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Abstract: Traditional Chinese medicine contains numerous monomeric active ingredients, which have rich
pharmacological effects. However, many of these active ingredients have poor physicochemical properties, making
them challenging to use in clinical settings. Cocrystal technology has demonstrated significant potential in
enhancing the solubility and bioavailability of these poorly soluble active ingredients. This article provides a
comprehensive overview of the current research on cocrystals of active ingredients in traditional Chinese medicine
and briefly discusses the relationship between the structures of these active ingredients and the cocrystal formers.
The aim is to provide reference for further research on cocrystals of active ingredients of traditional Chinese
medicine and their broader applications in the pharmaceutical industry.
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Table 1 Research overview on the cocrystals of flavonoids. API: Active pharmaceutical ingredient; CCF: Cocrystal former; A : Improved
stability; @: Improved solubility or dissolution rate; ll: Improved activity or bioavailability; ¥: Reduce stability; 4 : Reduced solubility or

dissolution rate

API CCF Acting force Property Ref.
Quercetin Nicotinamide (] | 2]
Betaine (] | [3]
Theophylline (] | [3]
L-Proline (] | [3]
Pentoxifylline (] | [3]
Apixaban O-H:--0, O-H--*N (] | [4]
Pyrazol [5]
Imidazolidinone [5]
Baclofen [5]
N-Acetylcytosine | [5]
Carnitine | [5]
Kojic acid | [5]
Isoniazid (] | [6]
Luteolin L-Proline 7-r, O-H---O, N-H---O [ | [71
Piperazine A [8]
Isoniazid C-H--*N,N-H---N AO [9]
Caffeine AOH [9]
Lysine AO [10]
Arginine AO® [10]
Isonicotinamide [11]
4,4'-Bipyridine | [12]
Chrysin Piperazine [ J [13]
Ethionamide O-H:*N, O-H--O, C-H---O [13]
N-H:--O, N-H:*-S
Berberine hydrochloride [ | [14]
Cytosine -, C-H---O, N-H---O, O-H--*N (] | [15]
Thiamine hydrochloride n-m, O-H---O, N-H---O, N-H---Cl [ [15]
4,4'-Bipyridine n-m, O-H-+-O, O-H "N (] | [16]
1,4-Bis(pyridin-4-ylmethoxy) benzene n-m, O-H-+-O, O-H--N (] | [16]
Kaempferol 4,4'-Bipyridine n-m, O-H---O, O-H--*N [ | [17]
Piperazine 7-r, O-H---O, C-H---O AO® [13]
N-H---O, N-H---N
Tetramethylprazine C-H:--O, O-H:--O, O-H---N AO [13]
Pyrazinamide n-m, C-H--*N, C-H---O AO [13]
N-H---0, O-H:--O
Palbociclib O-H---N, N-H:-*N, O-H---O AONR [18]
5-Fluorouracil (] | [19]
Myricetin 4,4'-Bipyridine n-r, O-H---O, C-H---O, O-H--*N | [20]
Nicotinamide [ J [21]
Isonicotinamide [ J [21]
4-Cyanopyridine [ J [21]
Caffeine O-H---0, 0-H---N ° 122]
Proline O-H---0, C-0--N ol [23]
Tetramethylprazine r-r, O-H---O, C-H---O, O-H--N [ J [13]
Tegafur A® [24]
Berberine hydrochloride O-H---0, C-H---0O, O-H---Cl AOHN [25]
Dihydromyricetin Theophylline O-H--0,C-H---O, C-H"-"N AO [26]
O-H--N, O-H---0O=C
Benzamide N-H:--O, C-H:--O, O-H---O [26]
Caffeine O-H--0,C-H---O, C-H-*N [ J [26]
O-H--N, O-H---0O=C
Berberine hydrochloride O-H---0, C-H---0, O-H---Cl AOH [25]
Pentoxifylline (] | [27]
Apigenin Theophylline O-H--'N (] | [28]
Nicotinamide [ J [29]
Piperazine (] | [30]
4,4'-Bipyridine -, C-H---7, O-H---O, O-H---N (] | [31]

Daidzeine Piracetam [ J [32]




