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ABSTRACT. The construction and performance characteristics of doxepin hydrochloride selective electrodes were developed.
Three types of electrodes: plastic membrane I, coated wire II, and coated graphite rod III were constructed based on the incor-
poration of doxepin hydrochloride with ammonium reineckate. The influence of membrane composition, kind of plasticizer, pH of
the test solution, soaking time, and foreign ions on the electrodes was investigated. The electrodes showed a Nernstain response
with a mean slope of 57.41 £ 0.5, 56.22 £ 0.2 and 52.88 + 0.7 mV at 25 °C for electrode I, II and III respectively, over Doxepin
hydrochloride concentration range from 1 x 107-1 x 10°M, 5 x 107-1 x 10° M and 1 x 107 -5 x 10" M, and with a detection limit
5.0%x 107 M, 6.3 x 10’ M and 2.5 x 10° M for electrode I, Il and 111 respectively. The constructed electrodes gave average
selective precise and usable within the pH range 3 - 7. Interferences from common cations, alkaloids, sugars, amino acids and drug
excipients were reported. The results obtained by the proposed electrodes were also applied successfully to the determination of
the drug in pharmaceutical preparations and biological fluids.

Keywords: Plastic membrane, Coated wire electrode, Coated graphite rod, Ion-selective electrode, Doxepin hydrochloride

INTRODUCTION cholinergic effects, and, in the higher dosage range, it pro-
duces peripheral adrenergic blocking effects.'
Doxepin hydrochloride, E-3-(dibenzo [b, e] oxepin-11 Several methods for its determination, both in body fluids

(6H)-ylidene)-N-N-dimethylpropan-1-amine hydrochloride and pharmaceuticals, including high performance liquid chro-
(Fig. 1) is Doxepin is a psychotropic agent with antidepre- matography,z'4 liquid chromatography coupled with mass
ssant and anxiolytic properties. It also has sedative and anti- spectrometry,s'7 gas chromatography,8 gas chromatography
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Fig. 1. Chemical Structure of Doxepin Hydrochloride.
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coupled with mass spectrometry,” Thin layer chromato-
graphy,' potentiometry."" This work describes new selective
membrane sensors, of three types: plastic membrane, coated
wire and coated graphite electrodes for the determination
of doxepin hydrochloride in pure solutions, pharmaceutical
preparations and biological fluids.

EXPERIMENTAL

Equipment

Jenway 3040 pH/mV meter (U. K.) with a doxepin-PVC
membrane electrode type (I), doxepin-coated wire electrode
type (II) or doxepin-coated graphite rod electrode type (III) in
conjunction with double junction Ag/AgCl electrode (Orion
90-02) (Taiwan, R.O.C.) containing 10% w/v potassium
nitrate in outer compartment. An Orion 91-02 glass-calomel
combination electrode, (Taiwan, R.O.C.) was used for pH
adjustment. All potentiometric measurements were carried
out at 25 + 1 °C with constant magnetic stirring.

Reagents

All chemicals used were analytical or pharmacopoeial
grade. Doubly distilled water was used throughout the ex-
periments. doxepin hydrochloride was provided by Pfizer
Egypt, poly (vinyl chloride) PVC powder with high mole-
cular weight was from Aldrich (Germany), di-butyl phthalate
(DBP), di-octyl phthalate (DOP), di-butyl sebacate (DBS),
o-nitrophenyl octyl ether (0-NPOE) were from Fluka (Buchs,
Switzerland), ammonium reineckate, chloroform, acetone,
hydrochloric acid and tetrahydrofuran (THF) were from
Memphis-Delagrange (France), (Sinequan” capsules) were
purchased from local drug stores. Stock doxepin hydrochlo-
ride solution (1 x 10" M) was prepared daily by dissolving
an appropriate amount of the drug in double distilled water.
More dilute solutions were prepared by appropriate dilution.

Preparation of Doxepin-Reineckate Ion-pair

The ion-pair was prepared by mixing stoichiometric amo-
unts of 1 x 10> M ammonium reineckate with an equimolar
solution of doxepin hydrochloride, stirred for 10 min. The
resulting pink precipitate was filtered through G sintered
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glass crucible and washed thoroughly with deionized water
then dried at room temperature for 24 hours. The ion-pair
should be stored in a desiccator.

