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ABSTRACT

A new spectrophotometric method is developed for the determination of
phenylpropanolamine HCI (PPA), ephedrine HCI (EPH) and pseudoephe-
drine HCI (PSE) in pharmaceutical preparations and spiked human urine.
The method involved heat-catalyzed derivatization of the three drugs with
2,4-dinitrofluorobenzene (DNFB) producing ayellow col oured product peak-
ing at 370 nm for phenyl propanolamine HCI and 380 nm for ephedrine HCI
and pseudoephedrine HCI, respectively. The absorbance concentration plots
wererectilinear over therange of 2-20, 1-14 and 1-14 ng/mL, for PPA, EPH
and PSE, respectively. Thelimit of detection (LOD) valueswere 0.20, 0.13
and 0.20 pg/mL for PPA, EPH and PSE, respectively and limit of quantitation
(LOQ) valueswere 0.60 and 0.40 and 0.59, pg/mL for PPA, EPH and PSE,
respectively. The analytical performance of the method was fully validated
and the results were satisfactory. The proposed method was successfully
applied to the determination of the three studied drugsin their commercial
dosage forms including tablets, capsules and ampoules with good recover-
ies. The proposed method was further applied for the determination of PSE
in spiked human urinewith amean percentage recovery of 108.17+1.60% for
n =3. Statistical comparison of the results with those of the comparison
methods showed good agreement and proved that there was no significant
difference in the accuracy and precision between the comparison and the
proposed methods, respectively. The mechanisim of the reaction pathway
was postulated. © 2011 Trade ScienceInc. - INDIA
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INTRODUCTION

Phenylpropanolamine hydrochloride, (PPA) is
(1RS, 2SR)-2-amino-1-phenyl propanol hydrochlo-
ride¥ (Figurel). Itisalargdyindirect acting sympatho-
mimetic with anactionsimilar to ephedring, itisoraly
administered for thetreatment of nasal congestion. Itis

frequently usedin mixture preparationsfor therelief of
cough and cold symptoms. Other usesof phenylpro-
panolamineincludethe control of the urinary inconti-
nencein some patients. It has al so been used to sup-
press appetite in the management of obesity™. The
United States Pharmacopoeia(USP) and theBritish
Pharmacopoeia(BP)™® recommended non-aqueoustit-
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rimetric method for thedetermination of PRPA inthepure
formin presence of mercuric acetate, using perchloric
acid asatitrant and crysta violet asindicator. Onthe
other hand, both USP? recommended HPLC method
for itsdeterminationin dosageformsusing amixture of
(1-hexanesulfonate, monobas ¢ sodium phosphateand
triethylammonium phosphate) and methanol asamo-
bilephasewith UV detection at 210 nm.

Duetoitsclinicd advantages, PPA received agreet
interest. A good guideto thework published isfound
ascomprehensvemonographinandytica profilesfor
drugg®. Several analytical techniques have beenre-
ported for PPA determination either persu or in phar-
maceutical preparationsand biologica fluidssuch as,
titrimetry!®!, spectrophotometry!”, fluorimetry!®,
HPLCM, capillary e ectrophoresig'¥, flow injection™Y,
and gas chromatography!*2.

Ephedrine hydrochloride (EPH) is (1R,2S)-2-
(M ethylamino)-1-phenyl propan-1-al hydrochloride™
(Figure 1). It isasympathomimetic drug with direct
and indirect effects on adrenergic receptors. It hasal-
phaand beta-adrenergic activity and has pronounced
stimulating effectson thecentral nervoussystemi¥, Itis
reported to reduce the viscosity of tenacious sputum
and is used as an expectorant. The USP3 recom-
mended anon aqueoustitration method for itsdetermi-
nation in pureform by addition of mercuric acetateand
titration with 0.1N perchloric acid using crystal violet
asindicator. The BP“ favored apotentiometric titra-
tionmethodfor itsdeterminationin pureformusing 0.1M
NaOH asatitrant. Both USP and BP recommended
HPLC method with UV detection at 263 nm for its
determination in dosageforms. Variousreports have
been described for the analysis of EPH A good guide
to thework published for EPH isfound ascomprehen-
sivemonographinanaytica profilesfor drugs™. Sev-
eral techniqueswerereported including; titrimetry4,
spectrophotometry!, fluorimetry!®, flow injectionl*”,
capillary eectrophoresig™®, TLCH9, HPLCI?¥, and gas
chromatography?.

