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Beneficial effect of dietary Ephedra sinica on obesity
and glucose intolerance in high-fat diet-fed mice
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Abstract. Obesity is a major contributor to both glucose
intolerance and metabolic syndrome. In this study, we
investigated the anti-obesity and anti-hyperglycemic effects
of Ephedra sinica on high-fat diet-fed mice. Male ICR
mice were divided into four groups; the normal group, the
obese and diabetic control group treated with a high-fat
diet, the positive control group treated with a high-fat diet
containing acarbose, and the experimental group treated
with a high-fat diet containing Ephedra sinica. The effects
of Ephedra sinica on obesity and glucose intolerance were
measured by an oral glucose tolerance test (OGTT), plasma
biochemistry, body and epididymal fat weight; the expression
of adiponectin, peroxisome-proliferator-activated receptor a
(PPAR-a), tumor necrosis factor a (TNF-a) and leptin was
also determined. Ephedra sinica reduced weight gain and
epididymal fat accumulation, improved glucose intolerance on
the OGTT, decreased triglycerides and increased high-density
lipoprotein cholesterol compared to the controls. Moreover, it
reduced weight gain and fasting glucose levels and improved
HDL-cholesterol levels more than acarbose. Gene expression
analysis revealed that Ephedra sinica upregulated the
expression of adiponectin and PPAR-a, and downregulated
the expression of TNF-a. From these results, we suggest that
Ephedra sinica may reduce obesity and hyperglycemia by
increasing PPAR-a and adiponectin and reducing TNF-a,
and that it may have the potential to be used clinically as an
ingredient in food or drugs effective in obesity-related glucose
intolerance treatments.

Introduction
In recent years, obesity and type 2 diabetes have become the

most common human health problems worldwide (1). Obesity
is a well-established risk factor for many chronic diseases,
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such as hyperinsulinemia, hypertension, abnormalities in lipid
metabolism, glucose intolerance and type 2 diabetes (2,3).

The contribution of obesity to type 2 diabetes may be
due to the dysregulation of adipocytokines which are synthe-
sized and secreted by adipose tissue. Adipose tissue secretes
several major hormones, most notably adiponectin and leptin.
Adiponectin is synthesized only in adipose tissue and is known
to modulate insulin and appears to have an anti-inflammatory
effect by inhibiting phagocytic activity and production of tumor
necrosis factor a (TNF-a) in macrophages. The major role of
leptin is that of a central regulator of adiposity (4). TNF-a is
overproduced by adipose tissue and causes inflammation and,
therefore, systemic insulin resistance by interfering with the
insulin signaling cascade (5). These metabolic disorders are
regulated by peroxisome proliferator-activated receptor a
(PPAR-a), which controls fatty acid oxidation, lipid and lipo-
protein metabolism and inflammatory responses (6).

Ephedra sinica (Ma Huang) has been established for
thousands of years in traditional uses in Korea and China (7).
Ephedra sinica has been found to have sympathomimetic, anti-
inflammatory, hypoglycemic and antitussive/antiasthmatic
effects (7). There have been reports that the use of Ephedra
promotes weight loss in selected populations (8). In healthy
overweight and obese populations Ephedra decreased body
weight, fasting glucose levels and insulin levels (9). These
findings indicate that Ephedra decreases the risks of glucose
intolerance and obesity (8,9). However, there has been no study
concerning the anti-obesity and anti-hyperglycemic effects of
Ephedra and its related mechanism in diet-induced obesity-
related type 2 diabetes.

In this study, we evaluated the influence of Ephedra sinica
on body weight, epididymal fat weight, glucose metabo-
lism, lipid metabolism, liver function, and the expression of
PPAR-a, leptin, adiponectin and TNF-a of adipose tissue, in
obese type 2 diabetic mice under normal and high-fat feeding
conditions.

