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Background: Herbal compounds have an important place in the management of wounds. However, very
few compounds have been tested for their proangiogenic potential.
Objective: The objective of study was to evaluate angiogenic potential of Bambusa vulgaris Schrad. plant
extract.
Material and methods: Chicken embryo chorioallantoic membrane model was used for estimation of
angiogenic potential of B. vulgaris leaves extract with different concentrations. Angiogenic potential was
estimated using focal application method and AbGel™ sponge application method. The test samples
were loaded on eight embryonic development day of embryonic development of chick embryo and
angiogenesis was observed on eleventh embryonic development day. Counting of blood vessels and
photographic evaluation was done for estimation of angiogenic potential. The sponge specimen was
examined for histological changes. Angiogenic potential of B. vulgaris leaves extract was compared
against Plermin©.
Results: All tested concentrations (85 mcg, 170 mcg, 255 mcg, 340 mcg and 425 mcg/disc) of B. vulgaris
showed angiogenic potential as indicated by increase in the number of blood vessels. Maximum growth
in blood vessels was seen at the concentration of 255 mcg. Photographic evaluation showed changes in
angiogenesis with B. vulgaris leaves extract. Angiogenic potential was also confirmed on histological
examination. Plermin control groups also showed the growth of blood vessels measured by counting the
number of blood vessels in photographic evaluation. The growth of blood vessels with Plermin 40 mcg
was similar to B. vulgaris 255 mcg.
Conclusion: The results of current study suggest angiogenic potential of B. vulgaris Schrad leaves as
confirmed by visual observation and histological examination.
© 2022 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Angiogenesis is defined as formation of new blood vessels from
already existing blood vessels. Angiogenesis has a role in growth as
well metastasis of tumour [1]. Acute as well as chronic wounds
represent an important health burden. Acute wound, if not treated
and/or healed spontaneously, can become chronic [2]. Several
a).
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options are available for treatment of wounds including moist
dressings, autologous split-thickness skin graft, surgical debride-
ment, and use of topical growth factors [2]. Each of these methods
have its own advantages and limitations.

Herbal medicines or chemicals extracted from the plant may
influence the angiogenesis process [3]. They may have anti-
angiogenetic properties [4e6] or promote angiogenesis [7]. Iden-
tification of these activities are important before they are used for
specific purpose. Angiogenesis is one of the important beneficial
mechanisms involved in the process of wound healing. Angiogenic
activity of plant extracts helps in the formation of blood vessels.
Envisaging this action, many of the herbal preparations are used
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empirically for wound healing. Quality, safety and efficacy of
alternative and complementary medicine should be tested before
they are used for wider population [8].

Recently, we evaluated angiogenic potential of Moringa oleifera
lam [7]. Bambusa vulgaris has several properties including Phyto
estrogenic, anti-oxidative, anti-inflammatory, and abortifacient
potential [9,10]. An animal study has demonstrated its potential for
the treatment of osteoporosis [9]. It also has potential for external
use in skin conditions [11]. It may be of valuable use in healing of
the wounds if its angiogenic potential is confirmed and proved in
the human research. Currently, there is a paucity of literature
related to proangiogenic effect of Bambusa vulgaris. To establish the
benefits and to add more literature, the following is taken up to
determine the angiogenic potential of Bambusa vulgaris Schrad.
leaves extract using chicken embryo chorioallantoic membrane
(CAM) model. The objective of study was to evaluate angiogenic
potential of B. vulgaris Schrad., plant extract.

2. Material and methods

Leaves of B. vulgariswere procured and shed dried. Ash contents
of dried leaves were studied (Table 1) [23]. Hot methanolic extract
of leaves was prepared using Soxhlet extraction method [12] for
36 h by packing 100 gm dry leaf powder and the yield of extract was
determined (Table 2). The phytochemical properties of dried
extract were established using infrared spectrophotometry (Fig. 1),
ultraviolet spectrophotometry (Fig. 2) and thin layer chromatog-
raphy (Table 4 and Fig. 3). The components of B. vulgaris were also
identified by using mass spectrophotometric study (Table 3). Re-
sults were analysed to check the stability of plant extract (Figs. 1
and 2) from time to time during the period of research. Chicken
embryo chorioallantoic membrane (CAM) model was selected for
estimation of angiogenic potential due to its property of high
vascularization and easy accessibility [13]. The experiments on
Chicken embryo does not require approval of institutional animal
ethics committee [24].

Standardization of CAM model to laboratory conditions was
done by continuous monitoring of incubation temperature, hu-
midity in incubator to 96%, rotation of eggs every 2 h for first eight
days. The successful results confirmed by hatching of chick embryo
at the end of 21st embryonic development day [14]. Extract of
B. vulgaris was studied for its angiogenic potential using two
methods: Whatman filter paper disc method (focal application
Table 1
Ash content of leaves of Bambusa vulgaris.