Membrane Composition

The membrane composition was studied by varying the
percentages (w/w) of the ion pair, poly (vinyl chloride) PVC
and plasticizer (o-NPOE), until the optimum composition
that exhibits the best performance characteristics was obtain-
ed. The membranes were prepared by dissolving the required
amount of the ion-pair, PVC and (0-NPOE), in 5 mL tetra-
hydrofuran (THF). The solution mixture was poured into a
petri dish (3 cm in diameter), covered with a filter paper and
the solvent was allowed to evaporate slowly at room tem-
perature. To obtain the uniform membrane thickness, the
amount of (THF) was kept constant, and its evaporation was
fixed for 24 h.

Electrode Construction

Plastic membrane electrode: A punched circular mem-
brane was attached to a poly-ethylene tube (8§ mm in dia-
meter) in an electrode configuration by means of PVC-THF
solution. A mixture containing equal volume of 1 x 10°M
doxepin hydrochloride and potassium chloride was used as
internal reference solution in which the Ag/AgCl reference
electrode was dipped. The constructed electrode was pre-
conditioned after preparation by soaking for at least 24 h in
1x10°M doxepin hydrochloride and stored in the same
solution. All potentiometric measurements were performed
using the following cell assembly: Ag/AgCl/Internal solution
/membrane/test solution//KCl salt bridge//SCE.

Coated wire electrode: Pure aluminum wire of 4.0 cm
length was tightly insulated by polyethylene tube leaving
1.0 cm at one end for the coating and 0.5 cm at the other end
for connection. The coating solution was (described previ-
ously under membrane composition). Prior to coating, the
polished aluminum surface was washed with a detergent and
water, thoroughly rinsed with water, and dried with acetone.
Then the wire was rinsed with chloroform and allowed to
dry. Afterwards, the aluminum wire was coated by quickly
dipping it into the coating solution several times, and allow-
ing the film left on the wire to dry for about 3 min. The pro-
cess was repeated several times until a plastic membrane of
approximately 1.0 mm thickness was formed."* The prepared
electrode was conditioned by soaking for 3 hin 1.0 x 10° M
doxepin hydrochloride solution. All potentiometric measure-
ments were performed using the following cell assembly:
Al/membrane/test solution//KCl salt bridge//SCE.

Coated graphite electrode: A pure graphite rod of 4 mm
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diameter was insulated by tight polyethylene tube, leaving
2 cm at one end for coating and 1 cm at the other end for co-
nnection. The polished electrode surface was coated with
the active membrane by dipping the exposed end into the
coating solution was (described previously under membrane
composition) ten times and allowing the film left on graphite
rod to dry in air for 1 min each time. The process was repeat-
ed until 1.0 mm thickness formed. The prepared electrode
was preconditioned by soaking for 6 h in 1.0 x 10° M
doxepin hydrochloride solution."

Electrode Calibration

10 mL aliquots of 1 x 10" -1 x 10"° M standard doxepin
hydrochloride solutions were transferred into 50 mL beaker
and the sensor(s) in conjunction with double junction Ag/
AgCl reference electrode were immersed in the solution.
The measured potential was plotted against the logarithm
of drug concentration. The electrode(s) was washed with
deionized water and dried with tissue paper between mea-
surements.

Effect of pH

The effect of pH on the potential of the electrode(s) was
measured using two pH/mV meters. The combined glass
calomel electrode was connected to one instrument and the
doxepin-electrode(s) with the double junction Ag/AgCl re-
ference electrode was connected to the second instrument.
Thirty mL aliquots of 1 10°M, drug solution were trans-
ferred to a 100 mL beaker where the electrodes were immers-
ed, the potential readings corresponding to different pH
values were recorded. The pH was gradually increased or
decreased by addition of small aliquots of dilute solutions
of 0.1 N sodium hydroxide or 0.1 N hydrochloric acid res-
pectively, and the pH-mV was measured and plotted.

Sensor Selectivity

Selectivity coefficients were determined by the separate
solution method'* in which the following equation was
applied.

Pot. 1/z
Log Kpox. J z+=(E2—E;) / S+ log [Dox ] —log [J°'].

