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ABSTRACT

A novel, simple, sensitive and precise RP-HPLGatehas been developed and validated
for quantitative analysis of amiloride and furosdenin human plasma. Use of a Inertsil
(250 mm x 4.6 mm) @m particle, C18 column with methanol: 0.1%glaciaedc acid
(43:57, viv) of pH 5.05 adjusted with sodium hydtexas isocratic mobile phase at a flow
rate of 1.0 mL/min. The reconstituted method ire@ithe protein precipitation with
methanol, followed by centrifugation and clear suagant solution injected in to the column
enabled separation of the drug from plasma. Thedein was carried out using a UV-PDA
detector at 226 nm. The method was validated faaliity, accuracy (recovery), precision,
specificity and robustness. The linearity of thehné was excellent over the range 100-350
ng/mL (correlation coefficient 0.999) for amiloride and0@2800 ng/mL(correlation
coefficient 0.997) for furosemide. The retentiometfor amiloride and furosemide was found
to be 4.36 +0.3 and 10.2 4.3 min respectively. The limit of detection wsisllished as 50
ng/mLfor amiloride and 100 ng/mior furosemide. The accuracy was observed 97.752101
% for amiloride and for furosemide 98.93%-100.2%e Tecovery observed for amiloride of
low, middle and high quality control samples wagnid to be 73.51 %, 75.19 % , 80.01 %
respectively and for furosemide was found to b® P4, 79.5 % and 86.4 % respectively.
The stability of amiloride and furosemide was eece) with no evidence of degradation
during sample proceeding.
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INTRODUCTION

Amiloride (N-amidino-3, 5-diamino- 6-chloropyrazi?ecarboxamide, AML), is a
photosensitive yellow or yellowish-green and odssl@owder, sparingly soluble in MeOH
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and slightly soluble in water, imparting acidic cheer to its solutions. The drug, available
as the dihydrate, behaves as a mild diuretic atsl ldlocking the Nachannels in the late
distal tubules and collecting ducts. By increadimg loss of sodium and chloride ions while
reducing the excretion of potassium [1]. Furosemidd-chloroN-furfuryl-5-
sulphamoylanthranilic acid, FRS) is a white or Islig yellow powder, practically insoluble
in water but sparingly soluble in methyl alcohol §®H) and soluble in aqueous alkaline
solutions. This drug is a potent diuretic that imtsi the reabsorption of electrolytes in the
ascending limb of the loop of Henle and also inrgreal tubules. While FRS has no clinically
significant effect on carbonic anhydrase, it enleanwater excretion, increasing loss of
sodium, chloride and potassium ions. The assoaiafd=-RS and AML (Fig. 1) furnishes a
valuable natriuretic agent with a diminished kadiio effect, minimizing the risk of alkalosis
in the treatment of refractory oedema associatéld epatic cirrhosis or congestive hearth
failure [1]. Both individual drugs are official the USP 24 and the BP 98. Since amiloride
and furosemide make up various diuretics whichaarainistered worldwide to humans, it is
necessary to develop a simultaneous determinatitirese compounds in different matrixes.

