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ABSTRACT 

 

Gibberllin A3 is a plant   growth regulator hormone used to increase the growth and flowering of fruits and vegetables. In 
the present work, the cytogenetic effect of different concentrations of gibberellin A3 (0.1, 0.5, 1 and 2 mg) was studied in 
human lymphocyte culture. Treating cultures with gibberellin A3 induced chromosomal aberrations, sister chromatid 
exchanges and DNA damage. The chromosomal aberrations include gap, break, deletion and centromeric attenuation. 
DNA damage was detected by comet assay and by total genomic damage method using gel electrophoresis. By 
increasing the concentration of gibberellin A3, the number of damage cells and the damage DNA spots increase. 
Moreover, the gel electrophoresis method showed that there was an increase of released DNA and RNA as the 
concentration of gibberellin A3 increase. Green tea (Camellia sinensis) is one of the most popular bervages consumed. 
Green tea and its constituents were found to have a variety of therapeutic effects. The results obtained in the present 
investigation showed that when green tea and gibberellin A3 were simultaneously applied in the culture media, the 
mutagenic changes induced by gibberellin A3 were significantly reduced.  
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INTRODUCTION 
 
Gibberellic acids are a group of plant growth regulators 
that have been identified in different plants (Jones and 
MacMillan, 1984) and they are used in agriculture as 
plant regulators to stimulate both cell division and cell 
elongation that affect leaves as well as stems (Liu and 
Loy, 1976). Gibberellic acid or one of its metabolites if 
applied to dwarf varieties of peas, broad beans or maize, 
growth is greatly accelerated (Carpita et al., 1979). On the 
other hand, GA3 was found to have carcinogenic effect in 
experimental animals. Feeding toads Bufo regularis with 
gibberellin A3 induced hepatocellular carcinomas in 16% 
of the animals (El-Mofty and Sakr 1988). Moreover, El-
Mofty et al. (1994) showed that gibberellin A3 induced 
breast and lung adenocarcinomas in mice. Gibberellic 
acid was found to induce chromosomal aberrations in 
human lymphocytes (Arutiunian and Zalinian, 1987) and 
mice (Bakr et al., 1999).  
 

Green tea (Camellia sinensis) is one of the most popular 
beverages consumed. A number of studies have shown 
that traditional beverages, as represented by teas, are 
beneficial to human health, suggesting that these 
beverages might warrant investigation from the viewpoint 
of nutrition. Green tea or its constituents were found to 
possess a variety of effects, including antimutation (Kada 
et al., 1985), antibiotic action (Toda et al., 1989), 
antihypercholesterolemia (Muramatsu et al., 1986), 
antihypertension (Hara and Tonooka, 1990), 
antihyperglycemia (Shimizu et al., 1988) and anti-
inflammatory action (Sagesaka et al., 1996). Various 

systems were used to confirm anticancer activities of 
green tea. These included experimental animals in which 
cancer was induced chemically. Green tea was found to 
inhibit hepatocarcinogenesis induced in rats by 
diethylnitrosamine (Klaunig, 1992) and suppresses the 
growth of urinary bladder tumor in rats induced by N-
butyl-N (4-hydroxybutyl) nitrosamine (Sato, 1999). 
Epidemiological studies revealed that the incidences of 
stomach cancers all over the world are the lowest among a 
population that consumes green tea on a regular basis 
(Fujiki et al., 1996). Gibberellic acid is used in Egypt to 
increase the size of some fruits and vegetables such as 
strawberries, grapes, tomatoes and cabbages. On the other 
hand, the exposure to such chemicals, increase the risk of 
many diseases including cancer in farmers and other 
agricultural uses. This stimulated us to study the side 
cytogenetic effect of gibberellic acid in human 
lymphocytes culture and an attempt to reduce its 
hazardous effects by green tea.    
 
