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Abstract: The aim of this study was to evaluate the potential anticancer properties and modulatory effect of selected Aloe
vera (A. vera) active principles on antioxidant enzyme activities. Thus, three anthraquinones (Namely: aloesin, aloe-
emodin and barbaloin) were extracted from A. vera leaves by supercritical fluid extraction and subsequently purified by
high performance liquid chromatography. Additionally, the N-terminal octapeptide derived from verectin, a biologically
active 14 kDa glycoprotein present in A. vera, was also tested. In vivo, active principles exhibited significant prolongation
of the life span of tumor-transplanted animals in the following order: barbaloin> octapeptide> aloesin > aloe-emodin. A.
vera active principles exhibited significant inhibition on Ehrlich ascite carcinoma cell (EACC) number, when compared to
positive control group, in the following order: barbaloin> aloe-emodin > octapeptide > aloesin. Moreover, in trypan blue
cell viability assay, active principles showed a significant concentration-dependent cytotoxicity against acute myeloid leu-
kemia (AML) and acute lymphocytes leukemia (ALL) cancerous cells. Furthermore, in MTT cell viability test, aloe-
emodin was found to be active against two human colon cancer cell lines (i.e. DLD-1 and HT2), with ICs, values of 8.94
and 10.78 uM, respectively. Treatments of human AML leukemic cells with active principles (100 pg ml™) resulted in
varying intensities of internucleosomal DNA fragmentation, hallmark of cells undergoing apoptosis, in the following or-
der: aloe-emodin> aloesin> barbaloin> octapeptide. Intererstingly, treatment of EACC tumors with active principles re-
sulted in a significant elevation activity of key antioxidant enzymes (SOD, GST, tGPx, and LDH). Our data suggest that
the tested A. vera compounds may exert their chemo-preventive effect through modulating antioxidant and detoxification
enzyme activity levels, as they are one of the indicators of tumorigenesis. These findings are discussed in the light of the
potential of A. vera plant extracts for developing efficient, specific and non-toxic anticancer drugs that are affordable for

developing countries.
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1. INTRODUCTION

Aloe barbadensis Miller (Aloe vera), a member of the
Liliaceae family, is a perennial succulent with turgid lace-
shaped green leaves, and is referred to as the miracle/ healing
plant or the silent healer. Aloe vera possesses confirmed ver-
satile curative or healing actions. Worldwide, a total of 360
A. vera species (commonly accepted as A. vera) are culti-
vated. It has been long used as an ethnomedicine and is cur-
rently being utilized in a variety of commercial products,
because of its unique therapeutic properties [1]. Particularly,
the whole gel extract of A. vera has been reported to have
various pharmacologic properties, specifically to promote
wound, burn and frost-bite healing, in addition to having
anti-inflammatory, immunomodulatory and gastroprotective
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properties [2]. Moreover, some specially prepared A. vera
extracts possess many biological activities such as hypogly-
cemic, hypolipidemic, antifungal, anticancer, antioxidant and
immunoprotective [3-7]. Many attempts have been made to
isolate single, biologically active components, to examine
their effects, and clarify their functional mechanism. Many
active components have been isolated from A. vera and stud-
ied for their biological activities. These active ingredients
primarily include glycoproteins, anthraquinones, polysaccha-
rides and low—molecular-weight species [1].

Pharmacologically active anthraquinones present in A.
vera include aloe-emodin, barbaloin and aloesin (Fig. 1) [1].
Various biological activities in high molecular weight mate-
rial have been ascribed to polysaccharide fractions in A. vera
gel [7,8]. An example of biologically active glycoproteins,
isolated from A. vera gel, is verectin; a 14 kDa lectin with
cell proliferation-promoting activity on hamster and human
dermal fibroblasts, and prominent free radical scavenging
activity against superoxide anion, generated by the xan-
thine/xanthine oxidase system, as well as inhibition of cy-
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Fig. (1). Chemical structure of active principles isolated from Aloe vera leaves. (A) Aloe-emodin (1,8-dihydroxy-3-hydroxymethyl-9,10-
anthracenedione), (B) Barbaloin (10-Glucopyranosyl-1,8-dihydroxy-3-(hydroxymethyl)-9(10H)-anthracenone) and (C) Aloesin (7-hydroxy-

5-methy-2-(2-oxopropyl)-8-(glucopyranosyl)chromen-4-one).

clooxygenase-2 and reduction of thromboxane A, synthase
level in vitro [9,10].

Evidence from epidemiological and experimental studies
has indicated that certain naturally occurring phytochemical
phenolic compounds (e.g. alkaloids and flavonoids), particu-
larly those ingested in the human diet, exhibit antimutagenic
anticarcinogenic properties, and play a beneficial role in the
prevention of certain types of cancer [11-15]. Aloe-emodin
and aloesin are major plant phenolic compounds which are
known to possess several pharmacological effects such as
antimicrobial, anti-inflammatory, hepatoprotective and an-
timutagenic [1]. Moreover, A. vera gel extracts have previ-
ously been shown to exhibit antioxidant activity by virtue of
polysaccharides content and its potent free radical-
scavenging activity [8].

In this context, antioxidant enzyme markers (e.g. Super-
oxide dismutase, SOD; total glutathione peroxidase, tGpx;
glutathione S-transferase, GST; and lactase dehydrogenase,
LDH) have previously been measured in the serum of Ehr-
lich ascite carcinoma cells (EACC) administered animals. It
is well documented that during carcinogenesis a significant
alteration of serum stimulated GST, level, extent of GPx,
SOD and LDH activity, is observed [16]. Moreover, the in-
ter-relationship and role of these key enzymes, in character-
izing the progression of tumor, have successfully been estab-
lished in various reports [16]. However, our current knowl-
edge on the protective mode of action of A. vera active prin-
ciples in carcinogenesis and the underlying mechanism has
remained largely unknown.

