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ABSTRACT

Objectives : This study investigated the improvement effects of Pakistani (DF-a) and Chinese Ephedra
herba-containing Gangjihwan (DF-b) on obesity in a high fat diet-fed obese mouse model.

Methods : Eight-week-old C57BL/6N mice were divided into four groups: a normal lean group given a
standard diet, an obese control group given a high fat diet, and DF-a and DF-b groups given a high fat
diet with DF-a (80 mg/kg), and DF-b (80 mg/kg), respectively. After 8 weeks of treatment, body weight
gain, feeding efficiency ratio, blood lipid markers, fat weight and histology were examined.

Results : 1. Body weight gain and fat mass were significantly decreased in DF-a and DF-b groups
compared with control. The extent of decreases was eminent in DF-a group.

2. Feeding efficiency ratio and circulating leptin concentration were significantly decreased in DF-a and
DF-b groups compared with control, whereas circulating adiponectin concentration was increased in DF-a
and DF-b groups compared with control.

3. Consistent with their effects on body weight gain and fat mass, circulating concentrations of
triglyceride, glucose and insulin were decreased in DF-a and DF-b groups compared with control.

4. The size of adipocytes were decreased by DF-a and DF-b compared with control, whereas the
adipocyte number per unit area was increased by them, suggesting that DF-a and DF-b decreased the
number of large adipocytes.

5. Consistent with their effects on body weight gain, liver fibrosis was reduced in DF-a and DF-b groups
compared with control.

Conclusions : In conclusion, these results suggest that DF-a and DF-b not only decrease feeding
efficiency ratio, plasma leptin concentration, and blood anti-obesity biomarkers, but also reduce fat mass,
contributing to the improvement of obesity. DF-a and DF-b also inhibit liver fibrosis. In addition, these
effects were similar between Pakistani Ephedra herba and Chinese Ephedra herba-containing Gangjihwan.

Keyword : Gangjihwan, Pakistani ephedra herba, Chinese ephedra herba, obesity, triglyceride
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Table 1. The composition of DF.

[ 24 Ingredient %
... Ephedra intermedia Schrenk et C. A. Meyerx
s Ephedra sinica Stapf.=*
K% Rheum palmatum L. 20
S8 Lithospermum erythrorhizon Siebold et Zuccarini - 40
Total amounts 100
* Pakistani ephedra herba (DF-a)
## Chinese ephedra herba (DF-b)
Table 2. Experimental groups.
Group Diet Treatment Number Sex
Normal 10Kcal% fat water 9 male
Control water 9 male
DF-a 45Kcal% fat  80mg/kg 9 male
DF-b 80mg/kg 9 male

crusher (Korea Patent R&D Institution, Busan,
South Korea)oll 300meshZ =V 43}

upsha A0 MG, THES 01,
&2 2 ze] 3F]3(Table 1), O]'é‘ nhgke ot
7| 2EES SRS ALS e

y

3 AT E Ty

Zy 3 kel E Aol LE}E]’ FAQ 2 BFe)
At 85F F<¢F normal 15 10Kcal% fate] dwk
2ol& FF3dla, control¥ FE 1HFS 45Kcal%
fato] A2 %%6]'04 H| TS OHLO]'
71 % DF-a®} DF-b& EF 80mg/kgel &
873 AT Fol 5}9AU1r(Table 2).
2. A+4H

D As 7 54

DF-a¢} DF-b7} A5 7kl vAl= 935
ol 7] 93| oFES Folste 8F T wiF 2
W ATs S48 AT FUHES ALt

2) Aolag 27

DF-a¢} DF-b7} 283} #ddo] Sl=A& &of
H7) §ste] A wiF 23], AbrAFH e wiF
13] 85 &k S48 aL, o5 27 E dte] Aol
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A& Masson’s trichromeo® G A3}e] collagen
FES B gdor BT 27 AFA
#9J2 image analysis system & ©]-&3}ith

3. SAEA

EE #2 mean t standard deviation(SD)S
2 ¥A8lH, OriginLab Version 9.1(OriginLab
Corporation, MA, USA)2] one way ANOVAE

o183l BAY el ATk
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$ frelahl $7He A P<005), BAARE F
ol e ARP0D) H6AAZ Aslaln 2
Fa A FEC] fAHAY. dxel 13

o] DF-ax= %o § 4dARH FostA AT <

-

7}eko] 7FA 3k (P<0.05), 8YA FFAFo] F7}
T35

B 7HP<0.001) 16 A 744 7FaZo]
th(P<0.01). 2445 28U7bA 74
T7HP<0.05) L o]F MALRAA = FaZo]
EJ7HE RHESiTh RYAIFE 60
MAE HEES A FASIE 64 Aol
HATHP<0.001). DF-b S
oAl AT SIFEF] A
SR IL(P<0.05), L FHAaFo] 12947 F7te)
t7HP<0.001) 169AIFE TA] HaZo] Fol&
R, 0UAFEE o FojEo] 8AATA A&
HAHP<0.05). R2YAFEH Al AF S7HF 7
S7FeFA L(P<0.01), T Fdo] 60U7HA
FA =L 64d Aol 7Hg @A A THP<0.001)
(Table 3, Fig. 1).
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Table 3. Changes in body weight gain by DF-a and DF-b in high fat diet-fed obese mice.

