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A rapid method based on reversed-phase high-perfom~ance liquid chromato- 
graphy is described for the separation and quantitation of azathioprine, 6-mercapto- 
purine and their potential contaminants and degradants present in dosage forms. 
Frocedwes based on simple dissolution or extraction in 0.02 M NaOH give quantita- 
tive precision of 1% relative standard deviation at the macro-level and 2 oA relative 
standard deviation for the micro-assay of analytes. 

The method is stability-indicating and has been used for preliminary studies 
of the degradation of azathioprine in 0.9 y0 sodium chloride injection, subjected to 
thermal or ultraviolet irradiation treatment. 

The content uniformity of dosage forms of azathioprine and 6-kcaptopurine 
has been measured_ Only azathiopriue injection as the freeze-dried sodium salt was 
found to contain detectable amounts of contaminants Bmercaptopurine, l-methyl4 
nitro-5chloroimidazole and hypoxanthine. 

PNTEtODUCiTON 

Azatioprine [6-(1-methyl4nitroimidazol-5-ykhio)-purine] (9 is widely used 
for fdtating the survival of tissue and organ transplants. It is commercially avail- 
able as the freeze-dried sodium salt @muran@ injection; Wekome Foundation, 
Dartford, Great Britain) and in tablets as the neutral product. In viva I is trans- 
formed’j to the active moiety 6-mercaptopurine (II)), which itself is commercially 
available in tablet form (&xi-Nethol@; Wellcome Foundation) and may be 
administered as an antineoplastic agent, especially in acute leukaemia in chihirenq. 

The analysis of azathioprine in pharmaceutical dosage forms presents a major 
challenge due to the complexity of impurities and degradation products potentially 

- To whom com~~pondence shaald be zddressed. 
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I azathioprine 
II dmexaptopwiiue 
III I-methyI4nitro-.5-ZhioimidazoIe 
IV 1-methy~4nitro-5-hydroxyimi&zo~e 
V l-methyl4ni~~~oroimi~o~e 
VI hypoxantbine 
VIItheophytie 

co-present. The principal kz vitro degradation product of I is II, which is limited by 
the official British5 and American6 compendia to less than 1% (w/w) by thin-layer 
chromatography. Although potentially present as trace impurities, the associated 
degradants 1-methyl4nitro-5-thioimidazole (III) and the 5-hydroxyimidazole (IV), 
and the synthetic precurs ors I-methyl4~~~5oroimidazole (V) and hypoxan- 
thine (VI) are not oEicialiy controlfed in azathioprine or its pharmaceutical formula- 
tions. In 6-mercaptopurine tablets the only major contaminant appears to be the 
synthetic precursor VI, for which the British Pharmacopoeia is *he only compendium 
to s_peci@ a limit (1 %, w/w), based on a relatively non-specific ultraviolet (UV) 
absorbance ratio tests. 

Published analytical methods for I either alone or in the presence of its 
degradant II have been based on UV spectrophotometry5, non-aqueous titration6, 
colorimetry7~8, ion-exchange chromatography9 and polarographyd~‘. Methods ap- 
plicable to either I or II have utilised chloramine-T titrationlo, separation on DEAE- 
cehuiose followed by W spectrophotometry”, thin-layer chromatography7~8~1z. 
strong anion-exchange high-performance liquid chromatography (IIPLC) with 
gradient elution”, strong cation-exchange HPLC” and a microbioiogiczl procedu&. 
Pharmacopoeial methods 5e6 for the control of II differ according to whether it is 
present at the trace level (when thin-layer chromatography is prescribed) or whether 
it is the pure drug (non-aqueous titrimetry) or in tablet form (UV spectrophotometry). 
Otter methods specifically for the analysis of II include colorimet@, column chro- 
matography fokwed by W spectrophotometryl’, fluorimetry*s, gas-liquid chroma- 
tographyXg, strong anion-exchange gmdientelution IIPLCX-u and a radio-tracer 
method= for in viva studies. 

