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The r a t e  of t ropocol lagen synthes is  by f ib robtas t s  of granulat ion t i ssue  and of its l iberat ion into 
the in te rce l lu la r  space  was invest igated in contro l  an imals  and during s t imulat ion of the wound 
p r o c e s s  by po tass ium oro ta te ,  a pyr imid ine  der ivat ive .  Under the influence of the s t imula to r  
t ropocol lagen synthes is  was obse rved  to be increased .  The p r e c u r s o r  of collagen f ibers  ap-  
pea r ed  in the in te rce l lu la r  space  and was incorpora ted  into the f ibrous s t r u c t u r e s  of the g ranu-  
lation t i s sue  sooner  under these  c i r c u m s t a n c e s  than in the control ,  a fact  which c o r r e l a t e d  with 
the intensif icat ion of RNA synthes is  in the f ibroblas t  nuclei and with the more  rap id  l iberat ion of 
the newly synthes ized  RNA f r o m  the nucleus into the cy top la sma  of the cel ls  under  s im i l a r  con- 
dit ions.  No sha rp  excess  of col lagen was obse rved  in the granulat ion t i s sue  of the an imals  r e -  
ceiving po tass ium orota te ,  however .  
KEY WORDS: t ropocol lagen;  proline-3H; po tass ium orota te ;  f ib roblas t s ;  r a t e  of collagen syn-  
thes is .  

Invest igat ions  during the las t  10-15 y e a r s  have  resu l t ed  in the opinion that  collagen is synthesized by fi-  
b rob la s t s  and then t r a n s p o r t e d  into the in te rce l lu la r  space  [1, 2, 4]. So far  as wounds a r e  concerned,  the pe r i -  
ods of  max imal  synthes is  of collagen molecules  and format ion  of col lagen f ibers  have been es tabl i shed [8-11]. 
It has  a lso  been shown that  under conditions of hypo-  andav i t aminos i s  C the quantity of newly fo rmed  collagen 
in wounds of guinea pigs is sharp ly  reduced  but it re tuns  quickly to normal  if the an imals  a r e  t r a n s f e r r e d  to a 
diet containing sufficient  v i tamin  C [7, 14, 15]. However ,  hardly  any work has  been done to d i scover  the  ef fec t  
of s t imulat ion of the wound p r o c e s s  on the r a t e  of format ion  of collagen and the quantity of it fo rmed  de hove. 
By applying the method of au toradiography using the labeled p r e c u r s o r  of collagen such an analys is  can be un- 
der taken.  

With these  fac ts  in mind it was decided to invest igate  the r a t e  of format ion  of t ropocol tagen i~i f lbroblas ts  
and of l ibera t ion of the newly fo rmed  p r e c u r s o r  of col lagen f ibe r s  into the in te rce l lu la r  space  during s t imula -  
t ion of the wound p r o c e s s  by po ta s s ium orota te ,  a pyr imidine  der ivat ive ,  and a lso  to t ry  to es tabl i sh  quantitative 
d i f fe rences  in the content of newly synthesized collagen in the granulat ion t i s sue  of exper imenta l  and control  
an imals .  

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

Expe r imen t s  we re  c a r r i e d  out on 30 noninbred albino mice  weighing 25 g. In the region of the an tero la t -  
e ra l  su r face  of the thigh an incision 1 cm long was made in the skin and subcutaneous ce l lu lar  t i s sue  and a 
p iece  of musc le  m e a s u r i n g  2 • 2 • 2 m m  was r emoved .  The wounds hea led  beneath a scab.  The an imals  w e r e  
divided into two groups.  Mice of one group immediafe ly  a f te r  the operat ion began to r ece ive  po tass ium orota te  
by mouth as a 2% solution in a dose of 0.2 ml daily and the an imals  of the other group acted as  the control .  
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Fig. 1. Number of grains of s i lver  per unit area in f ibroblasts  and intercel lular  space:  
1 and la) number of grains of s l iver  in f ibroblasts  in control  and experimental  group 
respect ively;  2 and 2a) number of grains  of s i lver  in intercel lular  space in control  and 
experiment respect ively .  Ordinate, number of grains of reduced si lver  per unit a rea ;  
abscissa ,  t ime after  injection of isotope (in h). 

Fig. 2. Ratio between number of grains of s i lver  in intercel lular  space and number in 
f ibroblasts  per  unit a rea :  1) control;  2) experiment.  Ordinate, rat io between number 
of grains  of s i lver  above intercel lular  space and number above fibroblasts;  abscissa ,  
t ime after injection of isotope. 

For  autoradiography proline-aH was injected intraperi toneally into the animals in a dose of 20 p C i / g  bo- 
dy weight on the fifth day after  wounding. This t ime was chosen on the grounds that in previous experiments  
[3] on animals receiving potassium orotate by the same scheme, mature collagen fibers appeared on the wound 
surface by the fifth day after the operation, coinciding with a period of intensive RNA synthesis in the fibro- 
blasts of these animals. Tissue from the region of the wound was fixed i, 3, 4, and 24 h and 2 and 7 days after 
administration of the isotope. The material was fLxed in a 10~ solution of neutral formalin and embedded in 
paraffin wax. Parallel with this, to obtain sections Ip thick, pieces of granulation tissue were fixed in 2.5~o 
glutaraldehyde solution and 1% osmium tetroxide solution and then dehydrated in alcohols of increasing strength 
and embedded in a mixture of Epon and Araldite. Paraffin sections 4-5/~ thick and semithin sections mounted 
on slides were coated with M emulsion and exposed at 4~ depending on the thickness of the sections for 2 and 
4 weeks. After development, the parathin sections were stained with hematoxylin- eosin and by Van Gieson's 
and Masson's methods, with some modification of the last of these methods. Semithin sections were stained 
with l~c methylene blue solution mixed with l~o borax solution. 

