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Abstract

Objectives To investigate the effect of Lawsonia inermis

total methanolic extract (LIE) and octreotide (OC) on

hepatocellular carcinoma (HCC) progression, depending

on somatostatin receptor 2 (SSTR-2) and Alfa fetoprotein

(AFP) perturbations.

Methods Sixty albino mice, divided into five groups (12/

each); all except control were injected with single diethyl

nitrosamine (DENA) dose of 90 mg/kg body weight, in-

traperitoneally (IP). DENA group was killed at the last day

of week 18. LIE group was given 200 mg/100 ml drinking

water from first day of DENA injection until end of week

18. OC group received OC (0.1 mg/kg body weight, twice

daily by subcutaneous injection, SC from the first day of

week 17 till end of week 18. LIE ? OC was given

medications till the last day of week 18. Serum AFP, liver

tissue SSTR-2 mRNA, its protein expression, reduced

glutathione (GSH) and malondialdehyde (MDA) were

analyzed.

Results A significant increase in plasma AFP and hepatic

mRNA, associated to liver tissue neoplastic changes,

SSTR-2 expression and MDA with decreased hepatic GSH

were observed in DENA group. These changes were sig-

nificantly improved by LIE and/or OC.

Conclusions LIE and/or OC treatment has effective

chemopreventive action due to their ability to alleviate

oxidative stress, desensitizing cellular growth receptor to

SST.

Keywords Hepatocarcinoma � SSTR-2 � Lawsonia �
Octreotide

Introduction

Hepatocellular carcinoma (HCC) ranks the fifth among

malignancies worldwide, representing the third largest

cause of cancer-related death, with an estimated mortality

rate of about one million deaths annually and an incidence-

to-mortality ratio very close to one [1]. Incidence of HCC

has dramatically increased worldwide in both sexes and all

races in the past two decades. Despite advances in its

clinical study, the prognosis of HCC, which afflicts over

700,000 people worldwide annually, remains dismal. Liver

cancer rapidly reduces quality of life and typically causes

death 0.5–1 year from diagnosis [2].

Recently, research has focused on exploring many

therapeutic trials for management of HCC. The discovery

of chemotherapeutic agents for HCC is important to reduce

the mortality caused by this affliction [3]. Significant ef-

forts have focused on novel phytoceuticals in search of

cancer inhibitors and cures. Extracts from natural products

such as fruits, vegetables and medicinal herbs have positive

effects against cancer compared with chemotherapy or re-

cent hormonal treatments [4].

Somatostatin [also known as growth-inhibiting hormone

(GIH) or somatotropin release-inhibiting factor (SRIF)] is a
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peptide hormone that regulates the endocrine system, and

affects neurotransmission, cell proliferation via interaction

with G-protein-coupled somatostatin receptors and inhibi-

tion of the release of numerous secondary hormones. The

neuropeptide SST is widely distributed in the central and

peripheral nervous system, and known to play important

role in the endocrine, autocrine and paracrine functions in

living organisms [5]. Basically, studies on SST metabolism

have unified diverse concepts in intracellular signal trans-

duction and eukaryotic gene expression [6, 7].

There are predominantly 2 biologically active forms of

SST: SST-14 and SST-28.

SST acts on its multiple cell targets via a family of 6

receptors that originate from five genes: SSTR1, SSTR2a,

SSTR2b, SSTR3, SSTR4, SSTR5. SSTR-2 is alternatively

spliced at its C-terminus producing the SSTR2a and the

SSTR2b variants that have a somewhat different tissue

distribution [8].

The therapeutic potential of somatostatin remains

unfulfilled due to its short half-life (plasma half-life =

1 min), though its tissue expression was recently pointed

out in early HCC progression [9, 10]. However, a highly

potent somatostatin analog was developed with increased

stability [9, 11]. Some of these analogs like RC-160, OC

and BIM23014 exhibit a marked increased stability in

circulation (half-life = 2 h) and are at least 50 times more

potent than somatostatin in inhibiting GH secretion in vivo.

