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Abstract

Anogeissus leiocarpus is a traditional medicinal plant,
used to treat diarrhea, fever, coughs, rheumatism,
leprosy, wounds and skin diseases and psoriasis. This
study was aimed to investigate the antiangiogenic and
cytotoxic effects of six extracts from Anogeissus
leiocarpus (leaves and bark). Further, the tested biologi-
cal activities were correlated with antioxidant capabili-
ties, total phenolic and total flavonoid contents. In
order to confirm the effect of the extract on motility of
human endothelial cells, cell migration assay was
conducted. In addition, VEGF suppressive effect of the
extracts was assessed in endothelial cells. Finally, the
antitumor effect of the leaves ethanolic extract was
evaluated using in vivo human tumor xenograft model.
inhibited the
outgrowth of new vessels from rat aortic tissue

A. leiocarpus extracts significantly
explants by more than 50%. Hexane extract of the stem
bark and ethanolic leaves extract profoundly inhibited
the sprouting of microvessels (by 89.56% and 87.12%
respectively) in rat aortic ring assay. The ethanol
extract of the leaves inhibited HUVEC migration by
87.57 and 65.23% after 18 hours at 80pg/ml and
40pg/ml concentrations respectively; it also demon-
strated significant inhibition of VEGF levels (45.32%
and 30.52 % respectively) in treated endothelial cells.
The ethanol extract of the leaves showed remarkable
DPPH scavenging effect with IC, = 29.87pg/ml
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Furthermore, it displayed higher levels of total pheno-
lics and flavonoids compared to other extracts. Finally
the ethanol extract of the leaves exhibited potent
anti-tumorigenic effect in anthymic mice with AT/AC
=2.97 and 7.54% at doses 400 and 200mg/kg, respec-
tively. These results may provide novel guidelines
towards improved strategies using Anogeissus leiocar-
pus extracts based on the suppression of angiogenesis
to curb tumors growth. The plant can be used as promis-
ing candidate for anti-neoplasic drug development.
Keywords: antiangiogic, antitumor, colon cancer, Anogeissus leiocarpus,
antioxidant, total phenolic and flavonoid contents, ring assay, VEGF, cell
migration

Abbreviations: VEGF, vascular endothelial growth factor, HUVEC:Human
umbilical vein endothelial cells, MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-di-

phenyltetrazolium bromide, LEE: Leaves Ethanolic Extract of A. leicarpus

Introduction

Cancer is a dreadful disease that affects millions of people around
the globe. Its complexity requires different strategies to reduce its
morbidity and mortality that include cancer prevention, cancer
therapy and impeding cancer recurrence. To achieve more success
in treatment and chemoprevention, several approaches need to be
applied targeting neoplastic cells and tumor microenvironment.
These could be by counteracting toxins and chemical carcinogens,
blocking reactive species, inducing apoptosis in cancer cells,
inhibiting tumor angiogenesis and reducing nutrients supply to
the tumor (De Flora & Ferguson, 2005).

Angiogenesis is a term used to describe sprouting of new blood
vessels from the pre-existing vasculature. It occurs normally

during embryogenesis and in adulthood during wound healing
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and uterus functions (Carmeliet, 2005; Folkman & Klagsbrun,

1987). Nevertheless, pathologic angiogenesis is involved in some
diseases such as cancer, diabetic retinopathy; chronic inflamma-
tion, atherosclerosis and psoriasis (Kim, West, & Byzova, 2013;
Kumamoto, Nakashima, & Sueishi, 1995). Cancers that lack
angiogenesis remain dormant while aggressive growth follows
the acquisition of a blood supply, so tumor angiogenesis is a key
event that supply tumor with nutrients and enhance cancer
metastases (Sagar, Yance, & Wong, 2006). Anti-angiogenic
approach to prevent and treat cancer represents a priority area in
investigative tumor biology.

In the treatment of some types of cancer, botanicals have long
been used traditionally and often less associated with the side
effects of modern chemotherapy. Medicinal herbs have increas-
ingly become important as therapeutic agents and a source of
chemical diversity in drug discovery (Subbaraju & Trimurtulu,
2004).

Anogeissus leiocarpus has a large ecological distribution, ranging
from the borders of the Savanna up to the humid tropical forests
region (Hennenberg et.al ; Porembski, 2005). It is used tradition-
ally for the treatment of helminthiasis, trypanosomiasis, malaria
and dysenteric syndrome. Also it used for the treatment of
diarrhea, fever, coughs, rheumatism, leprosy, wounds and skin
diseases and psoriasis (Okpekon et al., 2004; Singh et al., 2016).
Furthermore Anogeissus leiocarpus has also been shown to have
antimicrobial activities, potent in vitro antioxidant and organ
protective properties in vivo (Konaté et al., 2011; Ottu, Atawodi,
& Onyike, 2013). Phytochemical studies have shown that A.
leocarpus leaves are rich in alkaloids, flavonoids and phenolic,
and saponins compounds (Theresa Ibibia, Oghenerobor Benja-
min, & Stephen Olugbemiga, 2016), the presences of these
biochemical components suggest their potential use in cancer
treatment.

