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Abstract

Tobramycin is one of a class of aminoglycoside antibiotics that lack a good chromophore, and is therefore difficult to determine using reversed
phase HPLC with absorbance detection. This is especially true for determining the quantity of each impurity. We show that tobramycin and
its major impurities, including kanamycin B and neamine (neomycin A), can be separated on a strong anion-exchange column using a wea
potassium hydroxide eluent (2.00 mM) at a column temperature 6€3@nd directly detected by integrated pulsed amperometric detection
(IPAD). The resolution (United States Pharmacopeia (USP) definition) between tobramycin and kanamycin B ranged from 5.71 and 6.06 over
days of consecutive analysis (522.07,n =590 injections). Due to the difficulty of producing weak hydroxide eluents of the required purity
(i.e. carbonate-free), this method depends on automatic eluent generation to ensure method ruggedness. This method exhibited good long-term
days, 2368 injections) retention time stability with R.S.D.s of 0.4% and 0.3% for tobramycin and kanamycin B, respectively. Peak area R.S.D.s fol
tobramycin and kanamycin B (1M each, 2QuL injection) over 7 days (572 injections) were 2.3% and 1.9%, respectively. Method robustness was
evaluated by intentionally varying the flow rate, eluent concentration, column temperature, and column. Based on the results of these evaluation
this method can be used for tobramycin identity, assay, and purity.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction from its degradation. The chemical structure of tobramycin and
its major impurities are shown Fig. 1L These aminoglycosides,
Tobramycin is a water-soluble aminoglycoside antibioticlike mostcarbohydrates, lack agood chromophore, and therefore
purified from the fermentation of the actinomycsteepromyces require high concentrations to be detected by UV absorbance.
tenebrarius and used in a variety of pharmaceutical applicationdMany manufacturing process intermediates and ingredients of
[1], including ophthalmic suspensions and ointments, such aénal pharmaceutical formulations are chromophoric and can
TobraDe® (Alcon Inc., Fort Worth, TX), inhalation solutions interfere with the direct detection of tobramycin and its impuri-
such as TOBY? (Chiron Corporation, Woodstock, IL), and intra- ties by absorbance. Refractive index detection has similar lim-
venous administrations such as Tobramycin Sulfate Injectiontations. For these reasons, most methods for identity, assay, or
(Eli Lilly and Company, Indianapolis, IN). Kanamycin B (also purity of tobramycin require some type of chemical derivatiza-
known as bekanamycin), nebramine, and neamine (also knowtion to increase detection sensitiv[sj.
as neomycin A) are three known impurities of tobramy{@h Derivatization techniques have the associated limitations of
that result from either incomplete purification of the drug, orvarying derivatization efficiencies and reagent instabilities that
compromise method ruggedness. These techniques also require
- handling and disposal of hazardous materials. Tobramycin and
AAA-Direct and CarboPac are trademarks, and EluGen and Chromeleojts major impurities may be oxidized under alkaline conditions
are registered trademarks of Dionex Corporatioq. TobraDex and Tobrex‘ argng directly detected by pulsed amperometric detection (PAD),
registered trademarks of Alcon Inc. TOBI is a registered trademark of Chiron | . . . L
Corporation. whl_ch has a Ic_Jroad Il_n_ear range and very low detcho_n limits for
* Corresponding author. Tel.: +1 408 481 4144; fax: +1 408 737 2470,  @minoglycoside antibiotics. The HPLC method specified by the
E-mail address: val.hanko@dionex.com (V.P. Hanko). European Pharmacopoeia (EP) procedures for tobramycin assay

0731-7085/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpba.2005.08.009
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Hy to have the best reproducibility of electrochemical response, we
used a different waveform compared to typical carbohydrate
analysis, and we used disposable gold working electrodes. In
this paper, we evaluated the performance of this method in terms
of ruggedness and the ability to measure low levels of the major
known impurities of tobramycin.