Furosemide has been individually determined in pla@eutical formulations by extractive-
spectrophotometry [2], also, in biological fluidsdaurine it has been determined by HPLC
[3-6] and HPLC-mass spectrometric analysis [7]. dnde on the other hand, has been
individually determined in biological fluids likerime and blood-plasma, utilizing isopotential
fluorimetry [8], HPLC [9], by capillary zone eleophoresis using fluorescence detection
[10] and by electrochemical techniques [11]. Digfer methods have been presented for the
determination of amiloride in presence of othergdrin pharmaceutical formulations [12-16]
and in biological fluids [17]. In the case of debémation of furosemide together with other
drugs, their determination has been reported itetgland urine by HPLC-EC [18], by
micellar electrokinetic chromatography [19] and BYLC [20, 21]. The simultaneous
determination of amiloride and furosemide togetiwéh other drugs has been reported in
urine by screening of diuretics using isocraticersed phase LC with micellar organic
mobile phase [22] and by HPLC using a micellar fephase of sodium dodecyl sulfate
[23]. Few methods have been presented for the samedus determination of amiloride and
furosemide. A HPTLC [24] and UV [25, 26] methods leeen described for determination of
both drugs in pharmaceuticals and HPLC [27] metfardbiological fluids. Although at
present it is easy to find commercial pharmacebutaranulations containing both drugs, the
analytical simultaneous determination has not lveported yet in the actual pharmacopoeia
[28]. The present work was undertaken with an dhjedo develop a simple and sensitive
direct estimation RP-HPLC method for the simultarsedetermination of AML and FRS in
plasma, for their pharmacokinetic studies and tewc drug monitoring.
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Fig. 1 Chemical structures of Amiloride and Furosemide
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MATERIALSAND METHODS

Instrumentation

Liquid chromatographic system from Shimadzu conmpgisof manual injector, double
reciprocating plunger pump LC10 ATvp for constdatfand constant pressure delivery and
Photodiode array detector SPD-M10 Avp connectesbftware Class M10A for controlling
the instrumentation as well as processing the giat@rated was used.

Reagents and chemicals

Amiloride (purity 100.1%) and furosemide (purity .9%) were obtained from Cadila
Pharmaceutical Ltd. Ahemdabad, Gujarat (India).thdeol and glacial acetic acid of HPLC
grade were procured by Merck Ltd., India. Sodiurdrbyide was procured from Merck Ltd.,
India. The 0.45:m Nylon pump filter was obtained from Advanced Midevices (Ambala
Cantt., India). HPLC grade distilled water was ughtbughout the experiment. Other
chemicals used were of analytical or HPLC gradaigDiree human plasma was obtained
from blood bank of Bhopal Memorial and Researchtf@erBhopal, MP (India) and it was
pooled from 20 fasted subjects.

Chromatographic condition

The chromatography was performed by employing ant$it-ODS-C18 column (250 mm x
4.60 mm, 5am) with UV detection at 226 nm. The isocratic mebphase consisted of
methanol: 0.1%glacial acetic acid (43:57, v/v) éf .05 adjusted with sodium hydroxide.
The flow rate was set at1.0 mL/min. Before useasviltered through a 0.4m Nylon filter
and degassed in an ultrasonic bath. The injectadanve was 2(QL. Peak homogeneity was
expressed as peak purity and was obtained dirfrotly the spectral analysis report obtained
by use of the Class M10A software.

Method development & validation

The developed method has been intensively validatquer bioanalytical guidelines [29- 31],
using validation parameters viz System suitabilitpearity, LOQ, accuracy, precision,
extraction recovery and freeze thaw and bench talpilgy. LOQ is the minimum analyte

concentration that can be accurately and prectpewntify by the method.

Standard preparation

Standard stock solution of 1Q@/mL and 800ug/mL of AML and FRS respectively were
prepared separately by dissolving appropriate amsodrugs in methanol. A homogenous
mixed plasma stock of 1ig/mL and 80ug/mL of AML and FRS were prepared by spiking
1.0 ml of respective standard stock solutions. &deoh calibration solutions were prepared by
further dilution of mixed plasma stock with blanlagma to get final concentrations ranging
from 100-350 ng/mland 800-2800 ng/ mbf AML and FRS respectively.

Plasma sample preparation

To 1 ml of plasma 2.5 ml of methanol was added,eaithoroughly and vortexed for 5 min
at room temperature. Solution was then centrifuged2000 rpm for 15 min at 10°C.The
clear supernatant liquid was removed, filtered o 0.45u syringe filter and injected
directly into HPLC system.

Specificity
To evaluate the specificity of the method, drugfpgasma sample was carried through the
assay procedure and retention times of the endogesompound in the plasma were
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compared with those of AML and FRS. Specificitytbé method was assessed to test the
matrix influence between different plasma samples.