Free radicals and oxidative agents implicated in the pathogenesis
of diseases such as cancer, diabetes, hypertension, cardiac disor-
der, arteriosclerosis ect. Free radicals are capable of oxidatively
damaging lipids and proteins as well as DNA integrity (Phanien-
dra, Jestadi, & Periyasamy, 2015; Therond, 2006). Natural
products containing polyphenols have been widely studied and
used as a source of antioxidants to scavenge excessive free
radicals in various disease models (Russell & Duthie, 2011;
Shahidi & Naczk, 1995). Antioxidants have been reported to have
potent antiangiogenic properties, these compounds work by
regulating angiogenesis modulators such as vascular endothelial
growth factor (VEGF) (Papiewska-Pajak, et al; Boncela, 2017) or
by changing the redox microenvironment of tumor vasculature
(Saggar, Yu, Tan, & Tannock, 2013), thus potentially can modu-
late the process of angiogenesis. Antiangiogenic activity evalua-

tion of the extracts may reveal antitumor and chempoprevention

potential of the plant due to its inhibitory effect of blood vessel
formation (Hassan et al., 2016). Given its known antioxidant
value, this study explores for the first time the potential antiangio-
genic and antitumor properties of extracts from Anogeissus
leiocarpus.
Materials and Methods

Plant material was collected in March 2016 from Elgadarif State
-Sudan. The taxonomic identification of this plant was carried
out at The Medicinal and Aromatic Plants Research Institute,
National Center for Research, a voucher specimen (Ref. No.
MAPRI- 380774/2016) was deposited at the herbarium of the
institute.
Preparation of extracts

Collected plant materials were oven dried at 45°C. The plant
material was successively extracted with n-hexane, ethanol and
water. N-hexane extract was prepared by adding 300 ml n-hexane
to 50g of the pulverized plant material, extraction was carried out
at 40°C with intermittent shaking. The extract was filtered and
concentrated at 45°C under vacuum by rotary evaporator (Buchi,
USA) and further dried overnight at 45°C. The plant residues were
then re-extracted with ethanol and water each for further 24 h and
were processed as mentioned above. Stock solutions of the extract
were prepared at 10mg/ml in 100% dimethyl sulfoxide (DMSO).
The stock solutions as well as DMSO (vehicle) were diluted with
cell culture medium, so the highest DMSO concentration exposed
to the cells and explanted tissue was 0.1 % v/v.
Experimental animals

The 12-14 weeks old Sprague Dawley male rats were obtained
from animal house facility of USM. The rats were kept in well
ventilated cages at 12 h light with food and water in animal
transient house (School of Pharmaceutical Sciences, USM) for one
week prior to the experiment. Athymic NCR nu/nu nude mice
were obtained from Taconic Farms Inc., USA. The mice of the
same gender were housed in specific pathogen-free (SPF) cages
supplied with high efficiency particulate air (HEPA) filters. Free
access to autoclaved food and water was provided and the
autoclaved bedding was changed twice weekly. The procedures
were approved by the USM Animal Ethics Committee with a
reference number USM/Animal Ethic approval/2012/ (81) (475)
Cell lines and cell culture. Human Umbilical Vein Endothelial
Cell line HUVEC; was purchased from ScienCell, USA. Human
colorectal carcinoma cell line HCT-116; human hormone
sensitive and invasive breast cancer line MCF-7 and human
fibroblast normal colon cell line CCD-18 Co. Cell culture reagents
were purchased from Gibco, USA; RPMI 1640 medium; Dulbec-
cos Modified Eagle Medium (DMEM); M199 medium; Foetal
Bovine Serum (FBS), Penicillin/ Streptomycin (PS) solution. The
following reagents; were purchased from Sigma, Germany; MTT

reagents, Human Insulin, Suramin, Amphotericin B, Dimethyl
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sulfoxide (DMSO, Aprotinin, 6-Aminocaproic acid, L-glutamine,
Thrombin and Gentamicin. Fibrinogen was purchased from
Calbiochem, USA. Endothelial Cell Medium (ECM) supplied
with endothelial cell growth supplements (ECGS) was obtained
from ScienCell, USA. All cells were maintained at 37°C, 5% CO,
and humidity in CO, incubator (Binder, Germany). HUVEC was
propagated in ECM supplemented with 5% FBS, 1% PS and 1%
ECG. HCT-116 was propagated in RPMI-1640 supplemented
with 10% FBS, and 1% PS. MCF-7 was propagated in DMEM
supplemented with 10% FBS and 1% PS. work was done in sterile
conditions using Class II biosafety cabinet (ESCO, USA).

Rat aorta ring assay

The assay was performed according to standard protocol with
minor modifications (Brown et al. 1996; Blacher, et al., 2011;
Hassan et al., 2014).

Preparation of aortic rings. The animals were humanely
sacrificed via cervical dislocation under anesthesia with CO, in
close chamber. A midline was made into the abdominal and
thoracic cavities including splitting of the sternum. Thoracic
aortas were excised, rinsed with serum free media, fibroadipose
tissue removed and were cross sectioned into thin rings of about
Imm thickness.

Preparation of the tissue culture plates. Medium for the
lower layer was prepared by adding fibrinogen and aprotonin at 3
mg/ml and 5mg/ml, respectively to M199 basal medium. The
300yl of this mixture was loaded in each well of 48-well plate.
Aortic ring sections are then place in each well. 10yl of thrombin;
prepared at 50 NIH U mL"'in 0.5 M NaCl; bovine serum albumin;
was added to each well and was allowed to solidify at 37°C in 5%
CO, for 60-90 min. The top layer medium was prepared by
adding the following to M199 basal medium: FBS at 20% v/v,
L-glutamine at 1% aminocaproic acid at 0.1% amphotericin B at
1% and gentamicin at 0.6%. The extracts were added to top layer
medium at 100ug/ml and were incubated at 37°C in 5% CO, in a
humidified incubator. On day four the top layer medium was
changed with fresh medium prepared as previously mentioned
with the plant extracts added at 100pug/ml. DMSO was used as a
negative control.