Materials and methods

Preparation of Ephedra aqueous extracts. Ephedra sinica was
obtained from the Department of Pharmaceutical Preparation
of Oriental Medicine, Oriental Medical Hospital, Kyung Hee
University, Seoul, Korea. Drug quality was tested according
to the standards of the Korea Food and Drug Administration
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and those of our hospital. The dried Ephedra sinica (1,000 g)
was added to ethanol (1,500 ml, 80%) and boiled for 2 h at
100°C using a heating mantle. The sieve-filtrated solvents were
concentrated with a rotary evaporator (Model NE-1; EYELA
Co.,Japan) and dried with a freeze dryer (Model FD-1, EYELA
Co.). Those extracts were added to distilled water (1 g/10 ml)
and boiled for 2 h at 95°C. The boiled solution was centrifuged
at 14,000 rpm for 20 min and the supernatant was obtained.
After filtering through a 0.2-um filter, the extracts were kept at
-70°C for assay experiments.

Experimental design and animals. Male ICR mice (2-months
old) weighing 30+5 g were purchased from the Central Lab.
Animal Inc. (Seoul, Korea) and were housed in stainless- steel
cages in an air-conditioned room controlled at 22+1°C and at
40-70% relative humidity under a 12:12 h dark:light schedule.
Animals freely received diet and water for 1 week. After
adapting to the lighting conditions for that 1 week, the mice
were divided into four groups according to body weight. The
normal group continued to be fed a normal diet ad libitum.
High-fat diet (Surwit's Rodent Diet, product #D12331, % kcal,
carbohydrate:protein:fat = 25.5:16.5:58.0) was administered to
the other three groups for 6 weeks. The diet for the Ephedra
group contained 5% Ephedra and the diet for the acarbose
group (positive control) contained 0.5% acarbose. The body
weight of each mouse was measured once a week and the total
amount of food consumption was recorded every day using
an electronic scale (CAS 2.5D, Korea). To minimize the error
caused by animal movement, the mouse was put in a plastic
bowl and measured while resting. After 6 weeks, the mice were
sacrificed and the epididymal fat pad weight was recorded
using an electronic scale. All experiments were carried out
according to the protocols approved by the Animal Care
Committee of the Animal Center at Kyung Hee University and
in accordance with the principles outlined in the NIH Guide
for the Care and Use of Laboratory Animals.

Oral glucose tolerance test and blood analysis. The concen-
tration of fasting glucose was monitored at baseline, week 3
and week 6 after 8 h of fasting. Furthermore, an oral glucose
tolerance test (OGTT) was carried out at the 6th week. Glucose
was added to distilled water (1.3 g/2 ml) and administered
to each mouse (0.1 ml) through a stomach tube after 8 h of
fasting. Blood glucose was determined at 0, 30 and 60 min
after administration. Blood was collected from the tail vein of
each mouse. To measure the lipid profiles and liver functions,
blood was collected from the hearts, while the mice were under
anesthesia with diethyl ether. The blood was centrifuged at
3,000 rpm for 20 min to obtain plasma. These samples were
frozen at -40°C until used in the analysis. Aspartate trans-
aminase (AST), alanine transaminase (ALT), total cholesterol,
HDL-cholesterol, LDL-cholesterol and triglyceride levels were
measured.

RNA isolation. Total RNA was extracted from epididymal
fat pads using a Mini RNA Isolation II™ (Zymo Research,
CA, USA) according to the manufacturer's instructions. After
6 weeks, the mice were sacrificed and the epididymal fat pad
was quickly removed, placed in a tube (15 mg in each group),
and ZR RNA buffer (300 ul) was added. These samples were
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Figure 1. Effect of Ephedra sinica on body weight gain in obese diabetic
mice induced by a high-fat and high-glucose diet. p<0.05 compared to the
normal group. ““p<0.001 compared to the normal group; p<0.05, 7p<0.001
compared to the control group.

pulverized by a homogenizer and centrifuged at 1,000 rpm.
The supernatant was moved to a Zymo-Spin III Column, put in
a2-ml collection tube and centrifuged at 2,000 rpm for 60 min.
After adding 350 ul of RNA wash buffer, the samples were
centrifuged for 1 min, washed twice and put in a 1.5-ml collec-
tion tube. Finally, the samples were centrifuged at 1,000 rpm
after adding 50 ul of RNA-free water. The RNA which was
extracted from this process was stored at -70°C until analysis.

