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Abstract This study aims to confirm the anti-inflammatory activities of acemannan and aloesin,
which have been studied for various efficacies at various mixed sample ratios. The mixed samples
were mixed at a ratio of 1:1 (AA-1), 1:2 (AA-2), 1:3 (AA-3), 2:1 (AA-4), and 3:1 (AA-5). Seven
samples were evaluated for their cytotoxic ability on macrophages, and the results showed that all
cell viability was over 90% at a concentration of 100 pg/mL. First, due to the NO production
inhibitory activity, a better inhibitory effect was achieved when using a mixed sample rather than
a single material. Afterward, the activity of inhibiting the production of PGE,, TNF-¢, and IL-6
was confirmed using a mixed sample. It was confirmed that AA-2 had the best inhibitory activity
on producing PGE,, TNF-¢, and IL-6 rather than AA-1, AA-3, AA-4, and AA-5. For this reason,
experiments were conducted using AA-2 to determine the protein expression levels of iNOS and
COX-2, which are inflammation-related proteins. It was confirmed that AA-2 inhibited iNOS and
COX-2 protein expression by 25.01% and 27.27%, respectively, compared to the LPS-alone
treatment group. In conclusion, the mixed sample of acemannan and aloesin is judged to have
anti-inflammatory activity and can potentially to be used as a functional material.

Keywords anti-inflammatory, acemannan, aloesin, functional material

1. M2
A Wl ol A8l
Z}=o] 9J8f WA gtTH(Kalaiselvand} Rasool, 2016). Q]
Lo eEE B9 AlRtol AUHEA AR &4, 22 AL Ao it 22 TgEeo g ofojd
% 9Arhlee 5, 2012). WY ol AL AAEE 9F A 1 AP GTL Tk
E3), JEAY = AT 2AZE lipopolysaccharide (LPS)7} L&A O, ol A xe} 2
L thokst MY A EE FASIAZITKSun 5, 2021). AHEES MY A EEL nuclear transcription
factor E, related factor 2/heme oxygenase-1, mitogen-activated protein kinases 2 nuclear factor- kappa
Be} 22 g% Ao AY F2E DAISIAA inducible nitric oxide synthase (iNOS), cyclooxygenase-2

4% vheL A 79, B

4 A3 5 Rl 9R B Hesty
A5 Helo] AAHA & AF wi7iAlEel
Al
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(COX-2)9} 22 = 949 48t ofa} interleukin-6 (IL-6),
tumor necrosis factor-¢ (TNF-g), nitric oxide (NO) %
prostaglandin E, (PGE,) 59 ¥% QAE AAIHCi &,
2010; Peng -5, 2015). 95 & 4Rl INOSE 79t AlA
oA 9] Bl 270l obd LSS 22 A==4d o5l &
L5o] ddo] dofidtt. o]2gh iNOSE thgFe] NOS 34|
AoZH A WollA A7get MlEe} 2AS E4AA A5
oFSA 7Tk g A Qlch(Forstermann®} Sessa, 2012; Sakai
5> 2006). T3, PGE, A§/d7 ¢13to] 9= COX-2+= signaling
cascade £, Z1|2 &4 7} 508 s 421 EHo
FEE o] PGEE thFo g2 AAstth(Hong 5, 2021). 0.
E Y PGE= B8 A F= 2 X APE A Z-gos
Qs FF el 71045, 57 84 HEAIA AAE &
AR Tte= Yokl E# A Qlth(Kang, 2012; Kim
, 2007). o]2|3t A5 WiAA fHAES HHEOE QIet dF

H7H x]—_,] /\H/\ég xz%—g}_\: AL z‘ﬂul E}g\og a}oq

ASA 7ol Eds] HYP= L QItk(Park 5, 2012).
YR Fotxg7t, 55 oMok, Ef AFe 59 "L
%3 A oA Eo] ExEof glon, oF 500712 /7t &
Jstct. o] F L= ot A A(dloe arboresences), L=
ek Aloe vera), &=of| AMEUE|oK Aloe saponaria), L=0]
¥ Z2(dloe ferox)7t HEA 0t} F=20)9] A50 == ¥H] 7|
A o, RAE) 9 AR, FAXES, TR 5Ol
B IEKim 5, 2022; Sanchez 5, 2020). T3}, acemannan
T} A2} anthraquinonesF<1 aloesin, aloin, aloenin, aloeemodin
e low, o] Qo HEI, ofu|ieAl, EFHE
A4, odE 59 dwso] TE ACE gEA St
(Derouiche 5, 2023; Ro &, 2020). ¥Z20)9] 8 A& £ o}
14'0 acemannan< Y=o acetylated mannoseo| A FAE

ol A= Eost A& oz, olg 9 Ak Ho]:oﬂ/q ko of
Z5ld, AEstdoz kel A7t AWE AT Gonzalez-
Delgado 5, 2023). ol 77 A%, HAW T, £%F 3%,
AL Agt 59 B5int ofy e}, tiAlA oA AHFFA Aol
E7RRI 2Hlof diet ¥ 24 a5 7H 2= dEA 9l
Th(Darzi 5, 2021; Tavakoli &, 2023).

