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ABSTRACT: 
Many plant polyphenolic compounds have been 
shown to have cancer-preventing activities. Induction 
of chromosomal abnormalities was investigated in the 
bone marrow of mice 39 days post transplantation of 
solid tumor in mice treated with Ehrlich ascites 
carcinoma (EAC) cells only, tannic acid (0.5, 1, 1.5 
mg/100g b.w.), catechin (2, 4, 6 mg/100g b.w.) and 
epicatechin (0.5, 1, 1.5 mg/100g b.w.) after tumor 
growth (0.3 mm3) via their subcutaneous injection 
and normal control group. The obtained results 
denoted that treatment with 1 mg tannic acid, 4 mg 
catechin and 1 mg epicatechin /100 gm mouse; 
induced more regression in the tumor volume. 
Moreover, it was found that the induced chromosomal 
aberrations during experimentation (breaks, 
fragments and deletions) recorded very highly 
significant frequency (P < 0.001) in mice-bearing solid 
tumor. These aberrations were sharply declined with 
the effective doses of the tested drugs. Catechin and 
epicatechin were very powerful in reducing the 
frequency of different chromosomal aberrations more 
than the tannic acid. Regarding the mitotic index (MI) 
in all groups, the catechin and epicatechin induced 
more inhibition in its elevated percentage in mice-
bearing solid tumor more than the tannic acid.                                                                          
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INTRODUCTION 

     The first observations pointing to a connection 
between chromosomal aberrations and cancer were 
made about a century ago. In 1890, the German 
pathologist David Von Hansemann observed 
abnormal chromosomal arrangements and 
segregation in dividing cancer cells         (Cornelisse, 
2003). Acquired chromosome abnormalities may 
occur in various types of haematologic malignancies 
and solid tumors. These are chromosome 
rearrangements in somatic cells that can alter the 
position of various genes and subsequently, alter the 
gene product, leading to malignancy (Horwitz, 2000). 
Gisselsson (2001) reported that all malignant tumor 
types have been shown to contain a chromosomal 
aberration; which varies greatly between 
malignancies, ranging from simple balanced 
rearrangements to complex abnormalities affecting 
both chromosome structure and number. It was 
reported also that the majority of malignant solid 
tumors exhibit a complex pattern of chromosomal 
abnormalities (Gorunova et al., 1998). Attila et al. 
(2003) mentioned that cancer cells are characterized 
by having aberrant chromosomes. The number of 
aberrations and the specific chromosomes affected 
are correlated with tumor progression. They reported 
also, that a hallmark in of cancer development is the 
accumulation of genetic lesions. Some of these may 
be seen in the form of chromosomal aberrations when 
the cells enter mitosis. The cytogenetic aberrations 
are now considered to be of great importance as an 
initial step in tumorigenesis not only in hematological 
neoplasias but also in solid tumors (Mitelman et al., 
2004). Donna et al. (2003) concluded that 
chromosomal aberrations can be analyzed in solid 
tumors using different techniques and these analyses 
identify a broad range of chromosomal abnormalities. 

     Green tea, Camellia sinenesis, contains high 
levels of polyphenols, including catechin, epicatechin, 
gallocatechin, epigallocatechin, epicatechin gallate, 
and gallocatechin gallate (Frankel, 1999). 
Polyphenols have been shown to inhibit 
tumorigenesis at different organ sites in animal 
models, including skin, lung, forestomach, stomach, 
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duodenum and small intestine, colon, pancreas, liver, 
and mammary gland (Yang et al., 1998). Catechins 
are a group of compounds that naturally occur in the 
plant kingdom. These compounds are called tea 
polyphenols and are rich in tea beverages that are 
consumed daily by most people. Green tea is rich with 
catechins which have inhibitory effects on 
carcinogenesis in rodent models (Yang and Wang, 
1993). Tannic acid which is plant-derived polyphenolic 
compound exerts chemopreventive activity on 
hepatocarcinogenesis in male mice (Taitzoglou et al., 
2000). Tea catechins have the ability of markedly 
reduction of tumor size (Wange et al., 1990). Also 
oral, subcutaneous or intraperitoneal administration of 
catechins in mice resulted in significant suppression 
of the growth of implanted tumor cells (Oguni et al., 
1988; Hara et al., 1989; Yan 1992).  Ito et al. (1989) 
investigated that the green tea has the ability to 
induce suppression in the chromosomal aberrations 
produced by aflatoxin B1 in rat bone marrow cells. 
Halder et al. (2005) reported the antimutagenic and 
anticlastogenic effects of black tea polyphenols in 
Salmonella assay in vitro and in vivo in bone marrow 
cells of mice thus it was found an apparent reduction 
in different chromosomal aberrations induced with a 
carcinogen. The present study aimed to investigate 
the possible effects of tumor cells on the 
chromosomes of mice-bearing solid tumor before and 
after treatment with tannic acid, catechin, and 
epicatechin, respectively.  
     

