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Monoamines  in Brain and Urine of Rats with Hereditary Hypothalamic Diabetes Insipidus 
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Summary. Monoamine  levels in bra in  and urine of homozygous  and he te rozygous  d iabetes  insipidus (DI) ra ts  (Bra t t -  
leboro strain)  were assessed. Homozygous  DI ra ts  had  a higher  whole bra in  co n t en t  of serotonin  t h a n  the i r  he te rozy-  
gous l i t t e rmates .  However ,  when  correc ted  for differences in bra in  weight ,  homozygous  DI also appeared  to  have  
h igher  bra in  concen t ra t ions  of noradrenal ine ,  tyros ine  and GABA. The  to ta l  24 h excre t ion  of aI1 amines  and the i r  
p recursors  was grea te r  in t he  homozygous  t h a n  in the  he te rozygous  rats.  

Vasopress in  is involved in the  consol idat ion and/or  
re t r ieval  of learned responses  a, 5, as suggested b y  animal  
s tudies  in which learning deficits  induced  by  h y p o p h y -  
s ec tomy  were correc ted  b y  vasopressin% Recent ly ,  a 
new model,  i.e., ra t s  w i th  he red i t a ry  h y p o t h a l a m i c  
d iabe tes  insipidus (DI), has  been  used to  s tudy  t h e  be- 
hav ioura l  effects of vasopressin.  Homozygous  DI ra t s  
of the  Bra t t l eboro  s t ra in  lack the  abi l i ty  to  synthes ize  
vasopress in  whereas  the i r  he te rozygous  l i t t e rmates  have  
a re la t ively  normal  wa te r  ba lance  ~, s. Homozygous  DI  
ra t s  are def ic ient  in acquir ing a simple passive avoidance  
response  when  compared  to the i r  he te rozygous  l i t t e rma-  
tesg; th is  def ic ient  behav iour  can be res tored  b y  t r ea t -  
m e n t  wi th  vasopress in  ~. 

No th ing  is kown  abou t  the  neurochemica l  differences 
be tween  homozygous  and  he te rozygous  I)I  rats .  Since 
the  observed behav ion ra l  differences m a y  be re la ted  to  
neurochemica l  differences,  we unde r took  a s t u d y  to  
assess m o n o a m i n e  levels in bra in  and  ur ine of homozygous  
and  he te rozygous  DI  rats .  19 male  homozygous  and  20 
male he te rozygous  Bra t t l eboro  ra ts  were ob ta ined  f rom 
TNO-Zeist ,  The Nether lands .  These animals  were of the  
same age bu t  b o d y  weight  was lower in the  homozygous  
rats .  At  the  s t a r t  of t he  exper iment ,  the  homozygous  DI  
ra t s  weighed a p p r o x i m a t e l y  200 g and the  he te rozygous  
ra ts  a p p r o x i m a t e l y  250 g. 

Table I. Excretion of biogenic amines and their precursors in the 
urine of rats homozygous and heterozygous for hereditary hypothal- 
amie diabetes insipidus 

Amine/amino Total concentration 
acid 

Heterozy- Homozygotes 
gotes 

[xgl ~gl lxg124 h [xg/ml 
24 ix ml 

Noradrenaline 0.73 0 .05  2.87 ~ 0.03 �9 
(+160, +480) (--59,--25) 

Dopalnine 1.21 0 .10  2.39 ~ 0.02 ~ 
(+i ,  +300) (--88,--69) 

Serotonin 8.51 0 . 5 0  41.90 ~ 0.34 
(+168, +804) (--63, +27) 

Tyrosine 28.0 1.97 493.0 ~ 4.28 ~ 
(+1,390, +1,980) (+70, +180) 

Tryptophan 56.8 4.00 1,120.0 �9 9.66 �9 
(+1,650, +2,130) (+90, +217) 

Each value represents the mean of 19 determinations. The per- 
centage change relative to the heterozygous group is also shown, 
together with the 95% confidence limits (in parentheses). ,Signi- 
ficance of difference between houlozygous and heterozygous group 
p < 0.05. 

The ra ts  were housed  ind iv idua l ly  in metabol ic  cages. 
Af t e r  an a d a p t a t i o n  per iod of 1 week, ur ine was collected 
for a 24 h per iod commenc ing  at  10.00 h. The volume of 
ur ine was  de t e rmined  and  the  levels of t r y p t o p h a n  1~ 
t y r o s i n e n ,  s e ro ton in~ ,  noradrena l ine  and  dopamine ta  
were  assessed f luorometr ical ly .  

