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Chemical constituents from style and stigma of Zea mays
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Abstract: Objective To study the chemical constituents from style and stigma of Zea mays and evaluate its cytotoxic and glucose
consumption activities. Methods The chemical constituents were isolated by silica gel column chromatography and HPLC, and its
structure were identified by their spectral data and physicochemical properties analysis and the absolute configuration of new
compounds was identified by calculating ECD. Compounds 1 and 2 were tested for their effects on cytotoxic and glucose
consumption. Results Four compounds were isolated from methanol extract ethyl acetate extracts of style and stigma of Zea mays
with the structures identified as 6p,12p-dihydroxy-4(5),7(8)-stigmdiene (1), 8a,10a-dihydroxy-4(5),7(12)-stigmdiene (2), methyl
cyclohexane-carboxylate (3), and N-acethyl-tyramine (4). Compound 1 exhibited inhibitory activities on SK-OV-3 and T-24 cells
with values of 11.86% and 18.64%. Compound 1 improved the glucose consumption with values of 10.30% in HepG2 cells.
Conclusion Compounds 1 and 2 are new compounds. Compound 1 can exhibit inhibitory activities in SK-OV-3 and T-24 cells,
which can also improve the glucose consumption in HepG2 cells.
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GiR oM o TORBANRAE G A, BRI,
HAFRKS Wl SR B, B 2R,
HOBAEMIBIT CRAEAE P 5 A Wi Ve B o) 3 DR R
791, Syt — 5 R R K2R, 78 i T ¢ 10l
(3EA b, MR B SR e 1R < I8 A5 )
SRR A EY, A R v EE 4
B, FFEEAITFE R TR A0 (ECD) $w g
5 AN 6B12B- . F FE -4(5),7(8)- K K — )&
[6B,12B-dihydroxy-4(5),7(8)-stigmdiene, 1]. 8a,100-
T FE -4(5),7(12)- E K - ## [8a,10a-dihydroxy-
4(5),7(12)-stigmdiene, 2], # CHERHEE (methyl
cyclohexane-carboxylate, 3). & LR FER 2%
(N-acethyl-tyramine, 4). HAib&9 1. 2 &R
WERHACE . VP THED 1. 2 X NJB bt
T-24 40 BP E9w SK-OV-3 4 fid. = #ij% Hela 4
Mo, FLIRME MCF-7 4iiffl. 15 %% BGC-823 i 1)4H
M35 1 A HepG2 4 i A & BV AEVE 1 (b &)
1 %F SK-OV-3 4l X T-24 4 5o Hm a4
HIZ 308 11.86%. 18.64%. tha¥) 1 %t HepG2
O M R RS FE R AR EE R, THAEER N
10.30%.
1 XES5HH

X-6 EAE s EAL (B R AR A R A
F]); Autopol V BUFEYEAY (3 EEE KA D; Xevo
QTOF Jiii% (EH Waters A #]); TU-1901 IOk
FEAIAT WA B (b A iE A S A PR 52
fEAF]); Bruker AV-600 %R ILHR I gAY (fE[H
Bruker A]); Shimadzu =20 GG (HA S
BAF]D: LC-20AR ZE. RID-20A 12 3 e AG i 25 |
Sunfire TM Prep C18 OBDTM (100 mmX19 mm, 5
um) AW HEREHER (200~300 H) ~
H WAL 70 HRGE (TLC) BRI
HEAL T P : J-1500 CD & —fhify (HA%
otk et

TR 2017 4 8 A 14 HR H BT AR
WLLER Y, GFFII/RRFDHEARE E MK
Zea mays Linn. FIfEAERIHL, #5348 (N0.20170814)
W T 57 558 IR K22 RN L =
2 HE
21 RESSE

11.0 kg TR E K0 14, AR FIIE 10 L
FIEE 3 d g, EE 3R, AIHBRRRS
E/AMARIIKIRE, KA IECH . BiiE L BEAH

3, A IFAHFNAFI AR, ok 4 22 18 58 i =
1REEIR LB ALY 11.7 9.

