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AELTA E WM, S50 = [ il ; AB-8 7l
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DMEM ;72565 ¥ TR ; B R A E
FIEE, I T E B 3832 A Al Caco-2 410, [
B2 B B 40 et ; CCK-8 ikl &, #a K,
KB BEAE R 3 Ry o B Al T TR TR
ik TH RN,

TR G U R 7 U K LAY (Scientz—1IDM 74 )
TR Z VR R A AR A shiiH %
Iy B RN AL (MEOO-2A #Y) | v PE 0 MrAL 2% T
AR ] AN (UV2000 AL, S e T
AR T BOEHCER S0 AT 0L 43656 B 1 (TU-1901
ALY A6 A aE P A AR 5T AR A | 4 it AR
2L 63 (Tensor 11 ), 36 [ BRUKER /A #) ;
e 78 K AL (RE-52AA BY) b o8 A= AR AN 2
Ty B (3% L (UliMate 3000 U), [
Thermo Scientific A F], A% Kinetex C18(150
mmx4.6 mm) , 5% [E Phenomenex 2y 7 ; & A0 AH 6
% (1290 A) i3 (6550 B) (a4 waters BEH
C18(2.1 mmx100 mm 1.7 pum), 35 B LA 28 A ;
THEALERKEFRAS (JC-CHP-80S), f#[E Memmert
N DG B (DMIS) , 8 [ Leica 24 7 .

1.2 RIEH*

1.2.1  Pspe prdEMZ S & il DL -4
PR 0 E Pspe AHXS & 5, ArifiE 2 LU R 25
FE i, DL Pspe [T e B2 Sy i Ak | IR O'G 8 S 9 A
b, 15 H :y=16.65x+0.0107 ,R>=0.9991 ,

1.2.2 AB-8 BIB AR Ay AL HE  HUAE B RAE T 2
FRARFRTCK CBEP R R, B TR A
Ve TCVE M H ICEER K R T 5% Eh R 1A T
i 2~5h, HVE R pHEH M, BRI T 4%09 Ak
BNV 2~5 h THvE RS .

1.2.3  Pspe $& MO Wil 25 Je 2lifb T.2Z Pspe #F
W 4 LS 2 S 00 2 i I 9 O W TR i
bR T & A ERATEAEE RO B S A E AT 2 H
I VR Y kT 25 2 o, TR L 7 K ML T8 0 30T
¥, IE 0 FHAAL BB R (d=0.45 pum) i 98, W1 BR 2%
38 3 AL I X AT Al

1.2.4  KRALW PG 25 0 BT — i e 3 g i 4 o

WHFREL 2.0 ¢ AB-8 BRIV AL A4 A 5 100 mL HEIE
A 20 mL 1.0 mg/mL 1) Pspe $2HUR& , 5 & F
25 °C . 100 r/min B 7K 7 48 R 4 W B, BB 20
min JORE 1 ¥k, DA BFEH 1A x il W B 350 y il
W E REROH AT R & i, 2 LR B 3h 7 2 il
SRR A TR I v 75 40 IR R A A 1 A B S FH 75 1
KSR e B AR T TC VR OIS AR e R B AR
W2 T AR B K 43, B JS A 20 mL 40%1% &
M, [ 5E T 25 °C. 100 t/min BIK SRR T, HEBE
10 min BORE 1 2K, DASR W B 18] A o Bl TSRO
0 E R R AR T R R, e AR W sh T 2
HEIEN
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o A——JAL B 1 W B 2R, % 5 Co— TR
K 7IF Pspe T & ¥ B, mg/mL; C, W b J5 Pspe
F i e mg/mL, B AU i 8 W BT 5, mg/g 5
V——FERAR T, mL s m—— KA RR 1 i it g
REAEXF Pspe MR LA (3)

(0N %
C=——=22___x100 3
(CrC IV, (3)

A C——RALM IR IR, %5 Co . C ) L

Vi S R AR mL; Co—— A W SR AR
2R R mg/mL Vo—— i W AR AR

ml,

1.2.5  RILWAE S AWM sl 2
2 00 75 RAESCHR K 15 AR 1 AB-8 K AL R i
BT 2R ZE AR AR v e R S Bl S LA
W BE R A W R Pspe J i Mk 0 I 5E 8 5, X AR
WOk pH (| FARIREE | BAE R O
W AR FR HEA T S5 1AL

