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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  



272 Specialia EXPERIENTIA 31/3 

Proteolysis by macrophages, normal and accelerated by coumarin; amount of protein fragments (expressed as mM glycine) 

Time (h) 0 24 Difference F-test t-test Remarks 
(24 h - combined 
mean 0 h) 

Without coumarin 1.13 (0.0307) [t4] 1.43 (0.0421) [26] 0.26 (0.0507) 
With coumarin 1.22 (0.0446) [12~ 1.74 (0.0522) [24] 0.57 (0.0594) 

Combined mean at 0 h 1.17 (0.0283) [26] 

Difference between with and 0.09 (0.0553) 0.31 (0.0680) 0.31 (0.0862) 
without coumarin 
F-test NS NS NS 
t-test NS + + + + + + 

+ + + + Normal proteolysis 
+ + + + + Normal and coumarin stimulated 

protcolysis 

Coumarin stimulated 
proteolysis 

Normal proteolysis by 1 macrophage ~ 3.7 • 10 -1~ mmoles/24 h; coumarin increases this to ~ 8.1 • 10 -1~ mmoles/24 h. Results are given as: 
Mean (S.E.) Number of replicates in brackets. NS, p ;> 0.05; +, 0.05 > p > 0.01; ++, 0.01 > p > 0.01; +++, 0.001 > p. 

po lyv iny l -pyro l idone  molecules of s imilar  diffusion 
coefficients,  under  normal  condi t ions ,  and in burns  and 
l y m p h o e d e m a  10. The smaller  p ro te in  f ragments  would 
readi ly  be able to  pass into the  blood vessels via  the i r  
intercel lular  junct ions ,  whereas  the  larger p ro te in  
molecules could not,  due bo th  to the i r  size and  the  direc- 
t ion  of the i r  concen t ra t ion  gradient .  The concen t ra t ion  
grad ien t  of the  pro te in  f ragments  would be d i rec ted  
towards  the  blood vessels, and  the  f ragments  would also 
have  qui te  large diffusion coefficients.  In  suppor t  of this  
suggested mode  of ac t ion of coumar in  and  re la ted  com- 
pounds,  i t  has  been shown t h a t  the  t r ichloracet ic  acid 
(TCA)-soluble p ro te in  f ragments  in b o t h  normal  and 
bu rned  t issue are increased following coumar in  t r e a t m e n t  7. 
Macrophages  are cells specialized for the  digest ion of 
p ro te ins  ~ and  are p resen t  in b o t h  burned  and lympho-  
edema tous  tissues. I t  was therefore  decided to  inves t iga te  
the  effect  of coumar in  on proteolys is  by  macrophages  
in vi tro.  

Per i tonea l  mac rophages  f rom male  and  female mice 
weighing 20 g were used in th is  s tudy.  The animals  were 
killed by  breaking the  neck and the  abdomina l  skin was 
reflected. 2 ml  of H a n k s  m e d i u m  conta in ing  5% foetal  
calf serum (Commonweal th  Serum Laborator ies ,  Mel- 
bourne),  100 un i t s /ml  of bo th  s t r ep tomyc in  and penicil l in 
and  5 un i t s /ml  of hepar in  was in jec ted  i.p. The a b d o m e n  
was gent ly  massaged  and  the  fluid was w i t h d r a w n  and 
d ispensed  to a Fa lcon T-flask conta in ing  2.5 mI of un- 
hepar in ized  m ed ium which had  been  gassed wi th  5% CO 2 
in air. The flasks were incuba ted  at  37 ~ for 1 h to allow 
the  macrophages  to  adhere  to  the  surface. The fluid w a s  
then  removed  and  replaced wi th  2.5 ml  of unhepar in ized  
medium,  and  the  flasks were again gassed. Af te r  24 h 
incuba t ion  at  37 ~ the  flasks were examined  and the  cells 
counted.  Flasks  w i thou t  suff icient  number s  of ex t ended  
macrophages  were discarded.  The mean  n u m b e r  of 
macrophages / f lask  was 1.8 • 108/2.5 ml. The med iu m was 
then  r emoved  and  the  flasks washed  wi th  5 ml  of Dulbecco 
p h o s p h a t e  buffer  (Commonweal th  Serum Laborator ies) .  
This was r emoved  and 2.5 ml of H a n k s  solut ion con- 
ta in ing  10 mg a lbumin /ml  (Bovine Serum Albumin  
Frac t ion  V) and  s t r ep tomyc in  and  penicil l in was added  to 
each flask. In  some flasks the  m e d i u m  also conta ined  
25 p.g coumar in /ml .  Af te r  24 h incuba t ion  at  37~ the  
med ium was removed  and frozen. The TCA-soluble 
p ro te in  f r agment s  in the  med ium,  b o t h  before and  af ter  
incubat ion  wi th  the  cells, was de t e rmined  by  the  nin- 
hydr in  me thod .  

