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The Renin-Angiotensin System in Uninephrectomized Adrenalectomized Rats 

The  p r e sen t  i n v e s t i g a t i o n  was u n d e r t a k e n  to d e t e r m i n e  
if, in  ad r ena l ec tomized  rats ,  in  wh ich  t he re  is a s t i m u l a t i o n  
of t he  r e n i n - a n g i o t e n s i n  s y s t e m  ~-~, un i l a t e ra l  n e p h r e c t o m y  
would  mod i fy  such  s t imu la t i on .  

Material and melhods. T he  e x p e r i m e n t  was  pe r fo rmed  on 
female  r a t s  (220-230 g) of t he  R o y a l  Vic to r i a  Hosp i t a l  
s t ra in .  T h e y  were fed w i t h  P u r i n a  L a b o r a t o r y  Chow a n d  
g iven  free access to  t a p  water .  T he  Roya l  Vic to r i a  
t t o s p i t a l  s t r a i n  was  chosen  because  we h a v e  obse rved  in 
our  l a b o r a t o r y  t h a t  these  r a t s  s u r v i ve  t h e  a d r e n a l e c t o m y  
longer  t h a n  t he  Sp rague -Dawley  or W i s t a r  ra ts .  

The  an ima l s  were d i v i ded  in to  2 groups  of 10 an ima l s  
each.  One group  served  as con t ro l  and  was un i l a t e r a l l y  
n e p h r e c t o m i z e d  (R-xp).  T he  o the r  group was u n i n e p h -  
r ec tomized  a n d  b i l a t e ra l ly  ad r ena l ec t om i zed  (R-xp + 
Adr-x) .  The  ope ra t ions  were done  b y  t he  l u m b o l a t e r a l  
rou te  u n d e r  l igh t  e the r  anes thes ia .  T he  e x p e r i m e n t  l as ted  
12 days.  B o d y  we igh t  was  m e a s u r e d  on  t he  1st a n d  6 th  
days  and  a t  t he  end  of t he  e x p e r i m e n t  to  assess the  comple-  
t e n e s s  of ad rena l ec tomy .  This  was  f u r t h e r  checked  b y  
in spec t ion  a t  t h e  au topsy .  T he  r e m a i n i n g  k i d n e y  was 
sec t ionned  in 3 p a r t s  for r en in  d e t e r m i n a t i o n s  a n d  h is to l -  
ogical  and  h i s tochemica l  s tudies .  

Renin  determinaiton. A t  t he  end  of t he  e x p e r i m e n t  a n d  
u n d e r  l igh t  sod ium p e n t o b a r b i t a l  anes thes i a  ( N e m b u t a l  | 
6 mg/100  g b o d y  weight) ,  b lood  samples  were w i t h d r a w n  
f rom the  jugu la r  ve in  (0.3 ml). R e n i n  c o n c e n t r a t i o n  in t he  
p l a s m a  (PRC) was m e a s u r e d  b y  t h e  m i c r o m e t h o d  of 
BOUCHER et  al. ~. The  same  m i c r o m e t h o d  was used for t he  
m e a s u r e m e n t  of t h e  r ena l  r en in  c o n t e n t  (RRC). Resu l t s  
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Fig. I. Juxtaglomernfar granulation index (JGI). Macula densa index 
(MDI) of Gtueose-6-phosphate dehydrogenase activity (G6PD). 
Uninephrectomized rats (R-xp). Uninephrectomized adrenaleetom- 
ized rats (R-xp + Adr-x). Number of rats studied in parenthesis. 
All the animals were fed with Purina Laboratory Chow and tap 
water ad libitum. 

are expressed  as ng  of gene ra t ed  ang io t ens in  pe r  ml  of 
p l a s m a  or as Fg of gene ra t ed  ang io t ens in  pe r  g of r ena l  
t i s sue  pe r  h of i ncuba t ion .  

