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Summary. A series of experiments with alloxan-dia- 
betie and control ra ts  was done in order to investigate 
growth of cotton-pellet  granulomas and incorporation 
ra te  of 3sS-sulphate into sulphated mucopolysaccharides 
of the granulat ion tissue. -- I t  could be demonstra ted 
tha t  in the  al loxan-diabetie animals there was not  only 
markedly  less formation of granulat ion tissue, but  a 
pronounced blocking of synthesis of sulphated mueopoly- 
saccharides in the granulat ion tissue as well. - -  These 
findings are assumed to be caused by  the lack of insulin 
in alloxan diabetes, and to be related to the delayed 
wound~healing in patients with badly controlled diabetes 
mellitus. 

Expdriences sur l'animal concernant la gudrison per- 
turbde des blessures duns la diabgte sucrd 

Rdsumd. Une sgrie d'cxp6riences a 6% effectuge avec 
des rats  diab6tiques par  l 'a l loxane et des rats  tdmoins 
afin d 'gtudier  la croissanee de granulomes de pellets de 
c o t o n e t  la vitesse d ' incorporat ion du 8~S-sulfate dans des 
mucopolysaecharides sulfatSs du tissu de granulation.  --  
I1 a pu gtre d6montrd que chez les animaux diab~tiques 
par  l 'alloxane, i l y  avai t  non seulement une formation 
ne t tement  diminu~e de tissu de granulat ion,  mais aussi 
un blocage prononc6 de la synth6se des mucopolysac- 

charides sulfatds dans le bissu de granulation. --  On sup- 
pose que ees rdsultats sent  causds par  le manque d'insu- 
lin~ duns le diabgte alloxanique et  qu'ils sent  cn relat ion 
avee la gu6rison retard~e des blessures ehez los sujets ayant  
un diab6te sucr6 real 6quilibr6. 

Tierexperimenteller Beitrag zur gestSrten Wundheilung 
bei Diabetes mellitus 

Zusamm~nfassung. Es wurde im Tierexperiment an 
gesunden und alloxandiabetischen l~atten das Wachstum 
und der Sulfomueopolysaccharidstoffweehsel des Granu- 
lationsgewebes yon Cotton-pellet-Granulomen iiberpriift .  
--  Die Untersuchungen haben ergeben, dal3 bei alloxan- 
diabetischen Tieren eine deutliehe Verminderung dcr 
Granulationsgewebsbildung sowie eine ausgeprggte Hem- 
mung des Mesenehymstoffweehsels in neugebildeten Gra- 
nulationsgewebe im Vergleieh zu normalen K0ntrol l t iercn 
bestehen. --  Die Befunde werden auf den bei Al loxaw 
diabetes naehweisbaren Insulinmangel zuriiekgefiihrt und 
lassen den Schlul3 zu, daG die verminderte  Wundheilung 
bei Pat ienten mit  dekompensiertem Diabetes mellitus auf 
einer St6rung des Mesenchymstoffweehsel beruht .  

Key-words: Diabetes mcliitus, metabolism of sulphated 
mueopolysaeeharides, granulation tissue, wound-healing. 

I n  ear l ier  exper imen t s  wi th  a l loxan-d iabe t i e  ra t s  
we were able to  demons t r a t e  no t  only  a decrease of 
synthesis ,  b u t  above  all  an excess ively  de layed  tu rn-  
over - ra te  of su lpha ted  mucopolysacchar ides  of g round  
subs tance  [ l ,  1, 8]. These changes account  for the  
g r adua l  accumula t ion  of g round  subs tance  in the  
t rans i t -zones  of var ious  organs in d iabe tes  mell i tus ,  
which can be shown b y  his tochemieal  techniques  and  
b y  e lec t ron microscopy  as well [2, 3, 7]. 

I n  the  following ar t ic le  we r epor t  our  resul ts  of 
fu r the r  exper iments  on g rowth  and  mesenehymal  
me tabo l i sm of g ranu la t ion  t issue in  a l loxan-d iabe t ie  
rats .  This series of exper iments  was done wi th  respect  
to  the  cl inical  exper ience where  pa t i en t s  wi th  b a d l y  
cont ro l led  d iabe tes  mel l i tus  of ten show a decreased 
resis tance aga ins t  infect ions,  and  a de layed  wound-  
heal ing.  

