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Angiogenesis (vascularisation) is a vivacious progression during embryonic development, which is required for the
growth, development, wound healing and maintenance. However, the process may turn into pathological conditions;
excessive angiogenesis occurs in diseases such as cancer, diabetic blindness, age related macular degeneration, rheumatoid
arthritis, etc., whereas insufficient angiogenesis occurs in diseases like coronary artery disease and chronic wounds. Since
ancient times, the human population has been dependent on plants for deriving medicines to cure diseases. In the present
study, aqueous extract of 04 ethnomedicinal plants parts, Butea monosperma (Kamarkas), Dioscorea hispida (Beychandi),
Mpyristica fragrans (Nutmeg) and Mesua ferrea (Nagkesar), were evaluated for modulation of angiogenesis in
chorioallantoic membrane (CAM) of embryonated chicken eggs. Out of these 04, B. monosperma revealed mild inhibitory
effects on angiogenesis. M. fragrans and D. hispida inhibited angiogenesis, but also showed detrimental effect on growth of
normal CAM with irregular outgrowths in form of projections and uneven thickness. The M. ferrea revealed its potential as
antiangiogenic material by inhibiting the vascularisation by reducing the number of blood vessels without effecting normal
morphology of CAM tissue. The study paves way to screen ethnomedicinal wealth for screening of plant produce for

therapeutic purposes in ameliorating angiogenic disorders.
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Angiogenesis is a multistep process of sprouting,
splitting and remodelling of new blood vessels from
the pre-existing ones'. The process of angiogenesis is
obligatory for many important physiological
procedures  like  growth, maintenance  and
development of body. Both, the insufficient or
excessive angiogenesis are causative of pathological
conditions®. Excessive angiogenesis causes disorders
like diabetic retinopathy, cancer, arthritis, age related
macular degeneration etc.; whereas insufficient blood
supply due to poor angiogenesis increases the risk of
tissue death in several diseases such as ischemic
chronic wound and coronary artery diseases. This
process is also essential for bone repair’.

Since ancient times, plants have been utilized in
treating several disorders in various traditional
medicine systems throughout the world. The
information regarding ethnobotany and traditional
medicine practices plays a significant role in scientific
research. Systemic screening and characterization of
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folk plants and medicines could be an enriched source
of new and yet undiscovered biologically active
molecules*. Plants and plant produce are known to
contain several phytochemicals such as flavonoids,
tannins, phlobatannins, steroids, saponins, alkaloids,
terpenoids, quinones, cardiac glycosides and
coumarin. These have potential to cure various
diseases including those related to pathological
angiogenesis’. A broad range of plants’
phytochemicals/ secondary metabolites such as
tannins’, flavonoids®, saponins’ etc. possess anti-
angiogenic or pro-angiogenic properties.

India has rich ethnobotanical heritage and its
ancient system of medical treatment ‘Ayurveda’ is
famous throughout the globe. There are some
ethnomedicinal plants, which have been evaluated for
angiogenesis modulation such as Argyreia elliptica,
Daucus carota, Ipomoea fistulosa, Leea indica,
Papaver rhoeas, Scandix pecten-veneris, Nasturtium
officinale, and Cynara cardunculus extracts; and are
proven to diminish endothelial cells differentiation
and capillary morphogenesis®'?. In the present study,
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we investigated the effects of the different plant
products of four ethnomedicinal plants, i.e., Butea
monosperma  (Kamarkas),  Myristica  fragrans
(Nutmeg), Dioscorea hispida (Beychandi) and Mesua
ferrea (Nagkesar); which are commonly used in India
to maintain and improve the health.

B. monosperma is a common deciduous tree of
Fabaceae family. In the Indian traditional system of
medicine, a number of medicinal uses of its flowers
are well known'". The gum is popularly known as
kamarkas and is given post-partum to the ladies'*. As
an ethnomedicine, B. monosperma used by local
inhabitants of Kathua district of Jammu and Kashmir
(India) showed 100% fidelity level, indicator of high
healing potential, for treating urological disorders".
Also, it is widely used for healing wounds in
Ayurvedic medicine system.

Traditional uses of D. hispida includes its usage
against arthritic and rheumatic pains'®. In Odisha
(India), the tubers are used for birth control as it
contains dioscorine, a lactonic alkaloid, which is a
component of birth control pills'’. Jeypore tract
people, in same state use its intoxicating effect, to get
an effect similar to drinking alcohol'. In Chinese
medicinal system, tuber decoction is used as post-
partum remedy and roasted pounded tubers are
applied in form of paste to cure wounds and injuries.

