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Chemical constituents of Alhagi sparsifolia and its activity against cervical cancer cells
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Abstract: Objective To study the chemical composition of the above-ground parts of Alhagi sparsifolia. Methods Various
chromatographic techniques were used for the separation and purification, the structures of the compounds were identified based on
their physicochemical properties and spectral data, and the compounds were tested for their activity against human cervical cancer cells
by MTT assay. Results Twelve compounds were isolated from the dichloromethane site of the ethanol extract of A. sparsifolia and
identified as (2S,3S)-methylhexahydro-3 H-pyrrolo[NH,2-a]imidazol-1-one (1), neglectein (2), wogonin (3), 2-ethylidene-3-methyl-
butanedioic acid (4), 3,4'-dihydroxy-3'-methoxyphenylacetone (5), calendin (6), N-phenylethyl acetamide (7), p-methoxybenzoic acid
(8), skullcaflavone II (9), 4-hydroxyphenethyl alcohol (10), 3'-methoxydaidzein (11), pinoresinol (12). Conclusion Compound 1 is
a new compound named alhagine, and compounds 2—11 were isolated from the plant for the first time, compounds 1, 3, 9 and 11
possessed cervical cancer HeLa cytotoxic activity with ICso of 20.20, 35.25, 49.11, 48.73 pmol/L, respectively.
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U% o¢ M| Alhagi sparsifolia Shap N & F}
(Leguminosae) #EJEAE £} (Papilionoideae) 3¢5 il
J& Alhagi Gagneb FJSEHEAR, 7. 8 H 4 RELEA R
eHh BAy, W, R4EE/RERfES M2, K
PEIR, WRH . B, Bt B ikE. 1B,
PREEDI R, AERIANE TR IR I8V, Hik
SERECA, DRI R Y et U 7 R, REA 3
B, BFEE RS WrgSe Rl SR SRR S IR GE
FEENEERIEAT . LN REt&&H., B
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2 RGBS IR R BRI R I AR, DUB iR
FEERIE R A s kL, AT 95% LR AL
Y & B A b o A5 3] 12 MEEYD, 7304 E
N (25,3S)-methylhexahydro-3 H-pyrrolo[NH,2-a]
imidazol-1-one (1) . 5,6- — ¥ 5 -7- 1 % &= 3 i
(neglectein, 2). WA ZHE (wogonin, 3). 2-W.L
F3-FRLPRIAER (2-ethylidene-3-methyl-butanedioic
acid, 4). 3.4- " FHE-3-HE IR ET (3,4-
dihydroxy-3'-methoxyphenylacetone, 5) . calendin(6)
N-K 2.5 % (N-phenylethyl acetamide, 7). X}
AR R (p-methoxybenzoic acid, 8). T4 25HT
Z 1 (skullcaflavone IT, 9)+ 4-F2 35K 2, [ (4-hydroxy-
phenethyl alcohol, 10). 3'-FEIE KEF L (3-
methoxydaidzein, 11). #AJli%& (pinoresinol, 12).
Hr, &Y 1 IEtea, drd v Is Lo
(alhagine), tLAY) 2~11 N IR IZAEY) 7 15
By VEMERESIREN, (EW 1. 3. 9. 11 AA
PUE 20 A
1 {XEEMH

R-1005 BUX R e 28 A 7 A s BH A
FRZA#]); Bruker Avancelll600 7! NMR (4 [E 45 &
A F]); KH-700DB & B8 A g v ds (TR
LR A R A F]D; BYLABUVII %4MT GEH (S
ERHEA RATD); DLSB-5/10 fIRIEA ARG R
CBMEIE TRABRAF]D; a2 BB i
AR PR 27 )5 RY Cis-A B2 28 o1
FE (250mmX 10 mm, 5pm, JE5{HRHRIER A
FRAwD; HEAEEER Bl THRARD; HE2
IR HF2s0 GREERHEA PR 7]); Rp-Cis (1B
AR A BRAFD; aliidK (38 )T K 4l KA R

ACIDR

N & i HeLa 400 Crp ERFA R 40T
T 5-8 R WEE (5-FU, Adamas, fit'5 P1378516).

