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The Effect of Ephedra sinica Pharmacopuncture on Lipid Metabolism in an Experimental
Mouse Model of Obesity

Hyo-jae Kim, Eun-ji Kim, Yang-hee Han
Dept. of Internal Korean Medicine, Dong-Shin Hospital of Korean Medicine

ABSTRACT

Objectives: This study aimed to investigate the impact of Ephedra sinica pharmacopuncture on the weight and lipid

metabolism of obese mice.

Methods: Obesity was induced in male C57BL/6 mice by a 60% fat diet. The animals were divided into three groups
(n=5) fed a normal diet, high-fat diet, and high-fat diet with Ephedra sinica pharmacopuncture. After 13 wk. fasting blood
sugar levels were measured in each group, and oral glucose tolerance tests were conducted. After 15 wk, body weight,
epididymal fat pad weight, subcutaneous fat pad weight, and serum lipid and gene expression of hormone sensitive lipase
(HSL), adipose triglyceride lipase (ATGL). monoacylglycerol lipase (MGL), perilipin, and peroxisome proliferator-activated

receptor (PPAR)-y were measured in each group.

Results: In the Ephedra group, body weight, fasting blood sugar, and oral glucose tolerance were significantly decreased. In
addition, in the Ephedra group, the gene expression of HSL was significantly increased, whereas that of perilipin was

significantly decreased.

Conclusions: These results provide evidence that E. sinicapharmacopuncture affects obesity and obesity-induced metabolic
syndrome, including insulin resistance and dyslipidemia, by activating lipolysis via the HSL pathway in adipose tissue.

Key words: Ephedra sinica, pharmacopuncture, obesity, insulin resistence, metabolic syndrome, lipolysis, HSL, perilipin
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A 55, Korea) < 12417H4 3} dlo] wd
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Table 1. Composition of Experimental Diets
Normal Control Ephedra

Casein (g) 220 2585  25.85
L-Cysteine (g) 018  0.39 0.39
Corn starch (g) 50.0
Maltodextrin (g) 75 1615 1615

Sucrose (g) 100 8.89 8.89
Cellulose, BW200 (g) 6.46 6.46
Soybean oil (g) 4.0 323 323
Lard (g) 31.66  31.66
Mineral mixture S10026 (g) 4.0 1.29 1.29
DiCalcium phosphate (g) 1.68 1.68
Calcium carbonate (g) 0.71 0.71

Sodium bicarbonate (g) 1.0
Potassium citrate (g) 0.4 2.13 2.13
Vitamin mixture V10001 (g) 1.0 129  1.29
Cholin bitartrate (g) 0.2 0.26 0.26

Total (g) 100.28  99.99  99.9

Normal : normal diet
Control : 60% fat diet
Ephedra : 60% fat diet with Ephedra sinica pharmacopuncture
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Au} A Zol| M o] A Es) £ 9l hormone-
sensitive lipase(HSL)<] 4K NM_010719.5), adipose
triglyceride lipase(ATGL)®| A AHNM__025802.3),
monoacylglycerol lipase(MGL)9] +H2HNM__
001166251.1), perilipin®] -F-12HNM__175640.2), PPAR-y
9] FAAHNM__011146.3) ¥ A x= AAzF A
A} A8 F3MES(quantitative Real time-polymerase
chain reaction, qRT-PCR)& o]&3te] 2A3}4
o}, qRT-PCRel A ¢cDNA®] #|2He Advantage
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(Table 3, Fig. 1).

Table 2. Food Intake Per a Day of Each Experimental
Group

Normal  Control Ephedra

Food intake (g) 2.92+0.27 2.50+0.23 2.51%0.30

Data represent means+standard deviation (n=5).
Normal : normal diet

Control : 60% fat diet

Ephedra : 60% fat diet with Ephedra sinica pharmacopuncture

Table 3. Body Weight of Each Experimental Group
Normal  Control Ephedra

Body wight (g) 30.96+1.20 51.8+0.84*** 48.96+0.83

Data represent means+standard deviations (n=5).

