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Abstract

To utilize pepper (Piper nigrum) as an immunostimulatory agent, we isolated macrophage stimulating polysaccharides from pepper
and investigated their macrophage activating activities. Hot-water extracts (HW) of black pepper (BP) and white pepper (WP) were
prepared, and their macrophage stimulating activities were evaluated using RAW 264.7 cells. BP-HW significantly promoted the
secretion of macrophage stimulating factors such as nitric oxide (NO), tumor necrosis factor-a (TNF-a), interleukin (IL)-6, and IL-12
compared to WP-HW. When BP and WP-HW were fractionated into crude polysaccharides (CP) and low molecules (LM) by ethanol
precipitation, BP-CP demonstrated significantly more potent activity. Furthermore, BP-CP not only induced mRNA gene expression
of macrophage activation factors, but also promoted nuclear localization of p65 and c-Jun. In addition, component sugar analysis
revealed that glucan-type polysaccharides in BP-CP played a crucial role in macrophage activation. Taken together, these findings
suggest that black pepper has industrial applicability not only as a spice, but also as an immunostimulatory functional material.

Key words: Piper nigrum, black and white pepper, macrophage, crude polysaccharide, glucan
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A} 3} ¥l (pathogen-associated molecular pattern; PAMP)YS- 71 4]
Slch(Akira 5 2001). PPR & 31491 & G-AF -8-H(toll-like
receptor; TLR)O] o] ZZSIH nuclear factor(NF)-xB 9
mitogen-activated protein kinase(MAPK) 7 27} &-AJ5}= o] At

A (nitric oxide; NO)(Aktan F 2004), tumor necrosis
factor(TNF)-a interleukin(IL)-6 % IL—lZﬂ- -2 Aol E71Q19]
uhs S 225} 7 thokst HMule-2 S nsl #1072 oy
A Qth(Kawai & Akira 2007). E3E AN EZ = FES A2
sl AAote] T A|2E &AJslolH (Guerriero JL 2019), A4
W FAUGS AdShs E2% A S sl
(Naveganies 5 2017) B UAE T80z AA L A A
AE §A,

3, FARE F2 o]8EHE= —‘,’——z,—(Piper nigrumy= A=
AlZ2(Kerala)72] U}E}H}(Malabaf) A9 AR E g o
A4 B2 ARl FRE 718 W] Ht o olgos
#el, 27 2 Axerd 597 53] A AAT
W Mge Be Aow deld ol TRl

A B 2] &pH]Al(chavicine)¥} =] %] (piperine) ¥} 2
AEo] xFE]o] 9o m(Meghwal &
Goswami 2013), 71 5 m#H7o] 7P 97| Iz 4& 5
Shjolct Ml Fre] BfeRe Y 4RO, of
Oq:yLOﬂ/ﬂ 319 (Bang S 2009), FAtSHZarai S 2013), F=9F
(Yoo 5 2019), g+aH(Shityakov S 2019) & gHdlo]z{ A _;1;,]-
(Singh 5 2021)7} 120 ¥t At ESL DH AL F=E
ofo gt Fre= =0, BA ol &&= S7HI7I= 7/1—
&2 A Atk(Shao 5 2015). ¥HA, T3] 29 H& F stt
?l T (polysaccharidesy= A4 WolA ©&7] ¥ A,
5] 7132 g3tshe d avEold, 57] A%l 384

S v Rty H 115 vl QJth(Khawas 5 2017). ESH
_i,_ _,_E1 _r_ﬂﬂ q‘lﬂ-":—”—- gy FAE E-BH =% oﬂl:ﬂ-

FElox 7ofgteta A Qlrh(Shamkuwar 5 2012).
FZole 59 M2 7164 A& Ty 1 1S4
skl A%l 971 ol el 20wl uidean
2001), ol2ig AT F7h AR Bk oz, chobet
W ey D Ry S0l HaT oY
AR, DB, AAA, SRS e A2 24 44
2 383} d7= Aoz njQ H=3L AlAo|t}

