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Effect of active ingredients in the Citrus fruits on the proliferation of hepatocellular carcinoma cells by Soo Jung
Kim', Deok Bae Park>* ('Department of Medicine, “Laboratory of Histology, Jeju National University School of Medicine)

Abstract  Previous studies have suggested that Citrus fruits might suppress the proliferation of various
cancer cells. However, little is known about any specific ingredients in the extract of Citrus fruits to exert its anti-
proliferative activity in cancer cells. The present study aimed to identify the active ingredients in Citrus fruits to
suppress the proliferation of rat hepatocellular carcinoma cells. Among tested compounds, two polymethoxylated
flavones (nobiletin and tangeritin) showed significant anti-proliferative activity whereas other compounds
(synephrine, rutin, hesperidin) did not. Interestingly, nobiletin as well as tangeritin also decreased the protein
amount of gluconeogenic enzymes, PEPCK and G6Pase. The possible involvement of gluconeogenic activity in the
proliferation of hepatocellulacarcinoma cells are further to be investigated.
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Figure 1. Effect of flavonoids on the viability of H4IIE rat hepatocellular carcinoma cells. H4IIE cells were grown in 24-well culture plates in
D-Mem (1 g/L glucose and 5% fetal bovine serum) up to 80-90% in confluency. Before treatment, cells were pre-incubated in serum-free D-Mem
for 24 h (serum-starvation) then further incubated for an additional 48 h in fresh media containing different doses of compounds as shown in the
figure. The degree of cellular viability was determined by MTT assay as described in materials and methods. Each bar represents the mean+ SE
(n=3). *p<0.05 vs control (non-treated with each compound, respectively).
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Figure 2. Effect of flavonoids on the viability (A), cytotoxicity (B) and glucose output (gluconeogenesis) (C) in H4IIE rat hepatocellular carci-
noma cells. H4IIE cells were grown in 24-well culture plates in D-Mem (1 g/L glucose and 5% fetal bovine serum) up to 80-90% in confluency.
Before treatment, cells were pre-incubated in serum-free D-Mem for 24 h (serum-starvation) then further incubated for an additional 48 h in fresh
media containing different compounds (50 uM). Each bar represents the mean £ SE (n=3). *p<0.05, **p<0.01 vs control. CTL, control: Syp,

synephrine: Hsp, hesperidin: Rut, rutin: Nob, nobiletin: Tgt, tangeritin
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Figure 3. Effect of flavonoids on the basal- or CD-induced glucose output (gluconeogenesis) (A-B), cytotoxicity (C) and viability (D) in H4IIE rat
hepatocellular carcinoma cells. H4IIE cells were grown in 24-well culture plates in D-Mem (1 g/L glucose and 5% fetal bovine serum) up to 80-
90% in confluency. Before treatment, cells were pre-incubated in serum-free D-Mem for 24 h (serum-starvation) then further incubated for an ad-
ditional 8 h (A), 24 h (B), and 48 h (C-D) in fresh media (glucose-free D-Mem) containing different compounds (50 pM) together with 8-cpt-cyclic
AMP (100 pM) and dexamethasone (500 nM) (C-D). Each bar represents the mean+ SE (n=3). *p<0.05, **p<0.01 vs control (A-D). #p <0.05,
#5<0.01 vs cAMP + dexamethasone (C, D). CTL, control: Syp, synephrine: Hsp, hesperidin: Rut, rutin: Nob, nobiletin: Tgt, tangeritin: CAMP,

8-cpt-cyclic AMP; CD, cAMP + dexamethasone
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Figure 4. Effect of flavonoids on the protein levels of gluconeogenic
enzymes in H4IIE rat hepatocellular carcinoma cells. H41IE cells
were grown in 24-well culture plates in D-Mem (1 g/L glucose and 5%
fetal bovine serum) up to 80-90% in confluency. Before treatment,
cells were pre-incubated in serum-free D-Mem for 24 h (serum-star-
vation) then further incubated for an additional 24 h in fresh media
(glucose-free D-Mem) containing different compounds (50 uM)
together with 8-cpt-cyclic AMP (100 uM) and dexamethasone (500
nM). CTL, control: Syp, synephrine: Hsp, hesperidin: Rut, rutin:
Nob, nobiletin: Tgt, tangeritin: cAMP, 8-cpt-cyclic AMP
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