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Abstract

In the frame of the development of a novel HPLC-ELSD (evaporative light scattering detection) method for the determination of the
aminoglycoside antibiotic neomycin sulfate, the influence of mobile phase composition and peak broadening on ELSD response was evaluated.
ELSD response was enhanced by: (a) increase of mobile phase volatility (solvents examined: water, acetonitrile, methanol and acetone), (b)
increase of molecular mass of ion-pairing species [acidic reagents tested: formic, acetic, trifluoroacetic, trichloroacetic and heptaiuorobutyr
acid (HFBA)], and (c) decrease of peak width and asymmetry obtained by controlling the concentration of the ion-pairing acidic reagent
(HFBA). Utilizing a Waters ODS-2 ¢ Spherisorb column, evaporation temperature of@and nitrogen pressure of 3.5 bar, the optimized
mobile phase was water—acetone (50:50), containing 11.6 mM HFBA, in an isocratic mode at a rate of 1.0 ml/min. Neomycin was eluted at
4.9 min, with asymmetry factor 1.3. Logarithmic calibration curve was obtained from 2tg/0l (r > 0.9997). Limit of detection (LOD) was
0.6pg/ml and R.S.D. =1.7%n(= 3, 3.3ug/ml). In raw materials, the simultaneous determination of sulfate (LORg/Bl, R.S.D.=1.7%,
r>0.9998) and of minor impurities was feasible. The developed method was also applied for the determination of neomycin in pharmaceutical
formulations (powder, aerosol and cream) without any interference from excipients (recovery from spiked samples ranged from 99 to 102%)
and a %R.S.D. of <2.1n(=3). The HPLC-ELSD method was also found applicable in the determination of heomycin in animal feeds
(LOQ =0.2%) without any interference from the feed matrices.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Evaporative light scattering; Neomycin; Sulfate; Aminoglycosides; Pharmaceuticals; Feeds

1. Introduction eration principle consists of three main successive processes:
(a) nebulization of chromatographic eluent using nitrogen or
Evaporative light scattering detection (ELSD) is in- air, (b) evaporation of mobile phase at relatively low tem-
creasingly being used in LC during the last decade, as aperature and (c) light scattering by the residual particles,
quasi-universal detector, with very successful applications, which ideally consist of analytes molecules. Although the
especially for non-absorbing analytes (sugars, lipids, amino ELSD response factor varies with the scattering mechanism
acids, polymers, etc[},2]. Its ability to perform quantitation ~ (Rayleigh, Mie and reflection-refraction), in most applica-
of substances with lack of standard material, since it showstions it is proven that in a wide range of analyte concentra-
nearly equal response factors for molecules with about equaltions and polychromatic light beam, the measured peak area
mass and similar formula, is well-establist{8{l ELSD op- (A) is correlated to the analyte mass) (by the exponential
relationship4,5]:
* Corresponding author. Tel.: +30 210 7274559; fax: +30 210 7274750.
E-mail addresskoupparis@chem.uoa.gr (M.A. Koupparis). A=axml= logA = blogm + loga (1)
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wherea andb are coefficients depending on instrumental pa-
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sues is a microbiological ong2—-14] and therefore it is

rameters, nature and concentration of analyte, gas and liquidtime consuming, with low detectability and precision, while

flow rates, evaporation temperature, etc.

it appears no specificity against other antibiotics with similar

Among other parameters, the composition of mobile phase action.

has been reported to affect ELSD response factor in a dual

way: firstly, it controls the aerosol mean droplet diameter
produced by the nebulization procd8s7/] and secondly, it

Various HPLC methods have been proposed for the deter-
mination of neomycin, but since it appears low UV absorp-
tivity pre-column or post-column derivatization is required

affects the extent of droplets condensation on the walls of [15-17] HPLC methods based on indirect fluoromeftig],

the nebulization chambét,8,9]. Besides mobile phase com-

pulsed electrochemicfil9] and electrospray ionization/ion-

position, peak shape (width and asymmetry) is expected totrap tandem mass spectrometric detedia, have also been
influence ELSD response factor, as a result of the exponen-reported.

tial correlation between peak area and analyte masq1fqg.
[10].

