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Abstract: Tablets represent the most widely used oral solid dosage form in the pharmaceutical industry.
Puerarin monohydrate (PUEM), a solid form of the natural antihypertensive drug puerarin, is commercially
available. However, the low solubility of PUEM poses a significant challenge for the development of its tablet
dosage form. In this study, we successfully prepared the sodium chelates of puerarin (PUE-Na-7H,0O) using
reactive crystallization techniques. The crystal structure of PUE-Na-7H,0 was analyzed using single crystal
technology, which revealed the structural characteristics of its metal chelate. Our thermodynamic studies
demonstrated that the formation of PUE-Na-7H,O involved the simultaneous deprotonation of PUE and the
chelation of PUE" and Na'. This reaction process was spontaneous and exothermic (AG < 0, AH < 0), and reducing
the temperature facilitated the formation of the chelate. Nucleation kinetics studies revealed that chelate molecules
were more likely to nucleate and crystallize under low temperature, high concentration, and high rotational speed
conditions. Compared to commercially available PUEM, PUE-Na-7H,0 showed significantly improved water
solubility, with a 33.5-fold increase in solubility and a 37.6-fold decrease in intrinsic dissolution rate. Our study
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identified drug-sodium chelation as an effective means for improving drug solubility and elucidated the

mechanisms governing its formation kinetics and thermodynamics. These findings could provide new solutions for

related product development and tremendous commercial opportunities.
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Figure 1  Crystal structures of PUEM and PUE-Na-7H,0O. A: PUEM; B: PUE-Na-7H,0. PUEM: Puerarin monohydrate; PUE: Puerarin.

Grey, red, white, and purple atoms represent carbon, oxygen, hydrogen, and sodium, respectively, and the green dashed lines represent

hydrogen bonds
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Figure 2 Changes in pH (A) and Na” potential (B) during the dissolution of PUE-Na-7H,O chelate
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Figure 3 Solubility of PUE-Na-7H,O chelate in NaOH aqueous solutions of different concentrations at 303 K (A, B), 308 K (C, D), 313 K
(E, F), and 318 K (G, H). Figures (A, C, E, G) show data before fitting, and figures (B, D, F, H) show data after fitting

Table 1

Dissolution and chelation constants of PUE-Na-7H,0O

chelate in water at 303, 308, 313, and 318 K

T/K Slope Intercept K, K,

303 5.39 0.19 7178.32 4.80E-06
308 4.27 0.23 3544.94 1.55E-05
313 3.26 0.31 2 336.56 4.03E-05
318 2.76 0.35 119.35 1.10E-03

42 BEYEREREPEHHTEHENITE
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PUEM,, + Na,, + OH;, — PUE;, + Nay, + H,0, +

PUE-Na,), (6)
4G,
PUE;, + Na;,, + 7H,0,, + PUE-Na,, —
PUE-Na-7H,0,,, (7)

(6) + (7) 19 PUE-Na-7H,0 # & W (1T B N 7 2,
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Table 2 AG of the formation reaction of PUE-Na-7H,O chelate
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Figure 4 Linear regression analysis of the effect of temperature

(T) on AG for PUE-Na-7H,O chelate
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Figure 5 Factors affecting nucleation rate and degree of supersaturation: A: Impact of temperature on the degree of supersaturation in the

reaction solution; B: Nucleation rate; C: Effect of concentration on nucleation rate; D: Effect of rotation speed on nucleation rate
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Intrinsic dissolution study of PUE-Na-7H,0, A: Bar chart of solubility of PUEM and PUE-Na-7H,O in different pH media;

intrinsic dissolution curves of PUEM (), physical mixture of PUEM and NaOH (A ), PUE-Na-7H,0 (@) in pH 1.2 HCI (B), PBS 6.8 (C),

and pure water (D). n=3,x*s
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