MATERIALS AND METHODS 

Experimental animals: 

     This study was carried out on white adult female 
Swiss albino mice, weighting 20±2gm obtained from 
the breeding unit of the National Cancer Institute 
(Cairo). Animals were housed 10 mice /cage and 
maintained on a stock diet formulated to meet mice 
nutrient requirements and free water supply.                                                                               

Tumor transplantation: 

     A line of Ehrlich Ascites Carcinoma (EAC) was 
supplied from the National Cancer Institute. Each 
mouse was injected subcutaneously in the right thigh 
with 0.3 ml of Ehrlich Ascites Carcinoma (EAC), which 
contained 3x106 cells. The control mice received an 
equal volume (0.3ml) of normal saline only. 

     The animals were used when their tumor had 
grown to about 3 mm3 in volume after 9 days from 
tumor inoculation such period was believed to permit 
the development of the tumor without causing death 
of inoculated animals (Shibamoto et al., 1986).  

Drugs and their effective doses: 

      Tannic acid is a polyphenolic compound has a 
yellow color and was purchased from Sigma (St. 
Louis, MO), it dissolved in distilled water in 
concentrations (0.5mg, 1mg, 1.5mg/100gm b.w.). 

Twenty female mice were divided into 4 groups and 
injected subcutaneously with the selected doses after 
9 days from tumor transplantation and continued 
twice a week for 30 days.  

     (+)- Catechin which is a polyphenolic compound 
that purchased from Sigma Chemical Company was 
dissolved in a drop of ethyl alcohol at the following 
concentrations (2mg, 4mg, and 6mg/100gm b.w.). 
Twenty female mice were divided as the same in case 
of tannic and at the same conditions. 

     (-)- Epicatechin that is a polyphenolic compound 
which was purchased from ICN Biomedicals Inc. was 
dissolved in a drop of ethyl alcohol in the selected 
concentrations (0.5mg, 1mg and 1.5mg/100gm b.w.). 
Also, 20 mice were divided into 4 groups as 
mentioned before and at the same conditions of the 
previous 2 drugs.  

     The effective dose of tannic, catechin and 
epicatechin is the dose that induced more regression 
in the tumor volume at the end of experimentation.  

Experimental design: 

     Female mice were divided into five groups, each 
group consisted of 10 mice placed in individual cages 
and classified as follows:  

Group I : Control mice treated with saline. 

Group II: Mice -bearing tumor. 

Group III: Mice-bearing tumor treated with 
subcutaneous injection of the effective dose of tannic 
acid twice a week, starting from the ninth day of tumor 
inoculation for thirty days. 

Group IV: Mice-bearing tumor treated with 
subcutaneous injection of the effective dose of 
catechin with the same previous conditions. 

Group V: Mice-bearing tumor treated with 
subcutaneous injection of the calculated dose of 
epicatechin with the same previous conditions. 