In this study, the dependence of ELSD response factor
(peak area/analyte mass) on mobile phase composition, as, 4
well as, on peak shape was thoroughly examined. In the ™

frame ofthe development of a novel HPLC—ELSD method for
the determination of the aminoglycoside antibiotic neomycin

sulfate, the enhancement of ELSD response was accom

plished by using increased mobile phase volatility, ion-

pairing reagent of high-molecular-mass, and decreased pealfn

width and asymmetry. The developed HPLC-ELSD method
characterized by low detection limit, high linearity, preci-

sion and accuracy, and short analysis time, was successfull

applied for the determination of neomycin sulfate in raw ma-
terials, pharmaceutical formulations and animal feeds.
Aminoglycosides (neomycin, gentamicin, tobramycin,
kanamycin, amikacin, etc.) consist of a very interesting
group of drugs (antibiotics) with very difficult but chal-

lenging analytical requirements. They are polar polyamine

compounds with low UV-absorptivity, requiring time con-
suming and not always reproducible derivatization in or-

der to develop spectrophotometric or HPLC methods. The
existence of similar related substances as minor impurities

in raw materials renders their analysis even more difficult.
Neomycin (sulfate) is an aminoglycoside antibiotic, effec-

tive against a wide spectrum of Gram-negative and Gram-

positive bacteriaKig. 1). It is administrated in the form of

2. Experimental

Instrumentation and software

Chromatographic separations were carried out on a Shi-
madzu VP Series HPLC (Duisburg, Germany) modular sys-

tem consisting of: a DGU-14A Online Vacuum-Degasser, a
LC-10 AD VP micro double piston pump, a 7725i Rheodyne
anual sample injector equipped with aj2doop, a Wa-

’ ters Spherisorb ODS-2ganalytical column (25& 4.6 mm,

spherical particles of pm and 808 pore size), a ss-420x

YAID converter board and a Class VP 4 data processing soft-

ware for the recording and integration of the chromato-
grams.

The detector used was a Sedex 75, S.E.D.E.R.E. low tem-
perature evaporative light scattering detector. The nebulizer
gas was nitrogen of industrial purity grade. Separations were
carried out using isocratic elution at controlled room temper-
ature (22-25C).

A pH meter (Metrohm Herisau) equipped with a glass
combination electrode was used for pH measurement of mo-
bile phase.

2.2. Reagents and standards

All chemicals were of analytical reagent grade unless

powder, aerosols, creams, etc., alone or in combination with otherwise stated. HPLC-grade water (specific resistance

other drugs (bacitracin, dexamethasone, fluocinolone, flu-

orometholone, flurandrenolide, gramicidin, hydrocortisone,

>17.8 M2 cm) was obtained by a Milli-Q water purification
system (Millipore). For mobile phases preparation, heptaflu-

methylprednisolone, polymyxin, etc.) and is also used in vet- orobutyric acid (HFBA) (Fluka,>99.0%), trichloroacetic

erinary medicing11].
The official method for the assay of neomycin in phar-
maceuticals (raw material and formulations), food and tis-

HO
HN (0] (o) O
HO HQ,
HO NH,
NH,
NH

Fig. 1. Structure of neomycin.

acid (TCA) (Merck, >99.5%), trifluoroacetic acid (TFA)
(Sigma, >99%, spectrophotometric grade), acetic acid (Pan-
reac,>99.7%), formic acid (Merck>98.0%), acetone, ace-
tonitrile and methanol (Lab-scan, HPLC grade) were used.

