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Similar  qua l i t a t ive  results  were  ob ta ined  when  ni t ro-  
benzene,  ni t rof luorene,  and p-ni t rocresol  (or the i r  ni t roso 
and hyd roxy l am ino  der ivat ives)  were carried th rough  
analogous invest igat ions .  

Zusammen/assung. Eine  e lek t rochemische  Sonde wurde  
entwickel t ,  um A ry lhyd roxy l amin  d i rekt  in mikrosomalen  
Suspensionen festzustel len.  Dieser  Sensor e rmi t t e l t e  
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die Bi ldung yon  A r y l h y d r o x y l a m i n  wS.hrend der enzy-  
ma t i schen  Reduk t ion  yon  a romat i schen  Ni t roverb in-  
dungen  durch  Mikrosomen der  Kaninehenleber .  Die 
Reduk t ion  der  Ni t rogruppe  wurde  durch  beide Enzyme ,  
Cy tochrom P-450-abh~ingige und  P-450-unabh/ingige,  
kata lys ier t .  
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Release of Hydroxyproline from Rat Hearts Perfused 

Various enzymes,  i.e. collagenase, t ryps in  and  hya luron-  
idase, have  been used ex tens ive ly  for dissociat ing tissues. 
During p re l imina ry  exper imen t s  in th is  l abora to ry  we 
found  t h a t  per fus ion  of ra t  hear t s  w i th  some p repa ra t ions  
of hya luron idase  resul ted  in par t i a l  inac t iva t ion  of 5'- 
nucleot idase  ; for example ,  20 rain of perfus ion w i thS igma  
Type  I hya luronidase  caused a grea ter  t h a n  1/3 loss of 
enzyme ac t iv i ty  1. There  have  been a number  of repor t s  of 
o ther  funct ional  losses due to s imilar  t r e a t m e n t s  of 
var ious  t issues w i th  d ispers ing enzymes  ~-4. We  were 
therefore  in te res ted  in ident i fy ing  me thods  which  effect  
dissociat ion of hear t s  while keeping funct ional  losses to a 
min imum.  As t issue dissociat ion was no t  readi ly  quant i -  
t a red  by  di rect  observat ion,  a more  objec t ive  result  of 
enzyme ac t iv i ty  was moni tored .  We  measured  the  release 
of hydroxypro l ine ,  an amino acid which  is con ta ined  
a lmost  exclusively ill collagen and  elastin. In  th is  com- 
mun ica t ion  we repor t  the  ra te  of release of hydroxypro l ine  
by  ra t  hea r t s  exposed to  collagenase alone or in combina-  
t ion  wi th  hya lu ron idase  and  t ryps in .  

Materials and methods. Sources of enzymes  : Collagenase 
Type  I I I ,  hyaluronidase ,  W o r t h i n g t o n ;  t r yps in  1:250, 

with Collagenase 

Difco. Chemicals  were reagen t  grade f rom var ious  
sources;  C14-hydroxyproline was purchased  f rom Amer-  
sham.  

Using the  Langendor f f  technique ,  ra t  hea r t s  were 
per fused  for 5 min  wi th  comple te  H a n k ' s  solut ion to wash  
out  blood and  t h e n  perfused  for 5 rain w i t h  H a n k ' s  
solut ion f rom which  Ca ++ was omi t ted .  Reci rcula t ing  
perfus ion wi th  Ca++-free H a n k ' s  solut ion conta in ing  
enzymes  was t h e n  s t a r t ed  (30~ and  1 ml  samples  of 
th is  per fusa te  were t aken  for h y d ro x y p ro l i n e  assays  as 
required.  The hyd roxypro l i ne  co n t en t  of the  samples  was 
de t e rmined  by  the  me t h o d  of PROCKOP and  UDENFRIEND ~ 

1 p. L. WOOD and K. NAKATSU, unpublished observations. 
D. B. )/rcNAMARA, Y, C. YATES, U. KROMER, N. L. STEPHANS and 
N. S. DHALLA, Proe. Can. Fedn biol. Soc. 75, 71 (1972). 

