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Abstract: Rubus suavissimus is mainly distributed in Guilin, Liuzhou, Wuzhou and other regions in Guangxi Zhuang
Autonomous Region, so it is called as “Guangxi tiancha” in China. R. suavissimus , together with Siraitia grosvenorii and
Stevia rebaudianastevia are praised as three famous sweet plants in Guangxi Zhuang Autonomous Region. Zhuang and Yao
people use the leaves of R. suavissimus as a tea to treat diabetes, and it is known as the “divine tea” of Yao
medicine. Therefore, R. suavissimus is a combination of sugar, tea and medicine, which has great potential for the
development of food and medicine. In order to investigate the secondary metabolites with a-glucosidase inhibitory activity

from R. suavissimus, herein, the extraction, separation and purification of secondary metabolites were performed on the
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leaves of R. suavissimus. The structures of purified compounds were determined based on the data of mass spectrometry
(HR-ESI-MS) and nuclear magnetic resonance (' H NMR and "C NMR). In addition, the a-glucosidase inhibitory
activity of the purified compounds were evaluated by pharmacological methods simultaneously. The results were as
follows: (1) Ten compounds were purified and their structures were elucidated as rubusoside (1), kaempferol 3-O-
robinobioside (2), gallic acid (3), dihydrodehydroconiferyl alcohol (4), 5-methoxydihydrodehydroconiferyl alcohol
(5), brevifolincarboxylic acid (6), steviolmonoside (7), steviol (8), 16a, 17-dihydroxykaurane (9), and quercetin
3-0-B-D-galactopyranoside (10). Among them, compounds 2, 4, 5 and 9 were isolated from R. suavissimus for the first
time. (2) Compounds 2, 3, 5, 6 and 10 showed strong inhibitory activity on a-glucosidase. The ICs, values of
compounds 2, 3, 5, 6 and 10 were (0.14 = 0.03) mg - mL", (0.36 = 0.02) mg - mL", (0.44 + 0.01) mg - mL",
(0.53 + 0.04) mg - mL" and (0.14 = 0.03) mg - mL" respectively, which were stronger than the positive control
acarbose with the 1C,, values as (0.69 + 0.02) mg - mL"'. Thus, compounds 2, 3, 5, 6 and 10, which were isolated
from the leaves of R. suavissimus, could be a potential a-glucosidase inhibitors based on their bioactivity results.

Compounds with a-glucosidase inhibitory activity from R. suavissimus will provide the basis for development of related

hypoglycemic products.
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Al AT H B (P B AR TR A BR A ) L, b &
W (VG B AL TR A BRA D) ni FH e (56 B A
2AEAT]) A ONE (RERTE 2 AF)
1.3 IR 5

AT (5.5 kg) , LA 95% LBV Tk
TEIRTEEER3 R, BR T 4, 5 IO,
P IS ) J5 A5 2 SR (432.2 g) o BUIRE
A 40% LKW, eIl frE 2, 7 5T
JEUTTED , K 138 W0 Tl s 0] & T EE bR ), 48
#EHE Sephadex LH-20( 10 em X 30 em) , LA H -
IKYEW (0% ~ 100% , V/V) g Uk Ji 700 33 47 6 2 vk
JBAE R g B e = N A IR VRO, 15 3 11
Ay Frol~Fr.ll,

4 Fr.4 (21.9 g) LAFAE DIAION HP20SS {4
TEHE (4 em x 30 em) #EAT 5555, LLH BE-7K (0% ~
100% , V/ V) R e A 21740 FE VR I 15 3k 549 1
(5.5¢g), Fr.6 (8.1 g) &t MCI #: (3 em x 23
em) , L BE—K W (0% ~ 100% , V/ V) JE47 46
Ve, 753 Fr.61 ~Fr.66, Fr.61 %4 Sephadex LH-20
FE, - KR B, 3 8 A9 3 (66.0 mg) .
Fr.62 & HEEH R Z 45 mERkaY 6 (46.2
mg) o Fr.63 # k4 MCI A ( BB - KIS W, 0% ~
100% ,V/V) \HPLC WA 35 4% (50% H B — 7K %5
W, v/V) a8 2G5 2 (5.9 mg), Fr.64 £
HPLC AR5, DL 25% 21 — 7K V6 25 B 0k
(v/v), stk 32k 54 4 (30.7 mg) FIELEW S
(6.0 mg) , Fr.65 24 ODS F: (i 4 B ( H B - K i
W ,0%~100%,V/V) 3859 7 (78.3 mg),
Fr.66 2 ODS {0 i, LA P — 7K 7 0 15 06 B Uk
(0% ~100% ,V/V) , 13 2159 8 (26.7 mg) .
Fr.5 (4.6 g) LA ODS 3% £ i 47 43 15, Wl - 0K
(0% ~ 100% , V/ V') Ay T JIt 500 3 A7 B B2 Uk B, 22
Sephadex LH-20 (it 4lifk , 15 2L &4 9 (59.8
mg) . Fr.8 (5.4 g) LI MCI (3 AE 4720 55, LA
BE—-7K (0% ~100% , V/ V) S 3 B 350 14 47 A 5 e ok
BEEAY 10 (23.6 mg) .
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B,z FX A O BEE I B, A TF A
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Table 1  Reaction system of a-glucosidase
inhibitory activity test