Since long, M. fragrans and its oil are being used
in Indian traditional medicine systems for nervous and
digestive systems and also as condiment'. Nag clan
of the Rai Ghatual tribal community of Moulvibazar
district of Bangladesh, use it for fever and to reduce
menstrual painzo. It is a stimulant, carminative,
astringent and aphrodisiac; but when large amounts
are taken, it has toxic effect and cause hallucination.
Myristicin is considered to be responsible for this
effect. It also has anti-depressant effects®’. In
Ayurveda, M. ferrea has been used for protecting and
stabilizing conception, bleeding piles, gastritis,
bronchitis, sexual debility etc.”? It also has anti-
arthritic properties™. It may be used as single
medicine to treat vessel related disorders like
excessive menstrual bleeding and bleeding piles. It

INDIAN J TRADIT KNOW, OCTOBER 2019

has wound healing capacity and able to contract
wound and increase epithelialisation in rat wound
model, possibly due to presence of tannins™*.

These plants have diverse uses through ancient
medicine systems in curing several human ailments.
In Ayurveda, B. monosperma (Kamarkas), M.
fragrans (Nutmeg), and M. ferrea (Nagkesar) are
given with other medicines in form of Battisa powder
(a mixture of 32 herbal medicines), where D. hispida
(Beychandi) is given as a part of Chinese medicinal
system, to mothers post-partum. All the four
ethnomedicines are described in the Ayurvedic and
Chinese medicine system to have positive effects on
uterine and menstrual health. In the present study, we
evaluated the efficacy of these 04 medicinal plants in
modulating angiogenesis (the process of blood vessel
formation), to treat angiogenesis associated disorders.

Materials and methods

Plant Materials

Different plant produces, such as gum (Butea
monosperma), tuber (Dioscorea hispida), seeds
(Myristica fragrans) and dried stamens (Mesua
ferrea) were used in the present investigations; these
plant materials were procured from traditional
medicine vendors (Pansari) from the local market of
Bhopal (Madhya Pradesh).

Aqueous extract preparation

All the plant materials were thoroughly rinsed with
pH balanced water, shade dried and powdered. Two-
grams powder of each plant produce was heated at 70°C
with 50 mL of double distilled water for 1 h and filtered.

Characterization of Plant Material

These plant materials were tested for the presence
of wvarious secondary metabolites following
standard  published protocols for  tannins®,
anthocyanins®, steroids>, terpenoids™, flavonoids®,
leuanthocyanins™, coumarins’' and saponins®®. Based
on the intensity of the colour produced by the test
material, the quantity of metabolite was designated in
range from lowest to highest (single + to +++) by
three blind observations (Table 1).

Table 1 — Secondary Metabolites present among 04 ethnomedicinal plants.

Plant of ethnic Anthocyanins  Tannins  Steroids  Terpenoids Leuco- Coumarins  Flavonoids  Saponins
importance anthocyanins

Butea monosperma + - - + + et +
Dioscorea hispida - - - - - + -
Myristica fragrans - + + - - - _
Mesua ferrea - ++ + - - - St
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Test Material

The fertile, clean embryonated chicken eggs (9-11
days of age) were selected for the experiments. These
were surface sterilized with 70% ethanol. Fifty eggs
were divided into 05 groups (10 eggs in each group).
The eggs were candled for screening of viability. The
control group was treated only with PBS containing
antibiotic/antimycotic solution; other four groups
were treated with aqueous extract of B. monosperma,
D. hispida, M. fragrans, and M. ferrea respectively.

Chorioallantoic membrane (CAM) assay

The modulating angiogenic effects of different
ethnomedicines were evaluated on chorioallantoic
membrane (CAM) of embryonated chicken eggs. A
small window of 1.0 cm? was made in the egg shell. A
sterile Whatman paper disk, impregnated with 0.2 mL
of aqueous extract, antibiotics (ampicillin 50 pg/mL,
Streptomycin 10 pg/mL) and antimycotic solution
(amphotericin 10 pg/mL) was placed over the surface
CAM. The window was sealed with the parafilm and
incubated for 72 h in humid chamber at 37°C.

After incubation, the egg shells were opened and
observed for vascularisation. Gross examination was
recorded with Nikon D5100 camera. Small pieces of
CAM were excised (10 per egg); placed onto a glass
coverslip and examined with a drop of xylene, under
5x microscopic field. The harvested CAM tissue was
fixed in neutral buffered formalin (10%) and
subjected to histopathological studies following
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standard haematoxylin and eosin staining method.
Histopathological slides were observed
under 20x and 200x magnifications.

