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The Study on the Effect of Acanthopanax Senticocus
Herbal Acupuncture on Metabolic Syndrome in High-fat
Diet Fed Mice

Yoo Tae-seop, Koh Hyung-kyun and Kang Sung-keel

Department of Acupuhcture & Moxibustion, College of Oriental Medicine,
Kyung Hee University, Seoul, Korea

Objectives © The aim of the study was to investigate the effect of Acanthopanax senticocus(AS)
herbal acupuncture on the metabolic syndrome in high-fat diet fed mice.

Methods : ICR mice were fed with high-fat diet to induce the metabolic syndrome. During the
inducement of the ‘metabolic syndrome, the groups were treated with AS herbal acupuncture with
different concentrations(12omg/kg, 250mg/kg and 500mg/kg) to the point of Sinsu(BL23) everyday for
5 weeks. Thereafter, body weight, feed efficiency ratio, blood pressure, blood glucose, insulin level,
insulin resistance, oral glucose tolerance test(OGTT), lipid profile(TG, TC, HDL-C, LDL-C, NEFA),
mass of liver, histology of white adipose tissue(WAT) and brown adipoée tissue(BAT), and expression
of GLUT-4 and UCP-1 mRNA were measured.

Results : The risk factors of metabolic syndrome such as obesity, non—insulin dependent diabetes
mellitus(NIDDM), insulin resistance, hypertension, dyslipidemia were aggravated by high-fat diet for
5-weeks. AS herbal acupuncture inhibited the development of weight gain, hyperglycemia,
hyperinsulinemia, insulin resistance, hypertension, dylipidemia and expression of GLUT-4 in WAT and
UCP-1 mRNA in BAT, and also improved oral glucose intolerance and distribution of adipose tissue.
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Conclunsions : According to the above results, it reveals that AS herbal acupuncture inhibited the
inducement of hypertension, NIDDM, insulin resistance, dyslipidemia, obesity and disorders of adipose
tissue related with high-fat diet. Therefore, it is recommended that further research on the
effectiveness and safety of AS herbal acupuncture is necessary for the prevention and the
management of metabolic syndrome in clinical use.
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Table 1. Composition of Ingredients in
Regular and High—fat Diet

. Regular diet| High—fat diet
Ingredients | 1o diet) | (g/kg diet)
Casein 200 200
DL-methionine 3 3
Corn starch 150 150
Sucrose 500 150
Cellulose 50 -
Com oil 50 -~
Beef tallow - 400
Salt mixture 3H 3H
Vitamin mixture 10 10
Choline bitartrate 2 2
Fat % (calories) 11.7 40.0

Regular diet, AIN-76 diet #100000; High-fat diet,
AIN-76 diet #101772
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§0 1 @ RD
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a5 | —— HFD+as250
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Body Weight (g)
&5

TIME (wosk)

Fig. 1. Body weight of mice fed with
regular diet, high-fat diet or high-fat diet plus
AS during 5-week period

RD, regular diet; HFD, high-fat diet; HFD+AS125,
high-fat diet plus 125mg/kg of AS;, HFD+AS250,
high-fat diet plus 250mg/kg of AS; HFD+ASS00,
high-fat diet plus 500mg/kg of AS; HFD+MET500,
high-fat diet plus 500mg/kg of MET(p.0.)

Aol F P HFDIolA RDION Ml
ko, AS125¢, AS2507 2 AS500oll A=
HFD@ol Bl 4ol 32 %e] F7471 A5
agkot, METZolME Heoliaze] 277}
) = A tH Table 3).

