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Relative Phase  Difference as an Index of the Quanti ty  of the Secretory  Material  in the Neuros ecre tory  
Cell of Iphita limbata 

In  an a t t e m p t  to  devise a quan t i t a t i ve  m e t h o d  to  
e s t ima te  the  neurosecre to ry  mater ia l  in the  cell, the  re- 
f rac t ive  index  of the  cy top la sm of the  o rd inary  neurone  
and of the  neurosecre to ry  cell was s tudied  using BARER'S 1 
doub le - immers ion  method .  The bra in  of the  p l an t  bug 
Iphita limbata Stal. was processed as out l ined  in an 
earl ier  work 2. Phase  m e a s u r e m e n t s  on the  cy top l a sm of 
the  neurosecre to ry  cells of pars  in tercerebral is  and  t h a t  
of t h e  ad j acen t  o rd ina ry  neurones  were t aken  when  the  
sect ions  were im m er sed  in liquid paraf f in  which was suc- 
cessively displaced thorough ly  by  xylol and m e t h y l  sali- 
cyla te  by  the  i r r igat ion technique  3. Phase  m e a s u r e m e n t s  
of the  same cells along the  same region were t aken  when  
the  cells were immersed  in me thy l  salicylate.  An AO 
Baker  in ter ference  microscope wi th  • 40 shear ing  
sys t em and a t ungs t en  l amp wi th  green fil ter were used 
for the  p resen t  s tudy.  Measurements  were t a k e n  only  
where  there  was no overlap of the  images. Ref rac t ive  
indices of the  immers ion  media  were found by  means  of 
an Abbe  re f rac tometer .  Refrac t ive  index of the  neuro- 
secre tory  cell and  of the  o rd inary  neurone  was calcu- 
la ted 4 I t  was found t h a t  the  refract ive  index  of the  f ixed 
and d e h y d r a t e d  neurosecre to ry  cell was 1.568 • 0.017 and  
t h a t  of the  o rd ina ry  neurone,  1.567 ~ 0.013, which were 
no t  s ignif icant ly  d i f fe rent  f rom one another .  These find- 
ings are in good ag reemen t  wi th  those of BARER and 
JosEPH 5 for the  ref rac t ive  index of pure  prote in  (1.58). 

Though these  dingings revealed t h a t  in f ixed and de- 
h y d r a t e d  sect ions neurosecre tory  cells and o rd ina ry  
neurones  had  ident ical  ref rac t ive  indices, the  neuro- 
secre tory  cells showed higher  phase  r e t a rda t ion  t h a n  the  
o rd inary  neurones  in similar p repara t ions  2. As the  opt ical  
p a t h  is the p roduc t  of th ickness  and refract ive  index, the  
concen t ra t ion  of d ry  m a t t e r  in the  neurosecre tory  cell and 
the  o rd inary  neurone  is p re sumab ly  expressed in th ickness  
of these cells when f ixed and dehydra ted .  So the re la t ive 
phase  difference of the  neurosecrc tory  cell in t issue sec- 
t ions, which m a y  be considered as the  rat io of phase  re- 
t a rda t ion  of the  neurosecre tory  cell d iv ided by  phase  re- 

t a rda t i on  of o rd ina ry  neurone  in the  same sect ion and  in 
the  same medium,  should represen t  correct ly  the  ra t io  of 
the i r  concen t ra t ion  of d ry  m a t t e r  dur ing  live condi t ion.  
The fact  t h a t  the  re la t ive phase  r e t a rda t ion  of the  neuro-  
secre tory  cell is ident ical  in l iquid paraf f in  (2.028 4- 0.405) 
and in me thy l  sal icylate  (2.027 4- 0.497) wi th in  t he  l imits  
of expe r imen ta l  error, suppor t s  th is  view. 

This  hypo thes i s  was fu r the r  eva lua ted  in the  following 
s tudy.  Brains  of female Iphita in t he  near ly  gravid  condi-  
t ion  when  the  neurosecre to ry  cells were full, as well  as of 
an imals  which jus t  s t a r ted  ovipos i t ion  when  the  cells were  
deple ted  6, were dissected out; processed and phase  mea-  
su remen t s  in l iquid paraf f in  t aken  as descr ibed above.  In  
all cases, phase  r e t a rda t ion  value of the  indiv idual  neuro- 
secre tory  cell in each b ra in  sect ion was d iv ided by  the  
phase  r e t a rda t ion  value of an ad jacen t  o rd ina ry  neurone  
in the  same bra in  section, and  its re la t ive  phase  r e t a rda -  
t ion calculated.  Measuremen t s  were t aken  on all neuro- 
secre tory  cells whose th ickness  as judged  visual ly  was  no t  
less t h a n  the  th ickness  of the  section. The f indings are 
summar ized  in the  Table.  I t  m a y  be seen t h a t  the  re la t ive  
phase  r e t a rda t ion  of the  neurosecre to ry  cell of the  animals  
af ter  oviposi t ion was only  1.7534-0.385, which  is con- 
s iderably  lower t h a n  the  value for neurosecre to ry  ceils 
f rom females  before ovipos i t ion  (2.028 4- 0.478). 