Aloesing LE20] AFofA FE A ETH= ZEC=E
Q0] R s 28-S o, P A8, W) 23, 37
B} oha} Wahd Ao ZAHol Jeke wH= Ao 1}
Ebgtth S A4 22 oA G319} mitogen-activated protein
kinase (MAPK) pathway©] thgt #3} ai}= QIst = &
d= Ueio] et e 852 7 Ao=m oA 9l
TH(Dini?} Laneri, 2021; Saeedi 5, 2021; Tornero-Martinez
5, 2022). o]& <13} acemannan®} aloesinS Z}Z} t}okst 8%
= 7ML QloH, & A7 35 A5 2= Al oA &

IS A=A Y —’F Qict. SFA]EE aloesin H]-&

ook X Olﬂ OIN

N

=
<°

-

olN
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o] H& WS 2L Slof(Jeon 5, 2022), aloesino] H|s] H|-&
o] A#gt acemannans E£5HA EH BAAQ A &Y
T Atk

E qoEe g2o9 8 AEQl acemannany} aloesin
o] 247 a5t &9 Hlgo O FAF %“3 g5k
A9 vl&S HA6tL, 7|54 AEN &8 7S A5
Stz gtk

2. g % diH

2.1 dgie ¥ F=

H Ao AFE-E E3 9l acemannand} aloesine @40 A
gl(Jincheon-gun, Chungcheongbuk-do, Korea)ol|A] =g%to}
A8 Y5t Acemannane G 20| W2 (4loe vera) U
9] U E AAT F AEZ A G4 HEsto] oIt A5
S e o7 W == 7,:]__71\_/\]74 A Z5F4Lt. Aloesine &
o uﬂ A(Aloe ferox) Q& F2 3 97 JAsto] Lojzl
AAEE columm chromatograph E35lo] 14T 9] aloesin
< XﬂJ_O}‘}iE‘r. AaEe FAEZ9 acemannanT} aloesin,
acemannani} aloesing 1:1 (AA-1), 1:2 (AA-2), 1'3 (AA-3),
2:1 (AA-4), 3:1 (AA-5)9] Bl &R E90%t AR 552 ARESH
AYS AdPstHt.

2.2. Alef 2 217/

A|E BjFE fetal bovine serum (FBS), dulbecco modified
eagle medium (DMEM), 100 U/mL penicillin/streptomycine
Thermo Scientific Hyclone (Waltham, MA, USA)o|A 3}
of ABIHAT. ME SHS ZHap7| Yol ABE 345
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT)
¢} dimethyl sulfoxide (DMSO)+= Sigma Chemical Co. (St.
Louis, MO, USA)°f|A] ?‘?ﬁ}m‘i} o|F A Ao ARGH
LPS, Griess reagent 5= Sigma Chemical Co.olA] 95}
o, PGE, H/dd HAS5/d AlRIEZIRIQI TNF-¢ 9 IL-6 A
AeF 2748 93l enzyme-linked immunosorbent assay (ELISA)
kitE o] &35}91, o] R&D Systems, Inc. (Minneapolis,
MN, USAYIA F9Jsto] ALgstelet. 1% 7 2] o
2 FdL FQl5t7] Y3 iINOS % anti-rabbit IgG, HRP-
linked antibody-2 Cell signaling (Danvers, MA, USA)S A&
o} 1L B-actin, COX-2 ¥ anti-mouse (m-IgGx BP-HRP)=
Santa cruz biotechnology, Inc. (Dallas, Texas, USA)o]A]
Adotgct ol HES st A9kl immobilon western
chemiluminescent HRP substrate:= Merck millipore (Burlington,
MA, USA)O|A #5}o] enhanced chemiluminescence (ECL)
= ARSI
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Ado] ARE3SE 7]17]& pH meter (STARA2110, Thermo
Scientific), CO, incubator (MCO-18AC, Pantasonic Healthcare
Co., Kadomashi, Osaka, Japan), micro refrigerated centrifuge
(Smart R17, Hanil Scientific Inc., Gimpo, Gyeonggi-do, Korea),
microplate reader (SPECTROstar Nano, BMG LABTECH,
Allmendgrun, Ortenberg, Germany), chemidoc imaging system
(BIO-RAD, Hercules, CA, USA) 52 AR&3st3tth

2.3 ME Hfgf

2 A AR A E = A 323 (KCLB40071)
oM ZFot AMESIACH, DMEM HiA[o FBS= 10%,
100 U/mL penicillin/streptomycin 1%2] &2 ZA|oto] A
E vk A w2 ARESFRATE ¥iY 22 5% CO, incubator
oM 37C = AAsHACH, AEF 18AZF ol iRt &
At

