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ABSTRACT

An electroanalytical method for determination of salbutamol sulphate was
established on basis of enhanced oxidation of salbutamol sulphate at an
acetylene black-dihexadecyl hydrogen phosphate composite film modified
glassy carbon electrode (AB-DHP/GCE). Under optimal working conditions,
this oxidation current was proportional to salbutamol sulphate concentra-
tionrangefrom4.0x107to 7.5x10® mol L and from 7.5x10°%t0 1.0x 10 mol
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L-*with alow detection limit of 1.0x107 mol L for 2 min accumulation at
opencircuit (S/N = 3). The proposed method was applied to the determina-
tion of salbutamol sulphate in tablets and the results were satisfying.
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INTRODUCTION

Salbutamol sulphate, d so known asdbuteral, isa
B, adrenoceptor agonist and one of themost prescribed
bronchodilatorsfor thetreatment of bronchospasm. It
isasoindicatedintheprevention of exercise-induced
bronchospasm and used in obstetricsfor the preven-
tion of prematurelabor and asanasal decongestant. It
would decomposein agqueous sol ution at € evated tem-
peratures*, Different anaytical methodsfor quantifi-
cation of salbutamol sul phate have been described pre-
vioudy, such ashigh-performanceliquid chromatogra:
phy (HPLC)%8, capillary e ectrophoresis (CE), spec-
trophotometric*®*Y and other methods'2%3. Because

most of these methods are complicated and expensive,
and then the e ectrochemica method hasbeen widdy
used based on its conveniency and high sensitivity*4,
Tothebest of our knowledge, adirect dectrochemica
method based on an acetyl ene black-dihexadecyl hy-
drogen phosphate (A B-DHP) compositefilm modified
glassy carbon e ectrode (GCE) was not devel oped for
itsdetermination. Here, enhanced oxidetion of salbutamol
sulphateat AB-DHPcompositefilm modified GCE and
itsanalytical applicationsarereported.

Asweknow that many kindsof carbon electrodes
with conventiond dimensionsareusedin e ectrochem-
istry and €l ectroanaytic chemistry, including diamond
electrode™, carbon paste electrode’®”, pyrolytic
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graphite electrode’819, GCE?*2Y and so on. During
the last two decades, the focus on electroanalytical
method turned to thefunctionaliztion and chemicaly
modification of electrodes, which resulted inthe en-
hancement of sengitivity and sdlectivity of dectroanay-
sissubsequently!?>24, Now more and more modified
carbon el ectrodes appeared, such as carbon nanotubes
or other nanoparticles modified € ectrode®2¥, poly-
mers modified electrode®*3U, In our previouswork,
acetyleneblack (AB) issuccessfully dispersedinasur-
factant, dihexadecyl hydrogen phosphate (DHP), to
form ahomogeneousand stable suspension, which has
been appliedto the dectrochemica analysisof organic
mol eculesincluding drugs®33. Herein, we preparethe
AB-DHPcompositefilmmodified GCE by castingAB-
DHP suspensonon GCE surfaceand thismodified e ec-
trode showed great enhancement effect towards el ec-
trochemical oxidation of salbutamol sulphate. Thepro-
posed method i sfeas ble because of |ow detectionlimit,
low cost, low background, and good reproducibility.
Finally it was demonstrated by using salbutamol sul-
phatetabletsand theresultswere satisfying.

EXPERIMENTAL

Apparatusand reagents

All the electrochemi cal measurementswere per-
formed on a CHI 650B electrochemica analyzer
(Shanghai Chenhua Co., China) in athree-electrode
system. Theworking € ectrode was an acetylene black-
dihexadecyl hydrogen phosphate (AB-DHP) compos-
itefilm modified glassy carbon electrode (GCE). A Pt
wire and a saturated calomel electrode (SCE) were
used asthe counter and reference e ectrodes, respec-
tively. HPLC system consisted of aL.C-10AT vp model
pump (Shimadzu, Japan), SPD-10Avp detector
(Shimadzu, Japan), JS-3050 chromatogram worksta:
tion (Dalian Jiangshen, China), C18 andytical column
(5um, 150mmx416mm) (Dikma Technologies,
Diamonsil). The mobile phase consisted of sodium
dihydrogen phosphate (adjust pH t0 3.10+ 0.05 with
phosphoric acid)-methanol (85:15, v/v). Monitoring
wave engthwas276nm.

