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ABSTRACT

High-performance liquid-chromatography method was developed and validated for the
determination of impurities (Related Substances) of Mycophenolate mofetil in tablets and
capsules using Photo diode array detector. The mobile phase was a combination of Triethylamine
buffer (pH 5.3) and acetonitrile in the ratio of 65:35 and wavelength set at 250 nm. Retention
time of Mycophenolate mofetil and its impurity as Mycophenolic acid was found to be approx.
21.31 and 5.79 minutes respectively. Linearity of the method for Mycophenolate mofetil and its
impurity as Mycophenolic acid was found to be 0.4 to 24.163 ug mL™ with the correlation
coefficient of 1.000 and 0.9999 respectively. This method was validated accordingly to
International Conference of Harmonization guidelines. Qualification was alone by calculating
area of the peaks and peak purities. The analytical solution of Mycophenolate mofetil also has
shown stability for 24 hrs at 5°C and 25 C. Present method can be applied for the impurity
profiling and stability studies of Mycophenolate mofetil in tablet and capsules formulations
without interference of the excipients present in the particular formulations
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INTRODUCTION

Mycophenolate mofetil (Figure 1) (MMF) 2-morpholinoethyl (E)-6-(1, 3-dihydro-4-hydroxy-6-

methoxy-7-methyl-3-0x0-5-isobenzofuranyl)-4-methyl-4-hexenoate’ is a potent, selective,
uncompetitive, and reversible inhibitor of inosine monophosphate dehydrogenase (IMPDH), and
therefore inhibits the de novo pathway of guanosine nucleotide synthesis without incorporation
into DNA. Because T- and B- lymphocytes are critically dependent for their proliferation on
novo synthesis of purines, whereas other cell types can utilize salvage pathways, it has potent
cytostatic effects on lymphocytes and may inhibit recruitment of leukocytes into sites of
inflammation and graft rejection # 2. MMF did not inhibit early events in the activation of human
peripheral blood mononuclear cells, such as the production of interleukin-1 (IL-1) and
interleukin-2 (IL-2), but did block the coupling of these events to DNA synthesis and
proliferation. Due to clinical advantages of MMF, there has been increase in number of MMF
formulations (e.g. Cellcept 500 tablets and Cellcept 250 capsules by Roche Laboratories Inc.
Nutlly, New Jersey 07110) in market in recent past * °> MMF is a non-official ester of
mycophenolic acid (Figure 2) (MPA) so MPA present as synthetic impurity in MMF and
believed so act by the inhibition of inosine monophosphate dehydrogenase (IMPDH).

0

()

N

L_o. alx OH

| 0
AL
o %
Figure 1. Mycophenolate Mofetil (MMF) Figure 2. Mycophenolic acid (Imp acid)

It is preferably use as immunosuppressive drug in organ transplant ® No official methods were
found for the related substances (RS) determination (impurity profiling) of MMF in formulations
’. So there is a need for method development for the RS of MMF in formulations (dosage forms)
which can be used for routine analysis ®°.

For routine analysis a simple, rapid and cost effective analytical method is preferred. A survey of
literature has not revealed any simple HPLC method for RS of MMF in bulk drug and
commercial formulations by PDA detector'®. Several bioanalytical methodologies including
HPLC, EMIT have been used for the quantification of MPA in plasma . But there was no
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method for the RS determination for MMF and MPA simultaneously in plasma as well as in

formulation has been found in literature.

The main purpose of this investigation is to develop & validate reversed phase HPCL method
which is simple, precise, sensitive and selective for the RS determination of MMF in dosage
forms. The developed method can be easily used in stability studies at very low level of MMF

concentration. Suitable statistical tests were applied on validation data ** 4.

MATERIALS AND METHODS

Reagents and solvents

Pure MMF and MPA were obtained as gift sample from Biocon Ltd., (Bangalore, India) and
certified to contain 99.7% (w/w) on dried basis. Acetonitrile was of HPLC grade & purchased
from SD-Fine- Chem limited (Mumbai, India) and all other chemicals and reagents used were of
analytical grade and were purchased from Merk Ltd. (Worli, Mumbai, India). Milli-Q (MA,
USA) water is used for the preparation of buffer. Triethylamine buffer solution was prepared and
filtered through 0.22p filter (Millipore, USA). Formulation of MMF used for the study was
MMF tablets (label claim: 500 mg/tablet) and capsules (label claim: 250 mg/capsules) procured
from Jamia Hamdard, (New Delhi, India).

