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ABSTRACT

The construction and performance characteristics of nalbuphine hydrochlo-
ride selective electrodes were developed. Three types of electrodes: plastic
membrane |, coated wire |1, and coated graphite rod 111 were constructed
based on the incorporation of nalbuphine hydrochloride with
phosphotungestic acid. The influences of membrane composition, kind of
plasticizer, pH of the test solution, soaking time, and foreign ions on the
electrodes were investigated. The electrodes showed a Nernstain response
withamean cdibration graph dopeof 57.29+0.7, 56.16+0.2 and 55.82+0.9 mV
decade? at 25°C for electrode I, IT and III respectively, over nalbuphine
hydrochloride concentration range from 1x102-1x10°M, 1x102-5x10°M and
5x103-5x10*M, and with detectionlimit 4.9x107 M, 2.4x10°M and 2.5x10°M
for electrodel, I1 and 111 respectively. The constructed electrodes gave aver-
age selective precise and usable within the pH range 3.5-7.4. 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 prepa:
rations and biological fluids. © 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

Nalbuphinehydrochloride, 17-Cyclobutyl methyl-
7, 8-dihydro-14-hydroxy-17 nor-morphine hydrochlo-
ride, (Figure 1). Nalbuphineisasynthetic opioid used
commercialy asan analgesic under avariety of trade
names, including Nubain. It isnoteworthy in part for
thefact that at low dosages, it isfound much moreef-
fective by women than by men, and may evenincrease
paininmen. Nabuphineisasynthetic narcotic agonist-
antagoni st analgesic of the phenanthrene series. Itis
chemicdly related to thewidely used narcotic antago-

nist, naloxone, and the potent narcotic analgesic,
oxymorphone. Na buphineisindicated for therdlief of
moderateto severepain. It canaso beused asasupple-
ment to balanced anesthesia, for preoperative and

HCL
Figurel: Chemical structureof nalbuphinehydrochloride
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postoperative analgesia, and for obstetrical analgesia
during labor and ddlivery!l.

Severa methods have been reported for determi-
nation of na buphinehydrochloride, including high per-
formanceliquid chromatography!?”, potentiometry®.
Thiswork describes new sdlective membrane sensors,
of threetypes: plastic membrane, coated wireand coated
graphitedectrodesfor the determination of doxepin hy-
drochloridein puresolutions, pharmaceutical prepara
tionsandbiological fluids.

EXPERIMENTAL

Sandard drugsolution

Stock nabuphinehydrochloride solution (1x101M)
wasprepared daily by dissolving an appropriate amount
of thedrugin doubledistilled water. Moredilute solu-
tionswere prepared by appropriate dilution.

Recommended procedures

Prepar ation of nalbuphine-phosphotungstateion-
pair

Theion-pair wasprepared by mixing stoi chiomet-
ricamountsof 1x10°M phosphotungestic acid withan
equimolar solution of nalbuphinehydrochloride, stirred
for 10 min. Theresulting white precipitatewasfiltered
through G, sintered glass crucible and washed thor-
oughly with deionized water then dried at room tem-
peraturefor 24 hours. Theion-pair should bestoredin
adesiccator.

Membranecomposition

Themembrane composition was studied by vary-
ing the percentages (w/w) of theion pair, poly (vinyl
chloride) PV C and plagticizer di-octyl phthdate (DOP),
until theoptimum composition that exhibitsthebest per-
formance characteristicswasobtaned. Themembranes
were prepared by dissolving the required amount of
theion-pair, PV C and (DOP), in 5 mL tetrahydrofuran
(THF). The solution mixture was poured into a petri
dish (3cmindiameter), covered with afilter paper and
the solvent was allowed to evaporate slowly at room
temperature. To obtain the uniform membrane thick-
ness, the amount of (THF) waskept constant, and its
evaporation wasfixed for 24h.

Hnalytical CHEMISTRY o

Electrodeconstruction

Plastic membrane electrode: A punched circular
membranewasattached to a poly-ethylenetube (8 mm
indiameter) in an dectrode configuration by means of
PV C-THF solution. A mixture containing equal volume
of 1x10°*M nal buphine hydrochl oride and potassium
chloridewasusad asinternd referencesolutioninwhich
theAg/AgCl reference e ectrodewasdipped. Thecon-
structed el ectrode was pre-conditioned after prepara
tion by soaking for at least 8 hin 1x10-*M nalbuphine
hydrochloride and stored in the samesol ution. All po-
tentiometric measurementswere performed using the
following cdl assembly: Ag/AgCl/Internd solution/mem-
brane/test solution//K Cl salt bridge//SCE.