The antiproliferative activity of SST agonists like OC,

lanreotide and RC-160 has been demonstrated in vitro in

several breast, renal, lung, prostate, cervical, and colon

cancer cell lines [12, 13].

Lawsonia inermis, also known as Henna or Mhendi, is

abundantly available in tropical and subtropical areas.

Ancient history of India describes its diverse uses and

also plays appreciable role in natural herbal medicines

[14, 15]. Main chemical components are lawsone, es-

culetin, fraxetin, isoplumbagin, scopoletin, betulin, be-

tulinic acid, hennadiol, lupeol, lacoumarin, quinone and

napthaquinone. Different solvents including methanol,

ethanol, acetone, chloroform, hexane and water were used

to prepare extracts of henna leaves [16]. Henna leaves,

flowers, seeds, stem bark and roots are used in traditional

medicine to treat a variety of ailments as rheumatoid

arthritis, headache, ulcers, diarrhea, leprosy fever,

leucorrhea, diabetes, cardiac disease, hepatoprotective and

coloring agent [17].

The present work was conducted to look for a possible

supplementary effect of Lawsonia inermis extract (LIE)

with/or without octreotide (OC) on HCC progression. This

was assessed by measuring the somatostatin receptor 2

(SSTR-2) expression along with serum Alfa fetoprotein

(AFP) expression during hepatocellular carcinoma (HCC)

development stages.

Materials and methods

Animals

N.B: The institutional and national guidelines for the care

and use of laboratory animals were observed. The research

protocol was approved by the institutional committee for

animal research. Sixty male albino mice (6-week old)

weighing from 20 to 25 g were used in this study; they

were kept for 2 days to accommodate on laboratory con-

ditions, under constant environmental and nutritional con-

ditions. Mice were fed normal food and water all over the

period of the experiment unless otherwise mentioned.

Chemicals

SSTR-2 antibody was obtained from Santa Cruz Tech-

nology, Inc, UK (cat No. sc-25676). Octreotide (Sando-

statin) was obtained from Novartis Pharma Company,

Egypt. Secondary antibody: peroxidase-labeled anti-rabbit

antibody was obtained from AmershamTM company (cat

No.NIF824). Detection kit: obtained from AmershamTM

company (cat No. RPN2108). Diethyl nitrosamine (DEN)

(cat. No. N0258-1E) was purchased from Sigma Chemical

Company St Louis, MO, USA. Total methanolic extract of

Lawsonia inermis was kindly provided by Associate Pro-

fessor Ehab Al-Khayat, Department of Pharmacognosy,

Faculty of Pharmacy Al-Azhar University, Egypt. The

powdered plant leaves (10 g) were extracted with 100 ml

of methanol (70 %) for 1 h on an ultrasonic bath. The

extract was filtered; the filtrate was evaporated in vacuum

at 45 �C and then lyophilized. The total methanolic extract

of henna possesses 7 compounds, p-coumaric acid, law-

sone, apigenin, luteolin, 2-methoxy-3-methyl-1,4-naph-

thoquinone as well as cosmosiin and apiin [18]. RNA

extraction kit from Omega Bio-tek and RT-PCR kit using

preMix kit (Bioron). All the other chemicals and solvents

used in the study were of analytical grade and were ob-

tained either from Sigma Chemical Company or commer-

cial suppliers, unless otherwise mentioned.

