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苦楝果实中具有细胞毒活性的苯丙素类成分
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摘 要:为了研究苦楝( Melia azedarach) 中的化学成分，我们采用柱层析的方法从苦楝的果实中分离得到 6 个化
合物 mesendannin A( 1) 、( + ) -Pinoresinol( 2) 、( -) -Eudesmin( 3) 、( -) -Drodehyrodiconiferyl alcohol( 4) 、( -) -Jatroin-
telignan D( 5) 、( -) -Dihydrodehyrodiconiferyl alcohol( 6) 。其中化合物 1 为一个新的苯丙素类二聚体化合物。所有
化合物的结构主要通过各种光谱方法，特别是二维核磁谱的方法进行鉴定。化合物 1 对 5 种人体肿瘤细胞表现
出中等强度的细胞毒活性。
关键词:苦楝;楝科;苯丙素;细胞毒活性

中图分类号: Q946． 91; Ｒ284． 1 文献标识码: A DOI: 10． 16333 / j． 1001-6880． 2016． 8． 001

Penylpropanoids with Cytotoxic Activity from the Fruits of Melia azedarach
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Abstract: In this study，a new penylpropanoid dimer，mesendannin A ( 1) ，along with 5 known ones ( + ) -Pinoresinol
( 2) ，( -) -Eudesmin ( 3 ) ，( -) -Drodehyrodiconiferylalcohol ( 4 ) ，( -) -Jatrointelignan D ( 5) and ( -) -Dihydrodehyrodico-
niferyl alcohol ( 6) were isolated from the fruits of Melia azedarach． Their structures was elucidated on the basis of spectro-
scopic methods，especially 2D NMＲ techniques． Compound 1 showed medium cytotoxic against five human tumor cell lines．
Key words: Melia azedarach; Meliaceae; penylpropanoid; cytotoxic activity

Introduction
The genus Melia ( Meliaceae) comprises three species
in the world and is widely distributed in Asian and the
south of tropical Africa［1］． As a traditional Chinese
medicine，the fruit and bark of this plant have long
been used as insect antifeedant and anthelmintic ［2］．
The chemical components of different parts of this plant
have been well studied previously，leading to isolation
of diverse bioactive compounds including limonoids，
penylpropanoids and steroids［3-5］． As a part of our con-
tinuing search for bioactive compounds from Meliaceae

family，six penylpropanoids ( 1-6) were obtained，inclu-
ding a new one． In addition，the cytotoxicity of the iso-
lated compounds against five human tumor cell lines
( Hela，MCF-7，A549，MGC-803 and COLO-205 ) was
evaluated by an MTT assay． Herein，we report the isola-
tion，structural elucidation，and cytotoxicity of these
compounds．

