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ABSTRACT

A well-known blue - green algae Spirulina platensis is widely used in India for the
management of different ailments. This study aims at extraction, purification and antiangiogenic
screening of C-Phycocyanin isolated from Spirulina platensis. Preliminary analysis was performed
for Spirulina platensis. Then, it was treated for the extraction of C-Phycocyanin by different
extraction procedures, purified and finally characterization was achieved by reverse phase HPLC
and by Mass Spectrometry. Antiangiogenic potential was screened by chick chorio allantoic
membrane assay (in vivo), sponge implantation method (in vivo), tube formation assay (in vitro),
cell migration (in vitro) and by cell proliferation assay (in vitro). The test and the other groups
were compared with control group by one way ANOVA, followed by Dunnett’s test, to compare
means of other groups with control mean. Chick chorioallantoic membrane assay, evaluated the
number of branching points and angiogenic score and strong antiangiogenic results were detected
for C-Phycocyanin at doses 10-5 M and 10-4 M. Good decrease in the sponge weights, number of
new vessels formed, and the amount of haemoglobin were reported at the selected C- Phycocyanin
doses in the sponge implantation method. On the endothelial cells, C-Phycocyanin (1-100 nM)
exhibited potent reduction in proliferation, migration and in the length of tubes with increasing
doses. C- Phycocyanin exhibited potent antiangiogenic effects in a dose dependent manner.
Keywords: C-Phycocyanin, antiangiogenic activity, Spirulina platensis, chick chorio allantoic
membrane assay, sponge implantation method, tube formation assay, cell migration assay and cell
proliferationassay.
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1. INTRODUCTION

Angiogenesis (AG) is the development of new blood vessels from the existing once’s.
Antiangiogenic (AAG) compounds precisely aim on budding vessels which makes their use
beneficial in many diseases resulting due to pathologically excess AG and also, they treat such
diseases from the root cause. Treating disease from roots consequences in great therapeutic benefits
with minimal adverse effects .

In spite of huge investigations, the pathology of Alzheimer's disease (AD) is still uncertain. The
pathology includes hypoperfusion of brain cells, inflammation, gene polymorphisms, and cerebral
lesions >°. In this study we propose that endothelial cells (ECs) influence the constant destruction
of cortical cells in AD. In AD, the endothelium of brain releases precursors of B-amyloid plaque
and a neurotoxin that specifically damages cortical cells. Endothelial cells in large numbers get
activated by AG triggered by cerebral hypoxia, ischemia and inflammation 8. If AD is an AG-
dependent ailment as proposed, then advancement of antiAG agents aiming the abnormal ECs of
brain might prevent and treat AD in a better way. Phytochemicals have been used in India since
olden times, claiming for their antiAG potentials. A water-soluble phycobiliprotein, C-
Phycocyanin (C-PC), is a colored protein present in cyanobacteria, reed algae, and cryptomonads.
C-PC is widely used as an antioxidant, anti-inflammatory, hepatoprotective, radical-scavenging,
lipid lowering and antiarthritic agent. Spirulina has a good growth and about 25% (w/w) C-PC
content in its biomass, and so becomes a good commercial C-PCsource 1014,

We aimed to investigate the isolated constituents of Spirulina platensis for their effects on AAG
associated with AD. To achieve this aim, molecular and cell biology analyses were performed on
selected cell models utilizing variety of assay techniques.

2 MATERIALS AND METHODS:

Collection and authentication of plant:

Spirulina platensis was purchased from Perrys Neutraceuticals, Chennai and authenticated by Dr.
V.Sampath Kumar (Scientist D in-charge), Botanical survey of India, Southeren regional center,
Coimbatore, Tamilnadu, India.

2.1 Extraction Procedures of C-PC from Spirulina Platensis

Distilled water extraction

Spirulina powder (10g) was mixed in distilled water and allowed to deep freeze at —20 °C for 24
hours, then was subjected to centrifugation at 6000 rpm for 10 minutes.

