
teases can induce cell growth in vitro has recently been confirmed experimentally [8, 10]. 

On the other hand, during blockade of the lysosomes of the macrophages by foreign part icles ,  these cells 
may lose their ability to form lipid metabolites (of the fatty acid type), albumin -bi l i rubin complexes, and other 
substances which, under normal conditions, stimulate hepatocyte proliferation [1]. 

Inhibition of hepatocyte proliferation during blockade of the Kupffer macrophages of the l iver may per -  
haps be due to a change in the ability of these macrophages to metabolize cort icosteroids [9], to a disturbance 
of the microcirculation in the hepatic sinnsoids, and to other causes. 

Although the mechanism of the abnormalities of hepatocyte regeneration during blockade of the Kupffer 
cells are  not yet c lear ,  the results described above are  certain evidence of the important role of the Kupffer 
cells in the regulation of reparat ive regeneration of the l iver.  
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E F F E C T  OF T H Y I ~ O C A L C I T O N I N  AND H Y P O X I A  ON DNA 

S Y N T H E S I S  IN C O N N E C T I V E - T I S S U E  C E L L S  

OF T H E  R E G E N E R A T I N G  SKIN 

G. V. K h o m u l l o ,  T .  V. I v a n e a k o ,  UDC616-003.93:547.963.32:615.357:616-001.8 
a n d  V. I. L o t o v a  

The effect of thyrocalcitonin (TCT) on proliferative activity of the connective-tissue cells of 
regenerating skin was studied by [3H]thymidine autoradiography under conditions of a normal 
and reduced partial p ressure  of oxygen. Constant saturation of the body with exogenous TCT 
leads to an increase in the number of cells entering the S period of the mitotic cycle, intensi- 
fication of DNA synthesis,  and considerable dilution of the label during the 24-h period of ob- 
servation. This may ref lect  the more  rapid passage of the cells through individual stages of 
the mitotic cycle under conditions of a normal partial p ressure  of oxygen and hypoxia. 
KEY WORDS: regeneration of the skin; thyrocalcitonin; hypoxia, proliferation. 

Recent investigations have conclusively shown the activating effect of the thyroid hormone thyrocalcitonin 
(TCT) on regeneration of bone tissue [4, 5] and skin [1]. This effect can be explained by selective action on the 
fibroblast population [2, 8]. 
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T A B L E  1. Index of  Labe led  Nuclei  of  C o n n e c t i v e - T i s s u e  Cel ls  (in %; M •  

Group 
~h 

connective I granulation 
tissue I tissue 

connective 
tissue 

24h 

I g.ranulation 
tissue 

Control TCT 

P 
Chronic hypoxia 

P 
Chronic hypoxia + TCT 

P 

Control TCT 

P 
Chronic hypoxia P 
Chronic hypoxia+ TCT 

P 

5 days after operation 
11,70• 0,84 9,65~0,95 
29,50--- + 0 , 8 9  22,90+0,76 

<0,01 <0,01 
- -  6,85+-0,57 

<0,20 
19, 70----- 0,87 15,35-- 0,51 

~0,01 <0,02 

10 days after operation 

13,85--+0,76 24,85----- 1,01 
20,40--+0,91 17,35+0,70 

<0,01 <0,01 
16,70+- 0,84 13,70 + 0,69 

< 0,20 < 0,51 
2 t ,50 + 0, 68 23,35 ~- 0,77 

<0,01 <0,55 

20,40---+1,07 
32,20m0,77 

<0,01 

25,30+--0,89 
<0,I0 

18,10• 1,14 
25,00~0,62 

<0,01 
20,50 -+- 0,49 

<0,30 
22,85----- 0, 80 

<0,I0 

16,80--+0,80 
27,40-+-0,53 

<0,01 
11,70~0,73 

<0,02 
18,80+0,67 

<0,35 

25,55• 
20,35---+0,78 
<0,02 
18,65-+-0,63 

<0,01 
25,25---+0,67 

<0,90 

T A B L E  2. I n t ens i t y  of Labe l ing  of Nuclei  in F i b r o b l a s t s  of G r a n u l a t i o n  T i s s u e  0VI • m) 

