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Anti-inflammatory Activities of Cold Brew Coffee Using
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Abstract

Coffee is a commonly consumed beverage that contains anti-inflammatory compounds such as caffeine, chlorogenic
acid, cafestol, trigonelline, and kahweol. Lactobacillus plantarum is a lactic acid bacterium most frequently used in
the fermentation of food products of plant origin. L. plantarum is able to degrade some food phenolic compounds
and provide high value-added compounds such as powerful antioxidants or food additives approved as flavouring
agents. In this study, we investigated the anti-inflammatory effects of coffee extract fermented by L. plantarum on
RAW264.7 macrophages. In lipopolysaccharide-stimulated RAW264.7 cells, these coffee extracts exhibited anti-
inflammatory activities through the reduction of nitric oxide (NO) production and inducible NO synthase expression.
Fermented coffee extracts significantly decreased the expression of inflammatory cytokines such as tumor necrosis
factor a, interleukin 1P, interleukin 6, and interferon y. Cyclooxygenase-2, which is one of the key biomarkers for
inflammation, was significantly suppressed. These results might be helpful for understanding the anti-inflammatory
mechanism of fermented coffee extract on immune cells and, moreover, suggest that fermented coffee extract may

be a beneficial anti-inflammatory agent.
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Nitric oxide (NO)= NO synthase (NOS)ol| €]3]| L-o}=
7o 25 e AitEE AfHuZo2H], It ol A
A, oy 3 oA, | W] F ohFe Aeehs -‘)r
Ao FL3F 9L St (Mayer & Hemmens, 1997; Lala
& Chakraborty, 2001). NOS®|+= neuronal NOS (nNOS),
inducible NOS (iNOS), endothelial NOS (eNOS) 5 A &
Fo dwid =3o] ZA 3T nNOSYF eNOS= ARA] dF
HE= 49 Hide iINOSY HHe S Aol EFIS]
2 Y5 o) fFrEw thE NOS| Hla] E4 Be
4ol NOE A A stth(Forstermann et al., 1991) 3} A 9k
iNOSl| 9J3) & AFE NO= E5, DNA <4, Alx
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A, e, A 3 5ol W A e
AAZ 7] el ol -t AL w T8t
(Dimmeler & Zeiher, 1997; Lala & Chakraborty, 2001).
Nuclear factor-kB (NF-xB)= 9%, 9, AX 52, A
X AP SOl T3 9T s HA }011}011’% (Vlatour
et al,, 2005). 53] NF-kBE JISA A @ 713
=293 ZAA=E sPUE 48 A JA2H, tumor necrosis
factor o (TNF-a), interleukin 1B (IL-1P), interleukin 6 (IL-
6) 52 AtelE7IIS] 42 iNOS ¥ cyclooxygenase-2
(COX-2)9] &&= wpzt7kA 2 NF-xBell &Ja) v 7] € ok
(Surh et al., 2001; Tak & Firestein, 2001). H]ZA AFef 2]
NF-«B= oA Tzl kBt A A= Mxd o
EASAR, Vs HoE EA43tE NF«BE TZ Rel
family (Rel A EE= p65, p50, p52, c-Rel, v-Rel, Rel B)<]
2GAR P EE olFolFAle] dElE EA)gk(Surh
et al., 2001; Tak & Firestein, 2001). A E7} FAHEE =4,
BEA APl =A11, A1 ZAL, o] 2.8 WAL, o]l 2
oA A Al 9] lipopolysaccharide (LPS) 52

9= zi—ﬂoﬂ L=Z25W kB2 2tsl @ Zg2golgol 9
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g ®al7h HE Y, AFEA3 NF«B ol #4e Axd
oA Ho 7 o]Fate] Al ETIRI, AL, M T2 AL
S dsstshe gt 27] v §AE AARE F
A ®tkSurh et al, 2001). ©]2{3 NF«xB &43l=
I3t ASA Agho] ARSI A=Y Jlon AR

< oF=ol g wigARl A5 EXEA B IS
L3 %) th(Lawrence, 2009).

