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Abstract

The equivalent response of evaporative light scattering detector (ELSD) for compounds of similar structure is exploited to develop an
LC/ELSD method for the simultaneous quantitation of the four main components of gentamicin sulfate, using as external standard the one
main component kanamycin. Ajg£column was used along with a mobile phase consisting,@f ttontaining 35.4.g/ml of trichloroacetic
acid and 0.8Qul/ml of trifluoroacetic acid)-methanol—acetonitrile (990:5:5, v/v/v), in an isocratic mode at 1.1 ml/min. Parameters of ELSD
were 50°C for evaporation temperature and 3.0 bar for pressure of carrier gasiMgarithmic calibration curve was obtained for sulfate
(tr = 1.9 min) from 4.2 to 15@.g/ml (r > 0.994) with a precision of 0.18%R.S.D. Kanamycin and the four gentamicin componggts (C
C,, G5 and G) were eluted at 3.2, 4.6, 5.9, 7.1 and 8.7 min, respectively, with good resolution (Rs > 1.5). Logarithmic calibration curve
was obtained for each component(0.99) with statistically equal slopes varying from 2.457 to 2.558. The mass range of total gentamycin
was 35-24@g/ml. The proposed method was applied for the determination of gentamicin components and sulfate in raw materials and
pharmaceutical formulations (injection, drops and cream) without any pretreatment except cream, for which liquid—liquid extraction was
required. Recovery from standard addition experiments in commercial formulations was 99-100% regarding total gentamicin and 89—-108%
regarding individual components, with a precision (%R8E; 4) 0.7-5.8%.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction precolumn derivatization with phthalaldehyde reagent, rela-
tive limits being set for the componentg,GCi5, and sum
Gentamicin (sulfate), an aminoglycoside antibiotic, effec- of C, and Gy) [1,3]. European Pharmacopoeia requires the
tive against a wide spectrum of gram-negative and gram- use of gentamicin sulfate chemical reference standard (CRS)
positive bacteria, consists mainly of four closely related with designated component ratio for the calculation of the

components designated ag, €14, C; and Gy (Fig. 1). It relative response factor of each compon@&pt
is administrated in the form of injection, cream, ointment,  Various LC methods have been proposed for the determi-
suspension and it is also used in veterinary medifina). nation of gentamicif4—7] but due to the low UV absorp-

The official method for the assay of gentamicin in phar- tivity and the absence of native fluorescence, pre-column
maceuticals (raw material and formulations), food and tis- or post-column derivatization is required. LC methods with
sues is a microbiological oné,3] and therefore it is time  electrospray ionization/ion-trap tandem mass spectrometry
consuming, with low detectability and precision and appears [8], pulsed electrochemical detec{dt and laser-based po-
no specificity on the individual chemical components. Raw larimeter[10] have also been reported.
materials are also tested for methanol (GC, limit 1%), water  In the frame of routine work, the drawbacks of derivatiza-
(coulometric titration, limit 15%), sulfate (indirect complex- tion techniques are widely recognized (influence by various
ometric titration, limits 32—35%) and composition (LC with experimental parameters, incompleteness of derivatization

reaction, use of salt laden mobile phases, prolonged analysis
mspondmg author. Tel+30 210 7274550; time, gdditional cost fqr_derivatizgtior) system and reagents).
fax: +30 210 7274750. Especially for gentamicin determination, the lack of real ref-

E-mail address: koupparis@chem.uoa.gr (M.A. Koupparis). erence standard material of gentamicin components makes
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OH x 250 mm, spherical particles ofifm and 80 A pore size),
ss-420< A/D converter board and a Class VP 4 data pro-
cessing software for the recording and integration of the
chromatograms.

The detector used was a Sedex 75, S.E.D.E.R.E. low tem-

Purpurosamine perature evaporative light scattering detector. The nebulizer

2-Deoxystreptamine gas was nitrogen of industrial purity grade. Separations were

Fig. 1. Structure of gentamicin componentsudCRy = Ry = Rs = H; carried out using isocratic elution at controlled room tem-

Cow Ri =R» = H, Ry = CHg; Co: Ry = Rs = H, Ry = CHz; Ci: Ry perature (22-25C). _ _ _

— R, = CHg, R = H). A pH meter (Metrohm Herisau) equipped with a glass
combination electrode was used for pH measurement of mo-
bile phase.

the direct quantitation of each component not feasible, and  MultiSimplex 2.1 Software (Grabitech solutions AB,

the chromatographic analysis is limited to the determination Sweden) was utilized to apply multivariate modified sim-

of the relative fraction of each component, which is influ- plex algorithm for the optimization of composition and flow
enced by the relative differences of components absorptivity rate of mobile phase.