Homogenization method

Wet Spirulina powder (10g) was subjected to homogenization using mortar and pestle with glass
beads in 50 mM of Sodium phosphate buffer (pH 6.8). The extract was kept at =20 °C for 24
hours and then was exposed to centrifugation at 6000 rpm for 10 minutes. This was re-extracted
with buffer for complete recovery of C-PC.

Freezing and Thawing method

C-PC was separated by repeated freezing and thawing of wet biomass (10g). It was then mixed
with 50 mM Sodium phosphate buffer (pH 6.8) and deep frozen —20°C for 24 hours. This was
repeated many times and then was subjected to centrifugation at 6000 rpm for 10 minutes.

Acid extraction process
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Wet Spirulina powder (10g) was taken in two test tubes. In one 2 ml concentrated hydrochloric

acid and in the other 5 ml of the concentrated hydrochloric acid was added. The test tubes were

kept at room temperature for 24 hours, then were subjected to centrifugation at 6000 rpm for 10

minutes.

Heating

Wet Spirulina powder (10g) was added into a test tube and kept inside the water bath, which was

treated at 60°C for 10 minutes, then were subjected to centrifugation at 1000 rpm for 10 minutes.

Every One Hour Freezing and Thawing

Wet Spirulina powder (10g) was added a beaker along with the 50 mM sodium phosphate buffer and

kept at

—20°C for 1 hour and thawed at 4°C for 1 hour. This was repeated for about 3 to 6 times, then were

subjected to centrifugation at 1000 rpm for 10 minutes.

In all the above procedures the supernatant obtained after centrifugation was used for C-PC

estimation.

Purification of C-PC

Among the above 6 procedures, C-PC extracted by repeated freezing and thawing was found to be

highly effective. Amount of C-PC was estimated as reported by Bennett and Bogard (1973) and

purity was calculated using: Purity = A620/A280

2.2 CHARACTERIZATION OF C-PC

2.2.1 RPHPLC

Reverse phase HPLC using C5 column was performed to characterize C-PC. Photo diode array
detector was set at 620 and 226 nm and the absorption spectra were analyzed 2,

2.2.2 Mass spectrometry

Triple stage quadrupole and ion trap mass spectrometers are used presently, as it was sensitive and
selective. It reported maximum identity with C-PC *2,

2.3 Antiangiogenic activity:

INVIVO ASSAYS:

2.3.1 CAM assay

Chorioallantoic membrane (CAM) assay in ovo AG procedure for measurement of potential of AG
agents. Eggs were harvested from hatchery on Day ‘0’ and observed for damage. After randomly
grouping into control, VEGF (negativecontrol),bevacizumab(standardAGagent),andthreeC-
PCgroups(sixeggs/group).Ethanolwasused for disinfection and then incubated at 37°C. On Day
‘3’, 2-3 ml of albumin was withdrawn from the narrow end of the eggs and kept back for
incubation. On Day ‘7°, a sponge with test/ standard/ control doses (3 mmx3 mmx1 mm) were
placed on top of CAM and then incubated till Day ’14’. On Day ‘14°, CAM was separated, AG
score was calculated based on Table 3, stained with 10% formalin and examined under trinocular-
microscope. Vessel branching points/ square area were counted. AG index is the mean + standard
error of mean (SEM) of branchingpoints®14,

Table 3: AG score on 1-4 for branching points

Eur. Chem. Bull. 2023, 12( Special Issue 8),1559-1570 1561



Extraction, purification, in vitro and in vivo antiangiogenic screening of c-phycocyanin