Dihexadecyl hydrogen phosphate (DHP) was sup-
plied by Fluka Chemica Reagent Corporation and
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stored at -18°C. Salbutamol sul phate was purchased
fromtheNationa Institutefor the Control of Pharma-
ceutical and Biologica Products, China. Itsstock solu-
tion was prepared by dissolvingitinwater toforma
concentration of 1.0x102 mol L* and stored at 4°C.
All thechemical swereused without further purification
and all the solutionswere prepared with doubly dis-
tilled water.

Prepar ation of theAB-DHPfilm coated GCE

5mgAB and 5mg DHPwere dispersed together in
5ml redistilled water to give almg mL* black AB-
DHP suspensionwith theaid of ultrasonic agitation for
severd hours. Prior tomodification, the GCE (A =0.072
cm?) wasmechanically polishedtoamirror finishwith
palishing microdoth containing 0.05umAI,O,durry,and
then carefully cleanedin 1:1 HNO,-H,0 (v/v) and etha:
nol (C,H,OH), water inturnviaultra-sonication each
for 3min, andfinally allowedtobeaired. Atlast, 10uL
of theAB-DHP suspension was cast on the GCE sur-
faceandair dried. Then astableand uniformAB-DHP
filmwasformed.

Procedure

A certainvolumeof 0.1 mol L phosphate buffer
solution (PBS, pH 7.13) was used as the supporting
electrolyteinaconventiond eectrochemicd cdl. Atthe
beginning of experiment, AB-DHPfilm coated GCE
was successively scanned between 0.20V and 1.00V
at a scan rate of 100mV s? to get a steady cyclic
voltammograms. Then salbutamol sul phate stock solu-
tionswere added into the cell to makeup 10mL mix-
turesolution. Theaccumulationwas carried out at open
circuit viastirring the solution for 2 min, and then kept
quiet for 5s. Findly thevoltammogramswererecorded
between 0.20V and 1.00V. After each measurement
the modified electrode was refreshed by successive
cyclic voltammetric sweepsin blank supporting elec-
trolyteto get areproducible e ectrode surface.

RESULTSAND DISCUSSION

Electr ochemical responsesof salbutamol sulphate

Theeectrochemical responsesof 5.0x10°mol L
salbutamol sulphate wereinvestigated in phosphate
buffer solution (PBS, pH 7.13) at AB-DHPfilm modi-
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Figurel: Linear sweep voltammetricresponsesof AB-DHP
film modified GCE (a), bare GCE (b), DHPfilm modified GCE
(c) in the presence of 5.0x10° mol L salbutamol sulphate
and AB-DHPfilm maodified GCE (d) in theabsenceof salbutamol
sulphateat in phosphate buffer solution (PBS, pH 7.13). Scan
rate, 100mV st
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Figure3: Effectsof solution pH on thepeak current (- A-) of
salbutamol sulphateat AB-DHPfilm modified GCE in phos-
phatebuffer solution. Scanrate, 100mV st

fied GCE (AB-DHP/GCE). A well-defined oxidation
peak with large peak current appearsat 0.62V onthe
first cycleof successivevoltammogramswhen the po-
tential sweepsfrom 0.20V to 1.00V and no apparent
peak isobservedinthereverse scan, indicating that the
oxidation of sdbutamol sulphateisatotdlyirreversble
process. Duringfollowing successvecydic sweeps, the
oxidation peak at 0.62V greatly decreaseswiththein-
creasing of scan number, resulting fromthefact that the
electrode surface was bl ocked by the strong adsorp-
tion of thereaction products.

Linear sweep voltammetry (LSV) wasusedtore-
search the el ectrochemical responses of 5.0x10° mol
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Figure?2: Dependence of volume of AB-DHP suspension at
GCE surfaceon peak current of 8.0x10°mol L salbutamol
sulphatein phosphate buffer solution (PBS, pH 7.13). Scan
rate, 100mV st
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Figure4: Chronocoulometry of 5.0x10* mol L * salbutamol
sulphateat AB-DHPfilm modified GCE in 0.1 mol L phos-
phatebuffer solution (PBS, pH 7.13) (curvea). Curveb sands
for that in theblank solution. Theinset showsthelinear rela-
tionship between thechar ges(Q) and thesquar er ootsof times
(t¥2) for theoxidation reaction (backgr ound subtracted). Initial
potential 0.35V, final potential 0.70V, and pulsewidth 9s.

