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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 

1 G. HOYLE, Nature Lond. 769, 281 (1952). 
2 T. NARAHASHI, Advances in Insect Physiology (Academic Press, 

New York 1971), vol. 8, p. 1. 
3 IV[. E.  ELDEFRAWI a n d  R.  D. O'BRIEN, J .  Insect Physiol. 73, 691 

(1967). 
4 M. E. ]~LDEFRAWI and R. D. O'BRIEN, J. Insect Physiol. 12, 1133 

(1966); J. exp. Biol. Z6, 1 (1967); with A. TOPPOZADA and M. M. 
SALPETER, J, exp. Biol. 48, 325 (1968). 
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and systems,  and  repor t  t h a t  the  barr ier  has  l i t t le effcte 
on the  m o v e m e n t s  of these  substances ,  which  are in fact  
ve ry  rapid.  

The exper imen t s  were per formed on isolated abdomina l  
nerve  cords of the  cockroach (Peripl~neta americana), 
and intracel lular  recordings were made  f rom g ian t  axons 
in the  connect ives  be tween  the  I V t h  and  V t h  ganglia. 
Alcohol concen t ra t ions  which  were insuff icient  to br ing 
abou t  a comple te  conduc t ion  block caused a s tab le  
reduct ion  in the  act ion po ten t ia l  ampl i tude  (Figure la ) .  
All changes  were fully reversible and  replicable w i t h i n  the  
range of concen t ra t ions  used, hence it was possible to 
compile a dose-response curve f rom a series of such mea- 
su rements  (Figure lb ) .  By  reference to this  curve, the  
ins t an taneous  concen t ra t ions  a t  the  g iant  axon surfaces 
dur ing exposure  to a h igh alcohol concen t ra t ion  were 
e s t ima ted  f rom the  t ime-course  of the  reduc t ion  in act ion 
po ten t ia l  ampl i tude .  

The ra te  of arr ival  a t  the  axon surfaces normal ly  follow- 
ed f i rs t -order  kinet ics  fairly closely unti l  abou t  twice the  
ha l f - t ime (Figure lc) ,  beyond  which it was no t  possible 
to make  accurate  es t imates  f rom the  dose-response curve. 
Analogous es t imates  for the  ra te  of d i sappearance  of the  
alcohol dur ing recovery  were ve ry  similar, d emons t r a t i n g  
t h a t  the  m o v e m e n t s  were essential ly symmet r i ca l  (Figure 
ld ) .  

To avoid the  effects of individual  var ia t ion in sens i t iv i ty  
to the alcohols, a separa te  dose-response curve  was 
compiled for each exper iment .  The effect  of the  ionic 
diffusion barr ier  on the i r  ra te  of access was inves t iga ted  
by  compar ing  the  results  ob ta ined  be tween  in t ac t  con- 
nect ives  and those  f rom which the  nerve shea th  had  been 
surgically removed,  a procedure  which des t roys  the  bar- 
rier 5. The results,  given in the  Table, show t h a t  the  access 
of the  lower alcohols in par t icu lar  is ve ry  rapid,  and t h a t  
the  effect of de -shea th ing  is r emarkab ly  small.  

The alcohols do not ,  however ,  even t empora r i ly  d amage  
the  ionic diffusion barr ier  in in tac t  nerve  cords. This  has  
been  d e m o n s t r a t e d  by  exposing in tac t  connect ives  to  a 
h igh-po tass ium saline (which causes a rapid  conduc• 
block in de - shea thed  connect ives) ,  and  addi t iona l ly  
apply ing  a h igh  alcohol concen t ra t ion  dur ing  p a r t  of th is  
per iod (Figure 2). The subsequen t  recovery  of the  act ion 
po ten t i a l  in th is  saline shows the  barr ier  to  have  been  
unaffec ted .  

Radio iso tope  eff lux expe r imen t s  wi th  *z-butanol have  
shown t h a t  abou t  70% of the  ac t iv i ty  washes  out  f rom 
isolated connect ives  w i th  a s imilar ly rapid  hal f - t ime 
(ca. 6 sec) S, this  c o m p o n e n t  appa ren t l y  hav ing  escaped 
detec t ion  by  the  previous  inves t iga tors  a. 