A 2 g, v 22 ¥4, 8 i
7= MAEL R, AeH o= thekst Ha 2Fe] BHEd
o] & x|o]gkti(de Vries et al., 2006). F-AHEE 2]Eo) =
Ashs FHREFH FAHS Adkste] 2)Fe] wWE s
E dOo7)|a, ofMELL oehE, e SigHE, HE e oAl
Al 2] thdF(exopolysaccharide) 52 TF43F thAFAHE
< A olHd WHE FElA AT AEY
% 7]%H(Arendash et al., 2006) ¥ "]AE] ik AA
< F7H7IAL, AE] AR ] T #sH 54 N
A2 4 Ath(Leroy & De Vuyst, 2004). =L 5 M=
Lactobacillus plantaruma 25 e 2&9] wael 73
L&A ol &EHE TSR, L plantarum©] 2] &0 F5-
sHAl gHrEo e dlE sgES st ATt 7HA
o] &2F3hAl (hydroxytyrosol, pyrogallol) % WaF A E-(4-
vinyl phenol, 4-vinyl guaiacol)S AJ4Fsl= Aol EHAHA
A & B34S E3 tHRodriguez et al., 2009).

A= A AADOR 4 de] SEEE SB 2o 8
U=, HZode AT thdst Aol tigh dFE0]
A&EH o2 BAEN Sk te] AFE2 79 H4FH7}
7+ 7 3HTverdal & Skurtveit, 2003), T}+71<=H (Ascherio et
al., 2004), = (Salazar Martinez et al., 2004), &=3}o]
™ ¥ (Arendash et al., 2006), 41 @ ¥4 Z 3 (Bonita et al.,
2007), Z+& Y(Tavani & La Vecchia, 2004; Gelatti et al.,
2005; Tworoger et al., 2008; Zvrko et al., 2008) 5 T}F3t
Aol 8-S AT B st 58], ATl &
Ax= 71, F22414 JHEAE, ERudd, 7iekd
o] st 2 T 9SS A7, DNA EElE
Yo} 2o AW 93PS 45 F Ao, TNF-q,
IL-1B, IL-6, C-HH-3-4 Tl Fo] A3 HAELS T
4 4 A H(Frost Meyer & Logomarsino, 2012; Liang &
Kitts, 2014). A%+ FAR7FA] AHSAH Aol E7RQ] 2 &
Az Tl dol it fA BEATe AYxE 7%
a7l vt gloh wEha 2 Aol M= L plantarum
o] &3 fitd LEAIE Axdte, LPSE A=H
RAW264.7 th2{A| 320 g o 2 a5 ALkt

o A

o o

tlo rlo i

Hied
=)=

X

HU
b=

cheffe) 959} el et <HE]Fok(Guatemala Antigua)
YFE 20161 A=A TE UM E(GSC International, Inc.,
Seoul, Korea)ollA] 743 ALZ 4°CoAA WA B35t
Aol AFE-3FATH MRS ¥iA|= Difeo (Detroit, MI, USA)
oA, RPMI-1640 Hj=], fetal bovine serum (FBS), peni-
cillin/streptomycin= Welgene (Gyeongsan, Korea)oll A1, EZ-
Cytox Cell Viability Assay Kit~ Daeil Labservice (Seoul,
Korea)?l| 4, Griess A]%F, LPSE Sigma-Aldrich (Saint Louis,
MO, USA)°| 4], TRI reagent®= Molecular research center,
Inc. (Cincinnati, OH, USA)°l*], High capacity cDNA
transcription kit Applied Biosystems (Foster city, CA,
USA)9 A4, SYBR ® Premix Ex Taq™ IIi= Takara Bio,
Inc. (Kusatsu, Japan)oll Al Z}z} -1 38F5t)

A oF % HIXS| =4

¥ A% ofi= Korean Collection for Type Cultures (KCTC,
Jeongeup, Korea)ol| X £ W2 [ plantarum KCTC3108
(°13} L. plantarum) 455 AH&3192H, L. plantarum]
Hi S 918 MRS HiX|E @ wjA & A|xste] A-E-a)
S THde Man et al., 1960; Sawatari et al., 2006).

