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Abstract . Gynostemma pentaphyllum ( Thunb.) Makino contains dammarane-type triterpenoid

saponins, similar to ginseng, with a host of pharmacological activities. However, its planting
resources and chemical composition are quite complex. The chemical constituents of Gynos-
temma pentaphyllum vary drastically among different origins and varieties. Thus, the
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corresponding quality control methods also need to be different. Currently, limited information
is available about the quality control of Gynostemma pentaphyllum from Fujian. A new method
based on ultra-high performance liquid chromatography-charged aerosol detection ( UHPLC-
CAD) was established for the determination of gypenoside XLVI and LVI in Gynostemma pen-
taphyllum. The major components of Gynostemma pentaphyllum were characterized using UH-
PLC-quadrupole time-of-flight-mass spectrometry ( UHPLC-Q-TOF/MS) combined with UHPLC-
CAD. The results revealed gypenoside XLVI, LVI, and their corresponding malonyl-containing
acidic saponins as the main components. However, malonylgypenoside XLVI and LVI can easily
remove their malonyl group and convert to gypenoside XLVI and LVI during the application of
Gynostemma pentaphyllum. In this study, the samples were pretreated using alkali hydrolysis
to transform the acid saponins completely, and the final contents of gypenoside XLVI and LVI
were determined via UHPLC-CAD.

The optimal alkaline hydrolysis, extraction, and liquid chromatography conditions were es-
tablished. First, the alkaline hydrolysis conditions were optimized. The effects of the volume of
ammonia and reaction time on the contents of gypenoside XLVI, LVI, malonylgypenoside XLVI,
and LVI were examined. Malonylgypenoside XLVI and LVI could be transformed completely to
gypenoside XLVI and LVI by standing for 24 h in an ethanol-water-ammonia (50:46:4, v/v/V)
mixture. Furthermore, the extraction conditions were optimized. Next, effects of the different
solvents, extraction time, and solid-liquid ratio on the extraction rates of gypenoside XLVI and
LVI were investigated. The extraction method for Gynostemma pentaphyllum powder using the
ethanol-water-ammonia (50:46:4, v/v/v) and a solid-liquid ratio of 1:150 (g:mL) for 30 min
was established. Finally, a prepared test solution was separated on a Waters ACQUITY UPLC
BEH C18 chromatographic column (100 mmx2. 1 mm, 1.7 wm). Acetonitrile and 0. 1% (v/v)
formic acid aqueous solution were used as the mobile phases for gradient elution. The flow rate
was set to 0. 5 mL/min and column temperature was maintained at 40 C. The separation was
detected using a charged aerosol detector. Results indicated that the logarithm of the mass con-
centrations of gypenoside XLVI and LVI had a linear relationship with the logarithm of the peak
area in the range of 9. 94-318. 00 pg/mL and 12. 78-409. 00 wg/mL, respectively. The correla-
tion coefficients () were 0.999 3 and 0. 999 5, respectively.

The limit of detection (LOD) and the limit of quantification (LOQ) of gypenoside XLVI were
1.58 pg/mL and 6.36 wng/mL, respectively. The LOD and LOQ of gypenoside LVI were 2. 05
ng/mL and 8. 18 png/mL, respectively. The relative standard deviations ( RSDs) of precision,
repeatability, and 24 h stability were less than 2. 0% (n=6). The spiked recoveries of gypeno-
side XLVI were 100. 2% —107. 2% and the RSD value was 2. 4%. The spiked recoveries of gypeno-
side LVI were 97. 9% —104. 2% and the RSD value was 2. 6%. The results of 16 batches of Gynos-
temma pentaphyllum samples indicated that the gypenoside XLVI content was 0. 57% -2. 57%,
and gypenoside LVI content was 0. 66% —2.99%. Hence, this method has high sensitivity and

good reproducibility. Therefore, it can be used for quality research and quality control of
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Gynostemma pentaphyllum from Fujian.
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M 2% ( evaporative light scattering detector,
ELSD) Fl7R 22 #7 )6 #% ( differential refractive
index detector, RID), CAD H & & i & o 52 |
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Fig. 1 Structures of gypenoside XLVI and LVI

