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Abstract: Objective To study the phenolic acids and a-glucosidase inhibitory activity of Nitraria tangutorum fruit. Methods It
was separated and purified by silica gel column chromatography, MCI medium pressure chromatography and semi-preparative high
performance liquid chromatography. The compound structure was identified by combining NMR and MS spectroscopy data. The
inhibitory activities of the compounds on sucrase and maltase were screened, then the compounds with better activities were
analyzed by molecular docking with sucrase and maltase. Results Eleven compounds were isolated from juice of N. tangutorum,
which were identified as 6-O-p-coumaroyl-a-sophorose (1), 6'-O-p-coumaroyl-B-glucopyranosyl-(1-2)-a-mannopyranose (2),
4-hydroybenzoic acid (3), vanillic acid (4), protocatechuic acid methyl ester (5), p-coumarinic acid (6), caffeic acid (7),
6-0-p-coumaroyl-D-galactopyranose (8), trans-4-O-B-D-glupyransylferlic acid (9), cynarin (10), and paeoniflorin (11). The ICso
values of compound 7 on sucrase and maltose were 809.1 and 768.5 pmol/L, respectively, and the ICso values of compound 10 were
473.3 and 114.3 pmol/L, respectively. The molecular docking results showed that the binding free energies of compounds 7 and 10

against sucrase and maltase were —27.6 and —25.5 kJ/mol, and —36.8 and —36.4 kJ/mol, respectively. Conclusion Compounds 1
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and 2 are new compounds, and named tanguate A and tanguate B, respectively. Compounds 5, 8, 9 and 10 are isolated first time from

Nitraria, and compounds 7 and 10 have good inhibitory activities on sucrase and maltase.

Key words: Nitraria tangutorum Bobr.; phenolic acids; sucrase; maltase; tanguate A; tanguate B; protocatechuic acid methyl ester;

6-O-p-coumaroyl-D-galactopyranose
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2]\ 4-FHIEHE (4-hydroybenzoic acid, 3). FEL
2 (vanillic acid, 4)+ J5JLZER F I8 (protocatechuic
acid methyl ester, 5). X7 F# (p-coumarinic acid,
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(2.7 ¢) H XCharge 434+ (0~60 min, 10%~35%
N5 38N 8 NS Fr 40-1-4-1~40-1-4-8; Fr
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a1 BGRR[0 +4.50 (¢ 0.20,
MeOH); UV A (nm): 207.00 (0.578 5) , 223.00
(0399 7) , 312,50 (0.633 3); IR vyer (cm™'): 3378,
2921, 1630, 1604, 1514, 1443, 1263, 1170, 1026, R4}
N m/z 487.144 0 [M—H] A1 13C-NMR ¥4l
e H XN CoiHasO13, AMIFIE R 8. HRAE AL
AT T F Ak PR AT U , BT 465 440 m B 2 R

B3E. XEEAIZEIAIEA] . "H-NMR Al 3C-NMR (%
=1 L4491 %02 B 'TH-NMR F1 *C-NMR (600/150 MHz, DMSO-ds) #iE
Table 1 'H-NMR and *C-NMR (600/150 MHz, DMSO-ds) data of compound 1 and 2

D BriEtamss 1 ARAIEES [on 7.54
(1H, d, J = 15.9 Hz), 6.38(1H, d, J = 15.9 Hz); [dc
144.9 1 113.9], 1 MRIEE T 6c 166.6 A 14> 1, 4-
THURIAIALER [0u 7.57 (2H, d, J= 8.5 Hz), 6.79
(2H, d, J= 8.5 Hz); dc 124.9, 130.4, 115.8, 166.0],

