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Abstract

Objective: To evaluate the physicochemical stability of the adapted oral suspension of mycophenolate mofetil tablets developed by a
university hospital in Parang, in order to determine the concentration of the active ingredient present in the oral suspension over time,
assess the homogeneity of the drug concentration during the administration of the doses and establish a shelf life consistent with the
stability of the adapted pharmaceutical form. Method: Mycophenolate mofetil tablets were used to make suspensions in two different
concentrations- 50 mg/mL and 100 mg/mL- using sorbitol and water as vehicles (1:1) and adding a flavoring agent. The chromatographic
analysis of the samples was carried out at times (T): TOh, T24h, T48h, T120h and T168h. The chromatographic conditions used for
high-performance liquid chromatography were adapted from the United States Pharmacopeia. Results: The average relative standard
deviation of the three batches analyzed at each time and concentration ranged from 6 to 18%, establishing an acceptable variability
in the data obtained, but signaling the inhomogeneity of the active in the suspension. In the chromatographic analysis, the drug
concentration values obtained in the formulations were satisfactory for all the times analyzed, with the values for TOh, T24h, T48h,
T120h and T168h being 100%, 99.3%, 97.2%, 106.6% and 96.8% respectively. No physical changes were observed during the analysis
period. The formulation showed physicochemical stability in an amber glass bottle, protected from light and at room temperature for
7 days. Conclusion: It was possible to validate the stability of the proposed formulations for seven days at room temperature and in an
amber glass bottle. It is important to develop further studies on oral liquid formulations adapted from mycophenolate mofetil tablets.

Keywords: mycophenolate, oral suspension, stability, liquid chromatography.

Avaliagao da estabilidade fisico-quimica da forma farmacéutica adaptada de uso oral do
micofenolato de mofetila

Resumo

Objetivo: Avaliar a estabilidade fisico-quimica da suspensdo oral adaptada de comprimidos de micofenolato de mofetila desenvolvida
por um hospital universitario no Parand, a fim de determinar a concentragdo de principio ativo presente na suspensdo oral no decorrer
do tempo, avaliar a homogeneidade da concentragdo do farmaco durante a administracdo das doses e estabelecer um prazo de validade
condizente com a estabilidade da forma farmacéutica adaptada. Método: Utilizou-se comprimidos de micofenolato de mofetila para
manipular suspensdes em duas concentrac¢des diferentes- 50 mg/mL e 100 mg/mL — utilizando-se sorbitol e d4gua como veiculos (1:1)
e adicionando um flavorizante. A andlise cromatografica das amostras foi realizada nos tempos (T): TOh, T24h, T48h, T120h e T168h. As
condig¢Bes cromatograficas utilizadas para a cromatografia liquida de alta eficiéncia foram adaptadas da United States Pharmacopeia.
Resultados: O desvio padrdo relativo médio dos trés lotes analisados em cada tempo e concentragdo teve uma variagdo de 6 a 18%,
estabelecendo uma variabilidade aceitdvel nos dados obtidos, mas sinalizando a ndo homogeneidade do ati;vo na suspensdo. Na andlise
cromatografica, os valores de concentragdo do farmaco obtidos nas formulagdes foram satisfatérios para todos os tempos analisados,
sendo os valores do TOh, T24h, T48h, T120h e T168h, respectivamente, 100%, 99.3%, 97.2%, 106.6% e 96,8%. Ndo foram observadas
alteracdes fisicas durante o periodo analisado. A formulagdo apresentou estabilidade fisico-quimica em frasco de vidro ambar, ao abrigo
da luz e em temperatura ambiente por 7 dias. Conclusao: Foi possivel a validagdo da estabilidade das formulagdes propostas de sete
dias em temperatura ambiente e em frasco de vidro ambar. Destaca-se a relevancia do desenvolvimento de mais estudos acerca de
formulacGes liquidas orais adaptadas a partir dos comprimidos de micofenolato de mofetila.

Palavras-chave: micofenolato, suspensdo oral, estabilidade, cromatografia liquida.
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Introduction

Mycophenolate mofetil (MMF) is a prodrug belonging to the class
of immunosuppressive drugs, widely used in the prophylaxis of
organ rejection in post-transplant treatments®.