1 EREHERER
Table 1 Information of Gynostemma pentaphyllum samples

No. Source Specification Wild or cultivation Collection time
S1 Nanjing, Fujian (455555 ) crude drug wild 2018.09
S2 Nanjing, Fujian ( f##HFg5%) crude drug wild 2018.12
S3 Nanjing, Fujian (#8455 ) crude drug cultivation 2019.10
S4 Nanjing, Fujian (#5555 ) crude drug cultivation 2019.10
S5 Nanjing, Fujian (455555 ) crude drug cultivation 2019.10
S6 Nanjing, Fujian ( ##EFg5%) crude drug wild 2019.10
S7 Nanjing, Fujian (##8w%5) crude drug cultivation 2019.10
S8 Nanjing, Fujian (455555 ) crude drug cultivation 2019.10
S9 Nanjing, Fujian (#5555 ) crude drug cultivation 2019.10
S10 Nanjing, Fujian ( f##F55%) crude drug wild 2019.10
S11 Nanjing, Fujian ( f&HH%%) crude drug cultivation 2021.05
S12 Nanjing, Fujian (455555 ) crude drug cultivation 2021.05
S13 Nanjing, Fujian (##HR%%) crude drug cultivation 2020.08
S14 Changtai, Fujian (fii#1 %) commercial tea cultivation 2021.06
S15 Changtai, Fujian (fEZK %) commercial tea cultivation 2021.09
S16 Changtai, Fujian ({82 %) commercial tea cultivation 2021.06

1.2 EMHESH
1.2.1 € P AT FF o B

FRE 28 B W F2 1 XLV AT LVI X B8 & 8 K6
R T L BE-K (70:30, v/v) A8 I R —
ERFRE LIRS 0. 22 pum fAL I8 B % B A5 ) 1
AT

R BRI RS AE R R 0.2 g, A S BE-7K
(70:30, v/v)30 mL FHIEHEILIH , #7521 30
min, BUE R RZ 0. 22 wm fFL g A5 i 3% RIS
VA
1.2.2 = M4 oA 3 A1

6% 41 . Waters ACQUITY UPLC BEH C18
JEFE (100 mmx2. 1 mm, 1.7 pm); Fishtl A 4
0. 1% (v/v) HER/KIEW, s Al B A O JE . BREEVE
W44 .0~2 min, 10%B~25%B; 2~7 min, 25% B
~32%B; 7~10 min, 32% B~33% B; 10~ 12 min,

33% B~35%B; 12~22 min, 35% B~46% B; 22~27
min, 46% B~56% B; 27~28.5 min, 56% B~95% B;
28.5~30 min, 95% B; 30~30.5 min, 95% B~ 10%
B; 30.5~33 min, 10% B, Jii# "~ 0.5 mL/min; ¥
N 40 C ,Lﬁﬁéﬁ:ﬁ:{ 2 wL,
1.2.3  ®ATE IR g A0

HELIE 55 LS (EST) R, £ B B8, g 1 TR
H 110 C, BRI SR AR, it A 850 L/h, iR
JER 450 T, BHEHER 2.5 KV, HEFLHEH 50
V KRR RE R 6 oV, B RE I AE
35~65 eV, HTEE A m/z 100~1 500, K5 i &
BOHZE R RR- i E K (leucine-enkephalin ) i K £ 1T
KIE .
1.3 2ENE
1.3.1 B o v o B

3 G % R EBOGT R o 2R 4 i i 2 XLV Al
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LVI &, ] 2 BE-/K (50 :50, v/v) #f#, T 10 mL
ZER RS WA IR B 4300 1. 272 mg/mL
Fl 1. 636 mg/mL X IR S il A R, 4 C vKFE AT
#wH
1.3.2 iR & AR 6 B

KB FRBRE R 0.2 g, B T 100 mL H ZEJE
B, A 30 mL 2 BE-7K-24 7K (50 :46 : 4,
v/v/v) B FE T HE I 30 min (TR 600 W, 4R
40 kHz) , #1824 h, FRE LUASHT G a5 25 5%, A
PRI A R i B 1 mL BV IR £ 0.22
o LSRR 8, REI
1.3.3 4B E oA 3 A

