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Abstract: The solubility of nebivolol hydrochloride was determined in acidic aqueous media in the absence
and presence of different concentration of NaCl, NaBr, or Nal at 37 °C in order to facilitate proper selection of
dissolution media that have adequate discriminating power for enhancing the likelihood of a generic drug product
to successfully pass in-vivo bioequivalence test. In the range of pH 5.0 to pH 1.0, the solubility of nebivolol hydro-
chloride decreased with the decrease in the pH of aqueous solution, and the solubility of nebivolol hydrochloride
further decreased with the increase in the concentration of added sodium chloride. The solubility decrease of a few
weakly basic drug molecules in acidic media and in higher concentration of added chloride was published previously
by other researchers, and the observed decrease in the solubility in the presence of higher chloride concentration
was interpreted in terms of common-ion effect. However, the results in this paper showed that the solubility of
nebivolol hydrochloride also decreased when sodium chloride was replaced with sodium bromide or iodide. The
approach described in this paper (i.e. substituting sodium chloride with sodium bromide or iodide) provides an
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effective method to verify whether common-ion effect is the true (or at least the sole) driving force behind the
observed decrease in the solubility of nebivolol hydrochloride in the presence of sodium chloride. The solubility
decrease reported in this paper can be interpreted in terms of salting-out effect of sodium chloride, bromide, and
iodide. For hydrochloride salt of a weakly basic drug molecule like nebivolol hydrochloride, its solubility in an
acidic dissolution medium can be purposely decreased to the lower end of sink condition by adding sodium
chloride to make the resulting medium more discriminating. As shown in this paper, a medium at pH 1.2 with
added sodium chloride is discriminating and this medium is shown to be bio-relevant to the in-vivo data collected
under fasting condition (in-vivo study protocol was approved by Institutional Review Board).
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Figure 1 Nebivolol hydrochloride (NBL)
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Figure 2 Average solubility of NBL in different pH at 37 °C

Table 1  Solubility of NBL in different pH at 37 °C. a: The pH of
solvent in the absence of NBL. The pH was adjusted using hydro-
chloric acid; b: The pH of the supernatant of the mixture of the
solvent and NBL (in excess) after being shaken mechanically at
37 C for 24 hours; c: This is the pH of purified water generated in
analytical lab and no hydrochloric acid was added. Unless other-
wise stated in this paper, the solubility values are raw data without
being rounded. These individual values may reflect variability of
the determination of the solubility. The number of decimal places
does not reflect the number of significant figures. For example,
1.515 does not mean the number of significant figures is four

oHe oH? Solubility/mg-mL™

Individual Average (n=2)
5.970° 5.094 1.515 1.509
5.970° 4.970 1.502
3.037 3.138 1.356 1.349
3.037 3.153 1.342
2.013 2.103 0.516 0.520
2.013 2117 0.524
1.226 1.262 0.099 0.100
1.226 1.254 0.101
NBL 7E A 5 B ¥ fif £ 8 0.073 mg - mL*, KT pH

1.2 (A NaCl) i) NBL [ fi# 5 (0.100 mg-mL?). %
2 B 3 WoR, 75 pH 1.2 4, NaCl [ /5 ik &,
NBL P %5 il 5 B AT o

Table 2 Solubility of NBL at pH 1.2 in the presence of different
concentration of sodium chloride at 37 “C. a: The pH of solvent in
the absence of NBL. The pH was adjusted using hydrochloric acid;
b: The pH of the supernatant of the mixture of the solvent and
NBL (in excess) after being shaken mechanically at 37 °C for 24

hours
. . Solubility/mg-mL*
[NaCll/mol-L* pH pH® Individual _ Average (n=2)

0 1.226 1.262 0.099 0.100
1.226 1.254 0.101

0.034 1.226 1.296 0.072 0.073
1.226 1.311 0.073

0.050 1.236 1.229 0.070 0.074
1.236 1.261 0.078

0.064 1.209 1.244 0.069 0.065
1.209 1.246 0.060

0.100 1.223 1.261 0.058 0.060
1.223 1.258 0.062
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buffer containing 0.034 mol-L* NaCl, 900 mL; paddle, 50 r-min?).
A: Comparison of reference listed drug (RLD) with formulations
1 and 2; B: Comparison of RLD with formulation 3
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Table 3
median; “"Presented as arithmetic mean

Bioequivalence analysis results for plasma nebivolol (Treatment A vs Treatment B under fasting condition). "Presented as

Geometric mean

Ratio of 90% Intra-subject
Parameter Treatment A Treatment B . ) ]
geometric means Confidence interval CV/%

n=39 n=39
AUC/pg-h-mL* 3315251 31977.37 103.67 97.67-110.05 15.07
AUC, /pg-h-mL* 36 933.26 35 806.33 103.15 97.29-109.36 15.39
Coadd Pg-mL* 5 868.25 6 013.76 97.58 89.91-105.91 21.67
ta /D 1.00 1.00
thadange 0.50-5.00 0.50-3.50
At 0.053 8 0.052 9
t,,”/h 13.75 14.19
AUC/AUC, ™~ 0.899 3 0.895 1
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Figure 6 Profiles of average concentration of plasma nebivolol
vs time under fasting condition (0-72 h). Treatment A denotes the
generic drug while Treatment B denotes reference listed drug
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