The isolation and/or purification of A. vera active princi-
ples have attracted much attention. Traditionally, liquid sol-
vent extraction with organic solvents is the most currently
applied technique [17]. However, these techniques involve
the use of large amount of toxic solvents which have to be
eliminated before analysis, in addition to the long extraction
time and the complex procedures. Beside these difficulties
liquid solvent extraction still suffers from the disadvantage
of oxidative transformation during the solvent removal [18].
Therefore, supercritical fluid extraction (SFE) with carbon
dioxide is a good alternative to conventional liquid solvent
extraction approaches, especially in the case of plant materi-
als because of elimination of the use of environmentally haz-
ardous solvents, the simple and fast extraction technique
applied and fairly clean extract obtained [19,20]. Carbon

dioxide has been used almost exclusively as the extraction
medium, due to its inertness and non-toxic properties [21].

Oxidative stress is caused by any imbalance between the
production of reactive oxygen species (ROS) and the activa-
tion of antioxidant systems. Oxidative damage has long been
implicated in the process of carcinogenesis as well as the
degree of malignant transformation of most types of tumors
[22-24]. Carcinogenesis is a multistep process where ROS
were found to enhance carcinogenesis at all stages: initiation,
promotion, and progression.

The current investigation employed an optimized proto-
col for the isolation of active principles from A. vera based
on supercritical carbon dioxide fluid extraction [20]. A de-
tailed characterization of in vivo anticancer activity of the
isolated A. vera active principles (i.e. aloe-emodin, barba-
loin, aloesin and octapeptide) on survival/life span, body
weight and tumor cell number of EACC-transplanted mice
was carried out. Moreover, the in vitro cytotoxic activity of
these four active principles was tested, against five distinct
human and animal cancer cell lines, by trypan blue and MTT
cell viability assays. Furthermore, the capacity of the com-
pounds to induce apoptosis-mediated cell death was exam-
ined against human AML cell lines. Since insufficient capac-
ity of protective antioxidant system can result in cancer, an-
other objective of the current study was to examine the activ-
ity of key antioxidant enzymes (i.e. SOD, GST, GPx, LDH)
in EACC tumor cells, and the modulatory effect of these
active principles on their activities.

2. MATERIALS AND METHODS

2.1. Chemicals

Fetal bovine serum, .glutamine, penicillin and
streptomycine were purchased from Gibco BRL (Grand
Island NY, USA). All other chemicals were purchased from
Sigma-Aldrich (St. Louis MO, USA), and were of analytical
grade. HPLC grade methanol, acetonitrile, phosphoric acid
as well as methanol and ethyl acetate for liquid solvent ex-
traction were purchased from BDH Laboratory supplies,
England. Authentic samples of aloe-emodin and barbaloin
were kindly donated by Placenta-Aloe Research Institute,
Japan. The verectin-derived N-terminal octapeptide
(DEDNVLLT) was synthesized by Peptide Institute, Japan.
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2.2. Plant Materials

The leaves of A. vera plants, cultivated in the garden of
college of Pharmacy, Tanta University, Egypt, were col-
lected and identified by Prof. Hassan El Kady, Dept. of Bot-
any, Faculty of Science, Tanta University. Specimen of A.
vera was available for inspection at the herbal garden, Fac-
ulty of Pharmacy, Tanta University, Egypt. The leaves were
cut longitudinally and the gel inside was removed. The outer
part of the leaves were cut to small pieces and dried at 40 °C
in the oven. The dried leaves were thoroughly grinded in a
domestic mixer.

2.3. Supercritical Carbon Dioxide Fluid Extraction

Supercritical fluid extraction (SFE) was essentially per-
formed according to the method previously described [20],
with some modifications. Briefly, SFE was performed on
ISCO SFX 2-10 super-critical fluid extractor, model 260D
using carbon dioxide in a constant flow rate at 0.3 ml min™".
The temperature was controlled by a column oven adjusted
between 40 and 70 °C. The pressure in the system was regu-
lated from 2700 to 7000 Psi. In each experiment, 4 g of the
dried plant powder were placed in the extraction cell. The
static extraction time was kept at 15 min during the whole
experiment. The dynamic extraction time was controlled
between 10 and 60 min. For the measurements of aloe-
emodin and barbaloin extraction, the extracts were filtered
through a 0.22 pm membrane filter (Gelman, England) and
the volumes were adjusted to 25 ml with methanol prior to
HPLC analysis. Quantitative HPLC analysis was performed
on LC1445 system organizer, Eppendorf Biotronic using a
C18 column (250% 406 mm i.d, 5 p Hypersil) operated under
isocratic conditions and applying a mobile phase consisting
of 25% phosphoric acid (0.1% in water) in acetonitrile. The
flow rate was adjusted at 1 ml min™'. Aloe-emodin and bar-
baloin identification was carried out by retention time co-
chromatography and spiking with pure aloe-emodin while
their quantitative determination was done using a standard
curve. Triplicate injections were made from every sample
and the average of the peak areas was used to quantify aloe-
emodin and barbaloin concentration. Aloe-emodin and bar-
baloin were detected at 290 nm using an UV/visible detector.

2.4. Prepration and Direct Sequencing of N-Terminal
Octapeptide in Verectin

A novel procedure for peptide sequencing was employed
for the identification of N-terminal octapeptide derived from
verectin [25]. Briefly, verectin (0.3 mM) was first subjected
to 12% SDS-PAGE analysis. After digestion by lysylen-
dopeptidase enzyme, the peptides were separated by 12%
SDS-PAGE and then electro-blotted onto a PVDF mem-
brane. After CBBR-250 staining, the peptide bands were
excised from the membrane sheet. The N-terminal amino
acid sequence was determined using a Hewlett-Packard G
1005A automated protein sequencing system calibrated with
phenylthiohydantoin (PTH)-amino acid standards, prior to
each sequencing run, by the Edman degradation method. The
PVDF membrane blotted sample was located directly into
the sequencer. Peptide separation by HPLC was applied to
the N-terminal amino acid sequence as previously described
[25].
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2.5. Determination of Cell Viability by Trypan Blue
Assay

