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ABSTRACT

Objectives : The present study was designed to evaluate the protective effect of Allium tuberosum (AT) extract
on atherosclerosis in LDL receptor knockout (LDLr KO) mouse fed western diet,

Methods : The AT was extracted 70% ethanol. The experimental groups were divided with four groups of LDLr
KO mice, one group fed a normal diet and the others fed a Western diets for 8weeks. Two Western diet groups
were orally administered AT extract at dosage of 100 and 300 mg/kg body weight., The body weight and food intake
were measured every day. We measured levels of alanine aminotransferase (ALT), aspartate aminotransferase
(AST), triglyceride (TG), total cholesterol (TC), high—density lipoprotein (HDL), low—density lipoprotein (LDL), and
Glucose in serum, Also, effect of AT extract performed using H&E staining,

Results : The AT treatment groups showed decrease in body weight and food efficiency in comparison with
control group. Blood biochemistry parameters such as TG, TC, LDL, and glucose levels were increased in control
group, while AT treatment groups were reduced., Also, the increased levels of ALT and AST were improved by
AT extract, We confirmed that the weights of liver, kidney, subcutaneous fat, epididymal fat, kidney leaf fat,
and intraabdominal fat were change in LDLr KO mice treated AT extract, In addition, histopathological changes
in liver and aorta were similar to normal group.

Conclusions : Based on these results, the AT extract is considered to make prevention of atherosclerosis
through reduction and functional improvement of the liver and vascular endothelial cells in the body fat
accumulation and lipid content in LDLr ko mouse model,
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3 TrEolRE g4k 93t LDLY] Atshs @@ashe] W
AL g8 25 e dEA .

B= (Allium tuberosum Rottler.)= Wgt}o] &31= tf
| 2Eo= Kol Qg X (dEF)=t ot Mkt B
skal, AF - F - Bl EmEste] yEdh, fTRSHY #skal f#
#Fole a5ol ol KE, mum, Wi, Rin, #yE, 1EiE, &
U, RAL, $THHE, SR Sol AREEL ok 53] e
2 7Rgo] $XO0E A2 Ro] FA ofZa 58 wHt A
o & 4 Qo Al 2go] U= Ak ARSETH

Allium &of &3t vhs, S}t vz 2 3¢, 3+,
AL B 5 AEE 7)eERE ofd=t |, TR, TR,
EEML, AR, 500, #ME 59 a%°] Sl ALE d4=9A 4
o9 m3k B2 flavonoid SRHET} beta—carotene %
Alo] A H&<¢l beta—sitosterol, quercetin, phenolic acide}
kaemperol 5& T3 Qom HFol 2ol HEL
LDL 4t&As50] vt A7 EuEgn, o9z H3
AoflA &3t purine nucleoside?! adenosine] 3t &
A @77t magel et

w2t E 3o A= LDL receptor knock out (LDLr
KO) ute-& mds o|gste B3 2EE0 A3 Foq7t &
A7E59 Aadt ujzle FFE ATHE

R

1. 48 &

BE Age dadsa A add9ns s
(DJUARB2015-045)& ol Asigion 580 74<
Z4319 ek, LDLr KO v~ 6538 43S Jackson Lab.
(R)FTIALETE, AD)olA Eofiol 1329 5 AEA &
Aol AZAIZ & Aol ARG TE AR 2HE
conventional system®lZ 2% 22 +2C, 4% 50 + 5%,
Hgol=7] (light : dark cycle)= 12A17F 712 A3
AtaEe TPARR (Z2HHE 22.1% o1, AW 8.0% olst,
24F 5.0% olst, 23& 8,0% olst, Zw 0.6% °l,
2 0.4% o1, AFAL FAA FH7He 25 FES| 35

st

2. %y

1) AR F&

e AR SR B A B3 Allium tuberosum
(AT)E 10kg FHiste] A=zstch A=RS 500g2 &4
7] (FM=700SS, 32 Bsle] 353227] (heating Mantle,
MS—-DM609/20L)°ll @1 45 CollA 70% oer2S 2L 7}
alo] 60E £&3 & ThA] 70 %oEHE 2LE Vlete] e =
ZAoE 607 B APt 1 F 7AASF7] (N-1200A4,
EYELA, CO, LTD, Japan)& ©|&3ld {7]8mE A|A3}
L z=aAe AXy, EAAZR7] (PF-10/ALPHA 1-21LD,
Germany)E S3lo #AZXE X3 70% EtOH &5
(11.8g)& 4l
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2) HNLE =N =5HTt

