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Abstract: The genus Gynostemma, with abundant plant resources, is widely distributed in China. Gynostemma
plants have gathered widespread attention both domestically and internationally due to their abundant contents of
diverse dammarane triterpenoid saponins and various promising pharmacological activities. At present, the studies
on the chemical constituents and pharmacological activities of Gynostemma plants mainly focus on G. pentaphyllum
(Thunb.) Makino and G. longipes C. Y. Wu ex C. Y. Wu & S. K. Chen, with less attention given to other species
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within genus. In this study, the chemical constituents of G. burmanicum King ex Chakrav were systematically
identified by ultra-high performance liquid chromatography-quadrupole-time of flight-mass spectrometry (UHPLC-
Q-TOF-MS). Firstly, the LC-MS analysis of G. burmanicum from different sources was carried out to evaluate the
consistency. According to the mass spectrometry fragmentation pattern of dammarane triterpenoid saponins from
Gynostemma, the fragmentation characteristics of malonylated and acetylated saponins, combined with the self-
built database and online database such as ChemSipder, SciFinder, PubChem, the chemical components of G.
burmanicum were identified. The similarities and differences in the components between G. burmanicum and G.
longipes were further assessed by comparing their base peak chromatogram. The experimental results indicated a
good consistency in the composition of G. burmanicum samples from different sources. A total of 47 chemical
components were identified from G. burmanicum, including 12 flavonoids and 35 triterpenoid saponins, among
which 6 were new compounds. Saponins in G. burmanicum generally exhibited malonylation and acetylation,
appearing after the corresponding prototypical saponins on a reversed phase chromatography. The base peak ion
(BPI) chromatograms showed that the saponins of G. burmanicum were highly consistent with those of G. longipes,
with comparable contents of the main components gypenoside XLIX and gypenoside A and their malonylated
derivatives. In summary, this study comprehensively clarified the chemical composition and characteristics of G.
burmanicum, which provided an experimental basis for the development and utilization of G. burmanicum.
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Figure 1  G. burmanicum (left) and G. longipes (right)

Table 1 Sample information of G. burmanicum and G. longipes

Medicinal Collection

No. Species Planting field

part date

GB-1 G. burmanicum Nanning, Guangxi  Leaf 2021-07
GB-2 G. burmanicum Nanning, Guangxi  Leaf 2021-07
GB-3 G. burmanicum Ankang, Shaanxi Leaf 2021-09
GB-4 G. burmanicum Ankang, Shaanxi Leaf 2021-09
GB-5 G. burmanicum Ankang, Shaanxi Stem 2024-06
GB-6 G. burmanicum Ankang, Shaanxi Stem 2024-06
GB-7 G. burmanicum Ankang, Shaanxi Leaf 2024-06
GB-8 G. burmanicum Ankang, Shaanxi Leaf 2024-06
GL-1 G. longipes Ankang, Shaanxi Stem, leaf 2021-07
GL-2 G. longipes Ankang, Shaanxi Stem, leaf 2021-07
GL-3 G. longipes Guangyuan, Sichuan Root 2021

GL-4 G. longipes Guangyuan, Sichuan Root 2021
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Figure 2 The fragmentation pathways of kaempferol-3-O-f-D-rutinoside in negative ion mode
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Figure 3 The fragmentation pathways of triterpenoid saponins in negative ion mode. A: Gypenoside XLIX; B: Gypenoside A
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Figure 4 The base peak ion (BPI) chromatograms of LC-MS and its identification peaks in G. burmanicum. Purple numbers: Flavonoids;

Red numbers: Triterpenoid saponins; Blue peaks: Neutral saponins; Orange peaks: Malonyl components; Pink peaks: Acetyl components