12,6 W%

1.2.6.1 A7 WOGTE 4T HER AR — o &
(1) Pspe VR 83 FIARE ffr I H 2 00K HL A 1 A
0.2 mg/mL M HER AR . &5 VWO B, F
200~600 nm #H 17 £ HP I FHE,

12,62 £LAMGIEHAR e B (A-
TR) T, FREU— & 5 19 Pspe 185 AR i b, % H:
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AR MO AT R AR BEGE R 500~4 500 em™
1.2.63 S RORAR G35 R ER TS WS
BN 6 35% H: s waters BEH Ci5(2.1 mmx100 mm, 1.7
wm) , JiE A A 0.1% W BR K% W T s A B 2
R, B0 BE PR :0~30 min: 95%~10%A .5%~90%
B;30~50 min:10%~0%A .90%~100%B ; 50~60
min ; 0%~95%A . 100%~5%B, % 0.3 mL/min,
Fedt 5 L, BUiG A E . —20 50~1 200 m/z,
sheath gas temp 350 C ,sheath gas flow 12 L/
min, ESI-#£ 2, HL 3200 V,

1.2.7 il Wynd LB 15 455 2 240 i 2 1 4 400 ) 47 )
1271 EREEANNAL 2% TSN Ir

BARUZ BV A, WAL T 2% Federico %12
FsE, HMEBREAS S &AM (IEHE.3
260 U/mg) TRAMAZE pH 2.0 BEh MR, T
37 CH P 4 h; B J5 K pH (IR 7.8, in AR (A
fiff (L35 .3 800 U/mg) , 4k 29k ¥ 4 h; 45 5 18
K TPOBCE 10 min, ZCIRTEAR RN, DU R AR R
¥ HR T F-20 CHAAE

1272 FLEEVS MBS (G Sr KR A7 B Ca-
co—2 2B F A B, 2 40 i fil A Rl 80% A A B
AR BEHLHEE Caco—2 AHAEAY AR 6 21 . IE # Xt R 4H
CK; FLEEVE R 4 CD; BH M X HR 24, VO Ik e
Pspc (50 wmol/L) #1 ,L-Pspc; ¥ Pspe (75
pwmol/L) 41 ,M—Pspc ; /= ¥ & Pspe (100 wmol/L) 41 ,
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H-Pspc, FiH LG BB 8 HE T PBS AR &)
W (10 mg/mL), FFH 0.22 wmol/L 14 JC b 18 i 1
J€ , F DMEM # #%] 1,1.5,2 mg/mL 1 4 mg/mL,
IFBE PR 35 A Tk 32 8 T 20 LSS AR
1.2.7.3  FLEEVS IR 20 MO 36 PR i il g AR A U
PR TR ML 3R 58 U A A TR 10% (KR53
) CCK-8 W 1Y 58 4 B F ik | 55 5% T 40 i B 37 4
2 h, 450 nm 20 R T 40 M M
1.3 HEHH

I A 3 IO A, 45 R LF S AR 1fE
25 (x +5)%m , FIH SPSS 26.0 #E47 ¥k 4> 7,
K H GraphPad Prism 8 #4174

2 H#HR5TR
21 AB-8 XALWIENELELAKRELERFHER
Pt — i8¢ R ) 2 i)

1 & Ta AT, KALR AR XS AL 2R 00 W BF 3
Bl I ) AR RS B2 B e R AR e e, Y
F3k 180 min Zc A7 I @iV 22, U8 W] Iy R AL R
JIg W B A, i 180 min Sy e A W B T Ay
IFA], H1 B 1b R, R AL i 0T I A8 5 2R B ik i
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Fig.1 Static adsorption kinetic curves and analytical kinetic curves

22 AB-8 XALWEMEEAKRELETZNETR
P — % % B 22 M)

22,1 MEMHE pH fH . bR D A X AR
BB R 2 R 2a BN AT VMR R 1Y

AR, RALW B XT Pspe 1YW [ & 23 0 % A5
TR, MR IR F] 1.2 mg/ml B, W i
X Pspe W B 38 21 B RARL . 6 o 3 VLUK B8 Ak 8 34
T, W2 B e 25 T B 5 3R TR VRO R AR AR
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WO . Rl 2b AT AR BEXT Pspe R B Bl A R
pH (B Y3 Jiniy 292 T % 24 pH {0 2 F0 3 I, R
I B4 IR B B 25 AN G, R PR R SR T R R Rk
SN RS W TS S i I R i
3 AR pH H . Al 2¢ AT, AL T R Y
I o} 3 i 5 S T8 %) 388 00 T 22 T R, DR R

