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Abstract A simple, selective and sensitive HPLC-UV
method for quantification of propranolol hydrochloride and
sodium benzoate in oral liquid preparations was developed
and fully validated. Separation was performed by Supelco
Discovery® C18 (25 cm x 4.6 mm, particles 5 pm) col-
umn. UV/VIS absorbance detector was set at wavelength
230 nm. Column oven was conditioned to 25 °C. Mobile
phase was prepared by dissolving 1.6 g of sodium dodecyl
sulphate and 0.31 g of tetrabutylammonium dihydrogen
phosphate in 450 mL of ultrapure water; 1 mL of sulphuric
acid (95-97 %) and 550 mL of acetonitrile were added.
Sodium hydroxide solution (2.1 M) was used for adjusting
pH to value 3.3 (£0.05). Retention times of sodium ben-
zoate, propranolol hydrochloride and butylparaben (inter-
nal standard) were 2.2, 3.3 and 4.1 min, respectively.
Newly developed method is suitable for simultaneous
determination of propranolol hydrochloride and sodium
benzoate in oral liquid preparations which are used for
therapy of haemangiomas in paediatric patients. Method
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Introduction

Infantile haemangiomas (IHs) are the most common soft-
tissue tumours of infancy. Corticosteroids are currently the
main treatment for complicated IHs, with interferon or
vincristine as second- or third-line treatment. Because of
the partial efficacy and side effects of these drugs, new
treatments are needed [1]. Propranolol (PRO) is a non-
selective beta blocker. Its main indication has changed
from therapy of cardiovascular diseases (such as hyper-
tension) to therapy of IHs in paediatric patients during last
few years. Propranolol administered orally at 2-3 mg kg ™"
per day has a consistent, rapid, therapeutic effect, leading
to considerable shortening of the natural course of IHs,
with good clinical tolerance [1]. Sodium benzoate (BEN) is
used as an antimicrobial preservative in cosmetics, foods,
and pharmaceuticals. BEN is used to prolong microbial
stability in preparations dedicated for children over
3 years. There is no registered medicinal product contain-
ing propranolol available in the Czech Republic [2]. Pae-
diatric formulations have many specificities. The most
important are the ability to dose variable amount of active
substance according to the weight of the children and
dosage form has to be easy to swallow [3, 4]. The most
suitable way is using oral liquid extemporaneous prepara-
tions with antimicrobial agent for older children and with
no antimicrobial agent for infants. The cooperation of
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Department of Pharmaceutical Technology (Hradec Kra-
lové) and Hospital Pharmacy of General Hospital in Motol
(Prague) led to development of ten versions of oral liquid
preparations with PRO as an active substance and BEN as a
preservative. Determination of PRO by means of HPLC
has been already mentioned in literature [5-8], but simul-
taneous determination of PRO and BEN in various matri-
ces of liquid dosage forms has not been published yet. The
aim of this study was to develop and validate selective,
simple and rapid HPLC method for the determination of
active substance propranolol hydrochloride and antimi-
crobial agent sodium benzoate in newly developed paedi-
atric oral preparations.

Materials and Methods
Materials and Reagents

Propranolol hydrochloride (Sigma-Aldrich, Steinheim,
Germany) and sodium benzoate (Dr. Kulich Pharma, Hra-
dec Kralové, Czech Republic) were used as standards.
Labetalol hydrochloride (Sigma-Aldrich, Steinheim,
Germany), acebutolol hydrochloride (Sigma-Aldrich,
Steinheim, Germany), pindolol (Sigma-Aldrich, Steinheim,
Germany), metoprolol tartrate (Sigma-Aldrich, Steinheim,
Germany), methylparaben (Fluka, Buchs, Germany), eth-
ylparaben (Fluka, Buchs, Germany), propylparaben (Fluka,
Buchs, Germany) and butylparaben (BP) (Fluka, Buchs,
Germany) were used as internal standards. Sodium dodecyl
sulphate (Sigma-Aldrich, Steinheim, Germany), tetrabu-
tylammonium dihydrogen phosphate (Sigma-Aldrich,
Steinheim, Germany), sulphuric acid (Sigma-Aldrich,
Steinheim, Germany), sodium hydroxide (Penta, Chrudim,
Czech Republic), acetonitrile (ACN) gradient grade
(Sigma-Aldrich, Steinheim, Germany) and methanol
(MeOH) gradient grade (Sigma-Aldrich, Steinheim, Ger-
many) were used for the preparation of the mobile phase.
Water for sample and mobile phase preparation was purified
by Milli-Q Integral 15 system with 0.22 pm output filter.
0.45 um Nylon membrane filters were used for mobile
phase filtration (Merck Millipore, Billerica, USA). 0.45 um
Nylon membrane filters (Fisher Scientific, Pardubice,
Czech Republic) and 2 mL syringes (Chirana T. Injecta,
Stara Tura, Slovak Republic) were used for filtration of the
solutions before injection. Micropipette Transferpette
1,000 pL (Brand, Wertheim, Germany) was used. Formu-
lations ST1-ST10 (incl. blank solutions) that contain pro-
pranolol hydrochloride (2 or 8 mg mL™"), sodium benzoate
(0.5 mg mL™") and excipients (e.g. water for injection,
sirupus simplex, sodium saccharin, citrate—phosphate buffer
pH 3 and citric acid) were obtained from Hospital Pharmacy
of General Hospital in Motol, Prague, Czech Republic.
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Instrumentation and Chromatographic Conditions

Chromatographic analysis was performed on integral
HPLC system Shimadzu LC-2010C (Shimadzu, Kyoto,
Japan). Supelco Discovery® C18 (25 cm x 4.6 mm, par-
ticles 5 um) column was used. Dual absorbance UV/VIS
detector was set at wavelength 230 nm. Isocratic elution
with flow 1.8 mL min~' was used. Column temperature
was conditioned to 25 °C. Injection volume was 5 pL. and
time of analysis was 5 min.

Preparation of Mobile Phase (~1 L)

1.6 g of sodium dodecyl sulphate and 0.31 g of tetrabu-
tylammonium dihydrogen phosphate were dissolved in
450 mL of ultrapure water, 1 mL of sulphuric acid
(95-97 %) and 550 mL of acetonitrile were added. Sodium
hydroxide solution (2.1 M) was used for adjusting pH to
value 3.3 (£0.05). Mobile phase was filtered through nylon
membrane filter (0.45 pm) by using Millipore Glass Filter
Holder and degassed in ultrasonic bath. Mobile phase was
stored in the refrigerator in closed glass bottles.

Preparation of Stock, Standard, Sample and Blank
Solutions

Preparation of stock, standard, sample and blank solutions
is described in Table 1.

Results and Discussion
Method Development

Composition of mobile phase, column type and flow rate
used in monograph Propranolol hydrochloride (Related
substances) in European Pharmacopoeia 7.0 [9] provided
total separation of PRO and BEN. Pharmacopoeia uses
mobile phase with two ion-pair reagents, sodium dodecyl
sulphate (forms ion pairs with cations—propranolol cations)
and tetrabutylammonium dihydrogen phosphate (forms ion
pairs with anions—benzoate anions). It was observed that
addition of sulphuric acid according to the Pharmacopoeia
method [9] helps in dissolving sodium dodecyl sulphate in
water and prevents the formation of bubbles in mobile
phase caused by this surfactant. Optimization steps in
changing mobile phase pH and water component: ACN ratio
were performed to find out the best separation performance.
Mobile phase pH (at water component: ACN = 45:55) was
tested in the range of 3.3 £ 0.2 and it was observed that
even little changes in pH led to undesirable increase in
retention time of analytes (up to 112 % relatively). Water
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Table 1 Sample, standard and blank solutions preparation

Composition and process Stock solution  Stock Standard Sample Sample Blank Blank

of standards solution of IS  solution solution 1  solution 2 solution 1  solution 2
Propranolol hydrochloride (PRO) ~40.00 mg - - - - - -
Sodium benzoate (BEN) ~10.00 mg - - - - - -
Butylparaben (BP) - ~1200.00 mg - - - - -
Stock solution of standards - - 1.000 mL - - - -
Stock solution of internal standard - - 1.000 mL  1.000 mL  1.000 mL - -
Oral preparation (PRO 2 mg mL™h - - - 1.000 mL - - -
Oral preparation (PRO 8 mg mL™") - - - - 0.500 mL - -
Placebo of preparation (PRO 2 mg mL™') - - - - - 1.000 mL -
Placebo of preparation (PRO 8 mg mL™") - - - - - - 0.500 mL
Dissolvent water: ACN 50:50 (v/v) 50:50 (v/v) 50:50 (v/v) 50:50 (v/v) 50:50 (v/v) 50:50 (v/v) 50:50 (v/v)
Total volume 20.00 mL 100.00 mL 2500 mL 2500 mL  25.00 mL  25.00 mL  25.00 mL
Membrane filtration 0.45 pm - - Yes Yes Yes Yes Yes
Injection to the column - - Yes (5 pL) Yes (S puL) Yes (S pL) Yes (5 uL) Yes (5 pL)

component:ACN ratio (at optimal pH 3.3) was tested from
values 35:65-55:45. Increasing of water component amount
led to prolongation of retention times and 55:45 ratio did not
ensure total separation of PRO and BP. Mobile phase with
increased proportion of ACN than original (45:55) might be
used to shorten analysis time, but it also causes significant
decrease of BEN and PRO peaks resolution, and reduces
method robustness. Simple mobile phases containing
only water:MeOH = 20:80-30:70 or water:ACN = 40:60—
60:40 were also tested, but peak shapes of analytes and
resolution were not acceptable. Various injection volumes
(1-10 pL) were tested and concentrations of analytes and
internal standard (IS) both in standard and sample solu-
tions were adjusted to ensure suitable tailing factor, suf-
ficient response (absorbance) and similar absorbance level
of determined analytes. Labetalol, acebutolol, pindolol,
metoprolol, methylparaben, ethylparaben, propylparaben
and BP were tested as the possible ISs. BP was chosen as
IS, because the other mentioned substances were not
totally separated from substances of pharmaceutical for-
mulation or were eluted with insufficient tailing factor.
Wavelength of UV/VIS absorbance detector was tested at
200-300 nm range. PRO maximum absorbance was at
wavelength 214 nm, BEN at 224 nm and BP at 256 nm.
It was observed that measuring at wavelength lower than
220 nm raises significantly baseline noise. Wavelength
was set to 230 nm according to good sensitivity of PRO
and BEN and minimum baseline noise. All optimal con-
ditions, mobile phase composition and preparation of
solutions are mentioned in “Instrumentation and Chro-
matographic Conditions”, “Preparation of Mobile Phase
(~1L)”, and Preparation of Stock, Standard, Sample and
Blank Solutions.

Sample Preparation Development

Simple method “dilute and shoot” was used for sample
preparation. Water:ACN = 50:50 (v/v) solution was cho-
sen to ensure good solubility of tested compounds.
50:50 = water:ACN ratio is also similar to the water
component:ACN ratio used in mobile phase to avoid
worsening of peak shapes. It was observed that insufficient
dilution (e.g. 10) led to recovery of determined substances
significantly over 100 %. Dilution 25 (i.e. 1.000 mL of
preparation was diluted into 25 mL of mixture water:-
ACN = 50:50 v/v) contributed to elimination of matrix
effects and recovery of all formulations resulted in range of
100 £ 2 %. Sample solution was prepared by the same
way as standard solution. Concentration of PRO, BEN and
BP was selected to ensure the same concentration level
both in sample and standard solution.

Method Validation

Presented method was validated according to ICH Q2(R1)
[10] guideline. System suitability test (repeatability of
retention times and areas, number of theoretical plates,
resolution, tailing factor), precision, linearity, accuracy,
selectivity and robustness were evaluated during method
validation. Validation results are summarized in Tables 2
and 3.