Group 

Control TCT 

P 
Chronic hypoxia 

P 
Chronic hypoxia+ TCT 

P 

5 days after operation 

3h 

32,10~3,10 
49,90-----2,30 

<0,01 
20,45~2,10 

<0,01 
37,50~2,30 

24h 

29,95-----2,20 
34,60---+2,60 

<0,01 
20,15-+-1,60 

<0,01 
25,50+--2,20 

10 days after operation 
3h 

<0,01 <0,01 

18,80-4-1,40 
57,95+3,30 

<0,01 
23,60-+-1,70 

<0,01 
30,15+-4,90 

<0,01 

Fig.  1. I n c o r p o r a t i o n  of [3t]]thymidine into ce l l  nuc l e i  of g r a n u l a t i o n  t i s s u e  
5 days  a f t e r  o p e r a t i o n  (24 h a f t e r  i n j e c t i on  of i so tope) :  a) con t ro l ;  b) i n j e c -  
t ion of TCT;  3) c h r o n i c  hypoxia;  d) c h r on i c  hypoxia and in j ec t ion  of TCT.  
H e m a t o x y l i n ,  1100 • 

~4 h 

18,40-- 1,80 
30,20--- 2,90 

<0,30 
17,25~ 1,40 

<0,0I 
20,40• 1,70 

<0,I0 
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The object  of this exper imenta l  invest igat ion was to study the effect  of TCT,  by [3H]thymidine au to rad io -  
g raphy ,  on p ro l i f e ra t ive  act ivi ty  of the connec t ive - t i s sue  ce l l s  of healing wounds under  normoxic  conditions and 
in hypoxia,  sha rp ly  inhibiting the p r o c e s s  of regenera t ion  in the skin [3, 6, 7]. 

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

Four s e r i e s  of exper imen t s  were  c a r r i e d  out on 80 m a l e  guinea p igs :  I) contro l ,  ID injection of TCT,  III) 
chronic  hypoxia,  IV) chronic hypoxia plus injection of TCT. Ful l - th ickness  skin wounds with an a r ea  of 225 
m m  2 were  inflicted on all  the an imals  on the lef t  l a t e ra l  su r face  of the body. TCT (USSI~ product) was injected 
in t raper i tonea l ly  in a dose  of 5 units pe r  an imal  dai ly throughout the per iod of invest igat ion (15 days) .  The 
s ta te  of chronic  hypoxia was produced in a p r e s s u r e  chamber .  The p a r a m e t e r s  of hypoxia we re :  p r e s s u r e  
250 m m  Hg, exposure  8-10 h / d a y .  During healing of the wound the a r ea  of the open wound sur face  was m e a -  
sured  daily,  b iopsy m a t e r i a l  was taken f rom the wound edges 5 , 1 0 ,  and 15 days  a f te r  the opera t ion ,  and s e c -  
t ions were  stained with h e m a t o x y l i n - e o s i n .  The number  of f ibroblas ts  in the su r face  l aye r s  of the granulat ion 
t i s sue  was counted pe r  field of  vis ion of the m i c r o s c o p e  (magnification 900 t imes) .  [3H]Thymidine with a s p e -  
cific act iv i ty  of 1.4 C i / m m o l e  was injected in t raper i tonea l ly  in a dose of 1 g C i / g  body weight 3 and 24 h b e -  
fore decapitat ion.  The an imals  were  kil led 5 and 10 days a f t e r  wounding. Autoradiographs  were  p r e p a r e d  with 
type M emuls ion.  The index of  labeled nuclei  {ILN) was calcula ted in percen t  for  cel ls  of  the cen t ra l  and p e -  
r i phe ra l  par t s  of the wound. The intensi ty of labeling (IL) above the fluclei of the f ibroblas ts  was de te rmined  by 
counting the number  of g ra ins  of s i lve r  vis ible .  

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

A f t e r  injection of TCT the durat ion of the individual s tages  of r e p a r a t i v e  r egenera t ion  of the skin was 
reduced.  The sharp  acce le ra t ion  of r egene ra t i ve  changes as  a r e su l t  of act ivat ion of ce l l s  of the m a c r o p h a g e  
s y s t e m  led to the e a r l i e r  format ion  of granulat ion t i ssue .  This  t i s sue  was c h a r a c t e r i z e d  by i ts  cons iderab le  
vascu la r i za t ion ,  i ts  abundance,  and the po lymorph i sm of its cel ls  and f ibrous s t ruc tu re s .  The intensive f ib ro -  
b las t  reac t ion  was mani fes ted  as  an i nc rea se  in the number  of f ibroblas ts  (18.24 • 0.63 and 53.92 �9 1.33 per  
fields of  vision 5 and 10 days  a f t e r  the operat ion compared  with 9.04 ~ 0.50 and 19.14 • 0.61 pe r  field of  vision 
in the control) ,  the many  p r o c e s s e s  given off by the ce l l s ,  and the p re sence  of a l a rge ,  we l l - s ta ined  nucleus 
with two nucleoli .  Differentiat ion of the t i s sue  ce l l s  took place m o r e  rapid ly ,  thereby  faci l i tat ing the e a r l i e r  
dif ferent ia t ion of the granulat ion t i ssue .  TCT favored growth of file epithel ium on account  of  the m a r k e d  con-  
t rac t ion  of the wound as soc ia t ed  with the rapidly  fo rmed layer  of hor izontal  f ib roblas t s .  Final healing of the 
defects  took place  a f t e r  1t  days ,  i .e . ,  2-3 days  sooner  than in the c o n t r o l  