Fig. 1 Chemical structures of compounds 1-6



Materials and Methods
General experimental procedures
NMＲ spectra were performed on Bruker AM-400 in-
struments with TMS as the internal standard． IＲ spectra
were recorded on a Bio-Ｒad FTS-135 spectrometer with
KBr pellets，whereas UV date were measured using a
UV-2410A spectrophotometer． Bruker HCT /E Squire
and Waters Autospec Premier P776 mass spectrometers
were used to measure ESI-MS and HＲ-ESI-MS，respec-
tively． Semi-preparative HPLC was performed on a wa-
ters X-select ( 5 μm; 25 cm × 9． 4 mm i． d． ) ，Ｒp-C18
( 40-63 μm，Merck，Darmstadt，Germany ) ． Column
chromatography was performed on silica gel ( 60-80，
200-300 and 300-400 mesh，Qingdao Marine Chemical
Inc．，China) ，Sephadex LH-20 ( 40-70 μm，Amersham
Pharmacia Biotech AB ) ，MCI gel 20P ( 75-150 μm，
Mitsubishi Chemical Corporation，Tokyo，Japan) ． Frac-
tions were monitored by TLC ( GF254，Qingdao Marine
Chemical Co． Ltd．，Qingdao，China ) ，and by heating
silica gel plates sprayed with 5% H2SO4 in ethanol．
Plant material
The dried fruits of M． azedarach were collected in Yun-
nan province of China in October 2013 and was identi-
fied by Dr． Jia-Hui Zhang． A voucher specimen ( KIB-
HXJ20130021) was deposited at the Key Laboratory of
Phytochemistry and Plant Ｒesources in West China，
Kunming Institute of Botany，Chinese Academy of Sci-
ences．
Extraction and isolation
The air-dried powdered fruits ( 40 kg) were extracted 3
times ( 4，3 and 3 h) with MeOH． The combined MeOH
extracts were concentrated in vacuo at 50 ℃ to give the
crude residue ( 3 kg) ，which was re-suspended in water
and then partitioned with EtOAc． The EtOAc fraction
was processed with a silica gel column ( 0． 2 m × 0． 1
m，100 to 200 mesh) ，and eluted with a gradient of pe-
troleum ether-acetone ( from 10 ∶ 1 to 0 ∶ 1 ) to yield 5
fractions ( 1-5) ． Fr． 3 ( 5 g) was then separated over a
ＲP-C18 column ( MeOH-H2O 4 ∶ 6-10 ∶ 0 ) to obtain
Fractions ( 3A-3C) ． Fr． 3A ( 300 mg) was chromato-
graphed on a silica gel column ( 300-400 mesh) ，eluted
with petroleum ether /acetone ( 20∶ 1 ) ，further purified

by semi-preparative HPLC ( MeOH /H2O 60 ∶ 40，v /v，
tＲ = 15 min) to yield compound 1 ( 10 mg) ． Fr． 3B ( 2
g) was then purified on a silica gel column ( 300-400
mesh) eluted with petroleum ether /actone ( 10∶ 0-1∶ 1)
to yield 2 ( 200 mg) and 3 ( 400 mg) ． Fr． C ( 1． 5 g)
was separated by Sephadex LH-20 eluted with MeOH
and then applied to a silica gel column ( 300-400
mesh) eluted with petroleum ether /acetone ( 30∶ 1，20
∶ 1 and 10∶ 1 ) to yield compounds 4 ( 50 mg) ，5 ( 18
mg) ，6 ( 170 mg) ． The purity of compounds 1-6 were
95% as determined by TLC and HPLC．
Cytotoxicity assays
Cytotoxicity evaluations were performed on five human
cell lines ( Hela，MCF-7，A549，MGc-803 and COLO-
205 ) using the MTT method described in literature
elsewhere［6］． Cytotoxicity evaluations were performed
according to a previously described protocol［7］． Doxoru-
bicin was used as a positive control substance． The IC50

values were calculated by the Ｒeed and Muench meth-
od［8］．

Ｒesults and Discussion
Structural identification
Mesendannin A ( 1 ) : white amorphous powder; 1H
NMＲ and 13C NMＲ data: see Table 1．［α］22D = -0． 66
( c = 0． 6，MeOH) ． IＲ νmax ( KBr) : vm = 3420 ( OH) ，
2935，1517，1431，1277，1121，1154，1115，1087，1035
cm-1 ． ESI-MS: m/z = 439 ［M + H］+ ． HＲ-ESI-MS:
m/z = 439． 1876［M + H］+ ( cald． for 439． 1884) ．
Compound 1 was obtained as a white amorphous pow-
der． Its molecular formula was determined to be C22H30

O9by HＲ-ESI-MS from the ion at m/z 439． 1876［M +
H］+ ( cald． for 439． 1884 ) ． However，13 C NMＲ reso-
nances were observed for only 11 carbon atoms，indica-
ting that 1 must be a symmetric dimer． The eight de-
grees of unsaturation implied by the molecular formula
were accounted for two benzyl groups． The 1H and 13C
NMＲ in combination with HSQC data ( Table 1 ) re-
vealed that each monomer of compound 1 possessed
one 1，3，4-trisubstituted aromatic moiety ( δH 6． 90，
6. 84，and 6． 80) ，two methoxyls at δC 56． 6 and 55． 9，
two sp3 methines at δC 75． 7 and 84． 3，and one methyl-
ene at δC 62． 5． The

