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A new alkaloid from Rehmanniae Radix Preparata
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Abstract: The chemical constituents of Rehmanniae Radix Preparata were prepared according to the traditional
method of "jiu zheng jiu shai" and investigated using multiple chromatographic methods. Six alkaloids were isolated
and their structures were elucidated from spectral data and physicochemical properties, as follows: rehmanniae
alkaloid A (4-{[(5-O-a-D-galactopyranosyloxy)methyl]-1H-pyrrole-2-carbaldehyde-1-yl}butyric acidmethyl ester)
(1), baimantuoluoamide B (2), capparisine C (3), harman-3-carboxylic acid (4), (25S)-1-[2-(furan-2-yl)-2-oxoethyl]-
5-oxopyrrolidine-2-carboxylate (5), and 1-[2-(furan-2-yl)-2-oxoethyl]pyrrolidin-2-one (6). Among them, compound
1 is a new alkaloid. Compounds 2-6 were newly isolated from Rehmannia glutinosa Libosch. The effect of
compounds 1-6 on NRK-52e cell injury induced by LPS was investigated. The results show that compounds 1-3
exhibit protective effects against LPS-induced damage to NRK-52¢ cells.
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Hh 3 2 X Z Bl ¥ th 35 Rehmanniag lutinosa
Libosch. 3 5 58 T B AR, 7= T Il AR L7

kR H 1: 2019-00-04; &9 H 191: 2019-10-12.

T4 E  E K E R R B 2R AT 7T E A T Hh B
24 7 M A SRR 77 (2017 YFC1702800).

*JEIAFE & Tel / Fax: 86-371-60190296; E-mail: dffwsh@hactcm.edu.cn

DOI: 10.16438/j.0513-4870.2019-0716

S, DA R EEAE NIE M X, AR 2 R, 5
P2 AR AR, JRRRCIY R MRS . B BT
Rehmanniae Radix Preparata 4 2E Hb ¥ {1 J0 i) 0 1 5,
i 2015 fix 2 YA B, BBk, HEROR, HIFE £,
HAFMIEERA, 2545 HBE 2 Thaata, BARZ B SR
Y, B RA A S PR UM IR A A



- 290 - Zy%% %R Acta Pharmaceutica Sinica 2020, 55(2): 289 -293

F& PO 97« 4 5 A 5 g DL S AR 3 i 45 T AR
FABSL, Ak, 25 B8 SCHR R B B8 M 1 s, A6 27 1o K
ARk, Forh, PRI TR RS, WNRERE, R O RE R
WE, mBEAHEE, LR =R NG YEE K
A TARRTE B B it . TR A — L8 53, W1 5-HMF
DDMP 45 &5 B ) i 25§ 5107, {H 2 H % 23 3 11k
SRS M Z RGN T . T B AR T R 4L 2
J% 53, A S5 K FH #E e . ODS . Diaion HP-20. MCI Gel
CHP-20.Sephadex LH-20. Toyopearl HW-40. j# /= & 1%
DA 2 1] % v 20O 5 2 Pl £ 1 T 1%, A BB 38 70%
P B b oy AR 26 N EM . R MSLIR.
UV.1D H12D NMR &5 35 1 5 ARG L5 4 2847 2558, 71
) Sk Hb 35 H B A (8- {[(5-O- a.-D-galactopyranosyloxy)
methyl] -1H-pyrrole-2-carbaldehyde-1-yl}butyric acid
methyl ester) (1). baimantuoluoamide B (2). capparisine
C (3)~ harman-3-carboxylic acid (4).(2S)-1-[2-(furan-2-
yl)-2-oxoethyl]-5-oxopyrrolidine-2-carboxylate (5) Fl 1-
[2-(furan-2-yl)-2-oxoethyl]pyrrolidin-2-one (6). 1L
G LNEAE D, 1B 2~6 3 E IR 4 5
B3], EMa WK 1, KR RTCAEEE T 6 MELE
WXt e 2 (LPS) 755 (1) NRK-52e 4i i 453 4 1) T Fil 1
H, 4 SR LA G ) 1~3 % LPS 5% 1) NRK-52e 4 il
W0 5 BRA R4 EH .
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1 CHZCHZCHchOCHs
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Figure 1  Structures of compounds 1-6

