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ABSTRACT

Development of new and highly sensitive colorimetnethod for the determination of pipazethate hgliaride,
fenoterol hydrobromide and clopidogrel hydrogenpsalte based on aggregation of the citrate cappeltl go
nanoparticles (Au NPs). Citrate-capped gold nandigkes were prepared by chemical reduction of HAuG$ing
citrate as the reducing agent and stabilizer. Tlyatisesized nanoparticles showed an intense lochl&zeface
plasmon resonance absorption band at 520nm. Unifodistributed spherical gold nanoparticles withesage
particle diameter size of 14.2042.53 nm were vedfthrough Transmission Electron Microscope (TEAtjdition

of the cited drugs to the Au NPs solution resuiltaggregation of the Au NPs. As a result of aggtiega the
plasmon band at around 520 nm disappears with tmmdtion of a new red shifted band at 647- 674nie T
calibration curves were linear with concentratiorf 0.4-0.8, 0.8-2 and 1.6-9.6 pg/ml for pipazethate
hydrochloride, fenoterol hydrobromide and clopidelghydrogen sulphate, respectively. The deteciiitd were
0.100, 0.061 and 0.259 pg hilor pipazethate hydrochloride, fenoterol hydrobidenand clopidogrel hydrogen
sulphate, respectively. The method was appliedesséally to the determination of the cited drugptume form and
pharmaceutical dosage forms.

Keywords: Pipazethate hydrochloride; fenoterol hydrobromidepidogrel hydrogen sulphate; citrate- cappeld go
nanoparticles

INTRODUCTION

Pipazethate hydrochloride [2-(2-piperidinoethoxythye 10H-pyrido [3,2-b] benzothiadiazine-10-carbtate
hydrochloride][1] is a centrally acting cough suggsant which also has some peripheral actionsrirpnaductive
cough [1]. Different techniques were reported foe tdetermination of pipazethate hydrochloride idiig:
spectrophotometry [2 , 3], electrochemical [4] @hdomatographic [5- 7 ] methods.

Fenoterol hydrobromide [(1RS)-1-(3,5-dihydoxyph@fRA[[(1RS)-2-(4-hydroxyphenyl)-1-methylethyl] anagh
ethanol hydrobromide.][8] is direct-acting sympathimetic with beta-adrenoceptor stimulant activigrdely
selective for beta2 receptors (a beta2 agonigy.used as a bronchodilator in the managemergwvefrsible airways
obstruction, as occurs in asthma and in some pgatwith chronic obstructive pulmonary disease [Marious
analytical methods have been applied for the detetion of fenoterol hydrobromide in raw material,
pharmaceuticals and biological fluids. These methawnclude chromatography [9, 10], voltammetry [11],
electrophoresis[12 ,13], spectrophotometry[14] spectroflourimetry[15].

Clopidogrel hydrogen sulphate [Methyl (S)-2-chldnepyl(4,5,6,7-tetrahydrothieno[3,2-c]pyridin-5-yd}date
bisulphate; Methyl (+)-(S)(o-chlorophenyl)-6,7-dihydrothieno[3,2-c]pyridiné4s1)-acetate hydrogen sulphate]
[8] is a thienopyridine antiplatelet drug used lmotmboembolic disorders. It is an analogue of ficlne acts by
inhibiting adenosine diphosphate-mediated platatggregation. It is given prophylactic ally as atemdative to
aspirin in patients with atherosclerosis who areisit of thromboembolic disorders such as myocéidfarction,
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peripheral arterial disease, and stroke. It is aed with aspirin in patients with unstable angasan adjunct to
medical or interventional management. Its role iorooary stenting is discussed under Reperfusion and
Revascularisation Procedures [1]. Different methadse reported for determination of clopidogrel togen
sulphate including spectrophotometry [16, 17], iligchromatography [18- 20] and thin layer chromaapdny[21].