System Suitability Test (SST)
SST was performed on standard solution which was

injected into the column six times. Presented values are
arithmetic means of six injections.
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Table 2 Validation parameters of formulations ST1-ST5

Parameter Formulations
ST1 ST2 ST3 ST4 STS5 Criteria

SST PRO BEN  PRO BEN PRO BEN PRO BEN  PRO BEN
Repeatability g RSD (%)* 0.16 0.24 0.16 0.24 0.16 0.24 0.16 0.24 0.16 0.24 X<1%
Repeatability area RSD (%)* 0.09 0.08 0.09 0.08 0.09 0.08 0.09 0.08 0.09 0.08 X<1%
Theoretical plates® 8,441 6,408 8441 6,408 8441 6,408 8441 6,408 8441 6,408 N> 1,500
Resolution® 8.82 - 8.82 - 8.82 - 8.82 - 8.82 - R;>15
Tailing factor® 1.19 1.23 1.19 1.23 1.19 1.23 1.19 1.23 1.19 1.23 T=0.8-1.5
Validation

Precision RSD (%)° 0.20 - 0.44 0.59 0.28 0.39 0.25 0.16 0.21 0.19 X<5%

Linearity (correlation 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 R > 0.9990

coefficient)®

Accuracy recovery (%)° 10049 - 101.49 101.11 9942 98.14 100.24 100.15 99.55 99.09 X=100£5%

Accuracy RSD (%)° 0.24 - 0.80 0.78 0.76 0.78 0.55 0.64 0.30 0.29 X<5%

Selectivity

No interference

No interference

No interference

No interference

No interference

No interference

PRO propranolol hydrochloride, BEN sodium benzoate, STx formulations with various excipients

* Six injections

" Six samples, three injections of each sample
¢ At 50, 75, 100, 135, 170, 200 % levels

Table 3 Validation parameters of formulations ST6-ST10

Parameter Formulations
ST6 ST7 ST8 ST9 ST10 Criteria

SST PRO BEN  PRO BEN  PRO BEN  PRO BEN PRO BEN
Repeatability tg RSD (%)* 0.16 0.24 0.16 0.24 0.16 0.24 0.16 0.24 0.16 0.24 X<1%
Repeatability area RSD (%)* 0.09 0.08 0.09 0.08 0.09 0.08 0.09 0.08 0.09 0.08 X<1%
Theoretical plates® 8,441 6,408 8441 6,408 8,441 6,408 8441 6,408 8441 6,408 N> 1,500
Resolution® 8.82 - 8.82 - 8.82 - 8.82 - 8.82 - R;>15
Tailing factor® 1.19 1.23 1.19 1.23 1.19 1.23 1.19 1.23 1.19 1.23 T=0.8-15
Validation

Precision RSD (%)° 0.16 0.18 0.49 0.41 0.63 0.67 0.34 0.18 0.33 - X<5%

Linearity (correlation 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 R > 0.9990

coefficient)®

Accuracy recovery (%)° 99.99 99.73 9949 99.16 100.20 100.11 100.11 100.02 99.51 - X=100+5%

Accuracy RSD (%)° 0.28 0.29 0.42 0.37 0.23 0.22 0.37 0.36 0.23 - X<5%

Selectivity

No interference

No interference

No interference

No interference

No interference

No interference

PRO propranolol hydrochloride, BEN sodium benzoate, STx formulations with various excipients

4 Six injections

® Six samples, three injections of each sample
¢ At 50, 75, 100, 135, 170, 200 % levels

Precision

Linearity

Six sample solutions were prepared from each of ten
preparations. Each sample was injected three times. Final
results are presented as relative standard deviations (RSD)
of BEN/BP and PRO/BP ratios.

@ Springer

Calibration curve was created by six points which cover the
concentration range of PRO from 0.04 to 0.16 mg mL™"
and of BEN from 0.01 to 0.04 mg mL~'. Linear regression
was used for processing of calibration data. Correlation
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Fig. 1 Chromatogram of 600
standard solution (BEN

0.02 mg mL™', PRO

0.08 mg mL~!, BP

0.48 mg mL™"), sample
solution and its blank solution
(ST2: 1.000 mL of formulation
ST2 and 1.000 mL of stock

500

400

300
=
<
=

solution of internal standard BP
in 25 mL; ST2 blank: 1.000 mL
of placebo ST2 in 25 mL);
injection volume 5 pl, mobile
phase flow 1.8 mL min~",

wavelength 230 nm, 25 °C 100

-100

coefficient of linearity was 0.9997 for PRO and 0.9997 for
BEN which means good correlation between peak areas
and concentrations.

Accuracy

Solutions for injection were prepared by using placebo and
stock solution of standards instead of oral preparation. Six
solutions were prepared from each of ten preparations.
Each solution was injected into the column three times.
Accuracy is presented as a recovery parameter with relative
standard deviations.

Selectivity

Selectivity was observed by comparing chromatograms of
sample solutions, standard solution and blank solutions. It
is obvious that active substance PRO, antimicrobial agent
BEN and internal standard BP are all completely separated
both in standard solution and in sample solution (Fig. 1).
No interference was found (Fig. 1).

Robustness

Various pH and composition of mobile phase were tested. It is
possible to use mobile phase with pH range from 3.1 to 3.5
without remarkable changes of accuracy (98.60-100.24 %). It
is possible to use water component:ACN ratio from 35:65
to 50:50 (v/v) without remarkable changes of accuracy
(99.59-100.00 %). Last tested mobile phase ratio 55:45 (v/v)
is not suitable because peaks of PRO and BP were not com-
pletely separated to baseline. Stability of standard solution
was tested at room temperature and at 4 °C after 24, 48 and
72 h from preparation. Accuracy range was 99.67-100.50 %.

PRO
BP
BEN /\
. . . Standard
/\ 1 /\\ 1 /\\ 1 ST2
ST2 blank
0.5 1.0 15 2.0 25 3.0 35 4.0 45 5.0
Minutes
Conclusion

Optimal chromatographic conditions cover using Supelco
Discovery® C18 (25 cm x 4.6 mm, particles 5 pm) col-
umn, isocratic elution mode with flow rate 1.8 mL min ™.
Mobile phase contains ion-pair reagents sodium dodecyl
sulphate and tetrabutylammonium dihydrogen phosphate,
water component:ACN = 45:55 and pH is adjusted to 3.3.
Dual absorbance UV/VIS detector was used for detection
and was set at wavelength 230 nm. Column temperature was
conditioned to 25 °C. Injection volume was 5 pL. Method is
fast with total analysis time of 5 min. Sample preparation is
simple “dilute and shoot” with using of internal standard BP.
Validation results show that newly developed HPLC method
is selective, precise and accurate (Tables 2, 3) and is suitable
for identification and quantification of liquid preparations
containing PRO and BEN. Presented method has been
already used for stability testing of ten variants of paediatric
oral preparations and is suitable for evaluating content of
PRO and BEN in these preparations.
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Pediatric oral solutions with propranolol
hydrochloride for extemporaneous compounding:
the formulation and stability study

Pediatrické peroralni roztoky s propranolol-hydrochloridem pro magistraliter

pripravu: formulace a hodnoceni stability

Sylva Klovrzova ¢ Lukas Zahélka ¢ Ludmila Matysova ¢ Petr Hor4k » Zdenka Sklubalova

Received 3 December 2012 / Accepted 10 Januar 2013

Summary

The aim of this study is to formulate an extemporaneous
pediatric oral solution of propranolol hydrochloride
(PRO) 2 mg/ml for the therapy of infantile haemangioma
or hypertension in a target age group of 1 month to school
children and to evaluate its stability. A citric acid solution
and/or a citrate-phosphate buffer solution, respectively,
were used as the vehicles to achieve pH value of about
3, optimal for the stability of PRO. In order to mask the
bitter taste of PRO, simple syrup was used as the
sweetener. All solutions were stored in tightly closed
brown glass bottles at 5 + 3 °C and/or 25 + 3 °C,
respectively. The validated HPLC method was used to
evaluate the concentration of PRO and a preservative,
sodium benzoate, at time intervals of 0—180 days. All
preparations were stable at both storage temperatures with
pH values in the range of 2.8-3.2. According to
pharmacopoeial requirements, the efficacy of sodium
benzoate 0.05 % w/v was proved (Ph.Eur., 5.1.3). The
preparation formulated with the citrate-phosphate buffer,
in our experience, had better palatability than that
formulated with the citric acid solution.

Keywords: propranolol hydrochloride e pediatric
preparation ¢ extemporaneous preparation ¢ solution
stability testing e HPLC
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Souhrn

Cilem prace je formulace pediatrického perordlniho pri-
pravku s propranolol-hydrochloridem (PRO) 2 mg/ml pro
magistraliter pripravu, uréeného k terapii infantilniho he-
mangiomu nebo hypertenze u cilové skupiny déti od 1 mé-
sice do Skolniho véku, a hodnoceni jeho stability. K dosa-
zeni pH okolo 3, optimalnimu pro PRO, byl jako vehiku-
lum vyuZit roztok kyseliny citronové nebo citrato-fosfato-
vy pufr. K maskovan{ horké chuti PRO byl pouZzit prosty
sirup. VSechny roztoky byly uchovavany v dobre uzavre-
né hnédé 1ékovce pii 5 + 3 °C a/nebo 25 + 3 °C. V caso-
vych intervalech 0—-180 dnf byla hodnocena koncentrace
PRO a protimikrobni litky, benzoanu sodného, validova-
nou HPLC metodou. Vsechny pripravky byly stabiln{ pii
obou teplotich s hodnotou pH v rozmezi 2,8-3.2. V sou-
ladu s pozadavky 1ékopisu byla prokdzana tcinnost proti-
mikrobni latky, benzoanu sodného (Ph. Eur., 5.1.3). Podle
nasich zkusSenosti ma pripravek s citrato-fosfatovym puf-
rem lepsi chut’ nez piipravek s kyselinou citronovou.
Klic¢ova slova: propranolol-hydrochlorid ¢ pediatricky
pripravek e magistraliter pfipravek e roztok e testovani sta-
bility « HPLC

Introduction

Propranolol hydrochloride (PRO) is a non-cardio
selective beta blocker. It is usually administered in the
form of tablets or capsules in therapy of cardiovascular
diseases, to control symptoms of hyperthyroidism, the
prophylaxis of migraine, and many other indications!.
A successful treatment of infantile hemangioma has been
observed recently; PRO is orally administered from
newborns to school children at an initial dose of 2 to 3
mg/kg daily in two or three divided doses!-3).

Aliquid preparation is the best dosage form for paediatric
patients as young children are simply unable to swallow
conventionally sized tablets or capsules. Unfortunately, no
pediatric oral liquid dosage form is on the market until now.
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Under these circumstances, the pharmacist needs to
compound such a preparation extemporaneously. When
formulating a pediatric preparation in a hospital pharmacy,
the pharmacist should attend to the stability of the active
pharmaceutical substance for a labelled time period, the
suitability and safety of excipients for children in the
indicated target age groups, and expected duration of
treatment* 5. A simple way of preparing an oral liquid
preparation is to crush commercial tablets to make a fine
powder and mix it with a suitable vehicle.

Many empirical formulations prepared that way have
been published for PRO%-®). Unfortunately, some authors
of the earlier publications have used excipients which are
not suitable for paediatric patients; a commercial
suspending vehicle consisting of ethanol 1%, saccharin
0.05%, and cherry-flavoured 33% polyethylene glycol
8000 base, is an example?. The lack of valid stability data
is the second common disadvantage of earlier
publications.

This study was focused on the formulation of an
extemporaneous solution containing PRO 2 mg/ml,
suitable for therapy of infantile hemangioma in a target
group of children from 1 month to approximately 6 years
for hospital and/or home care. The stability of PRO was
evaluated under two different conditions of storage within
a shelf life of 180 days using high performance liquid
chromatography (HPLC).

Experimental part

Materials

Citric acid monohydrate, sodium phosphate dibasic
dodecahydrate, sodium benzoate (SB), and propranolol
hydrochloride (PRO) of pharmaceutical quality were
used. Simple sucrose syrup (64% w/w) was obtained from
Fagron (Czech Republic). Water for injection (WFI) was
used throughout the study as the solvent in the preparation
of the vehicles and solutions.

Analytical reagents

The following reagents of analytical grade were used:
acetonitrile, sulphuric acid (= 95-97%), and sodium dodecyl
sulphate (= 98.5%) (all obtained from Sigma-Aldrich,
Germany), butylparaben and tetrabutylammonium

dihydrogenphosphate (= 97.0%) (both from Fluka,
Germany), and sodium hydroxide (Penta, Czech Republic).

Methods
Compounding of buffer solution

To prepare a citrate-phosphate buffer solution of pH 3
(CPB), 1.67 g of citric acid and 1.47 g of dibasic sodium
phosphate were dissolved in WFI and made up to
100.0 ml of a solution with WFI. The stock solution was
stored in a tightly closed brown glass bottle, protected
from light, and refrigerated (5 + 3 °C).

Compounding of solutions of PRO

The composition of all prepared solutions FI1-F3 is
shown in Table 1.

The F1 solution of PRO 2 mg/ml was prepared by
dissolution of 0.20 g of the substance and 0.05 g of
sodium benzoate in an appropriate volume of CPB, then
filled with buffer solution up to 50 ml and made up to
the total volume of 100.0 ml with Simple Sucrose Syrup.

