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Tabelle I. Prozentsatz pyknotischer Lymphozyten in Rinde und Mark 8 h nach Bestrahlung mit und ohne Schutzsubstanz 

Rinde . Mark 
Dosis ~A~ ohne Sehutz ~/~ + Cystein ~ + Cysteamin ~/~ ohne Sehutz ~4~ + Cystein ~4~ + Cysteamin 

200 R 27,5 ::k 1,6 26,3 ~ 0,9 24,0 ~ 1,0 20,7 ± 1,1 15,8 ~ 0,8 16,1 -t- 1,3 
600 R 50,1 ~ 1,2 42,1 ::t= 1,3 34,1 ~ 0,8 36,9 ± 1,7 32,7 :t:: 1,2 22,3 4- 0,7 
800 R 92,0 ::t: 1,3 61,3 ~ 1,2 45,5 J= 1,4 53,0 ± 1,3 41,1 :~ 1,1 28,4 :]- 1,6 

Tabelle II. Anzahl der retikul~iren Zellen in Prozent aus Rinde und 
Mark 8 h nach Bestrahlung mit und ohne Schutzsubstanz sowie 8 h 
naeh Injektion yon SH-KSrper ohne Bestrahlung 

Naeh Applikation yon Rinde Mark 

physiol. NaC1 0,7 _[= 0,2 5,3 :k 0,8 
800 R 2,9 2t= 0,4 8,0 ~ 0,6 
800 R + Cystein 8,2 =k 0,4 25,4 ~ 1,1 
800 R + Cysteamin 5,7 j= 0,3 19,2 ~ 0,9 
4 mg Cystein 5,4 =k 0,4 26,5 :k 1,4 
3 mg Cysteamin 5,8 ~ 0,6 20,9 =E 1,I 
6 mg Isoeystein 6,3 ~ 0,5 21,1 ~2 1,3 

noch  im M a r k  des T h y m u s  eine e indeu t ige  S c h u t z w i r k u n g  
a n  d e n  L y m p h o z y t e n  erz ie l t  werden .  Sie b e g i n n t  s ich  
e r s t  n a c h  A p p l i k a t i o n  yon  600 R a b z u z e i c h n e n .  N a c h  
800 1R wird  de r  Schu t ze f f ek t  deut l ich ,  wobe i  die P y k n o -  
senzah l  in de r  R i n d e  s t g r ke r  a b n i m m t  als im Mark .  Aus  
Tabel le  I geh t  fe rner  he rvor ,  dass  die A p p l i k a t i o n  von  
C y s t e a m i n  e inen  besse ren  S c h u t z  bewi rk t .  Der  P rozen t -  
sa t z  p y k n o t i s c h e r  L y m p h o z y t e n  is t  n o c h  n ied r ige r  u n d  
l iegt  a u c h  u n t e r  den  W e r t e n ,  wie sie y o n  TANAKA u n d  
RlXONI~ a n g e g e b e n  w ur den .  

B e t r a c h t e n  w i t  in  d iesem Z u s a m m e n h a n g  das  V e r h a l t e n  
de r  Re t i ku lumze l l en ,  v o n  d e n e n  v e r m u t e t  wird,  dass  sie 
m i t  de r  u n t e r s c h i e d l i c h e n  S t r a h l e n e m p f i n d l i c h k e i t  yon  
R i n d e  u n d  M a r k  in ursAchl ichem Z u s a m m e n h a n g  s tehen ,  
so e rg ib t  s ich fo lgendes :  Die  in Tabel le  I I  z u s a m m e n -  
ges te l l t en  W e r t e  lassen e rkennen ,  dass  die Zah l  de r  Re t i -  
ku lumze l l en  bei den  gesch i i t z t en  T ie ren  n a c h  B e s t r a h l u n g  
sehr  viel  s t a r k e r  z u n i m m t  als  bei  u n g e s c h / i t z t e n  Tieren .  
~Vie aus  Tabe l le  I I  we i te r  h e r v o r g e h t ,  i s t  die Zah t  de r  
R e t i k u l u m z e l l e n  a u c h  a n  geschi i tz ten ,  a b e r  u n b e s t r a h l t e n  