Af te r  collection of urine, t he  ra ts  were killed by  decapi-  
ta t ion .  Thei r  brains  were rap id ly  r emoved  and placed on 
ice. The cerebe l lum and  pineal  gland were discarded.  The 
r ema inde r  of the  bra in  was homogenized  in a dilute acid 
med i u m (8 ml 0.01 N HC1 conta in ing  0.5 ml  10% e thylene  
d iamene  te t ra -ace t ic  acid as the  d i sod ium salt). Af te r  
cen t r i fuga t ion  (800 •  for 20 min a t  4~ a l iquots  of 
the  s u p e r n a t a n t  were t aken  for the  es t ima t ion  of t r y p t o -  
p h a n  ~0, tyros ine  n ,  se ro ton in  ta, noradrena l ine  and  dop-  
amine  13. An assessment  of the  concen t r a t i on  of y-ami-  
n o b u t y r i c  acid (GABA} was  also m a d e  by  means  of the  
f luoromet r ic  assay procedure  of UCHIDA and  O'BRIEN14. 

For  the  s ta t i s t ica l  analysis  of the  results ,  a r andomized  
block analysis  of var iance  was employed.  The level of 
significance used was p < 0.05. The 24 h urine vo lume of 
t he  homozygous  DI ra t s  was  marked ly  e levated  in com- 
par ison to  t h a t  of the  he te rozygotes  (mean 24 h ur ine 
vo lume : 116.0 and 14.3 ml, respect ively) .  The differences 
be tween  homozygous  and  he te rozygous  Bra t t l eboro  ra ts  
w i th  respec t  to levels of monoamine  and amino acid 
precursors  in the  urine are shown in Table I. The to t a l  
24 h excre t ion  of all amines  and the i r  precursors  was  
s ignif icant ly  grea te r  in the  homozygous  t h a n  in the  he te ro-  
zygous ra ts .  However ,  w h e n  t h e  resul ts  were  expressed in 
t e rms  of the  concen t ra t ion  of amine  or amino acid per  ml  
urine,  i t  appea red  t h a t  homozygous  ra ts  had  s ignif icant ly  
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lower concen t ra t ions  of ca techolamines  t h o u g h  still  
s ignif icant ly  h igher  concen t ra t ions  of t r y p t o p h a n  and  
ty ros ine  t h a n  the  he terozygotes .  The concen t ra t ion  of 
se ro ton in  did no t  differ be tween  the  groups.  

The wet  weights  of the  bra ins  f rom the  homozygous  DI  
ra t s  were less t h a n  those  of the  he te rozygous  group (mean 
we igh t :  1.44 and 1.54 g, respect ively) .  

Table II. Content of biogenic amines, their precursors and T-amino- 
butyric acid in the brains of rats homozygous and heterozygous for 
hereditary hypothMamic diabetes insipidus 

Amine/amino Heterozygous Homozygous 
acid 

Total Concen- Total Concentration 
tratioi1 ([xg/g) 
(~g/g) 

Noradrenaline 1.03 0.66 1.04 0.73 ~ 
(--7, +9) (+1, +16) 

Dopanfine 1.85 1.20 1.82 1.24 
(--10, +5) (--8, +16) 

Serotonin 0.90 0.58 1.03 ~ 0.72 �9 
(+4, +26) (+11, +37) 

Tyrosine 14.88 9.64 15.56 10.84 
(--6, +16) (0, +26) 

Tryptophan 3.60 2.34 3.34 2.32 
(--18, +4) (--11, +12) 

GABA 702 453 723 504 a 
(--1, +7) (+7, +15) 

The bra in  levels of monoamines ,  the i r  precursor  amino  
acids and  G A B A  are given in Table  II .  t t o m o z y g o u s  DI  
ra ts  had  a s igni f icant ly  h igher  whole bra in  c o n t e n t  of 
sero tonin  b u t  did no t  differ  wi th  respec t  to  whole b ra in  
co n t en t  of noradrenal ine ,  dopamine ,  tyros ine ,  t r y p t o p h a n  
and GABA. However ,  in t e rms  of the  concen t r a t ion  of 
amine  or amino acid per  g wet  we igh t  of t he  brain,  homo-  
zygous DI  ra t s  appeared  to have  h igher  bra in  concen t ra -  
t ions  of noradrenal ine ,  serotonin,  ty ros ine  and GABA 
t h a n  the i r  he te rozygous  l i t t e rmates .  

