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Abstract 

The purpose of this study was to investigate the capability of the oral contraceptive drug 

"Triocept" (0.05mg levonorgestrel + 0.03mg ethinylestradiol) in inducing primary genetic damages in 

human chromosome by analyzing the in vitro induction of sister chromatid exchanges (SCEs) and 

clastogenic activity by chromosomal abnormalities in human lymphocyte culture. Five different 

Triocept concentrations that correspond to 0.5, 1, 2, 5 and 10 folds of the daily therapeutic dose (DTD) 

were used. Bromodeoxyuridine substituted DNA was stained by Florescence plus Giemsa (FPG) 

technique. The results showed that the SCE averages were increased by increasing the Triocept 

concentration, and gave significant differences not only, between control and the concentrations, but 

also between concentrations themselves. On the other hand, the results indicated that, there were four 

main different types of chromosomal aberrations (stickiness, fragments, deletions and polyploidy). The 

total aberrant metaphase percentages (5.5, 11.5, 30.2, 42.5 and 89.6%) were increased by increasing the 

drug concentrations, and stickiness proven was to be the highest percentages (4.5, 6.5, 18.2, 22.5 and 

45.6%). This increased of chromosomal aberrations with the high concentrations of the drug gave 

evidence that the tested drug is effective in interfering with spindle fibers and/or spindle formation. In 

conclusion, the results suggested that the contraceptive drug "Triocept" is capable to cause primary 

damage in genetic material according to its dose, so it is recommended that low dose oral Triocept 

might be used under medical supervision.  
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Introduction 

 

Oral contraceptives or birth control pills are used by women to prevent pregnancy, to regulate the 

menstrual cycle, and to provide hormone replacement therapy. There are two basic of birth control 

pills: 1) combination pills, which contain the hormones estrogen and progestin, and 2) progestin-only 

pills. Combined birth control pills work mainly by stopping ovulation. The pill may have adverse 

interactions with some other medications. The combination birth control pill has health benefits in 

addition to preventing pregnancy, since it may decrease the risk of uterus and ovary cancer and 

improve bone density during perimenopause. Long-term benefits include reduced rates of endometrial, 

ovarian, and colorectal cancer. The most serious risk of combined contraceptive, including the pill, is 

the potential for cardiovascular complications: blood clots, stroke, hypertension, or heart attack. The 

risk is higher in some women, including women older than 35 years who smoke more than 15 

cigarettes a day or women who have multiple risk factors for cardiovascular disease, such as high 

cholesterol, high blood pressure, and diabetes (University Health Services, 2009 and ACOG Practice 

Bulletin No. 110, 2010). 

Triocept pills, as one of the contraceptive drugs, prevent eggs from maturing to the point at which 

they can be fertilized. In addition, the cervical mucus remains thick, which makes it difficult for man’s 

sperms to ascend. Triocept thus offers multiple protections against pregnancy. The high degree of 

reliability is equal to that of the classical, single phase combined preparation and is far superior to any 

other method of contraception (Manufactuer; Chemical Industries Development, CID).   

Genotoxins are agents specifically producing genetic alterations at sub-toxic exposure levels, 

which result in organisms with altered hereditary characteristics. Depending upon the developmental 

stage of an individual, a genotoxin can exert teratogenic effect or cause mutations not only in somatic 

cells but also in germinal cells. Mutational damage results in situation where not only an exposed 

person has the possibility of deleterious effects, but also his progeny, generation upon generation 

(Hafez, 1991). 

The ideal genetic assay for occupational monitoring would be rapid, inexpensive, highly 

objective, and predictive (Shirazu, 1980 and Tezuka et al., 1980). The analysis of chromosomes from 

human leucocytes cultures has become one of the main methods in genetic toxicology and clinical 

cytogenetic. The culture of leucocytes is inexpensive, simple to perform, reliable, and therefore, 

suitable for routine work, so it has been widely used by several investigators (Kram et al., 1979; Inoue 
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et al., 1981; Omar, 1983; Hafez and Hasan, 1984; Seehy et al., 1988a & 1989a; and Seehy & Osman, 

1989b&c). 

