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Abstract

Previous studies have indicated that aqueous extracts of
Anoectochilus formosanus (AFE) have antioxidative, hypoglycemic
and anti-hypertriglyceridemic effects. These studies suggest that AFE
may have benefits for metabolic syndromes. In the present study, we
further examined the anti-hyperglycemic mechanisms of A.
formosanus effective fraction (AFEF). In addition, we also
investigated the amelioratory effects of AFEF on the hyperglycemic
and hyperlipidemic, and obesity and hyperlipidemic animal models.

AFEF did not reduce the blood glucose levels in normal mice and
epinephrine-induced hyperglycemic mice. AFEF suppressed the
elevated blood glucose concentrations on glucose tolerance test in
mice. Single administration of AFEF could inhibit the blood glucose
levels in streptozotocin (STZ)-induced hyperglycemic mice. Chronic
treatments with AFEF could reduce blood levels of glucose and
glycated hemoglobin, and serum concentrations of triglycerides and
cholesterol in STZ-induced hyperglycemic mice. AFEF also decreased
the hepatic glycogen levels. In STZ-induced hyperglycemic mice,
Western blot analysis showed that AFEF inhibited the glucose
transporter type 4 (GLUT4) protein expression in skeletal muscle.
AFEF also decreased the mRAN expression of GLUT4 and
AMP-activated protein kinase in skeletal muscle, and suppressed
hepatic phosphoenolpyruvate carboxykinase mRNA expression.

In a model that combined high-fat diet-induced hyperlipidemia



with STZ-induced hyperglycemia in mice, AFEF could attenuate the
blood levels of glucose, triglycerides and cholesterol. In this model,
AFEF not only decreased LDL cholesterol, but also increased HDL
cholesterol. However, AFEF did not decrease the obesity induced by
high-fat diet or by high-fat diet supplied with drinking water
containing 10% alcohol.

In conclusion, AFEF has anti-hyperglycemic anti-hyperlipidemic
effects. But, AFEF has no anti-obesity activity. The hypoglycemic
mechanisms of AFEF are due to activation of AMPK to improve the

resistance of glucose uptake into skeletal muscle in diabetic mice.

Keywords: Anoectochilus formosanus; anti-hyperglycemia;
Streptozotocin;  glucose  transporter type 4; adenosine

monophosphate kinase; hyperlipidemic high fat food
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=

mg/dl -
5. =Y ¥ fs (TG) = 150 mg/dl -

s AR EEEB LR B s ek B

1 BHRFZM%

EHRRGER B 2002 EZ2 2007 E S S FFL B FLB B
P2 PHA LA S RHET 0 FEEF A 80 24 Fd 28.1%
B 41.9% ; FHTEE LA 90 24 et Fd 27.7%H 5 36.6% o
SRR IR A E - LW ERe BB B RER
EBE R H Rl oL FARBIORKRB DR G
ER I o B A ke b SFPEEHR % - &4 4
6 & o Fob hrgne s;i;_-ﬂk' PG 50% 15 ¢ R SR
AR EHEHANRARER BB TR R TR g T

m’ﬁ)ﬁlx P ¥ )}.Jﬁ?ﬁﬁ_{ﬁi7&@];‘%—--@;&&{16%\41%‘3%‘2%(62)0

s
<%
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2. RBbRGEEAL RFIZ M

AR s A A - S A TR AR T 0 7§ BRI S
e PTIIAREHAR F o — RPN Rk 0 TN s;l;-%lz PR RSB 0 1R
AR S PR AL o do Wl 14 1T o Rk e B R RE Y AR
2 %y %% g % (Adipokines) b "y B g & 35 A 3 F X Gk £
(proinflammatory state) ~ % = >} it (prothrombotic state) > 53
R RN R R LI LA AR RS iR
(insulin resistance ; IR) 112 %2 & ¢ FERBER » £ ¥ 3 54
Fed 2 rgipimie 3 IR R i LI 0 R S BT AT 0T
* @ 9F¢ § F 0 £ 3 4 (hepartic glucose output; HGO) i@ & ¢
TR L S A AL g 0 BRASE G AP o STl S g Bk
Y BRIRA L LG e 24 YRR (prediabetes) -
g A FY Z Y (triglyceridesTG) kAR + = 2 55 3
B %3 %v (High-density lipoprotein; HDL) > 25 % 2 X Rk it 2 4 &
ik & (prothrombotic state) % ig & & "% A= » #brg 4 i F
5 :}}%(63) .

B ASRFZEEFORE R EIRGH  TRETRE L
B T%ERA AR T 58% @
2. F oK 1 AR R "y 79 (Low-density lipoprotein; LDL)
1B PR

Tk + ¥ @ * Statins > Fibrates - Omega-3 Fatty Acids (Fish Oils)
RS X LDL ER o B0 B S o
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Fig 1-1. % % & @ 2 =2 % 5 £ (R % > §

http://ecaaserS.ecaa.ntu.edu.tw/weifang/lab551/plantl.htm) -
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Fig 1-2. % % & & 8 £33 £ 2 3 % (B ¥ > 7

http://www.inks.com.tw/html/front/bin/partprint.phtml?Part=vivi990
311-01& Category=&Style=3)
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Fig 13. 4% & & & 3@ f& ;4 &~ B ( B % B g

http://www.afa.gov.tw/Forward.asp?tableName=Publish& CatID=285
9&NewsID=)
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Proinflammatory Prothrombotic
State ¥~ —>¥  State

)

J- Insulin

T Glucose

" “Dyslipidemia
(TTG/LHDL)

Fig 1-4 Metabolic pathways underlying metabolic syndrome®.
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FoR cBLRAEL BBRLIEY

)

WpA 5 2 30 % § 24 L (insulin-depedent) % % § & IE4o
(insulin-resistance) > % 1 3] (typel) 35= R Flig e H Vi
B-AFRGZ2 pHAEEINAL T wed &8 L anFldora)L
©6D onh f 24453 BEAELEF N § P mre s ~ B P
BEZF X AL ORFIEAGE TS 7 B4 S RSB Uk
WP A RmE LRA G e TR MY
¥ 1 3 (typel) Mip T B w2 2R RS S § F &
L0 Rt A TR 5 4 T pERG 102 R F AR 41
AREICE SRR B X L 2 L S LS S Rt
¥ streptozotocin (STZ) i %] &% 33142 £ £ (&% & (pancreatic
insulitis) > H BT A 023 A HFE 1 3] (typel) #ARBETY -
-~ A & &3 (Anoectochilus formosanus Hyata) (plant family:
Orchidaceae) & -5 F hh P2 F AL FL1 > L5 S AF
¥t doin R B ?ﬁg(m) . usw g (2) | Pl wz gesxic2 £% > p

