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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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ured for 2 days  weekly  and  was expressed in g/day,  
g/day/100 g b o d y  weight  and  g/day/KLEIBER u n i t s t  
Due to  a mishap,  no values  are avai lable for the  5 week 
m e a s u r e m e n t  of group 1. B o d y  weight  was measured  
weekly  wi th  t he  ra t s  unde r  l ight  e the r  anesthesia .  The  
per iods  of food in take  measu remen t s  were t imed  so t h a t  
t h e y  fell b e tw een  the  per iods  of b o d y  weight  measure-  
ments .  Af te r  6 weeks the  animals  were sacrificed b y  
decap i t a t ion  and  the  bra ins  were t r ea t ed  as descr ibed 
previous ly  4. The local izat ion of the  lesions was deter-  
mined  using the  at las  of DEGROOT 9. 

(a) Food intake in g/day: Figure  1 shows t h a t  dur ing  the  
f i rs t  pos t -opera t ive  week the  younges t  ra ts  wi th  lesions 
a te  less t h a n  the i r  i n t ac t  coun te rpa r t s ;  ra ts  opera ted  on 
dur ing  ear ly  (group 3) and  late (group 5) adolescence ate  
as m u c h  as the i r  in t ac t  controls .  The only  ra ts  w i th  lesions 
t h a t  showed s ignif icant  hype rphag i a  were those  in which 
the  opera t ion  had  been  pe r fo rmed  dur ing  adu l thood  
(group 7). 

Compar ison of lesioned ra ts  wi th  each o ther  ind ica ted  
t h a t  the  younges t  ra t s  a te  less t h a n  the  older  animals.  
Fu r the rmore ,  t he  younges t  ra t s  increased the i r  food in- 
t ake  dur ing  the  second week and  a t t a ined  t h e n  a level 
which  was ma in t a ined  t h r o u g h o u t  the  r ema inde r  of t he  

expe r imen t  and  the  ra ts  of groups 3 and  5 ate  f rom the  
second week on much  more  t h a n  the i r  controls.  The pa t -  
t e rn  in these  two  groups of ra t s  was s imilar  bu t  the  ra t s  
of group 7 showed a decline of food in take  toward  the  end 
of the  exper iment .  

A m o n g  the  in t ac t  controls ,  t he  younges t  ra ts  (group 2) 
ate dur ing  the  f irs t  week less t h a n  the  older  controls  b u t  
the i r  in take  was essent ial ly  similar to  t h a t  of the  o the r  
controls  thereaf te r .  

(b) Food intake per lO0 g o/ body weight." The general  
p a t t e r n  dur ing  the  f irs t  week resembled  t h a t  observed 
when  food in take  was expressed  in g /day  inasmuch  as the  
ra t s  of group 1 a te  less t h a n  the i r  in t ac t  controls  (group 2). 
Groups 3 and  5 ate  essent ial ly  as m u c h  as the i r  controls  
and  the  an imals  of group 7 showed a food in take  g rea te r  
t h a n  t h a t  of the i r  controls  (Figure 2). I n  con t ras t  to  t he  
food in take  expressed in g /day  (Figure 1) t he  ra t s  of 
group 1 a te  more  per  100 g of b o d y  weight  t h a n  some of 
the  groups of older  ra t s  wi th  lesions dur ing the  second 
(grOup 5), t h i rd  (group 7) and  s ix th  (group 5 and  7) week. 

9 j .  DEGROOT, Verhandel. K. ned. Akad. Wet. Afd. Natuurk. 52, 
1 (1959). 
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Fig. 1. Food intake in g/day in rats with 
ventromedial hypothalamic lesions placed 
at the age of 27 days (group 1), 59 days 
(group 3), 75 days (group 5) and 140 days 
(group 7) and of their corresponding intact 
controls (groups 2, 4, 6, and 8 respectively). 
Figures at bottom of graph designate 
group number. Significance of compa- 
risons between means: First week: 1 vs 2 
p<0.001,  7vs8  p<0.001,  2 v s 4 p <  
0.02, 2 vs 6 p < 0.05, 2 vs 8 p < 0.02; 
Second week: 1 vs 3 p < 0.01, 1 vs 5 
p < 0.01, 1 vs 7 p < 0.02; Third week: 
1 vs 5 p < 0.01, 1 vs 7 p < 0.001; Fourth 
week: i vs 5 p < 0.01, 1 vs 7 p ~ 0.001. 

Fig. 2. Food intake relative to body weight of 
rats with hypothalamic lesions and their 
intact controls. For grouping see Figure 1. 
First week: I vs 2 p < 0.001, 7 v s 8 p <  
0.01, 2 vs 6 p < 0.01, 2 vs 8 p < 0.001 ; Second 
week: l v s 5 p < 0 . 0 2 , 2 v s 4 p < 0 . 0 2 , 2 v s 6  
p < 0.02, 2 vs 8 p < 0.001; Third week: 1 vs 7 
p < 0.01, 2 vs 4, 6, 8 p < 0.001 ; Fourth week : 
2 vs 4, 6, 8 p < 0.001; Fifth week: 2 vs 4 
p < 0.05, 2 vs 6 p < 0.001, 2 vs 8 p < 0.001; 
Sixth week: 1 vs 5 p < 0.01, 1 vs 7 p < 0.001. 
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Fig. 3. Food intake relative to 'metabolic size' 
of rats with ventromedial hypothalamie le- 
sions and of their intact controls. For group- 
ing see Figure 1. First week: 1 vs 5# < 0.01, 
1 vs 7 p < 0.02, 8 vs 2 p < 0.001, 8 vs 4 
p < 0.02, 8 vs 6 p < 0.02; Sixth week: 1 vs 7 
p < O.05. 