By  analogy wi th  pe rmeab i l i t y  s tudies  on o the r  tis- 
sues 9,~0, the  ra te  of access of the  alcohols into i n t ac t  
connect ives  is expec ted  to be d i rec t ly  re la ted  to the i r  
l iposolubit i ty,  b u t  such an effect  is seen only  for the  2 
bu tano l  isomers (Table). The inf lux of e thanol  is more  
rapid t h a n  expected ,  which  m a y  be explicable in t e rms  of 
its low molecular  weight ,  a s imilar  effect  for th is  size of 
molecule hav ing  been  repor ted  in o ther  sys tems  g, ~0. 

More surpr iz ing is the  slower access of hexanol  and 
par t icu lar ly  octanol ,  the  reduc t ion  in ra te  being grossly 
out  of p ropor t ion  to the  increase in molecular  weight .  I t  
is also of grea t  in te res t  t h a t  de -shea th ing  increases the i r  
ra te  of access far more  t h a n  for the  lower alcohols. The 

B. M. TWAROO and t(. D. ROEDER, Biol. Bull., mar. biol. Lab. 
Wood's Hole 777, 278 (1956). 
A. LEo, C. HANSCtI and D. ELKINS, Chem. Rev. 77, 525 (1971). 

v p. SEE~IAN, Pharmac. Rev. 24, 583 (1972). 
s M. V. THOMAS, Ph.D.  Thesis, University of Cambridge (1974). 
9 R. COLLANDER, Physiologia Plant. 2, 300 (1949). 

t0 j.  M. DIAMOND and E. M. WRmUT, A. Rev. Physiol. 31,581 (1969). 
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Fig. 1. This shows the results of a single experiment with n-butanol on an intact nerve cord. a) The effects of 75 mM (squares) and 125 
mM {circles) butanol, applied for the periods indicated by the bars, on the amplitude of the action potential, b) Dose-response curve, 
compiled from the steady-state reductions in action potential amplitude observed in the presence of a series of butanol concentrations. 
e) The effect of 1.25 mM butanol (Figure a} has been used in conjunction with the dose-response curve, to calculate the time-course of the 
increase in concentration (C) at the neurone surface. The good approximation to a straight Une suggests a simple first-order kinetic. Open 
circles were not included in the regression analysis, as estimates from this region of the dose-response curve were less reliable, d) As 
Figure e, but this being for the decrease in butanol concentration during recovery. 



1196 Specialia EXPERIEgTIA 31/10 

Half-times of arrival of the aliphatie alcohols to the neurone surfaces, as estimated by the technique shown in Figure 1 

Alcohol C-test (mM) Mean half-time :k SE P 
(t-test) 

Intact  de-sheathed 

Octanol/water partn, eoeff. 

Ethanol 1000 15.9 4- 0.7 13.5 4- 1.3 0.2 0.48 
n-Butanol 125 7.5 4- 1.0 7.7 -4- 0.5 0.9 7.6 
tert. Butanol 500 29.8 4- 1.8 21.3 4- 1.8 0.02 2.3 
n-Hexanol 10 20.2 4- 1.0 11.7 4- 0.6 ~0.001 110 
n-Oetanol 1.2 157 4- 12 71.2 4- 3.1 <0.001 1400 

n = 5 for the hexanol experiments, and 4 for the others. Octanol/water partition coefficients are taken from Ref.6; the membrane/saline 
coefficients are likely to be about 5 times lower ~. 
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Fig. 2. This shows that n-butanol does not damage the ionic diffusion 
barrier. High-potassium saline (applied for period indicated by upper 
bar) rapidly abolishes the action potential in de-sheathed connectives 
filled circles, but has no effect on intact ones (open circles). Temporary 
exposure to 200 mM butanol in this saline (lower bar) causes a 
reversible abolition of the action ~otential, demonstrating that the 
barrier to ionic diffusion remains intact. 

it Present address:  Department of Physiology, Boston University 
Medical Center, 80, East  Concord St., Boston, Mass. 02118 (USA). 

