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ABSTRACT

A simple, specific and accurate reverse phasedighiromatographic method was developed for the lsimeous
estimation of Salbutamol sulphate (SAL) and Ambrbydrochloride (AMB) in bulk and pharmaceuticalsage
forms. A Phenomenexdolumn (250 x 4.6mm; 5 pm) with mobile phase d¢oimg 15mM ammonium acetate:
acetonitrile (16:84% v/v) was used at isocratic maihd eluents were monitored at 227nm. The retenimes of
SAL and AMB were 3.1 min and 4.5 min respectivety showed a good linearity in the concentrationgarof 4-
20pg/mL for SAL and 30-150ug/mL for AMB with a etation coefficient (R) of 0.999 and 0.999. Thepetage
assays were found to be 99.36 and 100.81 respbcfiveSAL and AMB. The proposed method was valilas
per ICH guidelines and successfully applied for siraultaneous estimation of SAL and AMB in bulk daslage
forms.

Keywords: Salbutamol Suphate, Ambroxol hydrochloride, Sirmdiaus estimation, Phenomeney Glumn, PDA
detection, Validation.

INTRODUCTION

Salbutamol sulphate (SAL) is chemically bis [(1RS)d, 1-dimethylethyl) amino]-1-[4-hydroxy-3-
(hydroxymethyl) phenyl] ethanol] sulphate, i§Zadrenergic receptor agonist used for the refidfroncho-spasm
in conditions such as asthma and chronic obstmigiivmonary disease [1-5]. Ambroxol hydrochloridéVB) is
chemically 1 ({[2— Amino — 3, 5 dibromo phenyl] —thgl} amino) cyclohexanol monohydrochloride andsta
mucolytic agent. It stimulates mucociliary actiondaliquefies the mucous and clears the air passagdike
respiratory tract [6-9]. Combination of SAL and BMs available in India and is used for the treattraf asthma
and bronchitis.

Literature survey reveals that SAL and AMB alonérocombination with other drugs were analysed ByHPLC
[10-16], LC-MS [17], UV spectrophotometric [18-28hd TLC [21] methods. Only two RRPLC methods were
reported for the simultaneous estimation of SAL AMB in combination using potassium phosphate bruffghich
is not LC-MS compatible. Hence, the main objectofethe present investigation was aimed at devefpm@n
validated sensitive and rapid RP-HPLC-PDA methadtie simultaneous estimation of SAL and AMB inkahd
dosage forms with a mobile phase that is compatiftle LC-MS analysis.
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EXPERIMENTAL SECTION

Reagents and Chemicals

SAL and AMB were gift samples from Darwin Labondés, India. Acetonitrile, water and formic acid rere
purchased from E. Merck, Mumbai, India. All thévemts and reagents were of HPLC grade. SALMUCOISTE
(Manufactured by Cheminnova Remedies Pvt Ltd, Hyldad) a tablet containing SAL (2mg), and AMB (30mg)
was commercially purchased.

Equipment

A Shimadzu Prominence HPLC system provided with BZ2A3 degasser, LC-20AD binary pumps, SIL-20AHT
auto sampler, and SPD-M20A PDA detector. Data aiipm was carried out using LC solutions softwarae
chromatographic analysis was performed on Phenax@ndrP column (250 x 4.6mm; 5um).

Chromatographic Conditions

Mobile phase consisting of 15mM ammonium acetatetanitrile (16:84% v/v) was used in isocratic meahel the
mobile phase was filtered through nylon disc filkér0.45um (Millipore) and sonicated for 3 min befaise. The
flow rate was maintained at 1 mL/min with an injentvolume of 20uL. Eluents were monitored at 2&vYand the
separation was achieved at ambient temperature.

Preparation of Stock and Standard Solutions

The stock solutions of SAL and AMB (1mg/mL) werespared by dissolving 10 mg of each drug separatety
10mL volumetric flask using methanol as diluente™orking standard solutions of concentration ragdrom 4-

20 pg/mL of SAL and 30-150 pg/mL of AMB were pregairby appropriately diluting the stock solutionghwi
acetonitrile as diluent.

