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The Effect of Sex  H o r m o n e s  on  the J u x t a g l o m e r u l a r  Index of F e m a l e  Mice 

The  j u x t a g l o m e r u l a r  a p p a r a t u s ,  a special ized u n i t  
composed  of po r t i ons  of b o t h  t he  a f fe ren t  a n d  efferen~c 
g lomeru la r  ar ter ioles,  t he  d i s ta l  c o n v o l u t e d  t u b u l e  of t h e  
g lomeru lus  and  ex t r ag lomeru l a r  mesang ia I  or Lacis  ceils 
has  been  t he  sub jec t  of n u m e r o u s  inves t iga t ions .  The  
p r i m a r y  func t i on  of t he  a p p a r a t u s  is t he  p r o d u c t i o n  of 
r en in  and  poss ib ly  e r y t h r o p o i e t i n  1, 3. The  j u x t a g l o m e r u l a r  
i ndex  (JGI)  is a measure  of the  cy top l a smic  g r a n u l a r i t y  of 
t he  special ized s m o o t h  muscle  cells in  t he  a f fe ren t  
ar ter iole .  The  J G I  is p r o f o u n d l y  affected b y  a large 
n u m b e r  of cond i t ions  inc lud ing  a d r e n a l e c t o m y  a, a l lograf t  
r e j ec t ion  4, changes  ill sod ium i n t a k e  5, desoxycor t i -  
cos te rone  a d m i n i s t r a t i o n  a g lomeru la r  pe r fus ion  pressure  7, 
h igh  a l t i t ude  2, m a g n e s i u m  def ic iency s, p ro longed  spon-  
t a n e o u s  h y p e r t e n s i o n  9 a n d  rena l  i schemia  s. Desp i te  th i s  
c o m p r e h e n s i v e  a r r a y  of cond i t ions  capab le  of a l t e r ing  the  
JGI ,  t he  effects of sex h o r m o n e s  pe r  se h a v e  no t  been  
repor ted .  This  s t u d y  was done  to  d e t e r m i n e  t he  effects of 
l o n g - t e r m  a d m i n i s t r a t i o n  of p roges t e rone  and  t e s to s t e rone  
on t he  J G I  of mice. 

Mater ia l s  and  methods. Six groups  of 5-week-old- Swiss 
mice  were used. Males were c a s t r a t e d  a t  t h e  b e g i n n i n g  of 
t he  e x p e r i m e n t  w i t h  t h e i r  u n t r e a t e d  male  l i t t e r m a t e s  used 
as controls .  P roges t e rone  in 0.05 ml  sesame oil was ad- 
m i n i s t e r e d  a t  t he  r a t e  of 2 m g  pe r  day  and  t e s to s t e rone  
e n a n t h a t e  was a d m i n s i t e r e d  in 0.05 ml  of sesame oil 
a t  t h e  r a t e  of 0.2 m g  pe r  day.  U n t r e a t e d  females  a n d  those  
g iven  da i ly  in j ec t ions  of 0.05 ml  sesame oil se rved  as 
controls .  All  in jec t ions  were g iven  subcu taneous ly .  
T r e a t m e n t s  were c o n t i n u e d  for 28 days  a t  wh ich  t i m e  all  
an ima l s  were ki l led b y  cervical  d i s loca t ion  a n d  necropsied.  

Blocks of k idney,  ad r ena l  gland,  s u b m a x i l l a r y  s a l iva ry  
gland,  l iver  a n d  lung  were f ixed in a 10% so lu t ion  of 
n e u t r a l  buf fe red  fo rma l in  and  processed for sec t ion ing  a t  
5 ~zm. All  sect ions  were s t a ined  w i t h  h e m a t o x y l i n  a n d  
eosin. F o r  t h e  j u x t a g l o m e r u l a r  s tudies ,  b locks  f rom the  
k idneys  of each  a n i m a l  were sec t ioned  a t  2 [~m a n d  
s t a ined  w i t h  c rys ta l  v io le t  accord ing  to  HARADA'S 
m e t h o d  1~ The  e v a l u a t i o n  of j u x t a g l o m e r u l a r  g r a n u l a r i t y  
in  over  6,400 g lomerul i  was g rea t ly  a ided  b y  t he  t h i n  
sec t ions  a n d  t h e  c ry s t a l  v io le t  s t a in ing  t echn ique .  All  
sl ides were coded pr io r  to  e x a m i n a t i o n .  The  J G I  was 
d e t e r m i n e d  b y  a modi f i ca t ion  of an  es tab l i shed  t e c h n i q u e  6. 
I n  add i t i on  to t h e  1+,  2 + ,  3 + ,  a n d  4 + g rad ing  categories,  
a 'O '  ca t ego ry  was added  i n d i c a t i n g  g lomerul i  w i t h  no  
d iscern ib le  g r a n u l a r i t y  of t he  a f fe ren t  a r t e r io la r  cells. 
E x a m p l e s  of severa l  grades  are shown  in t he  Figure.  The  