Quantification of the blood vessels outgrowth. The magni-
tude of blood vessels outgrowth was quantified according to the
technique developed by Nicosia et al. (1997) (Staton et al., 2004).
Briefly, the distance of blood vessels outgrowing from the prima-
ry tissue ex-plant was measured on day five under the 4x magnifi-
cation power of inverted light microscope supplied with Lecia
Quin computerized imaging system. The growth distance of at
least twenty blood vessels per ring was measured; blood vessels
were selected at regular intervals around the rings to reduce the
bias. The experiment was performed in triplicates each replicate

containing six rings and the results were presented as a mean
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percent inhibition to the negative control (n=+5) Standard Devia-
tion (SD).
Cytotoxicity assay

The MTT cytotoxicity assay was performed according to the
method developed by Mosmann (1983) with minor modifications
(Hassan et al.,, 2014; Mosmann, 1983). Cells were seeded at
1.5x104 cells in each well of 96-well plate in 100yl of fresh culture
medium and were allowed to attach for overnight. The stock
solutions of extracts were diluted in cell culture medium to obtain
100mg/ml and 100pl was added to each well. After 48 h of the
treatment the medium was aspirated and the cells were exposed to
MTT solution prepared at 5mg/ml in sterile PBS was added to
each well at 10% v/v in respective medium and was incubated at
37°C in 5% CO, for 3 h. The water insoluble formazan salts was
solubilized with 200ul DSMO/well. Absorbance was measured by
i-control™ - Microplate Reader Software TECAN Group Ltd.,
Switzerland) at primary wave length of 570 nm and reference
wavelength of 620 nm. Each plate contained the samples, negative
control and blank. DMSO at less than 1% v/v was used as a
negative control. The assay was performed in quadricates the
results are presented as a mean percent inhibition to the negative
control +SD.
Determination of total phenols

Total phenols in tested extracts were determined by a colorimet-
ric method as described by Chirinos et al. (Chirinos, Pedreschi,
Rogez, Larondelle, & Campos, 2013). 100 pl of extracts (1mg/ml
in methanol) was added to 750ul 1:10 diluted (in dd.H,0)
Folin-Ciocalteau phenol reagent. After 5 min incubation in the
dark at room temperature, 750 pl sodium bicarbonate solution (60
g/l) was added and incubated at 30°C in the dark for 90 min.
Afterwards absorbance was measured at 725nm. Gallic acid was
used (5-80 pg) to construct the standard calibration curve. The
results were expressed as gallic acid equivalents per 100 mg of
extract (mg GAE/100mg).
Determination of total Flavonoids

The total flavonoid contents in studied extracts were deter-
mined using aluminum chloride colorimetric method with
quercetin as standard (Mammen & Daniel, 2012). A solution of 6
mg/ml of A. leiocarpus extracts in 80% methanol and different
(0.007, 0.015, 0.0313, 0.0625,
0.125, 0.25, 0.5, and 1 mg/ml in 80% methanol) were prepared.

concentrations of quercetin
Briefly, 500 pl of plant extracts and each concentration of querce-
tin (Sigma Aldrich, Germany) were pippetted in respective test
tubes followed by 0.1 ml of 10% (w/v) aluminum chloride (R &
M Chemicals, UK), 0.1 ml of 1 M potassium acetate (Merck,
Germany), 1.5 ml of methanol and 2.8 ml of distilled water. The
test tubes were thoroughly mixed and after incubating at room
temperature (24 to 26°C) for 30 min, the absorbance of the

reaction mixture was measured at 415 nm with Microplate Reader
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Software (TECAN Group Ltd., Switzerland) against blank. The
amount of 10% (w/v) aluminum chloride was substituted by the
same amount of distilled water in a blank. The concentration of
total flavonoid contents of the extracts were determined using a
standard curve with quercetin (Sigma-Aldrich Chemie, Stein-
heim, Germany) (0 to 50mg/ml) as the standard. The data were
presented as mean (n = 3). Standard Deviation (SD)
DPPH scavenging effect
DPPH scavenging effect of extracts was investigated as described
by Sharma and Bhat (2009) (Sharma & Bhat, 2009). Briefly, stock
solution of DPPH was prepared in methanol at 200 uM, and serial
dilution of extracts was prepared in methanol to obtain (200, 100,
50, 25 and 12.5ug/ml). DPPH reagent was added at final concen-
tration of 50 uM and incubated at 30°C in the dark for 30 min.
Consequently, absorbance was measured at 517 nm and DPPH
scavenging activity was calculated using the formula (1-(absor-
bance of samples-blank)/ (absorbance of negative control -
blank)) x 100%. Median inhibitory concentration (IC,s) were
calculated from the dose response curves (n = 3). Gallic acid was
used as a positive control and the solvent (methanol) was used as
a negative control.
Migration Assay

The assay was carried out as described previously (Hassan et al.,
2017; Liang, Park, & Guan, 2007). In brief, HUVECs were seeded
in 6 well plates till the formation of a confluent monolayer after
which a wound was created using 200pl micropipette tip. The
detached cells were removed by washing with PBS and the plates
were treated with ethanol extract of A. leiocarpus. The wounds
were photo-graphed after 12 and 18 h, and the width of the
cell-free wounds was measured using an inverted light micro-
scope supplied with Leica Quin computerized imaging system.
Ten fields per well were photographed and minimum of 30
readings per field were taken. The results are presented as mean
percentage of migration inhibition compared to control + SD, (n
=3).
Determination of VEGF levels