MEoBCEIH N ERBE A ERA L AAHR R LR
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T c ARNELCERF SR LA LEPF (AFE) &7 %4 fgrx
oML BISEYAPER T ARFAL P R HEFEH S
B EMRLEB S LK T 2L 3] (AFEF) 0 SHE 5 4
g /| & streptozotocin 3% ¥4 E & T BT v Ao LR IFHT

R R

- REERE
1. Roche: triglyceride, cholesterol, Glycated hemoglobin

2. Sigma: streptozotocin, KOH, Na,SO,, glucose, lactose, sucrose,
galactose, triton 100, sodium dddecyl sulfate(SDS) , choloform,

isopropanol, tri base, bradford reagent, heparin, bovine serum

albumin -
3. Wako : methanol -
4. Novo : NovoRapid®, NovoMix®50 -
5. ¥ Wi+ 4 % % : Epinephrine -
6. dmE 7 1 ¥ Ao
7. Panreac : Absolute alcohol -

8. Invitrogen : trizol -
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9. Fermentas : MMLV RT % % > PCR Master % ¥ ° Ethidium
Bromide -

10. Promega - Agarose gel -

11. Perkin Elmer : /4 £ 3E%) o

12. Intron : F-v 5 B~iH o

13. Amersco : 40% Acrylamide/bis-acrylamide (37.5:1) , Ammonium

persulfate (APS) , N,N,N’,N’;-tetramethylenediamine

(TEMED) -

14. Santa-Cruz : anti-GLUT4 antibodies, Goat anti-Rabbit IgG -

15. = #1 (model 1500: SideKick Analyzer: YSI, Tellow Spring,
OH, USA) -

16. p # 2 it £ 7R E (Cobas Mira; Roche) -

17. gad& &3+ (TOA pH Meter HM-5S) -

18. PCR system 9700 (Applied Biosystem) -

19. .~ (KUBOTA 3500) -

20. Spectrophtometer (Hitachi) -

21. %4 37 # %2 Western blotting detection system (ECL Plus,
Amersham) °

22. B A 58 A 45 (Alpha Digi Doc 1201) -
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S~ e BERGLFBTP G %L UG &R (AFEF)
SHEMERAF LT FAASRA BRE Y RPELF
REZTY FFTHE LR #H510%%E CMCP 1253 % o #7i#
FHRoBERBIURH IR ML fhe fy (ethyl acetate) &
Rissokk g e ik TR A ARG R D o
£ %] (AFEF) > SR REHFLET T IRGETH - c B s #
S1kg 5%t # 90g+ AFEF 2% 3 # 5 2% » @i % £ £
20 g> &smERY (kinsenoside) £d HPLC #|# 2 £ 5 180

mg /g (AFEF iz £ &)

RN ¥ 2
B YHBERARRIZFA LRSS vl ] L&
(C57TBL/6J) 10 3¥ % » HE 24-26 g » 4% ¥TE B 4 22+£2°C » 4

$RR 45-65% JrX p BIRE Y > fd k2 RS REAR R

r -~ AFEF 1 ¥/ &2 2 258
JDRE G EAleds 333k R EA W RES AFEF
0510 2 15 gkg> 2 t HREW § % (L TiLs 1UKkg ,

NovoRapid®) - L ZE2 % 0°1°2°3°4 /| FFd RpE#Em%ie -
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T fEE o 2a 7 &4 (model 1500: SideKick Analyzer: YSI,

Tellow Spring, OH, USA) ™M § §pE§ i“ 3 > 2Rl e kR -

I ~AFEF $1 ¥ -] B § a2 2R3

P RALES 4 s FHERI IR K RERELY
CJR%A AFEF0.5-1.0 2 1.5g/kg 2 P $ BB § % (L T iLs
1U/kg, NovoRapid®) - E{ P 2213 304 48 - "Hypi 6§ § BA R
(2 g/kg) ° W F FHARIEAHES 06090120180 A 4d 2

R o B T EE o

+ ~ AFEF %t %t ”ﬁl% (epinephrine) 3% #-] &3 o 2 F 5
R B AL 2RIk B EA N JREST AFEF
0510 2 15 gkg> 2 2 ¥R F*% § % 2(4L 715 1UKkg,
NovoRapid®) - £ % {3 % 30 4 457L %1 &+ epinephrine ;3% (1
mg/kg) > epinephrine;1 5413 % 0~1~2 /[ P¥d RPEF%REFL » B2

BB

SRR
B 5 X xiist STZ 40 m g/kg 3% -] Ew];%i;]'\)};qm) » g
Vel sbav 0 A RSTZ 3 f23 S0 mM R4 =k (pH4.0) >
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TRABRIAE S AP IMRE KA 1 SR BELEAR
B4 2 R FAE 3 IR ) ERERL  RITLT A BE - BIRR
P RAEEEED T e <3 200 mg/dl 12 b oo
1. AFEF # STZ # %4 fp | R 2 & B3P

WAL BA B > AU £ #3k ~ AFEF 0510 2 15
g/kg % ¥R EF (L T L% L % 3U/Kg, NovoRapid®) o >3k #15

¥ 0-60-~90~120~180 240 A 48d peprge e o Pl T BEE o

2. AFEF # STZ # $# 4R | Ri B2 B 5§

W Fmol BLA i o AN A4S ok - AFEF 05-1.0 2 15
gkg 3 IR EH (L TLH%E % SUKkg, NovoMix®50) - & % 1
ZHE 6 o6 i) B AL MERT I EIREREL (4 Fusks

ﬁl])’ﬁ’sﬂ{a-":-,; 9%:19)71_" /i].ﬁ'_}yﬁ:. d-l'- ﬂ}ﬁ-o

3. & 3j‘: ¢ = B4 Py (triglyceride) % "2 Ff: (cholesterol) % & it
& 24 (HbAlc)