Sister chromatid exchange (SCE) is a classic toxicology assay for genotoxicity and for detecting 

alterations to the biochemistry underlying cellular homologous recombination (Stults et al., 2014). SCE 

analysis appears to be a very good screening tool for evaluation of primary genetic damage induced by 

contaminants and/or pollutants. So, it is consider as one of the early studies on hospital patients 

(Lezana et al., 1977). Analysis of SCE in human cells may also play a role in establishing the dose 

received, or at least in identifying affected individuals following accidental exposure to know 

genotoxic substances. This analysis is rapid, sensitive and can be completed very shortly after the 

actual exposure has occurred (about 2-3 days) (Brusick, 1986). 

 

This work aims at studying the possible capability of the oral drug triocept to induce genetic 

disorder by employing: 1) in vitro Induction of sister chromatid exchanges (SCEs); and 2) Analysis of 

chromosomal abnormalities in human lymphocyte culture. 

 

Materials and Methods 

 

This study was done at the Department of Molecular Biology, Genetic Engineering & 

Biotechnology Research Institute, Sadat City University, Egypt; and Genetics Department, Faculty of 

Agriculture, Alexandria University, Egypt. 

 
Materials:  

In this study, the oral contraceptive pills “Triocept” was used, since it produced by Chemical 

Industries Development (CID) Company in the form of tablets. The memo-pack contains:  

6 tablets each with 0.05 mg levonorgestrel (LN) + 0.03 mg ethinylestradiol (ES) 

5 tablets each with 0.075 mg LN + 0.04 mg ES 

10 tablets each with 0.125 mg LN + 0.03 mg ES 

Table (1) represents the drug concentration and its correspond to the daily therapeutic dose 

(DTD).  
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Table (1): The concentration of Triocept and its correspond to the daily therapeutic dose (DTD). 

S.N.  

Triocept 

Concentrations 

(µg/ml) 

Code 
Folds of the daily therapeutic 

dose (DTD) 

1 0.25 LN + 0.15 Es 1 0.5 

2 0.5 LN + 0.3 Es 2 1 

3 1.0 LN + 0.6 Es 3 2 

4 2.5 LN + 1.5 Es 4 5 

5 5.0 LN + 3.0 Es 5 10 

 LN: levonorgestrel; and Es: ethinylestradiol 

Methods:  

 
In vitro induction of sister chromatid exchanges (SCEs) in human lymphocytes:  

Heparinized venous blood was collected from normal healthy adult women. Human karyotyping 

medium purchased from GIBCO (USA) was used in this assay. Analysis of SCEs was carried out 

according to Schwerzacher (1974) and Seehy (2007). The culture medium was divided into 2 groups; 

control and 5 concentrations (Table, 1) of Triocept drug. The cells in cultures were exposed to 5-

bromo-2`-deoxyuridine (BrdU 100µg/ml; Sigma) after 24hrs of the initiation of cultures. The cultures 

were incubated in tightly sealed tubes at 37 °C for 72 hrs. Two hrs prior to harvesting, 0.1 ml colcemid 

was added for each culture and re-incubated for two hrs at 37 °C. The cultures were centrifuged for 8 

min at 1200 rpm, the supernatant was discarded and the cell pellet was re-suspended with the last drop 

of supernatant, then 8 ml of pre-wormed (37 °C) hypotonic solution (0.075 M KCl) were added, and 

left for 10 min at 37 °C, then centrifuged for 5 min at 1200 rpm. The cell pellet was fixed for an hour in 

about 8 ml freshly prepared fixative fluid (3 parts methanol : 1 part glacial acetic acid) and centrifuged. 

The cell pellet was fixed three times for 10 min each.  

Human chromosomes were stained for SCEs using Florescence plus Giemsa (FPG) according to 

Goto et al. (1978). The cells were photographed and SCEs were counted from the microscope images 

of second metaphase, and then the analysis of variance using F- test was applied. To evaluate the 

differences in mean SCE frequencies between treated and control groups, Duncan’s multiple range test 

was used (Snedecor, 1958). 

  

 



5 
 

Analysis of chromosomal abnormalities in Human lymphocytes:  

In order to study the activity of the contraceptive drug (Triocept) to induce chromosomal 

abnormalities in human karyotype, the same procedure of SCEs was used with some modifications; the 

drug was added to culture medium at zero time of incubation, BrdU was omitted, and Human 

chromosomes were stained using 10% Gemisa. The chromosomes were screened for the presence of 

breaks, gaps, deletions and fragments ……etc.  

