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ABSTRACT

The core aim of present work was to develop alsinppecise, rapid and reproducible isocratic resemphase high
performance liquid chromatographic (RP-HPLC) metHodthe estimation of Azathioprine in pure andtablet
dosage form. An isocratic RP-HPLC was performedutiyzing Welchrom ¢ column, (250 mm x 4.6 mm i.d.,
particle size 5um) maintained at ambient temperature and mobilespheomposed of a mixture of acetonitrile:
water (50:50 v/v) with apparent pH of 3.3 adjusteéith o-phosphoric acid. The flow rate was adjuste@ mL/min
and UV detection was performed at 276 nm. The dpedl method was statistically validated for itsehnity,
precision, accuracy, specificity, Robustness arghedness. The retention time of Azathioprine peak faund at
3.080 minutes. The developed method was linedreinange of 1-5 pg/mL with correlation coefficien.999. The
method was found to be specific and accurate Witholverall mean % recovery of 99.74%. The % RSBt and
inter-day precision was found to be 0.833 and 0.8%pectively. The developed method was highlyitsensith
LOD of 0.0480 pg/mL and LOQ of 0.1456 pg/mL. Assmtent of Azathioprine was determined and the nig¢an
found for Azathioprine was in good agreement whi label claim. The proposed method was found tsitbele,
highly sensitive, precise, accurate and rapid aad be employed for quantification of Azathioprimebiulk and
tablet dosage form.
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INTRODUCTION

Azathioprine [1-6] is chemically 6-[(1-Methyl-4-Nd-1H imidAzathioprinel-5yl) sulfanyl]-H-purine, containing
immunosuppressive action which is given eitherlpm@ intravenously and can be utilized to stop rejectioorgan
transplantation. It is used in autoimmune diseasth s rheumatoid arthritis or inflammatory bowededse or
Crohn's disease and acts by preventing DNA syrghésfact it is official in U.S.P, B.P andturopean
Pharmacopoeia. Azathioprine, also known as "Imyran“pro-drug"”, that gets converted or metabolized the
required substance, for Mercaptopurine (6M#&)athioprine as well as its metabolite 6-mercaptoihave been
discovered by G. Ellion more than 45 years agthdkough literature survey revealed that few meshioave been
described for determination of Azathioprine such smectrophotometry [7], HPLC [8]*H NMR [9],
Chemiluminescence (CL) [10] HPTLC [11] have beeedu$or the determination of Azathioprine. Most bét
available reported methods for the estimation cétAprine are in human serum and plasma. As eemattfact
the available RP-HPLC method has got disadvantikegpeak tailing, long run time, less sensitivisglectivity
and expensive. Keeping in view of this, an atteim@s been made to develop a novel RP-HPLC methdd wit
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simple, precise, accurate, economical method ®estimation of Azathioprine in tablet dosage fofine proposed
method was validated as per the International Genfee on Harmonization (ICH) guidelines [12]. Figudr shows
the structure of Azathioprine.
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Figure 1. Chemical structure of Azathioprine.

MATERIALS AND METHODS
EXPERIMENTAL:
Materials used
An analytically pure sample of Azathioprine startlaras gifted from Hetero Labs Ltd., Hyderabad Indik the
chemicals were analytical grade. HPLC grade ackieniand triethylamine were obtained from Merck
pharmaceuticals private Ltd., Mumbai, India. Metblaand water utilized were of HPLC grade and puselgiafrom
Merck specialties private Ltd., Mumbai, India. Coenaial tablets of Azathioprine formulation was puwoed from
local pharmacy. IMURAN tablets containing Azathiog with labeled amount of 50 mg per tablet are
manufactured by Glaxo Smithkline Pharmaceuticads Ltdia.

Instruments used

The HPLC analysis was carried out on Shimadzu LET2@rominence Liquid Chromatograph comprising a LC-
20AT VP pump, Shimadzu SPD-20A, variable wavelengtbgrammable UV/VIS detector SPD-20AVP and
Welchrom Gg column (4.6 mm i.d. X 250 mm, 5 micron particleaedi A manually operating sample Rheodyne
injector with 20uL fixed sample loop was equipped with the HPLC eystThe HPLC system was equipped with
“Spinchrom” data acquisition software.

