Different Responsiveness in Body Weight and Hepatic 11B8-Hydroxysteroid
Dehydrogenase (118-HSD) Type 1 mRNA to 11B-HSD Inhibition by
Glycyrrhetinic Acid Treatment in Obese and Lean Zucker Rats
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Tissue-specific dysregulation of 118-hydroxysteroid dehydrogenase type 1 (118-HSD1) activity in obese humans and animals
may be associated with obesity and the metabolic syndrome. We investigated the effect of inhibition of 118-HSD with
glycyrrhetinic acid (GE), an effective 118-HSD inhibitor, on body weight regulation in obese Zucker rats, which have a defect
in the leptin receptor gene. GE (280 mg/kg/d) was administered in drinking water to 8-week-old male Zucker rats for 14
weeks. GE had no effect on food intake or weight gain, and did not affect hepatic 113-HSD1 and renal 113-HSD2 mRNA levels
in obese rats. In contrast, average daily food intake and body weight on week 14 were significantly reduced by GE in lean rats
(both P < .0001). Hepatic 113-HSD1 and renal 118-HSD2 mRNA levels were also significantly decreased by GE in lean rats
(both P < .05). GE had no significant effect on plasma corticosterone levels in obese rats but lowered them in lean rats (P <
.05). Plasma leptin levels declined in both GE-treated obese and lean rats (both P < .01). In conclusion, long-term GE treatment
decreased weight gain in lean Zucker rats but not in obese Zucker rats. These findings suggest that the differing responses
of 11B-HSD1 to GE in obese and lean Zucker rats are closely associated with the different weight-gain responses. Further-

more, the weight-lowering effect of GE may require intact leptin receptors.

© 2004 Elsevier Inc. All rights reserved.

T IS WELL KNOWN that glucocorticoids (GCs) play a
significant role in the development of obesity, asis clearly
evident in patients with Cushing’'s syndrome. Obesity in ro-
dents can be reversed by adrenalectomy and restored by re-
placement of GCs.14 GC action on target tissues depends not
only on circulating GC concentrations but also on intracellular
prereceptor GC metabolism, particularly by the isozymes of
11B-hydroxysteroid dehydrogenase (113-HSD).5 118-HSD is
known to have two isozymes (113-HSD1 and 11B-HSD?2).
11B3-HSD2 is expressed widely in mineralocorticoid target tis-
sues, such as the kidney, and acts as a potent dehydrogenase
that inactivates GCs (cortisol in humans, corticosterone in
rodents) to their inert 11-keto forms (cortisone and 11-dehy-
drocorticosterone, respectively), thereby preventing GCs from
binding to mineralocorticoid receptors.57
11B-HSD1 is abundant in GC target tissues including liver,
adipose tissue, and the central nervous system, and it is thought
to serve as a tissue-specific amplifier of GC action.5 It has
reductase activity in vivo and works to regenerate active GCs
from inactive 11-keto metabolites, thus increasing local GC
levels5 118-HSD1 knockout mice are resistant to obesity-
associated hyperglycemia, and transgenic mice overexpressing
11B-HSD1 selectively in adipose tissue develop central obesity
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and insulin resistance.® 113-HSD1 dysregulation is tissue-spe-
cific in some GC target tissues such as liver and adipose tissue
in obese humans and rats. It has been proposed that this specific
dysregulation is associated with causes of obesity and meta-
bolic disorders.1%-13 Glycyrrhetinic acid (GE) and its synthetic
analog carbenoxolone are effective 118-HSD inhibitors. Many
studies of their mineralocorticoid-like effects through inhibi-
tion of renal 11B8-HSD2 in rodents416 and humans!7-1° have
been reported. Our previous work showed that administration
of carbenoxolone to pregnant rats resulted in a significant
reduction in birth weight, glucose intolerance, and suppression
of the 113-HSD system in the adult offspring.2° GE is used
widely as a therapeutic agent to treat peptic ulcer and chronic
viral hepatitis in some Asian countries, including Japan.2t To
our knowledge, there have been no reports on the influence of
long-term GE intervention in the 113-HSD system on body
weight regulation. We investigated the effects of GE treatment
on body weight regulation and 118-HSD gene expression in
genetically obese Zucker rats that were leptin-resistant due to a
homozygous point mutation in the leptin receptor gene.22