Software applied

The number of branch points of blood vessels were
counted using Digimizer image analysis software
(https://www.digimizer.com/). Using this software,
the width of CAM tissue was measured at 8 different
points and means were calculated. Also, the area
occupied by blood vessels with perimeter and width
was also calculated. All the calculations were done by
measuring pixels (px) as unit of measurement.

Statistical analysis

One-way analysis of variance (ANOVA) for the
variance between the group and pairwise comparison
of all means was done using Tukey’s test. Mann-
Whitney U test was also applied along with ANOVA
for further validation.

Results

The results of phytochemical analysis have been
depicted in Table 1. B. monosperma was found to be
rich in flavonoids, whereas M. ferrea was rich in
tannins and saponins. Mild flavonoids were revealed
in D. hispida and in M. fragrans, mild tannins and
steroids were observed (Table 1).

The shell of treated eggs was opened, examined
and compared with the control (Fig. la). In
comparison to control, out of the four treated

Treatment Groups

(d) (c)

Dioscorea hispida

(e)

Mesua ferrea Myristica fragrans

(b)

Butea monosperma

(a)

Control

010 U1 TNV SSoID (V)

Iazun31q Sursn
vonezifensia 1utod youerd (g)

Fig. 1 — (A) In ovo CAM of control (a) and treated eggs (b-¢) (B) visualization and analysis of branch points using Digimizer showing
well arborized vascular system in control group; Butea monosperma treated group (b) exhibited very thin blood vessels; however,
reduction in the secondary and tertiary blood vessels observed in CAMs treated with Dioscorea hispida (c), Myristica fragrans

(d) and Mesua ferrea (e).
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groups, B. monosperma treated group exhibited very
thin blood vessels; however, the number of blood
vessels was not remarkably reduced (Fig. 1b).
Reduction in the number of blood vessels was
observed in CAMs treated with D. hispida (Fig.
lc), M. fragrans (Fig. 1d) and M. ferrea (Fig. le) in
comparison to control (Fig. 1a).

The CAMs were observed under microscope (20x)
and analysed through Digimizer; an average of 66
branch points have been observed for control; whereas
40, 24, 20, 17 branch points were observed in B.
monosperma, M. fragrans, M. ferrea and D. hispida
respectively (Fig. 1). The comparison of the width of
CAM, area and perimeter of the blood vessels among
control and treated groups were analysed (Fig. 2);
which reveals that the width of CAM of D. hispida
treated group was significantly higher than other
treated groups including the control CAM (p<0.01).
The minimum value for the width of CAM was
observed in B. monosperma treated group (Fig. 2A).
The mean area of a single vessel was recorded
maximum in the group treated with M. fragrans,
followed by control and lowest in B. monosperma
treated group (Fig. 2B). The mean perimeter of blood
vessel was maximum among M. fragrans treated group
(p<0.01) and lowest in Mesua ferrea. The mean
perimeter of the vessels of B. monosperma and M.
ferrea treated groups were lesser than the control (Fig.
2C). In comparison to controls as well among all the
treated groups, number of blood vessels was lowest and
tiniest in M. ferrea treated group. The results of Mann-
Whitney U test have been depicted in Table 2,
indicating that D. hispida had significant impact on the
width of CAM, whilst other treatment groups did not
significantly alter the width of the CAM. However,
both B. monosperma and M. ferrea, reduced the area of
vessels significantly, only M. ferrea reduced the
perimeter of vessel (Table 2).

The CAM treated with B. monosperma extract
exhibited regular thickness along with normal
vasculature (Fig. 3B); whereas the D. hispida treated
CAM showed the presence of abnormal growth and
projections in the CAM tissue (Fig. 3C). The CAM
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was abruptly irregular in thickness at different places
with sparsely distributed blood vessels; indicating
detrimental effects of D. hispida extract on CAM
tissue growth as well as angiogenesis (Fig. 3C).
The M. fragrans also exhibited abnormal projections
and irregular thickening of CAM tissue (Fig. 3D).
Contrary to D. hispida and M. fragrans, M.
ferrea treated group had no detrimental effect on
CAM tissue growth, and still the number of blood
vessel branch points per magnification field was less
(Fig. 3E).

Discussion
Since long, plants have been the source of
bioactive compounds; several such compounds, also
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Fig. 2 — The CAMs were observed under microscope (20x) and
analysed through Digimizer, the overall comparison of (A) the
width of CAM, (B) area and (C) perimeter of blood vessels among
the control and Butea monosperma, Dioscorea hispida,Myristica
fragrans and Mesua ferrea treated group.

Table 2 — Mann-Whitney U Test to determine the anti-angiogenic effect.