(1) LDLr KO uReAE o83 S474sks nd ¥ o=
5o

137t 28717k AX LDLr KO up9-2o] 237 AIN-76A
diet A}E (protein 20.8%, carbohydrate 67.7 %, fat
11.5%)° AgAZ & AFTES B4 (NOR), Hiz=+
(CON), ¥& 28 100 mg/kg body weight T (AT100),
HEx 228 300mg/kg body weight Foli AT300)C2
= 225t Ao AMSHGTE & £ ¥ BAdTole 718
ARE, d2e 2 FEFoFol= Western diet (D12079B,
Research Diets Inc, New Brunswick, NJ)& 8F7t 3-&
3lgct (Table 1). Western diet A& (protein 20 %,
carbohydrate 50 %, fat 21 %)E F&ste] FEFAZLL Z+
Z+ 100, 300 mg/kg body weight?] H=2 8F7F Foisly
ot AoldHE 9 A5 v YT Azl SAsReH,
Xlo| a8 (food efficiency ratio, FER)Z 2] (a)of wel A
Aste] A&39th 4] (a) FER (%) = [Total weight gain /
Total food intake ] X 100,

Table 1. Western diet formula

Product # D12079B gm% k;:l
Protein 20 17
Carbohydrate 50 43
Fat 21 41

Total 100
Kcal/gm 4.7

Ingredient gm kcal
Casein, 80Mesh 195 780
DL—Methionine 3 12
Corn Starch 50 200
Maltodextrin 10 100 400
Sucrose 341 1364
Cellulose 50 0
Milk Fat, Anhydrous 200 1800
Corn Oil 10 90
Mineral Mix S10001 35 0
Calcium Carbonate 4 0
Vitamin Mix V10001 10 40
Choline Bitartrate 2 0
Cholesterol, USP 1.5 0
Ethoxyquin 0.04 0
Total 1001,54
(2) LDLr KO S478k% mhge] 28 9 A 54 2%

1o

Ago] ¢ FE2 A A A AN & 7 APFE
7+ AR A 9 93} (subcutaneous), 318} (epididymal),
4 FW (kidney leaf), W (intraabdominal)®] A|H}=x
< N AFH F FHHERE ZA] A&t FAE SHEA

DA (o)
N
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(3) LDLr KO 47315 neae @3 i Augwel
1% %7

AY FR ¥ AYERS 4 307 A AN F 8
Azstel 302 oltfell 3,000 rpm, 4 ColA 15837 4]

N
Y i) A

gate] 8% (plasma)E £t —70 Col E@stcirt
Akt g 3 (plasma)ollA AATFS] =l F
Z2HE (total cholesterol, TC), High—density lipoprotein
(HDL), &AR|"(triglyceride, TG), B3(glucose)?] THS
Aslst 25 BA7] (Hitachi—720, Hitachi Medical, Japan)
£ o] &3l A3}t Low—density lipoprotein (LDL)2]
$2]+= Iranian (2008) Formula for LDL Cholesterol& ©]

&3t Artste

Mr dr dle

4) LDLr KO 44315 uheso] B8 ) 2t 7)% A%

€

AY 8 T 4 AYF5EERY £33 8% (plasma)el
A ZF 7159 AEQD ALT 9 ASTE A8t A5 £47]
(Hitachi—720, Hitachi Medical, Japan)& ©o]&3ste] =43}
At
AA .

v

A

o

(5) LDLr KO S4781% upg0] 7he] 2ejss ws

7t 2Fo\A 9 AW BEE Fsr] Yl 1+ 2F
2 AFsto] 10% neutral buffered formalin®l] 24X|7F &
ot 314 A7l oS graded alcoholZ EAl7|1 whetgoz
Zosle] blocks AZ%E the microtomel 2 4 m FA<
ZAZAHES AZ5t] hematoxylin & eosin (H&E) G4
At ) FhanAsiold ol WHlel SRS B,