MATERIALS AND METHODS

Animals

Seven-week-old male obese and lean Zucker rats (Tokyo Experi-
mental Animal Co, Tokyo, Japan) were maintained on a 12-hour
light-dark cycle (lights on between 7 Am and 7 Pm) at a temperature of
22 to 26°C. The Zucker rats were characterized by phenotype and
divided into Obese-CON (without GE treatment, n = 8), Obese-GE
(with GE treatment, n = 8), Lean-CON (without GE treatment, n = 8),
and Lean-GE (with GE treatment, n = 8) groups. Two rats were kept
in each cage and were allowed free access to chow and water. Body
weight and food and water intakes were recorded daily. All experi-
ments were conducted in accordance with institutional guidelines and
the Guide for the Care and Use of Laboratory Animals published by
Hamamatsu University School of Medicine.

Treatment Procedures

Drug treatment was started when the animals were 8 weeks old. GE
(Wako Pure Chemica Industries, Osaka, Japan) was dissolved in
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ethanol and sodium hydroxide (NaOH) and administered in drinking
water at a dose of 280 mg/kg/d. Drug dosage was controlled by daily
measured water intake and body weight. The final ethanol and NaOH
concentrations were 0.5% and 0.01N, respectively. Control rats drank
water containing the same concentrations of ethanol and NaOH. After
14 weeks of treatment, the rats were killed under ether anesthesia and
livers and kidneys were dissected. Blood samples were collected by
cardiac puncture and plasma was stored at —20°C before assay.

RNA Preparation and Northern Blot Analysis

Total RNA was extracted from snap-frozen liver and kidney by
modified acid guanidinium thiocyanate phenol chloroform methods as
previously described,2® and 20 g of RNA was separated by electro-
phoresis. The RNA was blotted onto a nylon membrane (Hybond-XL,
Amersham Pharmacia Biotech, Little Chafont, UK). The cDNAs encod-
ing rat 113-HSD1 (620 bp) and 11B-HSD2 (1,864 bp) were kindly
provided by Dr Hillier2 and Dr Gomez-Sanchez.> Rat cDNA probes for
118-HSD1 and11B-HSD2 were labeled with [32P]deoxycytidine triphos-
phate (dCTP) (specific activity, 6,000 Ci/mmol; Amersham Biosciences,
Piscataway, NJ) by nick trandation (Nick Trandation System, Invitrogen,
Paidey, UK). Membranes were rehybridized with 18S cDNA probes to
contral for differencesin mRNA loading and transfer. Hybridized signals
were analyzed with aBlO-image analyzer (BAS1000, Fuji, Tokyo, Japan).

Measurements of Plasma Corticosterone and Leptin
Concentrations

Plasma corticosterone levels were measured with a radioimmunoas-
say (RIA) kit (rat corticosterone [?°1] assay system, Amersham Inter-
national Plc, Little Chalfont, UK). Plasma leptin concentrations were
determined with arat leptin RIA kit (Linco Research, St Charles, MO).
The intra- and interassay coefficients of variation were less than 5%.

Satistical Analysis
All data are expressed as mean = SEM and were analyzed by

unpaired Student’s t test. P values less than .05 were considered
statistically significant.

RESULTS
Food Intake Changes

Daily food intake on week 0 in Obese-CON rats was signif-
icantly greater than that in Lean-CON rats (304 = 0.7 g v
20.0 = 0.3 g; P < .0001). There was no significant difference
in food intake between the Obese-GE and Obese-CON groups
during the 14-week period of GE treatment (Fig 1A). Although
Lean-GE and Lean-CON rats took similar amounts of food at
the start of the treatment, a significant reduction was observed
in Lean-GE rats (P < .05) from week 3 onwards (Fig 1B). The
average daily food intake in the Lean-GE group on week 14
was 87% of that in the Lean-CON group (P < .0001).