ZER51118
1 #EWEE

&1 AGHIRY, [a] ? 126.373 (c 0.017 1,
CH,0OH), ESI-MS m/z: 410.141 1 [M+Na]* (calcd.
for C;;H,sNOgNa, 410.142 1), $# 7R L & W 1 5 F X
N C;HsNOge UV A, (CH,OH)/nm (loge): 203 (1.40).
292 (1.68). IR B /R b AW & A

(3364 cm™) FIHEE (1640 cm?). 7EH NMR (500 MHz,
CD,0D) i1, 5, 9.44 (1H, s) N—RBIIFAIE(E 5, 45
G T AL R, T AR e N R A S S
J,6.98 (1H, d, J = 4.0 Hz, H-3").6.36 (1H, d, J = 4.0 Hz,
H-4") $& R G g, o] REAETE — AL S 38 o
4.43 (2H, m, H-4).2.04 (2H, m, H-3).2.38 (2H, t, J =
7.2 Hz, H-2) & /R 25/ 45 3/1~-CH,-; 6y, 4.92 (1H, d,
J = 3.8 Hz, H-1") L % 6, 3.69~3.88 (6H, m), k%
S K6 AT B AT R R A6 4 v By, HLIE G T SRS i R AU
A BN 3.8 Hz, AT Hf 2 1Z 0N a #4545, 3.65 (3H,
s, H-5) $& R4 M — A -OCH, 7 7E .« 7£2°C NMR
(125 MHz, CD,0OD) # v, Jb45 17 MR fE 5, 45 &
DEPT 135 7] 411, L4 34Nk f5 5 [0 175.2.140.7
133.9, H 1 d¢ 175.2 N FRHE kA5 5], 8 4 BUIK (S 5
[0. 181.1.126.3.113.3.99.8.73.0.71.4.71.1.70.1,
O 181.1 4 — A~ -CHO HIRFAE IR 15 5], 5 M i {5 =
[6c 62.9.61.4.45.9.31.7.27.6] Al L M0 15 5 [Jc
52.2, A-OCH, Mtk 1E %, 45 & dc 175.2 Wb B P B ik 15
G, T EMEY R S ERR P ERNAER] 4546
ZAL AW A o 140.7 (C-5').133.9 (C-2).126.0
(C-3).113.3 (C-4") AyMLIEFF 1 4 N AS 55 5 99.8
(C-1").73.0 (C-5").71.4 (C-3").71.1 (C-4").70.1 (C-
2").62.9 (C-6") #EWl Ay~ FLHE I — AR5 5, WL R
IK AR € 1% HE N o-D-F-FLBE .

H-H COSY i, o, 2.04 (2H, m, H-3) [A i 5 4,
2.38 (2H, t, J = 7.2 Hz, H-2).4.43 (2H, m, H-4) #5¢, #
5E | -CH,CH,CH,- 4514 v Bt (&12). i8id HSQC i,
BB AE YR C-H #E T LLAJE (£ 1). HMBC
Perh 9, 2.38 (H-2) 5 0. 175.2 (C-1) #H 3%, 7 LAHH &
-CH,CH,CH,COOCH, & 14 v Bt, H.tH J, 4.43 (H-4) 5
dc 140.7 (C-5').133.9 (C-2') 4 B 5 i F& A1 5%, Ui B
-CH,CH,CH,COOCH, i 7£ Mt 1% 34 12 N J& 1 | 4§,
4.60 (H-6'a) 5 d. 113.3 (C-4').140.7 (C-5') ¥ 3%, d,
9.44 (-CHO) 5 6.133.9 (C-2') # 3¢, ) B -CH,O- Al
-CHO 4 513 76 ML W& 34 1) C-5'37 Al C-2'47 = iy s J
2.0, 4.92 (H-1") 5 6. 61.4 (C-6") A%, Ui WL pHi%E
15 C-6"hr by W48 LA E AT, 456 22 SCHRE), 1 08 1%
k&N (4-{[(5-O-a-D-galactopyranosyloxy)methyl]-
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Figure 2 Key 'H-'H COSY and HMBC correlations of com-

pound 1
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Tablel 'H NMR (500 MHz in CD,0D) and **C NMR (125 MHz in CD,0D) spectral data of compound 1

