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Chemical constituents and hypoglycemic activity of Phlomis tuberosa
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Abstract: Objective To study the chemical constituents and hypoglycemic activity of Phlomis tuberosa. Methods The db/db
diabetic mice was used to screen the hypoglycemic active site of P. tuberosa. The chemical constituents were isolated and purified by
various separation and analysis techniques. The structures of these compounds were identified by spectroscopic analysis ('H-,
3C-NMR and MS). The hypoglycemic activities of these compounds were verified by the DPP-4 inhibitory activity in vitro. Results
Ethyl acetate extract of P. tuberosa showed significant hypoglycemic effect. Twenty-five compounds were isolated from the active site,
containing B-stiosterol (1), stigmasterol (2), daucosterol (3), clerosterol-stigmast-4-ene-3,6-dione (4), 22-dehydro-
stigmast-4-ene-3,6-dione (5), ellagic acid (6), ethyl gallate (7), gllagic acid (8), 4-hydroxybenzoic acid (9), 3,4-diohydroxybenzoic acid
(10), cinnamic acid (11), p-hydroxy-cinnamic acid (12), caffeic acid (13), 5-hydromethylfuraldehyde (14), quinic acid (15),
chlorogenic acid (16), ferulic (17), 2,3-dimethoxy-5-methyl-6-(3,7,11,15,19-pentamethyl-2,6,10,14,18-eicosapentaen-1-
yl)-2,5-cyclohexadiene-1,4-dione (18), 1-O-caffeoyl- quinic acid (19), 3,5-dimethoxy-4-hydroxy-benzene carbonic-1-O-B-D-glucoside
(20), 2-O-butyl-a-D-fructofuranoside (21), n-octadecanoic acid (22), stearic acid (23), methyl-5-(hydroxymethyl) furan-2-carboxylate
(24) and 4-hydroxy-3-methoxy-benzaldehyde(25). Nine compounds were obtained from the genus Phlomis for the first time,
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in which ellagic acid (6), quinic acid (15), and 1-O- caffeoylquinic acid (19) showed strong DPP-4 inhibitory activity with ICs, of

72.3,89.2, and 103.4 pmol/L, respectively. The ICs, of the positive drug diprotin A was 50 pumol/L. Conclusion Compounds (3—7

and 18—21) are obtained from the genus Phlomis for the first time. Compound 6, 15, and 19 show DPP-4 inhibitory activities.

Key words: Phlomis tuberosa L.; hypoglycemic activity; DPP-4; phenolic acids; ellagic acid; ethyl gallate; quinic acid; 1-O-caffeoylquinic

acid

HARKE TS Phlomis tuberosa L. NIETEFRIRE T )&
ZAEERIAMY), 52, YURKAETINY . HIRTY
., VER, A/NEE TINEMGEL. MEITRE. ER
bk, <ge T Mo BB R RN A 2, B
M =AEAR-1 (GLP-1D) 2 —FilgfefEz=, 2
MHEARGANE (2 2 e 5 3R 0 Wb, PT A R HE R RS 2
AP, IF Bl 2 PR e e R B = BUR . (H
#& GLP-1 fEAR N 32 IR AT, 1R 25 w5 LA JIRFE ik
fit-4 (DPP-4) 4y (lEFERE, DPP-4 Bl REW
FEKARN GLP-1 ()38, WTUAH T 2035 2 T BE IR
1231,

AT 5T 3R B PR I5 £ BB BRI PR £ R A< Y
A BA BN db/db /NRE S FERIER, Xt
SR CER AR 34T 7 B alifh, M7y Bs1g2) 25
MEE, S EN B-AE B (stiosterol, 1),
T (stigmasterol, 2). {3 M (daucosterol,
3). A S B 4% B (stigmast-4-ene-3,6-dione,
4). 22-WE G Ml (22-dehydro-stigmast-4-
ene-3,6-dione, 5). ¥E{EMZ (ellagic acid, 6). W&
TR LI Cethyl gallate, 7). W& TR (gllagic acid,
8). 4-FF X (4-hydroxybenzoic acid, 9)+ 3,4-
TRIIEHR (3, 4-diohydroxybenzoic acid, 10)-.
W AR (cinnamic acid, 11). X} £ % A A R
(p-hydroxy-cinnamic acid, 12)- MIMEER (caffeic acid,
13). 5-¥2 H E 5% (5-hydromethylfuraldehyde, 14).
ZE T2 (quinic acid, 15)+ Z¢J5& (chlorogenic acid,
16). %R (ferulic, 17)+ 2,3-dimethoxy-5-methyl-
6-(3,7,11,15,19-pentamethyl-2,6,10,14,18-eicosapenta
en-1-yl)-2,5-cyclohexadiene-1,4-dione (18). 1-O-Wjll
HEREZE TR (1-O-caffeoylquinic acid, 19). 3,5-—
HSE S 4- 32 B - 2K -1-0-B-D- ] &) B (3,5-
dimethoxy-4-hydroxy-benzene  carbonic-1-O-3-D-
glucoside, 20). IE T 3E-B-D-FEIH L HEH (2-0-
21) . IE -+ J)UkE R
(n-octadecanoic acid, 22). JHEZ (stearic acid, 23).
S-(FRIE L2 R S [methyl-5-(hydroxymethyl)
furan-2-carboxylate, 24]. 4-F%%t-3-F 4 5L 2K H ig