L salbutamol sulphate at different electrodesin PBS,
including AB-DHP/GCE, DHPfilm modified GCE
(DHP/GCE ) and bare GCE asshowninfigure 1. Curve
d standsfor thedectrochemical responsesof AB-DHP/
GCE intheabsenceof sdbutamol sulphate(Figure 1).
Obvioudy, a bare GCE, awel |-defined oxidation pesk
withlow current can be observed at about 0.68V (curve
b). When DHP was cast on the GCE surface, thefor-
mation of aDHPfilm blocksmassand e ectrontransfer
between sal butamol sul phatein solution and the e ec-
trode surface because DHPis hydrophobic and insu-
lated. The oxidation peak current of salbutamol sul-
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phate decreaseslightly and peak potential shiftsposi-
tively (curvecin Figure1). Onthecontrary, theelec-
trochemical responses of salbutamol sulphate at AB-
DHP/GCE (curvea) aredifferent from those poor re-
sponses at DHP/GCE and bare GCE. The oxidation
peak current increases greetly and peak potentia shifts
negatively, suggesting that the oxidation of salbutamol
sulphate wasimproved becausethe acetyleneblack in
DHPIayer couldimprovethe conductivity of modified
electrode and promotethe el ectron transfer between
sal butamol sulphate and electrode. At thesametime,
the porous AB-DHPfilm could increase the area of
electrode surfaceand offer more activesitesfor oxida
tion of salbutamol sul phate, and then the oxidation peak
current increased correspondingly. Infact, AB-DHP
composite can be seen asanew type of carbon paste,
inwhich AB actsasthe carbon conductive materials
and DHP asthe adhesive. Similar to conventiond car-
bon paste, AB-DHP composite hasthevirtuesof wide
potentid windows, easy fabrication and modification,
low cost, and so on. These, coupled with the proper-
tiesof good reproduci bility, variable surface properties
by changing the adhesive and controllablefilm thick-
ness, indicatethe promising gpplicationsin € ectroana
Iytical chemidtry.

Effectsof thicknessof film

Thethicknessof film cast onthe electrode surface
had greatly influenced the oxidati on current of sabutamol
sulphate. Thekey factor influencing thicknessof filmis
thevolume of solution used in making membranes. So
we studied the effects of film thickness on oxidation
current of 8.0x10° mol L salbutamol sulphate by
LSV (Figure2). Theresultsweredescribed infigure 2.
In generd, the oxidation peak current of salbutamol
sulphate increases quickly with the increase of the
amount of AB-DHPdispersion cast on the GCE sur-
facethat ranged from 2to 10uL. Furtherimprovingthe
amount of dispersion, therewill beno further increase.
Thiswould bebetter explained asamasstransfer is-
sue. If al incoming sal butamol sulphatereacted by the
timeit reachesacertain depthinthefilm, thenathicker
filmwould not help unlessthe masstransfer rate could
somehow beimproved. Asaresult, considering the
convenience of constructing modified e ectrode 10uL
of ImgmL*AB-DHP suspension wassuitabletothe
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devel opment of AB-DHPfilm dectrodefor determina
tion of salbutamol sulphate.

Theoptimum of thesupporting electrolyte

Supporting e ectrolyte played animportant rolein
thevoltammetric determination of salbutamol sulphate.
The current responses of 8.0x10° mol L* salbutamol
sulphate were studied by cyclevoltammetry (CV) at
AB-DHP/GCE in severa supporting el ectrolytes, in-
cluding 0.1 mol L* PBS (pH 3.0~9.0), 0.1 mol L+
sodium acetate - acetic acid buffer solution (NaAc-
HAc, pH 3.5~5.6) and other different acidsand alka-
liessuchasHCIO, (0.1 mol L), H,S0O,(0.05moal L),
HCI (0.1 mol L), HAc (0.1 mol L), KCI (0.1 mol L-
1y and NaOH (0.1 mol L?). It wasfound that PBS (pH
7.13) wasthe most favorable condition for determina
tion of salbutamol sulphate and the el ectrode had good
repeatability. Based onthisresult, PBS (pH 7.13) was
chosen as supporting e ectrol yte to detect salbutamol
sulphate.

LSV wasused to examine the effects of solution
pH on voltammetric determination of 8.0x10°mol L*
sabutamol sulphate. Theresultswereillustratedinfig-
ure 3. With the increase of pH the peak potential of
salbutamol sulphate shifts negatively and obeysthe
equation:

E,=1.0408- 0.05886 pH (R = 0.9953) ()

Thedopeof 59 mV pH-* suggested that the num-
ber of the electrons transferred in the oxidation of
sd butamol sulphateisequd with that of protons. It can
be seen that the oxidation peak currentsof sal butamol
sulphate have not remarkabl e changeinthe pH range
from 4.0 to 8.0 and decrease out of thispH range. It
may be caused by the protonization or ionization of
salbutamol sulphatein strong acidic or alkaline solu-
tion. Inthissystem, pH 7.13 was used as optimized pH
to determine salbutamol sulphatein standard solutions
and real samples.