(response factors). Additionally, the chromatographic con-

ditions and detection techniques, which are applied, are not2.2, Reagents and standards

suitable for the simultaneous determination of sulfate and

therefore an extra titrimetric procedure is required. All chemicals were of analytical reagent grade unless

Evaporative light scattering detector (ELSD) is increas- otherwise stated. HPLC-grade water (specific resistance
ingly being used in LC as a quasi-universal detector elim- >17.8 M cm) was obtained by a Milli-Q water purifi-
inating the need for derivatization of non-absorbing ana- cation system (Millipore)_ For mobile phase preparati()n,
lytes [11]. Its ability to perform quantitation of substances trichloroacetic acid (TCA) (Merck, >99.5%), trifluoroacetic
with lack of standard material, since it shows nearly equal acid (TFA) (Sigma, >99%, spectrophotometric grade), ace-
response factors for molecules with about equal molecular tonitrile and methanol (Lab-scan, HPLC grade) were used.
mass and similar structure formula, is well-establisfie]. Gentamicin sulfate pure substance and formulations (in-

In the field of pharmaceutical analysis, it has already been jection, eye-drops and cream) were provided by local phar-

proposed as an effective alternative for the determination maceutical company. Pure substance was tested for identi-

of, among others, cyclodextrirj43], polyethylene glycols fication, assay and impurities (sulfate, water and methanol)

HT HO

HA

Garosamine

[14], products of combinatorial and parallel synthgdis] according to European Pharmacopoeia procedGiesfter
and inorganic ionl6], including sulfates in gentamicinraw  standardization using kanamycin CRS, this substance can be
material[17]. used as secondary standard of gentamicin components for

In this study, the equivalence of ELSD response factors of routine analysis. A 5.00 mg/ml (total gentamicin) standard
major gentamicin components and kanamycin (kanamycin stock solution was prepared in water and stored protected

A) was examined. Based on the equivalence of responses drom light in the refrigerator. Working standard gentamicin
novel LC/ELSD method was developed and validated for the solutions in the range 35—24@/ml of total gentamicin were

resolution and simultaneous direct determination of the four daily prepared in mobile phase.
major gentamicin components (and sulfate) without deriva- ~ Kanamycin acid sulfate (CRS) (6891U/mg, chemical
tization step to be required. The composition and flow rate purity in kanamycin A 70.5%) was obtained from Euro-
of mobile phase and the ELSD parameters were optimizedpean Pharmacopeia. A 1.00 mg/ml standard stock solution
using simplex and univariate techniques. The method waswas prepared in water and stored protected from light in
applied for content assay of pharmaceutical raw material andthe refrigerator. Working standard solutions in the range
commercial formulations. 4.5-75ug/ml were daily prepared in mobile phase.
For sulfate calibration, a 1.0mg/ml ($©) standard

stock solution was prepared from potassium sulfate. Work-
2. Experimental ing standard solutions in the range 4.2-1%0ml were

daily prepared by appropriate dilution in mobile phase.
2.1. Instrumentation and software

2.3. Procedures

Chromatographic separations were carried out on a Shi-

madzu VP Series LC (Duisburg, Germany) modular sys-  Analytical column, which was utilized, is not compatible
tem consisting of: a DGU-14A Online Vacuum-Degasser, a with pH below 1.5. Since the applied mobile phases con-
LC-10 AD VP micro double piston pump, a 7725i Rheo- tained strong acids, pH was measured before usage and an-
dyne manual sample injector equipped with au20oop, alytical column was very carefully washed with acetonitrile
Waters Spherisorb ODS-2 C18 analytical column (4.6 mm at the end of each day and stored in the same solvent. Also,
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mobile phase was filtered through HVLP Millipore filters as in other published methods are not compatible with the
(diameter 47 mm, pore size 0.4/) under vacuum for re-  ELSD. Since ELSD demands the evaporation of the mobile
moving particles and dissolved air. Before measurements,phase prior to light scattering step, mobile phases of high
flow path was rinsed with mobile phase for about 30 min, volatility are required. Therefore, sodium heptanesulfonate,
until baseline noise became negligible (less than 3mV at which is used as ion-pair reagent in the official method, or

detector gain 11). other non volatile reagents are not applicable.
Various organic solvents (dichloromethane, methanol,
2.3.1. Optimized mobile phase and ELSD parameters acetonitrile, ethanol, propionitrile, ethyl acetate, etc.) and
Mobile phase: HO (containing 35.4.g/ml of TCA and ion pair reagents (formic acid, acetic acid, dichloroacetic