Reverse transcription-polymerase chain reaction (RT-PCR) of
PPAR-a, leptin, adiponectin and TNF-a mRNA in epididymal
fat. To evaluate the expression levels of PPAR-a, leptin,
adiponectin and TNF-oo mRNA, we performed semi-
quantitative RT-PCR. The reaction mixture, containing 1 pg of
RNA, PCR buffer, 5 mM of MgCl,, | mM dNTP, 20 units of
RNasin, 2.5 gM Oligo(dT) and 100 units of Moloney murine
leukemia virus reverse transcriptase, was incubated at 42°C for
50 min, then heated at 70°C for 15 min. PCR was carried out in
an Eppendorf Mastercycler Gradient PCR device (Eppendorf,
Hamburg, Germany). Each sample mixture contained PCR
buffer, 2.5 mM dNTP, 2 units of Tag polymerase and 5 pM
primers. The primers used were as follows: PPAR-a,
5'-AATGGGCACTTCTAAGACTACCTG-3' and 5'-GTG
CAGATTAGTTTTCAGGGATTT-3'; leptin, 5'-AGTGGG
AATGAGAAATCACTTAGC-3' and 5-GTGTATTGC
TTTCCATCAAGTGTC-3';adiponectin,5-ACCTACGACCAG
TATCAGGAAAAG-3' and 5-"ACTAAGCTGAAAGTGTGT
CGACTG-3"; TNF-a, 5"-TCTTCTCAAAATTCGAGTGAC
AAG-3' and 5'-GAGAACCTGGGAGTAGACAAGGTA-3
EF-1a (housekeeping gene), 5'-CTCAGGTGATTATCCTGA
ACCATC-3'and 5-"AACAGTTCTGAGACCGTT CTTCCA-3".
The PCR consisted of 33 cycles for PPAR-a at 59°C, 30 cycles
for leptin at 65°C, 25 cycles for adiponectin at 59°C, 40 cycles
for TNF-a at 59°C and 25 cycles for EF-la at 58°C. The
expected PCR product sizes were 254 bp (for PPAR-a), 212 bp
(for leptin), 248 bp (for adiponectin) and 180 bp (for TNF-o).
The reaction products were subjected to densitometry after
electrophoresis on a 2% agarose gel and stained with ethidium
bromide. The amount of gene expression was quantified relative
to EF-1a.

Statistical analysis. Statistical comparisons were performed
using one-way analysis of variance (ANOVA) followed by
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Table I. Effects of Ephedra sinica on body weight change, food intake and epididymal fat in obese diabetic mice.

Normal Control Acarbose Ephedra

Body weight change (g)