Normal Control DF-a DF-b
4 -0.9+0.515 -0.607+0.785 ~1.521+1.042° ~1.748+0.849"
8 -0.553+0.648 0.477+1.403 -2.459+0.835"" -2.598+1.024""
11 -0.409+0.852 ~0.608+1.12 -2.521+1.090 —2.778+0.900™
15 0.054+0.792 0.138+1.824 -2.592+0.884™ -2.376+1.107"
18 0.203+1.077 -0.834+1.767 -251740.995° -2,638+1.327°
2 0.149+1.462 -0.692+1.525 ~1.934+.801° -2.206+1.137°
25 -0.173+1.213 -0.826+1.411 -2.059+0.864° -2.301+0.948°
29 -0.071+1.246 0.766+1.512 ~1.360+0.830™ ~1.179+0.807"
32 0.109+1.609 1.273+1551 ~1.241+0.988"™ -1.240+1.264"
36 0.326+1.828 2.223+1.659" -0.440+1.313" -0.073+1.110"
39 0.757+1.676 2922+1.877" -0.202+1.175™ 0.280+0.964"
43 0921£1.773 3.6342.08" " 0.451+1.325™ 0.813+1.217"
46 1.008+1.467 37822000 0.939+1.295" 1.339+1.317"
50 1.531+1.637 4.124+2.123" 1.500+1.076™ 1.722+0.902"
53 1.798+1.563 4832223 1.712+1.200 2.242+1.218"
57 2.196+1.879 5.554+2.406" 1.168+1.372" 2.163+1.097"

Data are expressed as the meantSD. T Value significantly different from normal, ¥ p<0.05 ¥+ p<0.0l. * Value
significantly different from control, * p<0.05, ** p<0.01, *** p<0.001.

MAT, EAT, RAT, IATS$} BATS A= A
Aol mlEte] dglzToA BAAHRE FUEEY
A 51, Ol 2ol Wse] DF-ash DF-bolA 74514
s, | = S} DF-be] MATeA T FAA Fe4de] 3l
- = Ao® LhEtHTable 4, Fig. 2).
8 o Mg s, MATS 4%, HEE
® o B]3le] DF-a 14.68%, DF-be 13.90%% 1
] A7} gaEE Aoz ekt EATO 45,
I T T T B I f =3t vdke] DF-al 400%% 1 A7} 7+
e 29901, DF-be WHiE 544%2 1 FA7}
Fig. 1. Changes in body weight gain in high fat diet-fed 7 e o= yERth RATS A5, dxa
obese mice. ol wlgte] DF-at: 516%% L FAZF 1253
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Table 4. Adipose tissue weights in high fat diet-fed obese mice.

Normal Control DF-a DF-b
Mesenteric adipose tissue 0.638+0.137 1.692:0219" "' 1.259+0.598 1.2790.339”
Epididymal adipose tissue 1.431+0.278 1.875+0.527 1.731+0.304 2.091+0.457
Retroperitoneal adipose tissue 0.477+0.081 0.753+0.12" " " 0.679+0.14 0.793+0.057
Inguinal adipose tissue 1.05+0.305 1.992:0.243" " 1.759+0.262 1.89+0.24
Brown adipose tissue 0.345+0.064 0.458+0.078" " 0.374+0.157 0.404+0.146

Data are expressed as the mean+SD. ¥ Value significantly different from normal, ¥ p<0.05, ¥ ¥ p<0.01, ¥ ¥ ¥ p<0.001. * Value
significantly different from control, ** p<0.01.
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Fig. 2. Adipose tissue weights in high fat diet-fed obese mice.