BB R B AU 11.2 g, ATE R 5,
R & H e-H ¥ (9.5 : 0.5, 5.7L) (8:2, 5.8
L) KHEE (40L) B, 24 TLC fill& FHAHT R
4y, W13 FI~F10. F4 (738.7 mg) 7EREIAHN
FEE-7K (9 D AR E 4 mL/min 44 F T
I HPLC 7085, 9% F4-1~F4-5; F4-1 (481.7 mg)
FERBIA A FFEE-/K (7 3). /ABE 4 mL/min %%
P47 = AH HPLC 435, 193] F4-1-1~F4-1-5;
F4-1-1 (163.2 mg) {EVLBIAHAHEE-/K (416D, &
LR 4 mL/min 264 3847 A8 HPLC 755, 15 2
&9 1 (20 mg, t=20.9 min). 3 (1.4 mg, tr=10.2
min). F5 (1.7 @) {EVBNAHAFEE-K (91 1, &
BURLE 4 mL/min %4 N7 =AM HPLC 70 &, 14
F| F5-1~F5-6; F5-1 (508.2 mg) TEJLBHAH N FHEE-
K (703, KRR E 4 mL/min) 24 T k47 O
HPLC 43 &, 3% F5-1-1~F5-1-9; F5-1-9 (20.2 mg)
RN HEE-K (6 © 4). MR E 4 mL/min %
N34T S AH HPLC 405, 1921k&% 4 (1.5 mg,
tr=13.5 min). F7 (1.6 g) FEGFNAHNFEE- 2 H-
K (2.8 :1.7:55), HIGE 4 mL/min 24 it
17/ HPLC 7385, 77E§433| F7-1~F7-6; F7-3
(178.7 mg) fEMBIAH A EE-ME-7K (24116
6.0) AR 4 mL/min 25 N #E1T AH HPLC 4>
B, EEIMLEY 2 (23 mg, tk=41.2min).
2.2 BhE AR RaAnE] E N E

PAB R (10 pmol/L) NBHMEXTIE R MTT
% VPR EY 1. 2 XA ERBRE YT RR T-24.
SK-OV-3. HelLa. MCF-7. BGC-823 [{j{& &Mt
F & 10%i64F ML S R R R, ARRAL
3X103~7 X 103 M b 21 96 FLAR, FFLIAFR 100
uL, MHEEANMISERT 24 h HMpEFR. IMAARRREE (1.
10, 100 pmol/L) HIFFMILEY), 48 h )5, [AffLH
BN 20 uL (5 mg/mL) MTT ¥, JH7E37°C T E
4 h, BpE BiEE, HEFLHIA 150 ub DMSO,
PR KRR XAE 570 nm ARG (A) 5.
Fo AT i IR 200 B A R 2R

IR =(A wm—A wa)lA
2.3 BEEPEEFEEMNE

DL XU (1 pmol/L) AFATERTE, $E41k
HW 1. 2 6 N HepG2 21 A )4 &Ml 4 B i ke
TEPE. ¥ HepG2 AHiffifE4b 784 10% FBS ) iy i %
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B% DMEM H11f) 96 fLE5 7Rtk F359% 24 h, SRJSAETC
135 FAJC I 21 () /= 8 %7 % DMEM H A 0.15 mmol/L
PRIRBREE AL TR 12 h J5, K4t B oy ) FH v i %6 B
DMEM #1 PBS ik 2 Ik, 4o i Ay 201 =
&% DMEM DL K & FRifk £ (1. 10, 100 pmol/L)
A S B i E 24 he WEE S, H
R R 2 s X 7 R e A 2 A AT U s B 7
SR AP S E. IEWXTIRAN 90 uL 5975+
10 pL A FEER/K, FEMZEN 90 pL #5775+ 10 pL £
s 1% FCTH SRR Sl (2 4 T RV B

340 00 L 20 57 B P R = (U PR 0 e —
W EL AT R B I o R LA R o
3 #R
31 HMEE

& 1. AETEMA; mp235~236 C;
[@]2 =52 (c 0.02, MeOH): UV (nm): 204,
HR-ESI-MS %5t #E) 155 1 I& m/z 265.144 5 [M—
Hl, #7138 CisH2O0s (THEAE 265.144 0,
CisH2104), AEAIE N 5, H-NMR i (K 1) +,
£ 0n 6.74 (1H, brs) Fl oy 5.36 (1H, ) F77E 2 XU
R 755 ou4.25 (1H, brd, J = 9.6 Hz) Fll on 4.12
(IH,t, 3 =4.1Hz) 25t 2 DReNIEEmx R+