MATERIALS AND METHODS 
 
Tested compounds 
a.  Gibberellic acid (GA3) was dissolved in the tissue 

culture media and was applied at doses of 0.1, 0.5, 1 
and 2mg/ 5ml culture medium. 

b.  Green tea aqueous extract was prepared according to 
Han (1997). It was applied at dose of 0.5mg/5ml 
culture medium. 

 
Media   
Human lymphocytes are easy to culture, and readily 
available. They do not divide and grow unless artificially *Corresponding author email:  Sabsak@yahoo.com  
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stimulated this is usually activated by adding 
phytohaemagglutinin (PHA) to the cultures and results in 
a high mitotic yield. These lymphocyte cultures were used 
according to the method adopted by (Moorhead et al., 
1960). The culture medium consists of RPMI 1640 
culture medium with L-glutamine (sigma) supplemented 
with 20% fetal calf serum; 1% peincillin (5000 IU/ml), 
streptomycin (5000mg/ml); and 0.005g% 
phytohaemagglutinine (PHA) (Biochrome). 
  
Applied techniques  
 
a.  Chromosomal aberrations 
One ml heparinized whole blood from healthy non-
smoking donor was mixed with 5 ml culture medium and 
incubated at 37C. Gibberellic acid and green tea was 
added at 72 hours of incubation. Colcimed (10mg/ml; 
Biochrome) was used to inhibit spindle formation at a 
final concentration of 0.2g/ml. Two hours before 
harvesting and fixation, cells were arrested in metaphase 
by addition of colcimed. After 72 hrs, cells were 
centrifuged (1000rpm; 10 min) and the supernatants were 
discarded. The cell pellets were then resuspended in 
approximately 5 ml of prewarmed hypotonic solution 
(KCl) and incubated for 15 min. Tubes were then 
centrifuged at 1000 rpm for 10 min. The supernatant was 
removed and the pellets were thoroughly mixed with 5ml 
of cold fixative (1 part acetic acid to 3 parts methanol) 
added drop by drop; this step was repeated twice. The 
tubes were spanned at 900 rpm for 10 min. The cells 
pellets were resuspended in equal small volumes of fresh 
fixative to form a milky suspension. Slides were prepared 
by pipetting 4 drops of cells suspension on to clean, 
grease free slides and air dried. The slides were then 
stained with 10% Giemsa for 12 min; immersed in 
distilled water for washing; air dried for 3 days and 
mounted in DPX. For each treatment, at least 250 well 
spread metaphases were examined for chromosomal 
aberrations. For the mitotic index, minimum of 1000 cells 
per dose were counted. 
  
b. Sister chromatid exchanges (SCEs) 
In this experiment SCE’s technique was used, which 
based on the fact that after two rounds of replication in 
the presence of Bromodeoxyuridine (BrdU), the 
chromosomes contain one chromatid in which the DNA is 
unifilarly substituted with BrdU and one chromatid in 
which the DNA is bifilarly substituted. These two 
chromatids are stained differently with Giemsa. For this 
purpose, cultures were used as previously described in the 
detection of chromosomal aberrations. 
 
Staining technique of SCE’s 
Slides from BrdU-treated cultures were air-dried and kept 
in the dark. Three days old slides were stained using the 
fluorescence plus giemsa technique according to Pery and 

Wolff (1974). With this technique a light-dark contrast 
between sister chromatids can be presented giving the 
chromosomes a “harlequin-like” appearance (unifiliarly 
BrdU substituted chromatid: dark: bifilarly substituted 
chromatid: light). 
 
