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Abstract: Objective To study the chemical constituents from the ethyl acetate extract of Alhagi sparsifolia Shap. Methods The
compounds were isolated and purified by silica gel, Sephadex LH-20, ODS column chromatography, and semi-preparative HPLC, and
their structures were identified by modern spectroscopic techniques. The anti-cervical cancer activities of the compounds against human
HeLa cells were evaluated by the MTT assay. Results Fifteen compounds were isolated from the ethyl acetate extract of 4. sparsifolia
and identified as 1-{1-[4-(4-hydroxyphenethoxy)phenethyl]-1H-pyrrol-2-1}ethan-1-one(1), 5,7-dihydroxy-6-methoxyflavone (2),
callyspongidipeptide A (3), cyclo-(D-proline-D-valine) (4), 7-O-ethylguaiacyl glycerol (5), 7-O-ethylguaiacyl glycerol (6), isololiolide
(7), N-phenethylacetamide (8), skullcapflavone II (9), 4-hydroxyphenethyl alcohol (10), N-phenethylformamide (11), 3'-
methoxydaidzein (12), cyclo(alanine-proline) (13), N-(p-hydroxyphenethyl)formamide (14), and N-acetyltyramine (15). Conclusions
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Compound 1 is a new compound and named as alhagipyrrolizidine A. Compounds 1, 5 and 6 showed significant activity against human
HeLa cells, with ICso values of 31.4, 26.6 and 37.3 umol/L, respectively.

Key words: alhagipyrrolizidine A; cervical cancer; Alhagi sparsifolia Shap.; alhagipyrrolizidine A; 7-O-ethylguaiacyl glycerol; 7-O-

ethylguaiacyl glycerol; skullcapflavone I1
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2 (232 g) %4 ODS Hfik e, 53543 /A
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BEFRFENREFE 24 hy A BIMANECHIGF A &4 1~
15 #1 5-FU, ¥53% 24 h, BFLIMA 10 pL MTT 357
Peft, WE 5.0h, FELEERFRE, BILIMA 100
uL DMSO, #EREah5), PRI 570 nm
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concentration, ICso) 1. 1Cso {8 Excel B 4115,

R = (4 i — A s)(A i — A 20
3 #R
3.1 HWgE

EY1: AR (FEE. HR-ESI-MS m/z:
350.181 6 [M+H]", 737N C»HuNOs, 'H-NMR
(700 MHz, DMSO-ds) i (£ 1) A 1 MHEES
55 0238 (3H, s, H-23). 8 N &HEEALES 67.10
(2H, d, J= 8.4 Hz, H-3, 5), 7.06 (2H, d, J = 8.4 Hz, H-
10, 14), 6.83 (2H, d, J = 8.4 Hz, H-2, 6), 6.69 (2H, d,
J = 8.4 Hz, H-11, 13), 4 M HEEZ(E S 6 4.40 (2H,
t,J=7.0 Hz, H-7), 4.06 (2H, t, J= 7.0 Hz, H-16), 2.89
(2H, t,J="7.0 Hz, H-15), 2.82 (2H, t, J= 7.0 Hz, H-8),
3 MRS S 07.08 (1H, d, J=2.1 Hz, H-17), 7.01
(1H, d, J=4.2 Hz, H-19), 6.06 (1H, dd, J=2.1, 4.2 Hz,
H-18); 3C-NMR (175M Hz, DMSO-ds) 454 HSQC
EILEIR 22 MAE T, Hrh 1 MRS 527.6
(C-22), 1 NERFIERR(E S 0 188.0 (C-21), 4 NI HH
W55 6 68.9 (C-7), 34.6 (C-8), 36.9 (C-15), 50.8 (C-
16), 12 N EWAS S 6 157.5 (C-1), 156.3 (C-12),
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F1 LAY 1 WZHEEE (700/175 MHz, DMSO-ds)
Table 1 NMR data for compound 1 (700/175 MHz,