& ol 225 W B4 Tled A2 Bt
= : dRa8e st 24 di
st e Ggoz By
Htel7] Qlstol oA 2R
Z}el NOL} Abe]E7FQl TNF-q,
L6 % 1L129) B4%E 24k, 244 oAU S 2
FH7E HAA 2 /gl mA]
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H -2l - A - =AFIFISIA
L e HaAstud shint £ 1YY 2L F3A
24E BAstel AAE By e 3RE TP =

AgrozH F2o] WY 7154 2AZA AL F5HL A
A, FF AE L R YA TE Yo By

NEET
29| ZHA|

S5 Z(black pepper, BP)2} ¥ &= (white pepper,
WP)= 4] QJ A} @ ®=7](Ottogi, Eumseong, Korea)oll Al T
’3}9&‘:} 5FF(BP-HW) I HES AFFESE(WP-HW)S
S 208i(wiv)2] SFSE 71StaL decoction RHS
]‘Qol'oq A UTH(Shin 5 2022). o] F, E-874 IA=ES AA
5171 A3 AAEE (9,588 g 20 min)sto] S HE St
o] 1} (Adventec, Tokyo, Japan)E ©]-&5}to] oja}stict. ofa}
MO ==(Eyela, Tokyo, Japan) ¥ 57ZA7Z(llshin Biobase,
Seoul, Korea)& ZdYsto] S5 I4FZE(BP-HW,; 11.7%)
¥ e S ALFEFZ(WP-HW, 82%) = A= AckFig. 1).

Olt

2. RAW 264.7 MEFQ| i U X2 &M
TR 2l HAAZFR] RAW 264.7: SF=A| 25298
(Korean Cell Line Bank, KCLB, Seoul, Korea)o]| A &H5}%
t}. Dulbecco’s Modified Eagle Medium(DMEM; Hyclone, San
Angelo, TX, USA) HZ]of| 10% fetal bovine serum(FBS; Gibco,
Waltham, MA, USA)¥} 1% penicillin/streptomycin(GenDEPOT,
Katy, TX, USA)S &7}5lo] 37°C, 5% CO, 270 A vjofs
Rk HAAE A /2 B7FsH] 9l RAW 264.7 Al 3
ZZ 2.0x10° cells/mLE 233 3 96 well plateo]] 180 pLA
Balol vfob7Iol 4 3417 Wokel T HE SRR B4
NEE 20 uL Asto] 24417 B Aaksiolct. W 7,
Ul A5 A 2lsto] tiAA| 2 /dS} Q1A NO2F TNF-a
(Invitrogen, Carlsbad, CA, USA), IL-6(BD biosciences, San
Diego, CA, USA) & IL-12(BD biosciences)& =74 5}31t}t. NO
9] 3FF-L Griess assay(Tursun 5 2016)9] FH-& o] &35l =
Astgom, TNF-q, IL-6 D IL-12 T2 ZH2H9] A RALS)]
A1 Zo] whe} sandwich ELISA ¥ 0|85} EA5}%] .
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Black pepper

(BP)
- Addition of DIW and boling to the half vol
- Filtration with metal mech

- Centrifugation (9,588 g, 20 min)

Supernatant Precipitate
- Concentration |
- Lyopilization Discard
Hot-water extract
(BP-HW; 11.7%)
- 80% ethanol precipitation
- Centnifugation (9,588 g, 20 min)
Precipitate Super|natam
- Dialysis (cut off 14,000 Da)
- Concentration - Concentration
- Lyopilization - Lyopilization

Low molecules
(BP-LLM: 23.9% of BP-HW)

Crude polysaccharide
(BP-CP; 42.5% of BP-HW)

White pepper

(WP)
- Addition of DIW and boling to the half vol.
- Filtration with metal mech

- Centrifugation (9,588 g, 20 min)

Supernatant Precipitate
- Concentration |
- Lyopilization Discard

Hot-water extract
(WP-HW; 8.2%)
- 80% ethanol precipitation

- Centrifugation (9,588 g, 20 min)

Precipitate Supernatant
- Dialysis (cut off 14,000 Da)
- Concentration - Concentration
- Lyopilization - Lyopilization

Low molecules
(WP-LM; 12.3% of WP-HW)

Crude polysaccharide
(WP-CP; 42.0% of WP-HW)

Fig. 1. Fractionation scheme of crude polysaccharides isolated from pepper.