Fluorescence-plus Giemsa Staining 
A stock solution of Hoechst 33258 (bisbenzimide) was 
prepared at a concentration of 0.5mg/ml in sterile H2O. 
This can be stored for up to 1 month in the dark at 4C. 
The stock Hoechst solution was diluted 1:200 with 
distilled water immediately prior to use. The slides were 
immersed in diluted Hoechst for 10 min, washed one time 
with distilled water (Immersing). This was followed by 
exposure of the slides to UV rays (254 nm) at a distance 
of approximately 15 cm for 60 min, covered with 2  SSC 
(sodium salt citrate) – solution (pH 7.0). After that the 
slides remained in a solution of 2  SSC (pH 7.0) at 60C 
for 90 min. The cells were stained with 10% Giemsa in 
phosphate buffer solution (pH 6.8) for 15 min, left to air 
dry and mounted in DPX.The SCE frequency was scored 
of 50 metaphases (2N = 46) in the second cycle of 
division (MII) per dose. 
 
c. Total damage of DNA (double strand breaks) 
Double strand breaks of DNA were detected according to 
Wlodek et al. (1991). Human lymphocytes were isolated 
according to Boyum (1968) from whole blood by ficoll 
separating solution (Sigma). The cells were washed in a 
medium of TGD of DNA. The isolated lymphocytes were 
incubated with the tested agents for 2 hr. The viability of 
the cells was determined by trypan blue. From the stock 
of lymphocytes, 0.5ml (1106 lymphocytes) to 0.2 ml 
(4105) were transferred to 1.5 ml ependorf tube and 
completed to 1 ml with medium, then treated with tested 
substances. Viability of treated cells was measured. 
Treated cells were centrifuged for 1 min by Ependorf 
microcentrifuge. The pellets were suspended in 15 micro-
liter medium and loaded directly in the well of gel. 
 
Gel preparation 
Gels were prepared with 1.5% electrophoretic grade 
agarose (BRL) and 0.2% polyvinylpyrolidine (PVP; 
Sigma). The agarose and PVP were boiled with tris borate 
EDTA buffer (1  TBE buffer; 89mM Tris, 89mM boric 
acid, 2mM EDTA, pH 8.8). 0.5 micro-gram/ml ethidium 
bromide was added to gel at 40C. then gels were poured 
and allowed to solidify at room temperature for 1hr. 
before the samples were loaded. Treated human 
lymphocytes from 0.5 ml blood were loaded in wells. 15 
micro-liter of lysing buffer (50mM NaCl, 1 mM Na2 
EDTA, 1% SDS, pH 8.3) was added on the cells for 
15min. 5 l from 6X loading buffer was added on the 
lysis cells. Electrophoresis was performed for 2hrs at 50 
volt using 1X TBE buffer as running buffer. Gel was 
photographed using a Polaroid camera while the DNA 
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was visualized using a 312 nm UV light under a 
transilluminator. 
 

Damage scoring 
The intensity of intact, fragmented (released DNA) and 
RNA were measured as optical density by gel pro 
analyzer program.  
 

d. Comet assay (single strand breaks of DNA) 
DNA stranded breaks were measured in the alkaline 
comet assay using the method described by and Singh et 
al. (1988).The isolation and treatment of human 
lymphocytes with GA3 and green tea in this technique are 
similar to the steps of total genomic technique. Viability 
of the cells was determined by trypan-blue exclusion 
before using the cells for studies (Boyum, 1968). Scoring 
was performed according to Hassab El-Nabi and Sallam 
(2002). Examinations were done with a fluorescent 
microscope equipped with an excitation filter of 510 nm 
and barrier filter of 590 nm. The migration was evaluated 
by observing and measuring the nuclear DNA, where the 
rounded spot of DNA was considered as a normal DNA 
spot, while the nuclear DNA, migrating towards the 
anode, appeared as comet spot and considered as 
damaged DNA spot. Five hundred spots of DNA were 
examined and classified into three types: (1) normal spots; 
round shape, (2) damaged spots; in which the length of 
the migrated fragments is less than or equal to the 
diameter of the basal nuclear DNA, and (3) strongly 
damaged spots; where the length of the comet was greater 
than the diameter of the basal nuclear DNA. 
 
e. Statistical Analysis 
In the present work, the chromosomal aberrations and the 
number of damaged cells (single cell gel electrophoresis 
assay) are represented in tables as percentage (%) while, 
SCE's are represented as mean ± standard deviation. The 
significance of difference between the treated and control 
were calculated according to χ2 test and Student's t-test. 
 