Neomycin sulfate pure substance (neomycin base
660 mg/g), raw materials and formulations (powder, aerosols
and creams) were provided by local pharmaceutical com-
panies. Pure material was tested for identification, assay
and impurities according to European Pharmacopoeia pro-
cedures[12]. A 5.00mg/ml standard stock solution was
prepared in water and stored protected from light in the re-
frigerator. Working standard neomycin solutions in the range
2.0-50.0ug/ml (as neomycin base) were daily prepared in
mobile phase.
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For sulfate calibration, a 1.00 mg/ml ($%) standard detector gain 12. Standard and sample working solutions,
stock solution was prepared from potassium sulfate. Working in the range of 2-50.g/ml neomycin base in mobile phase,
standard solutions in the range of 9.0-40¢lml were daily ~ Wwere injected in the HPLC system in triplicate. For sampling
prepared by appropriate dilution in mobile phase. and treatment of samples the general procedures described

For the evaluation of the selectivity of the method, in USP[13], with the appropriate modifications for the new
mixed solutions of neomycin and coexisting drugs (gram- Method, were followed.
icidin, naphazoline, phenylephrine, triamcinolone, nystatin, ~Raw materials of neomycin sulfate were simply dissolved
betamethazone valerate, catalase, bacitracin), obtained fronin mobile phase to obtain a concentration level within the
local pharmaceutical companies, were prepared and anaworking range.
lyzed. Powder formulation and animals feeds were dissolved in
mobile phase and the sample was filtered through HVLP Mil-
lipore 0.45.m for removing the undissolved patrticles.

Cream formulations (quantity equivalent to 2.5mg of
The selected analytical column is not compatible with pH nfaomycin base) were_slightly heated apd mixed with 2ml of
below 1.5. Since the applied mobile phases contained Strongdmhlprome?hane to dlssolve: Neomyug\ was extracted suc-
acids, pH was measured before usage and analytical columncess'vely_Wlth two 2.5-m| pqrtlons 0f0.1% (V/.V) HFBA aque-
was very carefully washed with acetonitrile at the end of each ous solution, the Igyers being separated with ce_ntr|fuga_t|on
day and storedinthe same solvent. Also, mobile phase was ﬁl—(400.0 rpm for 2min). The extract was further diluted with
tered through HVLP Millipore filters (diameter 47 mm, pore mobile phase. . .
size 0.45um) under vacuum for removing particles and dis- For the analysis of aerosol formulat.|ons, the cor.1tent.of
solved air. Before measurements, flow path was rinsed with one package was completely collected in a volumetric cylin-

mobile phase for about 30 min, until baseline noise becamegﬁé'hzngart?nrgaiﬂgga chfeﬂlst;\;?hgisggs ';'I\;]eerererseigquoeviya;vlth
ligible (less than 3mV at detect in 12). . . ) . : .
negligible (less than 3mV at detector gain 12) dissolved in mobile phase and filtered through HVLP Milli-

. ) » pore 0.45.m.
2.3.1. Study of influence of mobile phase composition Sulfates in raw materials were determined by external cal-
and peak shape on ELSD response factor ibration curve using potassium sulfate standard after sample

For the evaluation of the influence of peak shape on ELSD jissolution in mobile phase and appropriate dilution to obtain
response factor, the chromatographic column was used along; -oncentration level within the range of 9-4@/ml.
with a flow rate of 1.0 ml/min, nitrogen pressure 3.5 bar,

evaporation temperature 46 and detector gain 12. Exam-
ined mobile phases were aqueous solutions of formic acid 3 Results and discussion
4.25-7.50 ml/l, acetic acid 150—-300 ml/l or TFA 0.3—0.9 ml/l.

For the evaluation of the influence of mobile phase com- 3 1 |nfluence of mobile phase composition on ELSD
position on ELSD response factor a flow injection set-up was yegponse
utilized by replacing the analytical column by a stainless steel
coil (200 mm length, 1/16in. i.d.). Flow rate was 0.5ml/min,  gince neomycin, like all aminoglycoside antibiotics, is a
nitrogen pressure 3.5 t_)ar, evaporation temperatur€4md polar polyamine compound the ion-pair reversed phase chro-
detector gain 9. Examined mobile phases were pure water Omatographic approach was selected using the non-pafar C
mixture of water-polar organic solvent (acetone, methanol, cqojumn.
acetonitrile) 50:50 or 5.0mM aqueous solutions of various  The first step of the study was to investigate the influence
volatile organic acids (HFBA, TCA, TFA, acetic or formic o mopile phase composition on ELSD response to neomycin
acid). sulfate. Since peak shape (width and asymmetry), produced

