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which  there  is a marked  nega t ive  sodium balance 12, the  
lone k idney  has an exaggera ted  ra te  of renin secretion.  
Similar  ad rena lec tomy  expe r imen t s  in ra ts  w i th  b o t h  
k idneys  p resen t  have  shown an increase in P R C  t h a t  d id  
no t  marked ly  differ f rom t h a t  of the  p resen t  s tudies  5. 

In  th is  s tudy,  in which  the  adrena lec tomized  animals  
were no t  loaded wi th  NaC1 or ma in t a ined  wi th  a subs t i tu-  
t iona l  the rapy ,  the  degranula t ion  of the  jux tag lomeru la r  
cells m a y  indicate  t h a t  the i r  ra te  of renin synthes is  and  
release p r e d o m i n a t e  over the  ren in  storage.  In  favor  of 
such an a s sumpt ion  are the  e levated values  in P R C  and  the  
absence of changes  in renal  renin  con ten t  of t he  adrenal-  
ec tomized un inephrec tomized  ra ts  as compared  wi th  the i r  
controls.  

In  expe r imen t s  done on ra t  k idney  slices, DE VITO et 
al. is po in ted  out  t h a t  the  hexose  m o n o p h o s p h a t e  shun t  is 
involved in the  convers ion of hypo the t i ca l  p re ren in  to  
renin. The h igh  macular  G6PD ac t iv i ty  mos t ly  in adrenal-  
ec tomized  animals  m a y  well suggest  tha t ,  by  an unknow n  
mechanism,  t he  macula  densa  G6PD could be func t iona l ly  
re la ted to  the  renin  secret ing cells. I t  is also possible t h a t  
tile macular  G6PD could be funct ional ly  i ndependen t  of 
the  JG  cells bu t  could respond  to  var ia t ions  in in t racel lular  
macula  densa  cells sodium balance  ~,~4,~5. 

Rdsumd. La surr6nalectomie bilat6rale chez des ra t s  
unin6phrectomis6s  p rodu i t  une a u g m e n t a t i o n  tr6s mar-  
qu6e de la concen t ra t ion  de r6nine p lasmat ique ,  ainsi que 

de I 'aet ivi t6 de la G6PD dans  la macula  densa.  Cependant ,  
malgr6 une d iminu t ion  de la granular i t6  des cellules 
juxtaglom6rulaires ,  on n 'obse rve  aucune modi f ica t ion  du 
con tenu  en r6nine du rein. Ces observa t ions  i nd iquen t  que, 
dans  ce t te  condi t ion  exp6r imentale ,  le rein qui res te  est  
capable  de r6agir avec for te  a u g m e n t a t i o n  de Ia s6cr6tion 
de r6nine. 
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Bra in  D e v e l o p m e n t  in Offspr ing  of Rats  Trea ted  

Studies  in var ious  m a m m a l i a n  species h a v e  a t t e m p t e d  
to  assess the  effects of nicot ine on the  brain,  par t i cu la r ly  
in t e rms  of behaviora l  responses.  In  ra ts  and mice, small  
doses of nicot ine seem to faci l i tate  e l emen ta ry  forms of 
learning and  to s t imula te  spon taneous  moto r  activity~, ~; 
larger doses, however ,  depress  spon taneous  moto r  ac t iv i ty  a. 
In  the  sleeping cat,  n icot ine ini t ia l ly induces  L E G  act iva-  
t ion  and  behaviora l  arousal,  followed by  a per iod of 
enhanced  s low-wave sleep and ac t iva ted  sleep 4, ~, whereas  
in rabbi ts ,  n icot ine produces  seizure discharges in the  
h i p p o c a m p u s  6, ~. Most of these  s tudies  have  been  conduc ted  
in the  adul t  animal ;  outs ide  of the  f inding t h a t  n icot ine  
admin is te red  to  the  p r egnan t  female d is t r ibutes  rap id ly  
t h roughou t  the  body  and passes  in to  the  b las tocys t  as 
well as t he  imp lan ted  fe tus  s and prolongs the  dura t ion  of 
ges ta t ion  9,1~ we know li t t le of the  di rect  or indi rec t  
effects of th is  a g e n t  on the  developing brain.  T h a t  fetal  
deve lopmen t  can be affected by  adverse  condi t ions  impos-  
ed on the  ma te rna l  organism,  and  resul t  in p e r m a n e n t  
d i s to r t ion  of ma tu ra t i ona l  p a t t e r n s  a t  a s t ructura l ,  
funct ional  and  biochemical  level, has  been demons t r a t -  
ed n,  12. Fur the rmore ,  s ignif icant  d e v e l o p m e n t a l p h e n o m e n a  
as well as mani fes ta t ions  of p rena t a l  influences can be 
effect ively s tudied  in the  rat ,  for the  CNS in th is  species 
is stilI re la t ively  i m m a t u r e  a t  b i r th .  

