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Abstract

The oral administration of drugs to the pediatric population
involves the extemporaneous preparation of liquid formula-
tions. These formulations have studies on their physicochemi-
cal stability, but they often lack microbiological studies. The
objective of this study is to check the microbiological quality of
five oral liquid formulations prepared with different excipients,
which represent five major combinations, in two conditions:
kept unopened until the day of the test, and in a multi-dose
vial opened daily. The formulations were prepared according to
standard operating procedures. Half of each batch was packa-
ged in vials that remained closed until the day of testing, and
the other half in a single container which was opened daily.
Both the vials and the containers had been previously steri-
lized. Microbiological tests were performed weekly during the
first month of the study, and then every two weeks, until the ex-
piration date. The microbiological quality of oral liquid formu-
lations is determined by the Royal Spanish Pharmacopoeia. The
conclusion was that none of the formulations prepared that
were packaged in sterilized containers became contaminated,
either in unopened vials or in multi-dose containers when they
were opened daily.
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Resumen

La administracion oral de farmacos a la poblacién pediatrica
implica la preparacion de férmulas liquidas extemporaneas. Es-
tas formulas tienen estudios de estabilidad fisicoquimica pero
en muchas ocasiones carecen de estudios microbioldgicos. El
objetivo del estudio es comprobar la calidad microbiolégica
de cinco férmulas orales liquidas, preparadas con diferentes
excipientes, que representan mayoritariamente cinco combi-
naciones, en dos condiciones: conservadas sin abrir hasta el
dia del andlisis y abriendo diariamente el envase multidosis. Se
prepararon las férmulas segun los procedimientos normaliza-
dos de trabajo. La mitad del lote de cada férmula se envasoé en
viales que estuvieron cerrados hasta el dia del anélisis y la otra
mitad en un solo frasco que se abria diariamente. Tanto los
viales como los frascos para el envasado estaban esterilizados
previamente. El andlisis microbioldgico se realizé cada semana
durante el primer mes de estudio y después cada dos semanas
hasta llegar al periodo de caducidad. La calidad microbiolégica
de las formulas orales liquidas viene marcada por la Real Far-
macopea Espafiola. Se concluye que ninguna de las férmulas
elaboradas envasadas en contenedores esterilizados se conta-
mind ni en los viales cerrados ni en los frascos multidosis cuan-
do se abrieron diariamente.
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Contribution to Scientific Literature

This is the first study that addresses exclusively the
microbiological stability of five types of paediatric oral
liquid formulations. There are publications about the
physicochemical stability of liquid formulations, but mi-
crobiological stability has only been addressed as a se-
condary aspect.

The outcomes of this study and our own experience
can encourage other Hospital Pharmacy Units to con-
duct research on the microbiological quality of the for-
mulations they prepare. We believe that it is important
to publish these articles, in order to inform about some
work procedures that can be extrapolated to Pharmaco-
technology areas, with the aim to improve the microbio-
logical quality of oral liquid formulations.

Introduction

The paediatric population requires modifications or
adaptations of solid pharmaceutical products, tablets
or capsules, in order to achieve dose individualization
and facilitate oral administration. The preparation by
the Pharmacist of liquid formulations allows an accurate
dose measurement, which must be frequently modified
according to weight.

Aqueous solutions and suspensions are more unsta-
ble from a physicochemical and microbiological point
of view than solid formulations, and require stability
tests after their preparation in order to determine their
time of validity. Even though physicochemical validity is
an aspect widely studied within magistral formulations,
this is not the same for the microbiological aspect’. The
contamination of non-sterile formulations can reduce or
inactivate the therapeutic activity of the drug, or even
lead to drug toxicity that can affect the patient’s health.
On the other hand, the ingestion of pathogenic microor-
ganisms could originate particularly severe infections in
newborns and immunodepressed patients.

In order to prepare a liquid formulation, it is requi-
red to have an active ingredient, which comes from a
pharmaceutical product or raw materials, as well as ex-
cipients providing physicochemical and microbiological
stability, and offering acceptable organoleptic characte-
ristics. In order to avoid the proliferation of microorga-
nisms, preservatives are frequently added on, particularly
in the case of multi-dose preparations.