Cytotoxicity of active principles was tested against two
different types of human cancer cells namely: acute lympho-
cytes leukemia (ALL) and acute myeloid leukemia (AML).
Additionally, Ehrlich ascite carcinoma cells (EACC) was
employed as a representative of animal tumor cell lines. ALL
and AML cells were harvested from adult leukemia patients
or healthy relatives, aged 18—65 years that were admitted to
the National Cancer Institute, Cairo University. International
protocols governing the ethical treatment of patients were
followed. In addition, animals were transplanted with EACC
from an immortal culture obtained from National Cancer
Institute, Cairo University, and maintained at mice trans-
planted line. International protocols governing the ethical
treatment of animals were followed. Separation and prepara-
tion of ALL and AML mononuclear cell layers were carried
out as previously reported [26]. The AML, ALL and EACC
cell counts were adjusted to 10° cells/0.1 ml (counting both
mature and immature cells). The cytotoxicity of each active
principal against AML, ALL and EACC cells was deter-
mined by the trypan blue exclusion test [27]. The cell counts
were adjusted to (1x10° cell/ 0.1 ml). Next, 0.1 ml of the cell
suspension containing 10> cells was added to each of four 1.8
ml screw-caps sterile eppendorf tubes. Four concentrations
of active principles was added (50, 100, 150 and 200 pg ml™),
three replicas each. For each concentration one tube served
as negative control, where culture medium was added instead
of the active principal. The tubes were incubated at 37 °C in
the presence of 5% (v/v) CO, for 24 h (dark condition, hu-
midified air). After overnight incubation, cells were stained
with trypan blue (0.2 %) dissolved in PBS, and the number
viable (unstained) versus dead (stained) cells was estimated.
Two hundred cells were counted for EACC tube.

2.6. Determination of Cell Viability by MTT Assay

Human colon cell lines DLD-1 and HT-29, frequently
used for screening potential anticancer agents, were obtained
from the Institute of Cancer Therapeutics (Bradford Univer-
sity, UK). The cytotoxicity of aloe-emodin and barbaloin
against human colon cell lines DLD-1 and HT-29 was de-
termined by the MTT {3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide} assay [28]. All cells were rou-
tinely maintained as monolayer cultures in RPMI 1640 me-
dium with HEPES buffer (25 mM) supplemented with foetal
calf serum (10%), sodium pyruvate (1 mM), (-Glutamine (2
mM) and penicillin/streptomycin (50 TU mI"/ 50 pg ml™).
Briefly, 1 x 10* cells ml™ (180 ul) were inoculated into each
well of a 96 well plate and incubated overnight at 37 °C in a
humidified incubator (5% CO,). Both aloe-emodin and bar-
baloin were dissolved in DMSO and diluted in culture me-
dium to provide a broad range of concentrations; the maxi-
mum DMSO concentration in any well was 0.1%. Medium
was removed from each well and replaced with drug solu-
tions (8 wells per drug concentration) and incubated at 37 °C
for 4 days before the assessment of chemosensitivity. Culture
medium was replaced with fresh medium (180 pl) prior to
the addition of 20 ul of MTT solution (0.5 mg ml™). Treat-
ment of living cells with MTT produces a dark blue forma-
zan product, whereas no such staining is observed in dead
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cells. Following 4 h incubation at 37 °C, medium plus MTT
was removed from each well, and formazan crystals were
dissolved in DMSO (150 pl/well). The absorbance of the
resulting solutions was determined at 550 nm using a Lab-
systems Multiskan Plus Microplate reader. Results were ex-
pressed in terms of percentage survival taking the mean ab-
sorbance of control samples to be 100 % cell survival (Lab-
systems Genesis V3.04 software). Cytotoxicity was ex-
pressed as ICsy value (i.e. the concentration of drug required
to produce 50 % inhibition of growth). 5-Fluorouracil, which
is commonly used in the treatment of colon cancer, was used
as a positive control. All experiments were performed in
triplicate.

2.7. DNA Fragmentation Assay

DNA fragmentation was assayed as previously described
[29]. DNA was extracted from mature (normal cells) and
leukemic immature AML white blood cells before and after
treatment with the A. vera active principles (100 pg ml™).
Cells were washed with PBS, lysed in 400 pl of ice-cold
lysis buffer (50 mM Tris pH 7.4, 20 mM EDTA, 0.5% Triton
X-100) for 30 min, and then centrifuged. RNase (100 ug ml’
") was added to the supernatant, which was then incubated at
50 °C for 30 min, followed by the addition of 200 pug ml”
proteinase K and further incubation at 37 °C for 1 h. Frag-
mented DNA was extracted with phenol:chloroform: isoamyl
aclochol (25:24:1, v/v/v) and precipitated at -20 °C with cold
100% ethanol:sodium acetate (0.3 M) (2v:1v). The DNA
fragments were electrophoresed on a 2.0% agarose gel con-
taining 0.1 mg ml" ethidium bromide.

2.8. Animals and Experimental Design

A total of 60 healthy male Swiss albino mice (7-8 week-
old), weighing between 20-25 g each, fed on normal diet
were used throughout the study. Mice were maintained under
controlled environment conditions of temperature and hu-
midity with alternating 12 h light/dark cycles. All animals
were fed standard pellet diet (Gold Mohor rat feed, Ms. Hin-
dustan Lever Ltd, Mumbai) and water ad libitum. For car-
cinogenesis, animals were transplanted with EACC from an
immortal culture obtained from National Cancer Institute,
Cairo University, and maintained at mice transplanted line.
International protocols governing the ethical treatment of
animals were followed. Mice were divided into six groups
and each group contained ten animals. Group I (G I) served
as negative control animals received saline solution intraperi-
toneal (i.p.) (0.9%), and was fed standard pellet diet. Group
II (G II) was transplanted to the i.p. cavity with EACC at
1x10° cells (0.2 ml) (positive control). Group III (G III) was
transplanted with EACC like the second group and each
mouse was daily forced to ingest orally via stomach tube
about 0.2 ml of aloesin (10% w/v) in addition to the normal
diet. Group 1V (G 1V) was treated daily like the third group
but with barbaloin. Group V (G V) was treated daily like the
third group but with octapeptide (10% w/v). Group VI (G
VI) was treated daily like the G III but with aloe-emodin.
Total experimental period was 40 days after mice were
transplanted with EACC via the IP cavity (adaptation pe-
riod). Body weight was recorded weekly and life span was
calculated after the experiment period. The number of EACC
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cells was calculated weekly in all animals. Cells of EACC
were obtained from transplanted animals and then washed
with three changes of Phosphate Buffer Saline (PBS). The
cells were tested for their viability using the trypan blue ex-
clusion test [27].