Influences of accumulation conditions on the
deter mination of salbutamol sulphate

Frgly, influencesof initid potential onoxidation cur-
rent of 8.0x10° mol L* salbutamol sulphate were
tested. Intherangeof initial potential from- 0.5to +
0.2V, itamost had noinfluence on the oxidation peak
current. If the potentia sweep started from anodic scan
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at + 0.3V then reversed at 1.0 V, the peak current
became depressed. Thisfact indicated that excessive
positive potential would influencethe adsorption and
oxidation of positive charged salbutamol sulphatein
week acidic medium and not beappropriaefor itsquan-
titativeandyss.

Then, asto theaccumulation potentia, itseffects
ontheoxidation of salbutamol sulphatewere described
asfollowing sentences. Intherangefrom-0.5to + 0.5
V, the oxidation peak current changed dightly and was
similar to that obtained at open circuits. In our system,
all accumulation experimentswere carried out at open
areuits.

Lastly, theinfluences of accumulationtimeonthe
determination of salbutamol sulphatewerestudied. In
theaccumulation timerangefrom 1 minto 2 min, the
peak current increases greatly with the prolonging of
accumulationtime. Overrunning 2 min, theincrease of
the oxidation current becomes very slow dueto the
saturation of surface coverage of adsorbed sal butamol
sul phate. So the 2 minwas chosen asthe best accumu-
laiontime.

Effectsof scan rateand calculation of someother
parameters

The effects of scan rate on the determination of
salbutamol sulphateweretested by LSV. Intherange
of scanratefrom 0.025to 0.30V s?, peak current in-
creased with theincrease of scan rate obeying equation
asfollows
| =17.2813 v¥2— 0.0515 (R =0.9989) @)

Thusit can be seen that the oxidation process of
sa butamol sulphateiscontrolled by diffusion step. Al-
though the peak current increaseswith theincrease of
scan rate the background current isenhanced too. In
our system, high scan rateisnot suitablefor the mea-
surement of peak current. And then the scan rate

TABLE 1: Determination of salbutamol sulphatein tablets
(n=5)

Sample Declared Detected by Dgtected by Recovery
No. (mgltablet) HPLC this method %)
) (mg/tablet) (mg/tablet)

1 24 2.312+0.016 2.344+0.035 102.6
2 24 2.308+0.029 2.313+0.041 99.6

3 24 2.289+0.101 2.301+0.056  100.9
4 24 2.301+0.019 2.326+0.028 101.0
5 24 2.322+0.026 2.328+0.107  99.5
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100mV st was chosen for quantitative analysis of
salbutamol sulphate. Therelationship between the oxi-
dation peak potentia and scan rateisdescribed by the
followingequation:

E,=-0.01428Inv +0.6500 (R = 0.9953) €)

The slopeindicatesthat the value of an_is0.91
wherea. isthetransfer coefficientandn_isthenumber
of theeectronstransfer. On the base of theassumption
that a.is0.5and thenthevalueof n_iscalculatedto be
2. Thedectrochemicd oxidation of salbutamol sulphate
at AB-DHP/GCEiInPBS(pH 7.13) isanirreversible
processinvolved two € ectronsand protons, which may
be attributed to the oxidation of the phenolic group and
theamino group at the same potentia rangeunder this
experimenta conditionsreferringtothereferences®*,
onepossibility istheformation of dimmer.

Chronocoul ometry wasused to characterizethe oxi-
dation of salbutamol sulphateat AB-DHP/GCEinPBS
(pH 7.13). Theresultsweredepicted infigure4. The
diffusion coefficient D could becal culated according to
following equation given by Anson,

Q=2nFAcD "’r 22+ Q, 4
whereA isthe surfaceareaof theworking dectrode, cis
the concentration of salbutamol sulphate. Q, isdouble-
layer charge, which could beeliminated by subtraction
of thebackground chargeinthissystem. Other symbols
havetheir usud significances. After thesubtraction of the
background charge, theplotsof Qagainst tinfigure4
are convertedinto the plotsof Q against t¥2. Itisclear
that thecharges (Q) havelinear relationshipswith the
squarerootsof time (t2) for the oxidation reaction (inset
inFigure4). Based onthecaculated val ue of the el ec-
tron number ninvolved in the oxidation of salbutamol
ulphate, thediffuson coefficient of D inthissystem can
be obtained as 1.64x10°%cm?s?.