P-value
Butea monosperma Dioscorea hispida Mpyristica fragrans Mesua ferrea
Width of CAM 0.1031 0.0028** 0.9601 0.1556
Area of vessel 0.0244* 0.8807 0.0735 0.0232%*
Perimeter of vessel 0.0784 0.7872 0.0989 0.0323*

% p<0.01; *p<0.05
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Histology of CAM at 20X

Fig. 3 — (A) Sections of CAM of the control (A.1 at 20x and A.2 at
200x) appeared to have thin chorionic (CE) and allantoic epithelium
(AE) layer due to minimal accumulation of fibroblast cells (FB)
with the presence of uniformly dispersed large blood vessels (LBV)
and vein (V). (B) Butea monosperma treated group showed similar
histology with presence of uniformly scattered blood vessels and
veins. (C) Dioscorea hispida treated CAM revealed abnormal and
irregular thickness with increased width of allantoic and chorionic
epithelium. Chorionic epithelium showed irregular projections (IP)
of uneven size. Instead of circular or oval, triangular large blood
vessels (TLBV) and flattened blood vessels (FBV) were visible. (D)
Myristica fragrans treated CAM abnormal projections were present
at site of centrally located circular blood vessel with thickened AE
and CE. Presence of numerous sub epithelial blood vessels (SEBV)
beneath the AE was peculiar feature. Irregular ungulate projections
(IUP) were visible at 200X. Also, abnormally large sized veins
(LV) were visible. (E) Mesua ferrea treated group scanty blood
vessels were visible.

referred as nutraceuticals, are being tested for their
potential clinical applications. Though, their

effectiveness still needs to be validated in scientific
trials®. The present study is an attempt to evaluate the
effects of the 04 common ethnomedicines, i.e., B.
monosperma gum, D. hispida tuber, M. fragrans seed
and M. ferrea dried stamens on the modulation of
angiogenesis. All these medicines are given to
mothers post-partum to retain good uterine and
menstrual health in traditional medicinal systems. In
humans, physiological formation of new blood vessels
takes place only during would healing or during
menstruation, otherwise it happens only in case of
pathology like cancer, diabetic blindness, age related
macular degeneration, rheumatoid arthritis or
coronary artery diseases.
Artemisia annua, Viscum
longa, Scutellaria baicalensis, Camellia sinensis,
Magnolia officinalis, Ginkgo biloba, Zingiber
officinale, Rabdosia rubescens hora, Panax ginseng
etc. are the natural medicines which revealed anti-
angiogenic  properties through modulating gene
expression, signal processing, and enzyme activities®.
Research on angiogenesis relies on diverse
assessments including in  vitro, in vivo and in
ovo models. In  vitro experiments include Boyden
chamber assay for endothelial migration®°, scratch
wound assay for endothelial 3738

album, Curcuma

migration” """,
microtissue assay” ", cell migration and capillary-like
Formation*', cell sheet assay42’43 etc.; in vivo model
includes corneal assay™, zebrafish assay®’, and aortic
ring assay*®. In ovo model is also very popular among
researchers due to ease in handling, possibilities to
manipulate during experimentation, less requirement
of technical expertise and low cost and ethical
permissions are not required. The chorioallantoic
membrane (CAM), of embryonated egg is an
extraembryonic membrane, serves as a gaseous
exchange surface. Due to extensive vascularisation,
CAM has been used to study morpho-functional
aspects of the angiogenesis process to study the
efficacy and mechanism of action of pro- and anti-
angiogenic molecules®’.

The flower extract of B. monosperma is known to
heal wounds, which is a pro-angiogenic activity™,
however in our experiment, little reduction in the
number of vessels has been observed (40 branch
points) with small area and diameter as evidenced by
data obtained through Digimizer software. Due to
higher number of branch points, despite having
vessels with less area and perimeter and having no
detrimental effect of CAM, B. monosperma can’t be
used as anti-angiogenic treatment. A species of
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Dioscorea found in China, i.e., D. hypoglauca, in
combination with other herbs has been reported to
possess anti-angiogenic effect in collagen-induced
arthritis in rats*’; our results also augment the result of
Li et al.*, since we also observed that D. hispida had
anti-angiogenic effects. Abnormally triangular and
flattened blood vessels in the mesoderm of CAM
tissue exhibited angiogenesis inhibition™. Though the
extract showed anti-angiogenic property by reducing
the number of blood vessel with area of perimeter of
blood vessels similar to that of control vessels, it also
had detrimental effect on normal physiology of CAM
tissue. The CAM tissue revealed varied thickness
at varied places and accumulation of
fibroblast. The mean width of CAM tissue was
highest among the treated group. The abnormal
irregular projections seen in chorionic ectoderm tissue
indicated detrimental effect of extract on normal
CAM tissue growth, so the extract can’t be used in
treating angiogenesis related ailments.

