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T h e  Ef f ec t s  of  C h r o n i c  D o s e s  of  an  
O r ~ a n o p h o s p h o r u s  I n h i b i t o r  o n  C h o l i n e s t e r a s e  

A c t i v i t y  i n  B o l l  W e e v i l s  

T h o u g h  abso lu te  proof  has  n o t  been  es tabl ished,  t he  
consensus  of m o s t  workers  is t h a t  chol ines terase  (ChE) in- 
h ib i t ion  is t he  p r i m a r y  b iochemica l  lesion leading to  t he  
d e a t h  of insects  poisoned by  o rganophosp t lo rus  (OP) in- 
sect icides ~,2. Ef fec t s  of OP  poisoning  on m a m m a l i a n  ChE 
have  been  r epo r t ed  in some detail ,  b u t  i n fo rma t ion  on 
chronic  effects  in insects  is l imited.  As p a r t  of a general  
inves t iga t ion  of sys temic ,  O P  insect ic ides  in co t ton  p lan ts ,  
we e x a m i n e d  changes  in t he  ChE ac t i v i t y  of adu l t  boll 
weevils  (Anthonomus grandis Boheman)  t h a t  received sus- 
t a ined  doses of Bidr in  (3-hydroxy-N,N-dimethyl-cis- 
c ro tonamide  d i m e t h y l  phospha te )  in the i r  diet .  

Insec t ic ide-suscep t ib le  weevils  were  reared  and  t e s t ed  
unde r  con t inuous  l ight  a t  27°C. Dur ing  tes ts ,  adu l t s  of 
mixed  sexes were fed pellets  of t r e a t ed  or u n t r e a t e d  syn-  
the t i c  d ie t  3 t h a t  were  changed  dai ly  and  p r epa red  fresh a t  
least  eve ry  3 days .  Only  the  pure,  cis i somer  of Bidr in  was  
used for all t r e a t m e n t s .  A comple te  toxicological  s t u d y  of 
t he  fa te  of Bidr in  in boll weevils  was  r epo r t ed  4. 

A color imetr ic  p rocedure  5 was used to measure  t he  ChE  
ac t iv i ty  G in who le -body  h o m o g e n a t e s  of adu l t  weevils.  
T rea t ed  insects  were homogen ized  in buf fe red  s u b s t r a t e  
a t  0 ° C to  minimize  reac t ion  of residual  an t i cho l ines te rase  
• l~ith un inh ib i t ed  ChE. E a c h  day  suff ic ient  insects  were  
col lected to  p e r m i t  t r ip l ica te  analyses  and  all t e s t s  were  
r e p e a t e d  a t  least  once. In  each  analysis ,  t h e  ChE  ac t iv i ty  
of t r e a t e d  insects  was  c o m p a r e d  d i rec t ly  w i t h  t h a t  of 
insec ts  of t h e  same age m a i n t a i n e d  concur ren t ly  on un-  
t r e a t e d  d ie t  unde r  ident ical  condi t ions .  All t e s t s  were  
in i t i a ted  w i t h  adu l t  weevils  t h a t  were  5 to  7 days  old. 

Insec t s  fed a chronic,  sub le tha l  dose (1 ppm) of Bidr in  
ev inced  no s y m p t o m s  typ ica l  of OP  poisoning.  A d ie t  con- 
t a in ing  4 p p m  Bidr in  killed 50% of the  popu la t ion  a f te r  
6.5 days  and  caused s y m p t o m s  typ ica l  of OP  poisoning,  
inc luding  h y p e r a c t i v i t y ,  poor  equi l ibr ium,  excessive ex-  
cret ion,  and  e v e n t u a l  p ros t ra t ion .  

In  weevi ls  fed chronic  sub le tha l  doses of Bidrin,  ChE  
inhib i t ion  was  cumula t ive  un t i l  m a x i m u m  depress ion  
(44.5% I) a t  4 days  a f te r  t e s t s  were  begun.  T h r o u g h o u t  
t he  r ema inde r  of t h e  t e s t  period,  however ,  ChE ac t iv i ty  
in t r e a t e d  insects  t e n d e d  to recover  a t  a near ly  c o n s t a n t  
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Fig. 1. % ChE inhibition among boll weevils held on chronic sublethal 
diets (1 ppm Bidrin). Each point is an average of 6 analyses with 90 
treated insects compared with an equal number of analyses of un- 
treated insects. Broken line represents data from insects trans- 

ferred from treated to untreated food on 6th day. 