85l EA(molecular cut-off 12-14 kDa)S A%l & 5=

FA7Zst] Zobg EE (crude polysaccharide; CP)O.2
Seioick. v, A5 53 9 BAR0] AuA)
2l (low molecule; LM)O.= Z8|H it} 0|59 &2 7
7} BP-CP(42.5% of BP-HW), BP-LM(23.9% of BP-HW),
WP-CP(42.0% of WP-HW) 2 WP-LM(12.3% of WP-HW)& 2
1] k.

o e oo
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4. qRT-PCRE 0|28t mRNA &5

RAW 2647 AEZZHE QAAZ 43 B A%
mRNA S-S F015}17] 95 RAW 264.7 H|ZZ 8.0x10°
cellsymLE 5} 60 1 disho]] E3+5}1L 24A|7F 59F v U1
th ol HiF ASHS AAsty AEE FET s E
serum-free DMEMO]| 3]4 5}l A 2]oto] 24417 &2t Auj
st HiF & AASHLS A AT th2, phosphate-buffered
saline(PBS)Z A|25}o] RNeasy Mini Kit(Qiagen, Valencia,
CA, USA)E AHE5to] A|l2ARe] 2| 3of we total RNAS 5
£35}9th ¢cDNAE ReverTra Ace™ gPCR RT Master Mix
Kit(Toyobo, Osaka, JapanyS A}8-5tod 34519 ch mRNA 2
& EAL2 SYBR Green PCR kit(Toyobo)S ©]-85}0] Quant
Studio 3 real-time PCR system(Applied Biosystems, Waltham, MA,
USAYS 55 WHSHSIT}. 2t G Ake] AT glyceraldehyde-
3-phosphate dehydrogenase(GAPDH) 7|50 2 X A5} 0w,
Z+Z+9] primer A B> Table 10 7] A5} ct.

5. MY PSS 0|Sst TAIRIKIS| ZHE

HAA|E Y nuclear factor(NF)-kB(p65)2} activated protein(AP)-
19] AARLA cdune] o 1 ol5E BAS] SAal WHF
H-E 0]-85}9 ] 12 mm cover slipS 24-well plateo] @11 Z+
wello] 0.1% gelatin 500 pLA] £33t & 3087+ 912513
o}, o]% o £ A5HE AASIIL RAW 264.7 A ZFE 2.2%
10° cells/mL&Z Z735}0] Z+ wello]l 900 uLA E335}31 34|17k
&<t Hjgsto] AT o] %, AlmE 100 uLA 47}t
3A17F B9t AjufoFst & 4% formaldehyde(Sigma AldrichyE
7Vl 2231 Tt. ZF wello]l 5% bovine serum albumin(BSA;
in 0.1% Trion X-100; Sigma Aldrich/PBS)E- 300 uL& 2|5}
o] dANA ¥HEAIZ]AL, PBSE o]-&3l A& & 1x} A
(p65 & c-Jun; Cell signaling, Denvers, MA, USA)S *] 2] 5}o]
124170 59 WFSAZAL o]F 2% PAN(Alexa Fluor 458
anti-rabbit 1gG; Cell signaling)Z *]8]5}o] Ao 708 &
QF HFSAIZ]AL cover slipZ 223 F & FAS 9I5f slide
glasso|  DAPI(4.6-diamidino-2-phenylindole;
Scientific, Waltham, MA, USA)S A 2|5}l 335+ u] 3 (1X73;
Olympus, Waltham, MA, USA)& ©o|-&35}o] s}t