butyl-a-D-fructofuranoside ,

(4-hydroxy-3-methoxy-benzaldehyde, 25), HH1{k
Y 3~7. 18~21 NERNZBHEYZHRG . #—
WARIMNEPETR IR RR WA 6. 15, 19 KILH
DPP-4 il idi M . AN gL L PA 1 SEIG AT 78 HeAR ks
SRR TSR, AR EVR TR R R F I R A
RPUE IR 2 TR SR e S A .
1 Rt
1.1 Y5

JE ) H S TR BR o A 2 R ik 2R R SR
(Gly-Pro-pNA, #t5 120M5030V, Sigma A #]);
DPP-4 (#t'5 D7052-1VL, Sigma 2A#]); BHZ40
ZHKZE A (lle-Pro-lle, #t*5 065K1584V, Sigma /A
A]); FRJHE (Acarbose, 85 B20003, L
HAMRHEAARATD; = GEHFI) ZIEF . i
¥ CBE. BEROES. & k. Ehi [ E 2
Btk 28GR R A\ CrhE i), I35 e o 4l
sk al; HEEEEEE (100~200. 200~300 H,
FH WAL ) B GF,s HER G T A RE
I KA PR F]); Sephadex LH-20 (GE-Healthcare
Bio-Sciences AB); MCI gel CHP 20P 4 i (HA
—EWTAHBRARD.

24T 2011 4F 11 A EZE, N5 RIE
KB Y J) 8 B % N KE IR Phlomis
tuberosa L.. FrA (kges-120515) 7T BifghE
2R R T
1.2 {43

Bruker AV-400 Fl AV-600 A% REILHRIE AL
(TMS NW#5), UPLC Premier Q-TOF 153 #3% Jii
WA ([ Waters 4] ); Triple Quad LC/MS 6410
([ Agilent A7]); LC3000 BURAH 4 (bt
GUFNEER AR AR ); YMC Pack ODS-A i
(250 mmX 10 mm, 5 pm , EEFLE 12 nm).
Accu-Chek Performa %' [C & jik IfiL #% 1% ( Roche
Diagnostics, f2[E); KQ-500 B A= (Rl
AR AR AFD; iK1 (Milli-Q Academic 2
7, 75 ); Eppendorf 5415R K i = i & O AL
(Eppendorf A7), f#[); EYELA Jefsz&21¢, H
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A% XA AR A F]; Hitachi Automatic Analyzer
7080 4= H ZhAEAAHTAX (Hitachi %], HA);
Eppendorf T &EF#i#s (Eppendorf A#], f8[E);
Power Wave XS fihr{X (Bio-Tek Instruments A ],
EHED; BP211D HL¥ 73 #r k- (Sartorius A ], f&
E); RN (LRELBEARATD; 1mL
A, ERASk (. OmEEED.
1.3 =4

WEPE SPF 2% db/db FAIF H & [T 5t dbim 7N
11D, M E g sSei sh A IR ST A F,
W ERALES SCXK () 2012-0002. Zh45EFE T
R R KBRS R OTE S B RS
H A B K, SelAEM 12/12h, =iF 22~23 C,
AHXFIRRE 45%~50%. FHRBNY) LI R AT &
BURAHRIBUR I i R 25 KB MR BE S A 22 1)
BR,
2 7k
2.1 KA
211 FESVEREIHIE  FRECHURKE DR 2584 2 000
g TREIERSHRH, N 95%Z 8 12 LR, [Hi
FEL2 h, 16 BOMmEE, HE 3 K. GIFIER,
WEZE T3 200 g PURKEDS CREER I, B 100 g
TSR EMRE AN 1| g/mL (EZE 100 mg/g) AR
K3 CRESEHIE A, e FHATARE S 10 mg/mL %5
24 (0.4% CMC-Na VB, AEHHRE TR 2B H
1100 g fin7K 100 g V&, AlBEAE 3 Ik, 5 HES
% B AEHL 3 K, G BRI CBERERGR, 75 TE 7,
SEERR ZBE RGBT 25 g, JKIEARIY 1 g/mL (424
& 25 mg/g), IEART 0.4% CMC-Na JEEEF] 2.5
mg/mL HUARKE TR BE L BRI AL 45 24
2.1.2 o dbidb /BN AL B
PEZGRRUEHEL . CBEARHCAL . BEFR L BRAC A,
A 12 B, 12 H dbim NSAE IR KH ig
T BRI (20 mg/kg). LEEHREX
H (100 mg/kg). BEMR LMEAHUA (25 mg/kg),
Sof MR ZH AR AU 2 25 F 0.4% CMC-Na /KVETR, JE4E
¥ 4.
2.1.3 GEM RN RIRG LG E AL
K5 12 h 5B IE AR AR, 1228 0 min MUAE{E (AD,
ZJALL 10 mL/kg (75 ig 0.2 g/mL ¥ER VAT ITHE
BT, DMEE 154 304 60, 90, 120 204 ik
&, Z+HiC A B, C. D. E. F, #BARIHEML
T (AUC), FHEEIRGER Y & .

