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J ap a n  

 

AB S T R A C T  

T he  e f fe c t s  o f  - he xa c h lo r o c yc lo he x a ne ,  o ne  o f t he  e ndo cr ine  

d is r u p t e r s ,  w id e ly u s e d  fo r  ag r ic u l t u r a l  a nd  me d ic ina l  p u r po s e ,  o n  

a po p t o s is  in  P C 12  c e l ls  w er e  inve s t ig a t e d  u s ing  w e s t e r n  b lo t t in g  

a na lys i s  a nd  RT- P C R met ho d .  Apo p t o s is  is  a  fu nd a me nt a l  p r o c e s s  

ne c e s s a r y fo r  d e ve lo p me nt  o f  i nd iv i du a ls  a nd  o r ga ns .  A l t ho u g h  

 - H C H a t  h ig h  co nc e nt r a t io n  d id  no t  e f fe c t  o n c e l l  v i a b i l i t y  a nd  

a po p t o s is ,  D N A fr ag me nt a t io n  w a s  s l ig h t ly e nha nc e d ,  a nd  

a po p t o t ic  fa c t o r s ;  B a x ,  B a d ,  c yt o c hr o me  c  a nd  c a s p a s e - 3  s ho w e d  

t e nd e nc y o f  i nc r e a s e  b y a d d i t io n  o f  lo w  - H CH  t o  t he  c e l l  me d iu m.  

Ho w e ve r  t he s e  c ha ng e s  w er e  no t  s t a t i s t ic a l l y  s ig n i f i c a n t .  I t  w a s  

co nc lu d e d  t ha t   - H CH  d id  no t  a f fe c t  o n  a po p t o s is  i n  t he  P C 1 2  c e l l  

l i n e  s ys t e m,  a lt ho ug h   - H CH  ha s  be e n  r e po r t e d  t o  i nd u c e  a po p t o s i s  
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i n  o t he r  c e l l  l i n e s .  

K ey w o rd s :  a po p t o s i s ,   - H C H,  P C 1 2  c e l l ,  c a s p a s e ,  c yt o c hr o me  C ,  

B c l - 2  fa mi ly  

 

I N T RO D U C T I ON  

 

1 , 2 , 3 , 4 , 5 , 6 - he xa c h lo r o c yc lo he xa ne  ( H C H)  is  w id e ly u s e d  fo r  

a g r ic u lt u r a l  a nd  me d ic ina l  p u r po s e .  M ix t u r e s  o f  H C H is o me r s  ha ve  

be e n  u s e d  e xt e ns ive ly  s inc e  t he  1 94 0 s  t o  co nt r o l  ma la r ia  

mo s q u i t o e s ,  a nd  a n  is o me r  o f  H C H i s  s t i l l  u s e d  in  t he  US A a s  a  

co mp o ne nt  o f  pe d ic u l ic id e  s ha mpo o s  f o r  he ad  l i c e  a nd  s c a b ie s ,  
[ 1 ]

 

bu t  i n  ma n y c o u n t r ie s  it  i s  ba n ne d  fo r  pu b l i c  u s e .  Te c h n ic a l  g r a de d  

H C H i s  e ig ht  s t e r eo iso me r s  (                       L ind a ne ,  t he  

 - is o me r  po s s e s s e s  t he  mo st  s ig n i f i c a nt  i n s e c t ic id a l  a c t iv i t y.  
[ 2 ]

 

 - H C H is  t he  mo st  p e r s is t e n t  a nd ,  t he r e fo r e ,  a c c u mu la t ive  is o me r  

w h i l s t  t he   - a nd   - is o me r  a r e  mo st ly c o nve r t ed  int o  t he   - iso me r  in  

b io lo g ic a l  s ys t e ms .  
[ 3 ]

 Ho w e ve r,  u s a g e  o f t he   - a nd   - is o me r s  ha s  

fa l l e n  mo r e  r a p id ly  t ha n  t ha t  o f  l i nd a n e  it s e l f .  
[ 4 ]
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T he  p r ima r y r o u t e  o f  H C H e xpo s ur e  in  t he  g e ne r a l  po p u la t io n  i s  

t h r o u g h  d ie t a r y int a k e  
[ 5 ]

 p a r t ic u la r ly v ia  me a t  a nd  d a ir y p r o d uc t s .  

[ 6 ]
 H C H ha s  be e n  r epo r t ed  t o  ind u c e  r e p r o d u c t ive  t o x ic i t ie s  i n  r a t  

i nc lu d ing  d e cr e a s e  in  s e xu a l  r e c ep t iv i t y,  
[ 7 ]

 a nd  ind u c t io n  o f  

d eg e ne r a t ive  c ha ng e s  in  s e min i f e r o u s  t u bu le s .  I n  s u c h  a n ima l  

mo d e l s  l i nd a ne - ind u c e d  d a ma g e  ma y r e s u l t  f r o m t he  g e ne r a t io n  o f  

s u pe r o x id e  a n io n  r ad ic a ls ,  a nd /o r  DN A s ing le - s t r a nd  b r e ak s  a nd  

e p ig e ne t ic  me c ha n i s ms .  
[ 8 ]

 

 

O n  t he  o t her  ha nd ,  i t  ha s  be e n  r epo r t e d  t ha t  so me  o f  e nd o c r ine  

d is r u p t e r s  a c t  a s  c he mic a l  s u bs t a nc e s  c au s e d  a po p t o s i s  i n  c e l ls .  

[ 9 - 1 3 ]
 I n  ad d it io n ,   - H C H ind u c e d  a po p t o s is  i n  H L - 6 0  c e l l s  t h r o u g h  

in t r a c e l lu la r  C a2 + r e le a s e  p a t hw a y.  
[ 1 4 ]

 Apo p t o s is  is  a  k ind  o f  

p h ys io lo g ic a l  c e l l  d e a t h  t ha t  p la ys  a  k e y r o le  i n  t he  ma in t e na nc e  o f  

ho me o s t a s is  o f  va r io u s  a n ima l  s p e c ie s .  
[ 1 5 ]

 Apo p t o t ic  c e l l  d e a t h is  

c ha r a c t e r iz e d  b y c h r o ma t in  co nd e ns a t io n ,  DN A fr a g me nt a t io n ,  a nd  

c e l lu la r  s h r ink a g e  r e s u l t ed  in  t he  fo r mat io n  o f  apo p t o t ic  bo d ie s .  