2E e 10 A48 (2100g,4°C) 15> Bt Kip o @ % ffsd A
17k B (Cobas Mira; Roche) 147 & &% (Roche Diagnostics) | Z_

SR AT e TR Sk » 2 SRR S A S 2

'ﬂ

% 1 ?t yE A4 3 K ts#n 3R ﬁ.—ﬁ mH 8 ER e (Sigma Diagnostics)
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4F0 Z PR R L N A

>

a;-zr;ﬁ};jg‘g; B EIFY BB Pa 2 RS R oMY YW g 3
£ 2 Nassir % % = 52 ] 2.9 & 8975 4 » 3 OB B A
chloroform-methanol (2:1) # > MISF BT ~ F B8 > 11§ F vK¥E
SR FE ARG (isopropanol) - 2 8 = AR b q iR TR
(Roche) > &% p# 4 i* L7 RBP|Z o "FPEL Lo & A 3 pla
9, L #3584 x 30% KOH 12 Na,SO4 & fe> §* 30 ~ & F
ARt A AR R b~ o PRI 0 US4 » BRERCK JRAFRE 0 4 3

SEE A KRR RERE

5. | B EREERRIT

1’2 Messer 4 Dahlqvist &7 j2 4c 02 8 4 18 B 2] 5 S48~ BB
A LA fRRER A o LML B ARIDOR . S ulhe r 8 BB
3L pEt 3TOCHEE 30 A4 A RF F BN S BB ER T 1S

3% F 2 Lowry % 4 i g2 ® o

6. & % L BAYF R E §FFHEE RS 43 (glucose

transporter type 4; GLUT4) 2 3% § 7z £
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$Aesp GLUT4 3% Fend mmd > 582 A% 4 4

L o)

1). 3v FE>=
B F kB 01 R e r Fod FEREBAG > REPLFE
Bkt 30 A4 s 1 /) PF (38,000 rpm, 4°C) {5 5 B~ b iR

¥ o

(2). v Fag

. X N R ﬁrﬁf; 0>5-10>25>50- 100
pg/ml > 4c > 200 pl Bradford ##& > 74 & 595 nm B T2 & & >
F B & M (standard curve ) o Fv FHE SN RERE R

B ERFERE ARERFRD FERR -

(3). #17 & (SDS-PAGE)

KR T OB R 125% | B R (5%
Q2 *%E) Separation gel) Stacking gel)
DDW 2.15 ml 3.65 ml

1.5M Tris (pH=8.8) | 2.1 ml -

0.5M Tris (pH=6.8) |- 625 nl

10% SDS 3.125 ml 625 pl
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40% Acrylamide/Bis | 75 pl 50 pnl
(39:1)

10% Ammonium 37.5 ul 50 pnl
Persulfate(APS)

TEMED 37.5 ul S5ul

B2 ARG MRS S O S A0 pl o 1
35 F (40 pg/lopl) > 100°C 4o 5 A 45 > L AR TV MR

A RSN 0w 150 R3F (V) BB 1 ) PE o

4). #& & (transfer)

Md Rz 3M RN A # R ) 2% PVDF @i w0 Y B
BER IS ) PREVNREFIEER XA RIEH KB
PVDF #if 5% il AN ES PP o Pt g fe
TrfgF & o 50 REFS 300 mA o1 ) PEEREER S BFRY R
wiF -

B g R 3 5%M (3 % 0.1% tween 20/TBS i #73 i%)
R 1) PR TIREER R BH o 12 0.1% tween 20/TBS ¥
BriRdie 5 A4 £4F 3 o BT B 2 ml BB (EY
0.1% tween 20/TBS i 3 %) 4 » anti-GLUT4 il £ If &
(4°C) > 12 0.1% 0.1% tween 20/TBS ¥ @ iFit 5 A 4h > €4 3
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Ko B Bar 2ml M55 0.1% tween 20/TBS 3 873 %)
4t » Goat anti-Rabbit IgG 4 > 32 % 1 -] FF (37°C) > ™ 0.1%
0.1% tween 20/TBS ¥k iFie 5 A48 £4f 3 =< > TBS ¥ =
R 5 ABBRAERY  UFERPR K 2 S EERANE
Aok 1 A4 o WA 3 A kR R P BRI B
ik 4 +7 3k ¥  Western blotting detection system (ECL Plus,

Amersham)p| £ » #X {8 "2 NIH image program T_& 3% & < -] °

T~ F &R EfE2448 F B (Reverse transcription polymerase
chain reaction, RT-PCR) 4 {7
- ¢ 2 F g2 s g ¥ mRNA 1 acid guanidum

thiocyanate —phenol -chloroform®’ 3= s\ 22,8 % E S P

(1. 37 2 F v ¢ mRNA F B

B i ¥ ki gFe 2 F g ?E'?%e 0.15. 4> 1 mL trizol
WAL HEBIDT S A (3700g~4°C) 10 A 45 0 Bk iR 4 »
0.2 ml # # (choloroform) HIZ|ZF 15 it > #E 7kt 3 2 é>
oo 15 £ 48 (14700g ~ 4°C) 31 Fik4e » R 3 B (isopropanol)
REHEE AL 104 47 RNA mE - L3 10 A &4

(14700g ~ 4°C) F T iTE$ 4c > T5%EpE  # Bk 30 A 4(F
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30°C) - a5 A 41 (9100g,4°C) EH-+ Fik > 4~ § £ DEPC

-k #- RNA 73 f2 > *t £ 260nm p] 25 kiE > 3+ 5 RNA kAR °

Q). £+ cDNA

cDNA % # 3 & §34* MMuLV reverse transcriptase (first
strand cDNA systhesis) > & * MMuLV RT % %> AMPK, GLUT4
2 PEPCK 1313 fie$t % B Manoucheri et al =% 3+®) o 3 1 pg
mRNA #4r > 1 pl the primer pairs > 10pl DEPC -k » £ 4 > 4 pulSX
MMLYV RT ¥ 7% ~ 2l MMLV RT ~ 2 ul 10 mM dNTP » & & {83

37°CF & 60 ~ 48 o

(3). R E&PFr% 48 F & (polymerase chain reaction, PCR)
41* PCR Master Mix % % > ¥4 2 cDNA £ > B4 33 -k
9.5 nl ~ PCR Master Mix 12.5 pl ~ 1 pl 10 mM 3515 (primer) ~ 1 pl

cDNA: K BiEf25 5 & at95°C -~ 30 sec at 95°C, 30 sec at 55°C and

30 sec at 72°C for 32 cycles in a Perkin Elmer 9700 Gene Amp PCR

system.