ThisprodrugisalsousedinHematopoietic Stem Cell Transplantation
(HSCT), whichinvolves replacing diseased or deficient bone marrow
with healthy bone marrow cells to restore hematopoiesis?. Due
to the intense immunosuppression caused by chemotherapeutic
agents during the conditioning phase, transplanted patients
experience bone marrow aplasia, characterized by significant
immune deficiency, making them susceptible to infectious
complications such as viral, bacterial, fungal, and parasitic
infections, as well as non-infectious complications such as hepatic
veno-occlusive disease (VOD), mucositis, pulmonary injury, and
graft-versus-host disease (GVHD), the latter being the most severe
and potentially fatal complication in allogeneic transplants?®.

In this context, the main groups of immunosuppressive agents
include glucocorticoids, calcineurin inhibitors, antiproliferative
agents, mTOR inhibitors, and biological therapies. To maintain
immunosuppression, a combination of a calcineurin inhibitor (e.g.,
cyclosporine or tacrolimus), glucocorticoids, and an antimetabolite
(e.g., azathioprine or mycophenolate mofetil*!) is generally used.
The active metabolite of mycophenolate mofetil, mycophenolic
acid, is a potent, selective, non-competitive, and reversible inhibitor
of the inosine monophosphate dehydrogenase (IMPDH) enzyme.
This enzyme plays a crucial role in purine synthesis, especially in
the formation of guanosine nucleotides, essential for RNA and DNA
synthesis. B and T lymphocytes heavily depend on this pathway
for their cellular proliferation, whereas other cell types can utilize
alternative pathways. For this reason, mycophenolic acid selectively
inhibits the proliferation and functions of lymphocytes, including
antibody production, cellular adhesion, and migration*.

For oral administration, MMF is available in Brazil only in the
form of 500 mg tablets. The suspension form, 200 mg/mL
(Roche Products Ltd, United Kingdom), is not available and is not
manufactured in the country®.

The absence of commercially available liquid oral forms is a
common concern in various clinical settings. To address this
challenge, adapting pharmaceutical forms has become a common
practice in hospital environments, especially for pediatric
patients, patients with feeding tubes (nasogastric, nasoenteric,
or gastrostomy), patients with swallowing difficulties, and others
facing limitations in conventional medication administration®.

Adapting a pharmaceutical form means modifying it to make
it suitable for administration, considering the needs of the
patient and the multidisciplinary team. The practice of “adaptive
pharmaceutics” is a highly complex and responsible activity
assigned to the pharmacist and their team. It requires specific
infrastructure that complies with good compounding practices®.

The preparation of liquid oral formulations poses various risks,
such as formulation failure, microbial contamination, calculation
errors, raw material quality issues, patient acceptability, health
safety risks, and specific clinical risk factors depending on the
preparation site. However, the risks associated with preparation
tend to decrease when liquid oral formulations are prepared by
pharmacists in compounding pharmacies’.

Despite this scenario, challenges persist in masking the unpleasant
taste of the solution and ensuring dose uniformity to guarantee
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the correct drug dosage. Additionally, the literature offers limited’
information on the stability, storage conditions, packaging, and
handling techniques for the preparation of extemporaneous
formulations.

This study evaluated the physicochemical stability of the oral
suspension adapted from mycophenolate mofetil tablets
developed by a university hospital in Parand using an adapted
high-performance liquid chromatography (HPLC) method. The
objectives were to determine the concentration of the active
pharmaceutical ingredient in this adapted oral suspension
over time, assess the homogeneity of mycophenolate mofetil
concentration during dose administration, and establish a shelf life
consistent with the stability of the adapted pharmaceutical form.

