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Isolation and identification of immunoactive peptides from rice protein

hydrolysates with medium-pressure ion exchange chromatography
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WE A —F R FH % DA201-C & X UK WA B8 AL &
40 % T B A JE B DL 69 KR S 98 7 bk RPHs-A3 20 4~ 64 4k &
P B FE AR TER T BEE N L BTRE—T 5B L
fo I ok 5 BAF R M o0 LR F AT T RN, SREAN,
K M WorkBeads 40 Q % M & F X #4105 .2.6 cm X 40 cm &
AR RPHs-A3 5 #4750 B ey m Ak & F 4. EAF R A
30 mg/mL, L # & 5 mL, A2 4% 4% A % pH 9.0 %
0.01 mol/L TrissHCl, e .4 ¥ & B A 4 1 mol/L NaCl &
pH 9.0.0.01 mol/L TrissHCl, E# . %k Bl iR ik 5 A A 1,
10 mL/min, M4 %] 5 A4, £+ RPHs-A3-B3 4145 &
MTT & B fo s Bt e fig % 48 (LPS) Jm B A o % A
B E R Y RAW264.7 L A R 53 s E A, 2
SIMEA 1.315; Bxf K BERA P @i NOBEXZT LA LF
A4 A (P<0.05), 4 4] & 4 8.2800, KA FE & T 4%
&% fe A A xF RPHs-A3 40 2 347 2 & sb L. 4% ST A M
1.273 3 & 2] 1.315. B xfm o i NO B4 LA 2 % 4
A

KEIR P EBTRMEHE KK LR FHEIR; 5 B il
Abstract: Medium-pressure ion exchange chromatography was used
for further fractionation of rice immunoactive peptides obtained from
Trypsin hydrolyzation and gradient ethanol elution with DA201-C
macroporous adsorption resin (40% ethanol fraction). The results
showed that the optimal parameters for fractionation of RPHs-A3
fractions by WorkBeads 40 Q on a 2.6 ¢m X 40 cm columns were as
follows: Sample: 5 mL, 30 mg/mL 40% ethanol fraction; Equili-
bration buffer A; pH 9.0, 0.01 mol/L Tris-HCl; Elution Buffer B:
pH 9.0, 0.01 mol/L. Tris-HCI containing 1 mol/L. NaCl; Sample
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flow rate; 1 mL/min; Elution flow rate; 10 mL/min. Five fractions
were obtained after NaCl gradient elution. The results of MTT assay
and LPS-stimulated RAW264. 7 macrophages inflammation model
showed that fraction RPHs-A3-B3 had the highest immune activity.
RPHs-A3-B3 produced a significant effect on the proliferation of
RAW264.7 macrophages with a stimulation index value of 1.315.
Meanwhile, RPHs-A3-B3 significantly decreased the production of
NO in LPS-stimulated RAW264.7 macrophages (P<C0.05). The inhi-
bition rate was 8.28%. The research indicated that medium-pressure
ion exchange chromatography can effectively fractionate rice immu-
noactive peptides. The SI value increased from 1.273 to 1.315. And
RPHs-A3 had a significant inhibitory effect on intracellular NO re-
lease.

Keywords: Medium-pressure ion exchange chromatography; rice;
immunoactive peptides RPHs-A3; fractionation
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T 1 A A R 4 | RO 53 5 BAL AR AT
fifp JACTR 5 0 AR I P O — 244 R O o 9RO P K 0
G TR AR Y i T T AR 1 R I A 0 K Y
Ze 538 i DA201-C BE K7L W B A Jig BN KoK 25 1 R e il
(Trypsin) B % ) v 73 88 B A 8008 S 75 1 19 RPHs-A3
(Rice protein hydrolysates-40% ethanol fraction) 41 4% ; b #f
— B RPHs-A3 4153 i 400 & F 5 322 305 18 Ul 3 T RPHs-
A3 oy Ak Y 22 57 Ak 2R B T A0 e € i 0 L AT
B it .

