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— Abstract

Background : Capsaicin, the main pungent ingredient in hot peppers, is considered to exhibit anti-inflammatory
properties. In the present study, we investigated the effects of capsaicin on the production of the proinflammatory

cytokines such as TNF-«, IL-123, and IL-6 in mice.

Methods : The culture supernatants of splenocytes exposed to capsaicin alone or capsaicin plus LPS, Con A, or PHA-P
were harvested to assay TNF- @, IL-1 3, and IL-6 production.

Results : The TNF-«, IL-123, and IL-6 in the culture supernatants of mice splenocytes exposed to capsaicin were
increased compared to DMSO control. The IL-1 8 in the culture supernatants of mice splenocytes exposed to capsaicin
+ LPS or PHA-P were lower than those of the groups exposed to LPS alone. The IL-6 in the culture supernatants
of mice splenocytes exposed to capsaicin + LPS were lower than those of the groups exposed to LPS alone.

Conclusioons : These findings demonstrate that capsaicin

downregulates the production of the proinflammatory

cytokines such as IL-1 /8 and IL-6 in the LPS-exposed conditions
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Fig. 1. Production of TNF- @ by mice splenocytes exposed to
capsaicin. Splenocytes were cultivated with 1.0, 3.0, and 10.0xg
for 24 hrs respectively. Control was exposed to DMSO. Date
shown are mean=SD.
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< ZHAIZE W= 9.96 pg/mlE HEhfo] el
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Table 1. Production of TNF-e«, IL-123, and IL-6 in mice
splenocytes exposed to LPS and capsaicin

TNF-a (pg/ml)  IL-18(pg/ml)  IL-6(pg/ml)
Capsaicin 1129+ 094  2.50+1.18 17.81+ 0.93
LPS 5232444883 3162%118 9775748210
LPS +capsaicin 596.95+2535 23724059 7473614334
Control 931+ 186 2.08%0.59 1517+ 0.93

Splenocytes were cultivated with 3 pg/ml of capsaicin and 2 pg/ml of
lipopolysaccharide (LPS) for 24 hrs. Control was exposed to DMSO.
Culture supernatants were harvested. Data shown are Mean *+ SD.
*P<0.05 and **P<0.01 compared to the LPS group.

Table 2. Production of TNF-«, IL-13, and IL-6 in mice
splenocytes exposed to Con A and capsaicin

INF-a(pg/m)  IL-18(pg/ml)  IL-6(pg/ml)
Capsaicin 11.29+094 250+£1.18 1781+ 093
Con A 646,08 +4.70 1082£1.18 1,697.89+70.90
Con A +capsaicin =~ 685.2613.76 11.24£0.59 1,72362+58.77
Control 031£1.86 2.08+0.59 15174 093

Splenocytes were cultivated with 3 xg/ml of capsaicin and 2 pg/ml of
concanavalin A (Con A) for 24 hrs. Control was exposed to DMSO.
Culture supernatants were harvested. Data shown are Mean % SD.

Table 3. Production of TNF-«, IL-13, and IL-6 in mice
splenocytes exposed to PHA-P and capsaicin

INF-a(pg/m)  IL-14(pg/ml) IL-6(pg/ml)
Capsaicin 11.29£0.94 2.50£1.18 17814093
PHA-P 11.294094 3754059 13854093
PHA-P +capsaicin =~ 12.62£0.94 230+1.18 15174093
Control 9314186 20840.59 15174093

Splenocytes were cultivated with 3 xg/ml of capsaicin and 2 pg/ml of
phytohaemagglutinin-P (PHA-P) for 24 hrs. Control was exposed to
DMSO. Culture supernatants were harvested. Data shown are Mean +
SD.
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Fig. 2. Production of IL-18 by mice splenocytes exposed to
capsaicin. Splenocytes were cultivated with 1.0, 3.0, and 10.0xg
for 24 hrs respectlvely Control was exposed to DMSO. Date
shown are mean+SD, ~ P<0.01 compared to the control.
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Fig. 3. Production of IL-6 by mice splenocytes exposed to
capsaicin. Splenocytes were cultivated with 1.0, 3.0, and 10.0xg
for 24 hrs respectively. Control was exposed to DMSO. Data
shown are mean=SD.

