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a rg in ine  e t h y l  es ter  ( B A E E )  b y  kal l ikre in .  The  l is t  
inc ludes  amid ines  and  indole  de r iva t ives ,  mos t  of wh ich  
h a v e  p rev ious ly  been  shown  to  i n h i b i t  t r y p s i n  13-15, a n d  
t h e  series is r o u n d e d  off b y  2 s t rong  inh ib i t o r s  of c h y m o -  
t ryps in ,  a -ke to isocapro ic  acid is and  p - a m i n o p h e n y l p y -  
ruv ic  acid 17. The  m o s t  effect ive  i nh ib i t o r s  of ka l l ik re in  
were a m o n g  t he  amid ines ,  and  the  r a n k i n g  of these  
c o m p o u n d s  as to  p o t e n c y  was t he  s ame  as descr ibed  
ear l ier  for t r y p s i n  w i t h  t h e  on ly  no t ab l e  excep t ion  t h a t  
4 , 4 ' - d i a m i d i n o d i p h e n y l a m i n e  m o v e d  in to  f i r s t  place 
a h e a d  of p - a m i d i n o p h e n y l p y r u v i c  acid. 3 - Indo lepyruv ic  
acid t u r n e d  o u t  to  be  a s t ronger  i n h i b i t o r  of ka l l ikre in  
t h a n  t r y p t a n l i n e ,  whi le  t he  converse  ho lds  t r ue  for 
t r yps in .  Benzamid ine ,  one of t he  c o m p o u n d s  i nves t i ga t ed  
here,  ha s  p rev ious ly  been  s tud ied  b y  MAREs-GuIA a n d  
DINIZ 5 for  i t s  in f luence  on  r a t  u r i n a r y  ka l l ikre in  a n d  t he  
i n h i b i t i o n  c o n s t a n t  was  r e p o r t e d  as 1.15 x 10-4M.  Us ing  
t h e  s ame  s u b s t r a t e  as  those  inves t iga to rs ,  i.e., BANA,  
t he  K i va lue  of b e n z a m i d i n e  for hog  panc rea t i c  ka l l ik re in  
was  d e t e r m i n e d  as 6 •  10-4M, t h e  va lue  of p - amino -  
b e n z a m i d i n e  as 2 . 4 X 1 0 - 4 M ,  a n d  t he  va lue  of 4 ,4 ' -d i -  
a m i d i n o d i p h e n y l a m i n e  as 1.5 x 10 -5 M.  T h e  t y p e  of inh ib i -  
t i on  was c o m p e t i t i v e  for all compounds .  

The  resu l t s  in  Tab le  l I  con f i rm  t he  f ind ings  of 
ROCHA E SILVA 9 t h a t  t y r o s y l  a n d  m e t h i o n y l  b o n d s  are  
hyd ro lyzed  b y  c o m m e r c i a l  kal l ikre in .  I n  addi t ion ,  i t  is 
e v i d e n t  t h a t  es ters  of L - t ryp tophan ,  L-pheny la lan ine  a n d  
L-leucine were read i ly  spli t ,  a n d  especial ly  so w h e n  t he  
a l p h a  a m i n o  group  was acy la ted .  A compar i son  of t he  
2 ka l l ikre in  p r e p a r a t i o n s  revea ls  t h a t  t he  ma te r i a l  in  t he  
f i r s t  c o l u m n  h a d  a m u c h  h ighe r  a c t i v i t y  aga i n s t  non-  
a rg iny l  es ters  t h a n  t he  one  in  t h e  second co lumn.  How-  
ever,  t he  r a t ios  of co r r e spond ing  non -a rg iny l  es terase  
ac t iv i t i e s  in  t he  2 p r e p a r a t i o n s  were r e m a r k a b l y  cons t an t .  
Th i s  o b s e r v a t i o n  suggests  t h a t  a s ingle e n z y m e  m i g h t  
h a v e  been  respons ib le  for all  t h e  c h y m o t r y p s i n - l i k e  
act ivi t ies .  C o n t a m i n a t i o n  b y  c h y m o t r y p s i n  i tself  could  
be  ruled ou t  b y  t h e  absence  of a n y  hydro lys i s  of DL- 
nor leuc ine  e t h y l  ester ,  a s u b s t r a t e  wh ich  is split b y  chy-  
m o t r y p s i n  a l m o s t  as r ap id ly  as t h e  ka l l ik re in  s u b s t r a t e  

