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In allen Versuchen fiber Abbau der Angiotensine 
wurden die Amide (H und D) am raschesten inaktiviert.  
An zweiter Stelle beziiglich Empfindlichkeit  gegen ab- 
bauende Fermente stand a-L-Aspl-Angiotensin II  (A). 
Von Rattenserum wurden die beiden Verbindungen B 
und C langsamer als die a-Verbindungen, untereinander 
jedoch mit  ungef/ihr gleicher Geschwindigkeit zerst6rt. 
In Humanplasma fanden sich die gleichen Differenzen 
zwischen e- und fl-Verbindungen. Im Rattennierenextrakt  
war ein deutlicher Unterschied hinsichtlich Inaktivierung 
nur zwischen Angiotensin-Amid (H) und den freien S~iu- 
ten nachweisbar, nicht hingegen zwischen ~- (A) und 
/~-L-Aspl-Angiotensin II  (B) oder der entsprechenden 
D,L-Verbindung (C) (siehe Figur 2 und 3 sowie Tabelle). 

Eine unterschiedliche Bindung an Eiweiss beim Koagu- 
lieren w~ihrend des Kochens wurde ausgeschlossen. Un- 
mittelbar vor Beendigung der Inkubation entnommene 
Proben wiesen die gleiche pressorische Aktiviti i t  auf wie 
das l)berstehende nach der Ausfiillung. ¥er~inderungen 
der Inkubationstemperatur  bei konstantem pH und kon- 
stanter Bebriitungszeit ergaben im Rattenserum die glei- 
chen Unterschiede in der Abbaugeschwindigkeit zwischen 
den einzelnen Angiotensinen wie bei Variationen der In- 
kubationszeit. Bei VerXnderungen des pH land sich im 
Rattenserum der stiirkste Abbau bei pH 7,4 mit einer 
grossen Differenz zwischen e- und fl-Angiotensinen. Unter  
pH 5 verlief die Zerst6rung viel langsamer und der Unter- 

(~Angiotensinase,~-Empfindlichkeit in Humanfrischplasma (Heparin- 
zusatz). Angaben wie in Figur 2 und 3 

Prtiparat ~2 mill 4 rain 10 mill 30 rain 120 rain 

H 5O% 4t% la% - - 
A . . . . . .  42% 23% U% 
B . . . . . .  63% 5i% as% 
C . . . . . .  81% 78% 57% 

schied zwischen den Substanzen verschwand. Nachweis 
des Abbaus in Rattenserum mittels Chromatographic 6 
ergab fiir alle Angiotensine einen gemeinsamen Abbauweg 
mit Freisetzung yon Aminosiiuren. Bei den beiden e- 
Angiotensinen (A und H) fand sich zus~itzlich eine Zer- 
st6rung des Motektils vom Aminoende her, die bei den 
/~-Verbindungen (B und C) fehlte. N/there Angaben hierzu 
bleiben einer ausfiihrlichen Arbeit vorbehalten. 

Zusammenfassend ergibt sich somit, dass zwischen In- 
tensit~tt und Dauer der pressorischen Wirkung einerseits 
und der Zerstbrung der Angiotensine im Plasma anderer- 
seits ein deutlicher Zusammenhang besteht:  Die fl-Asp i- 
Angiotensine sind am Blutdruck doppelt so wirksam wie 
die a-Aspl-Angiotensin-II-Verbindungen und sind bei In- 
kubation in Rattenserum oder Humanplasma gegen ab- 
bauende Fermente (<~Angiotensinase,~) resistenter. Daraus 
kann gesehlossen werden, dass eine Aminopeptidase 
wesentlich am Abbau von Angiotensin I I  im Plasma be- 
teiligt ist. Bei Inkubation in Rat tennierenextrakt  besteht 
hingegen beziiglich Abbaugeschwindigkeit vorwiegend 
eine Differenz zwischen dem Amid a-Aspl(NHe)-Angio - 
tensin I I  (H) und den untereinander ungefiihr gleichen 
restlichen Substanzen, die langsamer inaktiviert  werden. 