(wl)
BT 57 25 H
X FEH XA B=PAd XA
o
Sample Sample Blank Blank
Reagent
group  background  group control
control group group
P 40 40 — —
Sample
- 2 T 20 — 20 —
a-glucosidase
PBS — 20 40 60
PNPG 50 50 50 50
Na, CO, 50 50 50 50

2 HER G4

21 LEMHEMETE (K1)

k&1 A @K K, HR-ESI-MS m/z:
665.311 5 [ M + Na]" (caled for C,, H,, O ; Na,
665.314 4) ,'"H NMR (500 MHz, D,0) &: 5.38 (1H,
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d, J = 7.8 Hz, 19-gle-H-1"), 5.10 (1H, s, H-
17a), 4.89 (1H, s, H-17b), 4.58 (1H, d, J =
7.5 Hz, 13-gle-H-1"), 3.22~3.86 ( sugar proton) ,
1.22 (3H, s, H-18), 0.90 (3H, s, H-20);
BCNMR (125 MHz, D,0) 8: 178.6 (C-19),
153. 0 (C-16), 104.8 (C-17), 97.4 ( 13-gle-C-
1), 94.1 (19-gle-C-1") , 86.5 (C-13), 76.8 ( 19-
gle-C-5"), 76.3 (13-gle-C-3"), 76.0 ( 19-glc-C-
37), 75.8 (13-gle-C-5") ,73.3 (13-gle-C-2') , 72.0
(19-gle-C-2"), 69.8 (13-glc-C-4"), 69.4 (19-glc-
C-4"), 60.9 (13-gle-C-6"), 60.7 (19-gle-C-6")
57.1 (C-5), 53.5 (C-9), 47.2 (C-15), 44.0 (C-
14), 43.9 (C-4), 42.1 (C-8), 41.0 (C-7), 40.5
(C-1), 39.3 (C-10), 37.7 (C-3), 36.3 (C-12),
28.1 (C-18), 21.4 (C-6), 20.4 (C-11), 18.8 (C-
2), 15.0 (C-20), DL L%diE 5 Sk (£ 808 A
#2008 ) i E 1 EEA — B UG W 1 B E R
TR

k&% 2 ¥ (4 K K, HR-ESI-MS m/z:
593.146 4 [ M - H] (caled for C,, H;, O,
593.1512). 'H NMR (500 MHz, methanol-d,) :
8.04 (2H, d, J = 8.8 Hz, H-2", 6') , 6.83 (2H,
d,J = 8.8 Hz, H-3,5), 6.31 (1H, s, H-8),

Chemical structures of compounds 1-10

6.12 (1H, s, H-6), 4.95 (1H, d, J = 7.8 Hz,
gal-H-1") , 4.47 (1H, brs, rtha-H-1"), 1.14 (3H,
d, J = 6.2 Hz, rha-H-6"), 3.22 ~3.76 ( sugar
proton) ; “C NMR (125 MHz, methanol-d,) §:
180.0 (C-4), 168.4 (C-7), 163.4 (C-5), 162.2
(C-4"), 159.7 (C-9), 159.2 (C-2), 136.6 (C-
3), 133.0 (C=2', 6'), 123.3 (C-1'), 116.8 (C-
3',5"), 106.3 (gal-C-1"), 105.7 (C-10), 102.5
(tha-C-1"), 101.2 (C-6), 94.0 (C-8), 76.0 ( gal-
C-5"), 75.7 (gal-C-3"), 74.5 (rha-C-4"), 73.6
(rha-C-2"), 72.9 (rha-C-3"), 72.7 (gal-C-2"),
70.8 (gal-C-4"), 70.3 (rha-C-5"), 68.1 ( gal-C-
6"), 18.6 (rha-C-6") ., LI b %¥E 5 CHik (Hou et
al., 2005) i M EEA —3, Bk &9 2 % 1l
AW -3-0-TERIETY

