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[Abstract] Objective: To study the chemical structure of gardenia blue pigment and its inhibitory

activity against monoamine oxidase B (MAO-B), in order to seek a potential feasible way for rational utilization
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and value enhancement of iridoids in Gardeniae Fructus. Method: Iridoid glycosides in Gardeniae Fructus were
hydrolyzed by cellulase to obtain their aglycones and reacted with amino acids. Then, the products were purified
by column chromatography packed with D101 macroporous resin and preparative liquid chromatography to
obtain gardenia blue pigments, and the gardenia blue pigments were identified by nuclear magnetic resonance
(NMR) and mass spectrometry (MS). Benzylamine was used as the reaction substrate of MAO-B and in vitro
incubated with gardenia blue pigment monomers, high performance liquid chromatography (HPLC) was
employed to determine the production of benzaldehyde for evaluating the inhibitory effect of gardenia blue
pigments on MAO-B, the mobile phase was methanol (A) -50 mmol:L" potassium phosphate buffer (B, pH
3.2) (2:3), and the detection wavelength was 245 nm. Result: Eight compounds of gardenia blue pigment A-H
were synthesized and identified. In MAO-B inhibition test, compared with geniposide, the inhibitory activity of
gardenia blue pigment D and E was significantly enhanced (P<0.05). Compared with the 68-hydroxygeniposide,
the inhibitory activity of gardenia blue pigment G and H was significantly enhanced (P<0.05, P<0.01). All the
four gardenia blue pigments showed better MAO-B inhibitory activity than the prototype compounds.
Conclusion: Gardenia blue pigment is a simple compound formed by one molecule of amino acid and one
molecule of iridoid. Some gardenia blue pigments have better MAO-B inhibitory activity than the prototype
compounds. The activity of gardenia blue pigment produced by different substrates is different, and the high-
value gardenia blue pigment can be prepared based on experimental optimization, which can expand the
application range of gardenia blue pigment and enrich the comprehensive utilization of iridoids from Gardeniae
Fructus.
[Keywords] Chinese materia medica resources; Gardeniae Fructus; gardenia blue pigments; iridoids;

neural activity ; monoamine oxidase B; high performance liquid chromatography (HPLC)
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H-6, H-6/H-7 fl H-5/H-9, 4§ & 5 % £ M & i
(HMBC) F % A X6 (H-3 5 C-5,C-12;H-10 5 C-8,
C-9;H-OCH, 5 C-11;H-12 5 C-1, C-COOH) , ¥ K
AL G 0T 2SR o A E 0 S AR T SE )
% NOE 5% 1% (NOESY ) # i , €13 .78 H-5 5 H-9
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ft &% s W B H K . HR-ESI-MS m/z
308.112 5 [M-H] (C,;H NO, , Bl if {4 308.113 4) .
'H-NMR [ 500 MHz, it i} f£ (CD,OD) 15,,,,: 7.58
(1H,s,H-3),5.80(1H,dt,J=3.1,1.6 Hz,H-7) ,4.36
(1H,d, J=8.4 Hz,H-1) ,4.25(1H, m, H-10a) , 4.18
(1H,m,H-10b),4.16(1H,m,H-13),3.65(3H,d,J=
1.4 Hz,-OCH,) ,3.33(1H,d, J=1.4 Hz,H-12) ,3.22
(1H,q,J=8.7 Hz,H-5),2.80( 1H,dd,J=16.6,8.3 Hz,
H-6a) ,2.19(1H,t,J=8.2 Hz, H-9) , 1.87 (1H, t, J=
13.4 Hz, H-6b) , 1.48 (3H, dd, J=6.1, 1.4 Hz, 13-
CH,) ; "C-NMR (125 MHz, CD,0D)§,.: 91.16 (C-
1),141.40(C-3),101.56 (C-4) ,38.97(C-5) , 40.43
(C-6), 127.29 (C-7) , 147.16 (C-8) , 46.92 (C-9) ,
61.58(C-10),171.01(C-11),51.22(11-OCH,) ,49.85
(C-12),173.83(12-COOH),79.38(C-13),19.49( 13-
CH,) .tk & ¥ v % M (2R, 3R, 6aS, 9aS, 9bR) -9-
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1 &M~ HERRK
Fig. 1 Structures of conpounds 4-11

