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1. Introduction

The conductometrical technique avoids extrac-
tion and further treatment of the samples and
allows a very close study of the in vitro release
kinetics. In order to perform the release studies
from drug release systems as inert matrices con-
taining water-soluble drugs (naltrexone hy-
drochloride, morphine hydrochloride and
potassium chloride) and water-insoluble excipi-
ents (Eudragit® RS-PM), the increase in conduc-
tivity due to the dissolution of the drug can be
related to the amount of drug dissolved at this
time. Therefore, using a Crison micro CM-2201
digital conductivity-meter linked to a chart
recorder and a personal computer, it is possible to

quantify the amount of drug released at each
time. One of the advantages of this technique is
the great number of data provided in time (one
concentration datum per second). Therefore, a
very close approach to the drug release kinetic is
obtained. This analytical technique has already
been employed to quantify the amount of KCl (a
water-soluble ionic compound) released from in-
ert matrices [1].

In this work, a conductometrical technique to
quantify naltrexone hydrochloride and morphine
hydrochloride has been validated. Both sub-
stances produce much lower increase in conduc-
tivity of the solution than KCl. Data obtained
from the validation study have been compared to
those obtained from a very similar validation
study carried out for KCl (an usual standard in
conductometry). Furthermore this technique has
been used to study the release profiles obtained
from naltrexone and morphine hydrochloride
controlled delivery systems.
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Table 1
Precision values for the quantification of the studied substances

Standard deviation CV (%)Standard errorMean conductivity

0.740.220.0529.44Intra-assay Naltrexone×HCl
34.35 0.02 0.09 0.25Morphine×HCl

0.220.11231.89 0.51KCl

0.16 0.72Inter-assay Naltrexone×HCl 2.5028.93
0.53 1.58Morphine×HCl 33.77 0.12

230.86 0.75 0.17 0.33KCl

Table 2
Recovery data (mean9SE, n=4) for the quantification of naltrexone hydrochloride, morphine hydrochloride and KCl

Mean conductivity CV (%)Concentration (mg ml−1) Recovery (%)

0.51186.1990.481000 99.0490.25Naltrexone hydrochloride
114.0690.16 0.29 100.6490.15600

58.7190.19 0.64300 102.3890.34
99.7990.480.9229.3490.13150

0.48 98.2390.2675 15.1690.04
1.56 94.5590.8550 10.2390.08

215.6990.85 0.79Morphine hydrochloride 99.0790.391000
0.37131.4290.24 100.2390.19600

66.6490.12 0.37300 100.7390.19
102.0290.060.2534.3590.02150

16.9490.11 1.2775 96.8290.67
8.390.07 1.6735 93.3790.92

1582.8990.64 99.5690.041000 0.22KCl
970.6990.75 0.08 101.6190.08600

0.15 101.8690.23300 448.4491.08
231.8990.11 0.44150 95.8090.10
84.7690.29 0.69 102.3590.3850

2.77 74.2991.507 12.0290.17

Naltrexone hydrochloride is used as comple-
ment to the maintenance of the opioid-free
state in detoxified, formerly opioid-dependent,
individuals. This drug is a potent narcotic an-
tagonist, 30 to 40 times more active than nalor-
phine, two to three times more active than
naloxone [2,3]. It is a poorly ionic drug with
an aqueous solubility value of 85.43 mg ml−1

[4].
Controlled release oral morphine hydrochlo-

ride compressed tablets offer the clinical advan-
tage of less frequent dosing, with an increase in
quality of life for patients with chronic pain re-
quiring repeated-dose opioid analgesia [5].

2. Materials and methods

2.1. Materials

Naltrexone hydrochloride was a gift from Zam-
bón S.A. (E-Barcelona) and Eudragit® RS-PM
was a gift from Hüls Española, S.A. (E-
Barcelona). Morphine hydrochloride (Alcaliber,
E-Madrid) and KCl (Acofarma, E-Barcelona)
were also used.

2.2. Experimental procedures

In order to validate the conductometrical
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Table 3
Validation study of the quantification of naltrexone hydrochloride and morphine hydrochloride using spectrophotometrical,
chromatographical and conductometrical methods

Spectrophotometry UV HPLC Conductometry

Naltrexone hydrochloride
0.34 0.74Precision (CV%) Intra assay 0.57

0.41 0.58Inter assay 2.50
97.56103.57 99.11MeanRecovery (%)

SE 2.19 0.93 1.11

Morphine hydrochloride
Intra assay — 1.40 0.25Precision (CV%)

2.22 1.58—Inter assay
101.05 100.24Recovery (%) Mean —

— 0.70SE 1.21

method proposed for the quantification of KCl,
morphine hydrochloride and naltrexone hy-
drochloride, the following parameters were evalu-
ated [6–8].

The linearity of the conductivity response has
been studied for the three substances. The stan-
dard solutions were prepared by diluting the stock
solution (1000 mg ml−1) with water to the follow-
ing concentrations: 600, 300, 150, 75 and 35 mg
ml−1 for morphine hydrochloride; 600, 300, 150,
75 and 50 mg ml−1 for naltrexone hydrochloride
and 600, 300, 150, 50 and 7 mg ml−1 for KCl.

For all the three substances, the precision of the
method was studied by analysing solutions con-
taining 150 mg ml−1 in 20 replicates (intra-assay
precision). Furthermore, these same solutions
were analyzed in five replicates on four different
days (inter-assay precision). The coefficients of
variation (CV%) have been used to estimate the
precision of the conductometrical assay.

