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Abstract The study was to investigate the anti-inflammatory effects of water, 50% ethanol, and
100% ethanol extracts of aged garlic on LPS-stimulated RAW 264.7 macrophages. Total polyphenol
content was determined using a colorimetric assay. Active compounds were quantified using HPLC-
MS/MS. The production of nitric oxide (NO) was quantified in the culture medium through the
Griess reaction. The levels of pro-inflammatory cytokines, including IL-1B, IL-6, and TNF-o, were
quantified using an ELISA kit. Total polyphenol content of water, 50% ethanol, and 100% ethanol
extracts were determined to be 356.31+1.74, 334.41+2.27, and 2,569.02+21.30 mg/100 g dry basis,
respectively. The highest contents of S-allyl cysteine and S-1-propenyl-L-cysteine were observed in
the 100% ethanol extract, while the highest contents of y-glutamyl-S-allyl-L-cysteine and y-glutamyl-
S-1-propenyl-L-cysteine were observed in water and 50% ethanol extracts, with a similar trend
except for 100% ethanol extract. The 100% ethanol extract demonstrated significant inhibitory
effects on LPS-induced NO production and the production of pro-inflammatory cytokines, including
IL-1B, IL-6, and TNF-o, at non-cytotoxic concentrations. Additionally, 100% ethanol extract
demonstrated the ability to inhibit phosphorylation of p38 and ERK, key signaling molecules
implicated in the inflammatory response, in LPS-stimulated RAW 264.7 cells. These findings suggest
that 100% ethanol extract of aged garlic has the potential to be used as a functional food material

for preventing inflammatory diseases.
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MUY S48 AEENH B

e whgol, IA 34 9T W @F0E hdrhZhao 5, 2023). 4 5 e
2145209) A go] Bofstol A oI I s 05 Lol Ll(Maiorino 5,
2022), ¥P FEL AL AES Ao EFUTNF-0, L6 5S BHTAA FF S04 24
3 DNA % T3 &4, ROS W52 S4ste] Futels B9, 4% A% I 5 thopd 04
Ao F8 U9l0] HrF(NasefS} Mehta, 2020). A} AL Bofsle 0 AL hAHEE

Bg 2o g
oA %

% oz,

_Z_
"o —

9] 29| A0l ol 714

4, 95 WS 3 AW A Al A A2 GG, growth factorg S cell
proliferationo] FFZ vA L FF WZHEE BAo= o] Hofste AR HIHI FIth(Jang}

Lec, 2023). LPS . 9% 299 BAMRE A7 395 S0 299 @5 Bkl Age
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(Kim &, 2017), LPS(lipopolysaccharide)ol] #2|2 &AJsle
QAT IL-1, TNF-a, [L-62 8|53 TRt 454 Aol
E7RI fAA B fheste AR dEfA QUth(Page
= 2022).

ts(Allium sativum L) T |71818EC) o &5
o] et WAZE o A7 5AE 9 9okE AAE &
3(El-Saber Batiha 5, 2020), H¥73sl, 45744, AEiA
7, A 2, 2815, FAET 5 Rt AYeE s
< 7= AA2 E1E o] Qlth(Hameed 5, 2017). 11 % s
1S Ao TS AEE pro-inflammatory cytokineX}

4 a8 2H-S A5 (Liu 5, 2009), B]ZAME

Azt SHE AAaAA A ATES AR
tH(Ginter2} Simko, 2010).

THE2 A IR S 59l FIRHES] /o] ¥k
o, §eo] A% IREE 20% ofghZol &= 7HE7t A skl A=
St Ans3EE(aged garlic extract)S diallyl disulfide
(DADS), diallyl trisulfide(DATS), S-allyl cysteine(SAC),
S-allyl-mercaptocysteine(SAMC)2} Z-2 S8 EZ o] A5}
(Kodera -, 2020), o|tj vhzo] m|=F EAstd SAC7} 2A
7kt o] SACE 4T 589 AREEAE gHA
QIthWoo 5, 2022). TE3E, ofAolE F4 02 thsE 60-90°C
9] 2xoA 4 BE AA AxH Sk vhso HRE
g3} oju| A AJEo] A3Fste] maillard reaction® 2 ZHE
o] F7Fskal vieato] Zraskal Y=t F7ksk=d 53] Ht
£l TFH SRHE F SACT} S7telH Sulks B9 AuE
2257 QlthAhmed 5, 2021; Corzo-Martinez 5, 2007).
e Avs £438e Al veY fREH0] Aolgt
tl, &/duHsFEE0l= SAC |90 it SHtEE No-(1-
deoxyD-fructose-1-yl)-L-arginine®| 1Thal 5} 0H, o] £4
Z ascorbic acid®} -FARRE 7Rt F4tst /o] Qlttal 51ed
TH(Kodera 5, 2020). 1 9 EHELAZ = AHZo|E AlZY
3} tetrahydro-B-carboline derivatives 5 TFFst =84 AJH0|
S4nkse] oRjsy maleh Belo] Sl YA Tt
(Ichikawa 5, 2006).

