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Abstract

A novel method for the direct determination of the aminoglycoside antibiotic amikacin and its precursor component kanamycin was developec
and validated, based on reversed phase LC with evaporative light scattering detector (ELSD). ELSD response to amikacin was found to be enhanc
by: (a) use of ion-pairing acidic reagents of increased molecular mass, (b) increase of mobile phase volatility and (c) decrease of peak width an
asymmetry (obtained by controlling the mobile phase acidity and/or ratio of organic solvent to water). Utilizing a Thermo Hypersil BetaBasic
Ci5 column, the selected optimized mobile phase was water—methanol (60:40, v/v), containing=3.Aenkfluoropentanoic acid (18.2 mM)
(isocratic elution with flow rate of 1.0 ml mit). ELSD experimental parameters were: nitrogen pressure 3.5 bar, evaporation tempera@jre 50
and gain 11. Amikacin was eluted at 8.6 min and kanamycin at 10.4 min with a resolution of 1.5. Logarithmic calibration curves were obtained
from 7 to 77ugmi~? (r>0.9995) for amikacin and 8 to 1@& mI~! (»>0.998) for kanamycin, with a LOD equal to 2.2 and 2éml—,
respectively.

In amikacin sulfate pharmaceutical raw materials, the simultaneous determination of sgdfa3(min, LOD=1.8.g mI"%, range
5-40pugml~t, %R.S.D.=1.1,>0.9997), kanamycin and amikacin was feasible. No significant difference was found between the results of
the developed LC-ELSD method and those of reference methods, while the mean recovery of kanamycin from spiked samples (0.5%, w/w
was 97.3% (%R.S.Ds 2.0,n=6). Further, the developed method was applied for the determination of amikacin in pharmaceutical formulations
(injection solutions) without any interference from the matrix (recovery from spiked samples ranged from 95.6 to 103.8%).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Amikacin is a derivative of kanamycin A (solely obtained by
bacteria fermentation), which is produced by selective acylation
Amikacin (1-N-[L(—)-4-amino-2-hydroxybutyryllkanamy- of the G amino group withL-(2)-g-amino-a-hydroxybutyric
cin A) is a semisynthetic, broad spectrum antibiotic with anacid @-HABA) (Fig. 1) [2,3]. Kanamycin A and side products
aminoglycosidic structurd={g. 1). In cases of resistance to other that differ in the position and number of acyl groups have been
aminoglycosides, amikacin is widely administrated (parenterreported to be present as impurities in amikacin (sulfate) raw
ally) as the second line treatment of gram-negative bacteriapaterialg4,5].
since it appears to be less susceptible to enzymatic degradation. Liquid chromatography (LC) appears to be the prevailing
Dose-dependant side-effects of ototoxicity and nephrotoxicityechnique for the determination of amikacin in various matrices,
have been observed, establishing relatively narrow safety levelsowever, due to the low UV-vis absorptivity of amikacin and
in blood during long-term therag]. the absence of native fluorescence, pre- or post-column deriva-
tization is required. The European Pharmacopoeia (EP) method
[5] for the assay of amikacin in pharmaceutical raw materi-
* Corresponding author. Tel.: +30 210 7274559; fax: +30 210 7274750.  @ls is a LC-UV method (340 nm) after pre-column derivatiza-
E-mail address: koupparis@chem.uoa.gr (M.A. Koupparis). tion with 2,4,6-trinitrobenzene sulfonic acid. Several broadened
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HO [27], products of combinatorial and parallel synthd2i8] and
inorganic iong29].

o] In this study, experiments considering the influence of mobile
phase composition on amikacin retention and ELSD response
factor were carried out. A novel reversed phase LC-ELSD
method based on ion pairing retention mechanism for the deter-
mination of amikacin was developed and validated. The new
method eliminated the requirement for derivatization steps,
while it enabled the simultaneous determination of sulfates.
The method was applied for the content assay of pharma-
ceutical raw material and commercial formulations (injection

Fig. 1. Chemical structure of amikacin (R =S§24-amino-2-hydroxybutanoyl, ~ solutions).
—CO—CH(OH)—CH;—CH,—NH?y) and kanamycin (R = H).