(4). 723RDNA R %

5 puL ¢cDNA A% 4 »>1 pl 6x DNA loading dye > /2R &
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Ethidium Bromide &7 2% %% (Agarose gel) » 50 *KiF ~ 50 4 45
B BB RANEKTRBHEEY URGLSTEEA T
(Alpha Digi Doc 1201) > * - # & & ¥l 4 3R B ¢ N
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA % 3R
SR EHY > L P EAT/GAPDH » £ Uird| B AR L AEE

Atrlenz BRei LR o

8. %Lit 4 $7(Statistical analysis)
I %% 1L i5iE (mean) £ ¥ % L (standard diviation, SD)
%50 0 % H E R R &AL (one-way analysis of variance) %

Dunnett B3> p<0.05 %7 &% IESHFLER -

3
1y
k!
e s
<
e

- ~AFEF 1 ¥ | 25 42 3
dri 2-2 #1577 > v JR AFEF0.5-1.0 2 1.5 g/kg body weight %}
PREBERLF BE % § % (1U/Kkgbody weight) f 718418 ¥

1234 | EEERLBEERTH (<0.05) -

= ~AFEF ¥t ¥ /) Ry st § § sEmt = MR
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dod 2-3 St Al BULKF ARG 30 A4 PR
b RSB R o 3 AFEF (1.0 2 1.5 g/kg body weight) %
% & % (1 U/kg body weight) it ¥ Mo kR 2 + 2> 2 FE 3 120

IR IR gy

Z ~ AFEF # Epinephrine # -] &3 s ##2 $

BFEdrdk 2-4 P77 o Al ] B 8¢ epinephrine & 1 -]
e b3 2 336.8+13.6mg/dl ¢ JR AFEF0.5~1.0 2 1.5g/kg
body weight & /2 #-= B thd T *%% > % & 2 (1U/kg body weight)
¥ 14 P OBE R b epinephrine 3 ¥ 3 L E I 47.5 £ 14.6 mg/dl

(p<0.01)

= - AFEF # STZ % $#5 R ¥ F
1. AFEF # STZ #% $#5p| Ri B2 &8 F
e 2-5 #1710 STZ + H,O & | Hi gt 2 3 2851 + 24.5
mg/dl - H =x £ & AFEF 1.0 % 1.5 g/kg body weight {3 ¢% 1 -]
BEZ 2 R LB SRR R BER  HEBERE 4 (3
U/kg body weight) B =t £ T3 64758 0~1~2-3-4 ¥ 1

POBEE AR R L Bl M o kR O R BR
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2. AFEF # STZ & ¥4 f | R fb 2 B 3
1). = ¥

BEEd4cd 2-6 #7  STZ+H,0 2] Qi P A2 » Lk
22 AFEF 1.0 2 1.5 g/kg body weight % %% & % 5 U/kg body
weight > &% 71428~ 42 T RIE 2 %u 8 ¥ P B MBS

Pl B g @ ERRE g R B

(@) & Y P2 RARE L

STZ # W fop | R @4 ¥ % (W 21 ) " EMH (W 22 )
2t % (B 2-3)PEE o EPHHAFEF 1.0 2 1.5 g/kg
body weight % % § % SU/kg body weight ¥ ri P &g "8 (348 g -
it %2 Y ¥k R -AFEF 1.0 2 1.5 g/kg body weight
TP R R ol Bk Y R ARER » 26 f % 5 Ukg
body weight ¥4 | 8= 3 & ¥ RAMERMNARF - L EH
% &7 AFEF 1.0 2 1.5 g/kg body weight "% i3 fi 5| Bl J'j{‘ v

SR e P 2 TR B A 3% § % 5 U/kg body weight e

@). 70 Z W% R RS £
4ol 24 #4570 STZ 3% A fops | BOFRY = i b sk A

e ] B £ F P E AFEF 1.5 g/kg body weight "+5 ¢ = fit 4
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MRk RTRPREYHRIEY o RHPP ALY F 5U/kg body weight >
e RS S BLAEI 4 Rk B

ol 2-5 90 0 STZ 3% $MFop ) SRR wpE g R indle
it £ 8 0 PP AFEF 1.0 2 1.5 g/kg body weight » 3¥5%
PRI EP L KRR SUFRY RS R R R G A
5 U/kg body weight *#55¢ 4% 2 £ P B bR Ao | BUFHEP AFPE
8B o P BT AFEF 294§ 3 % & ok & 3D 7F5enie ¥

ARk e

). -1 % A
B¥ded 2T 9T 0 LR B LA AR B
B2 BRpEL RABHE - K& AFEF 89% 6 bl 8 &

g A

(5). ¥ ¥ GLUT4 %9 2 4 31
el 2-6 #7570 STZ 3% F#fop - | E 4e? GLUT4 3-v
2MEP BRI 2R & IR E AFEF (0.5,1.0, 2 1.5 g/kg body

weight) % % § % P BE#{ 4 B ks | R F 43¢ GLUT4 3-v 4 %

o

Ik
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(6). ¥ #9~ AMPK % GLUT4 2 %% PEPCK mRNA :h4

Bl 27 4 F o B Ak &CF #29v? AMPK/GAPDH -
GLUT4/GAPDH 1 {g - 4] o £ ## 2& AFEF 1.5 g/kg body
weight 2 %% § & P9 &g 3 4« ili%f;]l)ﬁsl 2 AMPK % GLUT4 mRNA 7
2mE o

oWl 2-8 #5% 0 #EAJRl BT PEPCK /GAPDH +* & friy
b g@iig £ 8 0 £ & AFEF 1.5 g/kg body weight st 33 3 4«
B Aol RPEPCK  mRNA #RE 5% § £ R & 2 on %k o

=& i@

I

AEFTHETCIREKE AFEF 2 § B8 ¥ ) K 7 %)
FHI PR R EP YR A %Y o H- A
AFEF 2% § %07 E2 § FRFFL LB 2Ry 7R
S OSTZ FEMARHB TR &M - RPFFERE AFEF 7 U S5
Bl RABAE B ZEY N RAB IR L F  RFTK
PG RV R COBAR BA B o S 2k Z YR
EEREFCHRAERRE L SR T AFEF R BE