(6) LDLr KO S35 uhe-29] FHo] 22wz
ik

FU A9 A TS S5ty o TS F
8t 10 % neutral buffered formalinol] 24A17F < 12
A ANZl t& graded alcohol® ©4Al7|1 mialmog Zuj
3}o] blocke AZFet t}2 microtomel 2 4 ym FHA9 =3
AHS AFste] H&E S Al3er 5 3skdn| oA
Eo] Hy¥Y {EE TS W U HE=E AL
I-Solution lite (Innerview Co., ¥H=) Z2IHZ o]§3}

k.

3) SAXE
= FAEe Bd + EEQX (Mean + SE)E EABIHS
M, SPSS (22.0 for Windows program)e ARE3}o]
one—way analysis of variance (ANOVA) testE AAJgt
% Tukey Multiple Comparison test2 A}EAZL AA|5}
o #7H9 fFo4E AT FYeE pvalue €0.059]
A skt

2 3
1. As3 Holage] W3}
8771 WA AW A ae] vls) ATI00 Folzat

é‘ﬁ;
o
g
&

AT300 FEoFA AFHLAE HFS
(Fig. 1).

Ao|5-& (FER, %)< western dietE B¢l Bz (5.45
+ 1.08%)°] gyt Ao|g 3 FAt (3.92 £ 0.55 %) Hl
st F7IetE o™ AT100 T3 AT300 Folze Aol
o] 2| vjgty Fadhe FFS BAtHFig. 2).
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Fig. 1. Effect of Allum tuberosum extract on body weight in LDLr
KO mice.

Nor, LDLr KO mice; Con, LDLr KO control mice fet Western diet;
AT100, Allium tuberosum extract 100 mg/kg body weight treated
LDLr KO control mice; AT300, Alium tuberosumn extract 300 mg/kg
body weight treated LDLr KO control mice. All data are expressed
means = SEM, n=6 mice per group. Results were assessed by
one—way ANOVA followed by Tukey Multiple Comparison test (a'bp
<0.05).
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Fig. 2. Effect of Allum tuberosum extract on food efficiency ratio
(FER) in LDLr KO mice.

Nor, LDLr KO mice; Con, LDLr KO control mice fet Western diet;
AT100, Allium tuberosum extract 100 mg/kg body weight treated
LDLr KO control mice; AT300, Aliumn tuberosum extract 300 mg/kg
body weight treated LDLr KO control mice.

All data are expressed means = SEM, n=6 mice per group. Results
were assessed by one—way ANOVA followed by Tukey Multiple
Comparison test.

2. A3} AYRA A3

A 7t A% 24 BEA= Aol vlE] dize
A 94 9= 37FE BE9AIT (p<0.05), AT100, 300 &
AL izl v Frashe FFS B

LDLr KO u}9-29] 2o 2qt 27 &4 Zzt »jsiA
AL dizgo]l AArZ| Hls) 77 % 78R (p<0.05),
AT1003} AT300 Tt dizel B8] zZ¥zb 35.9 %<t
62.5% Z&SHEATH (p<0.05). FugAY RAE dizdol
Al vls| 76.4 % 27Vt (p <0.05), AT300 EoF
< dizge] vdl FAGUA FASET (9<0.05). A
| A B gizae] Aol vis) 56.8% F7ISEAAL
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(p<0.05), AT100Z} AT300 EoFL dtizol| vls) zHz
48.6 %%t 64.9%2 494 Y& FEE U (<
0.05). WAAY FA= dizto] Al vlg) 57.1% 7t
2 293 (p<0.05), AT10037} AT300 Fo7L oz
v 22 25.7 %9t 51.4 %] TAE YERYItH(Table 2).

Table 2. Effect of Allium tuberosum extract on tissue weight change
in LDLr KO mice.

