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Background: Nobiletin is a polymethoxylated flavone that is abundant in the peels of citrus fruits, such as
Citrus unshiu (Satsuma mandarin) and Citrus sinensis. The dried peels of C. unshiu (chinpi) have been
included in several formulae of Japanese Kampo medicines. Nobiletin may suppress the induction of
inducible nitric oxide synthase (iNOS), which synthesizes the inflammatory mediator nitric oxide (NO)

Keywords: in hepatocytes.

Chinpi ) Methods: A C. unshiu peel (CUP) extract was prepared. Primary cultured rat hepatocytes were treated
;l?t‘;iocng:(?de with the CUP extract or nobiletin in the presence of interleukin 1B (IL-1B), which induces iNOS expres-
Inflammation sion. NO production and iNOS gene expression were analyzed.

Flavone Results: High-performance liquid chromatography analyses revealed that the nobiletin content in the

CUP extract was 0.14%. Nobiletin dose-dependently reduced the NO levels and decreased iNOS expression
at the protein, mRNA and antisense transcript levels. Flavone, which does not contain any methoxy
groups, also suppressed iNOS induction. Nobiletin reduced the transcriptional activity of iNOS pro-
moter-luciferase constructs and the DNA-binding activity of nuclear factor kB (NF-kB) in the nuclei.
Conclusions: The suppression of iNOS induction by nobiletin suggests that nobiletin may be responsible
for the anti-inflammatory effects of citrus peels and have a therapeutic potential for liver diseases.

© 2013 Elsevier Inc. All rights reserved.

Plant polyphenol

1. Introduction

Many plants contain flavonoids, which are often biologically ac-
tive [1]. For example, an extract of the milk thistle (Silybum maria-
num) is a mixture of flavones and thought to be beneficial for
hepatoprotection [2]. Citrus peels have been used as spices in hot
wine in Europe, and dried peels of the Citrus unshiu Markovich
(Satsuma mandarin), known as chinpi, have been used in several
formulae of Japanese herbal (Kampo) medicines, such as rikkunsh-
ito and kososan. The peels of C. unshiu contain a variety of flavo-
noids: flavanone glycosides (e.g., hesperidin and narirutin),
flavone glycosides (e.g., diosmin), flavonol glycosides (e.g., rutin)
and polymethoxylated flavones, which are exclusively present in
citrus fruits [3]. Nobiletin (5,6,7,8,3’,4’-hexamethoxyflavone), a
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polymethoxylated flavone, is abundantly present in the peels of
C. unshiu, C. sinensis (orange) and Citrus depressa (shiikuwasa)
[3,4]. When nobiletin is administered to mice or rats, it exerts
antitumor and anti-inflammatory effects [5,6]. However, whether
nobiletin exhibits anti-inflammatory activity in hepatocytes re-
mains unknown.

The inflammatory mediator nitric oxide (NO) plays a pivotal
role in various diseases [7], and NO is synthesized by inducible ni-
tric oxide synthase (iNOS). The iNOS gene is induced by the proin-
flammatory cytokine interleukin 1B (IL-1B) in primary cultured rat
hepatocytes, and this induction mimics liver injury, such as hepa-
titis [8,9]. In contrast, macrophages treated by lipopolysaccharide
(LPS) have a different mechanism of iNOS induction. We
demonstrated that NO is a sensitive marker that can be used to
monitor inflammatory responses to Japanese herbal medicines,
such as rhubarb (Rhei rhizoma) [9] and kinginka (Flos Lonicerae
japonicae) [10]. These hepatoprotective herbal medicines suppress
the IL-1B mediated induction of NO and iNOS protein in the
hepatocytes.
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Two transcription factors are involved in IL-1B-mediated iNOS
induction: nuclear factor kB (NF-xB) and CCAAT/enhancer-binding
protein B (C/EBPB) [8]. The iNOS gene promoter contains NF-kB and
C/EBPB binding sites, and NF-kB and C/EBPB synergistically acti-
vate iNOS transcription through their binding sites and are in-
volved in iNOS gene expression [8]. NF-kB plays a key role in
inflammation by regulating genes encoding iNOS, inflammatory
cytokines and chemokines [11]. iNOS induction is also regulated
via a post-transcriptional mechanism [12,13]. The antisense tran-
scripts (asRNAs) are transcribed from human, rat and mouse iNOS
genes and interact with the 3’-untranslated region of iNOS mRNA
to stabilize iNOS mRNA [13-15]. Recently, herbal constituents
(e.g., chlorogenic acid and gomisin N) and Kampo formulae (e.g.,
inchinkoto) have been reported to decrease the levels of iNOS asR-
NA, leading to the inhibition of iNOS expression [9,10,16].

