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Comments

Up-regulation of expression of p53 and
down-regulation of Bcl2 in a time and dose
dependent manner were evident in the
human hepatocellular carcinoma cell line
which is a major pathway for regulation
of programmed cell death. Both extracts
could have cytotoxic and genotoxic activity.
C. comosum showed a higher level in
inducing morphological changes associated
apoptosis, DNA damage, gene and protein
expressions. In conclusion, the present
study demonstrated that the herbal extracts
of A. vera and C. comosum could induce
cytotoxic and genotoxic activites on human
hepatocellular carcinoma (HepG2) cells
through induction of apoptotic pathway.
Details on Page 380

1. Introduction

ABSTRACT

Objective: To investigate the in vitro anticancer effect of Aloe vera (A. vera) and Calligonum
comosum (C. comosum) extracts against hepatocellular carcinoma (HepG2) cells.

Methods: HepG2 cells were tested against different doses of A. vera and C. comosum.
Viability of the cells was assessed by MTT assay. Evaluation of apoptosis and DNA damage
in HepG2 cells were performed using annexin V apoptosis detection kit. The expression of
p53 and anti-apoptotic (Bcl-2) were tested by real time-PCR and flow cytometer analyser.
Hematoxylin and eosin stained sections from untreated and treated HepG2 cells were observed
using light microscopy.

Results: The ICs, values of A. vera and C. comosum extracts were (10.45 + 0.31) and (9.60 =
0.01) pug/mL respectively. The extracts separately increased cytotoxicity against HepG2 cells
in a time and dose dependent manners. Also, it apparently induced apoptosis through increase
P53 and decrease Bcl-2 genes expressions.

Conclusions: The results indicated that the extracts could have anti-hepatocarcinogenic effect,
at least in part, through modulation of apoptosis.
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is high prevalence of hepatitis B and C viral infections[3]. It is
noteworthy that it is too hardly to eliminate hepatitis viruses

Hepatocellular carcinoma (HCC) is among the most lethal and
common malignancies in the human population, with approximately
550000 new cases and almost as many deaths per year(1.2]. For
instance, a highly rate of HCC is observed in Egypt, where there

infection, therefore chemoprevention could be the more suitable
challenge with the HCC, especially in carriers of hepatitis B and
C viruses[4]. Locally available plants could provide accessible and
economically feasible sources for herbal HCC preventives. Aloe
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vera (A. vera) and Calligonum comosum (C. comosum) “arta”
are Egyptian plants that are used as source of medicine in rural
areas. Apoptosis is a genetically controlled process of selective
cell deletion involved in normal cell development and turnover(5].
Apoptosis is controlled by the expression of several regulatory
genes, including c-myc, p53 and apo-1/fasi6]l. P53 is a tumor
suppressor gene acting as a guardian of the genome through
conserving its stability and initiating apoptosis of DNA damaged
cells. Also, it is the most commonly mutated gene in human
cancers[7.8]. However, one of the most important advances in our
understanding of apoptotic cell death has come from studies of the
oncogenic Bcl-2 family. Bcl-2 promotes cell survival by blocking
apoptosis induced by a range of stimuli including growth factor
withdrawal[9]. Therefore, the aim of the present study was to
evaluate the anti-tumor effect of different doses of A. vera and C.
comosum extracts on HCC through assessment in vitro cytotoxicity

induced apoptosis in HepG2 cell line.
2. Materials and methods
2.1. Drugs and reagents

Lyophilized A. vera extract (Coral Vegetable, Miyakojima,
Japan) and methanolic extract of C. comosum were dissolved to a
concentration of 0.1 mol/L in dimethyl sulfoxide (DMSO) as a stock
solution and stored at -20 °C. The working concentrations used in
this study were from 10 umol/L to 2000 umol/L and were freshly
diluted with medium before each experiment with a final DMSO
concentration of less than 0.1%. Then the extracts were diluted with
Dulbecco’s modified Eagle’s medium to desired concentrations of A.
vera (2.50, 7.50 and 10.45 pg/mL) and C. comosum (2.5, 7.5 and 9.6
ug/mL) for 48 h, and control with 1% DMSO. Cells were washed with
phosphate buffer saline (PBS) and trypsinized for collecting different
aliquots for studying DNA damage, apoptosis markers and cell cycle
by flow cytometry.