— IH-IH COSY ~~ "\ HMBC

2 A& 4~11H "H-"H COSY #1 HMBC
Fig. 2 'H-"H COSY and HMBC correlations of compounds 4-11

(hydroxymethyl) -6- (methoxycarbonyl) -2-methyl-2,
3, 6a, 7, 9a, 9b-hexahydrocyclopenta [ c] oxazolo [ 3,
2-apyridine-3-carboxylic acid, & #X¥E F B F B.
L&Y 6 (kA . HR-ESIMS m/z 344.124 1
[M-H] (C,,HN,O, , # i {H 344.124 6) . 'H-NMR
(500 MHz,D,0)6,,,:8.53(1H,s,H-17),7.60(1H,s,
H-3),6.20(1H,s,H-7),4.54(1H,m,H-9),4.43( 1H,
m,H-12),4.21(2H,s,H-10),3.64(3H,d,J=2.0 Hz,
11-OCH,),3.27(1H,d,J=16.1 Hz,H-13a),3.11(1H,
m,H-5),3.08(1H,m,H-13b),3.01(1H,d,J=6.5 Hz,
H-1),2.75(1H,dd,J=17.0,6.8 Hz,H-6a),2.19(1H,

d,J=17.0 Hz, H-6b) ; "C-NMR (125 MHz, D,0)3, . :
45.87(C-1),148.08(C-3),102.23(C-4),36.04(C-5),
38.30(C-6),132.79(C-7),141.94(C-8),48.71(C-9),
59.00(C-10),171.11(C-11),51.26( 11-OCH3) , 63.64
(C-12),175.95(12-COOH) ,23.64(C-13),126.00( C-
14),126.05(C-15),132.95(C-17) , b & ¥ fix % H
(5R, 8aS, 1laS, 11bR) -11- (hydroxymethyl) -8-
(methoxycarbonyl) -4, 5, 8a, 9, 11a, 11b-hexahydro-
1H-cyclopenta [a] imidazo [4, 5-h] quinolizine-5-
carboxylic acid, fi FRHE F ¥ A &K C.

&7 W AK K, HR-ESI-MS m/z 393.144 8
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[M-H] (C,,H, N0, , Bl i {f 393.145 0) . 'H-NMR
(500 MHz,D,0)8,,.:7.74(1H,s,H-3),7.55(1H,d,
J=7.8 Hz,H-19),7.40(1H,d,J=8.1 Hz,H-22),7.17
(1H, t, J=7.6 Hz, H-21), 7.11 (1H, t, J=7.4 Hz, H-
20),6.05(1H,s,H-7),4.53(1H,d,J=7.9 Hz, H-1),
437(1H,d,J/=5.4 Hz,H-12),4.16(1H,d,J=13.5 Hz,
H-10a),3.95(1H,d,J=13.5 Hz,H-10b),3.65(3H,s,
11-OCH,),3.36(1H,d,J=15.2 Hz,H-13a) ,3.12( 1H,
q.J=7.2 Hz, H-5) ,3.01 (1H, dd, J=15.2, 5.7 Hz, H-
13b),2.78(1H,dd,J=16.2,8.5 Hz,H-6a) ,2.56(1H,
t,J=7.4 Hz,H-9),2.21(1H, dd, J=16.4,7.7 Hz, H-
6b) ; "C-NMR (125 MHz, D,0)§,,.: 51.17 (C-1) ,
149.65(C-3),99.26(C-4),38.99(C-5) ,38.74(C-6) ,
131.78 (C-7) , 143.74 (C-8) ,47.41(C-9) , 59.93 (C-
10),171.83(C-11),51.09(11-OCH,) , 64.76 (C-12) ,
178.41 (12-COOH) , 24.19 (C-13) , 106.84 (C-14) ,
132.79(C-15),131.78(C-17),126.43(C-18),117.94
(C-19), 119.39 (C-20) , 121.65 (C-21) , 119.65 (C-
22) , b & W Ay & M (3aS, 7S, 13bS, 13cS) -1-
(hydroxymethyl) -4-( methoxycarbonyl)-3a, 7,8, 13,
13b, 13c-hexahydro-3H-cyclopenta[ a]indolo[ 3, 2-h]
quinolizine-7-carboxylic acid, fAj #XAE F # L E D.