2. Experimental

OH 2.1. Standards

Tobramyecin Kanamyecin B Solid tobramycin (Sigma—Aldrich Chemical Co., Cat#

T40014), kanamycin B; Sigma—Aldrich Chemical Co., Cat#

Ha Ha B5264), and neamine (International Chemical Reference Sub-
stances, World Health Organization; Cat# 9930354) standards
H OH were placed in plastic vials and dissolved in deionized water to
' A a 10 mg/mL concentration. The masses of moisture, salt, and
HO

impurities, as stated on the manufacturer’s Certificate of Analy-
sis, were subtracted from the measured mass to improve solution
concentration accuracy. These solutions were further diluted
with water (gravimetrically) to yield the desired stock mixture
concentrations. For this work, all dilutions were made gravimet-
Nebramine Neamine rically to ensure high accuracy. Masses of 0.2, 1, 2, 20, 100, 200,
_ _ _ o ~ 300, 400, 600, 800, 1000, 1200, 1400, 1800, 2000, 4000, 10,000,
Fig. 1. Qhemlcal struc?ures of tobramycin and known impurities (kanamycin B’and 21,000 pmol tobramycin and kanamycin B were injected
nebramine, and neamine). . . . .
four-times each for linear range studies. Tobramycin, and to a
lesser extent neamine and kanamycin B, when dissolved in water
and purity[2,4] uses a non-alkaline mobile phase and requiresdsorbs to glass surfaces. Significant losses due to adsorption
a post-column addition of NaOH for PAD. This requires anoccur at dilute concentrations. Polypropylene injection vials and
additional pump and dilutes eluting peaks, reducing method semther labware must be used to ensure accurate results.
sitivity compared to a method with a sufficiently alkaline eluent.
High-performance anion-exchange chromatography (HPAE2.2. Chromatography
with PAD using alkaline eluents is an established technique
for carbohydrate analysis. HPAE-PAD has been used for The chromatography system consisted of Dionex GP50
tobramycin determinationgs—8], and for other aminoglyco- gradient pump with degas option and GM-4 gradient mixer,
side antibiotics determinatiorj9—12]. All published methods EG50 eluent generator with EGC Il KOH eluent generator car-
require weak sodium hydroxide eluents (1-10 mM) that are diftridge (EluGef? 1l hydroxide) and CR-ATC, EG40/50 vacuum
ficult to prepare reproducibly without carbonate contaminationdegas conversion kit, ED50A electrochemical detector, AS50
Varying amounts of carbonate adversely affect retention timautosampler, AS50TC thermal compartment, and Chrom&leon
precision. This problem has limited the adoption of HPAE-PADchromatography workstation (Dionex Corporation, Sunnyvale,
for tobramycin determinations. To address this limitation, weCA, USA). Tobramycin and its impurities were separated with
added two commercially available devices to an HPAE-PADa CarboPal” PA1 (4 mmx 250 mm, Dionex Corporation)
system, an eluent generator (EG), and a continuously regemanion-exchange column with its guard (4 mn®%0 mm; USP
erated anion trap column (CR-ATC). The EG automaticallydesignation L46). The electrochemical waveform was +0.13V
prepares precise concentrations of KOH eluent from water andfaEom 0.00 to 0.04 s, +0.33V from 0.05 to 0.21 s, +0.55V from
potassium electrolyte solution using electrolysis. The electroly0.22 s to 0.46s, +0.33V from 0.47 s to 0.56<1.67 V from
sis occurs without exposure to atmospheric gases, and therefdde&s7 s to 0.58 s, +0.93V at 0.59 s, and +0.13V at 0.60 s, using
with a significant reduction of carbonate contamination. Thethe pH reference electrode mode with currentintegrated between
minor amounts of carbonate, as well as borate and other co-21 and 0.56 s for detection. We us&dlA-Direct™ -certified
taminating anions from the supply water, are removed by a cordisposable gold working electrodes (replaced every 7 days)
tinuously regenerated anion trap column (CR-ATC), installed13—15] Tobramycin and its impurities were separated using
after the EG. Consequently, the normal variability in hydrox-2.00 mM KOH, produced by the eluent generator, at a flow rate
ide concentration associated with manual eluent preparation ared 0.50 mL/min and a column temperature of&Q This method
the variability of carbonate contamination are essentially elimused a 2QsL injection and had a run time of 15 min. The column
inated, leading to highly reproducible retention times. We usedet was washed once a week with 100 mM KOH for 60 min and
this system to develop a fast rugged assay of tobramycin ane-equilibrated overnight to 2.00 mM to restore retention times
its major known impurities. To achieve the best sensitivity ando their initial values.