In the formulation F2, 0.2 g of propranolol
hydrochloride, 0.05 g of sodium benzoate, and 0.2 g of
citric acid were dissolved in an appropriate volume of
WFI, made up to 50 ml with WFI and then filled up to
a total volume of 100.0 ml with Simple Sucrose Syrup.

The solution F*3 was prepared by dissolution of 0.20 g of
propranolol hydrochloride and 0.05 g of citric acid that way
as the previous one. This solution was preservative-free.

Measurement of pH

The pH value was measured under stabilized conditions
using a pH meter (pH 212 Microprocessor pH Meter,
Hanna instruments, Germany) with a combined pH
electrode. The pH meter was calibrated at pH 4.01 and
7.00 at 20 °C using standard buffer solutions (WTW,
Germany). The results obtained at the time intervals
chosen in the stability study are presented in Table 2.

Instrumentation and analytical conditions

A stability indicating HPLC assay was developed for
PRO and sodium benzoate, using butylparaben as an
internal standard. The HPLC system consisted of
a Shimadzu LC-2010C (CLASS-VP Software, Shimadzu,
Japan) with a Dual — Absorbance UV Detector. Separation
was achieved using a Supelco Discovery® C18 column

Table 1. Composition of the evaluated propranolol hydrochloride solutions

Composition F1 F2 F3
PRO 020¢g 020 ¢g 020¢g
Citric acid - 020¢g 0.05
CPB 50 ml — —
Sodium benzoate 005¢g 005¢g =
Simple syrup to 100 ml 50 ml 50 ml
WEFI - to 100 ml to 100 ml
Taste sweet&sour sweet sweet
slightly bitter slightly bitter
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Table 2. The results of pH measurement during the stability study at room temperature (room) and/or in a refrigerator (cold)

Time F1 F2 F3

(days) Room Cold Room Cold Room Cold
to 3.14 3.14 2.89 2.89 2.87 2.88
t 3.14 3.16 2.89 2.90 2.86 2.88
t3 3.15 3.14 2.90 2.88 2.87 2.87
ty 3.16 3.15 2.90 2.90 2.89 2.89
ti4 3.15 3.15 2.90 2.87 292 2.89
t3g 3.16 3.16 291 2.90 2.86 2.87
te0 3.13 3.13 2.88 2.87 - -
tog 3.08 3.11 2.82 2.84 - -
t120 3.09 3.08 2.82 2.82 - -
t180 3.12 3.13 2.89 2.90 - -

Table 3. System suitability parameters of HPLC method for determination of propranolol hydrochloride (PRO) and sodium benzoate (SB)

System suitability parameters F1 F2 F3

PRO SB PRO SB PRO SB
Repeatability tg RSD (%) 0.16 0.24 0.16 0.24 0.16 -
Repeatability Area 0.09 0.08 0.09 0.08 0.09 -
Theoretical Plates 8441 6408 8441 6408 8441 -
Resolution 8.82 - 8.82 - 8.82 -
Tailing factor 1.19 1.23 1.19 1.23 1.19 -

Table 4. Validation data of HPLC method for determination of propranolol hydrochloride (PRO) and sodium benzoate (SB)

Validation criteria F1 F2 F3

PRO SB PRO SB PRO SB
Precision RSD (%)? 0.44 0.59 0.21 0.19 0.33 -
Linearity (R)® 0.9997 0.9997 0.9997 0.9997 0.9997 -
Accuracy Recovery (%)? 101.49 101.11 99.55 99.09 99.51 -
Accuracy RSD (%)? 0.80 0.78 0.30 0.29 0.23 -
Selectivity No interference No interference No interference

2 six samples, three injections of each sample
bat 50, 75, 100, 135, 170, 200 % levels

Table 5. The percentage content of propranolol hydrochloride during the stability study at room temperature (room) and/or in
a refrigerator (cold). RSD (%) in brackets

Time F1 F2 F3

(days) Room Cold Room Cold Room Cold

to 100.00 (0.34) 100.00 (0.68) 100.00 (0.11) 100.00 (0.49) 100.00 (0.40) 100.00 (0.40)
t 98.82 (0.06) 99.01 (0.86) 100.17 (0.14) 98.65 (1.03) 100.17 (0.27) 100.34 (0.07)
t3 100.60 (0.14) 100.14 (0.18) 103.24 (0.08) 101.13 (2.06) 100.39 (0.30) 100.14 (0.31)
ty 99.57 (0.16) 100.15 (0.09) 99.94 (0.35) 101.23 (0.65) 99.87 (0.23) 100.37 (0.13)
tiy 101.99 (0.16) 100.25 (0.45) 101.89 (0.46) 100.83 (0.77) 100.97 (0.11) 101.30 (0.15)
t30 102.31 (0.13) 102.51 (0.39) 102.96 (0.75) 102.47 (0.23) 99.87 (0.18) 99.80 (0.09)
teo 99.14 (0.51) 98.20 (0.11) 98.96 (0.24) 97.87 (0.04) - -

too 100.40 (0.07) 100.77 (041) 100.79 (0.14) 100.34 (0.26) - -

t20 101.18 (0.34) 10091 (0.04) 102.32 (0.62) 101.09 (0.50) - -

t180 101.82 (0.14) 100.86 (0.17) 101.71 (0.28) 101.63 (0.09) - -

(25 cm x 4.6 mm X 5 um) (Supelco, USA). The isocratic
flow rate was 1.8 ml/min and the UV detector was set at
a wavelength of 230 nm.

The mobile phase consisted of 1.6 g of sodium dodecyl
sulphate,0.31 g tetrabutylammonium dihydrogenphosphate,
1 ml of sulphuric acid, 450 ml of HPLC grade water, and

550 ml of acetonitrile, and was adjusted to the pH value of
3.3 using sodium hydroxide solution. The mobile phase
solution was filtrated through a 045 um filter (Glass
Microfiber Filters, Whatman, UK) and then was sonicated
for a few minutes (Sonorex Digitec, Bandelin, Germany)
before HPLC analysis.
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Table 6. The percentage content of sodium benzoate during the stability study at room temperature (room) and/or in a refrigerator (cold).

RSD (%) in brackets

Time F1 F2

(days) Room Cold Room Cold

to 100.00 (0.37) 100.00 (0.74) 100.00 (0.21) 100.00 (0.47)
t 98.15 (0.65) 97.67 (1.15) 97.52 (0.26) 97.40 (0.30)
t3 99.91 (0.60) 99.14 (0.59) 99.55 (0.19) 99.83 (0.91)
ty 99.42 (0.23) 99.71 (0.35) 99.35 (0.18) 99.76 (0.23)
tis 100.82 (0.19) 99.46 (0.14) 10048 (0.21) 99.43 (0.14)
t30 102.76 (0.13) 102.89 (0.17) 102.96 (0.60) 102.69 (0.19)
teo 98.54 (0.51) 97.67 (0.10) 98.42 (0.28) 97.47 (0.10)
too 99.83 (0.16) 100.40 (0.33) 100.00 (0.16) 99.42 (0.27)
ti20 99.48 (0.35) 99.28 (0.64) 99.89 (0.52) 99.02 (0.25)
t1g0 101.08 (0.23) 99.71 (0.19) 100.37 (0.08) 100.17 (0.10)

The HPLC method for the analysis of the proposed oral
solution was successfully and completely validated by
following the Q2(R1) ICH guideline (1997). System
suitability parameters (n = 6) and validation data are
summarized in Tables 3 and/or 4, respectively.

Stability study

The batch of the preparation was divided into two
separate samples and stored in a tightly closed brown glass
bottle at room temperature (25 + 3 °C) and in a refrigerator
(5 =3 °C). The concentration of propranolol hydrochloride
and the preservative, sodium benzoate, in the preparations
F1 and F2 were evaluated at the beginning of the stability
assay (t0, a content of 100 %) and thereafter at time intervals
of 1 -=3-7-14-30-60 - 90 — 120 — 180 days. The
concentration of propranolol hydrochloride in solution F3
was evaluated the same way but only at the time interval
up to 30 days. Stability limit of maximum 5% degradation
of the drug and the preservative contents were the basic
criteria.

Each sample was measured in triplicate. The average
values of the percentage content (n = 6) of propranolol
hydrochloride with relative standard deviations (RSD, %)
in brackets are summarized in Table 5. Similarly, the
results for sodium benzoate are shown in Table 6.

Results and Discussion

In an aqueous vehicle, PRO has good solubility
(50 mg/mL). Solutions are stable at about pH 2.8 — 4
with the best at pH 39. A disadvantage of PRO is a bitter
taste leading to the necessity of the addition of
a sweetener.

In this study, three formulations of PRO solution
were compounded (Table 1). The citric acid and/or the
citrate-phosphate buffer solution, respectively, were
used as the vehicles to achieve pH value of about 3.
Generally, a multi-dose preparation needs an addition
of a preservative. Since there are some references
indicating possible incompatibility between PRO and
parabens resulting in the degradation of the parabens®:

sodium benzoate was used as an alternative$. 10
assuming the use in a children target group of 1 month
and older (the formulations F1 and F2). Simple Sucrose
Syrup is added to improve palatability of the solutions.
The preparation F3 was formulated preservative-free
assuming the use for neonates below 1 month.

According to the analytical procedures validation
ICH guidelines (Q2(R1)), the HPLC method was
completely validated. In Tables 3 and 4, system
suitability parameters (n = 6) and validation data are
presented.

All solutions were stored in tightly closed brown
glass bottles at 5 + 3 °C and/or 25 + 3 °C, respectively.
At time intervals mentioned in the experimental section,
samples were withdrawn and used to estimate pH value
and the content of PRO and SB (preserved preparations
F1 and F2). The results in Table 2 show good
consistency in pH value during the stability study. This
is important particularly in the case of the preserved
solutions F'1 and F2 as sodium benzoate has an alkaline
effect on pH value, which might lead to degradation of
PRO?.

The percentage content of PRO and SB content estimated
using HPLC during the stability study at room temperature
and/or refrigerator are summarized in Table 5 and/or Table
6, respectively. As F3 did not contain sodium benzoate, only
the results for F1 and F2 are shown in Table 6. In all cases,
the concentration of drug and/or preservative, respectively,
was within recommended limits of + 5% of the initial
concentration at the beginning of the stability assay (ty)!).
Based on the results, the estimated shelf-lifel? of 180 days
was proved at both temperatures of storage for F1 and F2
formulations when stored in a tightly closed brown glass
bottle.

Conclusions

The aim of the study was to find an optimal vehicle for
paediatric oral solution of PRO and to verify its stability
at two temperatures of storage. The proposed oral aqueous
solutions F1 and F2 for extemporaneous compounding
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were stable at room temperature and/or refrigerator for 180
days. In accordance with the European Pharmacopoeia
(Ph.Eur. 7.0, 5.1.3 Efficacy of antimicrobial preservation),
the efficacy of the antimicrobial preservative, sodium
benzoate 0.05 % w/v, was demonstrated by an accredited
laboratory. A labelled shelf-life of 3 months, storage in
a refrigerator at 5 + 3 °C, and protection from light can be
recommended. The formulation F1 consisting of citrate-
phosphate buffer mixed with sugar syrup we considered
better than F2 for a sweet and sour taste, particularly in
the therapy of older children. Formulation F3 represents
the composition formulated with a minimal content of
excipients and is preservative-free. It must, therefore, be
prepared under aseptic conditions. It can be expected for
use in the therapy of neonates under supervision of
a caregiver. A labelled shelf-life of 7 days can be
recommended for extemporaneous compounding in real-
life situations if stored in a refrigerator at 5 + 3 °C. To
protect from microbial contamination and to allow easy
administration, preparations should be packaged in a glass
container with a screw cap suitable for administration using
a syringe for oral use.
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A selective and sensitive gradient HPLC-UV method for quantification of sotalol hydrochloride and potassium sorbate in five types
of oral liquid preparations was developed and fully validated. The separation of an active substance sotalol hydrochloride, potassium
sorbate (antimicrobial agent), and other substances (for taste and smell correction, etc.) was performed using an Ascentis Express
Cl18 (100 x 4.6 mm, particles 2.7 um) solid core HPLC column. Linear gradient elution mode with a flow rate of 1.3 mL min~" was
used, and the injection volume was 5 yL. The UV/Vis absorbance detector was set to a wavelength of 237 nm, and the column oven
was conditioned at 25°C. A sodium dihydrogen phosphate dihydrate solution (pH 2.5;17.7 mM) was used as the mobile phase buffer.
The total analysis time was 4.5 min (+2.5 min for reequilibration). The method was successfully employed in a stability evaluation
of the developed formulations, which are now already being used in the therapy of arrhythmias in pediatric patients; the method is
also suitable for general quality control, that is, not only just for extemporaneous preparations containing the mentioned substances.