 

Results 

 

In vitro induction of Sister Chromatid Exchanges in human lymphocytes: 

Table (2) shows the averages of SCEs obtained after cytological examination of human 

lymphocytes treated with the different concentrations of the oral contraceptive “Triocept“. Total 

number of 100 cells was counted with the control as well as with all tested concentrations. The least 

SCEs average (2.2±0.2) was detected with the control, whereas it increased after treatment to be ranged 

from 4.46±0.3 to 12.82±1.2. Analysis of variance using F-test showed that the tested concentrations (1, 

2, 3, 4 and 5) were proven to be positive in inducing significant increases in SCEs (4.46±0.3, 

5.82±0.24, 8.28±0.42, 8.64±0.63 and 12.82±1.2), respectively (Figure, 1).  

Duncan’s multiple range test for analysis of mean differences was conducted as shown in table 

(3). It indicated that, there were significant differences between control and Triocept treatment 

concentrations, whereas it showed the highest mean difference was found (10.62) between the control 

and the highest concentration (5) of Triocept. In addition, there were significant differences between 

the different Triocept concentrations, since the highest difference (8.36) was between Triocept 

concentrations (5 and 1).   

 

Table (2): Averages of sister chromatid exchanges in human chromosomes after treatment with 

“Tiocept”. 

Concentrations 

Code 

Total cells counted    ± S.E. Range 

Control 100 2.2 ± 0.2 0 - 4 

1 100 
*
4.46 ± 0.3 2 - 6 

2 100 
*
5.82 ± 0.24 3 - 8 

3 100 
*
8..28 ± 0.42 3 - 10 

4 100 
*
8.64 ± 0.63 5 - 12 

5 100 
*
12.82 ± 1.2 6 - 18 

*
 Significant at 0.05 level probability 
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Table (3): Duncan’s multiple range test for mean differences of SCEs. 

Concentrations 

Code 

      -    C    -   1    -   2    -   3    -   4 

5 12.82 
*
10.62 

*
8.36 

*
7.00 

*
4.54 

*
4.18 

4 8.64 
*
6.44 

*
4.18 

*
2.82 0.36  

3 8.28 
*
6.08 

*
3.82 

*
2.46   

2 5.82 
*
3.62 1.36    

1 4.46 2.26     

Control 2.2      
*
 Significant at 0.05 level of probability  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Photomicrograph showing human metaphase stage with in vitro induction of sister 

chromatid exchange (a: control, and triocept concentrations; b: 0.25 µg/ml LN+0.15 

µg/ml Es, c: 0.5 µg/ml LN+0.3 µg/ml Es, d: 1.0 µg/ml LN+0.6 µg/ml Es, e: 2.5 µg/ml 

LN+1.5 µg/ml Es and f: 5.0 µg/ml LN+3.0 µg/ml Es) 
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Analysis of chromosomal abnormalities in human lymphocytes: 

The analysis of chromosomal abnormalities in human lymphocytes after treatment with different 

concentrations of the oral contraceptive drug "Triocept", is given in table (4) and figures (2 & 3). In 

this experiment, 200 cells were counted for each treatment as well as for the control group. Results 

showed that, there were four main types of chromosomal aberrations (stickiness, fragments, deletions 

and polyploidy). The total percentage of aberrant metaphase in the control was 2%, while it was 5.5, 

11.5, 30.2, 42.5 and 89.6% with Triocept concentrations 1, 2, 3, 4 and 5, respectively.  

For each aberrant metaphases percentages, the results revealed that, stickiness (4.5, 6.5, 18.2, 

22.5 and 45.6%), fragments (0, 1, 4, 8 and 21%), deletions (1, 4, 6, 8 and 17%) and polyploidy (0, 0, 2, 

4 and 6%) were increased by increasing the Triocept concentration (1, 2, 3, 4 and 5), respectively. 

However, stickiness represented the highest metaphase aberrant percentages. 

 

Table (4): Chromosomal aberrations induced in human chromosomes after treatment with 

“Tiocept”. 