Experimental design

It comprised five groups (12 mice per group). HCC was in-

duced in all groups (except normal control) by subnecrotic

dose of DENA 90 mg/kg body weight in 0.9 % normal sal-

ine, intraperitoneally (IP), according to Sharma et al. [19],

then selected groups were either treated with octreotide and/

or total methanolic extract of Lawsonia inermis as follows:

(1) Normal control group: served as untreated healthy

group, it was killed after 18 weeks. (2) DENA control group:

was given a single sub-necrogenic IP dose of DENA (90 mg/

kg body weight). This group was killed at the end day of
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week 18. (3) Octreotide (OC)-treated group: they were given

subcutaneous doses of octreotide, twice daily (0.1 mg/kg

body weight), from the first day of week 17 till the last day of

week 18 (i.e., for 2 weeks) [20]. (4) Lawsonia-treated group:

it was given ethanolic extract of Lawsonia inermis (LIE)

mixed with drinking water in a dose of 200 mg/100 ml

drinking water from the second day of DENA injection until

the last day of week 18 [21]. (5) Lawsonia ? octreotide

(LIE ? OC)-treated group: it was given LIE mixed with

drinking water in a dose of 200 mg/100 ml drinking water

from the second day to DENA injection and also was given

twice daily SC injection of OC (0.1 mg/kg body weight)

from the first day of the week 17 till the last day of week 18.

Sample preparation

At the end of time point for each group, mice were anes-

thetized with diethyl ether and killed. The livers were ex-

cised rapidly and divided into three parts: the first part was

subjected for RNA preparation, the second part was

homogenized in 0.25 M sucrose solution and stored at

-80 �C, and the last part was fixed in 10 % neutral buf-

fered formalin for histology examination.

Liver histopathology

Histological examination was performed on liver samples,

stained with hematoxylin and eosin.

RNA extraction

RNA extraction was done using E. Z. N. A. Total RNA kit

(Omega bio-tek) according to the instructions of the

manufacturer.

RT-PCR procedure

This process was done using RT/PCR Pre Mix kit (Bioron).

The premix tubes contain all the components necessary for

cDNA synthesis and PCR amplification.

Western blotting

Up on determination of individual protein concentrations of

the samples prepared for loading, aliquots of extracted hepatic

samples [22] were examined by SDS-PAGE followed by

immunoblotting. Cross-reacting bands were visualized by

enhanced chemiluminescence (ECL) andX-ray development.

Biochemical analysis

Liver contents of both malondialdehyde (MDA), in the

form of thiobarbituric acid reactive oxygen species

(TBARS) and reduced glutathione (GSH) were determined

[23, 24], respectively. The concentration of lipid per-

oxidation product, MDA, was determined using the thio-

barbituric acid. 2 ml thiobarbituric acid was added to the

200 lL supernatant and boiled for 10 min in water bath.

Absorbance of the color was measured at k 530 nm.

Concentration of MDA in supernatant of liver homogenate

was calculated using a series of standard solution (0, 0.625,

1.25, 2.5, 5.0 nmol/ml). MDA was expressed as lM/

500 mg wet tissue liver tissue. The concentration of the

tissue non-enzymatic antioxidant, GSH, was determined

using the dithiobisnitrobenzoate (DTNB) solution. Two

hundred and fifty microliter liver homogenate was added

into 8.9 ml 0.1 M, phosphate buffer saline (pH 7). Then,

5 % TCA was added to precipitate the protein. After cen-

trifugation, 50 lL DTNB was added to the supernatant of

liver homogenate and incubated for an hour. The produced

color of the substance was measured at k 412 nm. GSH

content was computed using a standard curve of GSH

standard concentrations (0, 10, 20, 40, 50, 100 mg/ml). The

concentration of GSH in liver tissue was expressed as lM/

500 mg wet tissue.

Statistical analysis

This was performed using Graph pad Prism 5 statistical

software.

Results

Histopathological examination of hepatic tissues

Control hepatic tissues showed normal cellular morphology

(Fig. 1a). Cancer control group (DENA) showed increased

cellular and nuclear pleomorphism with multi-nucleated

giant cells and increased nuclear/cytoplasm (N/C) ratio

(Fig. 1b). Octreotide-treated group showed marked de-

crease in the N/C ratio compared to cancer control

(Fig. 1c). Lawsonia-treated group also showed a marked

decrease in the N/C ratio, with less prominent nuclei

compared to cancer control (Fig. 1d). (Lawsonia and Oc-

treotide)-treated group: mild pleomorphism, low-grade

mono-nucleated giant cells, less prominent nuclei, and

marked decrease in N/C ratio in comparison to the cancer

control (Fig. 1e).