The younges t  controls  (group 2) ate  more  t h a n  the  
oIder controls  up to  the  f i f th  week of the  exper iment .  

(c) Food intake relative to metabolic size: During the  
first  week following the  opera t ion  the  food in take  of the  
lesioned ra ts  was similar  to t h a t  when  food consumpt ion  
was expressed in g/day,  excep t  t h a t  there  was no signifi- 
can t  difference be tween  group  1 and  3 (Figure 3). Dur ing  
the  subsequen t  weeks the  food in take  of group 1 remained  
in the  same range as t h a t  of t he  older  lesioned ra ts  unt i l  
the  s ix th  week when  it exceeded t h a t  of group 7. 

The in take  of t he  i n t ac t  controls  resembled t h a t  ex- 
pressed re la t ive to b o d y  weight .  I t  is in s t rong contras t ,  
however ,  to the  food in take  expressed in g/day.  Dur ing  
the  first  week the  oldest  controls  (group 8) consumed less 
t han  all of the  o the r  groups of in t ac t  rats.  

(d) Body weight: The Table  shows t h a t  group 1 had  
small  bu t  s ignif icant  weight  gains when compared  wi th  the  
in tac t  controls.  Groups 3, 5, and  7 showed progress ively  
grea ter  weight  gains. 

Normal  weanl ing ra ts  have  been repor ted  to eat  twice 
as much  in relat ion to  the i r  body  weight  as do adul t  rats.  
}towever,  when  ven t romed ia l  lesions are placed in wean-  
ling ra ts  hype rphag i a  so charac ter i s t ic  for older  rats  wi th  
lesions is no t  ev iden t  a. The presen t  f indings are thus  in 
accord wi th  previous repor t s  2 5. 

A f inding of some in te res t  is the  difference in food in- 
take  in g /day  dur ing the  first  week following hypo tha l a -  

Body weight and age at operation and sacrifice, respectively, of rats 
with ventromedial hypothalamic lesions and of their intact controls 

Group N Operation Sacrifice 

Age Weight Age Weight 
(days) (g) (days) (g) 

1 10 27 70~2 2 a 71 231•  b 
2 12 7 2 t  2 71 1 9 2 t  5 
3 4 59 1 7 8 t  2 102 359128 
4 5 1 7 2 i  2 102 2 3 0 t  3 
5 6 75 1 9 3 t  3 118 3901t=11 
6 7 185• 118 231• 4 
7 5 140 2 7 4 i  3 182 524119 
8 6 2711 6 182 288112 

a Mean i S.E.M. b Group 1 vs group 2 p < 0.01 ; group 3 vs group 4 
p < 0.01 ; group 5 vs group 6 p < 0.001 ; group 7 vs group 8 p < 0.001. 

mic lesions be tween  lesioned weanl ing and lesioned adu l t  
rats ,  an obse rva t ion  repor ted  previous ly  3. I t  appears  tha t ,  
a f ter  au tonomic  s tabi l i ty  is regained wi th  t ime,  food in take  
begins to  rise; this  seems to occur slower in younger  and  
fas te r  in older  ra t s  and  is ev idenced b y  s ignif icant  hypo-  
phagia  in t he  lesioned weanl ings and  s ignif icant  hyper -  
phagia  in lesioned older  rats.  This m a y  be a man i fes t a t ion  
of the  t r a u m a  of the  e lec t rocoagula t ion pe rhaps  by  
spread ing  of cu r r en t  into ne ighbor ing  neurons,  t hus  
causing t e m p o r a r y  funct ional  d i s rup t ion  1~ par t i cu la r ly  
in the  younges t  rats.  

W h e n  food in take  is expressed re la t ive  to body  weight  
and  re la t ive to 'metabol ic  size' i n t ac t  ra t s  showed dur ing  
the  th i rd  week of the  expe r imen t  a drop  t h a t  was much  
less p ronounced  in the  lesioned animals.  Thus, dur ing the  
f irs t  6 weeks of the  dynamic  phase  of obes i ty  7 the  food 
in take  of the  opera ted  rats  was h igher  t han  t h a t  of the i r  
in tac t  controls.  

I t  is of in te res t  t h a t  the  ra ts  of groups 3 and 5 showed 
paral lel  food in take  p a t t e rn s  t h r o u g h o u t  the  expe r imen t  
for all 3 pa r ame te r s  of food intake.  The s imilar i ty  be tween  
these  2 groups and the  diss imilar i ty  be tween  t h e m  and 
the  younges t  and o ldes t  lesioned ra t s  is n o t e w o r t h y  be-  
cause it is no t  paral leled by the  food in take  of the i r  in t ac t  
controls  in compar i son  wi th  those  of the  younges t  and 
oldest  controls.  

Zusammen]assung. Ven t romed ia l -hypo tha l ami sche  L i -  
s ionen fi ihren bei n ich t  mehr  s~tugenden weibl ichen Ra t -  
t en  zu t emporg re r  Hypophag ie ,  bei  5.1teren Tieren zu 
Hyperphagie .  In  den folgenden W o ch en  wird eine auto-  
nome Stabili tAt und  normale  F u t t e r a u f n a h m e  wieder  
erreicht .  Bezogen auf das K6rpe rgewich t  assen die n ich t  
m e h r  s~iugenden R a t t e n  weniger  als gleich alte Kontro l l -  
tiere, m e h r  jedoch als Xltere l~idierte Ra t t en .  
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