54 Sohe S ot 954 markers} pathwayol %}
2 Fo| FAF Tt GRIE =T (Libero 5, 2024), IL-1p,
IL-6 X TNF-02} 22 HASA APIEZRIY T A5t
JI(Stepien 5, 2024) P AZo|A AF HHSo] F8% 9
S 31+ nuclear factor-kB(NF-kB)/toll like receptors 25
23] 9% WG YLATIE 20T FALUTHAL 5,
2024). E3F, Z0H=2 INOSSH COX-2 HBL elAste] HhA
o) 54 N WY A2 2Yotel YU A5 Aot
Yo LKAl 5 2024). B, Ao ok 225 WL
QATHE % 714 22E 25 GAHEOIH NOSH pro-
inflammatory cytokine A4S TAAZ|= ZO0=E g AT}
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(Kim 5, 2014). o]ejo &= ZAHEEo] ofsf A xH Zruks F
Z5-2 A A ZEf| A nitric oxide AJ/JT} acute pulmonary &
25 ZAAFITE= Ba7) QQtkPark 5, 2012).

A2 9% AR AREE T SloHES olainA 2t
&o] Hi%=t|(Jahnavi 5 2019), Mg HIAH Z0|E FAF
A|(nonsteroidal antiinflammatory drugs, NSAIDs)9] 3%
& 2A, 2o AL, ATE 5 TRt 2 o, AEn
gk 9 A S ol A A ATkBindu,
2020). £3] NSAID 9 COX-2 A&7 A|A|o] HL Ad7
Age] e =t €A Slth(Minhas 5, 2023). w
2hA FISAI WIS BRG] AL QA Qb i 4
A7h a7EH, HE FARE = HAES T8t A &
A 2= AF7F ASH o2 Hadh AAolH

U2 7ROl 443 Skeha £/l gEiAl=d Aut
Sofl EA15H skl A7 4% SrksY] SRE2 Al
= Aolsitt. ey nks9] 494 B8t a5 AL
A B7ZF SHNAS AR AZE SoHsS Aokso] BHod
AT} sulfide FFE-2 9] EAokA] o, ZHEAN &
glgo] S7lekal &/l oA 53] FaHdEoEE SAC
7} S7Fete). ol2jt WateE H4ksl, }F, U (Stepien 5,
2024) & HFet o] itk LA ik

mEbs £ oA s Suks AR 274 #gst] A0
A et nhe2 ZHEES AA AdE e, A= 359
Wt o= FaEE0 o 28 w3 53] Auks
7 Zuks ] 4] FeRkHE e vl AEShL &
AikeE 1 oletE FEE2 AlEsto] 2t FE2EA4Y &
A5 B vl FESto] HF FE20e gl dA
T AzE s4dvhs 559 FREF 7|Het 45Ws
24 A= HER AAolug, & A4 olF 954 A
HE(RFute A B, AEE A 3 5) A7 oE A
A=HETY] AAE AFE ST 712 HolEE Est,
Aol FAF 71548 2AEAY TS "AsteT 7o

shaa} st

2. jz I g dH

21 ME 4 ¥ F=F HE

2 Adof| AFH rhe2 Jelie MddlsE o2 RE Zint
59 Tsio] ALBSITE. Sk ARE 0HEE 3 ke
Almdof] o}l U8 T 50°C2 243 2524 7|(JSRH-
500CPL, JS Research Co., Gongju, Korea)o|A] 1447t 2%
H3} Qlo] A% - sAJsto] Azt SrkES 7sE 3
kg¥ WE3to] GAEE 80-90°CO)A 60A|7E, 70-80°COl| A 60
A|ZF, 60-70°COllA 120417, 55-65°CO|A] 12047k S9F &4t
of A|xslltt. Ausy} A2t gud S/4vksd S B
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T+ B Z7AZR7|(Freeze Dryer, IIShinBioBase, Dongducheon,
Korea)z. Az3}o] 41 A= AFgsielch

SAnks FEE AR AZRE 47k 200 gofl =, 50%
4 100% ot 27 4 LE A7kt & 582 70°C
oA SAIZE 2] F No.2 IR 2 FETE S FHHR7]
2 BN, 50%2F 100% oehE 5552 20°ColA]
24A17t B9t WHE &3 & No.2 of#}x|of| ojzfst, 335
HHs27](N-1200AVW, EYELA, Tokyo, Japan)& $Pd7A%
T 5AAZIGT. BE ¥ ez 70°Co] BastEA B
2 A ok gojo] sl4jsto] B4 9 A Ago] A&t

2.2. A£9 gl3l 2fefF Bl5f F4

Woo 5(2022)9] "o o=} GSAC, GSIPC, SAC ¥
SIPC g2 S5t on Avks, s4vks, S 52
Axd Aas EElsto] ARGt a1 g2 33 5
429 mLo] ¥ 3027k AFste] &3 &, ofA|9}
0.22 pm filter® 42408 ojz}stgct. ojztde HPLC-
PDA-MS/MS(TSQ Quantum LC-MS/MS, Thermo Scientific,
San Jose, CA, USA)Z EA35}9It}. ESI AE7]|= Yo|HE,
scan ratex= 0.5 spectra/s, collision energyx= 10 eVZ 245}
o™, selective reaction monitoring(SAC, SIPC: m/z; 162
> 73,145, GSAC, GSIPC : m/z; 291 > 73, 145, 162)% 24
5loith BEAAEYL Zorbax® C18 column(250 mmx4.6 mm,
5 um, Agilent Technologies Inc., Santa Clara, CA, USA)&
ARESIR O T, o] F/dS ZEAM] 0.1% FE SFF(A)L of
AEUCEZ(B)E o]ttt °l5/d9 7I1&7]%= Table 13}
Zth. GSAC(VWR, Radnor, PA, USA), SAC(Sigma-Aldrich,
St. Louis, MO, USA), GSIPC(MedChemExpress, Monmouth
Junction, NJ, USA), ¥ S1PC(MedChemExpress)?] A2 Z+
719 #FEAS ol&sto] AT REFTAE 7o R 4
Pttt AE FEEEDS FYT 2704 EAEoH,