0.89ul/ml of TFA)-MeOH-ACN (990:5:5, v/vlv), flow acid, trichloroacetic acid, trifluoroacetic acid, sodium
rate = 1.1 ml/min. ELSD parameters: nitrogen pressure methanesulphonate, sodium butane-1-sulfonate) were tested
= 3.0 bar, evaporation temperatuse50°C, detector gain  for their compatibility with ELSD and the successful elu-

=11. tion and separation of the four gentamicin components
and sulfate. TFA and TCA were found to be compatible

2.3.2. Calibration curve using kanamycin CRS with ELSD, due to their high volatility, as well as efficient
A series of working standard solutions (4.5Fml) in ion-pair reagents for the separation of gentamicin compo-

mobile phase were measured in triplicate and the peak areasients. A small portion of polar organic solvents (MeOH
(A) were used to construct the logarithmic calibration curve and ACN) acting as modifiers was found to improve the

logA = blogC,g/m + loga (Eq. (1). symmetry of the chromatographic peaks.
After a preliminary crude optimization, multivariate mod-
2.3.3. Sandardization of gentamicin pure substance ified simplex algorithnj18,19]was applied for the final op-

A series of working solutions of a pure raw material, inthe timization of composition (TFA, TCA, MeOH and ACN)
range of total mass\) 35—-240ug/ml in mobile phase, were  and flow rate of the mobile phase (totally five parameters).
measured in triplicate and the peak are@sdf each eluted Six response variables were considered for the evaluation of
component were used to construct the corresponding loga-the efficiency of the chromatographic determination: (i) sum
rithmic working curve log\; = blogM + (logw + blogx;) of peak areas, (ii) precision, (iii) asymmetry factor, (iv) re-
(Eg. (2). The fractionx; of each component is calculated tention time of the first peak (sulfate), (v) retention time of
using the known values ef andb from the calibration curve  the last peak (componentCand (vi) resolution Table J).

of kanamycin CRS. The selected values for the simplex algorithm constants
were: reflectiorr = 1, contractiorc™ andc™ = 0.5 and ex-

2.3.4. Analysis of commercial raw material and pansione = 2.

formulations Since the six response variablgg) Correspond to differ-

Raw gentamicin material was dissolved in mobile phase ent unit scale, a mathematical transformation to a modified
and injections and eye-drops were simply diluted with the response variable(y;) was automatically performed by the
mobile phase at a concentration within the (total) mass rangesoftware, in order the values, which derive from different
of the method (35-24Q@g/ml). Cream formulation (quan- variables, to be evaluated in an equivalent way. In this trans-
tity equivalent to 2.0 mg of gentamicin) was slightly heated formation, low and high limits and shape constB{R = 1:
and mixed with 20 ml of dichloromethane to dissolve. Gen- proportional increasaR > 1: the first derivative om(y;) in-
tamicin was extracted successively with two 5ml portions creases witly;) were selected for each variable. An overall
of 0.05% v/v TFA aqueous solution. Sample working solu- one-dimensional valueM(y), weighted geometric average
tions were injected in the LC system in triplicate and gen- of m(y;)) of each vertex was then calculated, using selected
tamicin individual components were determined from the influence valuesgq;) of each response variable, in order to
corresponding calibration curves obtained from kanamycin compare the successive trials.

CRS or the gentamicin secondary standard. The selected low and high limit®R and g; for each

Sulfates in raw materials were determined by the external response variable are presentedlable 1 The algorithm
calibration curve of potassium sulfate after sample dissolu- stopped after 16 experiments and the optimum results
tion in mobile phase and appropriate dilution to adjust the were obtained using a mobile phase consisting of (per
concentration in the range 4-14@/ml. liter): 0.88ml of trifluoroacetic acid, 35ml of 1.0 mg/ml

trichloroacetic acid aqueous solution, 954.1 ml of water,
5ml of methanol and 5ml of acetonitrile, in an isocratic
3. Results and discussion mode at a rate of 1.1 ml/min.