Coated wireelectrode: Purealuminumwireof 4.0
cm length wastightly insulated by polyethylenetube
leaving 1.0 cmat oneend for the coatingand 0.5 cm at
the other end for connection. The coating solution was
(described previoudy under membrane composition).
Prior to coating, the polished aluminum surface was
washed with adetergent and water, thoroughly rinsed
with water, and dried with acetone. Thenthewirewas
rinsed with chloroform and allowed to dry. Afterwards,
theduminumwirewas coated by quickly dippingitinto
the coating sol ution severa times, and dlowingthefilm
left onthewireto dry for about 3 min. Theprocesswas
repeated severa timesuntil aplastic membrane of ap-
proximately 1.0 mm thicknesswasformed. The pre-
pared el ectrodewas conditioned by soakingfor 6 hin
1.0x10* M nabuphinehydrochloride solution. All po-
tentiometric measurementswere performed using the
following cdl assembly: Al/membranetest solution/KCl
salt bridge//SCE.

Coated graphitedectrode: A puregraphiterod of 4
mm diameter wasinsulated by tight polyethylenetube,
leaving 2 cm at one end for coating and 1 cm at the
other end for connection. The polished el ectrode sur-
facewas coated with the active membrane by dipping
theexposed endinto the coating sol ution was (described
previoudy under membranecomposition) tentimesand
alowingthefilmleft on graphiterodtodryinair for 1
min eachtime. The processwasrepeated until 1.0 mm
thicknessformed. The prepared € ectrode was precon-
ditioned by soaking for 8hin 1.0x10*M nabuphine
hydrochloride solution.
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Electrodecalibration

Ten mL aliquots of 1x10*-1x10°M standard
na buphinehydrochloridesolutionsweretranderred into
50 mL beaker and the sensor(s) in conjunction with
doublejunctionAg/AgCl reference dectrodewereim-
mersedinthesol ution. Themeasured potentid wasplot-
ted against the logarithm of drug concentration. The
€lectrode(s) waswashed with de onized water and dried
with tissue paper between measurements.

Determination of nalbuphinehydrochloridein dos-
ageforms

Nalbuphinehydrochlorideampoules

The prepared solution was diluted with deionized
water togiveserid dilutionsranging from 5x103-1x10
M for nal buphinehydrochlorideinjections. These so-
Iutionsweretransferred into 50 mL beaker, adjusted to
pH 5using 0.1N hydrochloric acid. The nalbuphine-
electrode(s) was immersed in the solution. The
electrode(s) sysemwasalowed to equilibratewith tir-
ring and thee.m.f. recorded and compared thecalibra-
tion graph.

Content unifor mity assay of nalbuphineampoules

Ten individual ampoulesof 20 mg/mL ampoule
nal buphine hydrochloridewere placed in separate 100
mL beakers and dissolved in 90-100 mL of distilled
water. Thedectrode(s) wasdirectly immersedinto 100
mL of each samplefor fivetimesand should bewashed
with delonized water to reach steady potentia between
theindividua measurements. Themean potential was
used to eva uate the content uniformity from thecali-
bration graph.

—— Fyll Peper
Applicationtoserumand urine

Adjust urinepH to5 (using 0.1N hydrochloricacid)
and pH of serumto 6 (use phosphate buffer). Add hy-
drochloric acid to urine and phosphate buffer to serum
dropwiseuntil thesuitable pH obtained. Transfer 5mL
previoudy adjusted urineor serumintosmal separatory
funnels, and then separately add 5 mL, 102, 103, 10*
and 10°M standard drug sol ution, followed by the ad-
dition of 20 mL toluenefor urineor 20 mL diethyl ether
for serum. Shake each funnel for 5 min, and transfer
aqueouslayer to centrifugetube. Centrifugefor 2min
at 1500 rpm, transfer each solution to a50 mL volu-
metricflask, and diluteto volumewith deionized water.
Apply above procedure as described under electrode
cdibration®.