FEERETY > RERBRE LG F -
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$1ABARY T 3 RLEEL BB RAYE (D). #E ]
FHEEARZT Q. FOTRENE > &8 Q). REF R §
B R B F R HES I a-glucosidase » Fri|fEE ¥ U
HERLTCEPLFEIF F R BN L BB 2 Acarbose ¥
9% 5K 3 vk J”j“\alpha-amylase % disaceharidases & {4+ FEzEAE-K
LEFARIT IR R RAL L Bergg 2 e AFEF
BHEARR L B S = BEEREE (sucrase, lactase % galactase
activity) ¥ A X f 38 o

A G R LR L F R R TR S RA S
AREGSBARRER L RBERER PTG OBTATL 2 RS R ETR
F5 A2 L&k FE %4 Glucagon » catecholaimnes
(epinephrine and norepinephrine) ~ cortisol 2 growth hormone 3=
iR A R R ?T%’?i T* i3 s:—rgg‘g‘ﬁ-é £ ig 4, (88-89) |
PEPCK ®+7¢ @374 v i Feng &2 @ PEPCK #
Flingg &7 X glucagon (via cAMP) % glucocorticoids |3 4c »

LI G R - TFEET L TS PEPCK A %4

&

v JR AFEF 1.5 g/kg body weight ¥ 7 B2 % epinephrine # %

¥ 8 ing e b STZ ¥ ik fop ) 8 & 4R % AFEF 1.5
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g/kg body weight PP B2 > " ¥ 2 £ 2 7 & &3 4 "+¢ PEPCK
mRNA 4§ &5 %87 AFEF 7 § B PBRRp 1 BOF%° §§
AL % E % " epinephrine i ¥ ¥ Il B e X
w4 FEE S S 0 £ 2 A 3499 PEPCK mRNA % RE > it 3
%887 AFEF $7757 %0 B b3% 6 % o

FH Y 57 EEI B RIvme Y 2 GLUT4 hiwm®b gt &

T > A/ G FRLENE Rt id 5 2

MEAWHER GLUT4 ™ d wre e B¢ @4 5wt > (1), &
MEZREMOBREFEM AMPK 2 858w @'t’ 7 GLUT4 %= %
AT e a B 4 § 5 B ARk (uptake) P 5 (2). B 3 o
phosphorylating histone deacetylase # GLUT4 z %] % R 3 4o
G pa s YT R we It GLUT4 g > a4
FHd ¢ FE5 F R d chE o £ & AFEF (0.5, 1.0, 3
1.5 g/kg body weight) % 5% § & P B3 e b Lo o] B F #eod
GLUT4 3-v #3RE » £ & AFEF 1.5 g/kg body weight % 3% §
FPEH B RRE T 8 AMPK 2 GLUT4 mRNA hi RE S5 &
5 AFEF %5 BSL 8 & aie® vt § 54 -

%> AFEF MBS 5 ok 8@ B2 f 3 (€7 o

AFEF B &?‘ig%wli%ff\)’% H# "% GLUT4 4 AMPK A F4RE >
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B E 5 T A 20 2 F Bwd GLUT4 4 AMPK £ 7

FRBEESE BT o
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Table 2-1. Primer sequences of PCR amplification.

mRNA Primer sequences Length
(bp)

GLUT4:  Sense 5' ACC CTG GGC TCT GTA TCCC 3' 202

GLUT4 Antisense 5' GGT TCG TCA TTG AGC GAG GAG 3'

PEPCK: Sense 5' GTC TAT GAA GCCCTCAGCT3' 127

PEPCK: Antisense 5'AAG AAG GGT CGC ATG GCAA 3'

AMPK: Sense 5' ATT GAA ATC ACC GAA AACAC3 266

AMPK: Antisense 5'CCT AAC AGC TGC TGA AGTTT 3'

GAPDH: Sense 5'TGT GTC CGT CGT GGA TCT GA3' 76

GAPDH: Antisense 5'CCT GCT TCA CCA CCT TCT TGA 3'
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Table 2-2. Effect of AFEF on blood glucose in mice

Blood glucose (mg/dl)
Treatment Dose
0 hr. 1 hrs. 2 hrs. 3 hrs. 4 hrs.

Control 109+7 118+12 122+14 109+13 1105
AFEF 0.5g/kg 111£12 125+7 124+13 104+11 103+12

1.0 g’kg 1055 115+6 117415 107+10 99+10

1.5g/kg 111+19 111+13 102+6 107+10 97+6
Insulin 1 U/kg 109+14 50+8%* 70+£12* 85+2%* 83+8%*

All values are means = S.D. (N=6). * p<0.05, **p<0.01 as compared

with the control group.
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Table 2-3. Effect of AFEF on intraperitoneal glucose tolerance test in

mice

Blood glucose (mg/dl)

Treatment Dose

0 min. 30 mins. 60 mins. 90 mins. 120 mins. 180 mins.
Control 123+11 284+49 265+31 222429 213+13 164+7
AFEF 0.5 g/kg 124+7 276+2 247+21 231+12 191+26 162+118
1.0 g/kg 123+13 164+45%*  152+14** 164+£17** 164+£14%* 144%17
1.5g/kg 121+4 202+49.3* 176x15** 173£8**  179+15* 149+9
Insulin 1 U/kg 127£9 S56x7***  67£10%**  94x15*%** 123+£9*** 144+19

All values are means £ S.D. (N=6). * p<0.05, **p<0.01, ***p<0.001 as

compared with the control group.
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Table 2-4. Effect of AFEF on blood glucose in epinephrine-induced

hyperglycemic mice

Blood glucose (mg/dl)
Treatment Dose
0 hr. 1 hrs. 2 hrs.
EPI + H,O 11511 337+14 19029
EPI+AFEF 0.5 g/kg 11617 353174 212487
1.0 g/kg 11311 330+17 18030
1.5 g/kg 115+68 341+58 219+10
EPI+ Insulin 1 U/kg 130+28 48+15%* 89+39**

All values are means + S.D. (N=6). * p<0.05, **p<0.01 compared with

the EPI + H,O group.