Baseline 314+1.17 32.0+1.14 31.5+1.43 30.6+0.97¢

Ist week 33.5+1.43¢ 35.8+2.20° 28.3+1.49°f 25.9+1.20°F

2nd week 34.6x1.71¢ 36.9+2.96 30.4x2.07°F 27.7£2 20°F

3rd week 34.0+2.16 39.0+4 .40¢ 30.9+2.73f 25.9+1.45%F

4th week 36.1+2.18¢ 39.8+2.70* 32.8+3.19%f 27.1+2.20°F

Sth week 38.5+2.17¢ 41.5+2.59° 3444320 27.3+2 40

6th week 38.4+0.84° 42.3+2.67° 33.7+2.75°F 28.7+2.60°F
Food consumption

Food intake 5.8+0.89 5.1£0.92 3.5+0.84%¢ 5.4+0.97
Epididymal

Grams 0.57+0.16° 1.19+0.45¢ 0.44+0.18" 0.47£2.21°

Precentage of body weight 1.50+0.44f 3.05+1.15¢ 1.14+0.47° 1.19+0.55°

Results are presented as the means + SD. Normal, normal diet-fed mice; control, Surwit's high-fat, high-fat diet-fed mice; acarbose, Surwit's
high-fat and high-glucose diet containing acarbose-fed mice; Ephedra, Surwit's high-fat and high-glucose diet containing Ephedra-fed mice.
p<0.05, °p<0.01, °p<0.001 compared to the normal group; 9p<0.05, °p<0.01, ‘p<0.001 compared to the control group.

Tukey's post hoc test using the GraphPad PRISM statistical
package (version 4.03; GraphPad Software Inc., San Diego,
CA, USA). All data are presented as the means + standard
deviation (SD). All p-values are two-tailed, and significance
was determined at p<0.05.

Results

Surwit's high-fat, high-fat diet significantly increased body
weight at week 6 in the control group compared to the normal
group (42.3+2.67 vs. 38.4+0.84 g, p<0.01). This difference was
present by the first week and was maintained to the completion
of the study (p<0.05 at weeks 1, 2, 4 and 5, p<0.01 at week 6,
p<0.001 at week 3) (Fig. 1, Table I). Body weight at week 6
was significantly reduced in the Ephedra group and the acar-
bose group compared to that of the control group (33.7+2.75,
42.3+2.67 and 28.7+2.60 g, for control, acarbose- and Ephedra-
treated groups, respectively; p<0.001). In the Ephedra group,
body weight gain was significantly suppressed compared to
the acarbose and the control groups (p<0.05 at week 6, p<0.01
at weeks 1 and 2, p<0.001 at weeks 3, 4 and 5 compared to
the acarbose group, and p<0.001 during all 6 weeks compared
to the control group). The mean food consumption per day
per mouse was decreased in the acarbose group compared to
the other groups (5.8+0.89, 5.1+0.92, 3.5+0.84 and 54+097 g
for normal, control, acarbose- and Ephedra-treated groups,
respectively; p<0.01, compared to the normal and control
groups, p<0.0001 compared to the Ephedra group) (Table I).
Food consumption was not reduced in the Ephedra group.
Surwit's high-fat, high-fat diet significantly increased the
epididymal fat weight in the control group compared to the
normal group (1.19+0.45 vs. 0.57+0.16 g, p<0.001). Compared
to the control group, Ephedra and acarbose reduced the
epididymal fat weight (1.19+0.45, 0.44+0.18 and 0.47+2.21 g
for control, acarbose- and Ephedra-treated groups, respec-

tively; p<0.001). The difference between the Ephedra and
the acarbose groups was not significant. The ratio of the
epididymal fat weight to the total body weight also decreased
in the same manner (Table I).

Fasting blood glucose levels were measured at weeks 1, 3
and 6. There were no differences among the groups at week 1.
Surwit's high-fat, high-fat diet increased fasting blood glucose
levels in the control group compared to that of the normal group
at week 3 (79.7£13.0 vs. 63.5+10.3 mg/dl, p<0.01) and at week 6
(82.8+18.2 vs. 60.6+10.2 mg/dl, p<0.01). Ephedra reduced
fasting glucose compared to the control group at weeks 3
(53.3+5.7 vs. 79.7£13.0 mg/dl, p<0.001) and 6 (56.2+13.0 vs.
82.8+18.2 mg/dl, p<0.001). However, in the acarbose group,
fasting blood glucose was elevated compared to the normal
group only at week 6 (80.9+10.2 vs. 60.6+10.2 mg/dl, p<0.01)
(Fig. 2, Table II).