Pseudoephedrine HCI (PSE) is (1S,2S)-2-
(Methylamino)-1-phenyl propan-1-al hydrochloride™ (Fig-
urel)isadirect and indirect sympathomimetic. Itisa
stereoi somer of ephedrineand hasasimilar action, but
has been stated to haveless pressor activity and fewer
CNSeffects. Itisgiven oraly for therelief of nasal
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congesi on. They arecommonly combiened with other
ingredientsfor therdief of coughand cold symptomgt.
TheUSPZ recommended anon agqueoustitration method
for thedetermination of PSEinitspureforminpresenceof
mercuric acetateandtitration usng 0.1M perchloricacid
using crystd violet asindicator. TheBP“ preferred apo-
tentiometrictitrationfor itsdeterminationin pureformus-
ing 0.1M NaOH asatitrant. Both USP and BP recom-
mended HPLC methodwith UV detectionfor itsdetermi-
nationindosageforms.

A good guide to the work published for PSE is
found as comprehensivemonograph in anaytica pro-
filesfor drugs?. Theliteraturereved ed that theanaly-
sisof PSE was through techniques such as; spectro-
photometry!?, flow injection?4, capillary € ectrophore-
sig®l, HPTLC?8, HPLCI?1,

Sanger’s reagent (DNFB) on the other hand has
been applied as a chromogen for the spectrophoto-
metric estimation of many compounds such as
desloratadine?®, enalapril®9, lisinopril®¥ and

gabapentin’®Y,
(OH
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A) Phenylpropanolamine HCI
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B) Ephedrine HCI
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C) Pseudoephedrine HCI
Figurel: Sructural formulaeof thethreedrugs

HCI

EXPERIMENTAL

Instruments

- A shimadzu UV-Visible 1601 PC spectrophotom-
eter (Kyoto, Japan) was used for spectrophotometric
measurements (P/N 206-67001). The recording
rangewas0-1.2
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- Aconsort NV P01 digital pH Meter (Belgium) cdli-
brated with standard bufferswas used for checking
the pH of the buffer solutionsused.

M aterialsand solutions

All thereagentsused were of Anaytical Gradeand
distilled water was used throughout thework.

- PhenylpropanolamineHCl waskinddy suppliedfrom
Egyptian Pharmaceutical Industries CO. E.PI1.CO
(10" of Ramadan— Egypt) (Batch #41204) its pu-
rity was 100.55 % as determined by the official
method“.

- Ephedrine HCI (EPH) was kindly supplied from
Egyptian INT. Pharmaceutical Industries CO.
E.P1.CO (10" of Ramadan - Egypt), (Batch
#135705) its purity was 100.99 %, was checked
by applying officia method™.

- Pseudoephedrine HCl waskindely provided from
Sigma company (Batch#050727) its purity was
99.65 % which wasdetermined by applying officia
method“.

- 2,/Adinitrofluorobenzene (DNFB) (FlukaChemie,
Germany) was freshly prepared as 0.3 % v/v
methanolic solution. -Borate buffer solution (0.2 M)
was prepared by mixing appropriate volumesof 0.2
M boric acid and 0.2 M NaOH and adjusting the
pH using apH Meter. The buffer solution waskept
intherefrigerator and left to reach the room tem-
perature before use.

- Methanol and hydrochloric acid (32%) were pur-
chased from (BDH, UK).

- Boric acid and tween-80 were purchased from
(BDH, UK).Cetyltrimethylammonium bromide
(cetrimide) was obtained from Merck (Darmstadit,
Germany), 1% (w/v) aqueous sol utionwas prepared.

- Sodium dodecyl sulphate (SDS) 95% was obtained
fromWinlab (Middlesex, England), 1% (w/v) aque-
ous solutionwas used.

- Urinesampleswere obtained by ahealthy female
volunteer around 30 years. Thefollowing dosage
formscontaining the drugswere purchased fromlo-
cad pharmecies.

- Allercet capsules, batch # 820304, each capsulela
beled to contain 30 mg pseudoephedrine HCI and
10 mg cetirizine HCI, product of Globa Napi Phar-
maceuticass, 6" of October City-Giza-Egypt.