Where, E; is the electrode potential in 1 x 10™ M doxepin
hydrochloride solution. E: is the potential of the electrode in
1 x 10” M solution of the interferent ion J** and S'is the slope
of the calibration plot. The selectivity of the electrode(s)
towards sugars, amino acids, certain cations and alkaloids
was studied.

Standard A ddition Method

The fabricated electrode(s) was immersed into sample
of 50 mL with unknown concentration (ca. 1 x 10" M) and
the equilibrium potential of £; was recorded. Then 0.1 mL
of 1 x 10" M of standard drug solution was added into the
testing solution and the equilibrium potential of £, was ob-
tained, from the change of AE (E>-E;) one can determine the
concentration of the testing sample. The standard addition
technique was used for the analysis of doxepin hydrochlo-
ride in capsules.15

Analytical Applications

Doxepin Hydrochloride Capsules: The content of ten cap-
sules of doxepin hydrochloride were finely powdered and
shaken with 100 mL distilled water to obtain different con-
centrations in the range of 1 x 107-1 x 10° M. The prepared
solutions were adjusted to pH 4 using 0.1 N dilute hydro-
chloric acid. The doxepin-electrode(s) were immersed in the
solution. The electrode(s) system was allowed to equilibrate
with stirring and the e.m.f. was recorded and compared with
the calibration graph.

Content Uniformity Assay of Doxepin Hydrochloride
Capsules: Ten individual capsules of 75 mg/cap were placed
in separate 100 mL beakers and dissolved in 90 - 100 mL of
distilled water. The electrode(s) was directly immersed into
100 mL of each sample for five times and should be washed
with deionized water to reach steady potential between the
individual measurements. The mean potential was used to
evaluate the content uniformity from the calibration graph.

Application to serum and urine: Adjust urine pH to 5
(using 0.1 N hydrochloric acid) and pH of serum to 6 (use
phosphate buffer). Add hydrochloric acid to urine and phos-
phate buffer to serum dropwise until the suitable pH obtained.
Transfer 5 mL previously adjusted urine or serum into small
separatory funnels, and then separately add 5 mL, 10'3, 10"
and 10°,10°° M standard drug solution, followed by the addi-
tion of 20 mL toluene for urine or 20 mL diethyl ether for
serum. Shake each funnel for 5 min, and transfer aqueous
layer to centrifuge tube. Centrifuge for 2 min at 1500 rpm,
transfer each solution to a 50 mL volumetric flask, and dilute
to volume with deionized water. Apply above procedure as
described under electrode calibration. '

RESULTS AND DISCUSSION

Optimization of Membrane Composition

The effect of membrane composition on the potentiometric
response of the electrodes was investigated by varying the
proportion of the membrane active phase to the plasticizer
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Table 1. Optimization of Membrane Composition (wt/wt %)
PVC 0-NPOE Ion-Pair 5 « .
Type of Sensor m Wt % Wt % Wi % Slope RSD% r Linear Conc. Range
(a) 39.0 60.0 1.0 53.79 1.1 0.9994 1.0x107-1.0x 10”
Plastic Membrane (b) 35.0 63.0 2.0 54.62 1.2 0.9996 1.0 x10°-1.0 x 10°
Electrode (c) 30.0 68.0 2.0 57.41 0.2 0.9999 1.0 x 10%-1.0 x 10°°
(d) 33.0 66.0 1.0 56.50 1.3 0.9998 1.0 x107-1.0 x 10°
(a) 39.0 60.0 1.0 55.82 1.4 0.9993 1.0x107-1.0x 10”
Coated Wire (b) 35.0 63.0 2.0 51.97 0.7 0.9995 1.0 x 107 -5.0 x 107
Electrode (c) 30.0 68.0 2.0 56.22 0.2 0.9998 50x107-1.0x10°
(d) 33.0 66.0 1.0 53.10 0.5 0.9997 5.0x107-9.0 x 10°
(a) 39.0 60.0 1.0 47.71 1.3 0.9948 1.0 x 10*-5.0 x 10°°
Coated Graphite (b) 35.0 63.0 2.0 49.45 1.1 0.9977 1.0x10*-5.0x10°
Electrode (c) 30.0 68.0 2.0 52.88 0.7 0.9979 1.0 x10°-5.0x10°
(d) 33.0 66.0 1.0 51.74 1.2 0.9968 1.0 x 107 -5.0 x 10°°