NO. S Oc NO. S e
1 - 175.2 6 4.60 (1H, d, J = 12.6 Hz) 61.4
2 2.38 (2H, t,J = 7.2 Hz) 317 4.80 (1H, d, J = 12.6 Hz)

3 2.04 (2H, m) 27.6 -CHO 9.44 (1H, s) 181.1
4 443 (2H, m) 459 1" 4.92 (1H,d, J= 3.8 Hz) 99.8
5 3.65 (3H, s) 52.2 3.78 (1H, m) 70.1
1 - - 3 3.71 (1H, m) 71.4
2 - 133.9 4 3.88 (1H, m) 711
3 6.98 (1H, d, J = 4.0 Hz) 126.3 5 3.80 (1H, m) 73.0

6.36 (1H, d, J = 4.0 Hz) 113.3 6" 3.69 (1H, m) 62.9
5 - 140.7 3.73 (1H, m)

1H-pyrrole-2-carbaldehyde-1-yl}butyric acid methyl
ester), i % N HL BT A, JL1H NMR F1°C NMR %45
W1,
2 ALEYEMEN

SR FH A i i e B 2 4G 0 £ 5 ¥ (RTCA) #8516 4
HAEIX G2 K8 (LPS) 153 1) NRK-52e 4 il 451 43 ) -+
Ve . A REW, AW 1~3 X LPS i 5 1 NRK-
52e 405 24 BAT ORI 1E T (32 2)

Table 2 The effect of compounds 1-6 on NRK-52e cell injury
induced by LPS. Note: The Cell Index ratio is (experimental group-
control group)/control group, and all groups are compared with the
model group. "Cell Index ratio of >10% indicates a significant

difference
Group Cell Index Cell Index ratio/%
CON 1.26 + 0.058 41.91"
LPS 0.89 +£0.10 0
1 1.67 £0.014 87.49"
2 1.20+0.14 34.93"
3 1.07 £ 0.47 20.46"
4 0.84 +£0.41 -5.21
5 0.73 £0.030 -18.18
6 0.79 + 0.096 -11.47
I ER S

Bruker AVANCE 1T 500 #% # 3t R X (TMS P #%)
(Bruker); Bruker maxis HD mass spectrometer, Shimadzu
UV-2401PC apparatus; Waters Alliance £ 51 2695 /& 27K
HH % 4t, Empower3 4 3% £ 4 T 1 35 ; Thermo Nicolet
IS10 41 #h )¢ i {X (Thermo Scientific, USA); Rudolph
AP-IV L JiE ¥ 4% (Rudolph, USA); Thermo EVO300 %
S35 FE T (Thermo Scientific, USA); LC-52 4 i &
il £ WRAH €8 T A [38 3 B0 B (b 5t) BHECA PR & A,
UV200 %448 41 46 0 2%, reprosil-Pur120 C18-AQ i 4
(7% & Dr. Maisch GmbH); CHIRALPAK AD-H & % #:
(RFEB D) T B A IR 2 7]); OSB-2000 2 ite 4% 7%
KA N-1111 B ¥ VR 7K A7 4 2 B NVP-1000 2 15 51
I (LR WA A PR A A]); R ARG RAE (L

STIK); 8% TAE & (95174 [1); Arium 611 VF B % 41
G A4 K 3% (SARTORIUS); 8 8 & 448 (Nikon); 41
Ji S i W %A (ACEA, £ [H).