Hnalytical CHEMISTRY o

- Contaflu tablets, batch # 061342, each tablet la-
beled to contain 24 mg of phenylpropanolamineHCl,
3 mg of chlorpheniramine maleate and 200 mg of
propyphenazone, product of Egyptian Int.Pharma-
ceutical Industries CO. E.PI.CO,10" of Ramadan
City, Egypt.

- Ephedrineampoul e-batch# 11 eachampoule (1mL)
labeled to contain 30 mg of ephedrineHCI, A prod-
uct of Chemica industries Devel opment(CID)-Giza:
ARE.

Standard stock solutionsof the studied drugswere
prepared by dissolving 10.0 mg of thedrugsin 100 mL
of distilled water. Seria dilutionwith the samesolvent
was performed to obtai n the appropriate concentration
range. These solutionswere stablefor at least 10 days
when stored intherefrigerator and protected fromlight.

General analytical procedures
Construction of thecalibration curve

Aliquot volumesof PPA, EPH and PSE standered
sol ution covering theworking concentration rangecited
in(TABLE 1) weretransferred into aseriesof 10 mL
volumetricflask; followed by specific volumeof borate
buffer of specific pH asshownin (TABLE 1), thenthe
specific volume of 3% (v/v) of DNFB was added as
abridged in (TABLE 1). Theflaskswereheatedina
thermostatically controlled water bath at 70°C in case
of PSE and at 80°C in case of EPH and PPA, respec-
tively. Heating for 25 minutesin case of PSE, EPH and
for 20 minutesin case of PPA wasthen performed. The
reaction was stopped by cooling under tap water, and
then 0.2 mL of concentrated HCI was added and the
solutionswerediluted to the volumewith specific sol -
vent and mixed well (TABLE 1). Theabsorbancewas
measured at 370 nmin case of PPA and at 380 nm for

TABLE 1: Assay parametersfor the determination of the
threedrugsby the proposed method

Item PPA EPH PSE
Standard conc. (ug/mL) 100 100 100
Borate buffer pH 80+0.5 80+05 825+0.5
Borate buffer volume (mL) 1+0.2 1+0.5 0.8+0.2
DNFB volume (mL) 06+0.1 08+02 0.8+0.2
Temperature (°C) 80 80 70
Time (min) 20£5 25+5 25+5
Diluting solvent water  methanol water

Amax (M) 370 380 380
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EPH and PSE, respectively against areagent blank.
The absorbance was pl otted ver susthefinal concen-
tration of thedrug (ug/mL) to obtain the calibration
graph. Alternatively, the corresponding regress on equa-
tionswerederived.

Application of theproposed method totheanaly-
sisof thestudied drugsin their dosagefor ms

For tabletsand capsules

An accurately wel ghed quantity of the mixed con-
tents of ten capsules or powdered tablets equivalent
to 10.0 mg of PSE or PPA weretransferred into coni-
cal flask and extracted with 3 x 30 mL of distilled
water in case of PSE and PPA, respectively by soni-
cationfor 30 min. The solution wasfilteredinto 100
mL volumetric flask and completed with the same
solvent. Aliquots covering the working concentration
rangeswere analyzed as described under” Construc-
tion of the Calibration Curve”. The concentra-
tions of the drugs were determined using, either the
calibration curvesor the corresponding regression
equations.

For ampoules

The contents of ten ampoul eswere emptied and
mixed well. An accurately measured volume of the
resulting solution equivalent to 10.0 mg of EPH was
transferred into 100 mL volumetric flask, and diluted
to volumewith H,O. Aliquots covering the working
concentration ranges were analyzed as described un-
der” Construction of the Calibration curve”. The
concentration of EPH was determined using, either
the calibration curvesor the corresponding regres-
sion equation.

Application of theproposed method totheanaly-
sisof PSE in spiked urine

FivemL of urinewerespiked with 20, 40, 60 ug of
PSE, basifiedwith 0.5 mL of 5M KOH toliberatethe
base, followed by 3g of NaCl as described by Avoiset
al®3, The spiked urineisthen extracted with three por-
tions of 2 mL of ter.-butyl methyl ether (TBME)
centrifugated for 5 minutesat 2500g. After centrifuga
tion the clear supernatant was collected, evaporated il
dryness. The residue was then dissolved in 3 mL of
distilled water and completed as described under Con-
struction of the Calibration Curve.

