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f icant  (p < 0.01). Release  by  Group 3 an imals  was  no t  
d i f fe rent  f rom Group 2 rats .  If  however ,  release is ex- 
pressed per  g ram of t issue ni t rogen,  the  s ta t i s t ica l  signi- 
f icance of the  differences d isappear .  

Table  I indica tes  t h a t  the  presence  of ep inephr ine  (lid 
not  change  the  release s igni f icant ly  in Groups  1 and  2, 
and i t  increased release in Group 3. Occosional  increases  
were n o t e d  in all g roups  b u t  t h e y  failed to  occur consis t -  
en t ly  enough  in Groups  I and  2, reach  s ta t i s t i ca l  signi- 
ficance. 

The  t r ig lycer ide  c o n t e n t  per  weigh t  of ad ipose  t issue 
of Group  1 ra t s  was  lower  t h a n  t h a t  of Group  2 and  3 
animals .  No s ignif icant  dif ferences  ex is ted  b e t w e e n  t h e  
l a t t e r  two  groups  (Figure 2). Differences  in t r ig lycer ide  
c o n t e n t  a m o n g  the  groups  became  more  m a r k e d  when  
expressed  pe r  g r a m  of t issue n i t rogen.  

Tab. I. Release of FFA by epidymal adipose tissue of nephrotic rats 
in the absence and presence of epinephrine (~t.Eq[g[h) 

Group 1 Group 2 Group 3 

Weight in g <: 10(} 200-300 350-475 

Age, days 30 90 120 120-180 

Release without 19.78 :L 3.56 • 7.67 2t: 1.53 a 7.92 :J: 1,25 
epinephrine N = 22 N = 14 N = 27 

Release with 30.4 -4- 4.82 a 12.26 :~: 2.35 a 12.42 :~: 1.13" 
epinephrine N = 22 N = 14 N = 27 

The F F A  c o n t e n t  of ep id idymal  adipose t issue was 
h igher  in the  Group 1 an imals  t h a n  in Group 2 or 3 ra t s  
(Figure 3), No cons i s t an t  d i f ference was found in adipose 
t issues F F A  level a f te r  i ncuba t ion  in any  of the  th ree  
groups.  

In  Table  i f  the  release of F F A  by  ep id idymal ,  me-  
senter ic  and  per i renal  adipose  t issue is c o mp a r e d  in 
nephro t i c  ra ts  of d i f fe rent  ages (not  enough  per i renal  
adipose t issue was found in Group 1 ra t s  to  p e r f o r m  the  
analyses) .  Group  1 ra t s  released the  m o s t  F F A  b o t h  
f rom ep id idymal  and  mesenter ic  adipose  t issues.  No dif- 
ference was no ted  be tween  Groups  2 and  3 in a n y  t issue.  

Discussion. The f indings  t h a t  t he  release of F F A  by  t h e  
ep id idymal  adipose  t issue of nephro t i c  ra t s  is d i f fe ren t  
in young  and  old ra t s  is s imilar  to  resul ts  r epo r t ed  previ -  
ously in no rma l  ra t s  4. No s ignif icant  dif ferences  were  
found b e t w e e n  no rma l  and  nephro t i c  ra t s  in th is  respect .  
The presence  of ep inephr ine  caused a more  cons i s t an t  
increase in release by  all Groups  of ra t s  using n o r ma l  
an imals  t h a n  using nephro t i e  ones.  

Adipose  t issue t r ig lycer ide  c o n t e n t  of nephro t i c  ra t s  was  
s igni f icant ly  h igher  in Group 1 and  lower  in Group 3 
t h a n  in normal  animals .  The  cause of th is  d i f ference is 
p resen t ly  n o t  known.  The d imin i shed  t r ig lycer ide  c o n t e n t  
in the  ad ipose  t issue of Group  3 ra t s  is in a g r e e m e n t  wi th  
MALMENDIER'S f inding 5 t h a t  g rown nephro t i e  ra t s  have  
less to ta l  body  fat  t h a n  have  normals  of t he  same weight .  

