many investigations, analog of vit. E has shown cytotoxic activity against several cancer cell lines such as, breast cancer (Kline et al., 2004), prostate cancer (Israel et al., 2000), melanoma cell line (Fernades et al., 2010), ovarian cancer (Anderson et al., 2004).

Furthermore, it is proved that, Vit. E analogs inhibit a diverse range of tumors in experimental animals. Vit. E derivative inhibits the growth of human breast cancers in culture by induction of DNA synthesis arrest, cellular differentiation and apoptosis (Kline et al., 2001 and You et al., 2002). Inhibition of cell proliferation involves a G0/G1 cell cycle block, mediated in part by mitogen activated protein kinases MEK1 and ERK1 and up-regulation of the key cell cycle regulatory protein p21 (waf1/cip1) (Yu et al., 2002).
5. Conclusion:

Using MTT assay, Hep-G2 cells exhibited increased inhibition of proliferation at micro molar concentrations of Vit. E, Corn oil, HMBA and t-BH at 6, and 12 hrs post treatment. Flow cytometry analysis showed that these materials are a potent inducer of apoptotsis in vitro and cell cycle analysis revealed an increase in S phase population. In total, the results indicate that Vit. E is a strong inhibitor of Hep-G2 cell proliferation and a potent inducer of in vitro apoptotic cell death. Further studies are required to evaluate the in vitro effects of Vit. E in cell derived from HCC patients.
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