FE {45 3E0R) Diaion HP-20.MCI Gel CHP-20 (H <
=254k 220 7)); Toyopearl HW-40 (H 4 TOSOH 2 #);
Sephadex LH-20 (Parmacia Biotech 2 &]); #= €& i F ik
JKE H (100~200 H, 200~300 H , F & FEAL LT ); 1
o T g 2 pE R I AR (B 2 YL ACRE IR I KA TR 4 J]);
HE (tailhal, RV ARSI 2E A PR A FD); O ((
g, 55 [ KA IR 2 F] TEDIA); Bt 2 438571 2
R T & FAG AL T A R 2w J R T B0 A %
A PR A A A7, D-2FFU0E L2 AU bRt (R IR
AR PR R 2 |); 15 % 1L E-Plate 4% (1D725602,
ACEA, % [H); NRK-52e 4f it ( [E R} 5 B - i 4 i
J); I EE E i \DMEM = B% 55 7% 5 (Gibceo); it 4 I i&
(WL KRB AEY R R &), DMSO (Solarbio); LPS
(Sigma, 3 [F); K NiHELlEK, PBS il % A H L -

Zipt: BB B R A BN T E LA R A
A (B JUZE LW 7 VM), BERE AR A A TR R R R
HRFDYM TR =
1 RESSE

T8 24 Hh 3 10 kg, 1 10 £3% & 70% 15 7K 7 i [
IAREL 3 K, PR U, & R AT R IR 4, B
A, 19 3 AR SRR E (4.4 kg). KRR
BN 3 LK R 4 #L, I 95% £ R T A I K
80% HEATEEYT, #F E 24 h g, WU 3, JhE ik 4615 2
MR E (2.7kg). 1RE NS L/AKEM, L Diaion HP-20
K FLVR B BRI A, 422 BB P K 21 /AR 2 K L 10%
EtOH.20% EtOH.30% EtOH.50% EtOH.70% EtOH.
95% EtOH HEAT 1 BB, 15 21 7 NPl g 43, B Fr.l~
Fr.7.

10% EtOH (Fr.2) ¥ fii 41 73 (100 g) /K ¥ fige, i3k
17 Sephadex LH-20 &k i+ €4 18% 535, FAS[A] LE 3] e HH
BE-/K (FFEE:/K=0:1—1:0) AL, Vel 4l o &
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JERERAS R, A FEAH R4, 19 26 A4 48, B Fr2-1~
Fr.2-6. L Fr.2-3 jx 845t Sephadex LH-20.Toyopearl
HW-40 % i A 3 43 85, 45 45 211 2% = AORAH (63 (2
i —7K=11:89) & FE VR, B 415 21b5 % 2 (3.75 mg)
A4k & %5 (11.47 mg); 20% EtOH (Fr.3) ¥ it 41 7
(71 ) INK ¥ M, 17 FF 347 Sephadex LH-20 & i k£
TR, % IR Fr2 AHF e T i, 13 3] 4T A
4y, B Fr.3-1~Fr.3-4. Fr.3-2 414y, 4 Toyopearl HW-40
B AT i, FH 700 2 7K I S5 FE R G, 15 21 3 ANk
44y, BN Fr.3-2-1~Fr.3-2-3. Fr.3-2-1 1 F 2 ik 4 = 2k
ARt (L 5-7K=10:90) %5 2P, 215 20k &
13 (10.34 mg); 50% EtOH (Fr.5) ¥4l (92 g) hnzk
iR, 280 )5 B ETE W, 3T MCIHAE (18 5 55, FAS
[ b A5 f FR 7K (R 7K =01 1—1:0) #6 5 e n, f
KRR 5 AN PR 2H 4y, B Fr.5-1~Fr.5-5, Fr.5-2 /il 5% H
BV e, HEAT P R HI) 4 (ODS) A it o B, DL -
K (HEE : 7K =5:95—1:0) H BE e, 15 2 2 A B il 41
4y, Bl Fr.5-2-1~Fr.5-2-2, Fr.5-2-1 i3 47 il £ 18 2 43 B8 4l
th, LS - R B K R RIFR (& b H
g :7Kk=8:1:0.1), B ZA43 2G4 4 (3.50 mg) FlfL &
16 (15.34 mg). Fr.5-2-2 i FF B ik, RIS PERE IS (FF
o PR R RE =10 1) HEAT RE R G A B, ) S AUH
Ji- W R G (& bt FEE=20:1) S5 FEVEIN, 2%
BEMEEY L (1.71 mg).