5 AlZtS Hlaste] 7t AR oS ARstoith

Table 1. HPLC gradient conditions

Time Mobile Mobile Flow rate
(min) phase-A (%) phase-B (%) (mL/min)
0.0 99.0 1.0 0.7

7.0 80.0 20.0 0.7

14.0 0.0 100.0 0.7

17.0 0.0 100.0 0.7

18.1 99.0 1.0 0.7

21.0 99.0 1.0 0.7

25.0 100.0 0.0 0.7
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2.3 H= sfglE gt FF

Hx 3= Folin-Denis(1915)9] HHH& o]&3slo] A2k
54t 1,000 pg/mL 5] SAuks $&5 3%50] Foline-
Ciocalteau A|2F(Sigma-Aldrich Co) 1 mLE 7}5}1 38 &
10% NaCO; 2% (Daejung, Siheung, Korea) 1 mLE A=
Y2 oy ARoA 1A BFEAIR & S8 T A (Libra S
35, Biochrom, Cambridge, England)Z 760 nmoj|4]9] &4 =
£ 3458l 24t #3589 (Sigma-Aldrich Co.)Z ]85
o] 23t AFAHOZRH AR FHw SHHEY IFHS
gallic acid equivalent(GAE mg/100 g)= AHA5}ATT.

2.4 HESE Al

Adof| AHEE RAW 264.7 N 2= A Z2525Y(KCLB,
Seoul, Korea)o|A HoFQrom, HiFS 10% fetal bovine
serum(FBS, Hyclone, Loran, UT, USA)X} 1% penicillin-
streptomycin®] S35 dulbecco’s modified eagle’s medium
(DMEM, Gibco, Waltham, MA, USA) BJZ|o|A 37°C, 5%
CO, 2702 Hjgsltt. 559 AlE=4 34 MTT
assay2 0|85tk 96-well plateo] welld 5x10°7]9] A ZE
510l 2417t Bl &, AlEES A9t F 308 1 pg/mL
59| LPS(Sigma-Aldrich Co., St. Louis, MO, USA)E *| 2|
Sto] 24A17F Hf HjoslGitt. o] % HiXE AAT & FEAH)
A2t 5 mg/mL §E2] MTT &5 H7I5to] 37°Co A 2417k
o] HjeFet thg DMSOE £55t] 1027 HAofA wykgt
5 570 nmo|A| SFEE S75t0] Al PEES SISt
A ZAYEE2 control cello] thgt WEEE FA|SIIT

2.5. NO 445 5%

RAW 264.7 A|ZZ 24-well plateo] welld 5x10°7]S B35
ato] 24A]7F HiOF3t B, A|2E X5l 308 ¥R & LPS(1
ug/mLyE A 5to] 24A17F 32712 HiQFstoiTh Al g
3]4=5}0] YAIEE](1,000 rpm, 10 min, 4°C)5 A8 I, AF5H
g 3ttt Sl A5 F 50 uLE F9f sulfanilamide
solution 50 pLe} E9}ste] 5E7F W Apdsta §ESAZ] o
< NED solution 50 pL&} Eg5}0] 4204 74 1087t ¥t
SAIA, ZFZ=A|(Epoch, Bioteck, Winooski, VT, USA)E 0]
&5to] 540 nmof|A FFEE SA6kL, LPS T A2 tiH|
4HZQ NO B4 AAlES HESE YERfSItH

2.6. ROS 445 =&

RAW 264.7 H|EE 96-well plateof| 5x10* cells/well WE
B2 EF5to] 24407t Bt vt &, A EE AP otal 24A1%F
o HjFstoitt. o]F, DCFH-DA ¥ @S &dff A W
ROS AAAFHS =75 (Intracellular ROS assay kit, Cell

https://doi.org/10.11002/fsp.2025.32.1.136
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Biolabs, San Diego, CA, USA). -4 vFH-& A #3131 PBS
& AlA ¥, DCFH-DA &5 #2|sto] 14]7F 52t ¥Hg-AIX1
7, Al PBSE AT 88 9598 7ksto] microplate
reader(VictorTMXS, Perkin-Elmer Inc., Waltham, MA, USA)
£ 0|83} excitation 485 nm, emission 535 nmoJ|A] LEE
+ 3% A= HSkE S4s5Ie0th LPS T APEE 222
2 3o] AjA9l ROS B AALS MELE ek

2.7. §&4 cytokine &

RAW 264.7 A|ZZ 12-well plateo] 1x10° cells/well D&
E &5 1247 8l &, Al=E A2l 147 & LPS(1
ng/mL)E A Fsto] 20417t B HiFslitt. MY 5= I
5Fo] ELISA reader(Epoch, Bioteck)E 3 TNF-o, IL-1B,
IL-62] BdF= SH3IAH. Z cytokineo] Hgt A7 ZH &
96-well plated] EFEEI ARE EFoto] §REAIX £,
Streptavidin-HRP solution(Invitrogen Corp., Carlsbad, CA,
USA)E Aelsh TMB 7138 7lelol Al Qtaold] wg
2 FE5IT}. Stop solution® 2 HRE-S STHA|Z] & 450 nm
oA EFwE 24sto] LPS W A2 oy AdiFql
cytokine 4 AAl&2 WEEE e

