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ABSTRACT

Mycophenolate mofetil as an immunosuppressive agent is widely administered in pa-

¢ tients with kidney disorders and following organ transplantation. The amounts of xanthan gum and
Received: 13 Jul 2022 sorbitol, as two excipients of mycophenolate mofetil, are influential on the final quality and stability
Accepted: 15 Oct 2022 . of the suspension.

i [TEETE In this experimental study, we aim to optimize the levels of xanthan gum and sorbitol in the
Mycophenolate mofetil powder.
[VETEEE A Central composite design was used to prepare the formulations. The amounts of xanthan
gum and sorbitol were considered as independent variables while the sedimentation volume (F value)
and concentration of active pharmaceutical ingredient (API) after preparation and after 3 months of
storage at 45°C were considered as dependent variables. The samples were prepared through wet granu-
lation process. Chromatography analysis and determination of F value and APl were then performed.
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Keywords: : [(EEWE Analysis of variance showed that the increase in the amounts of xanthan up to 75 mg provided
Mycophenolate higher F value and better protection of API after 3 months by 98%, while the increase of sorbitol from 10
Mofetil, to 25 g had no significant effect on these variables. Optimized sample composed of 16.69 g sorbitol and
Suspension, Xanthan 68.81 mg xanthan gum. Predicted error was desirably less than 5%.

Gum, Sorbitol, : [STIEET The proposed formulation of mycophenolate mofetil powder for oral suspension with opti-
Optimization, Physi- mum amounts of xanthan gum and sorbitol has good stability. High level of xanthan gum and moderate
cochemical stability © level of sorbitol are recommended for preparing an optimal product.
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Extended Abstract

Introduction

he mycophenolate mofetil powder for oral

suspension, as an immunosuppressive

agent, is widely administered in patients

with kidney disorders and following organ

transplantation in children [1]. Currently,
the drug powder is not produced in Iran and, due to limi-
tations in its import from other countries, the patients are
in dire need of it. In this regard, by the use of available
information and the patent of drug (Cellcept®, 5688529A,
Roche company, US), we attempted to localize the pro-
duction of this drug. Since in the patent, many excipients
are used, the screening was conducted to assess the role
of these excipients including xanthan gum, colloidal sili-
con dioxide, soy lecithin, sorbitol, citric acid, sodium ci-
trate, methyl, and propyl paraben. The results of screening
demonstrated the determining role of xanthan gum and
sorbitol in the final quality and stability of the suspen-
sion. Sorbitol is widely used as sweetening agent and a
viscosity enhancer in the suspension, and provide steric
protection against interparticle agglomeration [2, 3]. The
rheological properties of xanthan gum and its ability to
provide flocculated suspension, having desired stability in
different ranges of pH, temperature, and shaking speed.
It can also reduce destabilizing processes of two-phase
systems such as Ostwald ripening and Coalescence [4, 5].
To further evaluate and determine the suitable amounts
of these two excipients in the drug, experiments and re-
sponse surface methodology were employed in this study.

Methods

Central composite design (CCD) was used to study the
interaction of xanthan gum (mg) and sorbitol (gr) as inde-
pendent variables, while F value (sedimentation volume)
of suspension, concentration of active pharmaceutical
ingredient (API) after preparation and after storage (%)
were considered as dependent variables (Table 1). The de-
sign recommended 13 formulations with 10 g API, 25-75
mg xanthan gum, 10-25 g sorbitol, 500 mg colloidal sili-
cone dioxide, 100 mg soy lecithin, 55 mg citric acid, 500
mg sodium citrate, 45 mg methyl paraben, 5 mg propyl
paraben and purified water to adjust the volume to 50 mL.

To prepare the samples, 10 g of API with determined
amounts of xanthan gum, colloidal silicone dioxide, soy
lecithin, and sorbitol were blended in a cubic blender for
15 minutes and then transferred into Sigma mixer. The
water solution containing citric acid and sodium citrate
was gradually added to the powder to provide the paste.
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The content was dried at a room temperature for 24 hours
and then passed through an oscillatory granulator to
prepare granules. Finally, distilled water containing pre-
servatives and banana flavor was added to the prepared
granules and the F value reached 50 mL. The F value of
suspension was calculated by dividing final sediment vol-
ume by initial sediment volume after keeping suspension
still for 3 days. The reversed-phase high-performance
liquid chromatography was employed to assess the con-
centration of API after preparation and after 3 months of
storage at 45°C in the oven. The optimization was done
based on defined criteria for each dependent variable
presented in Table 1. Selected formulation was prepared
three times and analyzed accordingly. The predicted error
was calculated for all responses. The mean particle size
and poly dispersity index (PDI) of optimum samples were
characterized after preparation and storage.