2.2. Cell culture

Human hepatocellular carcinoma (HepG2) cell lines were
maintained at laboratories of Medical Experimental Research
Center, Faculty of Medicine, Mansoura University. The cell culture
medium was Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal bovine serum, 100 IU/mL penicillin and 100 pg/mL
streptomycin. The cells were cultured at 37 °C under a humidified
atmosphere containing 5% CO,. Cells were placed in a 75 cm’ tissue

culture flask.

2.3. Evaluation of HepG?2 cell viability by MTT assay

Effect on overall cell activity was determined by performing the
MTT assay based on the method of Oka et al.,[10] using MTT assay
kit.
IG5, (%) = [100 x (Absorbance of control group - Absorbance of

treated group] / Absorbance of control group.
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2.4. Assay for apoptosis and DNA damage

The concentrations of A. vera used were 2.50, 7.50, and 10.45
pg/mL. The concentrations of C. comosum used were 2.5, 7.5,
and 9.6 ug/mL, and triplicate cell cultures were exposed to each
concentration. Treated and control cell cultures were harvested
and stained by hematoxylin and eosin (H&E)[11]. Apoptosis and
DNA damage were detected by using an Annexin V-FITC apoptosis
detection kit (Cat. no. APOAF, Sigma, USA). Treated and control cells
were washed twice with PBS and resuspended in 1-fold binding buffer
at a concentration of 1x10° cells/mL. Five microliter of Annexin V
FITC Conjugate and 10 pL of propidium iodide solution were added
to 500 L of each cell suspension, incubated at room temperature for
10 min, and then analyzed by flow cytometry instrument (FACStar
caliber, Becton Dickinson, USA) using 488 nm excitation and a 515
nm band pass filter for FITC detection and a filter over 600 nm for
PI detection. The percentage of each phase was calculated with the
software Cell-Quest[12].

2.5. Detection of Bcl2 and P53 genes expression (real time —PCR)

Isolation of total RNA and real time-PCR analysis of p53 and Bcl2
genes were applied in HepG2 cells as mentioned in Shak et al.[13].
HepG2 cells were cultured for 24 h then incubated for 48 h with
fresh medium containing different concentrations of the extracts (test
cells) or 1% DMSO (control cells). The concentrations of A. vera used
were 2.50, 7.50 and 10.45 pg/mL. The concentrations of C. comosum
used were 2.5, 7.5 and 9.6 pug/mL, and triplicate cell cultures were
exposed to each concentration. Treated and control cell cultures
were harvested and used for total RNA extraction. Total RNA was
isolated from the HepG?2 cells using RNA extraction kit (GF-1 total
RNA extraction, Vivantis, Malasyia) according to the manufacturer’s
specifications. The quantity and quality of the extracted RNA were
determined by measuring the absorbance at 230, 260 and 280 nm of
the spectrophotometer (Nano drop 2000, Thermo Scientific, USA) and
2 characteristic bands of RNA were appeared by gel electrophoresis.
One microgram of total RNA was synthesized cDNA by using Thermo
Scientific kit (Maxima First Strand ¢cDNA kit, Thermo Scientific,
USA). Primers were designed online in NCBI site and real-time PCR
was performed by using Syber Green dye (QuantiTect Sybr Green
PCR kit, Qiagen, USA) according to manufacturer’s instructions.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was preserved
as a reference gene. Table 1 shows the primer sequences which were
used in the amplification.

Table 1

Primer sequences for real time-PCR.