It is very important to determine the microbiological
validity of multi-dose formulations that will be opened
and closed very frequently during their period of physi-
cochemical validity. Thus the importance of meeting the
quality assurance rules by the Royal Spanish Pharmaco-
poeia, which sets some limitations. The criteria for ac-
ceptance of the microbiological quality of aqueous oral
non-sterile formulations are: 10? CFUs in the total count
of aerobic microorganisms (maximum number accepta-

ble: 200) 10" CFUs in the total count of yeasts and molds
(maximum number acceptable: 20), and lack of Escheri-
chia coliin 1 gor 1 ml*4,

Previous Study

For selecting the formulations to be tested, the stan-
dard liquid formulations in the Pharmacotechnology Area
of the Hospital Vall d’Hebron Pharmacy Unit were clas-
sified according to type of excipients. Five formulations
were selected, which represent the potential combina-
tions between them. Some contain preservatives (Ora
Sweet®, Ora Plus®, National Formulary (NF) syrup and
plain syrup), while others do not (methylcellulose 1%).

Table 1 shows the composition of the formulations
representing each type of excipients, and their storage
requirements and expiration dates.

Once the formulations had been selected, and taking
into account the period of validity of each, a work sche-
dule was designed. A weekly microbiological test would
be conducted during the first month of validity. From
then on, tests were conducted every two weeks, until
the date of expiration for each formulation. Throughout
the period studied, the formulations were stored under
the conditions recommended for the validity period. The
work schedule appears in table 2.

The objective was to assess the microbiological stabi-
lity during the period of physicochemical validity of five
multi-dose liquid formulations that represent five types
of vehicles prepared under controlled conditions and
packaged in sterile vials. The study determined if there
was any microbiological contamination of the formu-
lation when not handled during the period of validity,
and also when the vial was opened and closed every
day until its expiration date, in a simulation of their con-
ditions of use. This was intended to confirm if the type
of excipient leads to the contamination of the formu-
lation when prepared and packaged in the conditions
previously described.

Methods

This study was conducted in the Maternity and Child
Area of the Pharmacy Unit and in the Microbiology and
Parasitology Lab of the Hospital Universitario Vall d’He-
bron between June and September, 2015.

Formulation Preparation

The preparation of solutions and suspensions was
conducted according to the rules for adequate prepara-
tion of magistral formulations®.

A batch of each formulation was prepared following
the relevant Standard Operating Procedure (SOP). Thus,
250 ml of ursodeoxycholic acid suspension and caffeine
solution were prepared, as well as 125 ml of spironolac-
tone suspension and atenolol, and 120 ml of propanolol
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Table 1. Composition of magistral formulations, storage requirements, and expiration dates

Storage requirements

Formulation Composition and expiration dates
Per 100 ml:
Atenolol Atenolol 50 mg tablets 4 tablets :
. i Fridge - 28 days
2 mg/ml suspension Glycerine 4 ml
Methylcellulose 1% 96 ml
Per 100 ml:
. Caffeine citrate 249
Caffeine citrate S Fridge — 90 days
20 mg/ml solution Sterile distilled water 50 ml g Y
Plain syrup with preservatives
S . 50 ml
(nipagin and nipasol bases)
Per 120 ml:
Spironolactone Aldactone 25 mg tablets 24 tablets :
: Fridge — 56 days
5 mg/ml suspension Ora Plus® 60 ml
Ora Sweet® 60 ml
Per 120 ml:
Sumial 40 mg tablets 3 tablets
|13ropr/ani)lo| ' Mor.lohy.dr.ate citric acid 0.125 mg Fridge — 45 days
I SISO Sterile distilled water 3 ml
Plain syrup with preservatives
o . 117 ml
(nipagin and nipasol bases)
Per 100 ml:
i Ursodeoxycholic acid 2
Ursodeoxycholic _ i 9 Fridge — 90 days
20 mg/ml suspension Methylcellulose 1% 50 ml

Syrup NF (nipagin and nipasol sodium) 50 ml

Table 2. Work schedule

T=0d T=7d T=14d T=21d T=28d T=42d T=56d T=70d T=91d
Atenolol 2 mg/ml susp X X X X X
Caffeine citrate 20 mg/ml sol X X X X X X X X X
Spironolactone 5 mg/ml susp X X X X X X X
Propranolol 1 mg/ml susp X X X X X X
Ursodeoxycholic 20 mg/ml susp X X X X X X X X X

suspension. Half of the volume prepared (sample) was
packaged in a 125 ml topaz glass multi-dose vial, with
a shutter and a stopper with first-opening indicator. The
other half of the volume prepared (control) was packa-
ged in 10 ml topaz vials, with rubber lids and plate caps,
that were kept closed until testing day. All vials were
stored in the fridge.