Concentration of human VEGF in HUVEC cells lysates was
determined by human VEGF ELISA kit (China) according to
manufacturer’s instructions. The kit consists of anti-human
VEGF-1 mouse IgG monoclonal antibody and a horseradish
peroxidase conjugated secondary antibody and recombinant
human VEGF 165 as a standard. HUVEC cells were seeded in
6-well plates at 1x106 in 3 mL of ECM medium. After overnight
attachment, the cells were treated for 6 h with A. leiocarpus
ethanol and water extracts of the leaves in addition to water
extract of the bark at 50 and 100ug/ml (extracts those showed
high inhibition of blood vessels). Calibration curve of VEGF
standard was prepared simultaneously with the samples, and

concentration of VEGF-1 in cell lysates was determined by apply-

ing the linear regression equation, (y= 0.039x+0.3121, R*= 0.986).
In vivo antitumor study

HCT-116 human colorectal carcinoma cells was selected as a
model of colon cancer (Baghel, Shrivastava, RS Baghel, & Rajput,
2012). The cells were propagated in RPMI 1640 medium with 10%
FBS and 1% PS solution. 80% confluent HCT-116 cells cultures in
T75 flasks were trypsinized and re-suspended in 10 ml fresh
medium, the cells were collected by centrifugation at 1000
rpm for 5 minutes and washed with a sterile PBS. The nude mice
with aged 5 - 7 weeks were injected subcutaneously in the right
flank with 5 x 106 cells in 200 pl culture medium using 1 ml
insulin syringe (27 G needle).

After one week of tumor initiation, animals were divided
randomly into four groups of 6 animals each. Group 1 received 0.2
ml distilled water (control), and Groups 2, 3 and 4 received oral
treatments with 400, 200 and 100mg/kg bodyweight of ethanol
extract of A. leiocarpus, respectively. The tumor size and body
weight were recorded before starting the treatment and at weekly
basis. Treatment of animals was performed orally by oral gavages
(wt/wt) once a day for a period of 5 weeks. The tumor dimensions
were measured by a caliber in 2 angles, length and width as well as
depth (Tomayko & Reynolds, 1989). The tumor size was calculated
by applying the formula: Tumor volume (mm2) = (W + L) / 2) A 3)
x 2 Where W is the width and L is the length. Also following value
was calculated :% AT/AC, where, AT =T - A0 and AC=C - A0
(A0 is the average tumor volume at the beginning of the treatment,
T and C are the tumor volumes at a specified day for treated and
control groups, respectively). Generally, the AT/AC value in
percent is used as an indication of antitumor effectiveness, and a
value of AT/AC <42% is considered as significant antitumor
activity by the Division of Cancer Treatment, NCI, NIH (Corbett
et al., 2004).

Haematoxylin and Eosin (H&E) histology staining

The excised tumors were cut into sections of about 0.5cm? sizes
and fixed in 10% formalin for 48 h, embedded in paraffin wax
(Leica EG1160, Germany) and the blocks trimmed and sectioned
to about 5x5x4pum size using a microtome (Leica RM2155). The
tissue sections were mounted on glass slides using a hot plate
(Leica HI1220, Germany) and subsequently treated with alcohol.
The processed tissues were rinsed with tap water and finally
stained with the Harris’s haematoxylin and eosin (H & E) (Luna &
Armed Forces Institute of, 1968) and examined under an inverted
light microscope (EVOS) at 4x magnification.

Results

In this study we screened six extracts obtained from the leaves
and stem bark of Anogeissus leiocarpus using three solvents
(n-hexane, ethanol and water). Sequencing extraction of leaves
and bark of Anogeissus leiocarpus reveals that all leaves extracts

exhibited higher yield compared with stem bark extracts. The
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Table 1| The extraction results of Anogeissus leiocar-
pus, the yield presented as wt/wt percent.

Used part Solvent Texture Yield%
Bark n-hexane gummy 0.1948 %
Ethanol sticky 4.184 %
Water powder 6.81 %
Leaves n-hexane gummy 5.06 %
Ethanol solid 12.39 %
Water powder 11.85%
Table 2 | The antiangiogenic effect of Anogeissus
leiocarpus extracts on rat aortic ring assay.
Plant part Solvent Inhibition%
Bark n-hexane 89.56 %
Ethanol 66.34 %
Water 79.32 %
Leaves n-hexane 29.10 %
Ethanol 87.12%
‘Water 77.66 %
Suramin 91.3 %

extract of the leaves proofed to have the superior yield 12.39%
(w/w) followed by water extract of the same organ 11.85% (w/w)
and water extract of the bark 6.81% (w/w). The hexane extract of
the bark showed the lowest yield 0.195 % (w/w) Table 1.
Antiangiogenic activity

The ex vivo rat aortic ring assay mimics the physiologic in vivo
situation, since endothelial cells are in a quiescent state, in a
natural histological environment. Rat Aorta Ring Assay (RARA)
was used as platform to evaluate the antiangiogenic activity of
Anogeissus leiocarpus. The n-hexane extract of the bark and
ethanol extract of the leaves exerted the highest antiangiogenic
activity i.e. 89.56% and 87.12% respectively, while the standard
drug surman inhibited the growth of new vessels by 91.3%. The
water extracts of two parts showed relatively high activity
(77.66% for the leaves and 79.32% for the bark). Plant extracts
with more than 50% inhibition of the blood vessels outgrowth
were considered significant, so all the extracts of Anogeissus
leiocarpus showed significant antiangiogenic activity except the
n-hexane extract of leaves (29.10%). Table 2.