DMSO-ds)
{3DA dc, type OH
1 157.5,C
2 114.7, CH 6.83 (1H, d, J=8.4 Hz)
3 130.2, CH 7.10 (1H, d, J= 8.4 Hz)
4 128.8,C
5 130.2, CH 7.10 (1H, d, J= 8.4 Hz)
6 114.7, CH 6.83 (1H, d, J=8.4 Hz)
7 68.9, CH2 4.40 2H, t,J=7.0 Hz)
8  346,CH:  2.82(2H,t,J=7.0 Hz)
9 130.7,C
10 130.3,CH 7.06 (1H, d, J = 8.4 Hz)
11 115.5,CH 6.69 (1H, d, J = 8.4 Hz)
12 156.3,C
13 115.5, CH 6.69 (1H, d, J= 8.4 Hz)
14 130.3, CH 7.06 (1H, d, J=8.4 Hz)
15 36.9, CH2 2.89 2H, t,J=7.0 Hz)
16 50.8, CH2 4.06 2H, t,J=7.0 Hz)
17 131.3,CH 7.08 (1H, d, J=2.1 Hz)
18 108.1, CH 6.06 (1H, dd, J=2.1, 4.2 Hz)
19  121.1,CH 7.01 (1H, d, J= 4.2 Hz)
20 129.8, C
21 188.0, C=0

22 27.6, CH3 2.38 (3H, s)
130.7 (C-9), 130.3 (C-10, 14), 130.2 (C-3, 5), 128.8 (C-
4), 115.5 (C-11, 13), 114.7 (C-2, 6), 4 MNALIEEIE 5
131.3 (C-17), 108.1 (C-18), 121.1 (C-19), 129.8 (C-20).
FREHEE LAY 1 RIS AR YRR S0, 1R
'H-'HCOSY i (& 1) #, H-15 fl H-16 fH5¢, H-
7 F1 H-8 FFAEHAEAE 2 N IR O3 B H-19 5 H-
18/20 AHRHE/RAFAE 1 ANIEIE IR . 7E HMBC 4k
i, H-22 5 C-19/20/21 A2, UERHILME A N-JE -1
SRATIER 1 NCBEE, H-16 5 C-18. 21 AHUEH
CBRFEME S (1) N-JETHEAE 16 SA00. 28 LA, %
E AL G 1 RN 1-[1-[4-(4-FR A4 L5 0 H
FVCHE-VH-ME G 2-FE 1, ZA BN 1 A8k
EH, A NG SR A

th&W 2. Tk AK, ESI-MS m/z: 139.08 [M+
H", 2T RN CsH1002. 'TH-NMR (700 MHz, DMSO-
ds) 0: 6.93 (2H, d, J= 8.4 Hz, H-2, 6), 6.61 (2H, d, J =
8.4 Hz, H-3, 5), 3.54 (2H, td, J = 7.0, 4.9 Hz, H-8),
2.62(2H, t, J = 7.7 Hz, H-7); BC-NMR (175 MHz,
DMSO-dg) 6: 129.2 (C-1), 129.3 (C-2, 6), 115.3 (C-3, 5),
155.2 (C-4), 40.5 (C-7), 62.3 (C-8). _#df 5 CikfiiE

11

OH

18

1 a1 PUEEMMERRRXR
Fig.1 Chemical structure and key correlations of

compound 1
PAEHEREA—E, BESEEY) 2 475K
B, St I 2.

&Y 3: TERRY), ESI-MS m/z: 164.11 [M+
H]", 4> 73X N CioHisNO. 'H-NMR (700 MHz,
DMSO-ds) 6: 7.92 (1H, t, J = 5.6 Hz, N-H), 7.23 (2H,
m, H-2', 6"), 7.24 (3H, m, H-3'~5"), 3.21 (2H, ddd, J =
8.4, 7.7, 5.6 Hz, H-3), 2.62 (2H, t, J = 7.7 Hz, H-4),
1.73 (3H, s, H-1); '3C-NMR (175 MHz, DMSO-ds) :
22.9 (C-1), 169.2 (C-2), 40.2 (C-3), 35.3 (C-4), 139.1
(C-1"), 128.1 (C-2', 6'), 128.9 (C-3, 5'), 126.1 (C-4").
DA b 25085 5 SR R S o B AR — B 02, e
WEY 3 N NK LI OB . S 2.