RESULTSAND DISCUSSION

Optimization of membranecomposition

Itisknownthat sengitivity, selectivity and thelife-
time of theion-selective e ectrodes depend onthe na-
tureof ion-pair used aswell asonthe membrane com-
position and the properties of theplasticizer employed.
Inthisstudy three membrane compositionswereinves-
tigated, theresultsweresummarizedinTABLE 1. The
resultsshowed that the é ectrode(s) made by membrane
of type(c) with 0.7 wt% na buphine-phosphotungstate
ionpair, 33.0wt% PV C and 66.0 wt% plasticizer DOP
exhibitsthe best performance characteristics (slope
57.29+0.7, 56.17+0.2 and 55.82+0.9 mV decade™
at 25°C for electrode I, II and III respectively, over
nal buphine concentration rangefrom 1x102-1x10°M,

TABLE 1: Optimization of membranecomposition (wt/wt %)

Type PVC DOP lon-Pair .

of Sensor M wt% W% W% Slope RSD% r Linear Conc. Range
_ (@ 380 600 2.0 54.73 1.1 0.9987 1.0x10°3-1.0x10°
Eﬂ;‘r‘;’;’ée“bra”e (b) 355 640 05 5648 12  0.9997 5.0x10°-1.0x10°
(¢ 330 660 1.0 57.29 0.7 0.9999 1.0x102-1.0x10°®
(@ 380 600 2.0 52.94 0.8 0.9994 1.0x10°-1.0x10°
Coated Wire Electrode (b) 355 64.0 0.5 55.68 0.7 0.9996 1.0x10°-9.0x10°
(¢ 330 660 1.0 56.17 0.2 0.9999 1.0x102-5.0x10°
_ (@ 380 600 2.0 49.98 1.1 0.9989 1.0x10“-5.0x10°
(E:Ioe?:tt?d Od(';raph'te (b) 355 640 05 5357 13 0.9995 1.0x103-9.0x10°®
(© 330 66.0 1.0 55.82 0.9 0.9999 5.0x10%-5.0x10°®
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1x102-5x10°M and 5x103-5x10°M, for € ectrodel,
[I'and 111 respectively.

Nature and response characteristics of the
electrode(s)

Nal buphine reactswith phosphotungestic acid to
form astabl e nal buphine-phosphotungstate ion-pair
complex whichiswater insoluble but readily solublein
an organic solvent such astetrahydrofuran. The com-
plex was prepared and tested as active material with
di-octyl phthalate DOP asasol vent mediator in apoly

(vinyl chloride) membraneresponsefor ndbuphine. The
critical response characteristicsof plastic membrane,
coated wire, and coated graphite-el ectrodeswere de-
termined and resultsaresummarizedinTABLE 2. The
electrode(s) exhibits a Nernstain response over the
concentration range from 1x102-1x10°M, 1x102-
5x10°M and 5x103-5x10°M na buphinefor eectrode
[, Il and 111 respectively, with a cationic slope of
57.29+0.7, 56.17+0.2 and 55.82+0.9 mV decade™
changein concentration for electrodel, [ and Il re-
spectively asin Figure 2. Thechoice of membrane sol-

TABLE 2: Critical responsechar acteristicsof nalbuphine-PT sensors

Nalbuphine-PT plastic

Nalbuphine-PT coated Nalbuphine-PT coated

Parameter® membr ane electr ode wir e electrode gr aphite electrode
Slope (mV per decade) 57.29+0.7 56.17+0.2 55.82+0.9
I ntercept 587.46 530.52 510.46
Correlation coefficient r. 0.9999 0.9999 0.9999
Linear range (M) 1.0x102-1.0x10° 1.0x102-5.0x10° 5.0x103-5.0x10°
Detection limit (M) 4.9x107 2.4x10° 2.5x10°
Response timefor 10°M (s) 20 215 240
Working pH range 3574 3574 3574
Lifetime /day 30 35 27
Accuracy (%) 99.51 99.43 99.48
Standard deviation (%) 04 0.4 0.5
Repeatability (CV,, %) 0.5 0.5 0.6
Between day variability (CV,, %) 0.7 0.7 0.8
Robustness® 100.0%0.1 99.88+0.5 99.47+0.5
Ruggedness’ 99.98+0.2 99.68+0.2 99.21:+0.9

a Mean of three measurements.