2. 2o]E &3 EF leptin 2 adiponectin % AFA = 85 & I W leptine] %S A3
Aolg &S ofgfe] FA YA HE AT A¥, g2 Aol ngte] FAHoR f9
TS & AABAFAFLRE Yo AESta F SHA L FEgko]l =2 ASE e, DF-a%t
1¢-16}ME}. DF-b BFollA izt H|ste] o1 Fgle] ¥
2lo] & & (feeding efficiency ratio: FER%) = L Aoz Yoy EAZA #FoAe gle
A% F7 @)/ A RA F Hg)x1001 Ao 2 Ut Table 5, Fig. 3B). ©]& Wi &=
Aolg &S Aol Hste] tlxarolA FA kst A4S Aol H]*S}O% xS 61.62%
Aoz HoatA me Aor yehytown DF-a o] % leptin FEg] =2 FOE eI AT,
o} DF-b RFolA dlzatol Hlste] FAIHOoR ﬂ%i o] ®3le] DF-at= 15.02%, DF-b: 11.80%
oA e Aew YERTHP<0.001, Table 2 FF leptin TEFo] W& FOoR YEoH,
5, Fig. 3A). DF-a W O A= Y 2 e e
ol WEEE IS AHg, Adtel H|gho APAA 8F & A Ul adiponectin®] %<&
2T 47.80%9] Aolggo] ¥ Ao e A A¥, txae Gt vgte] 1 FE
won thEzao sl DF-at 66.68%, DF-b o] o Ao w ek, x| vk 1
T 4672%E Aolggo] W AoR Yo FLgte] DF-avw Y& Zo® DF-be =2 A
v, DF-adlX = A&7} o & 2102 et o2 Yehgoy SAAA g gl ew
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Table 5. Feeding efficiency ratio, fasting plasma leptin and adiponectin levels in high fat diet-fed obese mice.

Normal Control DF-a DF-b
Feeding efficiency ratio 8792+7.413 24.89+10.004" " 4976+5.805™ 9.038+4.752™
Leptin 12.839+3.851 54.07+17.320" " 39.942+25.89 42,659+8.225
Adiponectin 12368.822+3270.36 12378.3+2970.616 11108.144+2526.271 14011.889+5594.66

Data are expressed as the mean+SD. ¥ Value significantly different from normal, ¥ ¥ p<0.01, ¥ ¥ ¥ p<0.001. * Value

significantly different from control, *#* p<0.001.

A
z.
§_ I
g
f.
B C

Leptin concentration fnghl
2
Adipenedin concentration jnginl)
= o

Fig. 3. Feeding efficiency ratio(A), fasting plasma leptin(B) and adiponectin levels(C) in high fat diet-fed obese mice.
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adiponectin =%k =2 Aoz yElhgton U (P<0.05, Table 6, Fig. 4A). 8% free fatty acid
Ztol|l Blste] 1 ko] DF-ax 540%% SH& ol TR WETold AL Hlgte] U
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Sl Aoz Yelgt) (Table 6, Fig. 4B). ol&
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o] TS ulRwrelA Aol Hlste =A

o, el
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Table 6. Fasting plasma triglyceride, free fatty acid, glucose and insulin levels in high fat diet-fed obese mice.

unit Normal Control DF-a DF-b
Triglyceride ng/db 78.667+13.153 90.333+17.944 7344445548 73.556+15.273"
Free fatty acid  mg/de 977.839+163.584 879+109.021 965.778+122.74 973.778+137.383
Glucose UEQ/L 177.222+20.266 213.667+44.396" 172.444+31.627" 170+28.085"
Insulin ng/de 0.813+0.468 2.233+0.87" " " 1.551+1.094 1.649+1.14

Data are expressed as the mean+SD. ¥ Value significantly different from normal, ¥ p<0.05, ¥ ¥ p<0.01, ¥ ¥ ¥ p<0.001. * Value

significantly different from control, * p<0.05.

Trighyceride concentration mgid.}
=3
-

norma Conten BFa oFo

2o
g
2ux
H
£ [ I
£
| $
g == » -
% . I EF‘
g o=
E i
e .
L L cr4 -5

Fig. 4. Fasting plasma triglyceride(A) and free fatty acid(B) levels in high fat diet-fed obese mice.
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2
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Fig. 5. Fasting plasma glucose(A) and insulin(B) levels in high fat diet-fed obese mice.

Aol Hste] TS 532%9 dF FEitol
we Ao yelgon tixale] Hlgte] 1
L3kl DF-a= 4.70%, DF-be 5.12%% =2 A
°F et

APAA 8F § 4 Ul glucose® insulin®]
ks =A% A3 = glucosed TS X
WA Ak vt EA YERen DF-a
¢} DF-b E-FollA tizate] Hlste] Ao
freletA v Zlow YERRTHP<0.05, Table 6,

70

Fig. 5A). €% insulin®] FE32 dlZzaolA 4
el wlgte] #=A YEtskon, DF-a®t DF-b
ol A djzate] Blste] wE Zo = yElgtot
FAA T8 gle AR YERT (Table
6, Fig. 5B). o]& WMESZ $kshd, I35 glucose

o] AL AATrol vEte] RIS 45.34%9] 3
= %E%M o Ao Yehtow xR
lx;