k&% 3 B @8R, HR-ESI-MS m/z:
169.014 1 [ M - H] (caled for C, Hy Oy,
169.014 2) ,'H NMR (500 MHz, methanol-d,) &:
7.06 (2H, s, H2, 6): “C NMR (125 MHz,
methanol-d,) §: 170.5 (C-7), 146.4 (C-3, 5),
139.8 (C-4), 121.9 (C-1), 110.5 (C-2, 6). LI
R 5 SR (NI AE 2018 ) Hi0E Y HE A — 2
AL G 3 S NIRRT,
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&Y 4 WEEHIRY . HR-ESI-MS m/z;
359.150 7 [ M - H] (caled for C, Hy O,
359.150 0) ,'H NMR (500 MHz, methanol-d,) §:
6.91 (1H, d, J = 1.8 Hz, H-2), 6.78 (1H, dd,
J =282, 1.8 Hz, H-6), 6.72 (1H, d, J = 8.2
Hz, H-5), 6.68 (2H, s, H-2', 6’), 5.45 (1H,
d, J = 6.2 Hz, H-7), 3.80 (3H, s, 3-OCH,),
3.76 (3H, s, 3’-OCH,), 3.71 (2H, m, H-9),
3.53 (2H, t, J = 6.5 Hz, H-9'), 3.43 (1H, m,
H-8), 2.58 (2H, m, H-7'), 1.77 (2H, m, H-
8'); “C NMR (125 MHz, methanol-d,) &: 149.0
(C-3), 147.6 (C-4), 147.4 (C-2'), 145.2 (C-
3"), 136.9 (C-5"), 134.8 (C-1), 129.8 (C-1"),
119.7 (C-6), 117.9 (C-6'), 116.1 (C-5), 114.0
(C-4"), 110.5 (C-2), 88.9 (C-7), 64.9 (C-9),
62.2 (C-9"), 56.7 (3-0CH,), 56.3 (3’-0CH,),
55.4 (C-8), 35.8 (C-8'), 32.9 (C-7"), Vi I%k
P 5 3CHk (TR, 2013) R 1 FA— 2, Bk &
Yy 4 %08 R TR

&Y s R ARY ., HR-ESI-MS m/z:
413.151 1 [ M + Na]" (caled for C,, H,, O, Na,
413.157 1) ,'"H NMR (500 MHz, methanol-d,) &:
6.73 (2H, d, J = 2.2 Hz, H-2, 6) , 6.68 (2H, s,
H-2", 6"),5.50 (1H, d, J = 6.2 Hz, H-7), 3.86
(3H, s, 3’-0CH,), 3.85 (2H, m, H-9), 3.81
(6H, s, 3-OCH,, 5-OCH,) , 3.57 (2H, t, ] = 6.4
Hz, H-9'), 3.47 (1H, m, H-8), 2.63 (2H, m,
H-7'), 1.82 (2H, m, H-8); “C NMR (125
MHz, methanol-d,) 6. 149.3 (C-3), 149.3 (C-5),
147.5 (C-3'), 145.2 (C-4') , 137.0 (C-4) , 134.0
(C-1), 134.0 (C-1"), 129.8 (C-5"), 117.9 (C-
6'). 114.1 (C-2'), 104.1 (C-2, 6), 89.1 (C-7) ,
65.0 (C9), 62.6 (C-9'), 56.8 (C-8), 56.7 (3-
OCH,), 56.7 (5-OCH,), 55.6 (3'-OCH,), 35.8
(C-8'), 32,9 (C-7'), LA LHd 53k (FEF 77,
2013) 4B P HEAR — 20, ik G 5 BN 5-H1 4
BE RN

fe& ¥ 6 B @k K., HR-ESI-MS m/z:
293.031 7 [M + H]" (caled for C,; Hy Og,
293.029 2).'H NMR (500 MHz, DMSO-d,) &:
10.92 (1H, s, -OH), 10.10 (2H, s, -OH x 2) |
7.28 (1H, s, H-3"), 4.34 (1H, brs, H-4), 2.98
(1H, dd, J = 18.7, 7.6 Hz, H-5a), 2.42 (1H,