Table 2. Critical Response Characteristics of Sensors

Doxepin-RK plastic membrane

Doxepin-RK coated wire Doxepin-RK coated graphite

Parameter electrode electrode electrode
Slope (mV per decade) 5741+£0.5 56.22+£0.2 52.88+£0.7
Intercept 474.23 413.87 527.49
Correlation coefficient r. 0.9998 0.9998 0.9979
Linear range (M) 1.0x102-1.0 x 10° 5.0x107-1.0 x 10° 1.0x10°-5.0 x 10°
Detection limit (M) 5.0 x 107 6.3 x 107 25x10°
Response time for 10°M (s) 30 20 45
Working pH range 3~7 3~7 3~7
Lifetime/day 25 30 15
Accuracy (%) 99.42 99.56 99.37
Standard deviation (%) 0.6 0.5 0.4
Repeatability (CVy %) 0.7 0.6 0.5
Between day variability (CVy %) 0.9 0.8 0.7
Robustness® 99.75+£0.2 99.96 £ 0.4 99.84+£0.9
Ruggedness® 99.89+0.4 99.91+0.1 99.77+0.8

. b .. .
*Mean of six measurements. A small variation in method parameters were
sensors assemblies using (Orion 420A).

and PVC ratio. It is obvious that both kind of plasticizer
selected and the membrane composition used can influence
the response performances (such as the sensitivity, linear
concentration range, the detection limit, the response time
etc.) of PVC membrane sensors, if other properties of the
sensor, e.g. selectivity or pH response, are omitted. In this
study four membrane compositions were investigated, the
results were summarized in 7able 1. The results showed
that the electrode(s) made by membrane of type (c) with
2.0 wt % doxepin-reineckate ion pair, 30.0 wt % PVC and
68.0 wt % plasticizer o-NPOE exhibits the best performance
characteristics (slope 57.41 £ 0.5, 56.22 + 0.2 and 52.88 +
0.7 mV decade™ at 25 °C for electrode I, Il and I1I respecti-
vely, over doxepin concentration range from 1 x 102-1 x
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as pH of buffer. ‘Comparing the results by those obtained by different

10°M, 5% 107-1 x 10°M and 1 x 107 -5 x 10° M, for
electrode I, IT and III respectively.

Nature and Response Characteristics of the Sensors

Doxepin reacts with ammonium reineckate to form a
stable doxepin-reineckate ion-pair complex which is water
insoluble but readily soluble in an organic solvent such as
tetrahydrofuran. The complex was prepared and tested as
active material with o-nitrophenyl octyl ether as a solvent
mediator in a poly (vinyl chloride) membrane response for
doxepin. The critical response characteristics of plastic
membrane, coated wire, and coated graphite electrodes were
determined and results are summarized in 7able 2. The elec-
trode(s) exhibits a Nernstain response over the concentration
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Fig. 2. Typical calibration graph of doxepin sensors: (®) Doxepin-
plastic membrane, () Doxepin-coated wire, (©) Doxepin-coated
graphite sensors.
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Fig. 3. Optimization of plasticizers. DBP (@) (PVC membrane
composition: DBP 63.0 wt %, PVC 35.0 wt %, ion-pair, 2.0 wt %)
DOP (0) (PVC membrane composition: DOP 66.0 wt %, PVC 33.0
wt %, ion pair, 1.0 wt %) DBS (v) (PVC membrane Composition:
DBS 60.0 wt %, PVC 39.0 wt %, ion-pair, 1.0 wt %) o-NPOE ([J)
(PVC membrane composition: o-NPOE 68.0 wt %, PVC 30.0 wt
%, ion-pair 2.0%).

range from 1 x 107-1 x 10°M, 5 x 107-1 x 10° M and 1 x
10°-5 x 10°M doxepin for electrode I, IT and III respec-
tively, with a cationic slope of 57.41 + 0.5, 56.22 +£0.2 and
52.88+0.7mV decade change in concentration for elect-
rode I, II and III respectively as in Fig. 1. The choice of
membrane solvent to achieve the required selectivity is
based on its electric permittivity and its immiscibility with
aqueous phase, high viscosity, low solubility of the matrix
in the membrane and ability to dissolve ion-pair complex.

