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Application of cocrystal separation technology in the separation and
purification of genistein-puerarin-daidzein ternary system

LI Xue-ming, LU Yan, QIAN Shuai, PANG Zun-ting, WEI Yuan-feng’

(School of Traditional Chinese Pharmacy, China Pharmaceutical University, Nanjing 211198, China)

Abstract: Cocrystal separation technology is a technology that utilizes coformers to selectively form
cocrystals with target compounds and separate them from mixed systems. Our study used puerarin (PUE), daidzein
(DDZ), and genistein (GEN) as model drugs, which have similar structures and are the main isoflavones in
Pueraria lobata root. The separation and purification processes in the modern traditional Chinese medicine (TCM)
of these three components use conventional column chromatography, recrystallization, and other technologies,
which have the issues of lengthy separation cycles, high solvent consumption, and inefficient preparation. Different
with existing separation technology, our team used the early-found cocrystal separation method to design a step-by-
step extraction and separation experiment of GEN-PUE-DDZ ternary mixture. Caffeine and L-proline were added
to the mixed system in turn, GEN-caffeine cocrystal and PUE-proline cocrystal were prepared by suspension
method. The cocrystals precipitated out of the solution. The purities of the GEN-caffeine cocrystal and the PUE-
proline cocrystal could achieve 93% (the purity of GEN) and 99% (the purity of PUE). Besides, the purity of DDZ
could also be increased by 6.76 times. This study proposed a simple operating, low cost and wide application range
separation method different from the traditional separation method and realized the separation of structurally

similar chemical components in TCM, laying a foundation for the application of cocrystal technology in the
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separation and refining of TCM.
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Figure 1 The chemical structures of puerarin (PUE, A), daidzein (DDZ, B), and genistein (GEN, C)
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Figure 2
cocrystal method. CAF: Caffeine; PRO: L-Proline

Schematic diagram of ternary system separation by
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Figure 3 Powder X-ray diffraction (PXRD) patterns of PUE (a),
GEN (b), DDZ (c), CAF (d), PRO (e), PUE-CAF cocrystal (f),
GEN-CAF cocrystal (g), PUE-PRO cocrystal (h)
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Figure 4 Differential scanning calorimetry (DSC) curves of PUE
(a), GEN (b), CAF(c), PRO (d), PUE-CAF cocrystal (e), GEN-
CAF cocrystal (f), PUE-PRO cocrystal (g)
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Figure 5 Fourier transform infrared spectroscopy (FT-IR) spec-
tra for PUE (a), GEN (b), CAF (c), PRO (d), physical mixture of
PUE and CAF (e), GEN and CAF (f), PUE and PRO (g), PUE-
CAF cocrystal (h), GEN-CAF cocrystal (i), PUE-PRO cocrystal (j)
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Figure 6 A: PXRD patterns of GEN-CAF cocrystal (a) and GEN-CAF cocrystal + DDZ (DGC, b). B: PXRD patterns of PUE-CAF
cocrystal (a), GEN-CAF cocrystal (b) and GEN-CAF cocrystal + PUE (PGC, c). C: PXRD patterns of PUE-PRO cocrystal (a), PUE-PRO

cocrystal + GEN (GPP, b) and PUE-PRO cocrystal + DDZ (DPP, ¢)
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AT 456 )N, A FL % 5l PUE-PRO 3 & BLyT e T AT
HSC . EHEE . OB K& - SRR &,
PUE-PRO 3t i 5 PUE &t 7 AH Lb, W& g FE 0 0 N B T
75.22%-90.02% /% 82.79%.
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CAF 1E N B AR M = Jo 4k & H 4> & GEN (& 7), GEN-

Table 1  Solubility determination results of GEN crystal, GEN-CAF cocrystal (CC), PUE crystal, and PUE-PRO CC (mg'mL"; x £, n = 3)

Solvent Sample
GEN GEN-CAF CC (GEN) PUE PUE-PRO CC (PUE)
Methanol 12.78 £ 1.43 1.62 +0.10 45.64 +3.59 11.31+£2.14
Ethanol 16.18 £ 0.52 1.52+0.11 16.91 + 1.44 1.35+0.01
Acetonitrile 2.11+£0.02 0.94 £ 0.04 0.29 £0.02 No determination
Methanol-ethanol (v : v =50 : 50) No determination No determination 30.27 + 0.02 521+0.12
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Figure 7 A: Purity (P%) and recovery (R%) of GEN in the precipitation after the first cocrystal separation from different stock solutions.
B: P% and R% of PUE in the supernatant (before adding PRO) and the precipitate (after adding PRO). C: Changes of P% of DDZ in the

supernatant before and after the cocrystal separation. x s, n =3
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