Nanoparticles made of silver and gold have beenfadbes of research for many decades as a resuheif
intriguing optical properties [22]. When gold naadgiicles dispersed in liquid media, these nanogagiexhibit a
strong UV-visible extinction band at 520 nm thah@ present in the spectrum of the bulk metal.eRég gold
nanoparticles have been developed for sensitivesatettive detection of urinary adenosine [23], rfélieiazine
Drugs [24], Malathion, Fenthion, Methidathion [2BY;steamine [26], glutathione and cysteine [27].

Herein, we have developed a simple and highly seesispectrophotometric method for determination of
pipazethate hydrochloride, fenoterol hydrobromidd alopidogrel hydrogen sulphate based on the ggtjmn of
citrate capped gold nanoparticles (Au NPs), throegiploying the strong affinity characteristics bé tcited drugs
towards the surface of the Au NPs.

EXPERIMENTAL SECTION

2.1. Instrumentation

A Shimatzu UV and visible recording spectrophot@ndt/VV 260) with matched 10-20 quartz cell was ewyipd

for all absorbance measurements.

A JEOL-1010 Transmission Electron Microscope atk3®, Japan was employed for Transmission Electron
Microscopy (TEM) examination at Regional Center fdycology and Biotechnology (RCMB) at Al-Azhar
University.

2.2. Materials and reagents

Chemicals used were of the highest purity

1-Pipazethate hydrochloride (obtained from Egyptraternational Pharmaceutical Industries Company CER)
2-Fenoterol hydrobromide (obtained from Sigma Phagutical Industries)

3-Clopidogrel hydrogen sulphate (obtained from Sigtharmaceutical Industries)

4-Chloroauric acid ( HAuG)

5-Acetate buffer pH5: Dissolve 13.6 g of sodium ame@nd 6 ml of glacial acetic acid in sufficienater to
produce 1000 ml [8]

2.2.1. Pharmaceutical preparations

1- Selgon® tablets containing 20mg Pipazethate hydoocle per tablet (obtained from Egyptian Interoatl
Pharmaceutical Industries Company (EPICO))

2- Selgon® Drops containing 40 mg Pipazethate hydoyade per ml solution (obtained from Egyptian
International Pharmaceutical Industries CompanylCER)

3- Pronotrol® Syrup containing 2.5 mg fenoterol HRr pml (obtained from Sigma Pharmaceutical Indesjri

4- Sigmagrel® tablets containing 75 mg clopidogrel Hogeen sulphate per tablet (obtained from Sigma
Pharmaceutical Industries)

2.2.2..Standard solutions

Solutions of 100 pg ritl of pipazethate hydrochloride, fenoterol hydrobrenand clopidogrel hydrogen sulphate
were prepared by dissolving 10 mg of the pure dinugjdistilled water then further dilution to 5, Hhd 40 pg mt
for pipazethate hydrochloride, fenoterol hydrobrdenand clopidogrel hydrogen sulphate respectively.

2.3. General procedure

2.3.1. Procedure for preparation of citrate-cappgald nanoparticles

Au NPs were prepared by sodium citrate reductiothowe[24, 27]. To a 150-mL beaker, 2.0 ml of 1% HApand
about 100 ml of water were added and the solutias eated up to 95°C. 5.0 ml of 1% sodium citratet®n was
added drop by drop while the solution is vigoroustiyred. The solution was kept at 95°C for 10 nwhen the
color of solution changed to bright red, the salativas allowed to cool to room temperature andsfeared into a
100 ml volumetric flask, diluted to the mark wittater and mixed completely. The average size opthpared Au
NPs is about 14.20+2.53 nm, which is estimated fidM image (Figure 1,2).
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100 nm
TEM Mag — 80000x

Figure 1 TEM microscope of the citrate-capped golthanoparticles (Au NPs)

(B)

Too nm
TEM Mag — 80000%

Figure 2 TEM microscope of aggregated gold nanopaidles (Au NPs) in the presence of pipazethate hydrbloride

