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Anti—-Obesity Effects and the Regulation of Energy Metabolism in
Skeletal Muscle Tissues of Allii Fistulosi Bulbus Extract in High Fat
Diet—-Induced Obesity Mice
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Received: October 28, 2022 Objectives: We investigated the effects of Allii Fistulosi Bulbus (AFB) on high fat diet

Revised: November 23, 2022 (HFD)-induced obesity in mice and the regulation of energy metabolism in muscle tis—

Accepted: November 30, 2022 sues of mice.
Methods: The C57BL/6 mice (6 weeks, male) were fed a HFD for 8 weeks and then ad-
ministrated with AFB extract at 500 mg/kg (p.0.) once daily for 4 weeks. The body weight
(BW), muscle weight, calorie intake, fasting blood glucose (FBG) and serum glucose, insulin,
and low~-density lipoprotein-cholesterol (LDL-C) levels were measured in mice. It was
also observed the histological changes of pancreas, liver, and fat tissues with hematoxylin
and eosin staining. It was investigated the phosphorylation of insulin receptor substrate

Correspondence to: Seok Yong Kang 1 (IRS-1), Ser/Thr kinase (AKT), and adenosine monophosphate-activated protein kinase

Korean Medicine R&D Institute, (AMPK), and the expression of phosphoinositide 3-kinase, glucose transporter type 4
Dongguk University, Dongdaero 123, (GLUTA4), and sirtuin1 (Sirt1) in gastrocnemius tissues by western blot, respectively.
Gyeongju 38066, Korea Results: The increases of BWs, calorie intakes and FBG levels in obesity mice were de-
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creased significantly by the administration of AFB extract. The AFB extract administration
was reduced significantly serum levels of glucose, insulin, and LDL-C in obesity mice.
The AFB extract inhibited lipid accumulation in liver tissues, hyperplasia of pancreatic is—
Correspondence to: Yong-Ki Park lets, and enlargement of fat tissues in obesity mice. The phosphorylation of IRS-1 and
College of Korean Medicine, Dongguk = AKT was increased significantly in muscle tissues and AMPK phosphorylation and the

gg(')\éegsg\(;’rezongdaero 123, Gyeongju GLUT4 and Sirt1 expression were decreased significantly in muscle tissues after the AFB
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Fax: +82-54-770-2647 Conclusions: Our study indicates that AFB extract improves symptoms of obesity through
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9k 9FA| 2 orlistat, naltrexone ER-bupropion ER, liraglutide
(3 mg), phentermine-topiramate ER 5-©] FRHF A&kl mz}
A EHI AW, T FEA s L, 74,
TE, 53T w6, AL 78, B¢ 5 A4S 5
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(research and development) ©]<7¢|T}.
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SHN( Y, Allii Fistulosi Bulbus: AFB)2 #37}(Liliaceae)
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At 222 v Z©|(Whatman
paper filter No.1; Whatman, Maidstone, UK)% o]-8-}od
o 9gk & 3172 74E 57 (rotary evaporator) S ©]-8-3f
of P on, FAAZIE AXNZTHAFB 8=
36.00%). AZH FNFEEL A 24D F 94 87)

o9 9 BBSA TELD 42 g 2

’5‘P FEES lxphosphate buffered salinedll 24 ®E=2
=9 & FAL7] HE(syringe filter, 0.45 m; Sartorius,
Géttingen, Germany)E ©|-83}o] o331 W5 BHjstH

A AW kR AFESTh
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A (normal) S A& BE 2]
(high fat diet, HFD)E F13 H #7717k 10% 1% 7}
& ANAESES A¥ste] vtk fF ti2=T(HFD) = A7

RE Y 23 & AFSES AR FAARI H 95

| 24 30%, oMkEkE A 70% EFF 0] AZF(isoflurane)
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S WL AYTE w4 Y 27 D B A