Few of the published methods for I consider the problem of potential inter- 
ference by contaminants II-VI in pharmaceutical dosage forms and none enables all 
six components to be controlled. Recent work by CmmecH on the coiorimetric as- 
say of I points to an indirect method for the calorimetric control of V extracted by 
benzene from tab1et.s. However this possible approach would require further valida- 
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tion. C?a.rmcki proposes thin-layer and paper chromatographic methods for detecting 
traceamountsofIIandVin1. 

Spec&ic and sensitive quantitative procedures are rcquircd for the assay of 
azathioprine and its potential contaminan ts II-VI, and for 6-mercaptopurine and VI, 
especially for quality control and for stability studies on I and II in their respective 
dosage forms. In this latter context, a recent report by Neilze indicates that little is 
known about the stability of azathioprine when administered in intraveneus fluids 
that contain dextrose, sodium chloride or both, although the manufacturers, The 
Wellcome Foundation, certainly have a considerabIe body of hitherto unpublished 
data on the stability of I in its normal dosage forms%. 

T&e present work reports the development of simple, precise and stability- 
indicating assay procedures by reversed-phase HPLC for the rapid analysis of I and 
II in their dosage forms, and for their anticipated trace impurities and de&dation 
products. Preliminary examination of the stability of I in isotonic saline injections 
subjected either to elevated temperature or to UV irradiation at room temperature, 
has for the first time confirmed the identity of the principal degradation products of 
azathioprine. 

EXPERIMENTAL 

Reagents and materials 
HPLC grade methanol (Rathburn Chemicals, Walkerburn, Great Britain) was 

used as received. Water was glass-distilled. Glacial acetic acid and ammonium car- 
bonate were reagent-grade (BDH, Poole, Great Britain). Sodium hydroxide and 
potassium dibydrogen phosphate were Analar grade (Hopkin and Williams, Chad- 
wick Heath, Great Britain). All eluent mixtures were filtered through a Millipore@ 
0.4~pm MF filter using an all-glass apparatus, before degassing for 10 min in an 
ultrasonic bath under reduced pressure. 

Azathioprine powder (melting point range 237-238”), the putative degradants 
I-methyl4nitro-5-thioimidazole and I-methyl4nitro-5hydroxyimidazole, and the 
synthetic prccurs ors I-methyl4nitro&chchloroimidazoie and hypoxanthine were 
generously provided by The Wellcome Foundation, and used as received. 6-Mercapto- 
purine powder (melting point range 298-301”) and theophylline were obtained from 
Sigma (St. Louis, MO., U.S.A.). 

Azathiopurine (Imuran@) tablets and injections, and 6mercaptopurine (Puri- 
Nethole) tablets were kindly supplied by The Wellcome Foundation, and stored in 
the dark until uss. Infusion bags (100 ml) of 0.9% sodium chloride injection USP 
were obtained from Travenoi Labs. (Thetford, Great Britain). 

Stancirrrd solutions 

Azathioprine and compounds II-VI are poorly soluble in water but are soluble 
in 0.02 M NaOH. At ambient temperatures a 1.0 mgJm1 solution of I in 0.02 M NaOH 
was stable chromatographically for g days in the dark and for 4 days when exposed 
to diffuse daylight. All standard solutions were stored in light-resistant containers 
and discarded after two days, In 0.04 M and higher concentrations of NaOH, degradal 
tion of azathioprine was apparent chromatographically after 2 days. 

Before selection of an internal Stan&& for quanaitative purposes, a solution 
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of 1.0 mg/ml of I and 0.5 mg/ml of II irt 0.04 M NaOH was hea*& at 6W for 48 h, 
exposed to daylight for 8 h and 1.5 ~1 injected into the reversed-phase HPLC system 
developed. Apart from I and II, three other component peaks-were detected (at 240 
mu) and accordingly theophylline (VII) was selected as the internal standard, since 
it was we&resolved from all known or putative degradant and contaminant-peaks. 
Seine and theobromine wefe also considered as internal standards, but although 
well resolved from the major peaks, they interfered with degmdant and contaminant 
peaks of inter&. For dcveIopiug and optimising the separation system a standard 
test mixture A in 0.02 M NaOH consisting of 1.0 mglml of I, 0.5 mg/ml of II and 1.5 
m&ul of the internal standard was employed. 