[ 1 5 ]
  

 

Apo p t o s is  is  me d ia t e d  b y me mbe r  o f  c a s p a s e  fa mi l y o f  p r o t e a s e s  
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a nd  e ve nt u a l l y  c a u s e s  t he  d eg r ad a t io n  o f c h r o mo so ma l  D N A.  
[ 1 6 ]

 

T he  e f fe c t o r  c a s p a s e  r e p r e s e nt e d  b y c a s p a s e - 3  i s  f r e q u e nt ly 

a c t iva t e d  in  r e spo ns e  t o  va r io u s  apo p t o s i s  i nd u c e r s  a nd  e s s e n t ia l  

fo r  t he  e xe c u t io n  a nd  co mp le t io n  o f  a po p t o s is  i n  ma n y,  bu t  no t  a l l ,  

c e l l  t yp e s  o r  d e a t h  s t imu l i .  P a t hw a ys  l e ad ing  t o  a c t iva t io n o f  t he  

e f fe c t o r  c a s p a s e  ha ve  be e n  id e nt i f i e d  t o  be  e it he r  d e p e nd e nt  o r  

i nd e p e nd e n t  o n t he  r e le a s e  o f  c yt o c hr o me  c  f r o m mit o c ho ndr ia  i n t o  

t he  c yt o so l .  
[ 1 7 , 1 8 ]

 I n  a d d i t io n ,  a c t iva t io n  o f  t he  e f fe c t o r  c a s pa s e  

a pp e ar s  t o  be  t ig h t ly r e g u la t ed  b y a  s ig na l ing  me c ha n is m inc lu d ing  

t he  me mbe r s  o f  B c l - 2  fa mi ly ,  
[ 1 8 ]

 w h ic h  inc lu d e  p r o - a po p t o t ic  

p r o t e in s  s u c h a s  B a x  a nd  B a d  i s  i nd u c e d  t he  mit o c ho nd r ia l  

c yt o c hr o me  c  r e le a s e .  
[ 1 9 ]

  

 

P C1 2  is  a  r a t  p heo c hr o mo c yt o ma  c lo na l  c e l l  l i n e  t ha t  r e s po nd s  t o  

ne r ve  g r o wt h  fa c t o r  b y e xt e n d ing  ne u r i t e s ,  t hu s  a cq u ir ing  t he  

a pp e ar a nc e  o f  ne ur o ns .  
[ 2 0 ]

 O ve r  t he  p a s t  3 0  ye a r s ,  P C 1 2  c e l l s  ha ve  

be co me  a  ve r y s u i t a b le  mo d e l  t o  s t ud y  neu r o na l  fu nc t io n  a nd  

d i f f e r e nt ia t io n .  
[ 2 1 ]

 I n  t h is  s t u d y,  t o  u nd e r s t a nd  t he  ne u r o na l  

d a ma g e  o f  e ndo cr ine  d is r u p t e r s  s u c h  a s   - H C H,  e f f e c t s  o f   - H C H 

o n  a po p t o s is  ind u c e d  b y s e r u m d e pr iv a t io n  in  P C1 2  c e l ls  w e r e  
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i n ve s t ig a t e d .  E xp er ime n t s  w er e  co nd u c t e d  a t  lo w - do s e  a nd  

h ig h - do se  co nc e nt r a t io ns  o f   - H C H t o  s t u d y t he  e f fe c t  o f  t he  

c he mic a l  s u bs t a nc e .  

 

M AT E R I A LS  AN D M E T H OD S  

 

M at e r i a l s  

 

P C1 2  c e l l s ,  a  ce l l  l i n e  o f  r a t  p heo c hr o mo c yt o ma  c e l l s ,  w er e  

pu r c ha s e d  f r o m t he  A me r ic a n  Typ e  C u l t u r e  Co l le c t io n  ( US A a nd  

C a na d a) .  Du lbe c co ’s  mo d i f i e d  E a g le ’s  me d iu m ( D ME M)  a nd  

o - p he n y le nd ia min e  d ih yd r o c h lo r id e  ( OP D)  w e r e  o bt a ine d  f r o m 

S ig ma  ( St .  Lo u is ,  M O U S A) .  Fe t a l  bo v ine  s e r u m ( FB S )  w a s  bo u g ht  

f r o m H yC lo ne  ( Ro ck v i l l e ,  M D U S A) .  C a s p a s e  a s s a y k i t  a nd  S V 

t o t a l  R N A is o la t io n  s ys t e m  w e r e  f r o m Pr o me g a  ( M a d is o n,  WI  U S A) .  

Tr yp a n  b lu e  s t a in  so lu t io n  ( 0 . 5% )  a nd  

1 , 2 , 3 , 4 , 5 , 6 - H e xa c h lo r o c yc lo he xa ne  (  - H C H)  w e r e  f r o m N ac a la i  

Te sq u e  ( K yo t o ,  J ap a n) .  B io t in - 16 - 2 ’ - d eo x y- u r id ine - 5 - t r ip ho s p ha t e ,  

p r o t e ina s e  K a nd  t he  b lo c k ing  r e a g e nt  w er e  f r o m Ro c he  

D ia g no s t ic s  ( M a n nhe im,  G er ma n y) .  Te r mina l  d eo x ynu c le o t id y l  
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t r a ns fe r a s e  ( T dT )  w a s  f r o m To yo bo  ( O s a k a ,  J a p a n) .  B i o t in y la t e d  

a nt i - mo u s e  immu no g lo bu l in  w a s  f r o m A me r s ha m P ha r ma c ia  

B io t e c h  ( B u ck ing ha ms h ir e ,  U K) .  A nt ibo d y o f  c yt o cr o me  c  wa s  

pu r c ha s e d  f r o m Pr o me g a  ( M a d is o n ,  W I  U S A) .  Ot he r  c he mic a l s  

w er e  o f  a na lyt ic a l  r e g e nt  g r a d e .   