Sensitivity

The limit of detection (LOD) and limit of quantitah (LOQ) of method were determined by
calculating the standard deviation of the resparidewest standard on the calibration curve
and the slope of calibration curve of analyte. Tihmt of detection and limit of quantitation
were calculated by LOD = 385 and LOQ = 16/S respectively,d = the standard deviation
of the response, S = the slope of the calibratione).

Extraction recovery

Recovery of AML and FRS was evaluated by compatimg mean peak areas of five
extracted low, medium and high quality control skapvith the mean peak areas of five
neat reference solutions containing the same anaduhe test compound.

Precision and accuracy

The intra-day, inter-day and analyst to analystcigien and accuracy of the developed
method were evaluated in plasma samples spiked AWh and FRS. Intra-day, inter-day

and analyst to analyst precisions were carriedabutominal concentration of 100, 200 and
300 ng/mLand 800, 1600 and 2400 ng/nmiir AML and FRS respectively. The intra-day
precision was evaluated five times in day, intey-gaecision was evaluated on five
consecutive days and analyst to analyst precisemevaluated by five different analysts.

Stability

The stability of the analyte in matrix at ambiesmperature should be evaluated over a time
period equal to the typical sample preparation, pdanrhandling, and analytical run times
[30].

Bench top stability

Three aliquots of each of the low and high conegiuins was thawed at room temperature
and kept for 24 hours and analyzed at 0, 12 antir@4Concentrations were calculated to
determine % change in comparison to freshly prepsaenples of same concentrations.
Freeze thaw stability

Analyte stability was determined after three free€Z€°C) and thaw cycles. Three aliquots at
each of the low and high concentrations was stateke intended storage temperature for 24
hours and thawed unassisted at room temperaturen\Wbompletely thawed, the samples
were refrozen for 24 hours under the same conditidimis cycle was repeated two more
times and analyzed on each cycle.

RESULTS AND DISCUSSION
Method development
During method development, number of variables wpmized to get early elution and
symmetric peaks with good resolution.

Selection of precipitating agent

Organic solvents like methanol, ethanol, acetdeitand aqueous salt solutions (Sodium
sulphite, zinc sulphate solution of various strésytwere tried for precipitation of plasma
proteins. Sodium sulphite solution up to 21% cotredion requires very low temperature of
2°C while zinc sulphate solution requires high spegrotation 18000 rpm. These astringent
conditions are difficult to maintain during the wh@xperimentation, therefore methanol and
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acetonitrile were tried. Acetonitrile and methagoles complete precipitation but recovery
of analytes was better with methanol i.e. 73.51% ah9% for AML and FRS respectively.
Thus based on completeness of precipitation, dmstgbility, peak characteristics and
efficient recovery methanol was preferred as pitatipg agent.

Wavelength selection

Amiloride exhibited two peaks at 224 and 284 nmijlevfurosemide shows two absorption
maxima at 230 and 277 nm (Fig. 2-3). Based on pgeetsal characteristics and overlay
spectra 226 nm was selected as the wavelengtlefecttbn. Although it is not the absorption
maxima of any of the drug but at this wavelengthithbthe drugs show considerable
absorption.

M obile phase selection

Taking into consideration of system suitability gp@eter like RT, Tailing factor, Number of
theoretical plates, HETP and other peak respoksechpacity factor, peak asymmetry and
resolution of drugs from plasma components, the ilmobhase containing varying
percentages of organic phase and buffer of diftgpehwere tried. Initially reverse phase LC
separation was tried to develop using methanolamethate buffer pH 4.6 (60:40%) as mobile
phase, in which peak of AML merged with plasma.cbasider pKa value of AML (8.7) and
FRS (9.9), the neutral mobile phase at pH 7 cangigif methanol and water in the ratio of
90:10 was used, FRS elutes at 14 mins as broad featefore, to reduce retention time
along with optimum resolution acidic mobile phaseying from pH 5.0 to 2.5 were tried.
When methanol: phosphate buffer (60:40) was triegblem with AML peak shape and
merging with plasma peak persists. Then phosphatierbis replaced with 0.1% glacial
acetic acid pH 5.05 which results in better resotuaind sharp peaks so that methanol: 0.1%
glacial acetic acid pH 5.05 (43:57%v/v) was sel@es mobile phase.
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Fig.2 Representative Chromatogram of Amiloride and Furosemide (L ow Quality Control)

