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Abstract: Objective To analyze the chemical differences in the fruits of Tritulus terrestris from different areas in the domestic and
explore the potential chemical markers between the fruits and whole plants of 7. terrestris. Methods Chromatographic separation was
carried out on the Acquity HSS T3 C,g column (100 mm X 2.1 mm, 1.8 um, Waters) with the mobile phase composed of 0.1% formic
acid in water-acetonitrile in the gradient elution. A hybrid quadrupole time-of-flight tandem mass spectrometry (Q-TOF MSF) was used
for mass spectrometric analysis. The obtained datasets were processed by principal component analysis (PCA) and orthogonal partial
least squares discriminant analysis (OPLS-DA). Finally, the structures of chemical markers between fruits and whole plants were
identified based on their exact mass data and fragmentation characteristics. Results There was almost no difference in fruits of 7.
terrestris from different areas of China. However, the compounds existed in the fruits were different from those in the whole plants of 7.
terrestris. Eventually 12 chemical markers between fruits and whole plants of T. ferrestris were identified online including nine
chemical markers mainly distributed in the fruits and three chemical markers mainly distributed in the whole plants. Conclusion This
study could provide the guidance for the utilization of resource and treatments of 7. terrestris in clinic by comparative analysis on
chemical constituents in the different parts of 7. terrestris from different areas.
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yeth i, BRI 0. T (IR A
TN, WA Bah, BAPIERAS. WA W
H2Z o™, 45 L 677 SRmn% 2 SLHSLA.
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Table 1 Sampling site information of 7. terrestris

J¥5 KA GPS I /m KA
1 FER AR SRS I T i b 3 N43°36'19.57" E82°16'25.18" 829.4 2014-08-28
2 AT SR AR LR N43°55'30.27" E81°10'32.17" 594.8 2014-09-07
30 HEBAUEREL ROE £ &5 I N43°59'52.07" E80°59'02.00" 636.7 2014-09-23
4 FEPA )RR A 2 Sk N43°36'35.66" E82°09'38.14" 740.9 2014-08-28
5 HEEPTEIR TV KA KPR (RS N47°38'28.53" E88°18'59.18" 894.0 2014-08-30
6 HTERRTEIART AR SR LSk (AR D N47°30'40.62" E86°49'31.34" 810.0 2014-09-02
7 HERPTEIAR T AT BONRAKPE BT (RS N47°3321.11" E88°18'22.43" 690.0 2014-09-01
8 WA HARPUREEZS SRR N44°04'35.66" E88°50'3.10" 704.3 2014-09-10
9 B EOARETR AL REETR TR N44°03'14.98” E89°13'11.86" 659.9 2014-09-10

10 CHrEE A S S RP R E PR 2 N44°02'34.89” E89°01'49.72" 695.1 2014-09-10
11 B EEARFE/RE LS )\ H N43°56'57.61" E89°16'10.78" 816.1 2014-09-10
12 WSS EAPURE =68 R G TR B N44°04'52.29" E88°54'2.14" 696.3 2014-09-10
13 AL EEXITTIE R I 3% %55 N39°5028.83" E116°13'14.39" 58.1 2014-08-23
14 ZREEMEMTTZ-WE O RS — — 2014-10
15 ZEMAMTS-NE@ (RS — — 2014-10
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Table 2 Information on reference substances of T. terrestris

