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Effects of Ephedra Herba ethyl-acetate fraction
on high fat diet induced hyperlipidemic mice

Tae—Hoon Ha, Tae—Woo Kwon & Young—Kyun Kim*
College of Korean Medicine, Dong—Eui University

Abstract

Objective : Ephedra Herba has been widely used for patients with common cold, asthma in eastern countries,
especially china japan and korea, Recently it has been also used for obesity in clinic with high frequency.
This study was designed to investigate the effects of Ephedra Herba ethyl—acetate fraction (EEAF) on
hyperlipidemic mice,

Method : Effects on total cholesterol, HDL—cholesterol, triglyceride, AST, ALT, fasting blood glucose in serum
were measured in this experiment, and in addition, histopathological and gene expression changes in liver
tissue was also observed.

Results : In our study, EEAF did not affect weight gain in hyperlipidemic mice, Oral administration of EEAF
lowered levels of total cholesterol which were elevated by induction of hyperlipidemia, And administration
of EEAF lowered fasting blood glucose significantly, By carrying out ontological analysis, large numbers of
genes were identified in up or down regulated genes. The expression of the genes that were altered in res—
ponse to high—fat diet was restored to normal levels in EEAF treated mice, with a recovery rate of 49%.
And it was considered that fatty acid metabolism was one of important key pathway of the recovery.,
Conclusion : Results in our study suggest that EEAF can prevent obese and through regulation of dyslipidemia
and hyperglycaemia,

Key words: Ephedra Herba, ethyl—acetate fraction, hyperlipidemia.,
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Methanol Extract (41.38g) from 500g
if dried Ephedra Herba
lSuspended in H2O
Hexane : HxO (1:1)
Hexane layer HO layer
(0.489)

iChloroform : H0(1:1)

| |

Chloroform layer HO layer
(1.299)

‘LEthyl acetate : HzO (1:1)

| |

Ethylacetate layer H,O layer
(0.729)

lButanol : H,0(1:1)

| |

Butanol layer HO layer
(0.799) (6.329)
Fig. 1. Purification Procedure for the Ethyl—acetate Fractions Isolated from Ephedra Herba. Final dried extract
yield of ethyl—acetate fraction from 500 g of dried Ephedra Herba was 0.72 g.
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Table 1. Compositions of High Fat Diet

Ingredients am keal
Casein 200 800
Sucrose 68.8 275.2
Cellulose 50 0

Soybean Oil 25 225
Larda) 245 2,205

Mineral mix 10 0

Vitamin mix 10 40

L—Cystine 3 12

Choline Bitartrate 2 0

Potassium Citrate 16.5 0

DiCalcium Phosphate 13 0

Calcium Carbonate 2 0
Maltodextrin 125 500
Total 773.85 4,057

2 Typical analysis of cholesterol in lard = 0,95 mg/gram,
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Table 2. Effects of EEAF on Changes of Food and
Water uptake in Hyperlipidemic Mice

Group Food Uptake (g) | Water Uptake (ml)
NORa) 6.65+1,06b) 17.87+4.17
CON 5.97+1.82 17.16+£3.74
EEAF 6.09+1.67 15.38+6.31

¥ NOR, naive mice (n=8); CON, hyperlipidemic mice
(n=8); EEAF, EEAF administered mice (n=8).
® Values are represented as mean+SD,
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2220 DX Aoz FEE AF2 XIZHA Olxls Sgt

2. @3 Z total cholesterol,
HDL—cholesterol, triglyceride
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=
%
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glucose &H2F Hslof| O|X|=

A% £50] §3 = total cholesterol $=F WIS
WS 23+ CONTElA 157.0£12.6 mg/de= YER}
88.0+16.5 mg/d(S 22l NORwol H|s] 425t (P<
0.05) 271= 233, EEAFOlA= 134.6+7.4 mg/
d0= YERLF CONTEol| HIske] f-2J3t (P€0.05) A&

B ck(Fig, 3A), HDL—cholesterol & H3ls
St A} 7k Asltol| A 48.0+10.3 mg/dl, 64.8+16.8
mg/dl, 68.4+7.1 mg/dlS] $XE Ho] BAFOR &
Ot Zpol7t e bA] oeteh(Fig. 3B).

