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ABSTRACT . AIM To optimize the extraction process for polysaccharides from Punica granatum pericarp and to
evaluate their anti-hyaluronidase activity. METHODS  With solid-liquid ratio, ultrasonic time and ultrasonic
temperature as influencing factors, polysaccharides yield as an evaluation index, the extraction process was
optimized by Box-Behnken design on the basis of single factor test. Elson-Morgan method was applied to decteting
the effects of polysaccharides on inhibiting hyaluronidase activity. RESULTS  The optimal conditions were
determined to be 1 : 22 for solid-liquid ratio, 35 min for ultrasonic time, and 48.5 °C for ultrasonic temperature,
the polysaccharides yield was 7. 13% . The maximal inhibition rate of polysaccharides on hyaluronidase was 67. 2%
with the IC ,0f 1. 723 mg/mL, whose inhibition mechanisms belonged to reversible inhibition and non-competitive
inhibition. CONCLUSION This stable and reliable method can be used for the extraction of polysaccharides with
strong anti-hyaluronidase activity from P. granatum pericarp.

KEY WORDS: Punica granatum pericarp; polysaccharides; extraction; anti-hyaluronidase activity;
Box-Behnken design; Elson-Morgan method
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LR A I PE, DA SO S P A
R A AR BN % 25 B 12 I P 970 il FH 1 TS i
iH, I, AS28-RH Box-Behnken B4k A1 13
PRI, JFI0 5 T o0t B Jo 1R g 1) 41 1 4=
L DA I R R SRS 00
1 7
1.1 A% HN-CQY IR I A LY (BT
WA A PR A7) 5 XFB—-200 /N 22 1) GE Hy 15 HL
(KEETT/NEHASA A ) ; FAL104 - FHHr K
T (LR AES A BR A F]) 5 UV-2000 2£51-
AL RGBT (B e RIS A R A W) 5
HH-S6 B A iR /K B 55 (M KA A% il & A PR
vy ; SHZ-D () fEAH AKX EZEE (LT
AL A A IR 5T 4E 7)) 5 RE52CS-2 JiE #% 25 & AY
(LR S AR AR ) 5 WEFZ FLZS W8 VR T HR L
( LR B EAERARATR) .
1.2 XA 5HH AT 2018 45 10 AR A LR
BARETEW X EARE" £, 2FE
S =R %08 A B R A 1R B 24 AR AR A
Wi Punica granatum L, P8 8EFE S84 F
THCEGR 2, P, MweiEad 60 B, £ H,
D-TOK A BEXT IR (4l =98% , IR A=4)
BHEABRAR) ; BHEMRE (5000 Usg) ., &H
JRERER ( IBEGEAY TRA RT3 Ehrlich it
Al AR R RARAE) ;. SR
(PUBERL =B A R AR ) ; DNS @] (R
THMBRHARA R ) 5 PUIRIMER (R 2R
XL ), 3, S-REOKER . AREY . MR
R, Wemile . & 0h. 1E T RSN abral (FEZ
PG RA R 5 ACHZRIRK, A
BeA= 28 R ona o dR At
2 HERE4ER
2.1 ZHARIG dhie KR FRICT M 0 A R B0
A 10.0 g, BT 500 mL TR, IMKE—
SERHI L, DREFIE | AR B D 58 TR
PEEGER T, RS TIRN 300 W, FE—E R
JE P2 B — B i A 5 0 g, M e R R
100 mL (JERGEIE 100 mL B, 85 25 & 1S0K Hok