 

C e l l  Cu l t u re  

 

P C1 2  c e l l s  w er e  ma in t a ine d  in  D M E M  s u pp le me nt e d  w it h  1 0%  FB S  

in  a  hu mid i f i e d  inc u ba t o r  a t  37 °C  a nd  5%  C O 2 .  T he  c e l l s  w er e  

p r e inc u ba t e d  in  2 5  c m
2
 f l a s k s  fo r  o ve r  n ig ht ,  a nd  t he n  t he  me d iu m 

w a s  r e p la c e d  w it h s e r u m/ s e r u m - fr e e  D ME M w it h  o r  w it ho u t   - H C H.  

W he n  t he  me d iu m w a s  c ha ng e d  t o  s e r u m d e pr iva t e d  me d iu m,  c e l ls  

i n  t he  f l a s k  we r e  w a s he d  t w ic e  w it h  s e r u m - fr e e  D M E M.  

 

C e l l  Via b i l i t y  M ea s u re d  b y  Try p a n  B lu e  E xc lu s i o n  A s s a y  

 

P C1 2  c e l l s  w er e  inc u ba t e d  in  t he  s e r u m/ s e r u m - fr e e  me d iu m w it h  0  

t o  5 , 0 00  ng / m L  - H C H fo r  72  h r.  A f t e r  t he  i nc u ba t io n ,  c e l l s  w er e  

s t a ine d  in  0 . 2 5%  t r yp a n  b lu e  so lu t io n  in  p ho s p ha t e - bu ffe r e d  s a l ine .  
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To t a l  ce l l s  a nd  t r yp a n  b lu e  s t a in ing  ce l l s  w e r e  co u nt e d  b y a  

he mo c yt o me t e r.  C e l l  v ia b i l i t ie s  w er e  e xp r e s s ed  a s  pe r c e nt ag e  

a ga ins t  t he  t o t a l  c e l l  nu mbe r  i n  e a c h  e xp e r ime n t .   

 

Qu an t i f i c a t io n  o f  D N A F ra g m e nt at io n  i n  P C 1 2  C e l l s  by  t he  Td T-  

M ed i a t ed  d U T P- b io t i n  Ni c k  En d  L ab e l i ng  ( T UN E L )  M et ho d  

 

A f t e r  t ha t  t he  P C 12  ce l l s  w er e  c u l t u r e d  in  t he  s e r u m/ s e r u m - fr e e  

me d iu m w it h  0  t o  5 , 00 0  ng / mL  - H C H fo r  6  t o  7 2  h r,  g e no mic  D N A 

w a s  iso la t e d  b y t he  met ho d  o f  Ya ma no s h i t a  e t  a l .  
[ 1 1 ]

 T he  o bt a ine d  

D N A w a s  r e s u s p e nd e d  in  1 X T B E  bu ff e r  a nd  eq u a l  a mo u nt  o f  D N A 

w a s  pu t  in t o  96 - we l l  p la t e  w e l l s .  Q ua nt i f i c a t io n  o f  D N A 

fr a g me n t a t io n  in  P C1 2  c e l ls  w a s  me a s ur e d  b y t h e  me t ho d  o f  

Ku r a s ak i  e t  a l .  
[ 2 2 ]

 I n  b r ie f ly,  t he  p la t e  w a s  inc u ba t e d  a t  4 °C  fo r  

o ve r  n ig h t .  A ft e r  t he  i nc u ba t io n,  t he  p la t e  w a s  w a s he d  w it h  t he  4 0  

mM  Tr is - H C l bu ff e r,  p H 7 . 4 ,  co nt a in in g  1 5 0  mM  N a C l.  No ns p e c i f i c  

b ind ing  s it e s  w er e  b lo c k e d  w it h  2 %  b lo ck ing  r e ag e nt  i n  t he  s a me  

bu ffe r  fo r  3 0  min .  T he n  t he  p la t e  w a s  w a s he d  t w ic e  w it h  s a me  

bu ffe r.  T dT  r e a c t io n  w a s  p e r fo r me d  in  a  r ea c t io n  mix t u r e  

co ns is t i ng  o f  3 0  mM  Tr is - H C l bu ffe r ,  pH  7 . 4 ,  co nt a in ing  14 0  mM  
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so d iu m c a co d y la t e ,  1  mM  co ba l t  c h lo r id e ,  0 . 1  u n i t s  T d T / L a nd  2  

nM  b io t in y la t ed - d UT P a t  37 °C  fo r  1 . 5  hr.  A f t e r  t he  r e a c t io n,  t he  

p la t e  w a s  w a s he d .  T he  p la t e  w a s  inc u b a t e d  w it h  

s t r e p t a v id in - co n ju g a t e d  p er o x id a s e  fo r  1  h r.  A f t e r  w a s h ing ,  0 . 1%  

OP D  in  5 0  mM  p ho s p ha t e - c it r a t e  bu ffe r,  p H 5 . 0 ,  co nt a in ing  0 . 03  %  

so d iu m p e r bo r a t e  w a s  ad d e d  t o  e a c h  w e l l  a nd  inc u ba t ed  fo r  0 . 5  h r  

a t  3 7  °C .  T he n ,  H C l w a s  a dd e d  t o  s t o p  t he  e nz yme  r e ac t io n .  

Ab so r ba nc e  a t  4 9 5  n m w a s  me a s u r e d  w it h  a  M ic r o p la t e  R e a d er  

mo d e l  4 5 0  ( B I O - R AD ) .  

 

Ge n e  E xp re s s i o n  D e t e rm i n ed  by  R e v e rs e  Tra n s c r i p t a s e  C h ai n  

R ea c t i on  ( RT- P C R)  

  

T he  P C1 2  c e l ls  w e r e  inc u ba t e d  w it h  0  t o  10 0  ng / mL  - H C H fo r  6  h r .  

