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Abstract 
Present work deals with analysis of the antiangiogenic and antigenotoxic properties of green tea and 

black tea extracts by chicken chorioallantoic membrane (CAM) assay in vivo and by radical scavenging 

assay. The extracts of green tea and black tea prepared in water were tested, administering at 48, 72 and 

96 hrs. of incubation to observe angiogenesis of the CAM at 144 hrs. of development and antigenotoxic 

properties using radical scavenging assay. The extracts of green tea and black tea reduced 

neovascularization. Green tea extract showed highest inhibitory activity in angiogenic responses as 

compared to black tea. The quantitative analysis indicated inhibition in elongation and proliferation of 

both secondary and tertiary vessels. It seems to be the consequence of interference of extracts in 

signaling of angiogenic agents from epithelial cells or cellular apoptosis, which in its absence results in 

normal CAM angiogenesis. The result claims strong antiangiogenic and antigenotoxic properties of the 

green and black tea. 

 

Keywords: Chicken chorioallantoic membrane, antiangiogenic, green tea, antigenotoxic, black tea 

 

Introduction 

Tea is the largest consumed beverage in the world just after water [1, 2]. The per capita 

consumption of tea is approximately 120 ml/day [3]. The main reasons known till date for 

higher consumption of tea is because of its low price, aroma, taste, cultural practices, having 

potential health benefits and its stimulating effect [4, 5]. Tea is mostly consumed for pleasure 

but its medicinal values have been deeply studied with references dating back to 5000 years 

ago [6]. Tea is prepared by boiling the leaves of the Camelia sinensis in the water. Tea is 

cultivated in more than 30 countries of the world; it is a member of family Theaceae [7]. Two 

main tea plant varieties are known; C. sinensis var. sinensis native to china is a bushy plant 

having small leaves also grown in South east Asian countries experiencing cold climate and C. 

Sinensis var. assamica native to Assam, India have larger leaves also grown in several other 

countries experiencing a semitropical climate [8]. Various different tea types are available 

depending on the basis of botanical varieties, geographical origin and level of fermentation [8]. 

Green tea is made by rolling leaves of tea and then steamed to decrease oxidation and 

deactivate polyphenol oxidase before drying [3]. Black tea is produced by rolling leaves of tea, 

then bringing phenolic compounds into contact with polyphenol oxidases, followed by 

oxidation of 90 -120 minutes. White tea is produced from very young tea leaves and buds, 

after the young leaves and buds are plucked they are steamed and dried immediately, to 

prevent oxidation, the tea has a light and delicate taste. Tea is particularly rich in proteins, 

polysaccharides, polyphenols, minerals, and methylxanthines (caffeine, theophylline and 

theobromine) which largely contribute to the health benefits of tea. The potential for the 

consumption of tea and tea polyphenols in order to prevent or mitigate chronic disease is 

currently the subject of extensive scientific studies [9]. 

Oxygen is important for life but its high concentration is toxic for the human health because of 

its reduction to reactive oxygen species (ROS) due to different metabolic pathways. These 

have an influential role in various human pathophysiological and physiological processes [10]. 

These are unstable and highly reactive molecules generated as a byproduct of cellular 

metabolism, particularly in mitochondria and include superoxide anion, hydroxyl radicals, 

perhydroxyl radical, nitric oxide, hydrogen peroxide, peroxynitrite, singlet oxygen and 

hypochlorus acid [11]. At low levels these are important for various physiologically important  
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processes like growth factor stimulation and control of 

inflammatory responses. ROS participate in the regulation of 

many cellular processes including growth, differentiation, 

proliferation, cytoskeleton regulation, apoptosis, contraction 

and migration. ROS causes oxidative damage to cells leading 

to a number of pathological conditions like hemorrhagic 

shock, cystic fibrosis, cardiovascular diseases, rheumatoid 

arthritis, neurodegenerative disease, metabolic disorders, 

gastrointestinal ulcerogenesis [12]. Some of the specific 

examples of ROS related diseases are Parkinson’s disease, 

Alzheimer’s disease, atherosclerosis, cancer [10]. 