EPI: epinephrine
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Table 2-5. Effect of single dose administration of AFEF on fasting blood

glucose in streptozotocin-induced hyperglycemic mice

Blood glucose (mg/dl)
Treatment Dose
0 hr. 1 hrs. 2 hrs. 3 hrs. 4 hrs.
STZ + H,0 285+25 293+12 295440 278427 291459

STZ+AFEF 0.5 g/kg  292+38 279+24 269+18 272442 268+56
1.0 g’kg  278+34 246£32%*  252+6* 242+25 253+35
1.5¢g/kg  299+63 237+40%*  238+£50**  237+38 241+£35

STZA+Insulin 3 U/kg  319+33 46£18***  T1X15%**  136+70*** 194+54**

All values are means £+ S.D. (N=8). * p<0.05, **p<0.01, ***p<0.001 as
compared with the STZ+ H,O group.

STZ.: Streptozotocin
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Table 2-6. Chronic effect of AFEF on fasting blood glucose in

streptozotocin-induced hyperglycemic mice

Blood glucose (mg/dl)

Treatment

Week 0 Weeks 1 Weeks 2 Weeks 4 Weeks 6
control 72+17 69+ 17 77+24 76 £9 89+22
STZ+ H,0 26812 298 £21" 277617 293+27% 284219
STZ+AFEF 0.5 g/kg 266.0+39 271 13 252+13 258+4 269+12

262+18 249 £20%*  224+23* 201£75%*  210+81**

263+18 249 +44%*  240+£27* 204+£52%*%  212455%*
STZ+Insulin 5U/kg 264+20 190 £35*%**  195£40%** 134+£53*** 103+30***

All values are means £+ S.D. (N=8). w p<0.001 as compared with the
control group. *p<0.05, **p<0.01, ***p<0.001 as compared with the STZ+
H,O0 group.

STZ: Streptozotocin

46



Table 2-7 Chronic effect of AFEF on intestinal activities of

disaccharides enzymes in streptozotocin-induced hyperglycemic mice

sucrase lactase galactase
Treatment Dose  uM glucose/mins. pM glucose/mins. pM glucose/mins.
/mg protein /mg protein /mg protein

control 401+59 31+7 46+23
STZ+ H,0 453+52 3445 46+7
STZA+AFEF 0.5 g/kg 541+74 4345 55+15

1.5 g/kg 476+81 40+3 50+5
STZ+Insulin 5 U/kg 392+86 26+3* 41+8

All values are means + S.D. (N=8). *p<0.05 as compared with the
STZ+ H,O0 group.

STZ.: Streptozotocin
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Fig. 2-1 Chronic effect of AFEF on plasma triglycerides in
streptozotocin-induced hyperglycemic mice. All values are means =+
S.D. (N=8)." p<0.001 as compared with the control group. * p<0.05,
**p<0.01, ***p<0.001 as compared with the STZ+ H,0O group.

CON: control; STZ: Streptozotocin
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Fig. 2-2 Chronic effect of AFEF on plasma cholesterol in
streptozotocin-induced hyperglycemic mice. All values are means +
S.D. (N=8). " p<0.001as compared with the control group. * p<0.05,
as compared with the STZ+ H,O group.

CON: control; STZ: Streptozotocin
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Fig. 2-3 Chronic effect of AFEF on glycated hemoglobin in
streptozotocin-induced hyperglycemic mice. All values are means *
S.D. (N=8). ™ p<0.001 as compared with the control group.
**%*p<0.001 as compared with the STZ+ H,0 group.

CON: control; STZ: Streptozotocin
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Fig. 2-4 Chronic effect of AFEF on liver triglycerides in
streptozotocin-induced hyperglycemic mice. All values are means =+
S.D. (N=8). * p<0.01 as compared with the control group. **p<0.01 as
compared with the STZ+ H,O group.

CON: control; STZ: Streptozotocin
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Fig. 2-5 Chronic effect of AFEF on liver glycogen in
streptozotocin-induced hyperglycemic mice. All values are means =+

S.D. (N=8). **p<0.01, ***p<0.001 as compared with the STZ+ H,0

group.

CON: control; STZ: Streptozotocin
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Fig. 2-6 Chronic effect of AFEF on the GLUT4 protein expression in
skeletal muscular in streptozotocin-induced hyperglycemic mice.

All values are means + S.D. (N=8). " p<0.001 as compared with the
control group. **p<0.01, ***p<0.001 as compared with the STZ+
H,O0 group.

CON: control; STZ: Streptozotocin
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Fig. 2-7 Chronic effect of AFEF on the AMPK and GLUT4 mRNA
expression in skeletal muscular in streptozotocin-induced
hyperglycemic mice. A, Fragments were amplified by RT-PCR. The
expression levels of AMPK (B), and GLUT4 (C) mRNA were
measured and quantified densitometrically. Values were normalized
to GAPDH mRNA expression. All values are means £+ S.D. (N=8). # p
< 0.05, ™ p<0.001 as compared with the control group. *p<0.05,
**p<0.01 as compared with the STZ+ H,0O group.

CON: control; STZ: Streptozotocin
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Fig. 2-8 Chronic effect of AFEF on the PEPCK mRNA expression in
liver in streptozotocin-induced hyperglycemic mice. A, Fragments
were amplified by RT-PCR. The expression levels of PEPCK (B)
mRNA were measured and quantified densitometrically. Values were
normalized to GAPDH mRNA expression. All values are means + S.D.
(N=8). **p<0.01 as compared with the STZ+ H,0 group.

CON: control; STZ: Streptozotocin
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1. Roche : triglyceride, Cholesterol, Low-density lipoprotein (LDL-C),
High-density lipoprotein (HDL-C), Glycated hemoglobin
( HbAlc), creatinine °
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2. Sigma : heparin > Streptozotocin °

3. Novo : NovoMix®50

4. TestDiet® : 3 75544 (58Y1) o

5. g P ¥ A

6. = #E# (model 1500: SideKick Analyzer: YSI, Tellow Spring, OH,
USA) -

7. p#4 iv 247k B (Cobas Mira; Roche) -

8. piigk R 3+ (TOA pH Meter HM-5S) -
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=~ B ® 240 pEOvUpFRL (creatinine) 7 R
RS TR 24 PR RT pBE AT RE (Cobas

Mira; Roche) % & 3% (Roche Diagnostics) p| 2 7 VEFiLk & o

A~ 3Lt 4 47 (Statistical analysis)
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%50 0 % HE %R AL (one-way analysis of variance) %
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FH o A RBRA AR o

il%l;]'\)ﬁ 2 -‘F,‘ 80% 2 &% & i (atherosclerosis accounts) #p B A&
B3 F 0 BRRAE B AR E S BB
2-3 % »d the large Scandinavian Simvastatin Survival Study (4S) v
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Fig. 3-1 Effect of AFEF on blood glucose in STZ-induced
hyperglycemia in mice were fed a high fat deit. All values are means
+ S.D. (N=8). " p<0.001 as compared with the HFD group. * p<0.05,
**%*p<0.001 as compared with the STZ +HFD + H,O group.

