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Abstract: This study was designed to investigate the chemical constituents of the anti-osteoporotic part
of Lepidium meyenii Walp. (maca) produced in Heqing, Yunnan. Seven compounds were isolated from the
n-BuOH extract of maca using combination of column chromatographies on MCI resin, silica gel, C 3 bonded
silica gel, and Sephadex LH-20, followed by semi-preparative HPLC and recrystallization. The purified
compounds were identified on the basis of their physicochemical properties and spectral data as macaolidine
(1), tryptophan (2), daucosterol (3), (35)-1,2,3,4-tetrahydro-f-carboline-3-carboxylicacid (4), chlorogenic acid
(5), luteolin (6), and hyperoside (7). Compound 1 is a new phenylacetamide alkaloid, and compounds 4—7 were

isolated from Lepidium meyenii for the first time.
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PR R SBSOK BB Jo 8 v A 8L R L A P o A R 2 )
RIR, 24 W R BT SR TR B A /N BROEE B = B RS R
BN IE T BEARELY) 39.52 mg-kg ' — AN, WTHAE
S0 AR Y /N BB S A R, LS B AR B B )
R G B K B RN 1 T IR RHIEOKCR, B S E
WK 2 I 5 5 ROK T, LI R4 455 70 3 0 1 1 S
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XL IO IR T RERE B AT T A A BT, R
Ty 5 B 00 1) B0 1 O A AT A5 A3 B A O ke R,
VTN F 5T B it B B I R R . e, NS
PR s B i) 1E T R dR i vh 7 B4R 2] 7 ME 1,
4351 % 58 N macaolidine (1) (&R (2). W% M
(3)+ (39)-1,2,3.4-WUEA-p-RIE-3-R1E (4). S5
(5) KEEZR (6) ME2kT (7)) (B 1. thEW1
RN R AR, A& 4~T ¥ITE IR
YT

EM1 ARLERSEMAK. UV i (nm):
250, 282. IR v®¥ (cm™): 3329, 3327. 3076. 3047.
2918, 2845, 1647, 1587, 1527, 1411.89. 1367,
1242, 1010, 694; HR-ESI-MS: m/z 409.226 1 [M+H]"
(H5AH 409.219 5), 73 73N Ci3HiN,O;, H 11 A4
AEAEZ . IR S RoR, 701458 | 7 7£ -CONH-
(3329.3327.1647. 1527, 1242 cm™), 454 '"HNMR
PR R SIS S oy 8.57 (1H, brs) & “C NMR i
I BRIE RS 5 oc 172.4 F1 169.8, HEM 1 75 A 5 Ff
BiliH:. '"HNMR #H1 5 M5 ER 55 on 7.33~
7.21 (5H, m, H-Ph), %54 SCNMR 3 i 4 55 & %
55 0c 1400, 128.7. 127.6. 127.1, #ERiZb&aME
B ZEFR . HEHEH "THNMR . PCNMR #1355 %1
HA> 758 A, Wz &Y R &1
HMBC it (K 2) o, WH IR T155 oy 4.26 2H, d,

J=6.0Hz) 57555 dc 127.6 (C-3',7).140.0 (C-2"
KORIEWAE S O 172.4 (C-1) FmFEMFR, RS T
ghiR s N-REEE G A B HSQC #E 1, 6y 1.98~1.89
(1H, m) Aoy 1.89~1.81 (1H, m) ¥J'5 oc 27.7 =%,
KHAE N5 FM CAHIER -CH,-; H HMBC 3 11
FHKUE 6y 2.32 (2H, t, J = 7.5 Hz)/dc 27.7 8y 3.16 (1H,
t,J=6.5 Hz)/6c 27.7+ 6y 1.98~1.89/6¢ 32.5. 5y 1.89~
1.81/5¢ 32.5+ 6y 1.98~1.89/6c 54.2. oy 1.89~1.81/
dc 54.2, 454G HSQC AHIKWE 6y 2.32/ 3¢ 32.5+ dy 3.16/
dc 542, HEWr 1 &7 -CH,-CH,-CH- /7 Bt . HMBC #f
K 6y 2.32/0¢ 172.4 $&7R, -CH,-CH,-CH- /Bt I3
FREEN S N-F LTt i v B R AR oy 3.16 1 J¢
169.8 M FEAH IR I, -CH,-CH,-CH- F B % F 3k
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Figure 2 Key HMBC of compound 1
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Figure 1  Structures of compounds 1-7
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1 RRESE