- 1674 - 242224 Acta Pharmaceutica Sinica 2025, 60(6): 1671-1681

Continued
API CCF Acting force Property Ref.
L-Proline [ J [33]
Lornoxicam AO [34]
L-Pyroglutamic acid [ J [35]
Baicalein Theophylline 0O-H---O,N-H---O, O-H--*N, N-H---N [ ] | [36]
Caffeine 7w, O-H---0, O-H---N [37]
Nicotinamide O-H---0, O-H--*N, O-H---C=0 (] | [38]
N-H---C=0
Fisetin Isonicotinamide C-H---O,N-H---O [ J [39]
Nicotinamide/ hemiethanolate (1:2) N-H:--O, O-H---0, O-C--*N [ J [39]
Nicotinamide [ J [39]
Caffeine [ J [39]
Genistein Proline ve [7]
Nicotinamide [11]
Caffeine z-r, C-H---O, O-H---N, O-H---O AO® [40]
Isonicotinamide n-n, C-H -z, O-H---O, O-H"--N [41]
Tetramethylpyrazine z-r, C-H -z, C-H---O, O-H---N AON [42]
Naringenin Isonicotinamide r-m, O-H--*N, O-H---O, N-H---O=C (] | [43]
Picolinic acid [ J [43]
Betaine n-m, O-H---0, O-H---0=C [ J [43]
Flavone z-m, O-H---0, C-H---O, C-H:--0O=C [ J [44]
4-Hydroxypyridine O-H--*O,N-H'--O [ J [44]
Anthranilamide O-H-'N, O-H---O, N-H--O [ J [44]
4,4'-Bipyridine O-H-"N, C-H:--O [44]
Hesperetin Picolinic acid [ ] | [45]
Nicotinamide N-H--'N, O-H--*N (] | [45]
O-H--0=C, O-H--‘N
Caffeine O-H--N, O-H---0=C ° [45]
Temozolomide O-H---O, N-H--O (] | [46]
Daidzein Theophylline AON [28]
4,4'-Bipyridine O-H:**N,C-H---0O [ J [47]
Isoliquiritigenin Nicotinamide 7, N-H---O, O-H---O (] | [48]
C-H---O, O-H--*N
Isonicotinamide -, N-H---O, O-H:-N, C-H---O [ ] | [48]
Phloretin Nicotinamide n-n, N-H---O, O-H---O, C-H---O [ J [49]
Isonicotinamide -, O-H---O, N-H---O, O-H- "N [ ] [49]
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Table 2 Research overview on the cocrystals of alkaloids

API CCF Acting force Property  Ref.
Berberine hydrochloride ~ Chrysin (] | [14]
Myricetin O-H---0,C-H---0, O-H---Cl AOE [25]

Dihydromyricetin O-H---0, C-H---0, O-H---Cl AOE [25]

Citric acid [ [50]

Lactic acid [ [50]

L(+)-Lactic acid hydrate AO® [51]

Fumaric acid n-m, O-H---Cl AO® [52]

Emodin (] | [53]

Berberine Rosiglitazone || [54]
Ibuprofen (] | [55]

Theophylline Apigenin O-H--N [28]
Daidzein AOH [28]

Baicalein O-H--*N, N-H--*N, O-H:--O, N-H:--O [36]

Acetaminophen [56]

(Phenylthio) acetic acid n-r, N-H---O, O-H--*N, C-H---O | | [57]

Ferulic acid Ae [58]

Caffeine Myricetin O-H---0, O-H--*N [20]
Dihydromyricetin O-H:--0,C-H---0, C-H--*N, O-H‘--N, O-H---O=C [26]

Baicalein -, O-H---O, O-H--*N [37]

Oxalic acid A [59]

Furosemide [60]

Tetramethylpyrazine 3-Iodoacetylbenzoic acid [61]
Kaempferol C-H---O, O-H---O, O-H--*N AO® [13]

Myricetin 7, 0-H-+-0, C-H---0, O-H-+'N A® [13]

Genistein -, C-H--m, C-H---O, O-H--*N A [42]

Bexarotene C-H---N [62]

Theobromine P-Coumaric O-H---0, O-H--*N, N-H:--O A [63]
2,4,6-Trihydroxybenzoic acid monohydrate ~ z-z, O-H---O, N-H---O A [63]

Gallic acid monohydrate O-H---O,N-H---O, O-H--*N A [63]

Citric acid monohydrate A [63]

1-Hydroxy-2-naphthoic acid L 2 [63]

Tetrahydroberberine Phosphomolybdic acid | [64]
Silicotungstic acid | | [64]

Phosphotungstic acid ] [64]

L-Aspartic acid AONE [64]

Gallic acid AOE [64]

Oxalic acid AOE [64]

Malonate AONE [64]

Maleic acid AOE [64]

Fumaric acid AOE [64)]

Tetrahydropalmatine Camphorsulfonic acid (] | [65]
Sulfosalicylic acid (] | [65]

P-Aminobenzene sulfonic acid (] | [65]

Maleic acid [ [65]

Fumaric acid [ [65]

Methanesulfonic acid [ [65]

Sulfamic acid [ ] [65]

Matrine Fe (1II) AR [66]
Rhein [67]

Nicotine Tartaric acid [68]
Malate [69]

3,5-Dinitrosalicylic acid [70]

5-Sulfosalicylic acid salt [70]
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Table 3 Research overview on the cocrystals of phenols. % : Reduced activity or bioavailability

API CCF Acting force Property Ref.