For quantitative analysis two sets of stock standards were f&y prepared in 
0.02 M XaOH every two days, one for the macro-level assay of I and II, the other 
for the micr my of II, V and VI iu dosage forms of I and for VI present in dosage 
forms of II. The stock solutions in 0.02 M NaOH were: azrthioprinc, 4 mg/ml; Q 
mercaptoImrine, 2 mg/mI (macro-assay); 2Opg/ml (micro-assay); theophylline, 3 
mg/ml (macro-assay); 150 &ml (micro-assay) ; l-methyL~~~~5chroimidazole. 
2Opg/ml; hypoxanthine, 20 &ml. Solutions of contaminants III and IV were 
prepared in 0.02 M NaOH for identi6cation purposes as required. 

Tbe liquid cbronatograph was assembled in the laboratory from commercially 
avaiiable units, comprising a constant flow LC pump and an interconnecting dcci- 
linear solvent programmer system (Applied Chromatography Systems, Luton, Great 
Britain), and a variable-wavelength W monitor with an S-p1 gow cell (CE-212, 
Cecil Instruments, Cambridge, Great Britain) operated at 240 run_ The 100 x 5 mm 
I.D. stair&s-steel coIumn (Shandon-Southern Instruments, Cheshire, Great Britain) 
was shrrry-packed with a microparticulate bonded rcverscd-phase packing (5-pm 
ODS-Hypcrsil; Shandon-Southern Instruments) by the upward displacement tech- 
nique of Knox =a Sample introduction was by SGE 5-~1 high-pressure syringe 
(Scientific Glass Engiueering, London, Great Britain) and septum port injector 
(Shaudon-Southern Iustruments). The chromatograph was flushed clean at the eEd 
of each day with methanol-water (60:40, v/v) to prevent salt deposition in the system. 
Using the same elueut, the column performance was checked daily with a test mixture 
of phenol and pcresol, the average number of theoretical plates (N) being over 
40,000 plates/m. UV irradiation of test samples was performed at ambient tempera- 
tures with a water-cooled medium-pressure Hauovia mercury lamp. 

HPLC procedure 
Choice of p&ing mrerzX Previous work2’ with microparticulate bonded 

reversed-phase packing materials had shown promise. Experience in this laboratory 
w&h the “fullycapped” 5-pm ODS-silica (ODS-Hypcrsil) had shown excellent quanti- 
tative reliability and Ied to the choice of this packing xn+erial for the present work, 

Choice of mobile phase_ Initially the mobile phase used was methanol-water 
(20:80, v/v; pH 5.2) when no useful separation of 1~1 of a test mixture of I (1.0 
mg/ml) and II (0.5 mg/ml) was observed. At pH 5.2 both I (pK* = 82) and II (PK, = 
7.7) are almost completely iouised iu the elucnt and therefore unlikely to partition 
into the lipophilic bonded stationary phase. 
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Operation at the alkaline pH necessa ry to suppress io&-ation (ca. pH LO) is 
inadvisable, both because of the questionable stabiiity of the packing material above 
pH-9 and because of the possible instability of I. Therefore it was decided to examine 
a reversed-phase ion-pair system. Acetate anion was sekcted as a potential pairing 
ion and incorporated in the same eluent, using glaciai acetic acid @KS 4.6) at COQ- 
centrations from 0.25 to LOoA (v/v). The pF3 was adjusted to pH 4.5 by addition of 
solid ammonium carbonate. At 0.5% (v/v) acetic acid and above, good resolution of 
I and II was obtained. The phase capacity ratios (k’) for I, II and the internal stan- 
dard VII feJ.l by 5-10x to a plateau as acetic acid concentration increased. At low 
acetate levels the peaks showed marked tailing and chromatographic variability. A 
concentration of OS”A (v/v) acetic acid was therefore selected for fbtiher work. 