Hh R VRO €835 DG FEL A 0.5~2.0 MPa, H 3/ T
JE 5 e BOBOAR (3% 2 ) S0 R AR (35 A . B e B
TR B R PR R B R A O s S R R WA (i AR L
JSETERR A R R R T T A 2 B H L 4 B
RAT B B 43 A SRR T 4 iR 43 8 30 5 1 A R L R
TR I AF R £ 52 R I K A B A A B kY. Work-
Beads 40 Q s — 7 LA Z= & 4k 0 B BE AT 58 9] g 22 450 A
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AR EE SRR I R L FE S B T
Aoy B Al Ak 2R 1 2 KRN A% R S SIS HL A R AT 1 B

AHEFE LA/ BUE BE 40 RAW264.7 MTT #4112 56
SI (B i 2 55 (LPS) 2 A A5 5 NO B il 5 o0 W% 2845 4, )
Fi WorkBeads 40 Q %t RPHs-A3 20 4> #1743 B diifk. . 75 % 8¢
AT 3 85 B A o R K S 2 305 ik JO 4 8 A0SR 52 i 1) 6 Ak L
S BT RS 03 4y B RPHs-AS3 % 3 A% & 18, 3 3 — 25
P25 RPHs-A3 4150 (W 40135 A S s 16 M, O i R 8 T ac e (o
TR AR AR T R s Ak b v o R B AL B AR B
L Mk STk
1.1 #HRENHE
L11 MRS

KK - 3R PR IT I 3R L

B 2 G S N SR A R A R D

T HIL AR (DMSO) | 3-(4, 5-— H Bk e mg-2)-2, 5- — 2
PO R MR ER (MTT) « ¥y TARA RA A

DMEM #5353 . 35 [H HyClone /A& 5

Ji 4 1ML 7% (FBS) : 35 [ Gibeo 43

/N B W 400 L (RAW264.7) T 9548 JE T+ 5 24 BF 58

Work Beads 40 Q: B & AW H AR B RAF

AL K CBE A AL Tris 3R IR - 43 Br 4l il )
L EAERARAA

FoAb a5« 4 HT 2
1.1.2 EEAUMEE

£ 3 pH i1 : DELTA320 B, VT 95 4 35 7 4 0 6 Jok 52 50
NI

Al L4y Y BT 22PC L, B e AR R

BEIS R M RE: 2.6 cm X 40 om {8 3% HE, ) BB B AT BR
NI

L HEEA R RS : APPS MV 100D &, Fl fl 5} £
H R HE

Bt 4 43 BT AL . DNM-9602 R, 3k 57 3% B 31 B AR A7 BR 23 7] 5

JE W 55 35 4 . DNP-9052 %, 35 MM J /R 52 36 F & 45 BR
NI
1.2 FHik
1.2.1  KOKIE MK RPHs-A3 443 #1485 T2

— T RMEERREGEFR-A PHA>— TR E
TRREBKEEHER N EPEMB 30 min—>i KRR KD KE.
¥ . pH 1A, 2 & # 47 B f# (pH-stat =12 /R 2 pH #
£ )—> KB (85 C,15 min)— & & (3 500 r/min,15 min)—>_k
Fi > A E R (SRR A 5~10 mL)—>A A& F g (—45 C,
30 Pa A F,40 h)> K k& & 8 it 4 RPHs—>DA201-C & X
FUR T B R R B LB 240 % T B s L—~RPHs-A3 284
1.2.2 R F 384 08 o 8 ik

(1) B384 500 (9 3 45 < SR SR I B4 32 4 W I Work-
Beads 40 Q % RPHs-A3 405 474> Bl . i 01 AF 55 0 2
RPHs-A3 4143 ¥ % 8 2078 [B 2 pH 2.25 ~3.50, A It {5
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RPHs-A3 21434 1 s 19 pH 5B % pH>3.50, X A Work-
Beads 40 Q #) pH fa E 0B H 2~ 13, # ik % WorkBeads 40
Q X RPHs-A3 414 47 4 g 4t .

