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ABSTRACT

Simultaneous determination of ephedrine hydrochloride (Eph) and dopam-
ine (DA) at poly 8-(3-acetylimino-6-methyl-2, 4-dioxpyran)-1-
aminonaphthal ene modified platinum electrode (PAMDAN/Pt) was devel-
oped at PAMADAN/PY, the peaks of Eph and DA appear at 0.120 and 0.550
V in pH 3.2. PAMADAN/Pt does not only accelerate the oxidation of Eph
and DA, but also enlarges dramatically the peak separation between Eph
and DA. The PAMADAN/Pt was successfully applied to detect Eph in

pharmaceutical samples and human blood serum.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Ephedrine(Eph) (scheme(1)) isanaturd dkaloid,
obtained by extraction from severd plantsof thegenus
Ephedraor by synthesig™. Eph hasbeen used for the
treestment of asthma, dlergic Sates, catd epsy and myas-
theniagravis?. Also, Eph has been considered as a
prohibited compound by the International Olympic
Committed® becauseitisincluded inthelistsof doping
substances. Eph and dopamine (DA) are considered
as two important catecholamine neurotransmitters
present in mammalian central nervous systemi“. The
electrochemical detection of Eph at bareelectrodesis
associated with problems of adsorption and high
overpotential. Therefore, Eph hasbeen detected using
different methods® including € ectrochemistry at modi-
fied eectrodes®d. Severa analytical methods asfluo-
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rescence, spectrophotometry, flow injection and
HPL Cl9 werereported for the simultaneous determi-
nation of Eph and DA.

OH

CH,

Schemel: Ephedrinestructure.

A survey intheliteratureindicatesthat thereare
only few dectrochemica methodsfor s multaneousde-
termination of Eph and DA, Kang et al.['% re-
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Scheme2: Sructureproposed for PAM DAN polymer inref. 21

ported the el ectrocatal ytic response for the simulta-
neous determination of Eph and DA at 2,3-
dimercaptosuccinic acid self-assembled gold dectrode.

The electrochemical modification of electrodes
with asuitablereagent has been widely used for ana-
Iytical applications; theresulting el ectrodeswere de-
signed to providethe desired selective sitestowards
the analytes. Electrochemically modified el ectrodes
have played animportant rolein the studies of electro
catalysigt 12, eectrontransfer kineticg*¥, membrane
barrierd*, eectro organic synthesig, etc. Conduct-
ing polymer-modified el ectrodes has been found to
improvethe el ectrode sensitivity and selectivity, and
to reducefouling effectsin many gpplications. Recently,
conducting polymer modified el ectrodes were used
for the electro catalytic oxidation of several com-
pounds*® and for the simultaneous determination of
thebiological material -9,

The present study isaimed to present the electro
catalytic determination of Eph inthe presence of DA
at Poly 8-(3-acetylimino-6-methyl-2,4-dioxpyran)-
1-aminonaphthalene/pt modified electrode
(PAMDANY/PY) (Scheme 2). Theinfluence of vari-
ous experimental conditions such as pH, scan rate
and analyte concentration will be discussed. Also,
the ability of modified electrode for practical appli-
cations asadynamic sensor for Eph detection under
the present experimental conditionsfor real samples
will be explored.
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EXPERIMENTAL

Ephedrine-HCI (a-(1-methylaminoethyl)
benzylalcohol hydrochloride, CH.,CH[CH
(NHCH,)CH,]OH.HCI) used inthe present study was
supplied from EIPICO pharmaceutica co. (Egypt). The
other chemicds, 1, 8-diaminonaphthd ene, dehydroace-
ticacidandytica grade(Aldrich), Lithium perchlorate,
acetonitrile, and sulfuricacid wereandytica grade. The
agueous solutionswere prepared from bi-distilled wa
ter. Ephedrine-HCl ampoule 30mg/ml from CID phar-
maceutica co. (Egypt) wasused. Human serum samples
were supplied by thelocal Hospital Blood Bank and
fromtheinvestigators.

