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Investigations of solid states for flavonoids from traditional
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Abstract: Flavonoids are important active ingredients in traditional Chinese medicine. However, their applica-
tions for the pharmaceutical use are greatly limited by low oral bioavailability due to poor aqueous solubility. The
study of pharmaceutical crystallography is a potential approach to solve many problems of poor solubility. Re-
search progress of flavonoid compounds in pharmaceutical crystallography field was reviewed from following as-
pects: polymorphism, cocrystal, amorphous/co-amorphous and nanocrystals. The information provided here is ex-
pected to serve as a reference for the applications of pharmaceutical crystallography in the poorly soluble compo-

nents of traditional Chinese medicine.
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Figure 1 Basic flavonoid structure

Table 1 Classification of flavonoids based on chemical structure
(NA: Not available)

Flavonoid Example BCSclass LogP  Reference
Flavones Apigenin 1T 2.92 [11-17]
Baicalein II 3.19
Chrysin I 4.38
Luteolin I 3.22
Flavonols Quercetin 11 2.16 [12,13,
Kaempferol I 2.46 15, 18,
Myricetin 1I 4.23 19]

Flavanones  Naringenin NA 2.84 [12,13]
Hesperidin 1 2.68

Flavanonol  Taxifolin NA 1.76 [15]
Dihydromyricetin NA 1.36

Isoflavones  Genistein i 3.04 [11-13,
Daidzein v 2.73 15, 20]
Glycitein NA 1.97
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Figure 2 The common solid-state strategies and their compo-

nents
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Figure 3  Solubility curves for two polymorphs I and II, related

either enantiotropically (a) or monotropically (b)B"
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Table 2 Co-crystals of different flavonoids. CC: Cocrystal (anhydrous/nonsolvated); HC: Hydrated cocrystal; SC: Solvated cocrystal; T :

Increase; —: No change; | : Decrease; NA: Not available

Cocrystallization

Physicochemical property

API Coformer - — - - — Bioavailability References
Mole ratio Forms Solubility Dissolution Stability
Baicalein  Nicotinamide 1:1 cC T 1.5-2 times 1 2.5 times NA Chx 1 2.5 times, AUC T 2.8 times [42,43]
Luteolin Isonicotinamide 111 CcC NA NA NA NA [44]
4,4'-Bipyridine 1:3 CC 1 8times 1 T Water absorption T Antibacterial activity [45]
Fisetin Nicotinamide 1:2 SC NA NA NA NA [44]
Isonicotinamide 1:1 CcC NA NA NA NA
Kempferol 4,4'-Bipyridine 2:1 HC ! - 1 Water absorption 1 Antibacterial activity [46]
1:1. cC ! - | Water absorption 1 Antibacterial activity [45]
1:1 cC } - | Water absorption 1 Antibacterial activity
Quercetin  Caffeine 1:1 CcC 1 14 times NA NA Estimated bioavailability T 10 times [47]
4,4'-Bipyridine 111 CcC 1 | Water absorption 1 Antibacterial activity [46]
Myketin ~ 4,4'-Bipyridine 1:2 HC 160 times 1 T Water absorption NA [45,46]
1:1 SC 160 times 1 T Water absorption 1 Antibacterial activity
Piracetam 1:1 CcC NA NA NA NA [48]
Caffeine 111 cC NA 117 times NA NA [49,50]
Genistein ~ Caffeine 101 CcC  10.5 times NA NA NA [51]
Isonicotinamide 1:2 CcC NA NA NA NA [52]
4,4'-Bipyridine 1:1 CcC 1 1.5 times 1 | Water absorption 1 Antibacterial activity [53]
Taxifolin  4,4'-Bipyridine 23 CcC NA NA | Water absorption 1 Antibacterial activity [45]
Naringenin Isonicotinamide 1:2 CcC NA 1 NA NA [54]
Naringin  Isonicotinamide 1:2 CC T 1.3times 1 1.6 times NA NA [55]
Picolinic acid 1:1 CcC 1 1.3 times 1 3.1 times NA NA
Betaine 1:1 cC 1 1.3 times 1 1.8-2 times NA NA
Hesperidin  Theophylline 1:1. CC 13 times 124 times NA Antioxidant T 30% and [56]
antihemolytic T 2 times
Adenine 2:1 CcC 1 1.5 times 1 2-4 times NA Antihemolytic T 1.5 times
Gallic acid Sl CcC 1 3.5 times 1 2-4 times NA Antioxidant T 50% and
antihemolytic 1 2.5 times
Theobromine 211 CC 125 times 1 2-4 times NA Antioxidant T 30% and
antihemolytic T 2 times
Picolinic acid NA NA 1 4 times NA NA Antioxidant 1 20% and relative [57]
bioavailability T 1.36 times
Nicotinamide NA NA 1 4.5 times NA NA Antioxidant T 30% and relative
bioavailability T 1.57 times
Caffeine NA NA  T4times NA NA Antioxidant T 50% and relative
bioavailability T by 1.6 times
Catechin ~ Nicotinamide 1:1 HC } NA NA NA [58]
Isonicotinamide 2:1 HC } NA NA NA
Isonicotinic acid 1:1 cC ! NA NA Relative bioavailability il
Nicotinic acid 101 HC ! NA NA NA
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