EEAFE 2 51t Folgt & AF]o] FolloflA Fele
A = triglyceride 3 H3lE zor Axp 7k Al
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12.7 mg/de 2 VFERY ZF < Atoof] -oJgt Zfo|7} ¢l
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dH F glucose T H3}= CONo|A] 149.6+
15.6 mg/d¢, EEAF-ollA] 110.0+16.4 mg/d02 LFERLE
FARSRE ot (P0.05) Zolg HArHFig. 3D).
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Fig. 2. Effects of EEAF on Changes in Body Weights in Hyperlipidemic Mice. Body weights were measured on
day which EEAF was firstly administered (day 0) and every 7 days. NOR, naive mice (n=8); CON,
hyperlipidemic mice (n=8); EEAF, EEAF administered mice (n=8). Values are represented as mean+SD.
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Fig. 3. Effects of EEAF on Total Cholesterol, HDL—Cholesterol, Triglyceride and Serum Glucose Levels in
Hyperlipidemic Mice. Levels in serum were measured using spectrophotometry. NOR, naive mice (n=8); CON,
hyperlipidemic mice (n=8); EEAF, EEAF administered mice (n=8). Values are represented as mean+SD. #,
p<0.05 as compared to NOR group; *, p<0.05 as compared to CON group (n=6).

L

Fig. 4. Effects of EEAF on Lipid accumul

4o

106

5 TN
ation of li

T

2 )

ver tiss
using haematoxylin and eosin stain. A, NOR group; B, CON group; C, EEAF group (x100).

ue in Hyperlipidemic Mice. Liver tissues were observed



StElE o 2210t o

50.0
45.0
40.0
35.0 T
30.0
25.0
20.0
15.0
5.0

0.0 , ,
NOR CON

Groups

Serum AST (u/L)

EEAF

OMIEI0IE

2220 XY Aoz FEE HF2| XIZHAl O|Xl=

35.0

30.0
25.0
20.0
15.0

. | I
0.0

10.0
5.0
NOR EEAF

Serum ALT (u/L)

G roups

Fig. 5. Effects of EEAF on AST and ALT Levels in Hyperlipidemic Mice. Levels in serum were measured using
spectrophotometry, NOR, naive mice (n=8); CON, hyperlipidemic mice (n=8); EEAF, EEAF administered mice
(n=8). Values are represented as mean=SD,
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Table 3. Number of Over or Under Expressed Genes

Patterns of Numbers of Genes

Genes Changed in CON | Restored in EEAF
Increased 417 140
Decreased 484 298

The number of over expressed genes (over 2 fold
ratio) or under expressed genes (below 0.5 fold ratio)

were measured in each experimental condition,

Fig. 6. Clustering Analysis of Expressional Profiling.
Data were hierarchically clustered on ratio of gene
expression. Left and right columns represent CON

%I:

and EEAF group each, and rows represents genes.

Red color means up—regulated genes and green
color means down—regulated genes over reference
(NOR) genes.
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ooz TR Ao} of2Rt FREY AL o
HekE feds o = 3

TS IAEF ol /\11:&01]
AR 7] 93] pathway B4 $33tg=d 94|
fatty acid metabolism pathway7} AF¢lell F2=3]
tH(Table 5).

EEAF Folo] ofsff o] A% {42 =i
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Table 4. Over/Under Expressed Genes by High—fat Diet (GOstat),

oxu:latlon reduction

acute-phase response

sterol metabolic process

hol rol mi lic pr
isoprenoid metabolic process
f id m lic pri

acute inflammatory response

IMMUNe response

steroid metabolic process

steroid biosynthetic process
requlation of lipid metabolic process
neqative requlation of secretion
sterol biosynthetic process

idney developme
urogenital system development
inflamnrnatory response

isoprenoid biosynthetic process

response to wounding

cholesterol biosynthetic process

bone development

RT = 3.4E-6 7.1E-3
RT & 9 1.0 74E-6  7.7E-3
RT = 1z 14 1.1E-4  7.2E-2
RT = 11 1.3 2.26-4 1.1E-1
RT & 9 1.0 4.06-4  1.6E-1
RT m 18 21 4.76-4  15E-1
RT & 11 1.3 S4E-4  15E-1
RT = 32 3.7 8.7E-4  2.0E-1
RT = 16 1.8 9.1E-4  1.9E-1
RT = 10 1.1 1.2E-3  2.2E-1
RT & 9 1.0 1.38-3  2.2E-1
RT & 6 0.7 2.8E-3 3.9E-1
RT & 6 0.7 4.6E-3  5.2E-1
RT & 11 1.3 S.6E-3 S5.7E-1
RT & 13 1.5 74E-3  6.5E-1
RT m 17 1.9 7.86-3 64E-1
RT & 5 0.6 8.1E-3  6.3E-1
RT = 23 2.6 8.3E-3  6.2E-1
RT & s 0.6 9.5E-3  6.5E-1
RT & 11 1.3 1.1E-2  6.9E-1