In  conclusion,  the  p resen t  resul ts  indica te  t h a t  the re  
are m a r k e d  differences be tween  homozygous  DI  and  
he te rozygous  Bra t t l ebo ro  ra ts  wi th  respec t  to bra in  and  
urine levels of monoamines  and  the i r  precursor  amino  
acids. There  is no clear in t e rp re t a t ion  of these neuro-  
chemical  differences as seen in re la t ion to  the  vasopress in  
def ic iency of homozygous  DI  rats .  The sus ta ined  levels 
of ac t iv i ty  in homozygous  DI  ra t s  due to  the  f r equen t  
bouts  of dr inking m a y  produce  changes  in amine tu rn -  
over  ra tes .  Fu r the rmore ,  the  h igh  urine co n t en t  of mono-  
amines  and the i r  precursor  amino  acids in homozygous  
DI ra t s  m a y  e i ther  be due to  an increased f i l t ra t ion or 
excre t ion  or a reduced resorp t ion  in t he  kidney.  In  addi-  
t ion, t he  vasopress in  def ic iency is no t  t he  only  endocr ine  
anomaly  in these  ra t s  : the  oxytoc in  c o n t e n t  of p i tu i tar ies  
of homozygous  DI  rats,  b u t  no t  he terozyg0us  ra ts  is 
grea t ly  reduced,  a l though  syn thes i s  of oxytoc in  is un-  
impai red  1~. I t  is no t  known  w h e t h e r  th is  p h e n o m e n o n  
bears  a n y  re levance to  the  f indings of the  p resen t  exper i -  
ment .  

Values are the mean of 19 determinations. Concentrations are given 15 H. VALTIN, W. H. SAWYER and H. A. SOROL, Endocrinology 77, 
as [zg/g wet weight of whole brain. See further legend to Table I. 701 (1965). 

A P a r a d o x i c a l  C o n c e n t r a t i o n  Effect  in  t h e  T o x i c i t y  of F e n t i n  A c e t a t e  for  I n s e c t s  
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Summary. Tr ipheny l t in  (fentin) ace ta te  residues on glass resul t ing f rom the  evapora t ion  of acetonic  solutions,  t u rned  
out  to be less toxic  on con tac t  and  finally non- toxic  to  houseflies and  Spodoptera littoralis larvae wi th  rising concen t ra -  
t ion.  This paradoxica l  concen t ra t ion  effect  m a y  be due to po lymer iza t ion  of the  compound  in concen t r a t ed  solutions.  

U n d e r  specific condi t ions ,  cer ta in  c o m p o u n d s  m a y  be 
biologically more  act ive,  e.g. more  toxic,  a t  lower t h a n  a t  
h igher  concen t ra t ions .  Such so-called 'pa radoxica l  con- 
cen t ra t ion  effects ' ,  wh ich  seem to be wide-spread  in 
var ious  biological sys tems,  have  been  reviewed r epea t ed ly  
by  SCHATZ et  al. 2. We  wish to r epor t  on an eas i ly-reproduc-  
ible paradoxica l  toxic  effect  of fen t in  ( t r iphenyl t in)  ace ta te  
(hencefor th  abb rev i a t ed  to  FA) in insects.  F A  is an  agri- 
cu l tura l  fungicide a possessing insect  an t i f eedan t  4 p rop-  
erties,  b u t  it  is only  weakly  insect icidal  in t he  conven t ion -  
al sense 5. 

The tox ic i ty  of FA residues for the  housef ly  was assayed 
by  a s h o r t - t e r m  tarsa l  con tac t  m e t h o d  6:1 .37 ml  acetonic  
solut ions of F A  T of var ious  concen t ra t ions  (w/v) were 
i n t roduced  in to  150 ml round  glass jars ( inner wall surface 
area, 137 cm2), which  were t h e n  rolled so t h a t  a un i form 
layer  fo rmed  on the i r  inner  surface af ter  the  evapora t ion  
of t he  solvent .  By  th is  p rocedure  the  value of the  per-  
cen tage  concen t ra t ion  of the  appl ied solut ion is the  same 
n u m b e r  as g /m 2 of subs tance  u l t ima te ly  deposi ted .  24 h 

later,  2 -3-day-o ld  housef ly  (Musca domestica vicina 
Macq.) females,  immobi l ized wi th  cold anaesthesia ,  were 
in t roduced  into the  jars, 10 per  jar ;  the re  were 4 replica- 
t ions per  concen t ra t ion  in an exper iment ,  and each 
e x p e r i m e n t  was r epea ted  4-8 t imes.  The flies were allowed 
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