Instrumentation and chromatographic conditions

HPLC analysis was performed with Waters (Model 2695, Waters, USA). HPLC system equipped
with PDA detector. The chromatographic separation was performed using a Zorbax SB-C8 (250
mm X 4.6 mm), 5 um (Agilent Technologies, US). The mobile phase consisting of a mixture of
triethylamine buffer, pH of which adjusted to 5.3 with diluted Orthophosphoric acid and
acetonitrile in the ratio of 65:35 (%V/V) with the flow rate of 1.5 mL min-1 was employed. The
detector wavelength was set at 250 nm (PDA detector model waters 2996). The injection volume
was 10 pL while column was maintained at 45°C.

Preparation of standard solution and system suitability solution

A stock solution of MMF was prepared in diluent consisted mixture of water and acetonitrile in
the ratio of 20:80 (%V/V) at 0.4 mg mL™. With proper dilution, standard solution was prepared
of the concentration 20 ug mL™. Ten microlitres from this standard solution was injected six
times as system suit in the column in the above mentioned chromatographic conditions (Section
2.2) for each parameter in method validation.

Preparation of Sample Solutions

For capsules
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Determine the Average weight of not less than 10 Capsules and take out the content. Accurately

weigh and transfer powdered sample equivalent to about 200mg of MMF into a 100mL
volumetric flask. Add about 60mL of diluent and sonicate for about 30 min. with intermittent
shaking. Make up the volume with diluent and mix. Filter through 0.45um nylon membrane
filter.

For tablets

Determine the Average weight of not less than 20 tablets and take out the content. Accurately
weigh and transfer powdered sample equivalent to about 200mg of MMF into a 100mL
volumetric flask. Add about 60mL of diluent and sonicate for about 30 min. with intermittent
shaking. Make up the volume with diluent and mix. Filter through 0.45um nylon membrane
filter.

Method Validation

Specificity

The specificity of the method was ascertained by performing interference studies. Six injections
of standard solution (for system suitability), one injection of diluents, one injection of placebo
(equivalent to 200 mg mycophenolate mofetil) which has been prepared as sample solution
preparation, one injection of sample solution and three injections of spiked sample solution
which has been spiked with known impurity (MPA) at 0.5% level has been injected in column
and analyzed. Also the peak purity of MMF was assessed.

Precision

System precision

System precision of the system was determined by injecting six replicates of the standard
solution (injection volume, 10 uL) and measurement carried out of peak areas of the main peak.
Data was treated to calculate % RSD.

Method precision

Method precision of method was determined by injecting six replicates (injection volume, 10 pL)
of the sample solution from single batch of tablets and capsules individually and measurement
carried out of peak areas of the main peak. Data was treated to calculate % RSD.

Intermediate precision

Intermediate precision of method was determined by injecting six replicates (injection volume,
10 uL) of the sample solution from single batch of tablets and capsules individually as per the

method by a different analyst on different instrument using different column and on a different
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day. Measurements carried out of peak areas of the main peak. Data was treated to calculate %
RSD.

Linearity

Linearity of the method was studied in two replicate of each level in the range of 2% - 125% of
the standard concentration. A stock solution of 500 ppm of MMF standard was prepared and
diluted the stock standard solution for the preparation of solution of different concentrations of
MMEF i.e. 0.403 pg mL™, 2.0 g mL™?, 8.0 pg mL™, 12.0 pg mL™, 16.0 ug mL™, 20.0 ug mL ™ and
24.163 pg mL™ and same was done for MPA also. In order to assess the linearity of the method
data were plotted in the form of linearity curve and slope, intercept and correlation coefficient of
the curve has been calculated.

Accuracy

Accuracy studies were carried out by applying the method to samples solution to which known
amount of MPA(Imp acid) corresponding to LOQ level, 50% level of specification, 100% level
of specification and 120% level of specification. At each level of the amount, samples prepared
in triplicate and determination was performed. Data was treated to calculate % R.S.D. at each
level and overall.

Robustness

Robustness was studied in six replicate at a concentration level of 20 ppm. In this study, five
parameters (wavelength of detection, column oven temperature, and flow rate of mobile phase,
pH of buffer in the mobile phase and composition of the mobile phase) were investigated and the
effects on the results were expressed as standard deviation and % R.S.D. The wavelength of
detection was varied by +5 nm (at 245 nm and 255 nm), column oven temperature was varied by
+5°C (at 40°C and 50°C).The flow rate of mobile phase and pH of the buffer in mobile phase
were varied by +10% (at 0.9 mL min™ and 1.1 mL min™) and +0.2 (at pH 5.1 and pH 5.5),
respectively. In the mobile phase, the minor component was varied by + 2% absolute of minor
component i.e. 38% of buffer and 42% of buffer. Data were treated to calculate % R.S.D. in each
case.