Preparation of Reagents and Standards

Mobile phase

Mobile phase preparation was done by mixing patassdihydrogen phosphate (1.48 gms) and dipotassium
hydrogen phosphate (0.288 gms) to 500 mL of wated, make up to 1000 mL with 500 mL of acetonitglé of

the buffer should be 3.3. (Note: water mixture withffer should not be added to acetonitrile mayadtise
precipitation of the entire mobile phase).

Preparation of standard stock and working standardof Drug Solution

10 mg of Azathioprine was accurately weighed amahdferred to a 10 mL clean, dry volumetric flaskhwthe
addition of mobile phase, upto the mark, sonicai golution to dissolve if necessary. This is primstock
standard solution of Azathioprine 10Q@/mL concentration. Secondary stock solution hawimg concentration
range of 100ug/mL made by taking 1mL from primary and make uphwbuffer to 10 mL. From this solution
prepared working range concentration. Linearitygesolutions containing 1 pg/mL,2 pg/mL, 3 pg/myig/mL
and 5 pg/mL of Azathioprine were prepared.

Preparation of stock solution for the commerciallyobtained tablets

Twenty tablets each containing 50 mg of Azathiopnvere taken and crushed to get fine powder. Thaguaatity
of the powder equivalent to 10 mg of Azathioprinasvextracted with 20 mL of mobile phase, followgdabother
2 extractions each with 10 mL of mobile phase. #swiltered through whattman filter paper no. 42rémove
insoluble materials. The volume of filtrate wasutiid to 100 mL with mobile phase. This was stodltgmm of 100
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pg/mL. An aliquot of 1.0 mL of this solution was tisferred to 10 mL volumetric flask and adjustedaithe mark.
From this solution 1 to 5 mL were transferred tomD different flasks to get the final concentrasaof 1,2,3,4,5
pg/mL. The content of the tablets was calculatéiteeifrom the formerly plotted calibration graphsby means of
regression equations.

Optimization of mobile phase and method development

Optimization of mobile phase was performed basettiahand error method. A series of trials weradacted in
order to get proper optimized HPLC conditions. He first instance several mobile phase trials vaemrge such as
methanol: water, acetonitrile: HPLC grade waterthapol: acetonitrile: water in different ratio witltt adjusting
pH, infact there are different problems such a# hégling factor, good symmetry and proper chrorgedphic peak
were not obtained. Finally after reviewing the fesua mobile phase comprising of phosphate buffieture duly
adjusted to pH 3.3, acetonitrile in the proportadrb0:50 v/v which full fill all the criteria of stem suitability and
also obtained sharp, well- gaussian shape peak.rbbile phase was also selected as the dilueatibe¢he drug
is freely soluble in the mobile phase. The statigrphase made up of Welchromg€olumn with 4.6 X 250 mm,
5 um were observed and they are found to be utsuitstble for Azathioprine. The ultra violet speatrof diluted
solutions of various concentrations of Azathiopriie mobile phase was recorded by utilizing UV
spectrophotometer ie., systronic double beam SL322D absorption maximum was found to be 276 nmisTh
wavelength was optimum for the detection of Azgphiwe. Figure 2 shows the absorption maxima of Bpgtrine.
The developed method gave symmetric peak at retetithe of 3.080 minutes and satisfied all the pgalperties
as pursuance of ICH guidelines
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Figure 2. Absorption maxima for Azathioprine.

Solution stability

In order to check the stability of the both stamidand sample solutions throughout the analysidy bolutions were
analyzed over a period of seventy-two hours amnéerinission twenty four hours at room temperatlitee results
showed for solutions, the retention time and pe&a af Azathioprine remained unchanged and no degjcm
occur within indicated period, which indicates thath solutions were stable for seventy-two hours.

Validation of analytical method

The proposed RP-HPLC method of analysis was valitlat pursuance of ICH Q2 (R1) for the parametides |
system suitability, specificity, linearity, preasi, accuracy, robustness, limit of detection (LCdnd limit of
quantitation (LOQ).

