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In the present study, we screened candidate natural compounds which possess the strong anti-pro-
liferative effects on human colorectal HCT116 cells using the commercial natural product library
(Selleckchem, L1400) based on cell viability assay. Human colorectal cancer HCT116 cells were in-
cubated with 50 uM of each compound from the natural product library, and then cell viability was
measured by MTT assay. From the first screening, five different kinds of natural products (chrysin,
diosmetin, emodin, piperlongumine, and tanshinone I) were selected based on cell viability assay in
HCT116 cells and commercial availability. All selected natural products significantly decreased cell vi-
abilities in HCT116 cells, whereas pro-apoptotic protein NAG-1 is strongly induced by chrysin or emo-
din treatment. Chrysin and emodin decreased cell viability in a dose-dependent manner. Moreover,
chrysin and emodin increased the expression of pro-apoptotic NAG-1 protein in a dose- and time-
dependent manner. In addition, PARP cleavage induced by chrysin or emodin was recovered in part
by the transfection of NAG-1 siRNA indicating that NAG-1 may be one of the genes responsible for
apoptosis induced by chrysin or emodin. Overall, our findings may provide basic screening data on
natural products which possess anti-proliferative activities and may help to understand the molecular
mechanisms of anti-proliferative and pro-apoptotic activities mediated by chrysin and emodin.
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Table 1. The results of cell viability assay using natural product library in HCT116 cells

Num.

Sample

Cell viability

Num.

Sample

Cell viability

(%) (%)
1 Docetaxel 94.0 53 Morin Hydrate 747
2 Ginkgolide B 83.1 54 Oleanolic Acid 57.0
3 Lovastatin 52.7 55 Phlorizin 63.8
4 Andrographolide 794 56 Celastrol 74
5 Baicalin 102.7 57 Curcumin 38.5
6 Cryptotanshinone 61.1 58 Esculin 57.19
7 Formononetin 712 59 Asiatic Acid 44
8 Honokiol 4.0 60 Chlorogenic Acid 56.4
9 Luteolin 106.4 61 Emodin 50.9
10 Naringin 85.7 62 Gynostemma Extract 67.8
11 Oxymatrine 83.0 63 Kinetin 53.9
12 Paclitaxel 85.4 64 Myricetin 53.5
13 Resveratrol 85.1 65 Oridonin 38
14 (-)-Epigallocatechin Gallate 922 06 Piperine 68.2
15 Apigenin 103.0 67 Costunolide 17.0
16 Bergenin 77.9 68 Daidzein 62.9
17 Cyclosporin A 53.8 69 Aloe-emodin 514
18 Ferulic Acid 76.4 70 Azomycin 60.5
19 Hyodeoxycholic acid (HDCA) 79.0 71 Chrysin 54.8
20 Magnolol 44 72 Enoxolone 29.2
21 Neohesperidin Dihydrochalcone (Nhdc) 80.8 73 Hesperetin 69.1
22 Paeonol 76.4 74 L-(+)-Rhamnose Monohydrate 59.9
23 2-Methoxyestradiol (2-MeOE2) 74.2 75 Myricitrin 61.4
24 Reserpine 83.7 76 Orotic acid (6-Carboxyuracil) 65.0
25 (+)-Usniacin 71.0 77 Puerarin 60.0
26 Arbutin 714 78 Genistein 63.8
27 Berberine chloride 474 79 Cyclocytidine HCI 56.4
28 Cytisine 70.4 80 Amygdalin 55.5
29 Glycyrrhizin (Glycyrrhizic Acid) 70.2 81 Baicalein 73.1
30 Icariin 69.4 82 Cinchonidine 55.3
31 (+)-Matrine 77.8 83 Fisetin 55.2
32 Neohesperidin 774 84 Hesperidin 53.5
33 (-)-Parthenolide 5.7 85 Limonin 81.0
34 Vincristine sulfate 96.4 86 Nalidixic acid 74.0
35 Hydrocortisone 715 87 Osthole 61.0
36 3-Indolebutyric acid (IBA) 725 88 Quercetin Dihydrate 82.6
37 Artemether 71.7 89 Rutaecarpine 455
38 Bilobalide 747 90 Sinomenine 73.6
39 Dihydroartemisinin (DHA) 63.1 91 Ursolic Acid 28.1
40 gossypol-Acetic acid 12.5 92 Diosmetin 57.9
41 Indole-3-carbinol 75.8 93 Naringin Dihydrochalcone 78.0
42 Methyl-Hesperidin 81.6 94 Dihydromyricetin 75.7
43 Nobiletin 53.3 95 Genipin 76.5
44 Phloretin 744 96 Guanosine 729
45 Artemisinin 61.7 97 Catharanthine 613
46 Progesterone 62.2 98 Xylitol 738
47 4-Methylumbelliferone (4-MU) 60.3 99 Xanthohumol 3.6
48 Artesunate 51.2 100 Rutin 66.4
49 Caffeic Acid 59.1 101 Synephrine 65.7
50 DL-Carnitine HC] 61.6 102 Vanillylacetone 71.7
51 Gramine 724 103 D-Mannitol 70.7
52 Kaempferol 84.3 104 Polydatin 66.5
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Table 1. Continued