T he  t o t a l  R N A o f  t he s e  c e l l s  w a s  e xt r a c t e d  u s ing  t he  S V t o t a l  R N A 

i so la t io n  k i t  a cco r d ing  t o  t he  in s t r u c t io n  ma nu a l .  T he  o bt a ine d  

t o t a l  RN A w a s  ve r i f i e d  u s ing  a  R N A 6 00 0  na no  a s s a y w it h  t he  

Ag i l e n t  21 0 0  b io  a na lyz e r  a c co r d ing  t o  t he  in s t r u c t io n  ma nu a l .  

E xpr e s s io n  o f  B a d ,  ba x  a nd  bc l - 2  mR N A wa s  de t e c t e d  u s ing  t he  

a c c e s s  RT - P C R k it  a nd  a c c e s s  RT - P C R int r o d uc t o r y k i t  a c co r d ing  
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t o  t he  in s t r u c t io n  ma nu a l .  To t a l  R N A o f P C1 2  c e l ls  c u lt u r e d  in  t he  

s e r u m/ s e r u m- fr e e  me d iu m w it h 0  t o  1 0 0  ng / mL  - H C H fo r  6  h r  w a s  

p r e p ar ed  b y u s ing  o f  S VTo t a l  R N A I so la t io n  k it .  T he  P C R pr ime r s  

o f B a d ,  B a x ,  B c l - 2  a nd   - a c t in  w er e  s yn t he s iz e d  a c co r d ing  t o  t he  

t he ir  D N A s e qu e nc e s .  P C R co nd it io n  w a s  a s  fo l lo w s ;  48 °C  fo r  45  

min ,  94 °C  fo r  2  min .  T he  c yc le s  w er e  94 °C  fo r  3 0  s ,  6 0 °C fo r  1  min ,  

a nd  6 8 °C  fo r  2  min .  F ina l  e xt e ns io n  w a s  fo r  7  min  a t  7 2 °C .  T he  

c yc le s  p e r fo r me d  w er e  3 0  o r  4 0 .  A n  a n ne a l ing  t e mp e r a t u r e  o f  6 0 ° C  

w a s  u s ed  fo r   - a c t in  a nd  B a x ,  55 °C  fo r  Ba d ,  a nd  47 °C  fo r  B c l - 2 .  

P C R o f   - a c t in  t ha t  w a s  c ho s e n  a s  a n  in t e r na l  co n t r o l .  P C R 

pr o d u c t s  w er e  ve r i f ie d  u s ing  a  D N A 7 50 0  a s s a y w it h  a n  Ag i le n t  

21 0 0  B io  A na lyz e r  a c co r d ing  t o  t he  in s t r u c t io n ma nu a l .  

 

We st e rn  B lo t  An a ly s i s  U s in g  A nt ib od ie s  A ga in s t  C yt oc h ro m e  c .   

 

T he  P C1 2  c e l l s  w er e  c u lt u r e d  in  t he  s e r u m/ s e r u m - fr e e  me d iu m w it h  

0  t o  1 00  ng / mL  - H C H fo r  6  h r.  T he  s a me  p r o t e in  a mo u nt s  o f  t he  

o bt a ine d  lys a t e  w er e  s e p ar a t e d  b y po lya c r y la mid e  g e l  

e le c t r o p ho r e s is ,  a nd  t r a ns fe r r e d  t o  n i t r o ce l lu lo s e  me mbr a ne s  w it h  a  

s e mid r y b lo t t i ng  s ys t e m t yp e - AE 66 7 8  ( AT T O,  J a p a n) .  A ft e r  
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t r a ns fe r,  t he  me mbr a ne s  w er e  inc u ba t e d  fo r  2  h r  a t  r o o m 

t e mp e r a t u r e  w it h a g a ins t  c yt o c hr o me  c  a nt ibo d ie s  i n  4 0  mM  

Tr i s - H C l bu ff e r,  p H 7 . 4 ,  co nt a in ing  1 50 mM  N a C l a nd  1%  b lo c k ing  

r e a g e nt  ( 1 %  b lo ck ing  bu ff e r ) .  T he  me mbr a ne s  w er e  w a s he d  t h r e e  

t ime s  fo r  e a c h  3  min  in  T BT S co ns is t i ng  o f  40  m M  Tr is - H C l bu ffe r,  

pH  7 . 4 ,  1 5 0  mM  N a C l,  0 . 3 %  Tw e e n  20 ,  a nd  t he n  inc u ba t e d  a t  r o o m 

t e mp e r a t u r e  fo r  1  h r  w it h  a nt i - mo u s e  I gG  b io t in y la t e d  s e co nd ar y 

a nt ibo d y ( d i lu t io n ;  1 : 1 00 0)  i n  t he  1%  b lo c k ing  bu ffe r.  T he  

me mbr a ne s  w er e  w a s he d  t h r e e  t ime s  in  T B T S a nd  w e r e  wa s he d  

t w ic e  fo r  e a c h  3  min  in  Tr is - H C l bu ffe r  o f  4 0  mM  Tr is - H C l,  p H  7 . 4 ,  

15 0 mM  N a C l.  F ina l ly,  s t r e p t a v id in - co n ju g a t e d  p er o x id a s e  ( 1 : 4 00  

d i lu t e d  w it h  t he  s a me  bu ffe r )  w a s  ad d e d  a nd  inc u ba t e d  fo r  1  h r .  

P r o t e in  ba nd s  r e s po nd e d  t o  a nt ibo d ie s  w er e  d e t e c t ed  w it h a n  

e nha nc e d  c he mi lu m ine s c e nc e  s ys t e m.  