3.1. Selection and optimization of mobile phase 3.2. Selection of ELSD parameters

Mobile phases which are described for the separation of ELSD parameters (evaporation temperature of mobile
the four major gentamicin components in the official as well phase and pressure of carrier gag-Mere not included
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Table 1

Response variables of multivariate simplex algorithm and the related constants

Target Sum of peak areas Sum of %R.8.D. Mean |AF-1Y t(SQ4) — 1.5min 20min— t(Cyq) S(Rsf
Maximization Minimizatio Minimizatior® Maximization Maximization Maximization

Influencegi 1 0.67 1 0.33 0.67 1

Low limit 200° 3 0.2 0.2 4 1

High limit 33C¢° 18 12 1.3 13 25

R 3 3 3 1 1 2

a8 %R.S.D. of peak areas = 3).

b Mean value of the deviations of the asymmetry factors (AF) from unity.
¢ Sum of the two worst resolutions.

d Minimization of y; is equivalent to maximization ofy;.

€ Arbitrary units.

in the simplex optimization, since they appear a minor in-
fluence on the chromatographic separation comparing to soo
mobile phase composition. However, depending on the na-m
ture of the analyte, they may appear a greater impact on,
the detectability and sensitivity of the method. Using the L »50
optimized mobile phase, a two step univariate optimization s
was conducted. In the first step, the influence of evaporation
temperature on peak areas was studied (range 4@55

and in the second step, using the optimum evaporation tem- 0
perature, the Bl pressure was selected (range 2.5-3.5 bar). 5 =
No considerable influence on the detector response (peak

: ig. 2. Typical chromatogram of gentamicin sulfate raw material
area) was observed, however best results were obtained fof'9 yp 9 9
SOOC) d3.0b ivel (175p.g/ml) (sulfate: 1.90 min, &: 4.55min, G: 5.92min, Ga: 7.09 min
and 3.0 bar, respectively. and G: 8.71min).

Minutes 10

3.3. Validation data and quantitation technique

versed phase HPLC without any derivatization Jp21]
or post-column derivatizatiof22] and (c) the relative height
of chromatographic peaks.
Although the ELSD response varies with the scattering
ddomain in most cases it is assumed that the measured peak
area Q) can be related to the analyte mass by the loga-
rithmic relation[23]

Fig. 2 illustrates a typical chromatogram of gentamicin
sulfate, using the optimum chromatographic conditions. Five
chromatographic peaks were obtained with good resolu-
tion (Rs > 1.5). Chromatographic characteristics of sulfate
and the four gentamicin component peaks are summarize
in Table 2 The elution order of the four major gentam-
icin (non-derivatized) components {£ Cy, Cp4, C1) being
transferred as ion pairs mainly with TCA, as expected, is 4. — 4. x m? = log A; = b;logm; + loga; (1)
not in agreement to that observed with USP or EP derivati-
zation method (¢, C1a, C2a, C2). The order in the proposed  wherew; andb; are coefficients depending on droplet size
method is confirmed by: (a) the relative polarities of gen- and nature of solute, gas pressure, evaporation temperature,
tamicin components and the corresponding trichloroacetateflow rate, etc.
ion pairs, which determines the relative affinities to C18 col-  Standardization of sulfate, using external potassium sul-
umn, (b) the agreement with published methods based on refate standards, appeared good correlation to logarithmic

Table 2
Chromatographic characteristics of kanamycin, gentamicin components and sulfate peaks

Sulfate Kanamycin ("% Cy Coa C
Retention factdt 0.5 15 25 35 4.5 5.7
Asymmetry factor (at 5% of peak height) 15 1.6 14 15 1.6 2.0
Theoretical platesN) 4.1 x 10° 3.9 x 1C° 2.0 x 103 4.0 x 10° 41 % 10° 4.4 x 10°
Resolutiof - 21 1.6 15 1.6 1.9
%R.S.D. of peak areay = 4 (C pg/ml) 0.18 (5) 1.5 (35) 0.43 (43) 2.2 (41) 0.59 (25) 1.9 (44)
LODS® (pg/ml) 14 15 1.2 1.3 24 1.9