{0 3% 4% . Waters ACQUITY UPLC BEH C18 {5,
JEH (100 mmx2.1 mm, 1.7 pm); sl A 4
0. 1% (v/v) HIRIKE W, TS A B G MR UE
JB 4% 4. 0 ~ 10.4 min, 30% B; 10.4 ~ 10.5 min,
30% B ~95% B; 10.5 ~ 14.5 min, 95% B; 14.5 ~
14. 6 min, 95% B ~30% B; 14.6~20 min, 30% B,
T A 0.5 mL/min; #ER R 40 O #EFEAFL 2 uL;
H 35 ARG I 25 SR A2 491 % 10 Hz, 28 LR 35 C L ¢
Wls,

2 F#HREIFE

21 EWHEE

KIFEAY T AR 7 B R Ak a1 L
JH UHPLC-CAD Z#r i 7= 2 I i, 15 31| CAD 45
SUEE  nE 2a s, R TEIE 1 ~4 R4
JREWE 9 3 A 40, 7 A (R 46 20 R A (3 2k 1
T, # F§ UHPLC-Q-TOF/MS X 4 &2 7= 48 W s i 47
2 Ay % SEIE RN R 2b ffs B b AR
PR BRI E] ARXS o3 B e B AR 2 | Ehe

Intensity / %
T

L L
10 15 20 25

t/ min

B2 SRARIEHSE(a) UHPLC-CAD i &t E
(b) UHPLC-Q-TOF/MS 4t EI& &

Fig. 2 (a) Chromatogram of UHPLC-CAD and (b) base
peak ion chromatogram of UHPLC-Q-TOF/MS of
Gynostemma pentaphyllum sample

Peak identifications 1-8 were shown in Table 2.
CAD: charged aerosol detector; Q-TOF/MS: quadrupole
time-of-flight tandem mass spectrometry.
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1007.5393 [ M+HCOO ]~ Fl 4> F & F 1§ m/z
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Table 2 Main compounds in Gynostemma pentaphyllum samples

No. tR./ [M+HCOO]" [M-H]" Formula Mass error Fragment ions (m/z) Identification Ref.
min (m/z) (m/z) (mDa)
1 9.31 1139.5815 1093.5768 Cs3HyyO,4 -2.7 931.5248, 799.4843, 637.4322, 475.3796 gypenoside LVI standard
2 9.68 - 1179.5765 CssHy, Oy -3.4  1135.5875, 1093.5769, 931.5251, 799.4869, malonylgypenoside [11]
637.4330, 475.3795 LVI
3 10.86 1007.5393 961.5349 C,Hg, 04 -2.3 799.4833, 637.4313, 475.3790 gypenoside XLVI standard
4-1 11.28 - 1047.5348 C5 Hg, Oy, -2.8 1003.5456, 961.5353, 799.4845, 637.4318, malonylgypenoside [11]
475.3795 XLVI
4-2 11.28 1123.5870 1077.5837 Cs3Hgy0,, 0.8 945.5414, 783.4849, 459.3837 gypenoside IV [26]
5 15.64 977.5294 931.5249 C,;Hg Oy -1.7 799.4980, 637.4367, 475.3831 gypenoside LVII [27]
6 17.58 845.4882 799.4839 C,,H,,0,, -0.5 637.4319, 475.3790 gypenoside XLV [28]
7 21.03 815.4780  769.4724 C, H,05 -1.4 637.4319, 475.3820 gypenoside LXXVII  [29]
8 23.63  683.4365  637.4297 C3Hg, Oy -1.9 475.3859 gynosaponin TN1 [30]
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A9k m/z 1047.5348 [M,, -H] ", LU & m/z
1077.5837 [M,, —H]™ #l 1123.5870 [ M,, +
HCOO |~ B4 F 85 70 #E il (035 0 4 5 A
&Y, BeEY 4-1 Fife &9 4-2, R4 HHE 7+
BT, o ERT L A 4-1 1953730k C5 Hy, O,
(m/z 1047.5348 [M,,-H] ") tb&Y 4-2 01
KK C,Hy,0,,(m/2 1077.5837 [M,,-H] "), il
RIS T B U LB 4-1 TERE R i
R PR A B R m/z 1003.5456, 961. 5353,
799. 484 5 637. 431 8 475. 379 5, 3 W HAE = e &
HEEME R P MR RE B m/2 44 (CO,) .m/z 42
(C,H,0) F1 3 73 F75HikhE . BRE 2 m/z 44(CO,) |
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XLVI — 3, 254 3k Jas Wb 59 4-1 I —
P - 2 B 2 XLVI, b G W) 4-2 TR 1 =g
AR T 2 A A m/z 945.541 4, 783.4849
459.383 7, FXHAE R RERIHELE N 1 43 F K
WA 3 S0 F /Sl 285 & SCHRRE 2 WL 5 9 4-
2 N R IV, b 4 pas TR A
AR T ABESE B B 1AL A TN i WE - I
L XLVI FZ R e IV,
2.2 WRKBREGRL