Morphological procedure. One p a r t  of t he  sec t ionned  
k i d n e y  was processed as p rev ious ly  descr ibed  ~ in order  to  
s t a in  t he  g r anu l a r  j u x t a g l o m e r u l a r  ceils. The  o the r  p a r t  
of t he  sec t ionned  k i d n e y  was used for t he  h i s t ochemica l  
s t u d y  of Glucose -6 -phospha te  d e h y d r o g e n a s e  (G6PD) 
a c t i v i t y  b y  t he  N i t r o - B t - C o - B a  m e t h o d  s, in  which t h e  
i n c u b a t i o n  m e d i u m  h a d  t h e  fol lowing compos i t i on :  
D-Glucose-6-phospha te  d i sod ium sal t  (0 .2M)  0.1 ml ;  
N A D P  (5 mg/ml)  0.1 m l ;  n i t r o - B T  (1 mg/ml)  0.25 ml ;  
sod ium azide (6.5 mg/ml)  0.1 ml ;  Tris (0.2 M,  p H  7.6) 
0.25 ml ;  b a r i u m  chlor ide  (ad jus ted  to p H  7.2, 0.5 M) 0.05 
ml  ; coba l tous  chlor ide  (ad jus ted  to p H  7.2, 0.5 M) 0.05 ml  ; 
sod ium f luor ide (0.01 M) 0.05 ml ;  d is t i l led  w a t e r  to  m a k e  
1 ml ;  po lyv iny lpy r ro l i done  (M.W. 11,000) 75 rag. The  
f ina l  p H  was ad ju s t ed  to  7.2 a n d  t he  f rozen sect ions  were 
i n c u b a t e d  a t  37 ~ d u r i n g  30 rain.  

The  g r a n u l a r i t y  of j u x t a g l o m e r u l a r  ceils was  m e a s u r e d  
s e m i - q u a n t i t a t i v e l y  as t he  g r a n u l a t i o n  index  (JGI)  
devised by ~IARTROFT and I-IARTROFT 9. A macula densa 
index (MDI) was used for the G6PD activity in the macula 
segment s. Over 500 glomeruli were counted for each index 
and per kidney. 

Results. The adrenalectomized animals developed a 
gradual asthenia and loss of body weight which reached 
approximately 15% of the initial values at the end of the 
experiment. 

Juxtaglomerular apparatus (Figure I) : Adrenalectomiz- 
ed uninephrectomized rats showed a marked decrease in 
JGI (p < 0.001) associated with a significant increase in 
MDI (G6PD) (p < 0.001). No G6PD activity was visual- 
ized in  t he  med ia  of t he  a f fe ren t  a r ter io les  a t  i t s  e n t r a n c e  
to  t he  glomeruli .  

R e n a l  r en in  c o n t e n t  (RRC) and  p l a s m a  r en in  concen t r a -  
t i on  (PRC) (Figure  2): There  was no  s ign i f ican t  changes  
in R R C  of t he  ad r ena l ec tomized  u n i n e p h r e c t o m i z e d  r a t s  
as c o m p a r e d  to t he  u n i n e p h r e c t o m i z e d  con t ro l  rats .  
However ,  t he  P R C  values  were h igh ly  e l eva ted  (p < 0.001) 

Discussion. I t  has  been  r epo r t ed  t h a t  t he  u n i n e p h r e c t o -  
mized  r a t  h a d  Iower va lues  of P R C  t h a n  t he  i n t a c t  
an ima l s  z0, ~ ;  w h e n  t h e  u n i n e p h r e c t o m i z e d  r a t s  rece ived  a 
sod ium-def ic ien t  diet ,  t h e  P R C  values  increase  on ly  to  t h e  
values  of t he  i n t a c t  r a t s  n .  I n  our  expe r imen t ,  t he  approx i -  
m a t e l y  15-fold increase  in P R C  in a d r e n a l e c t o m i z e d  

�9 u n i n e p h r e c t o m i z e d  r a t s  as c o m p a r e d  to  n n i n e p h r e c t o m i z -  
ed r a t s  i nd ica t ed  t h a t ,  in  severe  ad r ena l  insuf f ic iency  in 
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Fig. 2. Plasma renin concentration (PRC) and renal renin content 
(RPC) in uninephrectomized (R-xp) and uninephrectomized adrenal- 
ectomized rats (R-xp + Adr-x).' Nmnber of rats studied in parenthesis. 
AII the animals were fed with Purina Laboratory Chow and tap 
water ad Iibitum. 
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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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