2 \oid time = 1.3 min (determined using a non-volatile solvent).
b From the previously eluted peak.
¢ 20l injection volume.
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Table 3
Logarithmic regression of peak areas (arbitrary units) towards analyte mass concentration of gentamicin components, kanamycin and sulfetesamd com
between ELSD and Pharmacopoeia method for the assay of a raw material

Sulfate Ga Cy Coa Ci Kanamycin
A standard
Calibration/working curves
Intercept (loga + blogx;) 3.412 ¢0.095) 0.726 (+0.046) 1.222 (+0.073) 0.49 (+0.29) 1.03 (+£0.21) 2.33 £0.12)
logarithmic calibration
Calculatedx; equal to - 0.230 ¢-0.026)  0.364 £0.047)  0.186 £0.055) 0.305£0.070) —

component fraction for
secondary standard
Total: 1.08 ¢0.10)
Slope b) logarithmic Calibration 1.85840.071) 2.558 (+£0.022) 2.508 (+0.035) 2.54 (+£0.14) 2.458 (£0.098) 2.457 £0.070)

Logarithmic correlation 0.994 0.9998 0.9996 0.991 0.995 0.998
coefficientr? (n = 5)
Range (ug/ml) 4.2-150 3.6-65 3.9-85 7.2-50 5.7-90 4.5-75

Assay (%) of raw material
ELSD method based on 31.9 (+0.1) 23.0 (+0.2) 33.4 (£0.4%)  17.5 (+0.3) 26.F (£0.2) -
kanamycin A CRS
Total: 50.9 €0.5)
ELSD method based on 21.7 (£0.2) 33.4 (+£0.4) 17.6 (+0.3) 27.9 (+0.2) -
gentamicin secondary
standard
Total: 50.4 €0.5)
Pharmacopoeia method 32.4 1%.4 49.8 33.& -

a Determined towards mass of total gentamidiu,. (2)
b Using K,SOy calibration curve, expresses percentage of gentamicin sulfate.
¢ Expresses percentage of total gentamicin.

regression and gave equivalent results for gentamicin rawlIn order to standardize a gentamicin pure substance, a se-
material with the USP or EP titrimetric methodaple 3. ries of working solutions of pure material of gentamicin sul-
Due to lack of reference standard material of individual fate with known total gentamicin concentration (calculated
gentamicin components, external standard calibration curvesby subtraction of sulfate, methanol and water content) was
can not be constructed and so their quantitation seems to beanalyzed and working curves basedim (2)for each gen-
impossible. However, taking advantage of the ELSD inher- tamicin component were constructed. From their intercepts
ent characteristic to appear approximately equal response(equal to log: + blogx;) x; values, and therefore the corre-
factors for molecules with approximately equal molecular sponding percentages of gentamicin components, were de-
mass and similar structural formula (i.e. gentamicin and termined {able 3. Therefore, it became feasible, the pure
kanamycin), the quantitation of individual gentamicin com- material of gentamicin sulfate to be further utilized as in
ponents becomes feasible. Should the previous statement béouse secondary standard of individual gentamicin compo-

correct, the coefficients; and also the coefficientls; of nents.
the logarithmic calibration curves of the various gentamicin ~ The correctness of the proposed quantitation technique
components and kanamycin must be statistically equal. and the validity of the obtained results are supported by: (a)
Furthermore, for gentamicin components (and generally the very good correlation coefficients of the logarithmic re-
for a mixture of compounds of similar structurgp. (1) gressions, (b) the statistically equal slopg$ ¢f the calibra-
provides tion/working curves among the individual gentamicin com-
ponents and kanamycin (proven tiest at 95% confidence
log A; =blog(x; M) + loga = log A; level) and (c) the fact that the sum gfvalues determined
—blogM + (loga + blogx;) ) by independent working curves for each component (inde-

pendent experiments), appears no statistical difference from
where,x; is the proportion of individual gentamicin compo- unity (it is 1.085+ 0.105), which indirectly reveals that the
nent to total gentamicin ard is the mass concentration of  coefficientsa; for gentamicin components and kanamycin
total gentamicin. are statistically equal.

