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of PG receptors  in r a t  l iver p l a sma  m e m b r a n e s  ~4 would 
favor  a d i rect  effect  on the  liver. Several  biological act ions 
of PG are t h o u g h t  to  he med i a t ed  by  cyclic AMP. I t  is, 
therefore ,  n o t e w o r t h y  t h a t  cycl ic  AMP 1~, as well as 
subs tances  which  increase the  concen t ra t ion  of cyclic AMP 
such as theophyl l ine  15-17 and  vasopress in  is, increase bile 
flow in the  dog. In  the  rat ,  however ,  ne i ther  cyclic AMP 19, s0 
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nor  vasopress in  19, s0 or theophyl l ine  (unpubl ished observa-  
tion) are choleretic.  I t  appears  unlikely, therefore,  t h a t  
PG A 1 affects  bile flow via cyclic AMP. In  the  kidney,  
PG A 1 mark ed l y  decreases Na+-K+-dependen t  ATPase  
ac t iv i ty  which  is t h o u g h t  to  be responsible  for t he  PG 
induced natr iures is  3. A similar  mechan i sm could p lay  a 
role in the  PG- induced  increase in bile flow, since o ther  
ATPase  inhibi tors ,  such as ouabain  21,~2 and  cer ta in  
diuretics23, 34, exhib i t  a s imilar  effect  on bile sal t  inde- 
p e n d e n t  bile flow in the  ra t  ~1, 2a and  the  dog ~, 34. F u r t h e r  
s tudies  are needed  to elucidate the  m e c h a n i s m  and site 
of ac t ion of PG A 1, and to def ine  the  even tua l  physiolog- 
ical significance of PG A 1 for bile format ion .  

Summary. I t  could be d e m o n s t r a t e d  t h a t  in t rapor ta l  
infusion of p ros tag land in  A 1 (1 [xg/min/100 g b o d y  wt.) in 
Wis t a r  ra t s  s ignif icant ly  increases bile flow. An analysis  
of the  re la t ionship  be tween  bile sal t  excre t ion  and  bile 
f low revealed t h a t  th is  choleresis is due to an increase in 
the  bile sal t  i ndependen t  f rac t ion of bile. 
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T h e  E f f e c t  o f  P e s t i c i d e s  o n  H y d r o x y l a t i o n  of  T e s t o s t e r o n e  i n  H e p a t i c  M i c r o s o m e s  of  R a b b i t s  

Malathion and  pa ra th ion  known  as the  organic phos-  
pho ro th iona t e  insect icides are conver t ed  in vi t ro  and in 
vivo into ma laoxon  and paraoxon,  respect ively,  which  are 
p o t e n t  inhibi tors  of chol inesterase  1. The in vi t ro  addi t ions  
of these  insecticides inhibi t  the  me tabo l i sm of e thyl -  
morphine2  and tes tos te rone  3 in ra t  hepa t ic  microsomes.  
The single admin i s t r a t ion  of these  inseticidces prolonged 
hexobarb i t a l  sleeping t ime  in mice 4. The t r e a t m e n t  of 
ra t s  wi th  ch lor ina ted  insect icides such as dichlorodi-  
pheny l t r i ch lo roe thane  (DDT) for 10 days  s t imula tes  t he  
enzyme act ivi t ies  involved in t he  me tabo l i sm of m a n y  
drugs and steroids 3. 

The purpose  of th is  paper  was  to examine  the  effects 
of the  long- term admin i s t r a t i on  of e thylmercur ic  phos-  
p h a t e  (EMP), 0 ,0-d imethyl -0- (3-methyl -4-n i t rophenyl )  
t h iophospha t e  (MEP, a der iva t ive  of para th ion)  and 
benzene  hexachlor ide  (BHC), which  are common l y  used 
as pest icides in Japan ,  on the  hyd roxy la t i on  of t es tos te r -  
one in microsomes  of r abb i t  livers. 

Methods. Male adul t  albino rabb i t s  weighing abou t  2 kg 
were used. EMP,  o rganomercu ry  pesticide,  dissolved in 
physiological  saline, and  M E P  and  BHC, ha logena ted  
h y d r o c a r b o n  insecticide, b o t h  are non-water -so luble  
agents,  dissolved in corn oil, were given oral ly every  o ther  
day  for 5 months .  The dose per  kg b o d y  weight  was 
equiva len t  to t he  a m o u n t  of the  pest icide con ta ined  
in 1 ml  of the  sp ray  c o m m o n l y  used by  farmers  in Japan .  
The dosage was 0.05 mg/kg  of b o d y  weight  (1/800 of the  
LDs0 in rats) for EMP,  0.5 mg/kg  (1/1,800) for M E P  or 
1.5 mg/kg  (1/400) for BHC. Hal f  of the  control  animals  
were given saline and  the  o ther  half  were given corn oil. 
The  animals  were  sacrificed by  anes the t iz ing  wi th  thio-  
pen ta l  sodium. The liver was r emoved  immedia te ly ,  
per fused  wi th  ice-cold saline and  homogenized  wi th  4 
vo lumes  of cold, isotonic (1.15%) KC1 in a Po t t e r -E l v eh -  
j em type  homogenizer .  The h o m o g e n a t e  was centr i fuged 
to  remove  the  nuclei  and the  mi tochondr i a  a t  18,000 •  
for 10 min at  4 ~ and  the  microsomal  pell tes were ob ta ined  

