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Changes in deoxyribonucleic acid, collagen and ascorbic acid during 
the development of carrageenan granuloma 

The act ion of ascorbic acid on the  biosynthesis  of collagen has been assumed b y  
ROBERTSON t to occur at  a n u m b e r  of sites. I t s  par t ic ipa t ion  in h y d r o x y l a t i o n  has  
been sufficiently subs t an t i a t ed  (for a review s e e  r e f .  x). Moreover,  it has  been shown 
tha t  in art if icially enhanced  fibrillogenesi~ there  occurs an accumula t ion  oi ascorbic 
acid in the  g ranu la t ion  tissue2-4; according to "~VoESSNER AND BOUCEK 5 this  accumu-  
la t ion is connected  wi th  tile cell conten t  whereas  o ther  au thor s  find accumula t ion  of 
ascorbic acid only in the later  stagesn,L 

1 
• In view of the conflicting repor ts  regard ing  connect ions of ascorbic acid wi th  

the individual  componen t s  of connect ive  tissue, th is  p rob lem has now been s tud ied  
in the course of deve lopmen t  of ca r rageenan  g ranu loma ,  the  l a t t e r  serving as a model  
of enhanced  fibroplasia.  

Car rageenan  g r a n u l o m a  was induced in the  subcut is  of guinea-pigs b y  the  pro-  
cedure of ROBERTSON AND SCHWARTZ 8. F r o m  tissue t h a t  h a d  been isolated af ter  
various days  of deve lopmen t  of the g r a n u l o m a  ascorbic acid 9 a n d  deoxyr ibonucle ic  
acid TM were extract,ed and  af ter  acid hydro lys i s  the  a m o u n t  of to ta l  hyd roxypro l ine  tt 
es t imated .  Ascorbic acid was also de t e rmined  in se rum s. 

The results  of this  work  are p resen ted  in two ways"  Fig. ~ shows changes  in 
the subs tances  inves t iga ted  in absolu te  a m o u n t s  in the  whole g ranu la t ion  t issue of 
one guinea-pig.  This w a y  of s t a t ing  resul ts  pe rmi t s  an es t ima te  to be m a d e  of the  
ra te  of fo rmat ion  or degrada t ion  of the  subs tances  ment ioned .  F r o m  Fig. x it is ev iden t  
tha t  unt i l  the 5th day  the changes  in ascorbic acid a n d  collagen proceed in a s imi lar  
m a m l e r  a l though  a paral lel  in behav iour  of ascorbic acid a n d  D N A  in this  per iod 
should not be overlooked.  

F r o m  the 5th to 7th d a y  a s t r ik ing  increase of the  a m o u n t  of collagen and  D N A  
occurs while the  a m o u n t  of ascorbic acid changes  veD; s l ight ly  dur ing  this  period.  
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Fig. t. Changes in the amount of ascorbic acid (O---O),  DNA ( O - ' - S )  and collagen (0~0) 
in the whole granuloma tissue in one animal. Each point represents t h e  a v e r a g e  v a l u e  of  s e v e r a l  

parallel determinations executed in two independeat samples oi granuloma t i s sue .  
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Only from the 8th to 9th day a pronounced increase in concentration of ascorbic 
acid takes place at a t ime when the amount of D N A  decreases vet 3, markedly and 
the amount of total coliagen proteins remains practically unchanged. At the t ime of 
the degradation of collagen between the rzth and x5th day a parallel decrease in 
ascorbic acid occurs. 

The connection between changes in ascorbic acid and collagen are still more 
striking upon consideration of concentration changes (Fig. 2). 
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F i g .  z. C h a n g e s  o f  a s c o r b i c  a c i d  ( ~ 9 - - -  ~ ), D N A  ( O - . -  O )  a n d  c o l l a g e n  ( O - ~  O ) c o n c e n t r a t i o n  
in  g r a n u l o m a .  

An approximate calcu!nt.lon of the change of the ascorbic acid level in the extra- 
cellular fluid of the granulation tissue suffices to exclude the possibility of ascorbic 
acid accumulation being due to the possible change of the extracellular fluid content 
of the granuloma. 

The mutual relation between the individual factors during the whole development 
of granu!oma was assessed statistically bv calculating correlation coefficients. Into 
this statistical computation (Table I) were included the experimental data of 
WOESSNER AND BOUCEK ~ and our previous results dealing with similar problems 12. 

T A B L E  I 

C O R R E L A T I O I ~  C O E F F I C I E N T S  {Y'I O F  I N T E R R E L A T I O N  B E o t ' X V E E N  A ~ C O R B I C  A C I D ,  D N A  A N D  C O L L A G E N  

,4 s:orbia a~ id S ign i f i cance  . 4  ~4"orbic a c i d  S ignifzcan¢~ 
c M l a g e n  P D N . 4  P 

~ V O E S S N E R  A N D  B O U C E K  5 

C M U C I t A L O V . ~  A . ~ D  C H V A P I L  12 

P r e s e n t  d a t a  
( p g / u n i t  d r y  w t .  

P r e s e n t  d a t a  
( p g / g r a n u l o m a  o f  o n e  a n i m a l ~  

÷ 0 . 8 0  ~ -< o . o  I) 4- 0 . 8 2  ( < o . o l )  

+ 0 . 6 8  ( < o . o 5 1  --  o . r z  ( i n s i g n i f i c a n t )  

~- o . 8  t ( -~ o . o i t  - -  0 . 6 7  ( i n s i g n i f i c a n t )  

~- 0 . 0 5  ( < o . o t )  + 0 . 0 4  ( i n s i g n i f i c a n t )  
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l~ttt' rrk~ul~a-of! s tat is t ical  t r e a t m e n t  show t h a t  regardless of the  manne r  of expressing 
tre,~fltt,~mxxtmbic acid changes dur ing development  of carrageenan granuloma correlate 
-sigrittitanflky~vith collagen only. Only in the  exper iments  of "WOESS~XER AND BOUCEK 
xwi~h ;trn implanted  polyvinylchloride sponge does ascorbic acid correlate equally 
-gigritti~nttkyveith cells as well as wi th  collagen. 

N t u , ~ a l i l i s h e d  connection between changes of ascorbic acid and collagen sup- 
rpo~s~vttu, flm~ngs~ of S~GH et al. ~ report ing an accumulat ion of ascorbic acid in the 
~¢dllu,x ~iff a~ Iiealing bone fracture only af ter  a sufficient accumulat ion of collagen in 
fform~fftttu.osteid. Also POSTLETItXVAIT et alY find a pronounced elevat ion of ascorbic 
:aeittiinttte, eourse of healing of a cut  tendon or muscle a t  a relat ively late phase of 
Nhe lh~ttiag; i~a. between the 2ISt and 4~nd day, when it can be assumed t h a t  the 
, ¢dlhtlurrnatmi0n~ had a l ready  acquiesced. 

-~ftmttte~ finding follows from Fig. I. Accumulat ion  of collagenous fibrotic tissue 
rtdakcs~ [/ilteo at- a, t ime when,  theoret ical ly,  a ma tu r ing  of collagenous s t ruc tures  may  
ibe,e~,0ntmadt .-Xscorbic acid would then  par t ic ipa te  also in the control  of the  s t ruc tu ra l  
-~-rtfititt~y oft ttie collagenous fibers. 

D~partment of Experimental Biologo,, 
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