Name of gene Primer forward Primer reverse

p53 TGAGGTGCGTGTTTGTGCCTGT TCGGAACATCTCGAAGCGCTCA
Bcl-2 ATCGCCCTGTGGATGACTGAG CAGCCAGGAGAAATCAAACAGAGG
GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC

2.6. Determination of p53 and Bcl2 proteins by flow cytometry

2.6.1. Detection of p53
The tested and control cells were fixed with 4% paraformaldehyde
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(10 min) and then permeabilized with 0.1% PBS-Tween for 20 min.
The cells were incubated in 1-fold PBS/ 10% normal goat serum/
0.3 mol/L glycine to block non-specific protein-protein interactions
followed by the Anti-p53 antibody [DO-1] (ab1101, 1:50 dilution,
abcam, San Francisco, USA) for 30 min at 22 °C and then analyzed

using FACStar caliber (Becton Dickinson).

2.6.2. Detection of Bcl2

The tested and control cells were fixed with 80% methanol for 5
min. Then permeabilized with 0.1% PBS-Tween for 20 min. The
cells were then incubated in 1-fold PBS/ 10% normal goat serum/
0.3 mol/L glycine to block non-specific protein-protein interactions
followed by Anti-Bcl2A1 antibody ((ab33862) (1/100 dilution,
abcam, San Francisco, USA) for 30 min at 22 °C.

2.7. Statistical analysis

The parameters in this study were subjected to statistical analysis
using Microsoft excel spread sheet. For analysis of the data SPSS
version 15 and EPIINFO 2006 software’s were used.

3. Results
3.1. Effect of A. vera and C. comosum on cell viability

MTT reduction assay was performed to study mitochondrial/
non mitochondrial dehydrogenase activity as a cytotoxic test for a
variety of chemical compounds. The effect of extracts on the growth
of HepG2 cells was assessed by the MTT assay. The ICs, value was
calculated as 10.45 + 0.31 pg/mL for A. vera extract and 9.60 +
0.01 pg/mL for C. comosum extract (Figure 1).
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Figure 1. A: Evaluation of ICy, for different concentrations of C. comosum
on HepG2 cells, IC;, = 9.60 +0.01 ug/mL derived from at least n = 4
replicates = SEM. B. Evaluation of IC;, for different concentrations of A.
vera on HepG2 cells, IC, = 10.45 +0.31 pg/mL derived from at least n = 4
replicates + SEM.

3.2. Assay for apoptosis and DNA damage by direct staining
methods

Annexin V staining for detection of apoptosis and DNA damage
using Annexin V-FITC apoptosis kit showed considerable increased
DNA damage in HepG2 cells (2 x 10° cells/mL) exposed to the
extracts for 48 h in compared with control cells (Figures 2-3). It
was detected that a high percentage of apoptosis with increasing
the dose of extracts and the percentage of dead cells were increased
(Figure 2). We also have found a positive co-relation between
dead cells stained with FITC annexin and propidum iodide of each
concentration and ICs, of each extract which is highly significant
(Table 2). Microscopically, sections stained with H & E showed
marked reduction in number of HepG2 cells at 10.45 pg/mL for A.
vera extract and 9.60 pg/mL for C. comosum extract (Figures 4-5).
Moreover, it was noticed most of morphological changes associated
with apoptosis like nuclear condensation, membrane blobbing,
nuclear fragmentation and apoptotic bodies were observed in the

treated cells by C. comosum extract specially. Interestingly, C.

a b +— ¢ = d +—
o T 410£005% (1250 £006)% o T 1693:58% | (17.5:13)% o — PO=10% o — {6@19£32% L (10.7+19% 4
=R =R i =N =R e
"8 — "8 - 4 n, '8 — "8 — -
3 - ‘
e o = o 3 - = o Y 889:120% g
g% EE : R & R .
b= = E 3 : = 3
o - E QU — 1 o — (=N
ge g Ry AR £ co | 2B -
- ¥ (3.60 + 0.01)% < | Gas14% < o 3 1.020+0014)%
,9 n, Phliie, Pl 9 S rrrrb v vrme vy S SR AL e SRR § 9 “Trrimerrr ARALLLL ALl §
10° 100 10° 100 10 10° 100 100 100 10 10° 100 100 100 10 10° 100 100 10° 10
(79.8 +0.1)% (37.8 +4.9)% (320 +0.14)% 63 £03)%
Annexin-FITC Annexin-FITC Annexin-FITC Annexin-FITC
e = f - <.
S 4101+0.1)% = g S 4asL00%
3 . g - 3 o
S 24 5 2 g 24
ke < 2 ,
£ “43s25% £ B (308 +27)% g 5 36.1 = 04)%
3 3 ! o £
5o 5. g o4
Q‘: — 12 a: = D;: — 4y 3
- M 0.8 £02)% o 0.7 £02)% - b 6.8 +05)%
2 o y l.... 2. ranB_ vn-!If4 9 : " -l .,12,.,.,,.'3..,....'4 2 = (; rn-ﬁf-l- Trery 7rlr|m|3| u-m-f4
107 10 10 100 10 107 10 10 100 10 100 10 100 100 10
(74.8 + 2.8)% (59.8 +4.9)% 2.5 +0.5)%
Annexin-FITC Annexin-FITC Annexin-FITC