—> Fyll Poper
RESULTSAND DISCUSSION

2,4-Dnitrofluorobenzene (DNFB) asan activearyl
hdidereactswith primary or secondary aminein aguous
alkaline medium to form a yellow colored product
through anucleophilic subistitution reaction®. The
presenceof 1ry aminein PPA and 2ry aminein both of
PSE and EPH which are highly susibtable for
derivatization reaction with DNFB initiated the present
study. Inthe present study, thestudied drugswerefound
to react with DNFB in borate buffer producing ayel-
low color peaking at 380 nm for EPH and PSE and at
370 nmfor PPA, respectively (Figure2)

.
[ \*
av

s D, Wavelength. ani™" e o0,
Figure?2: Absor ption spectraof thereactions productsof:-
(a) Reagent blank; (b) PPA (6 png/mL) with DNFB at pH 8.25;
(c) PSE (14 pg/mL) with DNFB at pH 8.25; (d) EPH (7ng/mL)
with DNFB at pH 8.0.

Sudy of experimental parameters

Experimentd parametersaffecting color devel op-
ment and its stability were carefully studied and opti-
mized each was changed while otherswere kept con-
stant. Experimenta parametersinclude; effect of pH,
volume of buffer solution, concentration of DNFB so-
lution, heating time, SAA temperature and effect of di-
luting solvent.

(a) Effect of pH

Thereaction between theinvestigated drugsand
DNFB wasinvestigated over the pH rangeof 7.0- 9.0
using 0.2 M borate buffer. The reaction showed the
highest absorption in buffer of pH 8.0+ 0.5 for EPH,
PPA and 8.25 + 0.5 for PSE. Therefore, pH 8.0 was
selected asthe optimum pH va uein case of EPH and
PPA, where PH 8.25 was chosen for PSE throughout
thisstudy (Figure3).

(b) Effect of volume of buffer solution

It wasfoundthat increasing thevolumeof the buffer
produced acorresponding increasein the absorbance
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vaueof thereaction product upto 0.5mL for PSEand  solution were chosen asthe optimal volumeof there-
EPH and 0.8 mL for PPA, anditremained constantup  agent (Figure5).

to 1 mL for PSE, 1.2 mL for PPA and 1.5mL in case of
EPH. (Figure4). Therefore, 0.8+ 0.2 mL for PSE, 1+
0.2mL for PPA and 1.0+ 0.5 mL for EPH were cho-
sen asthe optimum buffer volumefor theandysis.
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Figure3: Effect of thepH of 0.2 M boratebuffer onthereac-
tion product of:- ® PSE (10ug/mL) with DNFB; A PPA (12ug/
mL)with DNFB; YEPH (7ug/mL) with DNFB
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Figure4: Effect of thevolumeof 0.2 M bor atebuffer on the

reaction product of:- B PSE (10pg/mL) with DNFB; A PPA

(12ug/mL) with DNFB; YEPH (7pg/mL) with DNFB.

(c) Effect of the concentration of DNFB solution

Theinfluence of the concentration of DNFB was
studied using different volumesof 0.3% v/v solution of
thereagent. It wasfound that increasing volumesof the
reagent produced aproportional increasein theabsor-
bance value up to 0.6 mL for PSE, 0.5mL for PPA.
And 0.6 mL for EPH However, no further increasein
the absorbance value was observed upon increasing
the volume of thereagent up to 1.2 mL for PSE, 0.7
mL for PPA and 1.0 mL for EPH after which further
increase produced agradual decreaseintheabsorbance
vaue. Therefore, 0.8+ 0.2 mL for PSE, 0.6 £0.1 mL
for PPA and 0.8+ 0.2 mL for EPH 0f0.3% v/v DNFB

-a— PSE
0.654 g S ——PPA
% —— EPH

4

7

Absorbance

0.059
LJ L] L] L]
0.0 0.5 1.0 1.5 2.0

Volume of DNFB reagent (0.3%V/v), mL

Figure5: Effect of volumeof reagent on ther eaction product
of:- m PSE (10pg/mL) with DNFB; A PPA (12pg/mL) with
DNFB; YEPH (7pg/mL) with DNFB.