m a c u l a  densa  was n o t  counted ,  b u t  i so la ted  ar ter io les  
were inc luded  w h e n  encoun te red .  Two sect ions  f rom each  
k i d n e y  were sys temica l ly  s canned  w i t h  a 10 • ocular  a n d  
40 • ob jec t ive  so t h a t  eve ry  g lomeru lus  in  each  sec t ion  
was examined .  T h e  0, 1@, 2 + ,  3 + ,  an d  4 +  g rad ing  
categories  were t h e n  mul t ip l i ed  b y  t h e  fac tors  1, 1, 2, 4, 
a n d  8 r e spec t ive ly  as descr ibed  b y  HARTROFT et  al. ~ in  
order  to  a cco u n t  for  t h e  increased  g r a n u l a r i t y  in h ighe r  
grades.  Af te r  mul t ip l i ca t ion ,  t o t a l s  of all  ca tegor ies  for 
each  sect ion were d iv ided  b y  t h e  t o t a l  n u m b e r  of g lomerul i  
c o u n t e d  in t h a t  sec t ion  g iv ing  t h e  ave rage  J G I  per  
g lomerulus .  

S ta t i s t i ca l  e v a l u a t i o n  of g roups  was  done  b y  r a n k i n g  
i n d i v i d u a l  J G I  in t h e  n o n p a r a m e t r i c  M a n n - W h i t n e y  
U - t e s t  11. 

Results .  The  resul t s  of J G I  c o m p u t a t i o n s  for all g roups  
are g iven  in t h e  Table.  The  m o s t  s t r ik ing  resu l t s  were 
those  o b t a i n e d  in t h e  t e s t o s t e r o n e - t r e a t e d  animals .  T h e  
J G I  was s ign i f i can t ly  lower t h a n  t h a t  in  u n t r e a t e d  con t ro l  
males  (p < 0.01), u n t r e a t e d  con t ro l  females  (p < 0.025) 
an d  sesame oil t r e a t e d  female  cont ro l s  (p < 0.01). 
Conversely,  p roges te rone  a d m i n i s t r a t i o n  fai led to  signi- 
f i c an t l y  a l t e r  t h e  J G I  f rom t h a t  seen in  t h e  2 female  
con t ro l  groups.  I t  is i n t e r e s t i ng  to no te  t h a t  u n t r e a t e d  
male,  u n t r e a t e d  female,  an d  male  cas t r a t e s  all  h a d  v e r y  
s imi la r  JGI .  

As expected ,  t h e  sexua l  d i m o r p h i s m  of t h e  mice  was 
a l t e red  b y  t h e  va r ious  t r e a t m e n t s .  A d ren a l  ' X '  zones were  
a b s e n t  in u n t r e a t e d  males  a n d  t e s to s t e rone  t r e a t e d  females,  
b u t  were n n r e m a r k a b l e  or in ear ly  degene ra t i ve  s tages  in  
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Several examples of empirical grades of granularity assigned to juxtaglomerular cells. The glomeruhs on the left has a 1 + designation. 
Only one cell has granules, which are clustered around the nucIeus. The glomerulus on the right is a 3+ .  Note that many ceils have 
granules dispersed throughout their cytoplasm. Crystal violet, • 600. 
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Mean juxtaglomerular indices of kidneys from various experimental and control groups 
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No. No. 
of animals of kidneys evaluated Sex Treatment Mean JGI -4- S.E.M. 

5 9 c~ Castrated 1.60 =t= 0.09 
5 10 ~ Untreated 1.61 ~ 0.07 ~ 
6 12 ~ 2 mg Progesterone daily 1.72 ~= 0.08 
5 10 ~ 0.2 mg Testosterone daily 1.34 ~: 0.03 
4 8 ~ Untreated 1.64 ~= 0.09 b, ~ 
8 15 ~ 0.05 ml sesame oil daily 1.74 ~= 0.10 ~, ~ 

~Compared to testosterone treated females p < 0.01. b Compared to testosterone treated females p < 0.025. ~Compared to progesterone treated 
femMes p >_ 0.05. 

all of the  o the r  groups. The zona glomerulosa was unre-  
markab le  in all groups. Submaxi l l a ry  sal ivary glands of 
un t r ea t ed  males and  tes tos te rone  t r ea t ed  female animals  
had  convolu ted  tubu la r  epi thel ial  cells filled wi th  in- 
tense ly  eosinophilic granules character is t ic  of mate  
morphology.  All of the  o ther  groups  had  pr imar i ly  female 
morphologies  wi th  inconspicuous tubu la r  epi thel ia  and a 
spars i ty  of in t r acy top lasmic  granules. 