Figure 2. Quadrant statistic analysis of flow cytometer shows the percentages of apoptosis in which upper left means necrotic cells, lower left means viable

cells, upper right means late apoptotic cells and lower right means early apoptotic cells. a: control HepG2 cell line; b: HepG2 cell line treated with 2.50 ug/mL
of A. vera; c: HepG2 cell line treated 7.50 pg/mL of A. vera; d: HCC cell line treated with 10.45 pug/mL of A. vera; e: HepG2 cell line treated with 2.5 ug/mL
of C. comosum; t: HepG2 cell line treated with 7.5 ug/mL of C. comosum; g: HepG2 cell line treated with 9.6 ug/mL of C. comosum.

These percentages were the mean of 3 replicates.
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Figure 3. Detection of DNA damage. Increase in DNA damage as evident for apoptosis with increasing the dose of extracts A: Control cells; B: A. vera
2.50 ug; C: C. comosum 2.5 ng; D: A. vera 7.50 pg; E: C. comosum 7.5 pg; F: A. vera 10.45 pg; G: C. comosum 9.6 ng.

comosum revealed dose dependant effect (Figure 4).

Figure 4. A: Control HepG2 cell line (HE X 200); B: HepG2 cell line
treated with 10.45 pg/mL of A. vera (HE x 200); C: HepG2 cell line
treated with 9.6 pg/mL of C. comosum shows the presence of marked
morphological changes associated with apoptotic cells (HE x 200).

VC: viable cells, NC: necrotic cells and AC: apoptotic cells.
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Table 2
There is a highly significant positive correlation between necrotic cells for

each concentration and ICy,

R (Co-relation

1C,, correlations coefficient) P value
1C,, and necrotic cells 0.548 0.01
IC;, and necrotic cells in A. vera 0.713 0.03
IC;, and necrotic cells in C. comosum 0.909 0.01

3.3. P53 and Bcl-2 gene expression in HepG2 cells

P53 and Bcl-2 gene expression were normalized to the house
keeping GAPDH gene. As evident from charts (Figure 6) real time
PCR evaluation of HepG2 cells treated with different concentrations
of the extracts showed in a significant dose and time dependent
increase in p53 mRNA expression along with a significant decrease

in Bcl-2 mRNA expression.

3.4. Analysis of p53 and Bcl-2 proteins expression

As showed in Figures 7 and 8, flow cytometer analysis of p53 and
Bcl-2 protein expression in HepG2 cells (2 x 10° cells/mL) treated
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Figure 5. Statistical analysis of number of A: Vaible cells; B: Necrotic cells; C: Apoptotic cells per 100 tumor cells, respectively.
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Figure 6. Real time-PCR analysis of Bcl-2 gene in control and tested cells with A. vera (A) and C. comosum (B) shows down regulation of Bcl-2 gene expression;
Real time-PCR analysis of p53 gene in control and tested cells with A. vera (C) and C. comosum (D) shows up regulation of p5S3 gene expression.
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Figure 6. Detection of P53 protein percentage by flow cytometry shows up regulation of P53 protein in a dose and time dependent manner. A: Control HepG2 cell
line: (31.24 + 0.80)%; B: HepG2 cell line treated with 2.50 pg/mL of A. vera: (36.45 + 0.79)%; C: HepG2 cell line treated 7.50 pg/mL of A. vera: (62.17 + 0.58)%;
D: HCC cell line treated with 10.45 ug/mL of A. vera: (82.91 + 0.76) %; E: HepG2 cell line treated with 2.5 ug/mL of C. comosum: (33.40+1.07)%; F: HepG2 cell
line treated with 7.5 ug/mL of C. comosum: (62.73 = 1.96)%; G: HepG2 cell line treated with 9.6 ug/mL of C. comosum: (75.62 = 1.04)%.

