
PANCREATIC COLLAGENASE 42 I 

Comstock Publishing A m . ,  Ithaca, N. Y. 5. :Harman, J. W., Ogden, E., Cook, S. F., Am. J .  
4. Domm, L. V., Tabor, E., Physiol. Zool., 1946, PhYsiol., 1932, V100, 99. 

v19, 258. Received July 7,  1959. P.S.E.B.M., 1959, v102. 

Pancreatic Collagenase, A New Enzyme.” (25271) 

J. C. HOUCK AND Y. M. PATEL 
Biochemical Research Laboratory, Children’s Hosp. Research Foundation and Surgical Research 

Laboratory, Georgetown University Hosp., Washington, D.C. 

Ziffren and Hosie(1) claimed that pancre- 
atic juice possessed aibility to digest collagen 
fibers. Straumford and Hummel(2 j showed 
that this activity was inhibited by soybean 
trypsin inhibitor. More recently, Oken and 
Boucek ( 3 )  claimed that impure pancreatic 
elastase solubilized collagen fibers, whereas 
the crystalline enzyme did not. Investigations 
into collagenolytic enzymes have always been 
questionable because of the difficulty of as- 
saying an enzyme using an insoluble substrate. 
Recently Gallop(4j has shown that only bac- 
terial collagenase will reduce the viscosity of 
procollagen derived from swim-bladder tunica 
of the carp. We studied the effect of pancre- 
atic extracts and enzymes upon viscosity of 
acid soluble collagen of calf skin. 

Purified acid sol- 
uble collagen was prepared from 0.5 M acetic 
acid extracts according to Grolss and Kirk( 5) .  
This material was lyophilized, and solutions of 
0.2 M acetate buffer (pH 5.5) were made to 
contain 15 mg/ml of procollagen. These so- 
lutions were homogeneous with respect to elec- 
trophoresis and in amino acid and hexosamine 
content were as reported by Gross and Kirk 
( 5 ) .  Crystalline trypsin, elastase, chymo- 
trypsin and relatively purified hyaluronidase 
were obtained from Worthington. Human 
pancreatic juice was obtained from a patient 
with freely flowing fistula. Aqueous extracts 
of “Bridase,” a whole, desiccated, defatted, 
activated preparation of swine pancreas pro- 
vided by Mr. Levin of VioBin, were prepared 
by extracting 2 5  to 10.0 mg of “Bridase” with 
5 ml of 0.2 &!I acetate buffer (pH 5.5) in a 
glass homogenizer a t  4°C. After centrifuga- 

* Supported by grants from N.I.A.M.D. and VioBin 
Corp. 

Material and methods. 

tion, about 45% of toltal weight of tissue had 
been solubilized into the clear supernatant. 
Concentration of this material was expressed 
in terms of mg of “Bridase” initially mixed 
with 1 ml of solvent. Assay of enzyme activ- 
ity was as follows: 4 ml of substrate solution 
(15 mg/ml of acetate buffer) was warmed to 
20”C, added to an Ubbelohde viscosimeter in 
which water had a flow time of about 70 sec- 
onds. To this viscosimeter was added 1 ml 
of buffer containing 1 mg olf various enzymes 
described above, or 1 ml of “Bridase” extract. 
After manual mixing for a few minutes, the 
solution was incubated for 75 minutes and 
flow time determined. The difference between 
relative viscosity of this solution and that of 
the control previously found, using boiled en- 
zyme solutions, was expressed as percent of 
initial viscosity reduced by 75 minutes incu- 
bation with the enzyme. 

Results. The effect of 1 mg each of c r y s  
talline trypsin, chymotrypsin and elastase, as 
well as the effect of 1 mg of hyaluronidase and 
1 ml of human pancreatic juice upon relative 
viscosity of acid soluble collagen was deter- 
mined. Similarly, the effect of the aqueous 
extract of 15 mg/ml of “Bridase,” with and 
without addition of 1 mg each of either soy- 
bean, ovomucoid and lima bean trypsin in- 
hibitor was also1 measured, and the results ex- 
pressed in terms of per cent viscosity reduced 
is shown in Table I. The pancreatic extract 
was uniquely able to reduce 50% of the vis- 
cosity of acid soluble collagen. This activity 
was destroyed by boiling and was independent 
of addition olf 3 kinds of trypsin inhibitor. 
Amount of inhibitor added was in excess as 
shown by the method of Rhodes et aZ.( 6). 

Fig. 1 shows that after 75 minutes incuba- 
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tion with both a 15 mg ml and a 20 mg ’ml 
solution of “Bridase,” most of the viscosit!. 
loss produced by this preparation was com- 
plete. With lesser amounts of “Bridase.” 
longer periods of time were required for com- 
plete reaction. The data presented in Fig. 1 
were obtained in the presence of soybean tryp- 
sin inhibitor. Previously. pancreatic washings 
have been shown to be unable to reduce the 
viscosity of acid soluble collagen solutions. I t  
may also be seen from this figure that the 
viscosity reduced is directly proportional to 
concentration of the “Bridase” used. 