Summary. fl-Asp'-Angiotensin I I had a more pronounced 
action on the blood pressure of nephrectomized rats than 
the corresponding a-compound, fl-Aspl-Angiotensins were 
more slowly destroyed by rat  serum, rat  kidney homo- 
genate, and human plasma than a-compounds, especially 
a-Aspl-Angiotensin II  amide. 

H. BRUNNER und D. REGOLI 

Forschungslaboratorien der C I BA A ktiengesellscha/t, Phar- 
mazeutische Abteilung, Basel (Schweiz), 6. August 1962. 

Herrn Dr. B. RINIKER danken wir fiir die chroinatographischen 
Untersuchungen. 

S t u d i e s  o n  t h e  H i s t o p a t h o l o g i c a l  C h a n g e s  I n d u c e d  
b y  D D T  in  t h e  L i v e r ,  K i d n e y ,  a n d  I n t e s t i n e  o f  

c e r t a i n  F i s h e s  

CAMERON and CHENG I stated tha t  at present nothing 
is known about the action of DDT beyond the fact that  
it interferes in some way with the normal function of the 
nervous system. The study of histopathological changes 
in the tissues of fishes exposed to DDT is of great economic 
importance. Hence the author proposes to study the 
changes caused by DDT in the liver, kidney and intestine 
of fishes. The microscopic changes occur predominately 
in the liver of fishes, and consequently these have been 
described in greater detail. 

Technique. The tissues were fixed in 10% formaline, 
Zenker-Helly, Bouin's fluid and Carnoy fixatives. The 
sections were cut at 6-8 /, and stained with Mallory 
triple, haematoxylin and eosin stains. No histopatho- 
logical changes in the tissues similar to those of experi- 
mental fishes were noted in the fishes of the controUed 
experiments. 

Observations. The pathological changes caused by DDT 
on different fishes and tissues are described below. 

1. The liver. The histopathological changes in the liver 
include damage of liver cells, vacuolar degeneration of the 
cytoplasm of the cells, loealised necrosis'and parenchyma- 
tous degeneration of cells and hypertrophy of hepatic 
cells. 
(a) Ophiocephalus punctatus. The hypertrophy of hepatic 
cells, necrosis and margination of cells were observed 
from DDT infected liver {Figure 2). The liver damage was 
indicated by a scattered distribution of parenchymatous 
cells. The principal lesion was the vacuolar degeneration 
of the cytoplasm of the cells. The hepatic cells were 
moderately vacuolated, the vacuoles being either small 
or large, and in certain ceils these may be single or 
multiples. The central hepatic cells stained less deeply 
than the peripheral ones. The centralobular hypertrophy 
was well marked. In severely affected liver, the centre of 
the cells appeared empty. The cells of the periphery were 
more dense. There was slight displacement of the nucleus 
from its original central position. The lesion occurred 
more often in the central area than the peripheral area. 

