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It:dlcations exist ~_~at the application ,ff ~ m u l i  which disturb an ani~..afl or pain him lead to Inhibition of 
cell division in the co~,eal  epithelium [2, 3, ~ Investigating the effect of warious kinds of Fain stimuli and 
trauma on the cell d iv~ .on  of the epithelial  c e . ~  of mouse cornea, we came across some mitotic changes which 
had not been described in  the l i terature.  

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

The experiments were carried out on ,~dlf~c mice (male) of a p p r o x l m ~ l y  the same age. The methods of 
preparing the cornea a ~  counting the mitoses ~ere  described in an earlier c~mmunicat ion [5]. The mitotic 
index (number of cell  dS.-,cisions in 10O fields, cccrespondlng to an area of I tmaa z of cornea) was determined for 
the entire cornea, as w~_.~ as for separate zones ~zserlpheral. middle and cenr.rml) of it. Before the beginning of 
the Investigations all  ~ animals  were kept seue_ral days in the building under ~ e  same conditions as would 
be used for the exper i~  ~.~:n. In all , .8 series of e~.-periments were carried ont on 114 mice.  

In the first series~ ~14 mice were placed L~ ~ o  cages. 7 in each cage. Both cages were side by side in a 
room. In the first expexSmentai group, a r~read was drawn through the m i d ~  of the left hind foot in the meta -  
tarsal area and was t ie~ zightly around half of ~ e  l imb.  Both groups were I ~ e d  simultaneously at 11 o'clock, 
2 hours after the injury,. The  average indexes, ~a rac t e r i z ing  die mitotic ac~vlt-)" of the cornea of the experi- 
mental and c0utrol a n t ~ ! s  in this series arc sh~.-~wn fn Table 1. The reaul~ cat this experiment corresponded to 
those found by t,ther au~ors :  pain caused a dist inct  fall tn the number of m~::oses in the cornea. Inhibited cell  
division was found in a ~  ~ e  t'orneal zones, esp .c ia l ly  in the peripheral area.  

As is apparent frown sLhe presented data. the difference in the mitotic ~-rtvity of the experimeiital and con-  
trol corneas lay not or,l~ I ~ the total number of ~tivisions but in the correlation of the stages of mitosis. The 
number of metaphases -was lowest in the tnj ~rec~ animals:  2 hours after the h~3ury, there were almost half as 
many on the periphery c~ ~he cornea as in tae c~ , t ro l .  

In order to obtai~ ~ a r p e r  changes in if, e. =-~toric scheme of the cornea~ ,epithelium. we used a stronger 
traumatic stimulus in due next series: shatterh~_~ the l imb with injury tothe L~ategument in the metatarsal area. 

In the second s e r i ~  of experiments (~ experimental  and 8 control mice3 the animals were killed 30 minutes 
and 2 hours after the li~r_~ injury. 30 minu: es af~e.r the injury, the numbe~ of ~cll divisions in the corneal epi -  
thelium of the experin~n~al  animals was not fc~-~d to be less than that of the controls (Table  1). The mitotic 
iudexes of the per ipher~ zones of both gro~ ps a2z~ost coincide, while tn fl~e ~wAddle and central zones they were 
noticeably higher in the ,.corneas of the injuced ~nlmals.  Two hours after ~l~e pain stimulus, the number of mitosis 
in the con~eas of the e x ~ r i m e n t a l  mice exeee~ ~he number of dividing c~.-IIs ha the corneas of the control mice 

by even more. 
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TA BI.E 1 

Effect of Injuriiz:'. a l.imb t,n the ,Mi~,,tic Arlivvy ,,r ,t,e cornea 
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Symbols:. P -  prophase. M - metaphase, 
TL - late telophase, 

A -  anal~hase. TE - early telophase, 

This phenomenon, it would seem. should be regarded as the re;ult of the absence of mitotic inhibition 
during severelimb injury. However this problem required clarification in connection with the fact that the 
indicators which characterize the mi~:otic scheme of the corneas of s control animals proved to be exception- 
ally low in this series of experiments In view of this, the control graup of mice in the dzird series was killed 
before,and the experimental one 30-40 minutes after.injury (both groups were kept indifferent  cage,). 

The mitotic activity of the corneas of the control animals con esponded in this case to that usual for the 
summer-fall  period during which ~he experiments were carried out. At the same t ime, the mitotic activity of 
the corneas of the injured mice decreased sharply, especially on the periphery of the cornea. This decrease 
affected nearly all the stages of the mitotic cycles, failing to affect only the late stages of nuclear reconstruc- 
tion. In the center of "he cornea the mitotic inhibition was weaker md  only affected the early stages of cel l  
division. There is no doubt about th,.. fact that there is a sharp decn~ase in mitosis as a result of injury. 