The lack of d i f ference  in release of F F A  by  the  ad ipose  
t issue b e t w e e n  normal  and  nephro t ic  ra t s  seems to  be in 
accord wi th  the  cu r ren t  v iew s,~, t h a t  the  p r i m a r y  change  
in causing nephro t i c  hype r l i pemia  is an increased  lipid 
o u t p u t  by  the  l iver and  no t  by  the  adipose  t issue.  

S.E. 

Tab. II Release of FFA by diffcrcnt adipose tissues of nephrotie rats 
(~zEq/g/h) 

Group 1 Group 2 Group 3 

Weight in g < 100 200-300 350-175 

Age, days 30 90-120 120-180 

Epididymal 24.05 :]: 2.96 • 7.67 -4- 1.53 ~' 7.9~ -4- 1.25 ~' 
adipose tissue N = 22 N ~ 14 N ~ 27 

Mesenteric 17.69 4- !~.24 ~ 7.21 =]= 1.44 • 8.59 ~ 0,85 a 
adipose tissue N ~ 21 N -- 12 N = 25 

Perirenal 10.99 :~: 1.89 a 9.27 ~ 1.0~ a 
adipose tissue - N = 13 N ~ 25 

S.E. 

Zusammen[assung. Bei neph ro t i s chen  R a t t e n  verschie-  
d e n e n  Al ters  wurde  in vitro die Abgabe  freier Fe t t s i iu ren  
aus d e m  F e t t g e w e b e  un te r such t .  Bei jungen  Tieren war  
le tz tere  am gr6ssten,  der  F e t t g e h a l t  des Gewebes  am 
niedr igs ten .  Diese Resu l t a t e  s t i m m e n  mi t  an no rma len  
Tieren gewonnenen  fiberein und  s t i i tzen  die Ansicht ,  dass  
die nephro t i sche  Lip/imie n i ch t  du rch  Mobil isat ion des 
D e p o t f e t t e s  en t s t eh t .  
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A l t e r e d  Vascu lar  R e a c t i v i t y  of  Rat s  w i t h  
A d r e n a l - R e g e n e r a t i o n  H y p e r t e n s i o n  1 

Since the  desc r ip t ion  of  h y p e r t e n s i o n  deve lop ing  in 
ra t s  sub jec t ed  to  ad rena l  enuc lea t ion  following con t ra -  
la tera l  n e p h r e c t o m y  a n d  a d r e n a l e c t o m y  ( A R - H T )  2 ef for ts  
h a v e  been  m a d e  to  d e t e r m i n e  the  possible h o r m o n a l  
inf luence a t  work  ~ and  to  def ine  the  s t a t e  of ad rena l  
s tero id  secre t ion  4. The  na tu r e  of t he  vascu la r  lesions in 
A R - H T  have  been  s tud ied  ~ and  the i r  p r e v e n t i o n  6, to-  

1 Supported by a grant from the National Institutes of Health, 
Washington. 
F. R. SKELTON, Proe. Soc. exp. Biol. Med. 90, 342 (1955). 
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647 (1961). 
G. M. C. MASSO~, S. B. KOmTZ, and F. G. PERO~, Endocrinology 
62, 229 (1958}. 
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g e t h e r  w i t h  t h e  changes  in t i ssue  e lec t ro ly tes  w h i c h  a re  
a s soc ia t ed  w i t h  t h e  d e v e l o p m e n t  of A R - H T  ~ a n d  i t s  
t r e a t m e n t  8. F e w  o b s e r v a t i o n s  h a v e  b e e n  desc r ibed  o n  
t h e  r e sponse  of t h e  ca rd i ovas cu l a r  s y s t e m  in A R - H T  to  
va so -ac t i ve  drugs.  The  e x p e r i m e n t s  b r i e f ly  r e p o r t e d  in  
t h i s  p a p e r  were m a d e  for th i s  purpose .  T h e  re su l t s  sugges t  
t h a t  a q u a l i t a t i v e  d i f ference  in  v a s c u l a r  r e a c t i v i t y  
a p p e a r s  ea r ly  in  t h e  course  of A R - H T .  