12r

O
T

% Bt ik
Adsorption capacity/mg- g™
w N
T T

1 1 1 ]

1 1
0.4 0.8 1.2 1.6 2.0 24

(=}

Concentration/mg - mlL™
(a)

100

T
E

o) 2 gor
& §

X 2 70f
7
-

< 60

w
(=]

0.5 1.0 1.5 2.0 2.5 3.0
R i
Sample flow rate/mlL-min!

(c)

T R P TR B T A S A TRURT A B R
TR, SN 0.5 mL/min B W B 305 21 i
2E A HARE B, Bk 1.0 mL/min A fE
P, B 2d AT JRAE T A R E R
Tt AR A 3 0 T A R M kIR R A R B ik
360 mlL B, AL T R R A B LR oy
22—, UL BH I B AL AR B 1 B R 3 30 3 U
S Rk ] 360 mL R ffk EAER
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Fig.2 Effect of concentration of sample solution and pH value on resin adsorption

222 fEWCIEE AR R AR AR AR B R B AR 1Y
S B 3a W B RO A G K TR AR
R AR R IR B S Y R T L
P2 R OR AR PRI 2 S U IR T R 455
PRI AR B, 2] 1.0 mL/min A 55 A7 W 07
F1 & 3b AT fife R IR DA T 2R vk R A —
it Se 2R T Ja 2R B TP R R . YR
W AT 60 mL B, el Pspe J5T i vk FE
I KAE, B J5 BT AR 228, 4 2iAb R
e FH 120 mlL Ry AR A AR R

23 HEAKRBFEEBTZHAUYHNINEEE
231 SAMATWOGIEEES Pspe 4k W0 2 Ah
AL DG A5 A 4 iR, f EATAL, ik
TE % 1 230 nm A1 280 nm 4b 3547 B &b 4 AE W% i
W, Horft 230 nm A 1 W AU R R IR 3 ANt
BURUEE S Y 5 1M 280 nm AR T 2 R AE TR & A
INHN B IR 3 (1 L0 45 40 5 2 12, LAk, Pspe 4l
A4 55 bR A i B REAE IR I A R AR A, DG i AR
W E T IRAE T R KV BT ; 2% 20 55 KR4l BE
(R 5 7 i A5 iz Al AL W I 46 R 95%
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Fig.3 Effect of loading velocity, loading volume, analytical velocity and analytical volume on resin adsorption

232 ZistiEEss stk 0y B et Ln AN
SEIRANE S PR B AT AT, Al Ak B i S R A 0
A 3325,1609,1519,1440,1280,1201,1 103,1
010,872,819,781 cm™, 3 325 em™ A3 W YAc 0 2
TR E Rk sl ;1 609,1 519 Fil 1
440 cm™ YISO 2 F T ORI 2R C=C Z R Y
iRl ;1 280,1201,1 103 F1 1 010 em™ Wi
WE T B E C-0-C 2 T MM 4aic shaly ; 1M 2E AR 2
X 872,819,781 em™ i ¥ B IS4, 2l 2K 38 I 3
ASFEEB Y H, LR T A B 28 i AR R C-H 1 A2
ARSI EE , 78 = E P K ILE AL R 45
FARTA] 7= A (4R B A e IR 23 AN [R) o B 36 1)

4= . Pspcf'ﬁfi
JRAETT AR

W' 1

Absorbance/Abs

4(‘)0 5(‘)0 6(I)0
i8N
Wave length/nm
B4 REARRESZAUWESMTRAELRHE
Fig4 UV-Vis scan of peanut red—coated

proanthocyanidins purified

233 RCRORE 815 B R TS (UPLC-QTOF-MS/
MS) %5 73 Bt

2.33.1 Pspe BB TURE T E R ROR

BE

Light transmittance

FRIARE AR R B ARSI T o o R AR 4
FE (3 I MIFAET 2 (2 B2 3k) . &% 3 BRI JRE
FETE 1 540~1 520 em™ 5% 4z sl 90K XA # A4~1)
Weide , FHEAE 730 em™ b AT 5 LS UE 5 B 2 BRI R
6 E AR IR B AR IX 1 540~1 520 em™ 4 — 4>
WG, TEAR AR R G 20X 780~770 em™ A — 4~k
Wi, [ 10 R AAL Y TE 1 540~1 520 em™ 4b
B—AWE, 7E 780~770 cm™ L KA — NI IL
W TTAE 730 em™ BRI 40 T W34 o F G HED
ALY LURAE S o FEL M RIT, H 5%
% FF R AC T 2 bR T B E AR A
£Fo