HO NH,
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100— form caused the loss of gold from the surface and results in
a loss in peak area response over long-term1igg Since the

5 development of the EP method, the recommended waveform for
carbohydrate applications has been reviddi17]to produce
a more stable long-term response. This waveform (Waveform

nC A, Dionex Technical Note 21[1L6] is a 4-potential program that
Oxygen dip uses reductive cleaning rather than oxidative cleaning, preserv-
1p 34 , from previous ing the gold working electrode surface. Unlike the 3-potential

injection

waveform, the 4-potential waveform is fully compatible with
disposable gold working electrodes, which have only a thin
Void layer of gold. While we found the 4-potential waveform was
' ' ' ' ' suitable for use in aminoglycoside determinatif®ls here we

85— used an integrated pulsed amperometric detection (IPAD) wave-
5 form, used for amino acid determinations. An IPAD waveform
detects an analyte using more than the one potential used in a
PAD waveform. We chose this waveform because the signal-
to-noise ratio was determined to be two to four times greater

78

nC 6 using the IPAD waveform than the 4-potential waveform. This
/ o § allowed us to achieve maximum sensitivity for tobramycin and
xygen dip P L
from previous its impurities.
injection
3.2. Linearity
8 0 é {'9 1'2 1'5 3.2.1. Range
Minutes For estimation of the upper limit of the linear range, the tech-

) o ) o ) nique of Cassidy and JanodgHi8] and Snyder et a[19] was

Fig. 2. Determination of 21 pmol tobramycin (1.QF1, 20 w.L injection) using d. The li lculated . lot that relat

a CarboPac PA1 column with a 2.00 mM KOH eluent (produced by an eluentS€0- € linear rar_lge was ca Cu, a e_ .usmg ap 0. at relates

generator) at 0.5mL/min, and with a 30 column temperature, and IPAD. amo‘fnt of tobramycin or kanamyC|n Binjectedto thglr.peak area

Full view (A), and expanded view of baseline (B). Peaks 1, 2, and 6: unknowr0r height response factors (ratio of peak area/mass injected). The

impurities; Eeak 3: kanamy_cin B _Pea_lk 4: neamine; Peak 5: tobramycin; Peajegion of the plot showing the highest and constant response

7: oxygen dip from the previous injection. factor values was averaged, and then a 10% deviation from
this averaged value was calculated. The upper and lower lim-

3. Results and discussion its of the linear range were the amounts of tobramycin and
kanamycin B where the observed response factors are within

3.1. Specificity 10% of the average response factors. We chose a 10% deviation
as our threshold for estimating the upper and lower limits. The

3.1.1. Separation tobramycin peak area linearity extended up to 300 pmop5

Fig. 2 shows the separation of 1.0M (20pL injection,  for a 20pL injection), and kanamycin B linearity extended up
21.4 pmol) tobramycin (Peak 5) and five impurities (Peaks 1to 200 pmol (1QuM). The tobramycin peak height was linear
2,3, 4, 6) Peak 3 was identified as kanamyCin B and Peak 6p to 200 pm0| (lQ.LM), and kanamycin B peak he|ght was lin-
as neamine (neomycin A) based on the retention times of stagmar up to 175 pmol (8.8M). For both compounds, below 4 pmol
dards. The resolution (USP definition) between tobramycin an@o_zMM) the peak arearesponse factor decreased below our 10%
kanamycin B ranged from 5.71 and 6.06 over 7 days of consegteviation threshold. Therefore, the calculated linear ranges for

utive analysis (5.92-0.07,n =590 injections). The EP method tobramycin and kanamycin B peak areas are 4-300 pmol and
requires resolution to be greater than 3.0 between tobramycip200 pmol, respectively.

and kanamycin B, and allows adjustment of the mobile phase

concentration to achieve this required resolution. 3.2.2. Linearity
The linear relationship of peak area response evaluated using
3.1.2. Detection 2, 20, 100, 200, and 300 pmol tobramycin producedaralue

