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Chemical constituents analysis of Citrus medica fruit and
their inhibitory activity on nitric oxide production
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Abstract ; To study the chemical constituents and anti-inflammatory activity of the fruit of Citrus medica. The fruit of C. medica
was extracted with 95% ethanol, followed by extraction with petroleum ether, ethyl acetate, and n-butanol, successively.
GC-MS was used to analyze and identify the chemical composition of the petroleum ether extract, and the chemical composi-
tion of the ethyl acetate extract and their inhibition on nitric oxide production was studied. Through GC-MS analysis, there
were 57 compounds of the fruit of C. medica with a matching degree greater than 85% , which accounting for 72.50% of the
petroleum ether extract. The main components were ( E)-5-dodecene (5.61% ), 5,7-dimethoxy-2H-1-benzopyran-2-one
(5.34% ), (Z, Z)9, 12-octadecanedioic acid (4.72% ), etc. Investigation of the EtOAc fraction afforded four com-
pounds, identified as limettin (1), 6, 7-dimethoxycoumarin (2) , B-sitosterol (3) and stigmasterol (4). An assay of the in-
hibition of NO production with RAW 264. 7 cells indicated that the petroleum ether extract and the total ethanol extract
showed moderate activity with the inhibition rates of (23.40 + 2.50)% and (7.89 + 1.28)% at 50 pg/mL, respective-
ly. This article further validates the anti-inflammatory activity of the fruit of C. medica by studying its chemical composition,
analyzing its components by GC-MS, and screening for the inhibition of NO production, and provides a basis for the develop-
ment, utilization, and quality evaluation of this medicinal herb.
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RIEME o A SCAA R A FEXHZAR DAk 2 1o Bbt R
VSR TORT , SR 3R B, T b IR A 22 1 5
SCHRIE A B B 22 5%

1 #EE5FZE
1.1 #RGRH5EE

JURTT 2022 4R 9 SR AJTAREEIR, e MA
RN HARA BRITAT 28 vl 22 L B o 01 4808 Sy =)
A fEHEAEY)) 6T (Citrus medica 1. ) BSR5Z, Frfif
TR, AT & AR CT ) R EE
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Table 1  Relative content of component in the petroleum ether extract from the fruit of C. medica
AHXT & i DC e
[=] AN
}_‘N%_j? tg (min) C/ﬂ: N %d Relative content Matching
o. ompoun (%) degree
1 5.447 0 T-J5¢ Nonane 1.595 3 93
2 7.367 6 % Decane 0.528 8 95
3 7.707 6 B-H LM B-Myrcene 0.403 5 91
4 8.378 5 D-¥r# 4% D-Limonene 2.110 0 95
5 8.635 8 1-H H-2-(1-HH 3L 2 3L) - 78 Benzene, 1-methyl-2-( 1-methylethyl) - 0.275 4 97
6 8.828 8 (Z)-1,3,6-3 =03 ,7-— 14t (Z)-3, 7-Dimethyl-1, 3, 6-octatriene 0.217 2 96
7 3 957 4 1-F3E4-(1-H R 2 F)-1,4-3 & 4% 1, 4-Cyclohexadiene, 1-methyl4-(1- 21051 o4
methylethyl ) -
8 10.179 7 (E)-6-+F—t) 6-Dodecene, (E)- 0.181 8 90
9 10.427 8 W+ — 4% Cyclododecane 0.2154 87
10 10.832 1 (E)-5-+—#) 5-Dodecene, (E)- 5.614 2 97
11 10.951 6 (Z)2-+ -tk 2-Dodecene, (Z)- 1.3392 98
12 11.107 8 (Z)2-+ %k 2-Dodecene, (Z)- 0.688 6 98
13 11.227 3 1-FA 32 -k 52 i 2-Pyrrolidinone, 1-methyl- 0.4248 90
14 11.787 9 4-FEE-1-(1-F 3L 258 ) 3-3F 2 4 -1 - 3-Cyclohexen-1-ol, 4-methyl-1-(1-meth- 0.506 8 97
ylethyl) -
15 12.357 6 a,a4-=H L3R 4F-1-H E 3-Cyclohexene-1-methanol , o, a-4-trimethyl- 2.062 6 90
16 13.056 0 (Z)-2,6-Fhe-1-liE,3,7-— 3 2, 6-Octadien-1-ol, 3, 7-dimethyl-, (Z)- 1.988 4 96
17 13.543 1 (E)-2,6-Ffe-1-fE 3, 7-— 3L 2, 6-Octadien-1-ol, 3, 7-dimethyl-, (E)- 1.985 4 96
JNET-H L3 e 4-(1-H 3L 2 358 -, [3aS—(3aa,3bﬁ,4ﬁ,7a,7a5 ) |-1H
Wlke [ 1,3 ] 3 BE[1,2] 7K 1H-Cyclopenta[ 1, 3 ] cyclopropa[ 1, 2] benzene,
18 14.4529 octahydro-7-methyl-3-methylene-4-( 1-methylethyl) -, [3aS-(3aa, 3b8, 48, 7a, 01782 ol
TaS =) |-
_ - . ZEAN ~Octadien-1- -di -
19 14.756 1 (Z)-2,6-f-1-lE 3, 7-— H 3- | Z 8L 2, 6-Octadien-1-ol, 3, 7-dimethyl-, 0.650 3 o1
acetate, (Z)-
BN S 9. - S &1 i -1- -
20 15.013 4 2)!#‘]%5 FH L9 HI - XUFR [ 4. 4. 0] 25-1-%% Bicyclo[4.4.0 ] dec-1-ene, 2 0.867 5 9%
isopropyl-5-methyl-9-methylene-
2, 6-"HIL6-(4-H HF-3-I0di3E ) ¥ [3. 1. 1] BE2-%5 Bicyclo[ 3. 1.1 ] hept-
21 15.224 8 2-ene, 2, 6-dimethyl-6-(4-methyl-3-pentenyl ) - 20549 o7
1a,2,3,5,6,7,7a,7b-)\&-1,1,7 ,7a-PUH 3t [ 1aR-(laa,7a,7ac,7ba) ]-1H
22 15.307 5 MK a]Z% 1H-Cyclopropa[ a ] naphthalene, 1a, 2, 3, 5, 6, 7, 7a, 7b-octa- 1.644 3 91
hydro-1, 1, 7, 7a-tetramethyl-, [1aR-(laa, 7a, 7aa, 7ba) ]-
= 5- 0. - S -1-1 Bieve 2] - -
23 15 583 2 2- 5 P45 -1 R0 T A XUFR[4.4.0]%%-1-4 Bicyclo[4.4.0] dec-1-ene, 2 0.2711 o1
isopropyl-5-methyl-9-methylene-
o 15.629 1 (E)-7,11-Z"H 3 HIE-1,6,10-+ ZF =4 1, 6, 10-Dodecatriene, 7, 11- 0.255 9 95