OH

2. Experimental
peaks due to the unreacted reagent appear in the first 6 min.
The EP method is cable for the simultaneous determination dof.1. Instrumentation and software
kanamycin A (limit 0.5%) and side products of acylation reac-
tion. In addition, amikacin sulfate raw materials are tested for Chromatographic separations were carried out on a Shi-
sulfates content by an indirect complexometric titration (frommadzu VP Series HPLC (Duisburg, Germany) modular sys-
23.3 to 25.8% for ER5] or amikacin:BSO4 molar ratio 1:2  tem consisting of; a DGU-14A Online Vacuum-Degasser, a
or 1:1.8 for USP[6]). Other available LC methods are basedLC-10 AD VP micro-double piston pump, a 7725i Rheo-
on precolumn derivatization with 1-fluoro-2,4-dinitrobenzenedyne manual sample injector equipped with ap2000p, a
[7,8], 1-naphthylisothiocyanat®], 1-naphthoyl chloridd10] = Thermo Hypersil-Keystone BetaBasicdCanalytical column
and pre- or postcolumn derivatization withphthalaldehyde (4.6 mmx 250 mm, spherical particles ofam and 808 pore
[11,12] size), a ss-420x A/D converter board and a Class VP 4 data
In the frame of routine work, the drawbacks of derivatizationprocessing software for the recording and integration of the
techniques are widely recognized (e.g. influence by varioushromatograms.
experimental parameters, incompleteness of derivatization The detector was a Sedex 75, SEDERE (Cedex-France) low
reaction, appearance of additional peaks due to unreacteédmperature evaporative lightscattering detector. The nebulizing
reagent, use of salt laden mobile phases, prolonged analysigs was nitrogen of industrial purity grade. Separations were
time, additional cost for derivatization system and reagents)carried outusing isocratic elution at controlled room temperature
Especially for amikacin determination, it has been reported thaf22—25°C).
precolumn derivatization with-phthalaldehyde or 1-fluoro-2,4- A pH meter (Metrohm Herisau) equipped with a glass com-
dinitrobenzene results in unstable derivatiy#$—13] Addi-  bination electrode was used for pH measurement of mobile
tionally, the LC-UV-vis methods are not suitable for the simul-phase.
taneous determination of sulfates in raw materials and therefore
an extra titrimetric procedure has to be performed. A direct LQ.2. Reagents and standards
method based on pulsed electrochemical detection (HED)
and an indirect fluorimetric methdd 4] have also been pro- All chemicals were of analytical reagent grade unless
posed, while the LC-PED method has been adopted in the recestherwise stated. HPLC-grade water (specific resistance
edition of US Pharmacopoeijd5]. Apart from LC methods, >17.8MQcm) was obtained by a Milli-Q water purifica-
capillary electrophoresid 6], thin layer chromatographjl 7],  tion system (Millipore). For mobile phases preparation, non-
kinetic fluorimetry[18] and immunoassa)49] have been suc- afluoropentanoic acid (NFPA) (Fluka94%), heptafluorobu-
cessfully applied for the determination of amikacin in varioustyric acid (HFBA) (Fluka,>99.0%), trifluoroacetic acid (TFA)
matrices. (Sigma, >99%, spectrophotometric grade), formic acid (Merck,
Evaporative light scattering detector (ELSD) is increasingly>98.0%), acetone and methanol (Lab-scan, HPLC grade) were
being used in LC as a quasi-universal detector eliminating thesed.
need for derivatization of non-absorbing analytes. ELSD opera- Amikacin pure substance (936 mg¥), kanamycin A acid
tion principle mainly consists of three successive processes: (a)lfate pure substance (Kanamycin A base 689my,g
nebulization of chromatographic eluent using an inert gas (e.gamikacin and amikacin sulphate raw materials were provided
nitrogen), (b) evaporation of mobile phase at relatively low tem-by local pharmaceutical companies, accompanied with certifi-
perature and (c) light scattering by the residual particles, whicleate of analysis based on European Pharmacopoeia procedures
ideally consist of analytes molecul@®,21] Inthe field of phar-  [5]. Commercial formulations (injections) were also provided
maceutical analysis, it has already been proposed as an effectilig local pharmaceutical companies. Standard stock solutions
alternative for the determination of the aminoglycosidic antibi-of amikacin (5.00 mgmi), kanamycin (5.00mgmf*) and
otics gentamicir[22,23], neomycin[24] and isepamicirj25], ammonium sulfate (S§5-, 1.00mgmt?) were prepared in
and of, among others, cyclodextrif6], polyethylene glycols water and stored at 4<&.
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Table 1
Influence of molecular mass and concentration of ion pairing agent, chromatographic peak broadening and asymmetry on ELSD response to attikazm(dete
11)
Mobile phase HO-ACN (50:50, v/v) loga (£S.D.) b (£S.D.) Peak aréq(x 10P) tr (Min) Width Asymmetry r(n=5)P
containing acid in mit1 (mM) (%R.S.D.) (min) factor
HCOOH (M, =45.0)
45 (1.17x 103) 4.754 (£0.014) 1.47040.012) 0.63(2.2) 5.9 0.34 15 0.9999
60 (1.56x 10°) 4.854 ¢0.53) 1.403 £0.044) 0.67 (1.9) 4.4 0.24 14 0.996
80 (2.08x 103) 5.160 ¢-0.012) 1.23340.011) 242 (1.7) 35 0.20 1.3 0.9998
TFA (M, =113.0)
0.50 (6.4) 5.008+0.096) 1.56340.083) 2.07 (2.1) 4.0 0.24 1.7 0.997
HFBA (M, =213.1)
0.75 (5.7) 5.511+40.048) 1.12040.043) 1.74 (2.0) 5.7 0.27 18 0.997
1.00 (7.6) 5.695+0.042) 1.12840.041) 2.69(1.8) 4.0 0.23 16 0.9990
1.25(9.6) 5.948+40.065) 0.96040.063) 4.48 (1.6) 34 0.25 0.9 0.996
NFPA (M, =264.1)
1.5(9.1) 6.10440.025) 1.15440.051) 8.25(1.7) 35 0.22 15 0.9992
2.5(15.2) 6.002+0.069) 1.12340.085) 6.0 (1.9) 6.2 0.25 1.7 0.998