Table 2. Metabolic Characteristics in Regular Diet and High—fat Diet Fed Mice

BP(mmHg) Lipid(mg¥%)
Group BW(g) BG(mg%) e
SBP DBP TG HDL-C
RD 35.3+1.3 1226422 11542 5942 98.1+3.3 824+3.0
HFD 44 1408 163.2£] 5= 130+ sk 11342 179.2+4 5% 39242, 15

Values represent the mean * SE(n=8). #++p<0.001 vs RD ‘
RD, regular diet fed group; HFD, high-fat diet fed group; BW, body weight: BG, blood glucose; BP, blood
pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglyceride; HDL-C, high density

lipoprotein cholesterol
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Table 3. Effect of AS Herbal Acupuncture on Weight Gain, Food Intake and Feed Efficiency
Ratio in High—fat Diet Fed Mice

Group Dose Initial Final Weight gain | Food intake FER
(mg/kg) (g/5wk) (g/5wk) (x10-3)
RD - 255+0.6 35.3+0.7 9.8+0.3 1140 8.6
HFD - 256+0.6 44.1+0.8# 185:+0.2# 1589 11.64#
AS125 125(s.c) 25.1+04 39.5%]1 Jxx 14.4+0 .45 1570 9 248
AS2Z50 250(s.c) 255206 37.320.8%xx 11.840. 285 1456 8.1k
AS500 500(s.c) 25.4+0.6 37.7x0.8%*% 11.9+0. 25 1524 7.8
MET 500(p.o.) 25.60.3 35.8+1.0xxx 10.240. 405 1204 8 Hkok

Values represent the mean = SE(n=8). #p<0.001 vs RD; #xxp<0.001 vs HFD
FER(feed efficiency ratio) = weight gain (g/ 5wk) / food intake (g/ 5wk)

2]0) L &(FER)& HFDolA] RDe] 4|3
s A(Pp<0.001)  F7tERoH,  AS125+,
AS250+, AS500 ¥ MET:tolAl= HFD
of ®&l zZt7 F23kA(p<0.001) Aol E& ]
27V AAFHJI,  IEA AN S ol A
dose-dependent$t 74 8-& YEFNSITH Table 3).

3. @& glucose sZ2F insulin
resistance0l| O|x|= A&k

% glucose FE+ HFDT-9A RDT H]
3 2 3FAI(p<0.001) 5= ATt AS125+,
AS2507, ASS00E 2 MET-9 A= HFD-9)

170 7 —@-RrRD
~O- HFD
—W~ HFD+AS125
160 o g2 HED+AS250
—ll- HFD+AS500

—1~ HFD+MET500
150

140

130 4

Blood Glucose {mg/dl)

120 4

110 4

100 T T T T Y
0 1 2 8 4 5
TIME (week)

Fig. 2. Blood glucose level in the groups of
regular diet, high—fat diet or high—fat diet plus
AS  herbal acupuncture  with  various
concentrations during 5-week period

RD, regular diet; HFD, high-fat diet; HFD+ASI125,
high-fat diet plus 125mg/kg of AS; HFD+AS25(,
high-fat diet plus 250mg/kg of AS; HFD+AS500,
high-fat diet plus 500mg/kg of AS; HFD+MET500,
high-fat diet plus 500mg/kg of MET(p.o.)
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H|3) ZHz; §2] 8 Al (p<0.001) 8% glucose 5%
o] Asol AAHHFig. 2, Table 4).8%F
insulin ¥X=% HFDwA RDTl w8l §-2]3}
AlP<0.001) F7F=ERACE AS1257,  AS2H0T,
AS500 5 METolA= HFDe Hls)| 8%
insulin §% sl 27 fF93AI(p<0.001)
A= ATH Table 4).

Homeostasis Model Assessment(©] 3}
HOMA, insulin (U/ml) x glucose (mM) / 22.5)
2 insulin resistance index(IRDE AXHe A},
HFD oA RDwl  Hla] &2 &}A|(p<0.001)
insulin resistance’t A EATE AS125,
AS250wt, ASH00: H MET oA+ HFDT-o
v|&] ZHz /-9)3HAI(p<0.001) insulin resistance
9] Aol AAEANK Table 4).

4 AFUESs olxE Fet

557 TMAHINEER NS Fod & 9
Adst ATUEs Alge AAse &
H & (area under curve, ©]3} AUC)E H|
.

83 glucose levele HFDToA 0, 30, 60
2R 1202004 RDTl w8z {28
(p<0.00D)  A5HALE  ASI2BTE,  AS250,
AS5007 2 METS5000l A= HFDTl H]&)
dF glucose level?] A&l ZHzt folstA
(p<0.01, p<O.001) HAEJKHTable 5, Fig.
3).