2.11. Biochemical Analysis

Antioxidant enzyme activity was determined in negative
control EACC-transplanted positive control group and
EACC-administered groups treated with different A. vera
active principals. At the end of the experimental period, ani-
mals were sacrificed by cervical decapitation and blood was
collected. Enzyme activities of superoxide dismutase (SOD),
total glutathione peroxidase (tGPx) and glutathione S-
transferase (GST) were assayed as previously described [30-
32]. Lactic dehydrogenase (LDH) activity was determined
weekly in EACC which were separated from mice [33].

3. RESULTS AND DISCUSSION

3.1. Effect of A. vera Active Principles on Animal Life
Span and Body Weight

Ehrlich ascite carcinoma (EACC) tumor in mice has pre-
viously been employed as a model for rapidly growing tu-
mors, where various experimental agents can be applied and
tested for biological activity as potential anticancer and anti-
tumor substances [26,34]. A detailed monitoring of body
weight and life span/survival of animals before and after
tumor transplantation was carried out. In the positive control
groups (G II), which was administered with 1x10° EACC
cells per animal, there was a premature death by the second
week at 14 days post-transplantation, and this correlated with
a significant increase in the net body weight of EACC-
administered animals by 50% (3 g) compared to saline-
administered animals (6 g in GII and 3 g in G I). This can be
explained by the uncontrolled growth of the tumor cells and
the increase in their biomass (Fig. 2A). Strikingly, there was
a significant inhibition on the growth of EACC tumor in
mice, as judged by the net body weight, which correlated
well with A. vera active principles treatment (Fig. 2A). Ac-
tive principles that gave the strongest inhibitory effect on
EACC tumor growth, as judged by average animals body
weight compared to saline-administered group (25 g), by the
third week, were in the following order: barbaloin (G IV, 25
g, i.e. -1 g) > octapeptide (G V, 29 g, i.e. +4 g) > aloesin (G
III, 30 g, i.e. +5 g) > aloe-emodin (G VI, 31 g, i.e. +6 g) (Fig.
2A). Interestingly, these results were accompanied with de-
layed death of animals and prolongation of the survival pe-
riod in days (Fig. 2B). In the positive control group, which
was only injected with EACC cells, an intensive mice death
was detected after 14™ day-post-injection (dpi) because of
the tumor (Fig. 2B). Active principles with the strongest im-
pact on the prolongation of the life span tumor-transplanted
animals were in the following order: barbaloin (G IV, 36 dpi)
> octapeptide (G V, 28 dpi) > aloesin (G III, 25 dpi) > aloe-
emodin (G VI, 21 dpi) (Fig. 2B). Hence, it can be concluded
that all four active principles exerted a significant in vivo
inhibitory effect on the growth of EACC tumor progression,
which correlated well with the prolongation of animals’ life
span. These results are in agreement with previously reported
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Fig. (2). Effect of different active principles of A. vera leaves on body weight (A) and life span (B) of tumor-transplanted animals. Animals
were divided into 6 groups and administered the respective treatment, as detailed in Materials and Methods section. Total experimental period
was 40 days after mice were transplanted with EACC (1x10° cells per animal) via the intraperitoneal cavity (adaptation period).

studies of the effect of natural phytochemical extracts and/or
active principles as efficient antitumor agent [26,34].

3.3. In Vitro Effects of A. vera Active Principles on Hu-
man Tumor Cell Lines

In anticancer assay, two kinds of typical human cancer
cell lines were selected to evaluate the anticancer activity of

the extracted compounds on growing cancer cell lines. Can-
cer cell lines that were employed include: two human leuke-
mia cancer cell types (AML and ALL) and one type of ani-
mal tumor cells (EACC). The four purified active principles
from A. vera leaf extracts (Namely: barbaloin, octapeptide,
aloesin and aloe-emodin) were tested for their antileukemic
activity on AML and ALL cells. After removing the solvent,
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active principles were dissolved in a saline solution, incu-
bated with the leukemia cells and their in vitro inhibitory
potential on the growth of human tumor cells was studied
using trypan blue exclusion test [27]. Also we tested the iso-
lated compounds on normal bone marrow cells to evaluate
the specificity of the cytotoxic effect of the isolated com-
pounds. It was concluded that the active principles at the
concentrations used are non-toxic to normal bone marrow
cells (3.2%- 3.7%) when compared to 3.1% in the control
(negative control).

The results summarized in Table 1 and Table 2 clearly
indicate that tested active principles exhibited a significant
dose-dependent inhibitory effect on all cancer cell lines ex-
amined, with varying effect on the different cell lines. Re-
sults indicated that in human AML and ALL cells, treated
with these natural compounds at increasing concentrations
(50-200 pg mlI™) for 24 h, aloe-emodin and aloesin exhibited
the strongest cytotoxic activities, followed by octapeptide
and barbaloin, respectively (Table 1). For example, ap-
proximately a 50% increase in the cytotoxicity, against both
AML and ALL cells, was observed when the concentration
of aloe-emodin and aloesin was increased from 50 to 200 mg
ml" (Table 1). At a concentration of 200 pg ml”, aloe-
emodin showed a cytotoxicity of 95+4.25% and 94+1.61%
against AML and ALL cells, respectively, while aloesin ex-
hibited cytotoxic values of 90+1.35% and 91+2.94% against
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AML and ALL cells, respectively (Table 1). Similarly, the
viability of EACC tumor cells, after incubation with isolated
compounds were significantly affected with cytotoxic values
at the maximum concentration of 200 pg ml" for the four
compounds in the following order: aloesin (84+4.12%), oc-
tapeptide (80+3.56%), barbaloin (77+£2.45%) and aloe-
emodin (59+3.2) (Table 2). Moreover, the effect of active
principles on EACC tumor cells number in two-week-post-
inejection was investigated (Table 3). A. vera active princi-
ples exhibited significant inhibition on EACC tumor cell
number, when compared to positive control group
(479+6.52), in the following order: barbaloin (32+1.57)>
aloe-emodin (59£3.45)> octapeptide (80+2.52)> aloesin
(105+4.52) (Table 3). Taken together, it is clear that the ob-
served significant antitumor activity, particularly for aloe-
emodin and barbaloin, is promising against the three types of
tumor-cell-types studied.