2.8, Mitogen activated protein kinases(MAPKs) &5/
=5

HM|E 3= RIPA lysis buffer(150 mM NaCl, 1% Triton
X-100, 1% sodium deoxycholate, 0.1% SDS, 50 mM Tris-HCI,
pH 7.2, 2 mM EDTA)E €50 302 E¥gt & ARSI
MAPKs #42 83H ANEZE MAP Kinase Assay Kit
(Catalog No. CBEL-ERK-SK, RayBiotech, Peachtree Corners,
GA, USA)E ARGt Al RALA g7t A9 o] uhe} 21
oty

2.9. &2/

BE HYL 33] ol §HEsto] E|glon, fojzl flo]
E]&= IBM SPSS Statistics 182 0]-8-35F0] 54 4519}, 2t

Ago] AT WFLEEHAR ehion, QYuH 24t
o =
=

24Z AAlste] 57 7F 593 AlolE gRlstt f-oJgt At
o7} 9= AL A}Z HAHO= Student’s t-test I Duncan?]
o5 Hu HAYE FP6t 2E SAF |98 A8
p<0.05 $=Fo|A] o]FoiFth

3.1. Of59] gefet=E 2fEf

A2 37149 9 y-L-glutamyl-S-alkyl-L-cysteineS-
7} ZA5k=1] y-glutamyl-S-1-propenyl-L-cysteine(GS1PC)°]
3-9 mg/g(fresh weight), y-glutamyl-S-allyl-L-cysteine(GSAC)
o] 2-6 mg/g(fresh weight), y-glutamyl-S-methyl-L-cycteine©]
0.1-0.4 mg/g(fresh weight)o] 3% oL}, SACE SIPC
+ H|Folth(Lawson 5, 1991). 13y /4 S AXH 3}
L= /o] HsH EHe=d, ofghZol A7 4% v
ZE(AGE)2 GS1PC9} GSACY} £8f=]o] SIPCL} SACY} 2
Al S7FttH(Lawson 5, 1991). ©|9 A2 W2 =y vhs
= AER Lo &/dsto] A3 SvRsk SIPCY SACTH
S7RITE T2y 54 229 %4 717t wt SAC &3]
golgtt], AnksolAe AEEHA ¥H SACE SH=E Ax
5 To|= 52.75 mg/100 gO.& Z7}3ithal 519 1 (Kanokwan,
2023), 7FeHof| wel Suks9] SACE 9.77-19.43 mg/100
g9] #Molgt1 519t Malaphong 5, 2022). 20% of|gh-2o] %
72 SAAA vheo] este a7 fEARe g
2 =9 SAUEFEE(AGE) &9 A= (Kyolic, Wakunaga
of America)?] SAC L2 34-70 mg/100 g, SIPCE= 12-37
mg/100 g°]ATHWoo &, 2022).

Table 2= <4 =5 2esto] Al2H ks, 50°CAA
ST SR YA oR E8EHE Sukss Alxstol
FoketEe] HolkE HESISIth Arks9] GSAC 9 GSIPC o
F2 717} 1,047.58+45.34 mg/100 g E 778.1+31.5 mg/100
20| SAUFEE 536.96+27.86 mg/100 g L 195.2+10.7
mg/100 gO 2 <=0 whet 2z} 48.74% 2 74.9%7t HASIA

Table 2. Sulfur compound” content of three types of garlic (mg/100 g dry basis)

Sample name GSAC GS1PC SAC S1IPC
Fresh garlic 1,047.58+45.349%) 778.1+31.5° 65.144.37° 11.4840.67°
Aaged garlic 536.96+27.86° 195.2+10.7° 317.2£12.51° 72.2143.24*
Black garlic ND* ND 11.87+0.25° ND

YGSAC, y-glutamyl-S-allyl-L-cysteine; GS1PC, y-glutamyl-S-1-propenyl-L-cysteine; SAC, S-allyl cysteine; SIPC, S-1-propenyl-L-cysteine.

PAll values are meantSD (n=3).

Means with different superscript letters (*°) in the same row are significantly different (p<0.05) by Duncan multiple range test.

YND, not detected.

https://www.ekosfop.or.kr
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o}, ¥ Szl A GSAC % GSIPC F 315Heo] 42
] oxoket. 4Aubs9] SACS} SIPCE 317.2412.51 mg/100
g 2 722143.24 mg/100 g0 & Aupso| vl 271619, &
TR SACTF 11.87 mg/100 go] AFE o SIPCE A%
HA] Fktt. £4he2 SRR SAC o] 26817} 3
Srhsol A ASHA ke SIPCE = of et 250
A& Ao 7t

SACE ¥, FUS, AL}, HALA 5 ot A2 &4
of Tkl A QML 53] ASHH AEHAR Qe ¥ &4
Al SFFEEL IS E L, FREEHL Selad, 2yekE
e OtE A, ZHEEoMA & P} Bao] B4 35S 59
¥ &S A3t 4 Aok 27t YthAshafag 5, 2012).
whehA] A2YHE EEste] BHE vk 3%9] SACS SIPC 9
F | ZH0A SAC 9 SIPC 9ol 7HE w3d <4vhs
& Z83to] B3 50% L 100% e 58 xRt v
FE59 A2 o0 9T a5e 4

32 205 #3559 SH= 5

Wi SRS ATl EASE S s} 2 TRt 4
2 B4 /T YtkVaz 5, 2022). oleiet SARL 453
3 2999 Fel2 EAshe(Hamid 5, 2023), 0|3t s 5}
F250 RBA Nsont BT, T, T A

o,

I, o|X
ol

ol

[9

i}

Al o8& $84L =3l tal Frh(Rashmi®} Negi,
2020).

