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A n d r o g e n  Ef fec t  on  G e n e t i c  a nd  G o l d t h i o g l u c o s e - I n d u c e d  O b e s i t y  

An observa t ion  t h a t  t e s tos te rone  or andros tano lone  
(5~-androstan-17/~-ol-3-one) fed wi th  the  die t  inhib i ted  
hepa t ic  lipid synthes is  in normal  mice 1 p r o m p t e d  us to tes t  
the  effects of d ie t a ry  androgens  upon mice wi th  genet ic  
and  induced obesi ty .  As shown in Figure  1, and ros t ano -  
lone (Mann, m.p. 178-182~ crysta l l ized f rom me thano l  
before use) a t  a concen t ra t ion  of 1% of the  diet  inh ib i ted  
weight  gain or caused marked  weight  losses in C57BL/6 
mice homozygous  for the  obese (ob) or d iabetes  (db) mu-  
t a t ion  and in C57BL/6J mice made  hyperphag ic  by  t rea t -  
m e n t  wi th  goldthioglucose.  The weight  of normal  C57BL/ 
6J mice 6 weeks of age was s tabi l ized be tween  20 to 23 g 
when  they  were fed 1% andros tano lone  while the  weight  
of those  fed the  control  d ie t  increased to  30 g over  a per iod 
of 4 months .  The s imi lar i ty  in the  s tabi l ized weights  of 
ob /ob  and normal  C57BL/6J mice fed andros tano lone  
suggests  t h a t  a m a x i m u m  effect  upon body  weight  was 
ob ta ined  when  the  s te ro id  was fed at  a concen t ra t ion  of 
1% of the  diet. At  lower concen t ra t ions  of andros tano lone  
(0.5% or 0.25% of the  diet) changes  in the  body  weight  of 
ob/ob mice were in t e rmed ia te  be tween  those of the  con- 
t ro l  group and the group fed 1% andros tanolone .  The ef- 
tec t  of ano the r  androgen,  t e s tos te rone  (Mann, m.p.  155~ 
crystal l ized f rom methanol )  a t  a concen t ra t ion  of 1% of 
the  die t  upon ob/ob mice was s imilar  to t h a t  of andro-  
s tanolone  whereas  cholesterol  (1% of the  diet) did no t  
al ter  body  weight  or food consumpt ion  by  ob/ob, db/db ,  
and  go ld th iog lucose t rea ted  mice. 

Figure  2 indicates  t h a t  food consumpt ion  by  ob/ob, db /  
db, and  gold th ioc lucose- t rea ted  mice  fed 1% andros tano-  
lone decl ined wi th in  24 h to levels t h a t  were a p p r o x i m a t e l y  
normal  for nonobese  C57BL/6J  mice. Food  in take  re- 
mained  at  this  level as long as the  steroid was fed and re- 
t u rned  to the  hyperphag ic  level wi th in  24 h af ter  the  ste- 
roid was r emoved  f rom the  diet .  W h e n  the  concen t ra t ion  
of andros tano lone  in the  diet  was lowered to 0.25%, food 
consumpt ion  was s tabi l ized a t  a level h igher  t h a n  t h a t  
for mice fed 1% andros tano lone  bu t  lower t h a n  t h a t  for 
un t rea ted  controls.  The effect  of andros tano lone  upon 
food intake,  as well as body  weight ,  was no t  as great  in 
d b / d b  mice as in ob /ob  or gold th ioglucose- t rea ted  mice. 