Powium dihydrogeu phosphate (25 m&f) was sekcted as a flexible buffer 
system to examine the e&ct of pH in the range 3.5-8.0, adjusted by drop-wise addi- 
tion of 1 M NaOH to the elueut methanol-bueer-glacial acetic acid (20:79.5:0.5, 
v/v/v% 

Figs- 1 and 2 illustrate the relationship of k’ and N with pH for I, 11 and VII 
each point being the average of 5 injections of 1.5 ~1 of test mixture A_ Although the 
pH profile of k’ for I and VII is different from that for II, all three components exhibit 
their highest chromatographic eEcieucy at pH 4.5 (CQ_ 40,000 plates/m). 

Below pH 4.0 and above pH 5.5 the three peaks show marked tailing, refiecting 
perhaps the lower acetate anion concentration at one extreme, and lower analyte 

, . . - . . . 
se pH60 71) u4D 5.0 60 7 

PH 

Fig. 1. Vtition of k’ with pH for azshioprine (e), dmercaptopurine (m) and theophytie (A)_ 
chromatographic ConditioEls as in text_ 

Fig. Z Variation of the number of theoretical plates N with pH for azathioprine (O), S-merorpto- 
purine (p) and theophylline (a). Cobxx 100 X 5 mm ID. sbny-packed with 5-pm ODS-Hypersil. 
cbromatographic conditions as in text. 
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ionisation at the other. At- pH 7.5 the separation breaks down completely, 6- 
mercaptopurine being Grmly retained on the column. 

The concentration of organic modifier was optimised by using the deci-linear 
solvent programmer (%zout”) system to vary the methanol concentration from 15 
to 40 % (viv) in the 25 mM phosphate-glacial acetic acid ehxent, adjusting to pH 4.50. 
As shown in Fig. 3 (each point being the average of three injections), k’ decreases as 
the methanol concentration increases and e%ctively competes ivith the bonded 
stationary phase for the solutes. At 15 ok (v/v) methanol band-spreading was unac- 
ceptable and anaiysis times long, whereas at 30% (v/v), resolution of I and the 
iutemal standard VJ_I was incomplete. When all the potential degradants and 
conttants of I were chromatographed with internal standard as a seven com- 
ponent mixture an eluent composition corresponding to 20% (v/v) methanol gave 
good resolutioi (Fig. 4) and corresponded to the maximum number of theoretical 
plates for the system. The k' values observed under these conditions are summarised 
in Table I. 

Fig. 3. Variation of K with concentration (%, v/v) of methanol for azathioprine (e), Cknercapto- 
purixe (r) and tbeopbylline (A). Cbromatograpbic conditions as in text. 

Fig. d Cbromatogram of a synthetic mixture of standards I-VI at 1.0 mg/ml and VII at 1.5 m&ml 
in 0.02 M NaOH. Column, 5,um ODS-Hypenil, 100 x 5 mm I.D.; mobile phase, metbanol- 
_potassium dibydrogn phoq~bate-glacial acetic acid (20:79.5:0.5, v/v/v) at pH 4-M; flow-rate, 1.5 
ml/m& dekctor waveleng& 240 mn at 0.2 ALES; injection voiume, 1.5 ~1. Peaks: I = azzthioprine; 
II = 6-mercaptopurine; III = l-methyl4~tro-5-thioimidazoIe; IV = I-methyl4nitro-.5hydroxy- 
imidzzole; V = I-methyl4~tro~~ole; VI = hypoxanthine; VII = theophyIline (in- 
ternal standard). 

The eluent composition finally selected for the separation of components I-VII 
was methanoI- mM potassium dihydrogen phosphate-_daciad acetic acid (20:79.5: 
0.5, viv/v) adjusted to pH 4.50. An eluent flow-rate of 1.5 ml/min gives good chro- 
matographic eEciency (>40,000 plates/m) for components I-VII and an analysis 
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TABLE I 

PHASE CAPACiTY RATKX AND DlZEm1ON WXS 
& at a ffow-rati of 1.5 ml/k and detection-limits (ng): R = 240 m, 0.02 atis. Chromatog-raphic 
alntitions as b texL 

No. 