by  cen t r i fuga t ion  a t  105,000•  for 60 min.  The micro- 
somes were suspended  in ice-cold 0.1 M Krebs -Ringer  
p h o s p h a t e  buffer  (pH 7.4) a t  a concen t ra t ion  of 5 mg 
pro te in  per  ml. 500 t*g of N A D P H  dissolved in 0.5 ml of 
0.1 M Krebs -Ringer  phospha t e  buffer  and  86 nmoles  of 
t e s tos t e rone  conta in ing  1 7Ci of 4-14C-testosterone (specific 
ac t iv i ty ;  57.5 mCi/mM, the  New Eng land  Nuclear  Corp., 
Boston,  Mass, USA) were added  to the  microsomal  
f rac t ion conta in ing  10 mg of protein .  The final volume of 
the  incuba t ion  mix tu re  was b ro u g h t  to 5 ml  wi th  0.1 M 
Krebs -R inge r  phospha t e  buffer  and the  mix tu re  was 
incuba ted  for 30 min a t  37 ~ under  the  bubbl ing  of 95% 
oxygen  and 5% carbon  dioxide. Af te r  incubat ion ,  tes tos-  
terone and  its metabo l i t es  were ex t rac ted  f rom the  incu- 
ba t ion  mix tu res  wi th  me thy lene  chloride twice. The pooled 
ex t rac t s  were evapora t ed  and  an a l iquot  of the  ex t r ac t  
was c h r o m a t o g r a p h e d  on a t h i n  layer  for separa t ion  of 
t e s tos te rone  and  h y d r o x y l a t e d  testosteronesS.  The 
radioact iv i t ies  were measured  wi th  a l iquid scint i l la t ion 
counter% The re levant  ac t iv i ty  of t e s tos te rone  hydro-  
xy la t ion  was expressed as the  sum of 6fl-, 7~- and  16~- 
h y d r o x y t e s t o s t e r o n e s  p roduced  f rom tes tos te rone  per  mg 
of p ro te in  of microsomes for 30 min.  The con ten t s  of 
cy toch rome  P-450 and  pro te in  in the  microsomes  were 
de t e rmined  by  the  spec t ropho tome t r i c  m e t h o d s  of OMURA 
and SATO 7 and  by  the  m e t h o d  of LOWRY et  al. 8, respect ive-  
ly. 
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Effects of pesticides on hydroxylation of testosterone in hepatic microsomes of rabbits 

EXPERIENTIA 31/10 

Control EMP MEP BHC 

Cytochrome P-450 (nnlote/mg protein) 
Hydroxylated testosterones (nmole]mg protein) ~ 
Hydroxylation (nmole/nmole cytochrome P-450) 
Unmetabolized testosterone (nmole/mg protein) 

0.900 -l- 0,102 0.740 :~ 0.082 0.554 :j- 0.042 0.715 4- 0,158 
0,468 -b 0.188 0.244 • 0.026 b 0.190 4- 0.022 b 0,214 J: 0,030 b 
0.537 :t_ 0.124 0.330 :k 0,001 0.353 =[= 0,013 0.304 -1- 0,025 
6.036 • 0.518 7.317 i 0.044 b 7.452 -b 0.048 b 7.591 ~ 0.013 b 
(69.4%)~ (85.5%) ~ (86.1%) o (87.3%) o 

�9 Values are the mean :k S.D. obtained from four animals. ~Dffferent from the control at P < 0.05. cPercentage of the unmetabolized sub- 
strafe to the substrate. 

Results and discussion. The con ten t s  of cy tochrome  P-  
450 and  the  act ivi t ies  of t es tos te rone  hydroxy la se  in the  
hepa t i c  microsomes  of the  control  r abb i t s  and the  rabb i t s  
t r e a t e d  w i t h  the  pest ic ides  are shown in the  Table.  As 
the  values  in t he  2 contro l  groups  were similar,  t h e y  
were  combined.  The con t en t  of cy toch rome  t - 4 5 0  in the  
B H C -  or E M P - t r e a t e d  rabb i t s  was reduced  to  a b o u t  80% 
of t h a t  in the  contro l  animals  and,  in t he  M E P - t r e a t e d  
rabbi ts ,  i t  was  reduced  to  abou t  60%. The unmetabo l i zed  
subs t ra te ,  t es tos te rone ,  was  h igher  in t he  expe r imen ta l  
group in compar i son  wi th  t h a t  in t he  contro l  group and 
the  fo rma t ion  of hyd roxy te s to s t e rones  per  mg pro te in  
or per  cy toch rome  t - 4 5 0  in the  exper imen ta l  groups  was 
half  as low as t h a t  in the  control .  These f indings sugges ted  
t h a t  t he  pest ic ides  inhib i ted  steroid hydroxy lase  ac t iv i ty  
in l iver  microsomes.  