a Arbitrary units; determined at the lower concentration level (&0nl—1), n=3.
b Each point is the average of three replicates, at five concentration levels in the range 5.0+25.6.

through HVLP Millipore filters (diameter 47 mm, pore size
0.45p.m) under vacuum for removing particles and dissolved air.
2.3.1. Study of influence of mobile phase composition and Before measurements, flow path was rinsed with mobile phase
peak shape on ELSD response factor for about 30 min, until baseline noise became negligible (less
For the evaluation of the influence of ion pairing agentsthan 3 mV at detector gain 11). Standard and sample working
and peak shape on ELSD response factor, flow rate wasolutions, in mobile phase, were measured in triplicate. Quanti-
1.0mImir 1, nitrogen pressure 3.5 bar, evaporation temperatations were carried out using calibration curves of at least two
ture 50°C and detector gain 12. The examined mobile phasestandards corresponding to the 50% and 150% of the labeled
are shown inrable 1 content lying in the middle of the dynamic range of the method
For the evaluation of the influence of mobile phase solvent§—77ug mi~1 amikacin (i.e. 20 and 6@g mI~1).
on ELSD response factor a flow injection set-up was utilized by Raw materials of amikacin (sulfate) were simply dissolved in
replacing the analytical column by a stainless steel coil (200 mnmobile phase, while commercial formulations (only injections)
length, 1/16in. i.d.). Flow rate was 0.5 ml mih nitrogen pres-  were diluted, in order the expected concentration of the run solu-
sure 3.5bar, evaporation temperature’G0and detector gain tion to be in the middle of the calibration curve (4§ mi—1) and
11. The examined solvents are showTable 2 S0, to obtain better accuracy. Also, run solutions were filtered
Using the above experimental configurations and mobilghrough HVLP Millipore 0.45.m for removing the undissolved
phases, logarithmic calibration curves were established, bparticles.
the mean values of three replicates at five concentration For the determination of kanamycin in raw material of
levels. amikacin, a concentrated sample solution (2@§@nl—1) was
required, allowing a detection limit of kanamycin of 0.12%.
Calibration was performed with 8 and @5 mI~ kanamycin

2.3. Procedures

2.3.2. Routine determination of amikacin (and sulfates) in
raw material and formulations standard solutions.

Using the Gg chromatographic column the optimized mobile ~ Sulfates in raw materials were determined after sample dis-
phase was water—-methanol (60:40, v/v) containing 3.00 méolution and appropriate dilution in mobile phase in order
NFPA per liter (18.2 mM). Optimized flow rate was 1.0 ml min the expected concentration of the run solution to be about
(isocratic mode), nitrogen pressure 3.5 bar, evaporation tempe20 g mi~L. Calibration was performed with 10 and 3§ mi—*
ature 50C and detector gain 11. Mobile phase was filtered(ammonium) sulfate standard solutions.