Branching points Score

35
between 25 and 34
between 15 and 24
<15

= N Wb

2.3.2 Sponge implantation assay

Rats were anesthetized by a mixture of ketamine (80 meg/keg) and xylazine (5 meg/keg). Two
sterilized sponges (2 cm diameter and 8 mm thickness) were implanted subcutaneously (s.c.) on
the mid-dorsal line of animal’s body. Standard and test doses were injected on sponges for 13 days
to the respective groups. On Day ‘14’ animals were sacrificed and sponges were separated out.
The sponge weight, amount of hemoglobin and number of vessels per sponge were quantified $>-2%-
Procedure for estimating hemoglobin content: After soaking the sponges in double distilled water
they were homogenized over ice platform for 5 min. The homogenate was subjected to cooling
centrifugation at 10,000 rpm for 5 min and the supernatant was used to estimate hemoglobin
content by Sahli’s hemoglobinometer (g/dL).

Procedure for determining number of blood vessels formed per sponge: Sponges were immersed
in saline at 4°C for 1 hour and were soaked in 75% ethanol for 30 min and then moved into 10%
formalin. Paraffin sections (10 pm) were made and were stained with hematoxylin-eosin. The
prepared slides were then observed under a trinocular microscope. Circular spaces amidst the
fibroblast regions present were counted as they represent vessels formed in the sponges.

2.3.3 INVITRO ASSAYS:

HUVECSs culture

Human umbilical vein EC (HUVECS) were cultured on gelatine dishes in M199 supplement with
1e5% fetel calf serum, 50 U/ mL penicillin, 50 mg/mL streptomycin, 50 mg/mL gentamycin, 2.5
mg/mL amphotericin B, 5 U/mL heparin, and 150-200 mg/mL EC growth supplement. ECs were
used between passages 1 and 3. Three repeats for each experiment were derived and each time
using different isolates and/or passages of ECs 20-2°,

EC proliferation assay

HUVECs were seeded in 24 well plates at a density of 6000 cells/cem2 and incubated overnight in
Dulbecco’s modified Eagle’s medium. ECs were subjected to various doses of C-PC,
bevacizumab, VEGF, or vehicle and were left to proliferate for 48 hours. After 48 hours ECs were
trypsinized, and count was calculated by Neubauer hemocytometer.

Transwell migration assay

Ability of ECs to migrate across a membrane was evaluated by 6.5-mm diameter transwell
chambers with polycarbonate membrane inserts (8 mem pore size). ECs were serum starved
overnight. ECs were trypsinized, 1x105 ECs were added per well with 100 mL of serum-free
medium having 0.2% bovine serum albumin with of various doses of C-PC, bevacizumab and
VEGF. ECs were left for migration for 4 h, after which the nonmigrated ECs left on the top of the
well were removed. ECs migrated to bottom of the filter were fixed in Carson’s solution for 30
min and were stained with toluidine blue. Migrated ECs were scored and averaged from 8
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randomfields 2.

Matrigel cord-like morphogenesis assay

The development of cord-like morphology by HUVECs were measured in growth factor-reduced
matrigel. The EC groups were plated in 96-wells precoated with 45 mL of matrigel in each well.
ECs were incubated for 8 hours, cord-like morphology was measured 2732,

3 RESULTS AND DISCUSSION
3.1 Extraction and purification of C-PC
Among the 6 procedures, C-PC separated from repeated freezing and thawing was reported as the
most effective (Table 2). Cell mass was separated by centrifuging at 5000 rpm for 10 min and the
supernatant is the crude extract. Amount of C-PC was calculated and purity was determined by
formula:
Purity = A620 / A280 x 100

Table 2. OD values for purification of C-PC

Optical Density Purity
Method (OD) (A620/A280) x
A620 A280 100
Normal freezing 2.58 3.42 75.43
and thawing
extract
Homogenized 2. 3. 79.16
freezing and 66 36
thawing extract
Water extract 2. 3. 78.91
77 51
1 hour freezing 68.69
and thawing 2. 3.
extract 48 61