T ie ren  in ganz  e n t s p r e c h e n d e n  Verh~ l tn i s s en  e rh6h t ,  
obwohl  die L y m p h o z y t e n  ke ine  v e r m e h r t e  p y k n o t i s c h e  
D e g e n e r a t i o n  zeigen. D a  in de r  L i t e r a t u r  m e h r f a c h  die 
Auf fa s sung  v e r t r e t e n  wi rd  ~3-~, dass  e ine  ges te ige r te  
A k t i v i e r u n g  yon  R E S - Z e l l e n  m i t  e iner  e r h 6 h t e n  S t r a h l e n -  
res i s t enz  v e r b u n d e n  ist,  h a b e n  wi t  a u c h  die W i r k u n g  
des  n i c h t  s ch i i t z enden  I socys t e ins  a m  T h Y m u s  u n t e r -  
s u c h t  (Tabel le  I I ) .  A u c h  diese S u b s t a n z  b e w i r k t e  i m  
T h y m u s  eine S t i m u t i e r u n g  de r  R e t i k u l u m z e l l e n .  E i n e  
e in fache  B e z i e h u n g  zwischen  S t r a h l e n r e s i s t e n z  u n d  e iner  
S t i m u l a t i o n  des ret ikul/~ren Sys t ems  sche in t  au f  G r u n d  
dieser  B e f u n d e  im T h y m u s  n i c h t  zn be s t ehen .  

Summary. L y m p h o c y t e s  of t he  t h y m u s  can  be  pro-  
t e c t e d  a g a i n s t  ea r ly  p y c n o t i c  d e g e n e r a t i o n  b y  seve ra l  
S H - c o m p o u n d s .  P r o t e c t i v e  a n d  n o n - p r o t e c t i v e  SH-  
c o m p o u n d s  induce  t h e  same  r e a c t i o n  in  t he  n o n - i r r a d i a t e d  
mouse ,  w e i g h t  loss caused  b y  cell m ig ra t i on ,  s t i m u l a t i o n  
of t h e  r e t i cu lum.  A d i r e c t  r e l a t i onsh ip  b e t w e e n  t h e  ac t i -  
v i t y  of t h e  r e t i c u t u m  a n d  t h e  r ad io re s i s t ance  of l ym-  
p h o c y t e s  was  n o t  found.  
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S t u d i e s  o n  A n t i t h i a m i n e  F a c t o r ( s )  in  T i s s u e  o f  T u n a  a n d  G o a t f i s h  

N u m e r o u s  s tud ies  h a v e  dea l t  w i t h  t h e  p re sence  of t h e  
e n z y m e  ' t h i a m i n a s e '  in  va r ious  species of f ish 1-4. Th i s  
e n z y m e  has  been  cons ide red  to  be  more  p r e v a l e n t  in  f resh-  
w a t e r  t h a n  in  s a l t - w a t e r  fish. O ur  p r ev ious  work ,  however ,  
h a s  s h o w n  t h a t  t i s sue  f rom 21 of 30 species of f ish found  in 
H a w a i i a n  w a t e r s  h a s  a n t i t h i a m i n e  a c t i v i t y  5. More  recen t ly ,  
KUNDm a n d  SOMOGYI s r e p o r t e d  t h e  i so la t ion  of a non-  
e n z y m e  a n t i t h i a m i n e  f ac to r  f rom ca rp  v iscera  wh ich  was 
iden t i f i ed  as he ro in  or a re la ted  c o m p o u n d .  T he  p r e s e n t  
r e p o r t  conce rns  chemica l  p rope r t i e s  of a n  a n t i t h i a m i n e  
factor(s)  in  severa l  famil ies  of t u n a  a n d  goat f ish .  These  
s tud ies  i nd i ca t e  t h a t  t he  ac t ive  a g e n t  is n o t  a n  enzyme.  