Fob HiF

L. plantarum®) Z71W%FS 93] WA MRS wjA] & ALE-
S}, L. Plantarumg MRS WA 5mLol| HEske] wF
71(SIF500, Jeiotech Inc., Daejeon, Korea)oll A 24417t &
S migs & H AP ET(8.5 gL of NaChE A}
o] FLg & smLell B4sint. 22 B4 2mLE
919] 218 A 200 mLel HES ¥ 37°C, 100 rppmel[A]
THA] 24417F §QF St slleh. w2 4°C, 2,600%g
oA 1087 A E2(Combi 514R, Hanil Scientific Inc.,
Gimpo, Korea)dled Hix|& A A & 5474 Z2(FDV-7006,
Operon-80, Operon Co., Gimpo, Korea)d}e] -70°ColA] X
sttt

A gEe dast S-S SV sk, AY] A

< F7hsted 40°Coll A 4x]7E
e AABIAT oloj AT FAE 7|Ee R 747t 2, 5,
10% (wiw)el X2=9F8 H7V8ta, L plantarum %S
1x10° CFU/ge] 5Y3 F=2 HFale] 40°Col|lA 244 7F
L HBIFY. HeF Bd dFE BESHFTE 29
A AH3e & @ E(OF-02G, Jeiotech Inc., Daejeon, Korea)2
AHE-3F] 50°CollA] 24A17F F<F 71x3STh

B 2 =&
Az B9 95 2200CE 7g] L9 A w7

(IR-12, Diedrich Korea Inc., Hanam, Korea)oll &% 3}

:
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Wi 2=7F 1000CE Hojd wj7hx] oF 387 we &
255 A 187°C7HA] FSAI7IHA oF 387 v sl
o dAAY FEL E3)7](K30, Mahlkoenig, Hamburg,
Germany)Z UFE 2mm 7|2 243 T Zejet Y-
=% ™4l(45011, Kalita Inc., Yokohama, Japan)= A}-&-3}
of, gt YT 250 g8 2 Le] HAFE ol&3te] 1077

CHAIM|ZZS| BAIE AL

RAW264.7 TR A EZ 10% FBSS} 1% penicillin/strepto-
mycin®] S8 RPMI-1640 vix]ol] HE A7 3 96 well
plated] HZ(1x10°cells/well)d}od 24A]17F F<2F v st &
LPSe} 5% 78] FZ2E5 A=At thA] 2407F &<t
gk & 235 NS W23 EZ-Cytox Cell Viability Assay
KitS AF&3le] Kim et al. (2011)2] Wgel wel Al £
o] FAES ST WAMES] FHE (%) T

2ol whet ALk et

Macrophage proliferation ratio (%)

the absorbance of the test group

= 1
the absorbance of the control group 00

A9 FEE dig WY &48 A8 flske] 2
AES) NO AR B ZASHTh RAW2647 DI .5
96 well plate®ll HZF(1x10°cells/well)ate] 24A17F &<t vl
&g F LPSS} 5% A FEES A vl 244
S FE 5 F5AE AT, Griess Al A2
Th 540 nm 3o A 8] FF s S48kl NO 44
S ZAFSF tH(Green et al., 1982; Cao et al., 2014).

off %

RNA == 4! cDNA &4

RAW264.7 A Z2FH F RNAS Z2lst7] ¢l¢l
TRI reagent®E AME-3FTE 28|31 100% O] AZ 2SS
ARESt] RNAE AR £ 75% oehE 2 Al A st
FE3 RNAE LRI EAE AAS S/ 833 &
U 2533 = A|(P330, Implen Inc., Munchen, Germany)Z
AHE-3t =5 543 cDNAE High capacity cDNA
transcription kits AR&-ste] A2AP} AlFgh whgol whet
ekt