     All animals belonging to different groups were 
sacrificed after 30 days of treatment  

Preparation of chromosomes: 

     Preparation of chromosomes from the bone 
marrow of mice was done according to the method 
described by Hus and Patton (1969) and modified by 
Zambrano et al. (1982). The preparation of 
chromosomes in different groups occurs as follows: 
the mice belonging to different groups were injected 
intraperitonealy 2-hour before sacrifice with 0.5 ml of 
0.0012% colchicines/20gm b.w. (3mg/kg b.w.). Bone 
marrow cells were collected from the femur in 
phosphate buffered solution (0.8gm NaCl, 0.02gm 
KCl, 0.217gm Na2Hpo4) were dissolved in 100ml 
distilled water and PH was adjusted to be 7 using not 
more than 0.02 gm KH2po4 and centrifuged for 5 
minutes at 1500 r.p.m discarding from the 
supernatant. To swell the cell volume 8ml of 
hypotonic solution (0.075M KCl) was added and 
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incubated for 20 minutes at 37ºC. Centrifugation 
occurred for 5 minutes at 1500 r.p.m., discarding most 
of the supernatant. For fixation 2-3ml of absolute 
methanol and glacial acetic acid (3:1) was added to 
each tube and centrifuged, removing the supernatant. 
This was repeated three times for complete fixation. It 
was known that the used fixative must be cold and 
freshly prepared. About three drops of fresh cell 
suspension were dropped on a clean slides dipped in 
70% ethyl alcohol and flamed. The slides were 
stained with 10% Giemsa and mounted in DPX. For 
each animal 50 examined metaphase spreads were 
analyzed for chromosomal aberrations. The mitotic 
index (number of dividing cells per 1000 cells) was 
also determined. 

Statistical analysis:  

     The results of tumor size are presented as mean 
±SD; statistical analysis was performed using ANOVA 
test followed by multiple comparisons post-hoc 
analysis (Tucky), with a P value of less than 0.05 
considered significant  

     Chromosomal aberrations and the mitotic index in 
the present work were represented in tables as 
percentages (%). For statistical analysis; Chi-Square 
(χ2) test was applied.   
 

Results 

Tumor size significance: 

     Data shown in figure 1 and table 1 indicated that 
different doses of tannic acid, catechin and 
epicatechin induced regression in the tumor volume, 
the chosen doses which induced more regression in 
the tumor volume and recorded a very highly 
significant decrease (P < 0.001); were 1mg tannic 
acid, 4mg catechin and 1mg epicatechin for (100gm 
b.w.).  
 

Table 1. Volume of Solid Tumor (mean ± SD) in Mice Bearing 
EAC before or after the treatment with different doses of 
catechin, epicatechin and tannic acid. 

 

Tumor Volume mm3 (Mean ± SD) Animal groups 

2.094 ± 0.3 Positive Control 

1.94  ± 0.045277 0.5 mg tannic acid 

1.466 ± 0.052 1 mg tannic acid 

1.73  ± 0.064031 1.5 mg tannic acid 

2.07   ±  0.15 Positive Control 

1.83 ± 0.044721 2 mg catechin 

1.04 ± 0.197864 4 mg catechin 

1.612 ±  0.094181 6 mg catechin 

2.21  ±  0.180278 Positive Control 

1.958± 0.086429 0.5 mg epicatechin 

1.014 ± 0.158 1 mg epicatechin 

1.682± 0.075961 1.5 mg epicatechin 
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Fig. 1. Volume of Solid Tumor (mean ± SD) in Mice Bearing 

EAC before or after the treatment with different doses of 
catechin, epicatechin and tannic acid.  

       (P.C.: Positive Control, Cat.: Catechin; Epi: Epicatechin; 
Tan.: Tannic acid) .    

 

Cytogenetic study: 

     The recorded chromosomal aberrations included 
chromatid break (any unstained region in the 
chromatid with diamiter larger than its width), deletion 
(when one chromatid was markedly shorter than its 
sister chromatid) and fragment (when a part of 
chromatid was observed without an evident 
centromere. Some chromosomal aberrations were 
also found in figure 3(c&d) such as end to end 
association, ring chromosome and others but 
neglected statistically because they were very rare 
when calculated. 

