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Showing the level of 5 HT in different organs following electric shock (lxg/g of tissue) 

EXPERIENTIA 33]4 

Tissues Control • SD 1st week -4- SD 2rid week =]- SD 3rd week ~= SD 4th week 4- SD 

Heart 0.721 4- 0.197 1.644 i 0.097*** 3.345 =~ 0.344*** 2.210 • 0.102"** 1.863 =L 0.061"** 
Whole brain 0.591 ~ 0.148 2.443 i 0.103"** 1.171 • 0.026*** 1.571 -1- 0.066*** 0.975 • 0.045 
Kidney 2.317 • 0.865 1.227 ~2 0.188" 2.760 4- 0.187 3.020 =E 0.120 2.334 i 0.026 
Liver 1.953 ~ 0.607 1.900 =L 0.290 1.990 -~ 0.130 2.819 i 0.148"* 1.470 ~_ 0.367 

*p < 0.025, significant, **p < 0.01, significant, ***p < 0.001, significant (compared to control). 

Material and methods. 30 h e a l t h y  male  albino ra ts  weighing 
be tween  100 and 125 g were selected,  out  of which 6 were 
k e p t  unde r  normal  l abo ra to ry  condi t ions  to  serve as a 
control  group.  The o the r  24 ra ts  were sub jec ted  to  electric 
shock t h rough  the i r  feet  n (an in te rmi ta l l t  cu r ren t  of 60 vol ts  
dai ly  for 30 mill for 4 weeks). The animals  were sacrificed 
in d i f ferent  weeks (6 in each week) and  the  t issues were 
collected in ice-cold perchlor ic  acid (0.4 N PCA) for 5-HT 
es t ima t ion  following the  m e t h o d  of Snyder  e t  al. ~2 wi th in  
48 h of sacrifice. The da t a  were analyzed wi th  the  Stu-  
d e n t  t - tes t .  
Results. The no rma l  t issue levels of 5-HT have  been 
shown in the  table.  Af te r  electric shock, the  level of 5-HT 
in bra in  and  hea r t  s ignif icant ly  increases in d i f ferent  
weeks, b u t  the  h ighes t  level was observed in the  1st week 
in bra in  and in the  2nd week in the  hear t .  In  4th week the  
level remains  still s ignif icant ly  high. The levels of 5-HT 
in k idneys  and liver were found  h ighes t  a f ter  3rd week. 
The k idneys  show a s ignif icant  fall af ter  1st week, followed 
b y  a s ignif icant  increase af ter  2nd and  3rd week. At  the  
end of 4th week, the  level becomes  normal .  There  was 
no s ignif icant  change  in case of liver af ter  1st and  2nd 
weeks. A t  t he  end of 4 th  week the  level comes down 
below the  normal  level (s tat is t ical ly  insignificant) 
(table). 
Discussion. In  response to electric shock, the  ra ts  showed 
s igni f icant ly  e leva ted  levels of 5-HT in di f ferent  tissues. 
The var ia t ions  of the  5-HT con t en t  in d i f ferent  t issues of 

the  no rma l  subjec ts  m a y  be due to t he  n u m b e r  of entero-  
chromaff in  cells and  the  serotollergic fibres p re sen t  in a 
par t i cu la r  t issue. I t  m a y  also be due to  t he  to lerance  of 
5-HT b y  the  tissue, because 5-HT is a vasocons t r ic tor  
subs tance ,  t he  presence  of which  in a h igher  or lower 
concen t ra t ion  m a y  be responsible  for t he  ma in t enance  of 
t he  normal  microcirculat ion.  Thus,  following stress,  the  
degree of change  in the  level  of 5-HT co n t en t  in d i f ferent  
t issues is no t  uniform.  Hence  the  physiological  responsive-  
ness of the  par t i cu la r  t issue to a par t icu lar  s t imulus  
appears  to be responsible  for such var ia t ions .  
I n  case of liver, hear t ,  k idneys  and  bra in  t issues,  it  is 
obvious  t h a t  t he  animals  m a y  a d a p t  the  normal  physio-  
logy af ter  r epea ted  stress. The d i s tu rbances  and  the  
mechan i sm by  which  the-level  of 5-HT increases following 
stress,  has been  d e m o n s t r a t e d  b y  m a n y  workers  la-~5. 
The s t u d y  of d i s tu rbances  caused by  s t ress  m a y  be helpful  
in u n d e r s t an d i n g  the  pa thophys io logy  of var ious  stress 
disorders.  
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Nuclease  for D N A  apurinic  s ites  in chicken l iver 
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Summary. Chicken liver crude  ex t r ac t  p roduced  acid-soluble d iphenylamine-pos i t ive  mater ia l  in the  presence  of 
depu r ina t ed  and a lkyla ted  D N A ,  while the  fo rmat ion  of such  mater ia l  f rom normal  and single s t r anded  D N A  was 
compara t ive ly  low. The m a x i m u m  acid-soluble mater ia l  p roduced  was no t  increased fu r ther  by  alkali, indicat ing t h a t  
the  enzymat i c  act ion is mos t ly  d i rec ted  towards  apurinic  sites. 