T h e  f ish used  in t h i s  s t u d y  were  p u r c h a s e d  in  Hono lu lu  
m a r k e t s  a n d  k e p t  f rozen  u n t i l  used. A n t i t h i a m i n e  t e s t s  
were  m a d e  w i t h i n  1 week  a f t e r  p u r c h a s e  acco rd ing  to  t h e  
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p r o c e d u r e  descr ibed  p rev ious ly  s. A series  of a n t i t h i a m i n e  
a c t i v i t y  t e s t s  were  m a d e  a t  p H  va lues  f rom 0.5-7 .0  on  
ye l lowfin  t u n a  (Neo thunnus  macropterus) musc le  a n d  skip-  
j a c k  t u n a  (Ka t suwonus  pelamis)  musc le  a n d  l iver  (Figu re 1). 
T h e  p H  a c t i v i t y  c u r v e s  of musc le  of b o t h  species were  
s imi la r  w i t h  m a x i m u m  a c t i v i t y  a t  p H  3.0 for t h e  sk ip j ack  
a n d  2.5 for  t h e  yel lowfin  t una .  T he  l iver  of t he  s k i p j a c k  
t u n a  ha s  2 p H  o p t i m a ,  1.5 a n d  5.5, w h i c h  would  ind ica t e  
t h a t  t h e  a n t i t h i a m i n e  s u b s t a n c e s  f rom t he  musc le  a n d  
l iver  are  no t  t h e  same.  

F igure  2 shows t h e  a n t i t h i a m i n e  a c t i v i t y  a t  d i f f e ren t  
p H  va lues  of 5 r e l a t ed  fami l ies  of goa t f i sh ;  Parupeneus  
mul t i /asciatus ,  P .  pleurost igma, Mul lo id ich thys  aur i f lamma,  
~I .  samoensis  a n d  M .  pflugeri .  These  p H  a c t i v i t y  cu rves  
were  m a r k e d l y  d i f f e ren t  f rom those  of t h e  t u n a .  T he  a n t i -  
t h i a m i n e  a c t i v i t y  of t he se  species of f ish a t  d i f f e ren t  p H  
va lues  a p p e a r s  to  d i f fe r  a cco rd ing  to  t h e  closeness of t h e i r  

80 

'70 

60 

50 

~0 

30 

.~_ 
2o 

° _  

o~ 
10 

0 

¢ , . / ~ ' %  

M U S C l e  

Katsu~nuspelamis Liver ~.... 
Neoh~unnus macroptarus Katsuwanus pelamis 

o . . . . . . . . . . . . . . .  o ~ . . . . .  . - o  
' i ' ' ' ' ' 

8 pH 

Fig. 1. Antithiamine activity of skipjack tuna muscle, skipjack tuna 
liver and yellowfin tuna muscle. 

r e l a t ionsh ip .  T h u s  the  3 Mut lo id ich thys  h a v e  2 p H  o p t i m a  
whi le  t h e  2 Parupeneus  h a v e  l i t t l e  a n t i t h i a m i n e  a c t i v i t y  
t h r o u g h o u t  t h e  p H  r a n g e  s tud ied .  

A series of t e s t s  were done  to  s t u d y  t h e  effects  of t e m p e r -  
a t u r e  a n d  pre -bo i l ing  on  t h e  a n t i t h i a m i n e  a c t i v i t y  of skip-  
j ack  t u n a  muscle  p r epa ra t i ons .  The  i n c u b a t i o n  t e m p e r -  
a t u r e s  were 5, 23, 38, 75 a n d  90 °C for each  of t he  fol lowing 
cond i t i ons :  ser ies  1, h o m o g e n a t e  i n c u b a t e d  5 h a t  p H  3.5 
w i t h  t h i a m i n e  (regular)  ; series 2, t h i a m i n e  a d d e d  a f t e r  5 h 
i n c u b a t i o n  per iod  (zero t ime)  ; series 3, h o m o g e n a t e  boi led 
10 min,  t h e n  i n c u b a t e d  5 h w i t h  t h i a m i n e  (pre-boiled).  