> A small variation in method parameters were studied as pH of buffer.
‘Comparing the results by those obtained by different sensors assemblies using - Orion 420 A.
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400 1

Electrode potential/mV

300
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.
INg

-log conc of nalbuphine hydrochloride
Figure2: Typical calibration graph of nalbuphine sensors:
(o) nalbuphine- phosphotungstate-plastic membrane elec-
trode, (A) coated wire- nalbuphine-phosphotungstate elec-
trode, (o) coated graphite nalbuphine- phosphotungstate
electrode

vent to achievetherequired selectivity isbased onits
electric permittivity anditsimmiscibility with aqueous
phase, high viscosity, low solubility of thematrix inthe
membrane and ability to dissolveion-pair complex.

Lifetime

Theresponsetime of the el ectrode(s) wastested
for 1x10?-1x10°M na buphinesolutions. Thesequence
of measurementswasfrom low to high concentrations.
The electrode(s) exhibitsafast dynamic response of
20, =15, and =40 for electrode I, Il and Il respec-
tively. Theelectrode(s) used for aperiod of 30, 35 and
27 daysfor electrodel, 11 and I11 respectively, without
significant changein the el ectrode(s) parameters.

Effect of plasticizer
Inthisstudy, three plasticizers, di-butyl sebacate

Hnalytical CHEMISTRY o
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(DBYS), di-butylphthal ate (DBP) and di-octyl phthal ate
(DOP), were used to examine the optimization of the
membranewith plasticizer entailed the useof plasticizer
content ratio, 60.0, 64.0 and 66.0 wt%, and the use of
PVC contents of 38.0, 35.5 and 33.0 wt%. The
€lectroactive compound (na buphine-phosphotungstate)
contentsof 2.0, 0.5, 5.0 and 1.0 wt%. Theresultsob-
tained showed that the response performances of the
prepared membraneswererather different depending
ontheuse of plasticizer, the proportion of the plasti-
cizer toward PV C and of the e ectroactive compound.
Thetypical potential responses of the el ectrodes con-
structed with three plagticizersweregivenin Figure 3.
AsshowninFigure 3, theDOP-PV C electrodeswere
superior to DBS- and DBP-PV C eectrodesin both
theresponse slope and linear concentration range. So
DOPwas sdl ected asthe plasticizer of themembranes.
The best membrane composition of the DOP-PVC
electrode(s) was 66.0 wt % PVC, 33.0 wt % DOP
and 1.0wt %ion-pair.

500

400 1

300

Electrode potential/mV

200

1 2 3 4 5 6 7
-log conc of nalbuphine hydrochloride

Figure3: Optimization of plagticizers. DBS(e) (PVC mem-
brane composition: DBS 60.0 wt%, PVC 38.0 wt%, ion-
pair, 2.0wt %) DBP(A) (PVC membranecomposition: DBP
64.0 wt%, PVC 35.5 wt%, ion pair, 0.5 wt %) DOP (m)
(PVC membrane Composition: (DOP 66.0 wt %, PVC
33.0wt%, ion-pair, 1.0wt %)

Effect of soaking

The performance characteristics of nalbuphine-
phosphotungstate el ectrode(s) was studied asafunc-
tion of soaking time. For thispurpose the electrode(s)
was soaked in 1x10*M solution of nal buphine hydro-
chloride and the cdlibration graphswere plotted after

—— Fuyl] Paper

8, 6, and 8 h. the optimum soaking timewasfound to
be 8, 6 and 8 h at which the slope of the calibration
curvewas57.29+0.7, 56.17+0.2 and 55.82+0.9 mV
decade?, at 25 °C for electrode I, IT and III respec-
tively. Theinfluence of prolonged soaking onthelife-
timena buphine-phosphotungstate d ectrode(s) wasfol-
lowed by constructing cdibration plots. Thee ectrode(s)
was soaked continuously on 1x103M solution of
nal buphine hydrochloridefor 24 h, 7, 10, 21, 27, 30
and 35 days. Thecalibration plot dopesdecreased to
54.51,53.57 and 50.42 mV decade* after 30, 35 and

500

400 1

300 1

200 1

Electrode potential/mV

100 4

- log conc of nalbuphine hydrochloride (M)
Figure4: Calibration graphsobtained at 25+1°C after soak-
ing thenalbuphine-phosphotungstate-PV C membraneelec-
trodefor (o) 24h, (e) 7 days, (o) 10days, (m) 15days, (V) 21
days, (+) 27 days, (A) 30days, (*) 35days