TR IR 25 5.0 kg 0SS, H 95% 42 = iR i7
TREEHL 3 IR, BFIR 24 h, HIEAE BERE. A IFRIUHE,
WEIRGIRE 612 g INERKIEE, MKIKH A
it TR OFG AKWBANIE T BESREH 3 IR, & IR 50
Oy RO, 9 RIWOE TR, 15 26 BEEAL 97 g &
TR ZBEHRAL 35 g IE T BERBAL 43 g.

IETEEZERYZ MCL RALW A a1, AR A
K+ 30% EtOH. 50% EtOH. 70% EtOH. 95% EtOH
BEREVEL, SR 2T, B3 5 MR (FrA~
FrE). Fr.B /b8 HEEM, RS, KBETE
e, ERER (& 20%7K) A, &Oi-FEE (10
1~1:1) BREEVEME, 53] 7 AN (FrB1~7), Fr.B2
FH R AHE % HPLC 4lifk, HlEE-7/K (30 1 70) Hefi,
BELERELEY 1 (12 mg); Fr.B3 &R G, &
Pi—-HEE 9:1~1:1) BREERBLEY 2 (12
mg). 3 (15 mg); Fr.B4 & C g 88 G HERAE 0l (FF R -
K 20:80 i) BLEY 4 (6 mg); Fr.D KIKE
Sephadex LH-20 A f il (FEESEM) C g 8 A RERAE
i (FREE-—/K, 20 : 80~50: 50 BhEEVEM), 5311k
AW15 (18 mg). 6 (14 mg) 17 (21 mg).

2 Gk E

HEM 1 OeLERL K. HR-ESI-MS:
m/z 409.226 1 [M+H]"(iF5H1H 409.219 5), TN
Cy3HysN4O50 UV e (nm): 250 282. IR V¥ (cm™):
3329, 3327.3076. 3047, 2918, 2845, 1647, 1587.
1527, 1411.89. 1367. 1242, 1010, 694. 'HNMR
(400 MHz, DMSO-d,) Al ®CNMR (100 MHz, DMSO-
de) W# 1.

Table 1 'H NMR (400 MHz, DMSO-ds) and *C NMR (100
MHz, DMSO-dg) of compound 1 (d, J in Hz)

Position on Joc HMBC
1,11 172.4
2,10 232 (2H,t,J=17.5) 32,5 H-2/C-1,3,4
39 1.81-1.89 (1H, m) 277  H-3/C-1,2,4

1.89-1.98 (1H, m)
48 3.16 (1H, t, J= 6.5) 542  H-4/C-23,6
5,7
6 169.8
11" 4.26 2H, t, J=16.0) 425  H-1'(1")/C-1,2.,3.7'
2'2" 140.0
3,737 7.26 (1H, m) 127.6  H-3'(7)/C-1',2'4"5'
4.6'4"6"  7.33 (1H, m) 128.7  H-4'(6)/C-2'3"5'
55" 7.21 (1H, m) 127.1 H-5'C-2', 3", 4'
NH 8.57 (1H, brs)
wEY 2 AatkmR, 27N C HENO;.