METHOD VALIDATION
The method was validated according to the ICH dinds [22].

Linearity

A linear relationship was evaluated across the eanf the analytical procedure with a minimum ofefiv
concentrations. A series of standard solutions Aif 8nd AMB were prepared over a concentration raofjé-
20ug/mL (4, 8, 12, 16, 2Qg/mL) and 30-150g/mL (30, 60, 90, 120& 15@/mL) respectively from stock solutions
and injected in triplicate. Linearity was evaluatada plot of peak areas as a function of analgtecentration, and
the test results were evaluated by appropriatéstital methods where by slope, intercept, andessjon (R)
correlation coefficients (R) were calculated.

Precision

Precision is the measure of closeness of the @ditees to each other for a number of measuremensr the same
analytical conditions. Precision was measured imseof repeatability of application. Repeatabildf standard
application was assessed by using a minimum oflsigrminations at 100% of the test concentratiQuy/fL of

SAL and 60pg/mL of AMB). The standard deviation and relativarslard deviation (RSD) were reported for
precision. Less than 2% RSD for peak areas indictie developed method was precised and the data wa
presented in Table-1.

Accuracy

Accuracy was established across the specified rahtfee analytical procedure. Accuracy (recoverfydhe method
was tested by spiking 80, 100 and 120% of SAL (flg/and AMB (6Qug/mL) standard concentrations. The
accuracy of the analytical method was analysedphdate. The % recovery and the % RSD were calculated dt eac
level of addition.

Robustness

Robustness of the method was determined by alténm@xperimental conditions such as flow rate wadelength
intentionally. The chromatographic parameters dapacity factor, tailing factor, theoretical platember and %
assay were recorded. The flow rate was maintaihédanL/min. To study the effect of flow rate, thew rate was
changed by +20% and the effect of wavelength wadiesti by changing wavelength by +1nm.

Specificity
Specificity is a measure of the degree of interfeeein the analysis of the complex sample mixtsteh as analyte
mixed with the formulation excipients or the knownpurities. Specificity of the method was carriedt dy
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comparing chromatogram of the placebo (in houseenadth that of the sample for checking any intezfece
peaks.

Limit of Detection (LOD) and Limit of Quantification (LOQ)

LOD and LOQ were determined by calibration curvehod. Standard solutions of SAL and AMB were prepar

in the concentration range of 442mL for SAL and 30-150ug/mL for AMB and injectedO(L) in triplicate.
Average peak area of SAL and AMB was plotted adgatoscentration. LOD and LOQ were calculated byhgsi
following equations: LOD = (3.3&/m; LOQ= (10.0%)/m (whereo is the standard deviation of the responses and
m is mean of the slopes of the calibration curves).

Assay

Twenty tablets were weighed individually and finelywdered and the powder blend equivalent to 2n§/df and

30mg of AMB was accurately weighed and transfetoed 10 mL volumetric flask. 5 mL of methanol waklad to

solubilize and was sonicated for 5 min . Volume wasde up to the mark with diluent. The above sotutivas

filtered using Nylon disposable Syringe Filter (b3n, 0.45 um). Aliquots of the filtrate were dilutesing

acetonitrile and analysed in triplicate. The aniquesent in the each tablet was calculated by eoimgp the area
of standard SAL and AMB with that of the tablet den

RESULTS AND DISCUSSION

The present investigation was carried out with @wio develop a RP HPLC PDA method for the simeltars
estimation of SAL and AMB in bulk and dosage forrdmtial trials were carried out on Phenomenep €blumn
(250%4.6 mm;5um) using 15mM ammonium acetate (pb) Gnd acetonitrile (40:60% v/v) at a flow rate of
1.0mL/min as mobile phase and acetonitrile as lvewt. The quantification was carried out at 227hmder these
conditions SAL was eluted at 2.79 min and AMB af723min. The SAL was almost eluted with the solvieort.