Concentrations 

Code 

Percent of metaphases with 

Total cell 

counted 
Stickiness Fragment Deletion Polyploidy Total 

Aberrant 

metaphase 

% 

Control 200 2 0 0 0 2 

1 200 4.5 0 1 0 5.5 

2 200 6.5 1 4 0 11.5 

3 200 18.2 4 6 2 30.2 

4 200 22.5 8 8 4 42.5 

5 200 45.6 21 17 6 89.6 
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Figure (2): Photomicrograph showing human metaphase stage with (a: Normal, b: control and 

triocept concentrations; c: 0.25 µg/ml LN+0.15 µg/ml Es, d: 0.5 µg/ml LN+0.3 µg/ml 

Es, and e: 1.0 µg/ml LN+0.6 µg/ml Es) where; CdG: Chromatid Gap, CEx: 

Chromosome Exchange, EEA: End to End Association, F: Fragment and S: 

Stickiness, 
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Figure (3): Photomicrograph showing human metaphase stage with triocept concentrations (g: 

0.5 µg/ml LN + 0.3 µg/ml Es, h: 0.5 µg/ml LN + 0.3 µg/ml Es, i: 1.0 µg/ml LN + 0.6 

µg/ml Es and j: 2.5 µg/ml LN + 1.5 µg/ml Es; k: 2.5 µg/ml LN + 1.5 µg/ml Es and l: 

5.0 µg/ml LN + 3.0 µg/ml Es) where; CdD: Cromatid Deletion, CdG: Chromatid 

Gap, CEx: Chromosome Exchange, CmD: Chromosome Deletion, EEA: End to End 

Association, F: Fragment, poly: polyploidy, and S: Stickiness.      
 

Discussion 

 

In this study, 5 different concentrations (0.25 µg/ml LN+0.15 µg/ml Es, 0.5 µg/ml LN+0.3 µg/ml 

Es, 1.0 µg/ml LN+0.6 µg/ml Es, 2.5 µg/ml LN+1.5 µg/ml Es and 5.0 µg/ml LN+3.0 µg/ml Es) of 

Triocept were used and tested. They correspond to 0.5, 1, 2, 5 and 10 folds of DTD, respectively. The 

results indicated that the use of contraceptive drug "Triocept" is associated with induction of 

chromosomal abnormalities. The analysis of variance using F-test for SCE frequencies after treatment 

with Triocept concentrations showed that, there was a significant differences and the highest SCE 

average (12.82) was with the highest concentration (5) of Triocept. The average was increased (4.46, 
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5.82, 8.28, 8.64 and 12.82) by increasing the Triocept concentrations. Duncan's multiple range test 

showed significant differences between the control group and the Triocept concentrations. In addition, 

there were significant differences between the concentrations themselves giving a concentration 

response relationship.  

On the other hand, the results showed that the total percentages of aberrant metaphase ( 6.5, 10.5, 

30.2, 42.5 and 89.6%) were increased by increasing the Triocept concentrations (1, 2, 3, 4 and 5), 

respectively. Stickiness gave the highest percentages of aberrant metaphase (4.5, 6.5, 18.2, 22.5 and 

45.6%) with the five Triocept concentrations, respectively. However, the obtained results gave 

evidence that the tested concentrations were positive in causing primary DNA damage and clastogenic 

effect as well. 

These results are in agreement with those reported by other authors (Kabarity and Khodari, 1967; 

Badr and Badr, 1969; Stenchever et al., 1969; Timson, 1969; McQuarrie et al., 1970; and Badr et al., 

1973) as they indicated that contraceptive drugs of steroid nature induce structural chromosomal 

aberration both in vivo and in vitro, and that these differ according to the type and aspect of organism 

studied. Oral contraceptive pills are associated with a number of side effects ranging from the relatively 

minor to increased risk of death from several causers (Gilman et al., 1985). Recently, it was found that 

prolonged use of estrogen containing contraceptive medication at an early stage may be associated with 

risk of breast cancer (Liehr, 1990).  