Table 2

Influence of solvent composition of mobile phase on ELSD response to amikacin, in a flow injection system (detector gain 12)

Mobile phase log (£S.D.) b (£S.D.) Peak areaq 10°) r(n=5)2
(4.0pgmi~Y)

Water 5.97940.035) 1.01240.067) 3.77 0.998

Water—acetonitrile 40:60 (v/v) 6.116-0.056) 0.86040.095) 4.45 0.998

Water—-methanol 40:60 (v/v) 6.142:0.005) 0.87840.010) 4.72 0.9997

a Each point in the range 145 ml~1, is the average of three replicates.
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3. Results and discussion (1) becomes equivalent to

3.1. Study of the influence of mobile phase composition on

27 o1-h)
A=ary | T2 b @)
ELSD response b (F~/27)

Due to the polar and basic properties of the aminoglycosidic ~WhereF is the mobile phase flow rate s the standard devi-
structure of amikacin (it bares four primary and one secondary ~ation of concentration distribution and is a coefficient

amino-groups per moleculEig. 1) the ion-pair reversed phase  independent of the peak shape. Since in most ELSD appli-
mechanism was found to be the most suitable one for chromato- Cationsb>1, itis derived that ELSD response is enhanced
graphic separation, consisting of the non polag @nalytical by the decrease of peak broadening (standard deviation).

column along with mobile phases of polar solvents and volatildC) For similar peak shape (equivalent values of peak width
ion pairing acidic agents. The influence on ELSD response fac- and asymmetry), the area of the chromatographic peak was
tor of both components of the mobile phase (i.e. solvents and found to be dependant on the molecular mass of the organic
ion-pairing agents) was investigated. f'iCId. Infact, the peak areaincreased accordmg to_the order_of
Concerning the effect of the ion-pairing agent, four volatile ~ Increase of the molecular mass of the organic anion: formic
(in order to be compatible with the ELSD) acids (formic, TFA, ~ (Mr=45.0)<TFA  ;=113.0)<HFBA {#;=213.1)<
HFBA, NFPA) were examined, in appropriate concentration ~NFPA (Mr=264.1). The base of the relation between
ranges (so that the corresponding elution time of amikacin to  theé ELSD response and the molecular mass of the ion
be in a useful range, such as 2.5-6 min). The peak argas (  Palring agents possibly lay on the inclusion of anions in the

were correlated to the analyte masg by the well-established amikacin particles resulting in increase of particles mass
exponential curve of ELSD respon®,21} (and so increase of the analytical signal, £q), possibly

due to electrostatic interactions with the amikacin cationic
A =am® = logA = blogm + loga (1) amino groups.

