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Abstract The aim of this study was to investigate the effect of polymers on the formation thermodynamics of
adefovir dipifoxil ( AD) -saccharin (SAC) cocrystal. In the absence and presence of polymers such as polyethylene
glycol, ethyl cellulose, polyvinylpyrrolidone and Eudragit E100, solubilities of AD and SAC in ethanol solution
containing different concentrations of SAC at variable temperatures were determined by high-performance liquid
chromatography ( HPLC) . Appropriate mathematical model for the description of the influence of polymers and
temperature on the solubility of AD-SAC cocrystal was established. The ternary phase diagrams were set up using
the assayed solubilities data, and they were used to predict changes of cocrystals solubility and product
yield. Addition of polymers resulted in increased solubility of AD-SAC cocrystal, decreased complexation constants
(K,,), enhanced solubility products ( K

areas of homogeneous liquid phase and pure solid cocrystal in equilibrium with the liquid phase in ternary phase

0
) » but there was a gradually decreased free energy change (AG"). The
diagrams were also found to be larger. Therefore, although there was no change to the spontaneity of AD-SAC
cocrystal formation, there existed retardation to cocrystal formation and reduction in product yield of pure cocrystal
in the presence of polymers. Moreover, application of polymers could broaden the concentration range of AD and
SAC solutions when solution crystallization was selected to prepare cocrystal.
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Figure 1 Comparison of experimental and calculated cocrystal solubili-
ties as a function of saccharin concentration in ethanol without polymers
(m) and ethanol solution containing PEG( e ) ,EC(a),PVP(v) EE
(®)at 293 K. Labeled points are measured values and lines are fitted
values. x +s,n =3. ( AD; Adefovir dipifoxil ; SAC ; Saccharin )
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Figure 2 Comparison of experimental and calculated cocrystal solubili-
ties as a function of saccharin concentration in ethanol without polymers
(m) and ethanol solution containing PEG( e ) ,EC(a ) ,PVP(v) EE
(#)at 298 K. Labeled points are measured values and lines are fitted
values (x £s,n=3)
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Figure 3 Comparison of experimental and calculated cocrystal solubili-
ties as a function of saccharin concentration in ethanol without polymers
(m) and ethanol solution containing PEG( e ) ,EC(a ) ,PVP(v) EE
(®)at 303 K. Labeled points are measured values and lines are fitted

values (x £s,n=3)
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Figure 4 Molecular structure of PEG(A) ,EC(B) ,PVP(C) ,EE(D)
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Table 1 Solubility product (K,) and complexation constant (Kj; ) of AD-SAC cocrystal at 293 K calculated by non-linear regression analysis

Solvent Fitted curve K”)/(nlolz/Lz) K,/ (L/mol)
Ethanol [AD] =1.00 x10™*/([SAC] -1.13 x107%) +1.13 x10 "2 ,r =0.99 1.00 x10~* 112. 85

Ethanol ( PEG) [AD] =1.51 x10™*/([SAC] -9.37 x1073) +9.37 x10 3 ,r =0.99 1.51 x10 ~4* 62.13 "
Ethanol (EC) [AD] =1.42x10*/([SAC] —=1.11 x1072) +1. 11 x10 2 ,r=0.99 1.42 x10 %~ 78.07 *
Ethanol (PVP) [AD] =1.65x107*/([SAC] -1.03 x107%) +1.03 x10 "2 ,r=0.98 1.65 x10 7%~ 62.22"
Ethanol (EE) [AD] =1.53x10"%/([SAC] -8.35x107%) +8.35x10 7% ,r=0.99 1.53 x107** 54.64 *

* P <0.05 vs ethanol group

Table 2 Solubility product (K_,) and complexation constant (K;; ) of AD-SAC cocrystal at 298 K calculated by non-linear regression analysis

Solvent Fitted curve Kﬂ,/(molz/Lz) K,/ (L/mol)
Ethanol [AD] =2.36 x10"%/([SAC] -1.19x1072) +1.19 x 1072 ,r=0.98 2.36 x107* 50. 53
Ethanol ( PEG) [AD] =2.61 x10™*/([SAC] -1.23 x1072) +1.23 x10 2 ,r=0.99 2.61 x10 74~ 47.24 "
Ethanol (EC) [AD] =2.34x10"*/([SAC] -=1.05 x102) +1.05 x 102 ,r=0.99 2.34x10 74 * 44.97*
Ethanol (PVP) [AD] =2.89 x10*/([SAC] -1.02x107%) +1.02 x10 "2 ,r=0.98 2.89 x10~** 35.22*
Ethanol (EE) [AD] =3.01 x10"%/([SAC] -1.09 x10~2) +1.09 x 10 "% ,r =0. 99 3.01 x10 ~** 36.10*