M. fragrans contains potential antiangiogenic
compounds such as myristicin, limonene, eugenol and
terpinen-4-ol’'. Its oil is having antioxidant property
and inhibition of reactive oxygen species (ROS),
(which is important angiogenesis mediator), may be
important in preventing angiogenesis’ 2.  Its
methanolic extract inhibits the in vitro proliferation of
human umbilical vein endothelial cells (HUVECs)™.
However, Contradictory results have been obtained by
Cuong et al.**; who isolated malabaricone C, a natural
diarylnonanoids from M. fragrans, and the compound
has been shown to have pro- angiogenic and cell
proliferating role®. Supercritical M. fragrans oil,
extracted at low temperature between 40-50°C and
high pressure significantly inhibited angiogenesis in a
rat aorta ring assay with significant non-toxicity™.
Our results were in concordance with the previous
research of Piaruet al.>' and revealed anti-angiogenic
activity. At histological level also, anti-angiogenic
properties were evidenced by presence of mesodermal
blood vessels which failed to migrate to epidermis
and these mesodermal blood vessels had highest
perimeter (maximum in all treated CAMs). Its anti-
angiogenic potential can’t be explored in therapeutics,
as it causes abnormal growth and irregular projection
formation during the growth of CAM.

So far, M. ferrea has been used traditionally to
treat bleeding piles and menorrhagia, possibly
through its action on capillaries. Traditionally it is
given to women post-partum in order to reduce
heavy bleeding. However, it has not been tested

scientifically for its applicability in angiogenesis
modulation. In our study, its extract caused
reduction in number of branch points (20), with
smallest vessels (in terms of perimeter and area);
revealed its potential to be used in anti-angiogenic
therapy. It allowed normal growth of CAM tissue
and didn’t altered the normal CAM morphology as
evidenced by comparable width of M. ferrea treated
CAM with control. It also reduced the area
and perimeter of blood vessel showing reduction in
angiogenesis along with unhindered normal CAM
physiology. M. ferrea contained high amounts of
saponins and the results are in concordance with
results of previous studies’’™’, which revealed anti-
angiogenic activity of saponins from Rumex
hastatus, Maesa lanceolata, Momordica cymbalaria
and Polygonum hydropiper. Our results aid into the
traditional knowledge, that possibly M. ferrea
prevents excessive bleeding through inhibiting new
blood vessel formation. The results obtained have
also been buttressed by Mann-Whitney U test,
where reduction in both the area as well as
perimeter of blood vessel is seen in M. ferrea
treated CAM, without detrimental effect on CAM
in terms of width of CAM or any other
abnormalities. These properties make it an ideal
therapeutic ethnomedicine against angiogenesis
disorders associated with excessive angiogenesis.

Conclusions

Out of the four-plant produce used in the
present study, gum of B. monosperma revealed
mild inhibitory effects on angiogenesis; where
M. fragrans and D. hispida found to inhibit
angiogenesis strongly but exerted detrimental effect
on growth of normal CAM, which was evident with
the irregular outgrowths in form of projections and
uneven thickness of CAM. Out of the 04, only
M. ferrea had no detrimental effect on normal
morphology of CAM tissue (even thickness of
CAM) and also reduced the number of blood vessel
while reducing the area as well as the perimeter
of blood vessel and inhibited the vascularisation.
Hence, the M. ferrea can be utilized for
the therapeutic purposes in  ameliorating
angiogenic disorders associated with excessive
angiogenesis.

Acknowledgments
Assistance  from  DBT-Builder  Programme
(BT/PR4479/INF/22/175/2012), Barkatullah



University,

KHANDIA et al.: ANGIOGENIC EFFECTS OF ETHNOMEDICINES

Bhopal is gratefully acknowledged.

Special thanks to Dr Anil Binjade for his technical
assistance. Authors of the manuscript thank and
acknowledge their respective University and Institute.

Conflict of interest: Authors declare no conflict of
interest.

References

1

10

12

13

14

Logsdon EA, Finley SD, Popel AS & Mac Gabhann F, A
systems biology view of blood vessel growth and
remodelling, J Cellular Mol Med, 18 (8) (2014) 1491-1508.
Khandia R, Munjal A, Bangrey RS, Mehra R, Dhama K &
Sharma NC, Evaluation of silver nanoparticle mediated
reduction of neovascularisation (angiogenesis) in chicken
model, Adv Anim Vet Sci, 3 (7) (2015) 372-376.