AUC=[0.25(A+B)+0.25(B+C)+0.5(C+D)+0.5(D+
E)+0.5(E+F)]2
22 REEESE

TR RE AR (10.0 kg) A 80 L 1 95%
SRR 3 %, BRI 2 he P8, K RIS 2
1HIZE 956.8 g. BNPISLIGRI, EEER LB ALY A
BREFEEYE. R, XTESER £ BE iR AL 3T 10 22 1oy
W KU & e, BERR CREAEEL, 5 &
FEREH) 139.783 g+ BEIR L EEEH) 212.66 g+ LA
FOKIERER Sy 602.58 go & B 25 B F ek Jie
(100~200 H) #£:FF, TEHAE, DA mBE-HEER 4
ERRIEVEM (50 1 1—1 1 1) 18 9 MG (P1~P9).
P2~P4 (20.1 g) &fEAE(dl CahBE-NEIR iR
20017 1) LAY 1 (402 mg). 2 (8.2 mg).
18 (17.1 mg). 22 (6.6 mg). 23 (10.0 mg); P5~
P7 (31.5 g) ZrERFEARE (A HE-HEE 10 :
1—5 1) M4 TLC (& Fhi-HEE 20 : 18 ¢
1) 459 3 (13.8 mg). 4 (19.7 mg). 5 (9.2 mg).
9 (7.7mg). 11 (123 mg). 12 (4.4 mg). FER L
Fis A B 1 5610547 MCI gel CHP 20P F: (03 ( FHE-
KO:1—1:0), 155 17 M5 (P1~P17). P1~
P3 347 Sephadex-LH20 (HJE-7K 3 1 7—>8 1 2) Jq,
22 MCI gel CHP 20P #E: A3l (HEE-/K 30 7—1:0)
HISEIME &Y 21 (16.0 mg); P4, PS5 Sephadex-LH20
(FFEE-/K 12 1—1 1 05, & RP Cg il (FHEE- /K
317100 J5, B S el CFRBE-
K1:9—->5:5, MK 254 nm), HELLEY6
(15.6 mg). 14 (21.8 mg). 16 (23.2 mg). 20 (8.9
mg) 124 (3.8 mg); P10, P11 &fikfle (& HF k-
HEE7 D11 0 DA, J54 Sephadex-LH20 (=
FHEB-HEEL LD J5, B RPCg Al (HEE-
KS5:I5—>1:0 FEMLED 17 (12.1 mg); P12~
P15 %4 MCI gel CHP 20P il (HEE-/K 5 :
5-10:0), ZRER (ZH FRE-HEE10: 13D
FEEOIEE R 54 7 (3.3 mg) 8 (5.7 mg). 10 (19.0
mg). 13 (5.2 mg). 15 (3.1 mg). 19 (14.4 mg)
125 (16.8mg).
2.3 DPP-4 HIFIEMESLI 5k

BART 2 B SCik Y. 1 U/L () DPP-4 7£
70 mmol/L pH 8.2 BEFRZZ MK+, 456 umol/L JiEY)
Gly-Pro-pNA & . A4 & A1 FH 14 %5 8 25 43 530
DMSO P& 500 mmol/L HIRESIEW, I Infng
ZE PR S 10004 500+ 400, 200, 100+ 40+ 50
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20 umol/L. Z5¥)J MALEEFLIIA 100 pL JEEAIAT 50
L BGVA L, FE 50 A L A 7R B A AN N B 11
2 R AUE R HE, 37 CHEE 40 min, BUH!,
405 nm MEWICE (4) {H. KA SPSS it
FEMHIRE (ICso) fHo
24 GEEE

st 2/ b EE 3 Ik, f# A SPSS 19.0 &
PEATSE 0T, S5 RF X 5 £ono AFISLIGH L
W LLE ] FAS S, L P<<0.05 NEEMEERES

TR
3 #R
3.1 db/db /NRAIBENEIE M

CRGERY TN & (GTT) MRS R NE 1. K 1,
ig 2R TERT IG5 2/ BRI BB 0 T, 0 AR
7E 30 min AR MBEE, 2 )5 B G RE;
PRI E %, HLRFSEE] 90 min J5 I HEFF 4G FF
s BT R BHEFIBS R 2. B8 22 VA b, AE 60
min /5 L% C &I IR IRAK, JF H GTT AUC W& 1R

1 BEMEE (x£s,n=6)
Table 1 Postprandial blood glucose ( x £, n=6)

HLFEE /(mmol- L")