Mater ia l  and  Methods.  One h u n d r e d  a n d  t w e n t y  W i s t a r  
r a t s  we igh ing  150 to  250 g were  s u b j e c t e d  to  r i g h t  ne-  
p h r e c t o m y  a n d  a d r e n a l e c t o m y  a n d  to  lef t  a d r e n a l  enucle-  
a t i on  ~, T h e y  were  s u b s e q u e n t l y  m a i n t a i n e d  o n  1% 
sod ium chlor ide  so lu t ion .  T h e  b e h a v i o u r  of t h e  b lood  
pressures  as m e a s u r e d  b y  t a i l  p l e t h y s m o g r a p h y  a n d  of 
t h e  r e g e n e r a t i n g  a d r e n a l  d id  n o t  differ  s ign i f i can t ly  f rom 
p rev ious  desc r ip t ions  2, s. F o r t y - n i n e  a n i m a l s  d ied  follow- 
ing o p e r a t i o n  o r  d u r i n g  anaes thes i a ,  or  were  u n s u i t a b l e  
as p r e p a r a t i o n s  for  s tudy .  

T h e  r e m a i n i n g  r a t s  were  d i v i ded  i n t o  4 g roups  a n d  
s t u d i e d  a t  i n t e r v a l s  of 7 -10  d a y s  (group 1-24 rats) ,  14 -  
17 d a y s  (group I I - 1 5  ra t s ) ,  25-30  (group I I I - 1 7  ra ts )  
a n d  56-60 days  (group I V - 2 0  ra ts)  a f t e r  t he  ope ra t ion .  
The  r a t s  were  a n a e s t h e t i z e d  w i t h  i n t r a p e r i t o n e a l  p e n t o -  
b a r b i t o n e  s o d i u m  (Nemb u t a l ) ,  5 -7  m g  100 g. T he  b lood  
pressure  was  r eco rded  on  a k y m o g r a p h  f r o m  t h e  c a n n u l -  
a t e d  r i g h t  c a ro t i d  a r t e r y  a n d  in jec t ions  were  m a d e  i n t o  
t h e  c a n n u l a t e d  le f t  f emor a l  ve in .  I t  was  n o t  a lways  
poss ible  to  i n j e c t  e a c h  a n i m a l  w i t h  al l  t h e  d rugs  se lec ted  
for  s tudy .  T h e  d rugs  used  were vasopres s in  (P i t ress in-  
P a r k e ,  Davis ) ,  o x y t o c i n  ( S y n t o c i n o n - S a n d o z ) ,  va l  5- 
h y p e r t e n s i n  I I - a sp - f l - amide  (Hype r t ens in -C iba ) ,  aee ty l -  
chol ine  (Roche) ,  a d r e n a l i n e  (Parke ,  Davis) ,  n o r a d r e n a l i n e  
(Levophed -Baye r ) ,  d i h y d r o e r g o t a m i n e  (Sandoz)  a n d  a t ro -  
p ine  s u l p h a t e .  