(2) BRI W pH 1y R R E /DR IES T 7
FE G PGE I pH. E S84 B 0.50,0.01 mol/L (¥R [
pH A2 i pH L 1.0 R BEEE, M 2.0 B % 11.0, HL 10 mL
R BN 1.5 mL BIAR AR5 R & S Hhom A
0.5 mol/L MAR MM 10 mLIRA — B REHF X B
H W AN R R PRI 10 K. PR 0.01 mol/L (&2 WiE
AR 10 mL R BEU 5 W o [P AT B B A A i i A
S5 ViR B A IR) A SROK S e iE ME BV W, R r IR B S T S5~
10 min J& 05 1V 80P R R BRI R

(3) HEE T30 B o % 3 B RPHs-A3 440 By 4 1F %
A FBAT 1) Work Beads 40 Q M ISIEFEH] 2.6 cm X 40 cm L%
By BE 3 A L A 0.01 mol/L fy Tris-HCI 2% sp i (pH 9.0) D)
10 mL/min () 3 B P-4 ZHT AL 3~4 BV 5 - i 22 wj i e il
WEESA 30 mg/mL 1 ROK Gy i MK W . B S S mL, |
e # 0.5 mL/min; b K 85 50 J5, P fiF 22 ob W L
10 mL/min B3 8 #E AT HEIBE . 76 220 nm T o 00 vk I T
WG AE L W B 2 i 1 s SR 5 0.0~0.5 mol/L ) NaCl #:47 k6
FE R o A0 BE U 06 s K 5 4 A3 R AT B 3R S T s L AR EIR
[Fi) 53 85 4%
1.2.3  RPHs-A3 4358 41 45 G 8 1 M 19 il 2

(1) /N BB w40 i 3 7 6 - SR MTT 3% BOW 530800 114
RAW264.7 41 . A0 FE 9 7 X 10° 4~ /mL 100 L 3 42 il
T 96 FLAR T HE 37 CC.5% CO, MR FHA TS 4 h 5.
A KK ARG K, 25 5 5 840 25 0 09 G 1 K BH 3 R
A% 5 TG R SEE R AP IFE 20 h EZ LW HE R 4 h
A 20 pL MTT(5 mg/L) s S A FL p B S . L b A
150 pL HUSETEHR . 3886 45 4 T 272 5 min™ , SR AR AR
FE 492 nm B Y6 BE COD {B) . 3428 (D 318 ST,
~ 0D,

oD, ’

A

ST—4i o 3 78 48 545

OD, — R4 OD {4 ;

OD,— X} #8441 OD fA.

(2) /NREWEH M RAW264.7 ) NO B 1900 2 - 24
FE IR LR A M 2R K 2 e BT e, 3 S A0 i g IR 8 B L A
WA IUTC T/ PBS 4 4l i 45 52 T 20 WO AR 4 L 96 fL
KRR R R 3 X100 A /AL r 4 i . A FL 200 pL A1, 7E
37 °C 5% CO, BE Feffi vh B 3053 00, Rr i ML B2 5 L DL 3 AL
F—H1 4 A X AL LPS R ORE B R 41 . RPHs-A3 il RPHs-
A3-BO1~5) Fifb A AR5 SCHRC9 B B -

O I B A S 10% FBS By DMEM J; 973

@ RAEBTLL AT 10% FBS (1 DMEM #5373k , 1 3%
12 h, F N A F§ DMEM K5 352 3575 B (1 LPS B, 55 5% 24 h;

@ RPHs-A3 I RPHs-A3-B(1~5) il &b ¥ 26 . fim A JH
DMEM #5 3 3 B ) RPHs-A3 Fl RPHs-A3-B(1~5) Wi,

SI @Y
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TR SE  ROR R P TR 8 T 32 e (35 00 8