The EP method specifies a gold working electrode using af0.9994; and 2, 20, 100, 200 pmol kanamycin B%of 0.9958.
3-potential pulsed amperometric waveform with detection afTable 1summarizes the statisticg(slopey-intercept) for these
+0.05V, oxidative cleaning at +0.75V, and gold oxide reduc-two calibration curves. Slopes amdntercepts for tobramycin
tion at—0.15V, but does not specify the durations of these stepsand kanamycin B were nearly identical, an indication that an
These voltages are identical to a waveform that in earlier yearaccurate measure of kanamycin B impurity can be obtained by
was used for carbohydrate determinations (Waveform B; Dionemeasuring its area as a percentage of the tobramycin peak area.
Technical Note 21)16]. The same waveform was also sited in This eliminates the need to run separate kanamycin B standards.
referencg4], on which the EP method was based. This wave-The known 20, 100, 200 and 300 pmol amounts were com-
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Table 1 350
Estimated linearity for tobramycin and kanamycin B
Tobramycin Kanamycin B 8
Upper limit linearity (estimate)
pmol 300 200
pM2 15 10
pg 140000 97000
pwg/mL2 7 5
Linearity (over linear range)
Range (pmol) 2-300 2-200
2 0.9994 0.9958
y-intercept (nC min) 0.336 0.380 60 | : : | |
Slope (nC min/pmol) 0.0917 0.0929 0 3 6 9 12 15

Minutes

a 20-uL injection.
Fig. 3. Determination of impurities (Peaks 1-5, 7) when tobramycin (Peak 6) is
injected outside its calculated linear range (0.50 mg/mlyRjection). Peak

. . 4 is kanamycin B, and Peak 5 is neamine.
pared against the calculated amounts of tobramycin and errors vel ! !

ranged from—6.8% to +1.0%. For 20, 100, 200, and 300 pmol
of kanamycin B, the calculated errors ranged frem.5% to  3.4. Determination of tobramycin purity
+8.6%. The % error increased significantly when determina-
tions were made outside the calculated linear range. A quadratic When tobramycin is analyzed at the upper limit of its calcu-
calibration can be used to measure higher amounts. For exartated linear range (300 pmol), this method can detect kanamycin
ple, at 400 or 600 pmol tobramycin, the % errors were +1.6%8 as a 0.05 mole% impurity of tobramycin. A lower percent-
and +7.4%, respectively. The same quadratic fit also allowedge can be detected by injecting tobramycin at concentrations
inclusion of lower amounts of tobramycin and kanamycin B,outside its linear range. Injecting 2Q of 1.0 mM tobramycin
but better results (lower error) were attained using a sepd21nmol,Fig. 3) decreases the lower detectable percentage of
rate low-level quadratic calibration curve for amounts belowkanamycin B impurity to 7.k 10~4%; but requires a second
2pmol. injection of diluted tobramycin (to within its linear range) to
measure the amount of tobramycin for the percent impurity cal-
culation.Table 2presents the measured impurities found in the
3.3. Lower limits of detection and quantification tobramycin analyzed in this paper as pmol tobramycin equiv-
alents, with their corresponding percents. Using the injection
The concentration (or mass injected) of tobramycin at theshown inFig. 3 we determined that kanamycin B was a 0.24%
lower limit of detection (LOD) was calculated from three times |mpur|ty of tobramycin_ The sum of all impurities (Peaks 1-5, 7)
the average peak-to-peak noise (a height value), divided by thgas 1.78%. The largest single impurity was neamine at 0.73%.
average peak height response factor for the antibiotic within itghe unidentified impurity (Peak 7), eluting after tobramycin,
linear region. At this concentration, signal-to-noise ratio equalgvas 0.10%, and a trace impurity (Peak 3), which was only
3. The lower limit of quantification (LOQ) was calculated as detected with 1 mM injections of tobramycin, was 0.0065%.
10 times the average peak-to-peak noise. Baseline noise ranggfl impurity calculations presented ifiable 2were corrected
from 14 to 91 pC (mean 37 pC). The LOD and LOQ were 0.24for the 52.2% recovery observed for kanamycin B spiked into
and 0.79 pmol, respectively, for a 20-injection of tobramycin,  tobramycin at this 1 mM tobramycin concentration (see Section

and 0.15 and 0.49 pmol for kanamycin B. 3.5below).
Table 2
Determination of the amounts of tobramycin impurities, and their relative percent as tobramycin equivalents
Peak identification Measured prii@imounts of tobramycin impurities

Unknown Unknown Unknown Kanamycin B Neamine Unknown Total
Peak label 1 2 3 4 5 7
Retention time (min) 3.1 3.4 3.8 4.1 4.7 8.2
Mean 7.24 137 1.35 50.0 151 20.7 367.4
S.D. 1.30 0.51 0.032 1.8 6.6 17 9.6
R.S.D. (%) 18 0.37 24 3.6 4.4 8.3 2.6
Percent impurity (%) 0.035 0.66 0.0065 0.24 0.73 0.10 1.78

SeefFig. 3for the chromatographic presentation of these impurity peékst injections (2Qw.L) of 1.034 mM tobramycin (21 nmol). All impurity data was corrected
for a 52% spike recovery of kanamycin B from tobramycin observed at this concentration.
@ pmol as tobramycin equivalents.



