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Healing of skin wounds and the t i ssue  reac t ion  to in t rauter ine  injection of Staphylococcus au-  
r e u s  (s train 209) were  studied in expe r imen t s  on albino r a t  embryos .  With a hor izontal  inc i -  
sion, an orthotonie posit ion of the fetus and r e t r ac t ion  of the skele ta l  musc l e s  prevented  con-  
t rac t ion  of the wound and epithel izat ion of i ts  sur face .  With a ve r t i ca l  incision the wound 
edges  approximated  and healing took place without the format ion  of granulat ion t i ssue  by ep i -  
thel izat ion of the wound sur face  2 days  af ter  the operat ion.  The embryo  responded to in jec-  
tion of the pathogenic s taphylococcus  by a un i fo rm local  reac t ion  with predominance  of de -  
genera t ive  changes  and accumulat ion of h i s t iocy te - l ike  ce l l s  c lose  to some of the colonies.  
No exudative in f l ammatory  reac t ion  was  p resen t  e i ther  to t r a u m a  or  to injection of the s taphy-  
lococcus  at all s tages  of in t rau ter ine  life. 
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The healing of skin wounds has been c lose ly  investigated,  but only in the postnatal  period.  Information 
in the l i t e ra tu re  on the t i s sue  r e sponse  of m a m m a l i a n  fe tuses  to t r a u m a  is cont radic tory .  Some w o r k e r s  
[2, 4, 5] have obse rved  the appearance  of granulat ion t i s sue  a f te r  injury to guinea pig and rabbi t  fe tuses .  
This  is con t r a ry  to obse rva t ions  by other  w o r k e r s  [6] who did not obse rve  granulat ion t issue format ion or 
epithelization of the wound sur face  in expe r imen t s  on rabb i t  embryos .  

B a c t e r i e m i a  has  been obse rved  af ter  injection of a cul ture  of s taphylococci  into the amniotic fluid, 
placenta,  and embryonic  t i s sues .  The fetus r e m a i n s  morphologica l ly  anergic for a long t ime against  bac -  
t e r i a l  i r r i t an t s .  The ce l lu la r  defensive reac t ion  of the embryo  was absent  in the ea r ly  s tages  of develop-  
ment  and v e r y  weak in the l a t e r  per iod of in t rauter ine  life [3, 7, 8]. 

The object  of this investigation was to study healing of skin wounds of r a t  fe tuses  and to invest igate  
the r e sponse  of their  t i s sues  to in t rauter ine  injection of Staphylococcus aureus  (s t rain 209). Advances  in 
the su rge ry  of the p r e m a t u r e  infant have made theore t ica l  a spec t s  of r e p a i r  in fe tuses  a ma t t e r  of p rac t ica l  
impor tance .  

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

Opera t ions  on pregnant  noninbred albino r a t s  were  c a r r i e d  out under genera l  e t h e r - o x y g e n  anes the-  
sia.  The bieornuate  u t e rus  of the r a t s  was exposed through a midline l apa ro tomy incision and withdrawn 
f rom the per i toneal  cavi ty .  Expe r imen t s  were  c a r r i e d  out on 228 10-20-day e m b r y o s  (pregnancy in the r a t  
l a s t s  21-22 days).  In opera t ions  on 137 em b ryos  the u te rus  was incised and the m e m b r a n e s  divided with an 
ophthalmic sca lpel  above the do r s um  of the fetus, which could be seen through the wall  of the u ter ine  cornu.  
With the same scalpel  an incision 0 .2 -0 .4 -cm long was made in the skin of the dorsa l  pa r t  of the fetus,  
brought  into the wound in the u te r ine  wall.  In 97 c a s e s  the operat ion wounds were  made perpendicular ly  to 
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Fig. 1. Healing of skin wounds during antenatal ontogeny of r a t s  (72 • 
a) 19-day rat  fetus 1 day after operation: wound edges (shown by a r -  
rows) approximated after ver t ical  incision; blood clot below; pro l i fer -  
ation of epithelium absent; b) 17-day fetus, 2 days after operation: 
healed wound covered with stratified squamous epithelium, penetra t -  
ing into underlying connective t issue (arrow), in which there is a focus 
of round-cel l  infiltration; c) epithelized wound of 18-day fetus on 3rd 
day after operation: stratif ied squamous epithelium much thicker and 
penetrates  deeply into subepithelial connective tissue. 