RESULTS 
 
1.  Chromosomal aberrations 
 Different types of chromosomal aberrations were 
observed in human lymphocyte cultures treated with 
gibberellic acid. These aberrations included chromatid 
gap, dicentric, chromatid break, chromatid deletion, 
fragment, and centromeric attenuation (Figures 1-3). An 
increase in the percentage of these aberrations was 
observed with the increase of the dose. The percentage of 
total chromosomal aberrations showed significant 
increase at doses 0.5, 1 and 2 mg of GA3 and the 
percentages were 5.6, 9.2 and 11.6, respectively (Table 
1). Conversely, cultures treated with GA3 and green tea 
showed a decrease in the percentage of the chromosomal 
aberrations when compared with those treated with GA3 
alone. Green tea induced no chromosomal abnormality.  
 

2. Sister chromatide exchange 
Data in table 2 showed the frequencies of sister chromatid 
exchanges in human lymphocyte cultures treated with 
different doses of GA3 and green tea. The data showed 
that there was highly significant (p<0.01) increase in 
SCE's frequencies in cultures treated with different doses 
of GA3. Simultaneous application of GA3 at the used 
doses and green tea caused reduction of the high SCE 
values induced by GA3. This reduction did not reach the 
SCE's frequencies of control. 
 
3. DNA damage 
DNA detection by comet assay showed that strong 
damage spots of DNA (migration towards the anode) 
were observed in human lymphocyte cultures treated with 
different doses of GA3 (Fig. 4). The tested doses of GA3 

induced a significant increase in the percentage of total 
damaged spots with values of 24.7, 34.8, 47.4 and 58.6 % 
when compared with control (5.1%). Simultaneous 
treatments with green tea and GA3 decrease the 
percentage of total damage spots (Table 3). 
 
 

 
 

Fig. 1. Chromosomes with gab (G), dicentric chromosome 
(DC) in human lymphocyte cultures treated with 
gibberellic acid. (X 1000). 
 

 
 

Fig. 2. Chromosomes with break (B) in human 
lymphocyte cultures treated with gibberellic acid. 
(X1000). 
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Fig. 3. Chromosomes with centromeric attenuation (CA) 
and fragment (F) in human lymphocyte cultures treated 
with gibberellic acid. (X 1000). 
 

 
 

Fig. 4. Photomicrograph showing single strand breaks 
(comet assay) of DNA of human lymphocyte cultures 
treated with gibberellic acid. (A) Normal DNA spots (no 
migration). (B) Damaged DNA spots (migration towards 
the anode). (C) Strong damaged DNA spots (more 
migration towards the anode).  
 

Electrophoretic pattern of nucleic acids of lymphocytes 
appeared as three main bands in gel. RNA area located at 
up 150 bp, nucleoprotein area located at 300-350 bp and 
DNA area located near the wells of gel to nucleoprotein 
area (Fig. 5). The DNA and RNA have orange color with 
ethidium bromide, while nucleoprotein has a purple color. 
When the gel was exposed to UV by UV transilluminator 
for 5 min. the color of nucleoprotein changed from purple 
to white. After staining the gel with commassi blue the 
DNA and RNA not stained while, nucleoprotein stained 
darkly with blue color (Hassab El-Nabi and Elhassaneen, 
2008). Figure 5 revealed that the intensity of DNA 
fragmentation increased in GA3-treated cultures. GA3 