HE GG PEAT

fff RPHs-A3 fil RPHs-A3-B(1~5) By &K #50 png/mL,
PR B2 i 45 45t TG L 3557 12 h, il Al DMEM B 3% JE
B LPS #9557 24 h,

W B 2 M H 5 E B 3. T 4 °C L 12 000 X g IR B O
5 min DA R FRAMIZ: FT45 . T GRIESS A6l 3% v iy NO
it IO NO MRl &,

IR =< % 100% , (2
1

A

IR—NO #j ] 2 ;

1™ A= NO e B 5

2 g5

21 HEBFIHEBESIBEHHRL

2.1.1 B/ REREZMBGER pH Z b G LS pH fﬁ
114 39 958 X 8 5 F 0, 3 W A R e AR G BT % b R
W& T RPHs-A3 44y S WorkBeads 40 Q F7H7 IR 7% ,ﬁﬁﬁ":
WorkBeads 40 Q 47 7¢ /& Wi faf (9 [6] Bf ot 58 T RPHs-A3 4 4y
A LT A AN S FIECE 2 RPHs-A3 4143 2 5 & A4 W M i &
THHE ., ARFBRE TEAEG PBE R pH T Work-
Beads 40 Q %} RPHs-A3 24175 (1 W f 20 R S5 R W35 1.

F 1AL B pH X RPHs-A3 25 43 W B 2808 52 ma 2800k ff
pH 24 9.0 M4 T . EIE W RPHs-A3 4 43 1 & 1 A%
4 2.01 mg/mL, U B 7€ It pH 4%~ RPHs A3 4 4> #
WorkBeads 40 Q W fig I % W it &t 5 oK, I 6o 2 pH 9.0
IR pH.

x1 AE#RI pH T WorkBeads 40 Q Xt
RPHs-A3 g% pit’
The Adsorption of RPHs-A3 by WorkBeads 40 Q
at different initial pH

Table 1

'ih pH &8 /(mgemL™Y || &4 pH &FHE/(mgemlL™ D
2.0 5.65 7.0 4.90
3.0 5.48 8.0 4.16
4.0 5.44 9.0 2.01
5.0 5.17 10.0 2.71
6.0 5.41 11.0 3.11

T EREWRE 5 mg/mL,

2.1.2 BTSRRI SN RPHs-A3 21 4373 B ROR B 52 1
WorkBeads 40 Q 5 BH 5 7 )2 41 A% (19 43 25 o L2 e T
JBE 43 < iy R A7 4 JBE R R A S ) A ) T S G TE R AT A o AR
Sh AR S A B i AR IR R TR A B T
A4k J7 Ak WorkBeads 40 Q 43 #5 4l fb RPHs-A3 4143 ) 5%
W LA A2 g AR B Ak F . 3R R R IR v pH 9.0,
0.01 mol/L # Tris-HCl 28 "tk - W FR 2% #h ¥} % 0.5 mol/L
NaCl #J pH 9.0,0.01 mol/L Ay TrissHCl 2% i ¥k , 18 1 &
WA 35K 2 T G2 oh i — 5 L R &, 7T LAAS B NaCl ik
JETE0.0~0.5 mol/L FELL WL i For LM . B 1 RR
FHRS VIR J7 70 85 RPHs-A3 443 (1 3% . i &1 1 7T %0, B