Methods 

The exper imen t s  were carr ied  out  in 40 male  
a l loxan-d iabe t ic  ra t s  (Wis ta r  I I ) ,  weighing 150 g to 
180 g, and  in 40 hea l t hy  ra t s  of the  same age and  
weight .  To induce d iabe tes  mel l i tus  a large sample  of 
ra t s  were in jec ted  subcu taneous ly  wi th  a l loxan,  200 
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mg/kg,  as a f reshly p repa red  5~ F r o m  this  
sample  of ra t s  the  40 an imals  in which  the  a l loxan  
d iabe tes  was mos t  p ronounced  in week ly  cheeks of 
b lood  glucose (hexokinase method)  were chosen for the  
exper iment .  The b lood glucose levels in these animals  
were cons t an t ly  higher  t h a n  300 mg/100 ml (ranging 
f rom 310 to  650 rag/100 ml).  The d iabe tes  r e m a i n e d  
un t rea ted .  Af te r  a per iod  of 6 weeks f rom the  beginning  
of a l loxan  d iabetes ,  co t ton  pel le ts  were i m p l a n t e d  
[6]. The 1% 4 TM, 7 th and  14 a d a y  af ter  i m p l a n t a t i o n  a 
group of l0  d iabe t ic  and  10 cont ro l  animals  was kil led.  
W e  de te rmined  the  wet  weight  of the  p r e p a r e d  cot ton-  
pel le t  granulomas ,  and  inves t iga ted  the  r a t e  of incor- 
p o r a t i o n  of asS-sulphate in to  the  su lpha ted  mucopoly-  
sacehar ides  (SMPS) of the  connect ive  t issue of the  
g ranu lomas  [5]. 

The d a t a  g iven  in Table  1 and  Figs.  1 and  2 for 
wet  weight  and  specific a c t i v i t y  are mean  values  
cMeulated f rom 10 animals .  

Fig.  1 shows the  weight  curves of the  co t ton-pe l le t  
granulomas .  I n  he a l t hy  animals  the  fo rma t ion  of 
g ranu la t ion  t issue was mos t  p ronounced  on the  4 th d a y  
af ter  imp lan ta t ion .  Thereaf te r  wet  weights  decreased 
wi th  increas ing eol lagenizat ion.  I n  a l loxan-d iabe t ie  
rats ,  however,  the  fo rma t ion  of g ranu la t ion  t issue,  
der ived  from the  wet  weight ,  was m a r k e d l y  less on all  
days  of inves t iga t ion .  
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Table 1 

Control rats Alloxan-diabetie rats 
Mean value Mean value P 
• SEM • SEM 

Wet weight of the granu- 
lomas in nag 

I st day 23.834. 4.23 19.00=~1.46 0.15 
4 TM day 88.004.13.71 28.42~=3.81 0.0005 
7 TM day 75.50• 8.72 27.00~6.19 0.0025 

14 TM day 31.884- 4.72 23.00=~2.07 0.10 

Specific activity in ~sS-sulphate emp/lO0 ~g sulphated 
mucopolysaccharides 

1 st day 2758.404- 206.95 905.00~ 354.00 0.005 
4 thday 15688.404-1752.13 3910.90~ 659.59 0.0005 
7thday 16317.16=J=1273.22 5810.00~c:1017.51 0.0005 

14thday 9776.664-1292.29 5069.48=~ 530.48 0.0025 
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Fig. 1. Wet weights of granulation tissue of cotton-pellet 
granulomas 

The significant difference between alloxan-diabetic 
and control rats is also to be seen when the rate of 
incorporat ion of 35S-sulphate in SMPS of granulat ion 
tissue is investigated (Fig. 2). The rate of incorporat ion 
in alloxan-diabetic rats, expressed as 3~S-sulphate 
cpm/100 ~g sulphated MPS of connective tissue, was 
reduced to 30% of t h a t  in controls on the days of 
most  pronounced granulat ion (4 t~ and 7 th day). 

These findings are evidence tha t  in alloxan-diabetic 
rats the rate of reproduct ion of cells, i. e. the tendency 
to proliferation, was diminished. Moreover, the meta-  
bolism of the mesenchymal  cells in the granuloma was 
decreased, as measured by  the rate of incorporat ion of 
aSS-sulphate in SMPS. Probab ly  these changes were 
caused by  the lack of insulin in alloxan diabetes. The 
results of our invest igation support  the hypothesis  

t ha t  the decreased resistance against infection and the 
delayed wound-healing in pat ients  with poorly control]- 
ed diabetes mellitus is caused by  a disturbance in 
mesenchymal  metabolism in diabetes. 
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Fig. 2. Mesenehymal metabolism of granulation tissue of 
cotton-pellet granulomas (Incorporation of 3DS-sulphate 

into SMPS of connective tissue) 
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