In the present study, we analyzed the C. unshiu peel (CUP) ex-
tract and examined whether the CUP extract suppressed iNOS
expression in IL-1B-treated hepatocytes. Next, we examined
whether nobiletin suppressed iNOS expression and NO induction.
We clarified whether the flavone skeleton of nobiletin was respon-
sible for the suppression of iNOS expression by comparing the ef-
fects of nobiletin with the effects of flavone, which is not a
naturally occurring flavonoid [17]. Finally, the contribution of
nobiletin to the anti-inflammatory activity of the CUP extract
was examined.

2. Materials and methods
2.1. Materials

Nobiletin and flavone were purchased from Wako Pure Chemi-
cal Industries Ltd. (Osaka, Japan) and had purities greater than 95%
and 98%, respectively. Dimethyl sulfoxide (DMSO) was purchased
from Wako Pure Chemical Industries Ltd. and was used to dissolve
these compounds and the CUP extract.

2.2. Plant materials and extraction

Peels of C. unshiu Markovich, which were collected in Huwei
Province, China, and identified and authenticated by Dr. Yutaka
Yamamoto (Tochimoto Tenkaido Co. Ltd., Osaka, Japan), were pur-
chased from Tochimoto Tenkaido Co. Ltd. A voucher specimen was
deposited in the Ritsumeikan Herbarium of Pharmacognosy, Ritsu-
meikan University, under code number RIN-CU-016. The dried
peels of C. unshiu (100.9 g) were pulverized and extracted twice
using absolute methanol under reflux. The solvent was evaporated
under reduced pressure to yield the methanol extract (38.60 g).

2.3. Identification and analysis of nobiletin using high-performance
liquid chromatography (HPLC)

Quantitative analyses of nobiletin in the C. unshiu methanol ex-
tract were performed on a Shimadzu LC-20A system with a UV-VIS
detector (Shimadzu Corporation, Kyoto, Japan). Samples were sep-
arated using a Cosmosil 5C;g-AR-II column (Nacalai Tesque Inc.,
Kyoto, Japan) with a mobile phase of absolute acetonitrile: 0.5%
(v/v) phosphoric acid-water (40:60 to 50:50 over a 40 min period)
at 30 °C. The detection wavelength was set at 254 nm.

2.4. Preparation of primary cultured rat hepatocytes

Male Wistar rats were purchased from Charles River Laborato-
ries Japan Inc. (Yokohama, Japan), housed at 21-23 °C and acclima-
tized. Hepatocytes were isolated from the rat livers by collagenase
perfusion [18]. Isolated cells were resuspended in Williams’ E

medium (Sigma-Aldrich Corp., St. Louis, MO, USA), seeded at
1.2 x 10° cells per dish, incubated at 37 °C for 2 h, and the medium
was replaced. The hepatocytes were incubated at 37 °C overnight
and analyzed on the next day. All animal care and experimental
procedures were carried out in accordance with the guidelines
and laws of the Japanese government and were approved by the
Animal Care Committee of Ritsumeikan University, Biwako-Kusa-
tsu Campus.

2.5. Determination of NO levels and LDH activity

Hepatocytes were treated with the CUP extract, nobiletin or fla-
vone in the presence of 1 nM rat IL-1B (PeproTech, Rocky Hill, NJ,
USA) for 8 h. Nitrite (a stable metabolite of NO) levels in the med-
ium were measured using the Griess method [19], and the half-
maximal inhibitory concentrations (ICsp) were determined [10].
To monitor cytotoxicity, the LDH activities in the medium were
measured using LDH Cytotoxicity Detection Kits (Takara Bio Inc.,
Otsu, Shiga, Japan).

2.6. Western blot analyses

Hepatocytes were treated with 1 nM IL-18 and nobiletin or fla-
vone for 8 h, and whole-cell lysates were prepared [16]. Briefly,
hepatocytes were lysed, subjected to sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and immunoblotted
onto a Sequi-Blot membrane (Bio-Rad, Hercules, CA, USA). Immu-
nostaining was performed using primary antibodies raised against
rat iNOS (Thermo Fisher Scientific, Waltham, MA, USA) and rat
B-tubulin (Cell Signaling Technology Inc., Danvers, MA, USA),
followed by visualization with an Enhanced Chemiluminescence
Blotting Detection Reagent (GE Healthcare Biosciences Corp.,
Piscataway, NJ, USA).