M-3R 2022 4 8 R AFETEGEmE
X [l 28, 20 am b 24 R 2 78 o AP AL i
U5 8 R R TR A6 A 0% i o) JE R A U B R AL
sparsifolia Shap, SEUERRAS (652101190529002 LY )
DA TRt B /R BRI h 2] R T bR A =
2 REESENE

ERU&5E ) T _E &R 100 kg, FHT-H RS,
FH 10 {55 95% LB M#R B FEE 3 X, &K 1.5h,
BRI, WMERFATRERIARE. BRE
KRR G, SR BRI TR, 132040 7
kA7 90 L F/KJZ . #/K)ZH HCl % pH {HA
1~2, FHSARREHTR, 132558 LB
39 L fKZE. F¥/K)ZEH NaOH W% pH {H N 9~
10 B, PSSR /R e AT AR, 98] &
FGE AL 52 L (43 gD,

B SRR AL 43 g rER (200~300 H) #E
R B, A S - HEE (100 2 0~0 © 100)
BEEEVERL, &3R5 10 NS Fr. 1~10. Fr. 1
(7.1g) &HElE (200~300 H) F:aiSr 2, Aimih-
BEEE 2,086 (10 © 1~5 0 DA S Fke-FHEE (100 :
1~0 : DBREESENL, BT HiE AR ES s ik &4 2(3.1
mg), ARG E] 7 NS Fro 1-1~1-
7. Fr.1-2 (673.6mg) £k (300~400 H) H&
B, AMBE-EEIR B (10 1 1) LR & -
FEE (100 0 1~0 @ 1) BREEVEML, & IFAHLBE MR
Ja 58 7 NS Fr. 1-2-1~1-2-7. Fr. 1-2-3 (317.5
mg) ZRERR (200~300 H) k%S, -
BEER 26 (10 © 1~5 T 1D LUK & H fe- (100 -
1~0: D B, &IFLRRESAE S AN
4% Fr. 1-2-3-1~1-2-3-5. Fr. 1-2-3-3 (80.2mg) I
BREY 3 (2.7mg); Fr.2 (2.9 g) ZEHE (300~
400 HO HEAEGS &, & H5-HEE (1:0~0: D
BEEEVENL, S IFARAE R G135 4 NS Fr. 2-
1~2-4, Fr.2-1 (1.6 g) 4 ODS ik, HE-
7K (30 1 70~100 : 0O BEEEHEMNL, 433 7 455 Fr.
2-1-1~2-1-7, Fr.2-1-1 (481.2 mg) Z K44 A
i CHHEZ-ZK 20 1 80) 7 B 413454 4 (6.8 mg);
Fr. 2-1-2 (451.6 mg) &Pl & lAH s (HEE-K
20 : 80) AL A 5 (2.5mg). 6 (7.0 mg)
A7 (3.6mg); Fr.2-1-3 (174.9mg) &4 iAH
Bt (FEE-K 45 0 55) srEaifbBib e 12 (1.3
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mg); Fr.2-1-4 (151.1 mg) &FH| &M it (F
7K 55 © 45) o Eaifi S a4 8 (2.5 mg) 9
(7.2 mg); Fr.3 (3.2 g) £ ODS F:taifsra, HIEE-
7K (30 1 70~100 : 0O BEEEHEMNL, 753 6 A~2H 5 Fr.
3-1~3-6, Fr.3-1 (23g) &¥Hl&MAHMAIE (H
fE-7K 30 © 700 4r BAAEY 10 (2.6 mg); Fr.
3-2 (3523 mg) L Pl A (FEE-7K 50 © 500
SYBEA LA 11 (53 mg); Fr.5 (1.4g) G2k
BTAETE (FREE-/K 20 : 80) JrEaitb St a4 1
(5.9 mg).
3 HHEE

k&Y 1: HR-ESI-MS m/z: 141.102 1 [M+H]",
532N CHRNO, ANMIAIEE N 3. TH-NMR (600
MHz, DMSO-ds) it (£ 1) HaHE 1 MEREES
5 8.17 (1H, s, N-H), 2 MXHEAE S [6 4.16 (1H,
ddd,J=9.0,7.1, 1.3 Hz, H-3), 4.08 (1H, m, H-2)], 3
WHI-EES [03.36 (2H, t, J = 4.0 Hz, H-6), 2.11
(1H, m, H-4), 1.84 (3H, m, H-4, H-5)] A1 1 MHFEE
%5 6121 (3H, d, J=6.9 Hz, H-7). '*C-NMR (150
MHz, DMSO-ds) %44 HMBC A1 HSQC i 3L /g #r
TAIAE S, HA s 1A W Bk (5 5 5 166.6
(C-1), S MEWIRIE 5 [0 58.7 (C-3), 50.1 (C-2), 44.9
(C-6),27.7(C-4),22.4(C-5)], 1| MNHEMRES 6153
(C-7)-

