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In an attempt to study the role of adrenal steroids on the development of obesity, pituitary-

adrenal axis-was examined in patients with Cushing’s syndrome, patients with simple obesity and
- in fatty and lean rats (Zucker rat), ‘

Plasma 11-OHCS and .its metabolites were increased significantly in patients with Cushing’s
syndrome but pituitary-adrenal axis was normal in patients with simple obesity. Similarly,
pituitary-adrenal axis was normal in fatty and lean rats as j(xdged by plasma c(;ncentrations of
corticosterone and ACTH under various experimenial conditions. However, adrenalectomy pro-
duced a dramatic reduction of hody weight gain, food intake, plasma triglyceride and the size of
fat cells in fatty rats, whereas adrenalectomy produced negligible effects on these parameters in
lean rats. In addition, administration of corticosterone dramatically stimulated food intake and
body weight gain in adrenalectomized fatty rats, but steroid administration produced only miner
effects in adrenalectomized lean rats. Since progesterone failed to produce such a discriminating
effect, it is suggested that peripheral cells of fatty rat are oversensitive to physiologic dose of

corticosterone possibly because of abnormality of steroid receptor(s).

(Received for publication ; April 2, 1979)
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Table 1. Body weight, adrenal function, fasting blood sugar, fasting insulin and triglyceride
concentrations in patients with simple obesity, patients with Cushing’s syndrome and

normal subjects

% of Ideal Plasma Urinary Urinary
Group or e 1N~O0HCS 17-0HCS  17-KS F.B.S. I1.R.I. T.G.
Body Welght
(wg/100ml) (mg/day) (mg/day)  (mg/100m1)  (wU/ml1) (mg/100m])
Patient with ’
a) simple 2D 180£8* 15.0+ 0.9 7.1+£0.8 6.14+0.9 946 21+3 171+19
obesity
Patient with
b) Cushing’s (5) 116£5 35.1+£10.0 19.0+3.1 13.3+6.8 104+8 22+6 187 +24
syndrome
¢) Normal 21 98+4 154+ 1.3 6.6+0.8 6.9+0.4 88+5 1947 98419
subject :

*=Mean+SE, ( )=number of subjects. F.B.S.

noreactive insulin, T.G.=plasma triglyceride.
Statistical analysis
% of ideal

=fasting blood sugar, I.R.I=fasting immu-

body weight 1OHCS 17-OHCS 17-KS F.B.S. I.R.I. T.G.
a)—~bh) P <0. 001 N. S p<0.005 N.S. N. S. N. 8§ N. §
a)—c) p <0. 001 N.S. N. S. N.S. N. S. N.S. 1p<0.01
b)=¢) p<0.01 N. S P<0.001 N.S. N. S. N. S p<0.01

Table 2, Effect of corticosterone

injection on body weight of

adrenalectomized Wistar rat

Corticosterone dose (mg/day)

Parameters
0 0.5 20
Number of rats 5 4 8 :
Body weight gain (g) 204+ 4* 26+ 7 37+ 4a
Blood sugar (mg/100ml) 17412 181+13 170+ 10
Plasma triglyceride (mg/100ml) 88+ 9 79+ 6 186+ 20
Carcass analysis
‘ Solids (g) 55+ 5 62+ 6 58+ 3
Water (g) 104+ 3 100+ 6 1094 4
Fat  (g) 12+ 2 14+ 1 164 1
Fat (% of carcass weight) 6.61+1.0 7.7+0.5 8.44+0.6
*=Mean + SE.
Statistical analysis a=Pp<0.05, b=0<0.005 as compared with the
controls
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Fig. 1. Body weight change of patients
with Cushing’s syndrome and nephrotic
syndrome with or without excess of ad-
renocorticosteroids.
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Fig. 2, Effect of adrenalectomy on body
weight of fatty rats. Circle and vertical
line=Mean+SE, ( )=number of rats,
Sham = sham operated group, Adx= ad-
renalectomized group.

Table 3, Effect of adrenalectomy on food
intake in fatty rat

Food intake

Group
(g/day/rat)
a) Lean Sham (5) 17 £ 1*
b) Lean Adx (5) 1I5+1
¢) Fatty Sham (4) 26+ 1
d) Fatty Adx  (5) 15+1

¥=Mean+SE, ( )=number of rats, Sham=
sham operated group, Adx=adrenalectomized
group.
_Statistical analysis
a)-b) N.S. ¢)—d) p<0.001,
a)—c) P<0.001, b)—d) N.S.
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Table 4.

oA

Plasma triglyceride and blood sugar concentrations in intact

and adrenalectomized fatty rat

Group Age Plasma Triglyceride Blood Sugar
(weeks) (mg/100ml) (mg/100mb)

Lean intact (8) 8 85.9 + 11.2*% 127.0 £ 3.7
Fatty intact (8) 8 486.4 £ 142, 6 116.9 £ 3.4

a) Lean Sham (5) 18 9.5+ 19.3 125.2 + 3.4
b) Lean Adx (5) 18 68.1+ 13.3 110.9 £ 8.5
¢) Fatty Sham (4) 18 1238.7 £ 140.7 107.6 £ 8.6
d) Fatty Adx (5) 18 133.5 & 12.3 118.0 £ 7.1

*=Mean+SE, ( )=number of rats, Sham=sham operated group,

Adx=adrenalectomized group.