2.4. MTT assay
A Q] RAW 264.7 Ao thgh A2 /8 gRlst]
93] Carmichael 5] W' (Carmichael 5, 1987)2 ©]-8-35}9]

AYS Yottt AlxZE IASHA sty sl cell
counting 3 96 well plateo] 1x10* cells/wellS E-3=5}to] HjoF
S}t o] % acemannan, aloesin @ ZF H]EZ2 A3 A&
£ 5, 10, 50, 100, 500, 1,000 pg/mL.o] HE2 A7Fs1%t.
A=7F A7FE e A 2447 BRF iRt &, 25
mg/mLo] FEQl MTT A2k Zt wello]] 40 plLA 37}sto]
3AIZE 304 HiFsHlth. o] % A5AS BT A|Astal, DMSO
100 pLA A7}5k0] shaking2 105-7F Z3Y%F T microplate
readerE ©|-&3 540 nm= FFEF A5 S0

2.5. NO ¥4 of 24 5&

NO A4 A3 4L RAW 264.7 Al ELE 0]-&319] Green
59 W (Green 5, 1982) B3 A¥S APt 6 well
plate] RAW 264.7 AJZE 3x10° cells/well?] B2 B33}
o] 24A17F F9F Hiet T 7t wello] 10 pg/mLe] LPS HEE
7 EE viFH ol Hefstgict. LPS A2 24)7F & 3|4
NEEL 100 pg/mL FE H2jsto] 18417k gt F 96
well plateo] BioF} 100 puLo} griess A|2F 100 uLE &3}5}o]
1057 ¥F-8-A17It}. 1 &, microplate readerS ©|-8-3] &4
540 nmoJlA E4& MYt

2.6, PGE, 44 Mo &4 55

RAW 264.7 A ZZ 3x10° cells/well2 6 well plateo] £
SEAL 24A17F FRL viFsto] AEE QHYSIAIZH. 24417 &

https://www.ekosfop.or.kr

Z}F wello]] LPSE 10 pg/mL9] F=7} H=% 275t 24|7F
B4 HSAAY. AT FEE AZ T 2 ARE H7Poto] 18
AIZE &< viFarylom, uie] Y= wieke) 800 uLE MA
2 AAsH] fAsf 16,305 xgoflAl 587+ YAE2E st
Aot AR & AE5H 500 pLE A0t PGEY] s
Z75}9lc}. o] ELISA kitE o]-8ato] A|RAtA] A3t v
Hol whet AEE XPotut. PGE, T 572 microplate
readers ©|-85t0] 450 nm9] FFENA SHsI.

2.7. FGZH AOIEFIUTNF-a, IL-6) 8&E 55

t}. 6 well plated]] A ZE 3x10° cells/well2 E-3=51a] 244]7F
5ok wioslaich. o, Aol A=HAISl LPSE 10 ug/mLo)
SER Aot 2417 ESF HRGAIZ] & A4 ARE FEEE
Bbslsict. 184171 %, vigkohe S7Islol SE 16305 xg2
RS AR ABAS Ago] AEIU TNF-o9}
IL-6] 4TS 21749] ELISA kit o|-gs1o] AZA014 A
2 W] Gt 43S AT TNF-a2} L6 T =
2 microplate readerg 0]-&5}9] 450 nm2| LA &7

s,

2.8. Western blotS Szt HHHE B3 SE

A% 7] 1Al iINOS, COX-2 Tl WS 89ls}7] 9
3] LPSE RAW 264.7 AL =S S T35}0] western blot=
95193t} HA], 100 mm cell culture disho]] RAW 264.7 A
FAx10° cells/wel) S EF5to] 24A17F B9 QHASIA AT
gt NZE &Rl F| A=A1] LPSE 10 pg/mL SE=
7 wello] #2jsto] 247t &9t WHEAIA BF5E FEokqlth
27 & ZF AEES F40] /e 711el 10, 50, 100 pg/mL
w2 Aeste] 1647 59 WSt wlofo] haE AE
o] Hj YN A A3to] PBSE 23] A2} lysis buffer (RIPA
buffer®} protease & phosphatase single-use inhibitor cocktail
100XE 33t GM)E o]&sto] AlZE &afAz &
A2+ 2087 FAET T, 16,305 xg)ste] AFAS S5}
At A AFZN2 BCA protein assay kitZ 7S 235}
Qom, o]F 10%9] acrylamide gel2 A7]%H5sl0] Tz
2519ty 8" @& membrane (polyvinylidene
fluoride)©]| transferdt ¥ skim milkE tris-buffered saline &
tween 20 (TBST)Z &-35}0] 5% skim milkE A| 235} 0H,
o|& o]-&3f 1At 53t blockingstitt. ©]F 12 FAE 3%
skim milko]] 3]A4s}o] 4T oA overnightE Z13¥sto] W33t
o2 TBSTZ 10&7F 35] membrane Al 22 A5t AlZ
St membrane©f] 27} FAE H7Isto] 1A17F 308 52t HEGA|
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71 & A|Ask] TBSTE 1027+ 33] NS Z13¥stqlet. It
€ ECLEYOZ membrane®] THHZAS HF2A]A chemidoc
imaging systemQ.2 ZA¥E Q153 ct.

