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Converting Enzyme Content of Different Tissues 

The  m a j o r  role p l ayed  b y  t he  lungs  as a s i te  of conver -  
s ion of c i rcu la t ing  ang io t ens in  I to  ang i o t ens i n  I I  ha s  been  
d e m o n s t r a t e d  b y  VANE et  al.1,2 a n d  conf i rmed  b y  o the r s  8,4. 
The  fac t  t h a t  such  organs  as l iver  and ,  k i d n e y  seem to 
p l a y  a negl igible  p a r t  as sources  of t he  c o n v e r t i n g  enzyme,  
raises t h e  ques t ion  w h e t h e r  th i s  e n z y m e  is specif ical ly 
p r o d u c e d  b y  t h e  lungs.  Th i s  led us to  i nves t i ga t e  t he  con- 
v e r t i n g  e n z y m e  c o n t e n t  of d i f fe ren t  t i ssues  of t he  ra t .  W e  
used a chemica l  a s say  5, in  wh ich  t he  convers ion  of t he  
s y n t h e t i c  subs t r a t e ,  Z -pheny la l any l -h i s t i dy l - l euc ine  6 to  
Z - p h e n y l a l a n i n e  a n d  h is t idyl leuc ine ,  is used as a n  i ndex  
of e n z y m e  ac t iv i ty .  This  convers ion  ha s  been  s h o w n  to  be 
s i m i l a r  to  t h a t  oi ang io t ens in  I to  ang io t ens in  I I  6. 

Male r a t s  we igh ing  f rom 180-200 g were a n a e s t h e t i z e d  
w i t h  e the r  a n d  decap i t a t ed .  The  o rgans  to  be  ana lyzed  
were r e m o v e d  a n d  hom ogen i zed  in a glass P o t t e r  h o m o -  

Concentration of the converting enzyme in different tissues of the rat 

Tissue Protei~ Converting enzyme (mU/mg 
(mg[ml) proton} 

Individual samples Average 

Lung 7.9 ~ 30 37.2 
6.5 ~ 49 
6.3 ~ 60 

17.6 24 
14.6 23 
25.3 ~ 0.23 0.23 
22.1 a 0.23 
18.0 ~ 0.40 0.63 
17,6 ~ 0.80 
22.0 0.70 
24.6 0.10 0.15 
20.3 0.20 
24.2 1.10 1.47 
23.8 1.60 
21.6 1.70 
13.9 4.30 4.67 

9.9 5.50 
14.1 4.20 
12.9 2.66 2.18 
15.8 1.70 
22.9 1.10 0.71 
16.9 0.63 
22.7 0.40 
54.3 0.74 1.03 
57.4 0.90 
54.3 0.82 
50.2 1.08 
64.7 0.72 
57,4 0.95 
60.5 1.22 
57.4 1.78 
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genizer  (1 p a r t  b y  we igh t  w i t h  8 p a r t s  b y  vo lume  of 
0 . 2 5 M  sucrose).  I n t e s t i n e  was homogen ized  w i t h  a b l ade  
homogenize .  The  h o m o g e n a t e s  were  f rozen a n d  t h a w e d  6 
t imes .  I n  a n u m b e r  of expe r imen t s ,  t he  b lood  c o n t a i n e d  
in o rgans  was  r e m o v e d  p r io r  to  h o m o g e n i z a t i o n  b y  
per fus ion  w i t h  a R inge r  so lu t ion  c o n t a i n i n g  1% hepar in .  
Otherwise ,  t h e  o rgans  were  t h o r o u g h l y  w a s h e d  w i t h  th i s  
solut ion.  The  h e a r t  a n d  i n t e s t i ne  were opened  w i t h  scissors 
before washing .  

T6 assay  t he  enzyme,  20 al  of h o m o g e n a t e  s u p e r n a t a n t  
were i n c u b a t e d  15 or 30 ra in  a t  37~ w i t h  3 ml  of 0.05M 
p h o s p h a t e - b o r a t e  buffer  (pH 8.0, c o n t a i n i n g  1% NaC1) 
a n d  50it1 of s u b s t r a t e  so lu t ion  (2 m g / m l  in me thano l ) .  The  

r e a c t i o n  was s topped  b y  add i t i on  of 0.4 ml  of 2 N  N a O H ,  
a n d  h i s t idy l l euc ine  was assayed  i luo r ime t r i ca l ly  5. The  
p r o t e i n  c o n c e n t r a t i o n  of t he  samples  was a s sayed  w i th  
t he  b iu re t  react ion.  