We further verified the anticancer activity of the SFE-
extracted aloe-emodin and barbaloin, against two more hu-
man cancer colon cells (DLD-1 and HT-29), by MTT assay.
Aloe-emodin was found to be active against both DLD-1 and
HT29 cell lines, with I1Csy values of 8.94 and 10.78 uM, re-
spectively (Fig. 3A and B), while barbaloin exhibited no
activity (ICso > 100 pM), which can be attributed to its hy-
drophilic nature. The 1Csy of 5-Fluorouracil (positive con-
trol) against DLD-1 was 7.38 uM.

Table1. In Vitro Effect of Isolated A. vera Active Principles on the Cytoviability (%) of Human AML and ALL Cells After 24 h
Incubation Period
Extract concentration (ug ml™)
AML ALL
Compound 50 100 150 200 50 100 150 200

2 k] 2 o 2 O 2 o 2 o 2 o 2 o 2 o

g i ) i g i g g g i ) g ) i g i

S [a] s [s) s o S a s a S ] s [a) s [a]
Octapeptide 46£1.10 | 54+1.90 | 31+2.38 | 69+1.23 | 18+2.13 | 82+258 | 15%3.67 | 87x3.70 26135 74181 22+2.16 78+2.33 17+2.10 83+2.05 14+1.15 86+1.67
Aloesin 39+1.80 | 61+1.60 | 19+1.60 73+2.1 18+2.66 | 82+1.05 10£1.36 | 90+1.35 25+1.85 75+2.86 20+1.67 80+2.3 15+1.95 85+1.69 9+1.66 91+2.94
Barbaloin 54+1.85 | 36x1.15 | 41+1.25 | 59+2.31 | 28+1.90 | 72+1.78 | 19+357 | 81+2.15 431250 574254 294192 71427 23+2.21 774257 18+1.58 824271
Aloe-emodin 43+1.48 | 57+1.58 | 14+2.10 | 86+3.56 | 8x0.45 924321 | 5%2.32 95+4.25 244251 76£1.20 20£1.77 80£1.76 11+1.72 | 89+1.21 6+1.04 944161

-EACC value represents the mean of three replicates.

Table 2.  In Vitro Effect of A. vera Active Principles on the Cytoviability (%) of Mice EAC Cells After 24 h Incubation Period
Extract concentration (ug ml™)
EACC
Compound
50 ng 100 pg 150 ng 200 ng
Viable Dead Viable Dead Viable Dead Viable Dead
Octapeptide 71£2.13 2942.50 66+2.30 3442.36 5542.13 45+1.35 20+2.36 80+3.56
Aloesin 73£3.12 27+1.32 45+1.56 55+3.25 33+£1.45 67+4.21 16+.23 84+4.12
Barbatoin 60+1.26 40+2.43 49+2.35 51+1.89 424245 58+2.52 2342.40 7742.45
Aloe-emodin 69+1.67 31+ 1.25 57+£3.25 43+2.65 46+2.58 54+2.64 413.12 59+3.2

-EACC value represents the mean + SD (Standard Deviation) of three replicates.
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Table 3. In Vivo Effect of Isolated A. vera Active Principles on EAC Tumor Cell Number in Mice
2" week (x10°) 1% week (x10°) Group (n)
479+46.52 83+3.58 Positive control (G I1)
105+4.52* 84+1.25 Group (GlII)
32+1.57* 79+3.56 Group (GIV)
80+2.52* 82+2.50 Group (GV)
59+3.45* 86+3.89 Group (GVI)
-EACC value represents the mean + S.D (Standard Deviation) of three replicates.
-*Values are significantly different from the positive control at (P < 0.05).
A B
120
120
100
100
— 80 .
2 T 0]
g 2
S5 60 ]
a g 60
® @ 1
S 40 2 40
20
20 |
4
0 . . *
0 ‘ ; 0.1 1 10 100
01 ! 10 100 Concentration pM
Concentration pM

Fig. (3). Cell viability dose-response curve of aloe-emodin against DLD-1 cells (A) and HT-29 cells (B), according to MTT assay. Results are
expressed as mean % cell survival + standard deviation of three independent experiments.

The results presented here showed the cytotoxic activity
of alo-emodin against five different types of cancer cell
lines. Our data are in agreement with previous reports stating
that aloe-emodin possesses a versatile anticancer activity
against various tumor cell types including: neuroectodermal
tumor cells, neuroblastoma cells [35], human lung carcinoma
cells [36], merkel carcinoma cells [37] and hepatoma cells
[38]. Moreover, we report, for the first time, the potent anti-
cancer effect of a novel group of A. vera-derived natural
active principles such as aloesin, octapeptide and barbaloin.
Moreover, our data also suggest that for each anticancer drug
there is a cell-type specificity range of activity that should be
taken into account prior to implementation in cancer therapy
programmes. This is indicated by the fact that barabloin ex-
hibited a strong and significant cytotoxicity against leukemic
animal (EACC) and human (AML and ALL) cancer cells but
was not active against human cancer colon cells ((DLD-1
and HT-29).

3.4. Effect of A. vera Active Principles on Antioxidant
Enzymes

All cells possess elaborate antioxidant defense systems
that consist of interacting low and high molecular weight
components. Among them, superoxide dismutases (SOD),
total glutathione peroxidases (tGPx), and Glutathione S-
Transferase (GST) play a central role. Antioxidant enzymes

can antagonize initiation and promotion phases of carcino-
genesis and they are reduced in many malignancies.

Significantly elevated lactate dehydrogenase (LDH) ac-
tivity level ((P < 0.05) was observed when EACC tumor-
transplanted mice was treated with A. vera active principles
in the following order: barbaloin (33.17+2.03)> aloe-emodin
(23.49+1.02)> aloesin (20.23+1.26), but not with octapeptide
(14.84+1.09), as compared to positive control group (12.14+
1.85) (Table 4). The prognostic role of LDH has been widely
investigated in special cancer groups. Elevated LDH is con-
sistently reported as a prognostic factor for poor survival in
various cancers [39; and references therein]. Thus, The re-
lease of the intracellular LDH, which mediates the conver-
sion of 2,4-dinitrophenylhydrazine into a visible hydrazone
precipitate in the presence of pyruvate, have previously been
measured and used as a biomarker of membrane integrity
loss in dying cells [40].