Iv 
VI 
IL 
Ii1 
V 
VII 
I 

compormd k’ Detection limit (ngJ 

I-Me&yi+-nim-S-hy&oxyimidaz&e 0.10 0.3 
Hypoxantbiue 0.2s 0.4 
G-Mercaptopurine 0.38 0.4 
l-Methyl4nitm-S-thioimidazofe 1.77 1.0 
1-Methyl4nitro-S-chloroimidazo~e 2.13 0.4 
Theophylliae (internal standard) 248 0.5 
Azixthiopriae 3.34 0.5 

time of 4.5 min, which is satisfactory for routine quality control and stability studies. 
In preliminary work it was observed that, after equilibrating the analytical 

column with fresh elueut at the start of a series of assays, the first two or three injec- 
tions of test mixture A gave poor resolution of I, II and VII, whereas after five or 
more injections good resolution was observed, with a relative standard deviation in 
k’ of iO.88 % for each of the peaks. This “equilibration” phenomenon was observed 
throughout the course of the present work, a?d perhaps reflects the availability of 
residual uncapped polar silanol sites, which affect the chromatography until occupied 
by ion&d, polar molecules of azathioprine and 6-mercaptopurine. 

Choice of detection wavelength. Whereas in acidic conditions azatioprine has 

a Lx. at 281 nm and a broad ;Inin. at 246 mn, the A_,_ for 6-mercaptopuriue is 
323 nm and for theophylline is 273 nm. A compromise wavelength of 240 nm was 
selected at which all components of interest absorbed sticieutly. At a detector range 
of 0.02 a-u-f-s. there was adequate sensitivity for components II-VI to be quautitated, 
as illustrated in Table I which summarises the detection limits, 

Qumtitative procedure 
The internal standard, theophylline (VII), was incorporated in standards and 

test solutions by quantitative dilution at a level (1.5 mg/ml for macro- and 15 &ml 
for micro-assay) which gave peak heights comparable with the anticipated peak 
deflections for test analytes. Since all peaks observed were sharp and well-resolved, 
quantitation was performed using peak heights for simplicity. In the micro-assay 
procedure, peak heights were measured to the baseline extrapolated from the leading 
edge of the peak. Analytical curves of peak height ratios (with respect to internal 
standard) against analyte concentration were rectiliuear and passed through the 
origin, the relevant statistical data being summarised in Table II. As shown in Figs. 
5 and 6, the concentration of test samples was adjusted to correspond with the top 
of the calibration graph in each case, since this is the zone of highest relative precision. 
The technique used for routine quantitative measurements &_s the so-called “single- 
point bracketting” procedure, where a group of test samples is preceded and. fol- 
lowed by a standard mixture of wmparable concentration, the- average of the stan- 
dards being used to calculate the test concentrations. 

Samples of azathioprine injection (non$nally 50 mg freeze-dried sodium salt in 
absence of a preservative) were easily dissolved in 25.00 ml of 0.02 M NaOH. Two 
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TABLE II 

QUANTlTATI’jE PERFORMANCE OF ASSAY 

Memal standard: tbeophyliine at 1.5 mg/ml for macm-asszy at 0.2 a&s, and IS&ml for micro- 
assay at 0.02 aufs. Chromatographic cor~ditions as in text. 

I’ 
II’ 
II” 
V ** 

Vi” 

Azathiopriae 
6-Mercaptopurine 
bMercaptopurine 
I-Methyl4nitro- 
!i&iloroimidazoIe 
cci);poxanthine 

y = 0.912x + 0.0021 21 Loo0 + OJIOS m&ml 
y = 2.291.x - O_oooI 21 LOU0 f 0.011 mg/ml 
y = 154.2x - o.@ms 21 lO_ao * 0.1s pg/ml 
y = 186.0x t 0.0021 15 10.00 * 0.22 pg/ml 

y = 255.1x f 0.0032 15 10.00 * O.lO~glml 

* Macro-assay. 
l * hsicro-aay_ 

iO.OC-ml aliquots were combined, respectively, with 10.00 .xnl of stock 3.00 m&ml 
internal standard (for macro-assay); or with 2.00 ml of stock 150 &ml internal 
standard (for micro-assay) in a 20.00-m! volumetric flask and made up to volume 
with 0.02 M NaOH. Samples of azathioprine tabIets (nominaiIy 50 mg) were indi- 
vidualiy crushed with 0.02 M NaOH, filtered and brought to 25.00 ml with 0.02 M 
NaOH. Two 10.00-ml aliquots were treated exactly as for the freeze-dried powder. 
Samples of 6-mercaptopurine tablets were treated exactly as for azathioprine tablets, 
except that after atering, each sample was brought to 50.00 ml with 0.02 M NaOH. 