Fz1 AW 1 NREEEE (600/150 MHz, DMSO-ds)
Table1 NMR data for compound 1 (600/150 MHz,

DMSO-ds)

BrAL OH dc
1 166.6, C=0
2 4.08(1H, m) 50.1, CH
3 4.16(1H,ddd,J=9.0,7.1,1.3Hz)  58.7,CH
4 1.84(1H,m),2.11 (1H, m) 27.7, CHa
5  1.84(2H, m) 22.4, CHa
6  3.36 (2H,t,J=4.0 Hz) 449, CHz
7 121 (3H,d,J=6.6 Hz) 153, CHs

N-H 8.17(1H,s)

'H-'H COSY i (K 1) #, H-2 5 N-H, H-3
5 N-H M6, IFESEAA{E C-2-NH-C-3 HEREF B, 45
4 HMBC it H-2 5 C-1 #i3%, N-H 5 C-1/C-2/C-
3 MK, GV EE R E 2GS H S B
- B % J2 Bl . HMBC #%1, H-7 5 C-1/C-2 48
%, 'H-'HCOSY i, H-7 5 H-2 M12%, #iErE 2

SAIfEAE L, [, 'H-'HCOSY %, H-3 5 H-
4, H-4 5 H-5 LL H-5 5 H-6 #H3%, UESEAFE C-
3-C-4-C-5-C-6 iEH B, 454 HMBC i, H-6 5
C-1/C-3/C-4/C-5 3%, H-4 5 C-3/C-5/C-6 #15%, H
UL A 1 P gs e (B 1.

0 (0] oy ~F ,
Ly s e
EE RS

1 HEY 1 WEBMNEEL H-H COSY (mm—),
HMBC (©~ ‘). NOESY (¥~ ) %

Fig.1 Structure and main 'H-'H COSY (====) HMBC

(" Vand NOESY('/\‘) correlations of compound 1

MNOESY 12 T A7) 1 IR B (
1). /£ NOESY 1% & - W%¢%] H-2 5 H-3 ) NOESY
REAHRAE S, R H-2 F1H3 A FH-—Fl. N
TP AR, RATHE ECD 5546
ECD FHZE G IR e &1 1 4R 8L, 1
FeREY) 1 TSR . BORSREE .
BoRZEMER, HitERIINMEE N 2538 1
ECD HiZk 55250/ ECD #h4k BoR HAR U i & 1
(B 2>, MIfiHhE T 1 488 28,35, 45 L,
&Y 1 %588 (25,3S)-methylhexahydro-3H-pyrrolo
[NH,2-a]imidazol-1-one, iy %4 %% ¢ fil 5 o

201
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Fig.2 Experimental and calculated ECD spectra of

compound 1

& 2. FHOK A, ESI-MS m/z: 285.08 [M+
HI*, 73 73N Ci6H1205. 'H-NMR (600 MHz, DMSO-
de) 0: 12.94 (1H, s, 5-OH), 10.85 (1H, s, 6-OH), 8.08
(2H, dd, J = 7.0, 1.6 Hz, H-2', 6'), 7.59 (3H, m, H-
3'~5"), 6.99 (1H, s, H-3), 6.64 (1H, s, H-8), 3.75 (3H,
s, 7-OMe); '3C-NMR (150 MHz, DMSO-ds) : 182.3



PED 202418 B55% 28 Chinese Traditional and Herbal Drugs 2024 January Vol. 55 No. 2 - 377