o ) k4 P A e
1 1 25S-terrestrosinI 15 2 (25R)-26-O-B-D-NtIe i 45 bl 3-5 a0k £15-20,22-—
2 1  25R-terrestrosin I Jii-3-O-B-D-HL i ASHEHE -(1—2)-[ B-D-HEL I A B
3 1 (25R)-26-O-B-D-N: I 58] & H A -S a1 55 - 12 - HE-(153)]-B-D-MLL e 7 2 B -(1—4)-[o-L-MEL T
3B,220,26- = [§-3-O-B-D-HLL e 2= FLH I - B 2B - (152)]-B-D- AL 2 FUBE A
(1—2)-[B-D-Mk i AN £E-(1—3)]-B-D- 16 2 tribuluside A
L W 61 25 - (1 —4)-B-D-MHL g = FLB A 17 3 (255)-24-O-B-D-NE I 45 Bl 5k -5 o- R 55 -3 B,24-
4 2 polianthoside D T §%-3-0-B-D- ML AKHE-(1—2)-[ B-D- L i A
5 2 (25R)-26-O-B-D-MLI TR HE-50-10 538,220, BEHE-(1—3)]-B-D- NI 7] 2 B -(1—4)-[0-L-
26- = [ -12-i-3-O-B-D- Lk e 7] 25 B I WL B 2 L - (1—2) - B-D-HLE et 2 ST
(1—4)-NHE i~ FLR A 18 3 (25R)-26-O-B-D-RH I A A B JE-5 015 $5-5(6),20
6 1 parvispinoside A (22)- - 4%-3P,26- [E-3-O-B-D- e 4 4 i I -
7 2 purpureagitosid (1—2)-[B-D-ML M AKE K -(1—3)]-0-B-D-NEL IR
8 2 terrestrinin I W ML -(1—4)-B-D-NEE R >F= b
9 2 (25R)-26-O-B-D-MLIH H A HRE-Sa- R $5-12-[f- | 19 3 (25R)-26-O-B-D-M i 5 45 B - Sa- 1k 5§ -20(22) -
3PB,220,26- = ¥-3-O-B-D-It WG A KE - (152)- J75-3B,26- WE-3-0-B-D-HE IR FH 2 B - (152)-
[B-D-MHIRACHHIE-(1—3)]-B-D-HHL e ) 2 A - [B-D-FEL IR A B F2-(1—3)]-O-B-D-NH I 48] 25 4
(1—>4)-[a-L-MHE MR B 2= 08 KE-(1—2)]-B-D-ntL IR He-(1—4)-B-D-HL IR - FLBE T
P FUBE 20 3 26-O-B-D-MLIR %5 Bl KE-(25R)-50- 1k ££§-20(22)-
10 3 (208,25R)-26-O-B-D-Ht Mk 75 2 B -5 -1 55 - WUE-3B,26- - [-3-0-B-D-M IR AHE JE-(1—2)-
22(23)-%-3B,210,26- = -3-O-p-D-RH IR K 3, [B-D-IH I AKHIE-(1—3)]-B-D-FH I B AT HE-(1—4)-
Bl HL-(1—-2)-[B-D-Nitieg A -(1—3)]-0-p-D- [o-L- SR ZEREIE-(1—2)]-B-D-Ft i - FURE T
NHL R 75 28 B - (1—4)-B-D-NHL IR 2= FL B 21 3 terrestrosin D
11 2 (208,25R)-26-O-B-D-Mt A A B IE-5a-lEHS- | 22 3 (25R)-50-MR{5-12-F-3p-—FE-3-O-B-D-ILI A

22(23)-#%-3B,210,26- = FE-3-O-B-D- Nt 15 1 %5
Bl BE-(152)-[B-D-ML I AW FE-(1—3)]-0-B-
D=L R 4 25 B - (1 —4)-B-D- MLk I - FLH AT

12 1 parvispinoside B

13 2 terrestrinin D

14 2 uttroside B

B (1—2)-[ B-D-AH IR A B I -(1—3)]-B-D-htt:
Mo ] 4 5 5~ (1—4)-[o-L- B2 3 -(152) -
B-D- e == LB

23 3 F-gitonin I desglucolanatigonin 1T

24 3 gitonin I desgalactotigonin
25 3 25R-tribulosin

B ASLG = M R s rh 45 31, JF i B
Y U, H4 HPLC Kull, B 04 KT 98%.
2 HESHR
2.1 BIEEHG

4. Waters ACQUITY ™ UPLC HSS T3 4,
BEAE (100 mmX2.1 mm, 1.8 pm): WEHAH: 0.1%
IR K (A) -2 BF (B, BEEEVENL, ZetEsss
VeBEAE: 0~0.5 min, 5%~15% B; 0.5~8.0 min,
15%~20% B; 8.0~14.0 min, 20%~25% B; 14.0~
15.0 min, 25%~28% B; 15.0~18.0 min, 28%~35%
B; 18.0~23.0 min, 35%~45% B; 23.0~27.0 min,