The effect of various concentrations of “Bri- 
dase” after 75  minutes incubation a t  2O’(’ 
with acid soluble collagen upon “/c viscosit!. 

1 

I 2 ! l i  

INCUBATION TIME (MIN . )  
!e’lCt. 1. F l o v  tinir (niiii.) of acid soluble collagciii 
solutions after w r i o u s  periods of incubatioii n-itli 
30 ( a ) ,  15  (O)? 1 0  (A) and ,5 (A) iiig of ‘ ‘ f 3 r j -  
(lase. ’ ’ Effect of :I prcvioiisly boiltic1 prepamtioii 
of 15 Jiig/niI of “J3,~idase” is showii by tlic tot) 

(mj litic. 

reduced is shown in Table 11. Prolonged ex- 
posure of acid soluble collagen solutions to 
37°C results in their polymerization to form 
collagen fibers( 5 ,7 ) .  After incubation of the 
collagen solution with the enzyme as described 
above, these solutions were then heated to 
37@C for 5 minutes. The absorbance of re- 
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sulting fibers was determined in a “Spectronic- 
20” spectrophotometer. These results, ex- 
pressed in terms of percentage difference be- 
tween absorbance of control and enzymati- 
cally pretreated substrate solutiolns, are given 
in Table 11. The loss of viscosity described 
above was paralleled by a decrease in the 
fiber-forming property of the substrate solu- 
t ions. Soybean trypsin inhibitor was without 
effect upon the fiber forming inhibition of 
“Bridase” extracts. 

The effects of L‘Bridase” upon viscosity of 
serum albumin. casein, egg albumin and Knox 
I.\T. gelatin in the presence of excess trypsin 
inhibitor were also studied. No reduction in 
viscosity of these proteins was observed. 

Conclusions and sunz.wza~y. From these 
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data, it is apparent that whole activated pan- 
creas. unlike pancreatic juice, contains a ther- 
mo-labile material which can reduce lby 501% 
both viscosity and ability to form fibers of 
acid soluble collagen solutions. This activity 
is not affected by various trypsin inhibitors, 486. 

motrypsin or hyaluronidase alone. This ac- 355. 
tivity may be due to a new enzyme in the pan- 
creas, a collagenase. In view of lack of activ- 
ity Of this enzyme upon Serum and albu- 
min, casein and gelatin, this enzyme would 

collagen. Received July 30, 1959. P.S.E.B.M., 1959, v102. 
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Contrary to frequent reports that ‘a 0.9% 
NaC1 solutioa provokes local neutrophilia 
when injected intraperitoaeally, we found 
that this does not occur in rats if the saline 
solution is sterile and non-pyrogenic. More- 
over, a solution to which a small amount of a 
bacterial polysaccharide complex derived 
from Pseudomonas (Piromen) had been 
added, produced a marked neutrophilia when 
injected intraperitoneally (1). Therefore, it  
was of interest to determine whether or not 
cellular reactions of peritoneal fluid can be 
used as a sensitive indicator to detect presence 
of small amounts of certain bacterial sub- 
stances. 

Methods. Male rats of Sprague-Dawley 
strain (Holtzman Co.) and weighing 180-220 
g were used. All rats received an intraperi- 
teneal injection of 10 ml sterile, non-pyro- 
genic saline (Baxter Lab.) . Solutions were 
injected at  room temperature and the rats al- 
lowed food and water ad lib. during experi- 
ment. Animals were challenged by graded 
amounts of bacterial extracts added to the sa- 
line solutioas immediately before injection. 
Three bacterial extracts were used: 1) Piro- 
men, a Pseudomonas polysaccharide complex 
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(Baxter Lab.), 2 j Staphylococcus A lipopoly- 
saccharide (Difco Lab.), and 3) E. coli 026: 
B6 lipopdysaccharide (Difcol Lab. j . Control 
animals received only sterile saline solution, 
free of pyrogens. After 5 hoursl rats were sac- 
rificed, then 10 ml heparinized 0.9% saline so- 
lution was injected intraperitoneally. This 
was done because most of the original 101 ml 
of solution is absorbed from the cavity by 5 
hrs. Animal’s abdomens were massaged gently 
folr one minute. Then an incision was made 
into the peritoneal cavity and the fluid con- 
taining a suspension of cells was collected with 
medicine dropper. The fluid was centrifuged 
to concentrate the cells which were then re- 
suspended in homologous serum. Smears 
were made using a brush technic(2), and 
stained by modified Wright-Giemsa stain ( 3 ) .  
In the unstimulated state the peritoneal fluid 
contains mononuclear cells (macrophages and 
lymphocytes), eosinophils and mast cells, but 
is virtually devoid of neutrophils. Percentages 
of various cells, excluding mast cells, were 
computed. On the basis of previous experi- 
ence, it  was decided that appearance of 5% 
or more neutrophils in the peritoneal fluid 

t We itre indebted to  13r. L. G.  Ginger, Baxtcr 
l,abs, for Piromen used. 


