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~3ber die Hemmbarkeit  der Ophio-l-Amino- 
siiureoxydase durch Antiserum 

Von versch iedenen  Au to ren  wird die l-Aminos~iure- 
oxydase  in den Gif ten von  Bothrops jararaca, Crotalus 
terri/icus und  Vipera aspis 1, in Gift von  Echis carinatus ~ 
und  anderen  Viper iden-Gif ten  3 als durch  Ant i se rum 
n ich t  h e m m b a r  beschr ieben;  bisweilen scheint  jedoch 
H e m m u n g  m6glich zu seinL 

Lfisst m a n  im Geldif fusionstes t  Schlangengif te  und  Ant i -  
Schlangengi f t -Seren  reagieren,  so lassen sich s te t s  Prgzipi-  
t a t ions l in ien  mi t  l -Aminosgureoxydase -Akt iv i tg t  nach-  
weisen 5, was auf  Vorhandense in  yon  prAzipi t ierendem 

Gift yon ],;inge- Quantita- Aktivitlit im % 
setzte tive l)r/izi - {)'bet- Pr/izi- IIem- 
Aktivi- pitation stand pitat mung 
t/it durch 
Qo 2 Antiserum 

(ml) 

Vipera ammodytes 
(0,1 mg) , t , t  0,35 0 28 36 

Vipera ursinii 
(0,12 rag) 44 0,37 0 28 36 

Vipera lebetina 
(0,08 mg) 44 0,41. 0 28 36 

Bitis gabonica 
(0,21 mg) 44 0,45 0 28 36 

Cergtsles cerastes 
(0,09 mg) 44 0,85 0 28 36 

Echis carinatus 
(0,07 Ing) 44 1,25 0 28 36 

lnkubation der angegebenen Giftmenge mit gestaffelten Mengen 
Antiserum 1 h bei 37 ~ und .t h bei 4 ~ im Elldvolunmn von 1,5 nil 
in 0.06M Phosphatpuffer ptt 7,3; Zentrifugation und dreimaliges 
Wasehen der (.';berst~inde, Suspendieren der l)r~izipitate mit Vortex 
jr. Mixer und Bestimmung der Aktivitlit in den (~,berst~nden und 
Prfizipitaten naeh ~. 

E n z y m a n t i k 6 r p e r  schliessen l~tsst; f e rmen tak t ive  Pr~tzipi- 
l a t e  lassen sich jedoch  aus L6sung mi t  polyspezi f i schen 
Pfe rdean t i se ren  n ich t  gewinnen.  Durch  Immu n i s i e ru ng  
yon  K a n i n c h e n  mi t  gereinigter  / -Aminosi iureoxydase  a 
(Zehenballeninj  ekt ion und  V e r w e n d u n g  von  Baj ol /Arlacel  
als Adjuvans)  wurde  nun  monospezif isches  An t i s e rum mi t  
aus re ichendem Ti ter  gewonnen  ~, mi t  dem die H e m m b a r -  
kei t  der  l -Aminos/ iureoxydase  in Schlangengif ten  quan t i -  
t a t i v  u n t e r s u c h t  werden  konn te  (Ergebnisse siehe Ta-  
belle). 

Wie  die Tabel le  zeigt, geniigt  zur q u a n t i t a t i v e n  Prgzipi-  
t a t i on  des homologen  E n z y m s  die ger ingste  An t i s e rum-  
Menge, w~hrend  das F e r m e n t  in den Gif ten v e r w a n d t e r  
Spezies gr6ssere Mengen zur  Pr / tz ipi t ierung ben6 t ig t  (Ab- 
h~ingigkeit v o m  Verwand t scha f t sg rad  der  Spezies ?). Die 
I I e m m b a r k e i t  der  / -Aminosgureoxydase  be t rgg t  bei  den 
u n t e r s u c h t e n  Viper idengi f ten  jedoch in j edem Fal l  36%;  
Kreuz reak t ionen  der / -Aminos~iureoxydase  in Gif ten yon  
Tieren der  Fami l i en  E lap idae  und  Crotal idae k o n n t en  
n ich t  b e o b a c h t e t  werden.  

Summary. 36% of t h e / - a m i n o  acid oxidase ac t iv i ty  in 
the  v e n o m  of Vipera ammodytes and re la ted  species has 
been inhib i ted  by  monospecif ic  ant i serum.  
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5=Hydroxylation of Kynurenine in Animals 

We former ly  repor ted  the  de tec t ion  of 5-hydroxy-  
k y n u r a m i n e  (V) in the  urine and the  bra in  of mouse1, '~, 
and  then  found in 1963 a small  a m o u n t  of 5-hydroxy-  
kynuren ine  3 (IV), the  precursor  of 5 -hydroxykynur -  
amine  a, in a h u m a n  urine (a seemingly normal  male adult)  
a f te r  t r e a t m e n t  wi th  a large a m o u n t  of the  la t ter .  