An oral glucose test was carried out at week 6. In the control
group, blood glucose levels were elevated compared to the
normal group at 0 and 60 min (82.8+18.2 vs. 60.6+10.2 mg/dl
at 0 min, p<0.001; 216.6+50.8 vs. 165.6+38.0 mg/dl at 60 min,
p<0.01). Ephedra reduced blood glucose levels compared
to the control group at 0, 30 and 60 min (56.2+13.0 vs.
82.8+18.2 mg/dl; 56.2+13.0 vs. 82.8+18.2 mg/dl; 102.8+16.8 vs.
216.6+50.8 mg/dl at 0, 30 and 60 min, respectively; p<0.001).
Acarbose reduced blood glucose levels compared to the
control group only at 60 min (132.1+33.7 vs. 216.6+50.8 mg/dl,
p<0.001) (Fig. 2, Table II).

Total cholesterol (TC) was elevated only in the Ephedra
group compared to the control group (197.7+14.4 vs.
146.3+25.5 mg/dl, p<0.001). Triglyceride (TG) was elevated
in the control group compared to the normal group, but was
reduced significantly in the Ephedra and the acarbose groups
(176.3+£37.5, 233.0+59.7, 135.0+43.6 and 129.6+28.1 mg/dl
for normal, control, acarbose- and Ephedra-treated groups,
respectively; p<0.05 compared to the normal and acarbose
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Figure 2. Effects of Ephedra sinica on (A) fasting glucose and (B) oral glucose tolerance test in obese diabetic mice induced by a high-fat and high-glucose
diet. "p<0.05, “p<0.01 compared to the normal group; 'p<0.05, ""'p<0.01, ""p<0.001 compared to the control group.

Table II. Effects of Ephedra sinica on biochemical parameters in obese diabetic mice.

Normal Control Acarbose Ephedra

Fasting blood glucose (mg/dl)

Week 1 61.1£9.80 61.3+3.70 57.3%13.60 56.8+16.60

Week 3 63.5+10.30° 79.7+13.00° 67.4+11.50 53.3+5.70"

Week 6 60.6+10.20° 82.8+18.20° 80.8+10.20° 56.2+9.70"
Oral glucose tolerance test (mg/dl)

0 min 60.6+10.20° 82.8+18.20° 80.8+10.20° 56.2+9.70"

30 min 179.1+44.30 224.6+66.20 176.1+27.20 138.6+18.50"

60 min 165.6+38.00¢ 216.6+50.80° 132.0+33.70" 102.8+16.80"
Lipid profile (mg/dl)

Total cholesterol 142.6+24.50 146.3+25.50 114.1x£14.70 197.7+14 40f

TG 176.3+37.50° 233.0+59.70 135.0+43.60¢ 129.6+28.10°

HDL-cholesterol 131.6x14.40 109.1+29.50 113.7+15.70 149.9+22 .20¢

TG/HDL ratio 1.35+0.23f 2.51+0.81°¢ 1.19+0.40° 0.87+0.19°
AST (mg/dl) 116.8+20.07 133.12+£30.12 01.2+25.86¢ 90.8+16.83¢
ALT (mg/dl) 27.9+4.70° 39.1+6 41¢ 23.9+4 81° 25.1+4 38"

Results are presented as the means + SD. Normal, normal diet-fed mice; control, Surwit's high-fat and high-glucose diet-fed mice; acarbose,
Surwit's high-fat and high-glucose diet containing acarbose-fed mice; Ephedra, Surwit's high-fat and high-glucose diet containing Ephedra-fed
mice. AST, aspartate transaminase; ALT, alanine transaminase. “p<0.05, °p<0.01, °p<0.001 compared to the normal group; ‘p<0.03, °p<0.01,

p<0.001 compared to the control group.

groups, p<0.01 compared to the Ephedra group). High-density
lipoprotein cholesterol (HDL) was reduced in the control
group compared to the normal group, but the difference was
not significant. By contrast, the Ephedra group demonstrated
significantly elevated HDL levels compared to those of
the normal and control groups (131.6+14.4, 109.1+29.5 and
149.9+22.2 mg/dl for the normal, control and Ephedra-treated
groups, respectively; p<0.01). There was no significant differ-
ence in the acarbose group (113.7+15.7 mg/dl) compared to the
others. Finally, the TG/HDL ratio was significantly elevated
in the control group, but reduced in the Ephedra and acarbose
groups (1.35+0.23, 2.51+0.81, 1.19+0.40 and 0.87+0.19 for
the normal, control, acarbose- and Ephedra-treated groups,
respectively; p<0.001) (Table II).