29 &4 24

2E 49 A% 38 o4 §HE AXG HolE S E48le)
on, Z} =9 HHA+HEFHX](standard division, SD)E
715k9ict. 239 8914 AZS Y3 IBM SPSS Statistics
(23, IBM Corp., Armonk, NY, USAYS A}2-5t0] YGEAIEA]
(one-way ANOVA) ¥ A}SAA 02 Duncan‘s multiple range
test (p<0.05)} t-test (p<0.001)E AA|5to] {4 A
=3

3. Za ¢ nxt

3.1. MTT assayty 9/at HE H==

SRS 7190 MTTE AL 1 flEEsdolold 55
& g4= gt gh vhgo] dojy formazans FAJ3It.
Q] formazand H-2 A|Zo A= o] dojuhA] P,
oRlE AlE WolAet Aol dojubm, 550 nm LA of|A 2|
o] EFT7F TAYSHH(Yoo2}t Lee, 2020).

JAIM|Z Q] RAW 264.7 Ao A 29] acemannan, aloesin X
B3 ARQ AA-L, AA2, AA-3, AA-4, AA-S9] A|Z BEE
= MTT assayE ©]-&sto] &Rlstth(Fig. 1). Acemannan,
aloesin @ AA-1-5= 5-1,000 pg/mLe] 52 X 2]slo] A3
slglom, 1 AT}, 100 pg/mL SEAA BE AJRE 90% o]
o) AZ 2SS Yehelth mepd o)F 993 Y Bl
Az A2 A PEE0] 90% o)<l 100 ng/mL s== A
ool AEE WAL

il ng

=

©W

2. NO 44 ~lof 24

AT W2 AR WY wkeoR A ol 1% F 1
HA ke | Hheoletal dRA glo], We 452 A
2 9T WAE 7L Sl AE & 5 ol AT eR A
A | s F /M tEARl 24 F sl No= 29
S, B 2, AR T H S 5 HFdt 7se A
I AR, IS AE 3R AR S QIR vkt
Aghs9] eRloR 2Eentn A Slrh(Leest Ji, 2023).

Acemannan, aloesin @ &3+ A|EQ1 AA-1, AA-2, AA-3,
AA-4, AA-59] NO AA A8l 4L 9__} 15} 72} LPSE G-
H RAW 264.7 A|ZE o]-&3}tt. WA, LPS &&= A 2|3}
FA T tigt Aol E Zelstlom, ZF Az 2] NO B4 A
3] &4 =4 A3}, 100 pg/mL 5EOf| A acemannan¥} aloesin
© 717} 13.68%, 10.95%92] A EI7L GEFEo ], AA-1L
25.89%, AA-2+ 16.61%, AA-3+ 21.85%, AA-4+= 30.51%,
AA-SE 21.33%9] A3 AHE FRISIAHFig. 2). ol&
acemannani} aloesing E31519S ) NO A4 A3l 17}
o %A et AL Slslel BE0R ALg}|uT} B3
A9 W AR e AL ISl ol Ho] B
W2 3] 918 PGE,, TNF-¢ % IL6 34% A 3714
oz WY

3.3. PGE, 44 xfof 24
9% WS SR B A B POE FaHow F
A5k, arachidonic acido] 2J3]] COX7} 285k A= o]
A= EZo]t}. o]& angiogenesis X0 & 915 o TAI} &
3. 55 L FY 59 95USe) Suss AVES puet

(Jeong 5, 2012; Sun &, 2020).
RAW 264.7 A|Zo] LPS X2 E3) Z7}5 PGE, MA

-

L B=R=ERERE
80 |

60

Cell viabillity (%)

20

|
‘
BB

ol EE =
‘

i

f

:

f

b

Con \ 5 10 50 100 500 1000}‘ 5 10 50 100 500 1000)! 5 10 50 100 500 1000}‘5 10 50 100 500 1000}‘5 10 50 100 500 1,000 )‘5 10 50 100 500 1,000 AS 10 50 100 500 1000)

| 1
AC AL AA-1

AA-2
Concentration (ug/mL)

! 1 T Il
AA-3 AA-4 AA-5

Fig. 1. Cell viability results of samples according to mixing ratio for RAW 264.7 cells. RAW 264.7 cells were seeded in a 96-well
plates at 1x10* cells/well for 24 h. Five types of samples mixed with acemannan and aloesin were treated and cultured for 24
h, and cell viability was measured using the MTT assay. AC, acemannan; AL, aloesin; AA-1, the ratio of acemannan to aloesin
was 1:1; AA-2, the ratio of acemannan to aloesin was 1:2; AA-3, the ratio of acemannan to aloesin was 1:3; AA-4, the ratio of
acemannan to aloesin was 2:1; AA-5, the ratio of acemannan to aloesin was 3:1. All values are meanSD (n=3).
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120

.
| o

100

80

60

40 |

Nitric oxide levels (%)

20 r

0
LPS (10 pg/mL)| +

Sample (100 pg/mL)| -

+ +

AC | AL

+

AA-1

+

AA-2

+

AA-3

+

AA-4

+

AA-5)

+

Indo

Fig. 2. Inhibitory effect of samples according to the mixing
ratio on NO production in LPS-induced RAW 264.7 cells. RAW
264.7 cells were distributed at 3x10° cells/well in a 6 well
plates and stabilized for 24 h. Afterwards, LPS (10 ug/mL) was
treated and reacted for 2 h, and then 5 types of samples with
different mixing ratios of acemannan and aloesin were treated
and reacted for 16 h. AC, acemannan; AL, aloesin; AA-1, the
ratio of acemannan to aloesin was 1:1; AA-2, the ratio of
acemannan to aloesin was 1:2; AA-3, the ratio of acemannan
to aloesin was 1:3; AA-4, the ratio of acemannan to aloesin
was 2:1; AA-b, the ratio of acemannan to aloesin was 3:1;
Indo, indomethacin. All values are meantSD (n=3). Different
superscripts (") on the bars indicate significant differences
among treatments at p{0.05 by Duncan’s multiple range test.