TN R RE- 2 s L XLV Al LVI 76 AR 7 48
JRE W e AR (H HOR R 28 5 I 2 T 3
DI S IR TS 25 NS e SOk e iy =
LR B A b B IE Y B MR AT A A
S, K B WA R AT B K A AL B P

4o A B

ITH=E

G35 58T iR A R K R L4 (1% 2%
1 4% ) 12 B E] (12,24 F1 36 h) XF 48 ik A
XLVI 2Bk BAf LV k-2 B i 2 1 XLVI
FIA R L2 B ik B LVI S &5, 240K
TRFL BN 1% 1 29% ISF, P Tk k-4 % i b2
XLVIFIPN Bt -2 Bk ' LVI 7E 36 h (NS4 RTHE
SEAREAL FERTT R s M Z KA B0 4% 1) ,24 h
PPN R -2 B s FE T XLVI FI LVI BV A] 5¢ 4 5%
fb,H 36 h 5 24 h TR, LA % B MIR
T pH AE LA K SR K | B 5 Bl K i 25 1 /KR
TR 4% , IV 24 h, FIRTBRK e 75 56 2 A9t
FEANE 4 T, 4000 8 S R BOK R T TS
UHPLC-CAD a3 &] , okl 2 O 58 454k, 1Ml ifi
U Y i i g 4 WA e %k, 2.1 e Ae
W 4 T T 2 MEeE Y, Kb e 4-2( 8k
WEEAT IV) G54 R A5 V9 Ik 3 K A % L TG
S, g A R I A2 B K f# % B g m/z
1077.5837 [M-H] RbG4) 4-2, Ut &8 A
LAY 4-1 B 2fF AR 250 B 2 s 2
1 XLVI, BZ 504 T ik i 256 4,

WEAN IR RIAEAR AN R IR RIS [ AR 1) A
FELBERE AL S1.S3.S6 Al S16 1E iR 44 T AT
BUK A | BRI 43 S BBORE i i, 76 1. 2.2 WA
T4 F #k4T UHPLC-CAD Z3#7, i/ 5 fis, A
[ b VR A Sl 7 8 B et P — SO B i K fi
ZAF TSR] 2 0 79 I -4 i i R 1 XLV A
LVI ¥ fi8 5¢ 4 5 b o0 AH DL A9 28 1% i 52 XLVI Al
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Fig. 3 Mass spectra of peak 4 in negative ion (a) low energy and (b) high energy modes
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7/ min ofw‘f,.».‘,L.‘H,‘..‘,H.JJ,.‘
B4 QRIS S10 758 4% SKREUAH S 5 24 h 209 Sample S16
(a)Br.(b) EHIBIEE PEREE
Fig. 4 Chromatograms of Gynostemma pentaphyllum =103
sample S10 (a) before and (b) after the reac- 57
tion in the extraction solvent containing 4% | o
L e L L I

ammonia for 24 h
1. gypenoside LVI; 2. malonylgypenoside LVI; 3. gypenoside
XLVI; 4. malonylgypenoside XLVI/gypenoside IV; 4-2. gypeno-
side IV.