Group Nor Con AT100 AT300
1,19 40,13 1,04 +£0,08" 1,13+ 0,06
0.36 +0.03a 0,29 +0,03ab 0,28 £ 0,01

Liver weight () 0,67 + 0,05

Kidney weight (g) 0.20 + 0"

Subcutaneous fat
weight (g)
Epididymal fat
weight (g)
Kidney leaf fat
weight (g)
Intraabdominal fat
weight (g)

0.29 £0,02° 1.28+0,22a 0,82+ 0.,09ab 0,48 +0,02"
021+0" 089+017a 054 +0.11ab 0,31 £ 0,03
0.16 £0,02° 0.37+0,06a 0,19 +0,02b 0,13 +0,01"

0.15+0,02° 0.35+0.08a 0,26 +0.04a 0,17 +0,04"

Nor, LDLr KO mice; Con, LDLr KO control mice fet Western diet:
AT100, Allium tuberosum extract 100 mg/kg body weight treated LDLr
KO control mice; AT300, Allium tuberosum extract 300 mg/kg body
weight treated LDLr KO control mice, All data are expressed means
+ SEM, n =06 mice per group, Results were assessed by one—way ANOVA
followed by Tukey Multiple Comparison test (*°p <0.05).

3. 7t 715 A= A

ALT 24 ZAx d=2F (62.60 + 20,64 1U/L)S AAE
(23.75 £ 0.831U/L) ol w3} 62.1% F7I5F9L AT100 &
o3 (14.75 + 2.80 IU/L, p<0.05)T AT300 £ (17.60
* 1.2810/L)2 dizZel Hla] 494 e #aE 23t

AST &4 A3t AT (109.75 £ 8.821U/L)oll Hl3f df
Z7 (148.60 + 35,96 IU/L)o] Z713l93 AT100 Eoji
(99 + 14.25TU/L)Z} AT300 Eoc];L (80.40 + 7.87 TU/L)

o el va) gaste AFE RYrkFig, 3).
100 200
a
80
150
3 60 5
2 = 100
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Fig. 3. Effect of Allium tuberosum extract on ALT and AST in
LDLr KO mice.

ALT, Alanine aminotransferase; AST, Aspartate aminotransferase.
Nor, LDLr KO mice; Con, LDLr KO control mice fet Western diet;
AT100, Aliumn tuberosum extract 100 mg/kg body weight treated
LDLr KO control mice; AT300, Alium tuberosum extract 300 mg/kg
body weight treated LDLr KO control mice. All data are expressed
means = SEM, n=6 mice per group. Results were assessed by
one—way ANOVA followed byTukey Multiple Comparison test (a'bp(
0.05).

4, 83 Y AT Ax A A7

1) E=4AHIZ (TC) St

TC 24 ZAut thz+ (1116.20 + 133,71 mg/dl, p<0.001)
& AT (839.75 £ 55.09 mg/dl)el w&l oF 329 % Z7}s5f
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AT AT300 =T (781.20 + 64.50 mg/d)L x| H]
3 oF 30% S A TAsIHHFig. 4).

2) =MX|Et (TG) ShF

g 4 SAAY T AT (113,50 + 6,60 mg/dl,
p<0.01)° HF R (862.20 + 217.99 mg/dl)L G4
Q= F7HE BT AT300 Fo+ (448,60 + 93,45 mg/dl)
2 iz v Fashe S BatkFig. 4).

3) Y= X|chH 2| AHIE (HDL—cholesterol) Sf2F

HDL—cholesterol®] &3 Z3 RE FojA JHaits
gelgh = AtHFig. 4).

"ol

4) MUE X[ ZHAHIE (LDL—cholesterol)

22 (115559 + 206,49 mg/dl)> AHAE (129.47 +
25.78 mg/dl, p<0.001)] ¥]3} LDL—cholesterol o] <F
893 % Z7¥stgch =Y AT300 Fol (693.67 + 78,33
mg/dl) thzte] Hj3l 40 % HAdhe FFS BcHFig. 4).

5) & (Glucose) &H=f

AL (109 + 16,50 mg/dl, p<0.05)] vl thz (198,40
+ 29,67 mg/d)2 YA Y= F7IE Bk dixTol B3|
AT100 B (154,75 + 4.74 mg/d)& ZAste AR
AT AT300 B (119.80 + 16.86 mg/d)E &4 A
FastatHFig. 4).

g

g

1200

ONor
®Con
BAT100
OAT300

Biochemistry parameter (mg/dL)

TC TG HDL LbL Glucose

Fig. 4. Effect of Alium tuberosum extract on blood biochemistry
parameters in LDLr KO mice.