4% 80 mL AR HES) , A /4 AR
Pi-IETEEIR AR (el 42 1) B 30 min,
3000 t/minf.0> 15 min, BCEVEW, TE 3 KLIBR
FEA, BHEZHERE TENRN (8BS F
13500 Da) HUEMNT 36 h LBk /Ny T4k, 5
RIS A 3 A5 TOK OB, BB, R
W, T2 Kiduk, EUFERTIK, FIA 3%
HIKORE, EE 3 RUKREEE, HEAEZH
UUUE, HZSRURTHEE, WS 2R, e, 1%
2B KIE I EZR 2 50 mL, VER ML
W, MERRS g, AR R = (0
MBS A R/FEmBTE) x100% i = (FE
S A/ K2 E) x100% .
2.2 EBBAeREMNZ
2.2.1 XRESAW SIS KSR R R E
D-TC/K % % BE X BB 5 50 mg, B OKERK 2
100 mL, BIf% (0.5 mg/mL)
2.2.2 EEEFEEE
2.2.2.1 KR EHE RAEB-MERE",
92,2, TR XS IE AR IR B A 10, 20,
30, 40, 50, 60, 70 wg/mL, £ B 1 mL, & F
10 mLEZERE S, A 0.5 mL 5% KB AR, %
A1, WM 5.5 mL WERR, A, BT HRE
30 min, 7E490 nmi A E MO, DLV I T
WEEA B AR (X)), WOGEE AP Aebr (A) #AT
M, 57N A=0.079 2X-0.005 5 (r=
0.999 5), 7E 1.43 ~ 10 we/mL 78 Bl &1 6 &
R4r.
2.2.2.2 MHEERE HERR “2.2.17 WTF
SRS, A <2.2.2.17 TR FEIGE 6 Ik,
A5 OB A A 5 RSD 4 1.26% , WK %
R4r.
2.2.2.3 EEMIRAE BRI AR
Kifid, # “2.17 WOkl 6 Ml mis W,
e €2.2.2.17 WURJOEEIE, AR SRS A &
RSD 4 1.48% , KWz rikHE R,
2.2.2.4 RUEMEIRL RS EARECT M0 A AR 0N
Kifieg, # “2.17 TR JikdlEAnl R mm, =
WETO0, 2, 4,8, 12, 16 h#F “2.2.2.1” WF
JriaE, AT SRS & RSD iy 0.85% , R
TR 16 h INRRUEME AT,
2.2.2.5 JREENCRIE HERRE A ECH
T AR B ARG &, % “2. 17 TR 5kl &
6 ARSI, KA “2.2. 17 TR XF IR S,
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W 0.5 mL, #% “2.2.2.17 T FFEMNE, W5
SRS IAE FIKCE R 101, 12% , RSD R 0. 92% .,
2.3 ZERHEAAETMZ K DNS B
W “2.2.1" TR X IFEW 0.1, 0.2,
0.4, 0.6, 0.8, 1.0 mL THZEZFEREP, AL
1.0 mL BYZEWKANE 1.0 mL, A3, 5-ZfidK
¥ (DNS) B3] 2.0 mL, #i/KE 5 min J5HH
HoKEH), ZEMKANE 10 mL, F 540 nm 3 KAk
ISE W DA R B VR B B AR bR (X)), )
JCEERHAEAR (A) AT, 55 FEN A=0.017
2X-0.1862 (r=0.999 3), 7£5~50 wg/mLiLH N
LMEXRRRLTF,

2.4 S¥EASHEMNE O “2.27 TR JrENE
SOBESAE, H“2.37 TR 7 i RO A A
i, ZESAE =M - RS AR,

2.5 REBTZLMHA

2.5.1 BHRIRE:
2.5. 1.1 RHEI REERBCA B AR 3.0 g, [#

SE M IFA] 35 min, MAREE 45 C, BEHBKRY
KB CRIE) 1:8, 1:12, 1:16, 1:20,
1224, 1: 28 MMM, 452 0K 1, H
UERTH, BB SEIUA T RN, 2SR 2 et
JEREfaE ) B LL R 1 2 20 BRARIER; 4
INKIRBOA R &5, WA R Mg 2 TG
B HR PR R 2 Sz oo ke, B
I, #EkRRR LA 120 4,

6.5

A
n o

ZRERR%
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Fig. 1 Effect of solid-liquid ratio on polysaccharides yield

2.5.1.2 HFEETE] RERECA BN K 3.0 g,
[ E R LE 12 20, B 45 °C, B 5 A I
[ 20, 25, 30, 35, 40, 45 min X Z S RKE
M, Z55EULIE 2, POt AT, $EEL 20 ~ 35 min A,
RIS EAR L, BT 35 min J5, ZHE
P MWEAT TR, DR 2 75 B ) a4 B2 s 43
ik o kAU, TR, i B 7S B ] A 35 min
Kt

2.5.1.3 MFEEE FEERIRCAREMNAR3 0 g,
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Fig.2 Effect of ultrasonic time on polysaccharides yield

