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Abstract The most abundant flavanone of grapefruits, naringenin
(NN), is well known for its hepatoprotective, anti-lipid peroxidation
and anti-carcinogenic effects. We generated three derivatives from
NN using this technique in previous studies. Among them, it was
confirmed that naringenin-7-O-phosphate (N7P), whose biological
and physicochemical properties were not reported, showed a
water solubility 45 times higher than that of NN. Therefore, in this
study, the anti-inflammatory activity was evaluated in RAW 264.7
cells to investigate the potential physiological activity of N7P. As
a result, N7P showed nitric oxide (NO) inhibitory activity at
concentrations that did not show toxicity. In addition, prostaglandin
E, (PGE,) showed significant inhibitory activity from the lowest
concentration of 12.5 puM and showed increased inhibitory activity
compared to NN. In addition, as a result of western blot, N7P
showed increased cyclooxygenase-2 (COX-2) inhibitory activity
than NN, and effectively inhibited NO and PGE, by significantly
inhibiting their expression pathways. N7P also inhibited inflammatory
cytokines, including tumor necrosis factor-a, interleukin-6. Based
on these results, we propose that N7P can be used as a potent anti-
inflammatory agent.
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Fig. 1 Structures of naringenin (NN) and naringenin-7-O-phosphate
(N7P) and inhibitory effects of NN and N7P on cell viability in RAW
264.7 cells. The production of nitric oxide was assayed in the culture
medium of cells stimulated with LPS (1 pg/mL) for 24 h in the presence
of NN and N7P (12.5, 25, and 50 pM). Cytotoxicity was determined by
MTT assay. Result is expressed as percentages compared to the
respective values obtained for the control (untreated cells)
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Fig. 2 Inhibitory effects of NN and N7P on nitric oxide production in
RAW 264.7 cells. The production of nitric oxide was assayed in the
culture medium of cells stimulated with LPS (1 pg/mL) for 24 h in the
presence of NN and N7P (12.5, 25, and 50 uM). The results are
presented as the relative percentage of the control (untreated cells). Data
points are expressed as the mean + standard deviation. The mean of each
sample group was compared to the mean of the LPS-treated group,
*p <0.05, **p <0.01, ***p <0.001
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Fig. 3 Inhibitory effects of NN, and N7P on PGE, production in RAW
264.7 cells. The production of PGE, was assayed in the culture medium
of cells stimulated with LPS (1 pg/mL) for 24 h in the presence of NN
and N7P (12.5, 25, and 50 uM). The results are presented as the relative
percentage of the control (untreated cells). Data points are expressed as
the mean + standard deviation. The mean of each sample group was
compared to the mean of the LPS-treated group, *p <0.05, **p <0.01,
**kp <0.001
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**p <0.01, ***p <0.001
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Fig. 5 Inhibitory effects of NN, and N7P on production of pro-
inflammatory cytokines in RAW 264.7 cells. The production of A) TNF-
a B) IL-6 and C) IL-1B was assayed in the culture medium of cells
stimulated with LPS (1 pg/mL) for 24 h in the presence of NN and N7P
(12,5, 25, and 50 uM). The results are presented as the relative
percentage of the control (untreated cells). Data points are expressed as
the mean + standard deviation. The mean of each sample group was
compared to the mean of the LPS-treated group, *p <0.05, **p <0.01,
**¥p <0.001
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