The p re sen t  s t u d y  utilizes th is  species to inves t iga te  
the  effects of n icot ine  admin i s t e red  to  t he  ges ta t ing  
animal  on the  deve lopmen t  and  funct ion  of the  bra in  in 
t he  offspring. We  have  chosen to compare  the  develop- 
merit  of seizure ac t iv i ty  be tween  offspr ing of t r ea t ed  and 
un t r ea t ed  animals,  for such electrophysiological  da ta  
p rov ide  useful in format ion  on bra in  ma tu ra t i ona l  p a t t e r n s  
under  normal  and  exper imenta l  condit ions.  Al though 
convuls ive  seizures represen t  fundamen ta l ly  pathologic  
phenomena ,  w h e n  induced  exper imenta l ly ,  t h e y  offer a 
measure  of t he  in te rac t ion  occurr ing be tween  inhib i tory  

w i t h  Nico t ine  D u r i n g  P r e g n a n c y  

and  exc i t a to ry  sys tems  of the  CNS mani fes ted  as over t  
mo to r  act iv i ty .  Minimal  e lect roshock seizure th resho ld  
(EST) and max ima l  e lect roshock seizure (MES) p a t t e r n s  
were ut i l ized as specific indices of subcort ical  and  whole- 
bra in  matura t ion ,  respect ive ly  la, 14 

Materials  and methods. F r o m  day  0-21 of gestat ion,  
p r e g n a n t  L o n g - E v a n s  ra t s  were in jec ted  s.c. wi th  3 mg  
nicot ine per  kg body  weight ,  twice daily, and controls  
were in jec ted  wi th  saline on the  same schedule.  Special 
care was t aken  to handle  all ra ts  in the  same man n e r  to  
e l iminate  differences resul t ing f rom this  var iable  is. 
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I n a s m u c h  as m a n i f e s t a t i o n s  of m i n i m a l  seizure a c t i v i t y  
c a n n o t  be el ic i ted pr io r  to  9 days  of age in t he  rat16, 
m e a s u r e m e n t  of E S T  was i n i t i a t ed  in t he  of fspr ing  on  t h e  
10 th  day  a f te r  b i r t h  and  c o n t i n u e d  eve ry  o the r  d a y  up  to 
d a y  24. Fo r  EST,  t h r e sho ld  s t imulus  was del ivered t h r o u g h  
cornea l  e lectrodes  for 0.2 sec w i t h  a 60-cycle, a l t e r na t i ng -  
c u r r e n t  e lec t roshock  a p p a r a t u s  to  induce  m i n i m a l  
(clonic) seizure a c t i v i t y  aT. The  M E  S p a t t e r n s  were s tud ied  
a f t e r  day  22, w h e n  t he  adu l t  ton ic-c lonic  p a t t e r n  is 
e s t ab l i shed  in t he  r a t  is. M E S  was induced  b y  m e a n s  of 
t h e  same a p p a r a t u s  as EST,  excep t  t h a t  t he  s t imulus  
app l ied  was a p p r o x i m a t e l y  5 t i m e s  th resho ld .  