Thermo Fisher

6. RP-HPLCE 0|&8t MY 24

55F 2 RO Y EAL reversed phase-high
performance liquid chromatography-ultraviolet(RP-HPLC-UV;
YL 9100, Young Lin, Gyeonggi, Korea) systems Al-8-5}0]
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Table 1. Mouse primer sequences for qRT-PCR
Genes Primer Primer sequence (5'—3') Accession number
Forward GGTGAAGGGACTGAGCTGTT
iNOS NM _010927.4
Reverse ACGTTCTCCGTTCTCTTGCAG -
Forward CCCACGTCGTAGCAAACCA
TNF-a NM 013693.3
Reverse CTTTGAGATCCATGCCGTTGG
Forward TCACAGAGGATACCACTCCC
IL-6 NM 031168.2
Reverse GAATTGCCATTGCACAACTCTT
Forward GAAGTCCAATGCAAAGGCGG
IL-12 NM 001303244.1
Reverse TCCTAGGATCGGACCCTGC -
Forward GGGTCCCAGCTTAGGTTCATC
GAPDH NM 001289726.1
Reverse CCAATACGGCCAAATCCGTTC -

Honda 5:(1989) 2 Shin 5(2021)9] HPH 0 & BA5HITH A]
HE 2 M trifluoroacetic acid(TFA; Sigma Aldrich)= #| 2|5}
aldose T2 B35} 0.3 M NaOHS} 1-phenyl-3-methyl-5-
pyrazoline(PMP; Sigma Aldrich)S #7135} ‘9_'%-._‘%'—9]- PMPE
AIAFT °o]F, 03 M HCl J7lste] S3AX & 557
422} chloroformO & £ 9 F&351%31 & S 2519
polyvinylidene fluoride(PVDF) membrane filter(0.45 pm, Jaema
Trade, Gangwon, Korea)Z ©]1}-5}1t}. 0]% YMC-Triart C18
column(250x4.6 mm, 5 pum, YMC, Kyoto, Japan)S #2H5t
RP-HPLC-UV system© 2 EA35}¢ct. HPLC 24 %
Table 201 7|5k, A& & 500 ng 5 97 &

0 2 UEF] 0™, mole% peak area?} response factorS
olgstol AL,

7. SHAzE
ZF A2 33] g 3 EQloH, At PR HA
(standard deviation, SD)Z LEFHTE. RAW 264.7 T4 A £ 9]
2435t 9 GAA @H B2 SPSS V26(SPSS Inc., Chicago,
IL, USA)= /\}3‘3}0% Student’s r-test® AAVslgom, Zkz}t
<005, p<0.01 2 p<0.001 ~ZAA] SOHE AZFAL}

Zdnt o &

U BHex HexES
2 04 ALGE RAW 2647 AL 519

/“]]E‘r‘i‘—l Hg —11(_). o\jﬂ% = UH7H°]‘O:] 7]\j.

dg] o] &% th(Mosser & Edwards 2008). &3

Q| EHAIAﬂE M H|m
e oA
el
FEREH 54
T2 dHAE A= 242 B7sH] fste] &%
F A4FEZEBP-HW)I WIS Oﬂ/\*xr‘%%(WPHVV)——
RAW 264.7 A|Eof| A7) =, tald % 243} 217kl NO I

Table 2. HPLC analysis conditions for the determination
of component sugar

Analysis Component sugar
YL 9100 series
HPLC system (YL Instrument, Anyang, Republic of Korea)
Column YMC-Triart C18
(YMC, Kyoto, Japan)
Column size 250%4.6 mm, 5 um
ter(ljl(;leli;ntzre 30T
Flow rate 1.0 mL/min
0.1 M sodium phosphate buffer
Eluent (pH 6.7) : Acetonitrile
82:18
Injection volume 20 uL

YL 9120S UV/Vis detector
(YL Instrument, Anyang, Republic of Korea)