To de te rmine  whe the r  the  effect  of the  d ie ta ry  andro-  
gens could be a t t r i b u t e d  to a change  in t he  pa la t ib i l i ty  of 
the  die t  a comparab le  dose of andros tano lone  (10 mg in 
0.25 ml  of p ropy lene  glycol) was in jec ted  subcu taneous ly  
in the  in te rscapular  region. Dur ing  the  24 hours  af ter  the  
in ject ion food consumpt ion  by  ob/ob, db /db ,  and gold- 
th ioglucose- injected mice fell f rom 5-6 g to  2-3 g per  day. 
Thereaf te r  it  r e tu rned  gradual ly  over  the  ensuing 4 days  
to the  usual  hyperphag ic  level. Al though  the  effect  of an- 
dros tanolone  upon food consumpt ion  was clearly ev iden t  
under  these condit ions,  the  in jec t ion  of 0.25 mI of p ropy-  
lene glycol alone also depressed food consumpt ion  to some 
exten t .  During the  24 h af ter  p ropylene  glycol in ject ion 
food in take  by  ob/ob mice fell f rom 5.3 g to  4.0 g; by  gold- 
th ioglucose- t rea ted  mice, f rom 5.7 g to 4.6 g; and by  db /  
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Fig. 1. The effect of dietary androstanolone on the body weight of 
obese (oh), diabetic (db) and goldthioglucose-treated mice. Mice, 
housed in individual cages, were fed ground Old Guilford laboratory 
chow alone (Q--O) or containing 1% androstanolone (0---0). Male 
ob and db mice were approximately 6 weeks old at the beginning of 
the experiment. Obesity was induced in male C57BL/6J mice 4 
months old by injecting them with goldthioglucose (600 ~g/g body 
weight) three weeks before they were fed the experimental diet. 
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Fig. 2. Effect of dietary androstanolone on food consumption by 
obese mice. Male obese (oh) diabetic (db) and goldthioglucose-treated 
mice were fed the control diet alone (Q--Q) or containing 0.25% or 
1% androstanolone (Q---O) for the indicated periods of time. 

1 A.A. KANDUTSCtt and R.N. PACKIE, Arch. Biochem. Biophys. 740, 
122 (1970). 
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db  mice, f rom 5.8 to 3 g. The effect  of p ropy lene  glycol 
alone on d b / d b  mice on the  f irs t  day  af ter  the  inject ion 
was app rox ima te ly  as great  as t h a t  of the  s teroid in p ropy-  
lene glycol. However ,  the  r e tu rn  to hype rphag ia  in glycol 
in jec ted  mice occurred rap id ly  o~ er the  n e x t  2 days  where-  
as food consumpt ion  in d b / d b  mice in jec ted  wi th  andro-  
s tanolone  remained  at  the  depressed level (about 3 g per  
day) for 3 more  days.  

E n l a r g e m e n t  of seminal  vesicles was ev iden t  in mice fed 
1~ andros tanolone ,  whereas  the i r  l ivers appeared  essen- 
t ia l ly  normal  in con t ras t  to the  enlarged f a t t y  l ivers of 
ob/ob, db/db ,  or gold th ioglucose- t rea ted  controls.  Ra tes  of 
f a t t y  acid synthes is  f rom acetate-l-14C de t e rmined  as de- 
scr ibed previously  2 in liver slices f rom young,  modera te ly  
obese ob/ob, or d b / d b  mice fed 1~ andros tano lone  for i to 
2 weeks were 30 to 80% lower t h a n  values  for ob/ob and 
d b / d b  controls.  However ,  in un t r ea t ed  ob/ob and  d b / d b  
mice ra tes  of l ipid synthes is  f rom ace ta te  per  g l iver de- 
clined wi th  increasing obesi ty.  This  decline was counterac t -  
ed by  d ie ta ry  andros tano lone  to  such a degree t h a t  ra tes  
of l ipid synthes is  in older t r ea t ed  ob/ob or d b / d b  mice were 
of ten  equal  to or h igher  t h a n  values I0r un t r ea t ed  con- 
trols. Ra tes  at  which ~4C from ei ther  glucose-U-~4C or ace- 
t a t e - l - t4C appeared  in the  resp i ra to ry  CO 2 of ob/ob and 
d b / d b  mice were no t  s ignif icant ly  affected by  the  admini-  
t r a t ion  of a d ie t  conta in ing  1% andros tano lone  over a 
per iod up to 6 weeks. Blood sugar concen t ra t ions  were 
s tabi l ized at  normal  levels (140 t o 150 mg/100 ml) in d b / d b  
mice fed 1% andros tano lone  whereas  concen t ra t ions  in 
un t r ea t ed  d b / d b  controls  rose to  above 450 mg/100 ml as 
shown previously  a. Blood sugar concen t ra t ions  in un t rea t -  
ed ob/ob controls  were modera t e ly  e leva ted  (200 to 
300 mg/100 ml) and  were normal  or hypoglycemic  (110 to  
160 mg/100 ml) in ob/ob mice fed adros tanolone.  