19
e
|'l'LI
3
r2
Dal

Real-Time quantitative PCRS 0|3t ™
o uhe 24

RAW264.7 thAjA| 2] ddd ke 2dS #4
3171 $18ked SYBR ® Premix Ex Tagq™ 119} 96 well -4
9] QuantStudio™ 7 Flex Real-Time PCR system (Thermo-
Fisher scientific, Waltham, MA, USA)S AF8-3}3 T} HHS
Hell= ZF FAAe] zZetolw2d 04uM (Table 1) %
cDNA & 0.1 nge] E3H AT PCR FF 27 95°C
oA 30% &< %7] WA (initial denaturation) ©]5-<
95°Col| A 5% &<te] WA (denaturation), 55°ColA] 5% &
oto] ZA3l(annealing) 2 21 (extension)S 403] HHg-3}o]
FstAat. A% Axe 2" ¥(Livak & Schmittgen,
2001)S ©]83te] FHZ mRNA (B-actin)e} H]wste] et
b=

SHEA

AE-2 33] wHEste] AASI, Ak W+t
2 et SAIEA S Statistix 8.1 (Analytical
Software, Tallahassee, FL, USA) 2138 o] 83},
Aol fFold Aolg: HAF3H7l $18t One-way
ANOVA E4& AT NO A F 2 Hddd {2
Abe] AFd = a3 BlaLste] p<0.00104 f-2] g

a

=4
z4

Su i

Table 1 The sequences of oligonucleotide primers used for immune associated genes of macrophage test

Gene Accession No. Sequence Product size (bp)
iNos BC0G23781 R TGGTCAAACTCTTGGGGTTC 180
1L-1p NM_0083614 R: TACCAGTTGGGGAACTCTGC 163
1L NM_031168.2 R: CAGAATTGCCATTGOACAAC 19
IFN-y NM_008337.3 R GAGATAATCTGGCTCTGCAGGATT 60
cox2 NMLOI11984 R: GCTCGGCTICCAGTATTGAG. 194
TNF-a D84199.2 R: TACAGGCTTGTCACTCGAATT 276
B-Actin NM_007393.5 F: CCACAGCTGAGAGGAAATC 193

R: AAGGAAGGCTGGAAAAGAGC
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zpo]7F Avkal AR, thA M EO] FHES 2T
H]3L8to] p<0.059}F p<0.001914 2] gk 2fol7F vkl 3
it
T
AN BAIE AL

ATl FE el RAW264T A L] A4 HIAE 9FE
21&t7] flsko, RAW2647 Az ztzte] A FE2E
xglshe] st & EZ-Cytox Cell Viability Assay Kit
AHE-Ete] AlEe] FAES ZAFSEATHFIg. 1). 04]751]
HPFE AHE38t] FE3 Y2, Y5, Y10 A2l 74
ol & tx&a3 Hlaste] 100% o]/de] AE&S 1 01‘11
4 BHE e AoE RIS v Qe ot
AHERE A2, AS, A10 AH2]e] Aol k.
& AlE AEES UEhlo], AH8E A9 A7 F
of mat thAMES FAEL] zlol7t WA E= AR
skt

rulru

oo N N oo ol 2 lkl il rulo J&,OL
—[ﬂ _]l.n

74| FE22| NO My AX| &

AA E= 57 oo dF
NO % HAHSA Aol E7I19] A
< Fste thed Aot ol g Aol
o] NEHe] PR LPsE tyAE 759 7H
Z23% 28A F sholtk(St Denis et al., 1998). LPS?
o3 A EL] A=+ iNOSe TS % s, ole

L-ot271d3 B2} A2 RE B2 4 NOE Aitehe
Zuff 28-S SH(Cho et al., 2003). 3HEAITF HAAE Yo

A iNOSOll 9l FEdHA AAE NOE AE &4
A folo] 57] wEol, iNOSS] A4t B AL xpetsto
2R FFe] NO A4S WAlete 2 1Y 23 X859
83k Aol @ £ JTHKim et al, 2004). wEhA E

140

120 * %

100 =5

80

60

40t

Cell proliferation ratio (%)

20

0

RPMI LPS Y2 Y5 Y10 A2 A5 Al0
Fig. 1 The effects of coffee extracted from Yirgacheff (Y) and

Antigua (A) coffee beans on macrophage proliferation. Signifi-
cant different at p<0.01 (*) and p<0.05 (#) compared with RPMI.