EERHR L 1 2 20, BB ] 35 min, ZEH A
IRJE 25, 35, 45, 55, 65, 75 C X LB RM
s, S5 ULE 3, mULAT A, 7E25~45 CF,
ZHRRI BRI E,; Bid 45 Clh, G
= A E N S NP Py Y S U= NSy Wy
SEEAAR BT BOK G . I, A R R R
45 CLif
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AR/ C
B3 BFEREXNSHESENTN
Fig.3 Effect of ultrasonic temperature on polysaccharides yield

2.5.2  Box-Behnken ¥it 78 N I K A 1,
DR I (A) . MARE] (B) , BARE (C)
M WAR, ZHER MRS (Y), W De-
sign-Expert 8. 0. 6 A4 91T Box-Behnken I‘«fvtﬂ‘, i
AT 2, WERAKFIEE L, a5 IR 2,

*1 EEKFE

Tab.1 Factors and levels

K- — IAI? -
A BRI B HARE/min - C A IRE/C
-1 1:16 30 35
0 1:20 35 45
1 1:24 40 55

3% 2 Bkt i Z oo mlAPLE, B2 R
Y= 7.09 + 0.134 + 0.090B + 0.083C - 0. 154B +
0. 284C+0. 090BC -0. 184> -0.27B*-0.37C*, J7 2=
ST ILE 3, HAI A, AR P<0.000 1, FAH
RUGK N 2 K5 RS P>0. 05, FREIARHH
RN LI EE RN, R H 98.96% , FHARIY
PG RAF, AU S s o, SRR KL
HAZHT RIS R E W (P<0.05) ok i
# (P<0.01) /K¥F,
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Tab.2 Design and results of tests ;
5 A B c Y W% 5 s
1 0 0 0 7.11 <
2 1 0 1 6.97 - -
3 0 1 -1 6. 34 T t 300
Vi, 325 18 g 1116 1:18 120 1:22 124
4 1 -1 0 6. 86 4 300 A PRt 4
. 55 EHERR/%
6 0 1 1 6.73 i o
7 1 0 -1 6.29 ;\;50
8 -1 1 0 6.71 =
g4
9 0 -1 1 6.37 2]
10 0 0 0 7.09 HRET I
11 -1 0 -1 6.67 Jli;@(@@.‘a’
_ ’ A RRR I
12 ! 0 ! 6.23 b, EH SRR
13 0 0 0 7.06 ERER%
14 0 -1 -1 6.34 727
2 70!
15 -1 -1 0 6.23 fg_ 68}
16 0 0 0 7.05 L
17 1 1 0 6.74 W 62!
554 a0 © B
3 HAESW o a0 5 T |
w37 ’@%@ 9 30,032533(%@ 300 325 350 37.5 400
Tab.3 Analysis of variance o B B. t/min
P c. JE PN IR 5 1 P U
He i A ¥y FAH PAH . N e
oA W By =dEMm R, A AR
i} 1.81 9 0.20 74.00  <0.000 1 4 BEEHREE
A 0.13 1 0.13 47.86 0. 000 2
Fig. 4 Response surface plots for various factors
B 0. 065 1 0. 065 23.85 0.001 8
c 0. 054 1 0. 054 20. 04 0.002 9 2.6 A7) U R BR B A
AB 0. 090 1 0.090  33.12 0.000 7 U, i [15]
AC 0.31 1 0.31  115.42  <0.000 1 2.6.1 AWHIRME R Elson-Morgan 157,
BC 0.032 1 0.032 1192  0.0106 “2.17 TR JTIRINASHE ZHE A2 R 75% , At
0B 0 90 0002 AR SRR BRI 0.1, 0.2, 0.4, 0.8,
B2 0.31 1 0.31 115.42  <0.000 1 S .
c? 0.57 1 0.57 209.86  <0.000 1 Lz\ 1.6, 2.0, 2.4, 2.8, 3.2 mg/mL /’»5{451, w5 fi
=N Y »
B2 0.019 7 0.002 7 — — ZEI 0.5 mL £ 10 mL ﬁt%'ﬁh, A 0.5 mL i&EHH
RAUT 0.015 3 0.0051  5.48 0.066 9 JRlRRE (500 U/mL) JR%21, 37 °CT/K# 20 min, HX
IR 0.0037 4 0.0009  — — n N .
Zi; 0.0 y o - - Wik, A 0.1 mL CaCl, %W (2.5 mol/L) 1R

