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Citrus polymethoxyflavones (PMFs) and hydroxylated PMFs demonstrate potent bioactivities in regulating cy-
toactivity and organ function by modulating signaling cascade, gene transcription and protein activity. Studies
have documented a wide variety of pharmacological activities of citrus PMFs in cell culture and animal models.
In this review, we summarized the chemical structures of citrus PMFs, presented current knowledge of their
physiological properties as well as various bioactivities, such as regulation of metabolic disorder, anti-in-

flammation, neuro-protection, anti-cancer, anti-microbial. The underlying molecular mechanisms of these ac-
tivities by citrus PMFs were also discussed. Collectively, though further research is needed in mutual effect,
safety and clinical trials, citrus PMFs still have great potential to develop as therapeutic agents or dietary

supplements in future decades.

1. Introduction

In recent decades, there has been a growing interest in dietary
bioactive compounds protecting or treating various diseases without
undesirable effects. These compounds are defined as phytochemical
substances since they are found in daily ingested fruits and vegetables.
Among these phytochemicals, flavonoids are widely recognized for
their anti-inflammatory and antioxidant properties. Citrus flavonoids
are polyphenolic compounds specifically derived from citrus fruits or
plants, such as oranges, mandarins, grapefruit, lemons, bergamots and
limes, which play an unignorable role in regulating physical health.
Epidemiological studies have shown that citrus flavonoids possess sig-
nificant biological functions such as anti-cardiovascular diseases, anti-
cancer and anti-inflammation. Generally, citrus flavonoids are com-
posed of three major subgroups including flavanones, flavone glyco-
sides and polymethoxyflavones (PMFs). PMFs are one type of flavone
compounds with several methoxyl groups, which exhibited wide range
of physiological and pharmacological bioactivities.

PMFs are identified in seeds, leaves, juice, stems and peels,

particularly in the flavedo and the peel of citrus. Citrus peels such as
orange peel or tangeretin, are usually regarded as by-products in
commerce, but they have been used as traditional medicine for re-
lieving stomach upset, cough, skin inflammation, muscle pain, and
ringworm infections, as well as for lowering blood pressure in some
regions of the world (Li et al., 2009). Recently, intensive pharmacolo-
gical and mechanistic studies on citrus PMFs have been carried out to
explore their therapeutic potential. To date, the bioactivities of citrus
PMFs have included regulation of metabolic disorder, anti-athero-
sclerosis, anti-inflammation, neuroprotection, anti-cancer, anti-micro-
bial and anti-oxidation. The anti-cardiovascular diseases, anti-cancer
and neuroprotection activities of citrus PMFs have received consider-
able attention. An increasing number of articles and citations in the past
few years also have indicated a surge of interest in pharmacological
research into citrus PMFs.

Although several reviews cover many important facets (e.g., meta-
bolism, bioavailability and cancer chemopreventive effects) of citrus
flavonoids, including PMFs and hydroxylated PMFs, some significant
aspects of the therapeutic potential of citrus PMFs, such as anti
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Table 1

The citrus PMFs reported in literatures.
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Chemical name
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3’,4’-dimethoxyflavone
3’,4’-dihydroxy-7,5’-dimethoxyflavone
5,6-dihydroxy-7,4’-dimethoxyflavone
5,7,4’-trihydroxy-6,8-dimethoxyflavone

5,7,4’-trihydroxy-6,3’-dimethoxyflavone
3,5,6-trihydroxy-7,4’-dimethoxyflavone
3,5,7,4"-tetrahydroxy-8,3’-dimethoxyflavone
5,7,3’,4’-tetrahydroxy-6,8-dimethoxyflavone
5,7, 4’-trimethoxyflavone
3-hydroxy-5,7,8-trimethoxyflavone
5-hydroxy-6,7,4’ -trimethoxyflavone
5-hydroxy-7,3’,4’-trimethoxyflavone
4’-hydroxy-5, 6, 7-trimethoxyflavone
5,4’-dihydroxy-6,7,8-trimethoxyflavone
3,5,6-trihydroxy-7,3’,4’-trimethoxyflavone
5,7,4’-trihydroxy-6,8,3’-trimethoxyflavone
3,6,7,4’-tetramethoxyflavone
5,6,7,4’-tetramethoxyflavone
5,7,8,4’-tetramethoxyflavone