LVI, H%Ab 5 2 e i B 1 XLVI Al LVI A9 58 7% &
i THA R LA, #E— 2D B T AR S R BRK fif
A0 38 A DA K S VT AN 4 A B SR BRI A
Bl

2.3 REAEML

TERE A AR HRAY 2 78 v 4300 25 8 1 A [ 44 By
F BEEURHA EE DL B B BCRs [R]% 2 i 5 2 1 XLVI
HLVI $EBCRFE ], [RIE, 2545 2.2 9Bk il 55
PEUEACZS S T4 U AR Al ik 7% v 35 7 4 B 1)
I ARFR B 4% K, SRR R 1:150
(g:mL) A FEETE] A 30 min B, 76 AR [R]HRHU
F1(30% ,50% ,70% H B /K 35 W AR 30% . 50% ,70% &
BRI ) T, B EOR Hh S8 R R 1 XLV Al LVI
B TR 22 0 43 9l A 13378, 22305, 24015,
17 670 .23 959 F1 21 043, H i, 70% W B K 5 K 5
50% £ BEETK VA TR P A R 23 1) B B AR S (H R T
B NS IR, Bk H 50% L BEK R (& 4%
ZK) VAR IUA )

MPEIUA TR 50% L BEKEEI (4% oK),
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1:150 F11:200, g:mL) &, S48 BOK 2 5 2 11
XLVI 1 LVI () W 1 2 Fi 43 5] & 18 152,20 721,
23959 123974, 1:150(g:mL) 5 1:200( g :mL) #}
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5 WKEEAERERERAE UHPLC-CAD &iZE
Fig. 5 UHPLC-CAD chromatograms of different
batches of Gynostemma pentaphyllum

sample after the alkali hydrolysis
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2R 20 .30 .40 F1 50 min, S BOR 48 B R
XLVI Fl LVI [ i £ 2 F1 43 1 J2& 22 888,23 959
23917 H123 983, 242 B A [A] Jy 30 min 5, P Ff{k
G C TR BRI, I BE A i U ] 3 g T AR
ToHI R 225 WAR LT AT BRI H) 42 5 40 A RO
BB FE L (3] 2 30 min,

I AR E N« L K-Z K (50 :46 04,
v/v/ V) VERFRIE 7], B EE 1:150 (g :mL) , H 7
$2LHL 30 min,,

24 WHEBEZREFNRK

FEE T TR A LA A 8] ) 30 s A 2 vt
P SO0 R A IBIE A0 BRSO 520, TR
PRI T 2K A S A — ek
(pH=8.8) , BMEEFE Y 5T 32 — & ATk, 1
#& Waters ACQUITY UPLC BEH C18 G 3%4% (100
mmx2. 1 mm, 1.7 pwm; pH Mif3Z7EHE.1~12),

KT UM B, %5 T AR s A R 48
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6 (a) KRR (b)RAXRMAA UHPLC-CAD &ikE

Fig. 6 UHPLC-CAD chromatograms of (a) Gynostemma
pentaphyllum sample and (b) mixed reference
substances
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JEE v E 43 5 R 409. 00, 204. 50, 102. 25, 51. 13,
25.56.12. 78 wg/mL ) Z FITR A X B 5 A 0 R 2%
W I 3d 2R 50 A 6 BRI 45 2 L, 43 ol 4
1. 3. 3 WAV IS SR UEREIN 2 . CAD 2RI T 5%
- e i) HPLC Azl s, JFnie) 107 655 4 000 49 Jo 1)
HEERHOCR ,, T X B A s R R BT
B OARSCLARRINAL 43 B e (wg/mL) X5
{EL(X) AR AR A e 1T AR X BUMEL () A N A s 3

SEARMERRZE, A5 Rk 3 iR, & R XLVI
1E9.94~318.94 pg/mL &M B LVI 7 12.78
~409.00 ng/mLEHEIN, X 5 Y &M R KL, M
KFE(r) 43314 0.999 3 F10.999 5,

A3 IR 2 ot BRGSO R R TERE ARSI
S LIEME L (S/N) 2T 3 A1 10 AbnifE i xE 2 F
L& YRR B (LOD ) FlE #FR (LOQ) , Hidr, &
JBEE B XLV A H B 1. 58 pg/mL, & i R A
6.36 wg/mL; & I ik 2 LVI ik i FR o 2. 05
pg/mL,EmFRA 8. 18 wg/mL,
252 RBEERR