Table 2 Identification results of the components from G. burmanicum. *Confirmed with reference standard; #New compound

t [M+HCOO]/ Theoretical Error

No. R _ Formula Compound ITon fragment
/min [M-H] value /ppm
1 2.36 609.145 3 609.1456 -0.49 C,H,0, Rutin"” 300.026 4, 271.023 7,
255.028 4, 243.028 6,
151.002 5
2 2.50 463.087 4 463.0877 -0.65 C,H,0,, Isoquercitrin” 300.062 5,271.023 2,
255.027 5,227.033 5
3267 5931510  593.1506 0.67 C,H,0, Kaempferol-3-O-f-D-rutinoside"” 285.039 6, 255.028 7,
227.033 8, 211.387 0,
163.003 3
4 2.76 623.161 7 623.1612 080 C,H, 0O, Isorhamnetin-3-O-neohespeidoside or isomer 315.050 5, 300.026 2,
271.024 4, 255.028 6,
243.028 4, 151.001 3
5 3.04 517.193 4 517.1921 251 C,H,0, IJioglutoside B or isomer 299.012 9, 285.030 4,
271.023 2, 255.027 5,
227.034 6
6 3.42 607.166 4 607.1663  0.16 C,H, 0, Kaempferol-3-O-f-D-glucopyranosyl-2'-O-a-L- 607.165 0, 299.052 6,
rhamnoside 284.031 0, 255.029 0,
227.0328
7 370 6231609  623.1612 -0.48 C,H, O, Isorhamnetin-3-O-g-D-rutinoside!” 451.327 8,315.047 6,
299.018 6, 271.023 6,
243.0279, 165.017 2
8 416 3010346  301.0348 -0.66 C,H,O, Quercetin 271.022 3, 178.997 2,
151.002 2
9 442 6371773  637.1769  0.63 C,H,0, Ombuoside” 329.065 5,314.041 7,
299.018 2,271.023 9,
243.028 1
10 513 1107.5640/ 1061.5532 3.49 C,H,0O,, 3821,25-Trihydroxy-20,24-epoxydrammar-19-oxo-3- 929.510 5, 783.447 2,
1061.556 9 O-[a-L-rhamnopyranosyl(1—2)][f-D-xylopyranosyl 621.399 9, 489.358 6,
(1—3)]-a-L-arabinpyranosyl-21-O-4-D- 299.018 1,271.023 0
glucopyranoside"”!
11 5.62 285.039 7 285.0399 -0.70 C,H, /O, Kaempferol 271.023 8, 255.025 7,

227.035 3,199.032 8
12 5.79 959.4880/ 9134797 -0.11 C,H,O, . (36,20£21£,23¢)-3,20,21,26-Tetrahydroxy-19-oxo0-21, 681.386 2, 535.327 4,

913.479 6 23-epoxydamane-24-ene-3-O-[a-L-rhamnopyranosyl 403.284 8, 375.288 7
(1—2)][f-D-xylopyranosyl(1—3)]-a-L-
arabinopyranoside!"”!
13 6.38 999.480 5 999.4801 045 C,H,0, Malonyl-(35,20£,21£,23¢)-3,20,21,26-tetrahydroxy- ~ 955.488 8,913.478 0,
19-0x0-21,23-epoxydamane-24-en-3-O-[a-L- 781.433 9, 681.385 3,
rhamnopyranosyl(1—2)][4-D-xylopyranosyl(1—3)]- 535.326 6, 403.284 2,
a-L-arabinopyranoside 375.287 5,299.016 5
14 6.54 1001.4960/ 9554903 1.05 C,H O, Acetyl-(34,20£21¢,238)-3,20,21,26-tetrahydroxy-19- 913.480 7, 781.433 4,
955.491 3 0x0-21,23-epoxydamane-24-en-3-O-[a-L- 681.385 4, 535.326 8,