€ acemannan¥} aloesing Z35F AJEQl AA-1, AA-2, AA-3,
AA-4, AAS R % oA B5S BASkFig 3). PGE,
W AS WY 24 AT 100 pgml SENH AAIL
11.97%, AA-2= 26.11%, AA-3+= 11.34%, AA-4= 20.53%,
AA-5E= 12.21% A A7 Yetes S Z2lsksith

3.4. HFZ4 cytokine (TNF-a, IL-6) H&SF
Pro-inflammatory cytokines©. & &#HZ TNF-¢, IL-6, IL-18
< 8% 24 JAEA FF vl Tofdtthar g A Aot
TNF-¢, IL-6, IL-18% AAAS A=ste] W4 d5
cytokineQ 24 FF G4 5o ToIgtrhal defA glom, o
23 cytokineo] TrekabA WAE A% WY 47 % WA
A% 5 FI3tk(Kim, 2017; Park &, 2018).
Acemannani} aloesing &35 A|Z Q] AA-1, AA-2, AA-3,
AA, AA-SOl HIE TNF-¢ 2 IL-69) 4% Adh 23S =
ek}, 1 23, Fig. 40] ek vlo} 2o], TNF-o 4%
L 100 pg/mL EZoA AA-12 18.13%, AA-2E= 26.77%,
AA-3E 5.97%, AA-4= 9.79%, AA-5—1= 2.58%9] A3 8=
Hol= Z& Zlsiylth IL-6 AAAFFS 100 ug/mL FEoA
AA-12 12.66%, AA-2= 27.33%, AA-3JE‘ 13.42%, AA-4+=
12.84%, AA-5= 5.05%9 A5 a5 YeRf At
TNF-02} IL-692} 22 pro-inflammatory cytokine< Z}&

https://www.ekosfop.or.kr

120

80

60

40 |

20

Prostaglandin E2 production (%)

0
LPS (10 ug/mL) | +
Sample (100 pg/mL)

+

AA-1

+

AA-2 | AA-3 | AA-4 | AA-5 | Indo

Fig. 3. Inhibition effect on PGE; production of samples according
to the mixing ratio in LPS-stimulated RAW 264.7 cells. RAW
264.7 cells were distributed at 3x10° cells/well in a 6 well
plates and cultured with DMEM for 24 h. Afterwards, LPS (10
ug/mL) was treated for 2 h, and then 5 types of samples with
different mixing ratios of acemannan and aloesin were treated
and cultured for 16 h. PGE, production was measured by
collecting the supernatant. AA-1, the ratio of acemannan to
aloesin was 1:1; AA-2, the ratio of acemannan to aloesin was
1:2; AA-3, the ratio of acemannan to aloesin was 1:3; AA-4,
the ratio of acemannan to aloesin was 2:1; AA-5, the ratio of
acemannan to aloesin was 3:1; Indo, indomethacin. All values
are meantSD (n=3). Different superscripts (*') on the bars
indicate significant differences among treatments at p{0.05 by
Duncan’s multiple range test.

o] Yolp] H3hS W, §F B §AA INOSS COX-29)
842 fsle] NOSH PGE, B9 9% WS B4ect
(Kim 5, 2021). SF5F NO A4 Ao BAoIA AA27F AA4
of ule} e A} THES HAAW, GF BAo| Bolsk
PGE,, TNF- % 1L-69] A3} Z4o14 o & 242 ek
of, £ ATOIAE AA-2E Hsto] INOS B COX-29] T
A wagel e AP AW 25 T2 B4 H1Lo)
det 395 PHE /M99 4TS AWstel FUE A o
AUzE BYstA Pk

3.5. Western blotS E35F CHIYZl Ef5]
9= ¥hgo] Folsl= §49 INOSS COX-2= 9= HhS
oAl NO2} PGE,9] AL Zdsl= o Hofsict. JEFOoF
A5 Aol 9J8f FEEE A9l iINOSE FHesh NO A4
J—L} od_z_ uH7H;‘q]9] }Jlﬁ]—/lé.% § —3}01 7\21 _J_/\l- A]7ﬂ _J_/J- U_T
F5S ARt A 9tk ®