In  th is  pape r  we describe our a t t e m p t  to de tec t  5- 
h y d r o x y k y n u r e n i n e  in the  urine of chickens and mice 
admin i s t e red  kynuren ine  ([II) in order  to  es tabl ish  the  
fo rma t ion  in animals  of the  above amine  and 6-hydroxy-  
kynuren ine  in connect ion  wi th  t r y p t o p h a n  metabol i sm.  
Urine of 2 chickens (White Leghorn) ,  each given orally 
0.3 g of 1)L-kynurenine su lpha te  dai ly  for 7 days,  was 
col lected for a to ta l  of 10 (lays (luring and  af ter  kynure-  
n ine  adminis t ra t ion ,  and t h e n  acidified wi th  tIC1 to 6 N  
and  hea t ed  in a boil ing wa te r  b a t h  for 2 h in order  to  
hydro lyse  some conceivable conjugates  of h y d r o x y l a t e d  

kynuren ine  der ivat ives .  Af ter  cooling, it  was shaken wi th  
a mix tu re  of n -bu t ano l  and  benzene  (1:11 to  r emove  
resinous dark-coloured  product .  The aqueous  layer  was 
concen t r a t ed  unde r  reduced pressure  to a th ick  sy rup  
and  was dissolved in 0 .1N HC1, and t h e n  passed  t h r o u g h  
a Dowex  50W-X4 (hydrogen form) co lumn ( 2 .  32 cm). 
In  ano the r  expe r imen t ,  using 96 mice of DD-s t r a in  each 
weighing ca. 25 g, each animal  was in jec ted  wi th  2.0 mg 
of I)L-kynurenine su lpha te  dai ly  for 3 days  and  the i r  
urine was col lected for 5 days  by  b lo t t ing  wi th  sheets  of 
f i l ter  paper  (No. 514, Toyo-Rosh i  Co., Tokyo),  which  
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EXPERIENTIA XXlI[9 

/ ~ - - C O - - C H 2 - - C H - - C O O H  

(III) 

Solvent Rf 
systems 

Natural Authentic Incubation Authentic Incubation Authentic 
5-hydroxy- 5-hydroxy- product 6-hydroxy- product 4, 6-dihydroxy- 
kynurenine kynurenine (A) kynurenie (B) quinoline 
(OKN) acid 

a 0.13 0.13 0.50 0.50 0.74 0.74 
b 0.23 0.23 0.38 0.38 0.81 0.83 

e 0.26 0.26 
d 0.35 0.35 

Pauli-Monda Dark purple Dark purple Red Red Red Red 
reagent (violet) (violet) 

Fluorescence White White Reddish brown- Reddish-brown Green Green 
under UVdight yellow yellow white white 

Bright Bright 
blue blue 

Fluorescence under UV-light when exposed to 
ammonia 

White White 
yellow yellow 

a = n-Butanol, acetic acid, water (4:1:5). b -: Methanol, n-butanol, benzene, water (2:1:1:1) = Mason-Berg. c = Mason-Berg with 1% 
NH4()H. d = 70% isopropanol. 

were e x t r a c t e d  w i t h  0 . 1 N  HCI and  t h e n  passed  t h r o u g h  
t he  s ame  c o l u m n  as descr ibed  above.  

The  c o l u m n  wh ich  was t r e a t e d  w i th  ch i cken  or mice 
ur ine  was washed  w i th  0 .2N,  1 .5N  a n d  2 . 4 N  of HC1 
successively,  a n d  f ina l ly  e lu ted  w i t h  5 N  HCI. The  e lua te  
was c o n c e n t r a t e d  u n d e r  r educed  pressure  of n i t r ogen  a t  
40 ~ to  a t h i c k  syrup,  wh ich  was appl ied  in a b a n d  fo rm 
to  f i l ter  p a p e r  No. 51 (40 �9 40 cm) of the  Toyo-Rosh i  Co., 
Tokyo,  a n d  deve loped  w i t h  a scend ing  t e c h n i q u e  us ing  a 
m i x t u r e  of n - b u t a n o l ,  acet ic  acid a n d  w a t e r  (4 : 1 : 5). The  
c h r o m a t o g r a m  was sp rayed  w i t h  P a u l i - M o n d a  r eagen t  1. 
Whi l e  u n d e r  UV-l ight ,  t he  f luorescence of the  res idua l  
k y n u r e n i n e  was t he  s t ronges t  in  t he  region of p a p e r  
c h r o m a t o g r a m  compr i s ing  3 k inds  of k y n u r e n i n e  bands .  
A m o n g  the  colours g iven  b y  sp ray ing  Pau l i - Monda  re- 