From the reaction of any of the three drugswith
DNFB ayd low colored product wasformed alongwith
the alkaline hydrolysis product of DNFB (2,4-
dinitrophenolate), whichexhibitsanintenseyelow color.
The spectraof thetwo products are overlapped ren-
dering impossible measurement of theanalyte deriva
tive. However, upon acidification with conc HCI after
the completion of the reaction, the yellow 2,4-
dinitrophenolate turnsto the colorless 2,4-dinitrophe-
nol, alowing the quantitative measurement of the Drug-
DNFB derivativewhich remainsstable.

(d) Effect of heatingtime

Theeffect of the heating time of thereaction be-
tween theinvestigated drugsand DNFB was studied.
Increasing the heating timeresulted ingradua increase
inthe absorbance of thereaction product upto 20 min

@
Q T
e _
= 0.554
5 o/
(7]
2
z //—b—-\

0.05+

| | | ) | | | ]
0 10 20 30 40 50

Time, min
Figure6: Effect of heatingtimeon thereaction product of:-
B PSE (10ng/mL) with DNFB; A PPA (12ug/mL) with DNFB;
VEPH (7 pg/mL) with DNFB.
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for PSE, 15 min for PPA and 20 min for EPH after
which nofurther increasein theabsorption intensities
occur, therefore 25 + 5 minutes for PSE, 20 + 5 min-
utesfor PPA and 25 + 5 min for EPH were chosen as
theoptimum buffer volumefor theanalyss(Figure6).

(e) Effect of heating temperature

In order to obtain the highest and most stable ab-
sorbance, the effect of the reaction time and heating
temperaturewasinvestigated (Figure7). It wasfound
that the reaction proceeds very slowly at room tem-
perature. A gradud increasein the heating temperature
produced asignificant increase in the absorbance of
the reaction product up to 70 °C for PSE, 80°C for
PPA and EPH.

0.7+

-a-PSE
0.6 —— PPA
8 0.5+ —— P H
g 0.44
9 0.3-
Q2
< 0.24
0.14
0.0 £ T 7 T ]
0 25 50 75 100 125

Temperature, °C
Figure7: Effect of heatingtemper atureon thereaction prod-
uct of:- ® PSE (10png/mL) with DNFB; A PPA (12ug/mL)
with DNFB; vEPH (7 pg/mL) with DNFB.
() Effect of diluting solvent

Theeffect of diluting solvent wastested using dif-
ferent solvents vizwater, methanol, acetone, acetoni-
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trile, dimethylformamide, dimethylsulfoxideandisopro-
panol. Usingwater asdiluting solvent gavethe highest
absorbancevauein caseof PSE and PPAwhileincase
of EPH, the maximum absorbanceintenisity waspro-
duced by using methanol as adiluting solvent. Onthe
other hand, dilutionwith dimethylformamideand dim-
ethyl sulfoxideresulted in high back ground absorbance
of theblank.

(g) Effect of surfaceactive agent

Each of 1% (w/v) SDS, 1% (w/v) Cetrimideand
1% (w/v) tween were tested, no marked increasein
the absorbanceintensity was observed. Therefore, the
reaction wascarried out without using SAA.

(h) Effect of time on the stability of the formed
adduct

Thereaction product wasfound to bestablefor at
least 60 min at room temperature.

A summary for the optimization of thevariablesaf-
fectingthereaction of DNFB isgivenin (TABLE 1).

Validation of the proposed method

Thevalidity of the proposed methods wastested
regarding linearity, specificity, accuracy, repeatability
and precision according to ICH Q2(R1) recommen-
dationg*.

(@) Linearity

Theabsorbance concentration plotswererectilinear
over theranges 2-20, 1-14 and 1-14 yg/mL for PPA,
EPH and PSE respectively, citedin TABLE 1. Thepro-

TABLE 2: Analytical performancedatafor thedeter mination of thestudied drugsby the proposed spectrophotometric

method.

