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Solubility and Physicochemical Stability of Caroverine Hydrochloride in
Aqueous Solution
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The solubility and physicochemical stability of caroverine hydrochloride (CRV), an antispasmodic,
in buffered aqueous solutions were studied using a reverse phase high performance liquid
chromatography. The solubilty of the drug at pH 2.76-5.40 was similar at the range 31.9-36.2 mg/
ml (34°C), but, at the pH higher than 6.0, markedly decreased. The use of polyethylene glycol 400
as a cosolvent did not increase the solubility at any compositions examined. Moreover, increasing
molar concentration of aqueous phosphate buffer from 0 to 0.5 M remarkably decreased the
solubility. The degradation of CRV followed the apparent first-order kinetics. The degradation was
accelerated with decreasing pH and increasing storage temperature. The halflives for the
degradation of CRV (1.0mg/m!) at pH 1.28, 401 and 5.93 (45°C) were 2.8, 314 and 124 hr,
respectively. The pHs of incubated solutions were to some extent lowered perhaps due to the
formation of acidic degradation products. The addition of disodium edetate (0.01%) to the CRV
solution (pH 4.95) retarded 2.5 times the degradation rate at 45°C, but the use of sodium bisulfite
(0.1%) accelerated 2.9 times the rate. The activation energy for the CRV solution (20 mg/mi, pH
5.4) containing 0.01% EDTA was calculated to be 5.98 kcal/mole. When the solution was stored
under nitrogen displacement in ampoule, there was no significant degradation even after 3 months
at 40°C, indicating that protection from oxidation by air (oxygen) is essential for the complete
stabilization of CRV solution.
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Table I— Solubility of Caroverine Hydrochloride at Vari-
ous pHs and at 34°C .

pH . Solubility (mg/ml) - pH of filtered solution

3.0 - 319 . 2.76
3.6 336 : 3:41
4.0 . 345 3.74
4.4 35.9 4.04
4.6 34.4 : 4.17
5.0 33.2 4.43
5.4 35.7 4.78
6.0 36.2 5.40
7.0 26.2 5.52

Table II— Solubility of Caroverine Hydrochloride in 0.05M
Phosphate Buffer (pH 7.0)-PEG 400 Cosolvents at
34°C

% PEG 400 in Solubility pH of filtered
cosolvent (mg/m]) solution
0 10.3 5.78
5 9.81 5.86
10 11.8 5.88
20 9.96 6.12
30 10.1 6.67
40 10.7 6.68




T&AF ATtz Sl 2 <A 123

Solubility {(mg/ml)
O

L . i
0.0 0.1 0.2 0.3 0.4 0.5 Q0.6

Molar concn. of phosphate buffer (M)

Figure 1—Effect of molar concentration of phos~
phate on the solubility of caroverine hydrochloride
in buffered agqueous solution at 34°C.
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Figure 2—HPLC chromatograms of standard (A) and
test (B) solutions. Standard solution contains caro-
verine hydrochroride (CRV, 100 ug/mi), and naprox-
en (222ug/ml) as an internal standard (IS). Test
solution was a CRV solution (1.0 mg/ml) stored at 45°C.

Table IIl— The Apparent First-order Rate Constants
and Half-lives of Caroverine Hydrochloride in Various
Phosphate Buffers (0.02M) at 45°C

oH RSP G as P daye
1.28 245 2.8 ND
2.00 179 3.9 ND
3.00 42.1 16.5 ND
4.01 22.1 31.4 3.80
4.41 15.2 457 4.10
4.60 13.9 50.0 4.24
4.96 10.3 67.5 4,70
5.34 7.8 88.8 5.12
5.93 5.6 124 5.84

ND : Not determined
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Figure 3—pH-rate profile for caroverine hydrochloride
(1.0mg/mi) at 45°C.
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Figure 4—Degradation of caroverine hydrochloride
(CRV) and its degradation products in pH 4.60 (A)
and 5.34 (B) phosphate buffers (0.02M) at 45°C.
key: O, CRV: @, product 1 (4.0 min): A, product 2
(5.9 min): V. product 3 (8.9 min)
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Figure 5—FEffect of stabilizers on the degradation of
caroverine hydrochloride (1.0mg/ml) in 0.02 M phos~
phate buffer. Key: O, no additive: ®, disodium edetate
(0.01%): A, sodium bisulfite (0.1%); A, disodium ede~
tate (0.01% Msodium sulfite (0.1%)

Table IV—Effect of Disodium Edetate and Sodium
Bisulfite on the the Apparent First-order Rate Con-
stants and Half-lives of Caroverine Hydrochloride at
pH 4. 96 and at 45°C

Stabilizer colrzlzsattaeint %—Ih?lf_glfe a?t}elzr
(e, x10°h Y 0 2 b days
None 10.3 67.5 4.70
Disodium edetate 4.13 168 4.93
Sodium bisulfite 30.0 23.1 3.00
Disodium edetate+ 36.2 19.1 2.99
sodium bisulfite
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Table V—Effect of Disodium Edetate Concentration on
the Apparent First-order Rate Constants and Half-lives
of Caroverine Hydrochloride at pH 6. 4 and at 45°C

Concn. of Rate constant Half-life
EDTA (%) k, x10°hrD) (hr, ti2)
None 8.28 83.7
0.01 5.50 126
0.05 5.38 129
0.10 6.06 115
0.20 6.06 114
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Figure 6— Arrhenius plot for the thermal degradation
of caroverine hydrochloride at pH 5.4.

Table VII— Stability of Caroverine Hydrochloride Solu-
tion (20 mg/mi) Containing 0.01% Disodium Edetate
with Nitrogen Displacement

Storage % Remaining
temperature
0 0 46 95 days
4 101 103 101
RT 101 99.0 101
40 10 99.7 102

RT : room temperature

&G 20°CAlM 9] 2EY) 1ARSIEEAY 5 7.78X
107 hr'o]glem o] 2] shelf life(tey,) e 134 hrE
YERgT)

ZLA[20) ofzt GrFIRHE] 2o otXE—7
22 ZINF FAEFE GilEdE 8920
mg/ml, 0.01% “IHlEAVES 34)S Alxsta &
A o) FAzl] AAZ XFetT oy 2= =4
o wEsly AR FEES 7 BAES Table
VIl VeRligic, ofellr Hel 40°CellM 374 7=}
Toz W2 B E AR & giint.

24 =

==

o139 4P} Thew e AL AU

Table VI—Fhysicochemical Stability of Caroverine Hydrochloride Solutions (pH 5.4, 20 mg/m/) at Various Temn-

peratures
Temperature Rate constant Half-life pH after
{0 (k, x10°hr™) (hr) 185 hr Appearance
4 - - 5.34 pale yellow
35 1.09 634 4.76 yellow
45 1.74 398 4.40 yellow
55 2.33 297 4.35 yellow
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