 

T he  A ct i v i t y  o f  C a sp a s e - 3 - l i ke  P ro t e a s e  

 

T he  a c t iv i t y  o f  c a s pa s e - 3 - l i k e  p r o t e a s e  w a s  d e t e c t ed  u s ing  t he  

c a s p a s e  a s s a y s ys t e m k i t  a c co r d ing  t o  t he  in s t r u c t io n  ma nu a l .  T h i s  

k i t  w a s  u s ing  DE V D - p N A a s  s u bs t r a t e  a nd  t h is  c he mic a l  w a s  
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c le a ve d  b y DE V D a s e  s u c h  a s  c a s pa s e - 3  p r o t e a s e .  T he  a c t iv i t y  o f  

c a s p a s e - 3  l i k e  p r o t e a s e  in  t he  P C 1 2  c e l l s  w a s  ind ir e c t ly  me a s u r ed  

a s  a bso r ba nc e  a t  40 5  n m d ep u t ing  o n  r e le a s e d  pN A fr o m t he  c le a ve d  

s u bs t r a t e .  T he  c a s p a s e - 3  l ik e  a c t iv i t y  w a s  e xp r e s s ed  a s  r e la t ive  

co nt e nt s  a g a ins t  t ha t  in  t he  c e l l s  inc u ba t e d  in  t he  me d iu m 

co nt a in ing  s e r u m w it ho u t   - H C H.   

 

St at i s t i c a l  An a ly s i s  

 

E a c h  va lu e  i s  e xpr e s s e d  a s  me a n  ±  SE M.  St a t is t ic a l  a na lys e s  w er e  

p e r fo r me d  b y o ne - w a y a na lys i s  o f  va r i a nc e  ( AN O VA) ,  fo l lo w ed  b y 

t he  F i s he r ’s  mu lt i  co mp a r is o n  t e s t .  

 

R ES U L T S A ND  D I S C US S IO N  

 

To  co nf ir m w he t he r   - H C H  a ffe c t s  o n c e l l  v ia b i l i t y,  t he  v ia b i l i t y  

w a s  me a s u r ed  b y t r yp a n  b lu e  s t a in ing  a f t e r  P C 12  c e l l s  e xpo s e d  t o  0  

t o  5 , 0 00  ng / mL  - H C H fo r  72  h r.  No  s ig n i f i c a n t  d i f f e r e nc e  o f  

v ia b i l i t ie s  a mo ng  t he  c e l ls  e xp o s e d  t o  0  t o  5 , 00 0  ng / mL  - H C H  w a s  

o bs e r ve d  ( d a t a  no t  s ho w n) .  T he s e  r e s u l t s  i nd ic a t e d  t ha t   - H CH  d id  
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no t  s ho w c yt o t o x ic i t y  a g a ins t  t he  P C1 2  c e l l s .  

 

Wit h  T U NE L me t ho d ,  D N A e nd s  g e ne r a t e d  b y e nd o nu c le a s e s  

a c t iv i t y  a r e  s p e c i f i c a l l y  la be l e d .  
[ 2 3 ]

 Qu a n t i f i c a t io n  o f  D N A la d d e r  

w a s  c a r r ie d  o u t  t o  e va lu a t e  t he  d eg r e e  o f a po p t o s i s  i n  t he  ce l l s  

t r e a t e d  w it h  0  t o  5 , 0 0 0  ng / mL  - H C H.  As  s ho w n in  F ig .  1 a ,  T U N E L 

s ig na l s  w er e  no t  s ig n i f i c a n t ly  d i f fe r e n t  be t w e e n P C 12  c e l l s  w i t h  

a nd  w it ho u t   - H C H ( 10 0  t o  5 , 0 0 0  ng / mL ) .  O n  t he  o t he r  ha nd ,  a s  

s ho w n in  F ig .  1 b,  t he r e  is  a  t e nd e nc y o f i nc r e a s e  ( p <0 . 1 )  i n  t he  

D N A fr a g me n t a t io n  in  P C 12  ce l l s  e xpo s e d  w it h  10  ng / mL   - H C H a s  

co mp a r e d  w it h  t ha t  i n  co nt r o l  c e l l s .  F r o m t he s e  r e s u lt s ,  t he r e  is  a  

po s s ib i l i t y  o f  e n ha nc e me n t  o f  t he  apo p t o s is  in  P C 12  ce l l s  b y 

a dd it io n  o f   - H C H a t  lo w co nc e n t r a t io n .  To  e xa mine  w e a t her  

 - H C H e n ha nc e s  a po p t o s i s  i nd u c e d  b y  s e r u m d ep r iva t io n  in  P C1 2  

c e l l s ,  a po p t o t ic  fa c t o r s  s u c h  a s  B c l - 2  fa mi ly,  c yt o c hr o me  c  a nd  

c a s p a s e - 3  we r e  me a s u r e d .  

  

As  s ho w n in  F ig .  2 ,  co nt e nt s  o f  B a x  a nd  B ad  mR N As  in  t he  c e l l s  

e xpo s e d  w it h   - H C H d id  no t  i nc r e a s e  s ig n i f i c a n t ly a s  co mp a r e d  

w it h  t ho s e  in  t he  co nt r o l  P C 1 2  c e l l s  ( F ig .  2 ) .  I n  ad d it io n,  f r o m t he  



 14 

r e s u lt s  o f  w e s t e r n b lo t t i ng  a na lys e s  u s ing  t he  c e l l  l y s i s  f r o m P C1 2  

c e l l s  t r e a t e d  w it h   - H CH  w a s  p e r fo r me d  u s ing  a nt ibo d ie s  a g a ins t  

c yt o c hr o me  c ,  t he  co nt e nt s  o f  c yt o c hr o me c  w a s  s l i g h t ly i nc r e a s e d  

in  co mp a r is o n  w it h  t ha t  i n  c e l ls  t r e a t e d  w it ho u t   - H C H ( F ig .  3 ) .  

A l t ho u g h  L iu  e t  a l .  
[ 2 4 ]

 r epo r t e d  t ha t  a po p t o s is  is  i nd u c e d  b y 

r e le a s ing  c yt o c hr o me  c  f r o m mit o c ho n dr ia  t o  c yt o so l ,  t he  a mo u nt s  

o f c yt o c hr o me  c  i n  o u r  e xp er ime n t  w a s  no t  s ig n i f i c a nt ly i nc r e a s e d  

b y a d d i t io n  o f   - H C H a s  e xp e c t ed  ( p> 0 . 1 ,  n= 3 ) .   