Table above provides typical batch annotation and gene—GO term enrichment analysis relevant GO terms

associated with a given gene list, RT in table means related term search.
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Table 5. Pathway Analysis of Over/Under Expressed Genes by High—fat Diet

™ S— L R T AT

Drug metabolism

Retinol metabolism

Metabolismn of xenobiotics by cytochrome P450
PPAR signaling pathway

E id m lism

Linoleic acid metabolism

Tryptophan metabolism

aArachidonic acid metabolism

Valine, leucine and isoleucine degradation

Drug metabolism
Circadian rhythm
Terpenoid backbone biosynthesis
Glutathione metabolism

i n i n r f. i
Propanoate metabolism
adi kine signalin hw.
Arginine and proline metabolism
Histidine m lismn
Pyruvate metabolism

1-1i i i h

RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT
RT

C R LR LI DI L LI TR LR TR LTI TR T Lol TR AN (BN AN |

22
19
14

L= B . - - Y

2.6
ZR5
2.2
1.6
1.1
1.0
0.9
alal
0.8
0.8
0.5
0.5
0.8
0.6
0.6
0.8
0.7
0.5
0.6
0.9

S.7E-14
7.0E-14
4.8E-11
1.3E-5
S.9E-5
4.2E-4
9.3E-4
S.8E-3
9.7E-3
1.2E-2
1.4E-2
1.7E-2
1.7E-2
2.2E-2
3.1E-2
5.1E-2
6.1E-2
7.7E-2
8.1E-2
9.5E-2

8.1E-12
4.9E-12
2.3E-9
4.5E-4
1.7E-3
9.9E-3
1.9e-2
9.8E-2
1.4E-1
1.6E-1
1.6E-1
1.8E-1
1.7E-1
2.0E-1
2.6E-1
3.7E-1
4.1E-1
4.7E-1
4.7E-1
S.1E-1

Fel XIZohAol ojxle gt

Table above provides annotation on pathway—GO analysis relevant GO terms associated with a given pathway

list. RT in table means related term search,

Table 6. Restored Genes by EEAF Diet (GOstat)

™ S ] 1 X (ST N

acute-phase response
acute inflammatory response
immune response
inflammatory response
response to wounding
neqgative requlation of transport
requlation of apoptosis
fense r n

requlation of programmed cell death
neqgative requlation of secretion
requlation of cell death

itive requlation of T cell differenti
requlation of lipid metabolic process

- .

positive requlation of lyrphocyte differentiation

positive requlation of immune systern process

positive requlation of apoptosis

RT
RT
RT
RT
RT
RT

21
11
14

19

16

19

19

(=2

= I

1.1E-5
2.1 74E-S
4.8 24E-4
2.5 6.7E-3
3.2 9.2E-3
14 9.8E-3
44 1.1E-2
3.7 1.2E-2
4.4 1.2E-2
0.9 1.2E-2
44 1.3E-2
0.9 2.0E-2
1.2 Z2.1E-2
14 2.2E-2
0.9 2.3E-2
0.9 2.5E-2
2.1 2.9E-2

2.3 3.6E-2

1.6E-2
S.4E-2
1.1E-1
9.2E-1
9.4E-1
9.1E-1
9.0E-1
8.9E-1
8.7E-1
§.5E-1
8.3E-1
9.2E-1
9.1E-1
9.0E-1
9.0E-1
9.1E-1
9.2E-1

9.5E-1

Table above provides typical batch annotation and gene—GO term enrichment analysis relevant GO terms

associated with a given gene list. RT in table means related term search,
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Table 7. Pathway Analysis of Restored Genes by EEAF Diet

w

PPAR signaling pathway

Tryptophan metabolism

Fatty acid metabolism
Drug metabolism

Arginin roline me lism

Metabolism of xenobiotics by cytochrorme P450

Toll-like receptor signaling pathway

Histidine retabolism

Acute myeloid leukemia

i 1.7€-3 1.8E-1
RT u 7 1.6 3.7E-3 2.0E-1
RT &« 5 1.2 6.7E-3 2.36-1
RT &« 3 1.2 1.0E-2 2.6E-1
RT & 6 1.4 14E-2 2.7E-1
RT & 5 1.2 1.8E-2 2.9E-1
RT & 5 1.2  3.6E-2 4,6E-1
RT = 6 14 3.7E-2 4.2E-1
RT & 3 0.7 8.1E-2 6.6E-1
RT &« 4 0.9 94E-2 6.8E-1

Table above provides annotation on pathway—GO analysis relevant GO terms associated with a given pathway

list. RT in table means related term search,
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