£ ot 2 & S5k A4 (food intake) ¥
3t ALetA L, A3 S FE K (total calorie intake, keal)
o= skt
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7T EZE=FH3517 Aoral glucose tolerance test, OGTT)
= =T A E 2AIRE o} BE TES 544
3 AA S Y E=H(D8270, Sigma-Aldrich Co., Ltd., St.
Louis, MO, USA)S AF(kg)F 2 g¥ AT T3 v
0, 30, 60, 90, 120l 242} A3 F=2] e o2 iE
HH-S #3138t a, =4 7](Accu-Check, Roche Diabetes
Care GmbH, Mannheim, Germany)ZE ©| &3l @3S =
A8kt
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of eFE Fof 7|31 ulF= 13] 12A13L o) SR H AL
Hulo 2 BE NS AFH b, IS4 7](Accu-Check)
& o]83l] FEH(fasting blood glucose)S =73+
T3 AY F5 F s FHEl @S BEE
A58 B2 7] (Automatic clinical biochemistry analyser,
FDC7000i; Fujifilm Co., Tokyo, Japan) =& &AM <35}t
HE-SHH(ELISA) S ©]-&3te] &4 W L E=(glucose, 1050;
Fujifilm Co.), 1< H(insulin, 90080; Crystal Chem Inc., Elk
Grove Village, IL, USA), =] 2~H|E(total cholesterol, 1450;
Fyjifilm Co.) 59 ¥5& S43Ath 7 AR T&=E
A 7 E W EF8YE V|FoE Ao, Ade
Akl ) 2B E(low-density lipoprotein-cholesterol, LDL-C)
< Y 2EHE, 1A EATY FH 22H E(high-density
lipoprotein-cholesterol, HDL-C), /3 X ®(triglyceride)]
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215199 ™ hematoxylin and eosin (H&E) A4S ST
ZZ AHE xylene = 232} A85IaL hematoxylin &
dHo 2 687 HAME 3HTE ©]E ThA] 0.1~1% hydrogen
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7. Western blot

cnemius) 2215 TR oW, T5 E3F B oA th AL
24 aid o] iyl WskE BAs] 7 ARE A
SF ) T-532]2 Tissue Protein Extraction Reagent (78510;
Thermo Fisher Scientific, Waltham, MA, USA)E 231 v}
Z1(T10 basic; IKA®, Staufen im Breisgau, Germany)E ©|
43t vpsle] Relstdth 24 AlRE 4°C, 14,000 rpm

oA 2023t 94 B =A SdS 8k, pro-
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A]2K5000006; Bio-Rad Laboratories, Inc., Hercules,
CA, USA)< o] 83to] BFataitt. A= &2 (30 1g)
< 5xsample buffer (100 mM Tris-HCl, pH 6.8, 200 mM
dithithreitol, 4% SDS, 0.2% bromophenol blue, 20% glycerol)
@} 231, 95°Cel| A 53T denaturationA] %] TR 10% sodium
dodecyl sulfate-poiyacrylmide gel eletrophoresisS 2! A| 5}
o} E2lE @A S nitrocellulose membrane (66485; Pall
Co., Port Washington, NY, USA)2 2 231 ¥ 5% Skim milk
ol A 2413t blockingdt3Ath. o710l 2 4 whaf o
gk 12} FAEE 2o 4°CollA sF5H HHSAIFHTE AL
4% 1%} &A= anti-B-actin, anti-insulin receptor substrate

1 (IRS-1), anti-phospho-IRS-1, anti-AKT, anti-phospho-AKT,

tein assay

anti-phosphoinositide 3-kinase (PI3K), anti-adenosine mono-
phosphate-activated protein kinase (AMPK), anti-phospho-
AMPK, anti-glucose transporter type 4 (GLUT4), anti-sir-
tuinl (Sirtl) antibodies®]|T}.