TR, RPHs-A3 4 KK #4385 A4y ik
PPk 25 RBUF PR BAR 43 B RBOR 2% 5 B 2 S SR B B vk
W 53 B5 RPHs-A3 20 53 1 K13 . B 1 2 AT, B B vk it
¥ RPHs-A3 21 43 1 43 B3 30 AL BT e B PE 4T, 4 HE R
. RPHs-A3 44 7EAN Al 1Y B F 3 B T AR 843 5 A4
53+ ZF B % RPHs-A3-B1 Jy oK B W B 1978 43 » 40 73 RPHs-A3-
B2. RPHs-A3-B3, RPHs-A3-B4, RPHs-A3-B5 & &k N &
0.05,0.10,0.20,0.30 mol/L NaCl # pH 9.0,0.01 mol/L
Tris-HCI 22 v N B 738 30 70 1B i TR 4L 4.t Filg
T 2% vP ) S F 5 B 4 I RPHs-A3 41 40 55 WorkBeads 40
Q FZFEEHZ IG5 6e I 50 . A U 22 vl B 5 T R )
WorkBeads 40 Q |, {AME & FREM K. ZHRE F2
5 RPHs-A3 4 3 = 4 45 4 WorkBeads 40 Q. M\ I 55 T
RPHs-A3 4143 5 WorkBeads 40 Q Z [l &L/ 1 B 58
ot — S 4 L T 5 R B A AN DA 7 ] 1) 9 e SO SR VA T A 0
JBE T ok s Ak 3 KBS R BT (45 5 45 T O o [ A — 2 0E
JURHE I3+ 2% 1> 2 43 s T R A S T R B Y % ol R R R B T
EIN TR R o o D I A I O 2/ A

1900 -100
1700 =90
1500 -80
1300 =70
=1 1001 -60 °
< 900 =50 &
s ~
700 —-40
500 -30
300 -20
100 -10
-100 1 1 1 1 1 1 1 1 0
0 30 60 90 120 150 180 210 240 270 300
HsF i)
Time/min

a3 RSl 2.6 em X 40 em; B 387y WorkBeads 40 Q; ¥ &
J35 mL.20 mg/mL RPHs-A3 414r; F# %&b A 4 pH 9.0.
0.01 mol/L TrissHCL; ¥E 2% b3 B 4 1 mol/L NaCl f§ pH 9.0,
0.01 mol/L TrissHCl; F#E3# 1 mL/min; %I 7 i

Bl BFRELZEEM2H RPHs-A3 4445 BiE

10 mL/min

Figure 1 The separation of fraction RPHs-A3 by linear elu-
tion of different ionic strength
19001 RPHs-A3-B2 -100
17001 RPHs-A3-B 1 -90
15001 -80
13001 -70
— 1100f 4 60
2 ggo Lt -50 &
£ 700t 40
500+ =30
300F (A -20
100+ -10
—-100 L I L L L L L L L 0
0 30 60 90 120 150 180 210 240 270 300
]
Time/min

B SR 2.6 em X 40 em; BT 38#e7) 5 WorkBeads 40 Q; ¥ 5
5 mL,30 mg/mlL RPHs-A3 41 4%; F 2% il A Jy:pH 9.0,
0.01 mol/L TrissHCl; Y22 #h ik B & & 1 mol/L NaCl ) pH 9.0,
0.01 mol/L TrissHCl; F A5 # 1 mL/min; JF % 10 mL/min
B2 BFRAENKEPS S RPHs-A3 484 B
Figure 2 The separation of fraction RPHs-A3 by stage elu-

tion of different ionic strength
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RPHs-A3 2043 M 8CR L0 T AR BEE VR L. el T80 B2 R I 1y 25
TR 3R G Y R T 0 L % R B BT Ok L kPR R AR
P25 PO PR AL By B UL B R R BRI, &
% U I W R BELACOIE L A HEASHR R . A B S S e B B Bk
Jit 7 R IR G2 M Ik RPHs-A3 20 53 #4743 B 24k

2.1.3 AN RPHs-A3 40 B BOR I A WFRR
R LR XA BBCR I I, FE R R A B A5 Work-
Beads 40 Q %} RPHs-A3 470 iy 7r B BRI 3. i 3 7T
HLBEE bR RIS B ROR B AR 25 Ay BRI AR, K
JRIAJE EAE RS KRB T WorkBeads 40 Q E’Jﬁ&ﬁi&ﬁﬁ
H. M R B AR AR DR UE 43 B AR Y A B T R & ik
PERIW A, B LPL 30 mg/mL.5 mL j{lﬁiﬁjﬂiio AT
37195 Fl WorkBeads 40 Q 35 BB+ A8 #e M 5 .2.6 em X 40 cm
B AE XS RPHs- A3 43 3647 43 8 I B SR AR o o - LA

