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Abstract: In order to evaluate the antioxidant and immunomodulatory activity of a traditional Chinese herbs-koji, the contents of total
polyphenols, total flavonoids and polysaccharides were measured. Ultrasound-assisted extraction was used to obtain total polyphenols and total
flavonoids. Polysaccharides in Chinese herbs-koji (HKP) were extrated by water extraction and alcohol precipitation. The antioxidant activity of
polyphenols and flavonoids were evaluated by the use of 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radicals, hydroxyl radicals, and superoxide
anion radicals methods. The potency of HKP on the phagocytosis and cytokine secretion of RAW 264.7 cells was determined by commercial kit.
Results showed that the content of total polyphenols in the Chinese herbs-koji was 33.54 mg/g, the total flavonoid content was 10.88 mg/g, and
the polysaccharide content was 74.98 mg/g. The extracted polyphenols and flavonoids showed good free-radical scavenging capacity to DPPH
radical, superoxide anion radical and hydroxyl radical. Furthermore, the corresponding half inhibitory concentration (IC50) of polyphenols is
18.87 pg/mL, 26.24 ng/mL and 33.31 pg/mL, and for flavonoids is 33.24 pg/mL, 38.97 pg/mL and 33.08 pg/mL. The HKP resulted in a
significant increase of lymphocyte proliferation and could also enhance the effect of Con A-induced T lymphocyte proliferation and the
stimulation index of LPS-induced B lymphocytes. In addition, the phagocytosis and cytokine secretion of RAW 264.7 cells can be promoted by
HKP. The traditional Chinese herbs-koji can be developed and utilized as a health product.
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BRI, S G UAIRI, AT SE S M A 4% R AR
LA RS T2, I 284 i ah
K By IE &G X WK, —r
LM R B BRI, TS TheE oS,
I Bk fedt A s Sl Wiy, A4, i
SR R, TIARARRE A E. ik, ks
HlH T ZHmAhZibt, seRgdRmmthacE, I
2GS, B S ORE N A

ARSI T T v 285K i 2R I AR Gt i ) o
TZ, whnzitkgirh Zipthiferairh 2ok . i
SCIUESE, VRS, AL R Rd B LA EZY
fH, PEAES i PR B AN I RN 0.20%~0.4%, 35 EAT
CLs R A ) B AN E N 0.1%~0.4%, Bikgihzy
fth, AL BT 25K it B S A RO REAL AL )
OV, B, xR, KRR ERE A T
2 WHREERIRTAL, TR GGG ThEe SR 7
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#¥ (The polysaccharides of Chinese herbs-koji, HKP)
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1 MRIEREE

L1 AR5 A

trggoKih, BRSBTS B R 4t

RAW 264.7 (/]I 50 0% ELWE 40 i &R, ATCC
Number: TIP71) #HJf1, % 45 579 R A7

(American type culture collection, ATCC) P& {Ak
Huty; AR 2R TG 4935553 (dulbecco's modified eagle
medium, DMEM), Thermo Scientific A#); H 252
R, R Sigma AF); —EUERIATE, M
SRR TRO I DR AR R-1p
(interleukin-18, IL-18), FZHMfI/2-6 (interleukin-6,
IL-6), B IRFEAF-a (tumor necrosis factor-a, TNF-or)
A R A iR &, 25 BD AR SR ETIR.
FOT BRI A IR A R HR
BN BTz .

1.2 UHE5EH

MCO-15AC CO, 4ifuls7EfE(H A SANYO 2
F]); Spectra max plus 384 FFFRIX(3EE Molecular
Devices A#]); LSC plus B 244 THEHL(FEE Christ
AFED); IX73 5B R (H A Olympus A #]).