fb&%8 WAk A . HR-ESI-MS m/z 310.073 2
[M-H] (CH,NO,S™, #i2{H 310.074 9) . 'H-NMR
(500 MHz,D,0)8,,.:7.70(1H,s,H-3) ,5.86(1H, m,
H-7),4.56(1H,dd,J=6.9, 4.1 Hz, H-12) ,4.24(2H,
m,H-10),4.17(1H,d,J=9.7 Hz,H-1),3.67(1H,d,J=
1.3 Hz, 11-OCH,) , 3.33(1H, dd, J=11.2, 6.8 Hz, H-
13a),3.18(1H,dd,J=11.1,4.1 Hz,H-13b),3.10( 1H,
q.J=8.4 Hz,H-5),2.75(1H, m, H-6a) ,2.36(1H,m,
H-9),1.94(1H, m,H-6b) ; "C-NMR (125 MHz,D,0)
8,,,:62.14(C-1),143.39(C-3),99.27(C-4),37.80(C-
5),38.42(C-6), 128.86 (C-7) , 144.06 (C-8) , 46.97
(C-9),59.94(C-10),171.6(C-11),51.20(11-OCH,),
68.73(C-12),177.47(12-COOH) ,32.65(C-13),{k &
Y4 4} (3R, 6aS,9aS, 9bS) -9-(hydroxymethyl) -6-
(methoxycarbonyl) -2, 3, 6a, 7, 9a, 9b-
hexahydrocyclopenta [ ¢] thiazolo [ 3, 2-a] pyridine-3-
carboxylic acid, fij #HE F#5 (A E E.

&9 UK K. HR-ESEMS m/z 326,126 0
[M+H] (C,,H,NO,", ¥ i {§ 326.124 0) . 'H-NMR
(500 MHz, DMSO-d,)8,,,: 7.58 (1H, s, H-3) , 5.83
(1H,d,J=2.4 Hz,H-7),4.52(1H,d,J=5.6 Hz,H-6),
433(1H,d,J=8.1 Hz,H-1),4.15(1H,d,J=16.1 Hz,
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H-10a) , 4.10 (1H, dd, J=13.0, 6.3 Hz, H-13) , 4.04
(1H,d,J=16.1 Hz,H-10b),3.86(1H,d,J=7.7 Hz,H-
12),3.57(3H,s, 11-OCH,) , 2.81( 1H, t, /6.4 Hz,H-5)
2.00(1H,t,J=7.7 Hz,H-9),1.38(3H, d, J=6.0 Hz,
13-CH,) ; "C-NMR (125 MHz, DMSO-d,)$,,,: 90.74
(C-1),141.55(C-3),96.09(C-4),42.47(C-5),73.27
(C-6), 12791 (C-7) , 150.77 (C-8) , 44.59 (C-9) ,
59.72(C-10),167.64(C-11),50.24(11-OCH,) , 65.65
(C-12),171.25(12-COOH),76.83(C-13),19.08( 13-
CH,) , k& ¥ fix 4 M (2S,3R, 6aS,7S,9aS, 9bR) -7-
hydroxy-9-(hydroxymethyl)-6-( methoxycarbonyl)-2-
methyl-2, 3, 6a, 7, 9a, 9b-hexahydrocyclopenta [ c]
oxazolo[ 3, 2-a]pyridine-3-carboxylic acid, & #% #E F
WERF,

£ & ¥ 10 i @ B K . HR-ESI-MS m/z
326.125 6 [M+H ] (C,H,,NO,", F i {H 326.124 0) .
'H-NMR (500 MHz,D,0)6,,,:7.78(1H,s,H-3),5.90
(1H,d,J=1.7 Hz,H-7),4.59(1H,m,H-6),4.45(1H,
d,J/=8.3 Hz,H-1),4.40(2H, m,H-10),4.36(1H, m,
H-13),4.12(1H,d,J=7.3 Hz,H-12),3.80(3H,s, 11-
OCH,),3.23(1H,t,J=7.7 Hz,H-5) ,2.54(1H, t, J=
8.1 Hz, H-9) , 1.58(3H, d, J=6.1 Hz, 13-CH,) ; “C-
NMR (125 MHz, D,0)§,,,: 89.99(C-1) , 141.86 (C-
3),97.67(C-4),45.97(C-5),82.18(C-6),128.44(C-
7),146.81(C-8),44.64(C-9),59.79(C-10),171.72
(C-11),51.43(11-OCH,;) ,66.84(C-12) ,174.73(12-
COOH),78.22(C-13),18.29(13-CH,) , fb & ¥ fix %
N (28, 3R, 6aS, 7R, 9aS, 9bR) -7-hydroxy-9-
(hydroxymethyl) -6- (methoxycarbonyl) -2-methyl-2,
3,6a,7,9a,9b-hexahydrocyclopental ¢ Joxazolo[ 3, 2-
a]pyridine-3-carboxylic acid, A FRHE F ¥ (.2 G,