21001 RPHs-A3-B3 1-100
1880F RPHs-A3-B2 1-90
1660F 1-80
1 440 - RPHs-A3-B1 -70
1220F 60
% 1 000 P 50 £
7801 -40
560 | -30
3400 | -20
ol RPHs-A3-B5 |77
-100 L L I I I I I I 0
0 31 62 93 124 155 186 217 248 279 310
Fsf ]
Time/min
(a) 20 mg/mL
19001 RPHs-A3-B2 1-100
RPHs-A3-B3 -90
-80
-70
-60
= {50 g
E —40
-30
20
-10
0 30 60 90 120 150 180 210 240 270 30(())
Hsf ]
Time/min
(b) 30 mg/mL
2100 RpHeAS BT | RPHYA3-B3 100
1880F 1-90
1660F 1-80
1440+ 1-70
12200 5 1 1-60
Z 1000 il 1-50 &
780} 1-40
560} 1-30
340) [ 1-20
120 1-10
100 L4 1 1 1 1 1 1 1 1 %
0 32 65 96 128 160 192 224 256 288 32
it A]
Time/min

(¢) 40 mg/mL
%A R F R 2.6 em X 40 em; B F 25 4 WorkBeads 40 Q; ¥ iy
J9 5 mL A [A] e BE 1 RPHs-A3 4143 P 45 € wh il A S92 pH 9.0,
0.01 mol/L Tris-HCl; %5 2% sh 3 B 24 & 1 mol/L NaCl #§ pH 9.0,
0.01 mol/L Tris-HCl; EAE S 1 mL/min; ¥ I i 3
B3 FRALHEZHH4T RPHsA3 W55 & Bi#
Figure 3 The separation of fraction RPHs-A3 under

10 mL/min

different loading conditions
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WS 30 mg/mL, FAES 5 mL, FAZ K Ay pH 9.0 (1
0.01 mol/L TrissHCL ¥ 2% ¥ B 4 & 1 mol/L NaCl [y
pH 9.0, 0.01 mol/L TrissHCl, | #E. ¥ B 70 3 4> 51 K
1,10 mL/min.
22 HMEBFIHEGENIBASREEENAR

ARG A 5 LA/ BUE B 40 RAW264.7 MTT 358 3 46
SI A R g 2 Bl (LPS) 4 E 55 7 40 il 9 NO BRIl &= o0 %5 52 46
B, BT s BT A B 0095 & 4 B A 40 Y s TR L AR
WK 4.5,

_
73
o
=
£
o
=
E
7
0.0

%tUE4H 1sG A3 BI B2 B3 B4 B5

FE S

Sample

* 5 RAH B . P<C0.05;5 % = 5 RPHs M L. P<C0.01; B1,B2,B3,
B4.B5 43 7 % i RPHs-A3-Bl, RPHs-A3-B2, RPHs-A3-B3, RPHs-
A3-B4 ,RPHs-A3-B5, A3 %f Jif RPHs-A3
B 4 RPHs-A3-B(1~5)3t & E * %0 ). RAW264.7
¥ gl E A
Figure 4 The effect of fractions RPHs-A3-B(1~5) on pro-
liferation of Murine Macrophage RAW264.7