1 G. R. CAMERON and K. K. CHENG, Brit. reed. J. 2, 819 (1951). 
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The combina t i on  of h y p e r t r o p h y  and  marg ina t ion  is 
typica l  of ch lor ina ted  h y d r o c a r b o n  poisoning.  No such 
changes  were observed  a t  very  low dosage (5 p.p.m.) ,  in 
such cases the  only  a l te ra t ion  being a p a r e n c h y m a t o u s  
degenera t ion  of the  liver cells. The  degree  of these  
a l t e ra t ions  var ied wi th  dosages.  At  h igher  (h)sage (50 
p .p .m.)  the  hepa t i c  cells a l t e ra t ions  were more  marked ,  
bu t  a t  lower dosage these  h i s topa tho log ica l  changes  
were a t  the i r  m i n i mu m.  
(b) Heteropneusles [ossilis. t t i s topa tho log ica l  changes  
var ied wi th  the  concentra t i t )n  of dosage.  The af fec ted  
liver cells were sca t t e red  when the  changes  were more  
severe (Figure 3). A few hepat ic  cells in the  cen t ra l  area 
had  s l ight ly  a t rophied .  Changes  in p a r e n c h y m a t o u s  cells 
cons is ted  of marg ina t ion  and  h y p e r t r o p h y .  Localised 
necrosis of the  liver cells was also not iced.  The lesion 
occurred more  of ten in the  cent ra l  t h a n  in per iphera l  
area. The main  lesion was the  degenera t ion  (if liver cells. 
The cen t ra l  hepa t ic  cells s ta ined  less deeply  t h a n  the  
per iphera l  ones. The c lumping  of the  hepa t ic  cells was 
also not iced  at  a few places. There  was sl ight  displace-  
m e n t  of the  nucleus from its original  cent ra l  place. The 
per iphera l  cells showed cons iderable  var ia t ions  in size, a 
large n u m b e r  of t h e m  hav ing  become shrunken .  The 
hepat ic  cells were not  modera t e ly  vacuola ted .  At  h igher  
d(isages (60 p.p.m.)  marg ina t ion  was charac te r i s t i c  and  
the  a l te ra t ion  of hepa t ic  cells was more  marked .  Such a 
change  did not  occur a t  very  low dosage (10 p .p .m.) ,  the  
only changes  being the  degenera t ion  of the  p a r e n c h y m a -  
tous  cells. 

Fig. 1. Photomicrograph of T.S. of normal fish liver, cells showing 
the usual pattern of cells size and cytoplasmic granules {control slide 

× 130). 

Fig. 2. Photomicrograph of T.S. of infected liver from I)I)T of 
Ophiocephalus punctatus showing liver cells with moderate degree of 

margination and hypertrophy ( \ 60o). 

Fig. 3. l)hotomicrograph of "I',S. of infected liver front I)I)T of 
Hetcropneustes/ossilis showing scattered distribution of parenehyma- 

t,)SC cells ( >, 600), 
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Fig. 6. Photomicrograph of T.S. of infected intestine from DDT of 
Ophiocephatus punctalus showing degeneration of epithelium lining 

( x 100). 

Fig. 4, Photomicrograph of T. S. of infected liver from DDT of Tricho- 
gaster /asciatus showing vaeuolated liver cells and hypertrophy of 

cells ( × 6(~0), 

Fig. 7, Photomicrograph of T,S, of infected kidney from DDT of 
Ophiocephalus punctatus showing degeneration of renal tubules 

Fig. 5. Photomicrograph of T.S. of infected liver from I)DT of 
Barbusstigma showing necrosis and hypertrophy ( :," 13o). 