ks FE= 339 He dvkE T2 Table 33t L
3 SHE T2 100% ofHhE FEEA 2,569.02+
21.30 mg GAE/100 g2, & FE57} 50% oshe FEE9)
356.31=1.74 mg GAE/g®} 334414227 mg GAE/100 ght}
$o502 B9l 7120] Q7o) e ot 129 & 2
220 B9 ofstg 2220 W L Peol f o
o8 A+ A7} =t (Plaskova®t Micek, 2023), vHe& &
7} 70% oferg F222 Azdlel Fs e Behuiol
T 3tes Had 4 & FEEETE 70% g2 355
of gregol tf UL S}3Irk(Eris 5, 2023). 2 AFOlA 100%

Table 3. Total phenol content of three types of garic (mg/100 g
dry basis)

Sample Water 50% EtOH 100% EtOH

Total phenol 356.31£1.742  334.41£227°  2,569.02+21.30°

DAIl values are mean£SD (n=3).
IMeans with different superscript letters (*°) in the same row are
significantly different (p<0.05) by Duncan multiple range test.

& FE29 3= SEcl vE FEE00 vE Eot o
t g4o] Qi Ao 7|diH

ol

of
%F
3.3. 0= F==9 2lefe/E &5

& 8WE 99e 3% s4vks FEE9 GSAC,
GSIPC, SAC % SIPCO] T2 Table 49+ 2Tt 25 3%
Z 100% ofere =&5-2 SACS} SIPC $tgo] 747} 1,555.6+
66.5 mg/100 g, 419.47+19.58 mg/100 gO 2 Th2 =ZEd] H]
3 &3, GSACSt GSIPC &2 85.60+6.20 mg/100 g3}
82.76+7.16 mg/100 gO.2 7} Yokth, E3] Z}zho] &Xubs
FEEA SAC TF2 & FEET 50% oflehe FEEA
£ 780.0-808.7 mg/100 g9 HARE FA7} 12 100%
oEFe 2ZEL 1,555.6 mg/100 gO.& ThE ZZEHT} 2u)
oA} tf &9t} olgfst A= u|Fo] & uf ok FAof w
2t REEAY gl Aot Ag Ao wekE

A AolA oekE H7F HEE ZEsto] SAC TS
2743t Ao w2 ot o] Eotd4E SAC T
7= a7k lith(Kang 5, 2018). T THE A& (2
UE, TWEE & FEE b9 ot 2504 o =2
A S Hepdth . A QIthWu 5, 2009). THehA
FE50 4 fREZo| Aold w} FF FAS S0l ¥
32 7IdiolE 4 QS ZoR FEHr

SAuksol 8 T4 JEOoZE SAC ¥ SIPCYF R
oy o] FA&EX &4 I B GSACS GSIPC7} y-
glutamyl transpeptidase(GGT)°] 2J5] SACS} SIPCE A 3tg
o] A= tH(Lancaster?} Shaw, 1989). Suls2 AR 34 &
o] SAC 3o 7IoH SACE S| 8 A(RELRE &

Table 4. The contents of SAC, SIPC, GSAC and GSIPC" (mg/100 g dry basis)

Extract GSAC GS1PC SAC S1PC
Water 1,271.7+48.87%) 578.717.39° 780.0+2.10° 305.02+1.40°
50% EtOH 1,323.4+75.2° 618.08+31.90° 808.7+4.30° 335.63+5.80°
100% EtOH 85.6+6.20° 82.76+7.16° 1,555.6+66.5" 419.47+19.58"

YGSAC, y-glutamyl-S-allyl-L-cysteine; GSIPC, y-glutamyl-S-1-propenyl-L-cysteine; SAC, S-allyl cysteine; SIPC, S-1-propenyl-L-cysteine.

PAll values are meantSD (n=3).

Means with different superscript letters (*°) in the same row are significantly different (p<0.05) by Duncan multiple range test.
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A =, vhe2 UaEY 4o wet SACEYTE ofuzt
SIPCE ¢ Z715lH SIPCE Fi%, HITA 5 chst
a5o] ot &EA Slth(Kodera 5, 2017). T3 ks A
EollA4 SAC ¥ SIPCE &7 EESfoh= Zo] A& 4 3
A2 ol F8sithar A SlthWoo 5, 2022).

SACE WA AR HUE F540] flaL, =42 223.3-
223.7°Co]H(Kodera S, 2002), Htj 218 £9F 1 §lefo] #a}
A F=thal sl (Lawsond} Gardner, 2005), 7F& wl=ofA]
SAC= S8 AQl B4 £ opet ghital, a5, Al o,
Y A, g 83 5 o BEEy 552 AU $8
42 IHA UthMu&t Zhou, 2017). webA & A3 oA
AEE SR 100% oehE 282 & FEEET SAC
o] ¥ Eof tFet a50] = ALE VdEHY o|F T
45 g4 452 AR AYstorh

34. 835 28 HE 4Z5

RAW 264.7 tjA|A| 2o &/4d1H=9] &, 50%, 100% ofgh2
FEEZ AL R AYStaL 37°Co|A 24417 Rt ik
3t AdkFig. 1), & 252 M| 1,000 pg/mL FE712] HE
EAJo] T A] Qokeh. BHAE, 50% 2 100% oJEHE 2EEL
1,000 ng/mL FEoA] AliZEgo] gRlE]o] o] AYo|A=
A SEE 800 pg/mLE A|gHstyct.