In the other trial, mobile phase ratio was changed0:70% v/v of 15mM ammonium acetate (pH 6.5) and
acetonitrile at a flow rate of 1.0mL/min and undleese conditions, SAL was eluted at 2.64 min andBAM 5.40
min. However, there is no proper resolution betwé®e solvent front and the SAL peak. In furtheal$; the
organic phase was increased to 85% v/v and undsetbonditions the SAL was eluted at 2.89 min aktBAat a
4.77 min respectively.

Finally, the mobile phase was maintained at a raftib6:84% v/v of 15mM ammonium acetate and acétitsat a
flow rate of 1.0mL/min in order to achieve propesolution of both the SAL and AMB peaks respecyiveinder
these conditions both the SAL and AMB peaks wertdedl at 3.14 min and 4.55 min respectively. Peakseew
symmetrical and tailing factor was within the limifor quantitative analytical purpose, wavelengils set at 227
nm which provides better reproducibility withouterference. The peak purity indices were also faonge greater
than 0.9999 and this indicates peak purity of tbéhkithe drugs SAL and AMB used in the analysis.afnple
chromatogram of SAL and AMB and peak purity prafilgere given in Figure 1 along with UV spectra.

METHOD VALIDATION
The method has been validated as per ICH-Guidefordsllowing parameters:

Linearity

A linear relationship was evaluated across a cdragon range of 4-20pug/mL for SAL and 30-150mg/riur
AMB in triplicate. The concentration range was stdd based on 80-120% of the test concentratioak Beea and
concentrations wersubjected to least square regression analysisrddression coefficient @R was found to be
0.997 and 0.999 and shows good linearity in thecentration ranges selected. The data of the cébbraurve was
given in Table 1 and chromatograms were showngurgi 2.
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Fig. 1 Standard Chromatogram of SAL (4pg/mL) and AMB (30pg/mL) mixture (A); Peak purity curves of SALand AMB (B) and (C) -
UV spectra
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Fig. 2 Overlay of SAL (4-20pg/mL) and AMB (30-150u4mL) standard chromatogram
System Precision

Precision studies were carried out in terms of aggdality. Six replicates of standard concentraimg/mL of SAL
and 60ug/mL of AMB) was evaluated and the datargimeTable 1. The % RSD was found to be below 2.
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Method Precision

Repeatability was carried using six replicates arngle preparations from the homogenous blend oketed
formulation at a concentration ofig/mL of SAL and 60ug/mL of AMB. The data was givienTable 1. The %
RSD was found to be below 2.

Accuracy

Accuracy of the method was examined by performeapvery studies using standard addition methodpikirgy
the known quantities at 80, 100 & 120% of the staddconcentrations. The analyte peak is evaluate2Dbplot of
the chromatogram in order to confirm the existeoiceomponents at 3.15 min, and 4.54 min elutioretiof SAL
and AMB in Figure 3. The percent recoveries wermtbto be 99.92-100.8 and 99.22-101.97 respectieelBAL
and AMB. These results indicate a good accuradhe@imethod to that of the labelled claim. The olgteirecovery
results were given in Table 1.
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Fig 3. 3 D plots of Blank (1), Placebo (2), Samp(8), Standard (4) chromatograms

Table 1. Linearity, Accuracy and Precision data

Validation data of SAL and AMB

PARAMETERS SAL AMB
Concentration 4-20 pg/mL 30-150 pg/mL
Linearity (n=3) Regression equation y=26574x-23132 | y=21599x-17288
Regression Coefficient(R) 0.997 0.998
Correlation coefficient (R) 0.999 0.999
Accuracy (n=3) % Level of Addition Mean Percent Mean Percent
Recovery(% RSD) | Recovery(%RSD)
80 99.62 (0.33) 100.09 (0.68)
100 100.25 (0.28) 100.33 (0.12)
120 100.86 (0.07) 101.39 (0.29)
Precision (n=6) SAL AMB
System Precision Average peak area of the standasample (%RSD) 132389.8 (0.19) 1072544 (0.08)
Method Precision Average peak area of the assay spta (%RSD) 88609 (0.13) 1161031 (0.22)