Every day, the sample vials were removed from the
fridge, left to warm up, the suspensions were shaken for
homogenization, and they were left opened for at least
5 minutes and maximum 30 minutes.

On testing day, approximately 10 ml of preparation
was extracted from the sample vial, packaged in a topaz

vial, and closed with a rubber lid and an aluminium cap.
The sample vial and one of the control vials were then
microbiologically tested.

During the whole process, the rules for correct prepa-
ration were followed, as currently used in the Pharmaco-
technology Area of the Pharmacy Unit. The equipment
used for formulation preparation was washed according
to the SOP, and the final rinse was made with highly
purified (deionized) water. All packaging materials were
sterilized (the vial, shutter, and lid with first-opening-in-
dicator, and the vials, rubber stoppers and aluminium
caps), as an extra procedure in order to minimize the
biological burden.
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Microbiological Assay

In order to determine whether the formulations met
the criteria for acceptance of microbiological quality, the
procedures indicated by the Royal Spanish Pharmaco-
poeia were followed, regarding microbiological control
of non-sterile products (count tests of microbes and spe-
cified microorganisms)?3. Fertility and sterility tests were
conducted (both with and without the product to be
tested). Each test was conducted in duplicate. The mi-
croorganisms researched were mesophyll bacteria and
fungi.

For the fertility test without the product, ATCC stra-
ins of Staphylococcus aureus, Escherichia coli, and
Pseudomonas Aeruginosa were used. Starting with a
known concentration of 1.5 x10? CFU/ml in TSB (Tryp-
tic Soy Broth), the pouring plate method was used in
a PCA (Plate Count Agar) medium for S. aureus. In or-
der to spread the McConKey agar medium (E. coliy P
aeruginosa), the spread-plate technique was used with
Digralsky loops.

The sterility test was conducted with 1 ml of TSB
spread in PCA, McConkey broth and Sabouraud agar.

The fertility test with product was conducted starting
with a 1/10 syrup dilution, adding the ATCC strain in a
dilution of 1.5 x 10* CFU/ml, and spread in the media
previously described for the fertility test.

Finally, the test for product sterility was conducted by
preparing a 1/10 dilution of the product to be tested in
TSB broth. 1 ml of this dilution was spread in PCA agar,
Sabouraud agar, and McConkey broth.

For each test, the McConkey broths and plates and
the PCA plates were incubated at between 35 and 37°C
during 48 hours; while the Sabouraud agar plates were
incubated at between 20 and 25°C during 5 days. The
former were observed every day, while the latter were
examined at the third and fifth days, looking for any
growth.

Outcomes and Discussion

Our outcomes show that there was no microbiologi-
cal growth in any of the cultures during the period of the
study. None of the samples of the formulations extracted
from the multi-dose vials or any of the control vials were
contaminated during the period of validity. The controls
used were adequate for assessing the technique.

The type of excipient did not alter the contamination
pattern of oral liquid formulations prepared under con-
trolled conditions and packaged in sterile vials.

The spironolactone 5 mg/ml suspension used Ora
Sweet® and Ora Plus® (1:1) in its formulation, and con-
tained parabens as preservatives. The propanolol 1T mg/ml
suspension was prepared exclusively with plain syrup with
parabens. In these two situations, the vehicle osmolarity
and the presence of preservatives favoured the lack of con-
tamination.

The oral 20 mg/ml caffeine citrate solution was pre-
pared with a fifty-fifty proportion of plain syrup without
preservatives and sterile water, and the concentration of
sugar and preservatives was reduced by half in the final
preparation. The case of the 20 mg/ml ursodeoxycholic
acid suspension was very similar to the previous one, be-
cause the 1% methylcellulose suspension does not con-
tain any preservatives.