1H-1H COSY and HSQC spectra of
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Table 1 1H ( 400 MHz) and 13C ( 100 MHz) data of 1 in CDCl3 ( δ in ppm，J in Hz)

Position δH a δC a

1，1' － 129． 5

2，2' 6． 90 ( 2 × 1 H，d，J = 1． 4 Hz) 109． 4

3，3' － 146． 9

4，4' － 145． 8

5，5' 6． 84 ( 2 × 1 H，d，J = 8． 0 Hz) 114． 4

6，6' 6． 80 ( 2 × 1 H，dd，J = 8． 0 Hz，1． 4 Hz) 120． 9

7，7' 4． 12 ( 2 × 1 H，d，J = 8． 2 Hz) 84． 3

8，8' 3． 72 ( 2 × 1 H，m) 75． 7

9a，9'a 3． 54 ( 2 × 1 H，dd，J = 12． 0 Hz，3． 6 Hz) 62． 5

9b，9'b 3． 36 ( 2 × 1 H，dd，J = 11． 8 Hz，5． 8 Hz) －

3，3'-OCH3 3． 82 ( 2 × 3 H，s) 55． 9

7，7'-OCH3 3． 26 ( 2 × 3 H，s) 56． 6
aAssignments were based on the HMBC，HSQC，COSY and DEPT experiments．

1 revealed the existence of two structural fragment of C-
7 ( C-7') to C-9 ( C-9') ，and C-5 ( C-5') to C-6 ( C-
6') ，drawn with bold bonds，as shown in Fig． 2． The
HMBC correlations of MeO /C-3 and MeO /C-7 located
the two MeO at C-3 and C-7，respectively． The connec-
tivity of C-7 and C-1 was established by the HMBC
correlations from H-7 to C-1，C-2，and C-6． The remai-
ning methine C-8 was implied to join two monomers to-
gether via oxygen atom． Thus，compound 1 with a di-
meric structure was unambiguously established as
shown in Fig． 1．
Due to the structural flexibility of 1，ＲOESY correlation
of 1 could not provide direct evidence about the relative
configuration of C-7( 7') /C-8 ( 8') ． However，the large
coupling constant between H-7 ( 7') and H-8 ( 8') ( J
= 8． 2 Hz ) was observed． As shown in previous re-
port，compounds with a guaiacylglycerol unit，have the
J7，8value 7-9 in the threo-form，and have the J7，8 value
3-6 in the erythro-form．［13-16］ Thus，the C-7 /C-8 system

Fig. 1 1H-1H COSY ( Bold) ，Key HMBC and ＲOESY
correlations of 1

was determined as threo-configuration and compound 1
was elucidated as Mesendannin A． NMＲ data and de-
tailed experimental data of 1 is available free of charge
via the Internet at http: / /www． trcw． ac． cn．
( + ) -Pinoresinol［9］ ( 2 ) : white amorphous powder;
ESI-MS m/z 381 ［M + Na］+ ; molecular formula C20

H22O6 ;
1H NMＲ ( 400 MHz，CDCl3 ) : 6． 93 ( 2H，d，J

= 1． 4 Hz，H-2'，2'') ，6． 85 ( 2H，d，J = 8． 2 Hz，H-
5'，5'') ，6． 78 ( 2H，dd，J = 8． 0，1． 6 Hz，H-6'，6'') ，
4． 73 ( 2H，d，J = 4． 5 Hz，H-2，6 ) ，4． 20 ( 2H，dd，J
= 9． 0，7． 0 Hz，H-4，8) ，3． 86 ( 6H，s，3'，3''-OCH3 ) ，

3． 83 ( 2H，dd，J = 9． 3，3． 62 Hz，H-4，8 ) ，3． 08
( 2H，m，H-1，5) ; 13C NMＲ ( 100 MHz，CDCl3 ) : 148． 7
( C-3'，3'') ，145． 6 ( C-4'，4'') ，132． 3 ( C-1'，1'') ，
117． 2 ( C-5'，5'') ，114． 3 ( C-6'，6'') ，108． 7 ( C-2'，
2'') ，85． 4 ( C-2，6 ) ，71． 2 ( C-4，8 ) ，55． 6 ( 3'，3''-
OCH3 ) ，54． 3 ( C-1，5) ．
( -) -Eudesmin［10］( 3 ) : white amorphous powder; ESI-
MS m/z 409 ［M + Na］+ ; molecular formula C22 H22