1.00
0.95
0.90
0.85

0.80 -
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L L L 1
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B5 #HEAREESRALWEEMHIILBHE
Fig.5 FTIR scan of peanut red-coated

L !
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proanthocyanidins purified

A 23 — HR B T3 (UPLC—QTOF) 75 , TR 4% Ji 4€
R A BRI 456 WS 1 B [M-H] (m/
) FURE G IO 0 B 5 15 B, X 3 B4l J= 4 Ak
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ALK AT BT 50T, Pspe 2L
B E e 6 s s i 9 Mk iy, &
UL A BURAETT RO, SRR T RS B k-3
PESS A BT N Z 2 i, SR E A L
X E (Cat)  RILFK R (EC) ILE B E TR
(CG) FILFFE R E TN (ECG) LI LR B & T
ILEREE TR (EGCG) W, ML iR R 41
JE Ao R RIS HE TR, REE
TE 2~4 [ RAETT RPN IRRIFAE T R, REE
KT 4 W EAETT RN R IRALTT R R, it
BT R AEYG TS R U L G BB AR,
A PR BRI T 2R B T A A B A B
BEBER T4 (QM) \RDA S b Fil 22 34 24 i (HRF)™#,
HR 8 AL T R A BRI e s 8 N [F] AT 43y T—
unit M—unit 1 B—unit 3 Fh, JRAE T & 0] 45 Bk
Z B WAL E Sy A TR AR T RO B Y R A
TR, Ja& R HILAE R EBUME LA R AL C4-C8
5 C4-CO6 1o & P iy, 7EAE Y h 23 A1 42
7 A BFAETE RS RARE BR T 1E C4-C8 5 C4-
C6 i H4b , BAFAE C2-0-CT 5 C2-0-C5 AR
B, FEAAE TR S, sREFEPR I
AELARTZL A RFAF R AF, H A BT
B i A YR
2.3.3.2  Pspc itk —HFEE BT Pspe 4lifk
Y &AL S R BGEE T

AW 1 B> T8 T [M-H]-m/z 2y 153, 45
F T RE LS IR o 2R 2 W S I 50 e B ) 6
FrEF mlz 109.03 2443 T it i & CO, 7= A1
PR B T, T MR B A 1 SCIRAH AT $E
HR R ILZRR

&9 2 #9578 TIM-H]-m/z 4 577, 1 fiE
JE B AL KA X2 B RF AL R T IRIK
TE ESI-45 T 2% 25 H MDE sy MR BT fep LY, 22055
RO TS S R F 8 7 A9 m/z 125 m/z 287,
mlz 289 .mlz 407 .m/z 425 Fl m/z 451, B} & F7F
m/z 125 M m/z 451 4t i@ 57 HRF (Heterocyclic
ring fission) SN 2 A — 0 - 14 (8] 2K = B ;ml/z
287 Fll m/z 289 s& T 2 BB 119 QM cleav-
age 7F T Z [A] R — AR 30 CsH O 512K
mlz 407 BB F &4 RDA (Retro diels—alder
reactions) SV JF 2k K H0 W45 sm/z 425 J& )

6 [ -ESITIC Scan Frag=175.0V 2253562.d

F 1
Abundancex10®
H

~
T

T SR AR 1]

Counts vs. acquisition/min
E6 BEiEEERABEFEILE

Fig.6 Total negative ion chromatogram

of proanthocyanidins

B kA RDA VI, ik EE RS
PESCHERARAT I o B B4 &

A5Y 3 BT B FIM-H]-m/z 4 137, H4h
F o] e R LSS Lin PR LR R & 16 m/
z 108.02 Fil m/z 119.01, EA14 502 m/z 137.4 Jii
E—AEEILILFA (CHO) M —4rF K wE
JIE 7= AR 0 o B AR S5 1 SCRRAR AT i
LA