3 C. S. GARAGLI and J. R. COOPER, Bioehem. Pharmac. 23, 911 
(1974). 

4 I. A. MACCHI, F. ZEYTINOOLU and S. B. BEASER, Proe. Sde. exp. 
Biol. Med. 145, 500 (1974). 
D. J. PROCKOP and S. UDENFRIEND, Analyt. Biochem. 1, 228 
(1960). 

o o CLS ra  

~- ~ HSE / 
-,- . ~- CLSm+HSE ~ / - -  

--.=5 

2 

- n -  

O t"  . ~ , , .~ . . . .  + . . ,~ . . . . .  
.50 60 90 120 150 180 210min 

T ime  

Fig. 1. Enzymatic release of hydroxyproline from perfused rat 
hearts. Rat hearts were perfused with eollagenase (1 mg/ml CLS 
Worthington, Type III) and[or hyaluronidase (2 mg/ml HSE, 
Worthington) in Hank's solution from which Ca ++ was omitted. The 
effect of 1.25 mM Ca ++ is shown by the closed circles. A recireulating 
perfusion system was used and aliquots of the perfusate were taken for 
hydroxyproline determination at the times indicated, The data are 
expressed as ~zmoles of hydroxyproline released per heart at the 
perfusion times indicated and each point with a vertical bar represents 
the mean of 2 to 6 hearts q- S.D. 
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Fig. 2. Hydroxyproline relaese from perfused rat hearts after 
preperfusion with trypsin. Hearts were preperfused with trypsin 
(1 mg/ml) in Ca++-free Hank's solution for 10 min and then the 
trypsin was washed out prior to perfnsion with eollagenase. Control 
hearts were preperfused with Ca++-free Hank's solution. Other 
conditions same as for Figure 1. 
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with  the  following modif icat ion.  The  bora te  buffer of 
I~IVIRIKKO, LAITINEN a n d  PROCKOP ~ w a s  used instead of 
pyrophospha te  and C14-hydroxyproline was added at  the  
s tar t  of the  assay to allow calcula t ion of yield. The  la t te r  
was necessary because our yield (usually 80%) was lower 
than  previous ly  repor ted  (about 90%)6. 

Results and discussion. W h e n  hear ts  of 200-250 g ra ts  
were perfused wi th  collagenase alone, 1 mg/ml,  the  
hydrolys is  of collagen was cons tant  for the  first  120 rain. 
Dur ing this t ime  the  ra te  of appearance  of hydroxypro l ine  
in the  perfusate  was about  1.34 ~zmoles/h and after  
120 min  this  ra te  decreased by  about  30% (Figure 1). 
Af te r  establ ishing the  rate  of collagen hydrolysis  by  
collagenase alone, we s tudied the  effects of t r ea t ing  hear ts  
wi th  hyaluronidase,  Ca ++ and t ryps in  in conjunct ion  wi th  
collagenase. 

Seve ra l  years ago MATEYKO and KOPAC ~ repor ted  tha t  
hyaluronidase  increased the  effect iveness of t ryps in  in 
dissociat ing fibrous ovar ian  tumors .  They  a t t r ibu ted  this 
to one enzyme a id ing the  pe rmea t ion  of the  o ther  by  
unmask ing  reac t ive  groups. By  analogy a s imilar  relat ion- 
ship would  expla in  the  basis for the  widely  accepted use of 
collagenase in combina t ion  wi th  hyaluronidase.  Collagen 
is considered to be in in t ima te  contac t  wi th  acidic muco-  
polysacchar ides  which are substrates  for hyaluronidase  s. 
I t  seems reasonable  then  tha t  r emova l  of acidic muco-  
polysacchar ide  by  this  enzyme should increase the  
effectiveness of collagenase. Our da ta  however  do not  
suppor t  such a predict ion.  In  our exper iments  there  was 
l i t t le  or no effect on the  ra te  of hydroxypro l ine  release 
f rom ra t  hear ts  by  collagenase when hyaluronidase  
(2 mg/ml)  was added to the  perfusing solut ion (Figure 1). 
Af ter  60 rain of perfusion 1.34 -t- 0.32 tzmoles of hydroxy-  
prol ine were released by  collagenase alone compared  to 
1.58 • 0.50 ~zmoles when the  perfusion solut ion contained 
bo th  collagenase (1 mg/ml)  and hyaluronidase  (2 mg/ml) .  
F r o m  Figure  1 it  is also ev iden t  t h a t  hyaluronidase  alone 
did not  cause any  release of hydroxyprol ine .  Our observa- 
t ion t h a t  hyaluronidase  did no t  a l ter  the  ra te  of release of 
hydroxypro l ine  was consis tent  over  a range of an imal  
sizes. The  a m o u n t  of hydroxypro l ine  released in 60 min  
by hear ts  of 135-175 g ra ts  was 0.86 -t- 0.25 ~xmoles wi th  
collagenase alone and 1.04 • 0.13 ~moles wi th  collagenase 
plus hyaluronidase.  When  340-510 g rats  were used the  
values  were 1.34 • 0.82 and 1.92 zk 0.42 respect ively.  
Thus,  hearts  f rom large rats  release hydroxypro l ine  faster  
t h a n  those of small  rats  bu t  the  effect of hyaluronidase  
was no t  s ta t i s t ica l ly  significant,  