STZ.: Streptozotocin; HFD: high fat diet
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Fig. 3-2 Effect of AFEF on glycated hemoglobin in STZ-induced
hyperglycemia in mice were fed a high fat deit. All values are means
+S.D. (N=8). " p<0.001 as compared with the HFD group. * p<0.05,
**%p<0.001 as compared with the STZ +HFD + H,0 group.

STZ.: Streptozotocin; HFD: high fat diet
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Fig. 3-3 Effect of AFEF on urine volume for 24 hours in STZ-induced
hyperglycemia in mice were fed a high fat deit. All values are means
+S.D. (N=8). " p<0.001 as compared with the HFD group. * p<0.05,
**%*p<0.001 as compared with the STZ +HFD + H,O group.

STZ.: Streptozotocin; HFD: high fat diet
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Fig. 3-4 Effect of AFEF on urine creatinine for 24 hours in
STZ-induced hyperglycemia in mice were fed a high fat deit. All

" p<0.001 as compared with the

values are means £ S.D. (N=8).
HFD group. * p<0.05, ***p<0.001 as compared with the STZ +HFD +
H,O0 group.

STZ: Streptozotocin; HFD: high fat diet
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Fig. 3-5 Effect of AFEF on liver weight in STZ-induced
hyperglycemia in mice were fed a high fat deit. All values are means
+S.D. (N=8). " p<0.001 as compared with the HFD group. * p<0.05,
**%*p<0.001 as compared with the STZ +HFD + H,O group.

STZ.: Streptozotocin; HFD: high fat diet
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Fig. 3-6 Effect of AFEF on epididymal fat weight in STZ-induced
hyperglycemia in mice were fed a high fat deit. All values are means
+S.D. (N=8). " p<0.001 as compared with the HFD group. * p<0.05,
**%p<0.001 as compared with the STZ +HFD + H,O group.

STZ.: Streptozotocin; HFD: high fat diet
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Fig. 3-7 Effect of AFEF on plasma triglycerides concentration in

Plasma triglyceride (mg/dl)

STZ-induced hyperglycemia in mice were fed a high fat deit. All

## p<0.001 as compared with the

values are means = S.D. (N=8).
HFD group. * p<0.05, ***p<0.001 as compared with the STZ +HFD +
H,O0 group.

STZ: Streptozotocin; HFD: high fat diet
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Fig. 3-8 Effect of AFEF on plasma cholestrol concentration in
STZ-induced hyperglycemia in mice were fed a high fat deit. All

## p<0.001 as compared with the

values are means = S.D. (N=8).
HFD group. * p<0.05, as compared with the STZ +HFD + H,O
group.

STZ: Streptozotocin; HFD: high fat diet
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Fig. 3-9 Effect of AFEF on plasma low density lipoprotein
concentration in STZ-induced hyperglycemia in mice were fed a high
fat deit. All values are means = S.D. (N=8). ™ p<0.01 as compared
with the HFD group. *** p<0.001, as compared with the STZ +HFD
+ H,0 group.

STZ: Streptozotocin; HFD: high fat diet
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Fig. 3-10 Effect of AFEF on plasma high density lipoprotein
concentration in STZ-induced hyperglycemia in mice were fed a high
fat deit. All values are means = S.D. (N=8). * p<0.05, as compared
with the STZ +HFD + H,O group.

STZ: Streptozotocin; HFD: high fat diet
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Glucose-accelerated atherosclerosis
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Fig. 3-11 Glucose-accelerated atherosclerosis.
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Table 4-1 Effect of AFEF on body weight in mice with high fat

diet-induced obesity

Dose Body weight

Treatment (g/kg) €y

Week 0 Weeks 2 Weeks 4 Weeks 6 Weeks 8

control 27.8+1.6 29.0+1.9 28.842.1 29.7+£2.3 29.1+2.2
HFD + H,0 28.3+1.2 29.3+1.4 31.5+1.9% 34.9+2.7%  35.6+2.9"
HFD+ AFEF 0.5 28.5+0.9 29.2+1.4 31.3+1.6 34.0+2.0 34.1+2.1

1.5  28.9+1.1 29.3+1.2 31.8+2.0 35.2+2.0 35.6+3.2

HFD+clenbuterol  0.002 28.0+0.5 29.6+2.0 31.6+1.7 33.2+2.1 34.0+1.9

All values are means + S.D. (N=8). * p<0.05, " p<0.001 as compared

with the control group.

HFD: high fat diet
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Table 4-2 Effect of AFEF on plasma triglycerides in mice with high

fat diet-induced obesity

Dose Triglycerides

Treatment (g/kg) (mg/dl)

Weeks 2 Weeks 4 Weeks 6 Weeks 8

control 66.4+£17.2 52.1+21.6 61.8+18.0 56.8+20.6
HFD + H,0 79.0+£8.1  87.7x15.2## 73.2+16.1 49.0+14.6
HFD+ AFEF 0.5 77.9+12.4 99.6+16.2 58.7+21.1 57.2+18.6

1.5 81.2+12.7 80.4+17.0 62.5+£22.5 47.9+14.7

HFD+clenbuterol  0.002  81.2+6.7  67.0+18.4 57.3+£26.3 37.2+£15.7

All values are means £ S.D. (N=8). ™ p<0.01 as compared with the
control group.

HFD: high fat diet
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Table 4-3 Effect of AFEF on plasma cholesterol in mice with high fat

diet-induced obesity

Dose Cholesterol

Treatment (g/kg) (mg/dl)

Weeks 2 Weeks 4 Weeks 6 Weeks 8

control 7317 74+8 70+9 68+18
HFD + H,0 103£15"  136+25"*  156x18™  150+£9™*
HFD+ AFEF 0.5 115+14 146+17 155+187 147+14
1.5 116+14 152+18 159+15 161£16
HFD+clenbuterol ~ 0.002  100+11 125+13 138+13 155+19

All values are means = S.D. (N=8). * p<0.001 as compared with the

control group.