'"HNMR (400 MHz, DMSO-d;) 6: 10.99 (1H, brs, -NH),
7.57 (1H, d, J = 8.0 Hz, H-4), 7.35 (1H, d, J = 8.0 Hz,
H-7), 7.23 (1H, s, H-2), 7.06 (1H, t, J = 7.5 Hz, H-6),
6.97 (1H, t, J = 7.5 Hz, H-5), 3.46 (1H, dd, J = 8.0, 4.0
Hz, -CH), 3.31 (1H, dd, J = 15.0, 4.0 Hz, -CH,), 2.98
(1H, dd, J = 16.0, 9.0 Hz, -CH,); "CNMR (100 MHz,
DMSO-dg) d: 124.5 (C-2), 110.0 (C-3), 127.7 (C-3a),
118.8 (C-4), 118.7 (C-5), 121.3 (C-6), 111.7 (C-7), 136.8
(C-7a), 55.2 (-CH), 27.5 (-CH,), 170.5 (-COOH). Pl L
HOHE 5 SCHR R IE 2R B SR IR AR — B, W
BEENEYNOEATR .

HEW 3 AR, ZEWE TLC LW
10% i B — L B VA TR 245 40 1, Liebermann-Burchard
SN BT, Molish O S B, 78 ZA0A 8 5
EERLEY, & 5HE MEXRG T TLC L,
RABA R A, MO %A NS M.

HE®W4 Ak K. ESI-MS: m/z 217 [M+H]",
7R A CH N0, "THNMR (400 MHz, DMSO-dy)
5:10.91 (1H, brs, 9-NH), 7.45 (1H, d, J = 8.0 Hz, H-5),
7.33 (1H, d, J = 8.0 Hz, H-8), 7.08 (1H, t, J = 7.5 Hz,
H-7), 6.99 (1H, t, J = 7.5 Hz, H-6), 421 (2H, dd, J =
15.5, 22.5 Hz, H-1), 3.63 (1H, dd, J = 10.5, 5.0 Hz,
H-3), 3.16 (1H, dd, J = 16.0, 5.0 Hz, H-40), 2.82 (1H,
dd, J = 16.0, 10.5 Hz, H-4p); "CNMR (100 MHz,
DMSO-dq) 6: 40.9 (C-1), 128.2 (C-1a), 57.1 (C-3), 23.4
(C-4), 107.1 (C-4a), 118.2 (C-5), 126.7 (C-5a), 119.2
(C-6), 121.7 (C-7), 111.6 (C-8), 136.7 (C-8a), 169.9
(-COOH). LA F## 5 CHk4kiE (35)-1,2,3,4- T -4-
R IR-3-FR IR 0l 0 B I A — 8, M e sk
EYA (35)-1,2,3,4- WA -B-RIPAR-3-FRIR . 6 3.63 (H-3)
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) HE5 MG H LY H-3 NEH#, RI-COOH
LT FIR%E . H-4 FIPRA(E S (93.16 16 2.82) HIHK
HHE AR H-3 NE LA

WEMSs AEREK, 51N CleHig00 'HNMR
(400 MHz, CD50D) §: 7.46 (1H, d, J = 16.0 Hz, H-7"),
6.95 (1H, d, J=2.0 Hz, H-2"), 6.85 (1H, dd, J = 8.0, 2.0
Hz, H-6'), 6.68 (1H, d, J = 8.0 Hz, H-5"), 6.16 (1H, d,
J=16.0 Hz, H-8"), 5.23 (1H, td, J = 9.0, 4.5 Hz, H-5),
4.07 (1H, m, H-3), 3.63 (1H, dd, J = 8.5, 3.0 Hz, H-4),
1.92~2.15 (4H, m, H-2, 6); “C NMR (100 MHz,
CD;0D) §:74.7 (C-1), 37.4 (C-2), 72.1 (C-3), 70.5
(C-4), 69.9 (C-5), 36.8 (C-6), 175.6 (C-7), 126.4 (C-1'),
113.9 (C-2'), 145.3 (C-3"), 148.1 (C-4"), 115.0 (C-5"),
121.5 (C-6"), 145.6 (C-7"), 113.8 (C-8"), 167.2 (C-9") . LA
I BT 5 SRR T S R P I BRI AR —
|, MEEEIENA YRR .