1. Introduction

Sotalol (SOT) is a Class IIT antiarrhythmic agent that pro-
longs the QT interval and exhibits beta-adrenergic blocking
properties. SOT has been widely used in the management
of atrial arrhythmias for several decades including patients
in the pediatric age group and those with congenital heart
disease. In pediatric patients, SOT has proven efficacy in
suppressing supraventricular arrhythmias and maintaining a
sinus rhythm with recurrence-free intervals of >80% and has
also been used in the management of ventricular arrhythmias
with more modest efficacy [1].

Potassium sorbate (SORB) is an antimicrobial preserva-
tive with antibacterial and antifungal properties and is used in
pharmaceuticals, foods, enteral preparations, and cosmetics.

In general, SORB is used at concentrations of 0.1-0.2% in
oral and topical formulations. Potassium sorbate is used in
approximately twice as many pharmaceutical formulations
as sorbic acid due to its greater solubility and stability in
water. As with sorbic acid, potassium sorbate exhibits min-
imal antibacterial properties in formulations with pH values
higher than 6 [2].

There are no registered medicinal products containing
sotalol suitable for administration in pediatric patients and
available in the European Union (EU) member states and
selected non-EU countries (Supplement) (see Supplementary
Material available online at http://dx.doi.org/10.1155/2015/
806736) [3]. Pediatric formulations have many specific char-
acteristics. The most important one is the ability to admin-
ister dosages of an active substance in variable and precise



amounts according to the actual weight of a child. In addition,
the dosage form has to be easily swallowed [4, 5]. When no
appropriate dosage form is commercially available, the most
suitable alternative is the use of oral liquid extemporaneous
preparations with an antimicrobial agent for older children
and with no antimicrobial agent for infants. The coopera-
tion between the Department of Pharmaceutical Technology
(Charles University, Faculty of Pharmacy, Hradec Kralove)
and the Hospital Pharmacy (University Hospital in Motol,
Prague) has led to the development of five versions of oral
liquid preparations with sotalol hydrochloride as the active
substance and potassium sorbate as the preservative. The
HPLC determination of sotalol has been previously reported
[6-10], but the simultaneous determination of sotalol and
sorbate in various matrices (e.g., sirupus simplex~sucrose
syrup, saccharine, and citric acid) in a liquid dosage has
not been previously published. The aim of this study was
to develop and validate a selective and rapid method using
standard HPLC system for the determination of sotalol
hydrochloride (i.e., the active substance) and potassium
sorbate (i.e., the antimicrobial agent) and their separation
from other present substances in newly developed pediatric
oral preparations and its application for stability study. In
order to achieve total separation of sotalol, sorbate, and other
analytes that possess different chromatographic properties
at the lowest possible analysis time at standard HPLC sys-
tem, modern solid core columns and gradient elution were
adopted during method development.

Columns of solid core particles exhibit unusual chro-
matographic efficiency. Presumably, this is due to the ability
to form very homogeneous packed beds as a result of
an extremely narrow particle size distribution and higher
particle density. Solid core particles exhibit highly improved
mass transfer (kinetic) effects because of the thin porous shell
surrounding a solid core, allowing solutes to rapidly diffuse
in and out of the porous structure containing the stationary
phase for interaction. Columns of the solid core particles
(2.7 pm) exhibit theoretical plates nearly comparable to those
of sub-2-micron totally porous particles, but with much
reduced pressure requirements and thus it is possible to use
them at standard HPLC systems [11].

2. Materials and Methods

2.1. Materials and Chemicals. Sotalol hydrochloride (Fagron,
Olomouc, Czech Republic) and potassium sorbate (Dr. Kul-
ich Pharma, Hradec Kralove, Czech Republic) were used as
the standards. Ethylparaben (Sigma-Aldrich, Steinheim, Ger-
many) was used as an internal standard (IS). Sodium dihy-
drogen phosphate dihydrate (Sigma-Aldrich, Steinheim, Ger-
many), orthophosphoric acid (Merck, Darmstadt, Germany),
acetonitrile (ACN) gradient grade (Sigma-Aldrich, Stein-
heim, Germany), methanol (MeOH) gradient grade (Sigma-
Aldrich, Steinheim, Germany), and tetrahydrofuran (THF)
Chromasolv (Sigma-Aldrich, Steinheim, Germany) were
used to prepare the mobile phase. Water for the sample and
mobile phase preparation was purified by Milli-Q Integral
15 system with 0.22 ym output filter. Nylon membrane filters

Journal of Analytical Methods in Chemistry

TABLE 1: Linear gradient.

T [min] % A (buffer) % B (ACN)
0.00 90 10
4.00 40 60
4.49 40 60
4.50 90 10
7.00 90 10

(0.20 um) were used for mobile phase filtration (Albet, Das-
sel, Germany). Nylon membrane filters (0.22 ym) (Vitrum,
Prague, Czech Republic) and 2mL syringes (Chirana T.
Injecta, Stara Tura, Slovak Republic) were used to filter
the samples. A 1000 L Transferpette micropipette (Brand,
Wertheim, Germany) was used. Formulations F1-F5 (and
respective blank solutions), which contain sotalol hydrochlo-
ride (5 mgmL™"), potassium sorbate (1 mg mL™"), and excip-
ients (e.g., water for injection, sirupus simplex, citric acid,
disodium hydrogen phosphate dodecahydrate, and sodium
saccharine), were obtained as extemporaneous preparations
from the Hospital Pharmacy at the University Hospital in
Motol, Prague, Czech Republic.

2.2. Instrumentation and Chromatographic Conditions. The
chromatographic analysis was performed on an integral sys-
tem Shimadzu LC-2010C (Shimadzu, Kyoto, Japan). The fol-
lowing chromatographic columns were tested during method
development: Ascentis Express C18 (150 x 4.6 mm, particles
2.7 ym), Ascentis Express CI8 (100 x 4.6 mm, particles
2.7 um), and Ascentis Express Phenyl-Hexyl (100 x 4.6 mm,
particles 5um). An Ascentis Express CI8 (100 x 4.6 mm,
particles 2.7 yum) column was finally chosen for the method
validation and stability testing. The dual absorbance UV/Vis
detector was set to a wavelength of 237 nm. Linear gradient
elution (Table 1) with a flow rate of 1.3 mL min~" was used. A
column oven was conditioned at 25°C. The injection volume
was 5 yL and analysis time was 4.5 minutes (7 minutes with
reequilibration time incl.).

2.3. Preparation of Buffer Component of Mobile Phase
(Approximately 1L). 2.76¢g of sodium dihydrogen phos-
phate dihydrate was dissolved in 1L of ultrapure water. An
orthophosphoric acid solution (6%) was used to adjust the pH
to 2.5 (+0.05). The mobile phase buffer was filtered through a
nylon membrane filter (0.20 ym) using a Millipore glass filter
holder. The mobile phase buffer was used immediately after
preparation or stored in the refrigerator in closed borosilicate
glass bottles for a maximum of 24 hours.

2.4. Preparation of Stock, IS, Standard, Sample, and Blank
Solutions. The preparation of the stock, IS, standard, sample,
and blank solutions is described in Table 2.

3. Results and Discussion

3.1. Method Development. The initial chromatographic con-
ditions and mobile phase composition were chosen to be
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TABLE 2: Stock, IS, standard, sample, and blank solutions preparation.
Composition and process Sol?ltt(i)(i(l of S.tOCk Stand.ard Sample Bla1.1k
standards solution of IS solution solution solution
Sotalol hydrochloride ~100.00 mg — — — —
Potassium sorbate ~20.00 mg — — — —
Ethylparaben — ~100.00 mg — — —
Stock solution of standards — — 1.000 mL — —
Stock solution of IS — — 1.000 mL 1.000 mL —
Oral preparation (SOT 5mgmL™") — — — 1.000 mL —
Placebo of preparation (neither SOT nor SORB) — — — — 1.000 mL
Dissolvent ACN : water 50:50 (v/v) 50:50 (v/v) 30:70 (v/v) 30:70 (v/v) 30:70 (v/v)
Total volume 20.00 mL 50.00 mL 25.00 mL 25.00 mL 25.00 mL
Membrane filtration 0.22 ym — — Yes Yes Yes
Injection to the column — — Yes (5 uL) Yes (5 uL) Yes (5 uL)

similar to those used by Delamoye et al. for the separation
of thirteen f-blockers [12]. CI8 stationary phase column
with solid core 2.7 ym particles, 4.6 mm id., and 100 mm
length was initially tested. A mobile phase consisting of
sodium dihydrogen phosphate dihydrate (pH 3.8; 17.7 mM)-
ACN (65:35, v/v) did not provide separation of the sotalol
peak from the dead volume peak. An increase in the
phosphate buffer (pH 3.8; 177 mM) component led to a
desirable increase in the sotalol retention. Phosphate buffer
(pH 3.8;17.7 mM)-ACN (80 : 20 and 85 : 15, v/v) only provided
partial separation of sotalol from the dead volume peak.
Phosphate buffer (pH 3.8; 17.7 mM)-ACN (90:10, v/v) was
sufficient for proper sotalol retention. The addition of THF
was tested to observe possible positive effects on peak shape.
Unfortunately, THF addition did not provide any advantages
and led to a rapid increase in the baseline noise and drift.
The use of MeOH instead of acetonitrile also led to a less
stable baseline as well as an undesirable increase in the system
back pressure. Avoiding the phosphate buffer and using only
ACN-water mobile phases caused unacceptable peak fronting
and tailing. Therefore, the buffer is necessary for maintaining
good peak shapes and separation. Isocratic elution with the
phosphate buffer (pH 3.8;17.7 mM)-ACN (90 : 10, v/v) mobile
phase cannot be used due to a significant increase in the
analysis time caused by different retention properties of
sotalol (base) and sorbate (acid). Under acidic conditions
sotalol is in ionized form and thus it is not well retained
on the stationary phase; opposite sorbate is in nonionized
form and it is therefore significantly retained on the column.
Different gradient curve profiles were tested, and a linear
gradient was chosen because it resulted in the lowest baseline
drift. A terminal gradient concentration of ACN was tested
up to 70%, but a maximum usable concentration of 60%
was required to maintain a straight baseline. Gradient elution
with initial phosphate buffer (pH 3.8; 177 mM)-ACN (from
90:10 to 40:60, v/v) could be used for the separation of
sotalol and sorbate. Unfortunately, these conditions cannot
be used for analysis of preparations containing the artificial
sweetener saccharine (SACC) due to its coelution with

the sotalol peak. An increase in the temperature up to 60°C
or the use of an Ascentis Express Phenyl-Hexyl column did
not provide any favorable changes in the selectivity and using
of Ascentis Express C18 (150 x 4.6 mm, 2.7 ym particles) also
did not provide sufficient SOT-SACC separation. An elevated
temperature resulted even in a decreased resolution of the
SOT and SACC peaks. Several buffer pH values (4.6; 3.8; 3.0;
2.5;and 2.0) were tested (Figure 1). Using 4.6 or 3.8 pH buffers
caused coelution of SOT/SACC, pH 3.0 buffer provided
reasonable separation of the SOT/SACC peaks (resolution =
1.44), and finally the 2.5 buffer led to complete separation
of the mentioned analytes to the baseline (resolution >
1.5). The pH 2.0 buffer also provided total SOT/SACC
separation but it is not recommended due to an expected
decrease in the column lifetime. These experimental results
correspond to the theoretical useful pH range of phosphate
buffer which is 2.1-3.1 [13]. Methylparaben, ethylparaben,
propylparaben, butylparaben, paracetamol, and salicylic acid
were tested as possible internal standards (IS). Paracetamol
was coeluted with the dead volume peak, methylparaben
and salicylic acid were not sufficiently separated from the
sorbate peak, and propylparaben with butylparaben was
eluted with unfavorable long retention times. Ethylparaben
was finally chosen as the IS because it is stable in solution,
inexpensive, and well separated from all of the analytes
in the oral preparations. In addition, ethylparaben exhibits
good UV absorption in UV. Various concentrations of the
sample solution and injection volumes were tested to ensure
a suitable tailing factor and sufficient response (absorbance).
The UV spectra of sotalol and sorbate were obtained with a
UV/Vis DAD spectrophotometer, and the tested wavelengths
of the UV/Vis absorbance HPLC detector ranged from 200 to
300 nm. Finally, the wavelength was set to 237 nm to ensure
good sensitivity, as well as low baseline noise.