A 15~1 volume of each extract was subjected to HPLC assay in rep&ate and 
the relative standard deviation (R.S.D.) of the contents of injection vials and tablets 
calculated. 

2 4 6 8 10 

Fig. 5. Analytical curves for azathioprine (e) and 6mercaptopurine (e) peak height ratios. Internal 
standard: theophylline at 15 mg/ml; detector sensitivity: O-2 AUFS. 

Fig.6. A&ytical curves for mi cm-assay of 6-mercaptopurine (mp), l-me&yi4xiitro-S-chloro- 
imidazo!e (0) and hypoxanthine (v) peak height ratios. Internal standard: theophylline at 15 JL~/ 
mI; dettr sensitity: 0.02 AUFS. 



A prehminary study on the stability of azatbioprine in saline infusion fluid 
was performed by adding the contents of two vials of Imuran, nominally equivalent 
to 100 mg, to the contents of a 100-ml bag of 0.9 oA sodium chloride. This dosage 
regime corresponds approximately to that used in clinical practice. Each infusion bag 
was assayed immediately to establish the initial concentration of_ I (ca. 1 mg/ml). 
Individual bags were maintained in ambient room light in water baths at room 
temperature or 85”, or were subjected to radiation from a Hanovia mercury lamp at 
ambient temperature. Over a period of 5 h, samples of 2.3 ml were withdrawn at 
30-min intervals, cooled, 2.00 ml added to 2.00 ml of internal standard stock solution 
(3 m&ml) and assayed for I content by HF’LC. 

RESULT’S AND DISCUSSEON 

As illustrated in Fig_ 4, azathioprine and 6-mercaptopurine were well resolved 
from all their known or potential impurities, thus enabling the assay to be used for 
stability studies. The quantitative performance of the assay at both the macro- and 
the micro-level was excellent (Table III). The procedures are suitable for routinely 
controlling the major and minor components in these dosage forms. Although 
manual injection was employed for this work, the addition of a loop valve or automat- 
ic injector would facilitate repetitive analysis, and may enable the internal standard 
to be omitted from the system. The chromatographic efficiency of the system is suf- 
ficiently high to accommodate the slight loss of column efiiciency normally encoun- 
tered with loop-valve injector systems. 

In a separate experiment the volume of test mixture A injected in dupiicate 
was varied from 0.75-6.0~1 and the effect on the peak height ratio (to VII) of I and 
II examined_ The R.S.D. of data for I (mean 0.917) was &0.39x, with no apparent 
functionality. The data for II, however, showed a sharp fall in peak height ratio (from 
1.19 to 1.14) at 1.5 ~1, followed by a progressive rise to 1.26,lO % above the minimum 
value. While the data for I is as expected, that for II gives rise for concern and indi- 
cates that, even when using an internal standard, reproducibility of injection tech- 
nique is necessary for precise results. It is possible that this sharp change in relative 
instrumental response to II may reflect differential chromatographic properties of II 
and VII, or it may be related to the fact that in both cases the UV detector is required 
to measure absorbances on the slope of their respective absorption curves. 

As recorded in Table I, the sensitivity of the proposed micro-assay procedure 
is such that less than 33 pg of any of the known potential degradants or contaminants 
could be detected in a 5O-mg tablet or injection vial. This corresponds to a detection 
limit of 0.066 % (w/w), some E-fold less than the compendials~6 1% (w/w) limits 
applied to II in I and VI in II. If necessary, the detection limit could be reduced 6-fold 
by injecting 10 ,ul of sample, without appreciable loss of performance. In the case of 
II, with a strong absorption peak at 323 nm, sensitivity could be further increased by 
adjusting the variable wavelength detector to 323 run, although another internal 
standard with suitable absorbing properties would then be required. 

