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Abstract

Two liquid chromatographic methods were developed to analyse ear drops containing neomycin sulphate, polymyxin B sulphate and
dexamethasone sodium phosphate. This formulation will be described in the Belgian National Formulary. Since neomycin, an aminoglycoside
antibiotic, has no UV chromophore and pre or post column derivatization is complicated, pulsed electrochemical detection on a gold electrode
was chosen to determine neomycin. Polymyxin B sulphate and dexamethasone sodium phosphate do have a UV chromophore. So, a single
LC method with UV detection was developed for the determination of polymyxin B sulphate and dexamethasone sodium phosphate. The
sample pretreatment is simply done by diluting the formulation with water. For each method, the influence of the different chromatographic
parameters on the separation, the interference of other active compounds and excipients, the repeatability and the linearity were investigated.
Finally, the content of the actives in the formulation was studied at 0, 2, 4, 6, and 8 weeks.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Liquid chromatography; Ear drops; Neomycin sulphate; Polymyxin B sulphate; Dexamethasone sodium phosphate; Stability

1. Introduction the central 2-deoxystreptamine ring. Small amounts of other
components are also found in commercial samples: neamine,

The Belgian National Formulary intends to describe paromomycin | and Il, paromamine and the low-potency
a preparation of ear drops consisting of neomycin sul- neomycins A and B (LP-A and LP-B). Neamine is formed by
phate (250 mg/50.0 ml), polymyxin B sulphate 500.000 I.E partial hydrolysis of neomycins B and C. LP-A and LP-B are
(69.1mg/50.0ml) and dexamethasone sodium phosphatehe monoN-acetyl derivatives of neamine and neomycin B,
(36 mg/50.0 ml) as active ingredients and propylene glycol, respectively. Neomycin C has less anti-bacterial activity than
citric acid, sodium citrate, sodium edetate and water as ex-neomycin B and is limited in neomycin to 3-15%. When less
cipients[1]. It is therefore necessary to develop an analytical than 3% of neomycin C is present, the substance is called
method for this preparation and to follow its stability over a framycetin[3].

period of two months. Polymyxins are a group of closely related antibiotic sub-
Neomycinis an aminoglycoside antibiotic thatis produced stances isolated from strains®#cillus polymyxaThe gen-
during the fermentation o$treptomyces fradiag?]. It is eral structure of polymyxin B comprises a cyclic heptapeptide

mainly composed of the two isomeric components neomycins moiety with a straight tripeptide side chain. TReerminal
B and C Fig. 1). In neomycin, three sugars are attached to amino group of the side chain is acylated with a fatty acid
[4]. Polymyxin contains characteristic constituents such as

* Corresponding author. Tel.: +32 16 323443; fax: +32 16 323448. a,'y-diaminobutyric acid (DAB)i.-threonine and a fatty acid.
E-mail addresserwin.adams@pharm.kuleuven.ac.be (E. Adams). They differ by the presence or absence of additional amino

0731-7085/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpba.2004.08.011



752

CHzNH2
HO °
HO
HoN NH2
o]
CHoH O hHz
R, o OH
HO =
HO
Ry H2N OH
O
R, R,
Neomycin B H CH>NH»
Neomycin C CH>NH, H

Fig. 1. Chemical structure of neomycins B and C.

acids as well as the nature of the fatty acid. Polymyxin B
is divided into four major components in which polymyxins
B1 and B2 are the main active componerfgy( 2). They
differ from each other in the fatty acyl moiety: polymyxin
B1 contains 6-methyl octanoic acid (6-MOA), B2 6-methyl
heptanoic acid (6-MHA), B3 octanoic acid (OA) and B4 hep-

