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in  t h e  r a n g e  of 6.2 (Table  I I ) .  E n z y m e  p r e p a r a t i o n s  A 
a n d  13 were  so ac t ive  t h a t  i t  was  imposs ib le  to  follow t h e  
r e a c t i o n  course  b y  t h e  m e t h o d  used ;  D I F  was  r educed  to  
i t s  l euco- fo rm in  a few seconds.  

I n  c o n t r a s t  to  t h e  T T C  reduc tase ,  t h e  a c t i v i t y  of t h e  
D I F  r e d u c t a s e  was  n o t  in f luenced  b y  t h e  a d d i t i o n  of 
m e n a d i o n e .  Our  r e su l t s  r evea l ed  t h a t  t h e  e n z y m a t i c  
r e d u c t i o n  of TTC depends  on  t h e  p resence  of ca t a ly t i c  
a m o u n t s  of m e n a d i o n e  (0.006 / ,moles) which  e v i d e n t l y  
serves  as a n  i n t e r m e d i a r y  e l ec t ron  t r a n s f e r r i n g  agen t .  T h e  
o t h e r  di f ferences  of t h e  r e spec t ive  e n z y m e  f rom t h e  one  
r e d u c i n g  D I F  inc lude  i t s  s u b s t a n t i a l l y  lower  ac t iv i ty ,  
o p t i m a l  p H  in  t h e  reg ion  of 7.4 (Tab le  I I I )  a n d  t he  lack  
of ev idence  for  i t s  e lu t ion  f rom t h e  ace tone  powder .  

Table II. Effect of pH on the NADH2-dichlorophenol-indophcnol 
reductase activity in O. mudda 

Enzyme pH /*moles of reduced DIFlmg 
preparation protein after 2 rain incu- 
(0.2 ml) bation 

6.2 12.9 
7.4 8.0 
7.9 4.1 

Table III. Effect of pH and menadione on the NADH,-triphenyl- 
tetrazolium chloride reductase activity in 0. mucida 

Enzyme Menadione pH /*moles of reduced TTC/mg 
preparation 0.006 protein after the incubation 
(0.5 ml) /~moles period (min) 

30 60 

+ 6.2 0 0.02 
+ 7.4 0.05 0.15 
+ 7.9 0.006 0.06 
-- 7.4 0 0 

These  r e su l t s  sugges t  t h a t  t h e  r e d u c t i o n  of D I F  a n d  
T T C  in t he  b a s i d i o m y c e t e  O. mucida is m e d i a t e d  b y  2 
e n z y m e  s y s t e m s  d i f fe r ing  in t h e i r  ac t iv i ty ,  o p t i m a l  pH ,  
r e q u i r e m e n t s  for m e n a d i o n e  a n d  b y  t h e i r  so lubi l i ty .  T h e  
fac t  t h a t  t h e  d e h y d r o g e n a t i o n  of N A D H  2 w i t h  b o t h  ar t i -  
f icial  e lec t ron  accep to r s  was  f a s t e r  t h a n  i t s  o x i d a t i o n  w i t h  
ae r ia l  o x y g e n  as t e r m i n a l  accep to r  s u p p o r t s  our  v iew 
a b o u t  t h e  r e m o v a l  of some l ipophi l ic  cofactors ,  neces sa ry  
for t h e  t r a n s f e r  of e lec t rons  to  oxygen ,  d u r i n g  t h e  a c e t o n e  
t r e a t m e n t  of t h e  myce l ium.  This  v iew is in  accord  w i t h  
t h e  r e su l t s  of LESTER a n d  FLEISCHER 2, KLUGE et  al. s, 
I)OWNEY 4 a n d  o t h e r  au tho r s .  