2.3.2. Procedure for determination of pipazethatdrbchloride, fenoterol hydrobromide and clopiddgngdrogen
sulphate

In 5 ml volumetric flask, aliquots of the cited dsuwere placed then appropriate volumes of acbt#fer pH5 and
Au NPs solution were added, completed to 5ml wiltistilled water, and let to stand at room tempamtfor
appropriate times. Absorbances were measuredtabii ., against reagent blank treated similarily. (Table 1)

Table 1 Analytical parameters for determination ofpipazethate hydrochloride, fenoterol hydrobromide ad clopidogrel hydrogen
sulphate using citrate-capped gold nanoparticles (ANPs)

Parameter Pipazethate hydrochloride Fenoterol hydrobromide Clopidogrel hydrogen sulphate
Amax (NM) 659 674 647
Volume of citrate-capped gold nanoparticles 3ml 3ml 3ml
Volume of buffer (pH 5) 0.25 ml 0.25ml —
Temperature 25°C 25C 25C
Time of reaction 15 min. 40 min. 50 min.
Aliquots taken (ug) 1.75-3.25 1.0-8.0 4.0 -40.0

2.3.3. Assay of pharmaceutical preparations

A- Assay of tablets

Ten tablets were weighed, pulverized into fine pemyépecific quantity of powdered drugs equivalent0 mg
pure drug were dissolved in distilled water, sang were filtered and diluted to 100ml with distill water then
further dilution to 5 and 40 ug thifor pipazethate hydrochloride and clopidogrel loggm sulphate, respectively.
Procedures were completed as in general procedures.
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B- Assay of drops

Specific volume of drops solutions equivalent to @ pure drug were placed in 100 ml volumetric Klasd
diluted to 100ml with distilled water then furthditution to 5 ug mf for pipazethate hydrochloride. Procedure was
completed as in general procedures.

C- Assay of syrup

Specific volume of syrup equivalent to 10 mg puragdwere placed in 100 ml volumetric flask and @itli to
100ml with distilled water then further dilution i® pg mf* for fenoterol hydrobromide. Procedure was complete
as in general procedures.

RESULTS AND DISCUSSION

Nanoparticles made of silver and gold have beenfdkbas of research for many decades due to thdicalp
properties. The citrate-capped gold nanoparticdes NPs) were synthesized by chemical reductionguslAuCl,

as the precursor salt and citrate as the reduajegtq28]. The pH value of the synthesized citpped gold
nanoparticles was measured to be around 6.0. Ulkwispectrum of citrate-capped gold nanoparti¢has NPs)

solution exhibits a well known absorption maximutrb20 nm as a result of localized surface plasnesomance.
Upon addition of the cited drugs, the color of ARd\solution gradually changes from red to purpteaacordingly
the absorption band shifted to longer wavelengthaew absorption peak appears at 659, 674 and 64Wwimen

pipazethate hydrochloride, fenoterol hydrobromiael &lopidogrel hydrogen sulphate are mixed with KBS,

respectively (Figure 3). This band can be attribute displacement of the citrate group shell with tited drugs
leading to aggregation of Au NPs.

1.208 T T T T

— - =Plpazcthatc
MNenocierol
1.000 ~ — = Clopiduyrel

0500 -7

Ahbs.

0.000

-0.257 L L L L
445 .50 500.00 £00.00 700.00 203.50
nm.
Figure 3 Absorbance spectra of the reaction betweehu NPs and 0.5ug ml™ pipazethate hydrochloride, 0.8ug ml™ fenoterol
hydrobromide, 3.2pg mi* clopidogrel hydrogen sulphate

Optimum conditions affecting the reaction were &dd

3.1.1. Effect of buffer pH

The pH of the solution plays an important role lie tinteraction between Au NPs and studied drug.sThe

influence of solution pH on absorbance was studiest the pH range of 2.0 - 8. Different buffer dimos (acetate
buffer, phosphate buffer, chloride buffer and betatffer) were tried. It was found that 0.25 mbogtate buffer pH
5 was selected for fenoterol hydrobromide and dogiel hydrogen sulphate, while no buffer is reedifor

pipazethate hydrochloride and pH of reaction medivas found 6.0.