Depur ina t ion  of D N A  and  i ts  repair  has  been the  subjec t  
of some in te res t  in the  r ecen t  pas t  ~-6. I t  has  been sug- 
ges ted t h a t  the  cellular D N A  m a y  be spon taneous ly  un-  
dergoing some depur ina t ion  under  physiological  con- 
di t ionsK Endonuc leases  specific for apurinic  sites t h a t  
m a y  have  a role in tile repa i r  of such sites, have  been  
shown to  exis t  in bac te r ia  and  m a m m a l i a n  cells2, 4-6. 
In  th is  communica t ion  we repor t  t he  presence of a 
nuclease (s) t h a t  degrades  a lkyla ted  and depur ina t ed  
D N A  in chicken liver. 
Materials and methods. The me thod  for p repara t ion  of 
depu r ina t ed  D N A  was essent ia l ly  t h a t  of Hadi  and  Goldth-  
wa i t  ~ wi th  some modif ica t ions  7, and i t  involved hea t ing  

the  D N A  at  p H  3.5. The p repa ra t ion  of a lkyla ted  DNA 
and  depur ina t ed  DNA from a lky la ted  DNA has  been 
descr ibed T, s, Chicken liver crude ex t r ac t  was p repared  
b y  homogeniz ing  freshly excised liver wi th  3 volumes  of 
cold tris-HC1 buffer  (0.05 M, p H  7.0). The homogena te  
was cent r i fuged a t  1000 X g for 5 mill and the  super- 
n a t a n t  ob ta ined  used as the  source of enzyme.  Nuclei 
were isolated and  purif ied b y  a s t an d a rd  procedure  9. The 
procedure  for ex t r ac t ion  of enzyme f rom nuclei  was es- 
sent ia l ly  as descr ibed by  Ohtsuka  et  al. 1~ 
Results and discussion. Figure  1 shows the  effect  of 
chicken liver crude ex t r ac t  on na t ive  and  depur ina ted  
DNA.  W i t h  each subs t ra te ,  the  perchlor ic  acid soluble 
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Fig. 1. Effect  of c rude  e x t r a c t  u p o n  n o r m a l  a n d  d e p u r i n a t e d  DNA.  
The  r eac t ion  m i x t u r e  in 1 ml c o n t a i n e d  650 F g  of s u b s t r a t e  (depur i -  
n a t e d  or n a t i v e  DNA),  1 mM MgCI 2, 1 mM 2 - m e r c a p t o e t h a n o l ,  
0.08 ml  tris-HCI buf fe r  (0.5 M, p H  7.5) a n d  0.43 m g  of e n z y m  eprote in .  
The  i n c u b a t i o n  was ca r r i ed  ou t  a t  37~ a n d  a l iquots  of 1 nfl were  
r e m o v e d  a t  va r ious  t ime in te rva l s  a n d  a d d e d  to 10 ml  cen t r i fuge  
tubes  c o n t a i n i n g  0.2 ml  of bov ine  s e r u m  a l b u m i n  (2 rug). The  tubes  
were  s h a k e n  well a n d  r eac t ion  s t o p p e d  b y  a d d i n g  1.2 ml  of cold 14% 
perch lo r i c  acid.  Af te r  1 h a t  4~  the  ac id- insoluble  ma te r i a l  was  
cen t r i f uged  off a n d  D N A  p h o s p h o r u s  (DNA-P)  in the  s u p e r n a t a n t  
was  e s t ima ted  b y  the  p rocedu re  descr ibed b y  Sehne ide r lL  
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Fig.  2. Ac t ion  of nuc lease  on apur in i e  sites in DNA.  The r eac t ion  
i n i x t u r e  c o n t a i n e d  per  ml 500 [zg of s u b s t r a t e  (normal  a n d  depur i -  
n a t e d  DNA) a n d  0.38 m g  of e n z y m e  prote in .  1 ml  a l iquots  f rom de- 
p u r i n a t e d  D N A  reac t iou  n f ix tu re  were r e m o v e d  a t  va r ious  t ime 
in te rva l s  a n d  i n c u b a t e d  f u r t h e r  wi th  0.2 ml  of 2 N NaOl-f for  30 ra in  
a t  r o o m  t e m p e r a t u r e  before  s t o p p i n g  the  reac t ion .  
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Fig.  3. Ef fec t  of c rude  e x t r a c t  upon  normal ,  a l k y l a t e d  a n d  depur i -  
n a t e d  DNA.  D N A  was  a l k y l a t e d  a n d  d e p u r i n a t e d  D N A  o b t a i n e d  
f r o m  it  as descr ibed  in the  m e t h o d s .  The  r e a c t i o n  n f ix tu re  per  ml  
c o n t a i n e d  730 [zg of s u b s t r a t e  a n d  0.42 m g  of e n z y m e  pro te in .  The  
o the r  detai ls  were  as descr ibed  for  f igure  1. 
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Fig.  4. H y d r o x y l a p a t i t e  c h r o n ~ a t o g r a p h y  of a l k y l a t e d  a n d  depur i -  
n a t e d  DNA.  2 m g  of D N A  in 8 ml  of T N E  (0.01 M tr is -HCl ,  0.01 M 
NaC1 a n d  2 • 10 4 M E D T A ,  p H  7.4) was  loaded  a t  f r ac t i on  n u m b e r  