Resveratrol Phenazine C-H- 'z, O-H-*N, C-H--*N [71]

4,4'-Bipyridine O-H--N [71]

Piperazine O-H---0, O-H:-*N ([ [71]
1,10-Phenanthroline C-H---m, O-H--*N, C-H--*N

1,4-Diazabicyclo[2.2.2]octane [71]

Methenamine O-H--N (] [71]

Acridine n-m, C-H---7, O-H---N [71]

Succinimide O-H--O,N-H--O, C-H---O [71]

N,N-Dimethyl-4-aminopyridine O-H---0, O-H--N [71]

4-Aminobenzamide AO [72]

Isoniazid AO [72]

Amantadine hydrochloride C-H---Cl,N-H---ClL, O-H---CL, N-H---O ol [73]

Curcumin (] | [74]

Bergenin P-Aminobenzamide O-H---O,N-H'--O AO® [58]

Isonicotinamide O-H--*O,N-H---O AO [58]

Proline (] [75]

Oxyresveratrol Betaine (] [41]

L-Proline ([ [41]

Isonicotinamide [ ] [41]

Nicotinamide (] [41]

Urea ([ [41]

Ethyl maltol [ [41]

Curcumin Resveratrol (] | [74]

N-Acetylcysteine ([ [76]

Nicotinamide (] | [77]

Ascorbic acid ([ [78]

Trimellitic anhydride (] | [79]

Hydroxyquinolones || [79]

Gallic acid 4-Cyanopyridine r-n, C-H--x, C-H---O.0-H---O, N-H:--O (] | [80]

2,6-Bis[(pyridin-4-yl)methylene]cyclohexanone O-H---0, O-H--N || [81]

N-Methyl-3,5-bis((pyridin-3-yl)methylene)-4-piperidone O-H---0, O-H:-*N || [81]

N-Methyl-3,5-bis[(pyridin-4-yl)methylene]-4-piperidone O-H--*N, O-H:--O | [81]

P-Aminobenzoic acid (] | [82]

Succinimide (] | [82]

Aminoacetic acid [ B [82]

L-Proline (] | [82]

Glutaric acid (] | [82]

Piperazine || [82]

Caffeine [ | [82]

Paeonol Carbamazepine O-H--‘N, O-H---O ([ [83]

Pterostilbene Picolinic acid (] | [84]

Ethylenediamine (] [84]

Ethylenediamine hydrate N-H---O, O-H---N [84]

Theophylline dichloromethane solvate [84]

1,4-Diazabicyclo[2.2.2]octane N-H:--O [84]

1,4,8,11-Tetraazacyclotetradecane O-H--N,N-H--*N [84]

1,4-Dimethylpiperazine O-H--N [84]

2,3,5-Trimethylpirazine O-H---N [84]

Ferulic acid Nicotinamide O-H--*N AO® [85]

Urea N-H---N AO [85]

Isonicotinamide O-H--*N AO® [86]

Vanillic acid Caffeine n-, C-H--*N, C-H---O [86]

Theophylline r-m, C-H---O [86]

Theobromine [86]

Nicotinamide [86]

Isonicotinamide [86]

Acridine [86]

Urea [86]

Andrographolide O-H---0, O-H=C---O, C-H---O [87]

Tinidazole -, C-H---, O-H--*N, O-H---O, C-H---O A® [88]
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Table 4 Research overview on the cocrystals of terpenes and other active ingredients

API CCF Acting force Property Ref.
Oridonin Nicotinamide (] | [89]
Oleanolic acid Fumaric acid O-H---0=C [90]

Succinic [91]
L-Proline [91]
Saccharin [91]
Betulin Adipic acid [ J [92]
Terephthalic acid [ J [93]
Artemisinin Acetylenedicarboxylic acid [ J [94]
Orcinol [ J [95]
Resorcinol [ ] [95]
11-Azaartemisinin Cinnamic N-H---O, O-H---O [96]
Maleic N-H:--O, O-H---O [96]
Fumaric acid N-H:--O, O-H---O [96]
5-Bromosalicylic acid N-H:--O, O-H---O [97]
4-Bromosalicylic acid N-H:--O, O-H---O [97]
3,5-Dibromosalicylic acid N-H:--O, O-H---O [97]
Mefloquine hydrochlorid AO® [98]
L( - )-Malic acid AO [98]
Andrographolide Vanillin O-H---0, O-H=C---O, C-H:--O [87]
Vanillic acid O-H---0, O-H=C---O, C-H"--O [87]
Salicylic acid O-H'--0, O-H=C---O, C-H"--O [ J [87]
Resorcinol O-H---0, O-H=C---O, C-H---O [87]
Guaiacol O-H'--0, O-H=C---O, C-H"--O [87]
Celastrol Threonine (] | [99]
Phenylalanine (] | [99]
L-Tyrosine (] | [99]
Scoparone 3,5-Difluorobenzoic acid -, O-H---O [ J [100]
Urea N-H---O, C-H:--O [ J [100]
Pyrimethamine -, N-H--N, N-H---O [ J [100]
Succinimide -, C-H---O [ J [100]
Emodin Nicotinamide O-H---0, O-H--*N, N-H---N [101]
Berberine hydrochloride O-H---Cl, O-H---O, C-H---O [53]
Berberine hydrochloride ethanol O-H---Cl, O-H:--O [53]
Carbamazepine [102]
Rhein Matrine -, O-H---O, N-H---O [67]
Gefitinib [103]
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