Effect of Plasticizer
In this study, four plasticizers. di-butylphthalate (DBP),

di-octylphthalate (DOP), di-butyl sebacate (DBS) and o-
nitrophenyl octyl ether (o-NPOE), were used to examine the
optimization of the membrane with plasticizer entailed the
use of plasticizer content ratio, 63.0, 66.0, 60.0 and 68.0 wt
%, and the use of PVC contents 0f 35.0, 33.0, 39.0 and 30.0
wt %. The electroactive compound (doxepin-reineckate)
contents of 2.0, 1.0, 1.0 and 2.0 wt %. The results obtained
showed that the response performances of the prepared
membranes were rather different depending on the use of
plasticizer, the proportion of the plasticizer toward PVC and
of the electroactive compound. The typical potential res-
ponses of the electrodes constructed with four plasticizers
were given in Fig. 3. As shown in Fig. 3, the o-NPOE-PVC
electrodes were superior to DBP- , DOP and DBS-PVC
electrodes in both the response slope and linear concent-
ration range. So o-NPOE was selected as the plasticizer of
the membranes. The best membrane composition of the
0-NPOE-PVC electrode(s) was 30.0 wt % PVC, 68.0 wt %
0-NPOE and 2.0 wt % ion-pair.

Effect of Soaking

The performance characteristics of doxepin-reineckate
electrode(s) was studied as a function of soaking time. For
this purpose the electrode(s) was soaked in 1 x 10° M solu-
tion of doxepin hydrochloride and the calibration graphs
were plotted after 6, 3, and 8 h. the optimum soaking time
was found to be 6, 3 and 8 h at which the slope of the cali-
bration curve was 57.41 £0.5, 56.22 +0.2 and 52.88 + 0.7 mV
decade™, at 25 °C for electrode I, I and III, respectively.
The influence of prolonged soaking on the lifetime of doxe-
pin-reineckate electrode(s) was followed by constructing
calibration plots. The electrode(s) was soaked continuously
on 1 x 10™ M solution of doxepin hydrochloride for 24 h, 7,
15, 18, 25 and 30 days. The calibration plot slopes decreased
slightly to 54.10, 53.86 and 48.55 mV decade™ after 18 days
for electrode I, IT and III respectively, and continued to de-
crease reaching 50.49, 51.90 mV decade™ after 25 days for
electrode I and II respectively. The slope of the electrode(s)
was dropped to 47.37 and 49.54 mV decade™ after 30 days
for electrode I and II respectively. Fig. 4, showing the effect
of prolonged soaking time and the life span of the doxepin-
reineckate electrodes.

Regeneration of the Electrode

The above discussion reveals that soaking of the elect-
rode(s) in the drug solution for a long time has a negative
effect on the response of the membrane. The same effect
appears after working with the electrode(s) for a long time.
The regeneration of the electrode(s) was tried simply by
reformation of the ion-exchange on the external gel layer

Journal of the Korean Chemical Society
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Fig. 4. Calibration graphs obtained at 25 + 1 °C after soaking the
doxepin-reineckate plastic membrane electrode for (®) 6 h, ([0)
24 h, (v) 7 days, (0) 15 days, (m) 18 days, (A) 25 days, (+) 30 days.
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Fig. 5. Regeneration of doxepin-reineckate plastic membrane
sensor (@) exhausted electrode (¥) regenerated electrode.

of membrane.'” The regeneration of the doxepin membrane
was successfully achieved by soaking the exhausted elect-
rode(s) for 24 h in a solution that was 1 X 10> M ammonium
reineckate, followed by soaking for 3 hin 1 x 10°M doxepin
hydrochloride solution. Fig. 5-7, showing the calibration
graphs for an exhausted electrode(s) (slopes 47.37, 49.54
and 48.55 mV decade™) for electrode I, I and III respectively,
and for the same electrode(s) after regeneration (slopes 55.20,
54.90 and 50.28 mV decade™) for electrode I, IT and III res-
pectively. It was found that the lifespan of the regenerated
electrode(s) is limited to 6 h due to the ease of leaching of the
lipophilic salts from the gel layer at the electrode(s) surface
compared with those that are attached homogeneously to
the PVC network through the solvent mediator.

2010, Vol. 54, No. 2
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Fig. 6. Regeneration of doxepin-reineckate coated wire sensor
(@) exhausted electrode (©) regenerated electrode.
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Fig.7.Regeneration of doxepin-reineckate coated graphite sensor
(@) exhausted electrode () regenerated electrode.