(C-4), 163.3 (C-7), 157.7 (C-2), 152.8 (C-5), 152.6 (C-
9), 132.1 (C-1'), 131.5 (C-4"), 130.8 (C-6), 129.2 (C-3',
5),126.5 (C-2, 6'), 104.7 (C-10), 104.4 (C-3), 94.5 (C-8),
60.0 (7-OMe). LA F%d 5 STk o ik 5o S A —
e, WS ELAEY) 2 N 5,6- —FRIE-7-FAA L .
WA 3: BEEFURLIR S, f (R EE), ESI-MS m/z:
285.08 [M+H]*, 43 A CisH1205. 'H-NMR (600
MHz, DMSO-ds) d: 12.52 (1H, s, 5-OH), 8.08 (2H, m,
H-2', H-6'), 7.62 (3H, m, H-3'~5"), 7.00 (1H, s, H-3),
6.29 (1H, s, H-6), 3.85 (3H, 5, 8-OMe); 3C-NMR (150
MHz, DMSO-ds) d: 182.0 (C-4), 162.9 (C-2), 156.3 (C-
5), 149.6 (C-9), 132.1 (C-1"), 130.9 (C-4"), 129.3 (C-3',
5%, 127.9 (C-8), 126.3 (C-2', 6'), 105.0 (C-3), 103.6 (C-
10), 99.3 (C-6), 61.0 (8-OMe). DL % 5 TRk RIE
BE BRI A ), W A 3 DGR S & .
&Y 4. EOFEER, ESI-MS m/z: 159.07 [M+
H]", 4> 73N C7H 10040 'H-NMR (600 MHz, DMSO-
ds) 9:7.25 (1H, m, 1-OH), 6.61 (1H, dd, J=7.3,2.2 Hz,
4-OH), 3.36 (1H, s, H-5), 2.12 (1H, m, H-3), 1.84 (3H,
dd, J=17.3, 1.3 Hz, H-6), 1.27 (3H, d, J = 7.5 Hz, H-
7); BC-NMR (150 MHz, DMSO-ds) 6: 179.4 (C-4),
170.2 (C-1), 133.8 (C-2), 132.7 (C-5), 37.7 (C-3), 15.1
(C-7), 14.4 (C-6)o VA EHdE 5 SCaRFOE RS H s Fa A
— 5, MEEEAY 4 8 2-F 255 3-FIEBEAR .
th&W 5: AEKFA, ESI-MS m/z: 197.08 [M+
H]*", 43T 3N CioH1204. "H-NMR (600 MHz, DMSO-
ds) 6: 7.50 (1H, dt, J = 8.3, 1.4 Hz, H-6"), 7.43 (1H, d,
J=2.0Hz, H-2"), 6.85 (1H, d, J = 8.2 Hz, H-5'), 3.81
(3H, s, 3'-OMe), 3.74 (2H, m, H-3), 3.04 2H, t, J= 6.4
Hz, H-2); '3C-NMR (150 MHz, DMSO-de) d: 197.2 (C-
1), 152.0 (C-4'), 147.9 (C-3"), 128.7 (C-1"), 123.2 (C-6'),
114.9 (C-2'), 111.0 (C-5'), 57.3 (C-3), 55.6 (3-OMe), 40.9
(C-2). L AR 5 kRS BISER A S, i)
USEAAYI S 9 3 A- RS ER T
& 6: KA, ESI-MS m/z: 197.12 [M+
H]", 2> ¥ 2N C1iH1603. 'H-NMR (600 MHz, DMSO-
ds) : 5.78 (1H, s, H-3), 4.08 (1H, t, J = 3.5 Hz, H-6),
2.29 (1H, dt, J = 13.3, 2.6 Hz, H-7a), 1.86 (1H, dt, J =
14.1, 2.6 Hz, H-5), 1.66 (3H, d, J = 0.8 Hz, 7a-Me),
1.62 (1H, dd, J= 13.3, 4.0 Hz, H-7b), 1.41 (1H, dd, J =
14.1, 3.7 Hz, H-5), 1.37 (3H, s, H-9), 1.19 (3H, s, H-
10); 3C-NMR (150 MHz, DMSO-ds) 6: 183.1 (C-3a),
171.1 (C-2), 112.2 (C-3), 86.6 (C-7a), 64.9 (C-6), 46.6

(C-5), 45.3 (C-7), 35.7 (C-4), 30.5 (C-8), 26.9 (C-10),
26.2(C-9). DA FEd- 5 SOl R E P EH s A —F ),
W B AW 6 N calendin.

