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ABSTRACT

A stability indicating gradient reversed-phase Idjuichromatographic(RP-LC) related substance method for S-
Adenosyl-L-methionine (SAMe) in active pharmacautiogredient was developed and validated. SAMe wa
subjected to stress conditions and observed seasiti alkali hydrolysis, oxidation and thermal dadation.
Successful separation of SAMe from its processdagiadation related impurities was achieved on aC¥Rack
Pro-C18, 150 mm x 4.6 mm, 3um column using a gradiexture of solvent A (mixture of 0.015 M citacid
monohydrate, 0.01 M sodium dihydrogen orthophosphdibydrate, 0.014 M sodium lauryl sulphate and
acetonitrile in the ratio of 75:25 v/v) and solveBit(mixture of 0.004 M citric acid monohydrate, @OM sodium
dihydrogen orthophosphate dihydrate, 0.014 M sodiannyl sulphate and acetonitrile in the ratio 00:80 v/v).
The flow rate was 1.5 mL/min and the detection Vesmggh was 254 nm. The mass balance was found i the
range of 99.1 - 99.9% in all the stressed condgion
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INTRODUCTION

S-Adenosyl-L-methionine (SAMe) chemically known &g(3-amino-3-carboxy-propyl) methylsulfonio]-5'eibxy
adenosine hydroxide (Figure.l) is a naturally odngr substance present in plasma and most tissuess
commercially available and marketed worldwide asitxitional supplement that is readily availablevitamin and
health food stores. It is the principal methyl dowithin the body for trans methylation reactiofiis is also a
vital precursor for the trans-sulfuration pathwaye final product of the trans-sulfuration pathwayglutathione
(GSH). SAMe is metabolized to S-Adenosylhomocy&diBAH) and then to homocysteine by a hydrolasgraaz
Homocysteine is converted to cystathionine by d¢hgtae B—synthase and cystathionine is subsequently corverte
to cysteine, a precursor for GSH, ipcystathionase. Cysteine is subsequently convdrtedlutamate-cysteine

lagase, the rate limiting enzyme in GSH synthesig-glutamylcysteine, which is finally converted by GSH
synthetase to GSH'.

Therapeutic use of SAMe has increased word widalietary supplements have gained in popularityeeistly
after the Dietary Supplement Health and Educatich Was passed in 1994. This law allowed the digtitim of
SAMe as a dietary supplement, and therefore allowvedbypass the regulatory requirements for drofgthe Food
and Drug Administration (FDA).

Few HPLC methods were reported in the literaturetie quantitative determination of S-Adenosyl-Lienine
(SAMe) in Assay" °. A comparative study of the reversed-phase HPLOntiete behaviour of S-Adenosyl-L-
Methionine (SAMe) and its related metabolites difiedént stationary phases were stufiedAlso HPLC analysis
of SAMe in pharmaceutical formulations were repdrearlief.
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So far, to our present knowledge, no stability ¢ating related substances analytical method ford€rasyl-L-
Methionine (SAMe) was available in literature. lasvfelt necessary to develop a stability indicati@ymethod for

the related substance determination and quanttastimation of S-Adenosyl-L-Methionine(SAMe). Ftpaper
describes the related substance method validafimraccurate quantification of S-Adenosyl-L-Methioe (SAMe)
and all six impurities in bulk drug samples, respety.

Figurel. Chemical Structuresof SAMe and ImpuritiesA, B,C, D, E and F
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MATERIALSAND METHODS
Chemicals:

Active pharmaceutical ingredient of SAMe and itogass related and degradation impuritiEgyure ) were
received from process research department of Ogttédhicals and pharmaceuticals limited, ChenndialnHPLC
grade acetonitrile, analytical reagent grade sodiiimydrogen orthophosphate dihydrate, citric aciohm hydrate
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and electrophoresis grade of sodium lauryl sulphatee purchased from Merck, Mumbai, India. All $@utions
were prepared in Milli Q water (Millipore, USA).

