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ABSTRACT :'1'0 dat e, the toxic effec ts of hair dyes on DNA have been investigated by several in 
vivo and in vitro tests and variou s conflicting results have been reported . To clarify this toxicity, 
we used "co met assay" which is a new and more sensitive method and it was used first time for the 
determination the effec t of long term use of hair dyes on the DNA damag e. Th irty-nine healthy 
female subjects were se lected who have been using hair dyes for 4 to 12 years, and 24 health y 
female s who had never used hair dyes before were studied as a control group . The rate of damaged 
(limited and extensive migrated ) ce lls in the study gro up were significantly higher than that of the 
co ntrol group (I' < 0.05 ) indicatin g a detectable DNA dam aging effec t of hair dying on hum an 
lymph ocyte s. In co nclusion, we suggest that the caution should be recom mended in subjec ts 
whose famil y history of ca ncer is posit ive. Although our conclusion, however, can not be extended 
to the developing fetus in utero, women had better not use hair dye espec ially before and durin g 
pregnanc y. 
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INTRODUCTION 

Hair dyes are widely used as cos metic 
age nts to change the co lor of hair , and/or to 
co lor the gray hair around the World in recent 
years. It is more co mmo n in women. There are 
some side effects of hair dyes such as alle rgic 
and irritant co ntact dermatitis (mos t com mon), 
leukoderma, photosensitivity, purpu ric 
eruptions. ang ioedema. urt icaria and rhinit is. 
asthma, syncope (1-5) . The most important 
side ef fect is possibl y the toxicity on DNA. 
This possible toxic effect is more important in 
women considering the possibil ity of 
pregnancy; if such toxicity is ef fective, it is 
clear that they are at greate r risk of adverse 
pregn ancy outco mes, including complications 
which may af fect the fetus. Congenit al 

malformations have received the most 
attention. They may have caused a greater risk 
of developing co ngenital mal form ations and 
malignan cy than are those in the general 
population . Although the first trimester of 
pregnancy, in particular week 2 to 8 after 
fertili zation , is the most cri tica l peri od, some 
malformations may occ ur throu ghout the 
pregnancy. The decision to cont inue or 
terminate hair dyeing during pregnancy for 
fetal safety should be made and its toxicity on 
DNA should also be considered. Several 
investigations were conducted to determine 
this toxicity, but conflic ting result s were 
reported. 

The co met assay, also ca lled single­
cell gel electrophores is, is a simple, yet 
powerful tool for demonstrating the damaging 
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effects of di fferent co mpounds or physical healthy. The blood samp les were taken at zo" 
treatments on DNA at the indiv idual ce ll level. and rr: days followi ng from the beginning of 
It permits quant itative evaluation of DNA­ their menstrual bleeding. 
damaging or apoptosis inducing mechanism Five ml of blood was carefully layered 
and agen ts in various target ce ll population . over 8 ml Lymph ocyte Separation Medium and 
Electrophoresis of target ce lls suspe nded in cent rifuged at 2000 x g for 15 min. After the 
agarose, causes the migrat ion of unwound of plasma layer was removed and kept, the buffy 
fragmented DNA out of the cells resulting a coat was carefully removed and the cell s were 
comet-like appearance that can be imaged was hed with TC-199 med ium and then 
mic roscopically by appropria te fluorescent collected by 10 min centrifugation at 1000 x g. 
staining. Adva nces in DNA dam age detection Lymphocytes were resuspe nded using 
have allowe d sc ientists to determine the impac t approximately 10 7 / ml in TC-199 medium 
of ce rtain enviro nme ntal factors or medical with 20% v/v plasma and 10% v/v plas ma and 
trea tments on DNA integrity. It is used both in v/v DMSO. Lymph ocytes were trans ferred to 
vitro and in vivo tests. The introduction of microfuge tubes and stored at -20°e. The 
alkaline co nditions makes the relati onship with comet assay was perform ed as describ ed 
single-strand breakage more obvious. (6-8) . previously (12) . Comets from as brok en ends 
Although other methodologies exist for of the negatively charged DNA molecule 
detectin g damaged DNA , as the comet assay becomes free to migrate in the electric field 
have some advantages (9- 11), it is rapidly towards the anode . Th e assay provides direct 
increasi ng in popularity. determination of the extend of DNA damage in 

Th e pur pose of this study was to individual cells and the exte nt of DNA damage 
determine the toxic effects of hair dyes on can be assessed from the length of DNA 
DNA using the co met assay in the perip heral migration which is der ived by subtracting the 
blood lymph ocytes of the women who have diameter of the nucle us from the total length of 
been using hair dyes for a long time. because the image . The degree of damage was 
this assay is a new and more sensitive method determined by grading the ce lls as; norma l 
and has no t been used on this subject until (undamaged - no migration), limited migra tion 

.,.. now .	 (at low damage levels, stretching of attac hed 
~ . 

strands of DNA, rather than migration	 of 
MATERIALS AND METHODS	 individual pieces is likely to occ ur), and 

extensive migration (with increasi ng numbers 
Th irty-nine heal thy females who have of breaks. DNA pieces migrate freely into the 

used hair dyes for at least four years, and a tail forming comet images). A minimum of 100 
cont rol gro up co nsiste d of 24 healLhy females ce lls were analyzed for each subject. Slides 
were se lected from the neighb orhood where the were sco red blindly by two independ ent 
study gro up lived, and they had never used hair inves tiga tors. Student' s t-test analysis was used 
dyes. In both gro ups, ages were betwe en 25 in the statistical evaluations of the data. The 
and 43 , and all the subjects were not smoking, effects of age, frequency and usage period in 
not using any co ntraceptive or any other long the study group were also invest igated by 
last ing drugs, and hav ing norm al menstrual regression analys is. 
cyc les . To our know ledge, neith er the study An appropriate instituti onal review 
group nor the co ntro l subjects were exposed to board approve d the project and informed 
other mutagen ic age nts (e.g . , radiation , co nsent was obtained from the subjects afte r 
chemicals. lifestyle) for yea rs, and none of the nature of the procedures had been 
them presented any chronic or neoplastic exp lained fully . 
d iseases. Age, freque ncy of dyeing, and usage 
period were also reco rded . All subjects were 
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RESULTS 