Results .  A d r e n a l i n e :  N o  sens i t i za t ion  to  a d r e n a l i n e  
(0.1 [zg) in  A R - H T  was  o b s e r v e d  a n d  t h e  ca r o t i d  b lood  
pressure  r e sponse  of b o t h  males  a n d  females  a t  e a c h  of 
t he  4 per iods  of o b s e r v a t i o n  t e n d e d  to  fal l  to  or  be low 
t h e  n o r m a l  m i n i m u m  r a n g e  of r e sponse  (Table  I). A 
s t r i k ing  q u a l i t a t i v e  di f ference in r eac t i on  was e s t ab l i shed .  
I n s t e a d  of t h e  u sua l  m o n o p h a s i c  p ressor  r e sponse  to  
ad rena l ine ,  t h e r e  deve loped  a t r i p h a s i c  r e s p o n s e  in w h i c h  

a s h a r p  r ise in  p ressure  was  fol lowed b y  a fall b a c k  to  or  
b e y o n d  t h e  base l ine  a n d  b y  a sma l l e r  s e c o n d a r y  rise. 
T h i s  t r i phas i c  r e sponse  was  obse rved  in al l  g roups  of 
males  b u t  was less f r e q u e n t  a m o n g  t h e  r a t s  of groups  II  
a n d  I l l .  Fema le s  r e ac t ed  t r i p h a s i c a l l y  less f r equen t ly  
t h a n  males .  I n  g roup  I I I ,  however ,  t h e  female  response  
was  n e v e r  t r i p h a s i c  (Table  I I ) .  

N o r a d r e n a l i n e  : No  ev idence  of inc reased  re spons iveness  
to  n o r a d r e n a l i n e  (0.08 ~g) was  ob t a ined .  I n  b o t h  m a l e  and  
female  ra ts ,  t h e r e  was  no  s ign i f i can t  q u a n t i t a t i v e  dif-  
ference  in r eac t ion .  Howeve r ,  a n  i m p o r t a n t  q u a l i t a t i v e  
d i f ference  was p resen t .  I n  g roup  I, e a c h  of t h e  12 males  
a n d  6 of t he  12 females  gave  a d iphas i c  response,  a prel i -  
m i n a r y  fall  in  b lood  pressure  b e i n g  fol lowed b y  a rise. 
I n  g roup  IV, b y  con t r a s t ,  on ly  2 of 12 ma le s  a n d  2 of 
8 females  r e s p o n d e d  d iphas iea l ly .  T h e  in i t i a l  depressor  
p h a s e  was  n e v e r  in f luenced  b y  b i l a t e r a l  v a g o t o m y  b u t  
was  a lways  suppres sed  b y  a t rop ine .  I t  was  conc luded  
t h a t  t h e  i n i t i a l  n o r a d r e n a l i n e - i n d u c e d  depres s ion  was  no t  
vaga l ly  m e d i a t e d  b u t  d e p e n d e d  u p o n  a p e r i p h e r a l  chol in-  
ergic m e c h a n i s m ,  p r e s u m a b l y  the  s y m p a t h e t i c  chol inergic  
va sod i l a t o r s  to  ske le ta l  musc le  b lood  vessels.  

H y p e r t e n s i n  : No q u a l i t a t i v e  or  q u a n t i t a t i v e  differences  
in  r e sponse  to  0.05 vg  h y p e r t e n s i n  f rom n o r m a l  were 
f o u n d  in  a n y  g r o u p  in b o t h  sexes. As in  n o r m a l  ra ts ,  t h e r e  
was  no  r e l a t i o n s h i p  b e t w e e n  t h e  h e i g h t  or  d u r a t i o n  of 
t h e  r e sponse  a n d  t h e  i n i t i a l  b lood  p ressu re  level .  Af t e r  
d i h y d r o e r g o t a m i n e  ( D H E )  a n d  a t r o p i n e  t h e  responses  to  
h y p e r t e n s i n  were  inc reased  b u t  were  n o t  g r e a t e r  t h a n  
t hose  of n o r m a l  r a t s  a f t e r  these  b lock ing  agen ts .  

Aee ty l cho l ine :  No q u a n t i t a t i v e  di f ference in  response  
to  ace ty l cho l ine  (0.001 txg) was  f o u n d  in e i t h e r  ma le  or 
f emale  ra ts .  A n  occas iona l  inc rease  in  t h e  size of t h e  
depresso r  r e sponse  was  seen  in each  g r o u p  a n d  in b o t h  
s e x e s .  

