
EXPERIMENTAL BIOLOGY 

DIURNAL CHANGES IN THE REACTION 

EPITHELIUM TO HYDROQUINONE 

A.  A. Z h i r n o v a  

O F  T H E  C O R N E A L  

UDC 612.841.1.014.46"52" 

The reac t ion  of the cornea l  epithel ium to hydroquinone va r i e s  during the 24-h per iod.  Hy-  
droquinone i nc rea se s  the mitot ic  index in the epithelial  cel ls  only during the morning.  This 
i n c r e a s e  is caused  by a delay in cell  division at the metaphase  s tage.  In the evening this 
phenomenon is m o r e  marked ,  but there  is a s imul taneous  dec rea se  in the number  of p r o -  
phases .  The number  of pathological  mi toses  induced by hydroquinone is higher  during the 
evening. 

There  has been a r ecen t  i nc rea se  in the number  of publicat ions descr ib ing  the study of reac t ions  of 
the body as a whole and of s ingle cel ls  to var ious  fac tors ,  including drugs .  The resu l t s  of these  inves t iga-  
tions have shown that  the effect  of the p a r t i c u l a r  fac tor  differs  depending on the t ime  of day or  night. For  
example,  in exper iments  with Escher i ch ia  eoli  endotoxin and with strophanthin,  the highest  mor ta l i ty  in 
mice  was obse rved  when the subs tance  was admin i s t e red  during the afternoon, and the lowest  at night 
iS, 9]. 
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Fig. 1. Diurnal  changes in mitot ic  act ivi ty and in 
r e la t ive  pe rcen tages  of phases  of mi tos i s  in c o r -  
neal  epi thel ium af ter  t r ea tmen t  with hydroquinone 
during morning  (A) and evening (B): 1) contro l ;  
p) p rophases  ; t) te lophases  ; 2) hydroquinone; m) 
m e t a p h a s e s ;  a) anaphases .  Unshaded columns 
denote mitot ic  activity.  

t.. e-. " ~  

pL 0,02~0,0i~0,00; 
i 2 

In t e re s t  in the study of pathological  mi toses  
and the mechan i sms  of their  occu r rence  has also 
inc reased ,  and this is not accidental .  The a p p e a r -  
once of pathological  mi toses  is connected with the 
development  of c h r o m o s o m a l  d i seases  and the initial 
s t ages  of ca rc inogenes i s  [4, 6]. Radiation s ickness ,  
v i rus  infections,  and the growth of tumors  a re  a l -  
ways accompanied  by anomal ies  of mi tos is  [3, 5, 10, 
13]. Substances capable  of producing pathological  
mi toses  exper imenta l ly  have been found. They in-  
clude hydroquinone [12, 14]. Invest igat ions have 
shown that the action of hydroquinone even for  only 
a ve ry  shor t  t ime  on a cul ture  of h a m s t e r  cel ls  or  of 
mouse  intest inal  epithelium can cause  a definite in- 
c r e a s e  in mitot ic  act ivi ty,  an i nc r ea se  in the re la t ive  
number  of me taphases ,  and an i nc r ea se  in the num-  
ber  of pathological  mi toses ,  with p redomInance  of 
t h r ee -g roup  me taphase s  [7]. 

The object  of the p re sen t  invest igat ion was 
to study the reac t ion  of the cornea l  epithelium, a 
t i s sue  with a well m a r k e d  diurnal mitot ic  rhythm 
[1], to hydroquinone in the morning  and evening. 
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TABLE 1. Changes in Mitotic Activity of Corneal  Epithelium after  Application of Hydroquinone 
in Morning and Evening 
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Fig. 2. Diurnal changes in number  
of pathological mitoses  in corneal  
epithelium after  application of hy-  
droquinone during morning (A) and 
evening (B). Unshaded columns r e -  
p resen t  percentage  of pathological 
mi toses ;  1) percentage of th ree-  
group metaphases ; 2) percentage of 
chromosomal  deletions in meta-  
kinesis ; 3) percentage  of other  forms 
of pathological mitoses .  

E X P E R I M E N T A L  M E T H O D  

Experiments  were ca r r i ed  out on albino mice aged 1.5-2 
months.  At 8 a.m. (experimental group 1) and at 6 p.m. (group 2) 
physiological saline (the solvent) was applied to the left (control) 
cornea  and 570 hydroquinone solution to the r ight  cornea.  Mitotic 
activity was est imated by the number of dividing cells in a con-  
stant a rea  (1.65 mm 2) of cornea .  Pathological  mitoses  were de- 
fined by Alov's classif icat ion [2]. The s tat is t ical  analysis of the 
resul ts  was ca r r i ed  out by the F i she r -S tuden t  method. 