In the fourth series, the centre; and experimental animals wet- ~ killed before the pain stimulus and 30 
minutes and 2 hours after it. 

,534 



As shown in Table ~. ,.he number of ~dt,~es in ~l~c ~ o~trol a .d  cxperimeutal  dry,ups "of this series fell  
sharply. In the co~trol )Vo~p, after :~0 Ii|iui~tes fl~e avcra,~,c m . ~ b c r ,  f mit,,scs decreased by half.  In additiom. 
the inhibition of cell  division is obvio~s tu all  lhe cpi :he l ta i  zones, but, as lu lhc previous cases, Is especiarAt~ 
r~irl<cd ~,n ti~e periphery. The mm~bct of n~:taphascs in this zo~e decreased by m-re  than half, the number ~r 
attaph;~scs by I /7 ,  arid of telophases by 1/(;. The ,,~cncral picture of rhanl~cs in the mitot ic  scheme of the c~z'nea 
t+f the expcrime~ttal a~fimals is cltme to that obs~2rved in the correspoudlug COtllrOlo 13y the ene of the second+ 
hour of the experiments d~e number of nlih~cs In tl~e corneas of fi~e cxperhne~ltal anir~als approached the ~ -  
gi~al m~mber. At file same ti~re, the corneas of the (-o~trol group of mice remained at the previous very Ir 
level  of mitot ic  act ivi ly ,  The rcsulLs of this .~ r i~  of experiments rcprod ~cvd the picture of Changes iti:,mit~-:~..ic 
act ivi ty  of the animals '  corneas in the second series without serious deviations. 

D I S C U S S I O N  OF E X P E R I M E N T A L  R E S U L T S  

oz~ tile basis of tile above facts, ca~J injury of a l imb be considered as an inhibitor of cel l  division ~ ~ e  
bel ieve  that such a s tatement  is justified with regard to periods soon after injury. It follows, in part icular ,  from 
tile first and third series of experimentt .  

What determines file sharp decrease tn the mi to t ic  act ivi ty  of the corneas of comple te ly  heal thy,  appa~ro 
ently intact,  animals in that case * First of al l ,  the fact  that  ff, e control mice,  which were ki l led prior to L~jury 
(third and fourth series of experiments) or simultaneously with the experimental  animals,  but 2 hours after a 
slighter injury of the l imb (first series of experiments),  had comparat ively  high and coincident  indexes of ~.~totic 
activit);  becomes  obvious. The mitot ic  indexes were usually low in the same control animals which were 
-~evetely injuxed mice under the same experimental  conditions. 

However, during analysis of the data of the second and fourth series i t  is essential to keep in mind ~ t  
the ki l l ing of the mice was accompanied by changes in the numerical  composition of the exper imental  and con-  
trol groups. In addition, during the procedure of injuring the animals,  they were removed from the cages ~ e ~ e  
they were usually kept, although for a verst short t ime (the same was done with the control mice) .  All of t~.~.e 
circumstances,  as we indicated in a previc,us communicat ion [5] have a great  effect  on the mi tot ic  divisiom d 
corneal celLs. 

Nevertheless, the sharp changes in mitot ic  act ivi ty  of the corneas of the control mice  which were n e ~  ~ e  
injured ones cannot be explafne0 solely by the above-ment ioned changes. First of al l ,  the sharply decrease~ 
number  of mitoses compared with the usu:~l coutrol ~d ica to r s  was found in the first group of the second s e ~ .  
i.  e. before any change in the numerical  composition of the group. Further. the mitot ic  inhibit ion in the 
sequent groups of mice in the second and fourth series was so marked that both in its extent  and duration ir 
exceeded what we observed during changes in the composition of the group of mice  [5]. 

The thought arose that file proximity of mice  which had suffered pain was possibly not a matter  o f / ~ f e r -  
ence to the mitot ic  act ivi ty  of the normal animals;  severe injury could be accompanied,  for example ,  by ~ n d  
reactions. Sound stimuli can change the n i t o t l c  regime of the corneal epi thel ium [4]. 

In order to clarify this problem sew~ral series of experiments (20 mice in each series) were set up. 
animals were placed in 4 cages - 5 in each one. Two cages were placed in one room, two in another c lose  zo 
each other. In one room both groups of mice remained intact ,  in the o':her, one group of mice  received a severe 
injury to a l imb.  After a cer tain length c f t ime .  5 comple te ly  intact  mice were ki l led and 5 mice  which ~ e t e  
next to the injured ones. In the fifth seri~.'s the mice were ki l led 10 minutes after the injury, in the sixth 

30 minutes after it .  