induced strong and obvious damage at concentrations of 1 
and 2mg as represented in lanes 4 and 5. On the other 
hand, treatment with GA3 and green tea decreased the 
amount of fragmented DNA. Similarly, GA3 increased the 
intensity of total RNA in a dose dependent manner.  The 
optical density of released DNA is shown in figure 6. 
There was an increase in the intensity of released 
(fragmented) DNA in human lymphocyte cultures treated 
with GA3. The values of the optical density of released 
DNA were increased with values of 36.242, 50.028, 
65.003, and 126.44 at the dose levels of 0.1, 0.5, 1 and 2 
mg GA3 respectively, when compared with control. 
Simultaneous treatment with gibberellic acid at the 
previous doses, and green tea decreased the amount of 
fragmented DNA and the optical density values were 
33.28, 38.494, 45.908, and 125.03. The optical density of 
total RNA was increased with values of 51.992, 55.243, 
57.986, and 74.091 when compared with control value of 
45.496. Treatment with GA3 and green tea decreased the 
intensity of total RNA with values of 49.196, 54.42, 
55.337, and 58.702 when compared with that treated with 
GA3  (Fig. 7). 
 

 
 

 

Fig. 5. Gel electrophoresis showing the effect of GA3 and 
green tea on total DNA (section A), nucleoprotein 
(section B), and RNA pattern (section C) in human 
lymphocyte cultures; lane 1 control; lanes 2, 3, 4, 5 
represent human lymphocyte cultures treated with 0.1, 
0.5, 1, and 2 mg/ml respectively; lanes 6, 7, 8, 9 represent 
human lymphocyte cultures treated with the same doses 
of GA3 and green tea  .Lane 10 : green tea . 
 

FIG(6):Optical density of released fragments of DNA
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Fig. 6. Optical density of released fragments of DNA. 
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FIG(7) : Optical density of released RNA
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Fig. 7. Optical density of released RNA. 
 
DISCUSSION 
 
The present results showed that gibberellin A3 induced 
chromosomal aberrations in human lymphocyte 
culture.Similar result was obtained by Zalinian et al. 
(1990). Gibberellic acid caused highly significant increase 
(p<0.001) in the percentage of total damage spots at all 
tested doses when detected with comet assay. Using total 
genomic damage of DNA method, gel pro analyzer charts 
have shown that there was an increase in the intensity of 
released DNA and that of RNA as the dose of gibberellic 
acid increased. In this concern, Hassab-Elnabi and Sallam 
(2002) reported that gibberellic acid induced total 
genomic damage of DNA especially at high doses.   
 
The effect of growth hormones, especially gibberellins on 
plants was studied by many investigators Fath et al. 
(1999) reported that endogenous barley aleuronic 
nucleases degraded aleuronic DNA to 180 base pairs. 
When the aleuronic cells were incubated with gibberellic 
acid, nucleases enzymes were accumulated in the cells 
causing DNA fragmentation or damage. So, the DNA 

damage may results from direct attack of DNA by 
gibberellic acid causing alkali labile and single strand 
breaks and total genomic damage and this may be due to 
accumulation of nucleases. Jacqmard (1968) has proposed 
that one of the effects of GA3 is to promote the onset of 
DNA synthesis in cells which are arrested in the G1 phase 
of the cell cycle. This notion is supported by the data of 
Liu and Loy (1976) on the effect of GA3 on the cell cycle 
of watermelon seedlings. GA3 reduces the duration of the 
cell cycle by nearly 30% and it does so primarily by 
reducing the length of G1 by 30% and that of S by 36%. It 
was well established that plant hormones and growth 
regulators affect the synthesis of RNA and protein 
(Jacobsen 1977; Bewley and Black, 1978). 
 
Chemical carcinogens - by themselves or after activation - 
interact with cellular macromolecules such as DNA, 
RNA, and proteins, and these interactions result in the 
development of neoplasia (Williams and Weisburger, 
1991). It has also been reported that replication of DNA 
with carcinogen-induced lesions is an essential step in the 
initiation of carcinogenesis. Gibberellin A3 was found to 
have carcinogenic effects in amphibians (El-Mofty and 
Sakr, 1988) and mammals (El-Mofty et al., 1994). Thus, 
the present results may explain some of the events led to 
carcinogenicity of GA3. 
 