HPLC instrumentation and conditions

Waters Alliance 2695 separation module (Waters @atpon, Milford, USA) equipped with 2487 UV/visibl
detector or 2996 PDA detector (for specificity dotbed degradation studies) with Empower 2 softweas used
for the analysis. YMC-Pack Pro- C18 (150 mm x ¢, 3um, YMC Europe, Gmbh) and gradient mixture of
solvent A and solvent B were used as stationaryraoldile phases, respectively. The solvent A costaimixture
of 0.015 M citric acid mono hydrate, 0.01 M sodidihydrogen ortho phosphate dihydrate, 0.014 M sodauryl
sulphate, acetonitrile in the ratio 75:25 v/v. Buodvent B contains a mixture of 0.004 M citriccaononohydrate,
0.003 M sodium dihydrogen orthophosphate dihydaaig 0.014 M sodium lauryl sulphate, acetonitriléhe ratio
20: 80 v/v. The gradient program was set as (timed¥ation B): 0/5, 10/20, 20/40, 25/45, 30/70, ¥6/36/5 and
45/5 with a post run time of 10 min. 1.5 mL/minilacate and 20 uL injection volume were maintain€te
detection was monitored at a wavelength of 254 nm.

Preparation of standard and sample solutions:
0.01 mg/mL solution of SAMe standard and 1.0 mg/sdlution of sample were prepared using solvent A as
diluent.

RESULTSAND DISCUSSION

Characterization of Impurities:
The process and degradation related impuritieswlefe characterized using IR, NMR and LC-MS

Method development and optimization:

The HPLC method was optimized so as to obtain hil#jaindicating method that can resolve processl a
degradation related impurities from SAMe. 0.015 Mic acid mono hydrate buffer was initially chosas solvent
A and acetonitrile as solvent B. There was no teterof main peak observed. Different trials weeeried out and
the retention of main peak was observed in thegpess of ion pair reagent. Hence 0.014 M sodiunylaulphate
was added in the solvent A. The main peak was netdined. Different pH trials were also carried aotl the peak
shape was good only at pH 3.0. In order to impriee peak shape and maintain pH about 3.0, 0.01 dilisD
dihydrogen orthophosphate dihydrate buffer was dddéo the solvent A. The separation of impuritkeg C and
also SAMe and impurity E was found critical. To &sle better separation of these impurities diffesetonitrile
ratio was employed in solvent A and in solvent Bnagkg different makes of C18 columns tried, YMC P&ck-
C18, 150 mm x 4.6 mm, 3 u column allowed a rapsbigion between impurities. In the optimized caiodis the
resolution between Impurity E and SAMe was fountllass than 2.0 and plate count for each SAMe isqraak
observed not less than 20000.

The developed method was found to be specific favI& diastereoisomer (R,S), SAMe diastereoisome®)(&nd
its six impurities namely Impurity A, Impurity Biripurity C, Impurity D, Impurity E and Impurity. F

M ethod Validation

Specificity

Specificity is the ability of the method to meastine analyte response in the presence of its patemtpurities.
Stress testing of the drug substance can helpifgehe likely degradation products, which can inrt help to
establish the degradation pathways and the intrisisibility of the molecule and validate the siapiindicating
power of the analytical procedures used.

Forced degradation studies were performed on SAMerdvide an indication of the stability indicatipgoperty
and specificity of the proposed method. The stoesglitions employed for degradation study incluligist (UV
light~525 Watt hours/metér Visible light~1.99 Million lux hours), heat (90°@r 30 minutes), acid hydrolysis
(Conc.HCI, @70°C for 2 hours), alkali hydrolysisi(§ NaOH @ room temperature) and oxidation (303@H@
30°C for 30 minutes). Photo diode array detecti@s w&lso used as evidence of specificity of the atkthnd to
evaluate homogeneity of the peak.