Integrity of our DNA is crucial for our health but it is 

susceptible to the damage caused by the reactive oxygen 

species (ROS). Among the bases present in DNA guanine 

bases are more vulnerable [13]. It is estimated that about 

10,000 oxidations hit the DNA of each cell on a single day 

within the human body and more than 35 different types of 

oxidized bases have been reported in the DNA in vitro [14]. 

However most of the damage done to the DNA is repaired by 

the DNA repair enzymes very effectively [15]. Some of the 

damaged DNA escapes repair thereby causing permanent 

damage and is thought to accumulate with age. The damaged 

DNA plays a central role in carcinogenesis [16] effects cell 

cycle, expression of genes and mitochondria/cytoplasm 

communication [12]. This damage done to the DNA is known 

as Genotoxicity. 

Angiogenesis is defined as the formation of new blood vessels 

from already existing blood vessels. It plays a very important 

role in the pathological and physiological processes in living 

organisms such as wound healing, embryonic development, 

chronic inflammation, tumor growth and metastasis [17]. 

Angiogenesis occurs by a number of steps which include 

stimulation and activation of endothelial cells, breakdown of 

capillary basal lamina by activated endothelial cells, 

formation of new capillaries and their maturation [18]. These 

are regulated by a large number of factors such as vascular 

endothelial growth factor (VEGF), basic fibroblast growth 

factor (BFGF), interleukin-8 (IL-8) and tumor necrosis factor-

α (TNF-α) [19]. The searches for antiangiogenic drugs, dietary 

products and bioactive plants have been studied and various 

tests are done for their antiangiogenic properties [20]. 

The chick embryo chorioallantoic (CAM) assay is an extra 

embryonic membrane assay and has been most widely studied 

for demonstrating tumor angiogenesis and testing different 

agents for their antiangiogenic activities [21]. The CAM assay 

has the experimental advantages which include ease of 

preparation, low cost and the natural mature immune system 

is absent, but involves the complexity of the whole angiogenic 

process [22]. Chick embryo model commonly referred to as 

hens egg test (HET) and is used in different research fields 

from more than 100 years [23]. 

 

Materials and Methods 

Preparation of tea  
Tea extract was made by soaking 0.20 g of tea in 10ml of hot 

water maintained at 85 ± 5 ⁰C on heating mantle for 5 min. 

The aqueous extracts were filtered with whatmans filter 

paper, allowed to cool at room temperature and were used for 

various antiangionenic and antigenotoxic assays [24]. 

 

Hydroxyl radical scavenging assay  
The formation of hydroxyl radicals (OH) from Fenton 

reagents was quantified using 2-deoxyribose oxidative 

degradation. Deoxyribose is degraded by hydroxyl radical 

generated by fenton systems and results in formation of 

malendialdehyde (MDA) which can be detected by its ability 

to react with thiobarbituric acid (TBA) to form a pink color. 

The reaction mixture contained deoxyribose (5 mM), FeSO4 

(6 mM), phosphate buffer (20 mM, pH 7.4), H2O2 (100 mM) 

and various concentrations (500-1000µg/ml) of the test 

compounds were added. Deoxyribose, tea extract and 

phosphate buffer were premixed before addition to the 

reaction mixture. After 15 minute incubation at room 

temperature, the reaction was stopped by addition of 0.75 mL 

of 4% phosphoric acid (v/v) and 0.75 mL of 1% aqueous 

solution of TBA was added to the sample; test tubes were 

heated at 95 °C for 15 min to develop the pink color. After 

cooling at room temperature, absorbance was measured by 

spectrophotometer at 532 nm against an appropriate blank [12]. 

 
Where: At and Ac are the respective absorbance of test 

samples and control. 