d, J = 18.7 Hz, H-5b);"” C NMR (125 MHz,
DMSO-dy) 6. 193.5 (C-1), 173.7 (C-6), 160.4
(C-7"), 149.7 (C-2), 145.8 (C-4'), 143.9 (C-
6'), 140.3 (C-3), 139.2 (C-5"), 115.3 (C-2"),
113.2 (C-1"), 108.1 (C-3"), 41.1 (C-4), 37.6
(C-5), LA L% 5 ik ( Tanaka et al., 1990) fi
B YRR —B LS Y 6 % E N B SR,

k&7 A G K K, HR-ESI-MS m/z:
479.258 3 [ M - H] (caled for C, H, O,
479.265 0) ,'H NMR (500 MHz, methanol-d,) &:
5.20 (1H, s, H-17a), 4.87 (1H, s, H-17b),
4.51 (1H, d, J = 7.8 Hz, 13-gle-H-1"), 1.20
(3H, s, H-18), 0.99 (3H, s, H-20); “"C NMR
(125 MHz, methanol-d,) 6. 181.6 (C-19), 154.0
(C-16), 105.5 (C-17), 99.2 (13-gle-C-1"), 87.6
(C-13), 78.1 (13-gle-C-3"), 77.6 (13-gle-C-5"),
75.2 (13-gle-C-2"), 71.6 (gle-C-4"), 62.7 (gle-C-
6'),58.1 (C-5),55.2(C-9),49.0 (C-15), 45.1
(C-14), 44.6 (C-4), 43.2 (C-8), 42.6 (C-7),
41.9 (C-1), 40.6 (C-10), 39.1 (C-3), 38.7 (C-
12),29.5 (C-18), 23.0 (C-6), 21.4 (C-11),
20.3 (C-2), 16.2 (C-20), L ¥4 5 ik
(Ohtani et al., 1992) il A 5EA — 2, 5L 59 7
U TE R R A AR Y

k&8 H @k K, HR-ESI-MS m/z:
317.211 0 [ M - H] (caled for C,, Hy O,,
317.212 2) ,'H NMR (500 MHz, chloroform-d) &:
498 (1H, s, H-17a), 4.81 (1H, s, H-17b),
1.23 (3H, s, H-18), 0.95 (3H, s, H-20); “C
NMR (125 MHz, chloroform-d) §: 183.4 (C-19),
155.8 (C-16), 103.2 (C-17), 80.5 (C-13), 57.0
(C-5), 54.0 (C-9), 47.6 (C-15), 47.1 (C-14),
43.7 (C-4), 41.9 (C-8), 41.4 (C-7), 40.6 (C-
1), 39.6 (C-12), 39.5 (C-10), 37.9 (C-3),
29.0 (C-18), 21.9 (C-6), 20.6 (C-11), 19.2 (C-
2), 15.6 (C-20), LL_1%dli 5 3CHk ( Ohtani et al.
1992) i 1y A — B, Sl & 9 8 % NI
HEpE

k&9 B Ak K, HR-ESI-MS m/z:
329.246 4 [ M + Na]" (caled for C, Hy, O, Na,
329.244 2) ,'H NMR (500 MHz, methanol-d,) §:
3.71 (1H, d, J = 11.3 Hz, H-17a), 3.61 (1H,
d, J = 11.3 Hz, H-17b), 1.10 (3H, s Me-20),



2 BH PR 55 . BHOR Ak 03 B O oo 480 26 W AT A 355 1R 0T 52 359

1.07 (3H, s Me-19), 1.03 (3H, s Me-18); “C
NMR (125 MHz, methanol-d,) &: 82.8 (C-16),
66.8 (C-17), 56.8 (C-5), 56.8 (C-9), 53.4 (C-
15), 46.2 (C-13), 45.5 (C-8), 42.1 (C-1),
42.1 (C-3), 40.3 (C-14), 39.7 (C-10), 37.8 (C-
7), 34.9 (C-4), 34.9 (C-18), 27.1 (C-12),
22.7 (C-19), 21.3 (C-6), 19.8 (C-2, 11), 18.4
(C-20) , VI ZHE 5 3CHk (Etse et al., 1987) #iti&
B — 3, b S 9 YE N 160, 17-F2 3%t
[ A5