T h e  low a c t i v i t y  of t h e  N A D H 2 - T T C  r e d u c t a s e  e v e n  in  
t he  p resence  of m e n a d i o n e  could  be  caused  b y  t h e  n o t  
ful ly  a d e q u a t e  f u n c t i o n  of th i s  c o m p o u n d  in  t h e  respec-  
t i ve  e n z y m a t i c  process  in  0 .  mucida; o t h e r  c o m p o u n d s  of 
t h e  q u i n o n e  t y p e  (e.g. CoQ, o t h e r  K - v i t a m i n s  etc.) were  
n o t  t e s t ed .  On  t h e  o t h e r  h a n d ,  t h e  pos i t ive  effect  of 
m e n a d i o n e  on  e n z y m a t i c  d e h y d r o g e n a t i o n  of N A D H ,  
was  o b s e r v e d  also in Puccinia graminis 5. 

Zusammen/assung. I n  der  ]3as id iomyce te  Oudeman- 
siella mucida (Schr.  ex Fr.)  H 6 h n e l  w u r d e  eine N A D H ~ -  
D i c h l o r o p h e n o l i n d o p h e n o l - D e h y d r o g e n a s e  u n d  eine 
N A D H 2 - M e n a d i o n - T r i p h e n y l t e t r a z o l i u  m c h l o r i d - D e h y d r o -  
genase  gefunden .  Beide  E n z y m e  u n t e r s c h e i d e n  s ich d u r c h  
ihre  p H - A b h / i n g i g k e i t ,  A k t i v i t g t  u n d  E lu i e rba rkc i t .  
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E f f e c t  o f  S i l i c a  D u s t s  o n  M a c r o p h a g e  P e r m e a b i l i t y  

T h e  in t r ace l l u l a r  ion e n v i r o n m e n t  seems to  in f luence  
g rea t ly  t h e  a c t i v i t y  of m a n y  a p p a r e n t l y  r e g u l a t o r y  reac-  
t ions  in  t h e  cell 1. A l t e r a t i o n s  in  ion d i s t r i b u t i o n  in cells 
b y  i m p a i r e d  p l a s m a  m e m b r a n e  p e r m e a b i l i t y  h a v e  b e e n  
sugges ted  to  i m b a l a n c e  t h e  cell m e t a b o l i s m  a n d  to unde r -  
lie t h e  in i t i a l  s tages  of cell necrosis  2,3. M o v e m e n t s  of N a  + 
in a n d  K+ o u t  occur  in  i n j u r ed  cells, a n d  increased  i n t r a -  
ce l lu lar  Ca a+ c o n c e n t r a t i o n s  in te r fe re  w i t h  N a  + a n d  K+ 
t r a n s p o r t  4,5. E v i d e n c e  for  a l t e red  p l a s m a  m e m b r a n e  
p e r m e a b i l i t y  is poss ib ly  t h e  a p p e a r a n c e  of cell enzymes  
in  t h e  ex t r ace l l u l a r  f luids  2.a. 

Th i s  s t u d y  inves t i ga t e s  w h e t h e r  increased  p e r m e a b i l i t y  
p h e n o m e n a  m a y  occur  in t h e  toxic  ac t ion  of silica on  
m a c r o p h a g e s .  Sil ica h a s  been  s h o w n  to  release enzymes  
f rom p h a g o c y t e s  ~,* a n d  to  cause  e r y t h r o c y t e  lysis s-l°. 
Th i s  m i g h t  r e n d e r  sil ica v e r y  s imi la r  in  i ts  ac t ion  to  a fa t -  
ac t ive  or  su r f ace -ac t ive  agent .  E l e c t r o n  mic roscopy  indi-  
ca tes  defec ts  in  t h e  osmot ic  con t ro l  b y  p h a g o c y t e s  in th i s  

S t u d i e d  w i t h  8 6 R b C l  

cond i t ion  11. I n h i b i t i o n  of m a c r o p h a g e  m e t a b o l i s m  1~ m i g h t  
so be i n i t i a t ed  b y  ion shifts13,14. 