PR IR E I HEN A7 & S ESE . ARYE 'H-NMR Fl
BC-NMR FEHENA  D-ntk s 2 s e, oA
Ui dE - H-1BAR & 540N 7.8 Hz, WOZHI &R
B AL, F—/MHERIIE T H-1 s W, fb5ArL
e (on5.12) EEH-1" (6u4.35) I, FF Humdthk
C-1 (6 91.6) B C-1" (6c 105.2) AAEHE X, Fr
LA N o #7. H-2 (05 3.18) F1C-2 (Jc 82.6)
HRA TR, I C2 5 C-1'HiE, 5%
SC R H A U0V ) W B RS 4 O B-D- Nk W A % B -
(1-2)-0-D-MELHR F ] FE MM . 8 HMBC 1% H-2 1
C-1'y C-2 Fl H-1"fF+EAH A5 5 LA & NOESY #E & H-2
A H-VFAEAERAE S, DA 2 MR 7 50
(B 1). H-6" (5 4.09, 442) F1C-6" (5¢c 63.6) £
WAL R A G S AR 6-OH AHI%E. 1t

o : :
OH dc on oc
1 5.12 (1H, brs) 91.6 5.02 (1H, brs) 92.5
2 3.18 (1H, overlapped) 82.6 3.75 (1H, brs) 78.1
3 3.64 (1H, t-like, J=9.2 Hz) 71.5 3.57 (1H, overlapped) 69.6
4 3.11 (1H, t-like, J = 9.5 Hz) 70.0 3.31 (1H, overlapped) 67.8
5 3.57 (1H, m) 71.9 3.49 (1H, m) 73.1
6 3.44 (1H, overlapped) 61.1 3.45 (1H, overlapped) 61.3
3.59 (1H, brd, J=11.3 Hz) 3.61 (1H, brd, J=12.2 Hz)
Iy 435 (1H, d,J="7.8 Hz) 105.2 436 (1H,d,J=7.5 Hz) 102.4
2! 3.07 (1H, dd, J=9.2, 7.8 Hz) 73.8 3.13 (1H, overlapped) 71.6
3’ 3.20 (1H, t-like, J=9.2 Hz) 76.1 3.21 (1H, t-like, J=9.0 Hz) 75.8
4’ 3.13 (1H, t-like, J=9.5 Hz) 70.1 3.13 (1H, overlapped) 70.1
5 3.41 (1H, m) 73.6 3.48 (1H, m) 74.3
6’ 4.09 (1H, dd, J=11.8, 6.6 Hz) 63.6 4.07 (1H, dd, J=11.6, 6.6 Hz) 63.7
4.42 (1H, brd, J=11.8 Hz) 4.46 (1H, brd, J=11.6 Hz)

1" 127.9 125.1
2"6" 7.57 2H, d, J=8.5 Hz) 130.4 7.56 (2H, d, J= 8.0 Hz) 1304
35" 6.79 2H, d, J=8.5 Hz) 115.8 6.79 (2H, d, J= 8.0 Hz) 115.8
4" 160.0 159.9
7" 7.54 (1H, d, J=15.9 Hz) 144.9 7.62 (1H, d, J=15.9 Hz) 145.1
8" 6.38 (1H, d, J=15.9 Hz) 113.9 6.39 (1H, d, J=15.9 Hz) 113.8
9" 166.6 166.5
1-OH 6.27 (1H, brs) 6.44 (1H, brs)
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Ah, H-6"5 C-9" (dc 166.6) 1E HMBC it K 17AEH
K55, dE— DRk 7 & S C-9 5 1KE C-6HHIZ
gia PG EHSHE SCREED, a1 HiE N
6" O-Xj“éﬂ@f’ﬁﬁt o-TRHE, Hdr fajj M A
WEY 2: BRI OMFR, [0 +0.48 (¢ 0.21,
MeOH); UV Ao (nmy): 208.50 (0.0.606 2), 223.00
(0.450 2), 312.50 (0.711 15 IR veer (em™): 3379,
2920, 2852, 1700, 1630, 1604, 1514, 1443, 1170,
1069, 1025 HR4fE =73 HE 1S m/z 487.143 9 [M—H]™
A1 BC-NMR Hiiff 2 2o 7N CaiHasO13, ANAE
R 8. ARAELLAMR O B HEMAL &4 2
MAZAFEEE HREE . BUEFRIAEE ], 'TH-NMR
BC-NMR (% 1) Bz EWEH 1 4 AR
=% [on 6.39 (1H, d, J = 15.9 Hz), 7.62 (1H, d, J =
15.9 Hz); oc 145.1 1 113.8], 1 MRIEAE S oc 166.5
AT 1L 4-ZHURMIZEIAEE R [on 7.56 (2H, d, J =
8.0 Hz), 6.79 (2H, d, J = 8.0 Hz); dc 125.1, 1304,
115.8, 159.9], #hEMFERT SBE LS. RIE
'H-NMR #1 BC-NMR AT D-AHk e 7 1 9% 1)
fEAE, AN EER T H-1ME G %808 7.5 Hz, Ui
AL FAIFE N 102.4, HEEHN B-D-HI & HE . 1@
KRR on 5.02 (1H, brs), 3.75 (1H, brs), 3.57
(1H, overlapped), 3.31 (1H, overlapped), 3.49 (1H,
m), 3.45 (1H, overlapped), 3.61(1H, brd, J = 12.2 Hz)
M 6c 92.5,78.1, 69.6, 67.8, 73.1, 61.3, 'H-'H COSY
N TOCSY F3#7 A K S5 SCRREUE if e AL &4 2 A7
£ o-D-H B2, HER MY H-2 (0u 3.75) 1 C-2
(3¢ 78.1) KAMERALAIFE, KUH EpER) C-2 57
I HE s 3L R C-14HI% . 183d HMBC #1 NOESY i
(AR OAE B H BB C-2 SR & B C-17
R, DRIRESR 5> Bk e 56 260 A 5 -(1-2)-0- H 5
B . HMBC ' C-9"F1 H-6', H-9"Fl C-6"HIFI A5 2
RIPAEH TN C-O"S5HER /1 C-64HI%E . 25 LFr