Methods

Preparation of Samples

The adapted oral suspensions used as samples were prepared in
the pharmaceutics sector of the Hospital de Clinicas Complex of
UFPR. Mycophenolate mofetil 500 mg tablets from three different
batches and expiration dates (Table 1), all from the Accord brand,
were used. Suspensions were compounded from each batch at
concentrationsof 50mg/mLand 100 mg/mL, commonly prescribed
for routine patient care. The preparation of the suspensions
followed the same methodology: for the first concentration, one
500 mg tablet was used, and for the second, two 500 mg MMF
tablets and water g.s. to 10 mL. The tablets were individually placed
in a mortar, crushed with a pestle, moistened with a small amount
of water, and left to stand for 15 minutes. They were then ground
with the pestle until a paste-like consistency was achieved. The
contents of each mortar were completely transferred to a beaker,
where the volume was adjusted with the remaining water, and
sorbitol was added in a 1:1 ratio. Three drops of cherry-flavored
flavoring were added to mask the taste. The suspensions were
then transferred and stored in amber glass bottles with dropper
caps. The samples were kept at room temperature (20°C + 5) and
protected from light. This process resulted in six suspensions with
the following concentrations: Batch 1 50 mg/mL, Batch 1 100 mg/
mL, Batch 2 50 mg/mL, Batch 2 100 mg/mL, Batch 3 50 mg/mL,
and Batch 3 100 mg/mL, enabling triplicate analysis at two distinct
concentrations routinely used at the institution.

Table 1. Batch numbers and expiration dates of mycophenolate
mofetil tablets.

Batch 1 Batch 2 Batch 3
Batch Number M2207 M2300245 M2212394
Expiration Date  30/05/2024 30/04/2025 30/08/2024

Preparation of Standard Solution and Calibration Curve

The experimental analysis was performed in the chromatography
laboratory of the Pelé Pequeno Principe Research Institute. The
standard used was the pharmacopeial reference standard for
mycophenolate mofetil 100 mg, produced by Toronto Research
Chemicals with 98% purity, Batch 20-X-JZ-32-1. A 50 ug/mL
standard solution was prepared using a water and acetonitrile
solution (1:2) as solvents and subjected to equipment for active
ingredient identification. From the standard solution, a calibration
curve was constructed with a concentration range of 1, 10, 25,
50, 75, and 100 pg/mL of mycophenolate mofetil. The curve was
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obtained through a graph plotting the proportions of analyte peak
areas in the solutions versus analyte concentrations, with analysis
by linear regression.

HPLC Method

The presence and concentration of MMF in the adapted oral
suspension were determined using an HPLC method adapted
from the United States Pharmacopeia (USP)® and the study by
Seebacher et al. (1999)°. The compounds were separated using
a Shimadzu Prominence LC-20AT chromatograph equipped with
two pumps (one quaternary and one isocratic), an automatic
injector, a column oven, and a photodiode array (PDA) detector.
An Ascentis® C18 column (15 cm x 4.6 mm, 5 um) was used,
and two mobile phases (MP) were employed: MP A consisted
of a water and 0.05% phosphoric acid solution (V/V), and MP B
consisted of acetonitrile. The flow rate was set at 0.5 mL/min. The
gradient program started with 20% MP A for the first 8 minutes,
transitioned to 80% MP B from 8 minutes onward, remained stable
until 13 minutes, and then returned to 20% MP A, stabilizing from
15 minutes to the end of the run. The injection volume was 10 pL,
with a total run time of 20 minutes. The column oven temperature
was 40°C, and the analysis wavelength was 305 nm.

Sample Analysis

Chromatographic analysis of the samples was performed at
intervals of Oh, 24h, 48h, 120h, and 168h after the preparation of
the adapted suspensions. At each established time point, an aliquot
was collected from each of the three batches of both preparations
(50 mg/mL and 100 mg/mL) and diluted in an acetonitrile and water
solution (2:1) to achieve the working concentrations of 25 pg/mL
and 100 pg/mL. This process resulted in 12 preparations (Table 2).

The solutions were filtered using a 0.45 um filter, transferred to
HPLC tubes, and analyzed in triplicate.

Table 2. Preparations Obtained After Dilutions.

Batch  Concentration (mg/mL) Working concentration (ug/mL)
1 50 25
100
100 25
100
2 50 25
100
100 25
100
3 50 25
100
100 25
100

Organoleptic Analysis of Samples

The organoleptic analysis of the samples was performed based
on the Brazilian Pharmacopeia’®. Changes in color, odor, and
appearance were evaluated at 24h, 48h, 120h, and 168h relative
to Oh. The organoleptic evaluation of the color and appearance of
the suspension was performed visually at room temperature under
white ambient light against a white and black background. The odor
evaluation was conducted using the human sense of smell.
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Results

In the chromatographic analyses of the sample solutions, the main
retention peak coincided with the retention time of the standard
solution, as shown in Image 1. Therefore, the retention time of the
samples, approximately 9.4 minutes, confirmed the presence of
MMF in the analyzed solutions.