Name of plant Acid Soluble
ash %

Acid Insoluble
ash %

Total Ash
Content %

Bambusa vulgaris 5.12 7.44 12.56

Table 2
Yield of hot methanolic extract of leaves of Bambusa vulgaris.

Name of
plant

Wt. of dried
leaves (gm)

Total Vol. of
extract (ml)

Wt. of extract
in 25 ml

Yield of
extract in %

Bambusa vulgaris 100 280 1.062 11.87

Table 3
Gas Chromatography- Mass spectroscopy of Bambusa vulgaris.

Name of the Compound Molecular Formula R T in Min.

2-Furancarboxyaldehyde,5- hydroxymethyl C6H6O3 9.6
2-Methoxy-4-vinylphenol C9H10O2 11.7
Desaspidinol C11H14O4 23.6
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method) and AbGel™method. Overall protocol of study is shown in
Fig. 4.

Angiogenic potential was studied in dose dependent manner
with both methods.

3. Focal application method

The eggs were cleaned using 70% ethanol, and a window was
created on broad end of the egg on third embryo development day
(EDD) and the window on the egg was covered with micropore
scotch tape. The incubator was humidified and maintained at 37 �C
throughout the procedure. All the procedures were performed in an
aseptic condition. Whatman filter paper discs of 2-mm diameter
were autoclaved and were loaded with the 20ul sample and were
allowed dried on Perspex base.

This filter paper disc containing leaf extract was kept on the
chorioallantoic membrane on eighth EDD by puncturing a small
hole on chorioallantoic membrane with stainless steel dental
needle size G24 on an area devoid of blood vessels. The areas were
photographed using digital camera at the time of application of the
sample. The eggs were left undisturbed for three days and observed
for any mortality and dead eggs were discarded.

At the end of eleventh EDD that is after three days of focal
application, the chorioallantoic membrane was observed for
angiogenesis and photographs was taken for evaluation. Angio-
genic potential of B. vulgaris leaves extract was tested at concen-
trations of 85, 170, 255, 340 and 425 mg/disc. The angiogenic effect
was established by counting themean number of new blood vessels
around the disc [14,15]. Classical angiogenic effect was defined by
spoke wheel appearance of blood vessel around the disc.

4. AbGel™ sponge application method

Sterilized small blocks of two mm3 of AbGel™ were cut from its
large block. These sponge blocks were dipped into the extract and
were soaked for 4 h which were then placed on the vascularized
area of membrane on eighth EDD. On eleventh EDD, the section of
membrane along with sponge was isolated and preserved in10%
formaldehyde solution. These sections were then processed for
histological study and evaluated for angiogenesis. The number of
blood vessels per focused area was counted under simple micro-
scope. The angiogenic potential was tested at 2125 mcg/ml, 4250
mcg/ml, 6375 mcg/ml, 8500 mcg/ml and 10,625 mcg/ml.

Two eggs were used for blank disc, disc plusmethanol and blank
control each. Three eggs were taken as standard control with
Plermin©. Angiogenic effect of B. vulgaris leaves extract was studied
on a total of 68 eggs (Disc method n ¼ 34; AbGel method n ¼ 34).
Additional one egg was kept as incubator control. The distribution
of eggs for both methods is described in Table 5.

5. Results

The CAM model showed increase in the mean number of blood
vessels after application of B. vulgaris leaves extract. Table 6 shows
number of blood vessels on the membrane with focal application
method in three groups control group, paper disc containing
B. vulgaris leaves extract, disc containing Plermin gel which is
positive control for angiogenesis, Blank discs did not show any
growth in blood vessels. All discs with different concentrations (85
mcg, 170mcg, 255 mcg, 340 mcg and 425 mcg) of B. vulgaris extract
showed increase in the number of blood vessels. Maximum growth
in blood vessels was seen at the concentration of 255 mcg. Simi-
larly, Plermin control groups also showed increase in the growth of
blood vessels. The growth of blood vessels with Plermin 40 mcg
was same as B. vulgaris 255 mcg (Table 6).



Fig. 1. Infrared spectrophotometric study of B. vulgaris.
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Table 7 shows number of blood vessels on the membrane with
AbGel method in three groups. Blank gel showed 5 blood vessels. All
AbGelwith extracts (2125mcg/ml, 4250mcg/ml, 6375mcg/ml, 8500
mcg/ml, 10,625 mcg/ml) showed increased number of blood vessels
in the sponge. Maximum growth was seen in AbGel with 4250 mcg/
ml. Plermin control groups also showed increase in the growth of
blood vessels. The growth of blood vessels with Plermin 20 mcg/ml
was similar to B. vulgaris 2125mcg/ml and 8500mcg/ml and Plermin
60 mcg/ml was similar to B. vulgaris 10,625 mcg/ml (Table 7).

