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Abstract

Background: Vascular endothelial growth factor (VEGF) is a potent angiogenic factor and was first described as
an essential growth factor for vascular endothelial cells. VEGF is up-regulated in many tumours and its
contribution to tumour angiogenesis is well defined. COX2 is an enzyme that speeds up the formation of
substances that cause inflammation and pain. It may also cause tumour cells to grow. Some tumours have high
levels of COX-2 and blocking its activity may reduce tumour growth. Also called cyclooxygenase-2 and
prostaglandin-endoperoxide synthase 2. CD105 is a cell membrane glycoprotein mainly expressed on endothelial
cells and overexpressed on tumour-associated vascular endothelium, which functions as an accessory component
of the transforming growth factor -5 receptor complex and is involved in vascular development and remodelling.
VEGF, COX2 and CD105 biomarkers could represent a selective antiangiogenic and anticancer activity. Aim: To
evaluate the impact of Hesperidin onto VEGF, COX2 and CD105 tumour cell marker on the rapidly growing
capillary plexus of the chick embryo chorioallantois membrane (CAM). Materials and Methods: The in-ovo CAM
assay was performed for the Hesperidin and Nano-HSP against humanized VEGF, COX2 and CD105 tumour cell
marker. Results: Haemorrhagic damage was induced in the capillaries, which led to the early death of the embryos.
Congestion leads to reduced blood flow out from tissues, which may be localized or systemic as seen in capillaries.
Upon morphological staining, with haematoxylin and eosin stain, there was evidence of mild oedema, vascular
disruption and extravasation of red blood cells in the chorion. Signs of vacuolization of the covering epithelium
were also observed. Conclusion: Hesperidin blocking endogenous VEGF, COX2 and CD105 by chick embryo
CAM assay might represent a valuable approach to impairing or inhibiting angiogenesis in steroidogenic-derived
embryonic tissues. Therefore Hesperidin shows antiangiogenic and anti-inflammatory activity that is showing
anti-VEGF, anti-COX2 and anti-CD105 antibody properties.
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1. INTRODUCTION

The existence of a broad well-associated microvascular blood vessel matrix is significant for the proper
delivery of metabolites and the removal of waste products which is essential to carry-out tissue stability in the
body. In the truancy of angiogenesis, contradictory effects such as oxygen deprivation and tissue death can occur
[1,2]. The microvasculature is also important for assembling physiological responses including hormone
responses and inter-organ communication, and injury responses including immune and inflammatory responses
[3]. But it leads to big trauma when its presence leads to uncontrollable multiplication, therefore, leading to the
formation of cancerous cells through the process of angiogenesis [4,5]. Cancer is the second foremost cause of
death worldwide, just after cardiovascular diseases [6]. In fact, there were an estimated 18.1 million new cancer
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cases and 9.6 million cancer deaths in 2018 around the world [7]. Cancerous growth depends on angiogenesis; so,
targeting it could be a crucial step to arresting cancer growth and invasion into tissues [2]. Growing cancer requires
a wide arrangement of vessels to flexibly supplement oxygen and invade distant organs [8].

Angiogenesis is the origination of newly developed blood vessels arising from pre-existing ones during
embryo growth, inflammation, organogenesis and wound healing process[9]. It is an organised event, and the
growth of new blood vessels is regulated by the delicate balance between several pro-angiogenic and anti-
angiogenic growth factors. Pro-angiogenic growth factors which stimulate, platelet-derived growth factors
(PDGFs), vascular endothelial growth factors (VEGF), transforming growth factor-o (TGF-a) [10], TGF-f [11],
hepatocyte growth factor [12], and tumour necrosis factor- o (TNFa) basic fibroblast growth factor (b-FGF),
hypoxia-inducible factor-1a (HIF-1a) [13], matrix metalloproteinase (MMP) action [14], or endothelial cell
multiplication-movement [15]. However, inhibitors like thrombospondins (TSP) , angiostatin and endostatin [16]
can lead to anti-angiogenic effects. The release of pro-angiogenic growth factors activates proteolytic enzymes to
remodel the extracellular matrix (ECM) of blood vessels, leading to the sprouting and reorganisation of new blood
vessels [17]. Unregulated angiogenesis has an impact on certain comorbidities like diabetic retinopathy [18],
rheumatoid joint pain [19], psoriasis disease development [20], adolescent haemangiomas [21], chronic
inflammation[22], atherosclerosis, ocular-related disorder, growth and metastasis of various cancer types[23].
There have been numerous studies concerning angiogenesis inhibitors. Sunitinib exhibited broad and potent
antitumor activity by targeting the vascular endothelial growth factor receptor [24], with angiogenesis inhibitors,
Marimastat and TNP-470, exhibiting antitumor activity in preclinical studies [25,26]. However, these inhibitors
each have different limitations. A broad range of herbal products and bioactive compounds were proven as
angiogenic inhibitors with extension to cancer research [27]. An urgent requirement is for a more safe and efficient
system for screening angiogenesis and angiogenesis inhibitors for the treatment of various comorbidities. A few
earlier studies, either in vivo or in vitro, recorded the anticancer competence of flavonoids.