Using the above experimental configurations and mobile py the retention process in the chromatographic column, may
phases, logarithmic calibration curves were established us-g|5g influence ELSD response factor, a direct flow injection
ing at least five different concentration levels in the range of get.yp with constantinjection volume was utilized. Two com-
5-50p.g/ml (of neomycin base) and three injections per con- onents of mobile phase were evaluated: (a) solvents and
centration level. From the constructed calibration curves the (b) ion-pairing reagents. The four more common polar sol-
coefficientsa andb of Eq. (1) were calculated.

2.3. Procedures

vents in reversed-phase HPLC (water, acetonitrile, acetone
and methanol) and a number of volatile, and thus compati-
2.3.2. Routine determination of neomycin in raw ble with the ELSD, ion-pairing agents (formic, acetic, triflu-
material, formulations and animal feeds oroacetic, trichloroacetic and heptafluorobutiric acid) were
Using the Gg chromatographic column the optimized examined. The results (peak area of the lowest concentration
mobile phase was water—acetone (50:50) containing 1.50 mland coefficients of the exponential calibration curve (&).
HFBA per liter. Flow rate was 1.0 ml/min (isocratic mode), of neomycin sulfate) for each mobile phase are presented in
nitrogen pressure 3.5 bar, evaporation temperatur€4md Table 1, from which the following observations/conclusions
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Table 1

Influence of mobile phase composition on ELSD response to neomycin sulphate, in a flow injection set-up

Mobile phase Peak aréx10°) 5.0pg/ml a(x10) (£S.D.) b (+S.D.) r2 (n=5)°
Water 1.00 10.914+0.064) 1.37740.019) 0.9998
Water—acetonitrile (50:50) 1.94 19.248@.017) 1.4358+40.0062) 0.99997
Water—methanol (50:50) 1.77 20.188(0.062) 1.36440.022) 0.9995
Water—acetone (50:50) 2.58 35.1560(035) 1.24540.012) 0.9998
HCOOH 5.0 mM in water 1.44 20.56:0.10) 1.208 £0.030) 0.9993
CH3COOH 5.0 mM in water 2.15 36.052:0.092) 1.11040.027) 0.9993
TFA 5.0 mM in water 2.16 43.15#0.13) 1.001 £0.039) 0.998
TCA5.0mM in water 2.40 43.35#0.16) 1.064 £0.048) 0.998
HFBA 5.0 mM in water 3.65 61.9440.13) 1.102 £0.039) 0.998

a Arbitrary units.
b Each point is the average of three replicates, Gx&nl.

can be obtained:

(@) ELSD response factor was highly dependant on ©)

(b)

the nature of the mobile phase solvents. Coef-
ficient a increased according to the order. ace-
tone > methanol > acetonitrile > water, which is identi-

cal to the order in which solvents volatility increases
(Table 2. Therefore, the reduction of droplets conden-
sation on the walls of the nebulization chamber, which

is favored by the increase of mobile phase volatility, is
probably the reason for the ELSD response enhancement
by the presence of organic solvent. The increase of coef-
ficienta, due to the presence of volatile organic solvent,
was also accompanied by a slight decrease of coefficient
b (the response curve tends to be linear), except of ace-
tonitrile and water for which the order was inverted. The
peak area increases also with solvent volatility, except
of acetonitrile and methanol for which the order was in- 3.
verted.

According to Nukiyama and Tanasawa empirical equa-
tion [21], which has been reported to be valid for ELSD

tion for the higher peak area of acetonitrile, which is in
contrast to the volatility order.