555 7E on 1.02 (3H, s) Ml 6w 0.95 (3H, s) 25 2
NG R E S, BC-NMR (£ 1) 4 15 MifE
5, Hordt 6c 170.5 b AT g 1AM #kEE, 6c 140.7, 139.0,
139.0 i1 136.1 4b45 i 4 NAWIFIRK, ££ oc 72.0 Al
66.5 4b%5 i 2 NMEARK. H HMBC &1, H-1 (6
2.16) 5 C-2 (6 27.7)/C-3 (9 25.0)/C-6 (d 71.9)/C-7 (¢
139.0)/C-8 (6 136.1)/C-12 (6 66.5) #HK:, H-2 (5 1.85,
1.65) 5 C-4 (0 139.0)/C-6 (9 71.9) #HK, H-3 (9
2.40,2.25) 5 C-1 (0 45.8) #2%,H-5(06.74) 5C-1
(0 45.8)/C-3 (6 25.0)/C-6 (9 71.9)/C-15(d 170.5) H
5%, H-8 (9 5.36) 5 C-1 (6 45.8)/C-7 (6 139.0)/C-10 (9
31.8)/C-12 (d 66.5)/C-13 (6 29.3)/C-14 (5 27.1)
%, H-10 (5 1.65, 1.40) 5 C-9 (5 31.6)/C-12 (¢
66.5)/C-13 (6 29.3)/C-14 (6 27.1) 5%, H-11 (5 1.85,
1.72) 5 C-9 (6 31.6)/C-12 (d 66.5) HI5%, H-12 (0
4.12) 5 C-1 (0 45.8)/C-7 (6 139.0)/C-8 (¢ 136.1)/
C-10 (6 31.8)/C-11 (6 28.9) #H%, H-13 (6 1.02) 5
C-8 (6 136.1)/C-9 (6 31.6)/C-10 (6 31.8)/C-14 (6 27.1)
MJ%, H-14 (0 095 5 C-8 (5 136.1)/C-9 (9
31.6)/C-10 (¢ 31.8)/C-13 (6 29.3) A%, HIBHEIGAL
AV 1P mE 1R,
5SCEREARIIXT R, FRARYE H-1 (6 2.16, ddd,

#£1 kA1, 28 H-NMR & BC-NMR #4E (600/150MHz, CDs;OD)
Table1 'H-NMR and *C-NMR data (600/150MHz, CDsOD) for compounds 1 and 2

e 1 2
et Jc OH oc OH
1 45.8 (d) 2.16 (1H, ddd, J=12.5, 9.6, 2.6 Hz) 36.7 (d) 2.33 (1H, m)
2 27.7 (1) 1.85 (1H, m), 1.65 (1H, m) 278 (1) 1.90 (1H, m), 1.41 (1H, m)
3 25.0 (1) 2.40 (1H, m), 2.25 (1H, m) 245 (1) 2.35 (1H, m), 2.20 (1H, m)
4 139.0 (s) 131.2 (5)
5 140.7 (d) 6.74 (LH, brs) 137.9 (d) 6.94 (LH, brs)
6 71.9 (d) 4.25 (1H, brd, J=9.6 Hz) 30.8 (t) 2.35 (1H, m), 2.20 (1H, m)
7 139.0 (s) 141.6 (s)
8 136.1 (d) 5.36 (1H, s) 75.9 (d) 3.60 (1H, s)
9 316 (5) 38.7 (5)
10 31.8 (1) 1.65 (1H, m), 1.40 (1H, m) 69.3 (d) 3.81 (dd, J = 9.4, 6.1 Hz)
1 28.9 (t) 1.85 (1H, m), 1.72 (1H, m) 31.6 (t) 2.33 (1H, m), 1.95 (1H, m)
12 66.5 (d) 412 (1H,t,J = 4.1 Hz) 120.3 (d) 5.41 (1H, t,J = 0.6 Hz)
13 29.3 (q) 1.02 (3H, s) 21.7 (q) 1.06 (3H, s)
14 27.1(q) 0.95 (3H, s) 16.9 (q) 0.79 (3H, s)
15 170.5 (s) 171.0 (s)
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COOH : _COOCH
\\‘5 W
OH Ho\é {;H
1 2