rhamnopyranosyl(1—2)][f-D-xylopyranosyl(1—3)]- 403.284 4, 375.288 8,
a-L-arabinopyranoside 299.018 1,271.023 7
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/min [M-H] value /ppm
15 6.92 10014960/ 9554903 052 C,H O, Acetyl-(3420£21£23%)-3,20,21,26-tetrahydroxy-19- 913.4727,781.433 9,
955.490 8 0x0-21,23-epoxydamane-24-en-3-O-[a-L- 681.385 6, 535.326 2,
rhamnopyranosyl(1—2)][f-D-xylopyranosyl(1—3)]- 403.284 1,375.288 1,
a-L-arabinopyranoside 299.018 2,271.021 0
16 7.15 9455076/  899.5004 -3.11 C,H, O, 34,19,20,21,23-Pentahydroxy-21,24- 767.457 7,621.398 9,
899.497 6 cyclodammarane-25-en-3-O-[a-L-thamnopyranosyl ~ 489.357 3,299.018 5,
(1—2)][f-D-xylopyranosyl(1—3)]-a-L- 271.022 1
arabinopyranoside™”
17# 736 9455070/  899.5004 1.78 C,H, O, 35,20,21,26-Tetrahydroxy-21,23-epoxydamane-24-  767.476 3, 667.402 9,
899.502 0 en-3-0-[a-L-rhamnopyranosyl(1—2)][$-D- 521.346 7, 389.304 8,
xylopyranosyl(1—3)]-a-L-arabinopyranoside 299.016 9,271.024 4
18 7.65 985.501 2 9855008 041 C,H, O, Acetyl-34,19,20,21,23-pentahydroxy-21,24- 941.504 7, 899.492 1,
cyclodammarane-25-en-3-O-[a-L-rthamnopyranosyl ~ 767.457 5, 621.399 7,
(1—2)][p-D-xylpyranosyl(1—3)]-a-L- 489.3573
arabinopyranoside
29 7.93 985.502 4 9855008 1.62 C,H, O, Malonyl-3520,21,26-tetrahydroxy-21,23- 941.507 5, 899.486 4,
epoxydammarane-24-en-3-O-[a-L-rhamnopyranosyl  767.457 9, 667.405 5,
(1—2)][f-D-xylpyranosyl(1—3)]-a-L- 521.348 3, 389.305 5,
arabinopyranoside 299.017 6
20% 875 1091.5656/ 1045.5583 1.53 C,H,O, Gypenoside XLIX"" 913.5172,751.464 5,
1045.5599 605.405 0,473.362 1,
389.273 7
21*  8.89 1093.5813/ 1047.5740 0.10 C,H,C, 38,19,205,21-Tetrahydroxydammar-24-ene-3-O-[a-L- 915.5309, 753.478 4,
1047.574 1 rhamnopyranosyl(1—2)][f-D-xylopyranosyl(1—3)]- 607.418 5,475.376 6
a-L-arabinopyranosyl-21-0--D-glucopyranoside!"”
22 946 11315609 11315587 194 C, H,O, Malonyl-gypenoside XLIX 1087.571 7,1 045.558 8,
913.516 6, 751.463 9,
605.405 7,473.358 7
23 9.79 299.018 6 299.0192 -2.01 CHO, Dehydroquercetin or isomer 271.023 5, 243.025 2,
227.0329,215.028 5,
199.038 7
24# 10.25 9595222/ 913.5161 0.77 C,H, 0O, 38,20,21-Trihydroxydamane-19-oxo-24-ene-3-O- 751.464 8, 605.401 6,
913.516 8 [o-L-rhamnopyranosyl(1—2)][f-D-glucopyranosyl ~ 473.360 3

(1—3)]-a-L-arabinopyranoside
25#  10.44 961.5370/ 9155317 -2.18 C,H, O, 3f,19,20,21-Tetrahydroxydamane-24-ene-3-O-[a-L- 753.275 3, 607.416 9,

915.529 7 rhamnopyranosyl(1—2)][f-D-glucopyranosyl(1—3)]- 475.388 7
a-L-arabinopyranoside

26 11.40 999.516 1 999.5165 -0.40 C,H,0,, Malonyl-353,20,21-trihydroxydamane-19-oxo0-24-ene- 955.526 4, 913,5 135,

3-O-[a-L-rthamnopyranosyl(1—2)][$-D- 751.459 8, 681.387 8,
glucopyranosyl(1—3)]-a-L-arabinopyranoside 535.3257,403.282 3,
3752902

27 11.99 1077.5873/ 1031.5791 039 C,HO, 3,20,21-Trihydroxydama-24-en-3-O-[a-L- 899.536 9, 737.484 4,

1031.579 5 rhamnopyranosyl(1—2)][f-D-xylpyranosyl(1—3)]-  591.423 2,459.386 7
a-L-arabinopyranosyl-21-0--D-glucoside®"!