Hesperidin (HSP) belongs to the flavanone family of bioflavonoids and it has a beneficial effect on blood
vessels. HSP has a wide range of pharmacological activities, having influential anti-oxidant, anti-inflammatory,
anti-atherosclerotic, cardioprotective, neuroprotective, anti-allergic, anti-viral, anti-microbial, and anti-cancer
compounds[28,29]. Its role in protection against malignant transformation and progression has been described in
multiple preclinical studies, acting through diverse cellular signalling pathways[30,31]. HSP can affect diverse
molecular targets involved in the survival, division, and death mechanisms of tumour cells[32,33]. HSP modulate
tumour ANG via VEGF, MMP, b-FGF, endothelial cell proliferation, migration and metastasis owing to their
anti-angiogenic potential[34,35]. In 2009, anti-ANG potential of HSP in-vitro in Hep G2 human hepatocellular
carcinoma cells where HSP inhibits cytosolic MMP-9 expression via decreasing AP-1, JNK signalling pathway
and NF-j B signalling pathway) [36,37]. This was further supported by findings from other studies in 2010 which
reported HSP inhibited 12-O- tetradecanoylphorbol-13-acetate (TPA)-induced cytosolic MMP-2 and MMP-9 and
cyclooxygenase-2 (COX-2) expression via modulating NF-j B and AP-1 induced tumour cell invasion and
metastasis in lung cancer and hepatocellular carcinoma [38,39]. In 2015, the anti-angiogenic effect of HSP in
human umbilical vascular endothelial cells (HUVECS) and mouse embryonic stem cell (mES)- derived
endothelial-like cells by blocking AKT and mTOR signalling pathways. In MCF-7 and HUVECs cells where HSP
inhibited proliferation and capillaries formation in human breast cancer cells by suppressing NFATc3 (nuclear
factor of activated T- cells) expression. In female BALB/c nude mice, a xenograft tumour model in vivo HSP
inhibited tumour growth, by suppressing NFATc3, VEGF, and VEGFR2 expression via the NFAT signalling
pathway[40]. Anti-ANG capability of HSP in pancreatic cancer by targeting MKK3/6 and p38 intracellular
signalling pathways[41]., HSP inhibit tumour proliferation capability in A549 non-small cell lung cancer cells via
targeting SDF-1a (stromal cell-derived factor 1) by suppressing CXCR-4 (C-X-C chemokine receptor type 4), p-
Akt, p-1j B (phosphorylated-1 kappa B), and p-p65 expression (SDF-1/ CXCR-4 signalling cascade)[42]. HSP was
also reported to inhibit angiogenesis in human osteosarcoma MG-63 cells via wound healing and matrigel assay
and in vivoin male BALB/c xenograft mice model[43]. Due to HSP’s high potency and lower side effects, it has
a promising role in treating cancer and other disorders [44]. But its clinical usage is confined due to low solubility
and less bioavailability. There is the urge to prevail in this matter by using nanotechnology[43]. Much work has
been done with HSP-based nanoparticles to improve the bioavailability, absorption, and biodistribution of these
flavonoids[44,45,46,47,48]. Further to develop new targeting strategies have developed HSP-coated solid lipid
nanoparticles targeted delivery for the treatment of various dis- orders[49,50]. Evaluated Cerebro- protective
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potential of hesperidin nanoparticles for the effective treatment of cerebral ischemia in rats[51]. To increase the
drug delivery potential for topical applications, studied fabricating textile-based HSP-loaded nano
capsules[52,53]. These fabric-based nanocapsules were found to be suitable for the sustained release of drugs.
There is a failure of reports where HSP-coated nanoparticles were clinically tried for cancer treatment. Therefore,
more progressive attempts are required to integrate hesperidin-based nanoparticles for the effective treatment of
cancer and other diseases.