3.2. Sample Preparation Development. The simple method
known as “dilute and shoot” was used for sample preparation.
The pharmaceutical preparation was diluted 25 times (i.e.,
1.000 mL of the preparation with 1.000 mL of the IS stock
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FIGURE 1: Significance of mobile phase buffer pH controlling in
SOT/SACC separation; pharmaceutical formulation F4 (1.000 mL of
pharmaceutical preparation diluted to 25.00 mL); injection volume
5 uL; mobile phase flow 1.3 mL min'; linear gradient (ACN: 10% to
60% in 4 minutes); UV/Vis detector wavelength 237 nm; column
oven 25°C.

solution was diluted to 25.00 mL with a mixture of ACN-
water (30:70, v/v)) to avoid previously reported matrix
effects of the liquid pharmaceutical formulations [14]. The
standard solution was prepared in the same way as the
sample solution using a stock solution of the standards. The
concentration of SOT, SORB, and EP was selected to ensure
the same concentration level in the sample and standard
solutions. An increase in the ACN component (e.g., to 50%)
led to rapid deterioration of the peak shapes, especially
significant fronting of the SOT and SACC peaks. Therefore,
an ACN concentration higher than 30% is not practical.

3.3. Method Validation. The method was validated according
to ICH Q2 (R1) guidelines [15]. The system suitability (i.e.,
repeatability of retention times and areas, number of theoret-
ical plates, resolution, and tailing factor), precision, linearity,
accuracy, selectivity, and robustness were evaluated during
method validation (Table 3). The parameters accuracy, pre-
cision, and selectivity were performed and evaluated for all
five pharmaceutical formulations.

3.3.1. System Suitability Test (SST). SST was performed on a
standard solution that was injected into the column six times.
The reported values are arithmetic means of six injections.

3.3.2. Precision. Six sample solutions were prepared from
each of the five preparations. Each sample was injected three
times. The final results are reported as relative standard
deviations (R.S.D.) of the SOT/EP and SORB/EP ratios of the
peak areas.

3.3.3. Linearity. A calibration curve was created using 6
points that covered the concentration range of sotalol hydro-
chloride from 0.lmgmL™" to 0.4mgmL™" and potassium
sorbate from 0.02mgmL™" to 0.08 mgmL~". Linear regres-
sion was used to process the calibration data. The correlation
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FIGURE 2: Chromatograms of the standard solution (SOT
0.2mgmL", SORB 0.04 mgmL™", and EP 0.08 mgmL™"), sample
solution (1.000 mL of pharmaceutical preparation and 1.000 mL of
stock solution of internal standard EP diluted to 25.00 mL), and
blank solution (1.000 mL of placebo diluted to 25.00 mL); injection
volume 5 pL; mobile phase flow 1.3 mL min; linear gradient (ACN:
10% to 60% in 4 minutes); UV/Vis detector wavelength 237 nm;
column oven 25°C.

coeflicients of linearity were 0.9995 for sotalol hydrochloride
and 0.9995 for potassium sorbate, which indicate good corre-
lation between the peak areas and the range of concentrations
studied.

3.3.4. Accuracy. The solutions for injection were prepared
using a placebo and stock solution of standards instead of the
oral preparation. Six solutions were prepared from each of the
five preparations. Each solution was injected onto the column
three times. Accuracy is reported as a parameter recovery
with relative standard deviations.

3.3.5. Selectivity. The selectivity was determined by compar-
ing the chromatograms of sample solutions, standard solu-
tion, and blank solutions. Figure 2 shows that sotalol hydro-
chloride (i.e., the active substance), potassium sorbate (i.e.,
antimicrobial agent), and ethylparaben (i.e., internal stan-
dard) are all completely separated from each other and from
the saccharine peak both in the standard solution and in the
sample solution. No interference was observed.

3.3.6. Robustness. Various buffer pH values and composi-
tions of the mobile phase were tested. A mobile phase buffer
with a pH ranging from 2.3 to 2.7 was used without remark-
able changes in the accuracy (98.99-100.37%). A sodium
dihydrogen phosphate dihydrate (pH 2.5; 177 mM)-ACN
initial gradient ratio ranging from 92:8 to 89:11 (v/v) was
used without remarkable changes in the accuracy (97.42-
100.70%). However, the 88 : 12 ratio led to higher fluctuations
in the retention times, and, therefore, this ratio is not recom-
mended. All of the tested ratios ensured complete separation
to the baseline for all of these compounds. The stability of
the standard solution was tested at room temperature without
light protection and at 5 + 3°C light protected 24, 48, and 72
hours after its preparation. The accuracy of the peak areas for
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TABLE 3: Validation parameters of formulations F1-F5.
Fl F2 F3 F4 F5 L
Criterion
SOT SORB SOT SORB SOT SORB SOT SORB SOT  SORB

Eesple)agibihty t (% 000 000 000 000 000 000 000 000 000 0.0 X < 1%
Eesple)a;?bﬂity area (% 0oy 057 022 057 022 057 022 057 022 057 X < 1%
Thet"retical platesper ;410 282,650 11810 282,650 1L8I0 282,650 1L8I0 282,650 1L8I0 282,650 —
meter
Resolution® — 18.39 — 18.39 18.39 — 18.39 — 18.39 R;>15
Tailing factor® 110 1.23 110 1.23 110 1.23 110 1.23 110 123 T =0.8-15
Precision (% R.S.D.)° 0.43 — 0.16 — 049 098 026 151 0.21 L1 X < 5%
Linearity “f“elaﬁon 0.9995 0.9995 0.9995 0.9995 0.9995 0.9995 0.9995 0.9995 0.9995 0.9995 R > 0.9990
coefficient)
Accuracy recovery (%)® 101.09 — 99.57 — 99.59 9826 9993  98.70 99.35 98.57 X =100 £ 5%
Accuracy (% R.S.D.)° 0.58 — 0.85 — 144 227 071 207 057 L14 X < 5%

Selectivity No interference ~ No interference

No interference

No interference  No interference  No interference

*Six injections.

bSix samples, three injections of each sample.

€At 50, 75,100, 134, 166, and 200% concentration levels.
SOT: sotalol hydrochloride.

SORB: potassium sorbate.

Fx: formulations with various excipients.

% R.S.D.: relative standard deviation in %.

both storage conditions during the entire 72 hours was 99.32-
100.62%.

4. Conclusions

The optimal chromatographic conditions for separation of
an active substance sotalol hydrochloride, potassium sorbate,
and other substances were achieved on an Ascentis Express
Cl18 (100 x 4.6 mm, particles 2.7 yum) solid core particles
column and with a linear gradient elution at a flow rate of
1.3mL min"", using pH 2.5 phosphate buffer-ACN mixture
(ACN~10-60%) as mobile phase and detection set to a
wavelength of 237 nm. The method is rapid with a total
analysis time of 4.5 minutes (+2.5 minutes of reequilibration).
The sample preparation is a simple “dilute and shoot” method
using an internal standard (ethylparaben). All measured
parameters of the validation demonstrate the suitability of
this new HPLC method for the analysis of oral liquid pharma-
ceutical preparations containing the above substances. The
method was successfully employed in a stability evaluation of
the four developed formulations with different composition,
which are now already being used in the therapy of arrhyth-
mias in pediatric patients. The method is also suitable for gen-
eral quality control, that is, not only just for extemporaneous
preparations containing the mentioned substances.
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ABSTRACT

Objectives Sotalol hydrochloride (SOT) is an
antiarrhythmic B-blocker which is highly effective for the
treatment of supraventricular tachycardia in children.
However, a licensed paediatric dosage form with sotalol
is not currently available in Europe. The aim of this work
was to formulate paediatric oral solutions with SOT

5 mg/mL for extemporaneous preparation in a hospital
pharmacy with the lowest possible amount of excipients
and to determine their stability.

Methods Three aqueous solutions were formulated.
One preparation without any additives for neonates and
two preparations for children from 1 month of age were
compounded using citric acid to stabilise the pH value,
potassium sorbate 0.1% wi/v as a preservative, and
simple syrup or sodium saccharin as a sweetener.

The samples were stored at room temperature and in a
refrigerator, respectively, and the content of SOT and
potassium sorbate was determined simultaneously
using a validated high performance liquid
chromatography method at different time points over
180 days.

Results At least 95% of the initial sotalol
concentration remained throughout the 180-day study
period in all three preparations at both temperatures.
The content of potassium sorbate decreased by 17%
with sodium saccharin stored at room temperature.
Conclusions The three proposed oral aqueous
solutions of SOT for neonates and infants were stable for
180 days. Storage in a refrigerator is preferred,
particularly with sodium saccharin. The additive-free
solution of SOT can be autoclaved to ensure
microbiological stability and used particularly for
neonates and in emergency situations.

INTRODUCTION
Sotalol hydrochloride (SOT) is an anti-arrhythmic
B-blocker which is well tolerated and highly effect-
ive for the treatment of ventricular and supraventri-
cular tachycardia in children.' The British National
Formulary recommends sotalol should be adminis-
tered to children in an initial oral dose of 1 mg/kg
twice daily, increased as necessary every 3—4 days to
a maximum of 4 mg/kg twice daily.> Recently, age-
specific dosage guidelines for sotalol were devel-
oped by Lier et al’ to ensure safe and effective
anti-arrhythmic therapy in children, especially neo-
nates and infants.

Sotalol is commercially available in tablet dosage
forms for adults in four strengths: 80, 120, 160 and
240 mg."! However, the lack of marketed low-dose

paediatric products means extemporaneous prepar-

ation is often necessary. Extemporaneous prepara-

tions for paediatric use must be formulated in
accordance with the guidelines of the European

Medicines Agency.* ° Compounding should be

restricted to an approved institution, for example, a

hospital pharmacy.

In general, there are three basic approaches to
the pharmacy preparation of paediatric dosage
forms.

1. The preparation of capsules from licensed
tablets or from the active substance is time-
consuming for pharmacists and inconvenient
for caregivers. As a small child is unable to
swallow capsules, they should be opened and
mixed with baby food or a beverage before
administration. The advantage of this method is
relatively good chemical and microbiological
stability without the need to add preservatives.

2. The preparation of a suspension from licensed
tablets or a solution from licensed injection is a
simple way to prepare an oral liquid prepar-
ation. Commercial tablets should be crushed to
a fine powder and mixed with a suitable
vehicle; commercial injections could be diluted
with water. Excipients improving stability and
palatability should be added. However, the sta-
bility of the final product is not ensured due to
the presence of other excipients in licensed
medicines and their potential interactions with
vehicles. Above all, there is a high risk of an
inaccurate dose in the case of suspensions and
drugs with a narrow therapeutic range, particu-
larly in children.®

3. The preparation of an aqueous oral solution
from the active substance is the best method if
the active ingredient is of the required pharma-
copoeial quality and soluble in water.

In all these circumstances, the pharmacist should
pay attention to the stability of the active pharma-
ceutical substance for the labelled time period,
excipient safety and tolerability, particularly for
very young children, and expected duration of
treatment.” Special attention must be given to for-
mulations for neonates to whom no preservatives,
antioxidants or hyperosmotic solutions should be
administered.’

Regarding the paediatric use of SOT, some sus-
pensions prepared from commercial tablets are
referred to in the literature as being stable for a
maximum of 90 days.>”!' The presence of many
different additives in tablets as well as in commer-
cial vehicles (ORA-Sweet, ORA-Plus), sedimentation
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and possible dose inaccuracy make suspensions a less suitable
dosage form for infants.

The aim of our research was to formulate extemporaneous
paediatric solutions of SOT 5 mg/mL for two different paediat-
ric groups: neonates to 1 month of age (without any additives)
and infants (with the lowest possible amount of excipients) and
to evaluate their stability under two different conditions of
storage (refrigerated and room temperature) throughout the
180-day study period. In the unpreserved solution, the influence
of autoclaving on the stability of SOT was also investigated.
High performance liquid chromatography (HPLC) was used to
simultaneously estimate the concentrations of SOT and potas-
sium sorbate (PS) in the preserved preparations.

MATERIALS AND METHODS

Materials

SOT, PS, citric acid monohydrate, sodium saccharin and simple
syrup (64% w/w, preservative-free) of pharmaceutical quality
were used. Water for injection (WFI) was used throughout the
study as a solvent.

Methods

Sample preparation

Sotalol samples were carefully prepared in University Hospital
Motol in Prague.

Solution S1 5 mg/mL was prepared by dissolving 0.50 g of
SOT in WFI and made up to 100 mL under aseptic conditions.
One sample (S1,,,) was filled into a infusion glass bottle, stop-
pered and crimped, and sterilised in a laboratory autoclave at
121°C for 20 min.