whereq andb are coefficients depending on instrumental param-  The influence of mobile phase solvents was examined, in the
eters, nature and concentration of analyte, gas and liquid flowbsence of acidic ion pairing agent and the chromatographic
rates, evaporation temperature, etc. The determined values @blumn (Sectior2.3.1). Coefficientsa andb of the logarithmic
the coefficients andb are presented iable 1 from whichthe  calibration curve (Eq(1)) were determined for each solvent.
following conclusions can be drawn: From the data presented Tble 2 it is clear that coefficients
a and b as well as the peak area are dependant on solvents
(@) Increase of the mobile phase concentration of the aciditdentity. In fact, coefficient: increased according to the order:
ion-pairing agent resulted in decrease of the amikacivater <acetonitrile <methanol, which is identical to the order
retention time, with the exception of NFPA. This kind of of increase of the solvents volatility (vapor pressure at@5
behavior is commonly observed at reversed phase retentidPa): water 3.2, acetonitrile 11.8, methanol 17). The increase
mechanism of basic compounds and it may be attribute@f coefficienta resulted in an increase of the area of the chro-
to the increase of mobile phase acidity and the consematographic peak, regardless of the value of coeffidieiihe
quent protonation of the free silanolic groups of stationaryincrease of mobile phase volatility has been reported to favor
phase, resulting in inhibition of cation-exchange interac-the reduction of droplets condensation on the walls of the neb-
tions with positively charged groups of analyte. In con- ulization chambef20], and this is probably the reason for the
trast, increase of NFPA concentration resulted in increasE&LSD response enhancement.
of the amikacin retention time due to the higher molec-
ular volume and lipophilicity of NFPA ion pairs. The 3.2. Development and validation of LC-ELSD method for
increased adsorption of lipophilic NFPA anions on the col-the assay of amikacin and the control of kanamycin and
umn rendered the non-polar stationary phase a dynamigulfates in raw materials
cation exchanger, which resulted in enhanced ion-exchange
interactions with amikacin cations, and therefore stronger The selected and optimized mobile phase was water—
retention. methanol (60:40, v/v) containing 3.00 ml nonafluoropentanoic
(b) Increase of the mobile phase concentration of the acidic ioracid (NFPA) per liter (18.2 mM). NFPA appeared to be the most
pairing agent resulted in an increase of coefficiefgain  efficient ion-pairing agent for the separation of amikacin from
with the exception of NFPA), whichinturnled to anincreasethe closely related aminoglycoside kanamycin (the precursor
of the area of the chromatographic peak, regardless of theompound). The high molecular mass (and thus lipophilicity) of
decrease of coefficient This behavior can be attributed to NFPA resulted in differentiated retention, while it induced the
the decrease of amikacin retention time, width and asymgreatestenhancementin ELSD response. Accordingly, methanol
metry, which has been reported to influence ELSD responseas selected because it appeared the highest volatility amongst
factor, as a result of the exponential correlation betweerhe examined volatile polar organic solvents. The proportion of
peak area and analyte mass (EQ) [30]. Actually, in the  methanol to water was selected based on two criteria: Firstly,
cases of Gaussian distribution of analyte concentration, Eqncrease of methanol portion results in increase of mobile phase
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Table 3
Characteristics of chromatographic peaks of amikacin, sulfate and kanamycin and logarithmic regression of peak areas towards analyte ratiss concent
Sulfates Amikacin Kanamycin
Retention timezg (min) 2.3 8.6 10.4
Width at half height (min) 0.08 0.26 0.33
Retention factdt 0.77 5.6 7.0
Asymmetry factor (at 5% of peak height) 17 1.7 19
Theoretical platesy 4.6x10° 6.1x 10° 55x 10°
Resolution 8.7 15
Intercept of logarithmic calibration, lag(+S.D.) 3.518 £0.078) 4.62440.064) 3.8654£0.094)
Slope of logarithmic calibratiori; (+S.D.) 2.201 £0.032) 1.3014£0.042) 1.39540.069)
Correlation coefficient; (n=5) 0.9997 0.9995 0.998
Range fug mi—1) 5-40 7-77 8-105
Detection limit (ug mi~1)° 1.8 2.2 25
%R.S.D. (=3 x 3)° 1.1 (10ug mi—1) 1.9 (9.6pgmi~1) 1.6 (20.8ug mi~1)
Assay of raw material/comparison between LC-ELSD and reference method
EP method5] 24.4% 68.9% 0.50%
HPLC/ELSD methodi=3 x 3)¢ 24.6+0.4% 68.3-1.2% 0.49+0.01%

2 \oid time = 1.3 min.

b Corresponds to analyte concentration producing a peak area equal to 3.3 times the standard deviation of the most dilute standard and is yabttitiadly eq
concentration having S/N ratio equal to 3.3.

¢ Three working days (within a week), three injections per day.

d Amikacin raw material was fortified with kanamycin standard material.

€ Three independent sub-samples with three injections per working sample solution.

volatility and so of ELSD response factor. Secondly, the propor{Rs=2.2). Other interfering anions are not expected in raw
tion of methanol to water controls the retention time of amikacinmaterial.

and its separation from kanamycin. The proportion was selected The results of the assay and the determination of sulfates and
to be 60:40 (corresponds#8.6 min for amikacin and 10.4 min  kanamycin based on the LC—ELSD methbiy( 2) were in very

for kanamycin) in order to achieve adequate resolution and tgood agreement with those obtained by analysis based on Euro-
avoid interferences from anions or other compounds with weakean Pharmacopoeia proceduigs(Table 3. The accuracy of
retention to Gg column. Greater (than 8.6 min) retention time, the determination of kanamycin in amikacin sulfate raw mate-
which may be achieved by increasing the portion of water, igial was examined with recovery experiments. Samples of raw
disadvantageous, since it increases the analysis time, while ritaterial were spiked with kanamycin standard material at for-
reduces mobile phase volatility and so the ELSD response fac-

tor.

The optimum values of the other experimental parameters
(flow rate 1.0mImin?, nitrogen pressure 3.5bar and evapo- 1000
ration temperature 5@C) were selected based on a univariate
optimization procedure.