&Y 4: B TGE R K, ESI-MS m/z: 150.09
[M+H]*, 4T3 A CoHiNO. "H-NMR (700 MHz,
DMSO-ds) 0: 8.08 (1H, s, H-1), 7.98 (1H, d, /= 1.4 Hz,
N-H), 7.29 (2H, d, J = 8.4 Hz, H-2', 6), 7.21 (3H, t,
J = 8.4 Hz, H-3'~5", 3.31 (2H, m, H-2), 2.72 (2H, t,
J=17.0 Hz, H-3); '3C-NMR (175 MHz, DMSO-dj) ¢:
161.1 (C-1), 38.7 (C-2), 35.0 (C-3), 139.3 (C-1"), 128.7
(C-3',5"), 128.4 (C-2', 6", 126.2 (C-4"). VL LE¥HiY
SCHRIRIE P B AR — 303, eG4
N-ROEERR G . S5k LR 2.

& 5. AR, ESI-MS m/z: 166.09 [M+
HI", 2> 73RN CHNO;. 'H-NMR (700 MHz,
DMSO-ds) d: 9.24 (1H, s, 9-CHO ), 7.97 (1H, d, J=2.1
Hz, N-H), 6.98 (2H, dd, J = 8.4, 6.3 Hz, H-2, 6), 6.67
(2H, dd, J = 8.4, 2.8 Hz, H-3, 5), 3.24 (2H, td, J = 8.4,
4.9 Hz, H-8), 2.59 (2H, t, J= 7.0 Hz, H-7); 3C-NMR
(175 MHz, DMSO-ds) d: 129.3 (C-1), 129.5 (C-2, 6),
115.1 (C-3, 5), 155.7 (C-4), 34.3 (C-7), 42.9 (C-8), 161.0
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Fig.2 Chemical structures of compounds 2—15

(C-9). LA 5 SR I8 e 1 s e AR — 014,
WS EAY) 5 N N-CRHREE R OB G . 4584
DL 2,

& 6: F¥ A, ESI-MS m/z: 180.10 [M+
H]*, 20 73N CioHi3NO2. 'H-NMR (700 MHz, DMSO-
de) 9: 7.89 (1H, t, J= 5.6 Hz, N-H), 6.97 (2H, d, J=8.4
Hz, H-2, 6),6.67 (2H, d, J= 8.4 Hz, H-3, 5), 3.16 (2H,
dt, J=17.7, 5.6 Hz, H-8), 2.56 (2H, t, J = 7.7 Hz, H-7),
1.77 (3H, s, H-10); 3C-NMR (175 MHz, DMSO-ds)
8:129.6 (C-1), 129.5 (C-2, 6), 115.1 (C-3, 5), 155.7 (C-
4), 34.5 (C-7), 40.6 (C-8), 169.1 (C-9), 22.7 (C-10).
A 25085 5 SRR S A A — 3, e
WA 6 9 N-CBEIERE k. S5H LK 2.

WET: RFER AR, ESI-MSm/z:285.08 [M+
H]", 72> ¥ 3N Ci6H1205. 'H-NMR (700 MHz, DMSO-
ds) 5: 12.89 (1H, s, 5-OH), 8.06 (2H, m, H-2", 6"), 7.61
(3H, m, H-3'~5"), 6.93 (1H, s, H-3), 6.62 (1H, s, H-8),
3.72(3H,s,6-OMe); '3C-NMR (175 MHz, DMSO-ds) 5
163.1 (C-2), 104.4 (C-3), 182.3 (C-4), 152.8 (C-5), 131.6
(C-6), 152.7 (C-7), 93.4 (C-8), 130.2 (C-9), 105.9 (C-
10), 131.7 (C-1), 126.9 (C-2', 4, 6), 129.9 (C-3', 5,
58.7 (6-OMe). LA b % ¥ 15 Sk Hi i 5 il B4 e A
— e, M AEY T N 5,7- R Hk-6-HF A
Tl SER L 2.