 

Mo r eo ve r,  b y a d d it io n  o f   - H C H,  t he  c a s p a s e - 3  l i k e  a c t iv i t y  i n  t he  

c e l l s  i nc u ba t e d  in  t he  s e r u m/ s e r u m - fr e e  me d iu m d id  no t  a ls o  

inc r e a s e  ( F ig .  4 ) .   

 

I n  t h i s  s t ud y,  t he  D N A fr a g me n t a t io n  u nd er  t he  apo p t o t ic  co nd i t io n  

w a s  s l ig ht ly e n ha nc e d  b y t he  t r e a t me n t  w it h   - H C H a t  lo w 

co nc e nt r a t io n  ( F ig .  1 ) ,  a lt ho u g h  s ig n i f ic a n t  d i f f e r e nc e  w a s  no t  

o bs e r ve d  in  c e l l  v ia b i l i t y  a nd  D N A fr a g me nt a t io n  a t  h ig h  

co nc e nt r a t io n  ( 1 0 0 - 5 , 00 0  ng / mL   - H C H)  in  t he  P C1 2  c e l ls .   

 

I t  ha s  be e n  r epo r t e d  t ha t  s e r u m d e pr iv a t io n  ind u c e d  a po p t o s is  
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a c co mp a n ie d  b y r a p id  do w n - r e gu la t io n  o f  B c l - 2 ,  a nd  u p - r eg u la t io n  

o f B a x  a nd  Ba d .  
[ 2 4 ]

 Ho w e ve r ,  a s  s ho w n in  F ig .  2 ,  t he  B a x  a nd  B a d  

mR N A co nt e nt s  w er e  no t  c ha ng e d  in  P C 12  c e l ls  t r e a t e d  w it h   - H C H.  

C yt o c hr o me  c  r e le a s e d  in t o  t he  c yt o so l  a c t iva t e s  t he  c a s p a s e  

c a s c ad e ,  a nd  w a s  g e ne r a t e d  du r ing  ap o p t o s i s  f r o m pr o ca s p a s e - 3 .  

[ 2 5 ]
 I n  t h is  s t u d y,  a lt ho u g h  co nt e nt  o f  c yt o c hr o me  c  w a s  s l ig h t ly 

i nc r e a s e d  in  t he  c e l l s  c u lt u r e d  in  t he  s e r u m- fr e e  me d iu m co n t a ins  

lo w co nc e n t r a t io n  o f   - H C H,  t he  c a sp a s e - 3  l ik e  a c t iv i t y  d id  no t  

i nc r e a s e  u nd e r  t he  s a me  co nd it io n ( F ig s .  3  a nd  4 ) .  As  r e s u lt s ,  it  

w a s  co nc lu d e d  t ha t   - H C H a f fe c t e d  o n  a po p t o s is  i nd u c e d  b y s e r u m 

d ep r iva t io n  in  t he  P C 12  c e l l s .  

 

Ka ng  e t  a l .  
[ 1 4 ]

 r epo r t ed  t ha t   - H C H a t  h ig h  co nc e nt r a t io n ind u c e d  

a po p t o s is  i n  H L - 6 0  c e l l s  t h r o u g h  in t r a c e l lu la r  C a  io n  r e le a s e  

p a t hw a y.  I n  ad d it io n   - H C H w a s  s ho w n a s  a n  in h ib i t e r  o f  g ap  

ju nc t io n  fo r mat io n  t h r o u g h  apo p t o t ic  p a t hw a y.  
[ 2 6 ]

 T he s e  r e po r t s  

do se  no t  ag r e e  w it h  t h i s  s t u d y.  T he  r e a so n  o f  t he  d is c r ep a nc y i s  

s t i l l  u nk no w n.  Ho w e ve r  t he s e  p he no me n a  d e p e nd  o n  t he  

c ha r a c t e r is t ic s  o f  t he  c e l l  t yp e .  P C 1 2  c e l l s  w er e  u s e d  t o  s t u d y 

ne u r o na l  fu nc t io n  a nd  d i f f e r e nt ia t io n .  I t  w a s  s u gg e s t e d  t ha t  a  
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ne u r o na l  c e l l  ha d  a  r e s i s t a nc e  ag a in s t  t he  t o x ic  s u bs t a nc e s  s u c h  a s  

p e s t ic id e .  

 

O n  t he  o t her  ha nd ,   - H C H is  t ho u g ht  a s  o ne  o f  t he  e ndo c r ine  

d is r u p t e r s .  We  ha d  r e po r t ed  t he  r e la t i o ns h ip  be t w e e n  t he  e ndo cr in e  

d is r u p t e r s  a nd  apo p t o s is .  T r ibu t y l t i n  a nd  2 , 4 , 5  

T r ic h lo r o p he no x ya c e t ic  a c id  inh ib i t e d  co mp le t e ly a po p t o s i s  

i nd u c e d  b y s e r u m d e pr iva t io n .
 [ 1 1 , 1 2 ]

 Ao k i  e t  a l .  
[ 1 3 ]

 r e po r t ed  t ha t  

no n y lp he no l  e nha nc e d  a po p t o s is  i nd u c e d  b y s e r u m d e pr iva t io n .  

               

Apo p t o s is  is  a  fu nd a me nt a l  p r o c e s s  ne c e s s a r y fo r  d e ve lo p me nt  o f  

i nd iv id u a ls  a nd  o r g a ns ,  a nd  d i f f e r e nt i a t io n  o f  t he  ne r vo u s  s ys t e m.  