2 BER/KERANPEREXT B E

W& 1 (1 mg), IMA1mL =% &MRIEKR
(2 mol-LY), n#k =13 3 h, BT A3 /K A T8 £ g RS L
3, KKEWRYE =T, b & LBIE M, 4 HPLC
I3 AT, R Z8 RO BUR R I 2%, 438 40 CHIRALPAK
AD-H (250 mmx4.6 mm), ¥t 1 AH M IE S ki £ - =9
% (750:250:0.25), i iE 0.5 mL-mint, 8l b RE
it PR AR B B ) 5 2 L0 s o o 1) O B B U, S e
W)L b FUBE ) 4 6] A4 B R D=2 L (D21 S AT L-
L 1) U8 B I 1) 235310 24 17.0 min A1120.8 min).

3 HMEE

&1L ABERY, [«]? 126.373 (¢ 0.017 1,
CH,0H); UV /.., (CH;OH)/nm (loge): 203 (1.40). 292
(1.68); IR (MeOH) v,,: 3 364.1 640,706 cm™; ESI-MS
75 W T B T V& m/z: 410.141 1 [M+Na]* (calcd. for
C,H,sNO,Na, 410.142 1); *H NMR (500 MHz, CD,0D)
A1 3C NMR (125 MHz, CD,0D) %k W% 1.

B2 el AR. ESI-MSm/z:509.174 4
[M+Na]*. *H NMR (DMSO-d,, 500 MHz) 6: 11.86 (1H,
s, -NH), 7.30 (1H, s, H-5), 6.91 (1H, s, H-8), 4.49 (1H,
m, H-1'b), 4.16 (1H, d, J = 7.7 Hz, H-1"), 4.01~4.04

(3H, m, H-1'a, H-2', H-5'b), 3.75 (1H, m, H-4'), 3.64~
3.67 (2H, m, H-3", H-6"b), 3.40~3.44 (2H, m, H-5'a, H-
6"a), 3.00~3.16 (4H, m, H-2"-H-5"), 2.22 (3H, s, 6-
CH,), 2.18 (3H, s, 7-CH,); *C NMR (DMSO-d,, 125 MHz)
8 155.7 (C-2), 153.7 (C-3), 131.2 (C-6), 130.9 (C-7), 124.9
(C-9), 123.3 (C-10), 116.5 (C-5), 116.0 (C-8), 103.7 (C-
1"),76.8 (C-5"),76.3 (C-3"), 73.6 (C-2"/C-3'), 72.1 (C-5"),
70.8 (C-4'), 70.0 (C-4"), 67.9 (C-2'), 60.9 (C-6"), 44.6
(C-17), 19.3 (6-CH,), 18.7 (7-CH,). R4 LL %4, 45
&2 Y, % %A &) baimantuoluoamide B

&3 Lmik¥ . ESI-MS m/z: 260.064 3
[M+Na]*. *H NMR (CD,0D, 500 MHz) d: 7.80 (1H, s,
H-13), 7.41 (1H, d, J = 3.4 Hz, H-11), 6.66 (1H, dd, J =
1.5, 3.4 Hz, H-12), 5.01 (1H, d, J = 18.0 Hz, H-1), 4.40
(1H, d, J = 18.0 Hz, H-2), 4.40 (1H, m, H-3), 2.49 (2H,
m, H-4, H-5a), 2.16 (1H, m, H-5b); 3C NMR (CD,0D,
125 MHz) 6: 184.3 (C-9), 178.7 (C-7), 174.7 (C-6), 152.3
(C-10), 149.0 (C-13), 119.6 (C-11), 113.6 (C-12), 61.6
(C-3), 30.1 (C-4), 24.0 (C-5). R4 LA LA, 456255
SCHRMY, %558 Z AL A ) capparisine C.