The  8SRb+ eff lux f rom pe r i t onea l  m a c r o p h a g e s  pre-  
v ious ly  loaded  w i t h  t h i s  i so tope  a n d  i n c u b a t e d  w i t h  
d i f fe ren t  p r e p a r a t i o n s  of silica d u s t  T h a s  been  s tud ied .  
R b  + is k n o w n  to  b e h a v e  like K +  be ing  e l ec t rochemica l l y  
s imi lar  a n d  h a v i n g  s imi la r  a f f in i t ies  to  i t s  ca r r i e r  1~-1°. 
P e r i t o n e a l  m a c r o p h a g e s  were o b t a i n e d  a n d  h a n d l e d  as 
p rev ious ly  i nd i ca t ed  7. Cells were  c o u n t e d  a n d  i n c u b a t e d  
in s i l iconized f lasks w i t h  SeRbCl 3.7 × 1 0 - 6 M  (Sorin,  
Saluggia,  I t a l y :  specific a c t i v i t y  0.16 m c / m g  Rb+) for  
2.5 h a t  37 °C in a modi f ied  R i n g e r - T r i s  m e d i u m  7 c o n t a i n -  
ing  1.5 × 1 0 - 3 M  glucose. Fo l lowing  c e n t r i f u g a t i o n  a t  1800 
g for 10 m i n  a t  2°C, w a s h i n g  a n d  r e c e n t r i f u g a t i o n ,  t h e  
f inal  cell pe l le t  was  s u s p e n d e d  to t h e  a p p r o p r i a t e  con-  
c e n t r a t i o n  in  Ringer-Tris m e d i u m  ~ a n d  i n c u b a t e d  in  25 
ml  s i l iconized f lasks  in  m e t a b o l i c  s h a k i n g  i n c u b a t o r  a t  
37°C. P o r t i o n s  of t he  i n c u b a t e  were  w i t h d r a w n  f r o m  
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f lasks  before  t h e  c o m m e n c e m e n t  (zero t ime)  a n d  a t  15, 
30, 60 a n d  120 m i n  i n c u b a t i o n .  W h e n  necessa ry ,  d u s t s  
w i t h  a m e a n  d i a m e t e r  < 3 / ~  were  a d d e d  a t  t h e  zero 
t i m e  (1 m g / 1 0  ~ cells in i t i a l ly  p resen t ) .  S a m p l e s  were 
chi l led a n d  i m m e d i a t e l y  c e n t r i f u g e d  a t  12,000 g for 10 
m i n  a t  2 °C. A l i q u o t s  of t h e  s u p e r n a t a n t  were p l a t e d  o n  
s t a i n l e s s  s tee l  p l a n c h e t s  for d e t e r m i n a t i o n  of m e d i u m  
r a d i o a c t i v i t y .  A f t e r  b l o t t i n g  of t h e  t ubes ,  cell pe l le t s  were  
d i s so lved  in 1 m l  5% TCA,  c e n t r i f u g e d  a n d  r a d i o a c t i v i t y  
d e t e r m i n e d  o n  t h e  r e s u l t i n g  s u p e r n a t a n t  in  t h e  s a m e  wa y .  
R a d i o a c t i v i t y  w a s  m e a s u r e d  o n  dr ied  s a m p l e s  u s i n g  a 
t h i n  m i c a - e n d  w i n d o w  G.M. c o u n t e r ,  w i t h  2 %  s t a n d a r d  
error.  Cell r a d i o a c t i v i t y  w a s  re fe r red  to  10 ~ ceils in i t i a l ly  
p re sen t ,  m e d i u m  r a d i o a c t i v i t y  to  1 mt.  