45%~50% B; 27.0~32.0 min, 50%~70% B; 32.0~
34.0 min, 70%~80% B; 34.0~34.1 min, 80%~
100% B; 34.1~36.0 min, 100% B; {AFiiE 0.6
mL/min; FEiff 45 ‘C; HEFER 4 uL.
22 FRIGEH

FEL 55 L B9 25 T (BSD), B A2 A iE
T T, BRI 100 °C, B H AR =
R 850 L/h, N 450 C. BAE I
3000V, HEFLHEL S A 30 V, 33TE R m/z 100~
1 500, fEKAEEAIHHS trap L4 6 eV, transfer Hi
A 4eV; mfeEARN, B TE: trap I
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N 50~65 eV, transfer HLJE N 12 eV, 1FE & 7R :
trap Hi [N 45~60 eV, transfer HLE K 12 eV. #EAf
JitiE#UH leucineenk ephalin /ERE 1F ¥

2.3 X miARE&E
230 AR ORSEFREUEREE ST BID XA 1.53

mg, T SmL23%4ME, FLHIE 0.306 mg/mL %5 -
232 FSARASE 15 AR (1~15)
S fE I 40 HIf, SHZMBAK 1.0 g,
PR, BT HIE =S, 2 AR 204 60%
LE 20 mL, ¥29( 30 min Ji5 i A AL (TR 250 W,
AR 40 kHz) 20 min, ¥ HIG 4w mIEgEn, &
5 EREEAE 1 IR, GHIEHE 2 SPE [HAHZE U AL
B, FREAARTRY B0 80% LBEVERE 2 50 mL &+
IR, BUbE, 2022 pm MALIERER S, B
SEVEVR 1 mL, 2> 100 uL WARER, EIFS.
233 AEAHANIER 10 DNEEREN 2 L,
K3y, Ak E I 40 HR, d RS
25 L 0.127 1 0.354 1 0.519 HL 1.0 g, KK
S, FEIC2.3.27 IR VAL E S, 40 A 100 pL
WERAER, B

A P g
2

Wk 3
H

24 REVMBRBRHE

H U8 AT AE KRG S i, ik i85
RAFAE K R G5 HARIEED, 18 2K R 4
SEATTR, WO BT T OIS -K R S T
KA BATEIR T - K RS0 Hhwis 24 e
Z X 25 (RIS) SeAflk, AT, REE 2o
WA 1, 2, AR A 3 (23, 24 X
25 (R/S) FHatk, fERM Cig BRI 8, %
X HE o 5 e AR B TR HE P, LR 2,

25 AT 0.3 mg, RESFRE, 411, 2+
FXTHO AR T 1 mL 23%ZME, 20 3 hasxt i
AT VAR T 1 mL70% s 7555 Al i 3 o
PO A2 O B A A5 100 pl, VAT, BIAS .
2.5 AEFHERRIUFER DX LS
250 BEEFSAZE RO b AR (B A
W BT, BOREZE R S IO T T AR
Sof R 3 L, 6 UPLC-Q-TOF MS® i 55 -t I AH R £,
TR TR, AT iR R B B A, Ak
GWgn s WAR 20 Horp BACRPER) RS Aul i of s &
F 0. dbnt A3) R E TR LE 1.

19

4 23
21 2 24 25
] S ¥ .
INIL i o
1181 . . :
Jest (13
1
2
s <
3 p 12 21 23
M; - A‘MI\'GEP.‘\‘L ] L] 1 1 Ill 1 1 i\ T 1 Im 1 ] AA;
s (10)
, _
1 12 )
3 16
P x P
5 10 15 20 25

t/min

X e B2 2 B

Peak No. of control substance is consistent with table 2

1 EEXNREABRRERRE UPLC-MS R1E BPI
Fig. 1 BPI profiled by UPLC-MS for reference solution of 7. terrestris and fruits of 7. terrestris
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252 AN[E] b e FE R SEAR A o RO O3 B
(principal components analysis, PCA) & T X4}
ANTF] = M B R R A 2 B i 22 5, K] PCA A
YUMo ZZ 3R, i3 PCA 1547 K]
DL 2. PCA 1545 [ Hh o BE RS A A 5 3 A I
o, HEAHRZ, Sl RS AT B2
253 FIXERSHT PCA 40 #T45 BB R %7 1
PERE RS O AR B, h T LRI TS
PRI SRS O 1) 22 e R R, BN T R A s