ra te  to  89~o of no rma l  a f te r  21 days.  In  insects  r e m o v e d  
f rom t r e a t e d  food af ter  6 days  and  held  on u n t r e a t e d  food 
thereaf te r ,  ChE  ac t iv i ty  recovered  a t  only  a s l ight ly  fas te r  
r a te  t h a n  in t r e a t e d  insects  (Figure 1). W h e n  fed a chronic  
le tha l  dose, m a x i m u m  ChE inh ib i t ion  (56.5~o) in sur- 
v ivors  occurred 24 h a f te r  t es t s  were  begun,  b u t  on suc- 
ceeding days  ChE ac t iv i ty  recovered  s tead i ly  to 8 4 ~  of 
n o r ma l  af ter  11 days  (Figure 2). Again,  e n z y me  a c t i v i t y  
of insects  t r ans fe r r ed  f rom t r e a t e d  to  u n t r e a t e d  food re- 
covered  a t  a b o u t  t he  same ra te  as t h a t  of t r e a t e d  insects .  
Af te r  t ransfer ,  however ,  m o r t a l i t y  d imin i shed  s t r ik ingly  
to  only  2 ~  a f te r  24 h and  fewer  on succeeding days.  

These  resul ts  sugges t  a s econda ry  lesion was  incurred,  
dur ing  OP  poisoning of weevils,  t h a t  c o m p l e m e n t e d  ChE 
inhib i t ion  in el iei t ing the  mor t a l  response.  On the  o the r  
hand ,  i t  was also possible t h a t  m e a s u r e m e n t  of to ta l  ChE 
in who le -body  homogena t e s  d id  n o t  p rov ide  a rel iable 
e s t ima te  of tox ic  ac t ion  a n d  t h a t  on ly  a smal l  f rac t ion  of 
the  enzyme,  p e r h a p s  a t  a v i ta l  site, was  d i rec t ly  associa ted  
w i t h  dea th .  

Of considerable  in te res t  was the  physiological  mecha -  
n ism t h a t  s topped  cumula t ive  inh ib i t ion  and  al lowed re- 
covery  of ChE ac t iv i ty  in sp i te  of con t inued  t r e a t m e n t .  
T h a t  t he  enzyme  recovered  a t  near ly  the  same ra te  in 
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Fig. 2. % cumulative mortality (o) and % ChE inhibition (e) among 
boll weevils held on chronic lethal diets (4 ppm Bidrin). Broken 
lines represent data from insects transferred from treated to 
untreated food on 5th day (a ChE activity, [] mortality). The num- 

ber of analyses was the same as indicated for Figure 1. 
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insects t ransfer red  f rom t rea ted  to unt rea ted  diet  as in 
insects con t inued  on chronic t rea tments  suggested that ,  
af ter  a t ime,  an  enhanced  degradat ive  system was de- 
s t roying the  tox ican t  before i t  reached the site of action 
and the  inhib i ted  enzyme  was being replaced at  a charac- 
ter is t ic  rate.  However ,  exper imenta l  evidence did not  sup- 
por t  th is  conclusion.  In  dai ly comparisons of weevils tha t  
were fed suble thal  t rea ted  diet  or untreated diet, we have 
found (1) t h a t  bo th  groups degraded non-toxic, topical 
doses of  C~4-1abeled Bidr in  a t  equiva len t  rates, (2) tha t  
weevils  he ld  on t r ea t ed  die t  were always more susceptible 
to topica l  and oral  doses of Bidr in  than those from un- 
t rea ted  diet,  and (3) t h a t  the  in v i t ro  inhibition of ChE by 
OP  insecticides was a lways significantly greater in insects 
f rom t rea ted  diet.  

Detai led invest igat ions of these pre l iminary  t indings 
are in progress and will  be reported later. 

Zusammen[assung. Bei Imagines  yon A nthonomus gran- 
dis Boheman die kontinuierl ich mi t  nahezu letaler  und 
letaler Dosis phosphororganischer  Insckt izide gef i i t ter t  
wurden, konnte eine befristete zunehmende  H e m m u n g  
der Cholinesteraseaktivit~tt beobachte t  werden. T ro tzdem 
die Behandlung nicht  unterbroehen wurde, gewann das 
Enzym die fast normale Wirksamkei t  wieder  zuriick. 

D. L. BULL and D. A. LINDQUIST 

Entomology Research Division, ARS, USDA, 
College Station (Texas USA), September 28, 1964. 