The accuracy of the method was evaluated by
quadruplicate at several concentrations. The re-
covery data obtained demonstrate the adequate
accuracy of the conductometrical method.

The linearity, precision and accuracy were eval-
uated using standard solutions due to the variabil-
ity of the drug load of the controlled release
systems that could mask the experimental error of
the analytical method. The validation studies for
morphine hydrochloride and naltrexone hy-
drochloride were compared to the parameters ob-
tained from a validation study for KCl.

This technique has been used to study the re-
lease profiles obtained from naltrexone hy-
drochloride, morphine hydrochloride or KCl
controlled release inert matrix tablets. The inert
matrix tablets were prepared by direct compres-
sion of binary mixtures drug: excipient at different
drug loads. Biopharmaceutical characterization of
these inert matrix tablets was carried out using a
USP 23 apparatus (Turu Grau, mod. D-6). The
dissolution assay was performed at 3790.5°C in
distilled water during 9 h at a constant rotation
speed of 50 rpm.

3. Results and discussion

3.1. Linearity

In order to investigate the linearity of the con-
ductivity response, calibration curves are per-
formed for the studied substances. The calibration
curve obtained for naltrexone hydrochloride [y=
(0.18790.0008)x+ (1.4290.71)] using the con-
ductometrical method previously described was
linear from 50 to 1000 mg ml−1, giving r=
0.99996 as correlation coefficient (n=6) and F=
48328.2 as Snedecor ratio (PB0.0001). The
regression analysis of the morphine hydrochloride
calibration curve [y= (0.21690.0008)x+ (1.229
0.67)] gave r=0.9994 as regression coefficient
(n=6) and F=73666.6 as Snedecor ratio (PB
0.0001). These parameters show that the detector
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Fig. 1. Release profiles obtained by conductometrical analysis from KCl, naltrexone hydrochloride and morphine hydrochloride
controlled release inert matrix tablets (containing 60, 45 and 12% w/w of drug, respectively).

response is linear from 35 to 1000 mg ml−1. The
linearity of the conductivity response for the
quantification of KCl has been studied from 7 to
1000 mg ml−1. A good linearity has been found
from the regression analysis of this calibration
curve: [y= (1.58590.0115)x+ (3.8999.87)] with
r=0.99989 as correlation coefficient (n=6) and
F=18967.0 as Snedecor ratio (PB0.0001).

The linearity shown by the calibration curves
for KCl (ionic substance), naltrexone hydrochlo-
ride and morphine hydrochloride (poorly ionic
substances) was excellent in the assayed concen-
tration ranges.

3.2. Precision

As can be observed in Table 1, the results of
intra- and inter-assay precision for the quantifica-
tion of naltrexone hydrochloride were B3%. Fur-
thermore, the intra- and inter-assay precision
values for morphine hydrochloride were B2%
(see Table 1). The results show the adequate
precision of the proposed conductometrical
method for the analysis of morphine hydrochlo-
ride and naltrexone hydrocloride. The obtained
CVs for intra- and inter-assay precision (see Table
1) were of the same order that those obtained for
KCl (B1%).

3.3. Accuracy

Table 2 shows the recovery data for naltrexone
hydrochloride, morphine hydrochloride and KCl;
the mean recovery data were 99.1191.11,
98.7191.21 and 100.2491.21, respectively. In all
the cases the accuracy of this method is adequate
at the concentrations ranges studied. The ob-
tained values were −5.45 and −6.63% for the
quantification of naltrexone and morphine hy-
drochloride, respectively. As it can be observed in
Table 2, the conductometrical method for the
quantification of KCl showed a linear calibration
curve from 7 to 1000 mg ml−1. The accuracy,
calculated from the recovery data, was acceptable
(−4.2%) for concentrations between the range
50–1000 mg ml−1.

As a summary, accuracy values were acceptable
for all the studied substances. Therefore, the con-
ductometrical method evaluated is accurate and
precise for an ionic substance such as KCl and for
two poorly ionic drugs, in the concentration
ranges between 50 and 1000 mg ml−1. This range
allows the use of the conductometrical method for
the study of the in vitro release kinetic of these
drugs. The results of the validation study for the
quantification of naltrexone hydrochloride and
morphine hydrochloride, using the conductomet-
rical method, are comparable to those obtained
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using other usual analytical methods such as
HPLC and UV spectrophotometry (see Table 3)
[4].

Our proposed technique was applied to quan-
tify all the studied substances during in vitro
dissolution assays. The obtained release profiles
are illustrated in Fig. 1. The conductometrical
technique can be successfully used to study the
release kinetics of morphine hydrochloride and
naltrexone hydrochloride from controlled release
inert matrix tablets containing no soluble excipi-
ents such as Eudragit® RS-PM. These matrix
compositions, like all other inert matrices, do not
interfere with drug quantification. The inert ma-
trix tablets were prepared using only one soluble
component, the drug, and a single insoluble excip-
ient. The obtained release profiles show a very low
noise that indicates the adequate precision of the
analytical method. On the other hand, with a view
to the matrices that release all the drug load (KCl
and naltrexone×HCl), very low deviation from
the theoretical drug content can be observed (99.6
and 93.3%, respectively). This circumstance sug-
gests the good accuracy of the analytical method,
as well as the homogeneity of the studied inert
matrix tablets.
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