HFD: high fat diet
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Table 4-4 Effect of AFEF on plasma AST and ALT activities in mice

with high fat diet-induced obesity

Dose AST ALT
Treatment
(g/kg) (U/dl) (U/dl)
control 69.0+19.3. 42.3+8.5
HFD + H,0 73.4+18.2 26.4+22.5
HFD+ AFEF 0.5 65.4+ 4.0 19.44+3.4
1.5 60.4+=9.0 19.7£17.9
HFD+clenbuterol 0.002 64.0+23.1 21.6+4.4

All values are means + S.D. (N=8).

HFD: high fat diet
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Table 4-5 Effect of AFEF on body weight in mice were fed a HFD
supplemented with 10% alcohol

Dose Body weight

Treatment (g/kg) (2)

Week 0 Weeks2 Weeks4 Weeks6 Weeks 8

HFD + H,0 + H,0 25.9+0.4 25.7+1.7 27.1+1.6 28.8+2.5 28.3+1.8
HFD + alcohol + H,O 26.740.7 28.0+1.3 30.1+1.5% 33.3+1.4" 32.9+1.4%
HFD + alcohol + AFEF 0.5 26.6+1.4 27.3+1.8 28.7+2.4 31.3+2.8 30.9+2.5

1.5 26.1£1.1 27.4+1.7 29.0+2.3 31.2+3.4 31.2+3.9

HFD +alcohol + silymarin 0.05 26.3+0.6 27.0+1.4 28.4+1.6 31.1£2.0 30.7+2.4

All values are means + S.D. (N=8). ” p < 0.05 as compared with the
control group.

HFD: high fat diet
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Table 4-6 Effect of AFEF on plasma triglycerides in mice were fed a

HFD supplemented with 10% alcohol

Triglycerides
Treatment (mg/dl)

Weeks 2 Weeks 4 Weeks 6 Weeks 8
control 58.0+17.3 40.8+24.8 56.0+78.4 44.5+13.2
HFD + alcohol + H,O 70.2+10.7  61.7£13.1 58.7+33.5 47.6+32.3
HFD + alcohol + AFEF 83.4+36.5 68.7£29.3 67.5+37.2 67.9+21.4

82.7+£25.1 78.8+30.4 44.9+23.3 52.2+35.6
HFD +alcohol + silymarin 75.2+8.9 54.5+14.8 59.3+31.6 51.4+26.4

All values are means = S.D. (N=8).

HFD: high fat diet
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Table 4-7 AFEF on plasma cholesterol in mice were fed a HFD

supplemented with 10% alcohol

Dose

Treatment (g/kg)

Cholesterol

(mg/dl)

Weeks 2 Weeks4 Weeks 6 Weeks 8

control 12048

HFD + alcohol + H,O 1169

HFD + alcohol + AFEF 0.5 112+10
1.5 105+12

HFD +alcohol + silymarin 0.05 107+£5

135+16

133+12

13249

132+14

125+21

142+11

137+12

143+14

136+19

132+20

128+20

129+7

128+14

131+9

129+28

All values are means = S.D. (N=8).

HFD: high fat diet
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Table 4-8 Effect of AFEF on plasma AST and ALT activities in mice
were fed a HFD supplemented with 10% alcohol

Dose AST ALT
Treatment

(g/kg) (U/dl) (U/dl)
control 55.0+4.3 21.6+6.1
HFD + alcohol + H,O 59.0+7.8 14.4+2.9
HFD + alcohol + AFEF 0.5 66.0+£15.0 21.2+6.5
1.5 59.5+6.3 14.5+4.5
HFD +alcohol + silymarin 0.05 61.0+11.8 16.9+7.2

All values are means + S.D. (N=8).

HFD: high fat diet
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Fig. 4-1 Effect of AFEF on perinephic fat weight percentage (%) in
mice with high fat diet-induced obesity. All values are means £ S.D.
(N=8). "p<0.001 as compared with the control group. ** p<0.01, as
compared with the HFD + H,O group.

HFD: high fat diet
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Fig. 4-2 Effect of AFEF on epididymal fat weight percentage (%) in
mice with high fat diet-induced obesity. All values are means £ S.D.
(N=8). "p<0.001 as compared with the control group. ** p<0.01, as
compared with the HFD + H,O group.

HFD: high fat diet
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Fig. 4-3 Effect of AFEF on visceral fat weight percentage (%) in mice
with high fat diet-induced obesity. All values are means + S.D. (N=8).
"##0<0.001 as compared with the control group. ** p<0.01, as
compared with the HFD + H,O group.

HFD: high fat diet
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Fig. 4-4 Effect of AFEF on liver weight percentage (%) in mice with
high fat diet-induced obesity. All values are means = S.D. (N=8). “**
p<0.001 as compared with the control group.

HFD: high fat diet
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Fig. 4-5 Effect of AFEF on perinephic fat weight percentage (%) in
mice were fed a HFD supplemented with 10% alcohol. All values are
means £ S.D. (N=8). “p<0.05 as compared with the control group. *
p<0.05, as compared with the HFD +10% alcohol + H,O group.

HFD: high fat diet
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Fig. 4-6 Effect of AFEF on epididymal fat weight percentage (%) in
mice were fed a HFD supplemented with 10% alcohol. All values are
means + S.D. (N=8). "p<0.05 as compared with the control group. *
p<0.05, as compared with the HFD +10% alcohol+ H,O group.

HFD: high fat diet
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Fig. 4-7 Effect of AFEF on visceral fat weight percentage (%) in mice
were fed a HFD supplemented with 10% alcohol. All values are
means = S.D. (N=8). “p<0.05 as compared with the control group. *
p<0.05, as compared with the HFD +10% alcohol+ H,O group.

HFD: high fat diet
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Fig. 4-8 Effect of AFEF on relative liver weight percentage (%) in
mice were fed a HFD supplemented with 10% alcohol. All values are
means + S.D. (N=8). “p<0.05 as compared with the control group.

HFD: high fat diet
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