
1 0 9 8  Bulletin o f  F.xpeHmental Biology and Medicine,  VoI. li6, N o- 9, September, 1993 

Immunohistochemical Study of Purulent Wounds in the 
Rat after Application of Collagenase Isolated from the 
King Crab Paralithodes Camtschatica 
I. Yu. Sakharov, B. V. Shekhonin, S. P. Glyantsev, 

and F. E. Litvin UDC 616.001.4-002.3-092.9-085.355-036.8-07 

Translated from ByuIleten' Eksperimental'noi Biologii i Meditsiny, Vol. 116, N o- 9, pp. 267-270, September, 1993 
Original article submitted April 5, 1993 

Key Words: collagenase; king crab; isozymes," purulent wound; immunohistochemistry 

A high proteolytic enzyme activity elicited in the 
hepatopancreas of the king crab was demonstrated 
previously [4]. Elastase and two isoforms of  
collagenolytic protease proved to be the enzymes 
responsible for the proteolytic activity in this tis- 
sue [5,6]. These proteases were purified to homo-  
geneity by chromatographic techniques, which al- 
lowed us to examine their molecular and catalytic 
properties [7,8,11]. 

A higher necrolytic activity of enzyme prepa- 
ration isolated from the king crab (compared with 
that of trypsin, terrilytin, carypazim, etc. [3]) sti- 
pulated its use in the treatment of purulent wounds 
[1]. A comparison between the biological activity 
of the entire enzyme cornplex and its components 
has shown that isoforms A and C of collagenolytic 
protease play the major role in wound debridement. 
The enzyme complex was therefore designated crab 
collagenase. Here we report the results of an im- 
munohistochemical study of experimental purulent 
wounds after application of crab collagenase. 

MATERIALS AND METHODS 

Collagenase was originally isolated from the hepa- 
topancreas of the king crab Paralithodes camt- 
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schatica as described [2]. Polyclonal antibodies to 
the isozymes of crab collagenase were obtained af- 
ter immuniza t ion  of  rabbits with homogeneous  
enzyme preparation in complete Freund's adjuvant. 
Anti-fibrinogen goat polyclonal antibodies were from 
Sigma. Murine morioclonal antibody IST-9 recogni- 
zing the ED-A sequence specific for cellular fibro- 
nectin was a generous gift of Dr. L. Zardi and anti- 
laminin polyclonal antibodies were kindly supplied 
by Dr. H. K. Klemman. Antibodies to type I colla- 
gen of rats and plasma fibronectin of humans were 
affinity purified on collagen- and fibronectin• 
pharose, respectively, after rabbit immunization [10]. 

Purulent wounds were modeled in nonlinear 
albino rats (n=18) weighing 180-220 g. A~irnals 
were anesthetized by ether inhalation, and wounds 
were produced after depilation by incising a 2 cm 2 
piece of skin. The wound was then left for 3 days 
without dressing until  the granulation tissue for- 
med.  The wound bot tom was cut with a razor 
blade and inseminated with 106 Staph. aureus (a 
24-h culture, under  an occlusive dressing). Crab 
collagenase preparation was applied on day 3 after 
the procedure. For convenience, the enzyme solu- 
tion was preincubated with 50 mg Gelevin and 
applied as gel. The rats were divided into 3 groups, 
6 animals in each. Group I animals were not 
treated with crab coUagenase. Group II animals 
were treated with 250 gl of the enzyme solution 
(collagenase concentration 3 mg/ml) for 3 days: gel 
with detritus was removed with a moist swab, and 
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F i g .  1. B o t t o m  o f  a m o d e l e d  c o n t r o l  p u r u l e n t  w o u n d  o n  t h e  4 t h  d a y  o f  o b s e r v a t i o n ,  a) l a m i n i n  i n  d i l a t e d  
c a p i l l a r i e s  o f  t h e  g r a n u l a t i o n  t i s s u e :  a t h i c k  n e c r o t i c  l a y e r  i s  s e e n  o n  t h e  w o u n d  s u r f a c e ;  b) f i b r i n  i n  
n e c r o t i c  d e t r i t u s  a n d  g r a n u l a t i o n s ;  c) m a s s i v e  d e p o s i t s  o f  p l a s m a  f i b r i n  i n  t h e  g r a n u l a t i o n  t i s s u e ;  d)  
i n s i g n i f i c a n t  a m o u n t s  o f  c e l l u l a r  f i b r o n e c t i n  i n  g r a n u l a t i o n s  in s i tu .  I m m u n o f l u o r o h i s t o g r a m ,  3100 .  

a new  gel was app l i ed  to the  wound .  O n  day  4 
the rats o f  groups I and  II were  sacrif iced.  Group  

I I I  animals were  sacr i f iced on day 2 after  a single 
app l i ca t ion  o f  the same  enzyme  dose.  
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Fig. 2. Bottom of a modeled purulent wound after 3 applications of crab collagenase on the 4th day of observation, a) laminin 
in the surface layer of granulations; b) thin layer of fibrin located predoraJnantly on the wound surface; c) considerable amounts 
of cellular fibronectin in the granulation tissue /n situ; d} type I collagen in the granulation tissue. Immunolluorohistogram, • 100. 