Statistical analysis plasma triglyceride blood sugar
lean intact-fatty intact pP<0.02 N. S.
a)—b) N. S. N. S.
c)—d) p <0, 001 N. S.
a)—c) P <0, 001 N. S.
b)—d) P<0.01 - N. S.
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Table 5. Carca8s analysis of intact and adrenalectomized fatty rat
Group Age Solids Water Fat Fat
(weeks) (g) (g) (g) (% of carcass weight)
Lean intact (8) 8 - - - 2.0+0:.3*%
Fatty intact (8) 8 - - -  24.940.4
a) Lean Sham (5) 18 52.744.1 118.3£3.5 19.6+£2.2 10.2£0.9
b) Lean Adx (‘5) 18 49.7+2.1 111.445.7 11.3£1.5 6.64+0.9
¢) Fatty Sham (4) 18 92.44+1.2 108.245.0 134.347.2 38.3£1.1
d) Fatty Adx (5) 18 65.04+7. 4 115.3+4.8 54.7+£2.0 23.34+0.4

*=Mean£SE, ( )=number of rats, Sham=sham operated group, Adx=adrenalectomized group.

Statistical analysis solids water
lean intact-fatty intact - -
a)—"h) N. S. N. S.
c)—d) »<0.01 N. S.
a)—c) P <{0. 001 N. S.
b)—d) N. S N. S
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fat in gram fat in %

- £ <0. 001
p<0. 02 P <0. 02

p<0. 001 P <0. 001

P <Z0. 001 p <0. 001

P <0.001 p <0. 001
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Table B. Size and number of fat cells in intact and adrenalectomized fatty rat

Perimetrial fat pad
(left side)

Retroperitoneal fat pad.
(left side)

Group Age
Cell diameter Cell number Cell diameter Cell number

(weeks) ») (x108) (#) (x108)
a) Lean Intact (8) 8 65 + 2% 1.3+£0.2 63+ 2 2.5+£0.3
b) Fatty Intact (8) 8 106 + 3 3.6 £0.5 114 + 3 3.2:+0.2
¢) Lean Sham (5) 18 85+ 5 5.6 £1.1 83 + 4 3.4+£0.4
d) Lean Adx 4 18 80 1 10 2.24+0.3 70 £ 6 2,1+0.8
e) Fatty Sham (5) 18 145+ 7 8.0+£1.8 146 £ 2 8.2+£0.8
f) Fatty Adx 4) 18 67 £ 6 1.0+ 1.6 67 £ 8 6.1+£0.9

*=Mean£SE, ( )=number of rats, Sham=sham operated group, Adx=adrenalectomized group.
retroperitoneal fat pad

Statistical analysis

a)—h)
a)—¢c)
b)—e)
c)—d)
c)—e)
d)—£)
e)—f)

cell
D
P
B

perimetrial fat pad

diameter
<0. 001
<0. 005
<0. 001

N. S.
P <0.001
N. S.
p <0. 001

cell number cell diameter

P <0. 001 £ <0.001
p <0. 005 p <{0.001
p<0. 05 p <0. 001
p <0. 05 N. S.

N. S. P <0.001
P <0. 005 N. S.

N. S. P <0.001

cell number

N. S.
N. S.
p >0.001
N. S.
P <0. 001
p<0.02
N. S.

Table 7. Plasma corticosterone and corticotropin (ACTH) in the morning and afternoon in

lean and fatty rats
Plasma corticosterone Plasma ACTH
Age  Group (pg/100mI) (pg/mD)
(weeks) 0900 1600 0900 1600
Lean 2.4+ 1.1¥(4)8 46.8 4.0 (8)¢ 147 £ 30 (4)2 244 £ 41 (8)¢°
Fatty 2.4£0.8 (4)°b 48.6 £2.7 (8)¢ 100+ 6 (4)P 262 +23 (8)4d
30 Lean = 174 £ 1.7 (8)¢ - 203 £ 56 (8)¢
30 Fatty - 22,0+ 5.3 (8)19 - 140 £ 18 (8)¢
¥*=Mean+SE, ( )=number of rats.
Statistical analysis
Corticosterone ACTH
8 wks 30 wks 8wks 30 wks
a—b N. S. - N. S. -
c—d N. S. N. S. N. S. N. S.
a—c P <0. 001 - N.S. -
b-—d P <0. 001 - p<0. 001 -
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Fig. 3. Response of adrenal gland to cor-
ticotropin (ACTH) in vitro. Circle and
vertical line=Mean+SE ‘of 8 determina-
tions.
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tropin (ACTH) in adrenalectomized fatty
rats infused with corticosterone. Circle
and vertical line=Mean+SE, ( )=number
of rats.
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Fig. 5. Effect of steroid treatment on body
weight gain and food intake. Circle and
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rats, B=corticosterone treatment, P=pro-
gesterone treatment.
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