Slides were subsequen t ly  s ta ined  by  GOMORI'S 7 m e t h o d  
and the  observa t ions  8 conf i rmed.  I t  is concluded t h a t  the  
re la t ive phase  r e t a rda t ion  of the  neurosecre tory  cell de- 
f ined as phase  r e t a rda t i on  of the  neurosecre tory  cell 
re la t ive  to t h a t  of the  o rd ina ry  neurone m a y  be t aken  as 
an index of the  q u a n t i t y  of the  secre tory  mater ia l  in the  
cell 8. 

Zusammen/assung. Die sogenann te  Phasenverz6gerung  
in neurosekre tor i schen  Zellen be im weibl ichen K/ifer 
Iphita limbata vor und  nach  der  E iabsonde rung  ist ver-  
schieden und wird als Index  fiir die Quant i t / i t  der  neuro- 
sekre tor ischen Subs tanz  be t rach te t .  
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Relative phase retardation of the neurosecretory cells when mounted 
in liquid paraffin, in nearly gravid Iphita and in those which have 
started oviposition 
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Aninlal ahnost Started 
gravid ovipositiou 

Animals 4 4 
Brain sections 113 108 
Neurosecretory cell sections 260 264 
Neurones 132 108 
Relative phase retardation in 
liquid paraffin (mean i S.D.) 2.128 i 0.478 1.753 i 1.385 

1 R. BARER, Nature 772, 1098 (1953). 
2 V. K. K. PRABHU, Proc. Sem. Int. Cell Biology, Bombay (1966), 

p. 428. 
a R. BARER and S. JOSEPH, Q. J. mierosc. Sci. 96, 423 (1955). 
a R. BARER and D. A. T. DICK, Expl. Cell Res., Suppl. d, 103 (1957). 

R. BARER and S. JOSEPH, Q. J. nficrose. Sci. 95, 399 (1954). 
K. K. NAYAR, Proc. Ind. Acad. Sci., B. 47, 233 (1958). 
G. GO~IORL Am. J. Path. 17, 395 (1941). 

8 This work was supported by a generous grant from the Ford 
Foundation. 

H e m m u n g  v o n  S H - E n z y m e n  durch Ethacryns/ iure  

DUGGAN und  NOLL 1 machen  die Blockierung essen- 
t i d i e r  SH-Gruppen  fiir die "vVirkung von Ethacryns / iu re  
(2, 3 - Dichlor - 4 - (2 - me thy lenbu ty ry l )  phenoxyessigsSmre) 
verantwor t l ich .  Die H e m m u n g  gewisser Energiet iber-  
t ragungsprozesse  in Mi tochondr ien  2-4 kann ebenfal ls  auf 

diese Weise  gedeu te t  werden ;  h6chs twahrsche in l ich  ist ja 
eine SH-Gruppe  an e inem Zent rum,  das zwischen At- 
mungske t t e  und dem Ol igomycinangr i f f spunkt  liegt fiir die 
]Energiekonservierung von  ausschlaggebender  Bedeu-  
tungS-L 
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Hemmung verschiedener SH-Enzyme dureh Ethacryns~iure 

Specialia EXPERIENTIA 26/5 

Ethacryns/iure- Succinatdehydrogenase 
Konzentration 
(M) E % Hemmung 

Prolinoxydase Glycerinaldehyd-3- Phos- Lipoamiddehydrogenase 
phatdehydrogenase 

E % Hemmung E % Hemmung E % Hemmung 

- 0,0085 - 0,0209 - 0,318 - 0,055 
7,5.10 -5 0,0078 8,2 0,0196 6,2 0,182 42,8 - 
7,5.10 -4 0,0072 15,3 0,0091 56,5 0,046 85,5 - - 
7,5.10 -a 0,0042 50,6 0,0007 96,7 0,027 91,5 0,032 41,8 