 

CAM assay 

The fertilized eggs were brought and were cleaned with the 

help of paper towel from dirt, feathers, excreta etc. 

 

A. Incubation of eggs: Fertilized eggs were incubated in an 

incubator kept at 37 ˚C for 72 hours and the upper side were 

the embryo resides was marked with the pencil. The eggs 

were rotated twice daily. After 48 hours the eggs were 

punctured on the big side of the egg and 10ml albumin was 

taken out, so that embryo sits well. 

 

B. Ex Ovo Culture: After 72 hours eggs were removed from 

incubator. The window was made in the egg on the side which 

we have marked with pencil (hands sterilized with 70% 

ethanol). 

 
C. Treatment: - 50µl of the tea extract was laid on the 

developing embryo through the window and the window was 

sealed with the help of cello tape [25]. 

 

d. Statistical analysis: - The statistical significance of the 

data has been determined using one way analysis of variance 

followed by post-hoc test of Tukey’s. The results are 

represented as mean±s.d.  

 

Results and Discussion 
Present study was undertaken to assess and compare the 

antiangiogenic and antigenotoxic activity of green and black 

teas with the help of chick chorioallantoic membrane assay 

and hydroxyl radical scavenging assay.  

 

Hydroxyl radical scavenging assay  

The percentage of radical scavenging activity of green tea 

(GT) significantly increases with increasing concentration. 

The percentage scavenging activity was varying from 43.73% 

at 500µg/ml to 62.39% at 1000 µg/ml (Figure 1, Table 1).  
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Fig 1: Hydroxyl radical scavenging activity of green tea (GT) (mean±sd, n=3). 

 
Table 1: Hydroxyl radical scavenging activity of green tea (GT) (mean±sd, n=3). 

 

Sample Concentration (µg/Ml) % Scavanging Activity 

500 43.73±0.65 

1000 62.39±1.54 

 

The percentage of radical scavenging activity of black tea 

(BT) significantly increases with increasing concentration. 

The percentage scavenging activity was varying from 32.05% 

at 500µg/ml to 50.0% at 1000 µg/ml (Figure 2, Table 2). 

 

 
 

Fig 2: Hydroxyl radical scavenging activity of black tea (BT) (mean±sd, n=3). 

 
Table 2: Hydroxyl radical scavenging activity of black tea (BT) (mean±sd, n=3). 

 

Sample Concentration (µg/ml) % Scavanging Activity 

500 32.05±2.99 

1000 50.0±4.83 
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Fig 3: Comparison of hydroxyl radical scavenging activity of black tea (BT) and green tea (GT) (mean±sd, n=3).  

 

GT showed more scavenging activity as compared to BT and 

the scavenging activity increased with increasing 

concentration in both tea types. A statistically significant 

difference was found between the scavenging activity of GT 

and BT (Table 3). 

 
Table 3: Multiple comparison of hydroxyl radical scavenging activity of BT and GT at the concentration of 500µg/ml and 1000 µg/ml.  

 

 
 

 
 

Fig 4: IC 50 values of GT and BT hydroxyl radical scavenging activity. 
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The effect of green tea and black tea on deoxyribose damage 

was assessed by using a sensitive technique known as the 

hydroxyl radical scavenging assay. The hydroxyl radical 

generated by fentons reaction induces severe damage to the 

biomolecules and can cause severe oxidative damage to the 

lipids, proteins and DNA. The hydroxyl radical along with 

transition metal (Fe2+) causes degradation of deoxyribose into 

malanodialdehyde that gives a pink color with thiobarbituric 

acid with a maximum absorbance at 532 nm [26]. Hydroxyl 

radical scavenging activity of tea was quantified by measuring 

the inhibition of the degradation of Deoxyribose. The tea 

reduces the hydroxyl radical, which is unable to attack 

deoxyribose and hence less formation of malanodialdehyde 
[27]. In the present study green tea has the hydroxyl radical 