—
(=}

2H 53]
0 min 15 min 30 min 60 min 90 min 120 min
it 48406 11.740.9 12.1£03 8.740.6 5.840.7 47405
Y 13.610.8" 21.441.2% 28.440.9% 31.840.6" 31.94-0.8" 31.140.6"
- 167£1.0™ 210409 250404 27.0406™ 2504077 250407
Tt 2 We 2K HL) 11.74£0.7" 19.0+1.17 24.0+1.8" 30.0£0.6™" 28.0£03™ 25.0£04™
Z AR 142411 26.0+0.6"" 30.0+£0.8" 30.0£0.5" 28.0£0.5™ 27.0£03™
ExBALE: "Pp<0.001; SHBALLE: TP<0.01 P<0.001
P < 0.001 vs control group; "P<0.01 ""P<0.001 vs model group
404 80+
- SR
30 — g s it ididi
- S B = e g s
oy = B 2. B2 o
Ca 12 — LR g 40
= S
= !
<

O T T 1
0 50 100 150
t/min

1 GTTHiZk (x £s,n=6)
Fig.1 GTT curve (X £s,n=06)

i (P<<0.05); ZBEEHEHUIZH 60 min Ji5 MHEFF 46 PR,
GTTAUC [#fik, (EARAEEME. WK 2.
3.2 HMEE

&M 1: AETEE R AR (& LD, ESI-MS
miz: 415.70 [M+H] . 5 p-2 8 EE IR 5 (_Lifgrp
bR T ORI TEZANRFI RS T RIT,
H R EMEEEHBEEEMEE. SEEEhEY 1
B BT

&Y 2: AETEE R AR (& LT . ESI-MS
mlz: 413.37 [M+H]". '"H-NMR (400 MHz, CDCl;) ¢:
3.92 (1H, m, H-3), 5.33 (1H, m, H-6), 5.14 (1H, m,

N3
(=}
1

WE OB BRI RN Lm
EW@Y R
S *P<0.001; SHBMLLE: "P<0.05 TP<0.01
##p < 0.001 vs control group; "P<0.05 P <0.01 vs model group
2 GITHZ&TER (x Ls,n=06)
Fig.2 GTTAUC (x *s,n=6)

H-22), 5.03 (1H, m, H-23); C-NMR (100 MHz,
CDCLy) 6: 37.6 (C-1), 30.3 (C-2), 78.2 (C-3), 39.4
(C-4), 140.4 (C-5), 121.2 (C-6), 32.2 (C-7), 32.1
(C-8), 50.4 (C-9), 37.0 (C-10), 21.3 (C-11), 40.0
(C-12), 42.5 (C-13), 57.0 (C-14), 24.6 (C-15), 28.6
(C-16), 56.3 (C-17), 12.2 (C-18), 12.0 (C-19), 40.8
(C-20), 19.1 (C-21), 138.0 (C-22), 128.8 (C-23), 52.5
(C-24), 32.1 (C-25), 20.0 (C-26), 19.3 (C-27), 26.5
(C-28), 12.6 (C-29). LA Lyt i 5 SCik o % i
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HA—HD, Wb e i 2 N EE.

WEY 3: AT R R =S 5D, ESI-MS
m/z: 577.85 [M+H] . 5 B-TAEE N5 IR AL 78 78 2
BB REAE—3, 456 CikSE e ey 3 4 p-#
M.

WEY 4: AETEE R AR (& LT ESI-MS
miz: 427.35 [M+H]". 'H-NMR (400 MHz, CDCls) §:
6.18 (1H, s, H-4), 1.88~3.02 (4H, m, H-2, 7), 1.02~
1.72 (28H, m, H-1, 8, 9, 11, 12, 14~18, 20, 22~24),
0.88~1.02 (10H, m, H-19, 21, 26, 27, 29); "“C-NMR
(100 MHz, CDCls) 8: 202.4 (C-3), 199.7 (C-6), 161.2
(C-5), 125.4 (C-4), 56.4 (C-14), 55.8 (C-17), 51.0
(C-9), 46.8 (C-7), 45.8 (C-24), 42.5 (C-13), 39.8
(C-10), 39.1 (C-12), 36.0 (C-20), 35.5 (C-1), 34.2
(C-8), 33.9 (C-2), 33.8 (C-22), 29.1 (C-25), 28.0
(C-16), 26.0 (C-23), 24.0 (C-15), 23.1 (C-28), 20.9
(C-11), 19.8 (C-27), 19.0 (C-26), 18.7 (C-21), 17.5
(C-19), 12.0 (C-18), 11.9 (C-29). VL EJEHIE 5
BRIRIE X RS A — ), M b &Y 4 JoRt i
i S