28 12.14 10134977 10134957 197 C,H,O, Malonyl-35,20,21-trihydroxy-19-oxo0-21,23- 969.506 0, 927.502 6,

epoxydammarane-24-en-3-O-[a-L-rthamnopyranosyl  765.446 2, 681.384 6,

(1—2)][p-D-glucopyranosyl(1—3)]-a-L- 535.3251,403.283 8,

arabinopyranoside 375.292 1,299.016 9

29 12.49 329.0659 329.0661 -0.61 C,H,O, Quercetin 3,4-dimethyl ether or isomer 314.039 7,299.018 1,

271.022 6, 243.029 5
30#  12.68 945.506 6/  899.5004 1.67 C,H. O, 3$,19,20,21-Tetrahydroxy-21,23-epoxydammarane-  767.465 3, 683.401 2,

4617617
899.501 9 24-en-3-0-[a-L-rhamnopyranosyl(1—2)][$-D- 537.340 2, 405.298 6,
xylopyranosyl(1—3)]-a-L-arabinopyranoside 375.288 4,299.012 2

31*%  12.87 943.492 6/ 897.4848 234 C,H, 0, Gypenoside Al 765.445 1, 681.386 7,
897.486 9 535.328 2,403.284 9,

375.289 8,329.247 8
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32 13.73 983.488 6 9834852 346 C,H, 0, Malonyl-gypenoside A 939.498 7, 897.486 1,
765.443 2, 681.386 2,
535.327 6, 403.284 4,
375.289 4, 259.080 0
33 14.37 983.487 9 9834852 275 C,H,0, Malonyl-gypenoside A 939.497 4, 897.486 3,
765.442 2, 681.384 9,
535.326 7,403.285 1,
375.288 6
34*% 1486  929.5119/  883.5055 -3.51 C,H, O, GylongiposideI"” 751.459 9, 605.403 2,
883.502 4 473.363 2,389.269 7,
299.017 7
35 15.10 9855016/ 9394953 138 C,H O, Acetyl-gypenoside A 897.485 2, 765.441 5,
939.496 6 681.385 4, 535.327 0,
403.284 6,375.288 1
36 15.56 9715190/ 9255161 140 C,H O Acetyl-gylongiposide I 883.505 7,751.462 9,
925.517 4 605.404 0, 473.360 2
37 15.99 999.516 5 999.5165  0.00 C,H, 0, Malonyl-35,19,20,21-tetrahydroxy-21,23- 955.533 1, 913.509 6,
epoxydammarane-24-ene-3-O-[a-L-rhamnose(1—2)] 781.468 5, 697.424 3,
[f-D-xylopyranosyl(1—3)]-f-D-glucopyranoside 551.358 9,389.303 9,
299.016 6,271.021 3
38# 16.76 929.512 3/ 883.5055 -0.34 C,H, O, 382021-Trihydroxy-21,23-epoxydammarane-24-ene- 751.462 5, 667.452 0,
883.505 2 3-O-[a-L-rhamnopyranosyl(1—2)][$-D- 521.347 4, 389.305 3,
xylopyranosyl(1—3)]-a-L-arabinopyranoside 345.2756,299.0157
39 17.18 969.508 7 969.5059  2.89 C,H,0,, Malonyl-34,20,21-trihydroxy-21,23- 925.518 5, 883.507 8,
epoxydammarane-24-ene-3-O-[a-L-rhamnopyranosyl 751.463 1, 667.407 0,
(1—2)][p-D-xylopyranosyl(1—3)]-a-L- 521.348 5, 389.306 0
arabinopyranoside
40 18.01 969.506 6 969.5059  0.72 C,H,0,, Malonyl-34,20,21-trihydroxy-21,23- 925,5 161, 883.501 8,
epoxydammarane-24-en-3-O-[a-L-rhamnopyranosyl  751.456 2, 667.403 7,
(1—2)][f-D-xylopyranosyl(1—3)]-a-L- 521.3450, 389.304 5
arabinopyranoside
41 18.88 971.520 8/ 9255161 -0.97 C,H,0,, Acetyl-35,20,21-trihydroxy-21,23-epoxydammarane- 883.505 1, 751.456 2,
925.5152 24-en-3-0O-[a-L-rhamnopyranosyl(1—2)][f-D- 667.404 8, 521.344 0,
xylopyranosyl(1—3)]-a-L-arabinopyranoside 389.304 1, 299.022 1
42 2137 999.514 8 999.5165 -1.70 C,H,0,, Malonyl-35,19,20,21-tetrahydroxy-21,23- 955.5317,913.516 8,
epoxydamane-24-ene-3-O-[a-L-rhamnopyranosyl 883.537 3,751.465 1,
(1—2)][f-D-glucopyranosyl(1—3)]-a-L- 667.400 9, 521.346 3,
arabinopyranoside 389.303 2
43 21.68 999.516 6 999.5165 0.10 C,H, O, Malonyl-35,20,21-trihydroxydammarane-19-oxo- 955.5250,913.510 6,
24-ene-3-0-[a-L-rhamnopyranosyl(1—2)][$-D- 781.473 6, 635.408 9,
xylopyranosyl(1—3)]-$-D-glucopyranoside 473.3623
44# 2271 929.5108/  883.5055 023 C,H O, 3$,2021-Trihydroxydammarane-19-ox0-24-ene-3-  751.463 7, 605.400 0,
883.505 7 O-[a-L-rthamnopyranosyl(1—2)][f-D-xylopyranosyl 473.360 9
(1—3)]-a-L-arabinopyranoside
45 22.82 969.507 6 969.5059 1.75 C,H, O, Malonyl-353,20,21-trihydroxydammarane-19-oxo0-24- 925.511 7, 883.506 6,
ene-3-0-[a-L-rthamnopyranosyl(1—2)][f-D- 751.464 2, 605.404 2,
xylopyranosyl(1—3)]-a-L-arabinopyranoside 473.361 8
46  23.77 969.506 0 969.5059  0.10 C,H, O, Malonyl-353,20,21-trihydroxydammarane-19-oxo0-24- 925.517 9, 883.505 8,
ene-3-0-[a-L-thamnopyranosyl(1—2)][f-D- 751.460 9, 605.375 9,
xylopyranosyl(1—3)]-a-L-arabinopyranoside 473.356 9
47  24.56 969.503 0 969.5059 -2.99 C,H, O, Malonyl-35,20,21-trihydroxydammarane-19-oxo0-24- 925.515 8, 883.501 2,