Results. As in p rev ious  studies9,1~ 19, con t ro l  r a t s  con- 
s i s t en t l y  gave  b i r t h  on  d a y  22 of ges ta t ion ,  whereas  in 
n i c o t i n e - t r e a t e d  animals ,  del ivery,  on  t he  average,  was  
de layed  un t i l  d a y  23, a s t a t i s t i ca l ly - s ign i f i can t  difference.  
The  e x t r a  d a y  in u te ro  has  been  found  to be  s ign i f ican t  in  
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Fig. 1. The electroshock seizure threshold (EST) in offspring of rats 
injected twice daily throughout pregnancy with 3 mg/kg nicotine or 
saline (control). With the exception of days 10 and 24, all differences 
between nicotine and coutroI values were significant: day 18, 
P < 0.05; all other days, P < 0.001. 
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Fig. 2. The maximal electroshock seizure (MES) pattern in offspring 
of nicotine-injected and saline-injected (control) rats on postnatal 
days 26 and 33. The duration of extension was significantly longer 
(P < 0.001) on day 26 in offspring of treated rats than in correspond- 
ing controls, whereas on day 33, values were comparable between 
groups. 

t e r m s  of a ' c a t c h - u p '  in  b o d y  we igh t  9 a n d  th i s  f ac to r  m a y  
affec t  o the r  p a r a m e t e r s  of d e v e l o p m e n t  as well. I n  th i s  
respect ,  i t  is of i n t e r e s t  t h a t  b y  8 days  of age, b r a i n  we igh t  
in  offspr ing of n i c o t i n e - t r e a t e d  an ima l s  w a s  h igher  t h a n  
t h a t  of cont ro ls  - a di f ference wh ich  r e m a i n e d  obse rvab le  
a t  22 days.  

The  d e v e l o p m e n t a l  p a t t e r n  of t he  E S T  differed m a r k e d -  
ly be tween  offspr ing f rom con t ro l  a n d  n i c o t i n e - t r e a t e d  
an ima l s  (Figure 1) : in  controls ,  t he  E S T  decreased  slowly 
f rom d a y  10 to 18 a n d  r e m a i n e d  a t  th i s  level  u n t i l  d ay  24, 
t he  las t  day  of tes t ing.  I n  offspr ing f rom t r e a t e d  mothe r s ,  
on  t he  o t h e r  hand ,  E S T  increased  f rom day  10 to 14, 
d ropped  be low con t ro l  va lues  on  day  16, c o n t i n u e d  to 
decrease  up  to d a y  22, when,  again,  i t  b e g a n  to  rise. IVIES 
m e a s u r e m e n t s  s h o w e d  t h a t  a t  day  26, t he  d u r a t i o n  of 
f lexion was sho r t e r  and  t he  d u r a t i o n  of ex tens ion  longer  
in  offspr ing of n i c o t i n e - t r e a t e d  ra t s  t h a n  in t h e i r  corre- 
spond ing  con t ro l s ;  these  responses  r e t u r n e d  to con t ro l  
levels b y  33 days  (F igure  2). 