Parameter PPA EPH PSE
Linearity range (ng/mL) 2-20 1-14 1-14
Limit of detection, LOD, (ug/mL) 0.20 0.13 0.20
Limit of quantification, LOQ (ug/mL) 0.60 0.40 0.59
Correlation coefficient (r) 0.9998 0.9999 0.9999
Slope 0.050 0.059 0.063
I ntercept 0.044 0.005 0.011
S.D. of residuals, Sy 5.04 x10°° 3.00x 10 5.63x10°
S.D. of intercept, S, 2.99x 1073 2.36x 10 3.76 x103
S.D. of slope, S, 3.00x 10 2.75x 10 4.71x 10™
Percentage relative standered deviation, % RSD 1.08 0.96 0.99
Percentage error, % Error 041 0.34 0.40
Molar absorptivity, € L.moL*.cm-* 9.3x10° 1.43 x10* 1.55 x 10*
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posed method was eval uated for the accuracy as per-

cent relative error (% Er) and the precision as percent

relativestandard deviation (% RSD) (TABLE 2).
Anaysisof thedatagavethefollowing regression

equations.

For PPAA = 0.0439 + 0.0496 C (r = 0.9998)

For EPH A =0.0049 +0.0588 C (r = 0.9999)

For PSE A =0.0109 + 0.0633 C (r = 0.9999)

(b) Limit of quantitation and limit of detection

Thelimitsof quantitation (LOQ) and (LOD) were
calculated according to ICH Q2(R1) recommenda-
tiont*¥, Theresultsareshownin (TABLE 2).

LOQ and LOD were calculated according to the
following equationg™*:

LOQ=10S/b

LOD=33S/b

Where S, is the standard deviation of the intercept of regres-
sion line, and b is the slope of the regression line.
(c)Accuracy

Totest thevalidity of the proposed methodsthey
are applied to the determination of pure sample of
PPA, EPH and PSE over the concentration ranges
citedin (TABLE 3). Theresultsobtained werein good
agreement with those obtai ned using the comparison
method®>%7, Statistical analysisof theresultsusing
Student t-test and the varianceratio F-test!® reveded
no significance differences between the performance
of the proposed and comparison methods regarding
theaccuracy and precision, respectively (TABLE 3).
The spectrophotometric compari son method® for
PPA depends on its determination viareaction with
NBD-CI and measuring the absorbance of the reac-
tion product at 455 nm. The comparison method for
EPH& wasthrough Chargetransfer reaction using p-
chloranil and aceta dehyde measuring the absorbance
of thereaction product at 680 nm. On the other hand,
the comparison method for PSE was based on first
derivativeratio derivative spectrophotometric method
in0.1N HCIE,

Thevalidity of the methodswere proved by sta-
tistical eva uation of theregression line, using the stan-
dard deviation of theresiduals (Sy,x), the standard de-
viation of theintercept (S)) and standard deviation of
theslope(S). Theresultsare abridged in TABLE 2.
Thesmall valuesof thefiguresindicatelow scattering

TABLE 3: Application of theproposed and comparison meth-
odstothedetermination of thestudied drugsin pureforms.

Parameter Proposed method Cﬂ:gﬂig%”
Conc. Conc. %
taken found _ " 2 % Found®
(ng/ml) (pg/ml)
PPA 20 1.96 98.00
4.0 4.01 100.25 99.53
6.0 5.97 99.50 102.01
10.0 10.07 100.70 100.11
12.0 12.13 101.08
18.0 17.81 98.94
20.0 20.07 100.35
"X £S.D. 99.83 +£1.08 100.55+1.29
T 0.339 (2.306)
F 1.426 (5.14)
Parameter proposed method C&Eﬁiﬁ@’%n
Conc. Conc. %
taken ~ found ' a % Found®
(ng/ml) (pg/ml)
EPH 1.0 1.02 102.00
3.0 2.98 99.33
5.0 5.02 100.40 102.00
7.0 6.94 99.14 99.98
8.0 7.98 99.75 101.05
9.0 9.10 101.11
10.0 9.98 99.80
14.0 13.99 99.93
_ 100.01 +
X +S.D. 100.18 + 0.96 101
t 1.264 (2.262)
F 1.106 (4.74)
Parameter proposed method C,\jl’rgtﬁigg%”
Conc. Conc. %
taken found _ ‘- a % Found®
(ng/ml) (pg/ml)
PSE 1.0 1.01 101.00 102.00
3.0 3.00 100.00 98.33
4.0 3.94 98.50 98.01
10.0 10.06 100.60
12.0 12.10 100.83
14.0 13.89 99.21
"X +£S.D. 100.02 + 0.99 99.45+2.22
t 0.597 (2.365)
F 5.028 (5.79)

a Each result is the average of three separate determinations.
*Values between parentheses are the tabulated t and F values,
at p 0.051%,
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of thecdibration pointsaroundthecdibration lineand
high precison.
(d) Precision
a) Repeatability

