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Lawsonia inermis commonly is used as cosmetic material. However many studies had shown that L.
inermis had antitumoural, antimicrobial and anti-tuberculostatic effects. The aim of this study was to
investigate whether L. inermis can destroy cancer cells by induction of apoptosis due to decreasing of
intracellular H* ion level or increasing intracellular free radicals and H,O, levels in cancer cells as a
result of oxidative effect or not. We used 70 female Swiss albino mice and divided them into four
groups. Group 1 was given only tap water. Group 2 was given only L. inermis. Group 3 was given
Ehrlich ascites tumour (EAT) cells + tap water and Group 4 was given EAT + L. inermis. At the result of
this study the thickness of subcutaneous lipid tissue, diameters of gluteal mass, the pH levels of gluteal
mass, the GSH levels at the liver tissue samples and the MDA levels of the liver tissue samples of these
groups were measured. This study showed that, L. inermis can be used as a supplementary agent for

cancer treatment.
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INTRODUCTION

Many reports about medical and cosmetic usage of
Lawsonia inermis (L. inermis) has been published in
literature. Antitumoural, antimicrobial and antituberculo-
static effects of L. inermis are prominent in these reports
(Malekzadeh, 1968; Curreli et al., 2001; Dasgupta et al.,
2003; Habbal et al., 2005; Singh and Pandey, 1989;
Sharma, 1990; Kok et al., 2005). Also the serious oxidant
effect of L. inermis has been been showed (Curreli et al.,
2001; Dasgupta et al., 2003; Soker et al., 2000). In addi-
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tion, L. inermis can induce glucose-6-phosphate dehydro-
genase (G6PD) enzyme deficiency in children (Raupp et
al.,, 2001; Soker et al., 2000; Devecioglu et al., 2001;
Zinkham and Oski, 1996).

It has been thought that L. inermis can show
decreasing effect on glutathione (GSH) level due to
oxidative stress and increasing effect on malonil di aldehit
(MDA) (Dasgupta et al., 2003). It has been reported that
measuring of GSH level is significant to follow up of
breast and over cancer progression. Pentose phosphate
pathway and G6PD enzyme are important for GSH
synthesis.

The aim of this study was to investigate whether L.
inermis can destroy cancer cells by induction of apoptosis
due to decreasing of intracellular H* ion level or increas-
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Table 1. Experimental groups of mice.

Experimental group 1

2

3 4

Treatment Only tap water

Only L. inermis

EAT + tap water EAT + L. inermis

EAT: Ehrlich ascites tumor.

ing intracellular free radicals and H,O, levels in cancer
cells as a result of oxidative effect or not. Antitumoral
effect of L. inermis was evaluated to measure of pH, GSH
and MDA levels, tumor volume, subcutaneous lipid tissue
thickness and calculate mean survival time in
experimental groups consisting of mice with sarcoma
formed by Ehrlich ascites tumour (EAT) cells in gluteal
muscle tissue.

MATERIALS AND METHODS
Animals

We have used 70 female Swiss albino mice which were 25 - 30 g in
weight and 10 weeks old. Mice were from Medical Experimental
Research Laboratory of Cukurova University and were kept 12 h
under light and 12 h under dark cycles at 25°C for 5 days before
study. Mice were fed with standard pellet diet and tap water ad
libitum. Experimental groups were designed as seen at Table 1.

The formation of sarcoma in Swiss albino mice

Peritonitis carcinomatosa was formed with EAT at sterile conditions
and ascites fluid were taken from mouse with paracenthesis (Cria et
al.,, 2004, Ozaslan et al., 2006). Tumour cells were stained with
Tryphan blue and counted in hemocytometer. The tumour ascites
liquid which contained 6 x 10° cells (0.2 ml) was inoculated
intramurally to posterior region of left gluteal muscle. By the same
way 0.2 ml of sterile 0.9% NaCl solution was injected to Group 1
and Group 2 mice which were not inoculated with EAT.