RT-PCR analysis

Evaluation of SSTR-2 mRNA expression

Expression of SSTR-2 mRNA was significantly (p\ 0.05)

increased in DENA-treated group (&17-fold) compared to
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normal control. On the other hand, the level of SSTR-2

mRNA was significantly (p\ 0.05) decreased about 13, 23

and 49 % in Lawsonia-treated group, octreotide-treated

group and (Lawsonia and octreotide)-treated group re-

spectively compared to DENA control group as shown in

(Fig. 2a, b).

Measurement of AFP mRNA expression

Expression of AFP mRNA was significantly (p\ 0.05)

increased in DENA-treated group (&22 folds) compared

to normal control. On the other hand, the level of AFP

mRNA was significantly decreased (p\ 0.05) about 11, 9

and 49 % in Lawsonia-treated group, octreotide-treated

group and (Lawsonia and octreotide)-treated group re-

spectively compared to DENA control group as shown in

(Fig. 3a, b).

Western blotting

Measurement of SSTR-2 protein expression in liver tis-

sue Expression of SSTR-2 protein was significantly

Fig. 1 Histopathological examination of hepatic tissues. a Normal

hepatic tissue sections showing normal cellular architecture with no

sinusoidal growth pattern, or increased nuclear/cytoplasmic ratio

(H&E 9 100). b Hepatic tissue section of cancer control animals

showing cellular and nuclear pleomorphism, multi-nucleated giant

cells and increased nuclear/cytoplasm (N/C) ratio (H&E 9 100).

c Hepatic tissue section of Lawsonia-treated animals showing marked

decrease in the N/C ratio, and less prominent nuclei (H&E 9 100).

d Hepatic tissue section of Octreotide-treated group showing marked

decrease in the N/C ratio (H&E 9 100). e Hepatic tissue section of

(Lawsonia and octreotide)-treated animals showing marked decrease

in cellular & nuclear pleomorphism and N/C ratio, and less prominent

nuclei (H & E 9 100)
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(p\ 0.05) increased in DENA-treated group (&16-fold)

compared to normal control. On the other hand, the level of

SSTR-2 protein was significantly (p\ 0.05) decreased

about 26, 38 and 45 % in Lawsonia-treated group, oc-

treotide-treated group and (Lawsonia and octreotide)-

treated group respectively compared to DENA control

group as shown in (Fig. 4a, b).

Measurement of AFP protein expression in liver tis-

sue Expression of AFP protein was significantly

(p\ 0.05) increased in DENA-treated group (&15-fold)

compared to normal control. On the other hand, the level of

AFP protein was significantly (p\ 0.05) decreased about

33, 36 and 51 % in Lawsonia-treated group, octreotide-

treated group and (Lawsonia and octreotide)-treated group

respectively compared to DENA control group as shown in

Fig. 5a, b.

Biochemical parameters

Hepatic content of reduced glutathione The hepatic tis-

sue content of GSH was significantly decreased in DENA

control group (&39 %) compared to normal control. On

the other hand, hepatic tissue content of GSH was sig-

nificantly increased by 1.7-, 1.4- and 2.1-fold in Lawsonia,

Octreotide, and (Lawsonia and octreotide)-treated group

respectively compared to DENA control as shown in

Table 1.

Hepatic content of malondialdehyde (MDA) (measured as

TBARS) The hepatic tissue content of MDA was sig-

nificantly increased in DENA control group (&5-fold)

compared to normal control. On the other hand, hepatic

tissue content of MDA was significantly decreased by 42,

23 and 64 % in Lawsonia-, Octreotide-, and (Lawsonia and
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Fig. 2 RT-PCR analysis.

a SSTR-2 mRNA expression.

b Percentage change in SSTR-2

mRNA expression. Data were

expressed as X ± SD of three

separate experiments. Dollar

compared to normal control (N).