Effect of pH

The effect of pH of the doxepin hydrochloride solutions
using 1 x 10°M doxepin on the electrode(s) potential was
investigated. The solutions were acidified by the addition
of very small volumes of hydrochloric acid 0.1 N then the
pH value was increased gradually using sodium hydroxide
0.1 N for each pH value, the potential was recorded and thus
the potential-pH curves for doxepin concentration was con-
structed as in Fig. 8. As is obvious, within the pH range 3 - 7
for all electrodes. The electrode(s) potential is practically
independent of pH, and in this range the electrode(s) can be
safely used for doxepin hydrochloride determination. The
potential decrease at higher pH values is most probably attri-
buted to the formation of the ionization of the hydroxyl group,
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leading to a decrease in the concentration of the doxepin
ion.

Selectivity of the electrode

Potentiometric selectivity coefficients were evaluated by
the separate solution method. 7able 3, showed that the pro-
posed doxepin-reineckate membrane electrode(s) is highly
selective toward doxepin. The electrode(s) showed no res-
ponse to a number of potentially interfering ionic excipients
usually used in the manufacturing of the pharmaceutical pre-
parations, such as starch and lactose. In the case of amino
acids, the high selectivity is mainly attributed to the diffe-
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0 2 4 6 8 10

pH

Fig. 8. Effect of pH on potential/mV of Doxepin-reineckate sen-
sors using 1 x 10° M (o) Electrode potential/mV for plastic
membrane electrode, (@) Electrode potential/mV for coated wire
electrode, (m) Electrode potential/mV for coated graphite electrode.

rence in polarity and lipophilic character of their molecules
relative to doxepin.

Quantification, of the Doxepin Hydrochloride

Direct potentiometric determination of doxepin hydro-
chloride using doxepin-reineckate electrode(s) type I, Il and
II1, was performed and calculated from the calibration curve.
The direct potentiometric determination of doxepin hydro-
chloride in pure form using the proposed electrodes gave
average recovery % 0f99.54+0.5,99.56 + 0.3 and 99.26 +
0.6 for electrode I, IT and I1I respectively. Furthermore, the
results obtained were compared with the official method,'®
(potentiometric titration using 0.1 M sodium perchloric acid,
until the colour change from blue to green using 0.2 mL of
crystal violet solution as indicator), and the results are listed
in Table 5.

The Validation of the Proposed Method

The accuracy of the proposed method was investigated by
the determination of doxepin hydrochloride in spiked placebo
samples prepared from serial concentrations of doxepin re-
ference standards. The results summarized in Table 6, show
that the proposed method is an accurate one for the deter-
mination of doxepin hydrochloride in their pharmaceutical
preparations without interfering from the coformulated adju-
vants as indicated by the percentage recovery values.

The linearity, under the optimal experimental conditions,
linear relationships exist between the electrode potential/mV
and the logarithm of corresponding concentration of the in-
vestigated drug. The regression data, correlation coefficients

Table 3. Selectivity coefficients of the doxepin-RK sensors calculated by the separate solution method (1.0 x 10° M of both doxepin

hydrochloride and interferent) at 25 °C

Doxepin-RK plastic membrane

Doxepin-RK coated wire Doxepin-RK coated graphite

Interferent electrode K™ ox "cr electrode K*ox "cr electrode K™ ox "cr
Na® 4.1 x 107 3.5% 107 5.0x 107
K 25x% 107 4.4 %107 8.1x 107
Ca™" 6.7 x 10 8.5 x 107 6.3 x 107
Mg™* 3.8x10° 5.6x10° 43x10°
L- Systin 47 %107 6.0 x 107 5.8x 107
L- Leucin 5.1x10* 6.6 x 107 49 %10
Starch 6.2x 10" 1.7x 10" 15x 10"
Lactose 75% 10" 93x 10" 54 %107
Urea 34x10" 48107 9.7x 107
Gabapentin 7.9 x10° 7.1x10° 6.9 x 10
Chlorpromazine HCI 8.9 x 107 49x10* 6.2x 10"
Nalbuphine HCI 74 %107 8.0 x 107 5.9x 10"
Paroxetine HCI 9.2 %107 6.1 %107 2.8x10°
Clomipramine HC1 3.7 x 107 4.6 %107 4.0x 107
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Table 4. Determination of doxepin hydrochloride in pure form and pharmaceutical formulations in comparison with official method