Solution S2 5 mg/mL was made by dissolving 0.50 g of SOT,
0.10 g of PS and 0.08 g of citric acid in an appropriate amount
of WFI. Then, 20 g of simple sucrose syrup (64% w/w) was
added and the solution was made up to 100 mL (ie, 105 g) with
WEFIL

Solution S3 5 mg/mL was prepared by dissolving 0.50 g of
SOT, 0.10 g of PS, 0.08 g of citric acid and 0.10 g of sodium
saccharin in WFI and made up to 100 mL.

The composition of solutions S1, S2 and S3 is shown in
table 1.

Measurement of density, osmolality and pH value
The density of the preparations was measured at 20=0.1°C
using a DMA 4100M density meter (Anton Paar, Austria). The

Table 1 Composition and properties of sotalol hydrochloride
solutions

S1(g) S2 (g9) S3 (9)
Sotalol hydrochloride 0.50 0.50 0.50
Citric acid - 0.08 0.08
Potassium sorbate - 0.10 0.10
Simple syrup - 20.0 -
Sodium saccharin - - 0.10
Water for injection to 100.0 mL 100.0 mL 100.0 mL

(=105.0 g)
Density* (g/mL) 0.9997 1.0500 1.0008
Osmolality (mOsmol/kg) 49 497 60
pH 5.43-5.87 4.16-4.19 4.14-4.19
Taste Slightly bitter Sweet Sweet, slightly
bitter

*At 20+0.1°C.

osmolality of the solutions was measured using an automatic
semi-micro osmometer (Knauer, Germany) calibrated in accord-
ance with Ph. Eur. 8.0 (2.2.35. Osmolality). Density and osmo-
lality were measured five times in each formulation.

pH was measured under stabilised conditions using a pH
metre (pH 212 meter, Hanna instruments, Germany) with a
combined pH electrode. Samples were measured at 7, 14, 30,
60, 90, 120, 150 and 180 days.

Instrumentation and analytical conditions

A stability-indicating HPLC assay was developed for simultan-
eous determination of SOT and PS by Matysova et al.'? Briefly,
determination of SOT and PS was performed on an HPLC
system with an absorbance UV detector. Separation was
achieved using an Ascentis Express C18 (100x4.6 mm, particles
2.7 um; Supelco, USA) column. Linear gradient elution was
used.

Stability method and sample analysis

All preparations (S1, S2 and S3) were prepared in duplicate with
the same composition. Each solution was divided into four
amber glass bottles (50 mL). Samples were stored at room tem-
perature (25+2°C) or in a refrigerator (5+3°C) and protected
from light; that is, two samples from each batch were stored at
each of the experimental conditions (n=4).

The concentration of SOT in all preparations and of the pre-
servative, PS, in preparations S2 and S3 was evaluated at the
beginning of the stability assay (to, an initial content of 100%)
and at the time points mentioned above. Each sample was mea-
sured in triplicate.

Samples of solution S1,,, were stored in an autoclave bottle
under the same storage conditions as above. The concentration
of SOT was evaluated before sterilisation in an autoclave, after
sterilisation (to) and then at 7, 14 and 30 days.

Data analysis

At each time point, the percentage of the actual initial concen-
tration remaining was calculated for sotalol and PS (n=4).
Stability was defined as the retention of at least 95% of the
initial concentration of sotalol and 90% of PS.

RESULTS

Table 1 shows the composition and the properties: the average
of five measurements of density and osmolality, the relative SD
of which was less than 1%, and the taste of the prepared solu-
tions. In our opinion, both solutions formulated with a sweet-
ener tasted sweet, while solution S3 containing sodium
saccharin had a slightly bitter aftertaste. Table 1 also gives the
pH values measured at the stability study time points. The pH
of the aqueous solution of sotalol S1 without additives varied
between 5.43 and 5.87; the average pH value of 4.15 in the
buffered solutions with preservative (S2, S3) remained practic-
ally unchanged throughout the stability study.

In figure 1, the HPLC chromatograms of sample S1,,, before
(A) and after (B) autoclaving are compared. The lack of change
in the retention time of sotalol demonstrated that autoclaving
did not influence SOT stability. The concentration of sotalol
before and after autoclaving was unchanged at 5.17+0.11 mg/
mL and therefore taken to be equal to the initial value (to).

Table 2 shows the percentage=SD of the initial concentration
of SOT in solutions S1, S2 and S3 (n=4) stored under various
conditions as mentioned above. The first row gives the amount
of SOT in milligrams per millilitre at the beginning of the study
(tp=100%). SOT demonstrated good stability in the
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Figure 1  (A) High performance liquid A 3%
chromatography chromatogram of
sotalol hydrochloride in sample S1,, 300
before sterilisation. (B) HPLC
chromatogram of sotalol hydrochloride
in sample S1,,; after sterilisation. 250 Sotalol Ethylparaben (IS)
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preparations, with final content being within 5% of the initial The results for PS are presented in table 3. The remaining
concentration after 180 days of storage at cold or room tem- percentage content of PS was within £5% of the initial PS con-
perature. Chromatograms showed no evidence of degradation centration for solutions S2 and S3 stored in a refrigerator for
products throughout 6-month stability study. 180 days. At room temperature, the percentage of PS declined

Table 2 The percentage content of sotalol hydrochloride during the stability study at cold and room temperature*

Cold (5+3°C) Room (25+2°C)

Time point (day) S1 S2 S3 S1 S2 S3

0 (100%) 5.17+0.11 mg/mL 5.19+0.03 mg/mL 5.19+0.05 mg/mL 5.17+0.11 mg/mL 5.19+0.03 mg/mL 5.19+0.05 mg/mL
7 101.10+1.37 99.03+0.93 100.89+0.88 100.37+0.89 99.52+0.74 100.19+0.93
14 96.72+0.48 99.58+1.29 98.48+0.23 98.32+0.73 100.22+0.69 98.12+0.34
30 100.65+0.66 100.55+1.16 101.20+0.33 98.91+1.01 99.69+1.18 99.0+0.39
60 98.41+0.32 98.75+1.12 99.36+0.80 98.78+0.59 99.29+0.69 98.79+0.84
90 98.75+0.28 99.02+0.89 98.84+0.63 99.04+0.30 99.54+0.29 99.27+0.40
120 98.58+0.97 98.99+0.66 99.22+0.56 98.39+0.60 98.89+0.39 98.27+0.92
150 97.33+0.67 99.17+0.83 98.62+0.74 97.84+0.34 99.23+0.70 98.27+0.25
180 99.29+0.83 98.85+0.91 101.14+0.91 100.07+0.52 99.27+0.81 98.97+1.06

*Mean=SD of determinations for four samples (n=4).
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Table 3 The percentage content of potassium sorbate during the stability study at cold and room temperature*

Time point (day)

Cold (5+3°C)

S2

S3

Room (25+2°C)
S2 S3

1.04+0.01 mg/mL

0 (100%) 1.03+0.02 mg/mL

7 98.65+1.99 102.55+1.90
14 99.04+2.02 99.49+1.46
30 99.17+2.25 99.94+1.64
60 98.20+1.31 98.54+2.45
90 97.46+1.65 98.83+0.89
120 98.53+1.42 98.09+1.58
150 97.95+0.58 99.34+1.73
180 98.37+0.32 98.78+1.19

1.03+0.02 mg/mL 1.04+0.01 mg/mL

99.34+1.82 101.42+1.92
99.39+0.81 98.24+1.92
99.56+0.84 97.69+1.38
97.45+0.99 95.34+0.89
97.99+0.51 94.28+0.67
96.13+0.68 89.94+1.34
94.34+0.79 86.76+1.51
92.60+0.75 83.42+0.75

*Mean=SD of determinations for four samples (n=4).

slowly, remaining within *5% for 60 days, within +£10% for
90 days, and then decreasing further, particularly for S3.
Nevertheless, no detectable changes in colour, odour or taste
were observed in any formulation.

DISCUSSION

Approximately 14 000 capsules containing 5-30 mg of SOT
were prepared in the hospital pharmacy of the University
Hospital Motol in Prague in 2014 for paediatric patients. In
cooperation with the children’s heart centre at the same hos-
pital, the aim of this work was to replace the preparation of
SOT-containing capsules with extemporaneous 5 mg/mL oral
solutions which would cover most paediatric needs in the
hospital.

Oral paediatric solutions provide many benefits including easy
and faster preparation in a hospital pharmacy and more flexible
and accurate dosing. Unfortunately, aqueous solutions often
have less stability and a short shelf-life, so preservatives must
generally be added to multi-dose preparations. In addition, the
pharmacist is responsible for the selection of suitable excipients
safe for children in the targeted age groups. Adequate palatabil-
ity also plays an important role in patient acceptability, with fla-
vours or sweeteners often added to improve taste.

SOT is a white powder, freely soluble in water and chemically
stable at pH 4-5.7 '3 PS is believed to be a safe antimicrobial
preservative, is freely soluble in water and is generally used at
0.1-0.2% concentration in oral formulations.'* PS (in the form
sorbic acid) displays highest antimicrobial efficacy at pH 4-5,
the same pH as sotalol.’ Because SOT has a slightly bitter
taste, sucrose syrup and/or sodium saccharin were used to
improve the palatability of the S2 and S3 preparations,
respectively.

A simple aqueous solution of SOT without any additives is
proposed for neonates. Microbiological stability is ensured by
the aseptic technique and final sterilisation of the product.
Bacteria retention using a 0.22 um membrane filter, sterilisation
after compounding in an autoclave or a combination of both are
the most common sterilisation methods employed in hospital
pharmacies. The stability of solution S1 is documented in
table 2. The effect of sterilisation in an autoclave at 121°C for
20 min on the concentration of SOT is shown in figure 1, where
the HPLC sample chromatograms are compared before (A) and
after (B) autoclaving. As can be seen, autoclaving did not influ-
ence the retention time of sotalol. The concentration of sotalol
(5.17+0.11 mg/mL) before autoclaving was the same as that
after autoclaving and therefore considered to be the initial value
(tg). The percentage content of SOT remained within =5% of

the initial concentration during 30 days of storage at both cold
and room temperature.

Solutions S2 and S3 were formulated with an antimicrobial
agent and are proposed for children above 1 month of age. The
results in table 2 document the good stability of SOT in all pre-
parations tested. As can be seen in table 3, the concentration of
PS remained within =5% of its initial concentration for solu-
tions S2 and S3 stored in a refrigerator for 6 months. However,
the percentage content of PS decreased slowly at room tempera-
ture, declining finally below 90% of the original concentration
after 90 days. This was noted particularly for solution S3.

CONCLUSIONS

Three aqueous oral solutions of SOT 5 mg/mL for antiarrhyth-
mic therapy in children were formulated for extemporaneous
preparation in a hospital pharmacy. Validated HPLC analysis
demonstrated that the concentration of SOT in the formulations
was in accordance with the criterion that at least 95% of the
initial content should remain during storage at cold or room
temperature throughout the 180-day study period.

The used excipients ensured stable pH and a more pleasant
taste, while the preservative afforded sufficient antimicrobial sta-
bility in solutions S2 and S3 targeted at children aged 1 month
and over. Storage in a refrigerator is preferred, and the solutions

What is already known on this subject

» Most sotalol hydrochloride preparations on the market are
not suitable for small children.

» Good stability of sotalol hydrochloride in an aqueous
preparation has been shown.

» Extemporaneous preparation of stable pharmaceutical
products in pharmacies is essential if marketed paediatric
products are lacking.

What this study adds

» Three oral aqueous solutions of sotalol hydrochloride for
neonates and infants were formulated and stability for
180 days was demonstrated in a validated high performance
liquid chromatography assay.

» Autoclaving had no effect on the stability of an additive-free
aqueous solution of sotalol hydrochloride which can be used
in particular for neonates and in emergency situations.
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were stable for 180 days under this condition. Preparations
should be stored in a brown glass container with a screw cap suit-
able for use with a graduated pipette for accurate oral dosing.
The efficacy of PS 0.1% w/v in formulation S2, which is a better
candidate for microbial contamination due to the content of
sucrose syrup, was demonstrated by an accredited laboratory (Ph.
Eur., 5.1.3 Efficacy of antimicrobial preservation).

In formulation S1,,,, no effect of autoclaving on the stability
of SOT was observed; the solution was stable for 30 days regard-
less of storage conditions. Although this preservative-free solu-
tion is particularly targeted at neonates, it could be prepared in
advance in the pharmacy and stored until needed.
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KEY MESSAGES

What is already known about this subject

Ethanol is widely used in registered furosemide oral preparations to improve its
solubility. However, ethanol is not a suitable excipient for preparations intended
for use in paediatrics.