The presence of organic anions in the (acidified) mobile
phase resulted in increase of peak area and coefficient
a associated with a slight decrease of coefficient
ELSD response enhancement was probably caused
by the inclusion of anions in the neomycin sulfate
particles, possibly due to electrostatic interactions with
neomycin cationic amino groups. This statement is
strengthened by the fact that the ELSD response en-
hancement was proportional to the molecular mass of the
mobile phase organic anion. The order of enhancement
was: heptafluorobutyric M, =213.1) >trichloroacetic
(M;=162.4) > trifluoroacetic NIr =113.0) > acetic

(M; =59.1) > formic M, =45.0) Fig. 2).

2. Study of the influence of peak shape on ELSD

response

A consequence of the exponential correlation between

nebulizerg22], the decrease of mobile phase viscosity peak area and analyte mass (Eh) is the fact that the peak
results in decrease of mean diameter of aerosol dropletsarea is strongly dependant on peak broadening and asymme-
at the nebulization step. Droplets with smaller diame- try [10]. Evidently, this rule is not valid for the conventional
ter are less prone to condensation on the walls of the linear HPLC detectors (e.g. UV—vis detector).

nebulization chamber. Therefore, the observed ELSD
response enhancement was possibly attributed, besides

500000

mobile phase volatility, to the reduction of mean droplets peak f/ o
diameter, caused by the decrease of mobile phase viscosArefOOOOO_ a7
ity. The order in which viscosity decreases is identical to s
the order in which solvents volatility increases, with the  345000- b~
exception ofthe order of acetonitrile and methanol, which 2
isinverted Table 3. The smaller viscosity of acetonitrile 2000004
comparing to that of methanol is a reasonable explana-
100000
Table 2
Physicochemical properties of mobile phase solvents 0 N T T
0 2 4 6 8 10
Vapor pressure, 25 (kPa) Viscosity, 20C (mPas) m (ppm)
X\::egfc:nitrile 1?; égg Fig. 2. Influence of molecular mass of mobile phase anions on ELSD re-
Methanol 17 0.55 sponse to neomycin in a flow injection system: (a) pure water, (b) formic
Acetone 31 0.30 acid M, =45.0), (c) acetic acid\, =59.1), (d) TFA M, =113.0), (e) TCA

(M =162.4), (f) HFBA M, = 213.1).
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In the cases that the analyte concentration distribution is 3.3. Development and validation of HPLC-ELSD
considered to be Gaussian, H@) becomes equivalent to  method for the determination of neomycin and sulfates in

[10]: raw materials
om0 b @ Taking advantage of the conclusions drawn from the previ-
- b (F\/E)h ous steps of the study, a novel HPLC-ELSD method for the

simultaneous determination of neomycin and sulfates was

whereF is the mobile phase flow ratethe standard deviation  developed based on ion-pairing mechanism.
of concentration distribution ang’ is a coefficient indepen- The selected mobile phase was water—acetone (50:50)
dent of the peak shape. In most ELSD applicatibrd and containing 1.50 ml HFBA per liter (11.6 mM). HFBA was
therefore, it is derived that ELSD response is enhanced byselected, since it has the highest molecular mass amongst
the decrease of peak broadening (standard deviation). How-the examined volatile organic acids and therefore it induces
ever, since peak shape is controlled, besides the analyticathe greatest ELSD response enhancement. For the same rea-
column, by mobile phase composition, this behavior may be son, amongst the examined volatile polar organic solvents
considered as another aspect of the influence of mobile phasecetone was selected since it appears the highest volatility
composition on ELSD response. and the smallest viscosity. The proportion of acetone to wa-

In order to obtain differing shapes of neomycin, aque- ter was selected to be 50:50 in order to achieve a retention
ous acidic mobile phases of various concentrations of TFA, time of neomycin close to 5.0 min (at smaller retention times
formic and acetic acid, and so various (acidic) pH, were uti- neomycin peak may overlap with potentially interfering inor-
lized in conjunction with Gg column. Representative results  ganic anions, while at greater retention time, peak broadening
from TFA mobile phases are shownTable 3 HFBA was and asymmetry would increase resulting in decrease of ELSD
not suitable in this study due to its very intense effect on response factor).
retention time, because of the high lipophilicity of its ion Table 4summarizes the chromatographic and analytical
pair. Retention time, width and asymmetry of neomycin peak characteristics of neomycin and sulfate for their determina-
were controlled by the acidity of the mobile phase through tion in raw material and commercial formulations. A typical
the deprotonation of column silanols and therefore the cation- chromatogram of neomycin sulfate raw material is shown in
exchange interactions with the positively charged neomycin Fig. 3a. The results of the assay of a raw material were in very
amino groups. good agreement with those obtained with reference methods