Concerning the effect of oral contraceptive drugs upon chromosomes, data from several reports 

have suggested that exogenous estrogens and progestogens may cause cytogenetic aberrations in 

lymphocytes from women taking oral contraceptive drugs (Goh, 1967; Badr et al., 1973 and Seehy & 

Hafez, 1992), whereas other studies have not demonstrated increased chromosome breakages in pill 

users (Shapiro et al., 1972 and de Gutierrez & Lisker, 1973). In addition, experiments on rats, mice, 

dogs, hamsters and human indicated that these compounds may induce cytogenetic abnormalities in 

germ cells (Littlefield et al., 1975; and Seehy & Hafez, 1992). 

Induction of SCEs has been demonstrated to be a sensitive indicator of DNA damage induced by 

chemical mutagens in eukaryotic cells cultured in vitro (Kato, 1974 and Seehy, 2007) and it is proposed 

that analysis of SCE induction in vivo may provide a useful technique for the screening of mutagenic 

and carcinogenic compounds.  

 

In conclusion, the present study indicated that the contraceptive drug "Triocept" is a positive 

inducer of primary genetic damage. In addition, clastogenic effect as detected for this drug.  



11 
 

Acknowledgments  

 

I would like to thank Dr. Mohamed A. El-Seehy (Dept. Genetics, Faculty of Agriculture, 

Alexandria University) for his kind help and providing all available of facilities, equipment and 

chemicals to accomplish this work 

 

References 

 

ACOG (2010). Noncontraceptive uses of  hormonal contraception. ACOG Practice Bulletin No. 110, 

Jan, 2010. Obstet Gynecol 2010; 115: 206-218.  

Badr, F.M., and Badr, R.S. (1969). Cytogenetic effects of some contraceptive drugs on the nuclei of 

bone marrow cells of the rat. Second conference of Pharmaceutical Science, Cairo, Pp. 69. 

Badr, F.M., Badr, R.S., Ibrahim, A., and Shaaban, H.S. (1973). Chromosome studies on women using 

oral and injectable contraceptive drugs. Med. J. Cairo Univ. 40: 37-46. 

Brusick, D. (1986). Principles of genetic toxicology, (2nd ed.) plenum press, New York. ISBN: 

9780306425. 

Chemical Industries Development (CID). Triocept. Bach No. 05150003 

de Gutierrez, A.C. and Lisker, R. (1973). Longitudinal study of the effects of oral contraceptives on 

human chromosomes. Ann. Genet. 16: 259-262. 

Gilman, A.G., Goodman, L.S., Rall, T.W. and Murad, F. (1985). Goodman and Gilman's The 

Pharmacological basis of therapeutic. (7th ed). Macmillan Publishing Co., New York, Pp. 695-

697. 

Goh, K.O. (1967). Research report of the Medical Division, Oakridge Associated Universities, Spring 

field. Clearing House for Federal Science and Technological Information, P. 97. 

Goto, K., Maeda, S., Kano, Y., and Sugiyama, T. (1978). Factors involved in differential Geimsa-

staining of sister chromatids. Chromosoma. 66: 351-359. 

Hafez, A.M. (1991). Evaluation of genotoxicity of some drugs widely used in Egypt. Ph.D. Thesis. 

Faculty of Agriculture, Alexandria University. 

Hafez, M. and Hasan, S. M. (1984). Cytogenetic effects of chlorpromazine in vivo and in vitro. Egypt. 

J. Genet. Cytol. 13: 61-67. 



12 
 

Inoue, K., Shibato, T., Misawam, S., Abe, T., and Kawai, K. (1981). Induction of sister chromatid 

exchnages by cyclophosphamide in human lymphocytes with metabolic activation. Proc. Jap. 

Acad. Ser. B. 56(9): 568-572 (C.F. Genetic Abst., 13(8), 33). 

Kabarity, A. and Khodari, S. (1967). Cytological effects of two contraceptives. Genetika. 38: 184. 

Kato, H. (1974). Spontaneous sister chromatid exchanges detected by a BUdR-labelling method. 

Nature. 25: 70-77. 

Kram, D., Schneider, E.L., Senula, G.C., and Nakanishi, Y. (1979). Spontaneous and mitomycin-C 

induced sister chromatide exchanges. Comparison of in vivo and in vitro systems. Mutat. Res. 

60: 399-347. 

Lezana, F.A., Blanchi, N.O., Blanchi, M.S., and Suarez, J.E.Z. (1977). Sister chromatid exchanges in 

Dawn syndromes and normal human beings. Mutat. Res. 45: 85-90. 