wEMe TEEKAK, TN CisH 0 'HNMR
(400 MHz, DMSO-d;) d: 12.98 (1H, s, 5-OH), 10.66
(1H, s, 7-OH), 9.73 (1H, s, 4-OH), 7.95 (1H, s, 3'-OH),
7.43 (1H, d, J = 8.0 Hz, H-6"), 7.41 (1H, d, J= 2.0 Hz,
H-2"), 6.90 (1H, d, J = 8.0 Hz, H-5"), 6.67 (1H, s, H-3),
6.45 (1H, d, J = 2.0 Hz, H-8), 6.20 (1H, d, J = 2.0 Hz,
H-6); "CNMR (100 MHz, DMSO-d;) J: 164.3 (C-2),
103.4 (C-3), 182.0 (C-4), 161.8 (C-5), 99.4 (C-6), 164.5
(C-7), 94.2 (C-8), 157.6 (C-9), 104.2 (C-10), 121.9
(C-1", 113.7 (C-2"), 146.2 (C-3"), 150.1 (C-4"), 116.4
(C-5"), 119.4 (C-6") o DL b3 15 s 5 STk o () AR 2
R M RE A -8, M RN
3.4'.5,7-VUsR B, BPARRE .

wEM 17 mOKRAKR, 57N CuHyOpe.
'HNMR (400 MHz, DMSO-d;) d: 12.63 (1H, s, 5-OH),
10.85 (1H, s, 7-OH), 9.72 (1H, s, 4-OH), 9.14 (1H, s,
3'-OH), 7.68 (1H, d, J = 8.0 Hz, H-6"), 7.53 (1H, d, J =
2.0 Hz, H-2"), 6.83 (1H, d, J = 8.0 Hz, H-5"), 6.41 (1H,
d, J= 2.0 Hz, H-8), 6.20 (1H, s, J = 2.0 Hz, H-6), 5.39
(1H, d, J = 8.0 Hz, H-1"), 5.13 (1H, d, J = 4.5 Hz,
2"-OH), 4.85 (1H, d, J = 5.5 Hz, 3"-OH), 4.44 (1H, s,
4"-OH), 3.28~3.65 (4H, m, H-2", H-3", H-4", H-5");
BCNMR (100 MHz, DMSO-dq) d:156.2 (C-2), 133.9
(C-3), 177.9 (C-4), 161.2 (C-5), 99.1 (C-6), 164.5 (C-7),
93.9 (C-8), 156.2 (C-9), 104.3 (C-10), 121.5 (C-1'),
115.6 (C-2'), 145.2 (C-3'), 148.9 (C-4"), 116.4 (C-5),
122.4 (C-6"), 102.3 (C-1"), 68.3 (C-2"), 73.6 (C-3"),
71.6 (C-4"), 76.2 (C-5"), 60.6 (C-6") . LA [ kit %idi 5
SCHR AR TE M 7 3R -3-0-p-D- M R 2= FUHE T A I K
PO A — 5, W% %A AW i Y K -3-0-p-D-
nL R e LA R, B S22 Bk

3 iR

0 B K P S R, SR R T A 5 [A) 78
T4 b SR Y A R 4 P TE B SR ER B R R U
25 DR T 2 B0 R 2 RS 4 48 E R 4y Ak 1
T 3R T R I TR RRORN A AER AR HEEE RE, B
MR T Lin 25U R 4 22 k@ i
BMP Fl Wnt/B-catenin {5 5 i i 3L [R] {2 ik Jld B 44
MC3T3-E1 1 P 1ol 1 1 £ 3t 2 0 4 JR A 4 4855 1)
Fik, FFHAAREKNE. FASER (WEWS)
M2 BT (B 7) (RSP 3 F 0N 1 T B0
P R, WO SCHRHEI, 2R R R AN 4 22 ]
R 2 9 PR 7 B F I () 4701 IO A ¥ 1 A o B T B
)| P 2 S I [ 71 = 0 AR 90 a N N M =1
TEBLINR AR S H T8 1) A LA fh A e BB 40 R
FSE 2 L P R, A SO I B D A O R A ) )
LAl AR AL .
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