twEma  ATEMA. ESI-MSm/z: 249.064 2
[M+Na]*. *H NMR (DMSO-d,, 500 MHz) §: 12.02 (1H,
s, -COOH), 8.75 (1H, s, H-4), 8.35 (1H, d, J = 7.8 Hz, H-
5), 7.65 (1H, d, J = 7.6 Hz, H-8), 7.59 (1H, t, J = 7.5 Hz,
H-7), 7.30 (1H, t, J = 7.6 Hz, H-6), 2.82 (3H, s, -CH,);
13C NMR (DMSO-d,, 125 MHz) 6: 166.7 (-COOH), 141.7
(C-3), 140.8 (C-8a), 136.1 (C-1/C-9a), 128.3 (C-7), 127.1
(C-4a), 122.1 (C-5), 121.3 (C-4b), 120.1 (C-6), 115.4 (C-
4), 112.2 (C-8), 20.2 (-CH,). R#ELL E¥¥E, 4545 %
SCHRUA, %5 %4k A48 harman-3-carboxylic acid.

&5 I EIMIRY . ESI-MS m/z: 274.069 0
[M+Na]*. H NMR (CD,0D, 500 MHz) §: 7.81 (1H, s,
H-5), 7.42 (1H, d, J = 3.6 Hz, H-3), 6.66 (1H, m, H-4),
4.97 (1H, d, J = 18.1 Hz, H-7a), 4.43 (1H, d, J = 18.1 Hz,
H-7b), 4.41~4.44 (1H, m, H-12), 3.73 (3H, s, H-15),
2.44~253 (2H, m, H-10, H-11a), 2.15~2.21 (1H, m,
H-11b); *C NMR (CD,OD, 125 MHz) J: 184.2 (C-6),
178.6 (C-9), 173.4 (C-13), 152.3 (C-2), 149.0 (C-5),
119.9 (C-3), 113.6 (C-4), 61.6 (C-12), 53.0 (C-15), 48.0
(C-7),30.0 (C-10), 23.8 (C-11). R#E L EH R, 4562
% SCHRES, % AL A Y N (2S)-1-[2- (furan-2-yl) -2-
oxoethyl]-5-oxopyrrolidine-2-carboxylate .

&6 FRAEEIIRY. ESI-MS m/z: 216.063 4
[M+Na]*. *H NMR (CD,0D, 500 MHz) §: 7.82 (1H, s,
H-5), 7.42 (1H, d, J = 3.6 Hz, H-3), 6.67 (1H, t, H-4),
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4.63 (2H, s, H-7),3.52 (2H, t, J = 7.0 Hz, H-12), 2.44 (2H,
t, J = 8.0 Hz, H-10), 2.08~2.14 (2H, m, H-11); *C NMR
(CD,0D, 125 MHz) ¢: 184.3 (C-6), 178.6 (C-9), 152.3
(C-2), 149.0 (C-5), 119.5 (C-3), 113.6 (C-4), 49.6 (C-7),
49.0 (C-12), 31.4 (C-10), 19.0 (C-11). M4 LA & ¥,
45627 M), X8 &Y 1-[2-(furan-2-yl)-2-
oxoethyl]pyrrolidin-2-one.
4 EY1~63F LPSiFE S NRK-52¢ 4 i 35 15 49
F e