STEVENS et  al.* observed t h a t  ma la th ion  and  pa ra th ion  
given 1 h pr ior  to hexobarb i t a l  admin i s t r a t ion  signifi- 
can t ly  pro longed hexoba rb i t a l  s leeping t ime  and  sugges ted  
t h a t  t he  increase in sleeping t ime  by  these  insecticides 
was  no t  due to  an inhib i t ion  of cholinesterase,  b u t  due to  
an i m p a i r m e n t  of hexoba rb i t a l  metabol i sm.  STEVENS 
and  GREENE ~ found t h a t  a paral lel  re la t ion be tween  
inhib i t ion  of e thy lmorph ine  me tabo l i sm by  these  insecti-  
cides and the  b ind ing  aff in i ty  of these  agents  to  micro- 
somal  cy toch rome  1-450. The admin i s t r a t ion  of chlor thion,  
organic  phospho ro th iona t e  insecticides,  to ra ts  for 10 days  
inh ib i ted  the  liver microsomal  me tabo l i sm of tes tos terone ,  
estradiol-17fi,  p roges te rone  and  deoxycor t i cos te rone  to  
h ighly  polar  metabol i tes ,  whereas  chlorodane  and  DDT 
marked ly  s t imula ted  the  me tabo l i sm of these  s teroids by  
l iver microsomes  8. I t  was d e m o n s t r a t e d  t h a t  ch lor ina ted  
insect icides can e i ther  s t imula te  or inh ib i t  microsomal  
t es tos te rone  hyd roxy la t i on  depending  upon  w h e t h e r  the  
agents  are given chronical ly  or acute ly  8. 

LUCIER et  al. 9 suggested t h a t  t he  reduced  c o n t e n t  of 
cy toch rome  P-450 of ra t  livers occurred following t h e  

admin i s t r a t ion  of m e t h y l m e r c u r y  hydrox ide  for 2 days  
was due to increasing degrada t ion  of the  fas t -phase  hemo-  
p ro te in  and /o r  decreasing synthes is  of the  s low-phase 
componen t  and  t h a t  aminopyr ine  demethy la t ion ,  a mixed  
funct ion  oxidase  reac t ion  ca ta lyzed  by  the  cy toch rome  
t -450 ,  was decreased b y  reducing cy tochrome  P-450 
levels. 

Since no change  was observed  in the  difference spec t ra  
(namely shi f t  of the  peak  a t  450 n m  and  appearance  of the  
peak  a t  420 n m  had  n o t  occurred) and  the  hydroxy la se  
ac t iv i ty  was no t  in paral lel  w i th  the  con ten t  of cy tochrome  
t - 4 5 0  in th is  s tudy,  t he  decrease in the  hydroxy lase  
ac t iv i ty  was no t  only due to the  decrease of cy toch rome  
1-450 conten t ,  bu t  also due to  o ther  factors,  such as the  
i m p a i r m e n t  of the  hepa t ic  cells. In  general,  the  pest ic ides  
seemed to  have  inh ib i to ry  effects on the  drug and  s teroid 
me tabo l i sm in hepa t ic  microsomes when  given in a 
h igher  dose and/or  for a long period.  

Rdsumd. L ' h y d r o x y l a t i o n  de la tes tos t6rone pa r  les 
microsomes  du foie de lapins adul tes  est  inhib6e par  
l 'hexachlorobenz~ne,  pa r  le 0 ,0-dim6thyle-0-(3-m6thyle-  
4-nitroph6nyle)  t h i o p h o s p h a t e  e t  par  le p h o s p h a t e  
6 thy lmercur ique  adminis t r6s  par  vole orale, tous  les 
deux jours, p e n d a n t  5 mois. 
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High Permeabil i ty of Insect Blood-Brain Barrier 
Electrophysiological  Technique 

Insec t s  are alone among  inver t eb ra tes  in t h a t  the i r  
cen t ra l  nervous  sys t em possesses an ionic diffusion barr ier  

b e t w e e n  the  ex t raneurona l  spaces and  the  blood 1, 
analogous  to  t h a t  of ver tebra tes .  The  possible inf luence 
of th is  bar r ie r  on the  m o v e m e n t s  of organic molecules is a 
compl ica t ing  factor  in pharmacologica l  and  toxicological  
studies,  these  being of ex t reme  in te res t  as m a n y  insecti-  
cides ac t  p r imar i ly  on the  cent ra l  nervous  sys t em 2. 
Previous  research using radioisotopes  has  suggested t h a t  
t he  insect  nerve  cord is snrpr iz ingly  i m p e r m e a n t  to  
alcohols a and  o the r  organic molecules*. Here  I describe 

to Alcohols Demonstrated by an 

use of the  e lectrophysiological  effects of t he  alcohols to 
measure  the i r  ra te  of arr ival  a t  the  neurone  surfaces, a 
t echn ique  wh ich  could be ex t ended  to  o ther  molecules 
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