The calibration curve for MMF, used to evaluate the linearity of the
assay method, demonstrated linearity between concentrations
of 1 to 100 pg/mL, as shown in Image 2. The method exhibited
appropriate linearity with a determination coefficient (R?) of
0.999.

To assess variability relative to the mean, the mean relative
standard deviation (RSD) of the concentration values obtained
from the three analyzed batches at each time point and
concentration was calculated. The results showed an RSD ranging
from 6% to 18%, with the greatest variation in active ingredient
concentration observed in aliquots collected from the 100 mg/mL
oral suspension at both working concentrations analyzed (25 and
100 pg/mL) at 24 and 48 hours, as shown in Table 3.

Table 3. Values of relative mean standard deviation and average
concentration of samples at 25 pg/mL and 100 pg/mL over time.

Solution 25 pg/mL

Oh 24h 48h 120h 168h
Average pg/mL 2542 2532 24.64 26.3 25.4
Average DPR (%) 6.03 12.68 18.10 6.68 6.01
Solution 100 pg/mL

Oh 24h 48h 120h 168h
Average pg/mL 104.57 103.58 100.68 107.2 104.02
Average DPR (%) 6.31 12.45 17.73 6.46 5.54

The stability of the drug concentration in the formulation was
evaluated by correlating the mean concentration values obtained
from the analyses with the values at TOh, which was considered
100%. The Brazilian Pharmacopeia® stipulates that the active
ingredient content in the adapted formulation at TOh should be
at least 90% and at most 110% of the declared active ingredient
content on the label. The values obtained were satisfactory for
the analyzed period, with the active ingredient concentration
representing 100% at TOh, thus meeting pharmacopeial
requirements. For 24h, 48h, 120h, and 168h, the values were
99.3%, 97.2%, 106.6%, and 96.8%, respectively, as detailed in
Table 4, demonstrating that the formulations remained chemically
stable in terms of active ingredient content during the analyzed
period.

Regarding the physical stability of the adapted oral suspensions,
no changes in the organoleptic characteristics of the samples
were observed, with no alterations in color, odor, or appearance.
No crystallization or other changes in the appearance of the
analyzed suspensions were detected up to T168h. As expected
for a suspension, sedimentation of the solid particles in the
formulation occurred; however, redispersion was easily achieved
after vigorous manual shaking.
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Figure 1. (A) Chromatogram obtained from the standard solution. (B) Chromatogram obtained from the sample solution of 50 mg/mL at

a working concentration of 25 ug/mL at T(0).
A
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Figure 2. Calibration curve of mycophenolate mofetil.
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Discussion

The proposed adapted HPLC method proved efficient for the
separation, identification, and quantification of the drug in the
samples.

The calculation of the mean relative standard deviation (RSD)
revealed variability ranging from 6% to 18%, indicating the non-
homogeneity of the active ingredient in the suspension.

The MMF oral suspensions were prepared at two commonly
prescribed concentrations, 50 mg/mL and 100 mg/mL. The 100
mg/mL concentration showed greater variability in the active
ingredient concentration across aliquots, which can be attributed
to the high amount of excipients in the tablets that are insoluble
in the vehicles used. This led to a suspension comprising powders
of different granulometries, complicating sample homogeneity.
Additionally, the water immiscibility of MMF exacerbates the
challenge, underscoring the need for a formulation with greater
compatibility with the active ingredient.

According to the study by Anaizi et al. (1998), MMF is soluble in
methanol, and its solubility in water is pH-dependent, being 43
pg/mL at pH 7.4 and 4.27 mg/mL at pH 3.6. The aim of the study
focused on evaluating the stability of MMF in an extemporaneous
oral solution prepared from 250 mg capsules in a cherry syrup
vehicle at a concentration of 100 mg/mL, adjusted to pH 5.1,
stored at room temperature and in a refrigerator for up to 121
days. The analysis of the sample concentrations was carried out
using the HPLC method. The results obtained by the authors
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Table 4. Correlation between average concentration values and percentage relative to TOh for samples at concentrations of 100 pg/mL

and 25 ug/mL.