tanoic acid (HA)[5]. Dexamethasone sodium phosphate be-

longs to the glucocorticoid$]. It typically consists of three
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tion was performed by post column derivatization of the an-
alytes withortho-phthaladehyde (OPA) in the presence of
mercaptoethandlll]. Since neomycin has no UV absorb-
ing chromophore, most of the described methods use pre
or post column derivatization. However, these derivatization
procedures are difficult to perform and give problems dur-
ing quantification. A reversed phase liquid chromatographic
method using poly(styrene-divinylbenzene) (PSDVB) as sta-
tionary phase with pulsed electrochemical detection (PED)
was developed for the analysis of neomycin bulk samples.
The mobile phase consisted of an aqueous solution containing
sodium sulphate, sodium octane sulphonate, and 0.2 M potas-
sium dihydrogen phosphaf8]. The same method was ap-
plied previously to a formulation, which contained neomycin
sulphate, polymyxin B sulphate, and gramicifii2].

Thomas et al. described a microbiological and chemi-
cal analysis method for polymyxins B and [E3]. Tsuji
et al. used LC with linear gradient elution to separate the
polymyxin B1 and B2 componen{d4]. Fong et al. pub-
lished an isocratic reversed phase LC method for the analy-
sis of polymyxins B1 and B2, but it could not separate the
other component§l5]. An analytical method on a micel-
lar electrokinetic capillary chromatography was developed
by Kristensen et al. This method achieved complete sep-

six-carbon rings and a five-carbon ring. Its structure can be gration of polymyxins B2 and B3, but the latter was not

found in the European Pharmacopogih

well separated from other componefit§]. Capillary zone

There are several methods described for the determi-electrophoresis with cyclodextrin as additive was applied by

nation of neomycin: microbiological assay, colorimetric

determination, thin layer chromatography (TLC), gas chro-

matography (GC) and liquid chromatography (L{8]. A
thin layer chromatography (TLC)-densitometric method for

Kang et al. This method could separate polymyxins B1, B2,
B3, and B4[17]. Polymyxins B1, B2, and 20 other compo-
nents could be separated on a poly (styrene-divinylbenzene)
stationary phas§l8]. More recently, an improved method

simultaneous identification and quantitative determination of was developed on a reversed phase C18 column (YMC pack

neomycin sulphate, polymyxin B sulphate, zinc bacitracin
and methyl and propyl hydroxyl benzoate in ophthalmic oint-
ment was described by Krzek et §]. In a comparative

pro) using 0.7% sodium sulphate—acetonitrile—6.8% phos-
phoric acid-water (50:20:5:25, v/v/viv) as mobile phase.
UV detection was performed at 215 nm. This method could

study between microbiology and LC, the results proved that separate polymyxins B1 and B2 from 25 other impurities

LC is more reliable and advantageous than the microbio-

logical method[10]. Apffel et al. described the analysis of

[19].
Quantitative determination of dexamethasone and dexam-

neomycins A-C using reversed-phase ion-pair LC. Detec- ethasone sodium phosphate in pharmaceutical dosage forms
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Fig. 2. Structure of polymyxins B1, B2, B3 and B4. FA: fatty acid; 6-MOA:
6-methyloctanoic acid; 6-MHA: 6-methylheptanoic acid; OA: octanoic acid;
HA: heptanoic acid.

by LC was described by Gupf{a0]. Gagne et al. also de-
scribed a LC method for the analysis of dexamethasone
sodium phosphate in formulations such as ophthalmic so-
lutions, injectable preparations and inhalant formulations
[21]. For the simultaneous determination of trimethoprim,
dexamethasone sodium phosphate and polymyxin B sul-
phate, a method using micellar electrokinetic capillary chro-
matography was developed by Gallego and Perez Arroyo
[22].