System suitability

The chromatographic systems used for analysis mpass system suitability limits before sample analgmn

commence. Set up the chromatographic system, dhewHPLC system to stabilize for 40 minutes. Injelank

preparation (single injection) and standard prejmargsix replicates) and record the chromatogréormevaluate the
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system suitability parameters like resolution (N2.D), tailing factor (NMT 1.5), theoretical plateunt (NLT 3000)
and % RSD for peak area of six replicate injectiofisizathioprine standard (% RSD NMT 2.0). The epst

suitability data and the optimum chromatographieditions are reported in Table 1.

Table 1. Optimum chromatographic conditions and sytem suitability data.

Parameter Chromatographic conditions
Instrumen SHIMADZU LC-20AT prominence liquid chromatogre
Column WELCHROM Gis Column _ _
(4.6 mm i.d. X 250 mm, 5 um patrticle size)
Detector SHIMADZU SPD-20A prominence UV-Vis detacto
Diluents Acetonitri_le - water ( 50 : 50)‘
pH : 3.3 using o-phosphoric acid)
Mobile phase Acetonitri_le : water ( 50 : 50)‘
pH : 3.3 using o-phosphoric acid)
Column modifie Triethylamine (0.fmL)
Flow rate 1 mL/min.
Detection wave length UV at 276 nm.
Run time 4 minutes
Column back pressure 91 kgf
Temperature Ambient temperature @b
Volume of injection loop 20 pL
Retention time g) 3.080 mit
Theoretical plates [th.pl] (Efficiency| 8212
Theoretical plates per meter [t.p/m 164,240
Tailing factor (asymmetry) 1.069

Linearity

Linearity was checked by preparing standard satstiat 5 different concentration levels of each ahthioprine.
Azathioprine standard solutions (1, 2, 3, 4, 5 |lg/mere injected into the HPLC system to get thooatograms.
The average peak area and retention time were dedorThe calibration curve was constructed between
concentrations versus peak area by the preparezbotation of 1-5 pg/mL of stock solution. The hnigy range
was found to be 1-5 pg/mL and the results are pteddan Table 2. The standard chromatograms oftAaptine
calibration standards are depicted in Figure 3igore 7. Results show that a phenomenal correlaiists between
peak area and concentration of drug within thegliitg range. The calibration graph of Azathiopris@resented in

Figure 8. The data of regression analysis is ptegan Table 3.

Table 2 Calibration data of the proposed method for the edtnation of Azathioprine.

S| Concentration, pg/n| Retention time, (k) M Peak area, m
0 - 0
] 1 3.080 43.545
2 3.080 86.352
4 3 3.08( 131.1¢
4 3.080 174.49
[ 5 3.080 216.773

Table 3. Linear regression data of the proposed miedvd of Azathioprine.

Parameter Method
Detection wavelengthXma,) UV at 276 nm
Linearity range (umL) 1-5 pgimL
Regression equation (Y =a + | Y =43.472x + 0.04C
Slope (b) 43.472
Intercept (a) 0.0409
Standard error of sloped)S 0.1515
Standard error of interceptS 0.4586
Standard error of estimatione) 0.63:¢
Regression coefficienr?) 0.999¢
Percentage range of errors*
(Confidence limits)
0.05 significance level 0.4024
0.01 significance level 0.5289

"Average of 6 determinations; Acceptance criteria.g.
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Figure 3. Standard chromatogram of Azathioprine (1ug/mL).
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Figure 4. Standard chromatogram of Azathioprine (2ug/mL).
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Figure 5. Standard chromatogram of Azathioprine (3jg/mL).
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Figure 6. Standard chromatogram of Azathioprine (4jg/mL).
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Figure 7. Standard chromatogram of Azathioprine (5jg/mL).
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Figure 8. Calibration plot of Azathioprine.

Specificity

The specificity of the method was determined by piepared standard, sample solutions and the dahkion
were injected and check any other excipients iaterfce occurs or not. It was shown that the exaipipresent in
pharmaceutical tablets of Azathioprine did not steow interference with Azathioprine peak becausexwpients
peaks appear in the chromatogram of the prepatadtid-urthermore the well-shaped peaks also ibelithe
specificity of the method. The results for spedificare tabulated in Table 4. The chromatogram gdtacebo
indicating the specificity of developed method iegented in Figure 9.

Table 4. Specificity study for Azathioprine

Name of the solution Retention time, & min.
Mobile phase No peaks
Placebo No peaks
Azathioprine, 10 pg/mL| 3.080 min.
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Figure 9. Chromatogram of placebo.