AST was elevated in the control group compared to the
normal group (133.12+30.12 vs. 116.8+20.07 mg/dl), but

the difference was not statistically significant. However,
Ephedra and acarbose reduced AST levels compared to the
control group (133.12+30.12,91.2+25.86 and 90.8+16.83 mg/
dl for the control, acarbose- and Ephedra-treated groups,
respectively; p<0.05) (Table II). ALT was elevated in the
control group compared to the normal group, but signifi-
cantly reduced in the Ephedra and the acarbose groups
(27.9+4.70, 39.1+6.41, 23.9+4.81 and 25.1+4.38 mg/dl for
the normal, control, acarbose- and Ephedra-treated groups,
respectively; p<0.001). There was no significant difference
in ALT levels between the Ephedra group and the acarbose
group (Table II).

Compared to the mRNA levels in the control group, the
PPAR-a and adiponectin mRNA levels were significantly
elevated by Ephedra treatment, while the TNF-a mRNA
levels were reduced. The change in leptin mRNA levels was
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Figure 3. Effects of Ephedra sinica on the mRNA expression of PPAR-a,
adiponectin, TNF-a and leptin. Nor, normal; Con, control; Acar, mice fed
acarbose; Ephe, mice fed ephedrine.

not significant (Fig. 3). Acarbose also elevated transcription
of PPAR-a and adiponectin and caused a decrease in both
TNF-a and leptin mRNA levels.

Discussion

Obesity is clearly associated with increased morbidity and
mortality (10). However, in obesity-related type 2 diabetes,
weight loss is difficult to achieve since most anti-diabetic
drugs act by increasing weight (11,12); therefore, the develop-
ment of anti-obesity and anti-hyperglycemic strategies is of
great importance.

Ephedra was found to promote weight loss in a healthy
obese population (8), but its effects on and mechanisms
involved in diet-induced obesity-related type 2 diabetes have
notbeen clarified. The present study expands our understanding
concerning the anti-obesity and anti-hyperglycemic effects of
Ephedra under high-fat and high-glucose diets. We found that
Ephedra suppressed weight gain for all 6 weeks of the study
compared to the high-fat and high-glucose diet-fed control
group, without food intake reduction. In parallel with the
effects of Ephedra on body weight gain, epididymal fat weight
and the ratio of the epididymal fat weight to the total body
weight was also decreased. Furthermore, Ephedra improved
insulin responsiveness. Ephedra reduced both fasting and
post-prandial glucose levels, decreased TG, increased HDL
and suppressed ALT elevation compared to the control group.
In particular, Ephedra reduced weight gain and fasting glucose
levels and improved HDL-cholesterol levels to a greater extent
than was noted with acarbose treatment.

Acarbose is the first of a new class of anti-diabetic agents,
the a-glucosidase inhibitors (13). Acarbose reduces the
post-prandial rise in plasma glucose and triglycerides, and
decreases the toxic effects of glucose, thus delaying conversion
of impaired glucose tolerance to diabetes (12,13). Acarbose
also prevents obesity, and the weight loss effects of acarbose
may help delay the onset of diabetes (12,13).

In this study, we used a high-fat and high-glucose diet-fed
mouse model, which resulted in increased weight gain, stable
hyperglycemia and insulin resistance (14). Furthermore, after
just 1 week on the high-fat diet, baseline plasma glucose was
significantly elevated (14). Additionally, the metabolic effi-

ciency index was lower in mice fed a high-fat diet, and the
weight gain observed in these mice cannot be fully explained
by increased energy intake, but must also be the result of a
reduced metabolic rate (14).