2. Experimental

2.1. Instrumentation

The chromatographic system for neomycin sulphate
was equipped with a LC pump (L-6200, Merck—Hitachi,
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Fig. 3. Chromatogram of the formulation in conditions to determine

I
neomycin sulphate. Chromatographic conditions: Mobile phase: anhydrous —

sodium sulphate (70 g/L), sodium 1-octanesulphonate (1.4 g/L), potassium
dihydrogen phosphate buffer (pH 3.0, 0.2M) (50.0ml/L); column: poly 0 5 10 '?ME 20 25 30 35 40 45 50 55 60
(styrene-divinylbenzene) 1069 8pm, 250mm x 4.6mm; flow rate: TIME (min)

1.0 ml/min, injection volume: 2Ql, column temperature: 3%; post col- ) ical ch fthe f lation giti d .
umn solution: sodium hydroxide (0.5 M), 0.3 ml/min; detection: pulsed elec- Fig. 4. Typical chromatogram of the formulation in conditions to determine

trochemical detection; PED parameters: E1: +0.05V (0-0.40s), E2: +0.75V polymyxin B sulphate and dexamethasone sodium phosphate. Chromato-

(0.41-0.60's), E3:-0.15V (0.61-1.00's), integration: 0.20-0.40's graphic conditions: mobile phase: sodium sulphate 0.7% (w/v) (560 ml),
' ' T ' ' ' o T acetonitrile (240 ml), 6.8% (v/v) phosphoric acid (56 ml), distilled water up

L . to 1000 ml; column: YMC pack pro §120A, 5pm, 250 mmx 4.6 mm;
Darmstadt, Germany) de“\lermg the mobile phase at a flow column temperature: 4@, injection volume: 5@, flow rate: 1.0 ml/min,

rate of 1 ml/min. An automatic injector (Gilson, Villiers-le-  getection: UV at 210 nm.

Bel, France) with a loop of 2@l was usgd to inject the

samples. The stationary phase PLRP-S, 1@yu.m, (Poly- 3 integrator was connected to the detector to record the
mer Labs, Shropshire, UK) was packed in a stainless steelsignals.

column (250 mmx 4.6 mm). To maintain the temperature

of the column, a water bath with a heating immersion cir- 2.2. Reagents and samples

culator (Julabo, Seelbach, Germany) was used. For PED

detection of aminoglycosides, at least pH 12 is necessary. Anhydrous sodium sulphate extra pure and sodium
Since the mobile phase has a lower pH, 0.5M sodium hy- 1-octanesulphonate 98% were obtained from Merck (Darm-
droxide was added post column to raise the pH using a stadt, Germany)and Acros Organics (Geel, Belgium), respec-
helium-pressurized reservoir. Addition of the post column tively. Helium was from Messer (Machelen, Belgium). The
solution should be pulse-free to avoid disturbances in basebuffer was prepared by adding 0.2 M phosphoricacidto 0.2 M
line. The post column solution was added at a flow rate of potassium dihydrogen phosphate till pH 3.0 was achieved.
0.3 ml/min. After mixing both solutions in a mixing coil  Phosphoric acid 85%, potassium dihydrogen phosphate and
(1.2m, 50Qul) (Dionex, Sunnyvale, CA, USA), the result- HPLC-grade acetonitrile were obtained from Acros Organ-
ing solution entered into the electrochemical cell (PED-1, ics (Geel, Belgium). The 0.5M sodium hydroxide solution
Dionex). The electrochemical cell was kept in a hot air oven was prepared starting from a 50% (m/m) aqueous solution

to keep the temperature constant at°G5 Data acquisi- (Baker, Deventer, The Netherlands) that was added to pre-
tion software (Chromeleon, Dionex) was used to record the viously with helium degassed (10 min) distilled water. The
signal. mixture was degassed again for 10 min.

The liquid chromatographic system for polymyxin B Neomycin sulfate was obtained from Chemiphar (Brugge,

sulphate and dexamethasone sodium phosphate consisteBelgium) and polymyxin B sulphate and dexamethasone
of a Spectra Physics P4000 pump connected to an autosodium phosphate from Ludeco (Brussels, Belgium). Refer-
injector, Spectra Physics AS 3000 (TSP, San Jose, CA,ence substances of polymyxins B1, B2, and B3 were available
USA). The column was immersed in a water bath and in the laboraton|23].

temperature was maintained using a Julabo EM heating Sample preparation for analysis: 2.0ml of sam-
circulator. A YMC pack pro C18 (YMC Inc., Milford, ple is diluted to 20.0ml with distilled water for the
MA, USA) column was used for method development. analysis of neomycin sulphate and for polymyxin B
A Spectra 1000 UV detector (TSP) was used for detec- sulphate—dexamethasone sodium phosphate, 3.0 mlis diluted
tion. A Hewlett Packard (Avondale, PA, USA) 3396 series to 10.0 ml with distilled water.