G r e a t e r  d e s t r u c t i o n  of t h i a m i n e  occur red  a t  t he  h ighe r  
t e m p e r a t u r e s ,  75 a n d  90 °C (Table) .  Th i s  a c t i v i t y  was  n o t  
a p p r e c i a b l y  a f fec ted  b y  p re -bo i l ing  w h e n  t h e  i n c u b a t i o n  
t e m p e r a t u r e  was  75 °C or  a b o v e  b u t  was  r educed  b y  pre-  
boi l ing  w h e n  t h e  i n c u b a t i o n  t e m p e r a t u r e  was lower.  Also,. 
t h e  zero t i m e  d e s t r u c t i o n  of th i ana ine  was t h e  s ame  as  t h a t  
a f t e r  a 5 h i n c u b a t i o n  w i t h  th iana ine  a t  t he  2 h ighe r  
i n c u b a t i o n  t e m p e r a t u r e s .  Th i s  would  ind ica t e  t h a t  incu-  
b a t i n g  t he  h o m o g e n a t e  a t  t e m p e r a t u r e s  a b o v e  75 °C for a 
pe r iod  of t i m e  e n h a n c e s  t he  a n t i t h i a m i n e  a c t i v i t y  a n d  t h a t  
t h i s  a c t i v i t y  is n o t  enzyma t i c .  

F u r t h e r  work  showed  t h a t  a n  a n t i t h i a m i n e  agent(s)  
cou ld  be  re leased  f rom the  soluble  p r o t e i n  of t he  t u n a  f i sh  
h o m o g e n a t e .  These  s tud ies  were  m a d e  as follows: a 20% 
h o m o g e n a t e  of  t h e  t u n a  f i sh  musc le  was  p r e p a r e d  in  phos -  
p h a t e  buf fe r  as  p r ev ious ly  desc r ibed  s. T h e  h o m o g e n a t e  
was  f i l te red  t h r o u g h  f i l te r  paper ,  t h e  p H  a d j u s t e d  to  5.5, 
a n d  t h e n  boi led  to  coagu la t e  t h e  p r o t e i n  ; t h e  m i x t u r e  was  
t h e n  cooled a n d  f i l tered.  T h e r e  was l i t t l e  or  no  a c t i v i t y  in  
t he  f i l t ra te .  The  p r e c i p i t a t e d  p r o t e i n  was d issolved in 
p h o s p h a t e  buf fe r  (pH 3.0), i n c u b a t e d  for 3-5  h a t  75 °C, 
t h e n  cooled a n d  t he  p H  a d j u s t e d  to  5.5 wh ich  c o a g u l a t e d  
t he  p ro te in .  Tes t s  showed  a n t i t h i a m i n e  a c t i v i t y  in t h e  
f i l t r a t e  w h i c h  inc reased  w i t h  longer  i n c u b a t i o n  t ime.  The  
p e r c e n t  t h i a m i n e  d e s t r o y e d  was  7, 24 a n d  60 for 1, 2 a n d  3 h 
i n c u b a t i o n  t i m e s  respec t ive ly .  Th i s  s t u d y  is a d d i t i o n a l  
ev idence  t h a t  t h e  a n t i t h i a m i n e  fac to r  is no t  t h e  e n z y m e  
t h i a m i n a s e  as  p rev ious ly  r epo r t ed  6,7,s. 

Effect of temperature and pre-boiling on antithiaminc activity of a 
skipjack tuna muscle preparation 
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Fig. 2. Antithiamine activity of" 5 related families of goatfish: 
Parupeneus multiJasciatus o - - o ,  P. pleurostigma • . . . .  o, Mul- 
loidichthys auriflamma × - - - × ,  M. Pllugeri o - - o  and M. 
samoensis • ..... o. 

5 37 7 20 
23 42 7 22 
38 44 7 23 
75 74 61 74 
90 74 60 74 

Zusammen[assung .  Es  w u r d e n  A n t i t h i a m i n w i r k s t o f f e  
bei H a w a i i - F i s c h e n  u n t e r s u c h t  u n d  gezeigt ,  dass  die An t i -  
t h i a m i n a k t i v i t ~ i t  n i c h t  e n z y m a t i s c h  ist. 
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