Liehr, J.G. (1990). Genotoxic effects of estrogens. Mutat. Res. 238: 269-276. 

Littlefield, L.G., Lever, W.E., Miller, F.L., and kong-Oogoh (1975). Chromosome breakage studies in 

lymphocytes from normal women, pregnant women and women taking oral contraceptives. 

Amer. J. Obstet. Gynecol. 121 (7): 976-980. 

McQuarrie, H.G., Scote, C., Ellsworth, H. S., Harris, J.W., and Stone, R.A. (1970). Cytogenetic studies 

on women using oral contraceptives and their progeny. American journal of Obstetrics and 

Gynecology. 108: 659-665. 

Omar, A. (1983). Effect of the insecticide malathion on human leucocyte chromosomes. Egypt. J. 

Genet. Cytol. 12: 177-180. 

 Schwerzacher, H.G. (1974). Preparation of metaphase chromosomes. In: Methods in Human 

Cytogenetic (eds. H. G. Schwarzacher & U. Wolf), Berlin, Heidelberg, New Yourk, Springer-

Verlag. 

Seehy, M.A. and Hafez, A. (1992). Genotoxicity of contraceptives. 1st International Conference on 

Environment Mutagenesis on Human Population at risk, Egypt, January 19-24. 

Seehy, M.M.A. (2007). Micro and Macro DNA damage induced by some foods. Ph.D. Thesis. Fac. 

Agric., Alex. University.  

 Seehy, M.A., Tallat, F.M., Sallem, E.S., and Abdelmegid, L.A.M. (1988a). Genotoxic effect of 

diphenylhydantion. Tanta Medical J. 16(2): 221-237. 

Seehy, M.A., and Osman, M.A. (1989b). Evaluation of nystatin genotoxicity: II. Bone-marrow 

chromosomes, micronucleus test; primary spermatocytes and sister chromatid exchanges. Bull. 

Alex. Fac. Med. XXV(6): 1632-1636. 



13 
 

Seehy, M.A., and Osman, M.A. (1989c). Evaluation of nystatin genotoxicity: III. Human leucocyte 

cultures. Bull. Alex. Fac. Med. XXV(6): 1637-1641. 

Seehy, M.A., Mostafa, Y.A., and Osman, M.A. (1989a). Evaluation of nystatin genotoxicity-mitotic 

gene conversion and mitotic non-disjunction in S. cerevisiae and Allium cepa chromosomes. 

Bull. of Alex. Fac. Med. XXV(6): 1625-1631. 

Shapiro, L.R., Zoe, Md., Graves, R., and Kurt Kirschhorn, Md. (1972). Oral contraceptives and in vivo 

cytogenetic studies. Obstet. Gynecol. 39: 190-192 

Shirazu (1980). Sister chromatid exchanges and chromosomal aberrations in cultured Chinese hamster 

cells treated with pesticide positive in microbial reversion assays. Mutat. Res., 78: 177-191. 

Snedecor, G.W. (1958). Statistical methods. The Iowa State University, Press Ames, Iowa, U.S.A. 

Stenchever, M.A., Jarvis, J.A., and Kruger, N.K. (1969). Effect of selected oestrogen and progestin on 

human chromosomes in vitro. Obstetrics and Gynecology. 34: 249-251. 

Stults, D.M., Killen, M.W. and Pierce, A.J. (2014). The sister chromatid exchange (SCE) assay. 

Methods Mol. Biol. 1105: 439-455. doi: 10.1007/978-1-62703-739-6_32. 

Tezuka, H., Ando, N., Suzuki, R., Terahata, M., Moriya, M., and Shirasu, Y. (1980). Sister chromatid 

exchanges and chromosomal aberrations in cultured Chinese hamster cells treated with 

pesticide positive in microbial reversion assays. Mutat. Res., 78: 177-191. 

Timson, J. (1969). Chromosomes and an oral contraceptive (Lyndiol 2.5). J. Reprod. Fertil. 19: 581-

583. 

University Health Services (2009). Oral contraceptives (the pill). University Health Services, Tang 

Center. Pp. 1-2. www.uhs.berkeley.edu 

 

 

 

 

http://www.uhs.berkeley.edu/