     Inoculation of mice with Ehrlich cancer cells 
induced a very highly significant (P < 0.001) rise in 
breaks, fragments and total chromosomal aberrations 
(TCA). On the other hand, cancer cells induced a 
highly significant (P < 0.005) rise in chromosomal 
deletions. Tannic acid has the ability to induce great 
inhibition in the breaks and deletions (6%, 4.8%) 
chromosomal aberrations, thus the percentage of 
breaks and deletions becomes near to normal values 
(1.6%, 2%) with no significant change. On the other 
hand, tannic acid reduced the percentage of 
fragments from a very highly significant (P < 0.001) to 
a highly significant (P < 0.005) only. As a result of 
tannic acid treatment, the total number of recorded 
aberrations (TCA) was still very highly significant   (P 
< 0.001) although the percentage of (TCA) was 
reduced.  Catechin and epicatechin have the great 
ability to reduce the percentage of different 
chromosomal aberrations (breaks, fragments and 
deletions) from a very highly significant (P < 0.001) in 
case of breaks and fragments and from a highly 
significant (P < 0.005) in case of deletions to no 
significant and near to normal values. They also have 
the ability to reduce the percentage of (TCA) from a 
very highly significant (P < 0.001) to significant values 
(P < 0.01). This proves that catechin and epicatechin 
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have powerful abilities in reducing different types of 
chromosomal aberrations (Table 2 and Figs 2&3). 
 

Table 2. Chromosomal aberrations in bone marrow of control 
mice, mice-bearing solid tumor (Positive Control) and mice-
bearing tumor treated with    tannic acid,   catechin   and   
epicatechin,   respectively. 

 

Animal 
groups 

No. 
of 

Mice 

No. of 
exam. 
Cells 

Structural Chromosomal Aberrations % 

Breaks Fragments Deletions TCA 

Control 5 250 1.6% 1.2% 2% 4.8% 

Positive 
Control 

5 250 12.4%*** 10.4%*** 8%** 30.8%*** 

Tannic    
acid 

5 250 6% 

 

6.4%** 4.8% 17.2%*** 

Catechin 5 250 3.6% 4.8% 2.8% 11.2%* 

Epicat. 5 250 4% 4.4% 2.8% 11.2%* 
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Fig. 2. Chromosomal aberrations in bone marrow of control 
mice, mice-   bearing solid tumor   (Positive Control)   and   
mice-bearing tumor treated with tannic acid, catechin, and 
epicatechin, respectively.                                        

 

 

Fig. 3. Micrographs of metaphase spread of bone marrow 
cells of control mice, mice-bearing solid tumor and mice-
bearing solid tumor treated with tannic acid,catechin and 
epicatechin showing different types of chromosomal 
aberrations;                                          

A) Control (no aberrations).      B) Chromatid break and fragment. 

C) Chromatid deletion.             D) Fragment. 
      

     The mitotic index (number of dividing cells/1000 
cells) was very highly significant (P < 0.001) as a 

result of mitotic inducing agent of Ehrlich cancer cells. 
The mitosis was significantly (P < 0.01) decreased as 
a result of tannic acid treatment. On the other hand, 
catechin and epicatechin have the powerful inhibitory 
effect   against mitosis  from  a  very  highly significant 
(P < 0.001) to no significant (P > 0.01) and this proves 
about the possible curative reducing effect of catechin 
and epicatechin against elevated  induction  in  mitotic 
index as a result of Ehrlich cancer cells (Table 3 & 
Fig. 4).                                                    
 

Table 3: Mitotic index in bone marrow of control mice, mice-
bearing solid tumor and mice-bearing solid tumor treated   
with tannic acid, catechin and epicatechin, respectively. 

 

Animal 
groups 

Mice 
No. of Exam. 

Cells 

Mitotic  Index 

( MI )  % 

Control 5 1000 4.2 % 

Positive Control 5 1000 7.8 % *** 

Tannic acid 5 1000 6.9 % * 

Catechin 5 1000 5.6 % 

Epicat. 5 1000 5.9 % 
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Fig. 4. Mitotic index in bone marrow of control mice, mice-

bearing solid  tumor and mice-bearing solid tumor  treated 
with tannic acid, catechin  and  epicatechin,  respectively. 