3.2 Characterization of C-PC

To characterize C-PC, reverse phase HPLC was done using a C5 column. Photo diode array detector
at 620nm and 226nm exposed 2 peaks at 25.612 min and 27.024 min. When absorption spectra of
these 2 chromatogram peakswere analyzed, it was found that A620:A280 for the first peak RT =
25.612 min, it was due to phycocyanobilin (PCB) chromophore, indicating the peak corresponds to o
subunit of C-PC. While the A620:A280 for second peak RT = 27.024 min, it was due to the presence
of 2 PCB chromophores, and therefore this peak corresponds to 4 subunit of C-PC (Figure.1).
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Figure 1. RTHPLC peaks of C-PC showing « and 8 subunitpeaks.
3.2.1 Characterization of C-PC by mass spectrometry
Triple stage quadrupole and ion trap mass spectrometers were used, as they are very sensitive and
selective. It showed maximum identity with C-PC (Figure.2).
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Figure 2. Mass Spectrophotometric peaks of C-PC
3.3 Antiangiogenic activity:

Invivo assays

3.3.1 Results of CAM assay
Effect of C-PC treatment on the two evaluation parameters, number of branching points and
angiogenic score, are presented in Figure 3a, Figures 5a and 5b. The results of three doses of C-PC,
the standard anti-angiogenic drug bevacizumab, and VEGF were statistically compared with the
control results. Significant AG actions were reported with all three test doses selected: 10-6 M, 10-5
M, and 10-4 M, in a dose dependent manner.

3.3.2 Results of the sponge implantation method

The parameters evaluated in this method are weight of the sponge, number of vessels per sponge,
and hemoglobin content of the sponge. A reasonable decrease in weight of sponges and a significant
inhibition in neovascularization and hemoglobin content were reported at 1.0 mg/kg and 10 mg/kg
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of C-PC. In VEGF group highest neovascularization were identified, whereas with the standard
antiangiogenic agent very few microvessels were noticed due to strong anti-angiogenic action, and
the C-PC groups caused a dose-dependent decrease in neovascularization (Figure 3b and Figure
5¢,5d,5e).

Invitro assays

3.3.3 Results of the EC proliferation, transwell matrigel and morphogenesis assays

In the cell proliferation assay VEGF resulted in elevated proliferation (increase of 50%), whereas
bevacizumab and the three doses of C-PC showed significant inhibition of proliferation (inhibition
by 50%, 80%, 70%, and 60%, respectively). In addition, test doses of C-PC significantly inhibited
cell motility through transwell by about 50%. Significant inhibition of tube morphogenesis was
observed with C-PC (inhibition by 70%, 60%, and 50%, respectively) (Figures 4 and 6).

CONTROL BEVACZUMAB  CRC( M) C-PC(10 M) C-PC(L00RM) VGEF(S00pM)
(M)

Figure .3: Photographic images showing results of a) CAM assay; b) Sponge implantation assay.
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CONTROL BEVACIZUMAB C-PC(1pM) VGEF (500pM)

Figure .4: EC responses to C-PC doses, bevacizumab and VEGF. (a) Cell proliferation observed under cytometer (b) Images of tube morphogenesis after
being treated for 2 hours following VEGF stimulation. (c) C1-Cell migration observed after 0 hours and C- Cell migration observed after 24 hours of
treatment.

Figure .5: Graphs representing EC responses to C-PC, bevacizumab and VEGF. All the results
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Figure .6: Graphs representing effect of C-PC on (a) number of branching points (CAM assay) (b)
angiogenic score (CAM assay) (c)weight of sponge (d)number of vessels per sponge (e)hemoglobin
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content per sponge. All the results were expressed as mean + standard error of mean;
n=6. ***p<0.001, **p<0.01, *p<0.05 Vs control ns: non-significance.