mos t  p laus ib le  e x p l a n a t i o n  for these  p h e n o m e n a  is t h a t  
t he  h igh  p a r t i t i o n  coeff icients  of these  alcohols cause  t he  
l ipid phase  of t he  ne rve  cord  to  h a v e  a s igni f icant  r ese rvo i r  
effect, bu f fe r ing  a n y  changes  in t h e i r  aqueous  concen t r a -  
t ion  and  t h e r e b y  increas ing  t he  t i m e  requi red  for equ i l ib ra -  
t ion.  The  effect  of d e - s h e a t h i n g  can  be  i n t e r p r e t e d  in  
t e r m s  of a n  a p p r o x i m a t e l y  50% reduc t i on  in t h e  size of 
th i s  reservoir ,  w h i c h  is r easonab le  in  v iew of t he  q u a n t i t y  
of t i ssue  r emoved .  This  theory ,  in  con junc t i on  w i t h  t h a t  
of a l ipophi l ic  bar r ie r ,  p red ic t s  t h a t  molecules  h a v i n g  
p a r t i t i o n  coeff icients  nea r  u n i t y  will h a v e  the  h ighes t  
r a t e  of access. 

Summary. Using  t h e  a n a e s t h e t i c  effects of t he  alcohols  
to  measure  t h e i r  c o n c e n t r a t i o n  w i t h i n  t he  cockroach  
cen t ra l  ne rvous  sys tem,  i t  is shown  t h a t  t he  lower 
homologues  h a v e  access ha l f - t imes  of on ly  a few seconds.  
Slower access of t he  h i g h e r  homologues  is i n t e r p r e t e d  in 
t e r m s  of a reservoi r  effect  r esu l t ing  f rom t h e i r  h i g h e r  
l iposolubi l i ty .  
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Suppression of Sebaceous Gland Non-Specific Esterase Activity by Electrophilic 
aft-Unsaturated Compounds 

A rap id  b ioassay  s y s t e m  invo lv ing  d e t e r m i n a t i o n  of 
t he  degree of suppress ion  of non-specif ic  es terase  a c t i v i t y  
in  sebaceous  g lands  h a s  p r o v e d  to  be  pa r t i cu l a r l y  useful  
in r a n k i n g  tobacco  smoke  condensa te s  a n d  o the r  ma te r i a l s  
in  t e r m s  of t h e i r  p o t e n t i a l  t u m o r i g e n i c i t y  1. The  b ioas say  
s y s t e m  involves  t h e  a p p l i c a t i o n  of t h e  t e s t  c o m p o u n d  to  
mouse  skin, fol lowed b y  t h e  m e a s u r e m e n t  of t h e  a rea  of 
sk in  sebaceous  g l and  non-specif ic  es terase  ac t iv i ty1 ,  2 
w i t h  a n  image  ana lys ing  compute r .  The  degree of sup-  
press ion  ha s  beeI1 s h o w n  to  cor re la te  w i t h  t he  k n o w n  po- 
t e n c y  of t h e  t umor i gen i c  c o m p o u n d  1. 

Fol lowing t h e  o b s e r v a t i o n  t h a t  t r e a t m e n t  w i t h  t he  
r io t  con t ro l  a g e n t  o -ch lo robenzy l idenemalonon i t r i l e  sup-  
pressed  non-specif ic  es terase  a c t i v i t y  to  a s imi la r  e x t e n t  
as t h e  p o t e n t  ca rc inogen  7 , 1 2 - d i m e t h y l b e n z [ a ] a n t h r a -  
cene~, i t  was  of i n t e r e s t  to  exam i ne  t he  effects of o the r  
r eac t ive  ~ f l -unsa tu ra t ed  c o m p o u n d  s, wh ich  m a y  be  
r ega rded  as e lec t rophi l ic  agents .  

The  c o m p o u n d s  chosen  for s t u d y  were m e n a d i o n e  
(v i t amin  K3), hex-2-en- l -a l ,  a n a t u r a l l y  occur r ing  f l avour  
c o m p o n e n t  *, cyc lohex-2-en- l -one  and  f l -n i t ros tyrene  
which  possesses a n t i b a c t e r i a l  p roper t i e s  n. 0-Chlorobenzy-  
l i denemalonon i t r i l e  6 was used as t he  pos i t ive  con t ro l  3. 

Materials. The  c o m p o u n d s  s tud ied  were commerc ia l ly  
ava i l ab le  a n d  where  necessary ,  t he  p u r i t y  was  es tab l i shed .  
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