Quantitative Distribution of 
Glucose-6-Phosphate  Dehydrogenase and 

Isocitric Dehydrogenase in the Human Nephron ~ 

The  broad  purpose of our  invest igat ions is to determine 
q u a n t i t a t i v e l y  t he  ac t iv i ty  oI enzymes in the  different 
ana tomica l  uni ts  of the  human  kidney in heal th and 
disease. The  u l t ramicro techniques  developed by L o w a v  ~ 
for analysis  of brain tissue were adapted for analysis of 
renal  t issue s. I m m e d i a t e l y  on removal  from the body, the 
biopsy specimens of 4 hea l thy  kidneys, weighing a few 
mil l igrams,  were trozen rapidly in liquid nitrogen. Serial 
sections of 16/z thickness  were cut  wi th  a microtome in a 
cxyostat  a t  20°C. Al te rna te  sections of frozen-dried tissue 
were s ta ined by  means  of the  periodic acid-Schiff tech- 
nique,  counters ta ined  with  hematoxyl in  and studied un- 
der  a microscope.  W h e n  the  various parts of the kidncy 
had been ident i f ied in the  stained sections, they  were cut  
ou t  of the  ad jacen t  unsta ined section with microscalpels 
(at 4 0 - 1 0 0 ×  magnif icat ion).  The dissected specimens 

Distribution of glucose-6-phosphate dehydrogenase and isocitrie de- 
hydrogenase in the human kidney expressed in MKH units 

Structure G-6-PDH 1CDH 

Homogenate 0.248 4.17 
(0.118-0.502) (2.22--6.79) 

Glomerulum 1.539 2.26 
(0.567-2.410) (1.05-6.29) 

Proximal tubule 0.929 17.26 
(0.698-3.070) (9.93-29.70) 

Distal tubule 1.432 41.51 
(1.045-1.590) (26.2-63.5) 

Collecting duct - 37.5 
(21.6-53.4) 

Arteriole 1.419 1.58 
(0.685-2.220) (0.I 5-3.00) 

Capsule 0.480 5.27 
(4.44-6.71) 

Means, and in brackets the least and the most active measurements, 
are given. 129 identified tissue pieces were used for the analysis of 
G-6-PDH and 179 for ICDH. Collecting ducts, arteriolar and capsular 
tissue were not available from all 4 biopsies. 

were weighed on a quar tz  fibre fish-pole balance, use fu  
range 5-50 mpg. Both dissection and weighing were done 
in a room maintained a t  low humid i ty  ( <  40%) and 
constant  tempera ture  (18-20°C). In  addit ion,  homo-  
genates from lyophylised tissue were prepared.  Specimens 
were assayed to determine  glueose-6-phosphate dehydro-  
gen,~se (G-6-PI)H) and isocritie dehydrogenase ( ICDH) 
with the kinetic da ta  given elsewhere 4. 

To our  knowledge no quan t i t a t ive  enzymat ic  da t a  for 
the human nephron have been repor ted  so far for G-6- 
P D H  and ICI)H.  I t  seemed therefore impor t an t  to make  
avai lable typical  results as given in the Table .  Ac t iv i ty  is 
expressed in moles of substrate  spli t  per kg tissue per  ix a t  
37°C (MKH). Accuracy and reproducibi l i ty  of the  
method employed here, var ia t ion in enzyme a c t i v i t y  
within a species and individual  var ia t ions  from nephron 
to nephron have been discussed elsewhere 6. 

The topography of enzyme ac t iv i ty  in the human  
nephron in heal th  has shown in general lower ac t iv i ty  in 
the glomertdum than  in the o ther  parts for m a n y  en-  
z y m e ,  wi th  the  except ion of acid phosphatase  s. Glomeru-  
lar G - f - P D H  ac t iv i ty  is ve ry  high and surpasses the  dis ta l  
tubular  one. One might  assume therefore an especially 
act ive pentose-monophosphate  shunt  in this s t ructure.  
Act iv i ty  of arteriolar  t issue is similar to the glomerular  
ac t iv i ty  for both  enzymes. The results for I C D H  paral lel  
in magni tude  those for malic dehydrogenase,  ,as would be 
expected from another  enzyme of the Krebs cycle 4. 

Zusammen]assung. In  den einzelnen Abschni t ten  des 
menschlichen Nephrons und in Nierenhomogcnaten  wur-  
den quan t i t a t iv  (lie Glucose-6-phosphat .dehydrogenase-  
und die Isozi tronensAuredehydrogenase-Aktivi t l t t  gemes- 
sen. 

U. C. DunAcH 

Medizinische Poliklinik dee Univevsitiit Basel 
(Switzerland), January 29, 1965. 
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