The plain syrup preservatives used in our study were
nipagin and nipasol bases, at a 0.02% and 0.01% con-
centration (P/V) respectively; and for NF syrup, sodium
nipagin and nipasol at a 0.06% and 0.03% concentra-
tion (PV)(in bases form) respectively. The dilution by half
of NF syrup offered paraben concentrations still protec-
ting against microbiological contamination, taking into
account the recommendations by Rowe RC®, which in-
dicate nipagin base concentrations between 0.015 and
0.2%, and nipasol base concentrations between 0.01
and 0.02%. This could be the reason for the sustained
microbiological stability. On the contrary, the concentra-
tion of parabens in the plain syrup diluted by half lost
its protection action. At the time of designing the plain
syrup concentration, we chose one that contained the
minimum level of parabens, in order to reduce the use
of these preservatives in the paediatric population; and
therefore, when diluting it by half, the preservative con-
centration was insufficient. Even though it has not be-
come contaminated throughout the period of the study,
for daily practice we recommend using the vial within 14
days after its opening, following the guidelines by the
Pharmacotechnology Work Team.

The atenolol 2 mg/ml suspension was the formulation
more sensitive to contamination, because 1% methyl-
cellulose solution was exclusively used, and it contained
no preservatives. Even though its expiration period is de-
termined at 28 days, once the vial is opened it should
be used within 14 days maximum, as indicated by the
Pharmacotechnology Work Group'.

The 1% methylcellulose solution is prepared with the
raw material and with sterile distilled water. After prepa-
ration, it has a 14-day expiration period if not sterilized,;
on the other hand, after sterilization in autoclave, its va-
lidity period is increased up to 6 months. We always use
sterilized methylcellulose for preparation of liquid for-
mulations.

Oral liquid formulations don’t need to be sterile, but
it is very necessary to apply all strategies in order to mini-
mize the bacterial burden and meet the Pharmacopoeia
rules. One of them is the use of sterile water when requi-
red in the formulation. In our Pharmacy Unit, all liquid
formulations are prepared with sterile water.

The Good Practice Guidelines for preparation of me-
dications in Hospital Pharmacy Units” recommend using
purified water for the final rinse of lab and packaging
materials. In our case, we use highly purified water for
the final rinse, with a better microbiological quality.
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Another aspect to highlight is the fact of using steri-
lized packaging materials as an additional quality mea-
sure for liquid formulations, because it can favour a re-
duction in the initial bacterial burden of the preparation,
which could act as a contamination source. The fact of
sterilizing the packaging materials allows to reduce the
amount of preservatives to the higher extent possible.

Finally, another source of contamination for the final
formulation must be considered: the raw materials or
the initial solid formulations containing the active ingre-
dient.

One limitation of the study is that the daily dynamics
of opening the multi-dose vials has been reproduced,
but the formulation has not been handled by extracting
a sample volume, which would be closer to a real si-
tuation. On the other hand, some formulations are not
for single daily administration, but must be administered
several times per day; in these cases, the frequency of
opening the vials is higher, and it is unknown if this fac-
tor can affect microbiological stability.

Conclusions

Our study has demonstrated that the microbiologi-
cal stability of oral liquid formulations prepared under
controlled conditions and packaged in multi-dose ste-
rile vials will be sustained during the period of physico-
chemical validity, both when the vial is kept closed and
when it is opened every day, regardless of whether the
vehicle contains preservatives or not.

Even so, it is always advisable to adjust the volume of
the vial to the volume required by a patient during the
period until the expiration date, taking into account that

vials should not be kept open for over 14 days, if they
contain no preservatives.
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Aportacion a la literatura cientifica

Este es el primer estudio que aborda de forma exclusi-
va la estabilidad microbioldgica de cinco tipos de férmu-
las magistrales orales liquidas pediatricas. Existen publi-
caciones sobre la estabilidad fisicoquimica de formulas
liquidas pero la estabilidad microbiolégica se contempla
de manera secundaria.