754 M. Pendela et al. / Journal of Pharmaceutical and Biomedical Analysis 36 (2004) 751-757

——
H__|

Table 1 (a)
Chromatographic parameter settings ir_1 the central compc_)site design use( 0.10
for the robustness study of the neomycin sulphate separation g '
Lower value Central Upper value :%
(-1 value (0) (+1) =
Sodium octanesulphonate  1.35 140 145 §
(g/l) (Oct) 2000
Sodium sulphate (g/l) (Sod) 69 70 71 @
pH 28 3 32 o
Temperature®C) (Temp) 32 35 38 o
3. Results and discussion
3.1. Chromatographic method for neomycin sulphate
A method for the analysis of neomycin sulphate bulk sam- (CI;LO
pleswas previously developed in our laboraf@jy The same S 030
method was applied for the analysis of neomycin sulphate £ 0,20
in a pharmaceutical preparation, which contained neomycin, § 0,10
polymyxin and gramicidij12]. Here, the same method was § %%
tested for this formulation. It was observed that there was in- § :g';g

terference neither from the other active substances nor from %-ozso
the excipients. Polymyxin B sulphate and dexamethasone™ j 4o
sodium phosphate were not detected and excipients were
eluted in the front of the chromatogram along with the solvent

peak. This was confirmed by injecting excipient, polymyxin

B sulphate and dexamethasone sodium phosphate individu

ally. Impurities like neamine, paromomycin | and Il, paro- (¢
mamine, LP-A and LP-B were separated from neomycins B 0,60

and C. In the formulation, the content of neomycin C was j% 0,40
approximately 10% compared to neomycirfy. 3shows a S 0,20
typical chromatogram. The chromatographic conditions are g .00
mentioned in the legend. E-o,zo
7
3.2. Chromatographic method for polymyxin B sulphate g:g':z
and dexamethasone sodium phosphate & o,ao

The method was developed by optimizing the conditions
on the YMC pack pro C18 column used for the analysis of
polymyxin. This column has shown better selectivity and sen-
sitivity than PSDVB since it has more theoretical pldte3.
Therefore, the same type of column was chosen to develop
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Fig. 5. Regression coefficients

plots for the resolution between (a)

a method for the simultaneous determination of polymyxin neomycins B and C, (b) polymyxin B1-UNK and (c) polymyxins B2 and B3

B sulphate and dexamethasone sodium phosphate. To im{Abbreviations: sedables 1 and 2

prove the sensitivity, a wavelength of 210 nm was selected.

It was observed that dexamethasone sodium phosphate wag| the polymyxin peaks but excessively increasing the anal-
eluted at the end of the chromatogram, well separated fromysiS time. The mobile phase was optimized in order to re-

Table 2

duce the total analysis time and to maintain the separation

Chromatographic parameter settings in the central composite design use(pe_twe_en the most i_mportant polymyxin compon_ents. Opti-
for the robustness test of the method to determine polymyxin B sulphate and Mization of the mobile phase was started by varying the con-

dexamethasone sodium phosphate

Lower Central Upper

centration of acetonitrile (ACN). Using less than 240 ml/L
of ACN, the sensitivity of the system was low and with con-

limit(—1) value (0) value (+1) centrations above 240 ml/L the system was very fast and too

0.7% sodium phosphate (ml) (Sod) 550 560 570
6.8% phosphoric acid (ml) (Phosp) 54 56 58
Acetonitrile (ml) (ACN) 234 240 246
Temperature®C) (Temp) 37 40 43

many peaks were coeluted. The effect of sodium sulphate was
tested by varying the sodium sulphate solution (0.7%, w/v)
from 500 to 570 ml/L with increments of 10 ml/L. At each
increment the temperature was tested at 30, 35, 40, at@d.45
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Fig. 6. Response surface plots for the effects of the parameters on the resolution between (a) neomycins B and C as a function of temperatuogdmmhattanes
concentration at constant values of sodium sulphate concentration and the pH, (b) polymyxin B1-UNK as a function of temperature and acetenttal&egn
(c) polymyxins B2 and B3 as a function of temperature and acetonitrile concentration. The phosphoric acid and sodium sulphate concentraticongtamiep

for (b) and (c).