500

400 1

300 - \
200 1

100 4

Electrode potential/mV

0

15 20 25 3.0 35 4.0 45 5.0 55

- log conc of nalbuphine hydrochloride (M)
Figure5: Calibration graphsobtained at 25+1°C after soak-
ing thenalbuphine- phosphotungstate- coated wireeectrode
for (o) 24h, (e) 7 days(m)15days, (A) 21days, (¥) 27 days, (+)
30days, (o) 30days, (*) 40 days
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Figure6: Calibration graphsobtained at 25+£1°C after soak-
ing the nalbuphine-phosphotungstate- coated gr aphiteelec-
trodefor (o) 24h, (e) 7 days, (0)15days, (m) 20 days, (V) 27
days, (+) 30days.

27 daysfor electrodel, Il and I11 respectively. Figure
4-6, showsthe effect of prolonged soaking timeand
thelife span of the eectrodes.

Regeneration of the electrode

The abovediscussion reveal sthat soaking of the
electrode(s) inthedrug solution for alongtimehasa
negative effect on the response of the membrane. The
sameeffect appearsafter working withthe e ectrode(s)
for along time. Theregeneration of the electrode(s)
wastried ssimply by reformation of theion-exchange
ontheexternal gel layer of membrane™®. Theregen-
eration of the nal buphine membranewas successfully
achieved by soaking the exhausted el ectrode(s) for
24 hinasolution that was 1x10°M phosphotungestic
acid, followed by soaking for 3 h in 1x102M
nal buphine hydrochl oride solution. Figure 7-9, show
the calibration graphsfor an exhausted el ectrode(s)
(slopes 54.51, 53.57 and 50.42 mV decade?) for
electrodel, Il and I11 respectively, and for the same
el ectrode(s) after regeneration (slopes 56.15, 53.34
and 52.93 mV decade?) for electrode I, 11 and 111
respectively. It wasfound that thelifespan of there-
generated el ectrode(s) islimited to = 6 h dueto the
easeof leaching of thelipophilicsdtsfromthegel layer
at the electrode(s) surface compared with those that
are attached homogeneously to the PV C network
through the sol vent mediator.

600

500
400
300

200

Electrode potential/mV

1 2 3 4 5 6 7

- log conc of nalbuphine hydrochloride (M)
Figure7: Regeneration of nalbuphine-phosphotungstate-PVC
membraneelectr ode (o) calibration graph of theexhausted
electrode, (o) calibration graph of aregenerated electr ode
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300 \

200

Electrode potential/mV

15 2.0 25 3.0 35 4.0 4.5 5.0 55

- log conc of nalbuphine hydrochloride (M)
Figure8: Regeneration of nalbuphine-phosphotungstate-
coated wireelectrode (o) calibration graph of theexhausted
electrode, (m) calibration graph of aregenerated electrode
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360
340
320
300
280
260
5 3.0 3.5 4.0 4.5 5.0 5

Electrode potential/mV

240
2

.5

-log conc of nalbuphine hydrochloride (M)
Figure9: Regeneration of nalbuphine-phosphotungstate-
coated graphiteelectrode () calibration graph of the ex-
hausted electrode, (m) calibration graph of aregenerated
electrode
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Effect of pH

Theeffect of pH of thenalbuphine hydrochloride
solutionsusing 1x10° M na buphineonthed ectrode(s)
potential wasinvestigated. The solution wasacidified
by the addition of very small volumesof hydrochloric
acid 0.1N then the pH valuewasincreased gradually
using sodium hydroxide 0.1N for each pH value, the
potentia wasrecorded and thusthe potentia-pH curves
for nalbuphine concentrationswere constructed asin
Figure 10. Asisobvious, withinthepH range 3.5-7.4
for al electrodes. Theelectrode(s) potential ispracti-
cally independent of pH, and in this range the
electrode(s) can be safely used for nalbuphine hydro-
chloridedetermination. Thepotential decreaseat higher
pH vauesismost probably attributed to theformation
of theionization of thehydroxyl group, leadingto ade-
creaseinthe concentration of thenalbuphineion.

400
380 1

360 A

340 '../’I/D—O—.—Q—‘\."