Therepeatability was performed through replicate
analysis of three concentrations of thethreedrugsin

pureform on three successive occasions. Theresults
arepresentedin (TABLE 4).

b) Intermediate precision

Intermediate precison wastested by replicateandy-
sisof thethreedrugsin pureform using the concentra-
tionsshownin (TABLE 4) for aperiod of 3 successive
days. Theresultsaresummarizedin (TABLE4).
TABLE 4: Accuracy and precision data for the determi-

nation of thestudied drugsby the proposed spectr ophoto-
metric method

Intra- day precision Inter - day precision

Parameter Conc. Conc. % Conc. Conc. %
taken found Found taken found Found
(pg/mL) (pg/mL) (pg/mL) (pg/mL)
4.00 403 10075  4.00 397  99.25
PPA 6.00 598 9967  6.00 588  98.00
1000 1000 100.00 10.00  9.80  98.00
X+ SD 100.14 + 0.55 98.42 +0.72
%RSD 0.52 0.73
Y%Er 0.32 0.42
7.00 698 9971  7.00 7.07  101.00
EPH 8.00 812 10150 800 8.09 10112
1000 1002 10020 10.00 915 101.67
X+ SD 100.47 £ 0.92 101.26 £ 0.36
%RSD 0.91 0.35
%ET 0.52 0.20
6.00 6.12 10200 6.00 596  99.33
PSE 1000 1023 10230 10.00 10.07 100.70
1200 1229 10242 12,00 12,09 100.75
X+ SD 102.24+0.22 100.26 + 0.80
%RSD 0.21 0.80
%ET 0.12 0.46

* Each result is the average of three separate determinations.
(e) Robustness of themethod

Therobustnessof the proposed method was exam-
ined by evdudingtheinfluenceof amal, ddiberatevaria-
tionsin the method variables on theabsorbance of the
reaction product. Thetested variablesincluded the pH
8.0+ 0.5 for EPH and PPA, and 8.25 + 0.5 for PSE,
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thechangeinthevolumeof thebuffer solution 0.8+ 0.2
mL for PSE, 1+ 0.2 mLand 1 + 0.5 mL for PPA. The
changein the volume of DNFB (0.3% V/v), 0.8+ 0.2
mL for PSE, 0.6 + 0.1 mL for PPA and 0.8 +0.2 for
EPH, thechangein the heatingtime, 25+ 5 min for PSE
and EPH and 20+ 5min for PPA. These minor changes
that may take place during the experimenta operation
didn’t affect the absorbance of the reaction product.

(f) Specifity

Thespecifity of themethodswasinvestigated by ob-
serving any interferenceencountered from thecommon
tablet excipientssuch astdc, garch, magnesum searate
andavicil didn’tinterfere with proposed method.

Phar maceutical applications

The proposed method was successfully applied for
determination of thestudied drugsintheir pharmaceuti-
cd preparations. Theresultsobtained werestatistically
compared to those of compari son methods*>3" using
student’s t-test for accuracy and the varianceratio F-
test for precisionasrecorded in (TABLE5). The ex-
perimental values of t and F did not exceed the theo-
retical one, indicating no sgnificancedifferenceinthe
performance of the two methods between the com-
pared methods.

Biological analysis

Upon oral administration of 30 mg of PSE. It was
found that up to about 90% of the dose is excreted
unchanged intheurinein 24 hourswith lessthan 1%as
norpseudoephedrine (cathine)®. This initiated the
present study. Such concentration lieswithinthework-
ing concentration range of the present study.

Therfore, the proposed method wasapplied for the
determination of PSE in spiked human urine. The ex-
traction adopted by Avois et al®®@ was applied here.
(TABLE®).

