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ABSTRACT

This study was conducted to determine the effect of henna (extract and essential oil) on the apoptotic
phenomena in a human liver cancer cell lines, HepG2. It was determined by using TUNEL assay to investigate
their mechanism of action and the observations were done by using Fluoresence Microscope and Confocal
Laser Scanning Microscope. Results showed that the apoptotic phenomena induced by henna extract and the
essential oil of henna.  Many apoptotic bodies, DNA fragmentation and chromatin condensation were observed
in the treated groups through the Fluoresence Microscope and Confocal Laser Scanning Microscope. In
conclusion, henna may induce apoptosis in HepG2 cell lines.
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Introduction

Cancer is a genetic disease. Abnormalities in genes that control cellular proliferation lead to the
unrestrained growth that characterizes the malignant cell. Thus, to gain the initiative in cancer treatment and
detection, the molecular roots of the diseases should be well understood, i.e., the genes involved their
pathways, their messenger RNAs, and the proteins that they produced (Rollins et al., 2000).

The discovery of oncogenes and apoptotic pathway represented a breakthrough for understanding the
molecular and genetic basis of cancer. Most important, oncogenes and apoptotic pathway represent potential
targets for new types of cancer therapies. It is more than a hope that a new generation of chemotherapeutic
agents directed at specific oncogene targets and induced apoptosis will be developed. The goal of these new
drugs is to kill cancer cells selectively while sparing the normal cells (Pierottiet al., 2000). 

Henna (Lawsoniainermis, syn. L. alba) is a flowering plant, 2-6m in height. It is the sole species in the
genus Lawsoniain the family Lythraceae.  Hennais widely grown in various tropical regions in Asia, America
and Africa. In Arabic, the word “henna” refers to L. inermis (Habbal et al., 2005). Henna produces a burgundy
dye molecule, lawsone. This molecule has an affinity for bonding with protein, and thus has been used to dye
skin, hair, fingernails, leather, silk and wool. The dye molecule, lawsone, is primarily concentrated in the
leaves.  It is well known that plants have been used in traditional herbal medicine for many years. In some
parts of the world, plants and herbs are still the prime medicines used in medical treatment (Natarajanet al.,
2003; Muhammad and Muhammad, 2005). The main uses of henna are as a cooling agent, astringent,
antifungal and anti-bacterial herb for the skin and hair (Singh and Singh, 2001; Kelmanson, 2002). Its core
chemical components are 2-hydroxynapthoquinone (lawsone), mannite, and tannic acid (Al-Rubiay, 2008).
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In our previous study, henna extract has been shown to be a cytotoxic agent against human liver cancer,
HepG-2 cells (Susi Endriniet al., 2002). The essential oil of henna has also been proved to be potent cytotoxic
agent against these cell lines. In this study, the effect of henna (extract and essential oil) on the apoptotic
phenomena in HepG2 was determined by using TUNEL assay to investigate their mechanism of action. 

Materials and methods

Plant Material:

The leaves of henna were harvested at Faculty of Medicine and Health Sciences, UPM, Serdang, Selangor.
The herbarium voucher specimen was identified and deposited by Mr. Ahmed Zainuddin from the Department
of Botany, Faculty of Science and Technology, UniversitiKebangsaan Malaysia. The voucher number was AZ-
6804. This studies has been done on June 2002 until January 2004.

Preparation of Extract:

The extraction method was obtained from Ali et al., (1996) with slight modification. The dried leaves (100
g each) of henna were homogenized and soaked in chloroform 100% for a week. The crude extract was then
filtered with Whatmann paper No. 4 and evaporated with rotary evaporator. The dried residue was resuspended
in DMSO and subjected to TUNEL assay. 

Isolation of the Oils:

The fresh leaves were hydrodistilled at 100oC for 6 hours in a modified Dean and Stark apparatus to
obtain yellowish volatile oil. The oily layer (after removal of excess water) was further dried by anhydrous
sodium sulphate. The aqueous layer from the distillate was extracted with hexane. The hexane layer was
dehydrated with anhydrous sodium sulphate. The yields were calculated based on dry weight of the plant
materials. The yield was resuspended in DMSO and subjected to TUNEL assay. 