Summary of the forced degradation results are givefiable 1 Impurities A, B, C and D are found to be
degradation impurities and E and F are procestecklmpurities.
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Table 1. Summary of Forced Degradation Results

0,

Stress type imp A | imp B In/:ngqralcrjr?St; formqer;:iE mp A Totd %Assay | Mass balance (9
Acid hydrolysis 0.00 2.1 2.0 0.3 0.1 0.0d 2.( 97.1 99.1
Alkali hydrolysis | 0.00 13.7 0.3 0.3 0.1 0.0d 120 87.9 99.9
Oxidation 8.7 2.0 0.00 0.00 0.1 0.0p 9.p 90.6 99.6
Thermal 0.00 7.8 0.8 04 0.3 0.1 3P 96.8 99.3
uv 0.00 5.2 0.3 0.1 0.2 0.04 3.0 96.8 99.8
Visible 0.00 3.3 0.2 0.1 0.1 0.00 1. 98.7 99.3

HPLC chromatograms spiked samples of all known nities, degradation chromatograms are shown inreggL2-

5.
Figure 2. Typical chromatogram of SAMe spiked with impurities
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Figure 3. Typical Alkali degradation chromatogram.
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Figure 4. Typical Peroxide degradation chromatogram.
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Figure5. Typical Thermal degradation chromatogram.
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Linearity:

Standard solutions at eight different concentratesels ranging from LOQ to 150 % of specificatiimit were

prepared and analyzed in order to demonstrateitlearlty for all the impurities. Linearity regressi analysis
demonstrated acceptability of the method for quaiite determination range of LOQ to 150 % of thedfication

limit. The correlation coefficient obtained wasgter than 0.99. The slope and Y-intercept of #ibm@tion curves
shows that an excellent correlation existed betwkempeak area and concentration of all known irtipsr

Accuracy:
Accuracy of the method was determined at five diffie concentration levels in triplicate. The anesysas carried

out at LOQ, 50%, 75%, 100% and 150% of specificalimit. The recoveries of all the impurities wédoaind to be
in the range of 80 — 120 % (Table 2).

Precision:

Repeatability was demonstrated by analyzing sixviddal preparations of SAMe spiked with 1.5% eauth
Impurities A, C, D, E, F and 3.0% of Impurity-B Witespect to analyte concentration. The intermedgiegcision of
the method was also evaluated using different ahaipstrument, column and in different day in theme
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laboratory. Repeatability and intermediate precisior the related impurities in SAMe were foundb® < 6.0 %
R.S.D confirming good precision of the method (Ea)

Limit of detection (LOD) and limit of quantificatidLOQ):

The LOD and LOQ for Impurities A - F were estimateda signal-to-noise ratio of 3:1 and 10:1, retipely, by
injecting a series of dilute solutions with knowencentration. Precision study was also carrieti@lOQ level by
injecting six replicate injections of solution camting Impurities A - F, and calculated the peregetR.S.D of the
area (Table 2)

Table2. Validation data of the developed method.

Parameter ImpAl ImpB ImpGg Impl( ImpE  ImpF
DL (%) 0.006 | 0.004| 0.006/ 0.009 0.01p  0.017
QL (%) 0.020 | 0.013 0.020 0.030 0.035 0.0%6
Precision (% RSD)# 0.01 0.01] 1.23 0.01L 0.01 0.01
Intermediate precision (% RSD)# 0.01 0.0t 1.63 0.010.01 5.50
Accuracy® (% recovery) at
QL 101.53| 103.89 116.6Y 90.44 102.32 10869
50% 97.08 | 112.04 109.78 98.09 98.39 10374
100% 98.48 | 103.7§  98.37 97.96 99.15 10096
150% 97.65| 109.2§ 98.36 100.51 10086 103.15

2Carried at QL, 50%,100% and 150% level with respgectpecification 1.5 % for A,C,D,E,F and 3.0% Ror

Robustness:

In order to demonstrate the robustness of the rdethgstem suitability parameters were verified bgking
deliberate changes in the chromatographic conditieiz. change in flow rate by + 0.2 mL/min, charigethe
organic composition of mobile phase (+ 2% absol@edl column oven temperature at 35°C.The method was
demonstrated to be robust over an acceptable wprkimge of its HPLC operational parameters.

CONCLUSION

The gradient RP-LC method developed for relatedstsuize determination SAMe is precise, accuratesardific.
The method was completely validated showing satisfg data for all the method validation parametested. The
developed method is stability indicating and carubed for the routine analysis of production sasipled also to
check the stability of bulk samples of SAMe.
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