st %‘% HL% %4 of| A1 %*iﬂ% COX-2+= apoptosis A 9
ok ofyzl, st A4, E3A4

TS YA )= Tl %‘—&’6; dgS gt} o]yt I Hho

iNOS ¥ COX-29] &g 28oh= A2 Y
4 Qlth(Lee &, 2010; Lee 5,

(o)
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(A) (B)
120 120
a a
~ 100 | — __100 | —
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Fig. 4. Inhibitory effects on TNF-a and IL-6 of samples with different mixing ratios in LPS—stimulated RAW 264.7 cells. RAW 264.7
cells were distributed at 3x10° cells/well, stabilized for 24 h, and then stimulated by treatment with LPS (10 ug/mL). Afterwards,
5 types of samples with different mixing ratios of acemannan and aloesin were added and incubated for 16 h. The supernatant
was collected and the production amounts of TNF-a and IL-6 were measured. (A) Effect of TNF-a inhibitory activity according
to mixing ratio of acemannan and aloesin. (B) Effect of IL-6 inhibitory activity according to mixing ratio of acemannan and aloesin.
AA-1, the ratio of acemannan to aloesin was 1:1; AA-2, the ratio of acemannan to aloesin was 1:2; AA-3, the ratio of acemannan
to aloesin was 1:3; AA-4, the ratio of acemannan to aloesin was 2:1;, AA-5, the ratio of acemannan to aloesin was 3:1; Indo,
indomethacin. All values are meantSD (n=3). Different superscripts () on the bars indicate significant differences among
treatments at p¢0.05 by Duncan’s multiple range test.

2017; Namkoong 5, 2015). (Fig. 5). AA-2%= 10, 50, 100 pg/mLY] S8 Hajstglom,
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Fig. 5. Inhibitory effects on INOS and COX-2 protein expression of samples in RAW 264.7 cells stimulated with LPS. RAW 264.7
cells were seeded at 1x10° cells/well and cultured for 24 h. LPS (10 ug/mL) was reacted for 2 h, and 5 samples with different
mixing ratios of acemannan and aloesin were treated and incubated for 16 h. Afterwards, proteins were extracted from the cells,
and protein expression of iINOS and COX-2 was measured using western blot. (A) When acemannan and aloesin are in a 1:2 ratio,
iNOS protein expression level inhibitory activity effect. (B) When acemannan and aloesin are in a 1:2 ratio, COX-2 protein expression
level inhibitory activity effect. AA-2, the ratio of acemannan to aloesin was 1:2; Indo, indomethacin. All values are meantSD (n=3)
(Compared to the LPS alone treatment group.  p<0.001).

320 https://doi.org/10.11002/fsp.2024.31.2.315



Food Sci. Preserv., 31(2) (2024)

o] &3ty F&E2 ¥gZ Ao #ojsk= NO, PGE,, pro-
inflammatory cytokine2] JJHE Aok S8 Sl T

% aAl2H 38 7Hs4o] 982 SaIsisl ofeist A
EEHE Tmﬂcﬂ A% 714 AT L in vivo AT 55 3 7]
LN A2 e & Qe Aoz sgHrt

o

_\_4

NO "37‘3 A8 &4 Aatet i‘\ﬂ' AlERD AA-1, AA-2, AA 3,
AA-4, AA-59] NO B4 A3l &4 AT H|wotge o, 3
o AlE7F B 243 NO A4 Aol 4L Yeidle AS &
SH9ct. ol H4e] v vl8S 27| 945} PGE;, TNF-
L6 Aol oa) SHaHck 1 23, Al 5% B X%
291 100 pg/mL SEoA] LPS TH= ] oju] A3 &3t
7 UEigoH, o] F AA-29] A a7t 7MY B2 A &
Ql5}to] western blotZ B3t G5 Tol thild dHE=ES AA-2
=2 0]&3}o] AL A3 Hﬁ]— o} o= 38 hzel iNOS ¥
COX-29 s 34 23, AA-2+= 5& &= Ha
stg.om, & =%l 100 pg/mL SEoA LPS TE A2+
] 22 25% oA A a3t YehE AL E918tA
t}. o]t ANES EYE acemannany} aloesing TFOFSH H]
& Hidolls W, FE5 &892 7 AS Zelsiilon,
o] % acemannan} aloesin®] 1:29] H| &2 T3S o 7}
A =2 gz IS YRt AEZ 02 acemannand}
aloesing T3 Alme Y 71648 A=A E80] 7hs

xa rﬂ rl01

ahl, olF PAZ B APE VIZARZE Fgo b5
A8 st
Funding

This project is the result of support from the Korea Industrial
Complex Corporation’s Industrial Cluster Competitiveness
Enhancement Project (PCC22001).

Acknowledgements
None.

Conflict of interests

The authors declare no potential conflicts of interest.

Author contributions
Conceptualization: Kim JH, Kim HJ, Kang JW. Methodology:

https://www.ekosfop.or.kr

Kim HM, Kim JH, Yoo DH. Formal analysis: Kim HM, Jeon
SY, Kim HJ. Validation: Yoo DH, Do SG, Lee IC. Writing -
original draft: Kim HM, Yoo DH. Writing - review & editing:
Kim HM, Kang JW.

Ethics approval
This article does not require IRB/IACUC approval because

there are no human and animal participants.