The  resu l t s  (Table) show t h a t  t h e  l ung  con t a in s  far  
more  c o n v e r t i n g  e n z y m e  t h a n  a n y  o the r  t i ssue  inves t i -  
ga ted :  i ts  c o n t e n t  exceeds t h a t  of l iver  b y  more  t h a n  100 
t imes,  and  t h a t  of smal l  in tes t ine ,  wh ich  ha s  t h e  h ighes t  
c o n t e n t  a f t e r  lung,  b y  a b o u t  8 t i m e s  These  f ind ings  are  
in  good a g r e e m e n t  w i t h  t h e  work  of VANZ et  al. ~,2 who  
r epo r t ed  t h a t  ang io t ens in  I is c o n v e r t e d  to  ang io t ens in  I f  
in  t h e  vascu la r  bed  of t he  lung.  Few  examples  of lung-  
specific enzymes  are  k n o w n  so far, a n d  i t  would  be  
i n t e r e s t i ng  to  k n o w  w h e t h e r  p u l m o n a r y  diseases occur  in  
which  t he  c o n v e r t i n g  e n z y m e  level  of b lood is modi f ied  7. 

Rdsums On a dos6 Yenzyme de conve r s ion  darts 
d i f f6rents  t i ssus  du  r a t  au  m o y e n  d ' u n e  m 6 t h o d e  ch imique  
m e s u r a n t  la l ib6 ra t ion  d 'h i s t idy l - l euc ine  ~ p a r t i r  du 
s u b s t r a t  s y n t h 6 t i q u e  Z-phe-his- leu.  Le p o u m o n  c o n t i e n t  
an  moins  8 fois plus  d ' e n z y m e  que  t o u s l e s  au t r e s  t i ssus  
6tudi6s. I1 en  c o n t i e n t  n o t a m m e n t  p lus  de 100 lois  p lus  
que  le foie. 
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One Electron Transfer Properties and Phytotoxicity of a Diquaternary Salt from 2,2':6' ,2"-Terpyridine 

The  b i p y r i d y l i u m  salts,  d i q u a t  a n d  p a r a q u a t ,  are 
e s t ab l i shed  herb ic ides  1 b u t  t he  m o d e  of t h e i r  b iological  
ac t ion  is n o t  ye t  comple t e ly  c lear  2, a l t h o u g h  m u c h  
ev idence  has  been o b t a i n e d  ~ to  s u p p o r t  t he  v iew 4, 5 t h a t  
i t  is assoc ia ted  w i t h  t h e i r  ab i l i ty  to  be r educed  a t  a 
p o t e n t i a l  (Eo) of a b o u t  -- 0.40 vol t s  to  free rad ica l  ca t ions  
b y  a one-e lec t ron  t r a n s f e r  wh ich  i s  comple t e ly  reversed  
b y  air .  A few repor ts ,  however ,  ind ica te3  t h a t  t h e  size of 
t he  molecule  is i m p o r t a n t  in d e t e r m i n i n g  w h e t h e r  a 

c o m p o u n d  possesses he rb ic ida l  proper t ies .  I n  par t i cu la r ,  
c e r t a in  d i q u a t e r n a r y  sa l ts  of 4 ,4 ' -b ipy r idy l s  s u b s t i t u t e d  
w i t h  2 a r o m a t i c  r ings  are  i nac t i ve  6, a l t h o u g h  t h e y  m e e t  
t he  r e q u i r e m e n t s  t h o u g h t  to  be  necessa ry  for  ac t iv i ty .  I n  
v iew of th i s  repor t ,  we h a v e  i n v e s t i g a t e d  a d i q u a t e r n a r y  
sa l t  of 2, 2 ' : 6 ' ,  2" - t e rpyr id ine  wh ich  can  be  cons idered  to  
be  a b ipyxidyl  s u b s t i t u t e d  w i t h  one a r o m a t i c  r ing.  

2, 2 ' :  6', 2" -Terpyr id ine  r eac ted  w i t h  boi l ing  e thy lene  
d i b r o m i d e  to give 6, 7-dihydro-4-(2-pyridyl)-dipyrido[1,2- 
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a : 2 ' , l ' - c ] p y r a z i n i u m  d ib romide  (I/, wh ich  crys ta l l ized  
f rom aqueous  e thano l  as ye l low-green needles  of t he  
m o n o h y d r a t e ,  m p  290 ~ (dec.) ( Found :  C, 46.4; H, 3.7; N, 
9.4; C17H15Br~Na.H20 requi res  C, 46.5; H, 3.9; N, 9.6%).  
The  N M R - s p e c t r u m  in D20  cons is ted  of a s ingle t  a t  
d = 5.3 a n d  a comp l ex  m u l t i p l e t  in  t h e  r a n g e  d = 7 .7-  
9.3 p p m  w i t h  a n  a rea  r a t io  of 4 :11.  T h e  U V - s p e c t r u m  
showed m a x i m a  a t  A 275 (log e 3.80) a n d  326 n m  (4.32). 