°]& 0.05% Tween-20°] E°]7+ TBS buffer (TBS-T)=
1587 33 AlE3 & 22 &AQ1 HRP-conjugated goat-
anti-mouse ZE+ HRP-conjugated goat-anti-rabbit &3] <}
g2oll A 241t HESAIFATE o] 5 TBS-T buffer® 15&3F
33 AH3 b=
(170-5061; Bio-Rad)S ©]&3}] A A]7] 31, ChemiDoc™
MP Imaging system (Bio-Rad)< ©]83l] ¥d AEE =4
Stttk 2 Hi= o]u]X| & Image J program (U.S. National
Institutes of Health, Bethesda, MD, USA)S ©]-&3}o] A&
2 &A% & B-actin Lol dig ol Fd vjE=2

Akt Tz YeEpAT.

enhanced chemiluminescence substrate

8. SAIEM

R2E A¥A¥= GraphPad Prism 5.0 4 ZZ 13
(GraphPad Software, La Jolla, CA, USA)S ©]&3sld T
F v}9-29] 3 (mean)+EFH X (standard deviation, SD)
T Mz 33 qHEAY oﬂ 3 3 (mean)y+EFZH =}
(SD) #o= Alx 3?93\‘:} A G Al tE2
e 2wy o FoT 7J' +2]43& one-way analysis
3l At em, A=+
7Stk fF2)4(P<0.05)°] Y& Ao

of variance %! Turkey’s testS &
Zro] 95% o174l

2 dAsdnh

WM ot

21}
1. 4 R Z=22 Q¥ 3710 st &t
TA A O|(HFD) = ¥lwh mpo2o A Aelda |

slo] 3 FWMFZE(AFB)S] EHE F2lstr] s A
FBW)Z ZZe] 43 Hcalorie intake)= ST

A AF WSl A (Nor, 28.73+2.23 g)¥} Bl s}t
HIRE i Z=T(HFD)Ol M 2l H 22 S7H41.47+4.04 g, P<
0.001)3} o™, o= TUMFZ& Fofol ofsf 7HAx(37.79+
4.27 @)t} THFig. 1A). B5A Mg = Ad(0.99+
0.36 g)oll Hlske] t27(2.33+0.60 g P<0.01)°ﬂ/\1 oA
 F7He YERSLA, o= FUFEE Fofd o3l 9
2O Z 7hA(-2.48£0.76 g, P<O.001)?5}9i131'. =3 MEZY]
FolgollM = thza st Hlwsto] fof Al AlS F4x(34.12+
3.13 g, P<0.001)} BFA W3k 7H44-6.19+0.84 g, P<0.001)
E UeMThFig. 1B).

S, g2 FHFoA e FAT(329.19£9.21 keal) 3}
Hlwate] tizollA frolH o F71ek9l 21 (359.86+18.69
keal, P<0.05), o]= FWMFEE Fo] & Hojxog 74
39 TH313.93+17.09 keal, P<0.01). T3 WEXT FolF
AN thzt o] o2 Zra2 ] A3 wFe] 1H24269.47+
10.55 keal, P<0.001)E YEMI A THFig. 10).
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© H(Fig. 2A), A737(118.80+10.53 mg/dL)Z} Bl &}ked H)
Tk Ol 2T Feld oz F7K151.60+23.12 mg/dL, P<
0.05)3} Tt olA % FEIT F7He THFEZE(118.20+
10.94 mg/dL, P<0.05) ¥ W E3ZT(115.00£14.26 mg/dL, P<
0.05) Bodol] ola) oz o = 7FAaETHFig 2B).
OGTTAA = 5T A3 1580 27X F4TR
o o] AR1(P<0.01) EF F7F THEEHANOH, T
=5 B 59 43 158(P<0.001)37 302(P<0.05)
of tiZ&w vluste] foAQl g9 74 aE VERY
AThHFig. 2C). ©o|& ¥ 1= 2] 4135} & (area under
curve) &2 M35} -S wf A d(863.70+£69.42) 3} H] w3}
o tiETolA #2389 F7K1,096.00+50.57, P<0.001)
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Fig. 1. Effects of AFB extract on the changes of body weight, food intake, and calorie intake in HFD-induced obesity mice. (A) Body
weights were measured in mice once a week during drug administration. (B) Body weights gain was calculated using body weights
at 9-12 week. (C) Calorie intake was calculated using food intakes at 9-12 week. Data were presented as meanzstandard deviation
(n=5 per a group). 'P{0.05, "P{0.01, and ""P{0.001 vs. Nor (a) or HFD group (b). Nor: normal group, HFD: high fat diet-induced obesity
control group, AFB: Allii Fistulosi Bulbus extract (500 mg/kg)-administrated group, Met: metformin (500 mg/kg)-administrated group.
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Fig. 2. Effects of AFB extract on the blood glucose levels in HFD-induced obesity mice. The fasting blood glucose levels were
measured in whole blood of mice at 8-12 weeks (A) and were presented as a histogram at 12 weeks (B). The oral glucose
tolerance test were measured at 12 week (C), and the area under curve was calculated using a GraphPad Prism 5.0 program
(GraphPad Software, La Jolla, CA, USA) (D). Data were presented as meantstandard deviation (n=5 per a group). "P<0.05, “P<0.01,
and ""P<0.001 vs. Nor (a) or HFD group (b). Nor: normal group, HFD: high fat diet-induced obesity control group, AFB: Allii Fistulosi
Bulbus extract (500 mg/kg)-administrated group, Met: metformin (500 mg/kg)-administrated group.
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o O] feojFew
g 742(940.00+43.75, P<0.01) &5 YERNATH(Fig.
2D). 3 WEZY EdFoAE f2rd oA 2t
o]7F UEFA] 224 TH(1,096.60+33.49).