WEY 5: AEBTEE MRS T HE) . ESI-MS
miz: 425.33 [M+H] . '"H-NMR (400 MHz, CDCl;) ¢:
6.32 (1H, s, H-4); 5.40 (1H, d, J=7.2 Hz, H-22), 5.32
(1H, d, J=7.2 Hz, H-23), 1.88~3.02 (4H, m, H-2, 7),
1.02~1.72 (24H, m, H-1, 8, 9, 11, 12, 14~18, 20,
24), 0.88~1.02 (15H, m, H-19, 21, 26, 27, 29);
BC-NMR (CDCL;, 100 MHz) J: 202.4 (C-3), 199.7
(C-6), 161.2 (C-5), 138.3 (C-22), 129.0 (C-23), 125.4
(C-4), 56.4 (C-14), 55.8 (C-17), 54.8 (C-24), 51.0
(C-9), 46.8 (C-7), 42.5 (C-13), 39.8 (C-10), 39.1
(C-12), 38.0 (C-20), 35.5 (C-1), 342 (C-8), 33.9
(C-2), 29.1 (C-25), 28.0 (C-16), 24.0 (C-15), 23.1
(C-28), 20.9 (C-11), 19.8 (C-27), 19.0 (C-26), 18.7
(C-21), 17.5 (C-19), 12.0 (C-18), 11.9 (C-29). LA L3
Rl 5 SCRRIROE R IR A E, M e e A
5 22-W AU B .

WA 6: ?)*zﬁ-féﬂai B AR (FEE). ESI-MS
m/z: 303.01 [M+H]". "H-NMR (400 MHz, DMSO-d)
d: 10.58 (1H, brs, -OH), 7.46 (2H, s, H-5, 5'), 2.32
(2H, m, H-2), 1.62 (2H, m, H-17), 0.81 (3H, m, H-18),
1.27 (24H, brs, H-3~8, 11~16); "“C-NMR (100
MHz, DMSO-dg) 6: 112.1 (C-1, 1'), 109.9 (C-2, 2'),
107.7 (C-3, 3"), 148.1 (C-4, 4), 136.4 (C-5, 5'), 140.2

(C-6, 6", 159.2 (c C = 0). VI Ly 5 Cukik
B I A B, WA 6 NEEAERR

&7 E’éﬁﬁm Uy AR CHEE) . ESI-MS m/z:
199.05 [M+H]". 'H-NMR (400 MHz, DMSO-d;) &
6.98 (2H, s, H-2, 6), 420 (2H, dd, J = 7.2, 12.8 Hz,
H-8), 1.27 (3H, dd, J = 7.2, 12.8 Hz, H-9); “C-NMR
(100 MHz, DMSO-d) d: 119.6 (C-1), 108.5 (C-2, 6),
145.5 (C-3, 5), 138.3 (C-4), 165.8 (C-7), 59.9 (C-8),
14.6 (C-9). LA b E 4 5 STk TE X Bl e A —
;U SR E T NEE TR,

%AfF%S Elé‘éﬂﬁ%a% (FfE). ESI-MS m/z:
171.03 [M+H]". 'H-NMR (400 MHz, DMSO-d;) 6
9.10 (2H, s, 3, 5-OH), 8.81 (1H, s, 4-OH), 7.12 (2H, s,
H-2, 6); “C-NMR (100 MHz, DMSO-ds) d: 120.5
(C-1), 109.7 (C-2, 6), 145.5 (C-3, 5), 138.0 (C-4),
169.1 (C-7). LA b3 i E 4 5 SOk 18 0o e A —
H®, W% EE 8 NEE TR,

G 9: TG E Bk K (HEE) . ESI-MS m/z:
139.03 [M+H]". 'H-NMR (400 MHz, CD;0D) &:
7.72 (2H, d, J = 8.4 Hz, H-2, 6), 6.80 (2H, d, J = 8.4
Hz, H-3, 5); “C-NMR (100 MHz, CD;0D) §: 121.6
(C-1), 132.5 (C-2, 6), 115.5 (C-3, 5), 161.3 (C-4),
166.8 (C-1"). LA EBEERE 5 SR E R AR —
HO, W% EEY 9 N 4 BEEHIR.

&) 10: /xfﬁé%ﬁi%ﬂi(@ %), ESI-MS
m/z: 155.03 [M+H] . 'H-NMR (400 MHz, CD;0D)
8:7.42 (2H, d, J=2.4 Hz, H-2), 7.30 (2H, dd, /= 2.4,
8.2 Hz, H-6), 6.80 (1H, d, J= 8.2 Hz, H-6); *C-NMR
(100 MHz, CD;0D) d: 121.9 (C-1), 115.5 (C-2), 145.5
(C-3), 151.3 (C-4), 116.5 (C-5), 122.5 (C-6), 167.8
(C-1)e LA b3 i 5 ek o xR A — 351,
MU B E) 10 4 3,4- RO HIER.