F igu res  1 a n d  2 s h o w  re spec t ive ly  t h e  SSRb+ e f f lux  
f r o m  cells a n d  t h e  inc rease  in to  t h e  ex t r ace l lu l a r  m e d i u m .  
B e s t  f i t t i ng  l ines were d r a w n  acco rd ing  to  t h e  m e t h o d  of 
l eas t  squa res ,  a f t e r  t h e i r  l i nea r i t y  h a d  b e e n  t e s t e d  ~°. 
E f f l u x  of S~Rb+ f r o m  cont ro l  cells a f t e r  e v e r y  15 m i n  
i n c u b a t i o n  a v e r a g e s  11%.  As t h e  e x p e r i m e n t s  were  per-  
f o r m e d  w i t h o u t  s y n t h e t i c  s u b s t r a t e  or  s e r u m ,  m i n o r  per-  
c e n t u a l  losses m i g h t  occur  u s i n g  s u p p l e m e n t e d  m e d i a ~ k  
Crys ta l l ine  silicas ( t r i d y m i t e  T67-70-72M t r e a t e d  w i t h  
hydro f luo r i c  acid a n d  T511V[ u n t r e a t e d )  m o d i f y  t h e  15 
m i n  ef f lux  vs. con t ro l  r a t e s  a p p r o x i m a t e l y  to  t h e  s a m e  
e x t e n t ,  -b 3%.  W i t h  fused  q u a r t z  (hydrof luor ic  ac id-  
t r e a t e d  v i t r e o u s  sifica VS74M),  t h e  m e a n  p e r c e n t u a l  in-  
c rease  a m o u n t s  to  + 1.5°,/o. W h e n  ine r t  d u s t s  (ca rbon  
A88M) are  used ,  t h e  ex t r ace l lu l a r  e f f lux  a v e r a g e s  + 1%.  
T h e  r a t e  c o n s t a n t  of t h e  inc rease  of S~Rb+ c o n c e n t r a t i o n  
in to  t h e  i n c u b a t i o n  m e d i u m  r e m a i n s  u n m o d i f i e d  b y  d u s t  
t r e a t m e n t •  T h e  s t a t i s t i c a l  e v a l u a t i o n  ~° of t h e  regress ion  

coeff ic ients  of t h e  l ines d e m o n s t r a t e s  no  s ign i f i can t  
ev idence  a g a i n s t  the i r  para l le l i sm,  T h i s  i nd i ca t e s  a b s e n c e  
of s ign i f i can t  a c t i o n  on S~Rb+ ef f lux  f r o m m a c r o p h a g e s  in 
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Fig. 1. Rate of disappearance of S6Rb+ from 
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Fig. 2. IRate of increase of S~Rb+ concen- 
tration into the incubation medium. 
Each point represents the results of 6 
experiments. Lines are drawn according 
to the method of least squares. 
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such diverse dust t reatment,  with dust-cell ratio capable 
of affecting macrophage respiration and releasing en- 
zymes from lysosomal granules and the cell sapL By 
rising this ratio, the SeRb+ effiux from silica-treated cells 
might  increase significantly. However, severe toxic effects 
are produced by silica in this condition,with extracellular 
release of mitochondrial and microsomal enzymes ~ pos- 
sibly indicating complete ceil disruption. Nevertheless, 
the S~Rb + efflux from macrophages might  also be quanti-  
ta t ively different from tha t  by K +. 

Present results suggest that  silica does not  cause altera- 
tions in plasma membrane permeabili ty and ion shifts 
not mediated by failure of the metabolic act ivi ty  of cells. 
Release of lysosomal enzymes from silica-treated macro- 
phages ~ might be due to lytic actions on the membranes 
of intracellular vacuoles ~. However, phagocytosis in vitro 
occurs in 2 discrete stages ~a, the first or a t tachment  phase 
not requiring serum or cations for its accomplishment, the 
subsequent or ingestion phase requiting serum and being 
chiefly inhibited by the absence of Ca ~+. When silica is 
incubated in Ca~+-free Ringer, lysosomal enzymes are 
released by cells 2~ in rates similar to those found with 
normal Ringer ~. This possibly poses some questions on the 
in vitro mechanism of silica action on phagocytes. During 
incubation in normal Ringer not  supplemented with 
serum or serum factors, as usually done in this laboratory, 
a t tachment  of dust particles on the cell surface occurs 
readilyL However, it is very probable that  no significant 
true ingestion takes place in this condition, as is suggested 
also by lack v,x~ of the modifications of cell metabolism 
usually implied by phagocytosis ~*. Still more difficult 
dust ingestion is to be expected when a Ca ~+ free medium 
is used. I t  should be supposed tha t  penetrat ion of 
(mono-)silicic acid into the cell ~ from the at tached dusts 
might  occur, with resultant intracellular slight poly- 
merization and eventual inhibition of the cytochrome 
oxidase or succinic oxidase systems~,~L This might cause 
loss of lysosomal enzymes from cells, as occurs also when 
metabolic inhibitors are used ~. 