zero a n d  i m m e d i a t e l y  fol lowed b y  e lu t ion  w i th  s o d i u m  p h o s p h a t e  
buf fe rs  of mola r i t i e s  s h o w n  (pH 7.0) c o n t a i n i n g  1% H C H O .  The  size 
of the  c o l u m n  was  1 • 7 c m  a n d  4 ml  f r ac t ions  were col lec ted  a t  t he  
r a t e  of 8 ml /h .  Recover ies  were :  n o r m a l  D N A  96 .5%,  d e n a t u r e d  
D N A  9 0 % ,  a l k y l a t e d  D N A  9 3 %  a n d  d e p u r i n a t e d  D N A  9 8 % .  In  the  
case  of a l k y l a t e d  a n d  d e p u r i n a t e d  DNA,  f illl a l iquots  f ronl  e ach  
f r ac t i on  were  t r e a t e d  wi th  alkal i  a n d  the  n o n - h y d r o l y z e d  nucle ic  
ac id  p r e c i p i t a t e d  wi th  perchlor ie  acid.  Acid-soluble  D N A - P  was  
m e a s u r e d  in the  s u p e r n a t a n t  as descr ibed  11. A b s o r b a n e e  a t  260 in[s 
(O- -O) .  Acid-soluble  D N A - P  re leased on a lka l ine  hydro lys i s  ( � 9  
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D N A - p h o s p h o r u s  (DNA-P)  was m e a s u r e d  a f t e r  d i f fe ren t  
t imes  of i n c u b a t i o n  u. The  release of acid soluble  m a t e r i a l  
as a f u n c t i o n  of t i m e  f rom d e p u r i n a t e d  D N A  is found  to be  
cons ide rab ly  h igher  t h a n  f rom n a t i v e  DNA.  D e p u r i n a t e d  
D N A  i n c u b a t e d  w i t h o u t  e n z y m e  shows some d e g r a d a t i o n  
w i t h  t ime.  Th i s  could be  a t r i s  ca ta lyzed  r eac t ion  since 
amine  buf fers  are knowi~ to  ca t a lyze  t h e  d e g r a d a t i o n  of 
d e p u r i n a t e d  DNA~L Similar  resu l t s  were o b t a i n e d  w h e n  
t he  e n z y m e  e x t r a c t e d  f rom pur i f ied  nuclei  was  used. The  
d e g r a d a t i o n  of single s t r a n d e d  D N A  c o n t a i n i n g  no 
apur in ic  s i t es  was also found  to be  cons ide rab ly  lower as 
c o m p a r e d  w i t h  t h a t  of d e p u r i n a t e d  DNA.  I n  o rde r  to  
d e m o n s t r a t e  t h a t  t h e  c leavage  of d e p u r i n a t e d  D N A  was 
m o s t l y  d i rec ted  t ow ar ds  apur in ic  sites, t h e  e x p e r i m e n t  
shown  in f igure 2 was done.  Af te r  t r e a t m e n t  of depur i -  
h a t e d  D N A  w i t h  e n z y m e  for i nd i ca t ed  per iod  of t ime,  t he  
reac t ion  m i x t u r e  was f u r t h e r  t r e a t e d  w i t h  alkali.  This  
would  resu l t  in t he  c leavage  of all  apur in ic  si tes lef t  un -  
deg raded  b y  t he  enzyme.  A d d i t i o n  of NaOt-I a f t e r  90 min  
of i n c u b a t i o n  w i t h  e n z y m e  did  n o t  increase  f u r t h e r  t he  
acid-soluble  m a t e r i a l  a l r eady  p roduced  enzymat ica l ly .  
This  ind ica tes  t h a t  t h e  si tes of ac t ion  of a lkal i  were al- 
r e a d y  ac ted  u p o n  b y  t he  enzyme.  I t  is, therefore ,  con-  
c luded  t h a t  t he  e n z y m e  and  a lkal i  c leaved  t h e  d e p u r i n a t e d  
D N A  a t  or nea r  apur in ic  sites. 
D e p u r i n a t e d  D N A  has  been  shown  to be  an  i n t e r m e d i a t e  
in  t he  d e g r a d a t i o n  in v i t ro  of a lky la t ed  D N A  TM. E n d o -  
nucleases  specific for a lky la t ed  D N A  h a v e  been  r epo r t ed  
in B. subt i l i s  14 a n d  E. coli lg. D N A  was a lky l a t ed  b y  
d i m e t h y l  su lpha te ,  wh ich  is a w e a k  carc inogen.  Depur i -  
n a t e d  D N A  was o b t a i n e d  b y  mi ld  h e a t i n g  of a lky l a t ed  
D N A  8, wh ich  resu l ted  in t he  a p p e a r a n c e  of apur in ic  si tes 
as s h o w n  b y  a lka l ine  hydro lys i s  of such  DNA.  As shown  
in f igure 3, t he  p r o d u c t i o n  of m a x i m u m  acid-soluble  ma-  
te r ia l  f r om a lky l a t ed  and  d e p u r i n a t e d  D N A  is signifi- 
c a n t l y  h ighe r  t h a n  t h a t  f rom n a t i v e  DNA.  A l k y l a t e d  
D N A  alone  in t he  presence  of a lkal i  d id  no t  show a n y  
degrada t ion .  The  p rocedure  of h e a t i n g  D N A  a t  p H  3.5 for 
p r e p a r a t i o n  of d e p u r i n a t e d  D N A  resul t s  in  t he  comple te  
d e n a t u r a t i o n  of D N A  a t  52 ~ ~. I n  order  to  d e t e r m i n e  t he  