Blood insulin level2 HFDwllA 0, 30 2
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Table 4. Effect of AS Herbal Acupuncture on Blood Insulin, Blood Glucose, Body Weight
and Insulin Resistance Index in High-fat Diet Fed Mice

Group Dose(mg/kg) Insulin (U/ml) BG (mM) IRI
RD - 73.2+1.7 6.8+0.06 22.0
HFD = 146.5+2 4% 9.1+0.08% 59.0#
AS125 125(s.c.) 97.8+1.6%x 7.8+0.05%x 34,05
AS250 250(s.c.) 91.2+] B 7,620,065 30. 7
AS500 500(s.c.) 94.4+1 .65 7.7+0.06%x% 32. 1%
MET 500(p.o.) 80.3+1 8k 7.0£0.06%: 25,0533

Values represent the mean + SE(n=8). #p<0.001 vs RD; ##p<0.01, ##*p<0.001 vs HFD at the point of the

same time

1202014 RDszell sl k221 81A|(p<0.001)
FeEHUY. AS1257, AS20+, ASS00T ¥
MET300o|A1+= HFD*ell H]3}] blood insulin
level®] ‘=50l 27} -2]8kAl(p<0.001) < #1%]%d
UK Table 5, Fig. 3).

Table 5. Oral Glucose Tolerance in
High-fat Diet Fed Mice
Group Blood glucose Blood insulin
RD 19146.6+64.1 2.6+0.3
HFD 56669.2+83.1# 10.6+0.5#
AS125 43794.1+34. 9 6.3+0. 4
AS2X) 26911.5%13 4 3720 3w
AS500 28680.9+27 Gk 5.2%0 4o
MET 22074.9+24 8 31203

RD, regular diet: HFD, high-fat diet: AS125,
high-fat diet plus 125mg/kg of AS; AS250,
high-fat diet plus 250mg/kg of AS: AS500,
high-fat diet plus 500mg/kg of AS: MET500,
high-fat diet plus 500mg/kg of MET(p.o.)

TIME (min)

TIVE(in)

Fig. 3. Blood glucose and insulin responses

to an oral glucose challenge (1g/kg) after 9

hours of food deprivation at the end of the 5th
week

The inset bar graph on the upper right corner shows
the area under the curve (AUC).

O
o

rr
0%

grofl ol x|

37] d3(systolic blood pressure, ©]3}
SBP), ©]€7] &<H(diastolic blood pressure, ©|
&t DBP) % ¥ %t(mean blood pressure,
o]3} MBP)> HFDsolA RDitoll H]&te] z}
Zb Fo s Al(p<0.001) A=Ak AS125,
AS250+*, AS500 2 METol| A= HFDoll
H|slo] Z+zb 9]l (p<0.001) SBP, DBP %
MBP2] ‘&5 &A= A tHTable 6).

o
e

Table 6. Effect of AS Herbal Acupuncture
on Blood Pressure in High—fat

Diet Fed Mice
Group Dose BP(mmHg)
(mg/kg) SBP DBP MBP
RD = 11542 592 773
HFD = 130£3¢ 11328 | 1182
HED+AS | 125(sc) | 124%2wx | 60£2wwx | 85£2ikk
HFD+AS | 250(sc.) | 118+2#x 822
HFD+AS | 300(s.c.) | 121#2%xs 34+3
HED+MET| 300(po.) | 11642 | 59#2sse | T84

Values represent the mean + SE(n=8). #p<0.001 vs
RD; ##xp<0.001 vs HFD

SBP, Systolic blood pressure; DBP, Diastolic blood
pressure; MBP, Mean blood pressure

MBP = DBP + 0.33x(SBP-DBP)

6. dSXHo| ojxl= HE

8% NEFA, TG, TC ¥ LDL-C level&
HFDZld  RDol  wlal 212t felsh
(p<0.001) F71= e, HDL-C level -f2)a}t
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Table 7. Effect of AS Herbal Acupuncture on Blood Lipid Levels in High—fat Diet Fed Mice