Fig. 5 shows the photographs of blank control group on CAM on
day eight and day eleven. On eleventh day of EDD, no visual
changes suggesting there is no angiogenesi observed in blank
control group (Fig. 5).
Fig. 2. Ultraviolet spectrophoto
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Fig. 6 shows the photographs of B. vulgaris extract group on day
eight and day eleven. In the B. vulgaris group, increase in number of
blood vessels was seen on eleventh day (Fig. 6).

Fig. 7 shows the photographs of ABGel™ of blank control on day
eight and day eleven of CAM. No growth of blood vessels was
observed in this group on day eleven (Fig. 7).

Fig. 8 shows the photographs of ABGel™ of B. vulgaris extract
group on day eight and day eleven of CAM. In the B. vulgaris group,
increase in number of blood vessels was seen on eleventh day
(Fig. 8).

Fig. 9 shows the photographs of ABGel™ of Plermin standard
group on day eight and day eleven of CAM. In this group, increase in
number of blood vessels was seen on eleventh day (Fig. 9).
metric study of B. Vulgaris.



Table 4
Thin layer Chromatography Bambusa vulgaris.

Contents Bambusa vulgaris

Alkaloids þ
Anthraglycosides e

Arbutin e

Cardiac glycosides e

Bitter Principles þ
Flavonoids e

Saponins e

Didrovaltrate e

Valepotriates þ
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Fig. 10 shows histological study of AbGel method on the mem-
brane with haematoxylin and eosin staining (H and E Staining).
New blood vessels were observed in the slide.

6. Discussion

Bamboos are a group of woody grasses in the family Poaceae and
subfamily Bambusoideae [16]. This family has significant potential
for human use including timber, human consumption, biomass,
textile [17]. Actions and uses of Bamboo differ based on its parts.
Fig. 3. Thin layer chromat
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Baboo has nutritional value. Its shoots have nutritional value with
high amount of protein, moderate fibre, and less fat [16]. Bamboo
derived products also has several medicinal applications and pro-
tective effects due to its antioxidant and anti-inflammatory actions
[18].

Impaired wounds healing is a concern in many patients espe-
cially those with diabetes, elderly and chronically ill people. With
an ageing population and increasing prevalence of chronic diseases
like cancer, diabetes, wound care will certainly become an even
more noteworthy issue for health systems. Delayed wound healing
is signified with alteration in physical properties of collagen, flat-
tening of the dermo-epidermal junctions, nutritional depletion and
cellular immunity leading to abnormal changes in pro-
inflammatory and anti-inflammatory cytokines. Several evidence
have been collected to show immense potential of medicinal plants
used in various traditional systems [5e8].

The leaves of B. vulgaris have anti-inflammatory action with
potential for use in wound healing process [11,19]. India ranks
second for the bamboo reserve in Asia after China [20]. The com-
plete potential of Bamboo for its medicinal use remains to be
exploited.

In this study, we evaluated angiogenic potential of B. vulgaris
leaves extract using CAM assay [1,4]. It is a well-established,
ography of B. vulgaris.



Fig. 4. Flow chart of study procedures.

Table 5
Distribution of eggs used in two methods for evaluation of angiogenesis.

Eggs- Category/quantity of extract
(Microgram/disc)

Number of Eggs for
Disc Method

Eggs- Category/concentration
of extract (Microgram/ml)

Number of Eggs for
AbGel Method

Blank Disc (Only Whatman filter paper) 2 Blank Gel 2
Blank Disc þ Methanol 2 Blank Gel þ Methanol 2
Blank Control 2 Blank Control 2
B. vulgaris at 85 mcg/disc 5 B. vulgaris at 2125 mcg/ml 5
B. vulgaris at 170 mcg/disc 5 B. vulgaris at 4250 mcg/ml 5
B. vulgaris at 255 mcg/disc 5 B. vulgaris at 6375 mcg/ml 5
B. vulgaris at 340 mcg/disc 5 B. vulgaris at 8500 mcg/ml 5
B. vulgaris at 425 mcg/disc 5 B. vulgaris at 10,625 mcg/ml 5
Plermin control at 20, 40 & 60 mcg/disc 3 Plermin control at 40 mcg/ml 3
Total number of eggs 34 Total number of eggs 34

Table 6
Number of blood vessels on the membrane in focal application method in Bambusa vulgaris, Plermin and control group.