dimethyl-3-methylene-, (E)-
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%% 1 ( Continued Tab. 1)
X Vi J3
=] ey
)JN%‘? tp (min) Cﬂ: = +%d Relative content Matching
0. ompoun: (%) degree

8a-/\GA-7-H Ke4-F B JE-1-(1-F K 2 35 ) - (1o, 438, 8awr ) -Z% 8a-Octahydro-7-

25 15.831°3 methyl4-methylene-1-( 1-methylethyl)-, (1., 4a.8, 8a. a)-Naphthalene 0.270°5 o1
Z, 7, 721,47, -+ —i=%:-1,5,9,9-PUH % 1, 4, 7, -Cycloundecatriene,

26 15.960 0 1,5,9, 9-tetramethyl-, Z, Z, Z- 0.240°3 %3
1,2,3,4,4a,5,6,8a-/\E-7-H H4-F FH-1-(1-F H 2 ) -(1a,4aa, 8aa) -

27 16.107 0 Z% Naphthalene, 1, 2, 3, 4, 4a, 5, 6, 8a-octahydro-7-methyl-4-methylene-1-(1- 0.181 1 93
methylethyl) -, (la, 4a, 8a. )-

28 16.281 6 (Z)-—l,6,10—+452§—_J#ﬁ,7,11—4m%—3—ﬂ£m% 1, 6, 10-Dodecatriene, 7, 0.3492 87
11-dimethyl-3-methylene-, (Z)-

29 16.401 1 5-( 2 H3L) 2-W:m FH % 2-Furancarboxaldehyde, 5-( hydroxymethyl ) - 0.346 4 94
[S-(E,E) J-1,6-3- 4, 1-FF 3E-5-30 FF JE-8-(1-FF B £, 3 ) 1-Methyl-5-meth-

30 16.5757 ylene-8-(1-methylethyl) -, [ S-(E,E) ]-1, 6-cyclodecadiene 1.970°6 %
(S)-HE K, 1-H FHe4-(5-H F-1- B Fe4-2 B 3L ) Cyclohexene, 1-methyl4-

3 16.768 7 (5-methyl-1-methylene-4-hexenyl ) -, (S)- 42530 o7
(18-i=) -%8,1,2,3,5,6,8a- /N A4, 7- I H-1-(1-F 3£ £ %5) Naphthalene,

3 . .