Asterisk compared to DENA

control. Significant difference

between groups is analyzed by

one-way ANOVA test, where
$$$, ***P\ 0.001 highly

significant, **P\ 0.01

significant, *P\ 0.05 mildly

significant, ns P[ 0.05 non

significant. D DENA, L LIE,

O OC, L ? O LIE ? OC
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Fig. 3 Analysis of AFP mRNA

expression. a AFP mRNA

expression. b Percentage change

in AFP mRNA expression. Data

were expressed as X ± SD of

three separate experiments.

Dollar compared to normal

control (N). Asterisk compared

to DENA control. Significant

difference between groups is

analyzed by one-way ANOVA

test, where $$$, ***P\ 0.001

highly significant, **P\ 0.01

significant, *P\ 0.05 mildly

significant, ns P[ 0.0 non

significant. D DENA, L LIE,

O OC, L ? O LIE ? OC
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octreotide)-treated group respectively compared to DENA

control as shown in Table 1.

Discussion

Hepatocellular carcinoma is one of the most misdiagnosed

and resistant cancers, that is why recent research focus on

the discovery of specific and sensitive markers and alter-

native medications. In this study, we tried to investigate

the probable curative effect of Lawsonia inermis extract

and/or octreotide on experimental HCC progression de-

pending on SSTR-2, in parallel to AFP expression as

follow-up tools.

In the present study, DENA-treated groups showed

significant premalignant morphological abnormalities

manifested by histological examination. DENA was known

to induce damage in many enzymes involved in DNA re-

pair and induce liver cancer in experimental animals [25,

26]. Our study also exhibited marked increase in the RNA

and protein expression of AFP in DENA-treated group in

accordance with many previous studies [27, 28].
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Fig. 4 Biochemical analysis.

a Protein expression of SSTR-2

in liver tissue. b Percentage

change in SSTR-2 protein

expression. Data were expressed

as X ± SD of three separate

experiments. Dollar compared

to normal control (N). Asterisk

compared to DENA control.

Significant difference between

groups is analyzed by one-way

ANOVA test, where
$$$, ***P\ 0.001 highly

significant, **P\ 0.01

significant, *P\ 0.05 mildly

significant, ns P[ 0.05 non

significant. N control, D DENA,
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Fig. 5 a Protein expression of

AFP in liver tissue.

b Percentage change in AFP

protein expression. Data were

expressed as X ± SD of three

separate experiments. Dollar

compared to normal control (N),

Asterisk compared to DENA

control, Significant difference

between groups is analyzed by

one-way ANOVA test, where
$$$, ***P\ 0.001 highly

significant, **P\ 0.01

significant, *P\ 0.05 mildly

significant, ns P[ 0.05 non

significant. N control, D DENA,

L LIE, O OC, L ? O LIE ? OC
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Somatostatin receptors are not expressed in normal

hepatocytes, in contrast to the HCC hepatocyte, where

these receptors are frequently expressed, with the SSTR-2

subtype being predominant [29]. Our results showed

marked increase in the mRNA expression and protein

synthesis of SSTR-2 prior to HCC development. Up-

regulation of SSTRs during liver disease is in agreement

with previous findings reported that SSTRs are expressed

in diseased, not normal liver [30]. The reason why SSTRs

are up-regulated during liver injury remains to be eluci-

dated but it has been demonstrated that cytokines, growth

factors, and somatostatin regulate SSTR gene expression

[31].

The main question is: Does activation of these receptors

have antitumor effects and, if so, through which recep-

tor(s)? It has been shown previously that antitumor effects

of somatostatin in other tumors are mediated directly by

receptors present on the tumor cells resulting in growth

arrest, apoptosis, or inhibition of migration and indirectly

via inhibition of release of growth factors or cytokines,

modulation of immune cells, and inhibition of neoangio-

genesis [32]. It has been shown that octreotide competes

with insulin-like growth factor in human hepatoma cells,

decreasing bioactivity of insulin-like growth factor, a well-

recognized mitogen for hepatoma cells [33].