— !H-'HCOSY correlation

E1 L&Y 172 PEHEKEEERN HMBC. NOE 1 'H-'H COSY #%
Fig. 1 Structure and key HMBC, NOE and 'H-'H COSY correlations of compounds 1 and 2

RALEY) 2 HIEN 6-0-%t 7 15 k- - I et 78] 4 b
H-(1-2)-a-H M, IFdn & AT ST B.

&) 3: HEETEE R AR, 'TH-NMR (600 MHz,
DMSO-ds) 6: 7.79 (2H, d, J = 8.2 Hz, H-2, 6), 6.82
(2H, d, J = 8.2 Hz, H-3, 5); BC-NMR (150 MHz,
DMSO-ds) 0: 167.4 (-COOH), 161.6 (C-4), 131.6
(C-2, 6), 121.3 (C-1), 115.2 (C-3, 5). iR ¥dE 5 ik
fRIE—E, HUEE A 3 N 4-FREER R

&Y 4: FETEETEM A, 'TH-NMR (600 MHz,
DMSO-ds) d: 7.44 (1H, d, J = 1.9 Hz, H-2), 7.43 (1H,
s, H-6), 6.84 (1H, d, J = 8.4 Hz, H-5), 3.80 (3H, s,
-OCH3); "BC-NMR (150 MHz, DMSO-ds) 6: 167.7
(-COOH), 151.5 (C-4), 147.7 (C-3), 123.9 (C-1), 122.2
(C-6), 115.5 (C-2), 113.2 (C-5), 56.0 (-OCH3). ik
S ER—E), MEEE N EY) 4 NERTR

&Y 5: EHETTEEHRAR, 'H-NMR (600
MHz, DMSO-ds) d: 7.37 (1H, d, J = 1.8 Hz, H-2),
7.32 (1H, dd, J = 8.1, 1.8 Hz, H-6), 6.82 (1H, d, J =
8.1 Hz, H-5), 3.75 (3H, s, -OCH3); '*C-NMR (150
MHz, DMSO-ds) J: 166.3 (-CO-), 150.7 (C-4), 145.2
(C-3), 121.8 (C-1), 120.4 (C-6), 116.2 (C-2), 115.4
(C-5),51.6 (-OCH3). %l 522 30k — 22,
S LB 5 R R LZRIR G -

&Y 6: B TEE XA K, "H-NMR (600 MHz,
DMSO-ds) 6: 7.51 (2H, d, J = 8.4 Hz, H-2, 6), 7.50
(1H, d, J = 15.9 Hz, H-7), 6.81 (2H, d, J = 8.4 Hz,
H-3, 5), 6.31 (1H, d, J = 15.9 Hz, H-8); '3C-NMR
(150 MHz, DMSO-ds) 6: 168.3 (C-9), 159.6 (C-4),
144.0 (C-7), 130.1 (C-2, 6), 125.4 (C-1), 115.8 (C-3,
5), 115.8 (C-8). IA¥(HE 55 ik — 2], His
TEED) 6 NEE R,