Los resultados de este estudio y nuestra experiencia
pueden contribuir a que otros Servicios de Farmacia in-
vestiguen la calidad microbiolégica de las féormulas que
preparan. Creemos que es importante publicar estos tra-
bajos con el fin de dar a conocer unos procedimientos
de trabajo extrapolables a las areas de farmacotecnia
con el objetivo de mejorar la calidad microbiolégica de
las férmulas magistrales orales liquidas.

Introduccion

La poblacién pediatrica necesita modificaciones o
adaptaciones de las especialidades farmacéuticas soli-

das, comprimidos o capsulas, para conseguir una indivi-
dualizaciéon de la dosis y facilitar su administracion oral.
La elaboraciéon por parte del farmacéutico de férmulas
magistrales liquidas permite la medicién exacta de la do-
sis, frecuentemente modificada por el peso.

Las soluciones y las suspensiones acuosas son mas
inestables desde el punto de vista fisicoquimico y micro-
biolégico que las formas sélidas y tras su preparacion ne-
cesitan estudios de estabilidad para determinar el tiempo
de validez. Aunque la validez fisicoquimica es un aspecto
ampliamente estudiado en formulacién magistral no lo
es tanto el aspecto microbiolégico'. La contaminacion
de las formulas no estériles puede reducir o inactivar
la accion terapéutica del farmaco o incluso dar lugar a
productos toxicos y afectar a la salud del paciente. Por
otra parte, la ingestion de microorganismos patégenos
podria originar una infeccién especialmente grave en el
neonato y en el paciente inmunodeprimido.

Para la preparacion de una formula magistral liquida
se necesita el principio activo, que proviene de una espe-
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cialidad farmacéutica o de materia prima, y excipientes
gue la dotan de estabilidad fisico-quimica y microbio-
l6gica y que ofrecen unas caracteristicas organolépticas
aceptables. Para evitar la proliferacion de microorganis-
mos es frecuente la adicion de conservantes, especial-
mente si se trata de preparaciones multidosis.

Es muy importante determinar la validez microbiolégi-
ca de las férmulas multidosis que deben abrirse y cerrar-
se muy frecuentemente durante el periodo de validez fi-
sicoquimica. De ahi el interés por cumplir con las normas
de garantia de calidad de la Real Farmacopea Espafiola
que marca unos limites. Los criterios de aceptacién de
la calidad microbiolégica de las formas farmacéuticas
no estériles orales acuosas son: 102 UFC en el recuento
de microorganismos aerobios totales (nUmero maximo
aceptable 200), 10" UFC en el recuento de levaduras y
mohos totales (nUmero maximo aceptable 20) y ausen-
cia de Escherichia colien 1g o 1 ml*4,

Estudio previo

Para la seleccion de las formulas sometidas a estu-
dio se clasificaron las féormulas liquidas normalizadas del
Area de Farmacotecnia del Servicio de Farmacia del Hos-
pital Vall d'Hebron seguin el tipo de excipientes. Se se-

leccionaron cinco féormulas que representan las posibles
combinaciones entre ellos. Algunos contienen conser-
vantes (Ora Sweet®, Ora Plus®, jarabe National Formu-
lary (NF) y jarabe simple) y otros no (metilcelulosa 1%).

La composicion de las férmulas representantes de
cada grupo de excipientes y sus condiciones de conser-
vacion y tiempos de caducidad se recogen en la tabla 1.

Una vez seleccionadas las formulas y teniendo en
cuenta el periodo de validez de cada una, se disefd un
cronograma de trabajo. Se establecid un analisis micro-
biolégico semanal durante el primer mes de validez. A
partir de esta fecha, el analisis pasé a ser quincenal hasta
la fecha de caducidad de cada férmula. Durante todo el
periodo de estudio las férmulas se conservaron en las
condiciones recomendadas para el periodo de validez.
La tabla 2 recoge el cronograma de trabajo.