3.1.2. Effect of gold nanoparticles solution volume
Maximum absorbance values were obtained using 8gdld nanoparicles solution.
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3.1.3. Effect of temperature and time of heating
Standing for 15, 40 and 50 min. at room temperawas sufficient to produce maximum color intensitfer

pipazethate hydrochloride, fenoterol hydrobromide elopidogrel hydrogen sulphate, respectively.

3.2. Method validation
3.2.1. Linearity
Under the described experimental conditions stahdaalibration curves with good linearity for pip#zate

hydrochloride, fenoterol hydrobromide and clopidddrydrogen sulphate were constructed by plottimgpgbance

against concentration.
A linear correlation was found. The range of conion, molar absorbtivity, correlation coeffiestgintercept

and slope of the calibration curve were calculatgldo relative standard deviation, analytical stmad error,
detection and quantification limits were calculated listed in (Tables 2, 3).

Table 2 Spectral data for determination of pipazethate hydochloride, fenoterol hydrobromide and clopidogrelhydrogen sulphate using
citrate-capped gold nanoparticles (Au NPs)

Parameter Pipazethate hydrochloride Fenoterol hydrobromide Clopidogrel hydrogen sulphate
Linearity range (ug mr?) 0.35-0.65 02-1.6 0.8-8.0
Apparent molar absorptivity*( mol‘cm™) 3.61x10° 2.6410° 5.80x10"
Sandell's sensitivity(mg/ml per 0001A) 9.04x10%? 6.87%107 1.38<10°?
Limit of detection LOD (ug mi?) 0.100 0.061 0.259
Limit of quantificatio n LOQ (ug mr?) 0.303 0.186 0.784
Regression equatiof:
Slope (b) 1.295 0.3921 0.1012
Intercept (a) - 0.5006 0.2339 0.1020
Correlation coefficient (r) 0.9997 0.9999 0.9999
*Calculated on the basis of the molecular weighthef drug.
** A=a + bc

Table 3 Determination of pipazethate hydrochloride, fenoteol hydrobromide and clopidogrel hydrogen sulphateusing citrate-capped
gold nanoparticles (Au NPs)

Pipazethate hydrochloride Fenoterol hydrobromide Clopidogrel hydrogen sulphate

Statistics —open Recovery Taken  Recovery Taken Recovery
ug mrt % ug mrt % ug mrt %
0.35 100.13 0.2 99.59 0.8 100.05
0.4 100.08 0.4 101.44 1.6 100.67
0.45 99.81 0.8 99.18 24 98.81
0.5 99.70 1.0 98.98 3.2 98.51
0.55 99.80 1.2 100.76 4.0 101.53
0.6 100.92 1.4 100.58 4.8 100.46
0.65 99.55 1.6 99.63 6.6 99.90
8.0 99.80
MeantS.D. 100.0&¢0.454 100.020.913 99.970.977
N 7 7 8
\Y 0.206 0.833 0.955
S.D. 0.454 0.913 0.977
R.S.D. 0.454 0.912 0.978
S.E. 0.172 0.345 0.346

3.2.2. Application
The validity of proposed methods was assessedsbgpiplication to the determination of the citedgdrin their

pharmaceutical preparations. (Table4).

Student's t-test and F-test (at 95% confidencd)lewere applied to the results obtained comparet thiat obtained
from reference method [3] for pipazethate hydrogtk and official methods [8] for fenoterol hydrobmide and
clopidogrel hydrogen sulphate. Results showedttigxe are no significant differences between ttopgsed and
reference or official methods. Results of differstattistical treatment of the data are shown ib(@&).
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Table 4 Determination of pipazethate hydrochloride fenoterol hydrobromide and clopidogrel hydrogen siphate using citrate-capped
gold nanoparticles (Au NPs) in their pharmaceuticaformulations