Immunohistochemical study was performed on 
nonfixed 5-g thick cryostat sections. Sections were 
incubated with primary antibodies for 1 h at room 
temperature, washed with phosphate-buffered saline 
(PBS) for 30 rain, and treated for 45 mill with 
biotinylated antibodies to mouse, rabbit, or sheep 
IgG. After washing, the sections were incubated 
with FITC-conjugated streptavidin, washed with 
PBS for 45 rain, and examined under an Ortho- 
plan fluorescent microscope. Some sections were 
ffJ_xed with formaldehyde and stained with hema- 
toxylin and eosin. 

RESULTS 

Previously it was shown that crab coUagenase pro- 
vides for a rapid debridement of purulent wounds 

[1]. The mechanism underlying this phenomenon 
is characterized in greater detail with the aid of 
immunohistochemical methods. On day 4, dilated 
capillaries located under a thick layer of necrotic 
detritus were identified with anti-laminin antibod- 
ies in the granulation tissue of collagenase-treated 
wounds (Fig. 1, a). Massive deposits of fibronectm 
and fibrin were seen in the detritus layer and 
granulation tissue (Fig. 1, b, c). As  demonstrated 
with the use of the monoclonal antibody IST-9, 
in situ granulations contained small amounts of 
fibronectin, which reflected a moderate cellular 
synthesis of this protein (Fig. 1, d). 

After application of crab coUagenase, in group 
II animals necrotic detritus was readily removed 
from the granulation tissue. In contrast to the case 
with control rats, newly formed capillaries were 
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Fig. 3. Bottom of a mode led  puru len t  wound aRer a 2 4 - h o u r  exposure  to crab col lagenase,  a) fibrin in the 
g r a n u l a t i o n s  unde r  the  necrot ic  t i ssue layer; b} i sozyme A is ident i f ied  p redominan t ly  in  the surface fibrin 
layer  at the border with necrosis; c) analogously  localized isozyme C is identified; d) no specific f luorescence 
is s e e n  in the con t ro l  s ec t i on  af ter  r e p l a c e m e n t  of i m m u n e  sera  with n o n i m m u n e  rabb i t  IgG. I m m u n o -  
f luoroh is tograms ,  • 

localized throughout the entire thickness of the 
granulation tissue right up to the wound surface 
(Fig. 2, a). Extremely small amounts of fibrin 
were identified as a thin layer on the surface of 
vascularized granulations (Fig. 2, b). This fact of 
fibrin lysis on the wound bottom and surface tis- 
sues is of paramount importance, since the pro- 
inflammatory effect of fibrin and the necessity of 
fibrinolysis are well documented [9,12]. Cellular 
fibrin was identified both with polyclonal antibod- 
ies and monoclonal antibody IST-9 recognizing the 
ED-A sequence, which indicated an intense syn- 
thesis Of this protein i~ situ (Fig. 2, c). The 
amount of type I collagen in the extracellular 
matrix of the granulation tissue was consistent with 
the stage of maturation of the tissue (Fig. 2, d). 

Additional immunochemical studies were un- 
dertaken to fred out how deep crab collagenase 
penetrates into the wound tissues during 24 hours. 
Sections cut from collagenase-treated wounds were 
successively incubated with anti-fibrin and anti- 
isozyme A and anti-isozyme C antibodies. As ex- 
pected, the detritus on the wound surface, particu- 
laxly at the border with necrotic tissue, contained 
considerable amounts of fibrin (Fig. 3, a). Both 
isozymes of collagenolytic protease were localized 
in this area, i.e., they were co-localized with fi- 
brin (Fig. 3, b, c). 

Under the action of crab collagenase on mod- 
eled purulent wounds the wound surface is almost 
entirely freed of the fibrin-containing necrotic de- 
tritus, and rapidly and the properly purified wound 
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bottom is well prepared for the next stage of the 
wound healing process. At the same time, during 
a 24-hour exposure the enzyme does not penetrate 
into granulations and, consequently, has no nega- 
tive effect on the newly formed tissues. The re- 
suits obtained indicate that these processes are re- 
sponsible for the potent therapeutic effect of the 
crab coUagenase preparation. 
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Lipids determine cell sensitivity to hormones and 
other biologically active substances [5]. Distur- 
bances of lipid metabolism are observed in psoria- 
sis [1], but the published data are incomplete and 
contradictory. 

Comparative analysis of the lipid spectrum of 
both intact and pathologically altered skin in der- 
mal psoriasis may be used for elucidating the in- 
dividual pathogenetic stages, as well as for the de- 
velopment of effective and goal-directed treatment 
of this severe and puzzling disease. The aim of the 
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present research was to study the lipid composi- 
tion along with the activity of one of the enzymes 
of lipid metabolism, phospholipase A~ (PLA-2), in 
the skin of patients with psoriasis. 

MATERIALS AND METHODS 

Biopsy specimens obtained from psoriatic plaques 
(PP) and from visually unaltered portions of the 
skin (VUS) of patients with psoriasis served as the 
object of investigation. 

Lipids were extracted from skin homogenate 
[4] after Folch [8]. The fractional content was 
determined by thin-layer chromatography in the 
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