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Abstract: To improve the functional properties of Rosa roxburghii Tratt. polysaccharide (RTFP), this study prepared crude
polysaccharides (RTFP-40, RTFP-60) using water extraction, which were then separated, purified, and chemically modified
to obtain sulfated polysaccharides (S-RTFP-40, S-RTFP-60) and phosphorylated polysaccharides (P-RTFP-40, P-RTFP-
60). The effects of chemical modification on their structure and bioactivity were explored through in vitro antioxidant and
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hypoglycemic experiments. The results showed that both modifications could significantly alter the triple-helix structure of

the RTFP-40 and RTFP-60 extracts and introduce sulfate and phosphate groups into the polysaccharide structure. Both

modifications significantly improved the in vitro hypoglycemic ability of Rosa roxburghii polysaccharides, with the GDRI
indices of S-RTFP-60 and P-RTFP-60 increasing by 8.27% and 3.73%, respectively. All four derivatives enhanced the
inhibitory effect on a-amylase, with S-RTFP-40 and S-RTFP-60 increasing it by 15.19% and 41.53%, respectively.
Excessive phosphorylation had a negative effect on antioxidant activity. Comparatively, sulfation was more effective than

phosphorylation in enhancing both antioxidant and hypoglycemic activities of the polysaccharides, with S-RTFP-60

showing a notable increase in vitro hypoglycemic activity. In summary, sulfation modification is suitable for improving the

hypoglycemic activity of Rosa roxburghii polysaccharides.

Key words: Rosa roxbunghii Tratt. polysaccharide; separation and purification; chemical modification; bioactivity;

hypoglycemic activity in vitro
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G, OB 45 °C BTEIETERAE P T 36 h, SR/5R
FHA AL TR, B AR T 60 E i, 2 A% B
S H . SEEPRET AP 1 AR
o SRAHZR R BOAF AR IR AL T A FS
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AR 2 h, EEE PRI 1 WK, IR . F
45 C A4 T eFs 75 ke dn = JFAREI 1/3. >R
Sevage I (G047 IEGEE=4:1, V: V)l L4565 &
M, HEJTTHBEAYH, R/5ET AB-8 KFLIIE
X} 22 WS W R AT A8 (B g 5 $ IR AR B LR R
1:6, JRZ AL B 8 h), fHIBIIE VR o MIIEWE T %18
IIATCIK B2 OB EGR E 40%, T 4 C
IR EEDT, F 8000 r/min E.L> 8 min 4355 W LE 28,
192 40% PEUTLH 5y, dhEEm RIS b ashin—aE 80
IK B, 2B LAY EGRE] 60%, T 4 °C HHEEDTIE
7, BSOS 2, 1951 60% B2 5. B
PP Z L 53 R T8, BRER B8 2 s e, 15213
U

1.2.1.2 JIBUHEZWE Lt KR IR TS B
MW T K, i 0.45 pm 7K R IEE R UE R 742
A 3000 Da AUIBHTLE, BT 58 UG R T4, 40% B
I 20 43 47 44 59 RTFP-40, 60% M52 Ui, 40 43 i 44 K
RTFP-60.

1.2.1.3 JIRLZPHEM = nohles  a il ieiiliiz
W (S-RTFP) 14 il £« =25 MR 19 Oy A ek .
B 2.5 mL ¥&RIE R 7.5 mL 1E T EEE TokoKis S, hn
A 0.125 g BIRER &, P HSHIZE 0 C J5 A 0.5 ¢
ERBBL ZHE, 4£ 0 °C T 30 min J5 il NaOH
PN P, 3BT 3 d SRR TR BB AL )
ZU LM (S-RTFP-40. S-RTFP-60) .

b. B R AL L Z 0 (P-RTFP) B 5. S 250%
BN B RS I . BRI (0.857 g — 2R
BEFRENFN 0.143 g = IMBEFREN) ¥ T 10 mL 251K,
N SE 5 5% BREN, SR 50 mg _LikHFL =