Body Weight Changes

At the start of the experiment, Obese-CON rats had signif-
icantly greater body weight than did Lean-CON rats (261.6 +
53 gv210.6 = 2.9 g; P < .0001). There was no significant
difference in body weight between the Obese-GE and Obese-
CON groups during the experimental period (Fig 2A). How-
ever, the mean body weight in Lean-GE rats from week 4
onwards was markedly less (P < .05) than that in Lean-CON
rats (Fig 2B), although the initial weights were the samein each
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Fig 1. Food intake changes in (A) obese and (B) lean Zucker rats
with GE treatment. GE (280 mg/kg/d) was administered in drinking
water to GE groups for a period of 14 weeks beginning at 8 weeks of
age. Values represent mean = SEM. *P < .05, ***P < .0001 compared
with lean Zucker control (CON) rats.

group. Body weight in the Lean-GE group on week 14 was
72% of that in the Lean-CON group (P < .0001).

Hepatic 113-HSD1 mRNA and Renal 1138-HSD2 mRNA Levels

Hepatic 118-HSD1 mRNA levels in the Obese-CON group
were significantly lower than those in the Lean-CON group
(P < .01) (Fig 3). Both hepatic 113-HSD1 (Fig 4A) and renal
11B-HSD2 (Fig 5A) mRNA levels in obese Zucker rats were
unaffected by GE treatment. However, in lean Zucker rats, both
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Fig 2. Body weight changes in (A) obese and (B) lean Zucker rats
with GE treatment. GE (280 mg/kg/d) was administered in drinking
water to GE groups for a period of 14 weeks beginning at 8 weeks of
age. Values represent mean + SEM. *P < .05, **P < .01, ***P < .0001
compared with lean Zucker control (CON) rats.

levels (Figs 4B and 5B) were diminished significantly by GE
(both P < .05).

Plasma Corticosterone and Leptin Levels

Plasma corticosterone levels were higher in Obese-CON rats
than in Lean-CON rats (P = .05). These levels were not
affected by GE in obese rats. In lean rats, GE-treated rats had
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significantly lower concentrations (P < .05) than control rats.
Plasma leptin levels were significantly higher in Obese-CON
than in Lean-CON rats (P < .0001), and decreased in both
GE-treated groups compared with their corresponding controls
(both P < .01) (Table 1).

DISCUSSION

Our results showed that long-term GE treatment suppressed
food intake and body weight gain in lean Zucker rats. These
rats concomitantly had reduced circulating corticosterone lev-
els compared with the corresponding control rats. It is well
known that GCs can induce hyperphagia and consequent obe-
sity. Increased circulating corticosterone levels have been ob-
served in obese animals and adrenalectomy ameliorated feed-
ing behavior, reduced fat deposition, and slowed weight gainin
these animals.*# Therefore, the decreased plasma corticoste-
rone levels were, to some degree, responsible for the hypopha-
gia and reduced weight gain. In contrast, food intake and
weight gain in obese rats were not affected by GE, which
corresponded to the unchanged circulating corticosterone
levels.

As a nonselective 118-HSD inhibitor, GE inhibits not only
11B-HSD2 but also 113-HSD1.2¢ Its effect on plasma cortico-
sterone levels is complex since plasma corticosterone levels
depend not only on GE effects on hepatic 113-HSD1 and renal
11B-HSD2 but also on 113-HSD1 in the hypothalamus-pitu-
itary-adrenal (HPA) axis, where it regulates GC feedback con-
trol.27 Therefore, the decreased plasma corticosterone levelsin
GE-treated lean rats may be explained by inhibition of regen-
eration of GCs by hepatic 113-HSD1 predominating over in-
hibition of inactivation of GCs by renal 118-HSD2 and inhi-
bition of 11B-HSD1 in the HPA axis, which suggests that GE
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Fig 3. Basal hepatic 118-HSD1 mRNA expression levels in obese
and lean Zucker rats. Values are mean = SEM for the ratio of 11p-
HSD1 mRNA to 18S rRNA. **P < 0.01 compared with lean Zucker
control (CON) rats.
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Fig4. Hepatic 113-HSD1 mRNA expression levels in (A) obese and
(B) lean Zucker rats with GE treatment. GE (280 mg/kg/d) was ad-
ministered in drinking water to GE groups for a period of 14 weeks
beginning at 8 weeks of age. Values are mean = SEM for the ratio of
11B8-HSD1 mRNA to 18S rRNA. *P < .05 compared with lean Zucker
control (CON) rats.

effect on hepatic 113-HSD1 plays a crucial role in regulating
plasma corticosterone levels.