the long axis of the embryo (horizontally), and in 40 cases  parallel  to it. The wounds of the embryos  were 
teft open; bleeding from these wounds was very  slight. A suspension of the mic roorgan i sms  was injected 
into the t issues  of 91 embryos  by puncture of the u terus  and of the membranes  above the dorsal  region of 
the fetus, and a suspension of a 24-h culture of Staphylococcus aureus (strain 209), containing 1.25" 10 s bac -  
terial  cel ls  per ml, was injected subcutaneously into the lower third of the dorsum of the embryo in a dose 
of 0.025 ml /g  body weight. To determine the exact dose of staphylococcal culture injected, one of the em-  
b ryos  f rom each mother rat  was removed during the operation from the amniotic sac and weighed. The 
uterus  was replaced in the peritoneal cavity and the wound of the abdominal wall sutured in layers  without 
drainage.  The mother r a t s  r ecovered  after the operation and no complicat ions were observed.  In most  
cases  pregnancy continued. Fetuses  were taken f rom the uterus  by caesar ian  section for morphological  
study of the wounds 1, 2, 3, and 4 days after mechanical  injury and 0.5, 1, 2, and 3 days after injection of 
the staphylococci.  The mater ia l  was fixed in 10 % neutral formalin.  Paraffin sections 7-8 # thick were 
stained with hematoxy l in -eos in ,  by the methods of Van Gieson and G r a m - W e i g e r t ,  and impregnated with 
si lver  by Foo t ' s  method; fibrin was demonstrated by Shueninov's method, and elastic f ibers  were stained 
by Har t ' s  method. 

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

Of the 228 experimental  fetuses 160 (70 %) were alive at the time of investigation. Death of 68 fetuses 
(30 7c) took place m o s t  frequently on the 10th-13th day of intrauterine life. A second examination of the 
u terus  showed that in 19 cases  prenatal  death of the fetuses had occur red  with macerat ion,  but with p r e -  
servat ion of their  outlines. In the remaining 49 cases  the outlines were not p rese rved  and the fetuses had 
undergone part ial  resorpt ion  and were converted into an amorphous,  s t ruc ture less  mass  which, on his to-  
logical examination, consis ted of a chaotic a r rangement  of ceils  with nuclei in a state of karyopycnosis  and 
karyorrhexis .  