2.7. Reverse transcription-polymerase chain reactions (RT-PCR)

Hepatocytes were treated with 1 nM IL-1B and/or nobiletin or
flavone for 4 h, and total RNA was prepared from the hepatocytes
[14]. The cDNA was reverse-transcribed in a strand-specific man-
ner with an oligo(dT) primer for mRNAs and a sense primer for
iNOS asRNA, and PCR was performed with paired primers [14]. Pri-
mer sequences CCAACCTGCAGGTCTTCGATG and GTCGATGCA-
CAACTGGGTGAAC (5 — 3') were used to detect the iNOS mRNA
by cDNA amplification. The primer sequences used for the iNOS
asRNA detection were TGCCCCTCCCCCACATTCTCT (RT), ACCAG-
GAGGCGCCATCCCGCTGC and CAAGGAATTATACACGGAAGGGCC
(PCR). PCR primers for the elongation factor 1o (EF) mRNA,
TCTGGTTGGAATGGTGACAACATGC and CCAGGAAGAGCTTCACT-
CAAAGCTT, were used as internal controls. mRNA levels were esti-
mated in triplicate by real-time PCR with the Thermal Cycler Dice
Real Time System (Takara Bio Inc.) [14]. The values obtained were
normalized to EF mRNA.

2.8. Firefly luciferase assays

Hepatocytes (3.0 x 10> cells per dish) were transfected with
plasmid DNA using MATra-A Reagent (IBA GmbH, Gottingen, Ger-
many) [14]. Two plasmids were used: pRiNOS-Luc-SVpA, a lucifer-
ase reporter plasmid, and pCMV-LacZ, an internal control plasmid
expressing B-galactosidase under the cytomegalovirus enhancer/
promoter [20]. The cells were treated with 1 nM IL-18 for 8 h.
The luciferase and B-galactosidase activities were measured using
the PicaGene (Wako Pure Chemical Industries Ltd.) and Beta-Glo
kits (Promega Corporation, Madison, WI, USA), respectively.
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2.9. Electrophoretic mobility shift assays (EMSA)

EMSAs were performed as previously described [8,16]. Briefly,
hepatocyte nuclear extracts (4.0 pg) were mixed with 1.0 pg of
poly(dI-dC). To prepare a double-stranded DNA probe, annealed
oligonucleotides harboring an NF-kB-binding site (5-AGTT-
GAGGGGACTTTCCCAGGC-3’; only the sense strand is shown) were
labeled with [y->2P]ATP (PerkinElmer Inc., Waltham, MA, USA). The
probe was added to the nuclear extracts, incubated for 20 min and
resolved on a polyacrylamide gel. The gel was dried and subjected
to autoradiography.

2.10. Statistical analyses

The results presented in the figures are representative of at least
three independent experiments that yielded similar results. The
values are presented as the means + standard deviation (SD). Dif-
ferences were analyzed using Student’s t-test. Statistical signifi-
cance was set at P<0.05 and P<0.01.

3. Results
3.1. The content of nobiletin in the methanol extract of C. unshiu peels

We extracted the dried peels of C. unshiu using absolute meth-
anol, and this methanol extract (CUP extract) was used in the sub-
sequent experiments. The CUP extract was analyzed using HPLC
and compared with the chromatogram of pure nobiletin (stan-
dard), which had a retention time of 13.2 min (Fig. 1A-C). A prom-
inent peak at the same retention time was identified in the
chromatogram of the CUP extract, suggesting that nobiletin is
one of the major constituents of the CUP extract. The quantitative
analyses using HPLC indicated that the nobiletin content in the
CUP extract was 0.14% by weight.
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3.2. The CUP extract suppresses the induction of NO production in
hepatocytes

Next, we investigated the effects of the CUP extract on NO
induction in IL-1B-treated rat hepatocytes. The CUP extract was
dissolved in DMSO and added to the medium with IL-1B. The final
concentrations of DMSO were adjusted to less than 1.0% (v/v) in
the medium, because DMSO concentrations greater than 2.0% (v/
v) significantly reduced NO and iNOS protein expression (data
not shown).