In CAM assay, C-PC showed potent anti-angiogenic action at the 3 test doses of 10-6 M, 10-5 M, and
10-4 M. A strong decrease in weight of sponge, neovascularization, and hemoglobin content were
reported at 1 mg/kg and 10 mg/kg. The results suggest that C-PC has strong inhibition of sprout
formation and branching in a dose- dependent manner. EC response to C-PC was significant at the test
doses of 1uM, 10uM, and 100uM during proliferation, migration, and tube formation assays, which
are the critical steps in arresting theangiogenesis. C-PC anti-angiogenic action might be due to calcium
channel blocking Ca2+ ions act as secondary messengers in cell signaling pathways resulting in AG >
17 Deficiency of extracellular Ca2+ results in cell-growth arrest in G1/S phase 2%,

4 CONCLUSIONS

Spirulina Platensis serves as good commercial source for the isolation of C-PC. C-PC, being a strong
blocker of Ca2+ ion influx, resulted in significant anti-angiogenic actions both in invitro and invivo
antiangiogenic assays. This phytochemical serves as good template that can be structurally modified
for a site-specific effect in anti- angiogenic therapy.

DECLARATIONS:

Competing interests: The authors declare that there are no competing interests associated with this
work.

Funding: This research is not funded.

Ethical approval: All applicable international, national, and/or institutional guidelines for the care
and use of animals were followed.

Author’s contribution: Both the authors planned and designed the study. Mrunalini performed all the
experiments, analyzed the results, and prepared the manuscript. Shiva Kumarreviewed the entire data.
Both the authors read and approved the final manuscript.

Acknowledgements: We acknowledge the management of CMR college of pharmacy for
allowing us to use the research facilities of the institution.

REFERENCES

1. Adair TH, Montani JP. Angiogenesis. InColloquium series on integrated systems physiology: from
molecule to function 2010 Oct 2 (Vol. 2, No. 1, pp. 1-84). Morgan & Claypool Life Sciences.

2. Tahergorabi Z, Khazaei M. A review on angiogenesis and its assays. Iranian journal of basic
medical sciences. 2012 Nov 1;15(6).

3. Folkman J. Angiogenesis in psoriasis: therapeutic implications. J Invest Dermatol.1972;59:40-43.
4. Kakkar M, Singh S, Behl T, Singh S, Sharma N, Sachdeva M. Update on the role of Angiogenesis
in Diabetes associated Nephropathy. Research Journal of Pharmacy and Technology.
2021;14(7):3947-54.

5. Jain NK, Baghel KS. Selective cyclooxygenase-2 inhibitor etoricoxib attenuated hypoxic cancer
milieu induced m2-polarization of macrophages and acquisition of pro-angiogenic and pro-invasive
attributes. Research Journal of Pharmacy and Technology. 2019;12(12):5871-7.

6. Al-Shammari AM, Allak WJ, Umran M, Yaseen NY, Hussien A. Angiogenesis factors associated

Eur. Chem. Bull. 2023, 12( Special Issue 8),1559-1570 1567



Extraction, purification, in vitro and in vivo antiangiogenic screening of c-phycocyanin

with new breast cancer cell line AMJ13 cultured in vitro. Advances in Breast Cancer Research.
2015;4(04):100.

7. Mandal S, Jaiswal V, Sagar MK, Kumar S. Formulation and evaluation of carica papaya
nanoemulsion for treatment of dengue and thrombocytopenia. Plant Arch. 2021;21:1345-54.

8. Mandal S, Shiva K, Kumar KP, Goel S, Patel RK, Sharma S, Chaudhary R, Bhati A, Pal N, Dixit
AK. Ocular drug delivery system (ODDS): Exploration the challenges and approaches to improve
ODDS. Journal of Pharmaceutical and Biological Sciences. 2021 Jul 1;9(2):88-94.

9. Shiva K, Mandal S, Kumar S. Formulation and evaluation of topical antifungal gel of fluconazole
using aloe vera gel. Int J Sci Res Develop. 2021;1:187-93.