= 'H-1H COSY ,— HMBC

1 & 1F2 £/ H-H COSY. HMBC 1%
Fig. 1 Key 'H-'H COSY and HMBC correlations of
compounds 1 and 2

J=125,9.6, 2.6 Hz) "I LAHERT H-1 2y B BLIA), R4S
H-1 5 H-2 (9 1.85), H-6 15 H-2 (0 1.65) ¥ NOE #H%
(K 2) wTLAHENT H-6 4 o BXAl. HREE H-12 (6 4.12, t,
J = 4.1 Hz) nTH#ERT 12-OH N B MR, #—D1EH
CPCM HERYAE I EE 4TS (1S, 6S, 12R)-1a F (1S, 6R,
125)-1b 7£ B3LYP/6-31+-g (d, p)it 5 /KT Lit5H 55
(1) ECD i, Z55RHITHE I (1S, 6S, 12R)-1a ECD
W5 SN ECD WG, HULHiE THEY) 1 2%
MY, fr 4R 6B,12B- 2 dE-4(5),7(8)- oK — M.

2 k& 12 EEH NOESY %
Fig. 2 NOESY correlations of compounds 1 and 2

&Y 2. BEIERRMA; mp245~247 °C;
[z —78.2 (c 0.02, MeOH): UV A" (nm): 207,
HR-ESI-MS &5 ik 73 7 2576 m/z 265.144 6 [M—
Hl, #7138 CisH2O0s (THEAE 265.144 0,
CisH2104), AEAIE N 5, H-NMR i (K 1) +,
£ 0n 6.94 (1H, m) 1 6y 5.41 (1H,t,J=0.6 Hz) 7]
REAEAE 2 XUV 115 55 0n 3.60 (1H, s) #ll o 3.81
(1H, dd, J = 9.4, 6.1 Hz) %3t 2 A~ Al e oAbk
(KR 7155 7E 0n 1.06 (3H, s) A1 on 0.79 (3H, s) %4
2 NHIEHFIIEE S, BC-NMR (£ 1) 4 154
rfE5, HA oc 171.0 &bRTRESN 1 ANERIE, ¢ 141.6,
137.9, 131.2 F1120.3 kb %5 th 4 N AMEANEK, 1E Jc 75.9
F169.3 &bgh i 2 AN K. B HMBC i ml A1, H-1
(0 2.33) 5 C-7 (9 141.6)/C-12 (6 120.3) {3, H-2 (0
1.90, 1.41) 5 C-1 (6 36.7)/C-3 (6 24.5)/C-6 (9 30.8)
FHG, H-3 (6 2.35, 2.20) 5 C-4 (5 131.2)/C-5 (6
137.9) #i5%, H-5 (0 6.94) 5 C-1 (¥ 36.7)/C-3 (9
24.5)/C-6 (6 30.8)/C-15 (6 171.0) #H%, H-6 (6 2.35,
2.20) 5 C-1 (6 36.7)/C-2 (6 27.8)/C-4 (6 131.2)/C-5
(6 137.9) #5%, H-8 (9 3.60) 5 C-1 (6 36.7)/C-7 (6
141.6)/C-9 (6 38.7)/C-10 (6 69.3)/C-12 (6 120.3)/C-13
(6 21.7)/C-14 (6 16.9) 5%, H-10(63.81) 5 C-8 (6
75.9)/C-9 (6 38.7)/C-11 (5 31.6)/C-12 (6 120.3)/C-13

(6 21.7)/C-14 (5 16.9) #HZK, H-11 (6 2.35,1.95) 5
C-7 (6 141.6)/C-10 (6 69.3)/C-12 (6 120.3) #H%,
H-13 (6 1.06) 5 C-8 (5 75.9)/C-9 (6 38.7)/C-10 (6
69.3)/C-14 (6 16.9) #H5C, H-14 (6 0.79) 5 C-8 (6
75.9)/C-9 (6 38.7)/C-10 (6 69.3)/C-13 (6 21.7) %,
WG HER GG 2 BIP T M 1 B,