3.5. NO%¥ ROS 44 oiH &

RN 95 WA NOE Hheeloht L A
ASHe R SR FEabA BHEE Aoty AEdAS
Sstol 9% 2 92 BPAD 5 YkKim 5, 2020; Omata
5. 2001). oA NO 43t §3] B Apolofl= BT B
4ol SI7] o], LPSE Held RAW 264.7 o] 359

A)
120 +LPS (1 pg/mL)
L} 1
=100
..E e 2 8_'}'_88 %
o
: a0 F d
5 =200
i
- 60 “‘3“8“ o400
£ @600
=
E 40 ma00
[=19
(waimL)
g
U Ll L
Control Water 50% EtOH  100% EtOH

120 +LPS (1 pgimL)

f
™ - .
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@400

s r m500
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Fig. 1. The effect of aged garlic extracts on cell viability by
LPS-stimulated RAW 264.7 cells. Cells were pre-treated with
lipopolysaccharide (LPS) (1 pg/mL) for 30 min and were
subsequently incubated with different concentrations of aged
garlic extract for 24 h. All values are mean+SD (n=3).

Suhs FEE9 NO A4 oA &4e 345kt dixs
o5 AREHE LPS @5 A2jFolA= NO9| BAH 5717t &
A= ATt &3 50% oehE FE222 Ao A A] 5 NO
A a7t et 800 pg/mLo|A Q] AL 77} of
8.02%%} 11.95%2 W2 $=o]]th. ¥IH 100% oe-E &
E2 o 47.10%2] =2 228 NO 45 A rhFig. 2).
A=/ A 2] B2, 339 355 5F 800 pg/mL
oJst FolAE FAdo] WAHA dthFig 1). & AT 2
oA & FEZEHET 100% oeE FE=2°] § &2 NO 4
A4 4L Bt ol2fdt Ak & FE2H = 100% °f
g 3250 vasiRE 4 IIRHE ol © &of ol 7]
Ash= Aoz F=H E3] 100% & 2252 & 35
EXTHE BEslRME2 oF 74, SAC T2 oF 24 T &9kt

ROSE Ao A Tt 4B g2 53 A= 8

(B)

120
+LPS (1 pgimL)

g 100 .. . ...
=S =
o
< 80} e
- T om0
s ) o400
g @600
=]
g 40 + m300
“ (ug/mL})
e}
o 20 F

O — L L

Control Water 50% EtOH 100% EtOH

Fig. 2. The effect of aged garlic extracts on the production of NO (A) and ROS (B) by RAW 264.7 cells. NO levels were determined

by Griess assay and ROS levels were determined by intracellular ROS assay kit. "p<0.05, “p<0.01 and

treatment with LPS alone. All values are meantSD (n=3).
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O

E4olH, et A5 HhEol #olstm(Kim 5, 2020), ROS
A 24 715 HY A Sa5ItK(Filippin 5, 2008;
Kohchi £, 2009). 2 oI5Lo] A LPS H2jo] oJs] Aok A
B 27k furE GpAAEOIA S4uls 2EEES] ROS A
oAl ATE Sttt 1 23, £ 50% e FEES
32 329 ROS A4 A a7t vehd §HE, 100% of g
& B2 5T 92 ROS B4 A a3t BRlE gl
], 800 pg/mL EEOAL oF 33.65%9] H|TA =& ROS A
3 A tHFig. 2).

Chmelikova 5(2017)9] Aol 2™ SACE of& HAY
=25 59 &A3} AAE FAA)7I=Y, hydrogen peroxide2}
superoxide anion productionS ZAA|Z|AH Y glutathione levels
& Z7PIT T BIS G B A8e] ALE 100%
g 232 oA 232 Wol UHE SACH B5HgoR

A)
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800 |
700 |

3600 |

£
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5

Z 300 |
200 +
100 |
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100% EtOH (ug/mL)

©
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) ns’
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1500 F

IL-6 (pg/mL
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500 ¢

LPS(-) LPS(+) 100 200 400 600 800

100% EtOH (pg/mL)

AP NO%H ROS AAS TRt A28 Fol f950R
ABHE AEd A Gt T} e Ao

47, olof T2
2 229

3.6. §Z4 cytokinesS X& &if

LPS2] A2l tefet Ae] 5E} AIEZE00A pro-inflammatory
cytokineo] €3l= TNF-q, IL-1p, IL-69] XS Z7IA7|=
Ao g ®HE0o] Ql=t|(Ceccarelli 5, 2015; Meng?} Lowell,
1997), & JIoML 3717 &Auls 258 £ N0 ROS
A AAZA 0]l 7 EdE 100% o FEE gt
pro-inflammatory cytokines A &35 QI8 th(Fig. 3).
AZo] LPSE A5t &, 100% ogrS =52 100, 200,
400, 6007} 800 pg/mL =& H2)Sk1 ELISA kitZ AFE3)
o pro-inflammatory cytokines®] A34 A ai}& &It

B)

IL-1p (paimL)

LPS(-} LPS(+) 100 200 400 600 800

100% EtOH (ug/mL)