The mean age of the study subjects 
was 34.9 ± 4.9 years and that of the control 
group was 32.1 ± 6.0 years. The duration of 
hair dyeing until the study ranged from 4 to 12 
years, with a mean of 8.4 ± 2.4 years. The 
mean frequency of hair dyeing was once per 
1.6 ± 0.8 months (ranged from 1 to 3 months). 
Twenty-four healthy females of similar age and 
socioeconomic background were studied 
simultaneously as controls. The statistical 
comparison of the ages in two groups showed 
no significant difference. However, the rate of 
damaged (limited and extensive migrated) cells 
in hair dyeing females were higher than that of 
the controls (p< 0.05 and p<O.OI). There were 
no significant correlation noted between comet 
scores and age, frequency, and usage period. 

DISCUSSION 

Potential carcinogenic and teratogenic 
effects of hair dyes have been evaluated by 
various tests, but the results were not 
consistent. In an investigation to evaluate the 
toxicity of two chemicals in the semi­
permanent hair dyes, it has been found that one 
of them produce statistically significant 
elevation of micronuclei in female mice (13). 
In another investigation, it has been speculated 
that two hair dye components generate active 
oxygen species causing DNA damage which 
leads to the carcinogenesis (14). Positive 
associations between hair dye use and the 
development of the cancer in urinary tract also 
have been reported (15 ,16) . In a case-control 
study carried out to examine the relationship of 
personal hair dye use and environmental 
factors to myelodysplastic syndromes, it has 
been found that there were statistically 
significant trends in risk with increasing 
duration and number of hair dye use and 
occupational exposure was also marginally 
associated with this risk (17). In a similar 
study, their results were modestly supportive of 
the hypothesis that exposure to hair dyes, 
particularly dark hair dyes, is a risk factor for 
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myeloid leukemia and refractory anemia with 
excess of blasts (18). In a multicenter case­
control study on risk factors for acute leukemia 
and preleukemia, a moderate leukemogenic 
effect of hair dyes use was suggested (19) . 

Contrary to these results above, 
analysis of data failed to show any significant 
effects of hair dyeing in an epidemiological 
survey of bladder cancer (20). No association 
was observed between hair dye use and 
cutaneous malignant melanoma, either (21). In 
a case-control study, it has been found that 
neither duration nor average frequency of hair 
dyeing was related to breast cancer, and risk 
was also unaffected by darkness of color used 
(22) . 

When hair dyes are used frequently, 
especially during pregnancies, their toxic effect 
(teratogenicity) should be considered. In a pair­
matched case-control study on the gestational 
risk for Wilms' tumor, the use of hair-coloring 
products was strongly associated with cases in 
which Wilms' tumor was diagnosed before 2 
years of age (23). A relationship between hair 
dye use and the risk of another childhood 
tumor, neuroblastoma was also reported (24). 
On the other hand, in a large national 
collaborative clinical trial which examined the 
nonoccupational risk factors for Wilms' tumor, 
no association was found with maternal 
exposure to hair coloring products during 
pregnancy (25). 

Several studies have been published 
about the toxic effect of hair dyes on DNA, but 
none of them is based on the comet assay 
analysis. In comparison with other methods 
currently used in human biomonitoring, the 
comet assay seems to be able to identify low 
level exposures with greater sensitivity (26­
28). In the present study, this toxicity of hair 
dyes was investigated by alkaline comet assay 
for the first time. The comet scores between 
the hair dyeing group and control group were 
significantly different (p< 0.05). There was a 
statistically significant increase at the damaged 
cells in the peripheral lymphocytes of hair 
dyeing women. Moreover, the frequency of 
extensive migrated cells was also significantly 



higher in the study group compared to that of 
the controls (p< 0.0 I). We could not find any 
significant relation between age, frequency and 
usage period. The factors that may have 
influence on the comet scores (age, sex, race, 
nutrition, environment etc .) were similar in 
both groups. Physiological factors that may 
have effects on DNA are reproductive 
hormones; evaluation of SCE frequencies 
during a normal menstrual cycle demonstrated 
a higher rate of ovulation, and in the luteal 
phase as compared to the early follicular phase 
(29). In our study, all the subjects (patients 
and the control group) were at the same phase 
of the menstrual cycle (within zo" and 27lh 

days following the beginning of menstrual 

Table: Statistical results. 

bleeding) at the time of sampling. All the 
factors that may have influences on the comet 
scores were similar in both groups . Therefore, 
we think that the difference in the comet scores 
was induced by the hair dye application for a 
long-time. 

In conclusion, our results support that 
long-term use of hair dye in adult female 
healthy subjects appear to have some toxic 
effects on DNA. We suggest that caution 
should be recommended in subjects whose 
family history of cancer is positive. Although 
our conclusion, however, can not be extended 
to the developing fetus in utero, women had 
better not use hair dye especially before and 
during pregnancy. 

CONTROL HAIR DYE 
X±SD IN X±SD IN 
32.1±6.0 I 24 34.9±2.4 I 39 0.1 
95.0±2.7 I 24 87.2±2.98 I 39 0.3 
3.3±1 .8 I 24 7.7±1.27 I 39 0.03 
1.75±1.7 I 24 5.1±2 .75 I 39 0.009 

.;;~ 

." X: mean, SD: Standard deviation 
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