 

 

Discussion 

      Cancer is one of the leading causes of death in 
the world, particularly in developing countries. Thus, 
one of the goals of cancer research has been and 
continues to be the discovery of natural products for 
cancer prevention and/or treatment. In the first part of 
the study Ehrlich carcinoma tumor cells used because 
they have been shown to be a good model for fast 
growing in vivo, developing of ascites tumor through 
intraperitoneal injection or developing solid tumor 
through subcutaneous injection (Gabai et al., 1995). 
The present study was designed aiming at 
highlighting the effects of tannic acid, catechin and 
epicatechin as chemopreventive agents on the growth 
of Ehrlich ascites carcinoma cells. The data obtained 
from this investigation revealed that administration of 
1mg tannic acid, 4mg catechin and 1mg epicatechin 
at the ninth day of tumor inoculation induced a 
reduction of tumor size which extended to the end of 
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experimental period. This reduction is in agreement 
with that obtained by (Vucenik et al., 1992; Vucenik et 
al., 1998; Vucenik and Shamsuddin, 2003). They 
found that mice injected with phytic acid (IP6) every 
other day resulted in a significant inhibition of tumor 
size. Katiyar et al. (1997) found that green tea 
polyphenols protected against the induction and 
subsequent progression of papillomas to squamous 
cell carcinomas in experimental animals. Wang et al. 
(1992a&b) showed that green tea polyphenols 
inhibited the growth of established skin tumors 
induced chemically.  Oral, subcutaneous, or 
intraperitoneal administration of green tea 
polyphenols in mice resulted in significant 
suppression of the growth of implanted tumor cells 
(Yan, 1992) and this is the same finding in the present 
study.  Ehrlich ascites carcinoma (EAC) induced 
different structural chromosomal aberrations in bone 
marrow of mice. This is in agreement with (Solmon et 
al., 1991) who concluded that EAC induced 
chromosomal genetic changes through aneuploidy 
which plays a key role in tumor development and 
progression. The level of structural chromosomal 
aberrations had the range of 4-fold to 8.5-fold higher 
than the control, the percentage of different 
chromosomal aberrations found in this work is in 
concomitance with (Valentina et al., 1999) who found 
that the level of structural chromosomal aberrations 
was nearly 10-fold higher than control in hepatic 
tumor. According to previous mentioned results about 
the anticarcinogenic effects of tannic acid, it has the 
ability to ameliorate the percentage of different 
chromosomal aberration by reducing them near to 
normal values. The percentage of chromosomal 
aberrations was reduced from 1.6 fold to 2 folds in 
relation to positive control mice and this proves the 
curative effect of tannic acid against chromosomal 
aberrations. Catechins have the powerful reducing 
effect against different chromosomal aberrations; 
catechin inhibits the level of different chromosomal 
aberrations in a range from 2.4 folds to 3.1 folds and 
epicatechin also reduced the percentage of 
chromosomal aberration in the same pervious range 
when compared with these aberrations in positive 
control group. Also, catechin and epicatechin inhibit 
the mitotic index to be as found in normal untreated 
mice, tannic acid is less effective in amelioration of 
the percentage of mitotic index near to normal values 
(Table 3). These results are in agreement with (Zhang 
et al., 2000); who recorded that polyphenols have the 
ability to induce apoptosis and cell cycle arrest in 
cancer cells in vivo study.  
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 فً انفئراٌ انحبيهة نألوراو ًحدثةانكرويىسىيية ان انتشىهبت نًركببت انبىنيفينىل ضدً انعالجانتأثير 
 انصهبة

 خهيم عبد انحًيد انحهفبوي*،صبحً انسيد حسب اننبً**، يحًد فبروق انرفبعً* ،

 صببح فبروق انعبد* ، أســبية يحًد بدر* 

 يصر -يدينة انسبدات -نًنىفيةجبيعة ا –*   يعهد انهندسة انىراثية وانتكنىنىجيب انحيىية 

 يصر -شبيٍ انكىو -جبيعة انًنىفية –كهية انعهىو  –قسى عهى انحيىاٌ  ** 

 

فّ الفئسان الطجيعيخ ثيىماب لتاذ و ات اليا بتب لزااجي الصتاب ح 
معىُتخ ثدالً مه شتب ح معىُتخ عدا. ثيىمب ر زمس الصتب ح فّ حبلاخ 