The present results indicated that green tea has a curative 
effect against mutagenicity of gibberellic acid. Green tea 
was found to reduce chromosomal aberrations induced by 
gibberellic acid. Similar effects of green tea or its 
constituents were studied by different investigators. 
Sasaki et al. (1993) reported that green tea decreased the 
frequency of chromosome aberrations induced by 
benzo[a]pyrene or mitomycin C in cultured Chinese 
Hamster Ovary (CHO) cells and mice. They suggested 

Table 1. Frequency of chromosomal abnormalities observed in 250 metaphase spreads   of human lymphocyte 
cultures treated with gibberellic acid (0.1, 0.5, 1 & 2mg) and green tea (0.5mg). 
 

Dose 
% of chromosomal abnormalities % of  

TCA 
  Gap Break Deletion Fragment Dicentric 

Centromeric 
 Attenuation 

Control 0.8 0 0 0.4 0 0 1.2 
0.1mg GA 0.8 0.4 0.4 0.8 0 0 2.4 
0.1mg GA +GT 0.8 0 0.4 0.4 0 0 1.6 
0.5mg GA 1.6 0.8 0.8 1.6 0.4 0.4 5.6* 
0.5mg GA +GT 1.2 0.4 0.4 1.2 0 0 3.2 
1mg GA 2.4 1.2 1.2 2.8 0.8 0.8 9.2** 
1mg GA +GT 1.6 0.4 0.8 1.6 0.4 0.4 5.2 
2mg GA 2.8 1.6 1.6 3.2 1.2 1.2 11.6** 
2mg GA +GT 2.4 0.8 1.2 2.4 0.4 0.4 7.6 

 
GA: gibberellic acid; GT: green tea;  TCA: Total chromosomal aberrations 
* Statistically significant (p<0.01) , ** highly significant (p<0.001) 
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that catechins, well-known antimutagens in tea samples, 
might account for the observed inhibitory effect green tea 
extract. Ito et al. (1989) recorded the suppression of 
chromosomal aberrations induced by aflatoxin-B1 in rat 
bone marrow cells in vivo by green tea. 
 
Table 2. Sister Chromatid exchanges (SCE’s) of human 
lymphocyte cultures treated  with gibberellic acid and 
green tea. 
 

Treatment SCE’s (mean +/- SD) 
Control 3.4 +/- 2.12 
0.1 mg GA 4.84 +/- 2.49 
0.1 mg GA+GT 3.68 +/- 1.93 
0.5 mg GA 5.56 +/- 3.02** 
0.5 mg GA+GT 3.84 +/- 2.13 
1mg GA 6.28 +/- 2.6** 
1mg GA+GT 4.2 +/- 1.68 
2mg GA 6.56 +/- 2.88** 
2mg GA+GT 4.72 +/- 1.49 

 
** Statistically highly significant (p<0.01) 
 
Simultaneous treatment with gibberellic acid and green 
tea revealed a reduction in the frequency of sister 
chromatid exchange. Cheng (1989) reported that green tea 
decreased the frequency of sister chromatid exchanges 
induced by oxygen radical in IAR 20 liver cells treated 
with hypoxanthine and xanthine oxidase.Wang et al. 
(1989) reported that water extracts of green tea and their 
major constituents, green tea polyphenols , have 
antimutagenic activity.  They found that green tea 
polyphenols inhibited gene forward mutation in V79 cells 
treated with benzo[alpha]pyrene (BP)and aflatoxin-B1 and 
also decreased the frequency of sister-chromatid 
exchanges and chromosomal aberrations in V79 cells 
treated with AFB1. Fujie et al. (1993) reported that crude 
catechin extracted from green tea suppressed sister-

chromatid exchanges induced by trihalomethanes in rat 
erythroblastic cells In vitro. Tanaka (2000) observed that 
epigallocatechin gallate, the major constituent of green tea 
and catechin  a minor constituent, equivalently decreased 
the frequencies of sister-chromatid exchanges induced by 
paraquat which is a generator of reactive oxygen species. 
Green tea strongly inhibited the increase in sister 
chromatid exchanges and micronuclei induced by Fried 
fish in V79 and IAR20 cells (Liu, 1990).  
 