The CUP extract significantly decreased the levels of NO produc-
tion in a dose-dependent fashion (Fig. 1D). Because the LDH activ-
ity in the medium was very low (data not shown), the CUP extract
appeared to not be toxic to the hepatocytes at the concentration
indicated in the figure. These data imply that the CUP extract effec-
tively suppressed NO induction in hepatocytes.

3.3. Nobiletin suppresses NO and iNOS induction in hepatocytes

To examine whether nobiletin, one of the major constituents in
the CUP extract, affects iNOS gene expression, we added nobiletin
to the medium of rat hepatocytes. Nobiletin suppressed NO induc-
tion in the presence of IL-1B in a dose-dependent manner (Fig. 2A).
Nobiletin effectively suppressed NO production with an ICsq value
of 51 uM. When evaluating LDH release into the medium, nobiletin
displayed no cytotoxicity at the indicated concentrations (data not
shown).

Western blot analyses indicated that nobiletin decreased iNOS
protein expression in hepatocytes, showing a maximal effect at
100 uM (Fig. 2A). Furthermore, quantitative RT-PCR analyses re-
vealed that nobiletin reduced iNOS mRNA levels in a time-depen-
dent manner (Fig. 2B), suggesting that nobiletin significantly
suppressed iNOS induction at the mRNAlevel. In addition, nobiletin
decreased iNOS expression at the mRNA and protein levels, as well
as NO production. Taken together, these results imply that
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Fig. 1. Nobiletin is present in the methanol extract of C. unshiu peels. (A) HPLC chromatogram of nobiletin. Commercially available pure nobiletin was separated using HPLC
and was used as a standard. (B) HPLC chromatogram of the CUP extract. The CUP extract was separated using HPLC under the same conditions as in (C). A single peak
(arrowhead) corresponding to nobiletin was used to estimate its content in the CUP extract. (C) The chemical structure of nobiletin. (D) The CUP extract suppresses the
induction of NO production. Hepatocytes were treated with 1 nM IL-18 in the presence of the CUP extract for 8 h. The NO levels in the medium were measured in triplicate

(means = SD). **P < 0.01 versus IL-1B alone.
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Fig. 2. The effects of nobiletin on the induction of iNOS gene expression in hepatocytes. (A) Nobiletin suppresses the induction of NO production and iNOS protein expression.
Hepatocytes were treated with IL-18 and/or nobiletin for 8 h. The NO levels in the medium were measured in triplicate (means * SD), and cell extracts were immunoblotted
with an anti-iNOS or anti-p-tubulin antibody (internal control). **P < 0.01 versus IL-1p alone. (B) Nobiletin decreases iNOS mRNA expression. Hepatocytes were treated with
1 nM IL-1B and/or 100 uM nobiletin, and total RNA from the cells was analyzed using quantitative RT-PCR to estimate the levels of iNOS mRNA and EF mRNA (internal
control). The values obtained were normalized to EF mRNA, and the value at 6 h in the presence of IL-1b alone was set at 100%. **P < 0.05 and **P < 0.01 versus IL-18 alone.

nobiletin inhibited the induction of iNOS gene expression at the
transcriptional level.

3.4. Nobiletin decreases iNOS promoter activity

iNOS gene expression is transcriptionally regulated by tran-
scription factors, including NF-xB, and is post-transcriptionally

To investigate how nobiletin suppressed iNOS gene expression,
we performed reporter assays using an iNOS promoter-firefly
luciferase construct, pRiNOS-Luc-SVpA (Fig. 3A). Because luciferase
transcription is driven by the iNOS gene promoter, luciferase activ-
ity represents the promoter activity corresponding to iNOS mRNA
synthesis [20]. IL-1B increased luciferase activity, whereas nobile-
tin significantly reduced luciferase activity in the presence of IL-