3. Capsaicin®l] 9]%F IL-648/3 2] W3}

Aup-20] vjAto| A EgH Al X B A9l capsaicin
E e8NS o APE= 69 &S SH3IATh
capsaicin, 1 pg/mlS ZFHEAZLS o) IL-67} 17.14 pg/ml=E
2] 1517 pg/ml B} oF7F A UERSE oM, 3 g
g Z-GAZ S W= 17.81 pg/mls Veldo] a7
= fARIT ZEY 10 mme 2RSS wE
2111 pg/mlS YeEPH O 2A 1 A5 Zo] AX thFg

3). vhg-& WA E] LPSE 20 pgs A8AIEE o
IL-69] AL 977.57 pg/mlg Heh o] thxtel v]ato
Z A5 1o LPS 2.0 uga} capsaicin 3.0ugL S|
28NS W= 747.36 pg/mleE YER} LPS v z}h
S HTE o8 A BT} vk B ol Con
AE 20 pgs FEAZHE W IL-69 AL 1,697.89
pg/mlg Wepfo] tiztol] Hlgte] & 5S BiloH
Con A 2.0 ug=} capsaicin 3.0£% A LA S w=
1,723.62 pg/ml .2 YElY Con A @5 Z{A|HTE =7}
£ B3tk vk vA 2o PHA-PE 1.0 pgs 284
AL IL-62] 4L 13.85 pg/mle YR o] thzas
o} ¥t o ™ PHA-P 1.0 1g3} capsaicin 3.04gS $HA 2H&-
AZE W= 1517 pg/ml &2 U PHAP T 284
Ht} =7}k ti(Table 1-3).

Uy
Alo|EFlele 7+d, o

I
-
N 2AAEA) AL dyh A3 Aol £}

ukg
[e)
Qe g

Capsaicin®] PRl A LS4

At E7IRIE] Aol MRl At

o] H7]% @
o FeIM Az ol AAL W falsh 28t

=
€ AelEAUE A A £ e AW ‘8}{— 2

IL-1), AEF71-6 (interleukin-6, L-6)= A 94574 /*]'O]
BTl Al FAHAS w) 2Y, 9%, =AY
HBu}- o]_]/g]_ {IHE_ Ec 2)\]—4,]- /\]—‘3 ] ]’ [S] E—ﬂ] ‘:‘}E}

] ©]
IL-10]u} TNFE Aptehe o2 %U}El HEY, dF
A3 o)A 2 AFAS FoA At g
3oy @Fe] gl b vFe Aol
TNF& 19843 A g#3) QAL E S Falr & T4
S UER)E Alo]EFfol ol Aoz uks Al ol & B
A7t o] Foix] TNF s g (family) o= 24> 1874
o @3l= TREC] AL o5 7] ofn|it AEA S
1525%% KAWL o5 Alo|EARIES T, )
A &, HlolgEA, M5, FriEs 3EY, I
B} A5A3S XFete oy 7 AW B o
Atk INF= F2 A EollA A= F2A] AlX,
HIAL X, WA 2, A2A 2, AR, ARk, Al
AzA T g AEENME AAET TNF/F B
o] AAE w&= lipopolysaccharidett 2 ¢ Al AHE,
IL-19] wWkesle] A WExE ASoin gutzxo=z
IL-1o v IL-68} 3 of2] 71850l 7S &3lsH
Ao L1272 So) o A WukgelA F
2 o, M T A s, AR 17.5 Kdeo] o34
Q1 RIE Tt IL-12 FARES A% s34 el
o eJeiA IL-1a 9t IL-18, 2% 2.2 Wieth 1984 ks
2 IL-159] cDNAZF 229 ol 2 Al B 714 &
EE9] IL-1 cDNA7} 29U AETH A A
IL-1& WY, 4%, 23, Wi, W37, AL 5
o AANge] Fad ALe FFshL Ak L6
-, BHEF, THZF-E HR5te] A2, A
o X, T AZE|:AL|E Fo] AlEolA A=
°‘E‘r Lo o8] 7HA] 9523k 34 Lol TH=Z+

AFAA BRHEZFE Fehnt A xR0 #3185 F3
Alﬂﬂ%ﬂ [EFAES Z3st Y F2Ed] AHS
FE3aL B A O]

A AlolEFRI o2 A ek

2 Ao w2 259 F SAES capsaicin©]
m}-g-2 WA Eo) A TNF- @, IL-1 53, IL-69F 22 A
S AelEFRRIY] A mAE E3E RIZ 33

o>‘

rlo

7

—_—

BN rf

_61_



A

£

2 o] 7o)

2%

SteA] A244 4%, 2008

. INF- @ &) 7% capsaicin9he] =20 olsfx AA <]
Z71E Blon 719 AT & capsaicin®] €571 B2
o TNF-a o] A/do] o =4th vhe-2 HIZA| 3] LPS,
Con A, PHA—p% Z]—_Q_/\] 71_9_;}\1 A8 BH99 TNE- o
o] AL capsaicin®] E3eEo| oA LPS, Con A,
PHAP ©% 282 Bt} Z718l9th ol Park 570l
B3 capsaicin®] TNF-a A& Fe}= x}o]E Holut
ol 52 tAAME Foll capsaicing ml2] AL v
LPS —‘;: 3}4&7\]7% Uﬂ-% ﬁﬁi Qlst X}O]E xgﬂ&h:]-