Group Mean number of blood vessels on
8th Embryonic development day

Mean number of blood vessels
on 11th Embryonic development day

Growth

Control
Blank Disc 3 3 0.0
Blank disc þ Methanol 4 5 25.0%

Bambusa vulgaris disc (D)
B. vulgaris-85 mcg 2 4 100.0%
B. vulgaris-170 mcg 4 6 50.0%
B. vulgaris �255 mcg 3 7 133.3%
B. vulgaris �340 mcg 5 9 80.0%
B. vulgaris �425 mcg 5 10 100.0%

Plermin
Plermin Control 1 (20 mcg) 4 9 125.0%
Plermin Control 2 (40 mcg) 3 7 133.3%
Plermin Control 3 (60 mcg) 3 8 166.6%
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Table 7
Number of blood vessels on the membrane in AbGel application method in Bambusa vulgaris, Plermin and control
group.

Group Mean number of blood vessels in gel on 11th EDD

Blank gel 5
Blank gel þ Methanol 1 4
Blank gel þ Methanol 2 4
B. vulgaris �2125 mcg/ml 9
B. vulgaris �4250 mcg/ml 12
B. vulgaris �6375 mcg/ml 10
B. vulgaris �8500 mcg/ml 9
B. vulgaris �10625 mcg 8
Plermin Control 1 (20 mcg/ml) 9
Plermin Control 2 (40 mcg/ml) 7
Plermin Control 3 (60 mcg/ml) 8

Fig. 5. Focal application method: Blank control.

Fig. 6. Focal application: B. vulgaris.
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Fig. 7. Blank control: ABGel™.

Fig. 8. ABGel™ application photograph: B. vulgaris.

Fig. 9. ABGel™ application: Plermin standard.
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Fig. 10. Histological study of ABgel™.
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specialized, and commonly used model for estimation of angio-
genesis [1] because of highly vascularized tissue of the avian em-
bryo [21].

We evaluated angiogenic potential by using CAM assay by two
methods: focal application and ABGel™ method. The sponge
method relies on infiltration of neovascularization in sponge block
containing proangiogenic compound [14,15].

There was visible increase in blood vessels on the 11th day in
both the positive control and the sample loaded with B. vulgaris
extract. On the contrary, the CAMwhich is not loadedwith any drug
did not show improvement in angiogenesis. These observations
suggests that B. vulgaris leaves possess angiogenic property and it
has potential for studying further for its clinical effects.

The angiogenic compound in sponge causes the new blood
vessels to infiltrate the sponge pores which gets stained and can be
visualized very clearly from rest of sponge material under
microscope.

Role of platelet derived growth factor, transforming growth
factor-beta and fibroblast growth factor (FGF) in wound healing is
known [22]. Overall, our observations suggest similar angiogenic
potential of Bamboo leaves extract in the concentration of 255 mcg
with Plermin 40 mcg.

Phytochemical study suggested that the acid insoluble ash
content leaves was more than acid soluble ash this could be due
high amount of silicates in the leaves of B. vulgaris. The hot meth-
anolic yield of extract is 11.25% which contains maximum phyto-
chemicals of B. vulgaris leaves. The infra-red and ultraviolet studies
indicated specific absorbance pattern in different months of the
year indicating stability of the extract. The thin layer chromatog-
raphy showed the presence of alkaloids, bitter principles and
valepotriates in extract which might cause the angiogenesis in
synergism with each other. The mass spectroscopy identified the
specific compound in extract which in the future can be isolated
and its angiogenic potential can be determined.

There is paucity of literatutre on angiogenic potential evaluation
in plants based study using CAM model. There are no head to head
comparative studies between bambusa vulgaris and other plant
hence, it is difficult to comment on the superiority of one plant over
the other. This research is at a nascent stage. Further clinical
development and human studies are required for recommending
this for clinicians to use in their practise. However we have further
analysed the angigenic effects of tuttha bhasma, kasis, and other
ayurvedic preparations using CAM which are yet to be published.

Our results suggest that leaves extract of Bamboo has a potential
for use in wound healing. Our study provides significant insights
into the potential of Bamboo leaves extract for its angiogenic
8

potential and clinical use. The fractionated form of crude samples
needs testing to establish the presence of angiogenic compound.
Further studies are required to establish optimum concentration of
B. vulgaris. Animal and human studies are also needed after esti-
mating optimum concentration of compound showing angiogenic
property on CAM model.

7. Conclusion

Visual change in the growth pattern of blood vessels as indi-
cated by increase in number and photographs was observed with
B. vulgaris leaves extract. Histological examination also confirmed
the angiogenic potential of B. vulgaris leaves extract. Angiogenic
potential of B. vulgaris extract 255 mcg was similar to Plermin
40 mg.
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