If marketed paediatric product is not available, extemporaneous preparation of a
stable pharmaceutical product in a pharmacy has an essential role in the therapy of
children.

The stability of furosemide in disodium hydrogen phosphate dodecahydrate

aqueous solution in the presence of methylparaben is not known.

What this study adds

Two developed formulations of furosemide ethanol-free oral solution targeted for
infants were proposed for easy extemporaneous compounding in pharmacies.
Stability for 270 days under room storage temperature was demonstrated by HPLC
analytical assay and pH measurement.

The preparation containing disodium hydrogen phosphate dodecahydrate to reach
the alkaline pH necessary for FUR dissolution in water is easier to prepare in
routine practice and has a more pleasant taste than that one prepared with sodium
hydroxide.

The preparations proposed offer personalisation of child therapy reflecting the

actual need.



ABSTRACT

Objectives. Oral liquid solutions of diuretic active ingredient furosemide (FUR) marketed
across Europe do not comply with the recent requirements for paediatric preparation due
to their ethanol content and, moreover, in some countries only tablet or injection dosage
forms of furosemide are available.

Methods. Our work presents two developed formulations of furosemide ethanol-free
paediatric oral solutions 2 mg mL™! for easy extemporaneous compounding in a pharmacy.
Furosemide solubility avoiding the use of ethanol was achieved by using sodium hydroxide
(formulation F1) or disodium hydrogen phosphate dodecahydrate (formulation F2). The
preparations were stored at 25 4+ 3°C or at 40 + 0.5°C, protected from light. For FUR and
preservative, methylparaben (MP), a stability assay was conducted by high performance
liquid chromatography validated method and pH stability.

Results. The remaining furosemide concentration was higher than 90 % of the initial
concentration after 270 days in both formulations at both storage conditions, 25°C and
40°C. The concentration of methylparaben decreased significantly in the formulation F2
stored at 40°C.

Conclusions. Both formulations were stable when stored at room temperature for up to 9
months; the formulation F1 was stable even at 40°C. Methylparaben used as an
antimicrobial agent fully satisfied the recommended criteria for preservative efficacy in

oral preparations according to Ph. Eur. 9.0 (5.1.3).

KEY WORDS: furosemide, extemporaneous preparation, oral solution, ethanol-free,

stability, HPLC



INTRODUCTION

Furosemide (FUR) is a traditional diuretic widely used in adults and in paediatric patients;
it is generally administered intravenously or orally. FUR is used in the treatment of
hypertension and oedema associated with heart failure including pulmonary oedema.[1]
Usually, the oral dose for neonates is 0.5 to 2 mg per kilogram of weight every 12 to 24
hours, for children aged from 1 month to 12 years the same dose 2—3 times daily is used,
and for children 12 years and above 20 to 40 mg daily is administered. In resistant oedema,
the higher dose can be permitted.[1]

However, the registered tablets contain at least 40 mg of FUR in one tablet. To achieve the
required paediatric dose, it is necessary to crush commercially available tablets, mix the
powder with a filler, and prepare capsules extemporaneously in a pharmacy. Afterwards,
the capsule has to be opened prior to use and mixed with baby food or liquid before
administration. In the Hospital Pharmacy Motol in Prague, the usually prepared dose for
therapy of paediatric patients is 3 to 5 mg per capsule in agreement with the doctor's
prescription.

A liquid preparation represents a better way with the advantages of more flexible dosing,
improved patient as well as caregiver compliance, and, moreover, it is also easier for
compounding in a pharmacy.[2-4] Registered oral liquid preparations containing FUR
cannot generally be recommended for administration in children because of the high-
concentration ethanol (EtOH) vehicle used. As examples: Frusol 20mg/5ml Oral Solution
(Rosemont Pharmaceuticals Ltd; registered in UK) contains 10 % EtOH, Impugan 10
mg/ml oral drops (Actavis Group hf.; registered in Sweden) contains 9.8 % EtOH, and

finally LasixR liquid 10 mg/ml (Sanofi-Aventis Deutschland GmbH, Germany) contains



even 11.9 % EtOH [5-7]. Using ethanol as the excipient in paediatric drugs does not comply
with the general requirements for paediatric preparations[1] and it is considered unsuitable
for use in paediatric patients by paediatric drug committees, drug agencies, and papers.[8-
13]

One, although not optimal, way of preparing furosemide oral solutions in a pharmacy is
simply diluting a commercially available registered aqueous injection of FUR with water.
The absence of preservatives and the unpleasant taste of the active ingredient are limiting
factors for use in oral multi-dose liquid preparations. If the active pharmaceutical
ingredient (API) is available on the market and it is freely soluble in water, the preparation
of an aqueous solution could be considered as the best way for extemporaneous
compounding in the pharmacy. However, lower stability of API and excipients could occur
in water solution and a shorter shelf life of the aqueous preparation over the capsules is
expected. Therefore, a stability assay of each drug composition should be conducted prior
to administering the preparation to the patients. FUR occurs as a white to slightly yellow,
odourless, light sensitive, crystalline powder with a pK, value of 3.9. It is sparingly soluble
in ethanol, freely soluble in solutions of alkali hydroxides (pH > 8.0) but, unfortunately,
practically insoluble in water or dilute acids.[14]

The aim of our work was to formulate extemporaneous paediatric ethanol-free solutions of
FUR (2 mg mL!) with a suitable solubility of FUR in the aqueous vehicle as well as an
acceptable taste for use in paediatric cardiology and to evaluate their stability under two
different storage conditions during a 9-month study period. A high performance liquid
chromatography (HPLC) method was developed, validated, and used to determine the

concentration of furosemide and the antimicrobial agent methylparaben (MP) throughout



the stability period as well. The main criterion of stability was defined as the retention of
at least 90 % of initial concentration of furosemide and at least 80 % of initial concentration
of methylparaben.

MATERIALS AND METHODS

Materials and chemicals

Furosemide (FUR), methylparaben (MP), disodium hydrogen phosphate dodecahydrate,
and sodium hydroxide were obtained from Fagron, Czech Republic; sodium saccharine
was obtained from Dr. Kulich Pharma, Czech Republic. Water for injection (WFI) was
used for the preparation of the extemporaneous oral solutions and their blank solutions; it
was obtained from the Hospital Pharmacy of the University Hospital in Motol, Prague,
Czech Republic.

In an analytical study, the following substances were used for preparing the mobile phase
and samples: methanol (MeOH) CHROMASOLV® gradient grade, acetonitrile (ACN)
CHROMASOLV® gradient grade, formic acid 95 % and triethylamine (TEA) 99.5 % were
obtained from Sigma-Aldrich, Czech Republic; and 18 MQ.cm ultrapure water from Milli-
Q® Integral water purification system with 0.22 pm Millipak® output filter (Millipore,
USA).

Methods

Sample preparation

2 mg mL™"! furosemide solutions F1 and F2 were prepared from the furosemide substance
and excipients (Table 1).

Formulation 1 (F1) was prepared by dissolving FUR in approximately 2.4 mL of 1 % w/v

sodium hydroxide solution (60°C, freshly prepared from NaOH and WFI). Sodium



saccharine and 50 mL of 0.2 % w/v MP solution (prepared by dissolving MP in WFI at
100°C and cooled down) were added and the solution was made up by adding WFI to the
final volume of 100.0 mL and transferred to a 100 mL amber glass vial with a syringe
adapter.

In formulation 2 (F2), FUR was dissolved in approximately 20 mL of disodium hydrogen
phosphate dodecahydrate solution freshly prepared from 1.5 g of disodium hydrogen
phosphate dodecahydrate and WFI. Sodium saccharine and 50 mL of 0.2 % w/v MP
solution (prepared by dissolving MP in WFI at 100°C and cooled down) were added and
the solution was made up by adding WFI to the final volume of 100.0 mL and transferred
to a 100 mL amber glass vial with a syringe adapter.

Istrumentation and analytical assay

Liquid chromatography

A HPLC method for the determination of active pharmaceutical ingredient FUR and the
antimicrobial preservative MP in presence of FUR impurity A (mentioned in the European
Pharmacopoeia)[15] and pharmaceutical excipients used was developed and validated.
Integral HPLC system Shimadzu LC-2010C (SW Class VP, ver. 6.13; Shimadzu Corp.)
with a octadecyl (C18) silica gel HPLC column (Supelco Discovery® HS C18, 150 x 4.6
mm, 5 pm; Sigma-Aldrich) was used for the chromatographic analysis. The mobile phase
consisted of the buffer (1000 mL of Milli-Q® water, 250 mL of formic acid, and 750 pL of
triethylamine; adjusted to the pH value of 5.75) and acetonitrile in the ratio 65: 35 (v/v);
the mobile phase was filtered by 0.45 um nylon membrane filter before use. The isocratic

flow rate was 1.5 mL/min and the dual absorbance UV detector was set at a wavelength of



270 nm. Chromatograms of standard solution and selected formulation (injection volume
5 uL) are shown in Figure 1, and method validation results are presented in Table 2.
Reference standard solution preparation

A standard solution was prepared by dissolving the active substance and impurity A in
methanol. The final concentrations of the reference standards were 50 ug mL' of
furosemide and 10 pg mL™! of impurity A.

Sample preparation

An accurately weighed portion of pharmaceutical formulation corresponding to 2.5 mg
of furosemide (about 1.25 g) was transferred into a 50 ml volumetric flask and methanol
was added to 50.00 mL. The solution was mixed and after filtration (0.45 um-pore filter)
was injected into the column and analysed by HPLC.

Method validation

The method was validated according to ICH Q2 (R1) guidelines. [16] The system
suitability (i.e., repeatability of retention times and areas, number of theoretical plates,
resolution, tailing factor), precision, linearity, accuracy, selectivity and robustness were
evaluated during method validation (Table 2). The parameters of accuracy, precision, and
selectivity were performed and evaluated for both pharmaceutical formulations.

System suitability test (SST)

SST was performed on a standard solution that was injected into the column six times. The
reported values are the arithmetic means of six injections.

Precision



Six sample solutions were prepared from each of the preparations. Each sample was
injected three times. The final results are reported as relative standard deviations (R.S.D.)
of the FUR and MP peak areas.

Linearity

A calibration curve was created using 6 points that covered the concentration range of
furosemide from 0.02 mg mL™! to 0.8 mg mL™"! and methylparaben from 0.01 mg mL™! to
0.04 mg mL"!. Linear regression was used to process the calibration data.

Accuracy

The solutions for injection were prepared using a placebo and stock solution of standards
instead of the oral preparation. Six solutions were prepared from both preparations. Each
solution was injected into the column three times. Accuracy is reported as a parameter
recovery with relative standard deviations.

Selectivity

The selectivity was determined by comparing the chromatograms of sample solution, and
standard solution. Figure 1 shows that furosemide (i.e., the active substance),
methylparaben (i.e., the antimicrobial agent) and the impurity A are all completely
separated from each other and from the saccharine peak in the standard solution as well as
in the sample solution. No interference was observed.

Robustness

Various buffer pH values and compositions of the mobile phase were tested. A mobile
phase buffer with a pH 5.6 was used without a remarkable change in the accuracy (98.50
%). The mobile phases from ratio 55:45 (buffer:acetonitrile) are not recommended, because

the peaks of furosemide and impurity A are not separated. The stability of the standard



solution was tested at room temperature without light protection and at 5+3 °C light
protected 24, 48 and 72 hours after its preparation. The accuracy of the peak areas for
storage at room temperature without light protection was higher than 1 %, and therefore
the storage at 5+£3 °C light protected condition is recommended.

Stability assay and sample analysis

Two batches were prepared for each out of two formulations and each batch solution was
divided into four 100-mL amber glass bottles; two of them for storage at room temperature
(25 £ 3°C), and two for storage at 40 £ 0.5°C (i.e. n = 4 in each of the experimental
conditions). The samples were protected from light.

The concentration of FUR and MP in the samples was estimated at the beginning of the
stability study (co= day of solution preparation, an initial content of 100 %) and then at the
time intervals of 7, 30, 90, 180, and 270 days. Each sample was measured in triplicate.
Measurement of pH value

The pH value was measured under stabilized conditions using a pH meter (pH 212
Microprocessor pH Meter, Hanna instruments, Germany) with a combined pH electrode.
Each sample was measured at the time intervals mentioned above.

Efficacy of antimicrobial preservation

The test of the antimicrobial activity of the preservative methylparaben 0.1 % w/v (Ph.Eur.,
5.1.3) which consists of challenging the preparation with a prescribed inoculum of micro-
organisms was carried out with the accredited laboratory (ITEST plus, Hradec Kralove,
Czech Republic).