ft &% 1 ¥ K OK . HR-ESI-MS m/z
411.156 3 [M+H] (C,,H,,N,O,, i1 {4 411.155 6) .
'H-NMR (500 MHz, DMSO-d,)$,.: 7.47 (1H, d, J=
1.1 Hz, H-3) , 7.39(1H, m, H-19) , 7.30 (1H, m, H-
22),7.05(1H, ddd, J=8.2, 7.0, 1.2 Hz, H-21) , 6.97
(1H, m, H-20) , 5.76 (1H, t, J=1.9 Hz, H-7) , 4.76
(1H, d, J=6.8 Hz, H-12) , 4.69 (1H, m, H-1) , 4.41
(1H,s),4.26(1H,d,J=15.0 Hz,H-10a),4.08(1H,d,
J=15.0 Hz,H-10b),3.58(1H,t,/=4.8 Hz,H-5),3.55
(1H,s, 11-OCH,),3.24(1H,d, J=15.6 Hz, H-13a) ,
2.92(1H,ddd,J=15.6,6.9,2.2 Hz,H-13b),2.73(1H,
m, H-9) ; "C-NMR (125 MHz, DMS0-d,)8, . : 50.01

ppm *°

(C-1), 147.13 (C-3) , 100.90 (C-4) , 44.70 (C-5) ,
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79.24(C-6) , 129.20 (C-7) , 148.17(C-8) , 44.15(C-
9),58.59(C-10), 168.06(C-11),50.49 (11-OCH,) ,
61.26 (C-12) , 172.27 (12-COOH) , 23.43 (C-13) ,
105.38(C-14),135.99(C-15),132.63(C-17),126.62
(C-18),17.63(C-19),118.68(C-20),120.99(C-21),
111.28 (C-22) , fk. & ¥ fir 45 4 (3R, 3aS, 7S, 13bR,
13cS)
(methoxycarbonyl)-3a,7,8, 13, 13b, 13c-hexahydro-
3H-cyclopenta [a] indolo [3,
carboxylic acid, fij #RHE F ¥ (4 K H.

2.2 MAO-B{f MMl 56

221 REEME E#E TNature C, (0154 (4.6 mmx
250 mm, 5 um), YA F % (A)-50 mmol- L™ 5 i #7 2%
MR (B, pH 3.2)(2:3) M Al , #1 R 55E 35 °C, Uit
¥ 1 mLemin”, $EEE 5 20 WL, &0 9% 4 245 nm.,
2.2.2 MAO Wil & W3 H SD R, BMEIE,
TR M KB R v 5 b R A, FH 0.9% A 3
ERIK VR 3 U, IR AR T, PR A7 T =80 CCUKAH , % H -
WF24H21 5 g, % T 175 mL 1% 0.3 mol- L' BB 5 W
HST IR B SRR T AR (0~4 °C ) ¥ R B 0
ML B0 (10 000 r-min™, 30 min, 20> 4% 8.5 cm,
TIE), BTN, B EIE W, B0, 38 B T
JERE T4 mL 1903 mol- L BEREE W, MA &
40 mL 19 1.2 mol- L™ BEAR I W v, 85 0 (i ol 18 2 Ky
10 500 r-min™, i [A] 40 min, .02 8.5 em) , 7 &
IE W, AR UCEE B MAO™', ] 100 mmol- L7
PR B0 2% wh i (pH 7.6) PR 1K, A 100 mmol- L™
12 90 2% vh i 40 mL A D0 E TR B, 40 ke B S B0
1 mL, F-80 °CUKHifiti 77, 5 H o

