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Effects of 113-hydroxysteroid dehydrogenase inhibitor on
body weight and glucose tolerance in Sprague-Dawley
rats fed with a high-fat diet
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Abstract:  Objective Many studies have shown that glucocorticoids play a crucial role in the development of obesity
and insulin resistance. This study investigated the therapeutic effects of long-term inhibition of glucocorticoid activity on
obesity and insulin resistance. Methods Four-week-old male Sprague-Dawley (SD) rats were randomly fed with a high-
fat diet ( fat content accounting for 20% of total calorie) ( control group, n = 8) or with a high-fat diet along with
glycyrrhetic acid (GE, 800 mg/L), an inhibitor of 11 B-hydroxysteroid dehydrogenase (11B-HSD) for 24 weeks ( GE-
treated group, n=9). The body weights and the amount of food intake were monitored weekly and daily, respectively.
After 24 weeks of GE treatment, oral glucose tolerance tests were performed. Blood glucose was measured by glucose
oxidase method. The levels of plasma glucocorticoids, insulin and leptin were measured with radioimmunoassay. The levels
of serum cholesterol and triglyceride were determined with an automatic measuring analyzer. Results The food intake
amount decreased significantly in the GE-treated group from 6 weeks and body weight gain was markedly less from 8 weeks
after GE administration compared with the control group. After 24 weeks of treatment, the plasma levels of leptin and
insulin in GE- treated rats were significantly reduced compared with the control group. The serum levels of cholesterol and
triglyceride decreased markedly compared with the control group and the levels of blood glucose were significantly lower 15,
30, 60 and 120 minutes after oral glucose load in the GE-treated group compared with the control group. Conclusions
Long-term GE treatment may contribute to resisting diet-induced obesity and insulin resistance.
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Glucocorticoids are crucial factors in the regulation
of food intake and body adipose, affecting energy me-
tabolism at both the central and peripheral levels "'’
More and more studies have shown that glucocorticoids
play a significant role in the development of obesity and
insulin resistance *', as is clearly evident in patients
with Cushing’s syndrome. In an animal experiment, it
has been observed that adrenalectomy improved several
changes, including increased body weight and high
levels of plasma insulin '*' | which was reversed by glu-
cocorticoid replacement ', Glucocorticoid action is
regulated by negative feedback via the hypothalamic-
pituitary-adrenal ( HPA) and intracellular prereceptor
glucocorticoid metabolism *’. Since patients with obe-
sity and obesity-related metabolic disorders do not ex-
hibit increased circulating glucocorticoid levels, it has
been suggested that obesity and metabolic syndrome
may result from increased intracellular glucocorticoid

tone [?‘3:.

The main regulators of intracellular glu-
cocorticoid levels are 11-hydroxysteroid dehydrogenase
(HSD ) enzymes, which are known to have two
isozymes ( 11B3-HSD1 and 118-HSD2). In humans,
an increased 11B3-HSDI1 activity or expression has been

9,10] Sim-

noted in adipose tissue from human obesity '
ilarly in animals, the transgenic mice over-expressing
11B-HSD in adipose tissue develop central obesily, in-

[11,12)
. Improvement

sulin resistance and hypertension
of insulin sensitivity and glucose tolerance in 11j3-
HSD1 null mice "' suggests that inhibition of 11-
HSD may have a therapeutic effect on reducing body
weight and ameliorating metabolic syndrome. There-
fore, the present study was designed to investigate the
effects of long-term intervention in the 11B-HSD sys-
tem on body weight regulation and glucose tolerance.
Glycyrrhetic acid (GE) , an inhibitor of 113-hydroxys-
teroid dehydrogenase, was administered to four-week-
old male rats fed with a high fat diet for 24 weeks.

Materials and methods

Animals

Four-week-old ( after weaning) male Sprague-Daw-
ley (SD) rats were provided by Laboratory Animal
Center of Dalian Medical University and housed under
controlled conditions ( temperature, 20-22 °C ; humidi-
ty, 55% -65% ; lights on between 7 AM and 7 PM).
A single rat was confined and fed in a cage and was al-
lowed free access to food and water.
Experimental protocol

The rats were randomly assigned into two weight-
matched groups. One group, the GE-treated group,

(body weight 121.7 + 8.1 g, n=9) was given drink-
ing water containing GE ( provided by Wako Pure
Chemical Industries, Osaka, Japan and dissolved in
ethanol and sodium hydroxide which the concentrations
were 0.5% and 0.01N, respectively. ) at a concentra-
tion of 800 mg/L. The other group, the control group,
(body weight 119.5 + 6.7 g, n =8) was given the
drinking water containing the same concentrations of
ethanol and sodium hydroxide as control group. Both
groups were fed with a high-fat diet (fat content: 20%
of total calorie intake). The amount of food intake was
recorded daily and the body weight was monitored
weekly.