L-leucine m e t h y ]  ester .  I n  v iew of t he  r ecen t  d i scovery  
of a n u m b e r  of d i f fe ren t  ka l l ikre ins  in  hog  panc rea s  is, 
i t  h a s  to  be  cons idered  w h e t h e r  one or severa l  of t he se  
enzymes  m a y  no t  be  endowed  w i t h  t he  ab i l i ty  to  spl i t  
also non -a rg iny l  bonds .  The  mode  of pur i f i ca t ion  of kalli-  
k re in  m i g h t  f avor  the  p resence  of one  form over  t he  
o the r  in  d i f f e ren t  e n z y m e  p repa ra t ions ,  t h u s  a c c o u n t i n g  
for the  v a r i a t i o n s  in t he  r a t ios  be tween  B A E E - a s e  a c t i v i t y  
a n d  n o n - a r g i n y l  es terase  ac t iv i ty .  The  sugges t ion  t h a t  
n a t i v e  ka l l ik re in  or a modi f ied  fo rm m a y  possess t he  
ab i l i ty  to  sp l i t  non -a rg iny l  b o n d s  is suppo r t ed  b y  t he  
f ind ing  t h a t  4, 4 ' - d i a m i d i n o d i p h e n y l a m i n e  s t rong ly  b locks  
no t  on ly  t h e  hydro lys i s  of B A E E ,  b u t  of all t h e  o the r  
es ters  as well, t h a t  L- tyrosine e thy l  es ter  (TEE)  i nh ib i t s  
c o m p e t i t i v e l y  t h e  hydro lys i s  of ]3ANA, a n d  t h a t ,  on  t he  
o the r  hand ,  B A N A  impedes  t he  hydro lys i s  of T E E  10. 

Zusammen/assung. Es  wird  in 4, 4 ' - D i a m i d i n o d i p h e n y l -  
a m i n  de r  bis  j e t z t  s t i i rks te  n i ede rmoleku la re  H e m m s t o f f  
fiir Ka l l ik re in  aus  Schwe inepank rea s  gefunden,  m i t  der  
FAhigkei t ,  T r y p t o p h a n - ,  P h e n y l a l a n i n -  u n d  L e u c i n - E s t e r  
zu spa l ten .  
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O c c u r r e n c e  of R h o d o q u i n o n e - 9  in the  Musc l e  of A scar i s  l u m b r i c o i d e s  v a r .  su i s  