100 pg/mL

Analyzed Time (h) Average Concentration of Prepared % Relative to TOh Compliance with the Brazilian
Batches at 100 pg/mL Pharmacopoeia

Oh 104.6£0.04 100 Agreed

24h 103.6£0.02 99.06 Agreed

48h 100.7+0.04 97.2 Agreed

120h 107.2£0.17 106.5 Agreed

168h 104.02+0.18 97 Agreed

25 pg/mL

Analyzed Time (h) Average Concentration of Prepared % Relative to TOh Compliance with the Brazilian
Batches at 25 pg/mL Pharmacopoeia

Oh 25.42 +0.05 100 Agreed

24h 25.32 +0.04 99.6 Agreed

48h 24.64 +0.12 97.3 Agreed

120h 26.3+£0.09 106.7 Agreed

168h 25.4 £0.02 96.5 Agreed

showed that the initial pH of the oral suspension (6.1) remained
stable in both storage conditions, with no differences between
them, and no changes were observed in the physical aspects of
the suspension. The drug concentration remained above 90% in
all samples over the 121 days analyzed, demonstrating the great
stability of the proposed formulation.

A stability study of a formulation for extemporaneous use,
conducted by Fahimi et al.'?, analyzed the stability of MMF capsules
and tablets in oral suspensions using Ora-Plus and simple syrup as
vehicles, with pH adjusted between 5 and 6, stored in amber glass
bottles. The suspensions were kept at 5, 25, and 40°C for 50 days
and exposed to light, with concentration monitored by HPLC. After
50 days, samples stored at 5 and 25°C showed no physical changes,
while those stored at 40°C darkened. The suspensions prepared
with tablets maintained stable concentrations, while those
prepared with capsules showed a significant loss of concentration
after 28 days, suggesting that the use should not exceed 14 days.

As shown in the studies presented above, the suspensions
remained stable over time. Although the studies were conducted
with different bases from the one used in this study and measured
the pH, we can use the results as a guide in the research line of
MMF suspension stability. Furthermore, analyzing the results of
the aforementioned studies, it is noticeable that the solubility of
mycophenolate mofetil in water can be increased depending on the
pH value, which makes monitoring this parameter in preparations
necessary. In the present study, pHmetry was not performed
because the institution where the analysis was developed is a
public hospital and did not have the necessary equipment for
this measurement. Moreover, the feasibility of including this
parameter in the routine of preparation is questioned, both due to
the availability of resources and equipment for such measurement,
and the impact on the agility of the preparation and dispensing of
the medication.

Additionally, a formulation with a pH-dependent solubility active
ingredient becomes more complex, as it requires the inclusion of
acidifying or alkalizing agents to maintain the ideal pH. Therefore,
the lack of pH analysis is a limitation of the study and should be
addressed in future research.

The HPLC method used in this study to analyze the concentration
of the samples over time showed that the concentration of the

formulations remained stable and within pharmacopeial standards
for a period of 7 days, supporting the possibility of extending the
current expiration period at the institution, which is 2 days.

According to the National Formulary of the Brazilian
Pharmacopoeia®, since the manipulated medication is produced
in a personalized manner to meet the specific needs of the
patient and is used immediately, no expiration date is established,
but rather a usage limit date (use period). This period can vary
from a few days to months, as the stability of extemporaneous
products varies from one formulation to another, which presents
a significant challenge.

For formulations already described in the literature, the use
period should be determined according to what is established
in the compendiums and published studies. In cases where the
formula is not found in the literature, it is the responsibility
of the pharmacist to develop it based on scientific principles,
requiring a careful analysis of: a) the potential degradation
of the active ingredient by oxidation, hydrolysis, photolysis,
or thermolysis; b) the interactions between the excipients
and the active ingredient, especially if tablets or capsules are
used as the source of the drug, when it is not available on the
market; c) the most suitable packaging to protect the product
from environmental factors that may affect its stability; d) the
most suitable formulation, balancing stability and the suitability
of the dosage form to facilitate administration; e) the storage
conditions, conservation, and considerations for assigning a use
period to the formulation?3.

The United States Pharmacopeia (USP)*, through Chapter 795
on non-sterile preparations, provides a table containing the
maximum recommended use periods for compounded non-
sterile drug preparations that are packaged in light-resistant,
airtight containers and stored at controlled room temperature
when no specific stability information is available in the literature
for the formulation in question. According to the USP table, the
oral suspension of MMF analyzed in this study falls under the
use period established for oral formulations containing water,
which would be a maximum of 14 days stored at controlled cool
temperatures.