* Significantly different from normal group (*** p<0.001)
# Significantly different from control group (# p<0.05)
Normal : normal diet

Control : 60% fat diet

Ephedra : 60% fat diet with Ephedra sinica pharmacopuncture
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Fig. 1. Body weight of each experimental group.

* Significantly different from normal group (***

p<0.001)

# Significantly different from control group (#
p<0.05)

Normal : normal diet

Control : 60% fat diet

Ephedra : 60% fat diet with Ephedra sinica
pharmacopuncture
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oM 2> ATl vlE 08 $(p<0.01), 30& HHEPFA LS N2T ] v]3ke] 30% 3(p<0.05),
3 (p<0.05), 60% 3(p<0.01), 120 Z(p<0.01) & 602 3(p<0.01), 120% 3(p<0.01) o] F2J3H
o] 2% 934 =9k3., AUC(area under a 100 ok, AUCY #E 646.2439.152 2ol w]s)
gm OGTT curve)® #= 922.2196.310.2 AHA F-2] 3 $keh(p<0.05) (Table 4, Fig. 2).

2] 557.8+46.02¢1 B3l el ahA = 3teH(p<0.01). Jik

Table 4. Oral Glucose Tolerance Test (OGTT) of Each Experimental Group
OGTT (mg/dl)

oty 0 min 30 min 60 min 120 min ATUC
Normal 76.6£7.26 249.6+20.01 015.242423 109.4+8.84 557.846.02
Control 150+18.79** W5.654450% 376264039 2106£076%F  922.2406.31%F
Ephedra 137.6+18.40 263£15.38* 935514.09%%  1588+13.20%F  646.2+39.15°

Data represent means+standard deviations (n=5).

* Significantly different from normal group (* p<0.05, ** p<0.01)

# Significantly different from control group (# p<0.05, ## p<0.01)
Normal : normal diet

Control : 60% fat diet

Ephedra : 60% fat diet with Ephedra sinica pharmacopuncture

500 © Normal 2 Z2Z¥ A8 E(total cholesterol)?] HEE
o s Eohedra A 72941990 me/dlel] B8 2ol 2134
+29.00 mg/dl2 A E3koh(pd0.01), FiE

g Tl 7o) 162.6+13.05 mg/dIE W23} F2)3
Zpol7b 91, dF FAAUHTG) & 8 =(HDL)
FH2E S 2T AL 2L, iEER T
T B A 27 Aol 7k ghsdek(Table 5, Fig. 3).

*k

Serum Glucose (mg/dl)

0 30 60 90 120

Minutes Table 5. Lipid Profile of Each Experimental Group
Fig. 2. Oral gucose tolerance test of each experimental Normal  Control  Ephedra

group. Total cholesterol  72.2 2134 1626

* Significantly different from normal group (* p<0.05, (mg/dl) $19.90  +29.00**  +13.05
“* p<0.01) HDL cholesterol 9.4 10.6 9.3

# Significantly different from control group (# p<0.05, (mg/dl) +1.40 +2.08 +1.85
LA, Triglyceride 1644 1534 1316
Control : 60% fat diet (mg/dl) +36.17 +6.58 +14.29
Ephedra : 60% fat diet with Ephedra sinica *Dat_a represent meansistandard deviations (I}k :5).
pharmacopuncture Significantly different from normal group (** p<0.01)

Normal : normal diet

x| e ods Control : 60% fat diet
3. XAt D|R[= Het Ephedra : 60% fat diet with Ephedra sinica pharmacopuncture

) % LA 9] W3}
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Fig. 3. Lipid profile of each experimental group.

* Significantly different from normal group (**
p<0.01)

Normal : normal diet

Control : 60% fat diet

Ephedra - 60% fat diet with Ephedra sinica
pharmacopuncture

2) s)ahAupe) g

A EA s 8 REER S T 5
B9 geix FA ) AYAA4E T3FALE
Foigt 5 B89 A FAE vt
3 A3 & S5 A FA7F 1.0340.09 g2 2
FH= B30 ko] FA 1484014 gRot o8
A2 5H(p<0.05) (Table 6, Fig. 4).