Saran U, Piperni SG &Chatterjee S, Role of angiogenesis in
bone repair, Arch Biochem Biophys, 561 (2014) 109-117.
Gurib-Fakim A, Medicinal plants: Traditions of yesterday and
drugs of tomorrow, Mol Aspects Med, 27 (1) (2006) 1-93.
Ahmed FA &Kabir H, Ethnomedicinal value, phytochemical
composition and bioactivity of Butea monosperma (Lam.)
Taub. Jahangirnagar University, J Biol Sci, 4 (2) (2015),
19-29.

Ejaz S, Anwar K, Taj R & Ashraf M, A novel link between
angiogenesis and natural products: Anti-angiogenic effects of
Opuntia dilleniid, Cent Eur J Biol, 9 (3) (2014) 298-308.

Li K, Diao Y, Zhang H, Wang S, Zhang Z, Yu B, et al,
Tannin extracts from immature fruits of Terminalia chebula
Fructus Retz. promote cutaneous wound healing in rats,
BMC Complement Altern Med, 11 (2011) 86.

Dai ZJ, Lu WF, Gao J, Kang HF, Ma YG, Zhang SQ, et al,
Anti-angiogenic effect of the total flavonoids in Scutellaria
barbata D. Don, BMC Complement Altern Med, 13 (2013)
150.

Hong SJ, Wan JB, Zhang Y, Hu G, Lin HC, Seto SW, et al,
Angiogenic effect of saponin extract from Panax
notoginseng on HUVECs in vitro and zebrafish in vivo,
Phytother Res, 23 (5) (2009) 677-686.

Fan TP, Yeh JC, Leung KW, Yue PY & Wong RN,
Angiogenesis: From plants to blood vessels, Trends
Pharmacol Sci, 27 (6) (2006) 297-3009.

Avin BRYV, Thirusangu P, Ramesh CK, Vigneshwaran V,
Kumar MVP, Mahmood R, et al, Screening for the
modulation of neovessel formation in non-tumorigenic and
tumorigenic conditions using three different plants native to
Western ghats of India, Biomed Aging Pathol, 4 (4) (2014)
343-348.

Roy A & Bharadvaja N, Medicinal plants in the management
of cancer: a review, Int J Complement Alt Med, 9 (2) (2017)
00291.

Rasheed Z, Akhtar N, Khan A, Khan KA & Haqqi TM,
Butrin, isobutrin, and butein from medicinal plant Butea
monosperma  selectively inhibit nuclear factor-kB in
activated human mast cells: suppression of tumor necrosis
factor-a, interleukin (IL)-6, and IL-8, J Pharmacol Exp Ther,
333 (2) (2010) 354-363.

Meena KL & Yadav BL, Some ethnomedicinal plants of
Southern Rajasthan, Indian J Trad Knowledge, 9 (1) (2010)
169-172.

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

737

Rao PK, Hasan SS, Bhellum BL, &Manhas RK,
Ethnomedicinal plants of Kathua district, J&K, India, J
Ethnopharmacol, 171 (2015)12-27.

Stuart GU, Philippine alternative medicine.
of some  Philippine  medicinal  plants,
http://www.stuartxchange.org/OtherHerbals.html
Kumar S, Das G, Shin HS & Patra JK, Dioscorea spp. (A
Wild Edible Tuber): A study on its ethnopharmacological
potential and traditional use by the local people of Similipal
biosphere reserve, India, Front Pharmacol, 8 (2017) 52.
Mishra S, Swaih S, Chaudhary SS & Ray T, Wild edible
tubers (Dioscorea spp.) and their contribution to the food
security of tribes of Jeypore tract, Orissa, India, PGR
Newsletter FAO-Biodiv, 156 (2011) 63—-67.

Bamidele O, Akinnuga AM, Alagbonsi IA, Ojo OA,
Olorunfemi JO & Akuyoma MA, Effects of ethanolic extract
of Myristica fragrans Houtt. (Nutmeg) on some
haematological indices in albino rats, /nt J Med Medical Sci,
3(6) (2011) 215-218.

Das PR, Islam MT, Jahan R &Rahmatullah M,
Ethnomedicinal plants used by the Nag clan of the Rai
Ghatual tribe of Moulvibazar district, Bangladesh, Anc Sci
Life, 32 (2013) 217-221.

Jaiswal P, Kumar P, Singh VK & Singh DK, Biological
Effects of Mpyristica fragrans, ARBS Annual Review of
Biomed Sci, 11 (2009) 21-29.