scavenging activity of 43.73% and 62.39%, and that of black 

tea 32.05% and 50% at concentrations of 500µg/ml and 

1000µg/ml respectively. The green tea (IC50 value of 

631.07±1.09μg/ml) was found to be more effective in 

quenching the hydroxyl radicals produced in the reaction 

mixture as compared to black tea (IC50 value of 1000±3.92. It 

is evident from our study that different tea types obtained 

from Camellia sinensis, possess an appreciable free radical 

scavenging ability. This is in agreement with previous studies 

which also showed similar observations. Yen and Chin [28] 

measured the electron proton resonance (EPR) signal intensity 

of DMPO-OH system, showed that different tea types have 

dose dependent inhibition of scavenging activity. The efficacy 

of different tea extract using hydroxyl scavenging assay was 

determined and it was depicted that the efficacy of green tea 

was more as compared to black tea [29]. 

 

Chorion allantois membrane (CAM) assay 
CAM assays have been widely used to study angiogenesis, 

tumor cell invasion and metastasis. The CAM model has 

many advantages, such as the highly vascularized nature of 

the CAM greatly promotes the efficiency of tumor cell 

grafting, high reproducibility, simplicity and cost 

effectiveness, and finally as the CAM assay is a closed 

system, the half-life of many experimental molecules such as 

small peptides tends to be much longer in comparison to 

animal models, allowing experimental study of potential anti-

metastatic compounds that are only available in small 

quantities. 

The tea extract treatment was given to the eggs after 72 hours 

of incubation and then kept in the incubator for next 24 hours 

in order to see the effect of the green and the black tea in 

comparison to the control. 

  

  
a.  b.  

 

Fig 5(a, b): Controlled CAM of 72 hours (no treatment). 

  
a.  b.  

 

Fig 6(a, b): 72 hour CAM (to be treated with black tea extract). 

 

  
a.  b.  

 

Fig 7(a, b): 72 hours CAM (to be treated with green tea extract). 

 

  
a. b. 

 

Fig 8(a, b): controlled CAM of 96 hours 

 

  
a. b. 

 

Fig 9(a, b): 96 hours CAM (24 hour treatment of black tea) 
 

  
 

Fig 10(a, b): Green 96 hrs (24 hr treatment of green tea) 
 

Using chick CAM model, the pharmacological effects of tea 

are confirmed to inhibit angiogenesis. Our results confirmed 
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that the tea extracts had a significant antiangiogenic activity. 

Out of the two tea extracts used the green tea showed the 

more antiangiogenic response as compared to black tea. 

Treatment of green tea and black tea suppress the normal 

branching of blood vessels in the CAM development. Several 

growth factors are known to play a role in angiogenesis like 

VEGF, BFGF, IL-8, and TNF [30]. It is believed that the 

antiangiogenic action of tea may be due to inhibition of 

VEGF signaling. Thus through this tea seem to suppress the 

proliferation of secondary and tertiary blood vessels and 

inhibit the CAM angiogenesis. 

The antiangiogenic property of tea may be attributed to the tea 

catechins particularly EGCG. Many plant compounds are 

shown to inhibit proliferation of angiogenesis of tumor cells 

in vitro which include polyphenols, flavonoids and terpenoids 
[31]. 

 

Conclusion 
Green and black teas obtained from Camelia sinensis possess 

an appreciable free radical scavenging activity but upon 

comparison the green tea has more potency of radical 

scavenging as compared to the black tea. Both the tea types 

also inhibit the angiogenesis in the CAM model but green tea 

inhibits more as compared to black tea. Hence, regular 

consumption of tea may be effective in preventing the 

genotoxic damage and inhibition of angiogenesis in humans. 

Consequently, additional efforts are needed to understand the 

mechanisms, so that tea could be efficiently be used in 

different pharmaceutical formulations. 
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