
H O M O P L A S T I C  T R A N S P L A N T A T I O N  OF S K I N  T R E A T E D  

W I T H  W E A K  S O L U T I O N S  O F  F O R M A L I N  

S. S. F e i g e l ' m a n  a n d  V.  P .  T o r b e n k o  UDC 612.79 : 612.6.02.017.1].014.46: 
615.28:547.281.1 

T r e a t m e n t  of skin with weak solutions of fo rmal in  reduces  its content of wa te r - so lub le  p r o -  
teins.  Reject ion of the formal in ized homograf t  in dogs occurs  l a t e r  than a f te r  t ransplanta t ion  
of skin not t r ea ted  with formal in .  Af te r  repea ted  graf t ing of formal in ized  skin on guinea pigs 
and rabbi ts ,  quickening of i ts  re jec t ion  was not observed .  

True  surv iva l  of skin has not yet  been obtained cl inical ly a f te r  homoplas t ic  t ransplantat ion.  

However,  for  cl inical  r equ i r emen t s  and, in par t i cu la r ,  for  the t r ea tmen t  of pat ients  with burns ,  not 
only the t rue  surv iva l  of a skin graft ,  but even the t e m p o r a r y  cover ing  of skin defects  is  of cons iderable  
impor tance .  Fo r  this r ea son  the prolongat ion of t imes  of t e m p o r a r y  surv iva l  of skin following homo-  
graf t ing is cu r ren t ly  important .  

An acceptable  method which can be used to prolong the surv iva l  of skin following homoplast ic  t r a n s -  
plantat ion onto pat ients  is t r ea tmen t  of the graf t s  by substances  reducing i ts  antigenic activity,  and thus 
minimizing the re jec t ion  response .  Bil l ingham and c o - w o r k e r s  [10], Hasek [9], and Kahan [11] isola ted 
wa te r - so lub le  pro te in  f rac t ions ,  pos se s s ing  the p r o p e r t i e s  of t ransplanta t ion  antigens,  f rom splenic t issue.  
Since the re jec t ion  reac t ion  a r i s e s  as a resu l t  of immuniza t ionof the  rec ip ien t  with substances  originating 
f rom the graf t ,  it can be a s sumed  that,  if  the l ibera t ion of wa te r - so lnb le  pro te ins  f rom a skin graf t  is p r e -  
vented, the act ivi ty  of the t ransplan ta t ion- immune response  will be reduced, and the period of survival  of 
the g ra f t  will be cor respondingly  prolonged.  

One method which can be used to reduce the l ibera t ion  of wa te r - so lub le  pro te ins  f r o m  a graf t  is by 
inc reas ing  the s ize of the pro te in  molecules .  As Walker  [12] and FelTdman [7] have shown, formaldehyde has 
the p r o p e r t y  of reac t ing  with ce r ta in  groups of the prote in  molecule and of fo rming  methylene br idges  be -  
tween them. This leads to an i nc r ea s e  in the molecu la r  weight and a dec r ea se  in the solubili ty of the p r o -  
tein. 

Graf ts  of fo rmal in ized  skin have been used by seve ra l  worke r s  in exper imen t s  on rabbi ts  [1, 3, 4, 5]. 
To t r e a t  the skin they used  fo rmal in  solutions of high concentra t ions  (2-10%). No apprec iab le  inc rease  in 
the surv iva l  per iods  of the formal in ized  skin homograf t s  were  obtained. 

Rozvadovski i  [6], Dmitr ienko,  [2], and Eingorn and c o - w o r k e r s  [8] c a r r i ed  out homoplas t ic  t r ansp lan -  
tat ion of bone t r ea t ed  with weak solutions (0.5-1%) of fo rmal in  and obtained much be t t e r  r esu l t s  than a f te r  
homograf t ing  bone conserved  by o ther  methods.  As these  worke r s  showed, morphological  evidence of a 
reac t ion  of incompat ibi l i ty  to the formal in ized  bone homograf t  was absent.  The r eason  for  the weak r e j e c -  
t ion reac t ion  to the formal in ized  bone homograf t ing  may have been that  fo rmal in  conver ts  wa te r - so lub le  
t ransplanta t ion  antigens into a wa te r - inso lub le  state,  thus reducing the poss ib i l i ty  of the i r  l ibera t ion  into the 
recipient~s body. 
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Fig. 1. Changes in protein content in 
skin in relation to period of keeping 
in 0.5% formalin solution. Abscissa,  
duration of t rea tment  of skin with fo r -  
malin (in days); ordinate, protein con- 
tent (in rag/g). 