A reference standard material of kanamycin (kanamycin  Routine analysis of gentamicin raw material can be per-
A, CRS) was used and a logarithmic calibration curve basedformed using one sample working solution and the cali-
onEg. (1)was constructed using a series of working standard bration curves obtained from kanamycin CRS or secondary
solutions. From the intercept and slope of the calibration gentamicin standard. As it is shown Table 3equivalent
curve, the coefficiente andb were determinedTable 3. results were obtained. These results are not in good agree-
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Assay of content and recovery results of gentamicin commercial formulations

Formulation/claimed content

Content found, mg/ml or mg/g (%R.8.D.)

Mean % recovery/

Cia G Caa Ci Ca & Ca C1
Dexamytrex Ophtiol® eye drops (Bausch & 0.685 (4.1) 0.967 (5.8) 0.561 (3.2) 0.820 (3.9) 105 101 89 99
Lomb) 3 mg/ml (containing also
disodium-dexamethasone-21 phosphate)
Total: 3.033 mg/ml Total: 99
Garama? eye/otic drops (Schering-Plough) 0.929 (1.9) 0.743 (2.1) 0.615 (1.9) 0.829 (0.69) 90 107 106 102
3 mg/ml (containing also Betamethasone
sodium phosphate)
Total: 3.116 mg/ml Total: 100
Garamyci? injection (Schering-Plough) 12.53 (1.2) 10.03 (2.5) 8.20 (1.2) 11.2 (0.89) 91 108 104 100
40 mg/ml
Total: 41.96 mg/ml Total: 100
Celestoderm-¥ cream (Schering-Plough) 1mg/g 0.301 (0.9) 0.210 (1.9) 0.191 (1.2) 0.316 (1.1) 92 107 102 101
(containing also disodium-dexamethasone-21
phosphate)
Total: 1.018 mg/g Total: 100

2 %R.S.D. of formulation content found from three different dilution levels.

b Four recovery experiments at three different spiking levels.

ment with EP method for Cand G, components, mainly

ple solution. Dexamethasone and betamethasone, the main

due to the fact that EP method is based on the normalizationcoexisting drugs in many gentamicin formulations, are not
procedure on absorbance peaks and therefore is influence@luted with the mobile phase used and a periodical washing

by the differences of the relative absorptivities of gentam-
icin derivatives. This official method is currently under re-

of the column with acetonitrile must be performed. The ex-
ternal calibration procedure using kanamycin or secondary

vision to adopt a pulse amperometric detector without any gentamicin standard can be used with very similar results.

derivatization[24].

3.4. Application to pharmaceutical formulations

The proposed LC/ELSD method was applied for the de-
termination of gentamicin components in commercial for-

The results shown iffable 4reveal that all the commercial
formulations conform with the common Pharmacopoeia re-
quirement for a content within the range of 95-105% of the
label content.

The accuracy of the method was evaluated by recovery
experiments. The recoveries shownTable 4(89-108%

mulations (injection, eye/otic drops and cream). Retention for individual gentamicin components and 99-100% for to-
time of co-existing active substances and excipients was ex-tal gentamicin) reveal sufficient accuracy. Further study of

amined in order to assure that they do not overlap with gen-

tamicin componentgrig. 3 shows a typical chromatogram
of a gentamicin formulation (Dexamytrex Ophti&lesam-

750

o
o
o
———— 6,091

» +—0 <3

250

Minutes

Fig. 3. Typical chromatogram of gentamicin formulation (Dexamytrex
Ophtiolé®), 200n.g/ml sample solution. Peaks successively to sulfate peak
correspond to sodium and excipients.

the matrix effect on the determination was carried out by
dilution experiments (determination of gentamicin content
in commercial formulations using a varying dilution factor
D (Vinita/Viina)) at three different levels). The correlation
curves of the concentration found (in the diluted solution)
versusD were linear £ > 0.99) with a slope equal to the con-
tent of the formulation and a statistically (proven taest)
zero intercept. Similarly, the correlation curves of formula-
tion content found versuB were very linear with statisti-
cally (proven byt-test) zero slopes. These results reveal the
absence of any constant or proportional determinate error
due to matrix effect.

4. Conclusions

The quantitation of the four main components of the
aminoglycoside antibiotic gentamicin can be performed
by LC/ELSD, using a @ column and volatile ion-pairing
reagents (trifluoroacetic and trichloroacetic acids). The
non-availability of standards for gentamicin components is
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