The chorioallantois membrane (CAM) assay is extensively popular in ovo experimental organisms appropriate for
the replacement of other laboratory animals[54]. Diverse application for the CAM assay in the field of
nanotoxicology. Several animal models were evolved, extending from zebrafish to mice, to examine the process
of angiogenesis and to perceive the effects of pro-angiogenic and anti-angiogenic factors. It scrutinizes the
angiogenic capacity of pristine factors and unharmed cells [55,56,57]. The in vivo CAM assay is a very useful
and well-established method to determine the angiogenic, anti-angiogenic and anti-inflammatory effects of natural
products like natural compounds or plant extracts[58]. The CAM is formed by the amalgamation of the
mesodermal layers of two developmental structures; the Allantois and the Chorion of the avian embryo. At ~3.5
days of incubation, the allantois of the chick embryo appears [59]. A very rich vascular network develops in the
chorioallantois membrane (CAM) from day 4 to 14 [60]. Multifarious growth factors (fibroblast growth factor-2,
transforming growth factor-p and tumour necrosis factor-a) and protein kinase ¢ were demonstrated to produce
CAM angiogenesis[61-65]. The concept of a tissue-specific angiogenic pathway was developed following the
characterization of a novel human endothelial cell mitogen, the vascular endothelial growth factor (VEGF), COX2
and CD105 which showed previously angiogenesis effects in various cell lines and animal models[66,67].
Targeting the respective receptors of VEGF, COX2 and CD105 induces the proliferation, migration and survival
of endothelial cells under physiological and pathological conditions. Moreover, VEGF, COX2 and CD105
overexpression has been correlated with several types of tumour. Due to the low cost and time consumption of
CAM assay, the present study aimed to evaluate the effects of the drug Hesperidin and Nano-HSP against VEGF,
COX2 and CD105 tumour cell markers in the chick embryo CAM which have not been previously reported

2. MATERIAL AND METHODS

2.1 Samples and reagents required

Hesperidin (>97.0% pure), and sodium dodecyl sulphate were obtained from Sigma-Aldrich. Ethanol (99%
pure) was purchased from SRL laboratories Pvt. Ltd., and N-Hexane (95% pure) and dimethyl sulphoxide
(DMSO, 99% pure) were purchased from SRL laboratories Pvt. Ltd.
2.2. Designing of Nano-formulated Hesperidin (NF-HSP)

The hesperidin was nano-formulated using the solvent evaporation method [68]. Briefly, ~4um
hesperidin was dissolved in ethanol to achieve a final concentration of 5 mg/ml. To the above solution, a known
quantity of 0.2% sodium dodecyl sulphate solution (SDS) was added and stirred. Under constant stirring, hexane
(antisolvent) was added to the mixture where the ratio of solvent and antisolvent was maintained at 1 : 20. Then,
the mixture was continuously stirred for 3 h at 150 rpm and held at 30°C overnight. After complete evaporation
of the solvent, the powder formed was crushed. It was subjected to various physiochemical characterization
studies to determine the morphology and molecular vibrations in NF-HSP.

2.3. Characterization Techniques

The NF-HSP particle size distributions were determined using the dynamic light scattering (DLS) technique
(Malvern Zetasizer, USA). The particle size distributions of the nano-formulated drugs were recorded by
dissolving 100 ul of prepared nanoformulation into 900ul of solvent. Fourier transforms infrared (FTIR)
spectroscopy was used with attenuated total reflection mode to elucidate the molecular vibrations that exist in the
pristine and nano-formulated drugs. An adequate quantity of samples was placed on the crystal surface, and the

spectra of NF-HSP were recorded in the range 4000 em 1500 cmL (Model BRUKER-ALPHA, Germany) using
OPUS software. FTIR spectroscopy characterizes the characteristic functional groups present in the test samples
originating from the different molecular bond's unique vibration and rotational energies.