10. Ali S, Farooqui NA, Ahmad S, Salman M, Mandal S. Catharanthus roseus (sadabahar): a brief
study on medicinal plant having different pharmacological activities. Plant Archives.
2021;21(2):556-9.

11. Mandal S, Jaiswal DV, Shiva K. A review on marketed Carica papaya leaf extract (CPLE)
supplements for the treatment of dengue fever with thrombocytopenia and its drawback.
International Journal of Pharmaceutical Research. 2020 Jul;12(3).

12. Mandal S, Vishvakarma P, Verma M, Alam MS, Agrawal A, Mishra A. Solanum Nigrum Linn:
An Analysis Of The Medicinal Properties Of The Plant. Journal of Pharmaceutical Negative Results.
2023 Jan 1:1595-600.

13. Munaron L. Systems biology of ion channels and transporters in tumor angiogenesis: An omics
view. Biochimica et Biophysica Acta (BBA)-Biomembranes. 2015 Oct 1;1848(10):2647-56.

14. Nilius B, Droogmans GU. lon channels and their functional role in vascular endothelium.
Physiological reviews. 2001 Jan 10;81(4):1415-59.

15. Arcangeli A, Becchetti A. New trends in cancer therapy: targeting ion channels and transporters.
Pharmaceuticals. 2010 Apr 20;3(4):1202-24.

16. Ray S. Exploring the protective role of water extract of Spirulina platensis on flutamide-induced
lipid peroxidation using 4-Hydroxy nonenal and nitric oxide as model markers. Research Journal of
Pharmacy and Technology. 2011;4(12):1857-60.

17. Patel N, Gangawane AK. Development and Validation of fermentation conditions for Pectinase
production in submerged fermentation conditions. Research Journal of Pharmacy and Technology.
2021;14(12):6665-8.

18. Fayyad RJ, Dwaish AS, Sulman IM, Lefta SN. Phytochemical profiling of hot and cold alcoholic
extract from Spirulina platensis alga and Comparison between two extracts against multidrug-
resistant bacteria. Research Journal of Pharmacy and Technology. 2022;15(1):399-404.

19. Kamili C, Kakataparthy RS, Vattikutti UM, Chidrawar V, Ammineni S. Anti-proliferative and
anti-angiogenic activities of ion-channel modulators: In-ovo, in-vitro and in-vivo study. Asian Pacific
journal of tropical biomedicine. 2017 Jun 1;7(6):555-62.

20. Ramanjaneyulu K, Himabindhu J, Sampath G, Rajeshwari B, Srivani B, Sumukhisarmishta L.
Evaluation of In Vitro Anthelmintic Activity of Spirulina Powder. Research Journal of Pharmacy and
Technology. 2017;10(10):3503-5.

21. Mathur M. Bioactive Molecules of: A Food Supplement. InBioactive Molecules in Food 2019
(pp. 1621-1642). Springer, Cham.

22. Lee MS, Moon EJ, Lee SW, Kim MS, Kim KW, Kim YJ. Angiogenic activity of pyruvic acid in

Eur. Chem. Bull. 2023, 12( Special Issue 8),1559-1570 1568



Extraction, purification, in vitro and in vivo antiangiogenic screening of c-phycocyanin

in vivo and in vitro angiogenesis models. Cancer research. 2001 Apr 15;61(8):3290-3.

23. Geer JJ, Dooley DJ, Adams ME. K+-stimulated 45Ca2+ flux into rat neocortical mini-slices is
blocked by ®-Aga-IVA and the dual Na+ Ca2+ channel blockers lidoflazine and flunarizine.
Neuroscience letters. 1993 Aug 6;158(1):97-100.

24. Jean-Yves LG, Halima OA, Olivier S, Pierre B, Ahmed A, Christophe V. Voltage-gated ion
channels, new targets in anti-cancer research. Recent patents on anti-cancer drug discovery. 2007
Nov 1;2(3):189-202.