Fig. 3. The effect of 100% ethanol extracts on the protein secretion of TNF-a (A), interleukin (IL)-1p (B), and IL-6 (C) by LPS-
stimulated RAW 264.7 cells. Cells were pre-treated with lipopolysaccharide (LPS) (1 pg/mL) for 30 min and were subsequently

incubated with different concentrations of 100% ethanol extracts for 24 h. *p<0.05,
with LPS alone. ns, not significant. All values are meantSD (n=3).
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t}. 800 pg/mL 5ZoA TNF-qa, IL-6, IL-1p2] AJ4Jo] Z+zt
47.29%, 43.93%, 63.06% 7431908, BE cytokine?] 4/
o] B SEHoR Fola AL A4S BASNL

ul=9] SAC, caffeic acid, uracil, TJYEAESIeHE(diallyl
trisulfide), T2+ o| 81+ (diallyl sulfiden 7]E 1Hs &
o SHEE-S NFB AARIAE QAleke] TNF-o, IL-1p, 16
2 MCPo} 22 H9124 1Hgo] Tofsh ofe] AlolE7}] §
AARe] AARE JAIE 4= HH(Ho 5, 2014; You 5, 2013). 5
5] SACE TRl (Hy00)H TNF-00] &J5 F- 5= NF-«B
EAG3HE Aok 9TS sk Ao HilEo] 9l or(Ide9t
Lau, 2001), T3t 9t 29 9| Al oA NF-xB A1}t
NF-kB p65 mRNA I 2 chilg 5233 o)A o2 ARt
ohal 24 Atk (Mong¥} Yin, 2012). &3, Srks FE5E2
oz=9 2587 ALSHZ}H|(COX-29 TNF-a, IL-6, NF-kB)
9] &4S A (Recinella 5, 2023)3}H, NF«xB A5 A 7
EF fok= TNF-p1 Thldo] s AA5Hl=H|(Lee 5,
2019), ol= Zrks FEE9] et 3jtEo] 705 s &
3] SACY 37} Attty ST Yesim Teni 5, 2024). Wz}
A 4o 2204 APRE FUF B0l U =4
SAC W0l & #250] JRZ B0l o US A0= /1
T E£3], 100% of|gh& FE&2 pro-inflammatory cytokine
(TNF-0, IL-1B, IL-6)9] TAS FEOEH 0 & AAstglon,
o213t A= 100% offgHE FE&0] Al AEF A7 T
St A M| Zof| A ASA cytokines RIFA O R A5t FF
oA aE 7Hd ZoE 7|HHch

3.7. INOSS} COX-2 EMEI9l Bt5 x| 2if
iNOSE} COX-2& E% &3 whgo] 593t E42 d#HA

A)

L (ns)

L]
20 r
18

16 ‘

=T

E 125

o

510 - l
1]

a3 L

=4

) 100 200 400 800

LPS()  LPS(+

L= S R A = T =]

100% EtOH (pg/mL)

At iINOSE A5 A4 wiZiAIQl YAFSHE A nitric oxide)
9] S Edolil(Erfani 5, 2022), COX-2&= ¥39] & ot
E2 2935 uj7jA9l T2 AeEHd (prostaglandin)] A3l
Tojsh= Aaolth(Lopes 5, 2022). thkst AFoA ¥S &
ol ot ¥z iNOSeH COX-29] F7P7F ¥aA i
(Faruk 5, 2022; Oplawski 5, 2020), iNOS2} COX-25 A
St FAS A7E e Aor LA Utk(Zhang 5, 2019).

& AdoflAs HAAEe] LPS(1 pg/mL)E A2 tha =
duks 100% olg-e FE22 FEEE A2 w9 iNOS
9} COX-2 W&z HILE elisa kitE B3l ERAFATHFig. 4).
ASLHRJAR! INOSEF COX-29] TP 5= &A=
AR = A=, INOS2| 7-¢- 800 pg/mLo] FL=o] A LPS7H A
2le 22 vlwste] oF 39.03%9] A AT} YU
COX-29] 7= 800 pg/mLe] =04 Tz thH] 2F 78.70%
o] & WA 3} B ATHp<0.05).

s 2220) LpSE 414 AEd A7 S=E A
ZA iINOSCF COX-2 HdZ AaA7le Zor HiFo
A(You &, 2019), /€ Zuks F2E% LPS AH o
AA| 22 AFof A INOSS COX-2 S AaA7|= ACE
SRIE Ao (Park 5, 2012), ks €719 & & EE &
T A AEH AT FEE tiAA| A iINOSSL COX-2
A AAISFATHCho <5, 2015). WehA £ A4 100%
ogtE FE=0] tE FEEET 40| U™ AL SACY
SIPC 5 &algtEol 7|¢sk= Aos FZ5HH.

3.8 MAPK 3= X*&Z &1

MAPK family?l ERK, INK, p38< cytokine, A% QIA} &
274 AEdie BRE A5 U A TS Tt

.,

100 200 400 800
100% EtOH {ug/mL)

(B)

50 f

LPS(])  LPS(#

Fig. 4. The inhibitory effect of 100% ethanol extracts on LPS-induced iNOS (A) and COX-2 (B) expression in LPS-stimulated RAW
264.7 cells. The cells were pre-treated with LPS (1 pg/mL) for 30 min and were subsequently incubated with the indicated
concentrations of 100% ethanol extracts for 24 h. “p< 0.01 and ““p<0.001 compared with treatment with LPS alone. ns, not significant.