1.3 ik

13.1 ZEr#HRIN

R B O vk e b 2 Hh 2 W B L S
SENE. FRECHZH 20 g, A 1000 mL 40%f11 Z,
BRI, RIS N 80 kHz, 7E 35 C&M ik
HE 15 min. SEYEISCERIETR, e KR, R
2N E . DMEER S TR HIbRE 2R IFS
FILEME R RS, WE R 25 M 2 W i &

1.3.2 FERFREUN] T

R 7 6 55 1) 7 ¥ 56 B 24 1l S A S B
BIET. BRECH 251 20 g, I 600 mL 80%FK 2. K%,
1E 80 ‘C 26 IR $2 6 ho ILJRIEEIEIR, hedk 78 K Inl
W BE, RG2S . DU T ARl 2l br
1HE 2R IS BN R [ T RE, D 24 S5 11 75
133  Z#EHKP)FRRM

KRB RS AT 25 i 2 0. HERRRER 20
g HZ I E T 1000 mL #EEEH, A 800 mL 47K
TR, SRBGEER AR ER, MNEERE
HURTHIE:, 5000 r/min 250 10 min, BB, IREH
TRARAR, WA= 9 AR TG K g, BT,
BEULP= 4381 6000 r/min S5O TTHE, HEy-TRfRIE
WE 25 =,

134 AHAFRERENZ

WA Oktay S5 /7256 % DPPH H HHE. ¥ H H
B R BB T R TR AE F1 =P AR A (1 mg)
BT 10 mL 4K, MR A 0~50 pg/mL
i PHMEXTRRBEE N Ve, F—IEREE 3 K.
1.3.5 P25 2 4E(HKP)M AR 4w el 69 38 58 45 F

Y 3~5 mL JC# Hank’s T E I, JERH
R TP, PG g PO R R B, B
MR . 22 200 HFME)E, A Hank’s 0% 2 1K,
£ 1000 r/min 250> 10 min. 2R A0ETE T 2 mL
(RSE 4R FRmT, BRI, R A Ik
JEE 2 3%10° 4~/mL.

HKP X 5 S5 H LA e ) B4 G 52 145 40 s
TN 24 FLREFRIA, 4L 1 mL, IR IR E K
AN[EHE HKP (0.05+ 0.10+ 0.50+ 1.00 mg/mL) 100 pL,
B IR e N TE HKP B3R, A Ingn e it fL1E
RNAEEXE, BT CO, N 5%, 37 CYUMIE: -4 Fh1s
F% 72 he BEFEEEWAT 4 h, FRFLWZ: BIEWE 0.7 mL,
BN 0.7 mL F 113 DMEM 553389, [FINHsEFLInA 50
uL MTT (5 mg/mL), k83595 4he 2 J5, BFLINIA 1
mL FRYER AR, B IR o)iRE), ELELN e
Tt WO 2R 96 FLESFRIR, BANFLArEE 3 FLIEAPAT
¥, 570 nm #ANE OD fH.

HKP % J] 525 A (concanavalin A, ConA)i% 3]
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NERT IR EEZH B TE (1520 o A R P AL
24 FLEFECH, AL 1 mL, &FLIN 75 ul ConA VR(AH
MF 7.5 ng/mL), HAREAER L.

HKP % 5% #(lipopolysaccharide, LPS)755 11/
S, B Ik EL 2 B A o B R LR PR LN 24
LR, 4540 1 mL, AESLIN 40 uL LPS (FH24 T 4
pg/mL), HREAER L.

1.3.6 HKP & %% A5 15 F

KH RAW 264.7 Atk aemg h L 24t 22
PERIE BV AN ERE /7. RAW 264.7 4l LR
2x10* AMmL 4 96 LK, AL 100 uL. *HRZH(CK)
W N : 100 uL 4 AEE+100 pL DMEM 40055 773 s
SEEGZH: 100 pL 4HffE3%+80 uL DMEM 4 7=
+20 mL HKP, SALRIUEH 2] M 2 HE 2R E 5 25
50, 100 A1 200 pg/mL, PHMXTHREELIKEN 10
ug/mL ) LPS, B 8 NEE . 37 C. 5% CO,
REFRFENREFE 24 h, F PBS ek 3 W, ZJa At
ZIWE 100 pL fEHZGREEN 1 mg/L, 4RE53% 30
min. WFFHPELLIATR, Yok 3 Ik, IINZHRIR(KES
R T/K ZBE=1:1, #FAEL) 200 pL, #EA®R, 155
SRS, 540 nm KT E RO .