RYE H-8, H-10 5 — 3t H-13, H-14 HFH
NOE #H5¢, ] UAHEWTHH H-8, H-10 24 B i), =M
YHRRIELT )2 H-1 5 H-8 B NOE #12% (14 2),
e H-1 24 B BXAl . ik — 58 | CPCM BLAY 78 F I
eSS (IR, 8R, 10R)-2a 1 (1R, 8S, 10S)-2b 7
B3LYP/6-31+g (d, p) & /KF EiH5HARFH ECD
W, HAEHI(IR, 8R, 10R)-2a ECD i 5515 ECD
WY, KILEE TEY 2 4R, drah
8o, 100- —F2HE-4(5),7(12)- K —#s

&4 3: AR AR mp 175~177 C; 'H-NMR
(600 MHz, CD3;0D) ¢: 3.64 (3H, s, -OCHj), 2.30 (1H,
t, J = 7.4 Hz, H-1), 1.61 (4H, m, H-2', 6'), 1.32 (6H,
m, H-3'~5"); 13C-NMR (150 MHz, CD;0D) ¢: 174.6
(C-1), 50.5 (-OCHs), 33.4 (C-1'), 28.6 (C-2', 6'), 24.6
(C-3',5",28.7 (C-4"). ALE¥a 5 CikdiiE—zxia,
W ENAY 3 N H IR F .

& 4: AERA; mp 168~170 C; 'H-NMR
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(600 MHz, CDCls) d: 7.04 (2H, m, H-2, 6), 6.79 (2H,
m, H-3, 5), 3.49 (2H, q, J = 6.6 Hz, H-2"), 2.74 (2H, t,
J = 6.6 Hz, H-1"), 1.95 (3H, s, H-4"); 3C-NMR (150
MHz, CDCls) 6: 170.1 (C-3"), 154.6 (C-4), 130.8
(C-1), 129.9 (C-2, 6), 115.5 (C-3, 5), 40.8 (C-2'), 34.7
(C-1'), 23.4 (C-4"). LR E & I A LBEX F
K OWE—FM, M ENEY) 4 A LBEX A
IR
3.2 BhEMRRINEIEN R EENEEAEE M

DARH 25 2 BRI R, &7 1. 2 78 1. 10,
100 umol/L K, WXy ARSI R4 Motk T-24.
SK-OV-3 HJfilig k. 5 R 8oR, RN 10.0
pumol/L I, FILH—E G, Wik 2.
#z2 k&1, 2 (100 pmol-L™Y) %t SK-OV-3. T-24 B4l
GES
Table 2 Inhibition rate of compounds 1 and 2 in SK-OV-3
and T-24 cells

IR %
ey SK-OV-3 T-24
1 11.86+0.51 18.6410.56
2 11.22+0.45 12.41+2.33
PR 32.39+2.86 37.00+2.35

GER KW, AbEY 1 6 R R 40 M bk
SK-OV-3 & T-24 i #5371 4 11.86%- 18.64%,
Eon @ IEE Y, A 2 WA RS, X
HelLa. MCF-7. BGC-823 4l JEA B A stk

B 12 1R 6 W TS T SR LR 3.
HiZ& R H, L& 1. 2 7£ 10.0 pmol/L ¥R EXT
HepG2 4t i Hh 4] ) 4 v A s — e (R s E L, THAE
F435°4 10.30%- 9.80%.

#3 WEY L. 27E HepG2 M HIRH BBV HFEE
Table 3 Glucose consumption of compounds 1 and 2 in
HepG2 cells

e THFEHI%

=
1.0 umol-L™*  10.0 pmol-L™*  100.0 umol-L™*
1 1.67+2.28 10.30+1.38 13.04+1.72
2 0 9.80+6.10 8.66+1.33

UK 16.75+2.06

4 Ptig
FARAUE B 25 RIS R RRRE T, &

Y1, 2 45 EIRAEERESE, X HepG2 4 it

EIREIHAE s —E e REVE T, b I K2

BRI AT e 5z 2B i ik A oK, K AE )5 4k

WHFL it — B IE
FBAR TAVHEHFRARELEA R TR

SE K
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