agen t ,  t h a t  of 3 - h y d r o x y k y n u r e n i n e  was t he  s t ronges t .  
K y n u r e n i n e  i tself  gave  no colour, b u t  a t  t he  same Rf  as 
t h a t  of 5 - h y d r o x y k y n u r e n i n e  t h e r e  a p p e a r e d  a b a n d  
(OKN) ( though  weaker  t h a n  t h a t  of 3 -hyd roxy  der iva t ive )  
g iv ing  a d i s t inc t  v io le t  colour ;  t h e  colour,  wh ich  is s t r ik-  
ing ly  cha rac t e r i s t i c  of 5 - h y d r o x y k y n u r e n i n e  a n d  its 
amine  1, h a v i n g  2 - a m i n o - 5 - h y d r o x y a c e t o p h e n o n e  s t ruc-  
tu re  (vi i i ) ' .  The  conce ivab le  5 -hyd roxy  d e r i v a t i v e  men-  
t i oned  above  showed t he  same Rf ' s  on  t h e  p a p e r  ch roma-  
t o g r a m s  deve loped  b y  us ing  4 d i f fe ren t  k inds  of so lven t  
sys t ems  as those  of s y n t h e t i c  5 - h y d r o x y k y n u r e n i n e ,  as 
i n d i c a t e d  in the  Table ,  and  gave,  o n  t r e a t i n g  w i t h  a c rude  

4 y. Jon, K. MURAKAMI, and K..u unpublished data. 
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enzyme (or homogenate)  of mouse  liver, 2 degrada t ion  
p roduc t s  A and B, which  were  ident i f ied  as 6 -hydroxy-  
kynuren ic  acid and 4, 6 -d ihydroxyquinol ine  respec t ive ly  
(VI and  VII)  by  compar ing  wi th  the  cor responding  syn-  
the t ic  samples  on pape r  ch roma tog rams  in the i r  Rf 's ,  
the i r  colours of f luorescence under  UV-l igh t  wi th  the i r  
charac ter i s t ic  colour change when  exposed to ammonia ,  
and  the  colours given by  spray ing  Paul i -Monda  reagen t  
(Table). As the  mere  incuba t ion  of n o n - h y d r o x y l a t e d  
kynuren ine  gave ne i the r  V I  nor  VI I, the  au thors  consider  
t h a t  t he  reac t ion  in the  scheme is one of the  bes t  ways  for 
ident i fy ing  a metabo l i t e  wi th  5 -hydroxykynuren ine  5. The 
ex t en t  of 5 -hydroxyla t ion  of kynuren ine  rough ly  esti-  
m a t e d  by  f luorometr ic  m e t h o d  in chicken a m o u n t e d  to 
ca. 0.5%. As controls ,  the  ur ine of chickens and  mice no t  
t r ea t ed  wi th  kynuren ine  was col lected and worked up in 
the  same way  as descr ibed above bu t  con ta ined  only a 
t race of 5 -hydroxykynuren ine  or none. 

A t t e m p t s  to  pur i fy  the  5 -hydroxykynuren ine  spots  
isolated f rom the  original pape r  c h r o m a t o g r a m  by  re- 
pea t ed  deve lopment s  on fi l ter  paper  for ident i f ica t ion 
purposes,  resul ted ve ry  of ten  in ob ta in ing  only  spots  
showing UV-absorp t ion  spec t ra  dev ia t ing  f rom the  
typ ica i  one, p r e sumab ly  owing to  some oxida t ion  even 
when  the  syn the t i c  5 -hydroxykynuren ine  was used as the  
tes t  mater ia l  and tak ing  precaut ions  such as p reven t ing  
oxidat ion.  Therefore,  the  p resen t  au thors  prefer  the  en- 
zymat ic  ident i f ica t ion as descr ibed above to the  opt ical  
method .  

This de tec t ion  of 5 -hydroxykynuren ine  never  means  its 
art if icial  fo rmat ion  f rom kynuren ine  in the  isolation pro-  
cedure, for the  same t r e a t m e n t  of urine as descr ibed above 
a f te r  the  addi t ion  of kynuren ine  has never  led to the  
de tec t ion  of 5 -hydroxykynuren ine .  