n a t i v e  or d e n a t u r e d  s t a t e s  o f  a lky la t ed  D N A  a n d  de- 
p u r i n a t e d  D N A  o b t a i n e d  f rom it, hyd roxy lapa •  c h r o m a -  
t o g r a p h y  of such  D N A  was done.  The  resu l t s  are s h o w n  in 
f igure 4. W h e r e a s  p a r t  of t he  molecules  of a lky l a t ed  D N A  
r e t a i n  a t  leas t  p a r t i a l  doub le  s t r a n d e d n e s s  u n d e r  ou r  con-  
di t ions ,  t h e  d e p u r i n a t e d  D N A  is comple t e ly  d e n a t u r e d .  
T h e  d e n a t u r a t i o n  of a lky l a t ed  D N A  is a t i m e - d e p e n d e n t  
p h e n o m e n o n  since i t  was obse rved  t h a t  a f t e r  24 h a t  room 
t e m p e r a t u r e  th i s  D N A  becomes  comple t e ly  d e n a t u r e d .  
The  apu r in i c  si te  specific nuc lease  r epo r t ed  here  a n d  b y  
o the r  a u t h o r s  in d i f fe ren t  sys t ems  m a y  be  t h e  f i rs t  e n z y m e  
requ i red  for the  r epa i r  of apur in ic  si tes in  DNA.  Th i s  as- 
sumes  t h a t  t he  m e c h a n i s m  of r epa i r  of d e p u r i n a t e d  D N A  
is s imi la r  to  t h a t  of U V - i r r a d i a t e d  t h y m i n e  d imer  con- 
t a i n i n g  DNA.  Indeed ,  us ing  E. coli apur in ic  site nuclease,  
Ver ly  et  al. TM h a v e  r ecen t ly  d e m o n s t r a t e d  in v i t ro  r epa i r  
of apu r in i c  si tes in  DNA.  The  nuclease  a c t i v i t y  on  al- 
ky l a t ed  D N A  obse rved  b y  us raises a n  i n t e r e s t i ng  ques t ion .  
The  e n z y m a t i c  d e g r a d a t i o n  of a lky la t ed  D N A  m a y  in- 
vo lve  d e p u r i n a t i o n  as a n  i n t e r m e d i a t e  s tep  s imi lar  to  
n o n - e n z y m a t i c  d e g r a d a t i o n  of a lky l a t ed  DNA.  A single 
e n z y m e  may ,  therefore ,  be r equ i red  for b o t h  t he  steps.  
Converse ly  2 s epa ra t e  enzymes  m a y  be  i nvo lved  as has  
been  sugges ted  in t he  case of E. coli endonuc lease  I I1L 
However ,  t he  ques t ion  can  on ly  be  answered  a f t e r  the  
e n z y m e  has  been  purif ied.  
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S e r u m  c h o l i n e s t e r a s e :  F u n c t i o n  in l ipoprote in  m e t a b o l i s m  