The results  are p resen ted  in t he  Table.  Proteolys is  by  
s t imula ted  macrophages  in v i t ro  is e s t ima ted  at  the  

equ iva len t  of 3.7 • t0  -1~ mmoles  of glycine per  single 
macrophage  in 24 h. The add i t ion  of coumar in  to the  
m e d i u m  increases th is  to 8.1 • 10 -1~ mmoles  of glycine in 
24 h. 

These results  indica te  t h a t  it  is possible  t h a t  coumar in  
acts in oedema by  increasing the  normal  ra te  of proteolys is  
by  s t imu la t ed  macrophages  of p ro te ins  in t he  oedema  
fluid. This  i n t e rp re t a t i on  is fu r the r  suppor t ed  by  the  
observa t ion  t h a t  in an imals  in jec ted  wi th  silica, which  
inac t iva tes  macrophages ,  coumar in  is ineffect ive in 
rel ieving oedema 13. COHN et a1.12 have  inves t iga ted  the  
mechan i sm of d iges t ion of p ro te ins  by  macrophages  
in vitro,  and  have  shown t h a t  p inosomes,  conta in ing  
inges ted  proteins ,  fuse wi th  Golgi vesicles conta in ing  
acid hydrolases  to form secondary  lysosomes ~4. Digesiont  
of p ro te ins  to, or close to, the  level of amino  acids is 
p robab ly  comple ted  wi th in  the  lysosomes ~5-17. The 
lysosomes do no t  d i rec t ly  regurg i ta te  the i r  con ten t s  
into the  m e d i u m  ta, so the  amino  acids mus t  e i ther  diffuse 
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or be t r a n s p o r t e d  t h rough  the  cy top la sm to the  medium,  
pe rhaps  v ia  vesicles. There  is a close re la t ionship  
be tween  pinocytos is ,  the  fo rma t ion  of lysosomes and the  
accumula t ion  of acid hydrolases ,  in t h a t  an increase in 
p inocytos i s  is fol lowed by  an increase in t he  o ther  two 
func t ions  ~9, 2o. 

Zusammen/assung. Es wird  gezeigt, dass  die normale  
p ro teo ly t i sche  T~tigkei t  yon  s t imul ie r ten  per i tonea len  
Makrophagen  der  Maus durch  das Benzo-pyron-Cumar in  
in vi t ro  bet r / icht l ich  e rh6ht  wird.  
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S e a s o n a l  V a r i a t i o n s  in  T e s t i c u l a r  M o n o a m i n e  O x i d a s e  in the  H o u s e  S p a r r o w  (Passer  d o m e s t i c u s )  
and U i n t a  G r o u n d  S q u i r r e l s  ( S p e r m o p h i l u s  a r m a t u s ) 1  