Direct potentiometry
Official® method

Types of sensors Statistical parameter

Calibration method Standard addition method

Pure sample

Mean + SD 99.42 +0.342 99.69 + 0.285 99.54 +£0.487
SE 0.140 0.108 0.199
RSD 0.344 0.286 0.489
“t” (1.527)(2.201)* (0.493)(2.228)*
Doxepin-RK plastic . F . (1.44)(4.39)* (2.03)(5.05)*
Sinequan 50
membrane electrode
mg/Cap
Mean + SD 99.37 +£0.743 99.58 + 0.606 99.27 +0.673
SE 0.303 0.229 0.275
RSD 0.748 0.608 0.678
“t” (0.579)(2.201)* (0.244)(2.228)*
F (1.50)(4.39)* (1.22)(5.05)*
Pure sample
Mean + SD 99.57 £0.577 99.38 £ 0.619 99.56 +0.383
SE 0.236 0.234 0.156
RSD 0.579 0.623 0.385
“t” (0.572)(2.201)* (0.035)(2.228)*
Doxepin-RK coated . F . (1.15)(4.39)* (2.27)(5.05)*
wire electrode Sinequan 50
mg/Cap
Mean + SD 99.67 +0.482 99.21 + 0.963 99.32 £0.569
SE 0.197 0.364 0.232
RSD 0.484 0.971 0.573
“t” (L.111)(2.201)* (1.150)(2.228)*
F (3.99)(4.39)* (1.40)(5.05)*
Pure sample
Mean + SD 99.54 £0.456 99.15 +0.560 99.26 £ 0.636
SE 0.186 0.229 0.260
RSD 0.458 0.565 0.641
“t” (1.322)(2.228)* (0.876)(2.228)*
Doxepin-RK coated . F . (L.51)(5.05)* (1.94)(5.05)*
graphite electrode Sinequan”50
mg/Cap
Mean + SD 99.12£0.671 99.03 + 0.666 99.04 +£0.323
SE 0.274 0.398 0.132
RSD 0.677 0.673 0.326
“t” (0.222)(2.262)* (0.263)(2.228)*
F (L.O1)(5.19)* (4.33)(5.05)*

*Theoretical values of “t” and F at p = 0.05

(r) and other statistical parameter are previously listed in investigated drug in its pharmaceutical preparations to nine
Table 2. replicates. The RSD% values for the repeated determinations

The precision of the proposed ISE method, measured as were 0.341%, 0.598% and 0.455% for determination of
percentage relative standard deviation (RDS %) was tested doxepin hydrochloride in Sinequan” 50 mg/capsule using
by repeating the proposed method for determination of the electrode I, II and III respectively, and 0.838 %, 0.985 %
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Table 5. Determination of doxepin hydrochloride in human serum

and urine

Direct potentiometry

Types of Statistical
SEensors parameter Calibration Standard
method addition method
Serum sample
Mean+SD  99.33+0.494 99.53+0.289
N 7 6
Variance 0.244 0.084
Doxepin-RK SE 0.187 0.118
plastic RSD 0.497 0.290
membrane  Urine sample
electrode Mean+SD  99.37+0.390 99.29 +0.392
N 6 6
Variance 0.152 0.154
SE 0.159 0.160
RSD 0.392 0.395
Serum sample
MeantSD  98.96+0.657 98.91 +0.465
N 7 6
Variance 0.432 0.216
Doxepin-RK SE 0.248 0.190
. RSD 0.664 0.470
coated wire .
clectrode Urine sample
MeantSD 9928 £0.612  99.20+0.596
N 6 6
Variance 0.375 0.355
SE 0.250 0.243
RSD 0.616 0.601
Serum sample
Mean+SD 99.25+0.786 98.80+0.849
N 6 6
variance 0.618 0.721
Doxepin-RK SE 0.321 0.347
coated RSD 0.792 0.859
graphite Urine sample
electrode Mean+SD  99.10£0.496 99.04 +0.434
N 6 6
variance 0.246 0.188
SE 0.202 0.177
RSD 0.501 0.438

and 0.486% in Sinequan”® 75 mg/Capsule using electrode I,
I and III respectively. The above RSD% values are less than
2% indicating good precision.