regulated by iNOS asRNA, which interacts with iNOS mRNA [14]. 1B, demonstrating that nobiletin reduced iNOS promoter activity.
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Fig. 3. The effects of nobiletin on iNOS gene transcription and iNOS asRNA expression. (A) Nobiletin decreases the iNOS promoter activity. Hepatocytes were transfected with
an iNOS promoter-luciferase construct (pRiNOS-Luc-SVpA; top) and pCMV-LacZ (internal control) and subsequently treated with 1 nM IL-1p and/or 100 pM nobiletin. kB: NF-
kB-binding site; TATA: TATA box. The luciferase activity in the transfected cells was normalized to the B-galactosidase activity, and the fold activation was calculated by
dividing the normalized luciferase activity by the luciferase activity in the presence of IL-1B alone. The data represent the means = SD (n = 3). *P < 0.05 versus IL-1 alone. (B)
Nobiletin decreases the DNA-binding activity of NF-kB. Hepatocytes were treated with IL-1f and/or nobiletin for the indicated times. Nuclear extracts were prepared from the
cells and analyzed using EMSA to detect NF-xB that was bound to a DNA probe harboring an NF-kB-binding site. (C) Nobiletin decreases the iNOS asRNA expression.
Hepatocytes were treated with IL-1B and/or nobiletin. Total RNA was analyzed using quantitative RT-PCR to detect iNOS asRNA. A negative control PCR using total RNA
without RT did not give amplification (data not shown). The value at 6 h in the presence of IL-1B was set at 100%. **P < 0.01 versus IL-1p alone.
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To confirm the nobiletin-mediated transcriptional suppression,
we estimated the DNA-binding activity of NF-kB, which is highly
involved in iNOS induction. Nuclear extracts of the hepatocytes
were analyzed using EMSA with a probe harboring an NF-kB-bind-
ing site (Fig. 3B). The results showed decreased band signals at 3-
4 h, suggesting that nobiletin decreased the DNA-binding activity
of NF-kB. These data support the nobiletin-mediated transcrip-
tional suppression of iNOS expression.

3.5. Nobiletin decreases iNOS asRNA levels

The possibility that nobiletin post-transcriptionally suppresses
iNOS expression was investigated. We measured the expression
levels of iNOS asRNA, which interacts with and stabilizes iNOS
mRNA [13,14]. Quantitative RT-PCR revealed that nobiletin signif-
icantly reduced iNOS asRNA levels at 4-6 h (Fig. 3C). Because de-
creases in iNOS asRNA lead to decreased iNOS mRNA stability,
these results imply that nobiletin may post-transcriptionally regu-
late iNOS mRNA levels by reducing iNOS asRNA stability.

3.6. Flavone suppresses NO and iNOS protein induction

Nobiletin is a flavone that naturally occurs in citrus fruits and
possesses six methoxy groups (Fig. 1C). Although a variety of
hydroxylated flavones are synthesized from cinnamoyl-CoA and
malonyl-CoA in many plants [17], flavone does not possess any
methoxy and hydroxyl groups and is not biosynthesized by most
plants. We examined flavone to clarify the contribution of the fla-
vone skeleton to the nobiletin-mediated suppression of iNOS
expression.

The addition of flavone to the medium significantly decreased
NO production in IL-1p-treated hepatocytes (Fig. 4A). The ICsq va-
lue of flavone was 2.1 pM, which was much lower than that of
nobiletin. When LDH activity was evaluated in the medium, fla-
vone displayed no obvious cytotoxicity (data not shown). Flavone
decreased both iNOS protein and mRNA levels in a similar manner
to nobiletin (Fig. 4A and B). These results imply that the mecha-
nism underlying the suppression of iNOS expression by flavone
may be closely related to that of nobiletin.

4. Discussion

The results of the present study clearly demonstrate that the
methanol extract of CUP and nobiletin suppressed the induction
of NO production and iNOS expression in IL-1B-treated hepato-
cytes (Figs. 1D and 2). The inflammatory mediator NO is produced
in response to IL-1B, and the primary cultured hepatocyte system
that was used in our study mimics liver injury [7-9]. Therefore,
the suppression of iNOS induction suggests that the CUP extract
and nobiletin have anti-inflammatory effects. Because our HPLC
analyses demonstrated that nobiletin is one of the major constitu-
ents of the CUP extract (Fig. 1A and B), nobiletin was determined to
be at least partially responsible for the anti-inflammatory effects of
the CUP extract.