Precision

Intra - day precision was investigated by replicgtelications and measurements of peak area fothigaine for
six times on the same day under similar condititmtzr - day precision was obtained from % RSD galobtained
by repeating the assay six times on two differemgsd The percent relative standard deviation (% R&Bs
calculated which is within the acceptable criterianot more than 2.0. The intra-day and inter-deacision results
were shown in Table 5 and Table 6 respectively.

Table 5. Results of precision study (intra-day) foAzathioprine.

Sample Concentration (ug/mL) | Injection no.| Peak ara (mV.s) | % RSO
131.16
133.986
132.709
133.809
131.98
132.098

0.833

Azathioprine 3

OO [W|IN|F-

# Acceptance criteria < 2.0.

Table 6. Results of precision study (inter-day) foAzathioprine.

Sample Concentration (ug/mL) | Injection no.| Peak ara (mV.s) | % RSO’
131.16
132.09
131.78
133.908
133.945
132.053

0.877

Azathioprine 3

OO D|WIN|F

# Acceptance criteria < 2.0.

Accuracy/Recovery

The accuracy of the method was find out by standddition method. The recovery experiment was edrout the
previously analyzed sample (5 pg/mL), a known amofistandard drug was added at 50%, 100% and 1808k
The concentrations were re-analyzed with the almmacribed procedure. The percent recovery of tipéctate
solutions was determined and average of the pereeatery was calculated. The results are presémtédble 7.
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Table 7. Recovery data for Azathioprine.

Total
. Sample conc. Amount of the standard Found conc. %
0, 0,
Type of recovery in % level (ug/mL) added (ug/mL) (;fg;rr]rfl;) (ng/mL) recovery* % RSD
50 5 25 75 7.47 99.66 0.26
10C 5 5 1C 9.99: 9992 0.17
150 5 7.5 12.5 12.4¢ 99.88 0.06(
RSD: relative standard deviation. *mean of thregedminations
Robustness

Robustness is the ability to provide accurate aratipe results under a variety of conditions. Taleate the
robustness of HPLC method, a few parameters welibedately changed. The parameters such as thétslig
variation in acetonitrile percentage compositionhie mobile phase, flow rate, wavelength detecfidre results of
robustness study is shown in Table 8 indicatedtttesmall change in the conditions did not sigalfitly affect the
determination of Azathioprine.

Table 8. Robustness results of Azathioprine.

ns(; Parameter Optimized Used Retention time ), min | Plate counf | Peak asymmetry | Remark

10 0.8 mL/min 3.08¢ 822( 1.08( *Robus

1 Flow rate mL/.min 1.0mL/min 3.08( 821Z 1.08¢ *Robus
’ (0.2 mL/min) 1.2 mL/min 3.070 8206 1.023 *Robust
Detection wavelenath 271nm 3.080 8212 1.080 *Robust
2. (25 nm) 9 276 nm 276 nm 3.080 8212 1.080 Robust

~ 281 nn 3.08( 8212 1.08( Robus

. -, . 55:48viv 3.07¢ 820¢ 1.07¢ Robus
3. M‘()ngtgﬂifiic_‘w;‘g')“o' 50:50 vV ™ 55:50 viv 3.080 8212 1.080 *Robust
) 45:55v/v 3.076 8219 1.086 *Robust

Acceptance criteria (LimitsfPeak Asymmetry < 1.8Plate count > 3000, * Significant change in Retentlime.
Ruggedness

Ruggedness is the degree of reproducibility of rbsults obtained under variety of conditions. Fdaha stock
solution containing 1@ug/mL solution of Azathioprine was prepared and analyzg@ different analysts and two
different instruments using the same operationatlitimns in different experimental period. The %aeeries of the
replicates were calculated. It was observed thatthtained results are reproducible under diffegsrin analysts.
The results of ruggedness are represented in Bable

Table 9. Ruggedness results

S.No Analyst1 | Analyst 2 | Instrument 1 | Instrument 2
% Recovery | 99.9 % 99.8 % 100.1 99.9 %
% Deviation 0.1% 0.2%

LOD and LOQ

Limit of Detection is the lowest concentration isample that can be detected, but not necessaidlytified under
the stated experimental conditions. The limit o&wpitation is the lowest concentration of analyteaisample that
can be determined with acceptable precision andracg. Limit of Detection and Limit of Quantitatiomere
calculated using following formula LOD = 3a&S and LOQ = 1®&/S, where SD = standard deviation of response
(peak area) and S = slope of the calibration cufe. LOD and LOQ values are presented in Tablerhe.results

of LOD and LOQ supported the sensitivity of the eleped method.