9 = UHE_E} 748 LPS, Con A, PHA-P
A EAFFE]] 9]8F TNF- a 2] A o] capsalcmoﬂ
S 1 YDA TN e AU ©
2 ®elth IL-1 89 739 capsaicin+2]
=Zo oM Ao S7HE BeloH SUH] Are
capsaicin®] ¥E7F =S o) IL-169 Ao o =t
npe- 2 v A ol LPS, PHA-pE A7 0 2] A4
S HAYY 1L-1689 WAL capsaicin®] B3 =Zof 23|
A] LPS, PHA-P ©= 28| BT} 2228k 3i T mh-2s H]
ZA|Eo Con AS ZHEAZ O EA AsS BHYH IL-1
B2 AAL capsaicin®] -3 w=Zo 2J3)A] LPS, Con A
@5 AR B ST ol2d A o
o] capsaicinol] 2J3]A IL-148<2] AAo] F71shH LPS,
PHA-Po} 2t AlZAp=E o3 IL-159 Aol
capsaicin®l] 2J&|A 31 ZHPo =AM IL-188H 95
32 ¢ksl & 7102 Ho|w Con A9 Z9-oll=1L-18
%—% =d Aoz AT IL-69 49
Zo oair e S7HE BileH &
719 Zé_‘i‘—;— capsaicin®] F%7F =& o IL-69] YA
TE2Fo|EALE BT ol e L6 AL
< A}%‘ 37150 A Zl =E AR capsaicin] AlE
9] capsaicin —’T——%—iﬂ(tramwnt receptor potential vanilloid
receptor subtype 1, TRPV 1)& E3A] IL-65 F=3It}
B Seki 579 B9l fARSIITE Ry B o)
LPSE ;(L_Q_}\] 5’1_0_;/\1 )\Lé_g 2y A= IL—69/] /@/\é%
capsaicin®] H-oF=Zol ©JsA] LPS Wi AHgA| R T 1}
238F3A T Con A, PHA-P9} 222 A ZAFES] 7ol
= 1L-69) o] 2715k ol2le Azhe
LPSel| 93t IL-69] AL sl 2-d3ozA LPSo| 9
A Wbt L6k d5nhe2 948t E JloR B
e

capsaicin®|

a4 8

B Ao A& capsaicin®] P22 B A Eo|A TNF-
a,IL-10, IL-69 7+& Alo]|EFFele] AAd] nx& &
5 Bk o=kl capsaicindl] 9] TNF-a o] A
o] Age] =& wjEot 7438 LPS, Con A, PHA-P
o} 7+ A EAFEN 23 TNF- @ 2] A4 o] capsaicin®|
oA & FHF O EA TNF-a HE FF5W82 TS
gtel] A Ao Wtk Capsaicin®] ol S7Hgol o
2} IL-1 8 9] Aol S7FeFAaL, LPS, PHA-PSF 242 Al
FRFE &g IL-189] AAd©] capsaicinell ©]&A] st
Y FHEFOREAM -1 3 92 ¢35t 2 Zlo=
Holm Con Al A9 IL-1 5344 dF8Hs d
Aoz A7zt w2 HPgA 2ol LPSE 2H-8-A171 S

AE IL-62] WAL capsaicin®] B3 =3
o °JaiA LPS %% ZgA BT ZEAEHIA T Con A,
PHAPS] 5ol olsh w2 6] 40] Z71els)
o} o] g A= capsaicino] LPSol| 9]¢ IL-69] A<
sty A oRA Lpsel] oA Yehte IL-63 <
Zuge st ® e wal,

M 35

nf'

IEY

1) Surh YJ, Chun KS, Cha HH, Han SS, Keum YS, Lee SS :
Molecular mechanisms underlying chemopreventive activities
of anti-inflammatory phytochemcals : down-regulation of
COX-2 and iINOS through suppression of NF-kappa B
activation. Mutat Res 480:243-268, 2001

2) Caterina MJ, Schumacher MA, Tominaga M, Rosen TA, Levine
JD, Julius D : The capsaicin receptor: a heat-activated ion
channel in the pain pathway. Nature 389:816-824, 1997

3) Szallasi A, Blumberg PM : Vanilloid (capsaicin) receptors and
mechanisms. Pharmacological Reviews 51:159-212, 1999

4) Nilsson G, Alving K, Ahlstedt S : Effects on immune responses
in rats after neuromanipulation with capsaicin. Inter J
Immunopharmacol 13:21-26, 1991