2.4. Solubility test of Nano-formulated Hesperidin
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Hesperidin is insoluble in water in its pristine form. After nano-formulation, the drug become water-soluble
and was validated through the solubility test using Milli-Q water. A solubility test was performed by suspending
1mg of NF-HSP in 10 ml of Milli-Q water and comparing it with its pristine counterpart [68].

2.5. CAM Assay preparation

The effect of HSP and Nano-HSP on angiogenesis was evaluated using the CAM assay. Devising of the chick
embryo's chorioallantois membrane was performed according to the procedure formerly reported by Ribatti et al
[69].

The fertilized chicken eggs were kept previously in humidified egg incubator for 72 h at 37°C and a relative
humidity of 80%. The eggs were placed into a parallel position and rotated several times to prevent attachment of
the embryo to the eggshell. After 3 days of incubation, a 1 cm? window was carefully created on the broad side
of the egg to assess the extent of embryonic blood vessels. The normal development was verified, and embryos
with malformations or dead embryos were excluded. Then, about 2 mL of albumen was aspirated from each egg
through the small window to lower the embryo and CAM away from the eggshell. After removal of albumen,
covered with Parafilm and the egg specimens were re-incubated for the next four days. From incubation day 7,
one group (n=3) was used as a control and was treated with distilled water, whereas the other two groups (n=6, 3
specimens for each two groups) were treated with 10uM HSP and 10uM Nano-HSP were directly placed on the
small window created before by membrane dialysis method. For every test compound, 3eggs were utilized. All
samples were tested in triplicate at different times.

2.6. Macroscopic view of CAM assay

Treated and control CAM specimens were macroscopically monitored at 24 hours i.e. on day 8 of incubation,
using a Zeiss Stemi DV4 SPOT stereomicroscope equipped with a Sony Cybershot camera and blood vessels were
photographed. The antiangiogenic effects of HSP and Nano-HSP on the CAMs were quantified, mean vessel area
as a percentage of the total area, mean vessel length and mean a number of branch points which were marked
using Wimasis software[70].

2.7. Haematoxylin and Eosin Staining view of CAM assay

Due to the low survival rate of the treated specimens and the rapid appearance of vascular changes, membrane
specimens were collected on day 9 of incubation, fixed in formalin for 24 h and were then paraffin-embedded.
Five-micrometre serial sections were made from each specimen. The haematoxylin-eosin stain was used for the
morphological study of the collected chick embryo CAMs.

2.8. Immuno-histochemical view of CAM assay

Additional sections underwent for immunohistochemical staining. Cut 3mm sections on charged slides and
incubate at 60-70°C for 1 hour. Deparaffinize by 2 changes of xylene for 5 minutes each. Hydrate through
descending grades of alcohol as follows: a) Absolute alcohol — two changes five minutes each; b) 90% alcohol —
5 minutes; ¢) 70% alcohol — 5 minute; d) Running water — 5 minutes, and Antigen retrieval for 15-20 minutes in
MERS. The pH of the retrieval buffer may be either 6, 8 or 9.5 according to the marker. Wash in running water
for 5 minutes. Wash in PBS/TBS for 2 minutes. Do endogenous peroxidase blocking by adding H202 on the
section, and keep for 5 minutes. Wash in the wash buffer for 2 minutes, twice. Add primary VEGF or COX2 or
CD105 antibodies and keep for 30 minutes in a moist chamber. Then wash in wash buffer 2 times, 2 minutes each.
Add Polyexcel Target binder and keep for 15 minutes. Wash in two changes of buffer, 2 minutes each. Add
Polyexcel HRP and incubate for 15 minutes. Wash with buffer, 2 minutes 2 changes. Add working DAB
Chromogen and keep it for 2-5 minutes, then wash in distilled water. Counterstain with haematoxylin for 30
seconds, and wash with water. Dehydrate, clear and mount as usual.