a7 BERRY, ESI-MS m/z: 164.11
[M+H]", 4>+ N CioH13NO. 'H-NMR (600 MHz,
DMSO-de) 8: 7.94 (1H, t, J = 5.8 Hz, N-H), 7.29 (2H,
m, H-2', 6), 7.20 (3H, m, H-3'~5"), 3.23 (2H, ddd, J =
8.5,7.4,5.8 Hz, H-3),2.69 (2H, t,J="7.5 Hz, H-4), 1.77
(3H, s, H-1); 3C-NMR (150 MHz, DMSO-ds) 5: 169.1
(C-2), 139.6 (C-1"), 128.7 (C-3', C-5'), 128.4 (C-2', C-
6), 126.1(C-4"), 40.3 (C-3), 35.3 (C-4), 22.7 (C-1). LA
R H R 5 SRR TE P R S AR — B0, W el
G TN NR K O

th&5Y 8: HEHRA, ESI-MS m/z: 153.05 [M+
H]*, 213N CsHgO03. "H-NMR (600 MHz, DMSO-
ds) 5: 7.50 (2H, d, J= 8.8 Hz, H-2, 6), 6.99 (2H, d, J =
8.8 Hz, H-3, 5), 3.78 (3H, s, 4-OMe); '3C-NMR (150
MHz, DMSO-ds) 0: 174.6 (C-7), 158.9 (C-1), 130.1 (C-
2, 6), 124.3 (C-4), 113.6 (C-3, 5), 55.2 (4-OMe). Pl L
el 5 SRR B BB S A — 2, W e A )
8 JuXt AR R .

WEM9: T IRE & (HEE, ESI-MSm/z:
175.11 [M+H]", 4334 CioHis0s. 'H-NMR (600
MHz, DMSO-ds) 6: 12.64 (1H, s, 5-OH), 10.33 (1H, s,
2'-OH), 7.32 (1H, t, J= 8.3 Hz, H-4"), 6.62 (2H, dd, J =
8.5,1.5Hz, H-3',5), 6.34 (1H, s, H-3), 4.00, 3.82,3.79,
3.75(3HX4,s,6,7,8,6-OMe); '3C-NMR (150 MHz,
DMSO-ds) 0: 182.6 (C-4), 162.5 (C-2), 158.3 (C-7),
156.8 (C-5), 152.6 (C-6'), 148.6 (C-9), 146.3 (C-2"),
135.8 (C-6), 132.6 (C-8, 4"), 112.0 (C-3"), 108.9 (C-1"),
108.8 (C-3), 106.3 (C-10), 102.2 (C-5'), 61.8, 61.6,
60.7,55.9 (6,7, 8, 6'-OMe). LA L% 5 SCHRHRE
TEEAR A Y, MUESERAE 9 v 2/,5- 5k
6,6',7,8-VU S JE S, RO BE 2B =11,

&Y 10 s s (FEE), ESI-MS m/z:
139.08 [M+H]", 73N CsHi002. 'H-NMR (600
MHz, DMSO-ds) d: 6.98 (2H, d, J = 8.4 Hz, H-2, 6),
6.65 (2H, d, J = 8.4 Hz, H-3, 5), 3.50 (2H, td, J= 7.3,
4.9 Hz, H-8), 2.59 (2H, t, J = 7.3 Hz, H-7); '3C-NMR
(150 MHz, DMSO-d) J: 155.5 (C-4), 129.7 (C-2, C-6),
129.5 (C-1), 115.0 (C-3, 5), 62.7 (C-8), 40.1 (C-7). LA
B SRR E P B S A — Y, e A
EW10 R 4R EIR OB
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AP 11: FORR, ESI-MS m/z: 285.08 [M+
HJ*, 7 73N CisH1205. 'TH-NMR (600 MHz, DMSO-
ds) 6: 8.24 (1H, s, H-2), 7.90 (1H, d, J = 8.6 Hz, H-5),
7.04 (1H, d, J= 1.8 Hz, H-2'), 6.95 (1H, d, /= 8.5 Hz,
H-6), 6.93 (1H, d, J= 1.9 Hz, H-8), 6.87 (1H, d, J= 8.6
Hz, H-6), 6.78 (1H, s, H-5"), 3.78 (3H, s, 3-OMe);
3BC-NMR (150 MHz, DMSO-ds) J: 174.5 (C-4), 157.6
(C-7), 154.8 (C-9), 152.9 (C-2), 147.5 (C-3"), 146.0 (C-
4'),127.1 (C-5), 124.9 (C-3), 123.2 (C-1"), 120.9 (C-6"),
120.4 (C-10), 119.7 (C-5"), 116.5 (C-6), 111.9 (C-2"),
102.1 (C-8), 55.7 (3'-OMe). LA 0¥ 5 ik iE i
ERR A, SR AY) 11 0 3-H A
KEH T,