5) Eglezos A, Andrews PV, Boyed RL, Helme RD : Effects of
capsaicin treatment on immunoglobulin secretion in the rat:
further evidence for involvement of tachykinin-containing
afferent nerves. J Neuroimmunnol 26:131-138, 1990

6) Ho WZ, Lai JP, Zhu XH, Uvaydova M, Douglas SD : Human
monocytes and macrophages express substance P and
neurokinin-1 receptor. J Immunol 159:5654-5660, 1997

7) Choi SY, Ha H, Kim KT : Capsaicin inhibits platelet activating
factor-induced cytosolic Ca’+ rise and superoxide production.
J Immunol 165:3992-3998, 2000

8) Takano F, Yamaguchi M, Takada S, Shoda S, Yahagi N,

_62_



Capsaicine] w}$-20lx] HAZA Alol=1ele] Aol mA: &

Takahashi T, Ohta T : Capsicum ethanol extracts and capsaicin the production of IL-6 in human upper respiratory epithelial
enhance interleukin-2 and interferon-gamma production in cells. Life Sci 80:1592-1597, 2007
cultured murine Peyer's patch cells ex vivo. Life Sci
80:1553-1563, 2007

9) Kim CS, Kawada T, Kim BS, Han IS, Choe SY, Kurata T, Yu
R : Capsaicin exhibits anti-inflammatory property by inhibiting
[kB-a degradation in LPS-stimulated peritoneal macrophages.
Cell Signal 15:299-306, 2003

10) Park JY, Kawada T, Han IS, Kim BS, Goto T, Takahashi N,
Fushiki T, Kurata T, Yu R : Capsaicin inhibits the production of
tumor necrosis factor @ by LPS-stimulated murine macrophages,
RAW 264.7: a PPAR 7 ligand-like action as a novel mechanism.
FEBS Letters 572:266-270, 2004

11) Dinarello CA : Proinflammatory cytokines. Chest 118:503-508,
2000

12) Dinarello CA : Anti-cytokine therapies in response to systemic
infection. J Investig Dermatol Symp Proc 6:244-250, 2001

13) Kox WJ, Volk T, Kox SN, Volk HD : Immunomodulatory
therapies in sepsis. Intensive Care Med 26:124-8, 2000

14) Osuchowski MF, Welch K, Siddiqui J, Remick DG :

Circulating cytokine/inhibitor profiles reshape the understanding of

the SIRS/CARS continuum in sepsis and predict mortality. J

Immunol. 177:1967-1974, 2006

Pennica D, Nedwin GE, Hayflick JS, Seeburg PH, Derynck

R, Palladino MA, Kohr WJ, Aggarwal BB, Goeddel DV :

Human tumor necrosis factor: precursos structure, expression

and homology to lymphotoxin. Nature 312:724-729, 1984

16) Locksley RM, Killeen N, Lenardo MJ : The TNF and TNF
receptor superfamilied: integrating mammalian biology. Cell
104:487-501, 2001

17) Carswell EA, Old LJ, Kassel RL, Green S, Fiore N,
Williamson B : An endotoxin-induced serum factor that
causes necrosis of tumors. Proc Natl Acad Sci USA
72:3666-3670, 1975

18) Beutler B, Greenwald D, Hulmes JD, Chang M, Pan YC,
Mathison J, Ulevitch R, Cerami A : Identity of tumor
necrosis factor and the macrophage-secreted factor cachectin.
Nature 316:552-554, 1985

19) Gaur U, Aggarwal BB : Regulation of proliferation, survival
and apoptosis bymembers of the TNF superfamily. Biochem
Pharmacol 66:1403-1408, 2003

20) Lomedico PT, Gubler V, Hellmann CP, Dukovich M, Giri JG
¢ Cloning and expression of the interleukin-1 cDNA in
Escherichia coli. Nature 312:458-467, 1984

21) Freidin M, Bennett MV, Kessler JA : Cultured sympathetic
neurons synthesize and release the cytokine interleukin 1
beta. Proc Natl Acad Sci USA 89:10440-10443, 1992

22) Sims SE, Acress RB, Grubin CE, McMahan CJ, Wignall JM
: Cloning of the interleukin 1 receptor from human T cells.
Proc Natl Acad Sci USA 86:8946-8950, 1989

23) Virchow Jr. JC, Kroegel C, Walker C, Matthys H :
Inflammatory determinants of asthma severity: mediator and
cellular changes in bronchoalveolar lavage fluid of patients
with severe asthma. J Alergy Clin Immunol 98:27-33, 1996

24) Hirano T : Interleukin-6 and its relation to inflammation and
disease. Clin Immunol and Immunopatho 62:60-65, 1992

25) Seki N, Shirasaki H, Kikuchi M, Himi T : Capsaicin induces

15

Z

_63_