KH Griess WGfZM @ H 24 it Z HEX RAW 264.7
Y3 NO [IEEI . RAW 264.7 40 ] DMEM 1%
FEEFRER 1x10°AY/mL, A 24 FLIR. BG4
WEEN 25, 504 100, 200 pg/mL (KR4, BHME
HHIE LPS 2432 N 10 pg/mL. 153% 72 h, &% 24 h
M5E—IKNO 5. KH Griess 71721 NO k7 &
W5E, AR DRI U FE T, DIbRE IR AR
B, XERE OD [ERINAARR, 22 HH Aot i 2k (0] U iy
2, WARHEALTE, b PR S
WA

RAW 264.7 4ijfi(1x10° NMmLyEFRE] 24 LA
mL/AL) TSR, SR ER L. #ERE )R, B
RIE AN R B4/ 218 (IL-18), A4iENR
-6 (IL-6), JHRIAFER - (TNF-a) ELISA 75 &5l 2
A IL-18 IL-6 A1 TNF-o ZHAIR TIE, #1EE
BB IRAFI GBIV . BRI RSN
THE 450 nm A FIEWROEEE(OD fH). DAARAE S IK
JENREALAR, XTI OD [E NANAERR, 2l AR FH L
HERMEEDARNZE, 1SR, R S
FE R R AL
13.7 IR A ST

S SR (I HE LOF S (AR HE 25 ( xs) R HE
K SPSS 17.0 7741, R ANOVA #5017 2 24055
LR, p<0.05 MNEEHEZE R,
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2.1 HHEERERSEE

DUEE M & T IR MR HE 2815 2R M (D)3
&N Y=0.1191X+0.0169, R*=0.9912, 15 H!r24 it
BTN 33.54 mg/g. DA T ARAESh 2 bRt
il 26 3743 2 Ze 1 B H 78 Y=0.9929X+0.0367 ,
R*=0.9998, 75Hi 124 b s B & 0 10.88 mg/g.
IKSEREYEIR S 2t 208, S8R 74.98 mg/g.
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Fig.1 Scavenging activity of polyphenols and flavonoids on
DPPH radical (a), hydroxyl radical (b) and superoxide radical
(©
w2 it 2 By A A ) DPPH H H i B e /1l e
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SR 1a fow, i 2 AE R B AA R EET
DPPH H HEERRAE ), HEARERBCR, =ik
JEE 1) 22 W % TR P B v PR R FE 1) Ve, 25
ICso fE N 18.87 pgmL, FHEAK 1Cso MHZI N 33.24
pg/mL. B 1bH, 28 KR AR B IS
RRE . 2N 1Cs HoN 26.24 pg/mL, FERRIT) 1Cs
B0 38.97 pg/mL. K 1c W, kPRI 28 KRS0
ng/mL)XF A A 257 H B BRIE TR 60%, M)
ff) IC50 {14 33.31 pg/mL, FEERM ICso HZ1 A 33.08
pg/mLo

N E MBI 1 R AR T LAE B & P4 E
b, KEREHEE A RS Y B4 Al DNA.
RESRTE NI LT Ko7, XA = A e
s, CA AR, DNA %4, #¥, 3
JIKGRRERELL, SHE, MERIRAT MR SR AR 54
W REAE A ARSI EAEIE 12K el
FHERRIENE . 2K i DPPH [ H 255 am AR &
T H A G A B H R B —E 15k
YER . bl %, H 2kl b & 1) S 2 T AL S
M EAEEERRREEY . OAEWIE T
ARV 22 T AN TR P PR T R e 1L AR B

Wit DPPH [ B2, ¥2H e SR B 2 7 1 e A
A RIFERNERRIER, RS EACs) 7 314 9.52.
14.44, 17.21 pg/mL™, B MHSEERK 1Cs0 18 25 A
1.47. 1.04. 1.49 mg/mL ", A6 315 b 26K i
HHAN )y 33.24. 38.97. 33.08 pg/mL. HILATHN, JH
MRL PRI VRS SR B M & F h ST bR
TEMERCAR K, FEIRAFI B E A -, SRS o
B S A IR T AN A