Limit of Detection and Limit of Quatitation

In order to estimate the limit of detection (LOD) and limit of quantitation (LOQ), single injection
of blank and six injections of standard solution at concentration level of 20 pg mL™ were
injected in column and system suitability was determined by determining % R.S.D. of six
injections. Several lower concentrations of MMF and MPA (Imp acid) were prepared and
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analyzed six times for determination of LOD and LOQ based on % R. S. D. The LOD was

expressed as 10% R. S. D. whereas LOQ was expressed as 33% R. S. D. of six injections.

Stability of analytical solution
In order to determine the stability of the analytical solution, standard solution and sample
solution to be analyzed initially and at different time intervals at 25°C for around 24 hours and /
or standard solution and sample solution to be analyzed initially and at different time intervals at
5°C for around 24 hours. For that six injections of standard solution were injected in column for
the determination of system suitability and one injection of each standard solution as well as
sample solution were injected at different time intervals for around 24 hours.
Forced degradation studies
To perform the forced degradation studies first injected five injections of standard solution (for
system suit). Then the sample solution and placebo solution were treated separately in each
condition as followed:
(@) Two milliliters of 2N HCI was added and mixture was heated at 70°C for 30 minutes and
neutralized by addition of 1N NaOH solution and 10 mL of diluent. (Acid induced degradation)
(b) Two milliliters of 1IN NaOH was added and mixture placed at room temperature for 5
minutes. (Base induced degradation)
(c) Two milliliters of 30% w/v H,0, was added and mixture was heated at 70°C for 15 minutes.
(Hydrogen peroxide H,0O, induced degradation)
(d) Tablets and capsules of MMF were placed in UV chamber at 6250 LUX for 15 days. (UV
induced degradation)
(e) Tablets and capsules of MMF were placed in oven at 105°C for 15 days. (Thermal induced
degradation)
In all degradation studies, 10 uL of the resultant solutions were injected in column and
chromatograms were run as described in section 2.2. The peak area of each peak has been
determined and peak purity determined in each case. Data was treated to calculate the
degradation in each case.
System suitability
System suitability in each parameter of validation has been determined and the acceptance
criteria for the system suit were as followed:

e Tailing factor of MMF peak from the standard solution should not be more than 2.0.

e Theoretical plates of MMF peak from the standard solution should not be less than 7000.
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e 9% R.S.D. of the area of MMF peak from the six injection of the standard solution should

not be more than 5.0
RESULTS AND DISCUSSION

Development of the optimal mobile phase

The RS procedure was optimized with a view to develop a stability indicating RS method to
quantify the MMF from marketed formulation and manufactured tablets and capsules. In order to
obtain good separation of MMF, various compositions of triethylamine buffer pH 5.3 and
acetonitrile were tried but the best results were obtained with the mobile phase consisting
triethylamine buffer pH 5.3 and acetonitrile (65:35 v/v) at the maximum temperature of 45°C
and flow rate 1.5 mL/min. The main peak of MMF was quite sharp, narrow and also not
presented any fronting and tailing problem in this mobile phase. The injection volume used in
method was 10 pL for each injection, because higher injection volume produced broad main
peak of mycophenolate mofetil. The scanning of the standard solution represented wavelength
maxima at 250 nm, and therefore 250 nm was chosen as the wavelength for UV detector. (Figure
3,4,5,6)
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Figure 4. HPLC chromatogram of spiked sample at 1% level of MMF capsules in Related

Substances

WWW.ajptr.com 506




Verma et al., American Journal of PharmTech Research. 2012; 2(1)

ISSN: 2249-3387

Furity Fiot
0.015+ Purity o -
1 Noise+Solvent (1.00) 3 2 —~ "y / -80.00
] / ] n
] / w L
0.010 - —60.00
1 S N L 8
2 b 5
- = 8
0.005] / F wwa
] 7}
/ 5 2 20.00
‘ - 8 — L
L = T —— i
0,000 e = — ‘__‘_,...é' !
1 o o - - - {—0.00
5.60 5.70 5.80 5.90 6.00 6.10 6.20 6.30
Minutes
PA: 0.169 TH: 1.160
——— Peak Mycophenolic acid
Purity
—— Noise+Solvent (1.00)