The present work revealed that human lymphocyte 
cultures treated with gibberellic acid showed strong 
damage cells using comet assay. After treating with green 
tea the percentage of the total damage spots decreased. 
Similarly, Roy et al. (2003) reported that the green tea 
extract, polyphenol epigallocatechin gallate had a curative 
effect on the cytogenetic change and DNA damage 
induced by toxicants H(2)O(2) and carcinogen N-methyl-
N'-nitro-N-nitrosoguanidine in Chinese hamster V-79 
cells in culture. Zhang et al. (2002) recorded modification 
of lung cancer susceptibility by green tea extract as 
measured by the comet assay.  Lin et al. (2003) studied 
the induction of apoptosis in HL-60 cells by tea extracts: 
green tea, oolong tea, black tea, and pu-erh using DNA 
fragmentation ladder and flow cytometry. The results 
showed that the ability of tea extracts to induce apoptosis 
was in the order green tea > oolong > black tea > pu-erh 
tea. Chen et al. (2004) reported that epigallocatechin 
gallate, a major constituent of green tea polyphenols, 
induced a GO/G1 arrest and apoptosis in NBT-II bladder 
tumor cells. 
 
Parshad et al. (1998) found that addition of green or black 
tea extracts, their polyphenols or curcumin to cultures of 
human skin fibroblasts or PHA-stimulated blood 
lymphocytes significantly reduced the frequencies of 
radiation-induced chromatid breaks. The protective action 
of these plant polyphenols seems to result from their 

Table 3. The percentage of DNA damage detected by comet assay in human lymphocyte cultures treated with 
gibberellic acid and green tea. 
 

Treatment 
% of Normal 

Spots 
% of Damage 

Spots 
% of Strong 

damage spots 
% of total damage 

spots 
Control 94.9 4 1.1 5.1 
GT 93.8 5 1.2 6.2 
0.1 mg GA. 75.3 14.3 10.4 24.7** 
0.1 mg GA.+GT 90.8 5 4.2 9.2 
0..5 mg GA. 65.2 18.4 16.4 34.8** 
0..5 mg GA. +GT 86.3 8.2 5.5 13.7 
1 mg GA. 52.6 19.1 28.3 47.4** 
1 mg GA. +GT 81.4 10.3 8.3 18.6* 
2 mg GA. 41.4 21.2 37.4 58.6** 
2 mg GA. +GT 77.8 15 7.2 22.2** 

 

* Statistically significant (p<0.01); ** Statistically highly significant (p<0.001) 
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known antioxidant properties, particularly the scavenging 
of hydroxyl free radicals. Feng et al. (2002) reported that 
black tea polyphenols, theaflavins, prevent cellular DNA 
damage using the comet assay by inhibiting oxidative 
stress and suppressing cytochrome P450 1A1 in cell 
cultures.  
 
The present results proved that green tea had a curative 
effect against cytogenicity of GA3. A growing body of 
research has demonstrated green tea polyphenols to be 
powerful components with anticarcinogenic and 
antimutagenic properties. The mechanism of these green 
tea components is attributed to: 1- Antioxidant and free 
radical scavenging activity, 2- Stimulation of 
detoxification systems, especially selective induction or 
modification of phase I and phase II metabolic enzymes 
with increasing the formation and excretion of detoxified 
metabolites of carcinogens, 3- Inhibition of biochemical 
markers of tumor initiation and promotion, including 
lowering the rate of cell replication and thus the growth 
and development of neoplasm, and 4- Prevention of 
mutagenicity and genotoxcity (Weisburger,1999). Thus in 
the present work, it is speculated that one or more 
constituents of green tea may be responsible for 
prevention of mutagenic effects of gibberellic acid 
through one or more of these mechanisms. 
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