Inkubationsbedingungen. Mitochondrienextrakt wurde mit einem gleich grossen Volumen w~tssriger Ethacrynsfiurel6sung (pH 8,5) ent- 
sprechender Konzentration gemiseht, 20 Min lang bei 0 ~ gehalten und anschliessend gemessen. Glycerinaldehyd-3-phosphatdehydrogenase 
wurde mit 0,1M Tri/ithanolamin-HC1 (pH 7,6) entsprechend verdtinnt und wie oben mit w~issriger Ethacryns~iurel6sung inkubiert. 
Kontrollen. Mitochondrienextrakt beziehungsweise Glycerinaldehyd-3-phosphatdehydrogenasel/Ssung wurde mit 1% w~issriger Natrium- 
bicarbonatl6sung (pH 8,5) inkubiert. 

N e b e n  der  13eeinflussung v o n  Ene rg i e i i be r t r agungs -  
r e a k t i o n e n  k 6 n n t e  a u c h  die d i r ek te  H e m m u n g  yon  SH-  
E n z y m e n  d u r c h  E t h a c r y n s A u r e  fiir die Erkl/ i .rung de r  
p h a r m a k o l o g i s c h e n  W i r k u n g  yon  B e d e u t u n g  sein. Es  
schien  uns  d a h e r  y on  Interesse ,  den  W i r k u n g s m e c h a n i s -  
mu s  v o n  E t h a c r y n s A u r e  d u r c h  U n t e r s u c h u n g  der  Bee in-  
f lussung  e in facher  SH-abh~ingiger  D e h y d r o g e n a s e n  zu 
belegen.  W i r  h a b e n  fiir die vor l i egende  U n t e r s u c h u n g  2 
SH-abh~ingige,  eng  m i t  der  A t m u n g s k e t t e  v e r b u n d e n e  
D e h y d r o g e n a s e n  (Succ ina tdehydrogenase ,  P ro l inoxy-  
dase), e ine Dehydrogenase ,  die fiir den  S u b s t r a t k e t t e n -  
p h o s p h o r y l i e r u n g s s c h r i t t  im  E m b d e n - M e y e r h o f - W e g  ver-  
a n t w o r t l i c h  is t  ( G l y c e r i n a l d e h y d - 3 - p h o s p h a t d e h y d r o g e -  
nase)  u n d  schl iess l ich die L i p o a m i d d e h y d r o g e n a s e ,  die 
m i t  der  o x y d a t i v e n  D e c a r b o x y l i e r u n g  v e r k n i i p f t  ist, 
he rangezogen .  

Methoden. Succ ina tdehydrogenase ,  Pro l in-  u n d  H y -  
d r o x y p r o l i n o x y d a s e  sowie L i p o a m i d d e h y d r o g e n a s e  wur-  
den  in n i c h t  phosp ho r y l i e r enden ,  m i t  Hilfe  yon  T r i t o n  
X-100  he rges te l l t en  E x t r a k t e n  aus  R a t t e n l e b e r m i t o c h o n -  
d r i en  u n t e r s u c h t  s. Die t 3 e s t i m m u n g  de r  3 e r s t g e n a n n t e n  
E n z y m e  erfolgte  m i t t e l s  2 - (p - Jodpheny l ) -3 - (p -n i t rophe -  
n y l ) - 5 - p h e n y l t e t r a z o l i u m c h l o r i d  (INT) als E l e k t r o n e n -  
a k z e p t o r  s. Die L i p o a m i d d e h y d r o g e n a s e  wurde  n a c h  
MASSEY u n d  VEEGER 9 m i t  LiponsAure  als  Akzep to r  be-  
s t i m m t .  G l y c e r i n a l d e h y d - 3 - p h o s p h a t d e h y d r o g e n a s e  aus  
K a n i n c h e n m u s k e l  s t a m m t e  y o n  ]3oehringer,  M a n n h e i m  
u n d  wurde  n a c h  B0CHER et  al. 1~ b e s t i m m t .  U n t e r  1 E in -  
he i r  (E) der  b e t r e f f e n d e n  E n z y m e  wird  s te t s  jene  Menge 
v e r s t a n d e n ,  die u n t e r  den  jeweils  angegebenen  B e d i n g u n -  
gen p ro  M i n u t e  1 ~Mol S u b s t r a t  umse tz t .  WAssrige 
E t h a c r y n s A u r e l 6 s u n g e n  w u r d e n  s te ts  f r isch he rges t e l l t :  
E t h a c r y n s A u r e  w u r d e  in  1% N a t r i u m b i c a r b o n a t  suspen-  
d ie r t  u n d  d u r c h  Zusa t z  yon  0 . 1 N  N a O H  v611ig in L 6 s u n g  
g e b r a c h t  (pH 8.5). 