Discussion. The  differences  in  E S T  be tween  offspr ing 
of con t ro l  and  t r e a t e d  m o t h e r s  f rom d a y  10 • d a y  24 
ind ica te  t h a t  n ico t ine  induces  a t r a n s i t o r y  effect  on t h e  
d e v e l o p m e n t  of seizure ac t iv i ty ,  m o s t  l ikely i nvo lv ing  
subcor t i ca l  i n h i b i t o r y  a n d  e x c i t a t o r y  p a t h w a y s  1~. T h a t  
cor t ical  d e v e l o p m e n t  also is a l t e red  in offspr ing of n ico t ine-  
t r e a t e d  an ima l s  is shown  b y  the i r  M E S  p a t t e r n s  a t  26 
days  (shor ter  d u r a t i o n  of f lexion a n d  longer  d u r a t i o n  of 
ex tens ion) ;  these  responses  i nd i ca t e  increased  b r a i n  
exc i t ab i l i t y  14, which,  a t  t h i s  age, m a y  ind ica te  i m m a t u r -  
i ty  2~ or o the r  d i s t u r b a n c e s  in  CNS m a t u r a t i o n .  As w i t h  
EST,  M E S  p a r a m e t e r s  s u b s e q u e n t l y  r e v e r t  to  con t ro l  
values.  

The  differences observed  in e lec t roconvuls ive  responses  
d u r i n g  t he  f i rs t  5 p o s t n a t a l  weeks be tween  offspr ing of 
t r e a t e d  and  u n t r e a t e d  m o t h e r s  sugges t  t h a t  n i co t ine  
a d m i n i s t e r e d  d u r i n g  ge s t a t i on  pro longs  t h e  n o r m a l  
m a t u r a t i o n a l  t i m e t a b l e  for e x c i t a t o r y  a n d  i n h i b i t o r y  
sys tems,  e i the r  b y  de lay ing  t he  d e v e l o p m e n t  of e x c i t a t i o n  
or acce le ra t ing  d e v e l o p m e n t  of inh ib i t ion .  A l t h o u g h  these  
specific e lec t roconvuls ive  responses  no rma l i ze  w i t h  
increas ing  age (a p h e n o m e n o n  also obse rved  in o t h e r  
p a r a m e t e r s  of CNS m a t u r a t i o n  21) because  of the  c o m p l e x i t y  
of even t s  t a k i n g  place  du r ing  CNS deve lopmen t ,  even  
t r a n s i e n t  a b n o r m a l i t i e s  occur r ing  d u r i n g  cr i t ical  m a t u r a -  
t ions1 per iods  m a y  h a v e  func t iona l  repercuss ions .  Indeed ,  
c o n t i n u i n g  s tud ies  of t he  effects  of endogenous  a n d  
exogenous  fac tors  on CNS d e v e l o p m e n t  cons i s t en t l y  
revea l  t h a t  sub t le  a l t e r n a t i o n s  a t  cr i t ica l  per iods  of 
p r e n a t a l  and  p o s t n a t a l  b r a i n  m a t u r a t i o n ,  t h o u g h  no t  
a lways  i m m e d i a t e l y  observable ,  are f r e q u e n t l y  m a n i f e s t e d  
a t  t he  onse t  of specific funct ions ,  or w h e n  a special ized 
d e m a n d  is p laced  u p o n  t he  o rgan i sm ~. 

Rdsumd. Lorsque  le r a t  a 6t6 t r a i t6  p a r  des in jec t ions  
journal i~res  de n ico t ine  au cours  de la ges ta t ion ,  le d6ve- 
l o p p e m e n t  des r6ponses  du  j eune  r a t  a l '61ectrochoc es t  
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re tard6.  Ces modif ica t ions ,  qui  re f l6 ten t  des a l t6 ra t ions  
dans  la m a t u r a t i o n  des sys t6mes  inh ib i t eu r s  et  exc i t an t s  
du sys t6me n e r v e u x  cen t r a l  au cours  de la croissance 
pe r s i s t en t  jusqu 'A la 5 e semaine  pos t -na ta le .  Ces r6su l t a t s  
i n d i q u e n t  que la n ico t ine  est  capab le  de p r 0 v o q n e r  des 

~a Present address: Department of Biology, Faculty of Science, 
University of Tehran, Tehran, Iran. 

modi f ica t ions  dans  le d 6 v e l o p p e m e n t  du  ee rveau  ~ l ' 6 t a t  
foetal. 
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Effect of  Alkal i  Cat ions  on  the  In terac t ion  B e t w e e n  