The above results  show for the  first  t ime t h a t  kynure-  
nine is conver ted  in animals  to 5 -hydroxykynuren ine ,  and  
thus  the  origin of 5 -hydroxykynuren ine  and a new route  
in the  t r y p t o p h a n  me tabo l i sm th rough  5 -hydroxykynure -  

nine sugges ted  by  MAKINO and  TAKAHASHI e'7 12 years  
ago are now es tabl i shed  (scheme). 

Fo rmer l y  H. TAKAHASHI told  one of the  au thors  (K.M.) 
personal ly  t h a t  he once de t ec t ed  6 -hydroxykynuren ic  
acid in the  urine of a p r e g n a n t  w o m a n  8. RoY and  PRICE 9 
repor ted  the  isolat ion of a smal l  a m o u n t  of the  same acid 
f rom pig urine 9. Recen t l y  KIDO et  al. 10,n de t ec t ed  IV, VI  
and V I I  in the  urine of chickens and  h u m a n  beings ad- 
min is te red  t r y p t o p h a n .  These f indings all coincide wi th  
our p resen t  scheme. 

Zusammen[assung. 5 -O x y k y n u rami n  (Vorl~iufer yon  
Mausamin  aus Maushirn)  wurde  aus Ur in  von  H u h n  
und  Maus nach  Verab re i chung  yon K y n u r e n i n  durch  
K o m b i n a t i o n  der  Ionen -Aus t ausch -Chroma tog raph i e  mi t  
Pap ie r -Chromatograph ie  isoliert.  D u t c h  Vergleich mi t  
dem syn the t i s chen  Pr t tpara t  wurde  es pap i e r ch roma to -  
graphisch  und  durch  Spa l tung  mi t te ls  M~iuseleberho- 
mogena t  in 4 ,6-Dioxychinol in  und  6-OxykynurensXure  
identif iziert .  
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D e v e l o p m e n t  of Hyperphag ia  in Female  Rats  
with Ventromedia l  Hypotha lamic  Les ions  Placed 

at Four Different Ages  I 

Most s tudies  on the  hypo tha l amic  contro l  of food in take  
and the  factors inf luencing it have  been conduc ted  on 
young-adu l t  and  adul t  ra ts  2 b u t  few have  inves t iga ted  
food in take  pa t t e rn s  in weanl ing ra ts  3-5. In  the  la t t e r  
s tudies  it was observed  t h a t  young growing ra ts  wi th  
ven t romed ia l  lesions did not  show the  h y p e r p h a g i a  ob- 
served in s imilar ly t r ea ted  adul t  rats.  This m a y  be re la ted 
no t  only to metabol ic  differences be tween  fas t -growing 
young ra ts  and adul t  animals  bu t  also to  a di f ferent ia l  
response of the  sa t i e ty  mechan i sms  to des t ruc t ive  lesions. 

Food  in take is general ly expressed in g/day,  kilo- 
calor ies/day or grams relat ive to  body  weight.  The p resen t  
s t u d y  was unde r t aken  to  not  only inves t iga te  pos topera-  
t ive food in take  p a t t e r n s  in ra t s  wi th  ven t romed ia l  hypo-  
tha lamic  lesions placed at  4 d i f ferent  ages b u t  also to 
re la te  th is  p a r a m e t e r  to 'metabol ic  size' ( K L E I B E R  unit ,  
i.e. kg a/4) 6. The dura t ion  of tile expe r imen t  was chosen to 
be 6 weeks since dur ing  th is  t ime  all animals  were prob-  
ably  still in the i r  dynamic  s ta te  of obes i ty  7 

Female  H o l t z m a n  ra ts  were d iv ided into 8 groups and 
t r ea ted  in the  following manne r :  Groups 1, 3, 5 and  7 

received bi la tera l  e lectrolyt ic  lesions in the  ven t romed ia l  
h y p o t h a l a m i c  area when  27, 59, 75 and 140 days  old, 
respect ively.  Groups  2, 4, 6 and 8 served as cor responding  
controls.  The lesions were placed wi th  a Hors ley-Clarke 
s tereotaxic  i n s t r u m e n t  using an enamel -coa ted  s ta inless  
steel  e lectrode of 0.37 m m  diameter .  An anodal  cu r ren t  
of 1.5 mA was used in the  younges t  ra ts  (Group 1) while 
for the  older  animals  2.0 mA were used;  t he  cu r r en t  was 
allowed to  flow for 10 sec. The coordinates  were ob ta ined  
f rom previously  es tab l i shed  char t s  8. The animals  were 
housed in indiv idual  cages in a room kep t  a t  25 ~ wi th  
12 h l ight  and 12 h da rk  and  given a syn the t i c  diet  (4.2 
Cal/g) and  tap  wa te r  ad l ibi tum.  Food  in take  was meas-  
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