2.3 HKP {2 f% 40 i 3 78 1F A

HKP 5o #5540 A i 38 8 B A B R ) R kA
F. 24 HKP FI/ERWEEIAE] 0.5 mg/mL B, B4 pas
H7 0282, S5xIHRZ1(0.218) I E 2R

FESEIGVE HITE BRI P, HKP o 4 B (R 1 54/
EIFIEAI R . HKP X% ConA 1546 T #k 40
PR ETEERSS, EIMHARKREETOR, HREMES
B, ER BRI SR . 1 HKP XFT LPS i
161 B k20 p R BE A R, X 0.05 mg/mL
(1) HKP HtREW KA RS e g E A, (2 Rk
(1) HKP(1 mg/mL)X} TiE4k[1) B k240 395 2 A
I

R 1 RS HER R R ARG AR R

Table 1 Effect of HKP on the proliferation of immune cells

- - ¥ 25 W % 4R/ (mg/mL)
0.05 0.10 0.50 1.00
#8200 4w, 0.22+0.003" 0.22+0.009" 0.24+0.006" 0.28+0.014° 0.28+0.011°
ConA 7E4L# T faj, 0.21:£0.004° 0.20+0.003" 0.23+0.006° 0.21£0.011° 0.18+0.005"
LPS &1kt B 4nfit, 0.2120.003° 0.28+0.014¢ 0.28+0.008* 0.25+0.03° 0.19+0.006°

E: HAEA ST LG T IMEATE L, LARRR FERTAN 5%E 7B F K,

[N IS SYNS PN IL AR s =K A 1 Sy |
LS8 JE A, AT S R B A g RS o
(BT . HKP oA AU ot sk o 4r p ) 3 58, 5%
5j ConA, LPS % T+ B kAN AR B A B IR A A
F. Con A J& T ME4HMA 225325, vk T #k
AL, MR T &R AR T2 kR
kL AR R ARG A AR . S EIREER) HKP
AR AUEHE T R4 B kA A 1G5, *HEY
R E B s Be BA —E MR ER .

2.4 HKP ) % 5383 7% M

K TSI HKP 23 RAW 264.7 4HfffH
BUWERE ATV, 53R 2 Fi7R, HKP X RAW
264.7 AHMI A E IR R L RE 1A B BRI E A 25
DA ) HKP (25 pg/mL)AbFE S, RAW 264.7 41
A A AR 2 O FESR S T 1 A% 50 pg/mL (1)

HKP FIEEE A SEHESTHR(LPS, 10 pg/mL)FET.
100 pg/mL ] HKP {2 F B E A ELE 0 e, 230
H TR E 2SR p<0.01, 5T FHEXTIRZL LPS.

0.45 sk

k%

0.40 -
035
030
025
0.20
0.15F
0.10 -
0.05F
0.00

Wi BE (OD570)

0 25 50 100 200 LPS
HKP#K & / (ug/mL)
2 HKP {23 RAW 264. 7 4RREFMEF LT
Fig.2 Enhanced phagocytosis of RAW 264.7 cells by HKP
E BAEAH IAEE G IEATEE, ST AR
], * p<0.05, **: p<0.01, FF.
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HRIE Griess AL NO W brifEdhizk, #r
5 FR T : Y=0.0322X+0.0968, R*=0.9962(X A
FIrbRitE SR B, Y AT ), e i
IR EEER: 0~3.3.

MRAEARAE LRI DA FE, THEA AR A
T RAW 264.7 A7 Fimi i NO WK, Hgh
BB 3 fis, WER ORI HKP X} RAW 264.7 40/fi7E
B b, medER A IR RAW 264.7 4H 531
NO, FAEHAKFIELL 25 ug/mL 55 B HR A 2B
Wb 2 R p<0.01, HEslEZH100 pg/mL F1 200
ug/mL) S MR LPS R AHYM. Ub4h, HKP 5
RAW 264.7 43t [3% 3% 40 h, NO & EEE
HAE =T FE4E 8 h, #EId 48 h %,

a 3.0p ok *k Kk
—~ 25
§ *k
g 20
E, k%
~ 15 -
i
'*é 1o}
T 05
0 25 50 100 200 LPS
HKPKE / (ng/mL)
b