Ca++ is an ac t iva to r  of collagenase 9, therefore  we 
compared  the  ra te  of hydroxypro l ine  release f rom hear ts  
perfused wi th  Hank ' s  solution which contained collagenase 

and 1.26 m M  Ca ++ wi th  tha t  f rom hearts  perfused wi th  
H a n k ' s  solution which contained collagenase bu t  no 
added Ca ++ . This cat ion had essential ly no effect on 
collagen hydrolysis  during the  first 60 min  of perfusion;  
the  ra te  of hydroxypro l ine  release in its presence was not  
different  f rom tha t  in Ca++-free Hank ' s  solution (Figure 1). 

Expe r imen t s  wi th  t ryps in  could not  be reasonably  
conducted  in the  same manner  as those wi th  hyaluroni-  
dase because prolonged exposure to t ryps in  causes 
considerable funct ional  damage2. Therefore  we perfused 
hearts  wi th  t ryps in  (1 mg/ml)  for 10 min,  washed out  the  
t ryps in  and then  s tar ted  t r e a t m e n t  wi th  collagenase, 
instead of exposing t h e m  to bo th  enzymes s imultaneously.  
In  Figure  2 it  can be seen t h a t  t ryps in  p r e t r ea tmen t  
results in a small  increase in hydroxypro l ine  release; 
this difference was not  s ta t is t ica l ly  significant  for the  
30 min  samples.  

In  summary ,  the  hydrolysis  of ra t  hear t  collagen by  
perfusion wi th  collagenase was enhanced to a small  
degree by p re t r ea tmen t  wi th  t ryps in  bu t  was not  signifi- 
can t ly  enhanced by  hyaluronidase  or Ca++. This  m a y  
indicate  t h a t  in cases in which hyaluronidase  has been 
shown to enhance tissue dissociat ion by collagenase, the  
mechanisms of enhancement  m a y  not  involve  greater  
accessibi l i ty of substra te  to collagenase. 

Rdsumd. La l ib6rat ion de l ' hydroxypro l ine  dans le 
caput du ra t  a 6t6 d6termin6e en per fusant  le coeur avec 
la solut ion de Hank ' s  con tenan t  de la collag6nase. Le 
t a u x  de l ib6rat ion par  la collag6nase n ' a  pas 6t6 augment6  
s igni f ica t ivement  quand  la hyaluronidase  on le Ca++ ont  
6t6 ajout6s 5, la solut ion utilis6e pour  la perfusion. Une 
pr6perfusion avec de la t rypsine  a augment6  16g~rement 
le t a u x  de l ib6rat ion de l 'hydroxypro l ine .  
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An in v i tro  D e m o n s t r a t i o n  of P r o t e o l y s i s  by M a c r o p h a g e s  and its  I n c r e a s e  w i t h  C o u m a r i n  i 

Coumar in  and benZo-pyrones in general  have  been 
shown to be very  effect ive in reducing high prote in  
oedemas,  and especial ly l ymphoedema  3-7. F ine  s t ruc tura l  
studies of l ymphoedematous  tissues have  shown tha t  
coumar in  s, and the  re la ted compound  t roxe ru t in  9, 
reduce the  a m o u n t  of pro te in  in bo th  the  connect ive  
tissues and the  lymphat ics% Due  to the  reduct ion  in the  
prote in ' s  osmotic  effect, the  fluid and hence the  oedema 
are also reduced.  

Tha t  the  drugs do no t  reduce the  prote in  by increasing 
l y m p h  flow is shown bo th  by  the  fact  t h a t  t hey  are 
effect ive in exper imenta l  lymphoedema,  when the  

lympha t ics  have  been t igated 7,1% and by the  fact  t ha t  
eoumar in  does not  increase ei ther  l y m p h  flow or its 
r emova l  of pro te in  in the  thoracic  duct  of rats  wi th  a 
bu rn t  leg n. I t  is also unl ikely t h a t  the  drugs work  by  
decreasing the  prote in  outf low from the  blood vessels, 
since it  has been shown t h a t  a number  of t h e m  sl ight ly 
injure the  blood vascular  intercel lular  junct ions  in normal  
conditions,  lymphoedema,  and the rmal  in jury  ~, ~, 10. 

T h a t  the  r emova l  of the  prote in  is p robab ly  brought  
about  by  its increased ca tabol ism in the  tissues is sug- 
gested by  the  fact  t h a t  coumar in  grea t ly  increases the  
r emova l  of proteins,  bu t  not  t ha t  of non-metabol izable  


