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Abstract This study was performed to investigate the antiproliferative activities of supercritical extracts from
phalsak(Citrus hassaku Hort ex Tanaka) and yeagam(Citrus iyo Hort. ex Tanaka) against human cervical carcinoma
HeLa cells and the chemical compositions of the extracts. The anticancer properties of supercritical extracts were
demonstrated using the MTT assay and Hoechst 33342 staining and the compositional analyses were conducted by
using gas chromatography-mass spectrometry(GC-MS). The peel extracts of both species exhibited similar
antiproliferative effect. The antiproliferative activity of the flesh extracts was not detected up to 400 pg/mL, whereas
peel extracts of phalsak and yeagam reduced cell viability with 87.16% and 92.95% at 400 ng/mL, respectively. There
was a dramatic increase of the apoptotic body formation in the cell treated with peel extracts while no apoptotic body
formation detected in the cell treated with flesh extracts at 100, 200 ng/mL. By GC-MS analysis, 27 and 31 kinds
of compounds identified in flesh and peel of phalsak, while 27 and 29 kinds of compounds were identified in flesh
and peel of yeagam, respectively. 1,1,4,4-Tetramethyl- 2-tetralone(20.86%), alloimperatorin(8.15%), limonene(11.23%).
and auraptene(7.29%) were major in peel of phalsak, whereas limonene(22.19%), linalool(11.23%), and ¥
-sitosterol(9.12%) were major in peel of yeagam. som
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Fig. 1. The effect of Immature citrus supercritical
extracts on HeLa cell viability as determined
by the MTT assay. (A) Phalsak; PP, phalsak
peel; PF, phalsak flesh, (B) Yeagam; YP,
yeagam peel; YF, yeagam flesh. Data
correspond to the mean + standard deviation
(SD) from four independent experiments.
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Fig. 2. The changes of the nuclear morphology of HeLa cells upon treatment with immature citrus supercritical
extracts(iig/mL). (A) Phalsak; PP, phalsak peel; PF, phalsak flesh, (B) Yeagam; YP, yeagam peel; YF,
yeagam flesh.
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Table 1. Compounds from the immature citrus supercritical extracts identified by gas chromatography-mass
spectrometry (GC-MS).

Area % "
No. RI ® Name of the compound " phalsak yeagam
peel flesh peel flesh
1 1030 Sylvestrene 424 o B -
2 1039 Limonene 7.98 8.03 22.19 3.6
3 1061 y-Terpinene 4.86 3.28 - -
4 1098 Linalool 1.79 1.48 11.23 1.42
5 1191 a-Terpineol 1.61 - 1.60 -
6 1201 Decanal 0.72 - 0.48 -
7 1278 Perillal - - 0.29 -
8 1341 d-Elemene - - 5.02 0.31
9 1362 Limonene oxide - - - 0.53
10 1363 Neryl acetate 1.05 - 0.38 -
11 1378 Geranyl acetate 1.09 - 1.13 -
12 1391 BElemene 0.88 - 1.55 -
13 1403 Decyl acetate 0.4 - - -
14 1426 BCaryophyllen - - 1.61 -
15 1456 Nerolidol - - 1.17 -
16 1461 a-Humulene - - 0.72 -
17 1485 Germacrene-D 417 - 4.46 0.44
18 1498 aSelinene 1.67 - - -
19 1502 Bicyclogermacrene - - 0.35 -
20 1504 Farnesene 1.77 - - -
21 1511 2,4-Di-tert-butylphenol - 0.35 - 0.77
22 1526 &Cadinene 0.46 - 0.92 -
23 1552 Elemol 0.31 - 1.06 -
24 1563 Nerolidol - - 0.24 -
25 1606 4-(2,2,3,3-tetramethylbutyl)-phenol - - - 0.27
26 1699 Sinensal - - 1.31 -
27 1757 a-Sinensal - - 2.66 -
28 1786 Ethyl myristate 0.2 - 0.29 -
29 1919 Methyl palmitate - 0.27 - 0.22
30 1960 Hexadecanoic acid - - - 421
31 1984 Ethyl palmitate 0.26 - 0.36 -
32 2098 Heneicosane - - - 0.62
33 2135 Ethyl linoleate - 2.80 - 2.52
34 2139 Octadecanoic acid - 1.17 - 2.58
35 2148 Osthol 0.66 - - -
36 2189 Docosane - 0.65 - 1.52
37 2231 7-Methoxy-8-(2-formyl-2-methylpropyl)coumarin 1.68 - - -
38 2241 Xanthotoxol 0.84 - - -
39 2251 1,1,4,4-Tetramethyl-2-tetralone 20.86 - - -
40 2253 3-Methyldocosane - 3.42 - 4.89
41 2291 Tricosane - 5.37 - 12.10
42 2300 7-Methoxy-8-(2-0x0-3-methylbutyl)coumarin 1.37 - - -
43 2354 Methyltricosane - 0.79 - -
44 2364 9-Butyldocosane - 3.05 - -
45 2390 Tetracosane - 2.08 - 3.89
46 2454 2-Methyltetracosane - 4.82 - 6.59
47 2474 Pentacosanol - - - 0.44
48 2491 Pentacosane - 5.94 - 9.11
49 2565 3-Methylpentacosane - 2.83 - -
50 2590 Hexacosane - 0.98 - 1.46
51 2633 Alloimperatorin 8.15 - - -
52 2653 Auraptene 7.29 0.54 - -
53 2653 &Methylhexacosane - 1.73 - -
54 2690 Heptacosane - 2.14 - 2.51
55 2798 Octacosane - 1.03 - -
56 2829 Squalene - 1.26 1.19 0.67
57 3000 Triacontane - 0.28 - -
58 3000< yTocopherol 0.73 - 1.33 -
59 3000< a-tocopherol 2.41 0.86 424 -
60 3000< 4'5,6,7,8-Pentamethoxyflavone 1.78 - 4.68 0.5
61 3000< & 5-Ergostenol 1.87 9.6 2.18 5.54
62 3000< Stigmasterol 1.34 2.71 2.86 2.05
63 3000< y-Sitosterol 438 16.65 9.12 11.72
64 3000< 3'.4'.5.6.7.8-Hexamethoxyflavone 0.24 - 1.59 0.3
Total identified compounds 87.06 84.11 860.21 80.78

a) retention indices relative to C7-C30 n-alkanes calculated on Rtx-5SMS capillary column.

b) supercritical CO, extract of fruit compounds tentatively identified based on retention index and elution order as well as the fragmentation pattern
described in the literature.

c) relative peak area percentage (peak area relative to the total peak area %)

d) not detected
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