. *

8,
=
\réi
2354
lerZ

%\9%’ EAERNR R IR R

4\
FE
Sample

# 5 XML, P<0.01; « 5 R AEA A L, P<0.055 * * HRAEA
FH . P<<0.01;B1,B2,B3.B4,B5 43 Jll % i RPHs-A3-B1 .RPHs-A3-
B2 .RPHs-A3-B3,RPHs-A3-B4 . RPHs-A3-B5, A3 X} if RPHs-A3
A5 RPHs-AB-B(1~5)Xﬂ'H‘§ % 4 (LPS) XA A
NO #7344 %
Figure 5 The effect of fractions RPHs-A3-B (1~5) on in-
tracellular NO release inlipopolysaccharide (LPS)

inflammation model

M 4 B, 40 4 RPHs-A3-B2, RPHs-A3-B3, RPHs-
A3-B5 X RAW264.7 4 & B A 5 (3 58 1 A ST
439k 1.152,1.315,1.206, 55 RPHs-A3 444> (ST N 1.273)
A . RPHs-A3-B3 4143 9 SI {H & 2 42 5 (P<C0.05),

1l 5 W A1,50.00 pg/mL Y45 43 B 443 % NO B
PSR % 9 2% 5  RPHs-A3-B4 X NO B 5 IC 30 il 1
Fl;RPHs-A3-Bl ,RPHs-A3-B2 fl RPHs-A3-B5 3 4~ 4143 %
NO B M H4E A HSERA B3E fi RPHs-A3-B3 414
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T2 W AE  ROR R rh TS 8 7 32 48 (8 335 73 18 B LA 8 15 M 3T A

N NO B B A 2 30 4 (P<<0.05) . NO ¥ B2 7] i
LPS 313 1 (7.605+£0.000) pmol [ % (6.97540.008) pmol
(P<C0.05) 3 R Ny 8.28% . MTT 32 B 37 46 I 245 S A1 4
S 5% TV M A U 45 AR R W] b T B S 4 83 A0 B A Ak AR
T 19 00 928 0 P de A 40 43 RPHs-A3-B3, J5 82 BF 78 0K 5% H
AV 68 fsd 3ok U0 e 3 4 8 0 HL R A7 ) B A4k
3 énllﬁ

MHEEGENE EAIGNESE 5 KR, BA SR,
3 B B R AT R VR B L A e R R R R A B A SRR
Fhm . BHETZ T R Wiy o 85 sl Ak . 78 A4 Wy 3 P Ik 25
I R A R R — B S . AR R B s
T3 e 5135 il B8 4R o KOK S T P Ik RPHs-A3 4143 19
PEIEPE L ST M 1.273 42 & 3] 1.315(P<C0.05) , ELXF 41
JE Y NO B30 5 8.28% (P<C0.05) . A BF 78 A AL 4
T B M 1% 4 8 Al KOK B i M Ik RPHs-A3
253 14 S A A A [ e 1 A v B 8 32 #8135 5 R 7 T P I
53 B Al AL b i R AR T B

5% 3Lk

(1] BRA e, B, VR, 45, Boiffs A i 1k S 2 9 5 2 RE 1
Feik 1] &SP, 2016, 32(5) . 209-213.

(2] EBE, BRAE, Ve, S JORGBe1 T oK iR s i 9 26 L.
RSP, 2015, 31(2): 38-42.

(3] thae, IR, BFH, F. EMERTT SOMRER R H & T 2
LT, P20, 2012, 15(1); 47-50

[4] FENG Jia-tao, XIAO Yuan-sheng, GUO Zhi-mou. et al. Purifi-

cation of compounds from Lignum Dalbergia Odorifera, using
two-dimensional preparative chromatography with Click oligo
(ethylene glycol) and C18 column[]J]. Journal of Separation Sci-
ence, 2011, 34(3): 299-307.

(5] BBUEE. ROKGfevd Pk i il & S 2y B a4k [ D], Kb Kb At
TA2%, 2014, 15-16.

(6] W, Jafial. A= fes)es sl s 5 $ORIM . JE 5t
At 2010,

(7] EXdb. IR A3 B g fl B oyt AL i P AT 52 (D, Jo s
VLR K24, 2008: 13.