Autochro-3000

Detector

Integrator

TNF-q, IL-6 & IL-129] 452 vlwsliet. WA,
W NO= tAjAH| 2o} 22 WS
HAR S AASIL, Aol E7IQ] AL £Xste] W
OS2 A ATk(Wink & 2
T HE2To= 0|85 LpSet F7] BP-HWS} WP-HWE
10~100 pg/mLo| s=& #|2]ste] NO2| 3452 B7iet 2
TH(Fig. 2A), LPSE SAYZF(NC) thH] 52.8 uM(2F 14.94]
S7h9l B/d5& UERHSIIL, BP-HW= 10~100 ng/mL9| &
= oA 18.0~48.3 uM(eF 5.1~13.6Hf
HQl ¥, WP-HW+= 50~100 png/mLo] F&= oA 4.7~
19.0 uM(%F 13~5.480 S7hH2] NO 4452 HEHilet. o]
23t FF2 TNF-q, IL-6 % IL-12 504 = Zel=le

=
= 2485t A
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Fig. 2. Macrophage stimulatory activity of hot-water extract prepared from pepper. RAW 264.7 cells were treated with
BP-HW and WP-HW for 24 h, and the production of nitric oxide (A), TNF-a (B), IL-6 (C), and IL-12 (D) was evaluated
using the Griess assay and ELISA. Results are presented as the mean+S.D. of three independent experiments. The asterisks

in the bar indicate significant differences between the negative controls (NC) and each test group, as determined by Student's

t-test. Crosshatch patterns indicate significant differences between samples at the same concentration. ~“*p<0.05, ~*p<0.01,
" <0.001. NC, negative control; LPS, lipopolysaccharide (1 ug/mL); BP-HW, hot-water extract of black pepper; WP-HW,

hot-water extract of white pepper.

o (Fig. 2B, Fig. 2C @ Fig. 2D), BE % 904 WP-HW
o] v BP-HW7} f-2J5tA 37k, 5] IL-129] 7%
WP-HW:= S4H & 5% HeolA BAHCE Fo3t A
5= HolA| g%, BP-HW+= 50~100 pg/mLo] % H
QoA 9.3~142.4 pg/mL(F 1.8~27.78] Z7H9] IL-12 BAS
= Eith gebA, 4S50 dAAIE A= 24 57t
A3, BP-HW(EF-F)= WP-HWERF5)E T 231 414

A B4 =do] v 2x25to] HIN R 7|55 S5k
A0z AA 917 wo(Sunila & Kuttan 2004), 555 &
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Fig. 3. Macrophage stimulatory activity of subfractions isolated from BP and WP-HW. RAW 264.7 cells were treated with
subfractions isolated from BP and WP-HW for 24 h, and the production of nitric oxide (A), TNF-a (B), IL-6 (C), and IL-12
(D) was evaluated using the Griess assay and ELISA. Results are presented as the meantS.D. of three independent
experiments. The asterisks in the bar indicate significant differences between the negative controls (NC) and each test group,

as determined by Student's #-test.

concentration. ~p<0.05,

Crosshatch patterns indicate significant differences between samples at the same
#p<0.01, """ p<0.001. NC, negative control; LPS, lipopolysaccharide (1 ug/mL); BP, black

pepper; WP, white pepper; HW, hot-water extract; LM, low molecule; CP, crude polysaccharide.

SS=x 0| HiS=

grrEERey

Hlw
=11

1\

2

C
Ao, ASRZE
°

°

2024). WA, T=
oSl ARo] AEA BAUA &
waﬂﬂ%HZﬂ@ﬂ%mm
Aquz gue 2

1__

AEZ}F E (low molecule)-L]- E]-%%- 5o
8% B4o] SAE] YTk LA SUrkKim
rFEE2 HAAE A= Z400