A study of the au toradiographs  of the an imals  rece iv ing  TCT showed that  a f t e r  5 days  the highest  intensi ty 
of incorpora t ion  of  label was into f ibroblas ts  of  the pe r iphe ra l  pa r t  of  the wound (Table 1). IL  reached  a m a x i -  
m u m  af te r  24 h when it was twice the control  level .  The percen tage  of DNA-synthesiz ing ce l l s  in the g r an u l a -  
tion t i s sue  a lso  was much  higher  than in the control .  Besides nuclei of  the f ib rob las t s ,  nuclei  of  the adventi t ial  
and endothelial  ce l l s  and, l e s s  f requent ly ,  of  h i s t iocytes ,  po lyb las t s ,  and fat ce l l s ,  a l so  were  rad ioac t ive  (Fig. 
l a ,  b). 

The subsequent  study of DNA syn thes i s ,  10 days a f t e r  the opera t ion ,  r evea led  a m a r k e d  d e c r e a s e  in p r o -  
l i fe ra t ive  ac t iv i ty  of  the connec t ive - t i s sue  ce l l s .  This dynamics  of  ILN was the r e su l t  of  the m o r e  rapid  d i f -  
ferent ia t ion of the ce l l s  and ma tu ra t ion  of the granulat ion t i s sue  under the influence of  TCT. The intensi ty  of 
incorpora t ion  of the isotope into ce l l s  of  the pe r iphe ra l  pa r t  of the woundwas unchanged in the control  an imals  
during this s ame  per iod of  the invest igat ion,  whereas  in the granulat ion t i s sue ,  on the o ther  hand, it r eached  
max i ma l  values .  The number  of  gra ins  of s i l ve r  above the f ibroblas ts  of the granulat ion t i s sue  of the r a t s  r e -  
ce iv ing TCT was cons iderably  g r e a t e r  than the cor responding  number  of  the control  (Table 2). During the 24- 
h per iod  the intensi ty  of label ing fell sharp ly  (by 30~0 5 days  and by 52% 10 days a f te r  the opera t ion) ,  as a r e -  
sult  of its dilution during subsequent  d ivis ions ,  whereas  in the control  it changed only v e r y  sl ightly.  

Prolonged e x p o s u r e  to the ex t r ema l  fac tor  inhibited the development  of  r egenera t ion  and the format ion  
of granulat ion t i s sue ,  which was dis t inguished by p l a s m o r r h a g i a ,  mul t ip le  h e m o r r h a g e s ,  and des t ruc t ive  and 
degenera t ive  changes of  inc reas ing  s eve r i t y  affecting the cel ls  and the newly formed ve s se l s  and fibrous s t r u c -  
tu res .  Weak contract ion of the wound edges and degenera t ive  changes in the ce l l s  of  the regenera t ing  epithel ium 
led to delayed epithelizat ion of the exper imenta l  wounds (after 15 days the a rea  of  the wound in the r a t s  of this 
s e r i e s  was 48.6 • 2.0 ram2). 

Under the influence of chronic hypoxia,  m a r k e d  inhibition of format ion  of the regenera t ing  s t r u c t u r e s  was 
accompanied  by weakening of the abi l i ty of the ce l l s  to take up the isotope.  Under hypoxic conditions no con-  
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nec t ive  t i s sue  was fo rmed 5 days a f t e r  the opera t ion .  The granulat ion t i s sue  developing in the pe r iphe ra l  p a r t s  
of the wound contained a few rad ioac t ive  nuclei  (Fig. 1). Among the cel ls  incorpora t ing  the i so tope ,  m o s t  we re  
undifferent ia ted adventi t ia l  ce l l s ,  and labeled f ib rob las t s  we re  infrequently seen.  

In the l a t e r  s tages  of  r e p a i r  (10 days) the pe rcen tage  of labeled nuclei  of  the connec t ive - t i s sue  ce l l s  in -  
c r e a s e d  a l i t t le  c o m p a r e d  with the p rev ious  t ime ,  but it r ema ined  s ignif icant ly  below the control  value. The 
p r inc ipa l  ce l l s  incorpora t ing  the label  were  endothelial  cel ls ;  as  before  the number  of  labeled f ib roblas t s  was 
smal l .  