320

Electrode potential/mV

pH

Figure10: Effect of pH on potential/mV of 1.0x10°M, (A)
plastic nalbuphine-phosphotungstate-PVC electrode, (m)
coated wire-nalbuphine-phosphotungstate electrode, (e)
coated graphitenalbuphine-phosphotungstatedectrode

Selectivity of the electrode

Potentiometric selectivity coefficientswereeva u-
ated by the separate solution method. TABLE 3,
showed that the proposed nd buphine-phasphotungstate
membrane electrode(s) is highly selective toward
nalbuphine. The electrode(s) showed noresponseto a
number of potentidly interferingionicexci pientsusudly
used inthe manufacturing of thepharmaceutica prepa:
rations, such asstarch and lactose. Inthecaseof amino
acids, thehigh sdectivity ismainly attributed to the dif-

—— Fyll Peper
ferencein polarity and lipophilic character of their mol-
eculesrdativeto nabuphine.

TABLE 3: Sdlectivity coefficientsof thenalbuphine-PT sen-
sor scalculated by the separ ate solution method (1.0x10°M of
both nalbuphinehydrochlorideand theinter ferent) at 25°C.

Nalbuphine- Nalbuphine- Nalbuphine-

PT plastic  PT coated PT coated

Interferent membrane wire graphite

electrode electrode electrode

KP%a e KP%a "o KPP
Na' 6.4x10™ 2.5x10° 4.2x10™
K* 2.6x10° 1.3x10" 1.8x10™
NH* 8.2x10™ 5.4x10" 3.0x10"
Mg 4.5x10™ 7.1x10" 9.2x10°
cat 7.7x10° 6.8x10° 5.4x10°
Ba® 6.6x10° 5.8x10° 4.8x10°
cr¥ 1.4x10°3 2.9x10° 2.1x10°
Al® 4.7x10™ 3.9x10° 8.7x10"
L- Systin 2.9x10° 1.3x10° 3.3x10°
L- Lucien 1.8x10° 2.4x10° 3.6x10°
Starch 7.6x10™ 9.1x10™ 5.8x10™
Glucose 2.2x10° 1.5x10° 1.1x10°
Lactose 6.4x10° 5.2x10™ 8.3x10°
sucrose 4.2x10° 2.1x10° 5.6x10°
Urea 3.7x10° 2.0x10°® 2.8x10°
Quinidine 5.7x10* 8.1x10* 7.7x10*
PeudoephedrineHCl  6.3x10™ 9.5x10* 5.1x10*
Caffeine 3.0x10™ 2.4x10" 2.9x10"
Atropine SO, 1.2x10° 1.7x10° 2.0x10°
Naloxone HCl 4.0x10™ 5.1x10* 8.4x10*
ChlorpromazineHC ~ 5.2x10° 9.8x10° 7.7x10°
Tramadol HCI 2.7x10° 3.3x10° 4.1x10°

Quantification of nalbuphinehydrochloride

Direct potentiometric determination of nabuphine
hydrochloride using nal buphine-phosphotungstate
electrode(s) typel, Il and I11, was performed and cal-
culated fromthe calibration curve. Thedirect potentio-
metric determination of nabuphinehydrochlorideinpure
form using the proposed el ectrodes gave averagere-
covery % of 99.51+0.4, 99.43+0.4 and 99.48+0.5
for electrode, Il and 111 respectively. Furthermore,
theresultsobtained were compared with thereference
method™, (UV-detection for nal buphine hydrochlo-
ride using 0.1M hydrochloric acid. The conc. 0.02-
0.03 mg/mL and the absorbance measured at 284 nm),
andtheresultsarelistedin TABLE 4.
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TABLE 4: Determination of nalbuphinein pureformusing nalbuphine-PT sensorsin comparison with referencemethod

Types of Statistical

Reference

Direct potentiometry

Types of electrodes samples par ameter method Calibration Standard addition
method method
Mean+SD 99.22+0.735 99.10+0.560 99.51+0.418
Nal buphine-PT-plastic Py | N 7 7 6
membrane electrode resampie e (0.352)(2.160)*  (0.907)(2.179)*
F (1.72)(3.87)* (3.09)(4.28)*
Mean+SD 99.56+0.587 99.28+0.385 99.43+0.367
Nalbuphine-PT-coated Pure sample N 6 7 6
wire electrode ‘4 (0.997)(2.201)* (0.460)(2.228)*
F (2.33)(4.39)* (2.33)(2.56)
Mean+SD 99.35+0.541 99.46+0.617 99.48+0.549
Nal buphine-PT-coated Pure sample N 6 6 6
graphite electrode ‘t’ (0.413)(2.228)* (0.413)(2.228)*
F (1.30)(5.05)* (1.03)(5.05)*