A n  aqueous  so lu t ion  of (I) on  t r e a t m e n t  w i t h  zinc dus t  
deve loped  i m m e d i a t e l y  a n  in tense  green  co lora t ion  due  
to  t he  co r re spond ing  rad ica l  ca t ion  (II).  T he  presence  of a 
h igh  c o n c e n t r a t i o n  of a s t ab le  rad ica l  was  conf i rmed  b y  
t he  fac t  t h a t  t h e  in t ense ly  coloured so lu t ion  gave  essen- 
t i a l ly  no N M R - s p e c t r u m .  W h e n  t h e  r educ ing  a g e n t  was  
r e m o v e d  a n d  t h e  so lu t ion  was  s h a k e n  in  a i r  t h e  deep  
colour  d ischarged.  Th e  N M R - s p e c t r u m  o b t a i n e d  t h e n  was 
iden t ica l  w i t h  t h a t  of t he  or ig ina l  sa l t  ind ica t ing ,  l ike 
d i q u a t  and  p a r a q u a t ,  t h a t  t h e  one e lec t ron  t r a n s f e r  is 
essent ia l ly  comple te ly  revers ible .  On po la rog raph ic  
e x a m i n a t i o n  in t he  p H  r a n g e  1.5 to  8.2, (I) gave  a t yp i ca l  
s y m m e t r i c a l  one-e lec t ron  r educ t i on  wave  M t h  a half -  
wave  p o t e n t i a l  (Eo) of - - 0 3 2  vo l t s  i n d e p e n d e n t  of p H .  
A second r educ t i on  wave  wh ich  a p p r o x i m a t e d  to t he  
u p t a k e  of one  e lec t ron  a t  a p o t e n t i a l  of --0.72 vo l t s  was  
also p r e s e n t  a b o v e  a b o u t  p H  6. A t  lower  p H  t h e  second 
wave  was less c lear ly  def ined a n d  t he  ha l f -wave  p o t e n t i a l  
was  p H  d e p e n d e n t .  This  b e h a v i o u r  is r em i n i s cen t  of t h a t  
n o t e d  r ecen t ly  ~, 8 w i t h  a n u m b e r  of s imi lar  d i q u a t e r n a r y  
sa l ts  a n d  is p r e s u m a b l y  assoc ia ted  w i t h  p r o t o n a t i o n  of 
t h e  rad ica l  ca t ion  a t  low pH.  

I n  p o s t - e m e r g e n t  he rb ic ida l  t e s t s  a in  t h e  greenhouse ,  
t he  sa l t  (I) gave  a comple te  ki l l  of 6 p l a n t  species w h e n  
appl ied  a t  a r a t e  e q u i v a l e n t  to  7 lb/acre.  I n  t e s t s  a t  lower 

app l i ca t i on  ra t e s  on  mixed  grass f lora  i t  was  found  to be  
a b o u t  one - s ix th  as ac t ive  as d iqua t .  These  resu l t s  con f i rm  
t h a t  c o m p a c t n e s s  of t h e  molecule  is necessary  for ou t -  
s t a n d i n g  p h y t o t o x i c  proper t ies .  The  cons iderab le  he rb i -  
c idal  a c t i v i t y  o b t a i n e d  f rom (I), however ,  suggests  t h a t  
d i f f icu l ty  in  r each ing  t h e  s i te  of biological  ac t ion  of t h e  
b i p y r i d y l i u m  herb ic ides  is respons ib le  for  i ts  r educed  
ac t i v i t y  r a t h e r  t h a n  a n  inab i l i t y  to  p a r t i c i p a t e  in t he  toxic  
m e c h a n i s m ,  a l t h o u g h  t h e  h ighe r  r e d u c t i o n  p o t e n t i a l  of 
(I) wh ich  m a y  n o t  be  low enough  to  exe r t  t h e  ful les t  
effect  on  t he  b iochemica l  e lec t ron  t r ans f e r  processes w i t h  
which  t h e  b i p y r i d y l i u m  herb ic ides  are  t h o u g h t  to  
in te r fe re  m a y  be  a c o n t r i b u t i n g  fac tor .  The  sa l t  (I) w i t h  
i ts  r edox  p o t e n t i a l  of - -0 .32  vo l t s  p rov ides  a useful  ex- 
t ens ion  to  t h e  r a n g e  of comple t e ly  revers ib le  r edox  
ind ica to r s  of t he  v io logen  t y p e  wh ich  h a v e  h i t h e r t o  been  
conf ined  ~ to  p o t e n t i a l s  be low - 0.35 vol ts .  KOK, RURAIN- 
SKI and  OWENS 9 h a v e  also r ecen t ly  r epo r t ed  a sa l t  w i t h  a 
r edox  p o t e n t i a l  of -- 0.32 volts .  