Vasopres s in :  T h e  s e n s i t i v i t y  of  t h e  v a s c u t a t u r e  to  vaso-  
press in  ha s  b e e n  s h o w n  to  d e p e n d  in  b o t h  sexes upon  

L. TOBIAN and P. D. REDLEAF, Amer. J. Physiol. 192, 325 (1958). 
8 D. L. GARDNER and P. BROOKS, Brit. J. exp. Path., in press (196S). 

Tab. I. The size of the pressor response to intravenous adrenaline (0.1 izg) in the adrenal-regeneration hypertensive female rat  

Males Females 
Group Postoperative interval (in weeks) No. of rats used Range of response in mm Hg No. of rats used Range of response in mm Hg 

Normal 10 10-28 15 10-35 
I 1 10 4-18 9 3-20 
II 2 7 6 - 1 2  7 3-23 
III  4 7 5 - 2 6  9 5-21 
IV 8 I0 6-32 8 8-23 

Tab. II. The response of adrenal-regeneration hypertensive rats to intravenous adrenaline (0.1 y.g) 

Group Postoperative interval Males Females 
(in weeks) No. of rats showing No. of rats showing No. of rats showing 

triphasic response monophasic response triphasie response 
No. of rats showing 
monophasic response 

I t 7110 3]10 1/9 8]9 
II 2 3/7 4]7 217 5/7 
III  4 317 417 - 9/9 
i v  8 8110 2/10 518 318 
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the hormonal background 9-n. In the present s tudy the 
vascular sensitivity to the drug was determined in terms 
of the dose per 200 g body weight rcquired to raise the 
blood pressure by 10 mm Hg. In normal males 0,8- 
1.2 mU/200 g proved adequate. In the hypertensive 
animals of group I 1.4-3 mU/200 g was required to 
produce the standard response. In the remaining groups 
a smaller dose than normal (0.01-0.8 mU/200 g) was 
adequate. These changes in sensitivity were rarely asso- 
ciated with prolongation of the pressor response. 

Normal female rats required 0.25-0.5 mU/200 g for the 
10 mm Hg rise in pressure. In group I larger doses were 
needed (0,75-2 mU/200 g) whereas in group I I  smaller 
amounts  were adequate (0.025-0.2 mU/200 g). After 
4 weeks, however, the female rats again required larger 
doses of vasopressin, the amounts being 0.6-1.5 mU/200  g 
in group I I I  and 0.7-1.4 mU/200 g in group IV. 

In all groups of both sexes a preliminary fall in pressure 
after the injection of vasopressin preceded the pressor 
effect. This diphasic pat tern was most common in group I, 
in which it was observed in each of the 12 males and in 
8 of the 12 females. In every instance D H E  failed to 
delete the depressor phase and occasionally enhanced it. 
Atropine given before or after D H E  regularly abolished 
the depressor phase but bilateral vagotomy did not 
interfere with it. I t  was concluded that  the depressor 
component was not mediated by sympathetic vasocon- 
strictor fibres and was similar to that  induced by nor- 
adrenaline, being dependent upon some peripheral 
eholinergic mechanism. The pressor component was 
ahvays enhanced by D H E  but  was enhanced, unaffected 
or even depressed by atropine. 

Oxytocin : Like vasopressin, oxytocin exhibits vascular 
effects in the rat  depending upon its hormonal status 9-n. 
In the normal male and normal dioestrous female 100 mU 
oxytocin has no effect on the blood pressure trace al- 
though mesenteric vascular dilatation can be observed 
under direct vision. In the oestrous fe'male the same dose 
of oxytocin produces a transient rise in blood pressure, 
while any interference with the sympathetic system 
converts oxytocin into a pressor substance ~0. 