Flow rate selection

Flow rates betweenl.0 and 1.5 mL/ min was tried.aAflow rate of 0.5 ml peak of
furosemide was broadened with longer retentiondomins, while at the flow rate of 1.5 mL/
min. resolution between AML and FRS was less thafldw rate of 1 mL/min gave an
optimal signal-to-noise ratio with a reasonableasafion time. Using a reversed-phase ODS
column, the retention time was observed to be 4r@610.2 for AML and FRS respectively,
with a total run time of 11 min (Fig. 2-3).
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Method Validation

System suitability

System suitability parameters were analyzed to lchiee system performance consistency.
For system suitability parameters six replicatesi@C (Middle quality control) of both
drugs in plasma were injected separately and colpenformances like tailing factor, height
equivalent to theoretical plates (HETP), retentiome (RT), area under the curve (AUC) and
number of theoretical plates were observed Talded % RSD values for these parameters

were found far less than 15%, which indicates aecee of system performance.

Table 1. System suitability parameters (n=6)

Parameters AML SD %RSO FRS SD %RSD
No. Theoretical Plates 2932.16 34.64 1.18 2255 7126/ 1.18
Tailing factor 1.06 0.02 1.88 0.946 0.07 2.11
HETP (mm) 0.089 0.006 0.25 0.110 0.002 1.8
RT (min) 4.47 0.03 0.67 10.23 0.03 2.43

Linearity and lower limit of quantitation (LL OQ)

Linearity was assessed using six different conedéiotrs in five replicates. The method was
found to be linear in concentration range of 100-8§/mLand 800-2800 ng/mfor AML
and FRS respectively. The linear regression equsticere found to be Y (AML) = 10080 x
conc. + 105.5 with (r2=0.999) and Y (FRS) = 7225%onc. + 1030.5 (r2=0.997). The
following conditions should be met in developingadibration curve wher 20% deviation
of the LLOQ from nominal concentration and 5% deviation of standards other than LLOQ
from nominal concentratiof80]. It was obtained by serial dilution methodwtich high
concentrations was diluted with blank plasma an@ngjtied till concentration shows
accurate and reproducible results. The LLOQ wersdo100 ng/mL and 800 ng/mL for
AML and FRS respectively. The LOD of the method viasd to be 50 ng/mL and 100 ng/

mL for AML and FRS Respectively.

Accuracy
Accuracy was determined by analyzing three diligiaof known concentration in five

replicates. The results of accuracy were expressgtms of % nominal concentration and it
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was observed for AML in between 97.75-101.2 % ardHRS in between 98.93- 100.2 %

Table-2.

Precision

Repeatability
Three different levels of dilutions high quality itool (HQC), medium quality control
(MQC) and low quality control (LQC) samples for botirugs in five replicates were
analyzed in same day for repeatability and % RS3Dhe both drugs were found far less than
15% (Table-2), which is acceptable limit of the eleyed bio-analytical method.

| ntermediate Precision
Day-to-day and analyst-to-analyst variation waslyaea using three dilutions in five

replicates on five different days with five anatyshlthough % RSD value for FRS is higher
than AML, but all the results of both drugs falltivh acceptable limits Table-2.