J___,_x]_ EZ] o] x] =
2021)0.8 RTjot SE7}
T HANE A= S22 B7Fskal-

HA], NO g*g—;—ﬂ 7S(Fig. 3A), BP-CP= 10 2 50 pg/mLo]

oA NC EHZ;L e ZkzF 42,6 L 51.7 uM(2F 12.0, 14.6
v} S7he] B85 , 53] 10 pg/mLo] =]
A BP & WP 5}9] 3@] =il Hl H% AHCZ 943t NO 4
< Eoot T, TNF-a= T w7 ¥ SOl Al
A (apoptosisye F-EotL “H_ Al 9] 243+ E451
HY B2 SN IS ok dEA Ql=dlli &
2021), BP-CP= 10 pg/mLe] 5 E oA BP-HWES ZE3t B E
591 SE(BP-LM, WP-LM % WP-CP)°] H]3} 5AH o &
3t TNF-a /352 Ech(Fig. 3B). 3, o3t HF2
Fig. 3C 2 Fig. 3D UEtd A= L6 2 IL-12 P4 50]

I‘L

-O_ 3
=
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A= gHolst 4= QIl=d], IL-6= JAK2/STAT3 A% Ag 7
2E 39 " AZE 2435t 0|59 SR 7e= T
X711 "WYY ¥g2 2AY 4 oH(Kang T 2019),
IL-12= T A 329} natural killer A|E£E &A435}ola] WU
< 735k Bk ofet Aol thgt Ho] 28-S FXIAI7]
L 293 93k 3lth(Zundler & Neurath 2015). 2240 &,

BP-HWEEE 235 BP-CPE BP 424 3 wpe] BE ¥
ol ] AR TS B AENA 943 THES U
shiglon, ol 24uMoR Bad 1BARAC] 2}
G 2ol fAAE T4t Tolshe ZOE SNt

ot ox M

w
ol
O
Kl

F3F0IM 22lE ZCOE 2E9| CHAMIZE Zadst Ol

A2 35t 713 B4517] 918) qRT-PCRS ©]
8oto] Al £ thAME E4 IR NO, TNF-q, IL-6 Z
IL-129] mRNA IdHE EAotqlch. Ashda gdaa
(inducible nitric oxide synthase; iNOS)= A Ujo]l A NO AJAS
SxlotH, A4E NO= HYA AlA € Ay Al=7 3dd
NEZE FZstq ftidl= AL 5= A2 I#A Ut
(Xue 5 2018). ES}, iNOSO| -2} Wrd L W w33} 2
Al okt fstet, ol WY €4E Brlet= dl &
93 A #7} Fth(Zamora 5 2000). HA], BP-CP2] iNOS
AR AT A3KFig. 4A) 1~50 ng/mLe| 5k ¥ 9jofA4 NC
2 ofH] 9F 132.6~2,246.5809] mRNA W= 2712 3
Ast & Uk EH FY B HYoA TNF-aQ] 42k
W& sF A7KFig. 4B), BP-CP2Q] A2+ NC tijH]| °F 15.0~36.4
Hio] FE-0]EZQl mRNA UdE |Estrt IL-6 4
IL-129] mRNA A 4 ZIKFig. 4C E Fig. 4D), 1~50
ngmLo] == WA NC ti=t ofe] ZH2b oF 163.2~
21,5878 & 1.1~32.1819] mRNA §-24A} SAHFES L5
o} o]t AF2FE BP-CPO] A= thAlA|Z &%}
A Q1A mRNA &S F-oloHA F7HAA, Al &2 EH]
5= NO, TNF-q, IL-6 2 IL-129] JAJof| oldl= Ao R
RI= Q). o] INOSQ] F-4} o] NO AJAte] d4=2]
ojH, NO7} HHAE AAsY AdH AZE ttiot= WA
o go] &g St 7|2 AFET} LA 5 (Connelly 5
2003; Xue 5 2018), 7|& Aol A &Rl Hie} Zo|(Tanaka
S 2014; El-Tahan 5 2016), BP-CP9]| 2|3} TNF-a, IL-6 2
IL-129] |42 Hd-E Bof oA QAR AL Xt
HY &40 T = &S UEhdh