EA5Y 5 B4 F B F[M-H]-m/z 4 289, H:4h
M RE N LA R . T AT R R
T4 mlz 125.02 .m/z 137.02 .m/z 165.02 .m/z
179.03 .m/z 205.05 Fl m/z 245.08, H:rp+£EE T C
WR1,2 8 1,3 81,4 BEMIRLE A SRR mlz
165.02 .m/z 137.02 Fl m/z 125.02 T ;m/z 179.03
W TR TR L B Mg smlz 205.05 &
BEES 10 B AR 2 0 F 1Y CH0 T smi/z
24508 SEH B E TR E 1 0 F CO, BB E T,
TG G B S CCEAR AT I LA R

&Y 4 G 6 LEW 8 W5+ 5 1 [M-
H]-m/z ¥ 575, HE5HATHEN A BUFAEH R =
Bk, @R Gk B BB AR m/z
285.04 .m/z 289.07 .m/z 407.07 .m/z 423.07 F m/z
449.08, m/z 285 Fl m/z 289 J& T QM WEZL 4 3¢
B-unit Al T—unit TR A IO LAY ; —RIK L4
RDA W IE R m/z 407 Fl mlz 423 W R BT ymlz
449 0y T8 T4 T—unit &4 HRF 2 )5 , 2k 2=
— A E R = 53 (CHO) T = A . 9T 3%
KI5 B 52 SCHRARAT, HEMIH S A BEAEE R =
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Table 1 Mass spectrometry information of the main compounds in proanthocyanidinss
& & AR 4 Rt/min [M-H]- BA BT

1 Protocatechuic acid JRILZBR 7.388 153 109.03

2 B-type proanthocyanidins B AR HE 8.286 5717 125.02,287.05,289.07,407.07,
425.08,451.10

3 Protocatechualdehyde JRILF B 9.052 137 119.01,108.02

4 A-type proanthocyanidin dimer A %R F & =Rk 10.665 575  285.04, 289.07,407.07,449.08

5 Catechins ILEE 11.741 289  125.02,137.02,165.02,179.03,
205.05,245.08

6 A-type proanthocyanidin dimer A % & & & = R4k 12.279 575  285.04,289.07,407.07,449.08

7 A-type proanthocyanidin trimer A % & F & = R4k 13.648 863  287.05,289.07,411.07,451.07,
575.12,711.13

8 A-type proanthocyanidin dimer A %R F & =Rk 14.110 575  285.04,289.07,407.07,423.07,
449.08

9 A —type proanthocyanidin te- A # R H & v R4k 16.126 1149 573.10,575.12,997.17

tramer
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Purification Technology of Peanut Red Procyanidins and Its Effect on Celiac Disease Cell Model
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Abstract Objective: To optimize the purification process of AB—8 macroporous resin for peanut red procyanidins and to
characterize and identify the components of the purified product, and to evaluate its inhibitory effect on cytotoxicity in
celiac disease model. Methods: AB-8 macroporous resin was selected, and the purification conditions were optimized by
static and dynamic adsorption—desorption indexes. The purified material was analyzed and identified by Ultraviolet/visible
spectroscopy, Fourier transform infrared spectroscopy and High performance liquid chromatography—tandem mass spectrom-
etry (UPLC-QTOF-MS/MS). The inhibitory effect of purified material on cytotoxicity was evaluated based on celiac disease
cell model. Results: Purification conditions: The adsorption time was 180 min. The desorption solution was 120 mL 40%
ethanol solution. The desorption time was 40 min. The desorption flow rate was 1.0 mg/mL. Ultraviolet/visible spectrum
analysis showed that the purified substance belonged to proanthocyanidins. Fourier infrared analysis showed that proto-
cyanin was the main structural unit of the purified product, which was consistent with the characteristic absorption peak
trend of the standard product. UPLC-QTOF-MS/MS analysis showed that type A procyanidins were the main component of
Pspe purified products. The results of cell test showed that the purified substance could significantly inhibit the toxicity of
celiac disease model to some extent. This study can provide some theoretical reference for comprehensive development of
peanut red resources.

Keywords peanut red procyanidins; Ab-8 macroporous resin; high performance liquid chromatography tandem mass
spectrometry (UPLC-QTOF-MS/MS); cytotoxicity