&Y 12: AMER, ESI-MS m/z: 359.15 [M+
H]", 202N Ca0H2206. 'H-NMR (600 MHz, DMSO-
ds) 9: 6.88 (2H, d, J = 1.9 Hz, H-2, 2'), 6.75 (2H, dd,
J=8.1,1.9 Hz, H-6, 6'), 6.72 (2H, d, J = 8.1 Hz, H-5,
5", 4.60 2H, d, J=4.1 Hz, H-7, 7'), 4.11 (1H, dd, J =
8.9, 6.8 Hz, H-9a), 3.79 (1H, m, H-9a), 3.76 (6H, s, 3,
3-0CH3),3.71 (2H, dd, J=9.2, 3.3 Hz, H-9b, 9'b), 3.03
(2H, d, J = 5.8 Hz, H-8, 8'); '3C-NMR (150 MHz,
DMSO-ds) d: 147.5 (C-3, 3"), 145.9 (C-4, 4"), 132.2 (C-
1, 1), 118.7 (C-6, 6), 115.1 (C-5, 5'), 110.4 (C-2, 2),
85.2 (C-7, 7", 70.9 (C-9, 9"), 55.6 (3, 3'-OCH3), 53.6 (C-
8,80 LA b HH 55 SRR I i A A — 35S,
YE A 12 AR R
4 GEMIFIE

KA MTT iERA G 1~12 0 5 S 4 i
Pk HeLa FUARSMIHIER], LA 5-FU JyPHM 2
O BAE K IR HeLa 2000KK, BREEHIL, FARERK
WEE 6X 104 Ay /mL [ RARER, SIRERE 3
AMNEAL, VAL 100 uL BT 96 LA, 7E37.0 C
BRI N R IR 24 b, BN Gtk &9 1~
12 f1 5-FU, ¥53% 24 h, LA 10 uL MTT 7]
geft, W¥E 5.0h, FFEELEEFE, FALIMA 100
uLDMSO, #2452 855355), FBEARCR I 570 nm K
KRR (O H, RIEAR [IHFE = wu—
A s)(A ww—A =a)] VHHEAHMINEZ, KH SPSS
22.0 AR AR AT 8T, tFE SR
A E  (median inhibition concentration, ICso)
fHo G55REW, tbE&W 1. 3. 9. 11 XF HeLa 41Utk
BABSRIAEIMIHIER, H 1Cso fH 35124 20.20.
3525, 49.11. 48.73 umol/L, W3 2.

&2 LAY 1~12 5 HeLa AAAHIHI{E R
Table 2 Inhibitory effects of compounds 1—12 on HeLa
cells

&Y ICso/(umol-L™")
20.20
>50
35.25
>50
>50
>50
>50
>50
49.11
>50
48.73
>50

5-FU 11.50

o 0 N QN N R W N -

—
No= o

5 £
ARSI R SR FE R M _EFS AT B AT AL
MBS — R e AL A5 2 12 Mes
Y, G5 2 MEVIBR S 4 DEERE .
2AEHRFMEN 1 ADFERRAE LR EY. 3
MR E . b, (a1 vt EY), H
WEW 1~11 NEXRNZED T ERE . KH
MTT 558 BT A0 S 0 EAT 5 29008 4 0 3 A28 7
B, REW, AW 1. 3. 9. 11 X4 HeLa i H
AANEIEM . BRI EY 3. 9. 11 HARK
SRR, HA A B Ce-Ca-Co # 8L, P LA
FEN G G R 22 B 7y o S R SAL S W) BAT BRI 9T
A e . OIS 2 i Co-Cs-Co H1, HUM
FEVEANR 2, Rl AT DAHEDN PP SR RO [ ) i
A BRSBTS RIS R . AR T
WRIERIAL Ao 5 IS SR ISR R 2R
LS PR 1A BRIR AT R BUE T Bkt
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