L. inermis solution

L. inermis powder purchased from herbal market. 0.3% L. inermis
solution was prepared as powder and resolved in distilled water.
This solution was boiled and then filtered. L. inermis solution was
given to mice in two equal doses daily for 12 days. The tap water
was given to Group 1 and 3 at same doses and manner.

Thickness of subcutaneous lipid tissue

Thickness of subcutaneous lipid tissue in posterior cervical area
was measured in the first and 12th days after tumor inoculation by
using vernier callipers.

Measurement of gluteal mass

The diameter of sarcoma developed in median line between hip
joint and knee joint on the femur bone was measured on the first
and 12th days after tumor inoculation using vernier callipers.

The evaluation of pH in tissue with sarcoma

At the 12th day of the inoculation of EAT, mice were sacrificed by
cervical dislocation. Then approximately 1 g tissue sample was
taken by incision from sarcoma in gluteal area and placed in tubes
with 0.02 M EDTA (1.5 ml) in shortest time. Tissue samples were
homogenized in ice (Ultra Turrax T25) and centrifugated at +4°C
and then pH of samples were measured with a pH meter (InoLab).

The preparation of liver tissue samples

After cervical decapitation of mice, whose abdomen was dissected
by median incision, approximately 200 mg liver tissue to measure
GSH and 1 g to measure MDA was sampled and washed with 0.9%
NaCl solution. Tissues were taken in tubes with 0.02 M EDTA (8 ml)
for GSH and in tubes with 0.15 N KCI (5 ml) for MDA immediately
and they were stored at -20°C.

The measurement of GSH

Liver tissue (200 mg) was homogenized in 0.02 M EDTA (8 ml) and
stored in ice bath until use. Homogenate (5 ml) was prepared from
liver tissue in tubes with EDTA, then it was mixed with 4 ml distilled
water and 1 ml 50% trichloroaceticacid (TCA). Then it was
centrifuged at 3000 rpm (15 min) and 2 ml of liquid supernatant was
mixed with 0.4 M Tris buffer (1 ml) (pH 8.9) and 0.1 Ellman reagent
[5,5'-dithiobis-(2-nitrobenzoic acid)] (DTNB) (Sigma). The absor-
bance at 412 nm in spectrophotometer was recorded. The result
values were signified as pmol GSH/g tissue (Sedlak and Lindsay,
1968).

The measurement of MDA

10 ml homogenate was prepared with 1 g liver tissue in 0.15 N KCI.
0.2 ml sample was taken from homogenate and was mixed with 0.8
ml distilled water, 1.5 ml 2-thiobarbituric acid (TBA), 1.5 ml acetic
acid and 0.2 ml sodium dodecil sulphate. For standardization of
homogenate, 0.2 ml tetraethocxylpropane was used instead of
homogenate. Blank was prepared with distilled water. Tubes were
vortexed and boiled in water bath at 95°C for 1 h. Tubes were
centrifugated at 4000 rpm (10 min.) after cooling. Supernatant was
collected and the absorbance of supernatant was recorded in
spectrophotometer at 532 nm. The results were recorded as
nmol/ml.

Survival analysis

Mean Survival Time (MST) and Average Survival Time (AST) were
calculated according to these formulas:

MST = (the first death day + the last death day) / 2
AST = the total death days / total mice number

The percentage of Increasing Mean Standard Life (IMSL) and The
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Figure 1. Thickness of subcutaneous lipid tissue (mm) of mice with sarcoma treated
with Lawsonia inermis (See Table 1 for the definition of the various groups).

Percentage of Increasing Average Standard Life (IASL) were
calculated with these formulas (Jagethia and Rao, 2006; Jagethia
et al., 2005; Jagethia and Baliga, 2003).

IMSL (%) = (experimental group MST- control group MST) x
100/Control group MST

IASL (%) = (experimental group AST- control group AST) x 100 /
control group AST.