FALEES Qo G2 A A2

& 2ol A glucose, insulin, LDL-C

A= AAT(172.00+£12.96 mg/dL)3} B w5}
BTk 2ol A o] A © 2(262.40£14.54 mg/dL, P<0.001)
Z7vtg.0m, FMFE5(221.00+15.89 mg/dL, P<0.05)
2 W EZW(184.40+£13.35 mg/dL, P<0.001) Tl o]sj
Al FreA o8 ZFAE THEFig. 3A).

Insulin <X o A = A AF74(0.22£0.08 ng/mL) THH] thx
oA 2] 2121(0.83+0.08 ng/dL, P<0.001) =7}= YERY
AL, FWMFEE(0.52+0.06 ng/dL, P<0.001) L W EZT
(0.28+0.08 ng/dL P<0.001) F-ojol] o8 fejzlow 7ha
5 ATHFig. 3B).

LDL-C s=XolAE A41(18.1243.56 mg/dL)E T}t Tf

2T A F-2 A 0 2(41.76+2.98 mg/dL, P<0.001) &7}3}
931, ol FMNFEE(24.88+0.98 mg/dL P<0. 001) L uﬂ

Glucose

o=

4. 24 A, X =X9| AxX Halo|| it Sat
HIRE op-g-2aof A ) thgk 7l

UXLAO| 7 HITZH OFRANA S

a¥EE

S|Pt 20 Y ZSEIX0IMC| OfHX[CHAL 2RI | S
X2 & H&E @M st 723t 32 9 74 Hels =
A3kt

1t 22 M= Bt vlaste] HIRE i 2Tt A o
o] 2 vh-2(lipid droplets) A o] FEE oW, o=
TNF=E 9 WEZY Foof o) HAaHE Aow
ERCH(Fig. 4A). =3+ 2F 59494 TAE A4 A9 A

T(0.95+0.05 g)Hr} thx
P<0.001) Z7}5t3.0m, ol—t—
001 % FIEEU099:004 g, PO
Z A= thFig. 4B).

A 22 M= Aol vlsl] diZzatol Al 74 (islet
of Langerhans)®| Z7|7} S7Fske A& #&3 o, o]
T TNFEE 9 WEZT Fojof o) fHAaEHE AR
YUERSTHFig. 4C).

Fa8kA1k(Fig. 4D) B A AW (Fig. 4E) 22 A=
AT vlaste] 2ol A A A Ee] 717 F7)

stgom, o) FNEEZE 2 W Solo o5 7
Lnle Ae BRHT
5. ASEX0IMC] OIL{X|cHAL ZHEHIZISO| Wt Mo
tué_r &3t
L

2o FUNFZE2] A
oA 2d a3E glsty] S8l RiEIxzA e 2elshe
IRS-1, PI3K, Ser/Thr kinase (AKT), AMPK, GLUT4, Sirtl
2] 93-S Western blot ¥HH o 2 #3514}

3 AR, A tEl 259 F2 AT Blaste] H
okt A 2] 0 2(P<0.001) TAEd o, ol &
W =ZE(P<0.01) B HEZT(P<0.001) Tl 23] <]

_‘:L

300 3 #E 1.0+
b=
—~ 0.8
= pEE g
& 200 o 0.6
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LF) o
= = 044
2 100 2
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Fig. 3. Effects of AFB extract on the levels of glucose, insulin, and LDL-cholesterol in the sera of HFD-induced obesity mice. The
levels of (A) glucose, (B) insulin, and (C) LDL-cholesterol were measured in the sera of mice at 12 weeks. Data were presented

as meanzstandard deviation (7=5 per a group).