TC ; Total cholesterol, TG; Triglyceride, HDL; High—density lipoprotein,
LDL; Low—density lipoprotein

Nor, LDLr KO mice; Con, LDLr KO control mice fet Western diet;
AT100, Allium tuberosum extract 100 mg/kg body weight treated
LDLr KO control mice; AT300, Alium tuberosum extract 300
mg/kg body weight treated LDLr KO control mice. All data are
expressed means = SEM, n=6 mice per group. Results were
assessed by one—way ANOVA followed byTukey Multiple
Comparison test (**°p{0.05).

zAye|sta W}
7r _252194 M S-S JHH o2 IRlstux 7+ 23 14
skt Ao 2 2F(A)dME THAIEE
o|F3L AT HRFEB)AA FAdtel B
7k Jz_;_qq]/q e 22| 9] A3} HHRE (fat droplets)?]
71 3A 7RSS EE 4 gtk oE —Erml:r“’ﬂ/ﬂ
= xwpupo I A 2F o] 2& AEr} gaske AL T
g, B3] AT300 Eojde AT GARE 25S HY
tHFig. 5).
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(A)

Fig. 5. Effect of Allium tuberasum extract on liver histological profiles
in LDLr KO mice.

(A) Nor, LDLr KO mice; (B) Con, LDLr KO control mice fet Western
diet; (C) AT100, Alium tuberosum extract 100 mg/kg body weight
treated LDLr KO control mice; (D) AT300, Alium tuberosum
extract 300 mg/kg body weight treated LDLr KO control mice. (n=
6) The black arrows were means lipid drop and hepatocyte
injury. (Original magnification X 50), n=6 mice per group.

6. 9] =223t s}

FHY A A SIS HEE @S Ak,
Hxze] FURE @elA: B W) HFEst Y
Wel ms s Ik R BE T 4 9o,
ATI100 £ (O AT300 %ol (D)elHE B8 Wt
HIFESL s A Bl & 4 otk 53] AT300 F
AT AYTH FAG BEE HrkFig. 6).
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Fig. 6. Effect of Allium tuberosum extract on aorta
histological profiles in LDLr KO mice,

(A) Nor, LDLr KO mice; (B) Con, LDLr KO control mice fet
Western diet; (C) AT100, Allium tuberosum extract 100 mg/kg
body weight treated LDLr KO control mice; (D) AT300, Allium
tuberosum extract 300 mg/kg body weight treated LDLr KO
control mice; (E) Thickness of aorta, The black arrows were
means thickness of aorta wall and plague. (Original magnification
X 50), n=6 mice per group. Results were assessed by one—way
ANOVA followed by Tukey Multiple Comparison test (a,b,cp<0.05).

aF

LU S AFEE AsHa EERE0E <l
gk HgE Aol F7 Ao glew o2 QI nBY, HE
Z 9 @A 22 A Ao T wgk FUbsta 9]
o 2Bzl 22 B¢ AR GBS "1 e
kel SFEAHEo] J&stn WAz FAo] dojd A
7 %% (atheroma)o] FAEE WA ot v,
Ty, IAEF 9 250 oI FUEHE o|F= U
o FAaHoR Ao WSt I A YN x| 7|5l
I} A @ (monocyte), T-YI (T—lymphocyte), &
A 9 ZAGE Fo] 3o Bty YajAE ¢te
2 {4 deFE= HAAMZ (macrophage)Z HEE O] 4b
3tE LDLES 233 AAdwdS gt galskal wuto
A4 a7t 8= ST 27 DA AW
Az (fatty streak)E FAsch 1 F oA BEZ A=
9] &4 4 A3 dojut &£ (atheromatous plaque)
o] FAHT}, o2 QI3 E Wy v|ZEr} Frlet @
o] FolxHA EFY 3 Fo| Hasial X} o] 2YE
WA S gl vl FeE wydt Y,