50 4
i
0 -Heisenmn
= -11132
1 =417
-50 17

=50 0 50 100
t[1]
PCA EIHh4i 5 5% 1 5
No. in PCA plot is consistent with Table 1

2 FREFHIERRE PCA BHE
Fig. 2 PCA/Scores plot of T. terrestris fruits obtained from

different producing areas

B 10 MbE BT B, 48
TR REA P & By CHRE R C TR0 W BR An RE R
BIT ¢ 3R 10 AMEA4) $RHGE 130 €0 I (1 e 1
H, AIRRETE BI AT AL 100, SR %
T U ARG T AR T 0 (R M TR A B A . 0 HT
ANTRI = HRE it P 5 o E T U (R AR X D TR R (56 3D
AILAURIL, B AL R (1~4) A5G
TR AR BERE (5~T) Z A SRR B
HE S (8~12) A2y 2 S M AR IIAE [A) 43
SER PRI R E s b e gEEE (13) FER
25S-terrestrosin I (1) L H; ZE MM T34 E A
SRS (14~15) A5,
26 EERIELEEUERSITLLLH

X 10 ZHANIR] = A IV R E sl 5 A pe A
HET PCA 730#r, P43 PCA 1940 I ILIE 3. —4E PCA
3o BRI, PER R SR A S A R AL 2 L) 2
IR N T PR XA SRR 2 FH A (1) %
S RY, SR FH IEA S dpe /N 341531 43 Mt (OPLS-DA)
HHATAEEE, 1551 S-Plot & (P 4). B EFEE RN
L, BY VIP (E KT 2.5 (Rt 7oy, ixee iRk
X 2 DTHRBOR ISy, B fie 15 MES#bs
Y AL sz 12 4y, 2R3, Wk 4. |
T4, HEE RS AR W) T2 SRk

R3 FRSHHERRIE 10 MERS M HEITIEER

Table 3 Relative peak areas of each constituent in 7. terrestris fruits from different producing areas

G5 1 2 3 4 6 7 12 14 21 24
1 10.841 20.572 — 32.965 — 27.434 — 139.159 4.204 —
2 8.402 18.946 — 9.555 — 17.133 — 65.898 2.471 3.130
3 7.432 22.072 — 36.036 — 33.559 — 188.288 6.081 3.604
4 8.865 16.489 — 46.631 — 12.411 — 154.362 4.433 0.532
5 12.152 21.007 5.729 19.097 4.687 4.861 16.493 8.507 13.541 9.722
6 32.877 24.659 0.913 4.795 — — — 4.795 10.502 2.511
7 5.075 17.481 4.135 8.835 10.714 18.421 51.128 55.639 4.323 7.519
8 12.955 27.530 1.215 28.138 — 30.364 — 137.65 17.409 11.538
9 18.065 30.753 — 5.806 — 7.957 — 21.935 6.022 4.731
10 19.517 44.736 7.675 6.798 4.825 7.895 23.903 23.465 14.035 7.675
11 11.367 19.005 — 19.360 22913 95.027 — 3.730 2.487
12 9.634 14.836 3.276 20.617 4.432 27.360 8.478 127.168 14.066 8.863
13 64.161 23.699 14.451 2.505 — — 11.753 3.661 6.166 1.156
14 17.660 17.881 0.883 5.960 — — — 5.739 15.232 3.753
15 13.394 42.202 — 12.110 — 4.587 — 8.440 8.990 1.835

TG g s 5% 2 5

Compound No. is consistent with Table 2
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AR TR, SRS "4 [2M+HCOO]

! e T TN 870, T8 b Ik 2 2 S 1 1) R B N (]
R AT 23 00 B A A 5 1 5 S 6 = 0k Lt B A

JEICHR LTS, TR e, L LA 5.