After 24 weeks of treatment, the rats were fasted
overnight and then anesthetized by using intraperitoneal
pentobarbital (60 mg/kg) for oral glucose tolerance
tests. Glucose (2 g/kg ) was administered by gavage
between 9 and 10 AM, and blood samples were taken
by tail vein droplets at time points of 0, 15, 30, 60,
and 120 minutes after the oral glucose load. Two days
later, the rats were fasted overnight and anesthetized
again, and blood samples were collected by heart
puncture and then plasma was stored at —20 °C before
assay.

Biochemical and hormonal assays

Blood samples were collected in EDTA-coated tubes
and centrifuged at 1 200 r/min and 4 °C for 10 mi-
nutes. Blood glucose was measured by glucose oxidase
method using a glucose analyzer ( Beckman, Palo Al-
to, CA). Plasma leptin was determined using the rat
leptin radioimmunoassay ( RIA) kit provided by Linco
Research ( St. Charles, MO ).
measured by RIA using a reagent kit from Linco Re-

Plasma insulin was

search, with rat insulin as standard. Corticosterone was
determined by RIA (RSL "I corticosterone RIA, ICN
Biomedicals, Inc. , Costa Mesa, CA). The intra-and
inter-assay coefficients of variation were <5%. And
the levels of cholesterol and triglyceride were deter-
mined with an automalic measuring analyzer ( Olympus
AU 1000, Japan).
Statistical analysis

All data were expressed as the mean + SD. Statisti-
cal analysis was performed by unpaired Student’s ¢ test
using SPSS11. 0 software. Differences were considered
significant at P <0.05.

Results
Body weight changes

The food intake amount decreased significantly in the
GE-treated group from 6 weeks after GE administration
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compared with the control group. The body weight gain
was less in the GE-treated group from 6 weeks of GE

administration than that in the control group and a sig-

nificant difference was noted from 8 weeks after GE ad-

ministration ( Table 1 and Figure 1).

Table 1 Body weight changes (g, x£5)
Group 0w 4w 8w 12 w 16 w 20w 24 w
Control 119.5£6.7 294.3+13.8  381.7+13.4 409.0 £24.3 444.2 £31.3 471.3 £34.2 497.2 £35.3
GE-treated 121.7 £8.1 277.9 £12.5 346.8 £21.1° 371.4 £20.9" 391.6 +23.9° 407.2 £25.1" 413.7 £22.6"
Compared with the control group, a P <0.05; b P <0.01
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Figure 1 The body weight changes in the GE-treated
and the control groups. The body weight gain was significantly re-
duced in the GE-treated group from 8 weeks of GE administration when
compared with the control group ( a P<0.05; b P<0.01).

Oral glucose tolerance test

After 24 weeks of GE treatment, the fasting blood
glucose values were not significantly different between
the GE-treated and the control groups (5.3 +0.5
mmol/L vs 5.7 £ 0.4 mmol/L). In both groups,
blood glucose contents peaked at 60 minutes after oral
glucose load. Blood glucose levels in the GE-treated
group were significantly lower 15, 30, 60 and 120 mi-
nutes after oral glucose load compared with those in the
control group (Figure 2).

Time{ minutes )

Figure 2 Oral glucose tolerance tests. Blood glucose lev-
els in the GE-treated group were significantly lower 15, 30, 60 and 120
minutes after oral glucose load compared with those in the control group

(aP<0.05; b P<0.01).

Levels of corticosterone, leptin, insulin, cholester-
ol and triglyceride

There were no significant differences in plasma corti-
costerone levels between the GE-treated and the control
groups 24 weeks after GE treatment. The plasma levels
of leptin and insulin in the GE-treated group decreased
significantly than those in the control group (P <
0.05). The serum levels of cholesterol and triglyceride
were also markedly reduced in the GE-treated group

when compared with the control group (Table 2).

Table 2 Levels of corticosterone, leptin, insulin, cholesterol and triglyceride (xxs)
Group Corticosterone ( nmol/L) Leptin{ ng/mL) Insulin( mIU/L) Cholesterol{ mmol/L)  Triglyceride( mmol/L)
Control 368.7 +47.2 15.48 +3.58 38.29 +9.85 2.49 +0.36 1.31+0.48
GE-treated 341.5 +51.3 11.04 +3.46° 22.48 +9.42° 1.62 +0.42" 0.82 +0. 16"