Calibration and inter ferences

Thedependenceof oxidation current on salbutamol
sulphate concentration wastested. The peak current
was proportional to the concentration range from
4.0x107 to 7.5x10° mol L* and from 7.5x10° to
1.0x10*mol L1, which could berespectively described
&

l (wA) =0.1523+0.2063 ¢ (umol L) (R=0.9970) (5)

| (BA) = 1.2304 + 0.08299 ¢ (pmol L) (R =0.9963) (6)
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Different slopes of two curves suggested an ad-
sorption processhasbeen involved in thed ectrochemi-
ca oxidation of sdbutamol sulphate.

Under the optimized experiment conditions, ade-
tection limit of 1.0x107 mol L was obtained. After
each measurement themodified el ectrodewasrinsed
with water thoroughly, transferred to the blank elec-
trolyteand refreshed by successve cyclic voltammetric
sweepsin order to get areproducible el ectrode sur-
face. Therelative standard deviation (RSD) of 3.8%
for 12 parallel detections of 5.0x10° mol L*
sal butamol sul phate suggested excel lent reproducibil-
ity of AB-DHP/GCE.

If this proposed el ectroana ytical method would
be applied to detect salbutamol sulphate in real
samples, theinterferences of some concomitant sub-
stances should be estimated. Theinterferencesof some
substances on the determination of 5.0x10°mol L
sd butamol sulphate wereinvestigated. Theexperiment
outcomesindicated that most of metal ions had al-
most no effects on the determination of sal butamol
sulphate (signa change bd ow 3%). For examples, 100
fold of Ca?*, Mg?, Cu?", Zn?", Al®, Fe** and Fe*,
combined with 1000 fold of SO,*, NO, and ClI- all of
them did not influencethe determination of salbutamol
sulphate. Additionally, theinterferencesfrom some
common biomoleculeswerea so examined. There-
sults proved that they had al so no effects on the de-
termination of salbutamol sulphateincluding 1000fold
of glucose, 150fold of saccharose, 100 fold of ascor-
bicacid (AA), dopamine (DA), uricacid (UC), lac-
tose, amylum, dextrin and 50 fold of sodium tartrate.
Based on experiment data, an €l ectrochemica method
was proposed and applied for the determination of
salbutamol sulphateintablet forms.

Druganalysis

The proposed e ectrochemica method for deter-
mination of salbutamol sul phate was demonstrated by
using salbutamol sulphatetablets. Thetablet samples
were pretreated as follows: one tablet of
Liusuanshadinganchun Pian (Changzhou K angpu Phar-
maceuticsCo. Ltd., China, 2.4mg sd butamol sulphate/
tablet) was accurately weighed and finely powdered.
The preciseamount of powder wasdissolvedin2.4ml
water and sonicated in water bath for 10 mins, and
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centrifuged at 3000rcf. Theclear supernatant was col-
lected and stored as stock sample solution at 4°Cin
dark. Prior to measurements, the samplesolutionswere
diluted with supporting €l ectrolyte.

The concentration of salbutamol sulphatewascal-
culated using standard additions method. Therelative
standard deviation (RSD) of each samplefor 5times
parallel detections was less than 3.8%, and there-
covered ratio on the basis of thismethod wasinvesti-
gated and the valueis between 99.1% and 103.0%.
Theresultswereillustrated in TABLE 1. These ex-
perimental dataindicated that the determination of
sdbutamol sulphateusingAB-DHPfilm modified GCE
in phosphate buffer solution (PBS, pH 7.13) wasef-
fective and sensitive. At last, the method of HPLC
was used for the determination of salbutamol sulphate
to estimate thefeas bility, precision and efficiency of
this method (TABLE 1). The good accordance be-
tween datafrom HPL C and thismethod we proposed
indicated thereliability of the present el ectrochemica
method for sal butamol sul phate determination in tab-
let samples.

CONCLUSIONS

A smpleand sengtived ectrochemica method was
established for determination of salbutamol sulphateand
waswell demonstrated by using sal butamol sulphate
tablets. Thisdevel oped method was based on theen-
hanced el ectrochemical responsesof salbutamol sul-
phate dueto its adsorption accumul ation at an acety-
lene black-dihexadecyl hydrogen phosphate compos-
itefilm (AB-DHP) modified GCE. Thiscompositefilm
modified el ectrode was easy to be prepared with low
costsand it could greatly enhancethe sensitivity of de-
tecting salbutamol sul phate compared with bare GCE.
Accordingto all the experiment datathis method we
proposed for determination of salbutamol sulphatewas
sendtiveandfeasible.
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