B, il F NaHCO, 38 pH & 8, 7£ 80 °C N ¥ 5 h,

BT 2d J5 VR TS B BERR 1L I B 2 6l (P-RTFP-
40, P-RTFP-60)

1.2.2  JUBLZMH K AT A= W 00 8 AR AR I 72 F 244
FHAIE

1.22.1 SRS EIE S5 E 0. 0.2, 0.4,
0.6. 0.8, 1.0. 1.2 mL Fj#jF### (0.1 mg/mL), FHZE
TRKADFFE] 2.0 mL. ARKANIA 1 mL 6% B4 Fi
5.0 mL @RI, 1RS]S 87K 15 min, A 490 nm 4b
PGB A y i, AR R x i, SRR i e

HERTZR y=5.9684x+0.0042(R?>=0.992) . %M AHIE] Y
T B e BB b K AT A ) B RS, IR BN
T AT HERIFL M B HATT A Y182

B (%) = m, /myx100

EMTF2(%) = m,/m,x100

Horp, my SHRIFLE K BT &, g5 m, & RTFP-40
5 RTFP-60 /)5 &, g; m, & HfiJ5 S-RTFP-40. S-
RTFP-60. P-RTFP-40 1 P-RTFP-60 MJiiht, g
1.2.2.2 AP EBEAAH FCHIHESS 1 mg/mL 19
HIFL 2 N HATT A s, A8 5841043560 C RS T E
190~400 nm #4174 I B 33 4, & I 53 B 2 05 1
Wi
1.2.2.3 ZJRIEGEME SRR LEFIEPY F5
P, W BAS [F) Z2 8 i S5 WIESR T s i a1 A, Jin
A NaOH JF#, 1 NaOH MR 4352 0., 0.1,
0.2, 0.3, 0.4, 0.5 mol/L, 7E 25 °C X i/ 10 min,
e FH £ AN 5366 B T THAE 400~600 nm T FE I
BRSO
1.2.2.4 HEMLANMIHT R KBr &l R,
B BB o T HAT A5 TR0 KBr By KW, 78
SHRA TR A CER /N, (R L AR 2T S
TEREAR BT T
1.2.3  fIBL M R HATT A= 4 04 A BERYE PA0
1.2.3.1 Fe"RJEgME S35 iy kmsim
ek . B 1 mL ASTA] e R I B 22 R AT AR s
W, MUK 1% P ALFP WL 2.5 mL Fil pH 2l 6.6
HeE Ky 0.2 mol/L B EE 22 sk (PBS) 2.5 mL, 7.
BIVRA). 50 °C /KRR 20 min, FIINA 10% =45
LPBREEW 2.5 mL, {R2J)5 3000 r/min F Z5.0> 10 min,
WeHL 2.5 mL B3, A 0.1% =484k4k 0.5 mL, 7%
W/KFMSF R 3 mL, IRSJ#+ & 10 min. 7E 700 nm |
KM AR, FELIPTIR M AR (V ) % R .
1.2.3.2 DPPH H HILIEREEIME =5 Y
FIFTIERS I Eh . FREL 20 mg DPPH, FHJC/K B4
fRIFER S 250 mL. KB FIKEI&S—E W BB S
(50, 100, 200, 300, 400, 500, 750 pg/mL) FAFEMH
W, TERRRE 5T, WLHR 2 mL WAL LA, N A
2 mL 0.2 mmol/L JH ZEERCHI Y DPPH %W, 1RG4
o) 5 B S5 I8 30 mine FHTE/K ZEEEZE, A8
517 nm AbIEWRSGAE . LA Vo SR, IR A
I HRERR R