Compared with the control group, a P<0.05; b P <0.01

Discussion

Accumulating evidence suggests that obesity has
been associated with alterations in glucocorticoid me-
tabolism in both humans and rodents. In fact, the tis-
sue glucocorticoid action has been implicated as a
pathophysiological factor of obesity and type 2 diabetes
through dysregulation of 118-HSD "', Two isoforms
of 11B-HSD have been cloned and characterized. 11-
HSD1 is abundant in glucocorticoid target tissues inclu-

ding liver, adipose tissue and the central nervous sys-

tem, and it is thought to serve as a tissue-specific am-
plifier of glucocorticoid action. It has reductase activity
in vivo and works to regenerate active glucocorticoids
( cortisol in humans and corticosterone in rodents, re-
spectively) from inactive 11-keto metabolites cortisone
(in humans ) or 11-dehydrocorticosterone ( in ro-
dents) , thus increasing local glucocorticoid levels ',
11B-HSD2 is expressed widely in mineralocorticoid tar-
get tissues, such as the kidney, gut and placenta, and
acts as a potent dehydrogenase that oxidizes active glu-
cocorticoids to their inactive 1l-keto forms, thereby

preventing glucocorticoids from binding to mineralocor-
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ticoid receptors. The dysregulation of 113-HSDI is re-
lated to the development of obesity and obesity-related
metabolic disorders including insulin resistance '’
and the pharmacologic inhibition of 113-HSD can alter
intracellular glucocorticoid levels and may be therapeu-

[17,18 -
U718 previous work has

tic for metabolic syndrome
shown that administration of high-fat diet to rats in-
duced the development of obesity and obesity-related
1. This study observed the effect

of GE on preventing diet-induced obesity and insulin

metabolic disorders '

resistance in rats fed with a high fat diet and found that
long-term GE treatment significantly suppressed food
intake and slowed body weight gain compared with con-
trol rats, which is consistent with Li's study in Zucker

20) " Glucocorticoids have multiple effects on lipid

rats
metabolism. These hormones increase lipolysis in adi-
pocytes and regulate hepatic lipoprotein production
such that the patients with Cushing’s syndrome have el-
evated serum triglycerides and cholesterol concentra-
tions. Long-term inhibition of 11B3-HSD caused the re-
duction of serum cholesterol and triglycerides contents
in rats fed with a high fat diet. These results are also
consistent with the research on 11B3-HSDI inhibition
ameliorates metabolic syndrome and prevents progres-
sion of atherosclerosis in mice '*'".

Leptin, which is secreted by the adipocytes in pro-
portion to the size of adipose lissue, participates in
body weight regulation by inhibiting food intake and
! In this study, the

decreased leptin levels in GE-treated rats suggest that

enhancing energy expenditure

leptin is not the causal factor of the anorexic and
weight-reducing effects of GE. The decreased leptin
levels may be explained by the reduced adipose tissue
mass caused by GE inhibition of 11B8-HSD activity in
adipose tissue.

It is well known that glucocorticoids have many ac-
tions on carbohydrate metabolism, usually antagonizing
insulin effects. They stimulate hepatic gluconeogenesis
by increasing activities of the crucial enzymes phos-
phoenolpyruvate carboxykinase (PEPCK) and glucose-
6-phosphatase. In addition, glucocorticoids provide
gluconeogenic substrates by increasing the release of
amino acids from muscle and glycerol from fat and they
also have a permissive action on glucagon- and epi-
nephrine-stimulated gluconeogenesis.  Glucocorticoids
directly inhibit insulin secretion from pancreatic B-cells
and decrease glucose uptake in peripheral tissues
through glucose transporter translocation from the plas-
ma membrane to intracellular sites. Therefore excessive
tissue glucocorticoids may contribute to hyperglycemia
and insulin resistance associated with type 2 diabetes

and pharmacologic inhibition of intracellular glucocorti-
coid activation can effectively decrease fasting glucose
and insulin levels in diet-induced obese mice *''. In
this study, although the fasted glucose levels were not
lower significantly in GE-treated rats, insulin levels de-
creased significantly, and oral glucose tolerance tests
showed that there was a significant decrease in blood
glucose levels at 15, 30, 60 and 120 minutes after oral
glucose load , suggesting that the inhibition of glucocor-
ticoid activation has an effective improvement for insu-
lin sensitivity.

The long-term inhibition of 113-HSD by GE did not
affect the terminal circulating corticosterone levels in
this experiment, suggesting that partial pharmacologic
inhibition of 11B3-HSD may not be enough to measura-
bly alter HPA function and that the local dysregulation
of glucocorticoids may be more important in the patho-
genesis of obesity and insulin resistance ‘',

In summary, long-term GE treatment slowed body
weight gain, lowered the levels of plasma leptin and in-
sulin, reduced the levels of serum cholesterol and tri-
glyceride, and improved glucose tolerance in rats fed
with a high-fat diet. These findings suggest that chron-
ic inhibition of glucocorticoid activity may contribute to

resisting diet-induced obesity and insulin resistance.
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