&Y 11: Eléﬁ‘aa (H ). ESI-MS m/z:
147.18 [M—H] . 'H-NMR (400 MHz, CD;0OD) 6:
8.08 (1H, d, J = 14.4 Hz, H-7), 7.61 (2H, d, J = 8.1
Hz, H-2, 6), 7.14 (2H, d, J= 8.1 Hz, H-3, 5), 6.81 (1H,
d, J=14.4 Hz, H-8); "C-NMR (100 MHz, CD;0D) §:
126.3 (C-1), 130.4 (C-2, 6), 116.7 (C-3, 5), 161.0
(C-4), 144.5 (C-7), 116.9 (C-8), 169.6 (C-9). LA L3k
TR 5 SO E R A —FY, s A
11 R

& 12: AETEMHAR (FEE. ESI-MS
m/z: 163.05 [M—H] . 'H-NMR (400 MHz, CsDsN) :
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8.08 (1H, d, J = 14.4 Hz, H-7), 7.61 (2H, d, J = 8.1
Hz, H-2, 6), 7.14 (2H, d, J= 8.1 Hz, H-3, 5), 6.81 (1H,
d,J=14.4 Hz, H-8); "“C-NMR (100 MHz, CsDsN) -
126.3 (C-1), 130.4 (C-2, 6), 116.7 (C-3, 5), 161.0
(C-4), 144.5 (C-7), 116.9 (C-8), 169.6 (C-9). DAL ¥
TR S SO B RS A —E, M et A
12 AXHRRE LR -

& 13: Eé%%ﬂﬁ%‘ﬂi (HEE), ESI-MS
milz: 179.11 [M—H] . 'H-NMR (400 MHz, CD;0D)
d:7.06 (1H, d, J = 2.0 Hz, H-2), 6.95 (1H, dd, J = 8.0,
2.0 Hz, H-6), 6.80 (1H, d, J = 8.0 Hz, H-5), 7.55 (1H,
d, J=16.0 Hz, H-7), 6.24 (1H, d, J = 16.0 Hz, H-8).
DA b 383 K 5 SRR o R A — s
AW 13 UnHERE .

&) 14: W OHPIRIEAR C(REED . ESI-MS m/z:
149.12 [M+Na]". 'H-NMR (400 MHz, CD;0D) ¢:
9.55 (1H, s, -CHO), 7.18 (1H, d, J = 3.6 Hz, H-3),
6.53 (1H, d, J = 3.6 Hz, H-4), 4.71 (2H, s, H-6);
PC-NMR (100 MHz, CD;0D) ¢: 176.2 (C-1), 145.6
(C-2), 120.0 (C-3), 110.2 (C-4), 161.9 (C-5), 57.5
(C-6)o LA b3 1 H0 s 5 SCmk R0 xof R A — 551,
WS B A 14 D 5-F2 WO .

&P 15: AEEMHAR (FEE. ESI-MS
m/z: 191.06 [M—H] . 'H-NMR (400 MHz, CD;0D)
d: 2.20 (2H, m, H-2), 5.37 (1H, m, H-3), 4.20 (1H, s,
H-4), 3.77 (1H, d, J = 6.8 Hz, H-5), 2.24 (2H, m,
H-6); "“C-NMR (100 MHz, CD;OD) &: 177.0
(-COOH), 76.1 (C-1), 73.4 (C-4), 71.9 (C-5), 71.3
(C-3), 38.7 (C-6), 38.1 (C-2) LA_I- 3 1A 5 STk AR
EXTIRIEA -, WA 15 NE TR,

&) 16: Eé%mi%‘}fi (HEE) . ESI-MS
miz: 353.10 [M—H] . 'H-NMR (400 MHz, CD;0D)
9:7.58 (1H, d, J = 15.6 Hz, H-7"), 7.07 (1H, s, H-2"),
6.97 (1H, d, J= 7.6 Hz, H-6'), 6.80 (1H, d, /= 7.6 Hz,
H-5'), 6.27 (1H, d, J = 15.6 Hz, H-8'), 2.20 (2H, m,
H-2), 5.37 (1H, m, H-3), 4.20 (1H, s, H-4), 3.77 (1H,
d, J = 6.8 Hz, H-5), 2.24 2H, m, H-6); "C-NMR
(100 MHz, CD;0D) 6: 177.0 (-COOH), 168.7 (C-9),
149.5 (C-4"), 146.7 (C-3"), 127.7 (C-1'), 123.0 (C-6"),
116.4 (C-5"), 115.2 (C-2'), 76.1 (C-1), 73.4 (C-4), 71.9
(C-5), 71.3 (C-3), 38.7 (C-6), 38.1 (C-2). LA Lipzil %y
o5 kAR E X IR A -5, M et E Y 16
NERER

ﬁ Il‘v:—‘—»

A 17: E{@?ﬁi%*ﬁﬁk (), ESI-MS
m/z: 193.06 [M—H] . 'H-NMR (400 MHz, CD;0D)
d:7.06 (1H, d, J = 2.0 Hz, H-2), 6.96 (1H, dd, J= 7.9,
2.0 Hz, H-6), 6.80 (1H, d, J = 7.9 Hz, H-5), 7.55 (1H,
d, J = 15.6 Hz, H-7), 6.24 (1H, d, J = 16.0 Hz, H-8),
3.98 (3H, s, H-10); "C-NMR (100 MHz, CD;0D) §:
168.4 (C-9), 148.6 (C-4), 146.0 (C-3), 145.0 (C-7),
126.2 (C-1), 121.6 (C-6), 116.2 (C-5), 115.6 (C-8),
115.1 (C-2), 56.1 (C-10). LA L0 5 SCikdiiE
SRR A 2T, M A 17 AR .