Chaubey S, Tewari RC, Kotecha M & Kour GD, Nagakesara
(Mesua ferrea Linn.) -A gift for GIT, skin and bleeding
disorders, Int J Ayu Alt Med, 2 (4) (2014) 48-53.

Jalalpure SS, Mandavkar YD, Khalure PR, Shinde GS,
Shelar PA & Shah AS, Antiarthritic activity of various
extracts of Mesua ferrea Linn. Seed, J Ethnopharmacol, 138
(3) (2011) 700-704.

Choudhary GP, Wound healing activity of the ethanolic
extract of Mesua ferrea Linn., Int J Adv Pharm Biol Chem, 1
(3) (2012) 369-371.

Singh R, Verma PK & Singh G, Total phenolic, flavonoids
and tannin contents in different extracts of Artemisia
absinthium, J Complement Med Res, 1 (2) (2012) 101-104.
Ariharan VN, Meena Devi VN, Parameswaran NK &
Nagendra Prasad PN, Qualitative phytochemical analysis of
chloroform extracts of Sivanar Vembu (/ndigofera
aspalathoides), J Chem Pharma Res, 7 (5) (2015) 486-490.
Gibbs RD, Chemotaxonomy of flowering Plants, (McGill
Queen’s University Press, Montreal and London), 1974.
Ayoola GA, Coker HB, Adesegun SA, Adepoju-Bello AA,
Obaweya K, EzenniaEC, et al, Phytochemical screening and
antioxidant activities of some selected medicinal plants used
for malaria therapy in south-western Nigeria, Trop J Pharm
Res, 7 (3) (2008) 1019-1024.

Hossain MA, AL-Ragmi KA, AL-Mijizy ZH, Weli AM &
Al-Riyami Q, Study of total phenol, flavonoids contents and
phytochemical screening of various leaves crude extracts of
locally grown Thymus vulgaris, Asian Pac J Trop Biomed, 3
(9) (2013) 705-710.

Godghate A, Sawant R & Sutar A, Phytochemical analysis of
ethanolic extract of roots of Carrisacarandus Linn., Rasayan
J Chem, 5 (4) (2012) 456-459.

Firdouse S & Alam P, Phytochemical investigation of extract
of Amorphophallus campanulatus tubers, Int J Phytomed, 3
(1) (2011) 32-35.

Manual
(2010)



738

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

INDIAN J TRADIT KNOW, OCTOBER 2019

Geetha TS & Geetha N, Phytochemical screening,
quantitative analysis of primary and secondary metabolites of
Cymbopogan citratus (DC) stapf. leaves from Kodaikanal
hills, Tamilnadu, Int J of Pharm Tech Res, 6 (2) (2014)
521-529.

Dulak J, Nutraceuticals as anti-angiogenic agents: hopes and
reality, J Physiol Pharmacol, 56 (Suppl. 1) (2005) 51-67.
Sagar SM, Yance D & Wong RK, Natural health products
that inhibit angiogenesis: a potential source for
investigational new agents to treat cancer-Part 2, Curr Oncol,
13 (3) (2006) 99-107.

Van Moorst M & Dass CR, Methods for co-culturing tumour
and endothelial cells: systems and their applications, J
Pharm Pharmacol, 63 (12) (2011) 1513-1521.

Albini A & Benelli R, The chemoinvasion assay: A method
to assess tumor and endothelial cell invasion and its
modulation, Nat Protocols, 2 (3) (2007) 504-511.

Wang XH, Chen SF, Jin HM &Hu RM, Differential analyses
of angiogenesis and expression of growth factors in micro-
and macrovascular endothelial cells of type 2 diabetic rats,
Life Sci, 84 (7-8) (2009) 240-249.

Glen K, Luu NT, Ross E, Buckley CD, Rainger GE,
Egginton S, ef al, Modulation of functional responses of
endothelial cells linked to angiogenesis and inflammation by
shear stress: Differential effects of the mechanotransducer
CD31, J Cell Physiol, 227 (6) (2012) 2710-2721.

Achilli TM, Meyer J & Morgan JR, Advances in the
formation, use and understanding of multi-cellular spheroids,
Expert Opin Biol Ther, 12 (10) (2012) 1347-1360.

Kelm JM & Fussenegger M, Scaffold-free cell delivery for
use in regenerative medicine, Adv Drug Deliv Rev, 62 (7-8)
(2010) 753-764.

Arnaoutova I, George J, Kleinman HK &Benton G, The
endothelial cell tube formation assay on basement membrane
turns 20: State of the science and the art, Angiogenesis, 12
(3) (2009) 267-274.