In this ex-vivo rat aorta ring assay, among six extracts screened,
ethanol extract of the leaves and hexane extract of bark
profoundly inhibited the sprouting of new blood vessels from
explanted tissue, therefore it was subjected for further mechanis-
tic studies on HUVEC human endothelial cells and evaluated for
antitumor efficacy due to its ability to inhibit the growth of new
blood vessels and to its safety profile.

Cytotoxicity

In vitro cytotoxicity test on human normal and cancer-derived

RESEARCH

cells is essential for determining the real antiangiogenic effect
from inhibition of vasculature due to toxicity effect thus was also
done in the current study.

The MTT assay was used to screen cytotoxic activity of six
extracts of Anogeissus leiocarpus. Two cancer cell lines were used
for general screening namely colon cancer cell line (HCT-116) and
breast cancer cell line (MCF-7). Two normal cell lines (HUVECs
and CCD-18 Co) were also tested on for comparison. The cells
were treated with extracts at 100 pg/ml for 48h, the assay was
performed in quadricates and the results were presented as a mean
percent inhibition to the negative control +SD. Table 3 shows the
cytotoxicity result by MTT assay. The n-hexane of the bark found
to be selectively cytotoxic against HUVEC cell line with inhibitory
effect 76.87% it was also moderately cytotoxic against HCT-116
colon cancer cell line, as well as ethanol extract of the same organ
with inhibition 61.24% and 58.25% respectively. The rest of the
extracts were non-toxic on all tested cell lines.

Antioxidant activity

In the current study, antioxidant assays were carried out on six
extracts to correlate the antiangiogenic effect and antioxidant
activity of each extract. Three methods were used to assess the
antioxidant activity of different extracts that is DPPH radical
scavenging activity, total phenolic and total flavonoid contents.

Ethanol extract of the leaves and the bark exhibited very high free
radical scavenging effect with IC_ =29.87 ug/ml and 43.34 pg/ml
respectively in DPPH scavenging assay. Hexane extract of the
leaves showed the lowest antioxidant effect (with IC, =193.05
pg/ml) followed by the water extract of the bark (111.43 pug/ml).
The amount of phenolic compounds present in each extract were
determined from linear regression equation of calibration curve,
[y = 0.0034+0.0144 (R* =0.9976)] and expressed as Gallic acid
equivalent in mg/ml of extracts, the results is presented in table 3.
Total phenols content was in the range of 14.85+0.02 and
497.74+0.01GAE. The lowest phenolic content was exhibited by
n-hexane of the leaves. While water extracts of two parts (bark and
leaves showed the highest phenol content 497.74+0.01 and
448.45+0.02 GAE respectively, followed by the ethanol extract of
the leaves 300.40+0.03 GAE. From these results the antiagiogenic
effect of extracts corresponds with their phenolic contents. In this
study total amount of Flavonoids content in each extract were
determined from the linear regression equation of calibration
curve, [y= 0.0032+0.0669 (R*=0.986)] (as described in the
method) and expressed as quercetin equivalents in 6 mg/ml of
extracts (Table 3). The highest amount of flavonoids scored by
water and ethanol extracts of the leaves 110.350+0.0 and
78.642+0.01 mg/g respectively, while ethanol of the bark showed
the lowest contents of flavonoids (8.317+0.00 mg/g). From the
results it is evident that extracts with high total phenols content

have high antioxidant activity, and vice versa.
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Figure 1| Effect of different A. leiocarpus extracts on new
vessels formation in ex vivo rat aorta ring assay, (A) explants
treated with 1 % DMSO (vehicle), (B) tissue treated with ethanol
extract of the leaves, (C) bark ethanolic extract, (D) explant
treated with Suramin as a positive control. (Images were taken
under an inverted phase-contrast microscope at 4X). (E) Graphi-
cal representation of the inhibitory effect tested extracts on
blood vessel growth in rat aortic rings at concentrations of 100p
g/mL. All values are represented as the mean % SD (n = 10), and
*** indicates significant differences of p < 0.001 compared with
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Table 3| The Cytotoxic effect of Anogeissus leiocarpus
extracts on cancer and normal cell lines

Cells inhibition %
HCT-116 MCF-7 CCD-18Co
Bark n-Hexane 61.24 34.07 29.417 76.87
Ethanol 58.25 19.58 13.67 33.47
‘Water 173 19.65 9.529 0.88
Leaves n-Hexane 3.08 9.60 0.86 3.65
Ethanol 1.84 13.63 1.329 5.80
‘Water 119 14.89 18.55 1.14

Plant part Solvent used

Table 4 | Phenolic and Flavonoids contents and DPPH
scavenging of Anogeissus leiocarpus.

Part used Solvent DPPH (ICs0) pug/mL Total flavonoids (mg/g)  Total phenolics (mg/g)

Bark n-Hexane 119.55 44.950+0.01 85.22+0.01

Ethanol 4334 8.317+0.00 96.56+0.02

Water 11143 65.1500.00 497.7440.01

Leaves n-Hexane 193.05 28.567+0.01 14.85£0.02

Ethanol 29.87 78.642+0.01 300.40+0.03

Water 65.65 110.350+0.0 448.45+0.02

In this study, extracts with high DPPH radical scavenging activi-
ty, total phenolic and total flavonoid content i.e. ethanol and
water extracts, showed high level of antiangiogenic activity.
N-Hexane extract of the leaves having the lowest total phenolic
and flavonoid level exhibited the lowest antiangiogenic activity.
Results obtained from this study clearly showed that there is a
good accordance with antioxidant activity and antiangiogenic
effect of extracts, since the polyphenols and flavonoids inhibit the
initiation and progression of angiogenesis (Walter et al., 2009).
Therefore, botanical may play an important role in halting angio-
genesis and tumor progression.