SK: FH 24 i S5 B e 42 A W 1 7 7% (RTCA) R Fifb &
Wit i 2 B8 (LPS) i T 1) NRK-52e 4i i 352 493 (1) -+ T
fEF, K NRK-52e 41 fiil & F 37 'C .5% CO, 1% 7% 4
Hh % 7 B 6 B A K, e R0 2 B O R = T 2107
AN, £ 7L 2 000 /4> 4 fif 432 i T E-Plate # (ID725596) 1,
24 h )G, SEB N IEH X IR (B AR R ) A
(LPS) F145 254, LPS (1 ug-mL™Y) 56 M EMmskib &
) (10 pmol-LY) 7l ¥ NRK-52e 41l ffil 48 h, 2 ffg <2 i) 1
AR D40 B vE 77, 5B ZH AR T, Cell Index Lk %
[(45 24 20 A 20 2R ) A 20 2] KT 10% T 2R 7s Ak & 5t
LPS i 5 1) NRK-52e 41 g 451 4% 2 A -9 1E -

References

[1] Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People's Republic of China (94 A\ [ 3L fi1 [ 2 4) [S]. Part 1.
Beijing: China Medical Science Press, 2015: 125.

[2] Liu MY, Zhang YZ, Yang J, et al. Status quo of protection of
Rehmannia glutinosa germplasm resources and countermeasures
for sustainable development [J]. Agric Henan (] 5 4 k), 2017,
28: 14-15.

[3] LiGS, YuZ, Wang HS, et al. Advances in chemical constituents
and pharmacology of Rehmannia glutinosa [J]. Int J Tradit Chin
Med ([ B 2 v 24 2% 5, 2004, 26: 74-78.

[4] Zheng XK, Hou WW, Duan PF, et al. Immunomodulatory effect

(5]

6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

of prepared Radix Rehmanniae Extract in vitro [J]. Chin Pharm J
(hE 252224 &), 2012, 47: 1995-2000.

Li X, He R, Wang HY, et al. The decline of EPO in brain of
aging rats induced by D-galactose effect and the reverse of
the water [J]. Chin Pharm J (H [H 24 %% 44 7)), 2016, 51: 1562-
1568.

Zhang BY, Jiang ZZ, Wang YF, et al. Analysis of chemical
constituents in fresh, dried and prepared Rehmanniae Radix by
UPLCI/ESI-Q-TOF MS [J]. Chin Tradit Pat Med (' J#.24), 2016,
38: 1104-1108.

Song ZQ, Zeng LY, Wang C, et al. Content changes of chemical
constituents produced in fresh Radix Rehmanniae after process-
ing [J]. World Sci Technol Mod Tradit Chin Med Mater Med (t:
FERPEF AR -4 IAL), 2014, 16: 346-351.

Liu WY, Zhang WD, Chen HS, et al. Pyrrole alkaloids from
Bolbostemma paniculatum [J]. J Asian Nat Prod Res, 2003, 5:
159-163.

Kikuchi T, lkedaya A, Toda A, et al. Pyrazole alkaloids from
watermelon (Citrullus lanatus) seeds [J]. Phytochem Lett, 2015,
12: 94-97.

Yang BY, Xia YG, Wang QH, et al. Two new amide alkaloids
from the flower of Datura metel L. [J]. Fitoterapia, 2010, 81:
1003-1005.

Yang T, Wang CH, Chou GX, et al. New alkaloids from Capparis
spinosa: structure and X-ray crystallographic analysis [J]. Food
Chem, 2010, 123: 705-710.

Cardoso CL, Castro-Gamboa I, Silva DHS, et al. Indole glucoal-
kaloids from Chimarrhis turbinata and their evaluation as antiox-
idant agents and acetylcholinesterase inhibitors [J]. J Nat Prod,
2004, 67: 1882-1885.

Wang YC, Zhang YW, Zheng LH, et al. Four New Alkaloids
from the Fermentation Broth of Armillaria mellea [J]. Helv
Chim Acta, 2013, 96: 330-337.

Zhou WQ. RTCA monitors the inhibitory effect on proliferation
of breast cancer MCF-7 cells with SAHA treatment [J]. J
Shenyang Med Coll (7k FH = 2% Bt %4l ), 2017, 19: 193-195.