(c) Trichogaster /asciatus. A m o d e r a t e  d e g e n e r a t i o n  in 
p a r e n c h y m a t o u s  cel ls  w a s  n o t i c e d .  T h e  l i ve r  d a m a g e  w a s  
i n d i c a t e d  b y  t h e  s c a t t e r e d  d i s t r i b u t i o n  of  p a r e n c h y m a t o u s  
cel ls  al l  o v e r  t h e  o r g a n .  T h e  m a i n  l e s ion  w a s  t h e  v a c u o l a r  
d e g e n e r a t i o n  in  t h e  c y t o p l a s m  of  cel ls ,  I n  s e v e r e l y  
a f f e c t e d  l iver ,  t h e  c e n t r e  o f  t h e  cel ls  a p p e a r e d  e m p t y .  T h e  
cel ls  of  t h e  p e r i p h e r y  w e r e  m o r e  d e n s e  a n d  s t a i n e d  m o r e  
d e e p l y  t h a n  t h o s e  a t  t h e  c e n t r e  of  t h e  l iver ,  T h e  d a m a g e  
o c c u r s  m o r e  o f t e n  in  t h e  c e n t r a l  a r e a  o f  t h e  o r g a n .  
L o c a l i s e d  n e c r o s i s  a n d  h y p e r t r o p h y  of  cei ls  we re  p e r c e p -  
t ib le ,  T h e  cel ls  w e r e  m o d e r a t e l y  v a c u o l a t e d .  T h e  c o m b i n a -  
t i o n  of  h y p e r t r o p h y  a n d  v a c u o l a t i o n  w a s  wel l  m a r k e d ,  
A t  z~ few p l a c e s  t h e  cel ls  a p p e a r  t o  f o r m  c o m p a c t  a g g r e -  
g a t i o n s .  T h e  p o l y g o n a l  s h a p e  of  cel ls  w a s  d e f o r m e d  
( F i g u r e  4). T h e  h i s t o p a t h o l o g i c a l  c h a n g e s  a r e  m o r e  
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p r o n o u n c e d  in f ishes which  are sub jec t  to  h ighe r  dosage 
of D D T  (30 p.p .m.) .  Such  changes  did no t  occur  a t  ve ry  
low dosages  (3 p .p .m.) .  
(d) Barbus stigma. The  infec ted  hepa t i c  cells were 
s c a t t e r e d  in d i s t r i bu t i on .  Necrosis  of l iver  cells, pa ren-  
c h y m a t o u s  d e g e n e r a t i o n  a n d  h y p e r t r o p h y  of hepa t i c  
cells were well marked .  T he  v a c u o l a t i o n  was no t  so m u c h  
m a r k e d  as in t he  case of the  o t h e r  fishes. The  wtcuo la r  
d e g e n e r a t i o n  of c y t o p l a s m  of l iver  cells was also less 
ma rked .  T h e  celts of t he  p e r i p h e r y  were more  dense.  The  
lesins were more  m a r k e d  in t he  cen t r a l  t h a n  in pe r iphe ra l  
a r ea  (30 p .p .m.) .  A t  places  t he  cells h a d  d i s a p p e a r e d  
c o m p l e t e l y  c r ea t i ng  v a c u i t y  in t he  o rgan  (Figure  5). 

2. The intestine. T h e  c o m m o n  pa tho log i ca l  f ind ing  was 
t h e  d e g e n e r a t i o n  of t h e  l in ing  of t h e  ep i the l ium.  Here  a n d  
t h e r e  t h e  m u c o u s  m e m b r a n e  shows r u p t u r e s ,  t n  t he  
c i rcu la r  a n d  l o n g i t u d i n a l  muscles ,  a few vacuoles  could 
be  de tec ted .  In  Ophiocephalus punctatus (Figure  6) and  
Heteropneustes/ossilis t he re  was a g r ea t e r  d e g e n e r a t i o n  of 
t he  l in ing of e p i t h e l i u m  t h a n  t he  m a r k e d  d a m a g e  of t he  
m u c o s a  layer.  I n  m u c o s a  and  s u b m u c o s a  layers  the  
v a c u o l a t i o n  was more  m a r k e d  t h a n  t h a t  of t he  epi- 
t he l ium.  A few villi  a long  w i t h  the  m u c o s a  d i s appea red  
a l toge ther .  Here  and  the re  the  gob le t  cells also d i s a p p e a r  

comple t e ly  f rom the  villi. The  h i s topa tho log ica l  changes  
were more  m a r k e d  in Opkiocephal.us punclatus a n d  
Heleropneusles /ossilis t h a n  in Barbus stigma and  Tri- 
ckogasler [asciatus. 