Figure 5. Peak Purity of Imp Acid in spiked sample at 1% level of MMF capsules in

Related Substances

FuUriLy FioL

[Purity,

0.00] Nolse+Solvent (1.00) a | 80.00
] { / = \, |
“. i // ":‘ \\ | 60.00
2 k) \ | 5
/ 2 \ | 000 3
\\ 2 AN / I
Q ZD‘I AL // 8_ Y / I
‘] W e o . 7 ~20.00
1 N - = R // -
| 4 _ —— S —— e -
000} S— i —F 000

21.40
Minutes
PA: 2.237 TH: 1.005

Pealk Mycophenolate
———— Purity
——— MNoise+Solvent (1.00)

T : U
20.60 20.80 21.00 21.20 21.80

22.00 22.20 22.40

Figure 6. Peak Purity of MMF capsules in spiked sample at 1% level of MMF capsules in

Related Substances
Validation of the method
Specificity

In the interference studies, diluents run as well as placebo run were not produced any peak or
fluctuation at the run time of main peak of Mycophenolate mofetil and MPA (Imp acid). The %
R.S.D. of six injection of standard solution was found to be 1.2 and other data given in (Table 1).

Table 1.Specificity table for related substances

Parameters Value
Purity threshold of sample solution  1.054
Purity angle of sample solution 0.223
Purity threshold of spiked sample 1.042
Purity angle of spiked sample 0.223
Purity threshold of Imp acid 1.741
Purity angle of Imp acid 0.415

Precision

System Precision
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In the system precision; the USP tailing, USP plates and % R.S.D. of the six injections of

standard solution were found to be 1.02, 14778 and 1.7 respectively.
Method Precision
For the method precision; the USP tailing, USP plates and % R.S.D. of the five injections of
standard solution were found to be 1.02, 14778 and 1.70 respectively. The % R.S.D. of the six
sample solutions of Imp acid was found to be 2.25.
Intermediate Precision
In the intermediate precision the USP tailing, USP plates and % R.S.D. of the five injections of
standard solution were found to be 1.04, 16074 and 1.20 respectively. The % R.S.D. of the six
sample solutions of Imp acid was found to be 4.55.
Linearity
The USP tailing, USP plates and % R.S.D. of the eight injections of MMF standard solution and
MPA (Imp acid) presented in (Table 2).

Table2. Linearity data for MMF and MPA (Imp acid) (n=8)

Parameters Values (n=8)

MMF MPA
Linearity range (ug mL™") 0.403- 24.163  0.400- 24.163
Correlation coefficient (r) 1.000 0.9999
Slope 8179 11029
Response factor 1.00 0.74
Intercept(y) -101 528

Accuracy
The standard deviation, % R.S.D. and % Recovery of three replicates of each level individually
and the overall were given in (Table 3).

Table3. Accuracy of HPLC method (n=3)

Parameter Accuracy

S.D. R.S.D. %Recovery
LOQ level 0.00 0.00 100
50 Accuracy level 1.617 1.66 97.47

100% Accuracy level 0.922 0.94 98.20

120% Accuracy level 0.574  0.59 97.00

Overall %RSD 1452 1.48 98.17
Robustness of the method

The S.D. of standard solution, % R.S.D. of standard solution, theoretical plate of sample
solution, tailing factor of sample solution, % R.S.D. of sample solution and RRT of MPA (Imp
acid) are summarized in (Table 4). The low values of % R.S.D. after introducing small deliberate

changes in the developed HPLC method indicated the robustness of the method.
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Table 4. Robustness of the HPLC method (n=3)

Parameters Control Minus  Plus
Wavelength (z5nm) ( 245 nm and255 nm)

S.D. (peak Area) of standard 2926.2 47751  3379.1
% R.S.D. (peak Area) of standard 1.7 3.1 3.22
Theoretical plate of sample 14776 14757 14946
Tailing factor of sample 1.02 1.03 1.04
% R.S.D. of sample 1.70 3.10 2.22
RRT of Imp Acid 0.31 0.31 0.31
Colum oven temperature (45+5 °C ) (40 and 50 °C)

S.D. (peak Area) of standard 838.1 657.6 1142.7
% R.S.D. (peak Area) of standard  0.51 0.40 0.69
Theoretical plate of sample 14504 14375 14636
Tailing factor of sample 0.97 1.0 0.97
% R.S.D. of sample 0.51 0.40 0.69
RRT of Imp Acid 0.34 0.30 0.32