3. RESULTS

1. Designing of Nano-formulated Hesperidin

The hesperidin compound was nano-formulated through the solvent evaporation method and subjected to DLS
and FTIR characterization studies.

2. Solubility test of Nano-formulated Hesperidin and HSP
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Insoluble in water
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Figure 1. Solubility test of a) Nano-formulated Hesperidin and b) HSP with distilled water

The solubility of NF-HSP prepared through the solvent evaporation method was evaluated by dispersing it in
Milli-Q water. When nano-formulated HSP drug was added to the water, it was easily distributed, ensuring a
hydrophilic nature (Figure 1(a)). In contrast, when pristine hesperidin was added to water, the drug was found
insoluble. It was sedimented in of the water, validating the hydrophobic nature of the drug (Figure 1(b)).
Therefore, it was substantiated that the nanoformulation converts the wetting behaviour of the drug from
hydrophobic to hydrophilic in nature.

3. Characterization studies of Nano-formulated Hesperidin

To confirm the nano arrangement of prepared NF-HSP compared to the micron-sized pristine drugs, DLS
measurements were recorded. The nano-formulated drugs were ultra- sonicated for 1h before recording DLS
measurement. The average particle size distributions of normal hesperidin and NF-HSP was found as 687 nm and
486 nm, respectively, having a polydispersity index (PDI) of 0.2239(hesperidin) and 0.1256 (NF-HSP) (Figures
2(a) and 4(b)).
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Figure 2: DLS measurements of a)HSP and b)Nano-HSP
The FTIR spectra of the pristine HSP and synthesized NF-HSP were shown in Figures 3 and 4. The spectrum of

pristine hesperidin exhibited bands at 3539cm L and 3413 cm'l, confirming the presence of the O-H stretch. The
aromatic groups and C-O, C-H, C=C, and C=0 were observed at 437 cm'1,586 cm'1,611 cm'1,741 cm'1,876 cm”
1911 cm™ 1065 cm™ 1181 cm™1 1274 cm™1 1358 cm™ 1443 cm™1 1517 cm1 1644 cm™, 1986 cm™L cm™1 2321
cm™! and 2919 cm™? respectively. The FTIR spectrum of NF-HSP also shows similar peaks at 438 cm'1,586 cm”
1611 cm™1 741 cm™,876 cm™1,911 em™ 1065 cm™1,1182 cm™11274 cm™1 1358 em™1 1443 cm™1,1645 cm”
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1,1984 cm'1,2323 em™L and 2918cm ™1 ascribed to the aromatic groups and C-O, C-H, C=C, and C=0 functional
groups, respectively. Even though similar bands were observed in the spectrum of both pure hesperidin and NF-
HSP, the transmittance intensity originated from NF-HSP was lower than the pristine form. This phenomenon
was due to the presence of amorphous constituents in the prepared NF-HSP. The presence of amorphous
constituents improves the solubility of the drug in water than pristine hesperidin. Moreover, the peak obtained at

2850 cm™L ascribed to C-H stretching vibration originating from the long-chain C of SDS substantiates that the
SDS molecules were absorbed with hesperidin while nanoformulation.
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4. Macroscopic view of CAM on incubation day 8, one day after application of HSP and Nano HSP
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normal HSP (Figure 5d,5e,5f), while the highest seen by Nano-HSP produced vascular changes extensive to the
whole CAM surface, of chick embryos (Figure 5g,5h,5i)
5. Hematoxylin-eosin staining of CAM on incubation day 9, 2 days after application of HSP and Nano HSP
against endocrin
T g

Figure 5. a: Control; b: HSP, ¢: Nano-HSP; x10 magnification.

Evaluation of microscopic specimens confirmed the macroscopic observations. On haematoxylin-eosin-stained
CAM samples treated with HSP and Nano-HSP, we observed mild oedema, vascular disruption and extravasation
of red blood cells in the chorion. Signs of vacuolization of the covering epithelium, a high rate of extravasation
of red blood cells in the mesenchymal tissue of the CAM, dilated medium and large vessels and were also observed
(Figures 6b and 6c). Significant differences in vessel density between treated and control groups (Figure 6a),
were registered.
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6. Immuno-histochemical view of CAM assay- Immunohistochemical (IHC) staining of CAM on incubation
day 9, two days after application of antiangiogenic drug HSP and Nano HSP against VEGF, COX2 and
CD105 tumors markers.