Significantly enhanced GST activity level (P < 0.05) was
observed with A. vera active principles in the following or-
der: barbaloin (30.30+1.06)> aloe-emodin (29.05+0.06) but
not with aloesin or octapeptide, as compared to positive con-
trol group (20.92+ 0.76) (Table 4). GST is an enzyme in-
volved in antioxidant defence and also involved in detoxifi-
cation. It is used as a tumor marker in certain cancers such as
oral cancer. Alterations in GST levels in tumor tissue have
been reported by various studies [41, 42].
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Table 4.

El-Shemy et al.

Biochemical Impact of Isolated A. vera Active Principles Antioxidant Enzymes (GST, tGPx and SOD) and LDH Levels in

Serum of EAC Tumor-Transplanted Experimental Animals as Compared to Control Group

SOD activity (U ml?) tGPx activity (mU ml™) GST activity U L™ LDH activity (U L™?) Group (n)
82.8+1.84 95.14+0.01 53.11+0.01 22.9+0.04 Negative control (G I)
28.12+2.08 56.13+1.85 20.92+0.76 12.14+1.85 Positive control (G I1)
70.31+0.23* 67.43+0.03* 15.62+0.36 20.23+1.26* Group (G 111
85.93+1.06* 92.94+1.09* 30.30+1.06* +2.03*33.17 Group (G IV)
32.06+0.32 60.52+0.98 19.3740.96 14.84+1.09 Group (G V)
82.81+2.09* 64.84+0.12* 29.05+0.06* 23.49+1.02* Group (G VI)

-EACC value represents the mean + S.D (Standard Deviation) of three replicates.
*Values are significantly different from the positive control at (P < 0.05).

We further evaluated the influence of A. vera active prin-
ciples on the level of serum SOD activity in EACC tumor
cells. SOD being the first lines of defence against ROS-
mediated oxidative damage, catalyses the dismutation of the
superoxide anion (Oy) into hydrogen peroxide (H,O,) that
can be transformed into H,O and O, by catalase. Hence, we
found a significant elevation (P < 0.05) in serum SOD activ-
ity in response to the A. vera isolated compounds in the fol-
lowing order: barbaloin (85.93+.1.06)> aloe-emoedin
(82.81+2.09)> aloesin (70.31+0.23), as compared to positive
control (28.12+2.08) (Table 4). It has been reported that
SOD activity is reduced in a variety of tumor cells and has
been proposed to be a new type of tumor suppressor gene
[43,44].

Similarly, tGPx activity was found to be significantly in-
creased (P < 0.05) in response to A. vera active principles in
the following order: Barbaloin (92.94+.1.09)> aloesin
(67.43£0.03)> aloe-emoedin (64.84+0.12), as compared to
positive control (56.13+1.85) (Table 4). tGPx is a selenopro-
tein, which reduces lipidic or nonlipidic hydroperoxides as
well as H,0, while oxidizing glutathione. In this context,
increased GSH-Px and glutathione activities have been re-
ported in patients with leukemias [45,46].

Taken together, the significant elevation observed in key
antioxidant enzyme activities, in response to A. vera active
principles, could be related to a therapeutic modulatory ef-
fect in an attempt to rectify an unbalanced alteration in oxi-
dant-antioxidant status. Thus, it has been documented that
the antioxidant system is impaired as a consequence of an
abnormality in the antioxidative metabolism due to the can-
cer process [47].

3.5. Effect of A. vera Active Principles on DNA Fragmen-
tation

Obtained results showed a potent antiprofilerative and
cytotoxic effects of A. vera isolated active principles on can-
cer cells. To verify whether the observed potent anitprofil-
erative is mediated through apoptosis, in situ DNA fragmen-
tation analysis was performed (Fig. 4). Treatments of human
AML leukemic cells with active principles (100 pg ml™)
resulted in a varying intensities of internucleosomal DNA
fragmentation, evidenced by the formation of a DNA ladder
on agarose gel, hallmark of cells undergoing apoptosis, in the
following order: aloe-emodin> aloesin> barbaloin> octapep-

tide (Fig. 4). No DNA laddering was detected in the sample
from control cells. Our results conform to previous findings
indicating that aloe-emodin results in an apoptotic cell death
[38,48]. Moreover, it has been reported that the resulting
DNA damage is mediated through through generation of
ROS in human lung carcinoma cells [48].
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Fig. (4). Induced internucleosomal DNA fragmentation in AML
cells treated with isolated A. vera active principles. Cells were in-
cubated with the compounds in 0.1% DMSO for 24 h in 1% serum-
containing medium. After treatment, cells were lysed and total cel-
lular DNA was extracted and electrophoresed on a 2% agarose gel
containing 0.01 mg ml™ ethidium bromide at 5 V/cm. M: represents
molecular DNA maker expressed in base pairs; N: normal bone
marrow cells; C: untreated AML cells; Lane 1: AML cells treated
with octapeptide (100 pg mlI™); Lane 2: AML cells treated with
barbaloin (100 pug ml™); Lane 3: AML cells treated with aloesin
(100 pg mI™); Lane 4: AML cells treated with aloe-emodin (100 pg
ml™). Results are representative of three independent experiments.

In conclusion, the anticancer activity, which is based on
apoptotic cell death, is promoted by a tumor cell-specific
drug uptake process (e.g. aloe-emodin and barbaloin) that
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may offer opportunities for novel anticancer agents. Impor-
tantly we demonstrated that the tested A. vera active princi-
ples exhibit selectivity towards cancer profilerating cells as
well as a non-toxic behavior towards normal hematopoietic
progenitor cells. This key advantage is lacking in common
anticancer drugs exhibiting a non-selective mechanisms of
action, with an inevitably high incidence of severe toxicity
must be tolerated for effective doses to be administered [49].
We envisage that this finding, among others, should point to
novel low-cost drug discoveries, of natural origin, which can
be afforded by developing countries. More efforts should be
focused especially on the clarification of the mechanisms of
action of the components of herbs, which is vital for devel-
oping their potential applications in treating terminal dis-
eases like cancer.

4. ACKNOWLEDGMENTS

Part of this research was supported by grants from the
National CFIDS Foundations Inc,Needham, MA 02492-
3931, USA. We are grateful to Dr Roger Philips (The Insti-
tute of Cancer Therapeutics, known formerly as Tom Con-
nors Cancer Research Centre, Bradford University, U.K.) for
his cooperation in conducting the MTT cell cytotoxicity as-
say.