Table 6. Subcutaneous Fat Pad Weight of Ephedra
Group

Lt. Rt.
Subcutaneous fat pad weight (g) 1.48+0.14 1.03£0.09*
Data represent meanststandard deviation (n=5).
* Significantly different from left side of abdomen sample
(* p<0.05)
Lt. : left abdomen samples of Ephedra group which
are applied with normal saline injection.
Rt. : right abdomen samples of Ephedra group which
are Ephedra sinica pharmacopuncture applied at.
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Lt Rt
Fig. 4. Subcutaneous fat pad weight of Ephedra

group.

* Significantly different from left side of abdomen
sample (* p<0.05)

t : left abdomen samples of Ephedra group
which are applied with normal saline injection.
Rt : right abdomen samples of Ephedra group
which are Ephedra sinica pharmacopuncture
applied at.

26]}‘]'“\’:-’] 082+01o goﬂ Hl%ﬂ Y272 1.8240.04 ¢
o2 $93HA Z7F 2 (p<0.001), i g T 7
M= 11440076 g2 P2 Bt o5 7t
2k (p<0.001). 7+e] FAE A2 1.54+0.08 g
o ula] dlzFelA 315020 g2 f-2l5HA F7}
2 (p<0.01), MR T T 278018 go=
2723 o8t 2]z} $lsiek(Table 7, Fig. 5).

Table 7. Visceral Fat of Each Experimental Group

Normal Control  Ephedra
Epididymal fat o oo, 1) 1 80,047 114:0,08%*
pad weight (g)
Liver weight (g) 1.54+0.08 3.15x0.20** 2.78+0.18

Data represent means+standard deviation (n=5).

* Significantly different from normal group (** p<0.01)
# Significantly different from control group (### p<0.001)
Normal : normal diet

Control : 60% fat diet

Ephedra : 60% fat diet with Ephedra sinica pharmacopuncture
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Fig. 5. Visceral fat of each experimental group.

* Significantly different from normal group (**

o0.0D) HSLzke] 213 =4 (p<0.01) (Table 8, F1g 6)
# Significantly different from control group 2) Adipose triglyceride lipase(ATGL)2 A=}
(### p<0.001) (NM 025802.3)

Normal : normal diet —

Control : 60% fat diet ATGLS WA == A4S #& 12 AAs
Ephedra : 60% fat diet with Ephedra sinica 31 o], 2 A 1.53£0.442 §-9 3t x}o|7} ¢
phamacopuncture T MEIRTAE LE5 BTN

5. X|EHEs) mE SEALO| w0 0|xs st T‘_j 3.18+0.85, % HEFA|HpEA A 2.25+0.392
1) Hormone-sensitive lipase(HSL)®] -+2HNM__ dzest vasde MR 22 i 9&%
010719.5) *1"1‘1‘%1] c}ix—lﬂr L2F FRANERANM FAT

Table 8. Gene Expression of Each Experimental Group

Normal Control Ephedra (Rt.) Ephedra (Lt.)
HSL 1.03+0.02 2.14+0.23*** 3.26+0.26%“¢ 1.85+0.27
ATGL 1.00+0.34 1.53+0.44 3.18+0.85 2.25%0.39
MGL 1.00+0.01 1.54+0.24* 1.01+0.18 1.02+0.21
Perilipin 1.00+0.01 0.87£0.09 0.60+0.09%© 0.99+0.12
PPAR-y 1.01+0.02 3.30£0.27*** 2.91+1.12 2.80£0.49

Data represent fold changes from relative quantitations of each gene.

* Significantly different from normal group (* p<0.05, *** p<0.001)

# Significantly different from control group (# p<0.05)

@ Significantly different from Ephedra (Lt.) group (@ p<0.05, @@ p<0.01)

Normal : normal diet

Control : 60% fat diet

Ephedra : of 60% fat diet with Ephedra sinica pharmacopuncture

Ephedra (Rt.) : right abdomen samples of Ephedra group which are Ephedra sinica pharmacopuncture applied at.
Ephedra (Lt.) : left abdomen samples of Ephedra group which are applied with normal saline injection.
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Fig. 6. Gene expression of hormone-sensitive lipase
(HSL) in each experimental group.