THFRFEK (%) = (Ag—A)/A; x 100

Hr, A SRR G; Ay as BN BRI
p IR
1.2.3.3 #&BHENTEIRFEE(GDRD IYIE =%
Daou Z5P% 17k FEAEME I . #E 10 mL 100 mmol/L
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PR 1 h, ZIe5R B EE 43T 520 3500 Da (15
AR, KBTS RA 150 mL =B FI7K BIBEHAR
L, 78 37 °C TEIRIEZYRY 1 h, 0% 30 min PLHL
2 mL AR, IZ LS BGET 30, 60, 90 min B B K
FEA TR, A5 PR I - R V250 F A S . RS
X a3 B B FE IR 2 GDRI SRR R, I
N3G GDRI:

GDRI(%) = (1-C,/C,) x 100

Kb C) HFES A PR & &, mg/mL; C, Ni%E
AT E A W B R 25 B 5 22, mg/mL .
1.2.3.4 X} o-#iZE LRI RIVEN ST
T It . KRR PBS P vie
e, Bo— RPN 0.1, 0.5, 1. 2. 3 F1 6 mg/mL
FZZBHA T o B 200 pl AS W) 5 B R B 14 Z2 0 RE 5
INAGRAS T, 3 BN 200 pL Y -T2 BT BEA TR
(LbAfF =1 U/mL), ;R IR S5, FlIA 100 pL
pNPG ¥ (5 mmol/L, pH6.8 PBS ZZ ik Bt ¥R %
2T. 37 °C K3 30 min, FEHIIA 200 uL Na,COs;
ZLak N7, T 400 nm ARIGER GRS . ST FRAE
PBS S piR A B R, 25 X R4S PBS 22 bR
B BAWR, 25 14N PBS SEAWR . fFRTF A
5 o4 A OBE T B0 A 3R . IC, 1EH R 3k F
50% FRHIRCRATHIHIF A H

FE IR N AT - 52T I ) 22

I (%) = (1 (B,~B;)/(B,~B,)) x 100

Ao By S DO G A By
MR APBS SR OGEEE; B, S PBS G2 i
WA BRI O CEEE; By N PBS Z2 WK -
1.2.3.5 XT o-TEMEFAINHIVER  SIEE iy
RN . K ZBEARE S PBS 22 R TR RS,
Bo il — ZRFVHEE N 0.1, 0.5, 1, 2, 3 Fl 6 mg/mL 1Y
ANEZ2PEE W . B 100 pl A [A) 07 e 3 1 22 WA
SN AR B, S BN 100 pL 1Y o-3E B3 B A
(EEATE=1 U/mL), FIIA 1% JEMEWR 200 uL, P&
WiRA] . 37 °C MEIEI/KHE 10 min, A 1 mL DNS i
FILAE N, 100 °C 7K 10 min, JIIA 7.5 mL vKZ%
YEKFERE, T 520 nm AN SGRE . A S X HRAE FH 4
FEBEIRSE PRI IR, 25 I A P A i i £l
R AR RS, 25 S PBS 2R . %
AT a-TERYEFIMNEIZE . ICs, (H A A F] 50% 1
TR A ) e B

IR AT a-TEB EFID ] 3R,

2 (%) = [1-(B,—B; - B,)/(B,—B,)] x 100

b By e S I BEA TWOC BE(R By R
MR A+PBS % 1P R I O'GEE(E s Bz SN BB +PBS
ZZ bW B, Sh PBS 2% A W+ IR WG
JE{H; B, 2 PBS S 0hi o

JT A I E SR AR REASSEATIN R 3 K, BTl e 5%
SRR Excel A&kl IARIELL B AT
B, SR SPSS B 3 M A A T Wl 35 M 7 2253 HT DA
N Z2 HE PR 4R (] 22 7 43 AT (P<0.05 D 2= 7 I 3,
P<0.01 =S MW E), 558745 54 FH GraphPad
Prism 9.0 PEA TR TR B AL R .