O6 ;
1H NMＲ ( 400 MHz，CDCl3 ) : 6． 98 ( 2H，d，J =

1． 4 Hz，H-2'，2'') ，6． 80 ( 2H，d，J = 7． 8 Hz，H-5'，
5'') ，6． 81 ( 2H，dd，J = 8． 0，1． 4 Hz，H-6'，6'') ，
4. 74 ( 2H，d，J = 4． 5 Hz，H-2，6 ) ，4． 24 ( 2H，dd，J
= 9． 3，6． 9 Hz，H-4，8) ，3． 89 ( 6H，s，3'，3''-OCH3 ) ，

3． 85 ( 6H，s，3'，3''-OCH3 ) ，3． 88 ( 2H，dd，J = 9． 3，
3． 6 Hz，H-4，8 ) ，3． 11 ( 2H，m，H-1，5 ) ; 13 C NMＲ
( 100 MHz，CDCl3 ) : 146． 7 ( C-3'，3'') ，145． 2 ( C-4'，
4'') ，132． 7 ( C-1'，1'') ，118． 8 ( C-5'，5'') ，114． 3
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( C-6'，6'') ，108． 7 ( C-2'，2'') ，85． 8 ( C-2，6 ) ，71． 5
( C-4，8 ) ，55． 8 ( 3'，3''-OCH3 ) ，55． 4 ( 4'，4''-
OCH3 ) ，54． 0 ( C-1，5) ．
( -) -Drodehyrodiconiferyl alcohol［11］ ( 4 ) : white amor-
phous powder; ESI-MS m/z 381 ［M + Na］+ ( C20 H22

O6) ;
1H NMＲ ( 400 MHz，CDCl3 ) : 6. 89 ( 1H，s，H-6) ，

6. 86 ( 2H，s，H-2，2') ，6. 82 ( 1H，dd，J = 8. 0，2. 0
Hz，H-6') ，6. 56 ( 1H，d，J = 8. 0 Hz，H-5') ，6. 51
( 1H，d，J = 15. 2 Hz，H-7 ) ，6. 13 ( 1H，m，H-8 ) ，
5. 50 ( 1H，d，J = 6. 0 Hz，H-7') ，4. 18 ( 2H，d，J =
6. 2 Hz，H-9) ，3. 90 ( 3H，s，3-OCH3 ) ，3. 80 ( 2H，m，
H-9') ，3. 79 ( 3H，s，3'-OCH3 ) ，3. 57 ( 1H，dd，J =
12. 2，5. 8 Hz，H-8') ; 13 C NMＲ ( 100 MHz，CDCl3 ) :
148. 1 ( C-4 ) ，146. 6 ( C-3') ，145. 6 ( C-4') ，144. 2
( C-3) ，132. 8 ( C-1') ，130. 8 ( C-7 ) ，130. 1 ( C-1 ) ，
128. 2( C-5) ，124. 2 ( C-8) ，119. 9 ( C-6') ，116. 7 ( C-
6) ，116. 2 ( C-5') ，111. 9 ( C-2) ，108. 5 ( C-2') ，88. 2
( C-7') ，73. 8 ( C-9 ) ，63. 8 ( C-9') ，56. 8 ( 3-OCH3 ) ，

56. 5 ( 3'-OCH3 ) ，53. 1 ( C-8') .
( -) -Jatrointelignan D［11］ ( 5 ) : white amorphous pow-
der; ESI-MS m/z 395 ［M + Na］+ ( C21 H24 O6 ) ;