For  the reasons descr ibed above it was decided to de te r -  
mine the effect of treating skin with weak solutions of formalin 
on the survival period: following homografting and on the quanti- 
tative content of water-soluble  proteins in the skin grafts.  

EXPERIMENTAL METHOD 

To determine the content of water-soluble proteins, the 
skin was cut into small pieces with sc i s so r s ,  ground in a mor ta r  
with quartz sand, and treated with physiological saline in the 
ratio 1.2. The homogenate was allowed to stand for 24 h and 
then centrifuged for 30 min at 6000 rpm. 

Protein in the supernatant was determined by the mic ro -  
Kjeldahl method. The results  showed that after  24 h the content 

of water-soluble  proteins  in the skin, when p rese rved  in 0.5% formalin solution, was reduced to one-third 
of its initial level. Later  the content of water-soluble  proteins in the skin continued to decrease ,  but much 
more  slowly, reaching 17% on the 10th day, 11% on the 30th day, and only 7.8% of its initial level on the 90th 
day (Fig. 1). 

To determine the t imes of reject ion of the formalinized skin, experiments  were ca r r i ed  out on 15 dogs 
which were homograffed with skin p rese rved  in 0.5% formalin solution for per iods of between 20 days and 
3 months. 

The animals were anesthetized, a ful l- thickness skin graft  was removed from the la teral  surface of 
the chest,  measur ing 10 • 10 cm, and the result ing defect was replaced with formalinized skin. As a con- 
trol ,  a fresh skin homograf t  of the same size, not t reated with formalin, was transplanted to the other  side 
of the chest. Before transplantation, the formalinized skin was washed 3 t imes for 2 h in several  changes 
of physiological saline in o rder  to remove the formalin. 

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

The f i rs t  signs of reject ion of the formalinized homograf t  were observed after 11.8 • 3.8 days. Indivi- 
dual areas  of condensation and changes in the color  of the grafted skin appeared. Complete reject ion of 
the graft  occur red  after  19 • days. In the control the f i rs t  signs of rejection were observed after  6.8 • 
1.3 days, and complete reject ion took place after  10 �9 1.9 days. 

The period of survival of the formalinized skin homograft  was thus on the average twice as long as 
the survival period of skin not t reated with formalin. Statistical analysis by Student's method showed that 
differences between the t imes of survival  of f resh  and formalinized skin grafts  were significant (P < 0.01). 

In all cases,  the fresh homograf t  charac te r i s t ica l ly  disturbed the animals much more than the for -  
malinized graft. As a rule, on the 6th-7th day after transplantation, the dog bit off the dress ing over  the 
graft  of f resh  skin. Active destruct ion of  the graft  could then be seen, in the form of infiltration and sup- 
purat ive liquefaction of the grafted skin. 

Rejection of the formalinized graft  took place with much less  disturbance. In these experiments,  the 
animal apparently withstood the grafting procedure  better .  The dog made no attempt to bite off the dressing,  
and after its removal  it did not lick off the graf t  as was observed in the animals with a f resh skin graft.  
Usually the individual areas  of condensation which appeared gradually spread throughout the graft,  after  
which it was rejected as a continuous scab, under which a clean granulating surface was exposed. 

In the next ser ies  of experiments  the rate of reject ion of re t ransplanted skin homografts  t reated with 
formalin (the second set  reaction) was investigated. Three ser ies  of experiments were per formed on guinea 
pigs (35 animals) and two ser ies  of experiments  on rabbits (12 animals). Complete reject ion of the fresh 
p r ima ry  homograft  by the guinea pigs occur red  on the average after 10.6 days, and by the rabbits after 14 
days. Rejection of the formalinized homograf t  by the guinea pigs occur red  after 13.6 days, and by the rab-  
bi ts  af ter  14.6 days. In tbe case of regraft ing,  fresh hornografts were rejected by guinea pigs on the average 
af ter  6 days, and by rabbits after  6.6 days. Formalinized skin regrafted on guinea pigs was rejected after  
13.4 days, and on rabbits after  14 days. 
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These resu l t s  show that  following t ransplanta t ion  of a formal in ized  homograf t  the second se t  reac t ion  
does not develop, and they suggest  that  formal in ized  skin can be used for  homoplas t ic  t ransplanta t ion  under  
clinical  conditions. 
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