Obesity is traditionally defined as the presence of excessive
body fat, and fat cells in obese individuals become dysfunc-
tional for a number of reasons. One influencing factor is the
development of large, insulin-resistant fat cells that lose their
capacity to store triglycerides. Another problem is the infiltra-
tion of fat cells by cytokine-secreting macrophages, which
results in low-grade inflammation and increased endoplasmic
reticulum stress. In these adipocytes, there is decreased
production of certain factors that are normally synthesized,
such as adiponectin, while there is an accelerated release
of other adipocytokines, such as TNF-a and leptin (15). In
obesity-related disorders, PPAR-a holds a central role in the
regulation of several key factors, including lipids, lipoprotein
metabolism and inflammation (6).

Our findings showed that Ephedra reduced obesity and
hyperglycemia by increasing the expression of PPAR-a and
adiponectin, and reducing the expression of TNF-a. PPAR-a
has emerged as an important player in the convergence of
obesity, diabetes and cardiovascular disease. PPAR-a is mainly
expressed in tissues with a high degree of fatty acid metabo-
lism, such as the liver and heart (16). Activation of PPAR-a.
improves regulation of fatty acid oxidation, inflammatory
response and lipid and lipoprotein metabolism, including fatty
acid uptake and (-oxidation. In this way, PPAR-a activation
increases HDL-cholesterol and decreases TG levels, lipid
accumulation and central obesity (6). Therefore, the use of
PPAR-a activators, such as fibrates, offers the possibility of
coordinated modification to repress inflammatory mechanisms
with insulin-resistant conditions (6). To evaluate whether the
effects of Ephedra on obesity-related type 2 diabetes were
mediated by alterations in PPAR-a expression, we analyzed
the mRNA levels of PPAR-a. We found that PPAR-a expres-
sion was elevated; it is therefore likely that Ephedra decreased
fat accumulation, weight gain and TG levels, and increased
HDL-cholesterol levels by enhancing PPAR-a.

Adiponectin, a 30-kDa adipokine with anti-diabetic
properties similar to those of leptin, is expressed primarily in
adipose tissue. Its concentrations exceed those of other adipo-
kines by 100-fold and are closely correlated to the amount of
visceral fat (17). Adiponectin increases insulin sensitivity by
increasing tissue fat oxidation which results in reduced circu-
lating fatty acid levels and intracellular triglyceride content
(18). Furthermore, adiponectin levels are independently
predictive of HDL-cholesterol levels and glucose area beyond
the contribution of visceral adiposity. Thus, adiponectin plays
a central role as an anti-diabetic and anti-atherogenic adipo-
kine (19). From the present study, it appears that Ephedra may
improve glucose tolerance and HDL-cholesterol levels by
elevating adiponectin mRNA expression.

An important recent development in our understanding of
obesity has been the emergence of the concept that obesity
with diabetes is characterized by a state of chronic low-grade
inflammation (4). TNF-a, a powerful local regulator within
adipose tissue, contributes to insulin resistance and inflam-
mation (4). TNF-a is overexpressed in adipose tissue and
is reduced by weight loss (20). It has also been found that
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high TNF-a impairs insulin-mediated whole-body glucose
disposal and insulin-stimulated suppression of hepatic glucose
output (21). Similarly, TNF-a mRNA expression was elevated
in the control group and reduced by Ephedra and acarbose
treatments, which mediated the improvement of insulin
responsiveness and the reduction of weight gain.

Based on these results, we conclude that Ephedra reduced
weight gain and improved hyperglycemia in mice with obesity-
related glucose intolerance induced by high-fat feeding. Our
findings suggest that these anti-obesity and anti-hyperglycemic
effects of Ephedra could be mediated by the elevated expres-
sion of PPAR-a and adiponectin and the suppression of TNF-a
expression.
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