Using 560 ml/L of the sodium sulphate solution, polymyxin
B1 was well separated from its neighboring impurities at 40
and 45°C, but the separation between polymyxins B2 and B3
was less good at 4%C. At 30 and 35C the run-time was un-
necessary high. Therefore, 560 ml/L of 0.7% (w/v) sodium
sulphate and a temperature of 4D were chosen. The ef-
fect of 6.8% (v/v) phosphoric acid was tested from 50 to
62 ml/L with increments of 3 ml/L. The best separation was
obtained at a value of 56 ml/L. With higher and lower values
for the concentration of phosphoric acid, a small impurity
was coeluted with polymyxin B1. A typical chromatogram is
shown inFig. 4. Polymyxins B1 and B2 and dexamethasone
sodium phosphate were identified by injecting the individ-

k andn were the number of factor& € 4) and central points

(n = 3), respectively. So, in each case 27 experiments were
carried outTables 1 and &how the lower {1), central (0)

and higher (+1) values for the chromatographic parameters
studied in the two systems, respectively.

The coefficients of the model calculated by the software,
represent the relationship between the response variables
measured and the factors studied. Single coefficients describe
the quantitative effect of a factor, cross-products the interac-
tion between factors and squared coefficients the non-linear
effects. The effect of a factor is denoted by a bar and the 95%
confidence limits by an error line. A regression coefficient
smaller than the error line interval shows that the variation in

ual components. Neomycin was not detected due to lack of athe response caused by changing that variable is smaller than

UV-absorbing chromophore.

3.3. Robustness

the experimental error.

For neomycin, the resolution between neomycins B and
C was taken as response variable. The regression coefficient
plot of Fig. 5@) shows that the concentration of sodium oc-

The effects and interactions between the chromatographictanesulphonate and the temperature have a slightly positive
parameters were examined using a central composite designand negative effect, respectively. A positive effect means that
Modde 5.0 Software (Umetrics AB, Umea, Sweden) was used an increase of the factor value also increases the response
to investigate the responses. For both the chromatographicstudied. A negative effect means that an increase of the factor
system to determine neomycin sulphate and this to determinevalue causes a decrease of the response studied. The remain-
polymyxin-dexamethasone sodium phosphate, the influenceing factors and their interactions had no significant influence.
of four chromatographic parameters on the selectivity was Fig. (@) shows the response surface plot for the resolution

investigated. 2+ 2k + n experiments were carried out where

between neomycins B and C.
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Table 3
Linearity and repeatability for neomycin sulphate, polymyxin B sulphate and dexamethasone sodium phosphate

Repeatability at 100% Linearity

n=6)R.S.D. (%

(n=6) ) Range (%) i = 3) R? y Sx
Neomycin B 1.0 25-150 0.9971 2862 2696 806
Neomycin C 0.6 25-150 0.9987 203 373 557
Polymyxin B1 0.2 25-150 0.9998 585 958 465
Polymyxin B2 0.9 25-150 0.9990 2562 732 240
Dexamethasone sodium phosphate 0.3 25-150 0.9995 X 45288 644

R.S.D.: relative standard deviation; range: percentage range studieember of injections per concentratid®?: coefficient of determinatiory: peak area;
X: concentration (%)S,x: standard error of estimate.