M olar ratio and mechanism of thereaction

The stoichiometry of the reaction was studied
adopting thelimiting logarithmic method“?. Plotsof log
absorbance versuslog [DNFB] and log [Drug] gave
two straight lines, the lopes of whichwere0.57/0.78
for DNFB/PPA, 0.41/0.37 for DNFB/EPH and 0.72/
0.94 for DNFB/PSE (Figure 8). Hence, It was con-
cluded that the reaction proceedsin theratio of 1:1,
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TABLES5: Application of theproposed and comparison meth-
odstothedeter mination of thestudied drugsin dosageform

TABLE 6: Application of thepr oposed method tothedetermi-
nation of PSE in spiked urine

The proposed Comparigon Amount  Amount R
o method method'* Par ameter added found ec;(\)/ery
areamae % % (ugmL) (ug/mL)
(ng/mpy ~ound Found Spiked urine sample 2.00 215 107.50
Contaflu tablets® 800 9992  99.77% 4.00 4.28 107.00
(24 mg of PPA, 3 mg of 6.00 6.60 110.00
chlorpheniramine maeste and 200 12.00 9947 99.36 Mean found. X" 108.17
mg of propyphenazone/ tablet) 14.00 99.87 100.60 SD ! 1 6'0
_ +
D. 75+ 0. 99.91+0.63 : '
X+S.D 99.75" £ 0.25 X % RSD 1.48
0.588 (2.776) % Error 0.85
F 6.350 (19.00)* . ]
20 10057 10073m  confirmingthat onemoleculeof thedrug condenseswith
Ephedrine Ampoule® 800 100.87 10144 onemoleculeof DNFB. Based on the observed molar
(30 mg of EPH / Ampoie) 000 1161 102ss  '@ioandbyanalogytopreviousreports®, themechar
X +S.D. 101.12°+ 0.70 100.51+0.82 r“ j’]n (f)f |t lhe I’. ég;: ISpOlStU| atedto pI’OCGGd asshown
0.647 (2.776)" Intheroliowing eme 1.
F 1.372 (19.00)* F
137] OH NO
Allercet® Capsuleb 6.00 100.18 100.98 NH 2
(30 mg PSE and 10 mg 10.00 10140 99.56 z 4+
cetirizine HCI/ capsule( 1200 102.04 102.15 CH,
x+8S.D. 101.21+0.94  100.90+1.30 NO2
T 0.334 (2.776)* PPA DNFB
F 1.913 (19.00)* pH 8.25
3Each result is the average of three separate determinations;
*Values between parentheses are the tabulated t and F values,
at p 0.05%8; aContaflu tablets, batch # 061342, each tablet la-
beled to contain 24 mg of phenylpropanolamine HCI, 3 mg of
chlor pheniramine maleate and 200 mg of propyphenazone, prod- OH
uct of Egyptian I nt..Phar maceutical IndustriesCO. E.P.I.CO,10" HaC
of Ramadan City, Egypt; "Ephedrine ampoule:-batch # 11 each N—H
ampoule (ImL) labeled to contain 30 mg of ephedrine HCI, A
product of Chemical industries Development(CI D)-Giza-A.R.E; NOz + HE
Allercet capsule, batch # 820304, each capsule labeled to con-
tain 30 mg pseudoephedrine HCI and 10 mg cetirizine HCI,
product of Global Napi Phar maceuticals, 6" of October City- NO,

Giza-Egypt; “PPA content found in Contaflu tablet wasfound to
be 23.94 mg/ tablet; *EPH content found in Ephedrine ampoule
was found to be 30.34 mg/ ampoule; 'PSE content found in
Allercet® capsule was found to be 30.36 mg/ capsule.

Scheme1: Proposed reaction pathway between DNFB and
PPA as a model example of the three drugs under the de-

scribed reaction conditions.

0.1 0.008 0.0n
0 = DNFB A = DNFB u [DNFB]
° A A PPA i { 4 EPH / v [PSE]
-0.54
< < <
2-0. 20,501 2 "
-l _o - |
: -1.08
0. 0.75
-0,
I - v ) ] 1.00 ¥ v ] -1 ¥ ¥ ]
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LogC LogC log C
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Figure8: Limitinglogarithmic plotsfor themolar reactivity of: (A) PPAwith DNFB; (B) EPH with DNFB; (C) PSE

with DNFB.
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CONCLUSION

The proposed spectrophotometric method provided
smple, reproduci bleand accurate method for determi-
nation of PSE, PPA and EPH. The established method
wasvalidated and applied to determination of thestud-
ied drugsinther dosageformswithout interferencefrom
common excipients. Thedeveloped method showed to
beas mpleand suitabletechniqueto quantify thesedrugs
and might beemployed for quality control andyss.
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