t~hodoqu inone  was f i rs t  i so la ted  b y  GLOVER a n d  
THRELFALL 1 f rom Rhodospirillum rubrum. F u r t h e r  work  
b y  MOORE a n d  FOLKERS 2 has  shown  t h e  t r ue  s t r u c t u r e  
of rhodoqu inone ,  in  wh ich  one m e t h o x y l  g roup  of ub iqui -  
none-10  is rep laced  b y  a m i n o  group.  Recen t ly  POWLS 
a n d  HEMMING 3 i so la ted  r hodoqu i none - 9  f rom Euglena 
gracilis. The  occur rence  of r h o d o q u i n o n e  in n a t u r e  ha s  
h i t h e r t o  been  conf ined  to  on ly  these  few mic roo rgan i sms  
in c o n t r a s t  to  t he  u b i q u i t o u s  ex is tence  of u b i q u i n o n e  in 
t he  l iv ing  sys tems .  D u r i n g  t h e  s u r v e y  s t u d y  on  ub iqu i -  
none  in pa ras i t i c  nema todes ,  t h e  a u t h o r s  h a v e  o b t a i n e d  
t he  ev idence  t h a t  t h e  m i t o c h o n d r i a I  f r ac t ion  of Ascaris 
muscle  Conta ined a r h o d o q u i n o n e  ana logue  in t h e  place 
of ub iqu inone* .  This  was  t he  f i rs t  ev idence  showing  t he  
occur rence  of r h o d o q u i n o n e  in a n  a n i m a l  t issue. I n  o rder  
to  cha rac te r i ze  r h o d o q u i n o n e  f rom A scaris muscle,  f u r t h e r  
e x a m i n a t i o n  w i t h  a large a m o u n t  of Ascaris muscle  was 
car r ied  out .  Now t he  qu i none  has  been  i so la ted  in a 
c rys ta l l ine  fo rm a n d  ti le spec t roscopic  e x a m i n a t i o n s  
i evea l ed  t h a t  i t  m u s t  be  r hodoqu i none - 9  j u s t  l ike t h a t  
f rom Euglena gracilis. 

Methods and results. A d u l t  r o u n d  worms,  A scaris 
lumbricoides var .  suis, were col lected f reshly  f rom the  
s l augh te r  house.  W o r m s  were cu t  open  l ong i tud ina l l y  
and  freed f rom in tes t ine ,  eggs, etc. T h e  muscu la r  l ayer  
was  t h e n  sc raped  f rom t h e  cuticle,  and  washed  severa l  
t imes  w i t h  0 .9% NaC1 solut ion.  Muscle s t r ips  t h u s  ob- 
t a ined  were s to red  a t  - - 15  ~ Homogen i zed  in W a r i n g  
b l ende r  the  f rozen m a t e r i a l s  were e x t r a c t e d  w i t h  10 
vo lumes  of e t h a n o l - e t h e r  (3: 1, v /v)  for a b o u t  15 h.  T h e  
c o m b i n e d  e t h a n o l - e t h e r  e x t r a c t s  were e v a p o r a t e d  u n d e r  
r educed  pressure  over  a w a r m  ba th .  W h e n  the  v o l u m e  
of t he  e x t r a c t  was  reduced  to  1/10 t he  or ig inal  vo lume,  
aqueous  e t h a n o l  suspens ion  was e x t r a c t e d  w i th  n -hexane .  
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The  h e x a n e  e x t r a c t  was  e v a p o r a t e d  to  d ryness  u n d e r  
N 2 gas. 

The  residue was app l ied  on  a c o l u m n  of silica-gel, 
e lu ted  w i th  h e x a n e  to  r e m o v e  l ip id  f ract ion,  and  t h e n  
w i t h  h e x a n e - b e n z e n e  (1 : 1) to  recover  t he  v io le t  qu inone  
b a n d .  The  qu inone  f r ac t ion  was t h e n  pur i f ied  b y  p repa -  
r a t i v e  t h i n - l a y e r  c h r o m a t o g r a p h y  us ing  Silica-gel G 
pla tes .  The  d e v e l o p m e n t  w i t h  ch lo ro fo rm formed  2 
pu rp l e  bands .  The  u p p e r  band ,  t h o u g h  i t  has  n o t  ye t  
been  o b t a i n e d  in a pure  fo rm due  to i ts  ins tab i l i ty ,  shows 
nea r ly  the  same  U V - a b s o r p t i o n  as t he  lower  and  is as- 
s u m e d  to be  a p recursor  of the  l a t t e r  f rom t he  fac t  t h a t  
t he  fo rmer  easi ly forms the  l a t t e r  b y  repe t i t ion  of t h i n -  
l ayer  c h r o m a t o g r a p h y  or o the r  t r e a t m e n t .  The  lower 
b a n d  was e x t r a c t e d  w i t h  e t h e r  and  t he  res idue was f u r t h e r  
pur i f ied  by  t he  r epe t i t i on  of p r e p a r a t i v e  t h in - l aye r  chro- 
m a t o g r a p h y  us ing  a m i x t u r e  of hexane -ch lo ro fo rm as 
t he  solvent ,  and  f ina l ly  r ec rys ta l l i za t ion  f rom cold m e t h a -  
nol  to  deep v io le t  c rys ta l s  of m.p.  66.5-67 ~ (5 m g  f rom 
1600 g of the  muscle) ,  M + 779.618 m/e (Calcd. for 