In the present experiments the responses to 100 mU 
oxytocin were observed. Three patterns were obtained: 
(1) monophasic depressor; (2) monophasic pressor and 
(3) diphasic (depressor-pressor). In males, there was a 
predominance of the depressor response in groupe I (8 of 
172 rats), of the pressor response in group I I I  (7 of s rats) 
and again of the depressor response in group IV (7 of 
9 rats). In females, the reaction was more variable. In 

groups I I I  (8 of 9 rats) and IV (5 of 8 rats) oxytocin 
was predominantly pressor. 

The monophasic depression and the preliminary de- 
pression in the diphasic pat tern were not abolished by 
D H E  or by bilateral vagotomy but were always sup- 
pressed by atropine. The depressor response to oxytocin, 
like those induced by vasopressin and by noradrenaline, 
was dependent upon a peripheral cholinergic mechanism. 
As in normal males and females, D H E  enhanced the 
pressor component if already present or led to its appear- 
ance. Atropine caused further enhancement. Tlle phase 
of the sexual cycle at  the time of the experiment did not 
alter the response of the female hypertensive rat  to oxy- 
tocin. No potentiat ion of the pressor response to oxytoein 
in the oestrous rat  was seen. 

Conclusions. During the development of adrenal- 
regeneration hypertension the pat tern of vascular re- 
sponse to noradrenaline, adrenaline, vasopressin and oxy- 
tocin is changed but the response to hypertensin and to 
acetylcholine is unaltered. The change in pat tern differs 
at different phases of the hypertensive state. With  the 
exception of vasopressin, there is no increase in pressor 
reaction. The altered responses are presumably mediated 
by the endocrine disorder accompanying this form of 
experimental  hypertension. 

Rdsumd. La forme d'hypertension qui accompagne la 
r6g6n6ration de la glande surr6nale 4nucM6e A 4t6 6tudi6e 
chez les rats. Au cours de l '4volution de l 'hypertension, 
la r6action vasculaire A la noradr6naline, l 'adr6naline, la 
vasopressine e t  l 'ocitocine est modifi6e de mani~re quali- 
tative,  mais les effets vasculaires de t 'hypertensine et de 
l 'ac6tylcholine restent inchang6s. Ces modifications dif- 
ferent selon la phase de d6veloppement de l 'hypertension. 
Hormis la vasopressine, les agents hypertenseurs ne sont 
pas plus actifs. Ces changements refl6tent en toute 
probabilit6 le d4s6quilibre hormonal li6 ~ ce type d 'hy- 
pertension. 
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T h e  Effect  of  N a n d r o l o n e  D e c a n o a t e  u p o n  the  
A l k a l i n e  P h o s p h a t a s e  of the  A d r e n a l  C o r t e x  of  the  

M o u s e  

The sexual dimorphism in the distribution of alkaline 
phosphatase in the adrenal cortex of the adult  mouse has 
been previously reported*. This enzyme occurs in a 
marked concentration in the cells of the fascicular and 
reticular zones of the adrenal cortex of the male mouse. 
I t  is absent, or present only in traces, in the female. 
Castration abolishes act ivi ty  of alkaline phosphatase in 
the male; and the t rea tment  with testosterone results in 
the reappearance of the act ivi ty  after castration. 

I t  has been considered that  testosterone has two main 
effects on the living body: the virilising and the anabolic. 

Many other steroids possess both of these effects too, 
though they are proportionally very different in various 
compounds. Thus, the virilising effect of nandrolone 
decanoate is very weak, but  i t  is, on the other hand, 
regarded as an extraordinari ly powerful anabolic agent. 

The purpose of this s tudy was to analyse the mode of 
action of testosterone on the mouse adrenal cortex:  
whether tile effect produced by it  is due to the virilising 
or to the anabolic ' fac tor ' .  I t  was performed by comparing 
the effect of testosterone propionate and nandrolone 
decanoate on adrenocortical alkaline phosphatase of the 
mouse. 

1 H. ELFTMAN, Endocrinology 41, 85 (1947). 