=JL 4-1
=
=JL 241

«JLBl4 10-1
*JL 13-1

t[2]0
=)
—

/ S-Plot(Group1=—1, Group2=1)
A 1.0}
/ 0.8!
0.6!
0.4
0.2|
0.01
—0.2!
-04
—0.6 .
0.8 wrs madd

PCA Frhgiis 5% 1
PR BORE S
No. in PCA plot is consistent with Table 1, JL-1 and JL-2 represent

B JL-1 5 JL-2 i RASERER S L

P(corr)[1]P(Correlation)

—0.004 —0.00 0 0.002 0.004 0.006  0.008

fruit and whole herb sample of T. rerrestris CoeffCS[2](Group_1)(X Effects)

B3 ERERLS52E PCABNE
Fig. 3 PCA/Scores plot of fruit and whole herb of T.

terrestris

4 REERIL52ELEK S-Plot H1TE
Fig. 4 OPLS-DA/S-Plot of fruit and whole herb of 7.

terrestris
R4 BEEAFRHASMESERSNETER
Table 4 Identification of markers from different parts of 7. terrestris
W gp/min WEME (mlz) EBEET TR RE (X107)  FEAFEIRL rEYEE
1 454  1111.5218 [M—H] Cs1HgsOs6 0.91 s tribufuroside I
2 6.73 1095.5274 [M—H] Cs51Hg4055 4.90 e 258-terrestrosin |
3697 10955337 [M—H] Cs1Hg405 8.25 s 25R-terrestrosin I
4 764 11255408 [M+HCOO]  Cs;HgOns 0.78 L terrestrosin J
5 785 933.471 8 [M—H] CusH7402 0.80 s (25R)-26-0-B-D- Lt 5 4 i %5 -Sa-
e $-3B,220,26- = Fi5-12-fi-3-O-
B-D- MLk i 4] 4 Bk (1—4)- Fik
PFLHETY
6 9.59 1097.5457 [M—H] Cs1HggOss 1.26 sk terrestrosin G
7 10.61 935.488 1 [M—H] CysH76020 0.92 e terrestrosin F
8 14.65 1213.5924 [M—H] CsHosOng 1.02 A uttroside B
9 1506  1111.5628 [M—H] Cs1HgyOx6 1.35 s (25)-26-0-P-D- N 15 75 727 B ik -
So-ME §§§-22- 4 %E-20,38,220,
26- DU -3 -O-B-D-NH I ] 2 Bl -
(1—2)-B-D- N I 7 70 i 2k -
(1—4)-B-D-ItL I - FLBH T
10 1507  1065.5543 [M—H] Cs1Hss003 1.13 s (258)-26-0-B-D- Mt R 4 24 Bl % -
50- 15 £ -3B,220,26- = Fi5 -3-0-B-D-
NELIRE AT 2T - (1—4)-[o-L- R 2
F5-(1-2))-B-D-M - FUH
11 1621  1329.6357 [M—H] Co1H102031 4.03 4T tribuluside A
1375.650 6 [M+HCOO] 1.15
122592  1195.5849 [M-+HCOO]  CssHgOss 0.09 AT 25R-tribulosin
13 28.09 2952275 [M-H] C1sH3,0;3 1.06 s KU E
14 33.74 581.4550 [M—H] C33He04 0.89 P REE
15 33.99 333.2275 [M-H] C;5H3505 0.83 s KU E
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AR A RR S

H

41 3.1
—Gal— Gle—Xyl
P12

Rha Xyl

12R=

& 5

R,—O

O—Glc

R, n,,

4-1
4 R=H R,= —Gal-4—'lGlcz—GaI
6 R,=0OH Rz—GalTGlc—Glc
7 Ri=OH Ry=_ . —clc
9 Ri=OHRy=_ G 2L

R;=H 5(6)-ene, 25R/S
Ry=H 25R/S

Ry=H 25R

R;=CHj; 258

4-1
10 R;=H R2=—Ga1-—-Glc
[2-1
Rha

Ry=H 25§
O0—G@Glc

K% , ////

4-1  2-1
8 R;=—Gal—Glc—Glc
! 131

R—O Xyl

=={{ITITD

41 31
11 R=—Gal—Gle—Xyl
1 |21
Rha Xyl

ERANRHAMMESER S

Fig. 5 Structures of markers from different parts of 7. terrestris
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