BUR AT IR SR, $i2 1.3, 3 W A (3% 4%
PR SEHERE 6 K, 0 s AR, 200K 2 1 XLVI
F1 LVI U AL RSD {E 73 51124 0. 88% F11 0. 44% (n
=6) , RGP R4S,
253 BEHERKED

B 1302 715 7 il A5 04[] — A3 0 VG
(%5 :S10) s HIEEIR FLE 0.2.4.6.8.12.24
h, 4% 1. 3.3 77 BIAH (3% 45 (A R R ARSI, 1 S 0 T
A I A XLVI AL LVI & . —F
RSD {43514 0. 98% F1 0. 90% (n=6) , F WLk i
AR 24 h IWERUE .
254 EAHERR

KB FRIL 6 13 [F]— U 1) 28 LA A oK (G
5:810)0.20 g, % 1.3.2 15 7k & R R E
F2 1. 3.3 1 BV (A S SL R D SR TR,
FHE 2w S XLVI A LVI & &, —% RSD fi
3R 1.39% F1 1.55% (n=6) , KIZ Tk ER
PR A
2.5.5 AR B F AR B

FEEAREL 6 4 [7] —HE UK 1 S oK (G
S10) 0. 10 g, ¥ % A AH 24 1 /9 %0 B8 o i W, 9%
1. 3.2 W5l a8 A i S VA W, # 1.3.3 TTIRAH (1
TS, SRR, 0 SR W Tl AR, TR 2 A
1 XLVI #l LVI /9% &, Ok 2 XLVI 5 LVI
AR R 43 B AE 100. 2% ~ 107. 2% 5 97. 9% ~
104. 2% JEFE N, RSD {H 73510 2. 4% 5 2. 6% , & W]
T HERYE R,

R3 ZREEH XLVI 5 LVI B&EHE &EEE  AX R AHRIERR

Table 3 Linear equations, linear ranges, correlation coefficients (r), LODs and LOQs of gypenoside XLVI and LVI

Compound Linear equation Linear range (pg/mL) r LOD/ ( pg/mL) LOQ/ ( pg/mL)
XLVI Y=0.8334X-1.4707 9.94-318.00 0.9993 1.58 6.36
LVI Y=0.7993X-1.4304 12.78-409.00 0.9995 2.05 8.18

Y. logarithm of peak area; X. logarithm of mass concentration.
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VAR LT A A R RN A3 501 0 S S R I
FEA P2 A XLVI A LVI B & 25 51 %
4, GEREWE TP W B XLVI A B A 0.57 ~
2.57% Z i), & W5 2 LVI B9 &% & 7E 0. 66 ~
2.99% Z[a], Hirr BP AR 2R S (5. S1.S82,
S6 F1 S10) Hr 46 bR 43 5 12 BEAR T FRAE AR & 5 B
ZSRESN (S5 .S14 S15 Fl S16) 485 B4 & 5
FHAFES

F 4 FEHOCSBRERE SR SRIE S XLV 1
LVI&E(n=3)

Table 4 Contents of gypenoside XLVI and LVI in different
batches of Gynostemma pentaphyllum samples

(n=3)
XLVI LVI
Sample
Content/%  RSD/% Content/% RSD/%
S1 0.57 3.23 0.84 2.56
S2 1.09 1.62 0.93 0.64
S3 1.88 3.55 1.61 2.37
S4 1.44 0.88 2.05 1.64
S5 1.52 0.85 1.98 0.07
S6 0.81 2.41 0.88 3.63
S7 1.17 0.66 0.96 0.76
S8 2.01 2.61 1.81 0.78
S9 1.68 1.85 2.27 1.46
S10 1.16 0.20 1.49 1.15
S11 1.17 1.95 0.98 1.68
S12 1.01 1.07 0.84 1.32
S13 1.15 1.16 0.66 0.79
S14 2.57 2.59 2.99 2.45
S15 2.16 1.83 2.05 1.70
S16 2.12 0.82 2.10 1.43
3 #ig

AWFFEH| ] UHPLC-Q-TOF/MS 454 UHPLC-
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