NOB itz / (umol/L)

16 24 32 20 a8 56 64
i 8] / min
(& 3 HKP {2t RAW 264. 7 ZHRE =4 NO {EFH (a) 70 RAW 264.7 2
Bf=4 NO BiE) &5 (b)
Fig.3 HKP stimulated RAW 264.7 cells NO production (a) and
its point in time (b)

HKP fE 5 1 RAW 264.7 4004 TNF-o (155
FAKCE, FESLIRYE N 2 EABOCR . HKP #KE
825 pg/mL B, 4 TNF-o 1775 5218 F 58.4 pg/mL,
A EXBAAALE, 2SR R, SR HKP
(100 pg/mL #1200 pg/mL){E3EE 35 BHPEXTHE(10
pg/mL (1] LPS). HKP tHAEAN [FIFE AL HIER 5 RAW 264.7
ZHHE IL-18 A1 IL-6 & &/KF, Hoxf IL-6 FIfEEfE 5
.

EVEAERAAE T AR LT AHE R, 2R
PEG PRI S R AR OB, AU SR

136

BRI SRR Y. FRIERE 72 BRI Y - A
HIRE, EMAHIERE A R RN R RA . G
BP0 AN, BRI A RERSIE S HTR
THUSEDNETEI, AN IER A, AT JR B
GG, SN BB E . L8RP, HKP fE
A RULHE RAW 264.7 ZHNEATRIERE ST, R 24
ZHERA R R IPEIRIBEST -

100 @TNF-o . .
mIF-1B _I_ _I_ sk
80 MIF-6
—_ L
2 *x h
S 60 =
&
40
¥
20 % *x Pt * X * oy
0 e
0 25 50 100 200 LPS
HKP#K & / (pg/mL)

[E] 4 HKP {RHE RAW 264. 7 4R {BABE F1EH
Fig.4 The effects of HKP stimulated cytokines secretion in
RAW 264.7 cells

NO #\Fie—FEZINEEN T, RE RS
A1 NO 7 F1ETE E Pt e E S4 3 g
TR FEE BRI, BN A ORI NO AT
MPRERER, AMUATRBRANUER A, 1 Hid
ReSRE I EEAn M S5E, BRI R Anpd i, thsh,
NO A UMEN—Fp N Sz gufaba st K5, o DARASH LA
AL SRR, MR, e inie )T
TRAEVER . BRI, WHFCUCh, EREgHRahumE
PUREE SRRV A % IS NO [ RETECR: 58 il o
H Griess i&ME NO A:flide, 45RKY] HKP RER%
Permr EVEAHM NO B, HI:RES: 48 h fIEER A
FEME, NO ESESfEm e 8 ho JaSEmtFenl LA
RF HKP ik NO B E AL, 583% HKP Hk
I FH B 75 () At

24 h 22 BEAE S (L RAW 264.7 4053k 4 ffa A
oYUM 72t 2 M A ) 2 KT, i
BRI = i e el S I RN I RS TR
Xt AR G 2RI I S e A A PR T

A EENAE AT DL TL-64 IL-18+ o THLE
(IFN-a)Fl y FHRZRAFN-p) EAIAEE T, DA T %
FER AU, SeIh X, HKP AEE (it RAW 264.7
AR AR R 1 4, B RS E R,
BARPZERTEME. AHRHFUESL, BOEE A2
S RN S o5 B AR S AR (1) — S OB A, AL,
IS T EREBOE I — RIUE 5 T
JEBEAHIH L, DAPRZR SRS A 1A FH I %
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3.1 ARSO B 25K il 1 M L AT T SRE Y
B, S T 2 RS 3 FhOIRsS, Sol
W5E 7 2 IPTE e S 2 hE ) G e i R
F o w2 il s R 2 By B BRI [ E 2T R 1
Hr 2l 22 WE B s T E R, BEE B A A A
S ABIETE, X RAW 264.7 4HPRAIARVERE 11 K
YR T B Rk E R o

32 b, ARSEIRFTSEE RN 2K A BT A
T LA RS T — e Rt T A A E
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