Statistical analysis

The statistical analysis of data was performed with SPSS 12.0
package program. Student t-test was used for normal dispersion
data and Mann-Whitney U test for abnormal dispersion data. The
limit of statistical significance was set at p < 0.05.

RESULTS

Thickness of subcutaneous lipid tissue at the first and
12th days is shown in Figure 1. In group 1 mice there
was no difference between measurement values, but in
group 2 mice measurement at the first day was 0.02 mm
thicker than the twelfth day measurement. In group 3
mice, thickness in first day was 1.51 mm and the
thickness in twelfth day was decreased to 1.31 mm. The
thickness was 1.54 mm in first day and it was decreased
to 1.47mm in 12th day in group 4 mice.

Diameters of gluteal mass are shown in Figure 2. In
group 1 and 2 mice, there was no difference between
diameters measured at first and 12th days. Although in
group 3 and 4 mice, diameters at first day were same, but
the diameters at the twelfth day increased. In addition, it
was detected that the increasing diameter of gluteal mass
in group 3 was higher than the others.

The pH levels of gluteal mass is given in Figure 3. The
pH levels in group 1 and 2 were 6.23. Whereas, the
measured pH level of group 3 and 4 were 6.24 and 6.27,
respectively.

The GSH levels at the liver tissue samples is shown in
Figure 4. Liver tissue GSH levels were 4.5 pmol/g in
groups 1 and 2 and there was no significant difference
between these two groups (p < 0.05). The GSH levels
were 2.9 ymol/g in group 3 and 3.3 umol/g in group 4.

The MDA levels at the liver tissue samples is shown at

Figure 5. Although there was no significant difference
between groups 1 and 2, the highest MDA level was
detected in group 3.
Accordingly, the first death date was 30" day and the last
death date was 52" inoculation day of EAT in group 3.
The survival results of this group were MST: 41 day and
AST: 40.1 day. In group 4 the first death date was 35"
day and the last death date was 56" day. The survival
results were MST: 45.5, IMSL: 11%, AST: 42.1 and IASL:
5% (Table 2).

DISCUSSION

Damage due to oxidative stress and free radicals is one
of the important factor in carcinogenesis. Electrophilic
coumpounds occur after metabolisation of carcinogens
and these coumpounds must be detoxified in order to
avoid DNA damage and lipid peroxidation. GSH is a very
important factor in detoxification procedure and MDA is a
sign of lipid peroxidation.

Cancer cells can occur in different tissues and prolifera-
tion and metastasis can occur by different mechanisms.
Oxidative stress due to metabolism of cancer cells in-
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Figure 2. Diameter of gluteal mass (mm) of mice with sarcoma treated with
Lawsonia inermis (See Table 1 for the definition of the various groups).
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Figure 3. pH levels of the gluteal mass of mice with sarcoma treated with Lawsonia
inermis (See Table 1 for the definition of the various groups).

creases the cell damage.

Dasgupta et al. (2003) showed the inhibitor effect of L.
inermis on gastric and skin papillomatous tumors, and
GSH and SOD levels were higher, while MDA level was
lower with L. inermis treated group. Sauriasari et al.
(2007) observed that L. inermis increase the H,O, level. It
is known that the SOD and superoxide anion together
form H.0,. It has been shown that apoptosis is induced
by increase in H,O, (Kim et al., 2003).

L. inermis induce hemolysis in children with G6PD
deficiency (Raupp et al., 2001). The G6PD is an H*
source for cells through the NADPH + H*. McMillan et al.

(2004) showed the oxidative role of L. inermis on
stressed erythrocytes with hemolitic anemia. These
findings indicated that oxidative effect due to L. inermis
can induce serious alteration in intracellular H* balance.