REFERENCES

[1] Choi, S.; Chung, M-H. A review on the relationship between Aloe
vera components and their biologic effects. Semin. Integrat. Med.,
2003, 1, 53.

[2] Reynolds, T.; Dweck, A.C. Aloe vera leaf gel: a review update. J.
Ethnopharmacol., 1999, 68, 3.

[3] Kwanghee, K.; Hyunyul, K.; Jeunghak, K.; Sungwon, L.; Hyun-
seok, K.; Sun-A, |.; Young-Hee, L.; Young-Ran, L.; Sun-Tack, O.;
Tae Hyung, J.; Young-In, P.; Chong-Kil, L.; Kyungjae, K. Hypo-
glycemic and hypolipidemic effects of processed Aloe vera gel in a
mouse model of non-insulin-dependent diabetes mellitus. Phy-
tomedicine, 2009, 16, 856.

[4] Hu, Y.; Xu, J.; Hu, Q. Evaluation of antioxidant potential of Aloe
vera (Aloe barbadensis Miller) extracts. J. Agric. Food Chem.,
2003, 51, 7788.

[5] Xiao, B. X.; Guo, J. M.; Liu, D.H.; Zhang, S. Aloe-emodin induces
in vitro G2/M arrest and alkaline phosphatase activation in human
oral cancer KB cells. Oral Oncol., 2007, 43, 905.

[6] de Rodriguez, D.R.; Herndndez-Castillo, D.; Rodriguez-Garcia, R.;
Angulo-Sanchez, J.L. Antifungal activity in vitro of Aloe vera pulp
and liquid fraction against plant pathogenic fungi. Indust. Crops
Prod., 2005, 21, 81.

[7] Yu, Z-H; Jin, C.; Xin, M.; Jian-Min, H. Effect of Aloe vera poly-
saccharides on immunity and antioxidant activities in oral ulcer
animal models. Carbohydr. Polym., 2009, 75, 307.

[8] Chun-hui, L.; Chang-hai, W.; Zhi-liang, X.; Yi, W. lIsolation,
chemical characterization and antioxidant activities of two polysac-
charides from the gel and the skin of Aloe barbadensis Miller irri-
gated with sea water. Process Biochem., 2007, 42, 961.

[9] Yagi, A.; Egusa, T.; Arase, M.; Tanabe, M.; Tsuji, H. Isolation and
characterization of the glycoprotein fraction with a proliferation-
promoting activity on human and hamster cells in vitro from Aloe
vera gel. Planta Med., 1997, 63, 18.

[10] Yagi, A.; Kabash, A.; Mizuno, K.; Moustafa, S.M.; Khalifa, T. I.,
Tsuji, H. Radical scavenging glycoprotein inhibiting cyclooxy-
genase-2 and thromboxane A, synthase from Aloe vera gel. Planta
Med., 2003, 69, 957.

[11] Moridani, M.Y.; Pourahmad, J.; Bui, H.; Siraki, A.; O’Brien, P.J.
Dietary flavonoid iron complexes as cytoprotective superoxide ra-
dical scavengers. Free Rad. Biol. Med., 2003, 34, 243.

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Current Medicinal Chemistry, 2010 Vol. 17,No.2 137

Cohen, V.; Khuri, F.R. Chemoprevention of lung cancer. Curr.
Opin. Pulm. Med., 2004, 10, 279.

Goodman, G. E. Lung cancer. 1: Prevention of lung cancer.
Thorax, 2000, 57, 994.

Selvendiran, K.; Mumtaz Banu, S.; Sakthisekaran, D. Protective
effect of piperine on B(a)p induced lung carcinogenesis in Swiss
albino mice. Clin. Chem. Acta, 2004, 350, 73.

Gao, X.; Xu, Y.X,; Divine, G.; Janakiraman, N.; Chapman, R.A.
Disparate in vitro and in vivo antileukemic effects of resveratrol, a
natural polyphenolic compound found in grapes. J. Nutr., 2002,
132, 2076.

Cerutti, P.; Ghosh, R.; Oya, Y.; Amstad, P. The role of the cellular
antioxidant defense in oxidant carcinogenesis. Environ. Health
Perspect., 1994, 102(Suppl 10), 123.

Yang, F.; Zhang, T.; Itlo, Y. Large-scale separation of resveratrol,
anthraglycoside A and anthraglycoside B from Polygonum cuspi-
datum Sieb. et Zucc by high-speed counter-current chromatogra-
phy. J. Chromatography A, 2001, 919, 443.

Lu, H-M; Ni, W-D; Liang, Y-Z; Man, R-L. Supercritical CO, ex-
traction of emodin and physcion from Polygonum cuspidatum and
subsequent isolation by semipreparative chromatography. J. Sepa-
ration Science, 2006, 29, 2136.

King, J. In: B. Wenclawiak (Ed.), Analysis with Supercritical Flu-
ids: Extraction and Chromatography, Springer-Verlag, Berlin,
1992.

Hu, Q.; Hu, Y.; Xu, J. Free radical-scavenging activity of Aloe vera
(Aloe barbadensis Miller) extracts by supercritical carbon dioxide
extraction. Food Chem., 2005, 91, 85.

McHugh, M. A.; Krukonis, V. J. Supercritical Fluid Extraction, 2nd
ed., Butterworth-Heinemann, Boston MA, 1994.

Diplock, A.T. Antioxidant nutrients and disease prevention: an
overview. Am. J. Clin. Nutr., 1991, 53, 189.

Halliwell, B.; Gutteridge, J. M. C. Free radicals in biology and
medicine, 3rd ed. Oxford Science Publications, UK, 1999.

Huang, Y. L.; Sheu, J. Y.; Lin, T.H. Association between oxidative
stress and changes of trace elements in patients with breast cancer.
Clin. Biochem., 1999, 32, 131.

El-Shemy, H. A.; Nishimura, T. Fujita, K. Direct sequencing of
peptides transferred onto polyvinylidene difluoride membrane from
sodium dodecy! sulfate-polyacrylamide gel electrophoresis by elec-
troblotting. Anal. Chim. Acta, 2001, 442, 113.