ORCID

Hyo-Min Kim (First author)
https://orcid.org/0000-0002-5528-1108
Jeong-Hwan Kim
https://orcid.org/0009-0007-7137-8851
Dan-Hee Yoo
https://orcid.org/0000-0002-6264-3904
Se-Yeong Jeon
https://orcid.org/0009-0005-4266-4010
Hyun-Jin Kim
https://orcid.org/0000-0002-2102-1850
Seon-Gil Do
https://orcid.org/0009-0001-8668-6271
In-Chul Lee
https://orcid.org/0000-0002-7314-9098
Jung-Wook Kang (Corresponding author)
https://orcid.org/0000-0002-0089-728X

References

Carmichael J, DeGraff WG, Gazdar AF, Minna JD, Mitchell
JB. Evaluation of a tetrazolium-based semiautomated
colorimetric assay: Assessment of chemosensitivity testing.
Cancer Res, 47, 936-942 (1987)

Ci X, Ren R, Xu K, Li H, Yu Q, Song Y, Wang D, Li R,
Deng X. Schisantherin A exhibits anti-inflammatory
properties by down-regulating NF-kappaB and MAPK
signaling pathways in lipopolysaccharide-treated RAW
264.7 cells. Inflammation, 33, 126-136 (2010)

Darzi S, Paul K, Leitan S, Werkmeister JA, Mukherjee S.
Immunobiology and application of Aloe vera-based
scaffolds in tissue engineering. Int J Mol Sci, 22, 1708
(2021)

Derouiche M, Mzabri I, Ouahhoud S, Dehmani I, Benabess
R, Addi M, Hano C, Bourkroute A, Berrichi A,
Kouddane N. The effect of salt stress on the growth and
development of three Aloe species in eastern Morocco.
Plant Stress, 9, 100187 (2023)

321



Anti-inflammatory effect on mixing ratio of acemannan and aloesin

Dini I, Laneri S. The new challenge of green cosmetics:
Natural food ingredients for cosmetic formulations.
Molecules, 26, 3921 (2021)

Forstermann U, Sessa WC. Nitric oxide synthases: Regulation
and function. Eur Heart J, 33, 829-837 (2012)

Gonzalez-Delgado M, Minjares-Fuentes R, Mota-Ituarte M,
Pedroza-Sandoval A, Comas-Serra F, Quezada-Rivera
JJ, Saenz-Esqueda A, Femenia A. Joint water and
salinity stresses increase the bioactive compounds of
Aloe vera (Aloe barbadensis Miller) gel enhancing its
related functional properties. Agric Water Manag, 285,
108374 (2023)

Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok
JS, Tannenbaum SR. Analysis of nitrate, nitrite, and
[15N] nitrate in biological fluids. Anal Biochem, 126,
131-138 (1982)

Hong H, Lee KM, Park T, Chi WJ, Kim SY. Anti-
inflammatory effect of Distylium racemosum leaf
biorenovate extract in LPS-stimulated RAW 264.7
macrophages cells. J Appl Biol Chem, 64, 375-382
(2021)

Jeon G, Ro HS, Kim GR, Lee HY. Enhancement of
melanogenic inhibitory effects of the leaf skin extracts
of Aloe barbadensis Miller by the fermentation process.
Fermentation, 8, 580 (2022)

Jeong H, Sung M, Kim Y, Ham H, Choi Y, Lee J. Anti-
inflammatory activity of Salvia plebeia R. Br. leaf
through heme oxygenase-1 induction in LPS-stimulated
RAW 264.7 macrophages. J Korean Soc Food Sci Nutr,
41, 888-894 (2012)

Kalaiselvan S, Rasool MK. Triphala herbal extract suppresses
inflammatory responses in LPS-stimulated RAW 264.7
macrophages and adjuvant-induced arthritic rats via
inhibition of NF-4¢B pathway. J Immunotoxicol, 13,
509-525 (2016)

Kang HW. Antioxidant and anti-inflammatory effect of
extracts from flammulina velutipes (Curtis) singer. J
Korean Soc Food Sci Nutr, 41, 1072-1078 (2012)

Kim B, Choi CG, Kim JI, Kim HR. Anti-inflammatory effect
of hexane fraction from FEisenia bicyclis on
lipopolysaccharides-treated RAW 264.7 cells. Korean J
Fish Aquat Sci, 54, 152-161 (2021)

Kim DM, Park HR, Lee HK, Kwon YS, Choi YM. Skin
wrinkles improvement effect for Jeju Aloe arborescens
oil isolated from supercritical fluid extraction. Asian J
Beauty Cosmetol, 20, 427-437 (2022)

Kim JB, Han AR, Park EY, Kim JY, Cho W, Lee J, Seo EK,
Lee KT. Inhibition of LPS-induced iNOS, COX-2 and
cytokines expression by poncirin through the NF-kappaB
inactivation in RAW 264.7 macrophage cells. Biol
Pharm Bull, 30, 2345-2351 (2007)

Kim SG. Antioxidant and anti-inflammatory activities of

322

extracts from Ledum palustre L. Korean J Food Preserv,
24, 1025-1033 (2017)