Ngo TX, Nagamori E, Kikuchi T, Shimizu T, Okano T, Taya
M, et al, Endothelial cell behavior inside myoblast sheets
with different thickness, Biotechnol Lett, 35 (7) (2013)
1001-1008.

Haraguchi Y, Shimizu T, Yamato M &Okano T, Scaffold-
free tissue engineering using cell sheet technology, RSC Adv,
2(2012) 2184-2190.

Phillips GD & Knighton DR, Rabbit cornea assay of
angiogenesis: methodology and evaluation, Wound Repair
Regen, 3 (4) (1995) 533-539.

Nicoli S, Ribatti D, Cotelli F &Presta M, Mammalian tumor
xenografts induce neovascularization in zebrafish embryos,
Cancer Res, 67 (7) (2007) 2927-2931.

Baker M, Robinson SD, Lechertier T, Barber PR, Tavora B,
D'Amico G, et al,Use of the mouse aortic ring assay to study
angiogenesis, Nat Protoc, 7 (2012) 89-104.

47

48

49

50

51

52

53

54

55

56

57

58

59

Ribatti D, The chick embryo chorioallantoic membrane as an
in vivo assay to study antiangiogenesis, Pharmaceuticals, 3
(3) (2010) 482-513.

Sumitra M, Manikandan P & Suguna L, Efficacy of Butea
monosperma on dermal wound healing in rats, Int J Biochem
Cell Biol, 37 (3) (2005) 566-573.

Li S, Lu AP, Yang YY & Le YD, Suppressive Effects of a
Chinese Herbal Medicine Qing-Luo-Yin Extract on the
Angiogenesis of Collagen-induced Arthritis in Rats, Am J
Chin Med, 31 (5) (2003) 713-20.

Melkonian G, Munoz N, Chung J, Tong C, Marr R & Talbot
P, Capillary plexus development in the day five today six
chick chorioallantoic membrane is inhibited by cytochalasin
D and suramin, J Exp Zool, 292 (3) (2002) 241-254.

Piaru SP, Mahmud R, Abdul Majid AM, Mahmoud Nassar
ZD, Antioxidant and antiangiogenic activities of the essential
oils of Myristica fragrans and Morinda citrifolia, Asian Pac
J Trop Med, 5 (4) (2012) 294-298.

Yasuda M, Ohzeki Y, Shimizu S, Naito S, Ohtsuru A,
Yamamoto T, et al/, Stimulation of in vitro angiogenesis by
hydrogen peroxide and the relation with ETS-1 in endothelial
cells, Life Sci, 64 (4) (1999) 249-258.

Song MC, Kim SH, Kwak HY, Yang HJ, Bang MH, Chung,
IS, et al, Inhibitory activity of edible plant extracts on
proliferation of human umbilical vein endothelial cells
(HUVECs), J Appl Biol Chem, 50 (4) (2007) 249-253.

Cuong TD, Lim CJ, Trang TTT, Bae YH, Thu NV, Tung
NT, et al, Compounds from the seeds of Myristica fragrans
and their cytotoxic activity, Natural Product Sciences, 18 (2)
(2012) 97-101.

Banerjee D, Maity B, Bandivdeker AH, Bandyopadhyay SK
& Chattopadhyay S, Angiogenic and cell proliferating action
of the natural diarylnonanoids, malabaricone B and
malabaricone C during healing of indomethacin-induced
gastric ulceration, Pharm Res, 25 (7) (2011) 1601-1609.
Al-Rawi SS, Ibrahim AH, Rahman NNNA, Nama MMB,
Abdul Majid AMS & Kadir MOA, The effect of supercritical
fluid extraction parameters on the nutmeg oil extraction and
its cytotoxic and antiangiogenic properties, Procedia Food
Sci, 1(2011) 1946-1952.

Ahmad S, Ullah F, Ayaz M, Zeb A, Ullah F, Sadiq A,
Antitumor and anti-angiogenic potentials of isolated crude
saponins and various fractions of Rumex hastatus D. Don,
Biol Res, 49 (2016) 18.

Foubert K, Breynaert A, Theunis M, Van Den Bossche R, De
Meyer GR, Van Daele A, et al, Evaluation of the anti-
angiogenic activity of saponins from Maesa lanceolata by
different assays, Nat Prod Commun, 7 (9) (2012) 1149-1154.
Ayaz M, Junaid M, Ullah F, Sadiq A, Subhan F, Khan MA,
et al, Molecularly characterized solvent extracts and saponins
from Polygonum hydropiper L. show high anti-angiogenic,
anti-tumor, brine shrimp, and fibroblast NIH/3T3 cell line
cytotoxicity, Front Pharmacol, 7 (2016) 74.