Grains of reduced si lver  were counted above fibroblasts  and the intercel lular  space and then their  num- 
ber calculated per unit area of section. The resul t s  were subjected to stat ist ical  analysis  by Wilcoxon's 
method. 

EXPERIMENTAL RESULTS 

By the time of injection of the labeled precursor of collagen, Joe., on the fifth day after wounding, granu- 
lation tissue was well developed in both groups of animals. However, its layer in the experimental mice was 
larger. The granulations were well vascularized. The fibroblasts had the typical structure with well developed 
long processes and large nuclei containing two or three nucleoli. Bands of fibroblasts were arranged parallel 
to the completely epithelized wound surface. Numerous grains of reduced silver were concentrated above the 
cytoplasm of the cells.  The granulation t issue was less well developed in the control animals.  Its layer  was 
thinner. Together  with mature forms of f ibroblasts,  fas i form cells and young fibroblasts,  containing no isotope 
whatever or very  small  quantities of it, also were present  in it. The wound surface was covered with a thin 
layer  of regenera t ing epidermis.  

During the f i rs t  3 h after injection of proline-3H the label in the control animals was distributed mainly 
above the fibroblasts.  One hour af ter  injection of the isotope the fibroblasts contained very  small amounts of 
labeled proline, and none whatever could be seen in the intercel lular  space. Accumulation of the label in the 
intercel lular  space did not begin until 3 h after  injection of the isotope. After 4 h the intercellular space of the 
granulation t issue of the control  animals already contained large quantities of labeled proline, but as before 
most  of it was concentrated inside the fibroblasts (Fig. 1). 

In sections stained by Masson ' s  method the Iabel could be found in the fibrous s t ruc tu res  of the granula-  
tion t issue.  In the experimental  animals I h after injection of the isotope, the number of grains of s i lver  
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calcula ted pe r  unit a r ea  was about equal above the f ib roblas t s  and the in te rce l lu la r  space.  The concentra t ion 
of isotope in the in te rce l lu la r  space  3 h and, in pa r t i cu la r ,  4 h af ter  injection of the labeled prol ine  was higher  
than its concentra t ion  in the f ib rob las t s .  Di f ferences  between the exper imenta l  and control  s e r i e s  were  s t a t i s -  
t ica l ly  significant  (Fig. 1). Isotope was absent  f rom the f ibroblas ts  in both groups 24 h a f te r  injection of the 
col lagen p r e c u r s o r .  Label  was found only above the in te rce l lu la r  space.  This  was conf i rmed  by invest igat ion 
of au toradiographs  obtained with sect ions  1 ~t thick. 

During s t imulat ion of wound heal ing not only was the t ime  of synthes is  of collagen molecules  in the cyto-  
p l a s m  of the f ib rob las t s  shor tened,  but the newly fo rmed  p r e c u r s o r  of the collagen f ibers  appeared  in the in te r -  
ce l lu lar  space  sooner  than in the control .  This  was demons t ra ted  in Fig. 2, where  the ra t io  between the 
amounts of isotope in the in te rce l lu la r  space  and its quantity within the f ib roblas t s  of the exper imenta l  and con- 
t ro l  an imals  is shown graphical ly .  

Counting the gra ins  of s i lve r  above the in te rce l lu la r  space  2 and 7 days af ter  injection of the isotope,  i .e. ,  
on the 7th and 12th days  a f te r  the operat ion,  r e v e a l e d  only a ve ry  smal l  excess  of isotope in the granulat ion t i s -  
sue of the an imals  rece iv ing  po tass ium orota te .  

Compar i son  of these  r e s u l t s  with those of the investigation of RNA synthesis  in the f ib roblas t s  of granu-  
lat ion t i s sue  at the s a m e  t imes  of the pos topera t ive  per iod in control  and exper imenta l  an imals  [3] showed that 
under  the conditions of s t imulat ion the intensif icat ion of RNA synthes is  in the f ibroblas ts  and the more  rap id  
t r a n s f e r  of the newly fo rmed  RNA f rom nucleus into cy top lasm c o r r e l a t e  with the more  intensive synthes is  of 
t ropocol lagen and inc reased  l iberat ion of the newly formed p r e c u r s o r  of collagen f ibers  into the ex t race l lu la r  
space .  However ,  the high level  of synthes ized RNA in f ibroblas ts  of granulat ion t i s sue  in the an imals  rece iv ing  
po tass ium orota te  was not accompanied  by accumulat ion of a sharp  excess  of collagen in the in te rce l lu la r  space.  
This  s i tuat ion can be explained on the assumpt ion  that f ibroblas ts  synthesizing t ropocol lagen and f ibroblas ts  
synthesizing enzymes  par t ic ipat ing  in the lys is  of excess  collagen exis t  s imul taneously  in granulat ion t i ssue .  
Under the influence of the s t imula to r  both populations p e r f o r m  their  functions more  intensively.  
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