C53H8103 N, 779.622), -max~EtOH 285, 515 nm,  VKB r 3470, 3330, 
2850-3050, 1643, 1 6 0 0 c m  1. 

S y n t h e t i c  rhodoqu inone ,  m.p.  38-42.5 ~ was p r epa red  
f rom ub iqu inone -9  b y  a m m o n o l y s i s  2,3 followed b y  t he  
s e p a r a t i o n  b y  p r e p a r a t i v e  t h i n - l a y e r  c h r o m a t o g r a p h y .  
The  n a t u r a l  qu inone  and  the  s y n t h e t i c  sample  show 
en t i r e ly  t he  same  UV-  and  I R- abs o r p t i ons ,  iden t i ca l  
f r a g m e n t a t i o n s  in mass  spect ra ,  and  iden t ica l  Rf  va lues  
in t h in - l aye r  a n d  reversed  phase  t h in - l aye r  c h r o m a t o -  
g r a p h y  s. 

Discussion. U b i q u i n o n e  is the  mos t  widely dis t r i -  
b u t e d  b e n z o q u i n o n e  in na tu re .  I t s  d i s t r i b u t i o n  is closely 
cor re la ted  w i th  t h e  aerobic  m e t a b o l i s m  of a t issue 
or organism,  a p a t t e r n  which  is cons i s t en t  w i th  t he  evi- 
dence  t h a t  u b i q u i n o n e  is a coenzyme  in t he  e lec t ron  
t r a n s p o r t  sys t em in m i t o c h o n d r i a  6. A l t h o u g h  t he  t i m e  
course s t u d y  w i t h  label led  p - h y d r o x y b e n z o a t e  has  shown  
t h a t  r h o d o q u i n o n e  is a p r o d u c t  of u b i q u i n o n e  me tabo l i sm 7, 
t he  occurrence  of r h o d o q u i n o n e  has  been  conf ined  to 

on ly  few microorgan isms .  Precise  phys io logica l  role of 
r h o d o q u i n o n e  ha s  no t  ye t  been  de t e rmined .  Whi l e  in t he  
mic roorgan i sms ,  t?. rubrum and  E. gracilis, b o t h  ub iqu i -  
none  a n d  r h o d o q u i n o n e  are  de tec tab le ,  in  Ascaris w o r m  
r h o d o q u i n o n e  exclusively.  P r e l i m i n a r y  s tud ies  on  t he  
in t r ace l lu l a r  d i s t r i b u t i o n  of r h o d o q u i n o n e - 9  in t he  A scaris 
muscle  p r o v i d e d  t he  ev idence  t h a t  r h o d o q u i n o n e  in t he  
m i t o c h o n d r i a l  f ract ion,  in which  could be  obse rved  m a n y  
m i t o c h o n d r i a  poo r  in cr i s tae  b y  t he  e lec t ron  microscope,  
a c c o u n t e d  for a b o u t  65% of t h e  t o t a l  in t h e  muscle  
h o m o g e n a t e .  These  facts  sugges t  t h a t  r h o d o q u i n o n e  m a y  
p l ay  some physio logica l  role on  t h e  m i t o c h o n d r i a l  func-  
t ion  in t he  d scaris worm.  Precise  phys io logica l  role of 
th i s  r hodoqu inone -9  in t he  dscaris w o r m  r e m a i n s  to  be 
eva lua ted .  