The “recoveries” of I in Imurana vials and tablets and of II in Puri-NethoP 
tablets, are expressed as a percentage of the nominal content (Table III). The content 
uniformity of I in Imurano tablets and of II in Puri-NethoP tablets was better than 
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EIPLC OF AZAmOPRINE AND 6MERCAPTOPURINFz 701 

TABkEN 1. 

ASSAY ‘DA-l?A FOR IMPURJXES M AZATHEOPRINE AND 6-MERCAPTOPURINE 
DOSAGE l$BRMZ% 

Assqvahes are prseated as the mean _Z for the total amount in each of 5 samples analysed in 
duplicate-at 0.02 a% and z+re expressed as a percentage (w/w) of the mean content found for the 
piincipal _+ug component RzbIe 1) 

No, impurity Dosageforms 

z- ifl$3ztion ZmWane fablers Pmi-Nethois tablets 

f (WI % (w/w) f Owl % (w/w) 52 (mgi % (d4 

II QMercaptopiie 0.37 0.76 to.01 3 to.026 50.02 li10.0 
L1I 5-Thioimidazole to.033 t0.066 to.033 ~0.066 - - 

IV s-Hy&o&ni&zoIe to.010 <0.020 to.010 to.020 - - 
V 5-CbloroimidazoIe 0.065 0.13 to.013 to.026 - - 
VI Hypoxanthine 0.32 0.66 to.013 to.026 to.013 to.026 

f 1% (n = 5), expressed as relative standard deviation, which is comparable with 
the intrinsic variability of the macro-assay itself on pure standards of I and II (Table 
III). No impurities were detectable in these dosage forms. By contrast, the batch of 
Imum@ injection samples contained deteczable quantities of II, V and VI (Table IV 
and Fig. 7) and showed a variation in content uniformity of 42.6 yO (n = 5). It seems 
likely that the sodium salt of I is less stable than the base itself, the principal degradant 
being II, present at less than the 1% (w/w) pharmacopoeia1 limit prescribed. 

* 

Fig. 7. Chromatogram of a s&ution of Imm-an injection in 0.02 M NaOH, conc&ing internal 
-San&d (tbeophytie) at lSpg/ml. Column, Spm ODS-Hype&l, 10 x 5 mm I_D_; mobile 
phase, methanol-potassium dibydrogen phospbat+gkc$al aaztic acid (20:79.5zO.S, v/v/v) at pH 
4.50; fIow-rate, 1-S ml/m&~; detector ~~~veIengr.h, 240 nm zt 0.02 AUFS; b$c?Zon volume, 1.5 ~1. 
peaks: I = azstbiopriw; H = dmercaptoptie; V = f-me$hyi4nitro-!5-chIozo&ni~Ie; VI = 
hypoxanthine; M = tbcophylline. 
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The presence of small amounts of synthetic premrso rs of v and VI wolria 
incikae the nd to bring these con~b under pharmacopoeid control. The 
identity of each contaminant in this and subsequent experiments was cowed chm- 
matographically by injecting a mixture of the sample and ezch putative degmdant in 
turn. R&&r surprisingIy, in view of the s&n&ant level of the 6-mercaptopurine 
breakdown product, no detectable quantities of the associated imidazole degradants 
III and W could be found in this batch. These compounds are known to be intrinsicaL 
Iy unsta.bIt? and the poss~Xlity of secondary reaction mcchanis~ converting these 
deg&anZs to ring-opened products not active in ffie W, or to components which 
are retained on column, may be anticipated. 

As shown in Fig. 8, ffie particular batch (No. 98436) of Imuran injeztions 

. 
0 2 4 

mw 

Fig. 8. Chromatogram of initial sampk froin 0.9% sodium cbloskie injection with azathioprine 
addedatlmgi’mlasthef reeze&ied sodium salt. Cbromatograpbic conditions as in Fig_ 7. peaks: 
I = azathioprine; VII = theophyiline (1.5 mg/ml). Injection volunc, 4~1. 