Results

The results of analysis for dependent variables are
shown in Table 2. The F value varied from 0.3 to 0.9 in
prepared formulations. The results of analysis of variance
regarding the P values and proposed quadratic model for
this variable (F value) demonstrated that the increase in
the amount of xanthan gum significantly increased the F
value while the volume of sorbitol had no significant ef-
fect on the F value (Table 2). The amount of API was pre-
served from 80 to 100% after preparation and 75-98% af-
ter storage. The suggested quadratic model for these two
variables indicated that increase in the amount of xanthan
gum significantly improved the preserved percentage of
API, while the amount of sorbitol caused no significant
improvement in the API preservation (Table 2).

The optimum sample composed of 68.81 mg xanthan
gum and 16.69 gr sorbitol with F value of 0.92, and API
concentrations of 100% and 98% after preparation and
after storage, respectively. The calculated predicter error
was less than 5% for all study variables. The mean par-
ticle size and the PDI of optimum sample were 70.25 pm
and 0.76 after preparation, and 75.50 um and 0.94 after
storage

Discussion

Formulation and processing of mycophenolate mofetil
powder for oral suspensions have several challenges in-
cluding physicochemical instability, pH-dependent solu-
bility, sedimentation of particles, and effective taste mask-
ing [6]. The increase in the stability of suspension can be
performed through inhibiting the system coagulation by
inter-particle repulsion and reducing the speed of particle
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Table 1. Variables in CCD and their values

Winter 2023. Vol 31. Num 4

Factor Defined Level
Independent variables -1 0 1
X,: Xanthan gum (mg) 25 50 75
X,: Sorbitol (g) 10 17.5 25

Dependent Variables Expected Level
Y:F Maximum
Y,: Amount of API after preparation (%) Maximum
Y,: Amount of APl after 3 months of storage at 452 (%) Maximum

Independent variables Optimized Level
X, (mg) 68.81
X, (8) 16.69

sedimentation by increasing the viscosity of the continu-
ous phase [7]. Particle sedimentation can be considered
as one of the most critical parameters which can affect the
dose uniformity of the suspension [8].

In this study, to prepare the mycophenolate mofetil pow-
der for oral suspension, its different excipients were used
of which xanthan gum and sorbitol significantly affected
on the quality and stability of the product. Xanthan gum
as the viscosity modifier and stabilizer was demonstrated
to significantly enhance the F value of suspension and the
protection of API concentration both after preparation and

Table 2. Statistical analysis results for study variables
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after storage for 3 months. The latter could be attributed
to Xanthan gum’ ability for providing steric hindrance in
particles and inhibiting crystal growth in the suspension
[9]. There was no significant difference in particle sizes
after preparation and after 3 months of storage at high
temperature. The amount of sorbitol as sweetening agent
and stabilizer had no significant effect on the sedimen-
tation volume and protection of API concentration. The
stability of the prepared formulation of mycophenolate
mofetil powder was better compared to the previously
prepared galenic suspension of mycophenolate mofetil

Y, Y, Y,

Variable Quadratic Model Quadratic Model Linear Model

Coei_'ﬁcient p Coefﬁcient p Coefﬁcient p
Estimate Estimate Estimate

Intercept 0.83 0.0009 98.00 0.0005 95.20 0.0011
X, 0.21 <0.0001 7.63 <0.0001 8.43 0.0002
X, 0.01 0.7007 1.19 0.2228 2.02 0.1268
XX, 0.00 1.00 0.75 0.5658 0.50 0.7703
X2 -0.12 0.0043 -3.75 0.0056 -3.47 0.0272
X -0.07 0.0515 -3.50 0.0078 -3.47 0.0032

2
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using Ora-plus agent having 70% protected API after 28
days of storage at room temperature [10].

It can be concluded that the proposed formulation of
mycophenolate mofetil powder with optimum amounts
of xanthan gum and sorbitol has good stability. Higher
amount of xanthan gum and moderate amount of sorbitol
are recommended for preparing an optimal product.
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