The  degree of c o m p l e m e n t  (C)-mediated lysis of m a m -  
m a l i a n  e r y t h r o c y t e s  (E) w i t h  h igh  K + and  low N a  + 
con ten t ,  inc lud ing  h u m a n  17;, depends  on t he  a lka l i  m e t a l  
ca t ion  p r e sen t  in  t he  r eac t ion  m i x t u r e  1-3. Thus ,  t he  
h ighes t  degree of lysis was  o b t a i n e d  in 145 m M  K+, and  
t he  lowest,  in  Na+. A r r a n g e m e n t  of t he  a lka l i  m e t a l  
ca t ions  accord ing  to t he i r  ab i l i ty  to  enhance  C lysis 
resu l ted  in t he  se lec t iv i ty  series K > R b  > Li  > Cs > 
N a  or K > L i > R b  > Cs > N a  1,3. T he  fac i l i t a t ing  
effect  of K +, Rb+  a n d  Cs+ occurs p r imar i l y  on  t he  f ina l  
s tage of t he  r eac t ion  of C w i t h  E2. Therefore,  i t  b e c a m e  
i m p o r t a n t  to  a sce r t a in  w h e t h e r  t he  effect  of a lkal i  ca t ions  
was specific for C lysis or w h e t h e r  i t  also occur red  in 
hemolys i s  of n o n - i m m u n e  na tu re .  W e  exp lored  th i s  
p r o b l e m  us ing  t he  de t e rgen t s  T r i t o n  X-100 (Tr) and  N a  
desoxycho la t e  (DOC). W e  also i n v e s t i g a t e d  w h e t h e r  t he  
a lkal i  ca t ions  mod i fy  t he  degree of so lub i l iza t ion  of 
pur i f ied  E m e m b r a n e s  (M) caused  b y  T r  a n d  DOC. 

Material and methods. Blood f rom n o r m a l  h u m a n s  was 
col lected in ACD solu t ion  and  used w i t h i n  2 days.  Tile E 
were washed  3 t imes  a t  4~ w i t h  ve rona l  buf fer  c o n t a i n i n g  
145 m M  NaC1, 0.5 m M  MgC12 and  0.15 m M  CaC12, p H  
7.34 (Na buffer) .  The  E were suspended  in cold N a  buf fe r  
a n d  s t a n d a r d i z e d  pho toeo lo r ime t r i ca l ly  to  6.25 • 108 E 
pe r  ml.  For  hemolys i s  s tud ies  0.4 ml  were t r an s f e r r ed  to 
t ubes  a n d  cent r i fuged.  To ti le s e d i m e n t e d  E was added  1 
ml  ice-cold N a  buffer  or buffers  iden t ica l  to  t h e  N a  buffer  
excep t  t h a t  145 m 3 d  K, Rb,  Li, or Cs was s u b s t i t u t e d  for 
145 m M  Na. T h e n  a n  aqueous  so lu t ion  of t he  d e t e r g e n t  
was added  (25 tzl of 0 .2% [v/v~ Tr  or 50 txl of 0 .9% Ew/v~ 
DOC) to  yield 0.076 m21d r T r  or 1.03 m M  DOC. T he  E were 
suspended  and  i n c u b a t e d  a t  37~ for i h, w i t h  mixing .  The  
reac t ion  was  t e r m i n a t e d  b y  add i t i on  of 2 ml  of an  ice- 
cold ve rona l  buf fer  iden t ica l  to  t he  buffer  used ini t ial ly,  
c en t r i f uga t i on  of t he  un lysed  cells, a n d  m e a s u r e m e n t  of 
t he  degree of lysis 4. E suspens ions  sub jec t ed  to  th i s  
p rocedure  b u t  i n c u b a t e d  w i t h o u t  d e t e r g e n t  se rved  as 
b lanks .  