Damage due to oxidative stress and free radicals is one

of the important factors in hepatocarcinogenesis. GSH is a

very important factor in detoxification, while MDA is a

sign of lipid peroxidation [34]. Our work revealed that

DENA significantly increased TBARS and decreased GSH

in liver tissues. These actions had been reported in many

models of DENA-induced HCC [35, 36].

In this study, octreotide showed significant anti-cancer

properties by reversing most of the histological and bio-

chemical perturbations observed in DENA-treated groups.

It is believed that octreotide can inhibit the growth of a

variety of tumors, either directly, through binding on the

SSTRs of tumor cells, or indirectly, through an im-

munomodulatory or an antiangiogenic effect [37, 38].

Several reports indicate that octreotide inhibits the prolif-

eration and induces apoptosis in HepG2 cell line [39–41].

Similarly, clinical trials have demonstrated a survival

benefit of patients with inoperable HCC treated with OC

[29, 42], although some negative studies have been pub-

lished [43]. This contradiction may be due to failure of

selective criteria for patients recruited to OC treatment

program, Yuen et al. in this study, selected patients with

short expected survival. So, our study will certainly help

newly discovered subjects with moderate or higher ex-

pected survival. This was confirmed by Kouroumalis et al.

[44].

The antiproliferative effect of octreotide is thought to be

mediated by SSTR-2 [32] and SSTR-5 [45]. Even when a

significant amount of SSTR-2 binding in cellular mem-

branes is not evident, it is possible that octreotide is in-

ternalized either along with SSTR-2 or alone [46, 47]. The

antiproliferative effect of octreotide may be due to either

cell necrosis or apoptosis [20]. Mediated by SSTR-2, oc-

treotide upregulates tumor necrosis factor-related apopto-

sis-inducing ligand (TRAIL), death receptor 4 (DR4) and

downregulates Bcl-2, which results in apoptosis [48, 49].

The effect of LIE is referred mainly to its flavonoid

content and coloring p-coumaric acid, lawsone, apigenin,

luteolin, 2-methoxy-3-methyl-1,4-naphthoquinone as well

as cosmosiin and apiin in depressing cancer cell growth

[50].

In conclusion, Lawsonia inermis and/or octreotide can

be regarded as a beneficial chemopreventive combination

therapy to unoperable HCC. LIE, by normalizing the per-

oxidative tendency, through elevating available GSH, de-

pressing MDA production and SST expression, introduced

a more suitable microenvironment to the cellular action of

OC. This relied on their modulatory action on SSTR-2

mRNA and protein expression, along with efficient

Table 1 Hepatic content of reduced glutathione (GSH) and malondialdehyde (MDA)

Parameter Group

Normal control

(N)

DENA control

(D)

Lawsonia (L) Octreotide (O) Octreotide ? lawsonia

(L ? O)

GSH content (lM/500 mg) wet

tissue

3.3 ± 0.2 1.311 ± 0.08727a 2.188 ± 0.0999a 1.804 ± 0.1309b 2.758 ± 0.1033a

MDA content (lM/500 mg) wet

tissue

29.1 ± 1.7 148.6 ± 9.8a 92.85 ± 8.9a 113.6 ± 8.6b 54.08 ± 5a

Data are presented as mean ± SE, n = 10, multiple comparisons were done using one-way ANOVA followed by Tukey–Karmer as post

ANOVA test

D DENA, L LIE, O OC, L ? O LIE ? OC
a Highly significantly different from corresponding control at P\ 0.001
b Significantly different from control group at P\ 0.05, D group was compared to normal control, L, O and L ? O groups were compared to

DENA control
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improvement of oxidative stress within the hepatocytes.

This was proved by both histological improvement and

retraction of AFP mRNA and protein overexpression up on

hepatocarcinogenesis.
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