Culturing of Cells:

Human liver carcinoma cell lines, HepG2 was cultured in EMEM (Minimum Essential Medium with
Earle’s salt )(Gibco, USA). The medium supplemented with 10% of fetal calf serum, 100IU/ml penicillin and
100mg/ml of streptomycin. HepG2 cell was obtained from ATCC  (American Type Culture Collection), USA.
Cell was cultured using 25-cm2 flasks (Nunc, Denmark), in a CO2 incubator (Sanyo, Japan) at 37oC.

Treatment of Cells:

The viability of cells was determined with trypan blue. Exponentially growing cells were harvested,
counted by using haemocytometer, and diluted with medium, yielding a concentration of 1x105 cells/ml. For
the TUNEL assay study, the LabTek Chamber slides were used to grow the cells. The slide chambers were
incubated for 24 hours in a 5% CO2 incubator (Sanyo, Japan) at 37oC. The two types of dose (20 and
30mg/ml) of henna essential oil and extract were used. The other slides were used as a negative and positive
control (without treatment). The chamber slides were incubated again in a 5% CO2 incubator (Sanyo, Japan)
at 37oC for 96 hours. Then, the cells in the chamber slides were ready to use.

Tunel Assay:

Using Apoptosis Detection System, Fluorescein (Promega, USA), carried out the TUNEL assay. Firstly,
the cells were fixed by immersing slides in freshly prepared 4% paraformaldehyde solution in PBS (pH 7.4)
in a Coplin jar for 25 minutes at 4oC. The cells then wash by immersing the slides in fresh PBS for 5 minutes
at room temperature. The washing step was repeated and cells were permeabilized by immersing the slides in
0.2% Triton X-100 solution in PBS for 5 minutes. 

After this, the slides were rinsed by immersing in fresh PBS for 5 minutes at room temperature. The
washing step was repeated once again. The excess liquid was removed by tapping the slides. The cells were
then covered with 100ml of Equilibration Buffer at room temperature for 5-10 minutes. While the cells were
equilibrating, the Nucleotide Mix was thawed on ice and sufficient TdT incubation buffer for all experimental
reactions were prepared (TdT incubation buffer consists of 45ml equilibration buffer, 5ml Nucleotide mix and
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1ml TdT enzyme, for each samples). After incubation, the 50 ml TdT incubation buffers were blotted into each
cells on a 5cm2 area. The cells were covered with Plastic Coverslips to ensure even distribution of the reagent.
The slides were then incubated at 37oC for 60 minutes inside the humidified chamber to allow the tailing
reaction to occur. The chamber slides were covered with aluminum foil to protect from direct light. After
incubation, immersing the slides in 2X SSC in a Coplin jar for 15 minutes at room temperature terminated the
reactions. Then, immersing the slides in fresh PBS for 5 minutes at room temperature washed the samples.
The washing steps were repeated twice to remove unincorporated fluorescein-12-dUTP. The staining processes
were done in a Coplin jar by immersing the slides in 40ml of propidium iodide solution freshly diluted to
1mg/ml in PBS for 15 minutes at room temperature in the dark. After that, the samples were washed by
immersing the slides in deionized water for 5 minutes at room temperature and repeated 2 times for a total
of 3 washing. Then, a drop of Anti-Fade solution was added to the area containing treated cells and slides
were mounted using glass coverslips. The slides were then sealed with rubber cement or clear nail polish and
let dry for 5-10 minutes. Sample were analysed immediately under a fluorescence microscope using a standard
fluorescein filter set to view the green fluorescence of fluorescein (FITC) at 520 ± 20nm and red fluorescence
of propidium iodide (PI) at >620nm. Confocal Laser Scanning Microscope (CLSM) was also used to obtain
the better results.