2 17.026 0 1,2,3,5, 6, 8a-hexahydro4, 7-dimethyl-1-( 1-methylethyl) -, (1S-cis) - 0.507°8 %
33 19.810 5 (-) XK B (-)-Spathulenol 0.6212 93
34 19.920 8 EALAFTHE Caryophyllene oxide 0.237 3 99
35 20.591 6 + 4R Dodecanoic acid 0.625 8 99
36 21.574 9 a-1% 245 a-Bisabolol 0.428 4 95
37 24.322 6 +-PUkERR Tetradecanoic acid 0.364 3 920
38 24.561 6 +75kElR Tetradecanoic acid 1.905 5 99
39 25.388 6 T NLER B E Hexadecanoic acid, methyl ester 0.899 1 99
40 26.344 3 + LR Pentadecanoic acid 1.491 6 99
41 26.574 1 T NHER £ Tk Hexadecanoic acid, ethyl ester 0.501 5 99
42 28.880 7 (Z,7)9,12-F/)\B SR g (Z, Z)-9, 12-Octadecadienoic acid methyl ester 0.668 1 99

R L e v ) e )
83 29,147 2 (Z,2,72)9,12 15-+ /)\B =48R, Hig 9, 12, 15-Octadecatrienoic acid, meth 0.343 3 99
yl ester, (Z, Z, Z)-
44 29.487 2 B Phytol 0.748 6 90
45 29.9559 N-( X B AR FEIR 3L ) TR RV B N-( p-Methoxyphenyl ) maleimide 2.8155 50
K R — i jia _Octadecatrienoic aci
46 30.222 4 (Z,2,2)9,12 15-+ )\§ =482, L8 9, 12, 15-Octadecatrienoic acid, ethyl 0.235 9 99
ester, (Z, Z, 7Z)-
47 31.2517 5,7- " H A B2 H-1 -5 It g -2 -l 2 H-1-Benzopyran-2-one, 5, 7-dimethoxy- 5.341 0 98
48 31.610 1 (Z,2)9,12-F /)\Bik — ¥R 9, 12-Octadecadienoic acid (Z, Z)- 4.723 9 99
49 32 9242 (E) 3,7-" W HE2 62 TEEERE T B2 Butanoic acid, 3, 7-dimethyl-2, 6-octa- 0.314 3 36
dienyl ester, (E)-
50 34.651 8 —+¥ElE Eicosanoic acid 0.243 6 99
2.6-3ke-1-8E 3 7-F T — I 2. 6-Octadien-1- -di -, pro-
51 35.808 1 (Z)-2,6-f-1-l% .3, 7-N R —H g 2, 6-Octadien-1-ol, 3, 7-dimethyl-, pro 0.965 3 %
panoate, (Z)-
52 36.554 1 =+#k%E Triacontane 0.203 1 96
53 37.234 2 T+ 4%ER Docosanoic acid 0.177 4 97
_ - _ vt 2N =3 73 - e aci -di ~ -octa-
s4 38199 1 (E) 3,7-"H -2 ,6- "M EEE THR Butanoic acid, 3, 7-dimethyl-2, 6-octa 4.860 0 90
dienyl ester, (E)-
(£ E)-2,6,10,5,19,23-5H3£-2,6,10,14,18 ,22-PUfie 44754 2, 6, 10, 14,
3 38.456 4 18, 22-Tetracosahexaene, 2, 6, 10, 15, 19, 23-hexamethyl-, (all-E) - 21544 »
56 45.128 1 44 2 E Vitamin E 2.784 2 99
57 48.868 3 T Stigmasterol 2.566 7 99
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LEW1 LR (LR OEE) ;mp. 145
~147 C, ESI-MS:m/z 207 [M + H] ";'H NMR
(400 MHz,DMSO-d,)8:7.87(1H,d,J = 12 Hz, H-
4),6.56(1H,d,J = 2 Hz,H-8),6.48(1H,d,J] = 2
Hz,H-6),6.16(1H,d,J = 12 Hz,H-3),3.89 3.85
(%4 3H,s,2 x OCH,) ;" C NMR (100 MHz, DMSO-
dg)8:164.0(s,C-2),111.1(d,C-3),139.2(d, C-
4),156.7(s,C-5),95.4(d,C-6),157.2(s,C-7),
93.5(d,C-8),160.8(s,C-9),103.5(s,C-10),56.5
(q,-OCH;),56.8(q,-OCH;) o DL E I &odls 5 5C
R RS B O E AN 5, T- A
TRTENER)

wEW?2 TEMK(ZROBE) ;mp. 135 ~
137 °C, ESI-MS:m/z 207 [M +H]*;'H NMR (400
MHz,DMSO-d,)8:7. 60 (1H,d,J = 9.6 Hz,H4),
6.83(1H,s,H-5),6.82(1H,s,H-8),6.26(1H,d,J
= 9.6 Hz,H-3),3.90.3.93(4 3H,s,2 x OCH, ) ;
“C NMR (100 MHz, DMSO-d, ) 8:162. 1 (s, C-2),
113.2(d,C-3),143.1(d, C4),107.8(d, C5),
146.5(s, C-6),152.7 (s, C-7),100.1(d, C-8),
150.6(s, C9),111. 5 (s, C-10),56. 5 (q,2 /-
OCH,) o D b I i Hcd 5 Se ik ) 3R — 50, i
YE A EY N 6,7T- —HAIETE,