2.2.3  MAO-B il 25 9 1 Ah B i 9286 43
P 525 40 . R 100 mmol - L iR 50 2% v i
(pH 7.6) % MAO Fi B & 75 mg- L', LA & ¥ MAO I
il 25 W HE 11, 6a- 72 2 5 JE V11, 68-F5 5 5 JE °F-
11, H8 T ¥ (3 A~H BC il vk B2 1 mmol- L7 A%
W, BZ5ARE %I MAO I 100 WL & T 1.5 mL
BT INAT mmol-L MAO I 25 ¥)¥A % 100 pL
(25 40 %R FR 100 mmol - LB R 40 28 vh ik ) , R
FA 52 IR A (SR A% 4 mm, FRDIEA) 10 s,
F37 °CHEE 10 min, [[] B I AJEY 2.5 g- L' R H e
50 pL, [ IR S RIES) 10 s, T 37 °CHEFE
60 min, 37 B Aim A BB 150 L 458 1k 2 7, PR FETR 2,
280.22 wm fCFL B BB Ik U R ARF DN AE

2.2.4 MAO-B Wl 36 M e 38 ik 11 5 A X 3 4y
TG PR /N (45 25 21 2R WIS 5 25 11 20 28 HE R WO A 0 T

-3-hydroxy-1- (hydroxymethyl) -4-

2-h] quinolizine-7-

LR AL, 25 24 20 RN 23 1 41 20 T07E T O 7R T 2
2R H I ) Sk 0 KT 25 W F MAO-B 410 i1 15 MR B9 3R 55 , A1
POE P o e\ N[ TR o ' N = R/ WS
Xof T % T T =2 245 2 ) R PR R O T R/ T AR
U TET AL X 100% o 45 & BRAE 1 mmol- L A9 25 4 ¥k JiE
T, AE T R X A G 1 79.21% 88 F K D
F1E 14 AH X J6 43 35 1 53 501 ok 71.08% , 68.79% , AH 5%
FHIE Y HE T4 M 36, MAO-B 1 6l 35 1 Wtk 1 o
(P<0.05) ; 68 - ¥& 3£ 7T J& °F 4 19 #1 X+ o 4% 06
74.17% M8 T W5 (0 G FIl H AR 0T 360 4% 305 1k 43 591 M
61.83%, 65.96% , H14& T & ¥ 6B-F% B 5t Je °F # >k
Ui, MAO-B 1 il 1 4 BH 1 34 58 (P<0.05, P<0.01) .
MAE F % (0% A, B, C 8 A XF R 4 16 ¥ 2 0 ok
83.07%,83.70%,83.00% , ## T H K Y He 74 1M &
25 S IG5 X HE T 0 3 F A X 0 4% 0
78.91% , AHHE T H S W) 60-35 3k 50 J& 41 CHH A ) 4%
T 1 80.23% ) 1M & 25 7 4t 127 3 X o
22,5 Siib ot BdE H SPSS 22.0 AT HLIN &K
J5 257 Bt L 4] R F e/ i 3 0 22 551 (LSD)
ZHE WK, P<0.05 KR EFHAGII 2L
3 itig

H T, B A6 HE T i 8 R i oE £ B A P
HE - W5 JL 9 5 B Lo B PRl e A PR R R T RE N
(B 45 7 1T o AELXE TG 9 35 Ak A S5 45 A )5 G
BT A4 A, DL 8 08 25 TA R AR - R SRR LA [R]
KBAMEAIREY, HRE kM., A Sl
SFPE LIRS 3 FlHE 7 54 Bk s 28 o0 & R T 8 b
BEF 5 B R 43 B HE T 5 0 R A~H, % HIt A
5H R — oy F RS R 5 — 4y F I Tk i OY B
HALE Y, W e — e T AE SCERIEI I R S
INEE Z Rl LA IR A W) . SEBR b 7R HEAT ARG 5T
R BB TR BRI A R LAY 19 FeE DL g I i it
177 i3, K o 2 R R A W AR 7 €5 38 A TR
Z BigR, BALOY T T, SR TFHOER
i T BRI o T A 5 45 R T S B i T Ak AR
PRALAE T PR OR 7R S bR A 7=k B v A ) ] A
BT R, DL E R & AR IR R bR,
A R T HE ¥ W 27 i R B

WA, RIRERAEA LB ECKIER,
AR KRB R iR HA ARG M. ) bk
[ 8 Fh e 2 EFT MAO-B 1 il 1if 4 25 2% UESE 146 F
W3R D,E,G, HHA B MG, K LIE
TR GG M E L. T I RTEA
W52 TF K B 205 05 A DG I 2 AR Mg L 97 R E 7
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