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In  the past. investigators have used various 
tirugs in attempts to prevent postoperative 
adhesions, but without success. Rea and 
If-angensteen ( 1 ) introduced defibrinated 0s 
blood, amniotic fluid, sodium ricinoleate: ether 
and normal saline into the peritoneal cavity; 
Totten ( 2 ) used hypertonic glucose : Jlerkle 
( 3 )  and Gepfert (4) instilled amniotic Auid 
intra-abdominally. Ochsner and Garside( 5 ) .  
Donaldson ( 6 ) ,  and \Yard( 7 ) tried proteolytic 
enzymes such as papain to digest deposits of 
fibrin. The work of Lehman and Boys(8).  
and Van Dyk(9) have suggested that the 
incidence and extent of postoperative adhe- 
sions may be reduced by the introduction of 
heparin into the peritoneal cavity a t  the 
time of operation and in the early postopera- 
tive period. However. Bloor and his associ- 
ates( 10) reported a series of experiments in 
rabbits in which they concluded that heparin 
did not prevent the formation or reforma- 
tion of intraperitoneal adhesions or the de- 
position of fibrin. In  the investigations of 
White( 11 ) . heparin and dicuniarol appeared 

* The Streptokinase and Streptodornase used in 
these studies were suppIied b\- the Lederle Labora- 
tories Division. -4merican Cyanamid Cornpan? . Pearl 
River, S. Y. 
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to be effective in decreasing but not prevent- 
ing postoperative peritoneal adhesions in dogs. 
The method by which healing and hence ad- 
hesion formation takes place is well known 
and will not be reviewed here. Suffice it to 
say that fibrin must be present before scar 
tissue can be formed. The amount of fibriii 
formed varies with the irritant and with the 
individual. I n  serous cavities fibrinous in- 
flammation is common. I n  all types of fibrin- 
ous inflammation, varkble numbers of poly- 
morphonuclear leucocytes are entangled in the 
threads of fibrin. Sherry et aZ.( 1 2 )  have ac- 
cumulated evidence that a considerable 
amount of nucleo-protein, which is not fibrin 
or its denaturation product, is present in in- 
flammatory exudates. Tillett. Sherry and 
Christensen( 12) have indicated in their re- 
ports that desoxyribose nucleoprotein, together 
with deposits of fibrin, account for the gela- 
tinous and stringy coagulum present in puru- 
lent exudates. 

It has been demonsltrated that some hemo- 
Iytic streptococci elaborate, during their 
growth in broth cultures, both a fibrinolytic 
principle (streptokinase) and a potent desoxy- 
ribonuclease, (streptodornase) ( 1 2 ) .  When 
streptococcal concentrates are added to  whole 
samples of inflamlmatory exudates in lilitro, 
the rapid lysis of both fibrin and desoxyribose 
mcleoprotein occurs. Because of this action 
on fibrin and inflammatory exudates, a logical 
application for these streptococcal metabolites 
presented itself, namely, in experimental post- 
operative adhesions. 
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TABLE I. Summary of Results with Streptokinase- 
Streptodornase in the Prevention of Postoperative 

Adhesions in Rabbits. 

Results 

Control 2 5  0 23 6 2 
Treated 6 Powder 0 6 0 

19 Solution 0 3 15 

&!aterids and methods. Fifty male rabbits. 
weighing from 2% to 354 kg were used in 
these experiments. They were divided into 
a control and an experimental group of 25  
animals each. The latter group received 
streptokinase and s tr ep t odlornase in t rap e r i - 
toneally a t  the time of operation. In  all 
groups, surgery was performed under intra- 
venous sodium nembutal anesthesia. A mid- 
line incision was made and an area of peri- 
toneal wall, measuring l x 2 inches, on either 
side df the midline, was abraded with a scari- 
fier. The scarifier was made by cutting a one- 
inch square (from a large vegetdble grater. The 
scarification procedure was standardized by 
using five strokes per area. Slight oozing of 
the abraded areas was produced intentionally 
in all cases. In  one group of 8 control and 8 
experimental animals, segments of the ileum 
and colon were also scarified, but ample ad- 
hesions were found1 to result simply from the 
abrasions of the peritoneal wall. The latter 
procedure was carried out in all subsequent 
experiments. Streptokinase and streptodorn- 
ase were both contained in the same prepara- 
tion and the dosage used varied from 600,000 
to 1,400.000 streptokinase units per animal 
and from 180,000 to 350,000 streptodornase 
units per animal. The first 6 animals re- 
ceived the powdered drug, whereas in the re- 
maining nineteen animals the drug was di- 
luted in 10 cc of normal saline before instil- 
latiton. In  this series, the drug was adminis- 
tered intra-abdolminally only at the time or' 
operation. A laparotomy was performed on 
all animals 14 days after the initial operation 
and  the number and extent of the adhesions 
were noted. 