WEY 7. WEOITELH A, H-NMR (600
MHz, DMSO-ds) J: 7.40 (1H, d, J = 15.9 Hz, H-7),



© 1724 ¢

¢ED 20236E38 $54% B 6  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 6

7.01 (1H, d, J = 2.0 Hz, H-2), 6.94 (1H, dd, J = 8.1,
2.0 Hz, H-6), 6.76 (1H, J = 8.1 Hz, H-5), 6.17 (1H, d,
J=15.9 Hz, H-8); 3C NMR (150 MHz, DMSO-ds) -
168.6 (C-9), 1482 (C-4), 145.7 (C-3), 144.2 (C-7),
125.8 (C-1), 121.1 (C-6), 115.8 (C-5, 8), 114.6 (C-2).
IR HHRE S S S0 — 2020, MULEY) T S
HERZ .

&Y 8: KAGBTLEHMA, 'H-NMR (600
MHz, DMSO-de) 6: 7.57 (1H, d, J = 15.9 Hz, H-7),
7.53 (2H, d, J = 8.6 Hz, H-2, 6), 6.79 (2H, d, J = 8.6
Hz, H-3, 5), 6.39 (1H, d, J = 15.9 Hz, H-8), 4.92 (1H,
d, J=3.4 Hz, H-1"), 432 (1H, d, J = 7.7 Hz, H-1'), 4.40
(1H, dd, J = 11.7, 1.7 Hz, H-6"), 4.10 (1H, dd, J = 11.7,
6.6 Hz, H-6"), 3.00~3.50 (5H, m, sugar-H), 2.93 (1H, t,
J =83 Hz, H-3"); BC-NMR (150 MHz, DMSO-ds) 9:
166.7 (C-9), 160.0 (C-4), 145.0 (C-7), 130.4 (C-2, 6),
125.0 (C-1), 115.8 (C-3, 5), 114.0 (C-8), 92.3 (C-1'), 76.4
(C-5"), 74.7 (C-3"), 73.6 (C-2"), 72.2 (C-4"), 64.0 (C-6").
REAR S 2 SR — 0T, MU EEY) 8 4 6-0-
X R IR -D- - LA

EY 9: HEEIRG i (FFEE), "H-NMR (600
MHz, DMSO-ds) J: 7.53 (1H, d, J = 15.9 Hz, H-7),
7.33 (1H, s, H-2), 7.17 (1H, d, J = 8.1 Hz, H-6), 7.09
(1H, d, J = 8.1 Hz, H-5), 6.47 (1H, d, J = 15.9 Hz,
H-8), 4.98 (1H, d, J = 6.5 Hz, H-1"), 3.82 (3H, s,
-OCH3), 3.17~3.70 (7H, m, sugar-H); '3C-NMR (150
MHz, DMSO-ds) d: 168.5 (C-9), 149.6 (C-3), 148.8
(C-4), 1444 (C-7), 128.7 (C-1), 122.6 (C-6), 118.1
(C-5), 115.4 (C-8), 115.6 (C-2), 100.1 (C-17), 77.5 (C-2,
77.3 (C-5'), 73.6 (C-3'), 70.1 (C-4"), 61.1 (C-6'), 56.2
(-OCH3). %R 525 Cik—8®, s et s
W 9 9 [z 2-4-O-B-D- M IR R 3o R SR B o

&Y 10: BEIEEER A, H-NMR (600
MHz, DMSO-d) 6: 7.41 (1H, d, J = 15.9 Hz, H-7),
7.40 (1H, d, J = 15.9 Hz, H-7", 7.01 (1H, d, J = 2.0
Hz, H-2), 6.90 (1H, d, J = 2.0 Hz, H-2"), 6.87 (2H, dd,
J =82, 2.0 Hz, H-6, H-6"), 6.66 (1H, d, J = 8.2 Hz,
H-5, 5'), 6.20 (1H, d, J = 15.9 Hz, H-8), 6.06 (1H, d,
J =159 Hz, H-8), 5.28 (1H, dd, J = 7.1, 3.5 Hz,
H-3"), 5.00 (1H, d, J = 5.0 Hz, H-5"), 3.49 (1H, m,
H-4"), 2.61 (1H, m, H-2"), 2.26 (1H, m, H-2"), 2.47
(1H, m, H-6"), 1.71 (1H, m, H-6"); 3C-NMR (150
MHz, DMSO-ds) 6: 172.9 (C-7"), 166.5 (C-9), 165.7