The robustness of the proposed method was tested by
investigating the capacity of the method to remain unaffected
by a small but a deliberate variation in method parameters
and provide an indication of its reliability during normal
usage. While the ruggedness of the proposed method was

Mabha El-Tohamy, Sawsan Razeq, Magda El-Maamly, and Abdalla Shalaby

investigating the degree of reproducibility at test results ob-
tained by the analysis of the same samples under a variety
of conditions such as different laboratories, analysts and
instruments. The results obtained by using another model of
pH-meter (Orion 420 A) were compared with those obtained
using model of pH-meter (Jenway 3040). The obtained re-
sults are close and also reveal validity of the method. The
results previously listed in 7able 2.

The detection limit of the investigated drug was calculated
according to [UPAC recommendation which stated that the
detection limit is the concentration at which the measured
potential differs from that predicted by the linear regression
by more than 18 mV. The values were previously reported in
Table 2; indicate that the proposed ISE method is sensitive
for detection of very small concentrations of doxepin hydro-
chloride.

The Electrode Response in Pharmaceuticals

and Biological Fluids

The use of doxepin hydrochloride drug in various clinical
fields has necessitated an accurate and rapid, quantitative
analysis in various matrices (dosage forms and biological
fluids). This work proposed a fast, simple, easy, sensitive and
straightforward potentiometric method to determine doxepin
hydrochloride in dosage forms without the need for prior
separation and preconcentration or derivatization procedures.
The potential of the doxepin-reineckate sensors showed no
significant difference of response time between aqueous
solution of pure drug and its solutions from pharmaceutical
preparations and biological fluids. The proposed method
described good accuracy and precise for the quality control
tests, the content uniformity assay showed that the (R.S.D <
1%), with mean standard deviation 99.59 + 0.6, 99.72 £ 0.6
and 99.45 + 0.8 for electrode I, II and III respectively.

CONCLUSION

The described potentiometric methods have simple work-
up procedures and require no sophisticated instrumentation.
The results obtained also show that the constructed elect-
rodes provide response suitable for analytical use in the de-
termination of doxepin hydrochloride in drug bulk powder,
dosage forms and biological fluids. Apart from showing
linear response within wide pH and concentration ranges with
high accuracy and sensitivity, they also have high selectivity,
reproducibility, simplicity and rapidity. This conclusion is
justified by the results obtained from the analysis of phar-
maceutical preparations, for which precise and accurate re-
coveries were obtained.

Journal of the Korean Chemical Society



oFe) A2} AEEA fAIA

SRS R QECEEERIEE B RS

S1ek A1e o] 7 s 207

Table 6. Determination of doxepin hydrochloride in doxepin-spiked placebo samples using doxepin-reineckate sensors

Sample of capsules placebo

Doxepin-RK plastic membrane

Doxepin-RK coated wire

Doxepin-RK coated graphite electrode

electrode electrode
Added (M) Found Recovery  Added Found Recovery  Added Found Recovery
-log conc. (M) % ™M) -log conc. (M) % ™M) -log conc. (M) %

Statistical 1 10':’ 5.99 99.83 1 x 10':’ 6.0 100.00  1x 10‘5 6.01 100.17

parameter 3 ¥ 10‘(’ 5.49 9982 3 x 10‘(’ 5.48 99.64 3x 10‘(’ 5.46 99.27

5%x10° 4.93 9860 5x10° 5.27 99.42 5%x10° 5.29 99.79

1 %107 428 99.51 1 %107 4.98 99.60 1 %107 4.96 99.20

3% 107 4.48 9956  3x107 4.47 99.33 3% 107 4.49 99.78

5x107° 427 9928  5x10° 4.29 99.74 5x10° 426 99.05

1x10* 3.98 99.50 1x10* 4.0 100.00  1x10* 4.01 100.25

3x10™ 3.47 99.14  3x10™ 3.46 98.86 3x10™ 3.48 99.43

5x10™ 327 99.06  5x10™ 3.24 98.15 5x10™ 327 99.06

N 9 9
Mean 99.37 99.42 99.56
) 0.393 0.591 0.460
RSD 0.395 0.594 0.462
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