ene-3-0-[a-L-rhamnopyranosyl(1—2)][5-D-
xylopyranosyl(1—3)]-a-L-arabinopyranoside

751.459 4, 605.389 2,
473.3547,427.347 1
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Figure 5 Structures of representative components in G. burmanicum
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Figure 6 Comparison of BPIs between G. burmanicum and G. longipes. XLIX: Gypenoside XLIX; A: Gypenoside A; M-XLIX: Malonyl-

gypenoside XLIX; M-A: Malonyl-gypenoside A; Ac-A: Acetyl-gypenoside A

JBE 0 1D R Ay 2 Rt LA R AT ) — B

253 % R AL A0 P B R o R ) AR A i 22
K, BN FE BT B F R AR A T/ 2 AL E
BEIE 2R R e BRI B B AR SRR
W R BEAZ C-1.C-2 2 C-12 i e FR 3 % 42, C-19
P AT SR R PR R BB, TE C-17 A7 IR SR AR
C-3 A1 C-21 i vl i H Bl o, Horh C-3 A 4 bl L 2R 7Y
BFEANRE L BRI BT RLATRE, /> W a0, 32 2R
C-3 VAT 42 Bz A 0, Bl v A B C-2F0 C-37 53 il i 42
SR, A R ACRE 8 5 B, C-21 ROREBE BN AR . X
FAE VAR 155 KA AW o = % 2 2L

5 ANZ BERMP, H BN B R EL
I WA Fp AR DL, TR R 4 A T S R A X
N IEE USR] [M-H] W, SR B R ek IR E R
CO, FI 2Tk 3, P JBu bR 43 BF A% B8 LMt ik il oy 7E 1K R
2 A5 2N AT %2 3 [M+HCOO] I A1 [M-H] %, = fig
P T TR OBEE, J5 AT — RV SRS B 55
To UBAb, A R 53 Je LT 5 1 53 1 55 0 L 1)
RUEAFARSE Bl 5 A C18 il ik & N 147 BE i [7)
e OBRFER Sy > N B R > SR B R Gy o AR T
TR T 2T S A AR S R AR R N AR, T Al
B2 i W 2 1 SR R IR S8, I T kR o A &
B 3 20 1 S e PR A . T B R AR
SE , MELASRAS I I o SRR AL A ), TR LG AE 45 1
SE I, E DARA 8 T T ALk b B .