El objetivo fue evaluar la estabilidad microbioldgica
durante el periodo de validez fisicoquimica de cinco for-
mulas magistrales liquidas multidosis que representan
cinco tipos de vehiculos elaboradas en condiciones con-
troladas y envasadas en frascos estériles. Se determind si
existid contaminaciéon microbioldgica de la formula cuan-
do no se manipuld durante el periodo de validez y cuan-
do el frasco se abrid y cerré diariamente hasta la fecha de

Tabla 1. Composicion de la formulas magistrales, condiciones de conservacion y tiempos de caducidad

Férmula magistral

Composiciéon

Condiciones de conservacion

y caducidad
Por 100 ml:
Atenolol Atenolol comp 50 mg 4 comp o 28 s
2 mg/ml suspension Glicerina 4 ml
Metilcelulosa 1% 96 ml
Por 100 ml:
o Cafeina citrato 249
Cafeina citrato , . Nevera 90 dias
20 mg/ml solucion Agua destilada estéril 50 ml
Jarabe simple con conservantes
T : 50 ml
(nipagin y nipasol bases)
Por 120 ml:
Espironolactona Aldactone comp 25 mg 24 comp Nevera 56 dias
5 mg/ml suspension Ora Plus® 60 ml
Ora Sweet® 60 ml
Por 120 ml:
Sumial comp 40 mg 3 comp
Propranolol Acido citrico monohidrato 0,125 mg Nevera 45 dias
1 mg/ml suspension Agua destilada estéril 3 ml
Jarabe simple con conservantes
L ' 117 ml
(nipagin y nipasol bases)
Por 100 ml:
Ursodesoxicolico Acido ursodesoxicolico 29 ’
) , Nevera 90 dias
20 mg/ml suspension Metilcelulosa 1% 50 ml
Jarabe NF (nipagin y nipasol sédicos) 50 ml
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Tabla 2. Cronograma de trabajo

T=0d T=7d T=14d T=21d T=28d T=42d T=56d T=70d T=91d
Atenolol 2 mg/ml susp X X X X X
Cafeina citrato 20 mg/ml sol X X X X X X X X X
Espironolactona 5 mg/ml susp X X X X X X X
Propranolol 1 mg/ml susp X X X X X X
Ursodesoxicélico 20 mg/ml susp X X X X X X X X X

caducidad, simulando las condiciones de utilizacion. Se
quiso comprobar si el tipo de excipiente contribuye a la
contaminacion de la férmula cuando de elabora y envasa
en las condiciones anteriormente descritas.

Métodos

Este estudio se realizo en el drea maternoinfantil del
Servicio de Farmacia y en el laboratorio de Microbiolo-
gia y Parasitologfa Clinicas del Hospital Universitario Vall
d'Hebron entre Junio y Septiembre del afio 2015.

Preparacion de las formulas

La elaboracién de las soluciones y suspensiones se
realizé6 atendiendo a lo establecido en las normas de co-
rrecta elaboracion de férmulas magistrales®.

De cada férmula se preparé un lote siguiendo el pro-
cedimiento normalizado de trabajo (PNT) correspon-
diente. Se prepararon 250 ml de suspension de acido
ursodesoxicolico y de solucién de cafeina, 125 ml de
suspension de espironolactona y de atenololy 120 ml de
suspension de propranolol. La mitad del volumen prepa-
rado (muestra) se envaso en un Unico frasco multidosis
de vidrio topacio de 125 ml, con obturador y tapdn con
indicador de primera apertura. La otra mitad del lote
(control), se envasé en viales topacio de 10 ml cada uno,
tapados con caucho y chapa y se mantuvieron cerrados
hasta el dia del analisis. Tanto los frascos como los viales
se conservaron en nevera.

Cada dia se retiraban de la nevera los frascos muestra,
se dejaban templar, las suspensiones se agitaban para
homogeneizarlas, y se abrian por un periodo minimo de
5 minutos y maximo de 30.

El dia de analisis se extrafa del frasco muestra un vo-
lumen aproximado de 10 ml que se envasaba en un vial
topacio y se cerraba con tapén de caucho y chapa de
aluminio. El vial muestra y uno de los viales control eran
los que se analizaban microbiolégicamente.

Durante todo el proceso se siguieron las normas de co-
rrecta fabricacién vigentes en el drea de farmacotecnia
del servicio de Farmacia. El utillaje utilizado para la pre-
paracion de las férmulas se lava segun el PNT, el aclarado
final se realiza con agua altamente purificada (desioniza-
da). Todo el material de envasado esté esterilizado (frasco,
obturador y tapdn con indicador de primera apertura y

viales, tapones de caucho y chapas de aluminio) como
procedimiento extra para minimizar la carga biolégica.