From the experimental results presentedable 3 it is (HPLC with pre-column derivatization for neomycin, indi-
confirmed that increase of TFA concentration in mobile phase rect EDTA complexometric for sulfate). Furthermore, uti-
(increase of acidity) results in decrease of neomycin retentionlizing the aforementioned chromatographic conditions, the
time, width and asymmetry, which is accompanied by ELSD simultaneous direct determination of three minor impurities
response enhancement (increase of peak area and coefficiertf neomycin sulfate can be achieved with good resolution
a). These results were reconfirmed with formic and acetic (Rs>1.5,Fig. 3b).
acid mobile phases (data not shown).

ELSD has beenreported to appear uniform response factor3.4. Application to pharmaceutical formulations
for molecules with similar structure formula and therefore a
universal calibration curve for many analyte classes, such as The proposed HPLC—-ELSD method was further applied
lipids and sugars, can be obtair{el However, accordingto  for the determination of neomycin in commercial formu-
our observations, peak shape, besides structure of moleculelations (powder, creams and aerosols). Retention time of
should be taken into consideration, especially in cases thatco-existing active substances and excipients was exam-

peak widths increase remarkably with retention time. ined in order to assure that they do not interfere (peak
Table 3
Influence of chromatographic peak broadening and asymmetry on ELSD response to neomycin
Aqueous mobile Peak are&(x10°) tr (min) Width (min) Asymmetry a(x10) (£S.D.) b(+£S.D.) r2 (n=5y
phase TFA (ml/l) 17.25pg/ml factor

(%R.S.D.)
0.3 (3.9mM) 265 (2.9%) 8.6 0.31 35 .050 (+0.108) 1.97740.025) 0.9996
0.4 (5.2mM) 516 (1.9%) 4.8 0.16 2.1 534 (£0.170) 2.04540.045) 0.9990
0.5 (6.5 mM) 210 (1.6%) 4.6 0.14 1.9 3810 (£0.076) 1.41040.026) 0.9994
0.6 (7.8 mM) 198 (1.3%) 4.2 0.14 1.3 5875 (0.119) 1.30640.041) 0.998
0.7 (9.1 mM) 194 (1.1%) 4.0 0.13 1.3 4351 (+0.046) 1.34440.015) 0.9998
0.8 (10.4 mM) 206 (0.5%) 3.7 0.12 1.1 5876 (0.060) 1.27140.021) 0.9996
0.9 (11.7 mM) 242 (0.9%) 3.6 0.10 1.4 5219 (£0.145) 1.34240.056) 0.998