4. B30I 22lE IO R0 O3+ pe5 Y cdun
o & Lf Zas}
BP-CP Aol W2 F8 thAIAE B4t 714 BHlst

ohgRe] diAAx 24 261

7] $18ll, BP-CP7} NF-kB 9 MAPK A2 Hg Z20] v]3]+=
FF= AT NF-kB2F MAPK 2= thAAE 2
3o SF2Q AeE ste HAUS F stH=E IEA At
(Dev 5 2011). 3], NF-kB A2 Y HE= p65 T2 9]
QA Foto] IkBa T A 9] Q1415 9 BEofjE SXst
o, o] 2 QIs QU4teHH p65i= HO = o]5sto] WY &3}
of] ook FAAES] AARE FX3HcH(Perkins ND 2007).
we, DANES RS dol MAPK A2t 24siE
c-Juno| QUAFS}E| 0] activator protein(AP)-1 -34S FAs}
i, o] A= o g o]Fsto] tiAlA| 2 Ed3to] FaT
A sh= Ao & B 7l vl Ark(Casals-Casas 5 2009). 3t
A, U9 P82 £ ohiigoly 250 gt 34 14
A& ARESto] Al W HIAE AlAF R ERId 4= 3
, A2 AIRARI 7152 W3 HWakstal dwdo] o]
ARE AT 4 Qe £8F WHor oA Uot
(Donaldson JG 2015). °o]& &-83}o], RAW 264.7 A|Zo|
BP-CPE A Z[5}aL p65 & c-Jun®] & W =43} o BE ¥zt
SHATtHFig. 5). A, NC t 29| 7%, FITCE HEA|H p65
4 c-Juno| & H=E 437t XY= A 2ok, merge Al FHS
Aol PRI E H 3o, LPS A2 p65 & c-Juno] & W=
F25}50] ALY Fehrt 22 (merge A)S] FEE Ho]
= 202 It o2} {AFSHA|, BP-CP A 2o] o5
FITCE HAH p65 & c-Jun2] & U =4:3}7} ZgP=| o], A
%7} 2 2249 Jrhg R oleie ik BP-CP}
NFkB % MAPK A29] B481E o) tfAAEe] e o
Asjo] Bolale Ao HelEiol

Y Q o

5. SEF0M 228 =CiE 22| FAME 22X

2 AFo|Al= BP-CPe| 4T £XE FA|5to] tfAlA
I Bg3to] #ofst= B RS FIstaAt sl
HPLC I ZutEIHL Fig. 6] Yeron, 24 Av=
Table 3°] YEFHTE BP-CPS] F8 FAFL glucose(Gle) =
FAE Ao, HA| 500 uge] FE F Glex= 450.9 uge AHA|
sto] 95.6%c SFste A= FRIFHIG 1 ffd:
galactose 6.0 ng(1.2%) & arabinose 5.1 ng(1.0%)7} A<= o],
BP-CP= F2 GleZ T4 glucan-type?] Ttd-H=2 A4S
o] U AT & AT Glucan-type T = H A9
A 8% BYEdE Uil E4= 9y g3A o
(Schepetkin & Quinn 2006), YA 0 & o L B-type2] glucan
o7 F4H0] Q= AoE LA Ut a-glucan AEA]
oA F2 AR} 22 FHE So] Y= A vdF
E o-1,4 FEIARIE Heo R o]Roj7 2 FAAE
9Ju] 3tk (Damager 5 2010). BHH, B-glucan ¥ Al, &%, 3¢
5 9 N EZHoA F2 A= Brown & Gordon 2003), H



262

o,
o
rlo
2t
e
of
o,
)
=)
oY

i
(o
ja

>,
re,
>,
o
)
B
o
(o
S‘E‘
)
o]
of
OO
_lOr
)
A,

A B
2 5000 %0 50 r
S =
2 4000 8 40 ook
U~ 5 )
n S =]
< © 3000 =
S s 0 =
25 35
g © 2000 : i,
Q = S Z
-1] O =
< 1000 80
Z <
=4 4
E 0 DE‘
Control BP-CP (ug/mL) Control BP-CP (ug/mL)