Recent  in vivo experiments suggest that  the cytotoxic 
action of fibrogenic silica might primarily be due to an 
influence on the cytochrome oxidase system of the cells 2s. 
This should agree with the present suggestions and with 
those put  forward years ago by JA~a~s and MARKS 2'q in 
in vitro experiments 3o. 

Riassunto. Viene studiata la possibilit~ che precoci 
modificazioni della permeabilit~ cellulare si producano 
nei fagoeiti t ra t ta t i  sperimentalmente con polveri silicee. 
A tale scope vengono compiute determinazioni dell'ef- 
fiusso di S~Rb+ da cellule macrofagiche peritoneali t ra t -  
tare in vitro con forme diverse di questo minerale. I 
risultati appaiono contrari a tale ipotesi. Essi vengono 
discussi con particolare riferimento al l 'aumentato efflusso 
enzimatico che si riscontra in tall condizioni. 
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t iber die H e m m u n g  des Gerinnunflsfermentes Thrombin  durch Benzamidinderivate  

Im Rahmen yon Untersuchungen fiber Struktur-  
~Virkungs-Beziehungen synthctischer Proteasenhemm- 
stoffe x,2 fanden wit, dass einige Benzylamino-, Phenyl- 
guanidin- u nd Benzamidin-Derivate die AktivitAt des 
Gerinnungsfermentes Thrombin zu hemmen verm6gen. 
Die Hemmwirkung der Verbindungen wurde durch Mes- 
sung der hydrolytischen Spaltung yon Benzoyl-D,L- 
arginin-4-nitroanilid (BANI) durch Thrombin (gereinigtes 
Rinder-Thrombin, Aktivi t~t  1000 NIH-E/mg)  bestimmt. 
~Vie aus den in der Tabelle zusammengefassten Versuchs- 
ergebnissen ersichtlich ist, erwiesen sich unter den ge- 
prfiften Verbindungen insbesondere die ]3enzamidin- 
derivate als starke kompeti t ive Thrombininhibitoren, 
unter denen die 4-Amidinophenylbrenztraubens/iure, 
welche bereits von GERATZ ~ als Trypsininhibitor gekenn- 
zeichnet wurde, die stArkste Hemmwirkung zeigte. 

Die Aktivi t~t  des Thrombins (50 N I H - E  Rinder- 
Thrombin/ml) wurde durch spektrophotometrische Mes- 
sung der BANI-Spal tung (bei 405 rim) in 0,1M Tris- 
HC1-Puffer pH 8,4 bei 25 °C nach 30 rain langer Inkubation 
bestimmt. Die Inhibitorkonstanten wurden nach der 
Methode yon DIXON * ermittelt .  

In weiteren Versuchen wurde der Einfluss dieser Ver- 
bindung auf die ]31utgerinnungsvorg~nge geprfift. Dabei 
zeigte sich, dass auch die "Wirkung des Thrombins auf 
das natiirliche Substrat Fibrinogen bereits in 10-5M 
4-Amidinophenylbrenztraubens~ure-L6sung gehemmt  
wird (Figur). Obereinstimmend damit  wurde die Gerin- 
nungszeit yon Humanblut  wie auch die Rekalzifizierungs- 
zeit yon Humanzi t ra tplasma dutch Zusatz yon 0,1 
~ ' I o l  Hemmstoff /ml auf das Doppelte vertgngert. Die 
antikoagulierende V¢irkung yon 4-Amidinophenylbrenz- 
traubens/ture iibertrifft die Hemmwirkung des syntheti-  
schen Thrombinsubstrates TAME auf die dureh Thrombin 
ausgel6ste Fibrinogengerinnung sowie die Wirkung des 
durch Modifikation des synthetischen Substrates gewon- 
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