Results were derived from at least n = 3 replicates + SE.
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Figure 7. Detection of Bcl-2 protein by flow cytometry shows down regulation of Bcl-2 protein in a dose and time dependent manner. A: Control HepG2 cell
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with different concentrations of the standardized extracts for 48
h also resulted in a time and dose dependent up regulation of p53
along with a down regulation of Bcl-2 when compared to control
samples which confirmed the results from g-PCR analysis of p53 and

Bcl-2 mRNA expression in HepG2 cells.

4. Discussion

Recently, many of publications showed the effect of many
herbal plants in treatment of wide range of illnesses. Also several
naturally produced herbal formulations are currently available
for cancer patients. As most of chemotherapeutic agents were
cytotoxic to normal cells and developed drug resistance(14].
Therefore scientific consideration and test of traditionally used
herbs for the treatment of different malignancies could be also
considered as a very valuable source for new chemotherapeutic
drugs(15]. A number of studies carried out over the last few decades
on prevention and treatment of HCC have led to the identification
of several herbal compounds and formulations that can affect
the initiation, promotion as well as the progression processes
of HCCI16]. The most important active constituents of the Aloe
plants were anthraquinones like aloin, barbalion, anthranol,
cinnamic acid, aloetic acid, emodin, chrysophanic acid, resistanol,
and enzymes (including cyclooxygenase and bradykininase),
together with Other compounds such as vitamins, saccharides,
and amino acids[17]. It was reported that the other anthraquinones
of Aloe plants had mutagenic and genotoxic effects in bacterial
and mammalian test systems[18-19], the genotoxic effects were
illustrated in present research by DNA damage assay and Real
Time-PCR. The antitumor activity of 50% ethanol extract (100 mg/
kg) of A. vera was evaluated by Bharath(20lagainst Ehrlich ascites
carcinoma tumor in mice. Ethanol extract of A. vera exhibited
antitumor effect by modulating lipid peroxidation and augmenting
antioxidant defense system in Ehrlich ascites carcinoma bearing
micel[20]. Also, Aloe-emodin is one of the active components in
the leaves of A. veral21] which revealed anticancer and cytotoxic
activities against neuroectodermal tumors, lung squamous cell
carcinoma and hepatoma cells[22-24]. C. comosum also, has been
exhibited anti- inflammatory, anti-ulcer and anti-cancer activities
in rat and shrimp animals model(25], Dehydrodicatechin A is an
active component of C. comosum which inhibits the growth of
Ehrlich ascites[26]. Abdel-Sattar et al.[27] showed that C. comosum
methanolic and aqueous extracts ameliorated haloperidol induced
neuro- and hepatotoxicities in male Albino rat. In our study, we
have noticed that the cytotoxic activity of A. vera and C. comosum
might be through modulation of apoptosis, therefor both extracts
demonstrated antitumor effects against HepG2 cells. Gene and
protein expressions of both p53 and Bcl2 were significantly altered
in response to extracts. Up-regulation of expression of p53 and
down-regulation of Bcl2 in a time and dose dependent manner

were evident in the human HCC cell line which is a major pathway
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for regulation of programmed cell death. Both extracts could have
cytotoxic and genotoxic activity. C. comosum showed a higher
level in inducing morphological changes associated apoptosis, DNA
damage, gene and protein expressions.

In conclusion, the present study demonstrated that the herbal
extracts of A. vera and C. comosum could induce cytotoxic and
genotoxic activites on human hepatocellular carcinoma (HepG2)

cells through induction of apoptotic pathway.
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HCC is among the most lethal and common malignancies in the
human population, with approximately 550000 new cases and
almost as many deaths per year. For instance, a highly rate of HCC
is observed in Egypt, where there is a high prevalence of hepatitis B

and C viral infections.