Discussion. Eva lua t ion  of the  JGI  in female mice 
t r ea t ed  wi th  t es tos te rone  has revealed a s ta t i s t ica l ly  
s ignif icant  reduc t ion  as compared  to  var ious  control  
groups. Several  possible mechan i sms  exis t  by  which  the  
JGI  could be reduced including a di rect  response  to the  
androgen.  One exp lana t ion  would be compe t i t ion  of 
t es tos te rone  wi th  a ldos terone  resul t ing in decreased salt  
r e ten t ion  and exhaus t ion  (degranulat ion) of the  jux ta -  
glomerular  cells. This  explanat ion ,  however,  seems 
unlikely since our mice showed no adrenal  cort ical  hyper -  
plasia, a condi t ion  which  i s  known to paral lel  increased 
a ldos terone  ac t iv i ty  13,1~. Tes tos te rone  itself causes minor  
salt  r e ten t ion  1~ which could account  for the  decrease in 
JGI.  The failure of adrena l  pa r t i c ipa t ion  is difficult  to  
assess since it has been shown t h a t  JGI  changes  can be 
med ia t ed  by  a l tera t ions  in cat ion in take  in adrenal-  
ec tomized  animals  15. In  addi t ion,  a ldos terone  is not  
direct ly responsible  for renin  secret ion 16. Ano the r  explana-  
t ion of t he  decrease in JGI  is t h a t  the  increased b lood  
flow to t he  k idney  as a resul t  of t e s tos te rone  admin is t ra -  
t ion 17 increases g lomerular  f i l t ra t ion  ra te  and pressure,  
t he r eby  lowering the  JGI  4, 7. A final possibi l i ty  could be 
increased e ry th ropo ie t in  p roduc t ion  s t imula ted  by  
tes tos te rone  Is resul t ing in decreased JGI .  

The inabi l i ty  of proges te rone  to al ter  the  JGI  is difficult  
to explaint% Proges te rone  adminis t ra t ion ,  unlike tes to-  
s terone will enhance  a ldos terone  secret ion ~0 and, therefore  
should have  resul ted in a marked  decrease in JGI .  

In  conclusion,  the  resul ts  of th is  s t u d y  have  suggested 
t h a t  the  JGI  in Swiss mice is unaf fec ted  by  sex or orchi- 
d ec t o my  and  t h a t  the  JGI  is lowered s ignif icant ly  by  the  
chronic  admin i s t r a t i on  of h igh doses of t e s tos te rone  to 
female mice 2o. 

Rdsumd. La tes tos t6rone,  adminis t r6e  de fa~on chroni-  
que ~ des souris femelles p rovoque  une d iminu t ion  
s t a t i s t i q u emen t  signif icat ive de l ' index  j uxtaglom6rulaire .  
Les femelles trai t6es par  la progest6rone ou les souris 
males  et  femelles des groupes contr616s ne pr6sen ten t  
aucune var ia t ion.  Ces cons ta t a t ions  sont  discut6es en 
re la t ion avec l 'effet  de la tes tos t6rone  sur le f lux sanguin 
r6nal, la press ion de perfus ion glom6rulaire et  la secr6tion 
d 'a ldost6rone,  de r6nine et  d '6ry thropoi6t ine .  
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I m m u n o s p e c i f i c i t y  and L o c a l i z a t i o n  of Rad io labe l ed  H u m a n  G r o w t h  H o r m o n e  in the  M o u s e  

H u m a n  growth  ho rmone  (HGH) has  recent ly  been  uti- 
lized in the  clinic for the  long t e r m  t r e a t m e n t  of chi ldren 
wi th  h y p o p i t u i t a r y  dwar f i sm 1. Ant ibodies  to  HGH,  which  
are known to c o n t r i b u t e  to  g rowth  inhibi t ion,  have  been 
de tec ted  in these  children2. The increased usnage in the  
clinic and  the  l abora to ry  synthes is  of this  p ro te in  t roph ic  
ho rmone  has p r o m p t e d  inves t iga t ion  into the  d i s t r ibu t ion  
of radiolabeled H G H  in in tac t  expe r imen ta l  animals.  In  
recent  studies,  the  seminal  vesicle of the  mouse  was 
repor ted  as a t a rge t  organ for I~5I-HGH 3. The p resen t  
inves t iga t ion  was unde r t aken  to  fu r ther  clarify the  immu-  
nospecif ic i ty  and localization of H G H  in the  mouse.  In  

addi t ion,  s tudies  were unde r t aken  to de te rmine  w h e t h e r  
H G H  rad io -up take  occurs in the  rat .  

Materials and methods HGH,  p repared  by  the  RABEN 
m e t h o d  ~, was suppl ied and radiolabeled t h ro u g h  the  
cour tesy  of the  A b b o t t  Rad iopha rmaceu t i ca l  Laborator ies ,  
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