Cyclic voltammetry (CV) and square wave
voltammetry (SWV) wererecorded using apotentiostat
Modd (PST 006) from voltal ab-Radiometer analytical
with softwareModd voltaMagter 4. All voltammograms
wereobtained in athree-dectrodedectrolytic cdll from
Bioanal ytical system, model C-1A which containsa
platinum disc electrode (Pt) of 3.0 mm diameter as
working e ectrode, aplatinum coil ascounter el ectrode
and Ag/Ag* asareferenceone. All experimentswere
conducted at room temperature. The Schiff base8-(3-
acetylimino-6-methyl-2, 4-dioxpyran)-1-
aminongphthalene (AMDAN) wasprevioudy prepared
and characterized®.

Theéectrochemica polymerizationof AMADAN
at pt-electrodewas carried out by scan repletion using
CV-method between 0.2V and 0.8V for 20 cyclesin
0.1IM H,SO,.

Human serum sampleswere obtained by centrifu-
gation of human blood after two hours of intravenous
injection at 6000 rpm for 15 min and immediately fro-
zen at -20 ?C until assay. Frozen human serum samples
wereleft onthe bench to thaw naturally and werevor-
tex prior to their usg?!.

RESULTSAND DISCUSSION

PAMDAN/pt film formation

Figure 1 showsatypica cyclic voltammogram of
10°M of AMDAN Schiff basein 0.1 M H_SO, aque-
oussolution at platinum electrode. For thefirst cycle
themonomer dectro-oxidizesin anirreversblemanner
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which giveriseto alargeanodic peak appeared at 0.5
V. With continuous scanning, areduction pesk at 0.2V
isdevel oped dueto the product formed during thefirst
anodic sweep. Thefirstirreversible segment can be at-
tributed to the oxidation of the amino group into the
corresponding cation radical?2?7, On the negative
sweep, thispeak does not show acomplementary re-
duction peak indicating the existence of avery fast
chemical follow-up reaction® 24, On scan repetition,
thefirst oxidation peak at 0.5V shiftsto amore posi-
tivedirection and diminisheswith gppearance of anew
redox systemat 0.28/0.20V. Thelimiting currents of
thisnew sygemincreaseby continuouscydingwhichindi-
catesan accumulaionof dectroactivepolymer filmonthe
electrode surface. Thisgrowth behavior isindoseagree
ment with thosereported previoudy#27,

| CV of the film formation I

E(V]
Figure 1 : CVs (20 cycles) corresponding to the
electropolymerization of 1.0mM AMDAN at Pt-electrodein
0.1M H_SO,. Theelectrode potential wasscanned at v=100
mV/ sbetween —0.20t00.80V vs.Ag/ AgCl.

Electro-oxidation of ephedrine-HCI

Theéeectrochemica activity of themodified el ec-
trode was tested in both agueous and non-agueous
media. Figure 2 showsthe current response of aredox
activesite (dashed line) at themodified polymericfilm
electrode in 0.1 M H,SO, at 0.05 and 0.17 V. The
bare pt-electrode showsanil peak currentsat the ap-
plied potentid range.

Themodified electrodewastested inthe presence
of 10uM Eph, where significant current responses arose
at 0.17 and 0.25V. Thisremarkable enhancement in
current response provides clear evidence of the cata-
Iytic effect of the modified PAMDAN/Pt electrode
which actsasapromoter to enhancethe el ectrochemi-

cd oxidation of Eph.

A further study was conducted to test the
el ectrocata ytic behavior of themodified electrodeto-
wardstheoxidation of Eph at variouspH vauesranged
between 1.0 and 7.0. Theanodic pesk potentia for the
Eph oxidation wasfound to shift to more positive po-
tential at lower pH values. The current response de-
creaseswithincreasing pH vauesto alargeextentindi-
cating asluggish electron transfer process. Acidic or
moderately acidic solutionsarethe most preferential
mediaat which the polymeric surfacefilm exhibited sub-
dantia catdytic activity.

—Eph. on bare Pt electrode
= == hlank using PAMDANIPt electrode
=eemee Eph. wsing PAMDANPL electrode

-200 -‘.ZIC l; ':IIE E;:l E:.IIZ -15] EE:I E-EE ?EE
E(V)

Figure2: CVsinthepresenceof 10 uM Eph recorded at the

barePt-electrode(solid line) and the PAM DAN/Pt electrode

(dash-dotted line)in 0.10M H,SO, at scanrateof 0.1V/s. The

dashed lineCV istheactivity of PAM DAN/Pt electrodein the

absenceof Eph.