Cell viability

Cell viability

Num. Sample (%) Num. Sample (%)
105 Sodium Danshensu 70.2 140 Doxycycline Hyclate 725
106 Geniposidic acid 62.1 141 Abscisic Acid (Dormin) 85.9
107 Inosine 715 142 Shikimic Acid 77.7
108 Schisandrin B (Sch B) 69.4 143 Taxifolin (Dihydroquercetin) 77.7
109 Gallic acid 67.9 144 Aloin 73.8
110 Halofuginone 45.5 145 Indirubin 751
111 Salicin 65.6 146 Naringenin 75.7
112 Tangeretin 59.9 147 Curcumol 65.8
113 Xanthone 71.3 148 Apocynin 68.0
114 Gastrodin 65.6 149 Idebenone 39
115 Quercetin 77.6 150 Bergapten 68.3
116 Isoliquiritigenin 72.0 151 Santacruzamate A (CAY10683) 61.3
117 Astragaloside A 62.8 152 Silibinin 64.0
118 Forskolin 65.7 153 Tetrahydropapaverine HCI 65.6
119 Triptolide (PG490) 55.1 154 Biochanin A 712
120 (+)-Bicuculline 60.9 155 Lappaconite HBr 65.8
121 Cucurbitacin B 17.1 156 Salidroside 58.0
122 Sclareol 17.2 157 Paeoniflorin 56.6
123 Tanshinone I 55.6 158 Rotundine 544
124 Yohimbine HCI 58.1 159 Vanillin 55.4
125 Hematoxylin 65.6 160 Diacerein 438
126 Sesamin 56.9 161 Licochalcone A 4.0
127 Sophocarpine 57.4 162 L-Glutamine 57.7
128 Ipriflavone (Osteofix) 62.4 163 Silymarin 57.7
129 Scopolamine HBr 66.2 164 Troxerutin 60.0
130 Hyoscyamine 85.7 165 Dioscin 38
131 Piperlongumine 6.0 166 L-carnitine 589
132 Sclareolide 753 167 Palmatine chloride 52.7
133 Tanshinone ITA 38.8 168 Geniposide 52.0
134 5-hydroxytryptophan (5-HTP) 75.5 169 Synephrine HCl 58.6
135 Hordenine 86.0 170 N6-methyladenosine (m6A) 54.8
136 Sorbitol 76.2 171 Calcium D-Panthotenate 56.8
137 Chrysophanic Acid 78.6 172 Oleuropein 61.9
138 (5)-10-Hydroxycamptothecin 61.9 173 L-Arginine HCI (L-Arg) 60.8
139 5-Aminolevulinic acid HCl 723
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MTS £4& o] &3t AMX AEEE A AY. 23 &<l 2tz val 73.3%, 74.7%, 56.8%, 24.0% 181 44.2%

A3}, chrysin (CRS), diosmetin (DSM), emodin (EMD), pi- o AE BEES BT (Fig. 1A), W15 13 A48 A9}
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(CRS), diosmetin (DSM), emodin (EMD), piperlongu-
. mine (PLG) or tanshinone I (TSN) for 24 hr, whereas
VEH CRS DSM EMD  PLG ToN 0.1% DMSO (vehicle, VEH) was treated as a control. Cell
Natural products (50 uM) viability was measured using MTS assay. Values indicate
means + SD (n=4). **p<0.001 vs VEH. (B) HCT116 cells
B Natural products (50 uM) were treated with 50 uM of each natural product for 24
VEH CRS DSM EMD PLG TSN hr. Cell lysates were prepared and Western blot was per-
’ - --.- | NAG-1 formed using NAG-1 and Actin antibodies.
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Fig. 2. Decrease of cell viability and up-regulation of NAG-1 protein by chrysin or emodin in HCT116 cells. (A, B) HCT116 cells
were incubated with 10, 25, and 50 uM of chrysin (CRS) or emodin (EMD) for 24 hr, whereas 0.1% DMSO (VEH) was
treated as a control. Cell viability was measured using MTS assay. Values indicate means + SD (n=4). **p<0.001 vs VEH.
(C, D) HCT116 cells were incubated with various concentrations of chrysin or emodin for 24 hr. Western blot was performed
by using NAG-1 and Actin antibodies. (E, F) HCT116 cells were incubated with 50 uM chrysin or emodin and collected
at the different time points. Western blot was done using NAG-1 or Actin antibodies.
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