Corticotropin-releasing hormone (CRH), a potent anorexi-
genic neuropeptide, plays an important role in the control of
food intake and energy balance.28 Its synthesis in the hypotha-
lamic paraventricular nuclel undergoes negative feedback con-
trol by GCs.2® A recent study with 113-HSD1 knockout mice
reported that 113-HSD1 in the brain plays an important role in
regulating GC negative feedback.2? It is possible that in lean
Zucker rats, the effective GC negative feedback control was
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diminished as a consequence of inhibition of central 118-HSD1
mMRNA expression and activity by GE. Thus CRH secretion
was elevated and appetite was decreased. Exploration of 113-
HSD1 in the brain will be helpful to elucidate the precise
mechanism behind weight regulation by GE treatment.
Reports on hepatic 113-HSD1 expression and activity in
obese humans and animals are conflicting. Obese subjects,
particularly those with central obesity, have decreased hepatic
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Fig 5. Renal 113-HSD2 mRNA expression levels in (A) obese and
(B) lean Zucker rats with GE treatment. GE (280 mg/kg/d) was ad-
ministered in drinking water to GE groups for a period of 14 weeks
beginning at 8 weeks of age. Values are mean = SEM for the ratio of
11B8-HSD2 mRNA to 18S rRNA. *P < .05 compared with lean Zucker
control (CON) rats.
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Table 1. Plasma Corticosterone and Leptin Levels in Obese and Lean Zucker Rats With GE Treatment
Obese Lean
CON (n = 8) GE (n = 8) CON (n = 8) GE (n = 8)
Plasma corticosterone (ng/mL) 386.4 + 47.8 391.9 + 83.2 270.8 = 28.3 178.4 + 22.9*
Plasma leptin (ng/mL) 30.1 = 3.3% 7.7 = 1.88 2.4 +0.3 0.6 = 0.1t

NOTE. GE (280 mg/kg/d) was administered in drinking water to GE groups for a period of 14 weeks beginning at 8 weeks of age. Values

represent mean = SEM.

*P < .05 tP<0.01, $P<.0001 compared with lean Zucker control (CON) rats; 8P < .01 compared with obese Zucker control (CON)

rats.

11B-HSD1 activity,10-12 whereas patients with myotonic dys-
trophy (with features of increased fat mass and insulin resis-
tance) have enhanced activity.3© In animal models, mRNA
expression and the activity of hepatic 118-HSD1 in obese
Zucker rats are reduced,’® but they are elevated in db/db
mice.3! These observations suggest that the dysregulation of
hepatic 118-HSD1 isrelated to the development of obesity and
obesity-related metabolic disorders including insulin resis-
tance. However, the precise role of hepatic 118-HSD1 in
obesity remains unclear. In this study, the hepatic 113-HSD1
mRNA levels in the GE-treated lean rats were decreased. We
propose that the suppressed hepatic 118-HSD1 mRNA expres-
sionislargely responsible for the blunted weight gain due to its
great contribution to reduced plasma corticosterone levels. In
addition, the 11B-reductase activity in primary culture of rat
hepatocytes was reported to parallel 113-HSD1 mRNA expres-
sion.32 Therefore, it islikely that hepatic 118-HSD1 activity in
these rats was decreased and thereby aso contributed to the
suppressed weight gain.