Effect of Anogeissus leiocarpus extracts on VEGF expres-
sion. To investigate the mechanism of action for antiangiogenic
property of A. leocarpus, we studied the effect of active extracts
on expression of VEGF165 on HUVECs. It significantly reduced

the control-treated group (DMSO)

the level of VEGF compared to untreated cells (P< 0.01). At
concentration 50 and 100pug/ml ethanol extract inhibited the
VEGEF by 30.32 % and 44.05 % respectively, the VEGF concentra-
tion in HUVEC cell lysate treated with ethanol extract of the
leaves at 50pg/ml was 0.990pg/ml and at 100pg/ml was 0.86pg,
while it was 1.953 pg/ml in untreated cells (Figure 2A). Water
extracts of leaves and stem bark also significantly inhibited VEGF
expression at high concentration by 40.15% and 39.69% respec-
tively (Figure 2B). The results achieved in this study suggests that
A. leiocarpus leaves ethanol extract (LEE) inhibited angiogenesis
by curtailing secretion of the main angiogenesis growth factor
(VEGEF)

Cell migration assay

The effect of ethanol extract on HUVECs cell migration was
assessed using wound healing assay (figure3A). It substantially
reduced endothelial cell (HUVECs) motility, at concentration 40
g/ml the extract inhibited migration of cell by 51.7 + 2.11 % and
65.23+2.6 % after 12 and 18 h incubation period, respectively (P <
0.05). At 80ug/ml it inhibited HUVECs migration by 74.6 £+ 1.37%
and 87.1% 2.7 % after 12h and 18h treatment, respectively (P <
0.001) (Figure 3B).

VEGF is the most important mitogenic and survival factor for
vascular endothelial cells; many chemopreventive agents have
been shown to inhibit VEGF mediated signaling and biological
effects in endothelial cells (Albrecht et al., 2010; Rini & Small,
2005). As discussed earlier the ethanol extract of the leaves
profoundly inhibited the expression of VEGF in HUVECs
endothelial cells suggesting that it inhibits cell endothelial cell
migration via inhibition of VEGF expression.

Antitumor activity of Anogeissus leiocarpus leaves extract

Tumor-bearing NCR NuNu nude mice were orally administered
with leaves ethanolic extract once a day for 35 days. The results
showed that animals treated with (LEE) showed dose dependent
reduction in tumor size, figure 4.B illustrates the tumor growth in
respective tested groups. A significant AT/AC = 7.54 % antitumor
activity of (LEE) (at a dose of 200 mg/kg) on 5 week post-cell
inoculation day was observed. At a dose of 400 mg/kg it showed
profound activity (AT/AC = 2.97 %, P<0.001). There was no
toxicity effect of (LEE) on body weight of treated animals (Figure
4.C). The histological study of the excised tumors showed fewer

blood vessels in tumors and some signs of necrosis of treated
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plastic activity of Anogeissus leiocarpus leaves ethanol extract
(LEE) is could be attributed to antiangiogenic activity. The
current study provides evidence for the first time that extracts of
Anogeissus leiocarpus possess potent antiangiogenic, anti-tumor
and antioxidant activities.

Discussion

Botanical extracts and their isolated phytochemical constituents
are potential leads for developing antiangiogenic therapeutics
due to their high antioxidant property beside phytochemical
manifest it anti-angiogenic effect through multiple interdepen-
dent processes including singling process, gene expression and
enzyme activities (Yance & Sagar, 2006). The current study aimed
to evaluate the antiangiogenic and antioxidant activities of

Anogeissus leiocarpus as well as to assess its antitumor properties.

RESEARCH

12 Hours

A Zero Hours.

Figure 3| Effect of
ethanol extract of
A. leiocarpus on
human umbilical
vein endothelial
cells (HUVECs)
migration. A) A
wound was created
and the cell treated
with 1 % DMSO
(vehicle) or 40pg/ml
B and 80 pg/ml of

18 Hours

om0 . magm ethanol extract.
g o . . "9 Pictures of the
H B . wound were
. captured at zero, 12
: 4000 and 18 h, under
% :‘;z magnification 4X. B)
# o0 Graphical represen-
" h . tation of the
Treatraentperod n s inhibitory effect on
HUVECs wound

closure (migration).

Figure 5 | The tumor
cross sections were
stained with hematoxy-
lin/eosin, and the number
of the intratumor blood
vessels was counted as
well as extent of
apoptosis/necrosis. A)

Tumor tissue excised from

untreated animals, the
pictures were captured at
4 x magnifications. The
extents of the apoptot-
ic/necrotic areas were less
than in the treated
groups. B) Tissue excised
from animals treated with
EEL 200 mg/kg. C) Tumor
specimen from animals
treated with 400 mg/kg.
(B.V) refers to blood
vessels, (V) refers to
viable tumor cells, and (N)
refers to necrotic/apop-

totic tumor cells

Six extracts obtained from the leaves and stem bark using three
solvents, n-hexane was used to obtain the hydrophobic constitu-
ents whereas the intermediate hydrophobic and hydrophilic
gained by ethanol and most hydrophilic obtained by water.

Tumors do not grow progressively beyond 2 mm?® in size and shed
metastasis unless they acquire the capacity to induce blood supply
from the surrounding stroma. Angiogenesis is a formation of new
blood vessels from the pre-existing vasculature. Since angiogene-
sis initiation is crucial for cancer growth and metastasis, the
anti-angiogenic therapy seems to be an important coadjuvant
treatment against solid tumors. Moreover, after surgical resection
of the malignancy, angiogenesis inhibition can help in avoiding
cancer reappearance (Quail & Joyce, 2013).

