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Spreading Factor Activity of Hacterial Chondroitinase." (24469) 

X number of substances have been shown 
to increase the spread of intradermally inject- 
ed indicators : however. "enzymatic q)readinc 
factor" has been aiylied almost ewlusivelv to 
hyaluronidaGe ( 1.2 ) . Man>- q)ecies of l ~ c -  
t er ia prod w e  11 y a1 11 roil ida se . \v how ;t c t i ()n a 
a spreading factor in animnl tis.;ue has lieen 
correlated with del,ol_vnieri~ation of hyalu- 
ronic acid in  ilitro. Siniilarl>-. bacterial chon- 
droitinase has been shown to tleqrade the p l y -  
saccharide chain in  chondroitin sulfuric acid 
in vitro ( 3 . 3 )  : however, spreat-linq factor ac- 
tivity in animal tissue has not been describrd. 
C'hondroitin sulfuric acid a s  well ac: hyalu- 
ronic acid has Iwen isolated from skin of rab- 
bits( 5 ) .  and more recentl!. from human gingi- 
val tissue( 6 ) .  The present report is con- 
cerned with observations on spreading factor 
activity of chundroitinase produced i )>' oral 
mi cr oaer op h i 1 i c (1 i 1 ) h t he r oi d I )ac i 11 us . 

'1 I t i t  crici Is cind 111 c't hods.  -41 1 inject ions were 
made intradernially in albino rahhits and were 
given in area a p l ~ m i m a t e l y  5 cm front spinal 
column on either side of animal. Ilacterial 
culture supernates or filtrates and testicular 
hyaluronidase tested for spreading factor ac- 
tivity were administered in 0.5 nil volume con- 
sisting of 0.25 nil of test solution and 0.25 ti11 
of 1 :2  dilution of india ink i n  pH 6 buffer( 7 ) 
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mid comparing area of spread with that pro- 
duced by control injection of 0.85% sodium 
chloride. sterile broth. or test material previ- 
ously heated a t  100°C for 10 minutes. Ani- 
mals were sacrificed. their skins removed, and 
areas of spread estimated by measuring dia- 
nieters on underside of the dermis. To dem- 
onstrate increase in permeability of vascular 
connective tissue. 0.3% Evans blue was ad- 
ministered in .5 ml volume into marginal ear 
vein 3 minute;; prior to intradermal injection 
of test material. Recordings of accumulation 
of dye a t  sit? of intradermal injection were 
made 5. 15, and 30 minutes after intradermal 
injection of test material. Dye  accumula- 
tions were recorded as area of spread and on 
an arbitrary visual comparison as to intensity 
of color. Three strains of a chondroitinase- 
1)roducing microaerophilic diphtheroid bacil- 
lus. designated as strains D2, D3, and D5, 
isolated originally from human gingival crev- 
ices (4).  were used. A casitone-yeast extract 
l m t h  containing 150 mg casitone (Difco) , 50 
mg yeast extract (Difco) , and 50 mg sodium 
chloride/lO ml of medium was satisfactory for 
production of chondroitinase by these organ- 
isms. The  pH of niedium was adjusted to 7.2 
1)efoi-t. sterilization by autoclaving at 120°C: 
for 20 minutes. Inocula were prepared from 
anerotic cultures maintained on sheep blood 
agar. Broth cultures were incubated simi- 
larly under a mixture of gas containing 95% 
N2 and 5% CO?. All cultures were incubated 
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for a t  least 3 days. Culture filtrates of Staphy-  
lococcz~s aweus, strain SAB2, stored at  -2O”C, 
were used as source of bacterial hyaluroni- 
dase. Testicular hyaluronidase, a product of 
Armour Lab., was assayed before each experi- 
ment. Chondroitinase and hyaluronidase were 
expressed in turbidity reducing units (TRU) 
(4,8), using substrates potassium chondroitin 
sulfate and potassium hyaluronate from hu- 
man umbilical cord ( 7 ) .  