TABLE V 

ASSAY DATA FOR STABIJXTY OF AZATI-IIOPRINE IN O-9% SODIUM CHLORIDE IN- 
JECTION 

IIiSmnai &graaktion ’ UV-irradiation” Ambient cenzpemture, 

Azafhzbpriix % Azathzkprine % 
di#iue obylight l l * 

wrxentraZion renxinikg wncentration renrrziniizg Azathi&prine % 

~msllnd__ ~mglml/ wnrentmtiozz remaining 

(-W/d) 

0370 100 0372 
0366 PP.6 0.965 
0957 98.7 0963 
0349 97.8 0.951 
0.928 95.7 0.943 
0316 94.4 0.937 
0909 93.7 0.937 
0.W 93.2 0931 

iii: 
99:1 
97.8 
97.0 
96.4 
96.4 
95.6 

098i 
0980 
0978 
0972 
0.975 
0373 
0960 
0977 
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used for the prelimmary stability study in isotonic saline injections contained no 
detectable quantities of components II-VI, a convenieut but unexpected finding. At 
room temperature, no detectable degradation of f was observed in diffuse daylight 
after5h.AfterI9hthelossofIwas I.l3%.Thisdataconf‘mnsthestabilityof~- 
thioprine used as an additive under normal clinical conditions in this injectloon at pH 
9.51. At 85” the content of I fell by 6.8 % after 5 h (Table V) with a characteristic 
profile for the degradants II-VI (Fig. 9) featurzng a higher content of component IV 
than VI. Under W irradiation a loss of 4_4% of I occurred after 5 h at room tem- 
perature (Table V) and a characteristic degradant profile was generated (Fig. lo), 
where component VI was dominant. 

c I I I 

0 Ill&L 4 

Fig. 9. Chromatogram of 5-h thermally degraded sample of 02% sodium chloride ir@ction con- 
taining amthioprine (added as the freeze-dried sodium salt) after incubationat 85”. Chromatographic 
conditions as in Fig. 7. Peaks: I = azathioprine; LI = dme.rcaptopurine; IV = I-mthyl4nitro- 
S-hydroxyimidazole; VI = hypoxanthine; VII = theophylline (1.5 mg/ml). Injection volume, 4 ~1. 

Fig. 10. Chromatogram of S-h UV-irradiated sample of 0.9% sodium chloride injection containing 
azathioprine (added as the f&zze-dried sodium salt) after irradiation by a medium-pressure Hanovia 
mercury lamp. Chromatographic conditions as in Fig. 7. Peaks: I = azathioprine; II = dmercapto- 
pmine; IV = I-methyl4nitro- 5-hydroxyimidazole; VI = hypoxanthine; VII = tbeophylline (1.5 
mg/ml). Injection volume, 4~11. 

These degradation patterns, neither of which followed first or second order 
kinetics, were generated under extreme conditions of temperature or radiation. To 
this extent they are uncharacteristic of the normal clinical usage of Imuran as art 
infusion fluid additive. These studies do however conks the necessity to store 
azathioprine preparations in cool, light-resistant containers. Further work on the 
stability of I in infusion fltids could be carried out in buffered solutions over the 
range pH 2-12, it being likely that the mechanism of degradation may be influenced 
by hydrogen ion concentration. 

The micro-assay for I and II is sullkiently sensitive and speciftc for de- 
protein&d serum samples of I and II to be readily assayed for pharmacolcinetic 
studies by this rapid and flexible HPLC procedure. 

CONCLUSIONS 

The potential contribution of HPLC to the rapid and precise quantitation of 
two antineoplastic drugs and their associated contaminants is illustrated by the 
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present assay, based on chemicaily bonded, reversed-phase microparticulate packing 
material_ 

The assay-procedures developed are applicable to quaJ.ity control and stability 
studies of azathioprine and 6-mercaptopurine in their dosage forms. Prelimimuy 
stability studies on azU&ioptie have, for the ti time, confirmed the identity and 
relative distribution of the principal products of thermal and photolytic degradation. 
With litt!.e modScation this sensitive and specific separation method may be used for 
clinical shldies. 
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