Lee HG, Ji JG. Evaluation of Anti-inflammatory and
antioxidant abilities of complex extracts produced from
Leonurus japonicus Houtt., Houttuynia cordata Thunberg,
and Citrus unshiu Markovich. KOCS, 40, 35-47 (2023)

Lee HH, Park C, Kim MJ, Seo MJ, Choi SH, Jeong YK,
Choi YH. Inhibition of cyclooxygenase-2 activity and
prostaglandin E2 production through down-regulation of
NF-£B activity by the extracts of fermented beans. J
Life Sci, 20, 388-395 (2010)

Lee SH, Jin KS, Kim BW, Kwon HJ. The anti-oxidative and
anti-inflammatory activities of Malus melliana ethanol
extract. J Life Sci, 27, 783-789 (2017)

Lee TH, Jung M, Bang MH, Chung DK, Kim J. Inhibitory
effects of a spinasterol glycoside on lipopolysaccharide-
induced production of nitric oxide and proinflammatory
cytokines via down-regulating MAP kinase pathways
and NF-¢B activation in RAW 264.7 macrophage cells.
Int Immunopharmacol, 13, 264-270 (2012)

Namkoong S, Jang SA, Sohn EH, Bak JP, Sohn E, Koo HJ,
Yoon WJ, Kwon JE, Jeong YJ, Meng X, Han SH, Kang
SC. Comparative study of Litsea japonica leaf and fruit
extract on the anti-inflammatory effects. Korean J Plant
Res, 28, 145-152 (2015)

Park SB, Song HM, Kim HN, Park GH, Son HJ, Um Y, Park
JA, Jeong JB. Anti-inflammatory effect of Biji (soybean
curd residue) on LPS-Stimulated RAW 264.7 cells.
Korean J Plant Res, 31, 117-123 (2018)

Park SM, Byun SH, Kim YW, Cho IJ, Kim SC. Inhibitory
effect of Mori folium ethanol extract on pro-
inflammatory mediator in lipopolysaccharide-activated
RAW 264.7 cells. Kor J Herbology, 27, 31-38 (2012)

Peng XX, Zhang SH, Wang XL, Ye TJ, Li H, Yan XF, Wei
L, Wu ZP, Hu J, Zou CP, Wang YH, Hu XD. Panax
notoginseng flower saponins (PNFS) inhibit LPS-
stimulated NO overproduction and iNOS gene
overexpression via the suppression of TLR4-mediated
MAPK/NF-kappa B signaling pathways in RAW264.7
macrophages. Chin Med, 10, 15 (2015)

Ro HS, Jang HJ, Kim GR, Park SJ, Lee HY. Enhancement
of the anti-skin wrinkling effects of Aloe arborescens
miller extracts associated with lactic acid fermentation.
Evid Based Complement Alternat Med, 2020, 2743594
(2020)

Saeedi M, Khezri K, Seyed Zakaryaei A, Mohammadamini
H. A comprehensive review of the therapeutic potential
of g-arbutin. Phytother Res, 35, 4136-4154 (2021)

Sakai K, Suzuki H, Oda H, Akaike T, Azuma Y, Murakami
T, Sugi K, Ito T, Ichinose H, Koyasu S, Shirai M.
Phosphoinositide 3-kinase in nitric oxide synthesis in
macrophage: Critical dimerization of inducible nitric-

https://doi.org/10.11002/fsp.2024.31.2.315



Food Sci. Preserv., 31(2) (2024)

oxide synthase. J Biol Chem, 281, 17736-17742 (2006)

Sanchez M, Gonzalez-Burgos E, Iglesias I, Gomez-Serranillos
MP. Pharmacological update properties of Aloe vera and
its major active constituents. Molecules, 25, 1324
(2020)

Sun LP, Shi FF, Zhang WW, Zhang ZH, Wang K.
Antioxidant and anti-inflammatory activities of safflower
(Carthamus tinctorius L.) honey extract. Foods, 9, 1039
(2020)

Sun S, Zhang J, Li H, Du Y, Li S, Li A, Suo X, Wang Y,
Sun Q. Anti-inflammatory activity of the water extract
of Chloranthus serratus roots in LPS-stimulated RAW
264.7 cells mediated by the Nrf2/HO-1, MAPK and NF-
kB signaling pathways. J Ethnopharmacol, 271, 113880

https://www.ekosfop.or.kr

(2021)

Tavakoli M, Labbaf S, Mirhaj M, Salehi S, Seifalian AM,
Firuzeh M. Natural polymers in wound healing: From
academic studies to commercial products. J Appl Polym
Sci, 140, 53910 (2023)

Tornero-Martinez A, del Carmen Silva-Lucero M, Sampedro
EC, Ramon-Gallegos E, Perez-Cruz C, Perez-Grijalva
B, Mora-Escobedo R. Aloe vera and fermented extracts
exhibit an anti-inflammatory effect on human
Glioblastoma/Astrocytoma U373 MG cells. Plant Foods
Hum Nutr (Dordrecht), 77, 37-43 (2022)

Yoo DH, Lee JY. Anti-inflammatory activities verification of
Ambrosia trifida L. extract in RAW 264.7 Cells.
Microbiol Biotechnol Lett, 48, 79-89 (2020)

323