The  ILNwas  cons ide rab ly  lower  than in the control ;  the absence  of change in these  indices during the 24-h 
per iod of obse rva t ion  5 days a f t e r  the opera t ion  is evidence that  fur ther  dilution of the label  had ceased  and it 
evident ly  m e a n s  that  under  the influence of hypoxia ,  p a s s a g e  of the cel ls  through all  o r  some  of the phases  of 
the mi to t ic  cycle  was sha rp ly  delayed.  Subsequent de te rmina t ion  of ILN (10 days) r evea led  a ve ry  smal l  in -  
c r e a s e  3 h a f t e r  injection of the isotope and some  d e c r e a s e  24 h a f t e r  injection,  p robab ly  indicating the deve lop-  
men t  of adaptat ion to the act ion of  hypoxia.  

Injection of TCT agains t  the background of chronic  hypoxia l a rge ly  r e s t o r e d  the n o r m a l  course  of  p o s t -  
t r auma t i c  r egene ra t i on ,  the posi t ive  effect  of the ho rmone  was m o s t  c l e a r l y  mani fes ted  in the growth and de -  
ve lopment  of the connec t ive - t i s sue  bas i s  of the skin. The granulat ion t i s sue  was well va scu l a r i z ed ,  it contained 
no h e m o r r h a g e s ,  and the v e s s e l s  t h e m s e l v e s  we re  m o d e r a t e l y  filled with blood but were  not as dilated as  in the 
hypoxic an ima l s .  The granula t ions  cons is ted  of a va r i e t y  of  ce l l s  of  hematogenous  and t i s sue  or ig in ,  a m a s s  
of  ground subs tance ,  and col lagen and e las t ic  f ibers .  Under these  conditions there  was an i nc r ea se  in the n u m -  
be r  of f ib rob las t s  in the granula t ion t i s sue  (12.16 :~ 0.48 and 15.32 • 0.41 per  field of vis ion a f t e r  5 and 10 days  
c o m p a r e d  with 5.20 =~ 0.44 and 10.82 �9 0.62 pe r  field of  vision in hypoxia.  Des t ruc t ive  and degenera t ive  changes 
were  reduced  in the ce l l s  of  the r egenera t ing  epi the l ium,  so that  healing of the wounds could take place  m o r e  
rapidly .  Towards  the end of  the invest igat ion (15 days) only a smal l  (25.6 • 1.9 m m  2) a r ea  of  the wound s u r -  
face sti l l  r ema ined  under  the scab .  

Injection of TCT cons ide rab ly  inc reased  ILN in the granulat ion t i s sue  of r a t s  exposed to hypoxia a t  all  
s t ages  of heal ing.  C h a r a c t e r i s t i c a l l y ,  the p e r c e n t a g e  of rad ioac t ive  nuclei not only was g r e a t e r  than in the 
an ima l s  of  the hypoxia s e r i e s ,  but it was a lso  higher  than in the contro l .  The dynamics  of  IL for  the connec t ive -  
t i s sue  ce l l s  ma in ly  followed the ru le  d i scovered  for the control  r a t s .  The ce l l s  of the f ibroblas t ic  s e r i e s  were  
the m o s t  numerous  of the labeled ce l l s  (Fig. ld).  

The per iod of m a x i m a l  values  of IL in the an ima l s  of this s e r i e s  occu r r ed  5 days  a f t e r  the opera t ion.  
The m a r k e d  d e c r e a s e  in concent ra t ion  of g ra ins  of  s i l ve r  above the labeled nuclei  during a 24-h per iod of in -  
ves t iga t ion  both 5 and 10 days  a f t e r  the opera t ion  m u s t  be s t r e s s e d .  

It can be concluded f rom these  findings that TCT s t imula tes  the p r o c e s s e s  of  p ro l i f e ra t ion  of connec t ive -  
t i s sue  ce l l s  dur ing the heal ing of skin wounds under  the conditions of both a no rma l  and a reduced par t i a l  p r e s -  
sure  of oxygen. The val idi ty of  this conclusion is conf i rmed  by the following fac ts :  a cons iderab le  i nc rea se  
in the number  of ce l l s  enter ing the S per iod of the mi to t ic  cycle  during constant  sa tura t ion  of the body with 
exogenous TCT,  intensif icat ion of  DNA synthes is  in the f ibroblas t  nucle i ,  and cons iderab le  dilution of the label 
dur ing  the 24-h per iod  of obse rva t ion ,  which re f l ec t s  the m o r e  rapid  p a s s a g e  of the cell  through individual 
s tages  of  the reproduc t ive  cycle .  
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