25. El-Kenawi AE, El-Remessy AB. Angiogenesis inhibitors in cancer therapy: mechanistic
perspective on classification and treatment rationales. British journal of pharmacology. 2013
Oct;170(4):712-29.

26. Urrego D, Tomczak AP, Zahed F, Stuhmer W, Pardo LA. Potassium channels in cell cycle and
cell proliferation. Philosophical Transactions of the Royal Society B: Biological Sciences. 2014 Mar
19;369(1638):20130094.

27.Su M, Huang J, Liu S, Xiao Y, Qin X, Liu J, Pi C, Luo T, Li J, Chen X, Luo Z. The anti-
angiogenic effect and novel mechanisms of action of Combretastatin A-4. Scientific reports. 2016
Jun 24;6(1):281309.

28. Pyriochou A, Tsigkos S, Vassilakopoulos T, Cottin T, Zhou Z, Gourzoulidou E, Roussos C,
Waldmann H, Giannis A, Papapetropoulos A. Anti-angiogenic properties of a sulindac analogue.
British journal of pharmacology. 2007 Dec;152(8):1207-14.

29. Umaru B, Pyriochou A, Kotsikoris V, Papapetropoulos A, Topouzis S. ATP-sensitive potassium
channel activation induces angiogenesis in vitro and in vivo. Journal of Pharmacology and
Experimental Therapeutics. 2015 Jul 1;354(1):79-87.

30. Kiranmayi GV, Ricky LA, Kumar LS, Kala ML, Vamsi MK, Sureshma MS, Vishnu M, Sai MK.
Assessment of Antioxidant and Antiangiogenic Activities of Ethanolic Root extract of Cassia
occidentalis. Research Journal of Pharmacy and Technology. 2019;12(3):1230-4.

31. Monika M, Prema KK. Phytochemical analysis of commercially available Spirulina, their
activities and Biosynthesis of Nanoparticles. Research Journal of Pharmacy and Technology.
2021;14(12):6189-93.

32. Govindasamy S, Kathiresan S. Inhibitory effect of mosinone-A on immunohistochemical
expression of inflammatory and angiogenic markers in 7, 12-dimethylbenz (a) anthracene induced
hamster buccal pouch carcinogenesis. Research Journal of Pharmacy and Technology.
2021;14(2):833-7.

33. AlMalki WH, Shahid I, Mehdi AY, Hafeez MH. Assessment methods for angiogenesis and
current approaches for its quantification. Indian journal of pharmacology. 2014 May;46(3):251.

34. Khoo CP, Micklem K, Watt SM. A comparison of methods for quantifying angiogenesis in the
Matrigel assay in vitro. Tissue Engineering Part C: Methods. 2011 Sep 1;17(9):895-906.

35. Kamili C, Kakaraparthy RS, Vattikuti UM. Anti-Angiogenic Activity of Flunarizine by In Ovo, In
Vitro, and In Vivo Assays. Turkish Journal of Pharmaceutical Sciences. 2019 Sep;16(3):303.

36. Peifer C, Dannhardt G. A novel quantitative chick embryo assay as an angiogenesis model using
digital image analysis. Anticancer research. 2004 May 1;24(3A):1545-52.

37.Cruz A, Parnot C, Ribatti D, Corvol P, Gasc JM. Endothelin-1, a regulator of angiogenesis in the

Eur. Chem. Bull. 2023, 12( Special Issue 8),1559-1570 1569



Extraction, purification, in vitro and in vivo antiangiogenic screening of c-phycocyanin

chick chorioallantoic membrane. Journal of vascular research. 2001;38(6):536-45.

38. Goodwin AM. In vitro assays of angiogenesis for assessment of angiogenic and anti-angiogenic
agents. Microvascular research. 2007 Sep 1;74(2-3):172-83.

Eur. Chem. Bull. 2023, 12( Special Issue 8),1559-1570 1570