The angiogenesis signaling pathways form a complex, intercon-

nected web. Inhibition of one pathway may result in compensation
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through another pathway. Plants contain a diverse organic
compounds, that usually act on multiple targets. A potential
advantage of phytochemicals is that they may act through multi-
ple pathways to interrupt angiogenesis cascade and reduce devel-
opment of resistance by cancer cells. This model of pharmacog-
nosy recognizes the advantage of administering the whole botan-
ical product to maximize efficacy. Over-fractionation and
isolation of specific chemical constituents may eradicate this
therapeutic advantage (Sagar et al., 2006). Emerging approach to
improve efficacy and reduce site effects is to administered
cytotoxic chemotherapy in combination with specific antiangio-
genic agents. The present study is the first to provide evidence
that leaves and stem bark of A. leiocarpus extracts possess potent
antiangiogenic and anti-tumor activities.

Oxidative processes are an essential part of biochemical mecha-
nisms such as cell respiration and other aspects of metabolism.
Different types of free radical can be generated naturally in the
organism; the most common types of possible physiological
control are reactive oxygen species (ROS). Reactive oxygen
species (ROS) as hydrogen peroxide (H,O,) at low concentrations
acts as signaling molecules in endothelial cells, however at elevat-
ed levels it can induce angiogenesis (Liou & Storz, 2010).
Normally, endothelial cells are maintained in a quiescent state,
but under determined stimulus they can be activated in a process
called “angiogenic switch”. Among those angiogenic stimulatory
factors are vascular endothelial growth factor (VEGF), angiopoe-
tin-1 and 2, fibroblast growth factor basic (bFGF) and
platelet-derived growth factor (PDGF). Reactive oxygen species
(ROS) as hydrogen peroxide (H,0,) participates in angiogenesis
signaling through VEGF receptors, mainly VEGFR2 (Flk-1/K-
DR), and angiopoietin-I/Tie-2 receptors (Peter Carmeliet & Jain,
2011; De Palma, Biziato, & Petrova, 2017). In this study we aimed
to evaluate the antioxidant activity of different extracts and to
correlate it with antiangiogenic effects. Three methods were used
to attain antioxidant activity (DPPH free radical scavenging, total
phenolic and total flavonoids contents). The results showed that
ethanol extract of the leaves and bark scored potent antioxidant
activity with high phenolic and flavonoids consents. Noteworthi-
ly, extracts with high antioxidant activity exhibited significant
antiangiogenic activity.

Several studies demonstrated that numerous antioxidants found
in natural products (catechins from teas, resveratrol, polyphe-
nols, flavonoids, isoflavones, lycopene, pigment epithelium
derived factor, glutathione); nutritional components (vitamins C,
D, E, B-carotene and selenium); piruvate, pyrrolidine dithiocar-
bamate, and organoselenium compounds) were able to inhibit
angiogenesis (Jiang, Agarwal, & Lii, 2000; Samoylenko et al.,
2013). Obviously, antioxidants have potential to interfere and

downregulate tumor vasculature.

It has been indicated that regular consumption of polyphenols
such as green tea and red wine associated with less occurrence of
cancer and coronary heart disease (Vauzour et al, 2010). Previous
studies demonstrated that polyphenolic compounds profoundly
inhibit VEGF expression and H,O,-induced release of VEGF in
vascular smooth muscle cells after administration of red wine
(Oak, El Bedoui, & Schini-Kerth, 2005). Also polyphenols exhibit-
ed ability to scavenge ROS such hydroxyl radical and superoxide
anion (Upadhyay & Dixit, 2015) and inevitably it curb the angio-
genesis since ROS initiate neovascularization via induction of
stimulatory angiogenic growth factors such as vascular endotheli-
al growth factor (VEGF), angiopoetin-1 and 2, interleukin-8
(IL-8), fibroblast growth factor basic (bFGF), platelet-derived
growth factor (PDGF) and angiotensin II (Murakami & Simons,
2008; Veltmann et al., 2016). Epigallocatechin gallate (EGCG) a
major polyphenol in green tea inhibited VEGF expression in many
types of cancer cells by inhibiting epidermal growth factor recep-
tor (EGF-R) (Chen et al., 2011).

Resveratrol is a polyphenolic compound found in grapes, juice
grapes, red wine and other fruits. It has been reported to inhibit
angiogenesis. It inhibited endothelial growth and proliferation
induced by fibroblast growth factor-2 (FGF-2) and VEGE. The
mechanisms underlying anti-angiogenic activity of resveratrol
seem to depend on disruption of VEGF signaling and its antioxi-
dant property. Polyphenols have key interference in a number of
physiological events in angiogenesis, including those relating to
oxidation reduction processes and interruption of major signaling
pathways of neovascularization (Balasundram, Sundram, &
Samman, 2006). The results obtained from this study were in
complete agreement with previous reports, the three most active
extracts as antiangiogenic showed very high content of phenolic
compounds, while hexane extract of the leaves with the lowest
antiangiogenic effect showed lowest phenolic contents. The three
extracts manifested their inhibition of neurovascular by inhibiting
VEGF expression.