3. The kidney. A m o d e r a t e  d e g e n e r a t i o n  of the  epi- 
t he l i um a n d  the  loss of p a r e n c h y m a t o u s  cells of the  r ena l  
t ubu l e s  was not iced.  The  microscopic  changes  were less 
p r o n o u n c e d  in the  k idney  t h a n  those  in t he  liver, t he  
k idney  be ing  af fec ted  to a lesser e x t e n t .  These  c h a n g e s  
were more  p r o n o u n c e d  in the  k idney  of Opkiocephalus 
punctatns (Figure  7) as c o m p a r e d  w i th  Barbus stigma, 
Heleropneustes /ossilis and  Trickogaster /asciatus. 

Zusamme,t/assung. F.s wurde  tier F.influss von  I)IYF au f  
ve r sch i edene  Organe  w m  Fischen  u n t e r s u c h t .  Bet n i ede ren  
1)osen (3 p.p.m.)  w u r d e n  zellul/ire I . / is ionen u n d  Leber -  
h y p e r t r o p h i c  b e o b a c h t e t  und  bet e ine r  l )osis  w m  50 
p .p .m,  t r a t  Nekrose  ein. S y m p t o m e  w m  At roph ie  in de r  
Niere w u r d e n  b e o b a c h t e t ,  ebenso  wurde  die l ) a r m -  
s c h l e i m h a u t  beeinf luss t .  

l).  S. I~IATHUR 

Zoology Department, Hirla College, Pilani ( hzdia), 
31arch 16, 1962. 

T h e  M i c h a e l i s  C o n s t a n t s  o f  C a t h e p t i c  A c t i v i t y  in  
X e n o p u s  T a i l  T i s s u e  a f t e r  in vivo T r e a t m e n t  w i t h  

T w o  L e u c i n e  A n a l o g u e s  ~ 

T h e  two  s t r u c t u r a l  ana logues  of leucine,  y -b romoat ly l -  
g lycine  ~ (BAG) a n d  4 - a m i n o - 6 - m e t h y l h e p t a n o n e -  33 
( a m i n o k e t o n e  E 9), h a v e  r e c e n t l y  been  s h o w n  to  h a v e  
s imi la r  i n h i b i t o r y  effects  on  t h e  d e v e l o p m e n t  of t he  ex- 
p l a n t e d  ch ick  e m b r y o  4. 

C H ~ =  C H - C H ~ - C H - C - O H  C H a - C H - C H 2 - C H - C - C 2 H  s 

I I , I I II 
B r  N H = O  C H  a N H 2 0  

B A G  I,; 9 

In  e m b r y o s  t r e a t e d  w i th  e i t he r  subs tance ,  the  in- 
h i b i t e d  o rgan  p r i m o r d i a  showed  a cons iderab le  increase  in 
specific c a t h e p t i c  ac t iv i ty .  E 9 has  been  shown  to i nh ib i t  
t a i l  r e g e n e r a t i o n  in X e n o p u s  l a rvae  w i th  a c o n c u r r e n t  
increase  in a c t i v i t y  of c a t h e p s i n s  5, 6 and  acid p h o s p h a t a s e  7. 
An  increase  in p ro teo ly t i c  a c t i v i t y  was also obse rved  in 
ta i l  t i ssue  of u n a m p u t a t e d  l a rvae  k e p t  in the  soh i t ion  of 
t he  ana logue ,  b u t  no t  a f t e r  d i r ec t  i n c u b a t i o n  of ta i l  t i ssue 
on case in  in t he  p resence  of E 9 s. I t  a p p e a r e d  the re fore  
t h a t  we were dea l ing  w i t h  an  effect  caused  b y  a ' m e t a b o -  
lic '  a c t i on  of the  ana logue  on  the  e n z y m e - f o r m i n g  s y s t e m  
or  some p a t h w a y  i n v o l v i n g  r egu la t i on  of e n z y m e  ac t ion ,  
a n d  n o t  b y  a d i r ec t  ac t ion  of t he  ana logue  on  the  k ine t ic  
p rope r t i e s  of t h e  e n z y m e  itself. I n  o rde r  to e luc ida te  th i s  
p o i n t  fu r ther ,  t h e  effect  of in rive t r e a t m e n t  w i t h  E 9 a n d  
B A G  on  t h e  a f f in i ty  of t h e  c a t h e p s i n s  for  the  casein sub-  
s t r a t e  (as m e a s u r e d  b y  t he  Michae l i s -Men ten  c o n s t a n t )  
was  d e t e r m i n e d .  I f  ou r  idea  was correct ,  no  effect  of 
in rive t r e a t m e n t  w i t h  E 9 on  t h i s  c o n s t a n t  was  to  be  
expec ted .  