Validation of theproposed | SE method
Accuracy

The accuracy of the proposed |SE method was
investigated by the determination of nabuphinehydro-
chloridein spiked placebo samples prepared from se-
rial concentrations of nalbuphinereference standards.
Theresultssummarized in TABLE 5, show that the pro-
posed | SE method isan accurate onefor the determi-
nation of nal buphinehydrochlorideintheir pharmaceu-
tical preparations without interfering from the
coformulated adjuvantsasindicated by the percentage
recovery values.

TABLE 5: Deter mination of nalbuphine hydrochloridein
nalbuphine-spiked placebo samplesusing nalbuphine-phos-
photungstate sensor s

Sample of ampoules placebo

Nalbuphine- . Nalbuphine-
Statistical PT Najbgprhlne PT
parameters Plastic . Coated
Coated wire .
membrane dlectrode graphite
electrode electrode
N 9 9 9
Mean 99.35 99.18 99.41
SD 0.358 0.872 0.523
RSD 0.360 0.879 0.526
Linearity

Under theoptimal experimentd 1SE conditions, lin-
ear rel ationships exist between the e ectrode potential/
mV and thelogarithm of corresponding concentration

of theinvestigated drug. Theregression data, correla
tion coefficients(r) and other statistical parameter are
previoudy lisedinTABLE 2.
Precision

The precision of the proposed | SE method, mea-
sured as percentagere ative standard deviation (RDS
%) wastested by repeating the proposed method for
determination of theinvestigated drug inits pharma
ceutical preparationsto ninereplicates. The RSD%
valuesfor the repeated determinationswere 0.680 %,
0.598% and 0.439% for determination of nalbuphine
hydrochloridein Na ufin® ampoul esusing e ectrodel,
[I'and 111 respectively, and 0.828 %, 0.329 % and 0.777
% in Nubain® ampoules using electrodel, 1l and 111
respectively. Theabove RSD% vauesarelessthan 2%
indicating good precision.

Robustnessand ruggedness

Therobustness of the proposed | SE method was
tested by investigating the capacity of the method to
remain unaffected by asmall but addliberatevariation
inmethod parametersand providesanindication of its
reliability duringnormd usage’?. Whiletheruggedness
of the proposed method wasinvestigating the degree
of reproducibility at test resultsobtained by theanalysis
of thesame samplesunder avariety of conditionssuch
asdifferent |aboratories, andystsand ingruments. The
results obtai ned by using another model of pH-meter
(Orion420A) werecompared withthoseobtained using
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model of pH-meter (Jenway 3040). The obtained re-
sultsarecloseand aso reveal validity of the method.
Theresultsprevioudy lissedin TABLE 2.

Detection limit

Thedetection limit of theinvestigated drug was
calculated according to IUPAC recommendation
which stated that the detection limit isthe concentra-
tion at which themeasured potential differsfrom that
predicted by the linear regression by more than 18
mV. Thevaueswere previoudy reported in TABLE
2; indicatethat the proposed | SE method issensitive
for detection of very smal concentrationsof nabuphine
hydrochloride.

—— Fyll Peper
Analytical Applicationsof theproposed method
Application to pharmaceutical preparations
Nalbuphinehydrochlorideampoules

The proposed | SE method was applied to deter-
mination of nalbuphinehydrochlorideintheir dosage
forms. Themean % recovery found and RSD%, indi-
cate that the proposed validated method could be
adopted for the determination of theinvestigated drug
initspharmaceutica preparationswithout interference
fromthe coformulated adjuvants. TABLE 6, showsthe
results obtai ned from the determination of nalbuphine
hydrochlorideinitsampoulesin comparisonwithrefer-
ence method*Y.