Group Dose TG T(/Z HDL-C LDL-C NEP"A
(mg/kg) (mg/dl) {mg/dl) (mg/dl) (mg/dl) (Eq/dl)
RD - 98+3 157+4 8243 55£3 567+5
HFD - 1794 306+5# 3924 23154 13279
AS125 125(s.c.) 13042 21243k 7]k 1204 Q4345
AS2H0 250(s.c.} 11041 e 183+ st 70wk 01 £ 3tk 7952 Qs
ASB00 500(s.c.) 126+ ek 201 £ 2% 59+ s 118+ 4k 855+ 0k
MET 500(p.o.) 10442 161 £2%%x B0k BO£ Dk 004

Values represent the mean * SE(n=8). #p<0.001 vs RD; =*xp<0.001 vs HFD

TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol; NEFA, nonesterified fatty acid
LDL-C{mg/dl) = TC-HDL-(TG/5}

Table 8. Effect of AS Herbal Acupunciure on the Mass of Adipose Tissue and Liver in
High—fat Diet Fed Mice

Adipose tissue ,

Gro | (g WAT(@) BAT(g) Lhvere
RD - 1.2620.14 0.19+0.06 1.40+0.27
HFD - 2.17+0.204 0.2620.10# 2.49+0.314#
AS125 125(s.c.) 1.4920, 13 0.24+0.02% 1.9040.13x¢
ASZH0 20(s.c.) | 1.2940. 14w 0.20£0.01 % 1.6620.15%x%x
ASK0 500(s.c.) | 1.43+0.15%k* 0.22+0.06%* 1.7740.1 3
MET 500(p.o.) | 0.78+0.15%*x 0.1930.07xexx 1.510.20s#

Values represent the mean = SE(n=8). #p<0.001 vs RD; #p<0.05; #xp<0.01; #++p<0.001 vs HFD
WAT, white adipose tissue extracted from epididymal fat; BAT, brown adipose tissue extracted from

interscarpular fat

Ap<0.001)  ZaEAck  ASIZST:,  AS250+,
ASHOT R METTelME HFDwol Rls) TG
TC, LDL-C ¥ NEFA level?| “&5ol 242
aHAl(p<0.001) AAFHReH, HDL-Co A
= st A(p<0.001) &A= ATH Table 7).

4/ = —_ =
Epididymal fatoll Al = WAT,
interscapular fatollA] | BAT 2 liver®

Z%o HFD A RDwtell Bl 242 f-2)8h7
(p<0.001) F71=AN K Table ).

WATS S ASIHT, AS2H0T, ASH00T
o MET-olA HFDZol vls) zh feishA
(p<0.01, p<0.001) 5717t A= AT Table 8).
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BAT?| F2& ASIBT, ASH0W:, ASB0T
2 METw oA HFD<ell Hls) 24zb frolabA]
(p<0.05, p<0.01, p<0.001) Z77F A=A
(Table &).

Livers] F#& ASI25, AS207, ASH0T
9@ METTelA HFDw ol wlall Zhzb 295
(p<0.01, p<0.001) F717} HA= AT Table 8).

WATS} BAT®] A3 2742 HFDolA
RDol Blsf 242F #-o8kAl(p<0.001) Z7F=ERA
t} AS125%, AS2H0:, ASH0T % METT
A= HFDTo) Bls) WATSH BATS] W7 %
729 F7PF 27 sk A (p<0.00D) A= vt
(Table 9, Fig. 4, 5, 6).
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Table 9. Effect of AS Herbal Acupuncture on Size and Diameter of Adipose Tissue in

High—fat Diet Fed Mice

Dose WAT BAT
Groop (mg/kg) Size( ) Diameter(zm) Size(yat) Diameter(m)
RD = 6152124 257125 2152473 15319
HED = 9170.6+47.8# 170.3+6.5% 4140.0£32.2# 110.045.24
AS125 125(s.c.) 4020.2+26 453 102.5%3 43 2063.1£25 1wk T79.1£2. 15k
AS2Y0) 29(s.c.) 3245.3+28 Stk 80,514 6wk 2020.3+22 5 60.4£3. Gk
AS0 00(s.c.) 3775430, 7w 90.3+4 Gttt 2230£23 6%k 70.0£4. 25
MET 00(p.o.) 902910, 353k 38.2+3. 13tk 578.9%9 sk 27.2+3.3xx