2 HBRE5Sh

2.1 RIBLLHE RIS IR0 BRANEE M RAE D AR
2.1.1 HIBLZRE K HATT A SN S AR e SR
PRI AR IR VI X HIBL 2Nl K AT A= My 84 TRl & R 2,
2 AR RN ZR y=5.9684x+0.0042(R?>=0.992), F£4R
PEbRuE I T R A A vl o (3R 1. 3R 2),
RTFP-60 1415 2 F1 804 & BT RTFP-40, &4fi
e HABMAS R4 55 T 50%, (BRI &1 5 2 0H =
Yy S E BT RE, X S5 iR a3

E R ESE 2 il Y

Table 1 Sugar content of Rosa roxbunghii Tratt.
polysaccharide
EZi 2k 155%(%) S EE(%)
RTFP-40 2.89 99.58
RTFP-60 2.05 92.00

K2 RBLHENT YRR
Table 2 Sugar content of Rosa roxbunghii Tratt.
polysaccharide derivatives

B2 P BT (%) (%)
S-RTFP-40 72.00 76.34
P-RTFP-40 87.33 30.42
S-RTFP-60 54.00 90.98
P-RTFP-60 74.40 58.34

2.1.2 HIBLZWE K HAT A W 00 2 A Al BE AR 3T
AN R T T AASI 2 R A R R &
IR S, anE 1 s, PURME S B 2k
5 RERANBLZBEA L, PR 190 nm (T4 HA
ARARL A B R WA, HL SR A A S R S A AR [R], 22
ISR ZZBE P TARR B —, 2R R 5T
TELEH MG 260, 280 nm i), il 2ol A HATT
AN BLAT 55 Mg, S I Zohs A HAT T A
RS AR T, HIBLZZ BT YI7E 289 nm
A H BT W g, & i C-0 5 2R M 2RI w-
n G R P, E 1B B R E 2 25 5, 1]
e R PIFE X RTFP-60 115 fE B A0 A7 A 22
5, 5 AR 14 2055y WBO G i AR s>
25 LA, AR T A& i At i A A& A eic 22 T )
FLPEIISE, F H 3T RTFP-60 F2MEEK
2.1.3 JUBLWE A HATT A W 00 — B ESAT ST
20, B = B 45 A4 i) 20 B A A BTG
PERO, il ZZWR I L5 H 52 24 22K, RRIE R E Z B
. HAA RGeS A 04 220 i AR R kR SR
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Aol — RTFP-40 1 L P 1 S SR A B TR R R D i B A A
o R €l 2 Jif 7% . RTFP-40 £ NaOH ¥ £ 2 0.2 mol/L i)

:,:é’\ RO K SRR LLF AR L, A T 408, Ik
= O WIS Fr 498 nm, RTFP-60 52 A Fb, S AW kel
2 4 KIEH WA, LR A i FIB IR (G 1 b HE,
N S-RTFP-40 P RNz 1< 5 MR LT3 oAH L 6
ARk, P-RTFP-40 [RIAEAE NaOH ¥ JE A 0.2 mol/L

0500 250 300 350 400 AP &2A4 T RBLOE, e RIS 501 nm; S-
B (nm) RTFP-60 1) W e 1< 15 ISR T 3 0 AH Er, TG

B ol  RTEPO ARk, {H P-RTFP-60 %4 T BH R LT, Fe KW I

gl —— S-RTFP-60 £k 506 nm.

Z | e S5 (2 BT HOFFCH, 7T AR T43 Tt/
@ BRI A 22 5, RTFP-40 1EMBAMi B s e 45 22
24 S, SBUEMT RTEP-40 FUAT I 5 = R L 44,
2r M RTFP-60 A~ ELAT, il i # ig fbi& ifi {R B RTFP-

ot 40 1A = IEIRIELE A AL, IS P-RTFP-60 3-15 T —

200 250 300 350 400 JREEE LS AL, (R RR IS SIS T RTFP-40 i =

P (nm)
B B B A = R A ]
Fig.1 UV spectra of Rosa roxbunghii Tratt. polysaccharides
and their modification products