K. M. K u t t y  1, R. R e d h e e n d r a n  a n d  D. M u r p h y  2 

Dr. Charles A. Janeway, Child Health Centre and Faculty o/Medicine, Memorial University, St. John's 
(New/oundland A IA  IR8,  Canada), 75 September 7976 

Summary. H u m a n  se rum be ta - l ipopro te ins ,  i so la ted  b y  pe rc ip i t a t i on  w i t h  h e p a r i n - c a l c i u m  mix tu re ,  showed  chol in-  
es terase  ac t iv i ty .  The  e n z y m e  a c t i v i t y  was a l m o s t  p r o p o r t i o n a l  to  t h e  l ipopro te in  concen t r a t i on .  Ra t s ,  t r e a t e d  w i t h  
neos t igmine ,  a chol ines te rase  inh ib i to r ,  showed a s ign i f ican t  decrease  in se rum be t a - l i pop ro t e in  and  in t he  i nco rpo ra t ion  
of H 3-1ysine in to  t h e  l ipopro te in  c o m p a r e d  to u n t r e a t e d  controls .  The  decreased  inco rpo ra t ion  of H ~-lysine in to  be t a -  
l ipopro te in  was associa ted  w i t h  increased  labe l l ing  of a lpha- l ipopro te in .  The re  was no s ign i f ican t  di f ference in t he  
label l ing  of p re -be ta - l ipopro te in .  W e  propose  t h a t  L D L  is fo rmed  f rom V L D L  in t he  presence  of chol ines terase .  

The  biological  role of s e rum chol ines te rase  (ChE) is un -  
known.  However ,  a r e l a t ionsh ip  be t w een  C h E  a n d  se rum 
be t a - l i pop ro t e in  (BLP) has  been  d e m o n s t r a t e d .  I t  h a s  
been  s h o w n  a t h a t  h u m a n  B L P  released C h E  u p o n  u l t r a -  
son ica t ion  and  t h a t  B L P  a n d  C hE  recombine  u p o n  
s t and ing .  W e  d e m o n s t r a t e d  ~ t h a t  C h E  inh ib i to r s  like 
p h y s o s t i g m i n e  can  des tabi l ize  B L P .  W h e n  B L P  was 
t r e a t e d  w i t h  phospho l ipase  D, C h E  was re leased and  a t  
t he  same  t ime,  t he  ! ipopro te in  showed  a l t e red  electro-  
phore t i c  m o b i l i t y  ~. This  suggests  t h a t  t he  si te  of a t t a c h -  
m e n t  of ChE  to t he  l ipopro te in  molecule  is a t  t he  phos-  

phory lcho l ine  p a r t  of leci thin.  I t  is obv ious  t h a t  a close 
s t r u c t u r a l  r e l a t ionsh ip  exis ts  be tween  phospho ry l cho l ine  
and  ace ty lchol ine ,  a n a t u r a l  s u b s t r a t e  for  ChE.  
W e  n e x t  obse rved  5, ~ t h a t  w h e n  h y p e r - p r e - b e t a  l ipopro-  
t e i n e m i a  was induced  in r a b b i t s  b y  t r e a t i n g  t h e m  w i t h  
E. coli endo tox in ,  t he re  was  a m a r k e d  increase  in  the  
ChE  ac t iv i ty .  This  a c t i v i t y  decreased  w i t h  t he  convers ion  
of p r e - b e t a  in to  be ta - l ipopro te in .  This  suggests  t h a t  B L P  
can  b i n d  ChE.  
I n  n e p h r o t i c  syndrome ,  an  unexp l a ined  hypercho les t e ro l -  
emia  and  h y p e r - b e t a - l i p o p r o t e i n e m i a  ha s  long b e e n  re- 