C D
= 30000 o0 40
= £

= sk
g 25000 3

o
= =]
o
" 20000 ﬂmJ )
93 iG]
E & 15000 2 E’
2 2 10000 @7
g = =
3 5=
g0
< 5000 z
Z 4
& 0 [
g =

Control BP-CP (ng/mlL) Control BP-CP (ng/mL)

Fig. 4. Effects of BP-CP on the mRNA expression levels of genes encoding macrophage stimulating factors in RAW 264.7
cells. RAW 264.7 cells were treated with BP-CP for 24 h, and the mRNA expression levels of iNOS (A), TNF-a (B), IL-6
(C), and IL-12 (D) were evaluated using qRT-PCR. Results are presented as the mean+S.D. of three independent experiments.
The asterisks in the bar indicate significant differences between the negative controls (NC) and each test group, as determined

by Student's t-test. “p<0.05, “p<0.01, ""p<0.001. NC, negative control; LPS, lipopolysaccharide (1 pg/mL); BP-CP, crude
polysaccharide isolated from BP-HW.

Nuclear [l Nuclear e-Jun
DAPI FITC Merge Cell DAPI FITC Merge Cell

) .-.[
LPS 3 )
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BP-CP
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Fig. 5. Effect of BP-CP on the nuclear localization of activated p65 and c-Jun in RAW 264.7 cells. RAW 264.7 cells
were seeded onto 0.1% gelatin-coated coverslips and then treated with BP-CP for 3 h. RAW 264.7 cells were fixed and
immunostained with FITC-conjugated anti-p65 and anti-c-Jun antibodies, and the nuclei were counterstained with DAPI. NC,
negative control; LPS, lipopolysaccharide (1 pg/mL); BP-CP, crude polysaccharide isolated from BP-HW.
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Fig. 6. HPLC chromatogram for measuring the component
sugar of BP-CP.

o -0 Tt AL 7MY, HHN 2 #H A
(dectin-1 ¥ complement receptor 3 5)Z} Zglolo] HAHNS-

olo

2 £ 102 FelA Yrktuang 5 2015). olof whel,
F4 Aol AL BP-CPY #7149l B @ A 3L B
o FRzny Lod 24 g Besha ol o) 24
EE B 5 A guean®] FEF TS FHSLA
shul, hAIAIE BHste] Zlolshe TAAL HAUZS A

Astazt g,

ook Ol >
L=/ =

I

2 ATOIAE FR(Piper nignm W AFAZ 2
5 91l FREAE AT A3 4 IRE Rl
of hAHE TS ZAAT EFHEP) L HFEEWP)

o] AHFZEMHW)Z THISHL, RAW 264.7 A|ZE 0|85
of QA A= &2 B7I5IAT. BP-HW+= WP-HWO
B]3}] NO, TNF-q, IL-6 Y TL-129} ZH2 tAIA|E A= Q1A}9]
BHE QoA oz AP} o Yoprl, 3 JAHS AL
Sto] BP 9l WP-HWEHE 20t 2Z(CP) A&EA g
(MO EE5t%E i, BP-CP7F FH o2 943t tf4]
AE A= GA4S Bk E3F BP-CP= AN X &3}
AR} mRNA FAA FHS e 89 ofyzt p6s A
c-Jun9 & Y Z43E =Rt Y B4 AT
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Table 3. Component sugars of BP-CP isolated from
BP-HW

BP-CP (500 ng)

Monosaccharide

Value (11g) Mol %
Mannose 2.8+0.1 0.4+0.0
Rhamnose 2.640.1 0.4+0.0
Glucuronic acid 5.0£0.7 0.740.1
Galacturonic acid 5.940.0 0.7+£0.0
Glucose 450.9£0.4 95.6+0.1
Galactose 6.0+0.0 1.240.0

Xylose - -
Arabinose 5.120.2 1.0£0.0

Fucose - -
Total (%) 95.7 100.0

4 28 7hs Aol 9ee AR

e =
2ALel 2

2 =52 20249 SRt sy A
%2,
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