Flavonoids are chemical constitutes of plants that have a polyphe-
nolic structure. It possesses strong anti-oxidative, anti-inflamma-
tory and anti-septic and anticancer properties. Flavonoids and
phenolics from plant source are reported to have various biologi-
cal effects including antioxidant, anti-neovascularization, antipro-
liferation and anticarcinogenic properties and are therefore
considered for their important dietary roles as chemoprotective
agents (Galati & O'Brien, 2004). The results showed that extracts
with high content of flavonoids (water and ethanol extract of the
leave, in addition to water extract of bark) prevented the forma-
tion new blood vessel formation from the rat aortic ring explants,
whereas hexane extract of the bark scored the lowest contents of
flavonoids and phenolic content. Nevertheless, it inhibited the

formation of blood vessels from explant rat aorta; thus, its inhibi-
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tory effect could be attributed to its toxic nature.

Vascular outgrowth involves several steps such as endothelial
cell proliferation and migration to get incorporated into the walls
of growing vessels. Cell migration and invasion is an important
step in tumor angiogenesis and metastasis and is considered to be
an important target for cancer therapeutic (van Zijl, Krupitza, &
Mikulits, 2011).

Endothelial cells migrate into the surrounding tissue in response
to angiogenic chemokines. Growth factors can enhance endothe-
lial cell to migrate by causing random cell movement (chemoki-
nesis) or directed migration toward a stimulatory factor (chemo-
taxis). The major chemotasis that drive cell migration during
angiogenesis are Vascular Endothelial Growth factor (VEGF) and
basic fibroblast growth factor (bFGF) in addition to activation of
endothelial cells due to binding of integrins to extracellular
matrix (ECM) (Ucuzian, Gassman, East, & Greisler, 2010). Cell
motility is of great interest in the design of anti-cancer therapeu-
tics, as cell migration is required for both tumor invasion and
tumor vasculature, moreover endothelial cells lack induced drug
resistance and, therefore, antiangiogenic or angioprevention
could be preferred strategy for cancer therapy in comparison to
other treatments such as radiotherapy and chemotherapy (Eccles
& Welch, 2007). Ethanol extract of the leaves which showed (high
yield, potent antiangiogenic antioxidant activities) was evaluated
for its effects on the main function of endothelial cells in angio-
genesis cascade that’s cell migration; it displayed profound
inhibition of cell migration at none toxic doses.

Anti-angiogenic drugs may act by inhibiting synthesis of angio-
genic proteins by neoplastic cells, neutralizing the angiogenic
proteins, inhibiting the receptors of endothelia for angiogenic
proteins, or directly inducing endothelial cell apoptosis. These
inhibitors could be small molecules or specific antibodies that
capable of targeting angiogenic growth factors, such as VEGF and
bFGE, or angiogenic growth factor receptors, such as VEGFR and
PDGFR (Gupta & Qin, 2003).

VEGEF plays a fundamental role in the neo-vascularization and
vascular permeability. It's well known angiogenesis mediator in
cancer and it’s the main angiogenesis growth factor that initiate
different steps in the angiogenesis cascade, such as endothelial
proliferation, migration and differentiation (Gupta & Qin, 2003).
Thus, it is obvious that disruption of VEGF-signaling will result
in the inhibition of angiogenesis process and pro-survival effects
on the endothelial cells. Large number of phytochemicals has
been shown to target tumor angiogenesis via inhibition of VEGF,
for example Curcumin proofed to down-regulate transcript levels
of VEGF and bFGF in estrogen receptor-negative breast cancer
cell line MDA-MB-231 cells (Shao et al., 2002). Resveratrol, a
grape polyphenol, suppresses tumor vasculature as well as tumor

progression and metastasis. It also blocks capillary-like tube
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formation induced by VEGF as well as the binding of VEGF to the
HUVEC (Seong et al., 2015). Other phytoconstituents such as
EGCG, catechin-3-gallate, epicatechin-3-gallate, genistein and
sesquiterpene lactone have been shown to hinder VEGF-induced
tyrosine phosphorylation of VEGF receptor and inhibit angiogen-
esis process. To elucidate the mechanism by which the most active
extracts prevented formation new blood vessels ethanol and water
extracts of the leaves in addition to water extract of the bark were
evaluated for their effect VEGF expression on HUVEC cells. The
tree extract significantly inhibited the release of VEGF from
endothelial cells in dose dependent manner. The results obtained
in this work suggest that A. leiocarpus ethanol extract inhibited
angiogenesis by curtailing secretion of the main angiogenesis
growth factor (VEGF).

One of the central aims of the present study was to assess the
antitumor efficacy (in vivo) of A. leiocarpus; we used a colon
cancer xenograft model propagated in nude mice to determine
whether the orally administered extract can curb tumor angiogen-
esis and tumor growth; by interacting with safety profile, antioxi-
dant and preventing neoangiogenesis, for these reasons we tested
the capacity of ethanol extract of A. leiocarpus leaves to inhibit
colon cancer in vivo. The deficiency in T cell function allows
athymic mice to accept and grow xenografts as well as allografts of
normal and malignant tissues. Xenograft models of human tumors
play an important role in the screening and evaluation of candi-
dates for new antitumor agents. The results showed that the
ethanol extract of the leaves inhibited the tumor growth in
dose-dependent manner, Noteworthily, it prolonged the life span
of animals bearing colon tumor treated with 400mg/kg and
200mg/kg at the end of eight weeks. The histological study of
excised tumors showed fewer blood vessels in tumors and some
signs of necrosis of treated groups when compared with negative
group. The antitumor activity of A. leiocarpus leaves ethanolic
extract could be attributed to its antiangiogenic activity.
Conclusion

The current investigation presents novel data to support the use
of Anogeissus leiocarpus as a potential source of antitumor via
angiogenesis pathway. Further studies including phytochemical
studies to elucidate the active compounds and standardization of
ethanol extract may be warranted to further support its potential
value for cancer treatment and other angiogenesis related
ailments.
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