ol - uke

AFAM = AT g 7Y Zgg o= Fe
°13}7] 91&ke] LPSell 2l8] x=E RAW264.7 T2 A £ 2]
NO A HS =43 tHFig. 2). RAW264.7 A Eo] LPS
£ Alstal 24A17F &, wlA] dol] S4 ¥ NO9| &=
oF 12u] o]} Zvlelgith 2y 7Hhe] A FEES
RAW264.7 Al Zo| A2 S o, & AH2lA LPS =
ol o8] S NO Aol oA dAE= AS &
A3t TE 53] AF FAL 10% (ww)e] LS Al
st HES Y107 A10 AT FEE2 2% (A29F Y2)9
5% (AS9F Y5)° 2EFS ARgste] ad AY FE2E
Ho} =2 NO A4 A 58S YehlAT

Jk?l

1°r
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St

M S
NF-kBE 95 2 ©Y wkgo) #ojsl= E}%h‘a Z7]
& A BE S 2Hshe AARIARA S el 27
sto] A2e FYF 2 HAYXH 2o It X8 57
A e #AANE T 9dth(Lawrence, 2009). NF-xBol| 2]
3 2EEE AoR g4 A= COX-2¢9F iNOS7}

Z 3 o] ti(Tak & Firestein, 2001). COX-29} iNOSE
?3’2? WSS Hse 2% §4AEE, COX-2 ¥ iNOS
41}‘3] 5-Z2HE P92 EF NF«xB 4% AES
at7] ol wde HeE A 250 F FA
X]—./] WS Al e 4 A th(Surh et al, 2001).
RAW264.7 A3l LPSE A& stal 24A417F &, COX-29t
<71k tHFig. 3). st

iNOS F312te] HdL 25 dA 3
A gt ztzke] Ay FEES RAW264.7 Al A2 dS
o, R AY FEFE Xyl LPS A= 2 Z713H
COX-2 9 iNOS Fxdxte] wo] o) oz sl A
< g F YR, Y103} Al0 AT FEEo] 2%
5%4 EEFE AR AT FEE B A EoE 52
S e ATE E3 INOS §3121e] 79 NO A

>

i)

120
100 ]
80
60

40t

*
* % " * *
20+
*
0 T T T T T T
Y2 YS Y10 A2 AS A

Nitric oxide production (%)

T T

RPMI LPS

Fig. 2 The effects of coffee extracted from Yirgacheff (Y) and
Antigua (A) coffee beans on nitric oxide production in LPS-
stimulated RAW264.7 cells. Significant different at p<0.01 (*)
compared with LPS.
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A 25 B 25
RPMI RPMI
=== LPS === LPS
ol o ) ol A — A2
_ - Y5 . A5
= 8 - Y10 = F N
hat X R X
g e
wn )
17/] n
2 2
= ="
kS 5
%] D
g 5
] Qo

iNOS

IL-1B IL-6 IFN-y COX-2 TNF-a

iNOS

IL-1B IL-6 IFN-y COX-2 TNF-a

Fig. 3 The effects of coffee extracts on mRNA level of immune associated genes in LPS-stimulated RAW264.7 cells. (A) The coffee
extracted from Yirgacheft (Y) coffee bean, (B) The coffee extracted from Antigua (A) coffee bean. Significant different at p<0.01 (*)

compared with LPS.

(Fig. 2) Aol A 43S Ueldof, Ad FE2E9
°]3t NO AAFe] ZHAhE INOS fAzke] w8 A &
ol 7191 Aoz sk

COX-2%} iNOS 47 o]9]o| = TNF-a, IL-1B, IL-6,
IFN-y 5 AfolE7II =
£ Thl AlE, NK AlE
oA AEE o T
S7HA1713L NO ARS8 frieste d8S 87 v A9
A AlolEFII S 2 of AR tH(Dinarello, 2000; Schroder
et al., 2004). =3k TNF-q, IL-1B, IL-6 52 AAZA4 A}
o|E7}ole A3 E A EoA EulEH gF 3L
Frishe 2oz A Uth(Zhao & Liu, 2016). & A=
Me Ay FE2E9 A7t LPS A=l 28] Z713+ TNF-
o, IL-1B, IL-6, IFN-y 5 Ul 7}A] Ale]E7}Ql fxdzte]
AS FolstA AAsh= AL 1T F AN, TNF-q,
IL-1, IL-6°] Z-9-¢l= NO 474 3 COX-2, iNOS 3
o] A Axpel npR A2 Y103 Al0 FE2E0] ThE
Ay FEF| vl3] Aoz = 45 etk
o] IL-69] Aol 2% EETS ARE-ste] wash
Y29t A2 A¥ FEEC] 7MY T2 AAEAE YERIAT