Research frontiers

The present research work depicts to evaluate the anti-tumor
effect of different doses of A. vera and C. comosum extracts on HCC
through assessment in vitro cytotoxicity induced apoptosis in HepG2

cell line.

Related reports

The most important active constituents of the Aloe plants were
anthraquinones like aloin, barbalion, anthranol, cinnamic acid,
aloetic acid, emodin, chrysophanic acid, resistanol, and enzymes
(including cyclooxygenase and bradykininase), together with other

compounds such as vitamins, saccharides, and amino acids.
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The present study demonstrated that the herbal extracts of A. vera
and C. comosum could induce cytotoxic and genotoxic activites on
human hepatocellular carcinoma (HepG2) cells through induction of

apoptotic pathway.
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Recently, many of publications showed the effect of many herbal

plants in treatment of wide range of illnesses. Also several naturally
produced herbal formulations are currently available for cancer

patients.
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Up-regulation of expression of p53 and down-regulation of
Bcl2 in a time and dose dependent manner were evident in the
human HCC cell line which is a major pathway for regulation
of programmed cell death. Both extracts could have cytotoxic
and genotoxic activity. C. comosum showed a higher level in
inducing morphological changes associated apoptosis, DNA
damage, gene and protein expressions. In conclusion, the present
study demonstrated that the herbal extracts of A. vera and C.
comosum could induce cytotoxic and genotoxic activites on human
hepatocellular carcinoma (HepG2) cells through induction of

apoptotic pathway.

References

[1] Alves RC, Alves D, Guz B, Matos C, Viana M, Harriz M, et al.
Advanced hepatocellular carcinoma. Review of targeted molecular
drugs. Ann Hepatol 2011; 10: 21-7.

[2] Nishida N, Goel A. Genetic and epigenetic signatures in human
hepatocellular carcinoma: a systematic review. Curr genomics 2011;
12: 130-7.

[3] Gomaa AI, Hashim MS, Waked I. Comparing staging systems for
predicting prognosis and survival in patients with hepatocellular
carcinoma in Egypt. PloS One 2014; 9(3): €90929.

[4] El-Serag HB. Epidemiology of viral hepatitis and hepatocellular
carcinoma. Gastroenterology 2012; 142(6): 1264-73.

[5S] Kerr JF, Wyllie AH, Currie AR. Apoptosis: a basic biological
phenomenon with wide range implications in tissue kinetics. Br J
Cancer 1972; 26: 239-57.

[6] Karlic H, Herrmann H, Varga F, Thaler R, Reitermaier R, Spitzer
S, et al. The role of epigenetics in the regulation of apoptosis in
myelodysplastic syndromes and acute myeloid leukemia. Crit Rev
Oncol Hematol 2014; 90(1): 1-16.

[7]1 Rivlin N, Brosh R, Oren M, Rotter V. Mutations in the p5S3 tumor
suppressor gene important milestones at the various steps of
tumorigenesis. Genes Cancer 2011; 2(4): 466-74.

[8] Antoun GR, Ali-Osman F. Mutational status of the p53 tumor
suppressor gene is associated with expression of GSTP1 allelic variants
in human GBM. Cancer Res 2013; 73(8): 783.

[91 Wei AH, Brown M, Guthridge M. The regulation of mitochondrial
metabolism by the Bcl-2 family of pro-survival proteins: new
therapeutic opportunities for targeting cancer cells. J Hematol Thromb
Dis 2013; 1(4): 1-3.

[10] Kumar RS, Rajkapoor B, Perumal P. In vitro and in vivo anticancer
activity of Indigofera cassioides Rottl. Ex. DC. Asian Pac J Trop Med
2011; 4(5): 379-85.

[11] Sumedha S, Kotrashetti V, Somannavar P, Nayak R, Babji D. A
histochemical comparison of methyl green-pyronin, and hematoxylin
and eosin for detecting apoptotic cells in oral squamous cell carcinoma,
oral leukoplakia, oral submucous fibrosis and normal oral mucosa.