4 ) 3 1 06 5 KA I T 8 1 R TR S TR R AR
Y, EEMEESY FAEREER . KELREN
RGN, B S5~9 /N, K 4~ 8 K 4 fa] 48
JBE U S AR5, L 3 /N, T S8 B R A R, A

K 3~6.5 HAM, AR, X T A FMEYHE
SHERRFNOBOT, Hi 1 & EEZ R 1 —
BUEAREF o T2 RIX — B 5 00 i AT T e s il O AR
WA ) DR B T A ) A oA

%8 v 24544 5 A o v s B v 25 S
LI JEURE ) 2 T 5 i K AT 5 i ) A R, xd
T L e F) A AR R ISR . A BB
BHE — R, ISR G B Sl
A A A, L B Ry i O 6 B XILIX A 42
Jie W B A, S W Y B R AN AR,
FE— 58 26 AT TN AT R 25 TR 19 2R P27, A R L Y
RURH . A S B S KA LB AT L, 3 R 42
Jie W 2 XLIX M B ' A S HL ) ik R
B EE e SR Ab, A0 2B 2R RO, AR
B, R E A gk, DL SR AN AR B ALK
RS G N ZHE A BE— 2D B FE, 3t D 2 ) S B 1)
PR PR At 1 AN SRR AR AR

1 & B k. £ 38 M TSI S B A AT S B
28 M 5 BT SCHR AT S RTOI S 36 B ST PIRG SFE 5 T 1 3R
MEFS 5K, FEMA TR ML LTS B B2
FILY TSP G B S B v v L S0 B B R B e

FUFE RS AF & A WA 2R 0 R

References

[1] Editorial Committee of Flora of China, Chinese Academy of
Sciences. Flora of China: Vol 73 (*h E ¥ & 26 73 %) [M].
Beijing: Science Press, 1986: 265, 273.

[2] Yang ZQ, Li M, Xu SY, et al. Enzymatic reaction pattern of
saponins in Gynostemma pentaphyllum and identification of

their transformed products [J]. China J Chin Mater Med (' [E



F IS BT UHPLC-Q-TOF-MS $3 A ) 4 i) ¢ B i A0 27 ) 7y AR AL 5 22 58

1509

[3]

(6]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Zjk i), 2024, 49: 4925-4933.
Xie P, Luo HT, Pei WIJ, et al. Saponins derived from
Gynostemma pentaphyllum regulate triglyceride and cholesterol
metabolism and the mechanisms: a review [J]. J Ethnopharma-
col, 2024, 319: 117186.

Xiang WJ, Guo CY, Ma L, et al. Dammarane-type glycosides
and long chain sesquiterpene glycosides from Gynostemma
yixingense [J]. Fitoterapia, 2010, 81: 248-252.

Thi TTD, Thi TN, Huy TN, et al. Dammarane-type triterpenoids
from Gynostemma compressum X. X. Chen & D. R. Liang
(Cucurbitaceae) and their AMPK activation effect in 3T3-L1
cells [J]. Phytochemistry, 2022, 200: 113218.

Li Q, Pang X, Lu PX, et al. Four new dammarane-type triter-
penoid saponins from Gynostemma longipes C. Y. Wu [J]. Acta
Pharm Sin (2§%%%#Rk), 2021, 56: 1670-1676.

Yin F, Zhang Y, Yang Z, et al. Triterpene saponins from
Gynostemma cardiospermum [J]. J Nat Prod, 2006, 69: 1394-
1398.

Yang Z, Chen Q, Hu L. Dammarane-type glycosides from
Gynostemma pubescens [J]. Phytochemistry, 2007, 68: 1752-
1761.

Yang G, Liang HZ, Zhang J, et al. Four new dammarane-type
triterpenoid saponins from Gynostemma pentaphyllum (Thunb.)
Makino [J]. Acta Pharm Sin (24 2% %R ), 2024, 59: 2288-2294.
Liang HZ, Lu PX, Chu LL, et al. Dammarane-type saponins
from Gynostemma pentaphyllum and their anti-aging activities
via up-regulating mitochondria related proteins [J]. Phyto-
chemistry, 2023, 213: 113744.

Li G, Yang G, Chen X J, et al. Eight new dammarane-type triter-
penoid saponins from Gynostemma pentaphyllum [J]. Nat Prod
Res, 2024, 31: 1-9.

Nguyen NH, Ha T, Yang JL, et al. Triterpenoids from the genus
Gynostemma: chemistry and pharmacological activities [J]. J
Ethnopharmacol, 2021, 268: 113574.