TABLE 6: Comparativeanalytical resultsof the proposal and refer encemethod for thetested drugin some phar maceutical

preparations
Tvpes of dectrodes Types of Statistical Reference . D',reCt potentiometry —
yp samples par ameter method Calibration Standard addition
method method
MeantSD 995040447  99.20+0.407 98.94+0.430
Nalufin®20 N 6 7 6
mg/mL ¢ (1.258)(2.201)* (2.211)(2.228)*
Nal bléphmE;IF’T-pl gﬂlc F (1.19)(4.39)* (1.08)(5.05)*
membrane electrode MeantSD  98.98:0.385  98.99+0.498 99.11+0.396
Nubain®20 N 6 6 6
mg/mL ‘v (0.039)(2.228)* (0.576)(2.228)*
F (1.68)(5.05)* (1.06)(5.05)*
Mean=SD 99.59+0.474 99.11+0.332 99.08+0.956
Nalufin®20 N 5 6 6
mg/mL ‘v (1.906)(2.262)* (1.149)(2.262)*
Nalbuphine-PT-coated F (2.05)(5.19)* (4.06)(5.19)*
wire electrode Mean+SD 99.12+0.626 98.96+0.895 98.92+0.439
Nubain®20 N 6 6 6
mg/mL ‘v (0.359)(2.228)* (0.640)(2.228)*
F (2.04)(5.05)* (2.03)(5.05)*
Mean=SD 99.02+0.624 98.89+0.437 98.92+0.817
Nalufin®20 N 7 6 6
mg/mL ‘v (0.439)(2.201)* (0.245)(2.201)*
Nal buphine-PT-coated F (2.04)(4.39)* (1.71)(4.39)*
graphite electrode Mean+SD 99.32+0.582 99.10+0.657 098.99:+0.663
Nubain®20 N 6 6 6
mg/mL ‘v (0.614)(2.228)* (0.915)(2.228)*
F (1.27)(5.05)* (1.30)(5.05)*

Content unifor mity assay of nalbuphineampoules
The proposed | SE method described good accu-

racy and precisefor the quality control tests, the con-
tent uniformity assay showed that the (R.S.D < 2%),
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with mean standard deviation 99.67+0.7, 99.42+0.9
and 99.17+0.6 for electrode I, I and III respectively.
Applicationtoserumand urine

The proposed | SE method was applied to deter-
mination of nalbuphinehydrochlorideinbiological flu-
idsashuman serumand urine. Theresultsobtained were
summarizedinTABLE7.

TABLE 7: Determination of nalbuphinehydrochloridein hu-
man serumand urine

Types _— Direct potentiometry
of F?afg!igglr Calibration _ Standard
Sensors method  addition method
Serum sample
Mean+SD 99.03+0.447 98.91+0.580
N 7 6
Variance 0.200 0.336
Nalbuphine-PT SE 0.169 0.237
plastic RSD 0.451 0.586
membrane  Urine sample
electrode MeantSD  99.08+0.549  99.18+0.588
N 6 6
Variance 0.301 0.346
SE 0.224 0.240
RSD 0.554 0.593
Serum sample
Mean+SD 98.92+0.727 98.84+0.703
N 7 6
Variance 0.529 0.4%4
Nalbuohine PT SE 0.275 0.287
mgd oo “RSD 0.735 0.711
electrode Urine sample
MeantSD 98.85+0.743 99.16+0.358
N 6 6
Variance 0.552 0.128
SE 0.303 0.146
RSD 0.744 0.361
Serum sample
MeantSD 99.07+0.591 98.78+0.475
N 7 6
variance 0.349 0.226
) SE 0.223 0.1%4
Nalbuphine-PT oo 0.597 0.481
coated graphite Urine sample
electrode
MeantSD 99.04+0.837 98.98+0.463
N 6 6
variance 0.701 0.214
SE 0.342 0.189
RSD 0.845 0.468
CONCLUSION

The proposed potentiometric procedures based

on the construction of different types of el ectrodes,
plastic membrane, coated wire and coated graphite
might be useful anaytical toolsfor the determination
of nalbuphine hydrochloridein different real samples.
The present el ectrodes show high sensitivity, reason-
ablesdlectivity, fast Satic response, long term stability
and applicability over awiderange. The previously
described proceduresfor nal buphine determination
were highly specific and advantageous over other re-
ported methods, since no interferencesfromthere-
cipients, impurities, or other accompanying drug com-
ponents. The proposed procedures were accurate,
precisefor the determination of thedrug in pharma-
ceutical dosageformsaswell asbiological fluids.
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