OH

& 8: kA, ESI-MSm/z: 175.11 [M+
H]*, 43T 3N C19H1305. 'TH-NMR (700 MHz, DMSO-
de) 6: 12.61 (1H, s, 5-OMe), 10.31 (1H, s, 2-OMe),
7.37 (1H, t,J=8.4 Hz, H-4'), 6.61 (2H, dd, J=8.4, 1.4
Hz, H-3', 5'), 6.31 (1H, s, H-3), 4.01 (1H, s, 6-OMe),
3.81 (1H, s, 7-OMe), 3.72 (1H, s, 8-OMe), 3.72 (1H, s,
6'-OMe); *C-NMR (175 MHz, DMSO-ds) 5: 162.1 (C-
2), 108.2 (C-3), 182.1 (C-4), 156.1 (C-5), 135.2 (C-6),
158.8 (C-7), 132.2 (C-8, 4'), 147.6 (C-9), 105.9 (C-10),
108.3 (C-1'), 146.6 (C-2"), 112.2 (C-3"), 102.4 (C-5"),
152.3 (C-6'), 61.3 (6-OMe), 61.1 (7-OMe), 60.3 (8-
OMe), 55.5 (6'-OMe). VA L%¥E 5 CRkRkIE R AL
PR AT, MEENEY 8 N 2/5-FR K-
6,6',7.8-VY H A ZL i, BP3E2r R, 25k WK 2.

& 9: O AK, ESI-MS m/z: 285.08 [M+
HI", 20 72N Ci16H1205. 'TH-NMR (700 MHz, DMSO-
ds) 5: 8.24 (1H, s, H-2), 7.90 (1H, d, J = 8.4 Hz, H-5),
7.04 (1H, d, J=2.1 Hz, H-2"), 6.95 (1H, d, J= 8.4 Hz,
H-6), 6.93 (1H, d, J=2.1 Hz, H-8), 6.87 (1H, d, J=8.4
Hz, H-6'), 6.78 (1H, d, J = 8.4 Hz, H-5"), 3.78 (3H, s,
3-OMe); 3C-NMR (175 MHz, DMSO-ds) 6: 52.9 (C-
2), 124.9 (C-3), 174.5 (C-4), 127.1 (C-5), 116.5 (C-6),
157.6 (C-7), 102.1 (C-8), 154.8 (C-9), 1120.4 (C-10),
123.2 (C-1%), 111.9 (C-2%, 147.5 (C-3'), 146.0 (C-4"),
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119.7 (C-5", 120.9 (C-6"), 55.7 (3-OMe). VAL %k
B SCHRARTE B vl B T AR — 08, MU A 9
N 3-HFEIE KRG . I 2.

&Y 10: AEKAER, ESI-MS m/z: 227.14 M+
HI*, 4T3~ CiHisN2Os. 'H-NMR (700 MHz,
DMSO-ds) d: 4.21 (1H, ddd, J=7.7, 6.3, 1.4 Hz, H-9),
3.97 (1H, d, J=2.1 Hz, H-6), 3.77 (1H, m, H-3a), 3.74
(1H, m, H-3b), 2.17 (1H, m, H-5), 2.09 (1H, m, H-10),
1.78 (3H, m, H-4a, 4b, 5b), 1.30 (2H, m, H-11), 0.95
(3H, d, J= 7.0 Hz, H-13), 0.88 (3H, t, J = 7.7 Hz, H-
12); BC-NMR (175 MHz, DMSO-de) &: 170.8 (C-1),
44.9 (C-3), 21.7 (C-4), 23.5 (C-5), 59.8 (C-6), 164.8(C-
7), 58.8 (C-9), 35.4 (C-10), 28.7 (C-11), 12.8(C-12),
15.7 (C-13). A E30d8 55 Sk 8 3 15 Hh fs Bk A —
O, W S 10 24 callyspongidipeptide A
SER I 2,