k&Y 10 B Ak K, HR-ESI-MS m/z:
463.086 0 [M - H] (caled for C, Hy O,,,
463.088 2) ,'H NMR (500 MHz, methanol-d,) &:
7.85 (1H, d, J = 2.3 Hz, H-2"), 7.60 (1H, dd,
J=8.4,23Hz, H6'), 6.88 (1H, d, J = 8.4
Hz, H-5'), 6.41 (1H, d, J = 2.2 Hz, H-8) , 6.22
(1H, d, J = 2.2 Hz, H-6), 5.17 (1H, d, J =
7.8 Hz, gal-H-1"), 3.48~3.87 (6H, m, gal-H-2"-
6”); “C NMR (125 MHz, methanol-d,) &: 179.6
(C-4), 166.0 (C-7), 163.0 (C-5), 158.8 (C-2),
158.4 (C-9), 145.0 (C-4'), 145.8 (C-3'), 135.8
(C-3), 123.0 (C-6"), 122.9 (C-1"), 117.8 (C-
5'), 116.1 (C-2"), 105.6 (C-10), 105.4 ( gal-C-
1), 99.9 (C-6), 94.7 (C-8), 77.2 (gal-C-5"),
75.1 (gal-C-3"), 73.2 (gal-C-2"), 70.0 ( gal-C-
4"y, 62.0 (gal-C-6") ., DL b H¥E 5 Sciik ( 5k 4 ¢
25,2007 ) 3B A —E, Bk A 90 10 255 52 R i
Jé 2 -3-0-B-D-MLisg - FLBEH .
2.2 o-EEEEEIHEENKE R

oc- 31 250 R R PO 00 A 0 PRI R R e
P2.3.5.6.10 HA KGR, 1C, 52 5k
(0.14 £ 0.03) mg - mL"' . (0.36 + 0.02) mg -
mL" . (0.44 £ 0.01) mg - mL' (0.53 + 0.04)
mg - mL'F1(0.14 £ 0.03) mg - mL" ZETFFH
XS B8 [ B B, 1C 5, fE M (0.69 = 0.02) mg -
mL" ], EARIEH A R LR 2,

3 W5 &%

o= HR] 750 AR Y R V0 o) 50 38 410 <0 o 28 R
14 oo 9] 260 M T B0 1) 9% I VK 4 2 B 1) 2B N T
JEE AT 9 2 7 Mg 6 4 2 114 R AT DA 3 AR I , 9%
1T 24 R PR Ao P 1122286 26 ) B A A 0 vy A

R2 o-HEBEEHBDHEENNRER

Table 2 Results of a-glucosidase inhibitory activity

(mg - mL")
1 >4 6 0.53 £ 0.043%*
2 0.14 £ 0.03 7 >4
3 0.36 = 0.02 10 0.14 = 0.03 **
4 >4 . i
5 0.44 + 0.01% ng;ﬁf 0.69 = 0.02

T R AR XT I e s 5 P X AR A, ¢ Pe
0.05, ** P<0.01,
Note: “ indicates positive control; * and ** indicate comparisons

with positive control group, * P<0.05, ** P<0.01.

(RHES,2021), HIL, FFLHARL %4 AR
oo H] 265 L D A1) 500 % W PR IR B R
S, FHRR IR oo 7 %0 W LT il 400 7] 500 B Ry B 5 1Y
POH (RBP4 20115 Quan et al., 2020; Yuca et
al., 2021) o AHFFE I T 7 ATHE B X o7 255 M
T B EAT M RIE (RS, 2021) % I R AL
B B s A S, BSR4 3] 10 A4
aw aY2.4.5.9 HE RN ZE 4815
F, Ho B2 10 HEERZE (LAY 3
6 MRS WE ML R B R A Y 2.3.6 f
10 35 EL AT B 58 1) oo 70 20 0 8 00 0 95 P, 5 Sk
il — 3 (Liu et al., 2019; & F+45, 2021; Lin et
al., 2022 BEIR%,2023) ,fb & 5 WARIE &K,
LA B0 ) oo R A AR TEATD A1) 2, N 1 R HRGE
L&Y S MM 5G4 WA UFE C-5 M2
T— BRI LAY 5 RBHESRGTE T, i
0 4 FEHA R B R JC s I, I C-5 AL
SRR B T MR SE A

FHRAE S 250K A& A 1 g s, HE 3 2 A 4 i
A B H B R Y 300 %, P EEREAY 1%
(S#EFHAF,2008) , HA mEE AR RS, 2
B DR £ 3 B ARG R BR 0], & 3k R IE R 1 F &
=i, M AR T A Z MR R e -
W CRGESE,2015) . AP NENAS P R8T B
AT oo 4 W T Wl A0 A M 0 A 2E Ay i
—BIESE T H B BB AR R N B AT T & B O
W I B B R IR 2 M B0 T R 2R R
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