HglY 1 F% 10.68%,
11.38% 2 & Aoz eyttt =% insulin®
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B, gl wlste dlxTe 4662%2 BF o7 Yggon thzxatol Hlste] DF-a2t DF-b
Frgko]l 2 Ao® Yewon iz Hst oA 7.76%2t 1068%= F71sle Aoz e
o] 1 FXZF°] DF-a+ 18.02%, DF-b& 15.04% H(P<0.05, Table 7, Figs. 6-7). WA, 2| WA 3L 9]
2 e Zo 2 YEyTh A7 ARF vlalste] djxatol A EAF R
o5t S7FER o™, izt ]5}04 DF-a%}

4. AFAExe A7 DF-bellA astsl ot SA14Q #9482 I
DE7} A b2lo] mhg-2 wwbr e u] s}k A AFAE 279 FHES Aol sk tix
Fo AT YEstd Wl WA= JEgs ol A 2174% R bk A SR UEeH, o
ESN -%}oq IAT AWx2& HE d4Wo Z5+ol H|5ke] DF-a9} DF-bell A 818%%} 11.28%
=2 G 3 v 2 image analysis system 2 7HAhskE Ao ® YehtHTable 7, Figs. 6-7).
o7 HAEAT dHHAGT APA LY F= 4 DF7} nA 2ol mpg-2~ ujgkidl =52k A

=
sk waste] dxedd BAHem folsd %
A astion, ool wskel Diask DFb 243 Slafo
oM F7HAoL DE-bA EA4 frade =

Tig] Z 2 SF A UﬂEHt'iI]—FH tﬂ§],oﬂ D]f(]l—; ogé‘ol:%
EAT AW=4< HE dAHe

17 2 image analysis system

rﬂﬁ“

e SEgY AYAE 5o S4ES o2 BASAG 9AUgY APALY FE 3
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Table 7. Cell number and size of inguinal adipose tissue in high fat diet-fed obese mice.

Inguinal adipose tissue Normal Control DF-a DF-b
Cell number 101.222+21.096 64.111+9.021" 74.889+5.929 79.444+2.715"
Cell size(ym?) 2742.454+543.232 4265.462+577.337 3620.143+280.683 3401.299+118.42

Data are expressed as the mean+SD. ¥ Value significantly different from normal, ¥ p<0.05. * Value significantly different
from control, * p<0.05.

Normal { A ~ Control

DF-a - DF-b

Fig. 6. Histology of inguinal white adipose tissues in high fat diet-fed obese mice.
Representative hematoxylin and eosin sections of inguinal adipose tissue(original magnification X 100).
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Fig. 7. Number and size of inguinal adipocytes in high fat diet-fed obese mice.
The size and number of adipocytes in a fixed area (1,000,000 un®) were quantified by an image analysis system.

H|3lo] DF-a¢} DF-b w, gzt B3t DF-a®} DF-bollA] 7.66%<}
S 2 YEsk ot DF-bellA 8.2%= T7Vete AL YERITHP<0.05, Table

BT A F7H5He 4
EAA Foldel ok Aow Ueuth 9elY 8 Figs. 8-9) W, AwAEe] 7% AakE
49 APAL SO FHee YT vsel  vumstel gaEToA FA40R FdA 7t
ol A 20.04% % Hade AoR UEo Hlom, dxaol vlgte] DF-a%t DF-b X5

Table 8. Cell number and size of epididymal adipose tissue in high fat diet-fed obese mice.

Epididymal adipose tissue Normal Control DF-a DF-b
Cell number 87.556+4.857 58.333+4.256' " 68+9.838 68.778+2.009
Cell size(ym?) 3089.951+167.53 4644.68+331.414" " 4022.485+538.175 3927.933+115.346

Data are expressed as the mean+SD. ¥ Value significantly different from normal, ¥ ¥ p<0.01. * Value significantly different
from control, * p<0.05.

Normal Control

DF-a y DF-b

A

Fig. 8. Histology of epididymal white adipose tissues in high fat diet-fed obese mice.
Representative hematoxylin and eosin sections of epididymal adipose tissue(original magnification X 100).
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Fig. 9. Number and size of epididymal adipocytes in high fat diet-fed obese mice.
The size and number of adipocytes in a fixed area (1,000,000 1) were quantified by an image analysis system.

Fig. 10. Histological analysis of liver fibrosis.
Male C57BL/6N mice were fed a low fat diet, a high fat diet, or the same high fat diet supplemented with DF-a and DF-b for 8
weeks. Representative Masson'’s trichrome stained sections of livers are shown in blue color. Original magnification X 400.
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