Values represent the mean+SE(n=8). #p<0.001 vs RD; #xxp<0.001 vs HFD
WAT, white adipose tissue extracted from epididymal fat; BAT, brown adipose tissue extracted from
interscarpular fat

542

Fig. 4. Morphology of brown adipose tissue
by paraffin sections in mice in the groups of
regular diet, high—fat diet or high—fat diet plus
AS herbal acupuncture for 5 weeks
All the plates are stained with hematoxylin-eosin.
Micrographs were taken at initial magnification of 200.
RD, regular diet: HFD, high-fat diet; HFD+ASI125,
high-fat diet plus 125mg/kg of AS; HFD+230,
high-fat diet plus 250mg/kg of AS, HFD+AS500,
high-fat diet plus 500mg/kg of AS, HFD+MET500,
high-fat diet plus 500mg/kg of MET(p.o.)

7= SR v ey,

‘ .- o )\\‘T k" A b {5 xA
i ik K/\&; S AN ,; 5

i »\[ N }\l \ ; :
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05 ot
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PRTaata Ui bhad 5000 a0
Fig. 5. Morphology of white adipose tissue
by paraffin sections in mice in the groups of
regular diet, high-fat diet or high-fat diet
plus AS herbal acupuncture for 5 weeks

All the plates are stained with hematoxylin—eosin.
Micrographs were taken at initial magnification of
200.

HFD+AS12§

: HFD+AS500 HFD+MET500

in th
groups of regular diet and high-fat diet or
high-fat diet plus AS herbal acupuncture for
5 weeks

Fig. 6. Photographs of epidimls

8. GLUT-4 mRNA2t UCP-1 mRNAZ2

2o olxl= S

RT-PCRE A% WAT9 GLUTHA
mRNA %3-S HFDwo| 4 RDell Blsto]
o8 Al(p<0.001) F7+= Atk GLUT-4 mRNA
WL ASI257 ) ASS00TA F7H7E oA
He A% Aoy FAHE FoldA &
%3, AS250w# METZeAE  Folshi
(p<0.05, p<0.01) S7F7F A = ArKFig. 7).

RT-PCRZ A#§ BATS UCP-1 mRNA %

#2 HFDwollAl RDwell Hlgte]  folsiA
(p<0.001) F7}=Art. UCP-1 mRNA H&d

ASIZSE, AS0 2 ASH0ZolA Z717F ¢
A= AEFS BRIou FAHSZ {Fo31A
erorom METolN: folaHAl(p<0.05) Z7}

7F oA ¥ Ak Fig. 8).
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GLUT4 / GAPDH

RD HFD AS125 AS250 AS500 METS500

Fig. 7. Expression of GLUT-4 mRNA in
WAT under the metabolic syndrome in mice

(A) A representative RT-PCR of GLUT-4 and
GAPDH. Lane 1: RD, Lane 2: HFD, Lane 3
HFD+AS125, Lane 4: HFD+AS25), Lane 5
HFD+AS500, Lane 6: HFD+MET500

(B) Densitometric quantitation of GLUT-4 expression
normalized by GAPDH. Data represent the mean +
of the ratio between GLUT4 to GAPDH. #p<0.001 vs
RD; #p<0.05; **p<0.01 vs HFD

ucPt — I

( A) B-actin—» §

12-‘
10J
0.8 4
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UCP 1/ Beta-actin

0.4 A
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RD HFD AS125 AS250 AS500 MET500

Fig. 8. Expression of UCP-1 mRNA in BAT
under the metabolic syndrome in mice

(A) A representative RT-PCR of UCP-1 and B
—actin. Lane 1: RD, Lane 2@ HFD, Lane 3
HFD+AS125, Lane 4. HFD+AS250, Lane &
HFD+AS500, Lane 6: HFD+MET500

(B) Densitometric quantitation of UCP-1 expression
normalized by B-actin. Data represent the mean + of
the ratio between UCP1 to B-actin. #p<0.001 vs RD;
*p<0.05 vs HFD
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