Ml 37 167 437 DL 4, Fh e R 2R, T R P
(C) B, HZEA (BB . B CHBARE) X%
FEA R R R Y 58] U ARk, A X 7 T 335 B 71
BUERREERT B, RUIRTE R, R, HAtl
HZEEMFEE N A>C, B>C,

i1 Design Expert 8. 0. 6 X FXF 3% 3 Bt T
R, SRR T2 AR L 1 22,44 B AT
[ 35.30 min, #HEE 48.50 C, ZHiHEA
7.14% , BB TPRA A, KB IE B L
1:22, HARE 35 min, H5EE48.5 C, 7ElL
AL T 2T A7 3 HLIG R, IS 2 HE 15 555
J7.14%  7.12% . 7.13% , 4 7.13% , S
8 7. 14% 23, ROV EAT AP R E T

A1, 37 C/KIE 20 min, BUHIRE, MIA 0.5 mL &
JRIR BRI ¥ W (0.5 mg/mL) R4, 37 C F K%K
40 min, HBUHBE, HFE S5 min, fILA 2 i# NaOH %
W (5 mol/L) . 0.5 mL ZFENERA IR, WK
15 min JGVKKIEEE S min, BUHIRGE, & 10 min
JEIMAZERIZK 0.5 mL. Ehdich i£310. 5 mL, ¥ HCI
2mL, #MINTE/KOEEZE 10 mL, JREEREY), B HE
30 minJ57E 530 nm PEAAI E WOEEE, DA
W EE A BTIR LR Ay BE A X R, 3153037 P i 1 il 00 1)
HA(R), AEAR= [ (A,-A) /A,] x100% ,
Ay FAXTREZAMOGREE (LIRS, B . 32 W LR
Bz AXTRR) , A ARESAOEEE (DUIMEER, A
TN, 25 B 0T R AR O 25 o R o B il 2k
K5,
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Fig.5 Inhibitory curves for polysaccharides on

hyaluronidase activity

LA, 76 0. 1~2. 4 mg/mlL J5i 5 V& B 35
PN 220 37 Y R T T 0% P A T o R I A, e
2.4 mg/mL B K, i567.2% , {Hi#id 2. 4 mg/mL
Ja TGS, AR (X) 5
Hil% (V) ZMHZEIEMKE, HERM Y=26 12X+
4.99 (R*=0.998 2), ICy, N 1.723 mg/mL; HiIR
MR 1C5, M 0. 816 mg/mL, FHHAEHRT L0,
2.6.2 [N T35 53 b

ZERTIITR S I AG A, SO A 2R 375 W o R il S
PR GRS [R] =36 min,, A8 5256 [ 22V VT
WIRE N 2.4 mg/mL, JIE Y& W T 2 AR Wk B
3.0 mmol/L, £ & W] Jit iR M 3% ¥ 2.5, 5.0,
7.5, 10.0, 12.5 U/mL, #5552 40, 1 4 5L
A, IMAZHE; 55 1 4l a8 AR IRAL, TMA%
WEIT LA ZS SR ARE, e NP3 (V)
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Fig. 6 Curves for hyaluronidase activity-initial reaction rate

PL1.0, 2.0, 3.0, 4.0, 5.0 mmol/L & W Mz
BRRIEY, A 0.8, 1.2, 1.6, 2.0, 2.4 mg/mL
LW, I AR 18 min BFAYWOGRE LU
B (1/V) ROAAR, A RN A Z HiT R4
B IR AR (17 [S] ) ARk bra A,
DA 220375 H SO AT ol U PR R 25 5L
7, BT, mheRTE X b kLT se T —
M, B TARTE AR A SRR R B T

RERER AR 2 A X3 o it 1) 0 15 2

0. 0.2 0lo 02
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& 7 %#¥E Lineweaver-Burk BiZk

Fig.7 Lineweaver-Burk curves for polysaccharides
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A S 5 AE B R ZR i 5 A JE Al SR A Box-
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R L 1 2 22 g/ml, S TR] 35 min, A
FRRE 48.5 °C, ZHEARA 7.13%, 5B {E
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FEJE, R E] 4 40 W 375 W o 1R 0 e, O
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7R DN S A AR B 22 R S 2 G B R g T
PE, RIH 1C, o 1.723 mg/mL, 25 B H 4044
F#H
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