1H
NMＲ ( 400 MHz，CDCl3 ) δ: 6. 91 ( 1H，s，H-6 ) ，6. 90
( 2H，s，H-2，2') ，6. 87 ( 1H，dd，J = 8. 1，1. 8 Hz，H-
6') ，6. 57 ( 1H，d，J = 8. 1 Hz，H-5') ，6. 55( 1H，d，J
= 15. 8 Hz，H-7) ，6. 19 ( 1H，m，H-8) ，5. 52 ( 1H，d，
J = 6. 2 Hz，H-7') ，4. 29 ( 2H，d，J = 6. 2 Hz，H-9) ，
3. 90 ( 3H，s，3-OCH3 ) ，3. 80 ( 2H，m，H-9') ，3. 80
( 3H，s，3'-OCH3 ) ，3. 75 ( 3H，s，9-OCH3 ) ，3. 50
( 1H，dd，J = 12. 4，6. 2 Hz，H-8') ; 13 C NMＲ ( 100
MHz，CDCl3 ) : 149. 4 ( C-4 ) ，149. 1 ( C-3') ，147. 5
( C-4') ，145. 5 ( C-3 ) ，134. 5 ( C-1') ，134. 4 ( C-7 ) ，
132. 2 ( C-1) ，130. 3 ( C-5) ，124. 2 ( C-8) ，119. 9 ( C-
6') ，116. 7 ( C-6 ) ，116. 2 ( C-5') ，111. 9 ( C-2 ) ，
110. 5 ( C-2') ，89. 5 ( C-7') ，74. 3 ( C-9 ) ，64. 8 ( C-
9') ，56. 8 ( 3-OCH3 ) ，56. 5 ( 3'-OCH3 ) ，55. 2 ( 9-
OCH3 ) ，55. 1 ( C-8') .
( -) -Dihydrodehyrodiconiferyl alcohol［12］( 6 ) : white a-
morphous powder; ESI-MS m/z 383 ［M + Na］+ ( C20

H24O6 ) ;
1H NMＲ ( 400 MHz，CDCl3 ) : 6. 89 ( 1H，s，

H-6) ，6. 86 ( 2H，s，H-2，2') ，6. 82 ( 1H，dd，J =
8. 0，2. 0 Hz，H-6') ，6. 56 ( 1H，d，J = 8. 0 Hz，H-
5') ，5. 50 ( 1H，d，J = 6. 0 Hz，H-7') ，4. 18 ( 2H，d，J

= 6. 2 Hz，H-9) ，3. 90 ( 3H，s，3-OCH3 ) ，3. 80 ( 2H，
m，H-9') ，3. 79( 3H，s，3'-OCH3 ) ，3. 57 ( 1H，dd，J =
12. 2，5. 8 Hz，H-8') ，2. 65 ( 2H，m，H-7) ，2. 13 ( 2H，
m，H-8) ; 13C NMＲ ( 100 MHz，CDCl3 ) : 148. 1 ( C-4) ，
146. 6 ( C-3') ，145. 6 ( C-4') ，144. 2 ( C-3 ) ，132. 8
( C-1') ，130. 1 ( C-1 ) ，128. 2 ( C-5 ) ，119. 9 ( C-6') ，
116. 7 ( C-6 ) ，116. 2 ( C-5') ，111. 9 ( C-2 ) ，108. 5
( C-2') ，88. 2 ( C-7') ，73. 8 ( C-9 ) ，63. 8 ( C-9') ，
56. 8 ( 3-OCH3 ) ，56. 5 ( 3'-OCH3 ) ，53. 1 ( C-8') ，
34. 3 ( C-7) ，32. 5 ( C-8) .
Cytotoxicity assays
All the isolated compounds were evaluated for their cy-
totoxicities against five human tumor cell lines，Hela，
MCF-7，A-549，MGC-803 and COLO-205，by the MTT
methods. Doxorubicin was used as positive control with
IC50 of 0. 77，1. 56，1. 92，1. 05 and 2. 22 μM. The re-
sults showed that compound 1 showed medium cytotoxic
against Hela，MCF，A549，MGC-803 and COLO-205
cell lines with IC50 of 3． 92，5． 63，9． 33，5． 95 and 6． 26
μM，respectively．
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