[ 2 7 ]
 S inc e  a po p t o s is  is  e s s e n t ia l  fo r  c e l l s  i n  d e ve lo p me nt  a nd  in  

e l i min a t io n  o f  ha r mfu l  c e l l s ,  t he  a d ve r s e  e f fe c t s  o f  e ndo cr ine  

d is r u p t ing  c he mic a l s  o n  apo p t o s is  wo u ld  c a u s e  s e r io u s  d a ma g e s  t o  

o r g a n is ms .  
[ 2 8 ]

 Ac co r d ing  t o  t h i s  s t u d y a nd  o u r  p r e v io u s  r e po r t s ,  i t  

w a s  s u gg e s t ed  t ha t  t he  e f fe c t  o f  e ndo c r ine  d is r u p t e r s  o n  apo p t o s is  

w a s  ind e p e nd e n t  f r o m t he  r e a c t io n  o f  e s t r a d io l  r e c ep t o r .  

  

T her e fo r e ,  t he  met ho d s  p r e s e nt e d  in  t h i s  s t u d y,  a r e  e xp e c t e d  t o  be  a  
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u s e fu l  t o o l  fo r  e va lu a t ing  o f  e ndo cr in e  d is r u p t ing  c he mic a l s  w h ic h  

do se  no t  o n ly r e la t e  t o  d is r u p t  e ndo cr ine  fu nc t io n  b y t he  b ind ing  t o  

t he  e s t r o g e n  r e c ep t o r ,  bu t  a ls o  r e la t e  t o  a f fe c t  o n  t he  o t her  

fu nc t io ns  s u c h  a s  a po p t o s i s .  
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[ 1 2 ]  Ya ma no s h i t a ,  O . ;  S a i t o ,  T. ;  T a k a ha s h i ,  K . ;  Ho so k a wa ,  T. ;  
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Ok a be ,  M. ;  I t o ,  K. ;  Ku r a s a k i ,  M.  2 , 4 , 5 - T r ic h lo r o p he no x ya c e t i c  

a c id  inh ib i t  a po p t o s is  i n  P C 1 2  c e l l s .  L i f e  S c i .  2 00 1 ,  6 9 ,  

40 3 - 4 0 8 .  

[ 1 3 ]  Ao k i ,  M. ;  Ku r a s a k i ,  M . ;  S a it o ,  T . ;  S e k i ,  S . ;  Ho so ko w a ,  T . ;  

T a k a ha s h i ,  Y . ;  Fu j i t a ,  H . ;  I wa k u ma ,  T .  No n y lp he no l  e nha nc e s  

a po p t o s is  i nd u c ed  b y s e r u m d e pr iva t io n  in  P C1 2  c e l ls .  L i f e  S c i .  

20 0 4 ,  7 4 ,  23 0 1 - 23 1 2 .  

[ 1 4 ]  Ka ng ,  J . J . ;  C HE N,  I . L . ;  Y E N - YAN G,  H. F.  M e d ia t io n  o f  

 - H e xa c h lo r o c yc lo he xa ne - ind u c e d  D N A Fr ag me nt a t io n in  

H L- 6 0  C e l ls  t h r o u g h  I nt r a c e l lu l a r  C a
2 +

 R e le a s e  P a t hw a y.  Fo o d  

C he m.  To x ic o l .  19 9 8 ,  3 6 ,  51 3 - 5 20 .  

[ 1 5 ]  Ke r r ,  J . F . ;  W yl l i e ,  A . H. ;  C ur r i e ,  A . R.  Apo p t o s i s :  a  ba s i c  

b io lo g ic a l  p he no me no n  w it h  w id e - r a ng ing  imp l i c a t io ns  i n  

t is s u e  k ine t ic s .  Br .  J .  C a nc e r  19 7 2 ,  2 6 ,  2 39 - 25 7 .   

 [ 16 ]  E na r i ,  M. ;  S a k a h ir a ,  H . ;  Yo ko ya ma ,  H . ;  O k aw a ,  K . ;  I w a ma t s u ,  
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A. ;  N a g a t a ,  S .  A c a s p a s e - a c t iva t e d  D N a s e  t ha t  d eg r ad e s  D N A  

du r ing  a po p t o s i s ,  a nd  i t s  i nh ib i t o r  I C AD .  N at u r e  1 99 8 ,  39 1 ,  

43 - 5 0 .   

[ 1 7 ]  Gr e e n ,  D . R. ;  R e ed ,  J . C .  M it o c ho nd r ia  a nd  a po p t o s i s .  S c ie nc e  

19 9 8 ,  2 81 ,  1 3 09 - 1 3 1 2 .  

[ 1 8 ]  H a t a i ,  T . ;  M at s u z aw a ,  A . ;  I no s h i t a ,  S . ;  Mo c h id a ,  Y . ;  Ku r o d a ,  

T . ;  S ak a ma k i ,  K . ;  Ku id a ,  K . ;  Yo ne ha r a ,  S . ;  I c h i jo ,  H . ;  T a ke d a ,  

K .  E xe c u t io n  o f  a po p t o s is  s ig na l - r e g u la t ing  k ina s e  1  

( AS K1) - ind u c e d  a po p t o s is  b y t he  mit o c ho ndr ia - d e pe nd e n t  

c a s p a s e  a c t iva t io n .  J .  B io l .  C he m.  2 0 0 0 ,  27 5 ,  2 6 57 6 - 2 65 8 1 .   

[ 1 9 ]  F r a nco i s ,  F . ;  Go d in ho ,  M. J . ;  D r a gu no w ,  M. ;  Gr ime s ,  M. L.  A  

po p u la t io n  o f  P C 12  c e l l s  t ha t  i s  i n i t ia t ing  a po p t o s is  c a n  b e  

r e s c u e d  b y ne r ve  g r o wt h  fa c t o r .  Mo l .  C e l l .  N eu r o s c i .  2 0 0 1 ,  1 8 ,  

34 7 - 3 6 2 .  

[ 2 0 ]  Gr e e ne ,  L . A. ;  T is c h le r,  A . S .  E s t a b l i s h m e nt  o f  a  no r ad r e ne rg ic  
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c lo na l  l i ne  o f  r a t  ad r e na l  p he o c hr o mo c yt o ma c e l ls  w h ic h  r e s po n d  

t o  ne r ve  g r o wt h fa c t o r.  P r o c .  N a t l .  Ac a d .  S c i .  U S A 19 7 6 ,  73 ,  

24 2 4– 2 4 28 .  