The decreased number of mitoses at the above t imes after stimulation was most evident  in the n~et~phase 
stage (as in the majori ty of the preceding experiments).  In connec(ion '~ith this we present the data on t h ~  

stage of cel l  division in greater detai l  (T tble 2). 

If there was a hardly percept ible  d~:crease in the average number of metaphases in the peripheral  z c ~  of 
the cornea (116 as against 133 in tile control) after a 10 minute sojourn by the mice next to  injured ones. a 
30 minute proximity had a sharper and q~ite distinct effect  on the conuoI mice:  the total  number of met~7~aases 
in tile corneas of these mice  decreased 3 I~ hi addition, the maximun~ index in tile exper imental  group ~137) 
was cL,nsiderably less d~an that of the cot trol (1,',9). ThLS indicates the incontrovertible existence of th~s ea.,~ect. 

It is agai~ most ~narked on the periphery: in fills zo~e the ~mmber of m,:taphases decreased by ahnost  ha l f .  
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Not orgy ~he sha~ ,~ecrease  in the absolute number of metaphase* indicate* the undoubted regulari ty of the 
changes obse.~ed in ~he ~-wAtotic scheme, but also the disruption of the relationshi{~ of the mitot ic  s~ges  usually 
common to h-~tact a n i m ~ .  In the con~zol, 2'~o .were.prophase*, 47~o methaphases, 8~o anaphas~  and 1 ~  t e lo -  
phases; in ~.e experime,~r..al group the {igures were 34, 30, 10, 2 ~  correspondingly. In the ffffl~ series, which 
only gave an indicatior~ ~ r.he ini t ia l  change~ in ~he mitot ic  scheme, the number of prophase* also proved to be 
lower, althc,,~,gh this d e c ~ e  was not statisff=aLly significant,  

The ~ - e n t h  serie~ ~of experimeul~ was carried our approximately in the same way as the sixth, with the 
exception tb~: ~he anim,~3.sof both groups were removed from their cages for some t ime before injury. This 
procedure, a l l ' a s h  it ~ n g c d  the mko t i c  scheme of the corneas to some extent ,  did not e l imina te  the dif fer-  
ences in the ~;:mber of rz:2zo~es in the animals which sat next to the injured ones and those which had intact  
mice as neighbors, Th~ number  of prophases in the corneas of mice of the first group compared with the sec-  
ond group wa~ increased 61:~ignificanti~ (bj ~;oj. ,~--= th~ number of recta- ~nd anaphas~ was decreased con- 

siderably (t~.e fc~mer by ~ 0 ,  the la t te r  by 3~0). Material  differences were not found in the number of t e lo -  
phases ( ~ e  derAation wa~ ~qo). tn other words, the inhibition of ceLl division which developed told on the i n t - -  
t ia l  phase~. At l a te r  pef.~o~ (an hour after i n j u u )  we observed the tramposition of the wave of Inhibited ,'-nitose, 
in the ccmea  d~rough ~ %'~e final phases of mi to t ic  division. 

The ab~.;e facts L ~ c a t e  without doubt that the presence of injured mice  in the next cage cause,  changes 
in the mi to t ic  scheme c f  comple t e ly  tlormal animals  which suffered no direct  injury. The inhibition begins at  
the early sta~e~ of cel l  ~ x i s i o n  and g~adually continues to the later  stages. The extent  of the decrease in the 
number of mitoses and ~ u r e  of the change in the stages depends on the length of t ime elapsing after the injury 
and. apparen*d':, on the :-~'~ength of the pain s t imulut .  

As re~.-ds the d i r ~  effect of i:~juv] on cel l  division, the mater ial  obtained only allows the following 
thoughts re be expressed. Injury to an animal  causes a decrease in the number of ce l l ,  undergoing division. 
This is evi~.e~.t immediz=ely  after the injury and is connected with the general  systemic reaction to pain s t imu-  
lat ion.  I t  is po~_~ible tha~ one of the raost important  factors determining the inhibitor~ effect  in This case i t  
adrenalin,  as ~ome inve~-'~Sators suplxse [1, 6], Subsequent increases in the number of mitoses in comparison 
with l]te~r corresponding :number in th :  control indicate  that after greater length~ of t ime pain s t imulat ion can 
cause an increase in the .~umber of cel l  divL~ior~. Whether this is connected with s t imulat ion of ceLl division, 
or with an Lr.crease in L~'.~e length of ti me for i t  to take pIace, it  not at; yet  known.. 
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