Results:

Two different microscopy techniques were used to revealed the image of morphology cells from the
TUNEL assay. First technique was using a Fluorescence Microscope and the second one was using a Confocal
Laser Scanning Microscope. Figure 1  showed the morphology of HepG2 cells treated with 20mg/ml essential
oil of henna using a Fluorescence Microscope. Mixture of PI and FITC labeled apoptotic cell as yellow
intensely. There were numerous apoptotic cells with intensely yellow fluorescence shown in Figure 1. On the
other hand, there were more numerous apoptotic cells with intensely yellow fluorescence in HepG2 cells treated
with 30mg/ml essential oil of henna (Figure 2).Cells treated with essential oil of hennashowed obvious
shrunken cells with either condensed or fragmented nucleus as seen on Figure 1 and 2.

The clearer results were obtained from Confocal Laser Scanning Microscope. Cells treated with henna
extract showed condensed nucleus (green arrow), prominent cell shrinkage (red arrow), and apoptotic bodies
(white arrow) (Figure 3). The similar pattern was also observed in cells treated with essential oil of henna
(Figure 4). On the other hand, there were no condensed nucleus, cell shrinkage and apoptotic bodies observed
in the untreated group (Figure 5). 

Fig. 1&2: Fluorescence micrograph of HepG2 treated with 20 mg/ml (1) and 30 mg/ml (2) henna oil.
Shrunken cells with either condensed or fragmented nucleus and numerous apoptotic bodies were
observed (white arrow). Magnification X400.
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Fig. 3: Confocal micrograph of HepG2 cells treated with 30 mg/ml Henna oil Condensed nucleus (green
arrow), prominent cell shrinkage (red arrow), and apoptotic bodies (white arrow).

Fig. 4: Confocal micrograph of HepG2 cells treated with 30 mg/ml henna crude extract. Condensed nucleus
(green arrow), prominent cell shrinkage (red arrow), and apoptotic bodies (white arrow).

Fig. 5: Confocal micrograph of HepG2 cells untreated.
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Discussion:

The first morphological changes of apoptosis found in most cell types are contraction in cell volume and
condensation of the nucleus, which allows the intracellular organelles, such as mitochondria, to retain their
normal morphology. This change is followed by plasma membrane blebbing and nuclear fragmentation to form
apoptotic bodies (Abdullah et al., 2010). The TUNEL assay is an experimental protocol allowing the detection
of DNA fragmentation. It is generally accepted that the correct execution of the TUNEL protocol mainly labels
DNA fragmentation in very advanced phases of apoptosis (Risuleoet al., 2009) thus evidencing cells that have
sustained severe DNA damage. A closer look at the pattern of TUNEL staining in henna extract treated HepG2
cells suggests that DNA fragmentation is initiated at the nuclear periphery as described Gavreilli et al. (1992)
and progresses towards the centre as observed in Kataoka and Tsuruo (1996) and many apoptotic bodies were
observed. The results were synchronized with the other studies (Hanachiet al., 2008; Kwon et al., 2006; Pereira
et al., 2009; Abdullah et al., 2010).  Many studies have demonstrated that apoptosis may be involved in cell
death induced by chemotherapeutic agents including cisplatin, cytarabine, camptothecin, amsacrine, etoposide
and teniposide (Kolfschotenet al., 2002; Solaryet al., 2001) and also by plant extracts (Hanachiet al., 2008;
Kwon et al., 2006; Pereira et al., 2009; Abdullah et al., 2010). 

This study demonstrated that henna (extract-formed and essential oil-formed) may induce the apoptosis in
HepG2 cell lines. The morphology of chromatin condensation, DNA fragmentation and several apoptotic bodies
were found by confocal laser scanning microscope and fluorescence microscope in the treated groups. There
were no apoptotic phenomena observed in the untreated group. 

Conclusion:

Henna has the potential anticarcinogenic effect through induced the apoptosis pathway. 
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