* Significantly different from normal group (***

p<0.001)

# Significantly different from control group (#
p<0.05)

@ Significantly different from Ephedra (Lt.)
group (@@ p<0.01)

Normal : normal diet

Control @ 60% fat diet

Ephedra - of 60% fat diet with Ephedra sinica
pharmacopuncture

Ephedra (Rt.) : right abdomen samples of Ephedra
group which are Ephedra sinica pharmacopuncture
applied at.

Ephedra (Lt.) - left abdomen samples of Ephedra
group which are applied with normal saline injection.
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Fig. 7. Gene expression of adipose triglyceride lipase
(ATGL) in each experimental group.

Normal : normal diet

Control @ 60% fat diet

Ephedra : of 60% fat diet with Ephedra sinica
pharmacopuncture

Ephedra (Rt.) : right abdomen samples of Ephedra
group which are Ephedra sinica pharmacopuncture
applied at.

Ephedra (Lt.) - left abdomen samples of Ephedra
group which are applied with normal saline injection.
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3) Monoacylglycerol lipase(MGL) 2] A2HNM__

001166251.1)
MGLS) HeAes Ao s 12 e
of wlmatd e o, dzPolA 1540242 213}
(p€0.05). 2L B2 | fi%
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Fig. 8. Gene expression of monoacylglycerol lipase
(MGL) in each experimental group.

* Significantly different from normal group (*
p<0.05)

Normal : normal diet

Control : 60% fat diet

Ephedra : of 60% fat diet with Ephedra sinica
pharmacopuncture

Ephedra (Rt.) : right abdomen samples of Ephedra
group which are Ephedra sinica pharmacopuncture
applied at.

Ephedra (Lt.) : left abdomen samples of Ephedra
group which are applied with normal saline injection.

4) Perilipin® +AAHNM__175640.2)

Perilipin®] Z#A == ANLY FE 12 AA
ste] vlwEsls W, Rl 0.870.092
g Aol7b Gseh Wz wlweld S o, i
YTl A% ERA kA oA A3 perilipin
2 0.99+0.122 8t zol7F AAAIRE, L
WA 28F AR AA S48 perilipin
e 0.60+0.092 FoJsHA ke (p0.05). A%
ERA gz A 24 perilipingtel ¥3
& FRAzA A ZAE perilipingh> 25
A ke (p<0.05) (Table 8, Fig. 9).
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Normal Control Ephedra(Rt) Ephedra(Lt)

Gene expression of perilipin in each
experimental group.

# Significantly different from control group
(# p<0.05)

@ Significantly different from Ephedra (Lt.)
group (@ p<0.05)

Normal : normal diet

Control : 60% fat diet

Ephedra : of 60% fat diet with Ephedra sinica
pharmacopuncture

Ephedra (Rt.) : right abdomen samples of Ephedra
group which are Ephedra sinica pharmacopuncture
applied at.

Ephedra (Lt.) : left abdomen samples of Ephedra
group which are applied with normal saline
injection.

5) PPAR-y9] fAAHNM_011146.3)

PPAR-y9] wH&A == AA7o] 718 |
1 3.30£0.27 9

=0k (p<0.001). 273 vl skl S o, i
I
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Normal Control Ephedra(Rt)  Ephedra(Lt)
Gene expression of PPAR-y in each
experimental group.

Uz - 227 - 3oyl

* Significantly different from normal group
(*** p<0.001)

Normal : normal diet

Control : 60% fat diet

Ephedra : of 60% fat diet with Ephedra
sinica pharmacopuncture

Ephedra (Rt.) : right abdomen samples of
Ephedra group which are Ephedra sinica
pharmacopuncture applied at.

Ephedra (Lt.) : left abdomen samples of
Ephedra group which are applied with normal
saline injection.
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