Data analysis

10



At each time interval, the percentage of the actual initial concentration remaining was
calculated for FUR and MP (n = 4). Stability was defined as the retention of at least 90 %
and/or 80 % of initial concentration of furosemide and/or methylparaben, respectively.

RESULTS

The compositions of the preparations F1 and F2 are shown in Table 1. Both formulations
contained saccharine sodium 0.1 % w/v as a taste modifier. They were prepared as quickly
as possible in order to prevent decomposition of FUR by light.

In Figure 1, the HPLC chromatogram showing the separation of standard solution
50 pg mL™! of furosemide and formulation F2 is illustrated; the results of method validation
are summarized in Table 2.

In Tables 3 and 4, the mean value of percentage concentration £ SD of the initial
furosemide and the antimicrobial agent methylparaben, respectively, in preparations F1
and F2 (n = 4) are shown for the stability time points and conditions mentioned in the
Methods section. The amount of FUR and MP in milligrams per millilitre at the beginning
of the study (co = 100 %) is listed in the first row.

As illustrated in Table 3, the FUR concentration remaining was higher than 91 % after 270
days in both formulations F1 and F2 stored at both storage conditions (25°C and 40°C).
The remaining MP concentration was higher than 80 % after 270 days in both formulations
stored at 25°C as well as in the formulation F1 stored even at 40°C as shown in Table 4. In
all cases, the chromatograms showed no evidence of product degradation throughout the
9-month stability study. No detectable changes in colour, odour or taste were observed in
either furosemide formulations.

In contrast, a significant decrease in MP concentration in the formulation F2 stored at 40°C

was observed. The percentage of MP remained within + 11% for 30 days, decreasing to

11



approximately 70 % of the initial content after 90 days. At the end of the stability study
(270 days), only approximately 40 % of MP was found (Table 4). Nevertheless, no apparent
changes in colour, odour or taste were observed.

The value of pH for formulations F1 and F2 under conditions of the stability testing
mentioned above was measured. The pH 6.6 and 7.5 for F1 and F2, respectively, remained
practically unchanged throughout the storage at room temperature as well as for F2 at 40°C;
in the preparation F1, the pH value slightly declined to 6.1 after 270 days when stored at
40°C.

DISCUSSION

Furosemide is an active compound traditionally used in paediatric cardiology. In
paediatrics, oral liquid preparations, particularly solutions, are the best dosage forms for
flexible and accurate dosing and compliance of the patients. However, there is no
commercially available liquid preparation that follows the latest recommendations on
safety of paediatric drugs in terms of excipients used. Furosemide is practically insoluble
in water, which is the main complication when preparing aqueous solutions. To increase
the solubility of FUR in water, ethanol is often used in commercial preparations. [5-7, 17].
Unfortunately, preparations containing ethanol cannot be recommended for use in
paediatric age group patients. The formation of FUR sodium salt by adjusting the alkaline
pH is another method of making FUR soluble in water. In general, an aqueous solution of
sodium hydroxide is used to achieve this. A furosemide injection solution whose pH value
is approximately 9 is the example. In pharmacy, the commercially available aqueous
injection can be simply diluted by WFI to achieve the paediatric suitable FUR

concentration, e.g. 2 mg mL™. Apart from the mentioned high pH value, moreover, such

12



an extemporaneously prepared oral solution has an unpleasant taste due to the presence of
sodium hydroxide.

According to Pharmacopoeial requirements, multi-dose liquid preparations must be
protected from microbial contamination by an addition of a suitable preservative.[15]
Unfortunately, widely used preservatives such as sodium benzoate or potassium sorbate
show practically no antibacterial activity in the alkaline pH value. On the other hand, the
paraben group of preservatives is effective over a wide pH range of 4-8 having a broad
spectrum of antimicrobial activity. The activity of the parabens increases with increasing
chain length of the alkyl moiety, but solubility decreases. [18] However, the reproductive
toxicity of parabens appears to increase with increasing length of the alkyl chain, and there
are specific data showing adverse reproductive effects in male rats of propyl and butyl
parabens. In view of this and the fact that propyl and butyl parabens were not included in
the acceptable daily intake (ADI) group for parabens, the World Health Organization
committee concluded that the propyl and butyl paraben specifications for their use as a
food additive should be withdrawn. In contrast to propyl and butyl parabens, neither
methylparaben nor ethylparaben showed any effects on male reproductive organs, sperm
parameters or sex hormones in juvenile rats. [19] Therefore, and also due to better
solubility, methylparaben was finally chosen as a preservative.

To improve palatability of the oral solution, the addition of a suitable sweetener is usually
necessary. Sucrose is often used in most paediatric liquid preparations and it was also tested
during furosemide formulation development. Unfortunately, we observed two main
disadvantages. The first one, the decrease in the pH value to approximately 6 leading to

the risk of furosemide decomposition and/or precipitation. [14] The second, the change in
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the solution colour to yellow or light brown during storage. The stability of sucrose
containing solutions was determined by HPLC to only 90 days at room temperature (data
not shown in this article). Finally, sodium saccharine 0.1 % w/v was used in both
formulations presented in this work (F1, F2) due to its better stability.

Developed paediatric formulations

Two preparations of FUR (Table 1) were formulated for extemporaneous preparation in a
hospital or community pharmacy. The composition F1 was prepared by dissolving FUR in
an appropriate volume of 1 % sodium hydroxide solution similarly to the large scale
manufacturing of FUR injections. The accurate added volume of hydroxide solution was
determined by observing the dissolution visually. The final pH value of F1 preparation was
6.6. The preparation is similar to the simple dilution of parenteral injection; of course, the
content of hydroxide makes its taste unpleasant for oral administration in children and a
sweetener (sodium saccharine 0.1 % w/v) was therefore used to improve palatability.

In the formulation F2, the alkaline pH necessary for FUR dissolution in water was reached
by the addition of disodium hydrogen phosphate dodecahydrate which was successfully
used also in the previous paediatric propranolol and sotalol liquid formulations. [20-22]
An appropriate amount of disodium hydrogen phosphate dodecahydrate was adjusted
experimentally during the preparation development. In our experience, this formulation
possesses more pleasant taste properties compared to the F1 formulation.

In the stability study, two batches of the formulated FUR aqueous solutions F1 and F2 were
prepared in the Motol hospital pharmacy and stored in tightly closed amber glass bottles at
25 £+ 3°C and 40 + 0.5°C. The concentration of the FUR and the preservative MP was

estimated throughout the time interval of 0 — 270 days using HPLC method. The content
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of the furosemide in mg per mL at time of preparation was considered to be the actual
initial one (co = 100%). As can be seen in Table 3, the FUR percentage content remained
within the targeted limit of the initial concentration in both formulations throughout the
270-day storage period at room temperature. Both preparations had suitable pH for
maintaining FUR solubility.

The concentration of methylparaben remained within + 20 % of the initial concentration
for both solutions stored at room temperature as well as at 40°C for F1 for 9 months. On
the contrary, a significant decrease in concentration was observed for methylparaben in
formulation F2 stored at 40°C, probably due to its decomposition. As can be seen in Table
4, the targeted remaining concentration >80 % was maintained only up to 30 days.
Preparations F1 and F2 should be packaged in a brown glass container to protect from light.
A screw cap suitable for use with a graduated pipette for oral use to achieve accurate dosing
1s recommended.

CONCLUSIONS

Two aqueous, ethanol-free oral solutions containing furosemide in the concentration 2 mg
mL! were developed in accordance with the recent requirements of the safety of paediatric
drugs. The preparations formulated for easy extemporaneous compounding in a pharmacy
are suitable for the oedema therapy of various origins as well as hypertension in paediatric
age groups above 1 month of age. The excipients used ensured stable pH, antimicrobial
stability, and pleasant taste. A 9- month stability study performed by validated HPLC
analysis demonstrated that the concentration of FUR in both F1 and F2 formulations was
in accordance with the criterion that at least 90 % of the initial content should remain during

storage at 25°C or 40°C. Nevertheless, preparation F1 having a worse, slightly burning
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taste caused by the presence of sodium hydroxide, although a sweetener sodium saccharine
0.1 % w/v was added, is less preferable when compared to F2 containing disodium
hydrogen phosphate dodecahydrate. Moreover, sodium hydroxide is a highly caustic base
which readily absorbs moisture and carbon dioxide from the air. This makes its
manipulation problematic and the routine preparation of its solution quite inconvenient in
a pharmacy. On the other hand, the preparation F2 has a more pleasant taste and is easier
to prepare in a pharmacy as disodium hydrogen phosphate is easier to manipulate and
weigh than sodium hydroxide. Formulation F2 therefore represents a compromise between
good FUR solubility in water, taste acceptance in paediatric patients, and fast compounding
procedure. For long stability at room temperature, the stock F2 solution could be prepared
in advance in the pharmacy and be available until needed. Methylparaben 0.1 % w/v in
preparation F2 stored at room temperature fully satisfied the recommended criteria for
preservative efficacy in oral preparations according to Ph. Eur. 9.0 (5.1.3 Efficacy of
antimicrobial preservation).
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FIGURE LEGEND

Figure 1. Liquid chromatography separation of standard 50 ug mL! solution of
furosemide and formulation F2 (2 mg mL™"' of furosemide)

SACC (saccharine), IMP A (FUR impurity A), FUR (furosemide), MP (methylparaben).
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Table 1. Composition of formulations

F1 F2
Furosemide 02¢g 02¢g
Methylparaben 0.1g 0.1g
Sodium hydroxide 0.024 g -
Disodium hydrogen phosphate dodecahydrate — 15¢g
Saccharine sodium 0.1g 0.1g
Water for injections to 100.0 mL to 100.0 mL
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Table 2. Validation results of pharmaceutical formulation F1 and F2

Repeatability tR (%R.S.D.) *
Repeatability Area (%R.S.D.) *
Number of theoretical plates
Resolution *

Tailing factor *

Precision (%R.S.D.) °

Linearity (Correlation coefficient)
Accuracy Recovery (%) °

Accuracy (%R.S.D.)"°

F1

FUR

0.26

0.16

2 499

1.57

1.18

3.55

0.9990

103.48

0.61

MP

0.12

0.32

7892

12.49

1.09

3.54

1.0000

104.35

0.36

F2

FUR

0.26

0.16

2499

1.57

1.18

2.13

0.9990

100.83

1.75

MP

0.12

0.32

7 892

12.49

1.09

1.52

1.0000

102.56

1.84

Criterion

X<1%

X<1%

Rj>1.5
T=0.8-1.5
X<5%

R >0.9990
X=100+5%

X<5%

Selectivity No interference No interference No interference
a Six injections

b six samples, three injections of each sample

c at 40, 50, 80, 100, 120 and 150 % concentration levels

FUR furosemide

MP methylparaben

FURX formulations with various excipients

%R.S.D. Relative Standard Deviation in %
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Table 3. Stability of furosemide in formulations F1 and F2 stored at 25 °C and at 40 °C.*

Time 25+£3°C 40 + 0.5°C

(days) F1 F2 F1 F2

2.15+0.02 2.12 £0.05 2.15+0.02 2.12 £0.05
0 (100 %)
mg/mL mg/mL mg/mL mg/mL

7 102.33 £1.39 98.14 £ 2.10 99.06 + 2.35 92.89 +2.62
30 98.60 + 1.30 97.67+0.12 100.00 £ 1.50 94.34 +1.77
90 98.14 + 1.48 96.28 +0.78 98.58 £ 0.99 94.81 +1.27
180 99.07 £0.61 91.63 + 0.66 100.00 £ 0.61 95.75 £ 1.05
270 93.95 £ 0.56 92.56 +1.05 95.28 £2.33 91.98 £ 0.50

*Mean + SD of determinations for four samples (n = 4)
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Table 4. Stability of methylparaben in formulations F1 and F2 stored at 25 °C and at

40°C.*

Time 25+3°C 40 + 0.5°C

(days) F1 F2 F1 F2

0 (100 1.03 £ 0.03 1.04 £ 0.02 1.03 +0.03 1.04 £0.02
%) mg/mL mg/mL mg/mL mg/mL

7 100.00 £ 0.15 98.06 + 2.80 95.14 £2.75 89.52 £ 2.26

30 99.03 £1.91 98.06 £ 0.25 97.08 £ 0.81 83.50 = 1.50
90 99.03 + 1.06 96.11 £ 0.47 95.14 +0.80 69.90 + 1.37
180 98.06 = 1.41 92.29 £2.00 90.29 £ 0.59 52.43 £ 1.06
270 97.12+1.10 91.98 +0.30 89.42 +2.21 41.75+£0.53

*Mean + SD of determinations for four samples (n = 4)
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