Zusammen/assung. Es gelang, aus  der  E p i t h e l n m s k e l -  
zelle yon  Ascaris lumbricoides var .  suis R h o d o c h i n o n  
(Methoxy lg ruppe  in U b i c h i n o n  m i t  e iner  A m i n o g r u p p e  
subs t i t u i e r t )  zu e x t r a h i e r e n  u n d  k r i s t a l l in  zu gewinnen.  
Die S p e k t r a l m e s s u n g e n  (UV-, IR- ,  Massen -Spek t r en )  er- 
geben,  dass  es sich be im  R h o d o c h i n o n  u m  1Rhodochinon-9 
hande l t .  
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Se len ium Toxici ty:  Effect of Fluoride 

Resul t s  f rom epidemiologica l  s tud ies  a m o n g  ch i ldren  
a n d  f rom a n i m a l  e x p e r i m e n t s  i nd i ca t e  t h a t  c o n s u m p t i o n  
of smal l  a m o u n t s  of se len ium d u r i n g  t he  per iod of t o o t h  
d e v e l o p m e n t  increases  t h e  sucep t ib i l i ty  to  d e n t a l  caries1. 
However ,  t he  effect  of f luoride,  wh ich  is a we l l -known 
a g e n t  for p r e v e n t i o n  of caries, on se len ium m e t a b o l i s m  
has  received on ly  s can t  a t t e n t i o n .  MoxoN and  D u B o l s  ~ 
r epo r t ed  t h a t  t he  c o m b i n e d  a d m i n i s t r a t i o n  of f luoride 
a n d  se len ium to r a t s  increased  t he  toxic  ac t ion  of sele- 
n ium.  The  p re sen t  s t u d y  was u n d e r t a k e n  to  p rov ide  
f u r t h e r  d a t a  on  the  effect  of f luor ide on se len ium toxic i ty .  

30 male,  wean l ing  r a t s  of t he  Sp rague -Dawley  s t r a i n  
were equal ly  d iv ided  in to  2 groups  and  housed  in indi-  
v idua l  cages w i t h  ra ised  screen b o t t o m s .  The  f i rs t  g roup  
rece ived  d r ink ing  w a t e r  c o n t a i n i n g  3 p p m  of se len ium 
as sod ium seleni te  a n d  50 p p m  of f luor ide as sod ium 
fluoride.  The  second group  d r a n k  w a t e r  h a v i n g  on ly  
3 p p m  of se lenium.  

B o t h  groups  of an i m a l s  were fed a d ie t  c o m m o n l y  used 
in e x p e r i m e n t a l  caries  research  h a v i n g  t he  fol lowing 
compos i t i on  (per cent)  : g round  corn, 64; powdered  whole 

milk,  30; a l falfa  meal,  3; i r r ad i a t ed  y e a s t ,  2; sod ium 
chloride,  1. Food  a n d  w a t e r  were p rov ided  ad  l i b i t u m  
and  t he  c o n s u m p t i o n  m e a s u r e d  accu ra t e ly  b y  m e t h o d s  
descr ibed  in p rev ious  works3, ~. The  i n t a k e  of w a t e r  was  
m e a s u r e d  da i ly  b u t  t h a t  of food only  on  3 consecu t ive  
days  d u r i n g  each of t he  4 weeks  of t he  e x p e r i m e n t a l  
period.  

The  resu l t s  are  p re sen ted  in t he  Tab le  a n d  i nd i ca t e  
t h a t  t he  c o m b i n e d  a d m i n i s t r a t i o n  of se len ium and  flu- 
or ide to  r a t s  d id  no t  increase  t he  seve r i ty  of s y m p t o m s  
cha rac t e r i s t i c  of chronic  selenosis c o m p a r e d  w i t h  t he  
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