Specificity

The specificity of the method was established Ipgciting the solutions of diluent, placebo, standamd test sample
(formulation) individually to examine any interfeiee. From the overlay chromatogram shown in Figuiiecan be
inferred that there were no co-eluting peaks atr¢tention time SAL and AMB. These results shoat theak of

analyte was pure and the excipients in the forraradid not interfere with the analysis.
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Fig 4. Overlay chromatogram of (A) Placebo, (B) Blak, (C) Sample, (D) Standard chromatograms

Robustness

As part of the robustness, deliberate changeseirilohv rate and wavelength, were made to evallwdmpact on
the method. Retention times were significantly gehwith flow rate but no change was found duehange in
wavelength, however % assay values, tailing factapacity factor and theoretical plate number wethin limits

and these results indicated minor changes in the fate and wavelength didn’t affect the assayltestihe data
was given in Table 2.

Table 2. Robustness data

Robustness data relating to change in flow rate

Drug | Flow rate (mL/min) | Retention time (min) | Theoreical Plates | Tailing factor | % Assay
0.8 3.93 6049.45 1.82 99.51
SAL 1.0 3.16 5637.66 1.76 99.36
1.2 2.62 5125.29 1.85 99.82
0.8 5.66 10939.82 1.31 100.62
AMB 1.0 4.57 9864.03 1.27 100.81
1.2 3.79 9049.91 1.33 100.98
Robustness data relating to wavelength change (nm)
226 3.16 5636.48 1.76 99.32
SAL 227 3.16 5637.66 1.76 99.36
228 3.16 5644.36 1.75 99.39
226 4.57 9862.17 1.23 100.80
AMB 227 4.57 9864.03 1.27 100.81
228 4.57 9862.24 1.27 100.83

Limit of Detection (LOD) and Limit of Quantification (LOQ)

LOD and LOQ were calculated from the average sk standard deviation from the calibration cub@D for
SAL and AMB was found to be 0.021pg/mL and 0j0@4nL respectively. LOQ for SAL and AMB was found to
be 0.06pg/mL and 0.1@/mL respectively. These results indicate thatrtfethod is sensitive enough to carry out
the routine analysis for the simultaneous estimabibSAL and AMB in bulk and dosage forms.

System Suitability

System suitability studies were carried out bydtijeg 8ug/mL of SAL & 60ug/mL of AMB at injection volumes
ranging from 10pL-50uL. The data was given in €aBl With increment of injection volumes, the %IRfer
tailing factor and theoretical plate number werewated and was less than 2 and is satisfactory.

Table 3. System suitability parameters

Parameters SAL(% RSD) | AMB (% RSD)
Retention Time (min 3.15 (0.36) 4.54 (0.19)
Tailing Factor 1.7 1.20

Theoretical Plates (#] 5530.83 (0.74)] 8703.35 (0.71)
Capacity factor ( k) 2.184 (0.52) 3.708 (0.64)
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Assay

The percentage assay values of SAL and AMB in édet was found to be 99.36 and 100.81 respectividig
results were found to be within the limits and teveloped LC conditions can be used for the asé®&Ab and
AMB in different dosage forms.

Stability of the Stock Solution

The stability of the stock solution was determitgdanalyzing the samples under refrigeration (841&different
time intervals up to 48hrs. The % variation in gsgalues at different time intervals were found10f8r SAL and
0.064 for AMB from the initial zero time intervablsition, thus indicating that the solutions werabs for a period
of 48hrs when stored at 8+1°C.

CONCLUSION

The proposed RP-HPLC-PDA method was validated aslqgernational Conference on Harmonisation (ICH)
Guidelines, and found to be applicable for routijuglity control analysis for the simultaneous eation of SAL
and AMB using isocratic mode of elution. The réswalf linearity, precision, accuracy and specificjiroved to be
within the limits. The method provides selectived asimultaneous quantification of SAL and AMB withiou
interference from diluent and placebo. Overall, gheposed method is highly sensitive, reproducitdéable, rapid
and specific and also has the unique advantag€afdnditions being compatible with MS detection &edce can
be successfully employed in the routine analysistifie simultaneous estimation of SAL and AMB in kbaind
dosage forms.
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