Cancer cells need more H* and intracellular H*
concentration of cancer cells can be decreased by
oxidative effect of L. inermis. Cancer cells can be
destroyed with induction of apoptosis via oxidative stress,
by increased intracellular free radicals and by blocking
H.O, detoxification with L. inermis usage.

Austin and Wray (1993) showed that, for toleration of
tissue pH changes, changes at per unit of extracellular
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Figure 4. GSH levels at the liver tissue samples (umol/g) of mice with sarcoma
treated with Lawsonia inermis (See Table 1 for the definition of the various

groups).

0.082+

0.08
0.078+
0.076
0.074
0.072+

0.07
0.068 -

0.066 -

group1i

@ MDA levels at the liver tissue

group2

group3 group4

Figure 5. MDA levels at the liver tissue samples (nmol/ml) of mice with
sarcoma treated with Lawsonia inermis (See Table 1 for the definition of the

various groups).

Table 2. The survival of Group 3 and 4 mice with sarcoma treated
with Lawsonia inermis (See Table 1 for the definition of the various
groups).

Group 3 Group 4
Parameter |Sarcoma + tap water| Sarcoma + L. inermis
MST 41 455
AST 40.1 42.1
IMSL (%) - 11
IASL (%) - 5

pH induce 0.73 fold intracellular pH change. Our aim was

to determine intracellular pH of sarcoma cells with pH of
sarcoma tissue. Sarcoma tissue pH of L. inermis treated
group 4 mice was meaningful more alkaline than water
treated group 3 mice (p < 0.05) and this finding support
our hypothesis. The more alkaline pH in sarcoma tissue
can be due to either increased H" consumption by
ribonucleotide reductase activation or decreased H" level
by oxidative effect of L. inermis. With this condition and
usage of L. inermis, cancer cells can be induced to
apoptosis by constrained intracellular H,O, detoxification
due to increased SOD activity and decreased detoxifi-
cation of intracellular free radicals.

The growth of sarcoma tissue at L. inermis treated mice
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was meaningfully less (p < 0.05) and this finding indicates
that the tumor doubling time of sarcoma tissue is longer
with L. inermis treated mice. Also lesser loss of thickness
of subcutaneous lipid tissue (p < 0.001), higher level of
GSH at liver tissue (p < 0.05), lower level of MDA at liver
(not significant), longer MST and AST were observed in
L. inermis treated mice (group 4) than group 3 mice and
results of IMSL and IASL were 11 and 5%, respectively.
These findings support our hypothesis.

In conclusion L. inermis showed tumour supressor
effect and prolonged MST and AST time in mice with
gluteal sarcoma formed with EAT cells. These findings
indicate that L. inermis can be used as a supplementary
agent for cancer treatment. Further research is needed to
fully explain the ribonucleotide reductase activity of L.
inermis, free radical formation, evaluation of pH and
oxidative potentials, relation between apoptosis and
these parameters, and importance of L. inermis in cancer
treatment.

REFERENCES

Austin BC, Wray S (1993). Extracellular pH signals affect rat vascular
tone by rapid transduction into intracellular pH changes. J Physiol.
466: 1-8.

Cria HC, Quevedo MS,Cabrales LB, Bruzon RP, Salas MF, Pera OG,
Gonzales TR, Lopez DS, Flores JM (2004). Antitumor effectiveness
of different amounts of electrical charge in Erlich and fibrosarcoma
Sa-37 tumors, BMC Cancer. 4: 87.

Curreli N, Sollai F, Massa L, Comandini O, Rufo A, Sanjust E, Rinaldi A,
Rinaldi AC (2001). Effect of plant-derived naphtoquinones on the
growth of pleurotus sajor-caju and degradation of the compounds by
fungal cultures. J Basic Microbiol. 41(5): 253-259.

Dasgupta T, Rao RA, Yadava PK (2003). Modulatory effect of Henna
leaf (lawsoni inermis) on drug metabolising phase | and phase Il
enzymes, lipid peroxidation and chemically induced skin and
forestomach papillomagenesis in mice. Mol. Cell. Biochem. 245: 11-
22.