D e t e r g e n t s  and E r y t h r o c y t e  M e m b r a n e s  

M solubi l iza t ion  s tud ies  were pe r fo rmed  w i t h  M ob ta ined  
f rom h u m a n  E t h a t  were w a s h e d  a t  4~ w i h t  isotonic  
p h o s p h a t e  buffer ,  p H  7.4, and  lysed w i t h  5 m M  phos-  
p h a t e  buffer ,  p H  7.45. The  M were w a s h e d  twice  w i t h  t h i s  
buf fe r  a n d  twice  w i t h  N a  buffer .  T h e n  t h e y  were sus- 
p e n d e d  in N a  buffer  and  t he  c o n c e n t r a t i o n  was a d j u s t e d  
to  an  O.D.  of 0.5 a t  550 nm,  which  co r responded  to  4.4 • 
109 M par t ic les  pe r  ml,  as d e t e r m i n e d  w i t h  a Coul ter  
counter .  2 ml  were  t r an s f e r r ed  to  t ubes  wh ich  were 
cen t r i fuged  a t  30,000 g for 20 min.  To t he  s e d i m e n t e d  M 
was added  1 ml  ice-cold N a  buf fe r  or buffers  con ta in ing  
t he  o the r  a lka l i  m e t a l  ions. T h e n  an  aqueous  so lu t ion  of 
t he  d e t e r g e n t  was  added  (50 ~zl of 10% Ev/v] Tr  or 50 al  
of 10% [w/v I DOC) to yield 7.4 m M T r  or 11.5 m M  DOC. 
The  p rocedure  t h e n  c o n t i n u e d  as descr ibed  above  for 
hemolys i s  of E. The  r educ t i on  in t u r b i d i t y  a t  550 n m  
was used to measu re  t he  degree of M solubi l izat ion.  

Results and discussion. The  resu l t s  (Table) i nd i ca t e  
t h a t  t he  a lkal i  m e t a l  ca t ions  m a r k e d l y  inf luence  t he  
degree of lysis of h u m a n  E caused b y  Tr  a n d  DOC, in a 
m a n n e r  t h a t  is cha rac t e r i s t i c  for each  de te rgen t .  Thus ,  
t he  a c t i v i t y  series ob t a ined  w i t h  T r  was K > R b  = Cs > 
> Na  ~> Li, a n d  t h a t  w i t h  DOC was Li  > R b  = Cs > K 
> Na.  I n  cont ras t ,  t h e  degree of E M so lubi l iza t ion  
p roduced  b y  Tr  a n d  DOC was i n d e p e n d e n t  of the  a lkal i  
m e t a l  ion p re sen t  in  t he  r eac t ion  sys tem.  Iden t i ca l  resul t s  
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Effect of alkali metal cations on degree of hemolysis of human erythroeytes and on solubilization of human erythroeyte membranes by Triton 
X-100 and by Na desoxycholate 

Alkali metal ion present 
during reaction 
(145 mM) 

% Erythrocytes hemolyzed 
(Mean 4- S.E., 8 experiments ~) 
Triton DOC 

% Membranes solubilized 
(Mean and range, 4 experiments ~) 
Triton DOC 

Na 19.6 ~- 5.4 22.7 ~- 4.1 32.1 (17.2-38.8) 76.1 (60.8-63.0) 
K 87.5 i 1.4 30.9 _u 6.5 36.2 (33.5 38.8) 77.2 (64.8-84.4) 
Rb 76.1 ~ 5.9 80.7 4- 6.1 32.5 (25.3 38.8) 79.1 (68.6-84.4) 
Cs 76.3 j_ 6.3 80.4 -b 9.0 34.3 (29.5-41.7) 81.5 (68.6 88.7) 
Li 17.7 =[_ 2.6 93.7 ~ 0.7 25.0 (20.227.6) 81.5 (68.6-88.7) 

Each experiment was carried out with type 0, Rh+ erythrocytes obtained from different donors. 