E X P E R I M E N T A L  R E S U L T S  

The react ion of the corneal  epithelium to hydroquinone dif- 
fered in the morning and evening. After application of 57o hydro-  
quinone solution to the cornea  at 8 a.m.,  when mitotic activity of 
the epithelium is high, an increase  in the number  of mitotically 
dividing cells  (P = 0.003) and in the number of metaphases  
(P = 0.001) was observed, indicating delay of mitosis  at this stage 
of division. The percentage of anaphases and telophases was r e -  
duced by 50-677o (P = 0.003). The action of hydroquinone a t6p .m.  
when prol i fera t ive  activity of the epithelium is low, differed to 
some extent. The mitotic activity of the corneal  epithelium in the 

experiment Showed no significant change (P = 0.5). The percentage of metaphases,  just  as in the morning, 
was increased  by a lmost  four t imes (P = 0.06). The number of cells at the stages of anaphase was reduced 
by six to seven times (P < 0.05). 

Pathological  mitoses were extremely r a r e  in the epithelium of the control  corneas .  Under the in- 
fluence of hydroquinone, their number increased  sharply,  and it was especially high in the evening (33.3%; 
P = 0.02). The increase  in number  of pathological mitoses  was due p r imar i ly  to the increase  in number of 
three-gToup metaphases and to deletion of chromosomes  in metakinesis .  The class  of three-group meta-  
phases included cells in which, besides a metaphase  plate, one, two, or  more  chromosomes  were found at 
each pole. Other types of pathological mitoses  were r a r e  (0.1-0.270). They consis ted mainly of K-mitoses ,  
sca t te red  metaphases ,  and cells with swollen centr ioles at the poles.* As Table 1 shows, the percentage of 

*The number of pathological  mitoses  and of the individual types of mitosis  appearing under the influence of 
hydroquinone showed considerable  individual variation. Instability of the action of hydroquinone has been 
reported by other workers  [7]. 
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t h ree -g roup  me taphases  was higher  when the cornea l  epithel ium was t r ea t ed  with hydroquinone during 
the evening. 

More demons t r a t ive  r e su l t s  we re  obtained in the second exper iment .  After  applicat ion of hydro-  
quinone in the morning,  both the mitot ic  act ivi ty  and the number  of me taphase s  in the cornea l  epithelium 
inc reased .  The number  of te lophases  was reduced by m o r e  than half. Pathological  mi toses  accounted for  
22.570 of the total  num be r  of mi to t ica l ly  dividing ce i l s .  The number  of t h r ee -g roup  metaphases  and the 
number  of  c h r o m o s o m a l  deletions in metak ines i s  we re  a lmos t  equal (10.7 and 10.2%). When applied during 
the evening, hydroquinone reduced the mitot ic  act ivi ty  in the cornea l  epithelium slightly.  The i nc rea se  in 
the number  of me taphase s  was g r e a t e r  than a f te r  morning  application.  Under the influence of hydroquinone 
the number  of p rophases  fell  and cel ls  at the anaphase and te lophase s tages  d i sappeared  a lmos t  complete ly .  
The number  of pathological  mi toses  in the exper imenta l  co rneas  in the evening ro se  to 58.670 of the total  
mitot ic  act ivi ty  (P = 0.06). Of this number ,  37.170 were  t h ree -g roup  me taphases  (P = 0.2). C h r o m o s o m a l  
deletions in metak ines i s  amounted to 20% (Figs. 1 and 2). 

Compar i son  of these resu l t s  shows that  hydroquinone inc reases  mitot ic  act ivi ty in the cornea l  epi the-  
l ium during the morning only, and that  this i nc r ea se  is mainly  due to delay in division of the epithelial  cel ls  
at the me taphase  s tage .  During the evening the me taphase  delay is m o r e  marked ,  as shown by the sharp  
dec rea se  in the number  of anaphases  and te lophases  in the cornea l  epi thel ium. F u r t h e r m o r e ,  the changes 
in mitot ic  act ivi ty on the evening a r e  assoc ia ted  with delay of the cel ls  in s t a r t ing  on mi tos i s ,  as was con-  
f i rmed  by the d e c r e a s e  in mitot ic  act ivi ty and by the d e c r e a s e  in the number  of p r o p h a s e s .  Never the less ,  
hydroquinone induces pathological  mi toses  m o r e  intensively in the evening than in the morning.  A para l l e l  
is seen  between the me taphase  delay and the number  of pathological  mi toses .  The pe rcen tage  of t h r e e -  
group metaphases  was higher  during the evening. 
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