Increased exposure of adipose tissue to GCs resulting from
elevated 11B8-HSD1 activity may affect fat mass and fat distri-
bution and is associated with obesity.®-13 Transgenic overex-
pression of 11B-HSD1 in adipose cells of mice results in
central obesity, insulin resistance, and dyslipidemia.® Targeted
gene disruption of 118-HSD1 prevents regeneration of GC.
The consequent reduction in glucocorticoid action accounts for
increased obesity-related insulin sensitivity.®8 Intra-adipose
11B-HSD1 activity is increased in humans with idiopathic
obesity.1112 |t js possible that the intra-adipose GC levels in
GE-treated lean rats were decreased due to GE inhibition of
11B-HSD1 gene expression and activity, and thereby resulted
in reduced weight gain. Correspondingly, the unaffected weight
gain seen in obese GE-treated rats could be explained, in part,
by the unchanged intra-adipose 113-HSD1 mRNA expression
(data not shown) and activity. Considering the above evidence,
we propose that both altered circulating and local corticoste-
rone levels due to GE intervention in the 118-HSD system,
particularly in 113-HSD1, contribute to body weight change.

Hepatic 113-HSD1 and renal 11B8-HSD2 expression levels
in obese rats were unaffected by GE. We considered several
possible explanations. First, the sensitivities to GE may be
different between the different phenotypes. Our drug dosage,
which was effective in lean rats, might be not sufficient for
obese rats and higher dosage may be needed. Second, the
hepatic 118-HSD1 in obese rats may be resistant to GE inhi-
bition. Obese Zucker rat had decreased hepatic 113-HSD1

expression levels, which was consistent with previous work.13
It is possible that it is difficult to further suppress the down-
regulated basal hepatic 118-HSD1. Third, 113-HSD1 expres-
sion and activity are known to be upregulated or downregul ated
by many metabolic factors including insulin, GCs, tumor ne-
crosis factor-a, and GH,23:33-36 g| of which are altered in obese
Zucker rats. The cooperative action of these factors may also
account for the unchanged hepatic 118-HSD1 mRNA levels.
Finally, obese Zucker rats are known to have a defect in the
leptin receptor gene.22 The possibility remains that GE inhibi-
tion of 113-HSD requires intact leptin receptors.

Leptin, which is secreted by the adipocytes in proportion to
the size of adipose tissue, participates in body weight regulation
by inhibiting food intake and enhancing energy expendi-
ture.3738 In this study, the GE-treated hypophagic rats had
decreased leptin levels, which suggests that leptin is not the
causal factor of the anorexic and weight-lowering effects of
GE. The decreased leptin levels may be explained by the
reduced adipose tissue mass caused by GE inhibition of 113-
HSD1 mRNA expression and activity in adipose tissue.

Despite the unchanged food intake and weight gain, plasma
leptin levels in obese Zucker rats were also decreased greatly
by GE treatment. The decrease cannot be due to reduced
adipose mass because 118-HSD1 expression levels in adipose
tissue in these rats were not affected. We cannot explain this
result. A previous paper reported that Leptin levels in obese
Zucker rats were lowered by troglitazone treatment (a thia-
zolidinedione) due to the increase in small adipocytes and
decrease in large adipocytes within a constant adipose tissue
mass.3® Thus, we speculate that in the absence of change in the
total adipose tissue mass, the cell composition of adipose tissue
in obese GE-treated rats was altered so that there was a decre-
ment in leptin levels.

As a nonselective 1138-HSD inhibitor, the effects of GE are
diffuse and widespread. For example, it can cause hypokale-
mia, one of its mineral ocorticoid-like effects resulting from its
effect on rena 11B-HSD2, may reduce appetite and body
weight.4° We were unable to measure plasma potassium con-
centrations, but no obvious symptoms of hypokalemia, such as
decreased activity or abdominal distention, were observed in
the GE-treated |ean rats during the whole experimental period.
These rats were indistinguishable in appearance and behavior
from controls. Therefore, it is unlikely that the anorexia and
suppressed weight gain were mainly caused by hypokalemia,
athough we cannot exclude the possibility that mild hypoka-
lemia may exist in these rats.
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In summary, long-term GE treatment reduced body weight
gain in lean Zucker rats but not in obese Zucker rats. Our
findings suggest that the differing responses of hepatic 118-
HSD1 mRNA expression to GE between the phenotypes are
closely related to the different weight gain responses. Both
altered circulating and local corticosterone levels may be in-
volved in body weight regulation due to GE intervention in
11B-HSD system, particularly in 118-HSD1. In addition, the
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weight-lowering effect of GE may require intact leptin recep-
tors.
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