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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). 
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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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The toxicity against housefly females of 24-h-old FA residues obtained on glass by evaporation of 1-4% FA solutions in various solvents 

Solvents FA Residues 

Name Dielectric constant Solubility of FA FA concentration in solution Visual aspect of residue 
in the solvent 
(g/l) 1% 2% 3% 4% 

Percentage of housefly mortality 
observed 24 h after a 45-rain tarsal 
contact with FA residues 

Diethyl ether 4.33 37 98.7 100 100 
Ethanol 24.3 8.4 23.1 48.5 100 
Methanol 32.6 70 56.8 57.3 42.5 66.6 
Benzene 2.28 50 9.1 33.2 17.0 17.1 

Carbon tetraehloride 2.24 72 0 0 0 0 
Chloroform 4.8 0 0 0 0 
2-Butanone 18.5 0 0 0 0 

Acetone 20.7 40 88.7 49.7 2.8 

Heavy white, somewhat transparent 
White, crystalline 
White, crystalline 
Some white crystals dispersed 
over a colourless, transparent layer 
Colourless, transparent 
Colourless, transparent 
Colourless, transparent 

Heavy white, somewhat transparent 

to r e m a i n  in t a r sa l  c o n t a c t  w i t h  t he  F A  depos i t s  for 45 
rain,  c o u n t i n g  f ro m  the i r  r ecove ry  f rom the  cold a n a e s t h e -  
sia. T h e y  were t h e n  t r a n s f e r r e d  to  u n t r e a t e d  ja r s  wh ic h  
were  closed w i th  pieces of m o s q u i t o  n e t t i n g  he ld  in place 
w i t h  r u b b e r  b a n d s ;  c o t t o n  wads  m o i s t e n e d  w i t h  s u g a r  
w a t e r  were laid on t h e  m o s q u i t o  ne t t i ng .  Live,  p r o s t r a t e  
a n d  dead  flies were c o u n t e d  24 h later .  A n a l o g o u s  t e s t s  
were carr ied  o u t  w i t h  200 m g  Spodoptera littoralis Boisd.  
la rvae ,  wh ich  were exposed  for 90 rain  to i - d a y - o l d  F A  
res idues  o b t a i n e d  b y  swir l ing to  d r y n e s s  0.67 m l  of F A  
ace tone  so lu t ions  in t he  lower h a l v e s  of 9 c m - d i a m .  Pe t r i  
d i shes  (base area,  67 cm2). The re  were 5 l a rvae  per  d i sh  
a n d  140-170 l a rvae  were e m p l o y e d  for each  c o n c e n t r a -  
t ion.  T h e  l a rvae  were t h e n  t r a n s f e r r e d  in g roups  of 10 in to  
700 ml  glass  j a r s  c o n t a i n i n g  al fa l fa  p laced  over  s a w d u s t ,  
for  24 h m o r t a l i t y  obse rva t ions .  All t he  e x p e r i m e n t s  were 
c o n d u c t e d  a t  22-23 ~ 

T h e  resu l t s  (Figure) show t h a t  m o r t a l i t y  in t h e  house -  
flies exposed  to  F A  res idues  rose g r a d u a l l y  f r om zero a t  
0 .02% to n e a r l y  100% a t  0 .15% FA.  I t  r e m a i n e d  a t  t h i s  

60 

o IE 

0.01 0.02 0,05 0,1 0,2 0.5 1 :3 4 5 
CONCENTRATION OF FA SOLUTION IN ACETONE (~ w/v) 

Percentage of 24-h mortality of insects after their exposure to 24-h- 
old fentin acetate (FA) residues on glass, which were obtained by 
evaporation of acetone solutions of various concentrations: Q--O, 
housefly females (45-inin contact); �9 . . . .  �9 Spodoptera littoralis 
(90-min contact). 

level up  to 0 .5% FA;  i t  t h e n  dropped ,  s lowly a t  f i rs t  a n d  
t h e n  r a p id ly  un t i l  t h e  zero level, w h i c h  was  r eached  a t  
2 .5%.  R e s u l t s  w i th  S. littoralis (Figure) exh ib i t ed  essen-  
t i a l ly  t he  s a m e  t rend .  

No s imi la r  pa r a dox i c a l  effect  (Table) was  found  in 
housef l ies  a f t e r  45-min  t a r s a l  c o n t a c t  w i th  F A  res idues  
f rom e the r  (h ighly  toxic  a t  all t h e  c o n c e n t r a t i o n s  tes ted) ,  
e t h a n o l  a n d  m e t h a n o l  (of i n t e r m e d i a t e  to  h igh  toxic i ty) ,  
benzene  (weakly  toxic) ,  or CC14, CHC1, a nd  2 - b u t a n o n e  
(non-toxic) .  

I t  is k n o w n  f rom M 6 s s b a u e r  a nd  I R - s p e c t r a  a n d  mole-  
cu lar  w e igh t  m e a s u r e m e n t s  t h a t  F A  8 (but  n o t  tricyclo- 
h e x y l t i n  a c e t a t e  s) a n d  some  o the r  t r i a ry l -  a nd  tr ia l-  
ky l t i n  c a r b o x y l a t e s  ex i s t  as p o l y m e r s  1~ in t he  solid a n d  
m o l t e n  s t a t e  a n d  in c o n c e n t r a t e d  so lu t ions  in non -po la r  
so lvents ,  b u t  are m o n o m e r i c  in d i lu te  so lu t ions .  Po ly-  
mer i za t i on  m i g h t  be t h e  cause  of t he  biological  i n a c t i v i t y  
of t he  v i t r eous ,  t r a n s p a r e n t  F A  res idues  ob ta ined ,  e.g. 
f rom i to  4% CC14 a n d  CHCla. I t  is conce ivable  t h a t  such  
p o l y m e r i z a t i o n  m a y  p e r h a p s  occur  also a t  specific F A  
c o n c e n t r a t i o n s  of ce r ta in  polar  so lvents ,  suc h  as ace tone .  
W e  con jec tu re  t ha t ,  in F A  res idues  f rom acetone,  it  is t he  
m o n o m e r  w h i c h  is tox ic  for insects .  The  m o n o m e r  ex is t s  
in d i lu te  so lu t ions  a n d  t h e  r a t e  of p o l y m e r i z a t i o n  in- 
creases  w i t h  c onc e n t r a t i on .  The  rap id  e v a p o r a t i o n  of t he  
so lve n t  ' f reezes '  a nd  r e t a in s  in t he  res idues  t he  m o n o n e r  
s t a t e  o r  on ly  pa r t i a l  degree  of p o l y m e r i z a t i o n  w h ich  
ex i s ted  in t h e  so lu t ion .  Suc h  res idues  f rom ace tone  solu-  
t ions  a bove  1.5% cons i s t  i nc reas ing ly  of t h e  po lymer ,  
w h ic h  we s u p p o s e  to be  non- tox ic .  I t  is of i n t e r e s t  t h a t  a 
pa r a dox i c a l  effect  obse rved  in t h e  cu rve  of inh ib i t ion  of 
h u m a n  p ro s t a t i c  acid p h o s p h a t a s e  b y  f luoride 11 is ascr ib-  
ed, too, to t h e  f o r m a t i o n  a po lymer ,  p r o b a b l y  t he  t e t r a -  
me r  (HF2)2--.  
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