Table 10. Limit of detection and Limit of quantitation

Limit of Detection(LOD)
Limit of Quantitation(LOQ

0.048Qug/mL
0.1456pug/mL

Application to commercial tablet

Using the developed RP-HPLC chromatographic metasshy of Azathioprine in tablet was carried outnastion
in the experimental section. Six replicate deteations were made. Satisfactory results were oldaared were
good agreement with the label claim and assaytseswdre shown in Table 11. The results were vergeho the
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labeled value of commercial tablets. The represiertdample chromatogram of Azathioprine is showrkigure
10.

Table 11. Assay results of Azathioprine formulation

S. ) . Amount found (m Assay +

No Formulations Labelled claim ( mean+SD) ((nzge)) % RSyD
IMURAN tablets

1 | (Glaxo Smithkline 50 mg/tablet 49.821+0.20 mg/tablet
Pharmaceuticals Ltd. India). 99.642+0.40

SD: standard deviation. RSD: relative standard d&en.

[m]

— C{SPIHCHROMPROJECT 1'P.Ravisankar' AZATHIOPRINE SAMPLE

20

Yoltage

o 1 2 3 4

Time [mir.]

Figure 10. Chromatogram of marketed formulation IMURAN.

RESULTS AND DISCUSSION

The present study was aimed at developing a presgsesitive, rapid and accurate HPLC method forattedysis of
Azathioprine in bulk drug and in pharmaceuticalafyes forms. In order to achieve phenomenal reteriioe and
peak asymmetry, g stationary phase column (250 mm X 4.6 mm i.dyn particle size) and mobile phase
composed of water, acetonitrile (50:50) v/v with a#ijusted to 3.3 using ortho phosphoric acid aiethtylamine as
column modifier at a flow rate of 1mL/min was seé&t The retention time for Azathioprine was foduade 3.080
minutes. UV spectra of Azathioprine showed thatdhey absorbed maximum at 276 nm, so this wavethengis
selected as the detection wavelength. The comelatbefficient (0.9999) of regression was foundadtrequal to
one in the range of 1-pg/mL which states that the method was good lineahé concentration versus peak area
responses. The comparison of chromatograms of pbastandard and sample, there was no interferenserved
from the peaks of placebo, standard and sampkhdivs that the method is specific. The precisiomliss were
performed and the % RSD of the determinations wasad to be 0.833 for intra-day precision and 0.B#7nter-
day precision which are within the limits which icates that the proposed method was found to beisereThe
accuracy of the method was found to be good wighotrerall % RSD for recovery at 50 %, 100 % and %bl@vels
were all within the limits which indicate that tipepoposed method was found to be accurate. Metlatidation
following ICH guidelines indicated that the devetdpmethod had high sensitivity with LOD of 0.0489mL and
LOQ of 0.1456ug/mL. The method was found to be robust even thaughlight deliberate variation in the method
conditions did have a tiny effect on the peak asgtnm plate count and retention time and all aréhiwithe limits
which indicated that the method is roblRegarding the assay results satisfactory resulte wletained and were in
a good agreement with the label claim.
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CONCLUSION

The developed RP-HPLC method provides a convemiedtefficient method for the estimation of Azathiop in

dosage form. This method has various advantagesldids retention time, low solvent consumptionstautding
peak symmetry, and phenomenal linearity, highlysiam, precise, accurate and robust. The mobikseltan be
easily prepared and diluents are economical andilyeavailable and it does not need sample prejmarawith

sophisticated techniques. The drug solutions eneglay the study were stable up to 48 hours. Thdsbwe the
high quality of the method. There was no interfeeefrom the excipients used in the tablet formatatiThe

proposed method can be used for the routine asabfshzathioprine in pharmaceutical dosage formsréutine

application in quality control laboratories.
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