A A BAEE 7HR, FR2AN, T g, ERL
dd, shebd o AEL

Frzke] s S AT IFN-y
e oY e A
]_o

|E7HRIC %, TNF 245

1-ﬂ 8
_O|L
Ir

g Aksl 28-S Rl 7] oo,
Ave A 2Eg 2~ Yoz JFS HAATE o
&% 3 4 tkLiu & Kitts, 2011; Liang & Kitts, 2014).
aFAME F2ZANE AT 7Y FHSHA FHrE o
A= FrtsAZA, FHe it g4 p-FrldA 59
trans-cinnamic acid®} F4Fe] I AH|Z Ao R FAH o]
ATh (Ferruzzi, 2010). A YFo| FHH FZ2Z7ALHe]
dH= wdH Foll FAxgrEev defieo|do R WY
HH, ol FE2te] H} =2 dtsl 48 e
= 7t Aoz giatgEed 9 mzt

(Natella et al., 2002). L. plantarum®] cinnamoyl esterase™=
S22 9] dzEE Age 7R ste] 7l At
I AAE Atele o wyd vl glon, B A3
M L. plantarum®l] ©|3+ SZ24He] 8|7} frAkt
a7 st A FFE vHZeE AdH
(Fritsch et al., 2016).

THHCE, 2 AFE T fAE RIS FE=
o] LPSel <3 &3t RAW264.7 JAAE WollA &
SHGEZ] NO2 A3} COX-2, iNOS, TNF-a, IL-1,
IL-6, IFN-y 52 AdAAFHAle] T3S ar7]= A
S It o2 e FHF 242 obvle NF«kB A%
A AR5 FaiA 2ddv Azdn. 2 A7 A=
HAM ] gk A TR AY FEE] FET V1A

P

oo

& olsish=d ==ol @ 5 et e, B f
At 2R Y FEE2 188 AT AF AR
42 dny AddEn

kO

U=, kst 4 39S 24S 2
b FHl2E, EEadd, 7ot Fo] EFS
At} Lactobacillus plantarum=- 2 B4 2] F <] &
71 5l AR EHE AR, A&
= o #Hs shES wallate] aLF-7t 7hx] o] &4tkst
A 2 ek RS AAksith B A= L plantarum
S o] &% Ha7|IE AEste] RAW264.7 A Zol] T
o] 2d 3HE ARSIIT 7Y ERl= oE ey
o} of 7} 2Z(Ethiopia Yirgacheffe)el | Zel FE]Fo}
(Guatemala Antigua) 25 HF7F AREE A O™, Y29}
A2= 2%°] EEY, Y59 ASE 5% ¥LY, 1L

a5,

o)l
AT
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Y107 A102 10%°] Ex=go] 2aE s H7b= At
lipopolysaccharideol] ©]2ll ZF=¥ RAW264.7 Al oA £
At B8 AY FEE-S nitric oxide 44 2 inducible
nitric oxide synthase, cyclooxygenase-2, tumor necrosis
factor a, interleukin 1B, interleukin 6, interferon y 5] ™
o A AR dAE folshA dAskR e, Yozt
Al0 FEEC] & 79 FEE4 vl HiHoR =&
Gitsl G4 eI vl IL-69] A$-ol= Y29}
A2 AT FEE0] 7 =2 dAEHE JERIRIH &
AT Aoe WA X et fikt dE AT FEE
FES 71AS ot =20 d & o AZE
, TS fAE s Ay FEES
F AR o]8d & ral dkEn

a:

off

o] =2 20161 AFSFAREY 7)<l HAFY (C0445319)
201749 = ASEFUsty AT, 283
20189 % ()] APz =t rAte] X dS
ol e E 7] 2 AAF (No. 2018R1A61A03023584) <]
Aol ofsto] TP = AF.
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