[ 2 1 ]  R a vn i ,  A . ;  Bo u rg a u lt ,  S . ;  L e bo n ,  A . ;  C ha n ,  P. ;  G a la s ,  L . ;  

Fo ur n ie r ,  A . ;  Va ud r y,  H . ;  Go nz a le z ,  B . ;  E id e n ,  L . E . ;  Va u dr y,  D .  

T he  ne ur o t r o p h ic  e f f e c t s  o f  PAC AP in P C 12  c e l l s :  co nt r o l  b y  

mu lt ip le  t r a ns d u c t io n  pa t hw a ys .  J .  N e ur o c he m.  2 0 0 6 ,  9 8 ,  

32 1 - 3 2 9 .   

[ 2 2 ]  Ku r a s a k i ,  M. ;  Ao k i ,  M. ;  M iu r a ,  T . ;  S e k i ,  S . ;  T o r iu mi ,  S . ;  

Ho so k a w a ,  T . ;  O k a be ,  M. ;  Nu mat a ,  T . ;  S a it o ,  S . ;  S a it o ,  T .  A  

d e ve lo p e d  met ho d  o f  T er mina l  d eo x yn u c le o t id y l  t r a ns fe r a s e  

s ys t e m fo r  qu a nt i f i c a t io n o f  D N A d a ma ge  ca u s e d  b y a po p t o s is .  

Ana l .  S c i .  2 0 0 1 ,  17 ( S u pp l ) ,  i1 5 4 7- i1 5 50 .  

[ 2 3 ]  Go l l a p u d i ,  L ;  O b l ing e r ,  M. M .  S t a b le  t r a ns fe c t io n  o f  P C1 2  

c e l l s  w it h  e s t r o ge n  r ec e p t o r  ( E R ) .  p r o t ec t ive  e f fe c t s  o f  
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e s t r o g e n  o n  c e l l  s u r v iva l  a f t e r  s e r u m d ep r iva t io n .  J .  N e ur o s c i .  

R e s .  1 9 99 ,  5 6 ,  9 9 - 1 08 .  

[ 2 4 ]  L iu ,  X . ;  Z hu ,  X . Z.  Ro le s  o f  p 53 ,  c - myc ,  B c l - 2 ,  B a x  a nd  

c a s p a s e s  i n  s e r u m d e pr iva t io n - ind u c e d  ne ur o na l  a po p t o s is :  A 

po s s ib le  ne u r o pr o t e c t ive  me c ha n is m o f  ba s ic  f i b r o b la s t  g r o wt h  

fa c t o r.  N e ur o R epo r t  1 99 9 ,  1 0 ,  3 08 7 - 3 09 1 .  

[ 2 5 ]  B a na s ia k ,  K . J . ;  X ia ,  Y. ;  H a na d a ,  G. G.   M ec ha n is m s  

u nd er ly in g  h ypo x ia - ind u c e d  ne u r o na l  a po p t o s is .  P r o g .  

N eu r o b io l .  2 00 0 ,  6 2 ,  2 15 - 2 4 9 .  

[ 2 6 ]  L i ,  R . ;  M at h er ,  J . P .  L ind a ne ,  a n  inh ib i t o r  o f  g a p  ju nc t io n 

fo r mat io n ,  a bo l i s he s  o o c yt e  d ir e c t e d  f o l l ic l e  o r g a n iz ing  a c t iv i t y  

i n  v i t r o .  E ndo cr ino lo g y 1 99 7 ,  1 38 ,  44 77 - 4 4 8 0 .  

[ 2 7 ]  Br e d e s e n ,  D . E .  N eu r a l  a po p t o s i s .  An n .  N e ur o l .  1 99 5 ,  3 8 ,  

83 9 - 8 5 1 .   

[ 2 8 ]  S a i t o ,  T . ;  Ku r a s ak i ,  M .  Apo p t o s i s  a nd  e ndo c r ine  d is r u p t e r s .  
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B io me d .  R e s .  2 00 0 ,  2 1 ,  3 53 - 3 5 9 .  

F I G U R E L EG E N D S  

 

F ig .  1   R e la t ive  co nt e n t s  o f  D N A fr a g me nt a t io n  in  P C 1 2  c e l l s  

t r e a t e d  w it h   - H C H :  0  t o  5 0 00  ng / mL ( a ) ,  0  t o  1 0 0  ng / mL ( b )  i n  

s e r u m- co nt a in ing  me d iu m o r  s e r u m - fr e e  me d iu m,  fo r  72  h r.  E r r o r  

ba r s  i nd ic a t e  SE M ( a : n= 6 ,  b : n= 3 ) .  

 

F ig .  2   R e la t ive  co nt e n t s  o f  B a x  mR N A ( a )  a nd  B a d  mR N A ( b )  i n  

P C1 2  c e l l s  t r e a t ed  w it h   - H C H ( 0  t o  1 00  ng / mL )  in  

s e r u m- co nt a in ing  me d iu m o r  s e r u m - fr e e  me d iu m fo r  6  h r.  E r r o r  

ba r s  i nd ic a t e  SE M ( n= 3) .  

 

F ig . 3   We st e r n  b lo t  a na lys e s  o f  c y t o c hr o me  c  in  P C 1 2  c e l l s  

t r e a t e d  w it h   - H C H (  0  t o  1 0 0  ng / mL )  in  s e r u m - co nt a in ing  me d iu m 
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o r  s e r u m- fr e e  me d iu m fo r  6  h r.    

 

F ig .  4   R e la t ive  co nt e nt s  o f  C a s p a s e - 3  in  P C 1 2  c e l l s  t r e a t e d  w it h  

 - H C H ( 0  t o  10 0  ng / mL )  in  s e r u m - co nt a in ing  me d iu m o r  s e r u m - fr e e  

me d iu m fo r  6  h r.  E r r o r  ba r s  i nd ic a t e  S E M  ( n= 3 ) .  
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