Wwa&W3 A PRCR E A ESI-MS : m/z 415
[M+H]".,"H NMR (400 MHz, DMSO-d,) §:5. 38
(1H,d,J = 5.2 Hz,H-6),3.57 ~3.50(1H, m, H-
3),1.05(3H,s,H-19),0.93(3H,d,J = 6.5 Hz,H-
21),0.83(3H,d,J = 2.4 Hz,H-24),0.80(3H,d,J
= 6.5 Hz,H-27),0.67(3H,s,H-18) ;" C NMR(100
MHz,DMSO-d, )§:37.6(C-1),31.7(C-2),72.1(C-
3),42.3(C4),140.5(C-5),122.1(C-6) ,31.3(C-
7),31.8(C-8),51.0(C9),36.4(C-10),21.6(C-
11),39.7(C-12),42.6(C-13),56. 8 (C-14) ,24.6
(C-15),28.3(C-16),56.5(C-17),12.3(C-18),
19.7(C-19),36.6(C-20),19.0(C-21),34.3(C-
22),26.5(C-23),46.2(C-24),29.5(C-25),20.2
(C-26),19.3(C-27),23.5(C-28),12.3(C29), Lk
bR SRR Y A — B, e e %A
VI BB,

wEma PO E A ESI-MS. m/z 413.4 [M +
H]*.'"H NMR (400 MHz, DMSO-d,)§:5.27(1H,t,J
= 4.8 Hz,H-6) ,5.21 (1H,m,H-22),5.05(1H,m,

H-23),3.47(1H,m,H-3),1.15.1.07.0.94 0. 85,
0.82.0.67 (4 3H,S,H-18,19,21,26,27,29);"C
NMR (100 MHz,DMSO-d,)8:37.2(t,C-1),31.8(t,
C-2),71.5(d,C-3),42.6(t,C4),140.3(s,C-5),
121.4(d,C6),31.9(t,C-7),31.4(d,C-8),50. 1
(d,C9),36.7(s,C-10),21.4(t,C-11),39.6(t,C-
12),42.4(s,C-13),56.3(d,C-14) ,24.6(1,C-15),
28.5(t,C-16),56.4(d,C-17),12.1(q,C-18),19.7
(q,C-19),40.2(d,C-20) ,21.3(q,C-21),138.2(d,
C-22),129.5(d,C-23),51.2(d,C-24),31.9(d, C-
25),19.1(q,C26),21.5(q,C27),26.2(t,C-28),
12.3(q,C-29) o LI b3l od-5 Scmk ™ il — 3,
WS A B Y S
23 ITHFERYVERAHBERYN—SLR
(NO) 4 B H 1) i 14 0 12

AR YR SZ 56 %5 A T Tk A B T B ) A A
1) —48 AL A (NO) Az A il 16 PR R A7 PEAN, HAE 50
pg/mbL W FEE R AN AR TE WL 2, )k T A T kA
B NO fiil 3% o4 K F £ B S F il 3 vk, (H 3y
T B b L-NMMA A — 5 1Pt R T 1 o

®2 HRE NO ERE =

Table 2 Inhibition rate of sample on NO generation
v 33 NO A= ] 3
FEd . i
Samol Concentration NO generation
ample (pg/mL) inhibition rate( % )
L-NMMA 12.42 56.98 + 0.90
LB 50 23.40 + 2.50
Petroleum ether extract
b o 4
o LRERAED) 50 7.89 + 1.28
Total ethanol extract
3 i

T T A Tl A R A3 (R AT P A2 1 o
HCECE KT 85% WAL A W3k 57 B, M5 &
72.50% o T EAE K50 R (E)-5-1 2k i
(5.61%) .5, 7-— W 48 5L2H-1-28 3F Wit WR-2-fi
(5.34% ) [(Z,Z)-9,12-+ )\ bk "I Bz (4.72% ) |
(S)-1-FREA-(5-H 3E-1- H e 4-CU 0 35 ) - R O
(4.25% ) . N-( % H 4 2k o8 56 ) -5 ok fik W %
(2.82% ) HirEZE E(2.78% ) (551 (2.57% ) 4%,
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