E: A i RTFP-40 &M HT J5 1Y 5461 F9 4 1€ B 9 RTFP-
60 M5 19 55 IS A
LIS BT S G, FERRPE RS b, B pH 3R,
TR e R IR I 23 IR RS, DRI, 3 FH ISR 4T
SRS ZWEAERK IR i — BB TE 45 H B

W ES Z 0 I FATTAE M 5 MR 2T 4 0~0.5 mol/L

A SI0T o Riser e RTFP-40
& S-RTFP-40 —+ P-RTFP-40

£ s00g

::‘é ]

= 490,

=

3@ 480 F

470 1 1 1

1 1 1
0 01 02 03 04 05 06
NaOH& & (mol/L)

-~ [T -=- RTFP-60
-4 S-RTFP-60 ~#- P-RTFP-60

o]
W
—
o

B R (nm)

470! L L ' 1 ! .
0 01 02 03 04 05 06

NaOH¥J# (mol/L)
K2 AL K AT AR i — IR e
Fig.2 Three-stranded helix structure of Rosa roxbunghii Tratt.
polysaccharides and their derivatives
E: A O RTFP-40 2173 IR 2 BHAE 1 i I F) = IBE AR I . 45
3 B 9 RTFP-60 470 RIZLZHIHE iR 19 = R e = 4524 .

JBRTRELE A2

2.1.4 JIF P L HATEY LI GG RH
ZWE S HAT A R LLAM g I ikl 3 fras, Dy gy
1) Z IR A e S EL P A A BT Sy I 2R A 4 A RS
b, VLB ZHE ) TARSEFBAT AR

>

— P-RTFP-40
—— S-RTFP-40

A (%)

4000 3500 3000 2500 2000 1500 1000 500

PEEL (em™)
B —— P-RTFP-60
—— S-RTFP-60
— RTFP-60
S
e 3415.
% 3552 | 1139.7 997
3477 1618 1455
17433 241
14059 10202
3399.9 1614.1 1101.2

4000 3500 3000 2500 2000 1500 1000 500
PEE (em™)
K3 AW K AT R LS 1A
Fig.3 Infrared spectra of Rosa roxbunghii Tratt.
polysaccharides and their derivatives

L: Ay RTFP-40 41 53 i 5L 20 BiEA8 46 1l 5 19 20 406 35 14 5
B 2y RTFP-60 2173 RIFL LW Wi i J RO L1 141 PR 2T
TSR AR PP 58 1 B BRI I

K IR Z M RTFP-40 F1 RTFP-60 7F 3399.9 cm™!
A5 T i A R AW S Z2ESIS ) R A AP e, 12l T
Z Wy T 45K B By O-H 5y H1 45 98 3 33 43 S AE
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1741.4 cm™ 1 1743.3 em ™' BT AGWROE S 2 Bk 3ka;
FHRBER T C=0 MAFIEIE; 1614.1 cm™" ZbA TRz IR 14
J&E C=C fihga#Rah (ILYe) 51 09; 437574 1411.6 cm™
1 1405.9 cm ' &b BHREAE U2 IS UG AR FEE A L HE R 19
C-H ZZ5 ¥R 3h; 1020.2 cm ' &b S M TR ER (g 4R 1E
KB4 Hodr RTFP-40 7E 2931.3 cm ™! &by Al
TFRESEY R T 3 Y -CHL, - A X R 4R R 30, 76
1240 cm™ F1 1103.1 ecm™' &b C-O HZEIRBIAFFAE
% ; RTFP-60 ¥£ 1241.9 cm™' #1 1101.2 cm™' &b 235
FLLERLRE A ERE O, 7 1240 cm ™! A1 1103.1 cm™!
AbJZ C-O MHEFEIRB AFNEIE

ZmR I is, 5 RIRZBEF B, MR b 2 6E
TE 3400 em™ ZE 519 O-H H4adR g n] v i £t
TG, Ui BH ZhE A F A R Sh p R iR R AR Y. S-
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