Change in mobile phase (= 2% absolute of minor component)
(38% of buffer and 42% of buffer)

S.D. (peak Area) of standard 1161.2 20243 917.1
% R.S.D. (peak Area) of standard  0.67 1.18 0.53
Theoretical plate of sample 8844 9631 8787
Tailing factor of sample 1.34 1.26 1.37
% R.S.D. of sample 0.67 1.18 0.53
RRT of Imp Acid 0.32 0.28 0.30
Flow rate (+10%) (0.9ml min™ and 1.1ml min™)
S.D. (peak Area) of standard 1171.7  850.3 552.5
% R.S.D. (peak Area) of standard  0.67 0.43 0.34
Theoretical plate of sample 15172 16126 14588
Tailing factor of sample 1.02 1.02 1.01
% R.S.D. of sample 0.67 0.43 0.34
RRT of Imp Acid 0.30 0.30 0.30
pH of buffer of mobile phase (x0.2) (5.1 and 5.5)
S.D. (peak Area) of standard 503.8 1100.5  552.3
% R.S.D. (peak Area) of standard  0.29 0.62 0.31
Theoretical plate of sample 15102 15031 15026
Tailing factor of sample 1.08 10.6 1.06
% R.S.D. of sample 0.29 0.62 0.31
RRT of Imp Acid 0.35 0.25 0.30
Table 5. LOD and LOQ for related substances

Name LOD(ug mL?Y) LOQ (pg mL™)

Imp Acid (MPA) 0.399 0.412

MMF 0.399 0.412

Limit of Detection (LOD) and Limit of Quantitation (LOQ)
Detection limit and quantitation limit with % R. S. D. of 10 and 33 were considered as LOD and

LOQ and were represented in (Table 5)
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Stability of analytical solution

At 5°C, in the study of the stability of the analytical solution the % R.S.D. of the five injection of
the standard solution at the concentration of 400 pg mL™ of MMF was found to be 1.24. The

USP tailing and USP plates of the sample solution spiked with Imp acid in the starting of the
method were found to be 0.93 and 13463 respectively. After the time interval of 24 hours the
USP tailing and USP plates were found to be 0.95 and 12695 respectively. The cumulative %
R.S.D. for the each time intervals was less than 1.00. Hence the analytical solution of MMF was
stable at 5°C for 24 hours. The % R.S.D. of the five injections of standard solution of the drug at
25 °C and the concentration level of 400 ug mL™ was found to be 0.1. The USP tailing and USP
plates of the sample solution spiked with Imp acid in the starting of the method were found to be
0.99 and 14536 respectively. After the time interval of 24 hours the USP tailing and USP plates
were found to be 0.99 and 14557 respectively. The cumulative % R.S.D. for the each time
interval was less than 4.00. Hence the analytical solution of MMF was stable at 25°C for 24
hours.
Forced degradation studies
The system suitability data like theoretical plates, tailing factor and % R.S.D. from the five
injections of standard solution were found to be 7468, 1.08 and 0.53 respectively. The %
degradation in acid degradation, base degradation, peroxide degradation, photolytic degradation
and thermal degradation were found to be 13, 20, 18, 3 and 26 respectively. The purity angle and
purity threshold in acid degradation; base degradation; peroxide degradation; photolytic
degradation and thermal degradation were found to be 0.157 and 0.441; 0.171 and 0.464; 0.150
and 0.462; 0.370 and 1.563; 0.234 and 0.645 respectively. (Table 6)

Table 6. Degradation data of MMF (n=3)

S.No. Exposure conditions Purity Purity Recovery
angle Threshold (%)

1. None (control samples) 0.189 0.807 99.5

2. 2ml, 2N HCI, 70°C. 30 min, 0.127 0.381 89.27
neutralized with 1N NaOH and 10
ml diluent

3. 2 ml, IN NaOH, RT, 5min 0.169 0.455 89.67

4 2 ml, 30% w/v H,0,, 70°C, 15 min ~ 0.162 0.362 74.74

5. UV light (6250 LUX) (15 days) 0.355 1.489 72.20

6. Dry heat 105°C, (15days) 0.238 0.588 75.23
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CONCLUSION:

In summary, the described method is rapid, sensitive, specific, accurate and reproducible. It was

successfully used to MMF stability under various stress degradation conditions. It is of potential

value for the analysis of MMF as bulk drug and commercial formulations.
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