Table 3summarizes the chromatographic and analytical char-
acteristics of amikacin, kanamycin and sulfate. In all cases, very
good correlation was achieved with the exponential relationship
between peak area and analyte mass. A linear calibration curve
can be obtained by adopting double logarithmic coordinates (Eq.
(). A linear calibration curve can also be obtained by raising
the area of chromatographic peak tabjl31]:

8.566

2.276

500

mVolts

AYY = aYPm = km 3)

This equation provides a linear calibration curve passing through
the origin and can be used for routine quantitations using the
single-point calibration approach, provided that the coefficient
b has been previously determined from [EL), using a series of 0 _.“Hv\;\_f
standards (at least two).
The weak retention of sulfates, due to polar interactions 0 5 10

of HSO4~ with the free silanolic £OH) groups of the non Minutes

polar Gg column, enables the good resolution from amikaCinFig. 2. Typical chromatogram of amikacin sulfate raw material @génl—1)
and kanamycin, and also from the common anion chloridgsulfate 2.28 min, amikacin 8.57 min).
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Table 4
Assay of content and recovery results of amikacin commercial formulations

1119

Formulation, label content (excipients) Content found Recovery range (%)
(£S.D.,n=6) (meany =6)

Briklin 500 mg/2 ml p-dihydroxybenzoic methylester;dihydroxybenzoic propylester, 506+5 96.0-103.4 (100.3%)
sodium citrate, sodium sulfite)

Briklin 250 mg/2 ml p-dihydroxybenzoic methylestgr;dihydroxybenzoic propylester, 250+ 4 95.6—102.6 (99.1%)
sodium citrate, sodium sulfite)

Uzix 500 mg/2 ml (methyl paraben, propyl paraben, sodium metabisulfite, disodium edetate, 490+ 7 96.4-103.8 (99.9%)
sodium citrate, sulfuric acid)

Flexelite 500 mg/2 ml (methyl paraben, propyl paraben, sodium metabisulfite, sodium citrate) + 6504 98.0-103.4 (100.2%)

tification level equal to the EP concentration limit (0.5%, w/w)

(Fig. 3. Recovery values (mean 97.3%, %R.S2.0,7=6) 700
confirmed the good accuracy of the LC-ELSD method. 600 3
500 T
3.3. Application to pharmaceutical formulations 2 400
2
£ 300

The proposed LC-ELSD method was further applied for the
determination of amikacin in commercial pharmaceutical for- 59
mulations (injections, the only available type). The only required

sample treatment was the appropriate dilution with the mobile 100

phase in order to obtain concentration of amikacin in the range 0t

7-77pg mi~1, preferable about 40g mI~1. No other chromato- 0
graphic peaks were recorded except for the amikacin peak, due
to the extended dilution of the formulationsig. 4). Retention

5

Minutes

10

Fig. 4. Typical chromatogram of diluted amikacin formulation (Briklin injection

time of possible excipients was examined and no interferencgso mgmr 1) corresponding to 4ag mi~* amikacin (z 8.63 min).

(peak overlapping) with amikacin was observed. Most of them
(sodium citrate, sulfuric acid and sodium metabisulfite) are inor-

ganic anions of low molecular mass and so they appear negligible The experimental results are presentedidhle 4 Good pre-
retention on the non-polar C18 column (their elution time is closegision and conformance to the Pharmacopoeia requirement for

to the void time).

1000

mVolts
[
o
o

0 5 10
Minutes

Fig. 3. Typical chromatogram of amikacin sulfate raw material (309enl—1)

content within the range 95-105% of the label content was
achieved.

The accuracy of the proposed method was evaluated by recov-
ery experiments of fortified sample solutions. The recovery
values (99.1-100.3%) revealed sufficient accurd@able 4.
Further study of the matrix (excipients) effect on the determi-
nation was carried out by dilution experiments (determination
of amikacin content in commercial formulations using a vary-
ing dilution factorD (Vinitiai/ Viinal) at three different levels). The
correlation curves of the concentration found (in the diluted solu-
tion) versusD were very linear £>0.997) with a slope equal
to the content of the formulation and a statistically (proven by
t-test) zero intercept. Similarly, the correlation curves of con-
tent found versu® were very linear with statistically (proven
by #-test) zero slope. These results confirmed the absence of
any constant or proportional determinate error due to the matrix
effect.

4. Conclusions

LC with evaporative light scattering detection appeared to
be efficient for the determination of amikacin and its precursor
compound kanamycin. The proposed LC—ELSD method did not

fortified with kanamycin 0.5% (w/w) (sulfate 2.36 min, amikacin 8.49 min, reqUire any derivatization step and also enabled the simultaneous

kanamycin 10.4 min).

determination of the inorganic co-ion (sulfates).
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