All values are mean+SD (n=3).
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(Braicu 5, 2019). E3H, tfAA| 2o A MAPK®] Q148 57}
+ AAF & He 2Fo] ol Tolstal A5 HHE F7H
7tk 4 A YrhMoens 5, 2013). ERK AZHY A =0
A QAFSHE ERKE A= Q10| o5 €43kt B Q1A
FEHAT p38 @ INKe= AEHA BHg A=E FA45te] o
573 cytokine} -2 QIAZ FEH AE AEF A 5] ¢l
AtstEtha B Eo]Qltk(Sabio?} Davis, 2014).

s4uks $#&29 ERK, INK, p389] Qlitslf vjA]=
FE GRIsH] 95l LPSE AleHa] AEFAS FEAIX] RAW
264.7 cello]] =89 FEESS Agsto] ERK, JNK ¥ p38
o] itsE S5 Ath(Fig. 5). LPSO] 23] 571 ERK,

A

025 ¢ ;
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01 bk OERK

=
%]

QOD=450 nm
=
pr

0 1 1 " " |
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©
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|_|

=
==
[}
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oD=

p389] QUAS} &4dvhs FEE2 800 pgml FEE A3
B 48 Sle ATt ERIE Q1A INKO] QlAkSt A= 2
Adte A HolARE 594 = AAart ERIEA] oot
k. Kim 5(2021)2 LPS A0 & 24351E MAPKOA 24
MN(Hemistepta lyrata Bunge) 2&°0| INKS| &435} H =7}
ERK¥} p382] &/d3lof| v Jridor @A 2d3tty
R, Hf HlsIE o83 MAPKs 415 Ag XS gl
=2ol A= INK Q14F5F7 ERK p382] Ql4ta} thr] w2
25 ol A0 & ERIEITk(Shin 5, 2023). ERK, INK
p38 isoforms A T2 43 Azl o] STk
214 91=d|, ERK1/2% growth factor, hormones 12|11 ¥

oN Mo wE iy o ok

B)

(ns)
0.25 f .
)

02 |
Eo1s
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Fig. 5. The effects of 100% ethanol extracts on ERK (A), JNK (B), and p38 MAPK (C) phosphorylation and protein expression in
RAW 264.7 macrophages. The cells were pre-treated with lipopolysaccharide (LPS) (1 pg/mL) for 30 min and were subsequently
incubated with the indicated concentrations of 100% ethanol extracts for 24 h. The levels of phosphorylated-ERK (p-ERK),
phosphorylated-JNK (p-JINK) and phosphorylated-p38 MAPK (p-p38 MAPK) were determined by phosphorylation elisakit. “p<0.05
compared with treatment with LPS alone. ns, not significant. All values are mean+SD (n=3).
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4 A=oE B3R L, INK1/2/37} p38e ASA A= <
T AlE 9 FHAEH A o LAt A QU
(Kyriakis 2+ Avruch, 2012). webA] Ago] AMEE &/dvs
FEE2 MAPK F = F ERK®} p389] QIAELE A4aA7]=
o & o S92 ACF AlzHoh

Abe 5(2022)2 ks FEE9] U4 A&l UV-B &
Al 95 E MAPKY] QIAISHS AA[ste] E3-& ol
= 87E 7M. 23359, Colin-Gonzalez 5(2015)2
SAC7} p38 @ MAPK/ERK pathwayS Z@5o] A Al
Zoll A NF-«B9| &/3E Astttar B alstgict. E3l SAC
L MAPK/ERK % PI3K/Akt/mTOR/NF-kB A3 HAGAZE
A5}, E-cadherin®] WEZ7I} A9 W) Id R E 3
EAIA AH-2tg Aol(EMDE JAIT & o, EIF oA
29| JEQ} Ho| A &-goflA MAPK/ERK E+= PI3K/Akt/
mTOR/NF-xB A5 AGA 29| 34 2 &3t E-cadherin®]
92719} #reo] ks Hi7} Yrk(Chu 5, 2006; Pai 5,
2012). £ AFo)A AH SAuks FEEA 7P TRkl
=2 E4& SACo]7| g o] Jio] FAZA F23t 9

7189 theE ol8%t A4 A% w4l Afe "EH, vks
FE50| AYY A9 5= ZEoA COX-29F TNF-a2] &
2 JAstH= B a7t 919 (Recinella 5, 2022), ths 2Y
2 otM|EALC 2 (Ut gAY F&E EEoA hydroxyproline
I} TNF-a X5 AAaAXIH= A9 23 e QoK Tanrikulu
5 2020). T3, Svks EE2 A2Y G 5E HPoA
AMPKO] 2/35 Zdsto] FHAI] St F4Z At
I IEGE MfAske A0 R SRIFUTHMIiki 5, 2020). ]
H vhe2 TRt 954 ko] A et WAL Tol 7] o
2o, 35 & AFadA ARt SvE FEEE ol 22
ot e gdoR ok AFE YT FaTt At

4. 2%

"Hz9 7]548E SHAIZI A FEREY o] &2
AHupsg A ZakT 019 &, 50%, 2 100% R 2ZEE9]
T9E &5 A2 Boto 71548 2R AR 7Hs/3l didl
Yot 1z stgct. ks, $4vHs 2 S99 GSAC,
GSIPC, SAC ¥ S1PCY| g2 LC-MS/MSE Z7513loH,
FUS &5 SHL in virro AP Ft0] A5t vhs2
9 F3kE T2 AYuksollAls GSACS GSIPC §Hgol
=11 SACS} SIPC k2 ottt §hH &/4dvhs2 GSACS
GSIPCE: 7r43}k1 SACS} S1PC 3go] © E9ith &Auks
25 323 RAW 264.7 A|Zo|4 LPSE 2] 3 NO, ROS,
TNF-a, IL-6, IL-1p 4 A 2 iNOSS} COX-29] Bl eF

H

0

[¢]

o off

I
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NO% ROSE= B5 94 e Td7h QAL 371 58
S NOZ ROS AIA a3t 7P %9 100% g2 5
&9 TNF-o, IL-6 3 IL-1p2] TAFS Belet 23}, B
o F&olA fofstA EEo] FaH e E3F 100% o
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