Ergebnisse und Diskussion. Wie in  der  Tabel le  da rge-  
stel l t ,  f inder  sich fiir alle u n t e r s u c h t e n  E n z y m e  eine kon-  
zen t r a t i onsabhAng ige  H e m m u n g  d u r c h  E thac rynsAure .  
Die H e m m w i r k u n g  i s t  im  Fal le  der  S u c c i n a t d e h y d r o -  
genase  u n d  der  L i p o a m i d d e h y d r o g e n a s e  bei  g le ichen 
K o n z e n t r a t i o n e n  deu t l i ch  ger inger  als fiir die P ro l inoxy-  
dase  u n d  die G l y c e r i n a l d e h y d - 3 - p h o s p h a t d e h y d r o g e n a s e .  

W i r  h a b e n  fe rner  fes tgestel l t ,  dass  auch  die H y d r o x y -  
p ro l i noxydase  d u r c h  E t h a c r y n s A u r e  g e h e m m t  wird  u n d  
zwar  be i  e n t s p r e c h e n d e n  K o n z e n t r a t i o n e n  sogar  s t a r k e r  
als die P r o l i n o x y d a s e  (20, 70 u n d  98%).  WA hr end  fiir die 
P r o l i n o x y d a s e  b e k a n n t  ist,  d a s s e s  s ich u m  ein SH-  
E n z y m  h a n d e l t  11, i s t  dies a l le rd ings  fiir die H y d r o x y -  
p ro l inoxydase  noch  n i c h t  bewiesen.  

Verg le ich t  m a n  die fiir die H e m m u n g  der  S H - E n z y m e  
er forder l ichen  K o n z e n t r a t i o n e n  an  E thac rynsAure  m i t  

jenen,  die fiir die H e m m u n g  mi tochond r i a l e r  Energ ie -  
t i b e r t r a g u n g s r e a k t i o n e n  n o t w e n d i g  s ind 3, 3, so e rg ib t  s ich 
ein d u r c h s c h n i t t l i c h  e twas  ger ingerer ,  g r6ssenordnungs -  
mAssig a b e t  ve rg l e i chba re r  H e m m e f f e k t  fiir die un te r -  
s u c h t e n  E n z y m e .  Unse re  Be funde  bes tAt igen dami t ,  dass  
E t h a c r y n s ~ u r e  m i t  S H - E n z y m e n  reag ie ren  k a n n  1. F e r n e r  
geben  unsere  Versuche  e inen  Hinweis  fiir die A n n a h m e ,  
dass  E thac rynsAure  n i c h t  n u r  in die m i tochond r i a l e  
E n e r g i e i i b e r t r a g u n g  eingreif t ,  sonde rn  auch  eine wesen t -  
l ich a l lgemeinere  Bee in f lussung  k a t a b o l e r  Prozesse bewir -  
ken  k a n n .  M6glicherweise  k a n n  m a n  die yon  GAUDEMER 
und  FOUCHER 2 auch  in e n t k o p p e l t e n  Mi tochondr i en  gefun-  
dene  H e m m u n g  der  S u c c i n a t o x y d a t i o n  durch  E t h a c r y n -  
sAnre als d i r ek t e  H e m m u n g  der  S u c c i n a t d e h y d r o g e n a s e  
d e u t e n  13. 

Summary. E n z y m e s  w i t h  essent ia l  ' S H - g r o u p s  (suc- 
c ina t e  dehydrogenase ,  p ro l ine  oxidase,  g lycer ina ldehyde-  
3 -phospha t e  dehydrogenase )  are  i n h i b i t e d  b y  e t h a c r y n i c  
acid.  The  c o n c e n t r a t i o n s  needed  are c o m p a r a b l e  w i t h  those  
k n o w n  to  i n h i b i t  energy- l inked  reac t ions  in  mi tochondr i a .  
I t  is sugges ted  t h a t  t he  ac t ion  of e t h y c r y n i c  acid is n o t  
on ly  due  to i t s  inf luence  on  m i t o c h o n d r i a l  energy  con-  
se rv ing  reac t ions .  

R. KRAMAR und  E. KAISER 
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