Ensayo microbiolégico

Para determinar si las formulaciones cumplian los cri-
terios de aceptacion de calidad microbioldgica se siguie-
ron los procedimientos indicados por la Real Farmacopea
Espanola de control microbiolégico de productos no es-
tériles (ensayos de recuento microbiano y de microor-
ganismos especificados)??. Se realizaron los ensayos de
fertilidad y de esterilidad (ambos con y sin el producto a
estudiar). Cada ensayo fue realizado por duplicado. Los
microrganismos investigados fueron bacterias mesofilas
y hongos.

Para el ensayo de fertilidad sin producto se utilizaron
cepas ATCC de Staphylococcus aureus, Escherichia coll,
y Pseudomonas aeruginosa. Partiendo de una concen-
tracién conocida de 1,5 x 10?2 UFC/ml en caldo TSB (Tryp-
tic Soy Broth), se sembraron por vertido en medio PCA
(Plate Count Agar) para S. aureus. Para sembrar el medio
McConKey agar (E. coliy P aeruginosa) se utilizé la téc-
nica de extension en superficie con asas de Digraslky.

El ensayo de esterilidad se llevd a cabo con 1 ml de TSB
sembrado en PCA, caldo McConkey y agar Sabouraud.

La comprobacién de fertilidad con producto fue reali-
zada partiendo de una dilucion 1/10 del jarabe, a la cual
se le agrega la cepa ATCC en una diluciéon de 1,5 x 10*
UFC/ml y se siembra en los medios descritos anterior-
mente para el ensayo de fertilidad.

Finalmente, la comprobacién de esterilidad del pro-
ducto se realizé preparando una dilucién 1/10 en caldo
TSB del producto a estudio. Se sembré 1 ml de esta di-
lucion en agar PCA, agar Sabouraud y caldo McConkey.

Para cada ensayo los caldos y placas de McConkey,
y las placas de PCA fueron incubados entre 35y 37°C
durante 48 horas; mientras que las placas de agar Sa-
bouraud se incubaron entre 20 y 25°C durante 5 dias.
Las primeras fueron observadas cada dia, mientras que
las segundas se examinaban al tercer y quinto dia, bus-
cando crecimiento.

Resultados y discusion

Nuestros resultados demuestran que no hubo creci-
miento microbioldgico en ninguno de los cultivos duran-
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te el periodo de estudio. Ninguna de las muestras de las
formulas extraidas del frasco multidosis ni ninguno de
los viales control se contaminaron durante el periodo de
validez. Los controles utilizados fueron aptos para valo-
rar la técnica.

El tipo de excipiente no alterd el patron de contami-
nacién de las férmulas magistrales orales liquidas elabo-
radas en condiciones controladas y envasadas en frascos
estériles.

La suspension de espironolactona 5 mg/ml utiliza Ora
Sweet® y Ora Plus® (1:1) en su formulaciéon y contienen
parabenos como conservantes. La suspension de pro-
pranolol T mg/ml se elabora exclusivamente con jarabe
simple con parabenos. En estas dos situaciones, la os-
molaridad del vehiculo y la presencia de conservantes
favorecen la ausencia de contaminacion.

La solucioén oral de citrato de cafeina 20 mg/ml se pre-
para con jarabe simple con conservantes y agua estéril a
partes iguales y la concentraciéon del azucar y los conser-
vantes se reducen a la mitad en la preparacion final. El
caso de la suspension de acido ursodesoxicolico 20 mg/ml
es muy similar al anterior porque la solucién de metilcelu-
losa 1% no contiene ningln conservante.