Results.  Fig. 1 demonstrates typical 
spreading of india ink in rabbit skin by bac- 
terial culture supernate containing 25  TRU/ 
ml of chondroitinase. The marked increase 
in diffusion of india ink in the area of skin re- 
ceiving the chondroitinase-containing prepa- 
ration (Fig. 1B) is to be noted in comparison 

s 0 1 1  0 3.9 7.0 3.3 
I)illltcil 1 : 2  3 .9 5.9 3.1 

1)ilritctl 1 :5 2.4 2.4 2.4 

1 O O ° C  for 10 i i i i n .  2.4 2.1 2.4 

(.85% h-ilcl) 

( h5T0 X:i(!l) 

to that produced by any one of the 3 control 
injections. Table I shows results one hour after 
administering supernates from 2 strains of 
diphtheroid bacilli and from a filtrate of S. 
aweus .  The chondroitinase-containing prep- 
arations effect 2 to 3 times as much spreading 
factor activity as that produced by staphylo- 
coccal filtrate containing 40 TRU of hyalur- 
onidase/ml. Spreading factor activity has 
apparently disappeared when test materials 
were diluted 1 : 5 and as expected when prepa- 
rations were heated. Heating destroyed also 
its in vitro activity. 

Fig. 2 shows accumulation of intravenously 
injected Evans blue in areas receiving bac- 
terial chondroitinase as compared with accu- 
mulation of dye in area receiving a heat-inac- 
tivated preparation. Accumulation of some 
dye in area receiving heat-inactivated prepa- 
ration (Fig. 2A) can probably be explained 
on the basis that the medium contains certain 
nonspecific spreading factors such as peptones 
shown to increase permeability of connective 
tissue(9). I t  may be that chondroitinase in 
such preparations is not directly responsible 
for increase in vascular permeability noted. 
Benditt et al.( 10) have demonstrated that 
purification of bull-testis hyaluronidase tends 
to render it incapable of increasing capillary 
permeability and that impurities in the ex- 
tract are actually responsible for the increase 
in vascular permeability observed. A similar 
situation may exist with regard to chondroi- 
tinase-con taining culture supernate. Sub- 
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stances other than chondroitinase could be re- 
sponsible for increasing permeability of capil- 
laries and thereby account for accumulation 
of some Hvans blue in areas receiving heat 
inactivated preparations or sterile broth. The 
increased area of spread induced by chondroi- 
tinase-containing preparation may be due only 
to depolymerization of ground substance sur- 
rounding the capillary bed by the enzyme 
with increase in vascular permeability due to 
other, unknown factors. Until one has a 
highly purified preparation of chondroitinase. 
it is still questionable that the enzyme is act- 
ing directly on the capillary wall. I t  is cer- 
tainly conceivable that the enzyme could be 
acting on components of vascular tissue, since 
the available substrate may be present ( 1 1 ) . 
Attempts made to dialyze out the interfering 
substances in the bacterial supernate were 
unsuccessful . 

I t  was of interest to observe that the action 
of testicular hyaluronidase and chondroitin- 
ase-containing preparations were of the same 
degree in increasing vascular connective tissue 
permeability. In both cases after intradermal 
injection. the bleb produced immediately flat- 
tened and accumulation of Evans blue began 
after about 5 minutes and showed maximum 
intensity of color after 30 minutes. In con- 
trast, heat-inactivated diphtheroid supernates 
and heat-inactivated testicular hyaluronidase 
produced a bleb which remained raised almost 
throughout the observation period. KO ac- 
cumulation of dye took place in the area re- 
ceiving heat-inactivated testicular hyaluroni- 
dase and only a pale blue accumulation in the 
area receiving heat-inactivated diphtheroid 
supernate. If the constituents of the culture 
supernate, other than chondroitinase, were re- 
sponsible for the increase in vascular perme- 
ability, they are apparently different from 
those in bull-testis extract since these have 
been reported to be heat labile( 10). This 

observation has been confirmed in our experi- 
ments since heated testicular hyaluronidase 
had no effect on permeability of vascular con- 
nective tissue. 

Summary and conclusions. The finding 
that chondroitin sulfuric acid as well as hyal- 
uronic acid is among the components of hu- 
man gingival tissue( 6),  and the demonstration 
that microorganisms capable of breaking down 
this substance are present in the gingival crev- 
ice: has led to the belief that bacterial chon- 
droitinase may be contributory to the struc- 
tural breakdown of the gingival elements(4). 
Experiments here reported demonstrate that 
bacterial chondroitinase is capable of eliciting 
the spreading factor phenomenon in connec- 
tive tissue in the same manner as bacterial 
and testicular hyaluronidase and may further 
emphasize the importance of polysaccharases 
in pathogenesis of periodontal disease. 
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