(C-9"), 149.0 (C-4), 148.5 (C-4"), 146.0 (C-7), 146.0
(C-7"), 145.8 (C-3), 145.3 (C-3%, 125.8 (C-1), 125.7
(C-1"), 121.4 (C-6), 120.4 (C-6"), 116.4 (C-5), 116.3
(C-5"), 116.2 (C-2), 115.8 (C-2", 114.9 (C-8), 114.5
(C-8"), 79.9 (C-1"), 73.3 (C-4"), 71.5 (C-3"), 66.4
(C-5"),32.3 (C-2"), _IREHE 552 S0k — 2930,
WS B AW 10 4 cynarin.

&Y 11: KABTERH AR, 'HNMR (600
MHz, DMSO-ds) d: 8.00 (2H, d, J= 6.8 Hz, H-2", 6"),
7.68 (1H, d, J = 6.3 Hz, H-4"), 7.55 (2H, d, J = 6.8
Hz, H-3", 5"), 5.33 (1H, s, H-9), 4.65 (1H, d, J = 10.7
Hz, H-8), 4.40 (1H, d, J = 6.9 Hz, H-4), 3.66 (1H, d,
J=10.7 Hz, H-8), 2.45 (1H, s, H-5), 2.39 (1H, d, J =
12.0 Hz, H-7), 2.06 (1H, d, J = 11.9 Hz, H-3), 1.82
(1H, d, J = 11.9 Hz, H-3), 1.66 (1H, d, J = 12.0 Hz,
H-7), 125 (1H, s, H-10); *C-NMR (150 MHz,
DMSO-ds) 0: 1662 (-CO-), 133.5 (C-4"), 130.1
(C-1"), 129.8 (C-2", 6™, 129.3 (C-3", 5"), 105.2
(C-4), 100.5 (C-9), 99.1 (C-1"), 88.0 (C-1), 85.4 (C-2),
77.5 (C-2%, 774 (C-5'), 73.9 (C-3%), 70.7 (C-6), 70.4
(C-4"), 61.7 (C-6", 60.9 (C-8), 44.1 (C-3), 42.8 (C-5),
22.5(C-7),19.6 (C-10). k% 5525 Cwk—8bB,
S B A 11 AT,

3.2 FEPEERFNE SFEERHISIE M

I I R GRS SE B DS, RIS
15,7 F1 10 (400 wmol/L ) i e ik Frt 4400 o) R 45 v
FIHIZRIILE 30% LA b, HAEY 10 Fmfl ik
BT 65.02%. LG T AT 10 K22 2R A4 R
BIFE 40% LA _E, A& 10 (3NHIZRIER] T 77.91%,
SER A 2. W MROCR T, KIED T
&Y 6 FEERL T 4,5 SBALEUREEE, that 7
XoF TR A i R 22 2R A ) 2 5 TR &4 6. (L4 9
(17 4,5 ARA AR SE A HY L RVR 4 W AR i o
TR R, S HALAY) 10 LR AT 2 Ak
BE (k&Y 1) 25, RERERE AN 200 N i ) 22
mTAREY 7. UL LSRN, ZR AW
JRE R T R 22 2 R RS A 4 FH PR DG BE  Re AT e A
IR 4,5 AR TR

XA T 11 R AR PR AT 1Cso [ I E
RN 3 Fros. BRI T RE BB AN 25
() ICso {E 235N 1.096 pumol/L (95%) B 1 [X 8] :
0.969 1~1.244 0) A1 0.384 umol/L (95%F B 15X
[f]: 0.3318~0.4427), 5 kB FTbY,
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Fig. 2 Inhibitory rates of compounds 1—11 on sucrase (A)
and maltose (B)
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Fig. 4 Docking diagram of compounds 7 and 10 binding to sucrase (A: 7, B: 10) and maltase (C: 7, D: 10) protein
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