Nobiletin suppressed NO production, with an ICsy, value of
51 pM, in rat hepatocytes (Fig. 2A). In another NO assay system
using an LPS-treated mouse macrophage cell line, RAW264.7, nobi-
letin displayed ICso values of 27 uM [4] and 80 uM [5], which were
comparable to the values measured in rat hepatocytes. In contrast,
rutin, which is a flavonol glycoside that is abundant in C. unshiu,
displayed a much higher ICsq value (>300 M) in the hepatocytes
(data not shown). Other major constituents in C. unshiu peels, such
as hesperidin (flavanone glycoside) and diosmin (flavone glyco-
side), did not cause significant decreases in NO production in
RAW264.7 cells [4,21]. These data suggest that nobiletin is
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Fig. 4. Effects of flavone on iNOS induction. (A) Flavone decreases NO production
and iNOS protein expression. Hepatocytes were treated with IL-18 and/or flavone.
The NO levels in the medium were measured in triplicate (means + SD), and the cell
extracts were resolved using SDS-PAGE and immunoblotted with anti-iNOS or anti-
B-tubulin antibodies. **P < 0.01 versus IL-1f8 alone. (B) Flavone decreases iNOS
mRNA expression. Hepatocytes were treated with IL-18 and flavone for 4 h, and
total RNA was analyzed using quantitative RT-PCR to estimate the iNOS mRNA
levels. The values obtained were normalized to EF mRNA, and the value at 0 nM was
set at 100%. *P < 0.05 and **P < 0.01 versus 0 nM.

responsible for the anti-inflammatory effects of the CUP extract
and the dried peels of C. unshiu.

The ICsq value of nobiletin was compared with those of other
herbal constituents, which were determined using the hepatocyte
system. The ICsq value of nobiletin was much lower than that of
chlorogenic acid (652 ptM), the main constituent of kinginka, and
that of caffeic acid (226 nM), which is a phenylpropanoid metabo-
lized from chlorogenic acid [10]. The ICso value of nobiletin was
lower than that of gomisin N (72 pM), which is a dibenzocyclooct-
adiene lignan of gomishi [16]. These data suggest that nobiletin is
more effective at suppressing NO production than these herbal
constituents. Therefore, nobiletin has potential values to treat
inflammatory diseases, such as viral hepatitis, alcoholic liver dis-
eases and non-alcoholic steatohepatitis (NASH).

Flavone possesses a flavone skeleton and is not a naturally
occurring flavonoid in plants [17]. In [L-1B-treated hepatocytes, fla-
vone was revealed to have a very low ICsq value of 2.1 uM. Flavone
treatment also decreased iNOS protein levels in a similar manner
to nobiletin (Fig. 4A). These data imply that flavone suppresses
iNOS expression via a mechanism that is similar to that of nobiletin
and that the flavone skeleton is essential for the suppression of NO
and iNOS.

Our results suggest that nobiletin regulates iNOS expression at
both the transcriptional and post-transcriptional levels. NF-kB is a
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key regulator of iNOS induction [8]. The results of the luciferase as-
say demonstrated that nobiletin decreased the promoter activity of
the iNOS gene (Fig. 3A), and the EMSA that was conducted using
nuclear extracts indicated that nobiletin reduced the DNA-binding
activity of NF-xB (Fig. 3B). Similarly, the Japanese Kampo formula
inchinkoto decreased the iNOS promoter activity by affecting the
nuclear translocation of NF-kB and preventing NF-kB from binding
to the iNOS gene promoter [9]. Therefore, nobiletin may inhibit
these steps of NF-kB activation.

Nobiletin may also inhibit iNOS mRNA-asRNA interaction,
thereby suppressing iNOS expression [12]. Recently, it was re-
ported that asRNAs are often transcribed from many inducible
genes, such as iNOS and tumor necrosis factor o [12,22]. The iNOS
asRNA interacts with and stabilizes iNOS mRNA [13,14]. Nobiletin-
mediated decreases in iNOS mRNA levels were correlated with
iNOS asRNAlevels (Figs. 2B and 3C). Because similar correlations
were observed with other herbal constituents, such as chlorogenic
acid and gomisin N [10,16], nobiletin may reduce the expression of
iNOS asRNA and suppress iNOS induction. Furthermore, hydroxyl-
ated flavones, such as apigenin, have been reported to bind directly
to RNA with high affinity [23]. Therefore, we believe that nobiletin
may interfere with the iNOS mRNA-asRNA interaction by binding
to these RNAs.

In rat astrocytes, nobiletin also suppresses iNOS expression
[24]. Additionally, nobiletin decreases prostaglandin E, production
in RAW264.7 cells and exhibits anti-tumor-promoting activity in
mouse skin [5]. Because inflammation has been associated with
neurodegeneration and cancer, anti-inflammatory effects of nobi-
letin may enhance neuroprotection and prevent tumorigenesis,
including hepatocellular carcinoma. Similarly to herbal medicines
for prostate cancer [25], future studies are necessary to examine
whether nobiletin is used as a complementary and alternative
medicine for an anti-inflammatory therapy for liver diseases.
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