& 11 AMRER, ESI-MS m/z: 197.13 [M+
HI*, 4 F3N CioHigN202. 'H-NMR (700 MHz,
DMSO-ds) 6: 8.03 (1H, s, N-H), 4.23 (1H, m, H-6),
3.94 (1H, t, J = 2.1 Hz, H-9), 3.35 (2H, s, H-3), 2.68
(1H, m, H-10), 2.38 (1H, m, H-5), 2.15 (2H, m, H-5,
4), 1.89 (1H, m, H-4), 1.12 (3H, d, J = 7.2 Hz, H-11),
0.88 (3H, d, J= 7.0 Hz, H-12); '3C-NMR (175 MHz,
DMSO-ds) 6: 170.6 (C-1), 44.9 (C-3), 22.4 (C-4), 27.6
(C-5), 58.6 (C-6), 165.6 (C-7), 59.9 (C-9), 27.3 (C-10),
18.9 (C-11),16.9 (C-12). LA H¥5 5 SClR IR IE PG 5L
PEIEA—R0, B E A 11 N D-IlZ - D-
HERR. S5 2.

WEM12: AERA, ESI-MS m/z 169.10 M+
HI*, 43X~ CsHizN2O2. 'H-NMR (700 MHz,
DMSO-ds) 6: 8.16 (1H, s, N-H), 4.16 (1H, m, H-6),
4.08 (1H, m, H-9), 3.35 (2H, m, H-3), 2.12 (1H, m, H-
5), 2.04 (1H, m, H-5), 1.88 (1H, m, H-4), 1.79 (1H, m,
H-4), 1.21 3H, d, J= 7.0 Hz, 9-Me); '3C-NMR (175
MHz, DMSO-ds) d: 170.0 (C-1), 44.9 (C-3), 22.4 (C-
4),27.7 (C-5), 58.7 (C-6), 166.6 (C-7), 50.1 (C-9), 15.3
(9-Me). LA FEH-5 SCHRARE i vl A0 S AR — 3521,
WS EWEY) 12 (N2 R -T2 R - 254 LK 2.

&Y 13: AENAR, ESIMS m/z: 197.12 [M+
H]", 7120 CiiHi1603. 'H-NMR (700 MHz, DMSO-
ds) 0: 5.85 (1H, s, H-3), 3.92 (1H, t, J = 11.9 Hz, H-6),
2.30 (1H, ddd, J = 11.9, 4.9, 2.1 Hz, H-7), 1.83 (1H,
ddd, J = 12.6, 4.9, 2.1 Hz, H-5), 1.40 (3H, d, J= 0.7

Hz, H-8), 1.23 (1H, t, J = 11.9 Hz, H-7), 1.26 (3H, s,
H-9), 1.15 (3H, s, H-10), 1.13 (1H, t, J = 11.9 Hz, H-
5); 13BC-NMR (175 MHz, DMSO-de) d: 171.2 (C-2),
112.4(C-3), 34.6 (C-4), 49.3 (C-5), 63.2 (C-6), 47.7 (C-
7), 25.6 (C-8), 24.4 (C-9), 29.3 (C-10), 181.8 (C-3a),
86.4 (C-7a). LA L%l 5 SCMRHE I 1 H0H Fe A —
22, Hse &9 13 A isololiolide . £5#4) LI 2.