Liquid formulations for oral use may present greater complexity
when compared to solid forms. This is because it is necessary to

rbfhss.org.br/

‘@@@@ elSSN: 2316-7750
pISSN: 2179-5924

© Authors 5


http://rbfhss.org.br

Gresele LN, Souza GP, Carlotto J. Evaluation of the physico-chemical stability of the adapted oral pharmaceutical form of
mycophenolate mofetil . Rev Bras Farm Hosp Serv Saude. 2024;15(4):e1124. DOI: 10.30968/rbfhss.2024.154.1124.

RBFHSS

add various components to make the pharmaceutical form more
suitable, such as the vehicle, preservatives, suspending agents,
viscosity modifiers, among others. Moreover, the excipients in the
commercial product can pose a challenge for the compounding
pharmacist, as there are potential interactions between the
components of the commercial product and those added during
compounding, as well as possible solubility incompatibilities*®.

In the present study, sorbitol was used as the vehicle. It is known
that poor absorption of this substance can trigger laxative effects
(osmotic diarrhea), bloating, and abdominal discomfort in
sensitive individuals'>*®?’, which may aggravate one of the most
common side effects of MMF use, which is diarrhea. However,
there is considerable intra- and inter-subject variability in the
threshold for sorbitol intake to induce gastrointestinal symptom:s,
which seems to be dose-dependent. For example, most tolerant
individuals can ingest 10g of sorbitol without experiencing any
gastrointestinal symptoms?®.

Considering the above and the fact that sorbitol is the only
available vehicle in the institution for oral preparations, being
cost-effective and chosen as an adjunctive pharmaceutic vehicle
to control the preparation’s taste, it was decided to continue the
project using this vehicle. Additionally, the preparation being
studied has an unpleasant taste, especially for children. When
prepared only with water, the taste of the preparation is very poor,
causing nausea and vomiting in patients. To improve treatment
adherence, sorbitol and flavoring were added. Therefore, the
use of sorbitol as a vehicle is a limitation of the study and should
be explored for substitution with other cost-effective vehicles in
future studies.

The aforementioned immiscibility of MMF in water presents a
difficulty not only for performing analytical tests and compounding
the formulation but also when the patient or responsible caregiver
needs to measure the medication for administration. In the
dispensing form established by the institution, a suspension bottle
of about 30 to 80 mL is dispensed for the patient to use at home.
Usually, the caregiver, the mother, is responsible for withdrawing
the medication from the bottle using an oral dispenser, provided
along with the medication. At the time of dispensing the
medication, it is suggested that the bottle be shaken well before
measuring the dose. Another option would be for the institution
to dispense the doses in oral dispensers, one dose per dispenser.

This heterogeneity of the suspension leads to deviations in the
administered dosage, compromising the drug’s plasma level for
the patient. These deviations make it difficult to reach the ideal
plasma concentration, which would provide better efficacy and
fewer side effects. Therefore, based on the data found in this
study, it is suggested that the adapted oral MMF formulation
be dispensed in oral dispensers measured by the pharmacy
professional, who should shake the suspension well before
measuring the doses.

Dispensing in unit doses facilitates administration at home and
helps ensure the maintenance of the balance in the amount of
MMF administered in each dose. The pharmacist’s role in this
regard is of utmost importance, both in the compounding and
research of more accurate formulations and in patient counseling
alongside the multidisciplinary team, aiming to monitor and
identify possible difficulties in using the medication, ensuring
therapeutic safety and efficacy.
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Conclusion

It can be concluded that the analytical results indicate that the
adapted suspensions remained within the standards established
by the Brazilian Pharmacopeia, demonstrating an adequate
concentration of mycophenolate mofetil throughout the study
period. The observed mean relative standard deviation highlights
the need for attention to homogeneity during dose administration.
Thus, this study contributes not only to validating the stability of
the proposed formulations for seven days at room temperature
in amber glass bottles but also emphasizes the relevance of
developing a homogeneous liquid pharmaceutical form to meet
the needs of the target patients and ensure the safety and
therapeutic efficacy of each administered dose. Additionally, this
study highlighted the need for further research to evaluate the
stability of pharmaceutical forms adapted from mycophenolate
mofetil tablets.
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