Table 2. Resultsof method validation (n=5)

Drug Nominal Intra-day precision(Repeatability) Intermediategisi|n
concentration Inter-day precision Analyst to analyst precision
(ng/ml) Found % % Found % % Found % %
concentration| RSD | Accuracy| concentration| RSD | Accuracy| concentration| RSD | Accuracy
(ng/ml) (ng/ml) (ng/ml)
AML 100 98.7 1.3 98.70 99.3 1.7 99.30 101.2 1.8 101.2
200 195.5 1.6 97.75 201.3 2.8 100.6 198.5 15 99.25
300 295.6 2.1 98.53 296.3 1.9 98.76 298.5 1.3 99.50
FRS 800 798.1 2.6 99.76 795.2 3.2 99.40 791.5 2.3 98.93
1600 1603.2 1.6 100.2 1597.5 1.4 99.84 1591.3 1.6 99.45
2400 2398.5 1.8 99.93 2391.5 1.7 99.64 2392.5 1.2 99.69

Extraction Recoveries

Percentage extraction recoveries for AML and RiRfe carried out using five replicates at
three concentration level equivalent to HQC, MQ@ b®C for both drugs and calculated by
comparing the responses (peak areas) of both droigsextracted samples to the responses
of non-extracted standards Table-3. The % RSDIdhede concentrations was within limits
< 15% and dose not changes with change in concemtrat

Table 3. Extraction recovery data of AML and FRS (n=5)

Drug Nominal % Mean recovery| % RSD
concentration +SD
(ng/ml)

AML 100 73.51+25 3.4
200 75.19+2.1 2.7
300 80.01+1.6 1.9

FRS 800 71.9+1.7 2.3
1600 79.5%2.3 2.8
2400 86.4+2.4 2.7

Stability of spiked plasma samples

Plasma samples were assessed at low and high ¢a@tmenlevel i.e. 100 ng/mL, 300 ng/
mL and 800 ng/mL, 2400 ng/mL of AML and FRS respe&ty, for bench top and freeze
thaw stabilities. Percentage change was calculatembmparing the peak area ratios of these
samples with freshly prepared plasma samples ok seawncentration. The stability study
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indicated acceptable variation in drug concentrataver a span of 24 hours at room
temperature. For bench top stability, changes Vienad 1.80-3.56 % and (-) 0.11-0.66%
while for freeze thaw stability changes were fond3-2.30 % and 0.18-0.80 % for AML
and FRS respectively Table-4. The % RSD for botiy dvere within limit.

Table 4. Stability of AML and FRS (h =5)

Nominal concentration Mean found concentration
(ng/ml) [ng/ml (% change)]
g OHour | 12Hour | 24 Hour | SD | %RSD
Bench top stability of AML
975 98.2 96.7
100 250%) | (1.80%) | (330%) | %> | 076
289.3 291.1 2935
300 356%) | (296%) | (16%) | 20| 072
Bench top stability of FRS
794.7 797.8 796.6
800 066%) | (027%) | (0.42%) | 26| 019
2400 2402.7 2395.8 2397.4
-011%) | (017%) | (0.10%) | 61| 015
Freeze thaw stability of AML Day 0 Day 1 Day 2
985 97.7 99.2
100 150%) | (230%) | (080w | %7 | 076
300 297.8 294.6 295.7
©073%) | (1.80%) | (1a3w) | 102 | 054
Freeze thaw stability of FRS
7985 794.9 793.6
800 018%) | (063%) | (0.80%) | 23| 031
2400 2389.3 2386.9 2387.7
044%) | (058%) | (051%) | /0| 004
CONCLUSION

In conclusion, reported HPLC method involves singiegle step rapid extraction procedure,
economic isocratic mobile phase, and single detectivavelength for simultaneous
estimation of analytes (226 nm). The run time wesslthan 11 minutes which allows
minimal mobile phase consumption with analysis ¢tdrge number of plasma samples in a
short time period. The method has been validatquka$)SFDA guidelines for bioanalytical
methods and found to be linear, accurate and grdam¢h in upper and lower concentration
range i.e. 100 ng/mL, 300 ng/mL and 800 ng/mL, 24@0nL of AML and FRS respectively
with acceptable error and % RSD values were fartlesn 15.
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