Experimental results. Fifty rabbits sur- 
vived operation and scarification. sum- 
mary of the results is shown in Table I. 
Twenty-three control animals developed ex- 
tensive adhesions to the areas of scarifications 
ar,d to the suture line. A typical result is 
shcwn in Fig. 1. In the treated group, the 
6 rabbits which received powdered strepto- 
kinase and streptodornase had been repaired 
with through and through silk sutures and all 
of these animals developed adh,esions, varying 
from slight to dense, to the infected suture 
line. All of the remaining treated animals 
received the drug in solution and were closed 
in layers. Four animals in this group had 
slight to medium adhesions to the infected 
suture line, while 15 had no adhesions at all. 
Xone of the treated animals developed adhe- 
sions to the area of scarification. A11 of the 
control animals with adhesions had them a t  
the scarification site. I n  each case the abraded 
areas of the treated animals had healed within 
the observation period (Fig. 2 ) .  It is inter- 
esting to note thak the animal receiving the 
highest dosage of drug, 1,400,000 units of 
streptokinase and 3 50,000 units of strepto- 
dornase, failed to form adhesions a t  the in- 
cision even though there was a massive infec- 
tion of the suture line. No signs of irritation 
or toxicit>- due to the drug were seen in any 
of the treated animals. 

The results of these experiments demon- 
strate rather conclusively the usefulness of 

FIG. 1. 
Co:ntroI animal showing omentum adherent to 

site of scarification. 
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FIG. 2 .  
Treated animal showing no adhesions to  site oi 

scarification. 

streptokinase and streptodornase for prevent- 
ing postoperative intra-abdominal adhesions 
in rabbits due to trauma. I t  should be eni- 
phasized that in all of the treated animals 
with adhesions. the bands were adherent to 
the infected suture line, not to the area oi 
scarification. Thme last series of experiments. 
in which no infection was found a t  the suturr 
line. revealed no adhesions in the treated 
animals. Of the 10 treated rabbits with ad-  
hesions. 6 were closed with through and 
through sutures. and all of these anirnals had 
extensive infections a t  their suture lines. Inas- 

much as the drug was administered only a t  
the time of operation, i t  is conceivable that 
the enzymes were no longer active as the  
relatively slowly progressing infection extend- 
ed from the suture line. It is interesting to 
note that wound cultures taken from infected 
suture lines revealed predominantly fecal or- 
ganisms. I n  the preseat report, the optimum 
dosage was not determined. However, the re- 
sults were found to be much better when the 
drug was placed in solution prior to use than 
when used in the dry form. 

The  results in this series of 
animals were sufficiently encouraging as to 
justify the further investigation of streptokin- 
ase-streptodornase in the prevention of experi- 
mental postoperative adhesions. 

-4 ddendum : Preliminary work in dogs has 
indicated so far that the drug does not pre- 
vent the formation of postoperative intra-ab- 
dorninal adhesions in this animal. This may 
be due, however, to a variety of factors such 
as insufficient dosage, animal inactivators or 
inability of streptokinase and streptodornase 
to activate dog's serum. Kiser's( 13) experi- 
ments have shown that in Z&O, streptokinase 
and streptodornase fail to activate do,' s serum 
except in very high dosage. 

Conclusion. 

13. Kiser, J., personal communication. 
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It is becoming increasingly apparent that  persist long after dietary deficiencies have 
been corrected and the gross manifestations 
of nutritional disease have been ameliorated 

malnutrition may cause residual effects that 

* This paper reports research undertaken in co- 
operation n.ith the Quartermaster Food and Con- ('1' Recent by Best and 
tainer Institute ior  the .Armed Forces, and has been 
assigned S o .  3-30 in the series of papers approved 
ia r  publication. The views or  conclusions contained Communication S o .  2 74 from the Department 
in this report are those o i  the au,thors. They are o i  Biochemistry and Nuitrition, University of 
not  t o  be construed as necessarily reflecting the views 
or  indorsement of the Department of the Army. 

( 2 >  are pertinent in this regard- These work- 
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