Los conservantes del jarabe simple utilizados en
nuestro estudio son nipagin y nipasol bases a concen-
tracién de 0,02% y 0,01% (P/V) respectivamente y del
jarabe NF son nipagin y nipasol sédicos a concentracién
de 0,06% y 0,03% (P/V)(en forma de bases) respecti-
vamente. La diluciéon a la mitad del jarabe NF ofrece
concentraciones de parabenos aun protectoras para la
contaminacion microbioldgica teniendo en cuenta las
recomendaciones de Rowe RC®, que indican concentra-
ciones de nipagin base entre 0,015-0,2% y de nipasol
base de 0,01-0,02%. Esta podria ser la razén por la
cual se mantiene la estabilidad microbiolégica. En cam-
bio la concentracion de parabenos en el jarabe simple
diluido a la mitad, no es una concentracién protectora.
A la hora de disefar la formula del jarabe simple nos
decantamos por una que contuviera el minimo de pa-
rabenos para reducir el aporte de estos conservantes
a la poblacion pediatrica y por eso, al diluirlo a la mi-
tad, la concentracién de conservantes es insuficiente.
Aunque durante todo el periodo de estudio no se ha
contaminado, en la practica diaria recomendamos que
el frasco sea consumido en los 14 dias posteriores a su
apertura siguiendo las pautas del Grupo de Trabajo de
Farmacotecnia’.

La suspension de atenolol 2 mg/ml es la féormula mas
sensible a la contaminacion ya que utiliza exclusivamen-
te la solucién de metilcelulosa al 1% y no contiene con-
servantes. Aungue la caducidad est4 fijada en 28 dias,
una vez abierto el frasco se deberfa utilizar en un maxi-
mo de 14 dias, tal como indica el Grupo de Trabajo de
Farmacotecnia’.

La solucion de metilcelulosa al 1% se prepara con la
materia prima y con agua destilada estéril. Tras su pre-

paracion se le da una caducidad de 14 dias si no se es-
teriliza; en cambio, tras la esterilizacién en autoclave, su
tiempo de validez se incrementa hasta los 6 meses. Para
la preparacion de las férmulas liquidas siempre emplea-
mos la metilcelulosa esterilizada.

Las férmulas orales liquidas no tienen por qué ser es-
tériles pero es muy necesario aplicar todas las estrategias
para minimizar la carga bacteriana y cumplir con la Far-
macopea. Una de ellas es la utilizacion de agua estéril
cuando es necesaria en la formulacién. En nuestro servi-
cio de Farmacia todas las formulas liquidas se preparan
con agua estéril.

La Guia de buenas practicas de preparacion de me-
dicamentos en servicios de farmacia hospitalaria’ reco-
mienda que el agua para el aclarado final del material de
laboratorio y de envasado sea agua purificada. En nues-
tro caso el agua empleada para el aclarado final es agua
altamente purificada con mejor calidad microbioldgica.

Otro aspecto a destacar es el hecho de utilizar ma-
terial de envasado esterilizado como medida adicional
de calidad de las férmulas magistrales liquidas porque
puede contribuir a reducir la carga bacteriana inicial de
la preparacion que podria actuar como foco de conta-
minacion. El hecho de esterilizar el material de envasado
permite reducir al maximo la cantidad de conservantes.

Finalmente, también considerar otra fuente de conta-
minacion de la férmula final, la materia prima o las for-
mas solidas de partida que contienen el principio activo.

Una limitacién del estudio es que se ha reproducido
la dindmica diaria de apertura de los frascos multidosis
pero no se ha manipulado la férmula extrayendo un vo-
lumen de muestra, que se aproximaria mas a una situa-
cion real. Por otro lado, algunas de las férmulas no son
de administracion Unica diaria sino que se administran
varias veces al dia; en estos casos la frecuencia de aper-
tura de los frascos es mayor y se desconoce si este factor
puede afectar la estabilidad microbiolégica.

Conclusiones

En nuestro estudio se demuestra que la estabilidad
microbioldgica de las férmulas magistrales orales liqui-
das elaboradas en condiciones controladas y envasadas
en frascos estériles multidosis se mantiene durante el pe-
riodo de validez fisicoquimica tanto cuando se mantiene
el envase cerrado o cuando se abre cada dia, indepen-
dientemente de si el vehiculo lleva o no conservante.

Aun asi siempre es recomendable ajustar el volumen
del envase al volumen que necesita un paciente durante
el periodo de caducidad teniendo en cuenta que los en-
vases no deberian permanecer abiertos mas de 14 dias si
no contienen conservantes.

Conflicto de interés
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