Devecioglu C, Katar S, Dogru O, Tas MA (2001). Henna-induced
haemolytic anemia and acute renal failure. Turk J. Pediatr. 43(1): 65-
66.

Habbal OA, Aljabri AA, El-Hug AH, Al-Mahroopi ZH, Al-Hashmi NA
(2005). In vitro antimicrobial activity of Lawsonia inermis Linn.
(henna). A pilot study on the Omani henna. Saudi Med. J. 26(1): 69-
72.

Jagethia GC, Baliga MS (2003). Modulation of antineoplastic activity of
cyclophosphamide by Alstonia scholaris in the Ehrlich ascites
carcinoma-bearing mice. J. Exp. Ther. Oncol. 3: 272-282.

Jagethia GC, Rao SK (2006). Evalution of the antineoplastic activity of
Guduchi (inospora cordifolia) in Erlich Ascites Carcinoma Bearing
Mice Biol. Pharm. Bull. 29(3): 460-466.

Jagethia GC, Venkatesh P, Baliga MS (2005). Aegle marmelos (L.)
Correa inhibits the proliferation of transplanted Ehrlich ascites
carcinoma in mice. Biol. Pharm. Bull. 28(1): 58-64.

Kim MH, Chung J, Yang JW, Chung SM, Kwag NH, Yoo JS (2003).
Hydrogen peroxide-induced cell death in a human retinal pigment
epithelial cell line. Korean Ophtalmol. 17(1): 19-28.

Kok AN, Ertekin V, Bilge Y, Isik AF (2005). An unusual cause of suicide:
henna (Lawsonia inermis Linn.). J. Emerg. Med. 29(3): 343-344.

Malekzadeh F (1968). Antimicrobial activity of L. inermis L. Appl.
Microbiol., pp. 663-664.

McMillan D, Sarvate SD, Oatis JE, Jollow DJ (2004). Role of oxidant
stress in Lawsone-Induced Hemolytic Anemia. Toxicol. Sci. 82: 647-
655.

Ozaslan M, Karagoz ID, Kalender ME, Kilic IH, Sari |, Karagoz A
(2007). In vivo Antitumoral Effect of Plantago major L. Extract on
Balb/C Mouse with Ehrlich ascites tumour. Am. J. Chin. Med. 35(5):
841-851.

Raupp P, Hassan AJ, Varughese M, Kristiansson B (2001). Henna
causes life thretening haemolysis in glucose-6-phosphate
dehydrogenase deficiency, Arch. Dis. Chil. 85: 411-412.

Sauriasari R, Wang D, Takemura Y, Tsutsui K, Masuoka N, Sano K,
Horita M, Wang B, Ogino K (2007). Cytotoxicity of lawsone and
cytoprotective activity of antioxidants in catalase mutant Escherichia
coli, Toxicology, 235: 103-111.

Sedlak J, Lindsay RH (1968). Estimation of total protein-band and
nonprotein sulfhydryl group in tissue with Ellman’s reagent. Anal.
Biochem. 25: 192-205.

Sharma VK (1990). Tuberculostatic activity of henna (Lawsonia inermis
Linn.). Tubercle. 71(4): 293-295.

Singh VK, Pandey UK (1989). Fungitoxic studies on bark extract of
Lawsonia inermis against ringworm fungi. Hindustan Antibiot. Bull.
31(1-2): 32-35.

Soker M, Devecioglu C, Haspolat K, Dikici B, Dogru O (2000). Henna
Induced Acute Hemolysis in a G6PD-Deficient Patient: A Case
Report. Int. Pediatr., 15(2): 114-116.

Zinkham WH, Oski FA (1996). Henna: a potential cause of oxidative
hemolysis and neonatal hyperbilirubinemia. Pediatrics. 97: 707-709.