Monoamine  oxidase,  a deamina t i ng  enzyme  (MAO, 
Monoamine  : O~ ox idoreduc tase  (deaminat ing)  EC. 1.4.3.4.), 
and  endogenous  5 - h y d r o x y - t r y p t a m i n e  (serotonin, 5-HT), 
a subs t r a t e  of tes t icu lar  MAO, are b o t h  normal ly  p resen t  
in ra t  tes tes  2-5. Tes t icular  MAO ac t iv i ty  is low in young  
rats ,  increased dur ing  sexual  d e v e l o p m e n t  and  ma tu r i t y ,  
and  is low again wi th  advanced  age 5. Changes in tes t icu lar  
MAO act iv i ty ,  w i th  respec t  to  aging, were corre la ted  
wi th  changes  in androgen  syn thes i s  and tes t i cu la r  
d e v e l o p m e n t  ~. No a t t e m p t  has been  made  to  follow 
tes t icn lar  MAO ac t iv i ty  in an imals  t h a t  are seasonal  
breeders  w i th  large va r ia t ions  in tes t icu lar  weight .  The 
purpose  of these  inves t iga t ions  was to  follow tes t icular  
MAO ac t iv i ty  in house spar rows  and  ground  squirrels  to 
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Testicular MAO activity and testicular weights of house sparrows 
trapped in northern Utah from January 1971 through December 
1972. Each point represents the mean while the vertical lines are the 
standard error of mean values (* = p < 0.05, ** = p < 0.01, 
+ = p < 0.001 when compared with the previous value while 
+ + = p < 0.05 when compared with January). 

de te rmine  the  re la t ionship  t h a t  MAO ac t iv i ty  has  w i th  
tes t icu lar  deve lopment .  

Materials and methods. Male house sparrows (Passer 
domesticus) were collected wi th  a mis t  ne t  in Cache 
Val ley near  U t a h  S ta te  Univers i ty .  7 sparrows were 
collected in January ,  6 in March, 6 in April ,  6 in June ,  
6 in July,  5 in August ,  7 in Sep tember ,  5 in November ,  
and 6 in December .  All sparrows were collected the  same 
day  for a given group b e t w een  13.00 and  16.30 h. The 
b i rds  were kep t  overn igh t  in a wire cage wi th  feed 
(mixed grains) and  wa te r  given ad l ibi tum.  

Six adul t  male U i n t a  ground squirrels  (Spermophilus 
armatus) were t r a p p e d  in early April,  soon af ter  emergence  
(April 19, 1972), a t  a locat ion in the  Logan  Canyon area 
a p p r o x i m a t e l y  35 km no r theas t  of Logan,  Utah .  5 o ther  
squirrels were t r a p p e d  on May, 25 1972. All animals  were 
weighed immed ia t e ly  af ter  cap tu re  and  sacrificed by  
decapi ta t ion .  I m m e d i a t e l y  af ter  sacrifice t he  tes tes  were 
immed ia t e ly  r emoved  f rom all animals,  weighed,  de- 
capsu la ted  and  assayed for MAO ac t iv i ty  as previous ly  
descr ibed a. A t- test  was used to  t e s t  for significance 
be tween  sample  means .  

Results. Test icular  weights  of the  house sparrows 
(Figure) increased f rom December  to  Apri l  and decreased 
f rom Ju ly  to  November .  Tes t icnlar  MAO ac t iv i ty  
(Figure), ca lcula ted on a per  an imal  basis, increased f rom 
December  to  April ,  bu t  general ly  decreased f rom Apri l  to  
December .  On a per  mg of t issue basis, tes t icu lar  MAO 
ac t iv i ty  increased f rom N o v e m b e r  to Apri l  (p < < 0.001), 
bu t  decreased f rom Apri l  to N o v e m b e r  w i th  the  excep t ion  
of July.  Increases  in MAO ac t iv i ty  f rom N o v e m b e r  to  
J a n u a r y  preceeded  increases in tes t icu lar  weight .  

Ground  squirrels  cap tu red  in May (Table), had  signifi- 
can t ly  higher  body  weights ,  b u t  lower tes t icu lar  weights  
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