Zusammenfassung. 2, 2 ' :  6', 2" -Terpyr id in  g ib t  m i t  Ae- 
t h y ! e n d i b r o m i d  ein diquart /~res Salz, das  d u r c h  R e d u k t i o n  
m i t  Z ink  eine R a d i k a l k a t i o n  liefert .  Es  h a n d e l t  s ich u m  
ein R e d o x - S y s t e m  u n d  das  Salz be s i t z t  he rb iz ide  Wirk -  
samkei t .  
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Rat Hepatocyte Peroxisomes: Ultrastructural Alterations Following Cessation of Chronic Dietary 
Clofibrate Administration 

The  purpose  of th i s  no te  is to  p r e s en t  our  o b s e r v a t i o n s  
of p rev ious ly  undes c r i bed  u I t r a s t r u c t u r a l  a l t e r a t i ons  in  
t he  m a t r i x  of h e p a t o c y t e  pe rox i somes  in an ima l s  s tud ied  
3 weeks fol lowing a n  in i t i a l  6-week chron ic  d i e t a r y  
Clof ibra te  (CPIB) adm i n i s t r a t i on .  

R e c e n t  s tud ies  in  our  l abora to r i e s  conce rn ing  t h e  
response  of t he  r a t  l iver  to  e t h y l - c h l o r o p h e n o x y i s o b u t y r a t e  
(Clofibrate  - CPIB)  conf i rm p rev ious  r epo r t s  of hepa to -  
mega ly  cha rac t e r i zed  u l t r a s t r u c t u r a l l y  b y  a m a r k e d  
increase  in cy top la smic  h e p a t o c y t e  pe rox i somes  (micro- 
bodies)  1-5. Our  f ind ings  were  n o t e d  a f t e r  6 a n d  12 weeks 
d i e t a r y  a d m i n i s t r a t i o n  of C P I B  (0.3% diet)  to  Sprague-  
Dawley  rats .  

I n  add i t ion ,  s tudies  were p e r f o r m e d  to def ine t he  u l t r a -  
s t r u c t u r a l  f ea tu res  of t he  h e p a t o c y t e  3 a n d  6 weeks  
fol lowing a n  in i t ia l  per iod  of 6 weeks d i e t a r y  a d m i n i s t r a -  
t i on  of CtPIB. The  resu l t s  of these  s tud ies  i nd i ca t e  revers i -  
b i l i ty  to  n o r m a l  cons ider ing  abso lu te  a n d  re la t ive  l iver  
we igh t  re la t ionships ,  l i gh t  mic roscopy  a n d  u l t r a s t r u c t u r a l  

f ea tu res  a t  b o t h  p o s t - t r e a t m e n t  s a m p l i n g  t imes .  No 
n ] t r a s t r u c t u r a l  ev idence  of adve r se  res idua l  cell d a m a g e  
was  noted.  

Abbreviated protocol o/ experiment. E i g h t  150 g Sprague-  
Dawley  (Charles River)  r a t s  were ass igned to each  group.  
B o d y  weight ,  food c o n s u m p t i o n  a n d  s y m p t o m a t o l o g y  
were recorded  weekly.  L ive r  spec imens  were col lected 
f rom each  of t he  4 m a j o r  lobes for b o t h  l igh t  mic roscopy  
(Forma l in  - H. & E.  a n d  Oil R e d  O) and  e l e c t r o n m i c r o -  
scopy (g lu ta ra ldehyde  a n d  o s m i u m  f ixa t ion  - epon  
a ra ld i t e  e m b e d m e n t ) .  4 t r e a t m e n t  r eg imens  were  per -  

1 D. L. AZARNOFF and D. R. TUCKER, Fedn. Proc. Abstracts 25 
(1966). 
R. HESS 3 W. STAUBLI and W. RRSS, Nature 208, 856 (1965). 

3 G. E. PAGET, J. Atheroselerosis Res. 3, 729 (1963). 
4 D. J. SVOBODA and D. L. AZARNOFG J. Cell Biol. 30, 442 (1966). 
5 D. J. SVOBODA, A. RAC~LA and D. AZARNOFF, Am. Ass. Path. 

Bact. Abstracts 65 (1968). 