El-Shemy, H. A.; Aboul-Enein, A. M.; Aboul-Enein, K. M.; Fujita,
K. Willow leaves’ extracts contain anti-tumor agents effective
against three cell types. PLoS ONE, 2007, 2, 1.

Bennett, J. M.; Catovsky, D.; Daniel, M. T.; Flandrin, G.; Galton,
D. A. G; Gralnick, H. R.; Sultan, C. Proposals for the classification
of the acute myeloid leukemia. Br. J. Haematol., 1976, 33, 451.
Mosmann, T. Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays. J.
Immunol. Methods, 1983 65, 55.

Hsu, S. L.; Yin, S. C,; Liu, M. C.; Reichert, U.; Ho, W. L. In-
volvement of cyclin-dependent kinase activities in CD437-induced
apoptosis. Exp. Cell Res., 1999, 252, 332.

Nishikimi, M.; Appaji, N.; Yagi, K. The occurrence of superoxide
anion in the reaction of reduced phenazine methosulfate and mo-
lecular oxygen. Biochem. Biophys. Res. Commun., 1972, 46, 849.
Paglia, D. E.; Valentine, W. N. Studies on the quantitative and
qualitative characterization of erythrocyte glutathione peroxidase.
J. Lab. Clin. Med., 1967, 70, 158.

Habig, W. H.; Pabst, M. J. Jakoby, W. B. Glutathione S-
transferases. The first enzymatic step in mercapturic acid forma-
tion. J. Biol. Chem., 1974, 249, 7130.

Kaplan, L. A.; Pesce, A. J. Clinical chemistry, theory, analysis and
correlations. CV Mosby, 3rd ed., St. Louis, 1996.

Gurgel, A. P.; da Silva, J. G.; Grangeiro, A. R.; Oliveira, D. C,;
Lima, C. M.; da Silva, A. C.; Oliveira, R. A.; Souza, I. A. In vivo
study of the anti-inflammatory and antitumor activities of leaves
from Plectranthus amboinicus (Lour.) Spreng (Lamiaceae). J. Eth-
nopharmacol., 2009, 7(125), 361.

Mijatovic, S.; Maksimovic-lvanic, D.; Radovic, J.; Popadic, D.;
Momcilovic, M.; Harhaji, L.; Miljkovic, D.; Trajkovic, V. Aloe-
emodin prevents cytokine-induced tumor cell death: the inhibition
of auto-toxic nitric oxide release as a potential mechanism. Cell
Mol. Life Sci., 2004 , 61,1805.



138 Current Medicinal Chemistry, 2010 Vol. 17, No. 2

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Lee, H. Z,; Hsu, S. L.; Liu, M. C.; Wu, C. H. Effects and mecha-
nisms of aloe-emodin on cell death in human lung squamous cell
carcinoma. Eur. J. Pharmacol., 2001, 431, 287.

Wasserman, L.; Avigad, S.; Beery, E.; Nordenberg, J.; Fenig, E.
The effect of aloe emodin on the proliferation of a new Merkel car-
cinoma cell line. Am. J. Dermatopathol., 2002, 24, 17.

Kuo, P.; Lin, T. C.; Lin, C. C. 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.
Suha, S-Y; Ahn, H-Y. Lactate dehydrogenase as a prognostic factor
for survival time of terminally ill cancer patients: A preliminary
study. Eur. J. Cancer, 2007, 43, 1051.

Decker, T.; Lohmann-Matthes, M. L. A quick and simple method
for the quantitation of lactate dehydrogenase release in measure-
ments of cellular cytotoxicity and tumor necrosis factor (TNF) ac-
tivity. J. Immunol. Method, 1998, 115, 61.

Saroja, M.; Balasenthil, S.; Nagini, S. Tissue lipid peroxidation and
glutathione dependant enzyme status in patients with oral
squamous cell carcinoma. Cell Biochem. Funct., 1999, 17, 213.
Bhuvarahamurthy, V.; Balasubramanian, N.; Govindasamy, S.
Effect of radiotherapy and chemoradiotherapy on circulating anti-
oxidant system of human uterine cervical carcinoma. Mol. Cell
Biochem., 1996, 158, 17.

Kiningham, K. K.; Clair, D. K. S. Overexpresssion of manganese
superoxide dismutase selectively modulates the activity of jun-

Received: September 18, 2009

Revised: December 19,2009  Accepted: December 20, 2009

[44]

[45]

[46]

[47]

[48]

[49]

EI-Shemy et al.

associated transcription factors in fibrosarcoma cell. Cancer Res.,
1997, 57, 5265.

Matés, J. M.; Sanchez-Jiménez, F. M. Role of reactive oxygen
species in apoptosis: implications for cancer therapy. Int. J. Bio-
chem. Cell Biol., 2000, 32, 157.

Farber, C. M.; Kanganis; D. N.; Liebes, L. F.; Silber, R. Antioxi-
dant enzymes in lymphocytes from normal subjects and patients
with chronic lymphocytic leukaemia: increased glutathione peroxi-
dase activity in CLL B lymphocytes. Br. J. Haematol., 1989, 72,
32.

Ferraris, A. M.; Rolfo, M.; Mangerini, R.; Gaetani, G. F. Increased
glutathione in chronic lymphocytic leukemia lymphocytes. Am. J.
Hematol., 1994, 47, 237.

Mantovani G.; Maccio, A.; Madeddu, C.; Mura, L.; Gramignano,
G.; Lusso, M. R.; Mulas, C.; Mudu, M. C.; Murgia, V.; Camboni,
P., Massa, E.; Ferreli, L.; Contu, P.; Rinaldi, A.; Sanjust, E.; Atzei,
D.; Elsener, B. Quantitative evaluation of oxidative stress, chronic
inflammatory indices and leptin in cancer patients: correlation with
stage and performance status. Int. J. Cancer, 2002, 98, 84.

Lee, H-Z; Lin, C-J; Yang, W-H; Leung, W-C; Chang, S-P. Aloe-
emodin induced DNA damage through generation of reactive oxy-
gen species in human lung carcinoma cells. Cancer Lett., 2006,
239, 55.

Spiegel, R. J. The acute toxicities of chemotherapy. Cancer Treat.
Rev., 1981, 8, 197.



