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ABSTRACT 

In cases of partial body over-exposure, the dose estimation is often impossible without considerable error. 
The dose-efTect relationship on the delay of hair regrowth and reduction in hair length of mice after 
irradiation were examined to investigate the possibility of hair growth as a biological dosimeter. Hairs on 
the dorsum skin of mice were shaved. Shaved areas were irradiated with a Sr-90/Y-90 P-ray source in the 
early anagen or midanagen stage of the hair cycle. Skin doses were from 03 Gy to 10 Gy. The time of hair 
regrowth and the length of hair was examined with the scaling loupe. The delay of hair regrowth was dose 
dependent, fitting the L-Q function. Reduction in hair length was less dose dependent. These findings were 
supported by the histological observations of mitosis and pyenosis in hair matrix cells. Dose estimation 
functions were derived from the dose-effect relationship curves. Hair rcgrowth delay is thought to be a 
sensitive biological dosimeter which can be applied as early as a few days after over-exposure, (u w % ,u' ~ V 

INTRODUCTION susceptible to radiation. Delay of hair 

regrowth and reduction in hair length 

In the case of partial body over- growth of mice were examined to 

exposure.the dose estimation with personal investigate if they can serve as the 

monitors or reconstruction of exposed biological dosimeter in a lower dose range 
conditions is often impossible without than those clinical signs manifest, 
considerable error. Clinical signs of 

irradiated skin, such as epilation, moist MATERIALS AND METHODS 

desquamation or ulcer have served as 

indicators of dosage in the radiological Hairs on the dorsum skin of 240 ICR 

accidents because each sign has the female mice (8 weeks old) were clipped 

threshold dose. Hair growth is known to be and shaved. Shaved areas were irradiated 
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with a Sr-90/Y-90 p-ray 

source (740 MBq) within an 

hour after shaving in the 

early anagen stage of the 

hair cycle. Another 50 mice 

were irradiated 10 days after 

shaving in die miduiiugcn 

stage. Skin doses 7mgjfcm2 

deep were from 0.5 Gy to 10 

Gy ami finona I Gy BO 4 Gy„ 

respectively. We used the 

delay of hair regrowth and the reduction in 

hair length regrowth as a biological 

dosimeter. The time 'Of hair Tcgrcrcvth was 

checked every 6 to 24 hours after 

irradiation. The length of hair regrowth 

was scaled on the 7th day with a scaling 

loupe (magnification 30). Shaved and non-

irradiated area of each mouse's dorsum 

skin served as an individual control. 

To observe the histological changes in 

hair roots, skin specimens from Mxadiased 

and unirradiated areas were taken at 2. 6, 

10 and 24 hours after irradiation in the 

midanagen stage, doses were 1, 2,4 and 8 

Gy. Specimens were fixed in Bouin 

solution, and then, according to the ordinal 

procedure, 4u.m sections were cut and 

stained with hematoxylin-eosin. Mitotic 

cells and pyenotic fragments per 5000 
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RESULTS 

The delay of hair regrowth in the early 

anagen stage of the hair cycle is shown in 

Fig.l.The delay is 0.1 ±0.3 days for 0.5 Gy 

to 8.4 ± 0.3 days for 10 Gy. The fitting L-Q 

function is, 

R = 0.449 - 0.012D + 0.075D2 

where R is the delay in days and D is skin 

dose in Gy. 

The, reduction in hair length is less dose 

dependent than the delay of regrowth. The 

fitting function is, 

S = 0.145 - 0.065D + a030D2 

where S is the reduction in hair length in 

mm on the 7th day of regrowth and D is 

skin dose in Gy. 

As for the histological observation, in 2 

matrix cells were scored with light hours after irradiation, the numbers of 

microscope for each mouse. mitotic cells decreased drastically in all 
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Fig.2 Time-course of mitotic index after irradiation 
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Fig3 Time-course of pycnotic index after irradiation 

dose groups, but by 6 hours, they started to 

restore depending on the doses, as shown in 

Fig.2. The numbers of mitotic cells at 6 

hours were 17.0 ± 0.9 for 1 Gy to 3.8 ± 0.7 

for 8 Gy and 25.0 ± 0.8 for the control 

group per 1000 matrix cells. After 24 

hours, 4 Gy and lower dose groups showed 

a great deal of restoration but the 8 Gy 

group still stayed at a low level in mitosis. 

Pycnoric ce55s appeared an 2 

horns after gradiaTjoa. then they 

increased depending on the 

doses, i.&, 14.4+0.1 fori Gyto 

1413 ± 8 3 for 8 Gy and 0.4 ± 

0J1 for control group per 1000 

matrix ce)ls at 6 hours after 

irradiation- They maintained 

the high level at 10 hours, then 

decreased, as shown in Fig3-

DISCUSSION 

The dose estimation function 

derived from the dose-effect 

relationship curve of hair 

regrowth delay is shown in 

Fig.4. The 95% confidence 

intervals of an estimated dose of 

5 Gy is 3.1 - 7.8 Gy. 

The histological observations 

suggest that hair growth 

retardation caused by 

irradiation in midanagen might be due to 

cell death and the depression of mitosis in 

the hair matrix cells. 

The delay of hair regrowth and the 

reduction in hair length have advantages as 

a biological dosimeter as follows; 

l)It can estimate the skin dose ranging 

from 0.5 Gy to 10 Gy in early anagen, and 1 

Gy to 4 Gy in midanagen stage of the hair 
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