A 18: B EAHRE (=& 5. ESI-MS
mlz: 523.48 [M+H] . '"H-NMR (400 MHz, CDCl;) ¢:
3.18 (3H, d, J = 6.8 Hz, H-1'), 4.93 (1H, m, H-2'),
1.98 (16H, m, H-4, 8, 12, 16, 20"), 2.06 (1H, m,
H-5',9',13', 17", 21"), 5.12 (8H, m, H-6', 10", 14, 18"),
1.61 (3H, s, H-36"), 1.67 (3H, brs, H-35"), 7.26
(7X3H, s, H-7~31"), 1.74 (3H, brd, J = 1.2 Hz,
H-3"), 2.01 (3H, s, H-5), 401 (3H, s, H-2, 3);
PC-NMR (100 MHz, CDCl;) 0: 184.8 (C-1), 144.2
(C-2), 144.4 (C-3), 183.9 (C-4), 138.9 (C-5), 141.7
(C-6), 25.3 (C-1"), 118.9 (C-2"), 137.9 (C-3"), 39.7
(C-4', 8", 12", 16/, 20", 24", 28', 32"), 26.8 (C-5', 9", 13/,
17, 21", 25'), 26.5 (C-29', 33"), 124.4~124.4 (C-6/,
10, 14', 18', 22/, 26/, 30’, 34), 134.9~135.4 (C-7,
11, 15/, 19', 23, 27, 31"), 131.1 (C-35), 17.8 (C-36"),
25.7 (35-CH3), 16.3 (C-7'~31"), 16.4 (C-3"), 11.9
(C-5), 61.7 (2-OCH3), 61.9 (1-OCH3). LA i i
ScmroE R A, e a Y 18 A
2,3-dimethoxy-5-methyl-6-(3,7,11,15,19-pentamethyl-
2,6,10,14,18-eicosapentaen-1-yl)-2,5-cyclohexadiene-
1,4-dione.

&5 19: ?ﬁﬁ@%ﬁa Rk K (B . ESI-MS
m/z: 353.33 [M—H] . 'H-NMR (400 MHz, CD,0D)
8:7.48 (1H, d, J = 15.6 Hz, H-7'), 7.01 (1H, s, H-2"),
6.97 (1H, dd, J = 1.8, 7.8 Hz, H-6), 6.80 (1H, dd, J =
1.8, 7.8 Hz, H-5"), 6.27 (1H, d, J = 15.6 Hz, H-8'),
2.20 (2H, m, H-2), 5.37 (1H, m, H-3), 4.80 (1H, s,
H-4), 2.17 (1H, d, J = 6.8 Hz, H-5), 2.04 (2H, m,
H-6) : "“C-NMR (100 MHz, CD;OD) &: 179.0
(-COOH), 166.7 (C-9'), 148.5 (C-4"), 146.2 (C-7),
145.7 (C-3"), 125.7 (C-1'), 121.0 (C-6'), 115.4 (C-5"),
114.2 (C-2), 75.1 (C-1), 71.4 (C-4), 70.9 (C-5), 70.3
(C-3), 36.7 (C-6), 36.1 (C-2). LA_F- 3 i 5l 5 STk 4R
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&Y 20: A ERBAR (FEED. ESI-MS
miz: 331.11 [M—H] . 'H-NMR (600 MHz, CD,0D)
5: 6.49 (2H, s, 2, 6), 4.81 (1H, d, J = 7.2 Hz, H-1"),
3.92 (1H, d, J = 12.0 Hz, H-6a), 3.81 (6H, s, H-3,
5-OCHj3), 3.70 (2H, m, H-2', 3'), 3.66 (1H, dd, J= 7.2,
12.0 Hz, H-4"), 3.43 (1H, m, H-5"), 3.33 (1H, brd, J =
15 Hz, H-6'b); C-NMR (150 MHz, CD;0D) &: 154.8
(C-3, 5), 151.9 (C-1), 136.4 (C-4), 103.3 (C-1"), 96.2
(C-2, 6), 78.4 (C-5'), 78.3 (C-3"), 75.0 (C-2"), 71.8
(C-4"), 62.8 (C-6"), 56.6 (3, 5-OCH;). LA i 4
5 CmkiE xRS A ", Mk 20 A
3,5- A4 IR -1-0-B-D-F E E T