Healing of the skin wounds inflicted on the albino ra t  fetuses depended on the position of the operation 
incision on the dorsum of the fetus. If the woundswere horizontal  in direction, defects of the skin cover 
were  observed On macroscopic  examination and were of the same size as the operation incisions. The 
wound edges of all fetuses,  i r respect ive  of their age and the duration of the experiment,  appeared smooth. 
The wounds "gaped," i.e., no contract ion was observed.  The wound surface was covered with elongated 
spindle-shaped cel ls  with oval and round nuclei. The epithelium terminated abruptly at the wound edges 
and did not "creep" over the surface of the incision, so that the injuries themselves  looked like punched-out 
defects in the t issue.  In some cases  a local connect ive- t issue macrophagal  response  was observed at the 
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wound edges.  The blood v e s s e l s  in the region of injury appeared  dilated and filled with e ry th rocy tes ;  poly-  
morphs  were  comple te ly  absent  in the lumen of the blood ves se l s ,  on the wound su r faces ,  and in the u n d e r -  
lying connect ive t issue.  In the case  of a ve r t i c a l  incision, 24 h af ter  the operat ion marked  contract ion of 
the wounds was observed:  only a smal l  s l i t - l ike  defect  r ema ined  at the si te of the operat ion incision. Very  
slight nonapposit ion of the epi thel ium was p resen t ;  a smal l  blood clot  was  p resen t  between the approximated  
and thickened wound edges.  The floor of the wound was covered  by groups  of oblong connec t ive- t i s sue  cel ls .  
No leukocytie infi l t rat ion or  format ion  of new blood v e s s e l s  was  obse rved  (Fig. la}. After  2 days  the wound 
appeared  healed: at the s i te  of injury a gu t te r - l ike  hollow was obse rved  and on histological  examinat ion this  
was seen to be covered  with thickened s t ra t i f ied  squamous epithelium, penet ra t ing  into the underlying t i s -  
sue. Benea th  the e p i d e r m i s  lay a modera te ly  la rge  c lus t e r  of f ib roblas t s  together  with single round ce l l s  of 
lymphocyte  type (Fig. lb) .  On the 3rd day the depress ion  at the site of the opera t ion incision was much 
shal lower  than on the 2nd day; it was  difficult  to dist inguish under the magnifying g l a s s  and was a lmos t  in-  
dist inguishable f rom the surrounding skin. The epi thel ium cover ing  the wound comple te ly  was highly hy- 
perp las t ie  and pene t ra ted  deeply into the underlying subepithel ial  connect ive t i s sue  (Fig. lc ) .  

Morphological  study of fe tuses  rece iv ing  a subcutaneous injection of a cul ture  of Staphylococcus an-  
r e u s  (strain 209) showed numerous  colonies of s taphylococci  beneath the skin, in the musc les ,  and in the 
connective t i s sue  at the site of injection. Degenera t ive  changes were  observed  in ce l l s  around the a g g r e -  
gations of m i c r o o r g a n i s m s  and in the immedia te  vicini ty of the colonies:  granulat ion of the cy toplasm,  ka -  
r y o r r h e x i s ,  and karyopyenos is .  At the pe r iphe ry  of some of the necrot ic  loci a local  macrophaga l  r e sponse  
of the surrounding connective t i ssue  was obse rved  in the fo rm of an accumulat ion of round and elongated 
h is t iocyte- l ike  cel ls .  The connec t ive - t i s sue  f ibers  in the zone of local izat ion of the bac te r i a  were  necrot ic  
and a l i t t le edematous .  The blood v e s s e l s  of the d e r m i s  were  dilated not only at the site of injection of the 
s taphylococci ,  but also in m o r e  distant  pa r t s .  No exudative in f l ammatory  reac t ion  was observed .  

The r e s u l t s  of these expe r imen t s  thus show that in t rau ter ine  healing of skin wounds depends on the 
di rect ion of the opera t ion  incision on the do r sum of the fetus re la t ive  to i ts  long axis.  With a horizontal  op-  
era t ion  incision the orthotenic posit ion of the fetus and re t rac t ion  of the skeletal  musc l e s  p revent  co n t r ac -  
tion of the wound and epithelization of its sur face .  If the operat ion incision is pa ra l l e l  to the axis of the 
fetus,  the wound edges  approximate .  Healing takes place without the format ion  of granulat ion t i s sue  through 
d i rec t  epi thel izat ion of the wound sur face  2 days  af ter  the operat ion by regenera t ion  of s t ra t i f ied  squamous 
epithel ium. The fetus r e sponds  to the pathogenic s t ra in  of Staphylococcus aureus  by a un i form local  r e a c -  
tion with predominance  of degenera t ive  changes and the accumulat ion of h i s t iocyte- l ike  ce l l s  at the p e r i -  
phe ry  in the vicini ty of some colonies.  Arshavsk i i  [1] showed that the in f l ammatory  r e sponse  could not 
develop during the antenatal  period.  In the p re sen t  morphological  invest igat ions no exudative in f l ammatory  
r e sponse  took place  e i ther  to mechanica l  t r a u m a  or to injection of a cul ture  of Staphylococcus aureus  at  all 
per iods  of in t rauter ine  life. 
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