“P¢0.01, and “"P{0.001 vs. Nor (a) or HFD group (b). Nor: normal group, HFD: high

fat diet-induced obesity control group, AFB: A/li Fistulosi Bulbus extract (500 mg/kg)-administrated group, Met: metformin (500

mg/kg)-administrated group, LDL: low-density lipoprotein.
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Ho2 78It Fig. 5A).

ANUA AL 24 Gl Eo] B = Aol
3kod t 7ol A IRS-1 (P<0.05, Fig. 5B)3 AKT (P<0.05,
Fig. 5C)9] <QI4ks} o] frojx o & 7H4s3al, PI3K
(P<0.01, Fig. 5D)<] &3} AMPK (P<0.05, Fig. SE)&] <4k
3} Bldo] 718192, GLUT4 (P<0.01, Fig. 5F)<} Sirtl

Nor HFD

(P<0.05, Fig. 5G)°] do] 713ttt =3t THFZE
o] BEoj= thzFo] Hlal IRS-1 (P<0.01)@ AKT (P<0.001)
o] Qlytsl WIS foH o R FIHAIFAL, AMPKS] 14F
3} ¥ (P<0.01)3} GLUT4 (P<0.05) & Sirtl (P<0.01)2]
de ooz e MEXY FAFME F

H

0328 FATI fARE Eov) wREAG,

B)
207
gk
btt
1
T
AFE
AFB Met

Fig. 4. Effects of AFB extract on the histological changes of liver and adipose tissues in HFD-induced obesity mice. The liver (A),
pancreas (C), epididymis fat (D), and brown fat (E) tissues were stained with hematoxylin and eosin and then were observed under
microscope (x100). (B) The weights of liver were measured in mice at 12 week. Data were presented as meantstandard deviation
(n=5 per a group). "P¢0.01, and ""P{0.001 vs. Nor (a) or HFD group (b). Nor: normal group, HFD: high fat diet-induced obesity control
group, AFB: Allii Fistulosi Bulbus extract (500 mg/kg)-administrated group, Met: metformin (500 mg/kg)-administrated group. Arrows

were shown pathological changes of each tissue.
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Fig. 5. Effects of AFB extract on muscle weights and the expression of energy metabolism-regulating proteins in gastrocneminus
tissues of HFD-induced obesity mice. (A) The weights of gasctrocnemius tissues of mice were mearued at 12 weeks. The expression
of p=IRS-1, IRS-1 (B), p—AKT, AKT (C), PI3K (D), p~AMPK, AMPK (E), GLUT4 (F), Sirt1 (G), and B-actin was determined by Western
blot, respectively. f-actin was used an internal control. Histograms (A-G) were analyzed the expression of target protein per each total
form or B-actin. Data were presented as meantstandard deviation (n=5 per a group). ‘P{0.05, "P{0.01, and “"P{0.001 vs. Nor: normal
group, HFD: high fat diet-induced obesity control group, AFB: Allii Fistulosi Bulbus extract (500 mg/kg)-administrated group, Met:
metformin (500 mg/kg)-administrated group, IRS-1: insulin receptor substrate 1, AKT: Ser/Thr kinase, PI3K: phosphoinositide 3-kinase,

AMPK: adenosine monophosphate—activated protein kinase, GLUT4: Glucose transporter type 4, Sirtl:
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4. FWMEZES AF O] 85T HAS 7oA A
AN I, 2822 ol A IRS1-PI3K /AKT, AMPK 4!
IAGEAES W 2HS 58] GLUT4 ¢3S
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