Analytical Application
Electr ochemical measurementsof Eph

Squarewavevoltammetry (SWV) techniquewas
employed asan active method for the determination of
Eph. Theelectrode potential was scanned between -
0.10V t0o 0.50 V at scan rate of 0.005V/s. Figures 3
and 4 show thed ectrochemical oxidationof Eph present
inlow and high concentration ranges, respectively.

In both Figures, the anodic peak for Eph oxidation
obtained at 0.12V vs. Ag/AgCl and increased subse-
quently withincreasing [Eph]. Theregressondatafor
therelationship between the peak current (Ip) and[Eph]
for both data points presented in Figures3and 4 are
giveninTABLE 1. Itisimportant to under linethat the
data presented in the TABLE does not only demon-
dratethee ectrode sensitivity but suggest the construc-
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D40 =
0.35
k j= = = Eph 1 M
pao  LJF v prees Eph 0.5 pM
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Figure3: Squarewavevoltammogramsof diluted solutions
of Ephin0.1M H,SO, aqueoussolution at PAM DAN/Pt modi-
fied electrodeat scan rate5mV/s.

—————— eph 35 pM
4, Eph 30 uM
‘1 - ph 25 uM

i -=aph 20 pM
p—=—=aph 15 pM
= = = eph 10 uM
eph & pM
blank
at scan rate & mV/is.

T

L H L ik 1 b L] = L v 1 L]
2.1 ba i 0.4 0.z 2.3 o.4 0.5

E(V)
Figure4: Squarewavevoltammogr amsof different concen-
trationsof Ephin0.1M H,SO, aqueoussolution at PAM DAN/
Pt modified electrodeat scan rate5mV/s.
TABLE 1: Showstheregression datafor thelinear relation-
ship between thepeak currentsasafunction of [Eph].

Figure3 Figured
Slope 0.1655 0.0096
Intercept 0.1769 0.3145
Correlation coefficient (R?) 0.7451 0.9807
Detection limit (DL) 0.0378 0.0159

tion of robust sensing surface.
Simultaneousdeter mination of Eph and DA

Thepolymericfilmwasevauatedfor itsability asan
electro-catdys for thesmultaneousdetermination of DA
and Eph. To achieve such important task aselection of
buffering system and pH-scaeisof greet demand. It was
shown abovetha Eph underwent asubstantial oxidation
inacidicor moderady acidicmedia. Inasmilar manner,
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Figure5: Squarewavevoltammogramsof 0.01 M DA in dif-
ferent pH valuesat PAM DAN/Pt modified electrode.

thesdection of proper pH solutionfor DA oxidation may
homogenizethe experimenta conditionsfor both spe-
ces Fgure5showsthe SWV for theoxidation of 0.01M
DA in different pH media. The catalytic activity of
PAMADAN/Pt towards DA oxidation enhanced at pH
= 3.5whichwill shift to more negative potential com-
pared with thoseat lower pH val ues.

Theability to selectively determine DA and Eph
has been amajor goal of electroanalysisresearch due
totheir coexistintheextracellular fluid of the centrd
nervous system and serum. Therefore, to examinethe
simultaneous response of Ephand DA at PAMDAN/
Pt electrode, the SWV of smultaneously changing the
concentration of mixtureof DA and Ephwasrecorded
at pH 3.2 (Figure6). Atthe PAMADAN/PY, the peaks
of Eph and DA appear at 0.12and 0.55V inpH 3.2.
Thelarger separation of the peak potentialsallows

: ———Eph + DA (1210 M)
1.50 = = =
=Eph + DA (Bx107 M)
= = = Eph + DA (810" M)
. =r== Eph + DA (4x10" M)
—-=—- Eph + DA (2210 M)
(atpH 3.2)
1.00 o k/—
iy --h
.g_ 075 b
= o, . !
e _.._“-\...'h__.'-_'_-;-':-
0.50 - R
%. {.r'-'b. = .-'.'/' -
s LL A T g
0.25 - llllil. st W
e
o.oo > 3 r ; 3 = T T T T T T T T T
-0.4 -0z 0.0 0.2 0.4 06 0.3 1.0
E(V)

Figure6: Squarewavevoltammogramsof smultaneousde-
termination of different Eph and DA concentrations at
PAM DAN/Pt modified eectrode.
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simultaneous detecting of them in their mixture solu-
tion. The PAMADAN/Pt displayed excellent electro-
chemical catalytic activitiestowardsthe oxidation of
Ephand DA.