تب ح معىُتخ عادا اليرَذاد الكسَمُسُميخ الكتيخ كمب ٌّ فّ ش

ثبلسغم مه إوخفبضٍب كضيسا. عتّ الغبوت االخس تعما  الكبربيايه 
َ االثيكبربييه عتّ رقتي  و ات شتاب ح الك اُز َاليا بتب ماه 
شتب ح معىُتخ عداً إلّ الى ات الطجيعياخ كماب تقتا  و اجخ شتاب ح 
اإلوزقبصبد مه شتب ح معىُتخ لزاجي فّ ليمٍب الطجيعيخ فّ حيه 

الكسَمُسُميخ الكتياخ ماه  شتاب ح معىُتاخ عبلياخ رق  الزيٌُبد 
تعم  الكبربيايه  . (P <0.01)عدا لزاجي فّ شتب ح معىُتخ فقظ 

ربييه أتضب عتاّ إرغابي الادلي  االوق ابمّ ولاُ القايم َ االثيكب
الطجيعيخ ثدزعخ أعتّ مه رأصيس حمض الزبويا.. مماب رقادت تزضاي 
الاااادَز العلعااااّ لمسكجاااابد الجُليفيىااااُ  ضااااد الزيااااٌُبد 
الكسَمُسُميخ الىبرغخ مه حقه خلتب اإلزلا  رلاذ عتاد فئاسان 

 الزغبزة.

 انًحكًىٌ:

 أ. . صبثس عجد السحمه صقس

  م عتم الليُان ، عتُت المىُفيخل      

 أ. . وغُِ عتي ح ه       

 ل م عتم الليُان ، عتُت عيه يمس                      

 

 

رمذ  زاسخ الزيٌُبد الكسَمُسُميخ الملضسح ماه الىخاب       
الع مي لتفئسان اللبمتخ لألَزات الاتجخ عه طستق حقاه الخلتاب 

الغيس معبلغاخ َ المعبلغاخ  زل ( رلذ الغتد لتفئسانإال سطبويخ )

عام ماه َشن  155مغام    1.5،1،5.5ثلمض الزبوي. ثغسعابد  )
الغ اام( ، َالمغمُعاابد الضبلضااخ َالسثعااخ حبمتااخ لااألَزات الاااتجخ 

 عام(  َ ماه 155مغام     6،4،6َمعبلغخ ثبلكبريايه ثغسعابد )

عم( ثعد أن تا   155مغم    1.5،1،5.5االثيكبربييه ثغسعبد )
عه طستق اللقه رلذ عتد الفئسان فّ الاُزت  3مم3حغم الُزت 

ذارً . أمب المغمُعخ األخيسح فٍّ المغمُعخ الضابثطخ الزاّ لام 
رزعسض لألصبثخ ثبلُزت أَ ألِ علط ثا  حقىاذ ثملتاُ  متلاّ . 

 1مغام كبربيايه  ،  4مغم ربويا. ،  1أصجزذ الىزبئظ أن الغسعبد 
وٍاب أ د إلاّ مغم اثيكبربييه ٌّ الغسعبد األكضس راأصيسا حياش أ

اول بز حغم الُزت إول بزاً متلُظبً فزم اخزيبزٌب خل  الزغبزة 
العمتيخ. أمب ثبلى جخ لتدزاساخ ال ايزُلُعيخ فقاد أصجزاذ الىزابئظ 

َاإلوزقبصاابد  حاادَس ريااٌُبد كسَمُسااُميخ مخزتفااخ كبلك ااُز
كىزيغاخ  (MI)َالي بتب مع حدَس شتب ح فّ الادلي  االوق ابمّ 

خ الملدصخ ثبللقه رلذ الغتد ثخلتاب االزلا . لزأصيس األَزات الاتج
َالغدتسثبلااركس أن  الزيااٌُبد الكسَمُسااُميخ الكتيااخ َالك ااُز 

 (P< 0.001)   َالي بتب لد اش ا د شتب ح معىُتخ   عبليخ   عادا   
. (P <  0.005) فّ حيه اش ا د اإلوزقبصبد شتب ح معىُتخ عبلياخ  
فااّ الك ااُز  أ ِ حمااض الزبوياا. الااّ حاادَس اوخفاابض متلااُظ

 العب تخ المُعُ ح َاإلوزقبصبد لزكُن فّ و جٍب

 