[8] WU Tingfeng, HSU Chiung-yuech, HUANG Huei-sheng. et al.

o2 Lol iy

Proteomic analysis of pycnogenol effects in RAW 264.7 macro-

phage reveals induction of cathepsin D expression and enhance-

ment of phagocytosis[ J]. J. Agric. Food Chem., 2007, 55:
9 784-9 791.

[9] WEN Li, CHEN Yue-hua, ZHANG Li, et al. Rice protein hy-
drolysates (RPHs) inhibit the LPS-stimulated inflammatory re-
sponse and phagocytosis in RAW264. 7 macrophages by
regulating the NF-«kB signaling pathway [ J]. Rsc Advances,

10.1039/C6RA08927E.

(107 #hJ5 . skWety, BRAZIE. K& Bk ih 8 7 32 e 3%

WAL, a5 P, 2006, 22(5): 16-19.

[11] CUMMINS P, DOWLING O, O’CONNOR B. lon-exchange

2016, 6(75):
i o3 B b i

chromatography: basic principles and application[ J]. Methods
in Molecular Biology. 2011, 681(681) . 215-228.

(12] B9/, iR, & X2, 5. 56T BRI b 2 ki 43 85
PUAAE R AT TR [T ] & B AR K222 4. B AR =M.
2015, 32(1): 36-41.

(E#&%F 110 )

TERCR RN . D583 B A5 B 10 BE J5 56 4 il 82 1) 46 T 4%
Jon s Bt 5 P 458 2R K50 HG) 39 R T 30 o 5 TR o R R R 5 AR Y

T B 5 30T BB A O R B 48 o T AR L EE 5 R Y
BERMIE I o AW FE 52 BF 0T £ HLBR 22 5 T8 A8 b 1 28 1
Y T2 A8 1F B # RE RS R I il 2 T 20 P v B I8 5 i 5%

25 R 5 A OREAS B R L JRAS AR B 0 L AT i R
A 2L R T AL B e B AR B LA K

e dN

[1] TRABELSI O. MALVE M. MENAT A, et al. Simulation of
swallowing dysfunction and mechanical ventilation after a Mont-
gomery T-tube insertion[ J]. Computer Methods in Biomechanics
&. Biomedical Engineering, 2015, 18(14); 1 596-1 605.

[2] MARIUS U, MA © RIAUX C A, KURZ-BESSONC B. The
propagation of gravity currents in a V-shaped triangular cross-
section channel: experiments and theory[J]. Journal of Fluid

Mechanics, 2014, 754(9):
[3] ENDO S, MIZUTA K, TAKAHASHI G, et al. The effect of

232-249.

ventilation tube insertion or trans-tympanic silicone plug
insertion on a patulous Eustachian tube[J]. Acta Oto-Laryngo-
logica, 2016, 136(6):
[4] PENG L F, XU Z T, FUM W, et al. Forming limit of sheet

551-555

metals in meso-scale plastic forming by using different failure
criteria[ J]. International Journal of Mechanical Sciences, 2017,
120. 190-203.

[5] BONET J, BHARGAVA P, WOOD R D. Finite element
analysis of the superplastic forming of thick sheet using the in-
cremental flow formulation[ ] ]. International Journal for Numer-
ical Methods in Engineering, 2015, 40(17): 3 205-3 228.

[6] BREPOLS T, VLADIMIROV I N, REESE S. Numerical com-
parison of isotropic hypo-and hyperelastic-based plasticity models
with application to industrial forming processes[J]. International
Journal of Plasticity, 2014, 63, 18-48.

[7] HAN Z W, HU Q C, ZHANG Z H, et al. Strain analysis in ad-
vanced tool forming process with spline finite strip (SFS)
method[J]. Ironmaking &. Steelmaking, 2013, 40(6); 413-419.

[8] ONATE E, FRANCI A, CARBONELL J M. A particle finite el-
ement method for analysis of industrial forming processes[ J].

Computational Mechanics, 2014, 54(1) . 85-107.
155