Figure 7. Immunohistochemical (IHC) staining of chorioallantois membranes (CAMSs) on incubation day 9, two
days after application of HSP and Nano HSP against VEGF, COX2 and CD105.. a: Control VEGF; b: Control
COX2, c: Control CD105; d: HSP-VEGF; e: HSP-COX2; f: HSP-CD105; g: Nano-HSP-VEGF; h: Nano HSP-
COX2; i: Nano HSP- CD105; magnification x10.

Immunohistochemical reaction revealed a discontinuous pattern seen more in the endothelium vessels from CAM,
treated with Nano-HSP in comparison with normal HSP. The effect of the HSP and Nano-HSP on VEGF, COX2
and CD105 was not restricted to the vascular endothelium. Chorionic epithelial cells were modified by the action
of the HSP and Nano-HSP against VEGF, COX2 and CD105 tumour cell marker, and more by Nano-HSP.
Epithelial cells had many vacuoles in the cytoplasm and the adjacent stroma presented was denser using the Nano
formulated HSP (Figure 7g, 7h and 7i), compared with the normal mesenchyme from the control group (Figure
7a, 7b and 7c) and normal HSP group(Figure 7d, 7e and 7). Staining for the proliferation was found to be slightly
positive in HSP-treated epithelial cells of the chorion and less proliferation was seen in the Nano-HSP treated
epithelial cells from the main vessels and capillaries exposed to the VEGF, COX2 and CD105 tumour cell marker
(Figure 7d, 7e and 7f) (Figure 7g, 7h and 7i). This switching gives the impression of being linked to the oppression
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of condensed stromal blood vessels which was liable to become assembled vascular bundle-like structure without
cavity or impairment of breakage of endothelial cell connections (Figure 7g, 7h and 7i). The VEGF, COX2 and
CD105 expression was observed scattered in both normal HSP and more scattered with Nano-HSP.

DISCUSSION

VEGF, COX2 and CD105 biomarkers are intricated in several biological processes, including angiogenesis[71].
Vascular endothelial growth factor (VEGF) is a potent angiogenic factor and was first described as an essential
growth factor for vascular endothelial cells. VEGF is up-regulated in many tumours and its contribution to tumour
angiogenesis is well defined[72,73]. COX2 is an enzyme that speeds up the formation of substances that cause
inflammation and pain. It may also cause tumour cells to grow. Some tumours have high levels of COX-2 and
blocking its activity may reduce tumour growth. Also called cyclooxygenase-2 and prostaglandin-endoperoxide
synthase 2[74]. CD105 is a cell membrane glycoprotein mainly expressed on endothelial cells and overexpressed
on tumour-associated vascular endothelium, which functions as an accessory component of the transforming
growth factor -5 receptor complex and is involved in vascular development and remodelling[75,76]. VEGF,
COX2 and CD105 biomarkers could represent a selective anticancer and also anti-inflammatory strategy. The
effects of VEGF, COX2 and CD105 were extensively studied on human tissue specimens. In birds, the CAM is
similar to placental structures in humans and has the same function. Despite this, no data about the effects of
Nano-formulated HSP on VEGF, COX2 and CD105 on chick embryo CAM have been previously reported and
thus, to our knowledge, no data on the role of VEGF, COX2 and CD105 exist in an avian form. For this reason,
and, given the fact that there is a 30% homology between the human and avian genomes[77,78]. we chose the
chick embryo CAM as an experimental model for testing the effects of bioactive compound HSP and Nano-HSP
against human angiogenic growth factors VEGF, COX2 and CD105 in vivo.

Hesperidin is insoluble in water and soluble in organic solvents like DMSO and Sodium CMC[79]. It has been
studied that impoverished aqueous soluble drugs displayed good solubility through nanoformulation. Previously
reported improved solubility of curcumin in water through nanoformulation[80]. The activity was improved due
to a reduction in particle size resulting in target drug delivery as bioavailability was improved. In the present
study, the size of hesperidin was reduced significantly through the solvent evaporation method. Obtained results
show a one-fold reduction. In the present research work, nano-formulated drugs displayed better solubility in
water than in their pristine forms.