a Arbitrary units.
b Each point is the average of three replicates.
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Table 4 -
Characteristics of neomycin and sulfates chromatographic peaks and loga- %
rithmic regression of peak areas towards analyte mass concentration. Com-
parison between ELSD and reference methods for the assay of araw materia 1000
Sulfates Neomycin
Retention timetg) (min) 2.1 4.9 *
Width at half height (min) 0.11 0.18 S
Retention factdt 0.62 2.8 ;
Asymmetry factor (at 5% of 1.7 1.3
peak height)
Theoretical platesN) 2.0x10° 4.1x10° 5004
Resolution 7.6
Intercept of logarithmic 3.188 @-0.052) 4.14440.026)
calibration loga (+S.D.)
Slope of logarithmic 2.438 ¢-0.042) 1.78040.021)
calibrationb (+£S.D.) g
Correlation coefficientr(=5) 0.9998 0.9997 Y
Range (.g/ml) 9-40 2-50
Detection limit (ug/ml)® 3 0.6 [\ j
R.S.D. (=3 x 3)° 1.7% (10wg/ml) 1.7% (3.3.g/ml) o{ﬂ T LA 7 l
Assay of raw material (a) 0 minutes 5
Reference method (mg/g) %9 66C°
HPLC-ELSD method 30 (+0.4) 659 (&5)
(mg/g) (=3 x 3)f 1000 i f—]
a Void volume = 1.3 min.
b Corresponds to analyte concentration producing a peak area equal to
3.3times the standard deviation of the most dilute standard and is practically
equal to the concentration having S/N ratio equal to 3.3.
¢ Three working days (within a week), three injections per day.
d Indirect EDTA complexometric method. 5009
€ HPLC with pre-column derivatization method. 2
f Three independent sub-samples with three injections per working sam- g
ple solution. ©
overlaping) with neomycin. Most of them (gramicidin, nap- A | i | /"’\l .
hazoline, phenylephrine, triamcinolone, nystatin, betametha- 0 3 T 1 -
zone valerate, catalase), are lipophilic or of high-molecular- al =
(b) 0.0 25 minutes 5.0

mass and therefore not eluted within a reasonable time with
the mobile phase selected from thgg@olumn. Only baci- Fig. 3. Typical chromatogram of neomycin sulfate raw material: (a)
tracin (a polypeptide antibiotic) is eluted with neomycin (with  75,.g/mi (sulfate: 2.1 min, neomycin: 4.9 min) and (b) 1Gagml [impurity
very good resolutiorRs=12.2,Fig. 4). A periodical wash- A: 2.7 min (0.73%, w/w), impurity B: 3.4 min (0.30%, w/w) and impurity
ing of the column with acetonitrile must be performed. The C:4.0min (0.95%, wiw)].

results obtained from the assays of commercial formulations
(Table 5 reveal conformance to the Pharmacopoeia require-
ments for content with R.S.D. 0.4-3%% 3 x 3).

The accuracy of the new method was evaluated performing "% ]
recovery experiments by spiking sample working solutions.
Mean recoveries of 98.7-102.4%aple 9 reveal sufficient
accuracy. Further study of the matrix effect on the determi-
nation was carried out by dilution experiments (determina-  so0
tion of neomycin content in commercial formulations using a
varying dilution factoD (Vinitia/Viinal) at four different lev-
els). The correlation curves of the concentration found (in
the diluted solution) versud were linear > 0.998) with a |
slope equal to the content of the formulation and a statisti- I
cally (proven byt-test) zero intercept. Similarly, the correla-
tion curves of formulation content found verdDsvere very
linear with statistically (proven byttest) zero slopes. These
results reveal the absence of any constant or proportional deig. 4. Typical chromatogram of neomycin sulfate-bacitracin formulation
terminate error due to matrix (excipients) effect. (neomycin: 5.0 min, bacitracin: 9.8 min).

5.033

m volts

> 9.758

minutes
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Table 5

Assay of content and recovery results of neomycin (base) commercial formulations

Formulation/label content (co-existing active substances) Determined content (mg/ml or mg/g)Recovery range (mean recoveny 5)
+S.D. 0=3)

Powder 3.35 mg/g (bacitracin) 3.3170.087 95.3-102.6% (98.7%)

Nasal spray 0.75 mg/ml (gramicidin, naphazoline, phenylephrine) 1861023 92.9-105.2% (99.1%)

Cream in unibase 2.5 mg/g (triamcinolone, nystatin) 2470.05 95.1-104.6% (99.9%)

Cream/ointment 5 mg/g (betamethazone valerate) 44738034 97.2-104.6% (100.8%)

Aerosol A 2.23mg/g (horse liver catalase) 2.393.072 95.5-104.3% (100.8%)

Aerosol B 1.05 mg/ml (bacitracin) 0.945 0.004 97.4-107.6% (102.4%)

3.5. Application to medicated animal feeds Acknowledgements
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