Al though  d ie ta ry  androgens  m a y  affect  body  weight  by  
al ter ing metabo l i sm- inc lud ing  pro te in  and  lipid meta-  
bol ism - i t  seems likely t h a t  t he  marked  weight  losses as 
well as mos t  of the  metabol ic  a l te ra t ions  de tec ted  in mice 
fed andros tano lone  in the  p resen t  s tudies  were secondary  

to  the  d ramat i c  and  rapid  reduc t ion  in food consumpt ion .  
However ,  any  a t t e m p t  to account  for the  effect  of andros-  
t ano lone  on the  level of food in take  m u s t  be specula t ive  
since we are no t  aware of any  in fo rmat ion  bear ing  upon 
th is  ques t ion  o ther  t h a n  a f inding t h a t  proges te rone  and 
es t rogen influence food consumpt io  n in female ra t s  a, 5. I t  
is possible t h a t  each of the  three  t ypes  of obes i ty  involves 
some deficiency of the  h y p o t h a l a m i c  sys t em as has been 
p roposed  for d b / d b  mice s. Andros tano lone  m a y  affect  
food consumpt ion  in these  mice by  raising the  concent ra-  
t ions  of c irculat ing factors  h igh enough  to s t imula te  a re- 
la t ively  insensi t ive  sa t i e ty  center .  Al te rna t ive ly ,  it  is 
conceivable  t h a t  andros tano lone  acts  direct ly  upon  neurons  
in t he  la teral  or ven t romed ia l  h y p o t h a l a m u s  to  lower 
the i r  th reshold  to  sa t i e ty  factors  a l ready  p resen t  in the  
c i rculat ion 7. 

Zusammen[assung. Es konn te  gezeigt  werden,  dass  die 
Gewich t szunahme  bei genet isch oder  durch  Goldthioglu-  
kose induz ie r te r  F e t t s u c h t  yon M~Lusen durch  Andros ta -  
nolol oder  Tes tos te ron  ve rh inde r t  werden  kann.  
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T h e  Effect of  Calc i ferol ,  P a r a t h o r m o n e  and Calc i ton in  on  the B i o c h e m i c a l  C o m p o s i t i o n  of Kidney  

The influence of v i t amin  D and p a r a t h o r m o n e  on the  
metabol ic  processes in kidneys,  especially on calcium, 
phosphorus  and citric acid, is a well known  fact. The th i rd  
factor  which plays  a role in the  homeos tas i s  of calcium is 
calci tonin.  There  is no ag reemen t  concerning i ts  effect  on 
the  k idney  and on the  excre t ion  of calcium, its main  direct  
influence being t h a t  on the  bone  1 5. In  our p resen t  paper  
we t r ied  to  compare  the  effects  of all th ree  calcium-in-  

f luencing factors  on the  a m o u n t  of calcium, phosphorus  
and  citric acid in the  di f ferent  pa r t s  of the  kidneys.  

Material and method. 134 in tac t  male ra ts  of t he  Wis ta r  
s t ra in  (150-160gg) were on a low calcium diet  (wheat  
grain Ca 0.07%) 4 days  previous to  the  exper iment .  70 ra ts  
served as controls,  of which  25 an imals  received, in case of 
the  expe r imen t  w i th  v i t ami n  D, the  cor responding  dose of 
sunf lower  oil, 25 as controls  for pa ra thormone ,  0.5 ml of 

Table I. Values of citric acid, calcium and phosphorus in the serum 

Citric acid (rag/100 inl) Calcium (rag/100 ml) Phosphorus (mg/100 m 

Controls 

Calciferol 

Parathormone (20U) 

Calcitonin 
12 HIRSCH U. = 1,2 MRC U. 

2 • 12 HIRSCH U. 

5.50 i 0.54 10.8 -t_ 0.41 7.5 + 0.55 

300,000 U 6.67 4- 1.15~ 12.4 • 0.31 a 9.2 q- 0.77 �9 
600,000 U 9.75 • 1.2a 12.8 -t- 0.33 ~ 7.6 ~ 0.56 
900,000 U 9.12 + 0.82 ~ 12.8 ~ 0.53 ~ 7.7 • 0.12 

1 h 7.70 ~ 0.21 ~ 10.3~ 0.68 5.7 i 0.59 ~ 
3 h 6.90 i 0.33 ~ 10.2 ~ 0.26 6.2 -- 0.36 ~ 

30 Inin 4.38 • 0.49 ~ 9.4 • 0.50 ~ 7.0 i 0.29 
60 rain 4.77 -~ 0.34 ~ 8.1 • 0.44 ~ 5.7 = 0.33 a 

60 rain 5.23 =k 0.11 7.2 • 0.61 �9 6.4 ~- 0.25 a 

a Statistical significance P < 1%. 