Bzol 2ol #HlEL LDL AASS0] Ete A7
A FEA RO BEQoA &3 purine nucleoside
9l adenosined] gt AT BuHAF " T2} ob7A]
BEFE2E0] 4TS A= Gl dall dtes 3
HA| §Sk71o] LDLr KO uhea mde) BE 2258 F9
sto] SAASE Aans A

LDLr KO whgaE Aol Aol 4743t ¥is
EfjA] A9 western dietE HAHAZ HF SAAINSE

o

dosn apoE’” wherol o] mAA o2 A9
A vHlkE 3oz ZHAEE $A7 Lk AL
Uely7] mj&o] 2 dFof|A LDLr KO uh9-2o 21 % fat
& ZFS Western dietS 857+ At ™ 1 Az
Az} Aolag W] oA, thzIo] HjF| FEEP
BE AR Aol Hasts A% Bk AY 18
B 7k A 9 2 BA dske Farze] ulE] dlzzolA
o4 9= Z7te B 7 23 2AQ Zrk= w1z
A A At dejuRigh s oz Za|uto] AA
E)7] oo} xjufo] BolWa] 7+ 29| BAL ZUlg Aoz
AZkEE delw s}, Bugh AREE a3 R
57 ®3 22 v|wete] FERAT BT URA A
2 Yeioch, Bogh Ao 3o Foiages g
7|11 0|2 Qste] BAAFELS 2T 4 A, 2 4
TN Adet BEEo F U WS AHEE FArF
of & xFe] E=2HAHE, FAAY U LDL-ZF 2
2o FaFo] foHoz ZralAct dhzo] H|F| FEEC
Z BE AFFo] F2FAATW B3| AT00 Fojol
AT100 BojZrct o 2 742 vehfglt, T3 A4kl
Hl8) gz2e g9 deko] gojyoz Zrlsigon, gz
of Hl3 AT300 FojZold goFel Zas vehyct ol
Zol AY A 2 )AFFL Bkt An AT00 £
o AW EZY2H2S, FAAY. LDL-ZY2H2 2 A
HEAS AaAFoRN BAANES aRHoz duet &
de Aoz ygE AEHA, TAHoY &R s}

o
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20| £AYo] HWHAISIH ALTSF AST Tk Eo
427} Zmﬂu}”) 7 7159 AE=2 ALTS} AST =
3 A, ALTL bR EolF mE dixFel HlE Fa
T, ASTE OFE EoF B% tjzio vl gasis 7
Hoet, ol Ak B 2580 Rojk 7hxz o] SAMS
ou A= BEY £ i Ao AAEC 7H} giEw)
zAWe|sty WIS olst A FAZ vs] HRZe
7 2o ATt A9 22)o] ZAo| E3ishA ekt
on] Eulo] Ao AP yYute] vlFen A5 Zrk AL
z}om ¢ A, q1 233 HEZPLS @ AT300 T

> r:i

o
a

e 2
32 oxt of)

O

}_

°T"“'

t’
b

=2 DL AR
op-A e o] A
XM l‘%}ézﬂ - Zlé‘f‘é}%*ﬂ Zrael 7+ 94 d3 YNz
7158 MAE B8 ST AUE = Ug AL
F3},

=R

8% 58S LDLr KO 0t mde] 37 £of3 ¥,

73N AEAE A7 A e 22 2Ee ¢

o djzo] Hlg 2E

o] ALTS} ASTS 2% 3 Zz, ALTY

A% mE OHL oM G4 9t FAEE BED (o<
0.05), AST 274 2t Folz midx] thzzol s
Fashe A verfsist.

4. % U ALAdFS B 23 AT300
FEH2HES @9 FAE

(p<0.05).

ol Ay
solHom sty

ot
™

FaAT g BAE da Yaze) 7 2l
Mpgest A 229 ZAe BaAsgon gEUy
S B e N S5 R 2 AT

sisict. hasst Vmke § AT300 Fokzo) 2
N3} fFWEe YT A BES B

oY, X
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Hetd 23 2529 o7t
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78kl AdEIT 9
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2 ATL GFRANGATAL B HARAR F- @
W ST FEARAY S A DL Wok 2P A7Y
YtHHI15C0256).
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