5,6,7,4"-tetramethoxyflavone
5,6,7,4'-tetramethoxyflavanone
5,7,8,4"-tetramethoxyflavone
5,7,3’,4’-tetramethoxyflavone
6,7,8,4"-tetramethoxyflavone
7,8,3’,4’-tetramethoxyflavone
3-hydroxy-5,6,7,4’-tetramethoxyflavone
5-hydroxy-3,7,3’,4’-tetramethoxyflavone
5-hydroxy-6, 7, 3’, 4’-tetramethoxyflavone
5-hydroxy-7,8,3’,4"-tetramethoxyflavone
5-hydroxy-6,7,8,4’-tetramethoxyflavone
5-hydroxy-3,6,7,8-tetramethoxyflavone

6 -hydroxyl-5,7,8,4’-tetramethoxyflavone
7-hydroxy-5,6,8,4’-tetramethoxyflavone
7-hydroxy-5,6,3’,4’-tetramethoxyflavone
5,4’-hydroxy-6,7,8,3"-tetramethoxyflavone
5,7-dihydroxy-6,8,3’,4"-tetramethoxyflavone
7,4-dihydroxy-5,6,8,3’-tetramethoxyflavone
5,8-dihydroxy-3,7,3’,4"-tetramethoxyflavone
3,5,6,8,4’-pentamethoxyflavone
3,5,7,3’,4’-pentamethoxyflavone
3,6,7,8,4’-pentamethoxyflavone
5,6,7,8,4’-pentamethoxyflavone
5,6,7,3’,4’-pentamethoxyflavone
5,6,7,3’,4’-pentamethoxyflavonone
5,7,8,3’,4’-pentamethoxyflavone
6,7,8,3’,4’-pentamethoxyflavone
6,7,8,3’,4’-pentamethoxyflavonone
5,6,7,8,4’-pentamethoxyflavone
2’-hydroxy-3,4,4’,5",6’-pentamethoxychalcone
3-hydroxy-5,6,7,8,4’-pentamethoxyflavone
3’-hydroxy-5,6,7,8, 4-pentamethoxyflavone
5-hydroxy-3,7,8,3’,4” -pentamethoxyflavone
5-hydroxy-6,7,8,3’,4’-pentamethoxyflavanone
5-hydroxy-6,7,8,3’,4’-pentamethoxyflavone
5-hydroxy-6,7,3’,4’,5’-pentamethoxyflavone
6-hydroxy-5,7,8,3’,4’-pentamethoxyflavanone
7-hydroxy-5,6,8,3’,4’-pentamethoxyflavone
8-hydroxy-3,4’,5,6,7-pentamethoxyflavone
4’-hydroxy-5,6,7,8,3"-pentamethoxyflavone
3,5,6,7,3’,4’-hexamethoxyflavone
3,5,6,7,8,4’-hexamethoxyflavone
3,5,7,8,2’,5-hexamethoxyflavone
3,6,7,8,2,5-hexamethoxyflavone
3,5,6,8,3,4’-hexamethoxyflavone
3,5,7,8,3’,4’-hexamethoxyflavone
5,6,7,8,3’,4"-hexamethoxyflavanone
5,6,7,3’,4’,5"-hexamethoxy flavone
5,7,8,3’,4’,5"-hexamethoxyflavone
2’-hydroxy-3,4,3,4’,5’,6’-hexamethoxychalcone
3-hydroxy-5,6,7,8,3’,4’-hexamethoxyflavone
5-hydroxy-3,6,7,8,3’,4” -hexamethoxyflavone
5-hydroxy-6,7,8,3’,4’,5-hexamethoxyflavone

Citrus Jeju native

Citrus reticulata; Citrus sinensis
Fructus aurantii

Citrus sudachi

Citrus hassaku

Citrus medica L.

Citrus unshiu

Citrus sudachi

Citrus rutaceae

Citrus reticulata; Citrus sinensis
Citrus sinensis

Citrus reticulata; Citrus sinensis
Citrus aurantium L.

Citrus reticulata (mandarin)
Citrus medica L.

Citrus sudachi

Citrus hallabong (hybrid)
Citrus sinensis L.