Table 4

Results for the stability of the formulation, taking the percentage at time 0 as 100%

Compound Batch No Time O weeks  Time 2 weeks Time 4 weeks Time 6 weeks Time 8 weeks

% (R.S.D.) % (R.S.D.) % (R.S.D.) % (R.S.D.) % (R.S.D.)

Neomycin B sulphate 1 100 (0.6) 1002 (2.2) 989 (1.4) 998 (0.4) 999 (1.3)
2 1000 (2.1) 980 (2.2) 986 (0.9) 999 (0.8) 990 (1.7)

Neomycin C sulphate 1 100(1.9) 1011 (2.7) 1008 (2.7) 998 (1.7) 1008 (3.9)
2 1000 (2.0) 991 (4.2) 1003 (0.8) 997 (2.0) 1009 (2.7)

Polymyxin B1 sulphate 1 100(1.1) 963 (1.2) 934 (0.6) 897 (2.0) 921 (1.2)
2 1000 (0.8) 958 (1.2) 955 (0.8) 909 (0.7) 919 (1.5)

Polymyxin B2 sulphate 1 100 (0.9) 952 (1.1) 923 (0.8) 909 (1.0) 908 (1.5)
2 1000 (0.9) 953 (1.3) 944 (1.1) 904 (0.9) 904 (1.6)

Dexamethasone sodium phosphate 1 .0Q0.6) 986 (1.5) 968 (0.5) 980 (0.6) 950 (1.0)
2 1000 (0.9) 976 (0.6) 997 (0.5) 968 (0.7) 933 (0.6)

For polymyxin B Fig. 5b) and (c) show the effects of separately prepared sample solutions were analysed against
the factors on the resolutions between polymyxin B1-UNK two separately prepared reference solutions. Each sample and
(UNK is the unknown peak as indicated kig. 4) and each reference solution were injected three time$abie 4
polymyxins B2-B3, respectively. Only ACN has a slightly it can be seen that after eight weeks the neomycin content
negative effect on both resolutions. No important interactions remains invariable, whereas the polymyxin content and, to a
were noticed. The temperature shows a non-linear effect forlesser extent, the dexamethasone sodium phosphate content
the pair polymyxin B2-B3. The influence of the parametersis decrease to content between 90% and 95%. It may be decided
estimated more easily in the response surface pl&tigir(b) to overdose the polymyxin and dexamethasone contents by
and (c). The other parameters were kept constant at the cen5% in the formulation to reach a final concentration above
tral value. As can be seen, in the range studied sufficient95% after two months, which is considered an acceptable
resolution was obtained for both pairs. lifetime for such a preparation.

3.4. Quantitative aspects 4. Conclusion

After sample preparation, a concentration of 0.50 mg/mi The active components were well separated from the im-

of neomycin sulphate, 0.41 mg/ml of polymyxin B sulphate I L )
and 0 22ymg/ml %f dexametha%one sgdili/myphosphatre): is Ob_purltles and the excipientsin both LC-UV and LC-PED meth-
L . . ods. The LC-UV method allows simultaneous determina-
tained. These concentrations were considered as 100%. Fo ion of polvmvxin B sulbhate and dexamethasone sodium
repeatability, the sample solution was injected six times. The hos hra)ltey D};e to Iaclf of a UV-absorbina chromonhore
linearity of the method was tested at 25, 50, 100, 125, andp phate. Ioh d d with gh' hpd d
150%. For each concentration (%), three analyses were per-.neomyCIn sulphate was not detected with this method an
formed. The results are shownTabI’e 3 is analysed by a separate LC-PED method. Both methods
| were proven to be linear, repeatable and robust. By using
these two LC methods, the stability of the formulation was

3.5. Stability study followed during a period of eight weeks.

To study the stability of the formulation, two batches of the
formulation were prepared. Each batch was stored at roomAcknowledgement
temperature and analysed atO0, 2, 4, 6, and 8 weeks. The active
substances used in the formulation were also used as refer- E. Adams is a post doctoral fellow of the Fund for Scien-
ence substances. At each time point and for each batch twatific Research (FWO) — Flanders, Belgium.
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