Sel_gon tablets Se_lgon drops Bronotrol Syrup Sigmagrel tablets
(Pipazethate (Pipazethate (Fenoterol HBr) (Clopidogrel hydrogensulphate)
hydrochloride) hydrochloride)
Taken Recovery* Taken R %0 Taken Added Rec;very* Taken Added Recovery* %
g mi % ug mr ecovery* % ) (] )
" pg mf pg mf
0.35 101.91 0.35 99.53 0.2 - 98.32 0.8 - 100.04
0.4 101.51 0.4 99.56 0.2 99.59 0.8 101.28
0.45 101.77 0.45 98.19 0.4 99.53 24 98.81
0.5 100.01 0.5 99.08 0.6 100.78 3.2 101.28
0.55 101.69 0.55 101.12 0.8 99.18 4.0 100.05
0.6 101.35 0.6 99.71 1.0 101.79 4.8 99.43
0.65 99.71 5.6 99.52
Mean 101.13
+S.D. +0.894 99.53 +0.954 100.17 +1.086 100.06 +1.023
N 7 6 5 6
Y 0.798 0.910 1.179 1.047
S.D. 0.894 0.954 1.086 1.023
S.E. 0.338 0.390 0.486 0.418

* Mean of three different experiments

Table 5 Statistical data for determination of pipaethate hydrochloride, fenoterol hydrobromide and abpidogrel hydrogen sulphate
using citrate-capped gold nanoparticles(Au NPs)

Pipazethate hydrochloride Fenoterol HBr Clopidogrelhydrogensulphate
Reference MethodReported method Official Method Reported method Official method Reported method
Mean+S.D. 100.05:0.604 100.080.454 99.081.209 100.020.913 99.181.091 99.920.977

Item

N 8 7 4 7 3 8

v 0.360 0.206 1.460 0.833 1.190 0.955

S.D. 0.604 0.454 1.209 0.913 1.091 0.977

t 0.064 (2.160) 0.640 (2.262) 0.727 (2.262)
F 1.747 (3.870) 1.753 (4.760) 1.246 (4.740)

*Theoretical values of t and F at p = 0.05

3.2.3. Accuracy and precision

Accuracy and precision were carried out by six aieations at two different concentrations of toarfdrugs in

the same day (intra-day), and in six different dayter-day). Percentage relative standard deviaiR S.D. %) as
precision, and percentage relative error (Er ¥gasiracy of the suggested method were calculatesl pércentage
relative error calculated using the following eqoiat

Er % = [(founded - added) / added] x 100

The results of accuracy and precision (Table 6pwskthat the proposed methods have good repeayahbititl
reproducibility.

Table 6 The intra-day and inter-day accuracy and pecision data for determination of pipazethate hydrohloride, fenoterol
hydrobromide and clopidogrel hydrogen sulphate usig citrate-capped gold nanoparticles (Au NPs)

Intra-day Inter-day
ngﬁ?f i‘;“;ﬂ Ref?,}gery RSD,%  Er, % lzk;?f ﬁg”nr;?f Recovery  RSD. Er o
Pipazethate 0.5 0.499 99.82 0.988 -0.18 0.5 0.499 99.80 1.2160.20-
hydrochloride 0.6 0.604 100.72 0.840 0.72 0.6 0.605 100.79 0.9730.79
Fenoterol 0.8 0.796 99.50 1.543 -0.50 0.8 0.796 99.44 1.8850.56-
hydrobromide 1.6 1.593 99.53 0.915 -0.47 1.6 1.593 99.53 1.1220.47-
Clopidogrel 4 4.045 101.12 1.213 112 4 4.063 101.57 1.309 157
hydrogensulphate 8 7.956 99.45 0.992 -0.55 8 7.959 99.49 1.014 -0.51

* Mean of six different experiments.
CONCLUSION

In this work spectrophotometric method was succdlysépplied to determine pipazethate hydrochlorigaoterol
hydrobromide and clopidogrel hydrogen sulphate qusiitrate-capped nanoparticles (Au NPs). The pregos
method is simple, sensitive, and inexpensive feirtdetermination. This analytical protocol may ibgortant
green method for monitoring and optical detectibthe studied drugs in pure and pharmaceuticalgo$arms.
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