A 14: BEAOHRYI, ESI-MS m/z: 243.12
[M+H]", 43 F 38 CioHis0s. 'H-NMR (700 MHz,
DMSO-de) 6: 6.83 (1H, d, J= 2.1 Hz, H-2), 6.73 (1H,
d,J=17.7 Hz, H-5), 6.69 (1H, dd, J= 8.4, 2.1 Hz, H-6),
4.52 (1H, d, J = 4.8 Hz, H-7), 4.40 (1H, s, H-8), 4.09
(1H, d,J= 6.3 Hz, H-9), 3.78 (3H, 5, 3-OMe), 3.49 (1H,
m, H-9), 3.31~3.23 (2H, m, H-1"), 1.09 (3H, t, J=7.0
Hz, H-2); BC-NMR (175 MHz, DMSO-ds) J: 131.3
(C-1), 111.6 (C-2), 147.6 (C-3), 145.3 (C-4), 115.5 (C-
5), 119.8 (C-6), 81.6 (C-7), 75.5 (C-8), 62.9 (C-9), 63.3
(C-1%, 15.7(C-2"),55.3 (3-OMe). LA E#d 5 SCikk
TE P REBAR A, WS AEY 14 2 7-0-
CHETRIARTEH M. S5HIE 2.

& 15: EOEE, ESI-MS m/z: 159.07 [M+
H]*, 43T RN C7H1004. 'TH-NMR (700 MHz, DMSO-
ds) 0:7.27 (1H, s, 1-OH), 6.61 (1H, s, 4-OH), 3.30 (1H,
d, J=7.0 Hz, H-5), 2.18 (1H, m, H-3), 1.81 (3H, dd, J =
7.0, 1.4Hz, H-6), 1.21 (3H, d,J=7.7Hz, H-7); 3C-NMR
(175M Hz, DMSO-dg) d: 170.3 (C-1), 133.1 (C-2), 37.9
(C-3), 179.6 (C-4), 132.5 (C-5), 14.1 (C-6), 15.6 (C-7).
DA E 350408 5 SRR I i s R A — 304, M e AL
HEW15 N 2-T0. 2 5:-3-EEIAIG . 450 WK 2.

3.2 mEmAEEM

WU RITEAE R AEE /R O Z &, H
Puog . BEHESEZEE R OV DR . BT 7T
RO EFHEEE. EYREES S SaRET .
BELViS 240 e o S ML), X B 200 HeLa 4H R IAL
BEEMGEE, B R B E S 21 1
71, HESUEIE AR A OB R, R
RFBLIGIT A o A 0% AR T IR D BRI 2
B RS BT B S v P % . SR MITT Ay,
% H HeLa UYL A9 1~15 MIANHIE AL
BEATRTIN, ek FAA AN FH 00 5 DAl T
IR, SLIREER (R2) KW, (kEW 1. 5M16
X} HeLa 4 i 4051 8CERBONER L, 1Cso {55118
31.4. 26.6+ 37.3 umol/L, {HAFHE—HIRNHFL, FL
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#F2 LAY 1~15 3f HeLa LHARAHNHI1ER
Table 2 Inhibitory effects of compounds 1—15 on HeLa cells

EY ICso/(umol L.71)
1 31.4+1.18
2 >50
3 >50
4 >50
5 26.6+1.05
6 37.3+153
7 >50
8 >50
9 >50
10 >50
11 >50
12 >50
13 >50
14 >50
15 >50
5-FU 7.940.58
fib A A e 38

4 g

AW TR FHRERS . BB ODS F: i K 2 i) %%
LSRN 5 NP e L= R R e E i
T8, Wb si % 15 Mea, o5 A1
Ky EEASE . WK IOREREEM R, Kb G
Y11 R R A R A, EE T s
A2 O 2 AR . AR AL B SR T 1 e 45 R
SR, A 1. 5. 6 % HeLa 430 304/,
ICso fH2357124 31,4+ 26.6+ 37.3 pmol/L. iR szid 2k B
R, BRIEHI R ) AE IR B T R YT T
A REFHCER, ARG RGO i St 1
FHAIRYE, ISUE T S8 SeRI 7T S 7 T P T
RAME o AT T 56 IR T R R FH AL T R
WA, Ja s n it — BT R s RS O E A LRI 5
gErEttisl, DA RGBS SR ) .
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