In the CAM assay, compounds demonstrate an angiogenic function in the form of increased vessel density around
the graft, with the vessels radially meeting towards the centre [81]. An inhibitory function of the tested compound
is observed when the quantity and density of vessels decrease and eventually disappear around the graft[82]. The
instrument and device required for the CAM assay are easily obtainable. Experimental time was reduced with this
method, and the protocol and results were simple and better. By this method, initially testing compounds with
angiogenic and angiogenic inhibitory activity is feasible and effective.

In this study, we demonstrated that the treatment with angiogenic growth factors VEGF, COX2 and CD105
produced different effects on the main vessels and capillaries of the chick embryo CAM. After treatment with
angiogenic growth factors VEGF, COX2 and CD105, in the treated group main vessels became dilated but
preserved their structure, whereas the chick embryo CAM capillaries showed endothelial breakage with
discontinuities through the intima and massive haemorrhage into the chorion. There was a lack of proliferative
endothelial cell activity, which is usually found in the normal chick embryo CAM vessels at this developmental
stage, upon treatment with HSP and Nano HSP, whereas more a lack of proliferation activity with Nano HSP.
Based on our observation concerning changes found in the chorioallantois stroma and epithelium, we can
hypothesize that an avian endogenous VEGF, COX2 and CD105 exist in the avian embryo and acts not only on
endothelial cells but also on other epithelial cell types and connective tissue components. Chick embryo CAM is
an avian steroidogenic structure [83] and this study showed that it is highly sensitive to blockade with VEGF,
COX2 and CD105 angiogenic growth factors in a dose-dependent manner.

Several macroscopic changes were observed compared to control i.e., evidence of vascular disruption,
spot-like hemorrhagic areas were observed between modified capillaries, and both main vessels and capillaries
had irregular shapes with pronounced dilation and severe stasis. Morphology of chick embryo CAM upon H and
E staining we observed hyperemic areas of vascular plexus, extravasation of red blood cells in the chorion and
signs of vacuolization of the covering epithelium were observed. With HSP treatment intense hemorrhagic effect
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is restricted to allantois vesicle. With Nano HSP treatment produced vascular changes extensive to the whole
CAM surface as in the embryos. Upon Immuno-histochemical staining, we observe that with compare to normal
HSP, Nano HSP treated CAM, has a reduced number of blood vessels and inflammation due to reduced expression
of VEGF, COX2 and CD105. This suggests the presence of an endogenous avian type of VEGF, COX2 and
CD105 involved in the development of both, CAM and the embryonic vascular network. Moreover, changes
caused by nano-hesperidin more onto VEGF, COX2 and CD105 of avian tissues suggest a high homology between
human and avian VEGF, COX2 and CD105. We have explored that nano-hesperidin affects the inhibition of
angiogenesis growth factors and inflammatory mediators VEGF, COX2 and CD105 in chick embryo CAM more
efficiently than normal Hesperidin.

CONCLUSION

In vivo Chick embryo CAM is a good tool for studying angiogenic bioactive compound HSP and Nano-
HSP activity against VEGF, COX2 and CD105 biomarkers and their inhibitory effects. Therefore, Nano HSP
shows good anti-inflammatory and anti-angiogenesis effects due to target drug delivery. Hesperidin blocking
endogenous VEGF, COX2 and CD105 biomarkers by chick embryo CAM assay might represent a valuable
approach to impairing or inhibiting angiogenesis in steroidogenic-derived embryonic tissues. Therefore Nano-
Hesperidin shows effective antiangiogenic and anti-inflammatory activity that is showing anti-VEGF, anti-COX2
and anti-CD105 antibody properties. Further studies are required to characterise avian VEGF, COX2 and CD105
its receptors and the mechanisms of action in this experimental model. Characterization of an avian endogenous
VEGF, COX2 and CD105 and its corresponding inhibitors would improve the use of chick embryo chorioallantoic
membrane as a model for targeting the VEGF, COX2 and CD105 pathways in normal and tumour angiogenesis.
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