& 21 AT ERM AR (FED. ESI-MS
miz: 235.10 [M—H] . 'H-NMR (600 MHz, CD;0D)
6:3.91 (1H, d, J = 9.6 Hz, H-3"), 3.84 (1H, d, J= 1.2
Hz, H-6"), 3.77 (1H, dd, J = 3.6, 10.8 Hz, H-4'), 3.76
(1H, dd, J = 2.4, 9.6 Hz, H-5'), 3.74 (1H, d, J = 5.4
Hz, H-1'), 3.70 (1H, d, J = 5.4 Hz, H-1"), 3.65 (1H, dd,
J=12,12.0 Hz, H-6'), 3.51 (2H, m, H-1), 1.56 (2H,
m, H-2), 1.40 (2H, m, H-3), 0.94 3H, t, J = 7.2 Hz,
H-4); “C-NMR (150 MHz, CD;0D) &: 101.7 (C-2"),
71.6 (C-4"), 71.2 (C-5"), 70.8 (C-3'), 65.3 (C-6'), 63.6
(C-1"), 61.8 (C-1), 33.4 (C-2), 20.6 (C-3), 14.4 (C-4).
DA_E 3 R B 5 SRR B R R A —EY, W% e
AP 21 NIE T 3-B-D-ME g R+ .

&Y 22: AEREER (CEFLE) . ESI-MS miz:
283.27 [M—H], 7+ 73 CisH30,. 'H-NMR (400
MHz, CDCls) 6: 7.26 (1H, s, -COOH), 2.30 (2H, m,
H-2), 1.62 (2H, m, H-17), 0.81 (3H, m, H-18), 1.27
(28H, brs, 14X CH,]. *C-NMR (100 MHz, CDCl;) 8
177.1 (C-1), 33.9 (C-2), 29.5~29.0 (C-4~15), 31.9
(C-16),22.7 (C-17), 14.2 (C-18). LA FIE¥¥E 53¢
BATRE X A — Y, et 22 NIE T
J\BEHR o

A 23: AR (& H 5D . ESI-MS m/z:
281.27 [M—H] . 'H-NMR (400 MHz, CDCl;) 6: 7.28
(1H, s, -COOH), 5.34 (2H, m, H-9, 10), 2.32 (2H, m,
H-2), 1.62 (2H, m, H-17), 0.81 (3H, m, H-18), 1.27
(24H, brs, H-3~8, 11~16); “C-NMR (100 MHz,
CDCly) 8: 177.1 (C-1), 33.9 (C-2), 24.7 (C-3), 29.0
(C-4~7), 27.2 (C-8), 129.7 (C-9), 130.0 (C-10), 27.2

(C-11), 29.8 (C-12~15), 31.9 (C-16), 22.7 (C-17),
14.1 (C-18). LA i it Hidie 5 SCmRARE X B A —
F, W E A 23 MR .

B 24, AFETIRBEARCFEE) . ESI-MS m/z:
157.12 [M+H]", TR CHO4. 'H-NMR (400
MHz, CD;0D) 6: 7.21 (1H, d, J = 3.2 Hz, H-3), 6.44
(1H, d, J = 3.2 Hz, H-4), 4.45 (2H, s, H-6), 3.77 (3H,
s, H-7); *C-NMR (100 MHz, CD;0D) J: 166.2 (C-1),
156.1 (C-2), 119.0 (C-3), 110.2 (C-4), 160.3 (C-5),
56.1 (C-6), 51.9 (C-7). LA_LJ 40 5 sCk 4o o)
R A— 5, Mo e A B 24 N 5-(FRFE HIIE)-2-
TR F S

WEY 25 BEATEI K (&R,
ESI-MS m/z: 151.06 [M—H] . 'H-NMR (600 MHz,
CDCl3) d: 9.85 (1H, s, -CHO), 7.45 (1H, dd, J = 1.6,
8.8 Hz, H-6), 7.44 (1H, d, J = 1.6 Hz, H-2), 7.06 (1H,
d, J = 8.8 Hz, H-5), 3.99 (3H, s, -OCH3); "“C-NMR
(100 MHz, CDCl3) d: 190.9 (C-CHO), 151.7 (C-4),
147.2 (C-3), 129.9 (C-1), 127.6 (C-5), 114.4 (C-6),
108.8 (C-8), 56.1 (-OCH;). LA Lt %dh 5 Cikik
BRI A Y, WA 25 N 4-F3E-3-
FH AR LK R
3.3 AN

X BRI 25 MUA YT RS DPP-4 1
HIEVELGE, DA KR A NP, SR EoR
&Y 6. 15, 19 RKILH R DPP-4 fE M,
ICso {H W3R 2.

#2 A DPP-4 IMGHEHLER
Table 2 Compound DPP-4 enzyme inhibitory activity results

&Y ICso/(umol-L™")
6 723+1.1
15 89.2+1.1
19 103.4+1.8
—HRE A 50.0+1.3

Zi ERIEN, PR ISR R £ MR A G AT e Yk 3%
B AL PR /)N BRU PRI U I, 25038 dbldb /BRI IR
VERPT B, BERR BRI B IS B G 6.
15. 19 FBA5 DPP-4 il i5 14
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