Biotech Histochem 2014; doi: 10.3109/10520295.2014.982709.

[12] Fabisiak JP, Borisenko GG, Kagan VE. Quantitative method of
measuring phosphatidylserine externalization during apoptosis using
electron paramagnetic resonance (epr) spectroscopy and annexin-
conjugated iron. Methods Mol Biol 2014; 1105: 613-21.

[13] Shak S, Palmer G, Baehner FL, Millward C, Watson D, Sledge GW, et
al. Molecular characterization of male breast cancer by standardized
quantitative RT-PCR analysis: a large genomic study of 1,447 male
breast cancers. J Clin Oncol 2009; 27: 15s

[14] Singh S, Singh PP, Roberts LR, Sanchez W. Chemopreventive strategies
in hepatocellular carcinoma. Nat Rev Gastroenterol Hepatol 2014;
11(1): 45-54.

[15] Yu SZ. Primary prevention of hepatocellular carcinoma. J Gastroenterol
Hepatol 1995; 10(6): 674-82.

[16] Malik A, Afaq S, Shahid M, Akhtar K, Assiri A. Influence of ellagic
acid on prostate cancer cell proliferation: a caspase—dependent pathway.
Asian Pac J Trop Med 2011; 4(7): 550-5.

[17] Husain S, Alam MA, Jahan N, Ahmed S, Kauser HS. Sibr (Aloe vera)
and its therapeutic efficacy described in Unani Medicine: a review. J Sci
Innov Res 2014; 3(5): 545-51.

[18] Liberman DF, Schaefer FL, Fink RC, Ramgopal M, Ghosh AC,
Mulcahy R. Mutagenicity of islandicin and chrysophanol in the
Salmonella/microsome system. Appl Environ Microbiol 1980; 40:
476-9.

[19] National Toxicology Program. NTP toxicology and carcinogenesis
studies of emodin (CAS NO. 518-82-1) feed studies in F344/N rats and
B6C3F1 mice. Natl Toxicol Program Tech Rep Ser 2001; 493: 1-278.

[20] Naveena, Bharath BK, Selvasubramanian. Antitumor activity of Aloe
vera against Ehrlich ascites carcinoma (EAC) in Swiss albino mice. Int
J Pharm Bio Sci 2011; 2(2): 400-9.

[21] Azaroual L, Liazid A, Barbero GF, Brigui J, Palma M, Barroso CG.
Improved chromatographic methods for determination of bioactive
compounds from Aloe vera leaves. ISRN Chromatography 2012; doi:
10.5402/2012/609095.

[22] Pecere T, Gazzola MV, Mucignat C, Parolin C, Vecchia FD, Cavaggioni
A, et al. Aloe-emodin is a new type of anticancer agent with selective
activity against neuroectodermal tumors. Cancer Res 2000; 60: 2800-4.

[23] Lee HZ, Hsu SL, Liu MC, Wu CH. Effects and mechanisms of aloe-
emodin on cell death in human lung squamous cell carcinoma. Eur J
Pharmacol 2001; 431: 287-95.

[24] Kuo PL, Lin TC, Lin CC. The antiproliferative activity of aloe-emodin is
through p53-dependent and p21-dependent apoptotic pathway in human
hepatoma cell lines. Life Sci 2002; 71: 1879-92.

[25] Liu XM, Zakaria MN, Islam MW, Radhakrishnan R, Ismail A, Chen HB,
et al. Anti-inflammatory and anti-ulcer activity of Calligonum comosum
in rats. Fitoterapia 2001; 72(5):487-91.

[26] Badria FA, Ameen M, Akl MR. Evaluation of cytotoxic compounds
from Calligonum comosum L. growing in Egypt. Z Naturforsch C 2007;
62(9-10): 656-60.

[27] Abdel-Sattar EA, Mouneir SM, Asaad GF, Abdallah HM. Protective
effect of Calligonum comosum on haloperidol-induced oxidative stress

in rat. Toxicol Ind Health 2014; 30(2): 147-53.