Citrus reticulata blanco cv.ponkan (M.Uckoo et al.,

2012)

Citrus reticulata; Citrus sinensis
Citrus sinensis

Citrus reticulata; Citrus sinensis
Citrus reticulata; Citrus sinensis
Citrus unshiu

Citrus Jeju native

Citrus sinensis

Citrus miaray

Citrus aurantium

Citrus reticulata; Citrus sinensis
Fructus aurantii

Citrus reticulata; Citrus sinensis
Citrus reticulata; Citrus sinensis
Citrus reticulata; Citrus sinensis
Citrus reticulata

Citrus reticulata (mandarin),
Citrus medica L.

Citrus deliciosa Ten.

Citrus miaray

Citrus reticulata Blanco cuv.
Citrus miaray

Citrus sinensis

Citrus sinensis

Citrus reticulata; Citrus sinensis
Citrus reticulata; Citrus sinensis
Citrus sinensis

Citrus reticulata blanco cv.ponkan
Citrus reticulata; Citrus sinensis
Citrus sinensis Citrus unshiu
Citrus sinensis

Citrus sinensis Osbeck

Citrus changshan-huyou

Citrus sinensis Osbeck

Citrus sinensis

Citrus sinensis

Citrus reticulata; Citrus sinensis
Citrus jambhiri

Citrus reticulata; Citrus sinensis
Citrus aurantifolia.

Citrus reticulata; Citrus sinensis
Commercially citrus peel extract
Citrus sinensis L.

Citrus reticulata Blanco

Citrus unshiu

Citrus hassaku

Citrus hassaku

Citrus miaray

Citrus reticulata; Citrus sinensis
Citrus reticulata; Citrus sinensis
Citrus sinensis

Citrus aurantium

Citrus kinokuniHort. ex Tanaka
Citrus reticulata; Citrus sinensis
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Yongdug, Weonjun, Kyungsoo, Youjin, and Soohyun (2009)
Xing, Zhao, Zhang, and Li (2017)

Yang, Chen, Bao-Jin, Zhang, and Yan (2008)

Tsukayama, Sasaki, Yamamoto, Kawamura, and Ichikawa

(2010)

Uckoo, Jayaprakasha, and Patil (2012)

He and Ling (1985)

Chkhikvishvili, Kurkin, and Pervykh (1994)
Nakasugi, Nakashima, and Komai (2000)

Mizuno, linuma, Ohara, Tanaka, and Iwamasa (1991)

Xing et al. (2017)

Uckoo et al. (2012)

Xing et al. (2017)

Ding, Xiong, Zhou,

Pinkas, Lavie, and

Deng, and Deng (2015)
Chorin (1968)

He and Ling (1985)

Nakasugi et al. (2000)

Han, Kim, Lee, Mok, and Lee (2010)
Uckoo et al. (2012)

Uckoo et al. (2012)

Xing et al. (2017)

Li, Lo, and Ho (2006)

Xing et al. (2017)
Xing et al. (2017)

Shin, Nam, Yoon, Han, and Seo (2012)
Yongdug et al. (2009)

Li et al. (2006)

Uckoo, Jayaprakasha, Vikram, and Patil (2015)

Ding et al. (2015)
Xing et al. (2017)
Yang et al. (2008)
Xing et al. (2017)
Xing et al. (2017)
Xing et al. (2017)

Mizuno et al. (1987)

Pinkas et al. (1968)

He and Ling (1985)

Eldomiaty, Abdelaal, and Elshafae (1997)

Uckoo et al. (2015)

Abdel Alim, El-Hamouly, Aboutabl, and Hetta (1998)
Uckoo et al. (2015)

Uckoo et al. (2012)

Uckoo et al. (2012)

Xing et al. (2017)
Xing et al. (2017)

Uckoo et al. (2012)
Uckoo et al. (2012)

Xing et al. (2017)

Uckoo et al. (2012)
Uckoo et al. (2012)

Li et al. (2006)

Zhao, Ye, and Zhu (2009)
Uckoo et al. (2012)

Li et al. (2006)
Li et al. (2006)
Xing et al. (2017)

Hamdan et al. (2011)

Xing et al. (2017)

Johann et al. (2007)

Xing et al. (2017)

Wang, Li, Stephen,

Robert, and Ho (2008)

Uckoo et al. (2012)

Wen et al. (2016)
Shin et al. (2012)

Uckoo et al. (2012)
Uckoo et al. (2012)
Uckoo et al. (2015)

Xing et al. (2017)
Xing et al. (2017)
Li et al. (2006)

Ding et al. (2015)

Uckoo et al. (2012)

Xing et al. (2017)
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