Editorial Committee of Flora of China, Chinese Academy of
Sciences. Flora of China: Vol 73 (H E M ¥ & : 28 73 &) [M].
Beijing: Science Press, 1986: 269.

Than TKM, Pham TK, Pham TB, et al. New dammarane-type
triterpenoid glycosides from Gynostemma burmanicum [J]. Nat
Prod Res, 2020, 34: 217-224.

Zhang MM, Zhen W, Zhang J, et al. Qualitative analysis of
Gynostemma longipes for medicinal usage [J]. China J Chin
Mater Med (W f 228 ), 2021, 46: 951-965.

Ablajan K. Study on the Mass Spectrometric Analytical Method
of Flavonoid Glycosides (2 B 11 2% K48 72 0 (1) J53 % 50 W7 77 1%
fiff 9T) [D]. Beijing: China Union Medical University, 2006.

Wang YM, Wu YS, Wang SY, et al. Rapid identification of chemical
composition and quality markers of Gynostemma pentaphylla by

ultra-performance liquid chromatography combined with triple

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

quadrupole mass spectrometry connected with high-performance
liquid chromatography [J]. Spectrosc Lett, 2023, 56: 434-443.
Liu YT, Ji L, Chen LM, et al. Quality analysis of Xueshuan
Xinmaining Tablets and Capsules based on UPLC-Q/TOF-MS
and UPLC-QQQ-MS/MS [J]. China J Chin Mater Med (' [&
Zjkik), 2024, 49: 5193-5203.

Zhang MM. Isolation and Identification of Main Components,
and Analysis of Chemical Compositions of Herba Gynostem-
matis (25 S8 K 2 A7 o0 B E S o AL 23 #T) [D).
Tianjin: Tianjin University of Traditional Chinese Medicine,
2020.

Li Q. Studies on the Chemical Constituents of the Polar Fraction
of Gynostemma longipes (1 HH 2 5 W5 R W% A0 A7 46 27 1% 53 TF
5%) [D]. Guangzhou: Guangdong Pharmaceutical University,
2021.

Zheng W. The Chemical Composition Analysis of Herba
Gynostemma based on Two-Dimensional Chromatography and
Ton Mobility Mass Spectrometry (T — 4t il K 5§ i FE it
T (1) v 24 4 R B 5) 43 ) [D]. Beijing: Academy of Military
Science, 2023.

Wang JM. Protective Effect of Malonyl Ginsenosides and Acetyl
Ginsenoside Rg3 on Dextran Sulfate Sodium-Induced Ulcerative
Colitis in Mice (P & AN 2 24 [z Ac-Rg3 %F DSS 5 7/ il
20 % 1 ] 97 4E ) [D]. Changchun: Jilin Agricultural
University, 2023.

Liang TT. Screening and Functional Characterization of the
Genes Related to Gypenoside Biosynthesis (£ % 1 2 H AW &
FAR 2% 4k B 4 9% 26 5 By BE 4 5E BF 7E) D). Beijing: Peking
Union Medical College, 2020.

Shanghai Health Bureau. Shanghai Chinese Herbal Medicine
Processing Specification (& ¥ 17 H 25 48 B 0 il B YE) [M].
Shanghai: Shanghai Science and Technology Press, 2018: 367.
Xu SM. Clinical Trial and Production Project of High-Dose
Gynostemma pentaphyllum Total Glycosides Capsules (77 848
M W a0l PR AR 56 A ZE 77 T ) [R]. Ankang: Ankang
Beiyida Pharmaceutical Co., Ltd. 2022.

Li G, Lu PX, Liang HZ, et al. An effective and high-throughput
sample preparation method involving demalonylation followed
by an ultrahigh-performance liquid chromatography-charged
aerosol detector for analyzing gypenoside XLIX and gypenoside
A in Gynostemma longipes [J]. J Pharm Biomed Anal, 2023,
230: 115393.

Lu PX, Li G, Zheng W, et al. Determination of gypenoside
XLIX and LVI in Gynostemma pentaphyllum from Fujian by
ultra-high performance liquid chromatography-charged aerosol
detector [J]. Chin J Chromatogr (f&3i%), 2022, 40: 833-842.

Ali MA, Al-Hemaid FM. Taxonomic significance of trichomes
micromorphology in cucurbits [J]. Saudi J Biol Sci, 2011, 18:
87-92.