The above obtained results, demonstrate that
PAMADANY/Pt not only accel erates the oxidation of
Eph and DA, but aso enlargesdramatically the peak
separation between Eph and DA. Onthe other hand,
theremarkablepeak current enhancement and thefall
of oxidation over-potentias, undoubtedly, testify tothe
electrocata ytic propertiesof the PAMADAN/Ptinthe
oxidation of these compounds. In conclusion,
PAMADAN/Pt gregtly improvesthe determining sen-
gtivity of Ephand DA. Theenlarged separation of the
anodic peak potentia, coupled with theincreased pesk
current, renderssimultaneous determination of Ephand
DA feasble.

Real SampleAnalysis

Detection of ephedrinehydrochloridein itsphar-
maceutical formulationsand in thehuman blood
serum sample

The cyclic voltammetry (CV) and square wave
voltammetry (SWV) were gpplied to determinethe con-
centration of Ephinboth pharmaceutical formsand hu-
man blood serum samples. Figure 7 showsthe SWV
for adiluted concentration of 30 mg/ml of Ephampoule
(0.003 mg/ml) and oneml of human blood serum after
two hours of intravenous administration of 30 mg/ml
Eph ampoule. The concentration of Eph ampouleand
the human blood serum sample concentration wereca-
culated. The concentration of Eph ampoulewas 29.5
mg/ml (0.15 M). The concentration of 1 ml of human
blood serum after two hoursof intravenousadministra:
tion of 30 mg/ml Eph ampoulewas0.0093 mg/ml (47
uM)). HPLC technique was applied to confirm the re-
sults obtained by CV and SWV. Chromatograms of
Eph standard (for calibration) and thetested pharma-
ceutical samplesof EphwereshowninFigure8. The
concentration of Eph ampoulewas31.5mg/ml (0.16
M). The concentration of 1 ml of human blood serum
after two hoursof intravenous administration of 30 mg/
ml Eph ampoulewas 0.0103 mg/ml (52 uM)). From
the aboveresults, it wasfound that HPLC resultsare
comparableto those obtained in both CV and SWV
techniques, provesthat the use of PAMDAN/ Pt elec-
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trode as sensor for Ephisapplicable, sinceitissens-
tiveand accurate method. Also, it isavailableand easy
to operate. Thelimit of thelinear responserangefor
Ephwasfoundto be0.005 uM (0.001pg/ml) in both
CV and SWV techniques, whilethelimit of detection
of Eph by usng HPL C techniquenot exceed than 0.005
ug/ml. This indicates that CV and SWV techniques are
sensitive and give an accurate results more than other
techniques such asHPL C!%. 29,
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Figure7: Squarewave voltammograms of 0.003 mg/ml of

Eph initsphar maceutical forms(Eph ampoule) and the hu-

man blood serum sampleafter two hour sof taking Eph am-

poule 30 mg/ml at PAM DAN/Pt modified electrodeat scan

rate0.005V/sin0.1M H_SO,.

28
0.1 mgfml of
Eph standard

24
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Figure8: Chromatographicresponse of 0.1 mg/ml of Eph
standard (solid line) and 30 mg/ml Eph ampoulediluted to
0.02 mg/ml (dotted line).

CONCLUSIONS

The PAMDAN/Pt was devel oped and applied for
thedetermination of Ephand DA inacidic solution. The
anodic peak for Eph oxidation obtained at 0.12 V vs.
Ag/AgCI and increased subsequently with increasing
the concentration of Eph. The modified electrode
showed excedllent sensitivity and sdectivity andfast re-
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sponse. Theutility of the proposed method was dem-
onstrated by the determination of Ephinhuman blood
serum. The superiority of the method over other
voltammetric methodsfor the determination of Ephand
DA liesinthefact that the PAMDAN/Pt electrodeis
ableto achieveavery low detection limit of Eph and
DA. The present work offersagood possibility for ex-
tending the proposed method to clinical and forensic
anaysisof Ephand DA inbiological samples.
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