*P<0.05,"* P>0.05 vs ethanol group

Table 3 Solubility product (K, ) and complexation constant (K;; ) of AD-SAC cocrystal at 303 K calculated by non-linear regression analysis

sp

Solvent Fitted curve Kgp/(molz/Lz) K,/ (L/mol)
Ethanol [AD] =3.98 x10"%/([SAC] -1.62 x1072) +1.62 x107%,r=0.99 3.98 x10°* 40. 64
Ethanol ( PEG) [AD] =3.88 x10*/([SAC] -9.46 x10 %) +9.46 x10 3 ,r=0.99 3.88 x10 4~ 24.41"
Ethanol (EC) [AD] =4.07 x10*/([SAC] -1.23 x1072) +1.23 x102,r=0.99 4.07 x10 4"~ 30.20*
Ethanol (PVP) [AD] =4.54 x10%/([SAC] -1.17 x1072) +1.17 x 1072 ,r=0.98 4.54 x10 %" 25.85*
Ethanol ( EE) [AD] =5.46 x 10 "*/([SAC] —=1.17 x1072) +1.17 x10 "2 r=0.99 5.46 x 10 74~ 21.40 "

*P<0.05,"* P>0.05 vs ethanol group
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Table 4 Reaction Gibbs free energy (AG®) ,enthalpy (A, H) and entropy (A,S) of cocrystal formation in ethanol without or containing polymers at

different temperatures

. AG”/(kJ/mol) i A'H/ A.S/
Solvent Fitted curve
293 K 298 K 303 K (kJ/mol) (kJ/(mol+-K) )
Ethanol -15.08 -14.74 -14.24 G'=-39.72-(-0.08)7T,r=0.99 -39.72 -0.08
Ethanol ( PEG) -14.72 -14.39 -14. 14 G'=-31.70 - ( -0.06)T,r=0.99 -31.70 -0.06
Ethanol (EC) -15.00 -14.39 -14.19 G'=-38.67-(-0.08)T,r=0.99 -38.67 -0.08
Ethanol ( PVP) -15.02 -14.39 -13.96 G’ = -50.56 - ( -0.12)T,r=0.99 -50. 56 -0.12
Ethanol (EE) -14. 14 -13.99 -13.86 G = -22.34-(-0.03)T,r=0.99 -22.34 -0.03

3.3 BA4hxt AD-SAC 23 =200 E %R
H AD J SAC fE S AN FIREG W SRR
fife i AD-SAC J: 5 72 & AN [FIVR JEE SAC A1 L
TS SR R AT A R B R G MRS Y
FEAESAE T 19 AD-SAC Jh i = JoAHIE, ani&l 5,
293 K, PEG AL 7514 T 09 = AH &y 4] ( &
5-B), =AHE 4% 5 AR B A& I A SR DL

A I SCIRARGE " o B ef S5EHZE be T
3, ARER AD-SAC 3L TE PEG B i W Hh Vs ik S
AR E . FARBBE AR AD 5 SAC B4
Yy WAL 1 LR SO R A, SRR US
A FSEIE dh FA E TK BI MV I R AT H T 1 e A A
BEJR e 2 R R A S DTTEAT AT A5 2
AD-SAC &, WSRAE AD 5 SAC R EY LI
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Figure 5 Ternary phase diagrams of AD-SAC cocrystal in ethanol without polymers (A) and containing PEG(B) ,EC(C) ,PVP(D) ,EE(E) at 293 K

Table 5 Comparison of experimental cocrystal solubility and calculated cocrystal solubility according to ternary phase diagrams in the absence and

presence of polymers

Solvent Jx Jy J, S,/ (mol/L) S,/ (mol/L)
Ethanol 0.133 04 0.833 53 0.033 43 0.029 6 0.022 5
Ethanol ( PEG) 0. 166 17 0.790 97 0. 042 86 0.037 0 0.031 8
Ethanol (EC) 0.194 22 0.757 76 0.048 02 0.041 4 0.033 4
Ethanol ( PVP) 0.180 11 0.775 20 0. 044 69 0.038 6 0.029 5
Ethanol (EE) 0.167 04 0.791 25 0.041 71 0.036 0 0.026 3

S, : Calculated cocrystal solubility according to ternary phase diagram;S, : Experimiental cocrystal solubility
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