Experimental. L a r v a e  of Xenop.us laevis, 30 34 m m  long, 
f rom the  same  b a t c h  of eggs, were k e p t  in so lu t ions  of t he  
ana logues  a n d  in dis t i l led  water .  Fo r  each  e x p e r i m e n t ,  
15 l a r v a e  of i den t i ca l  size were selected,  a n d  5 each  p u t  
in to  200 ml  w a t e r  or ana logue  solut ion.  The  c o n c e n t r a t i o n s  
of ana logue  used are  g iven  in t he  Tab le  I. Af te r  5 day's, 

d u r i n g  which  the  l a rvae  were no t  fed, the  en t i r e  ta i ls  were 
a m p u t a t e d ,  dr ied br ief ly  on f i l ter  paper ,  pooled a n d  
weighed.  T h e y  were t h e n  homogen ized  w i th  e n o u g h  
0.25sl t  sncrose  ( con ta in ing  0.001,1l E I ) T A )  to give 10°o 
bomogena t e s .  H o m o g e n i z a t i o n  was ca r r ied  ou t  in a Tef lon  
h o m o g e n i z e r  cooled in ice. g.S gl a l i quo t s  were i n c u b a t e d  
on  60 btl casein solut ion,  m a d e  up  in 34q~ u rea  w i t h  
M c l l v a i n e  buf fe r  a t  p H  5.0. The  f inal  case in  c o n c e n t r a t i o n s  
in the  i n c u b a t i o n  m i x t u r e  were 0°o, 0 .24° i ,  0.4S°{, 0.72°0, 
and  0.96o0 , Af ter  21/2 h a t  38°C, t he  r eac t ion  was t e rmi -  
n a t e d  by" the  add i t i (m of tO0 ixl 1 o'~,. t r i ch lo roace t i c  acid, 
and  the  t ubes  kep t  ove r  n igh t  in ice. Af te r  cen t r i fuga t ion ,  
100 pd of the  s u p e r n a t a n t  were t a k e n  a n d  the  Fol in-  
Ciocal teu r eac t ion  ca r r ied  ou t  {reading a t  760 mg).  The  
resu l t s  were ph ) t t ed  acco rd ing  to the  modi f ied  e q u a t i o n  of 
I . I N I ' ; W E A V E I /  a n d  I g U R K  ( s e e  I ) [ X O N  a n d  \ V E B B ~ ) :  

s I ]Cm s --  s u b s t r a t e  collell. 
~' I" 1" *' = r e a c t i o n  r a t e  a t  s 

1" = n l a x i m a l  r e a e t i o n  r a t e  
K m  -- Miehae l i s  c o n s t a n t  

were s/v is p lo t t ed  aga ins t  s. The  i n t e r c e p t  of the  s t r a i g h t -  
line plot  wi th  the  abscissa  gives Kin. The  regress ion 

1 Wi th  the aid t)f ;l l i ra} i t  frt)in the Schwcizcr lsehcr Nath)nal fonds zur 
]:{$rd('ruilg d('r wi-~senschaftliehcn l:(>r~chllng. Au thor ' s  present 
address: l n~ t i tu t  fur  exl )cr in ientel le ( ;eroi i to logic,  Nol lnei iweg 7> 
Basel (Swi tzer land) .  

2 1t. t h.:RRMA.',;N, .]. e x p .  Zool .  12S, 359 (1955).  
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