1010 V.P. Hanko, J.S. Rohrer / Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 1006-1012

Table 3
Recovery of trace kanamycin B from tobramycin
Tobramycin (nmol) Kanamycin B spiked (% of tobramycin) Replicate # Recovery (%) 2 mM HCI acidification recovery (%)
0.8 0.13 1 83.4 87.4
0.8 0.13 2 78.5 86.2
0.8 0.13 3 87.3
0.8 0.13 4 83.8
0.8 0.13 5 127.8
0.8 0.37 1 93.1
0.8 0.87 1 76.8
0.8 14 1 73.9
0.8 1.9 1 70.3
0.8 2.9 1 68.8
1 0.13 1 83.9 92.7
1 0.13 2 76.5
2 0.13 1 66.0 109.0
4 0.13 1 63.6 129.0
10 0.13 1 59.5 86.1
20 0.13 1 48.9 96.1
20 0.13 2 61.9 89.3
20 0.13 3 45.8 91.5
20 0.37 1 65.4
20 0.87 1 72.8
20 14 1 80.4
20 1.9 1 85.8
20 2.9 1 95.5

Ther?forimpurity peak areas (Peaks 1, 2, 3, and 4) correlatedhe type or concentration of acid for recovery, nor was method
with the amount of tobramycin injected (20-21,000 pmol) werePerformance evaluated using acidified samples.
0.9549, 0.9997, 0.9990, and 0.9927, respectively. Although not The accuracy of this method for measuring impurities other
observed in this study, any single impurity peak exceeding théhan kanamycin B was not evaluated. Limited work with

upper limit of linearity (>200 pmol) would require dilution. neamine suggests it can be determined as a tobramycin impurity
in the same manner as presented for kanamycin B. The other
3.5. Accuracy tobramycin impurities were not commercially available.

Method accuracy was determined by recovery experiment.6. Precision and reproducibility
Known quantities of kanamycin B ranging from 1 to 50 pmol
were added to varying concentrations of tobramycin ranging.6.1. Peak retention time
from 0.76 to 20nmol. The results of these experiments are The average retention times for tobramycin and kanamycin
summarized inTable 3 The recovery of kanamycin B from B (10uM each in a 2QuL injection) over 7 days (572 injec-
tobramycin dissolved in water ranged from 46% to 128%. Fottions) were 5.74-0.02 and 4.1z 0.01 min, respectively. Long-
a fixed percent (0.13%) of kanamycin B relative to tobramycinterm (50 days, 2368 injections) retention time R.S.D.s were
the recovery of kanamycin B generally decreased as the cof-4% and 0.3% for tobramycin and kanamycin B, with no
centration of tobramycin increased. Recovery of kanamycin Bipward or downward trend. These high retention time preci-
from 0.76 nmol tobramycin generally decreased with increasingions were attributed to the automated production of KOH.
kanamycin B. The opposite trend was observed with 20 nmoWhen analyzing a relatively pure preparation of tobramycin,
tobramycin. High kanamycin B recoveries were achieved fotthis method can be used without column regeneration for at least
all conditions tested when the sample was acidified with 2 mM7 days.
HCI. Similar high recoveries were observed using 2 mM nitric
acid (data not shown). The current USP compendial method.6.2. Peak area and height
for tobramycin chromatographic purity acidifies tobramycin  The mean peak area for tobramycin (i, 20 p.L injection)
with sulfuric acid prior to analysi$3]. The acidification of injected for 7 days (572 injections) was 18:58.42 nC min
the tobramycin sample prior to injection yielded consistently(2.3%). Peak height was 76.341.20nC (1.6%). Peak area
high recovery, but decreased peak area response to 68% of tfex kanamycin B (1G.M, 20 L injection) injected for 7 days
response seen in water. The varying recovery of kanamycin B572 injections) was 17.8% 0.33nC min (1.9%). Peak height
under varying tobramycin conditions indicates the need for perwas 116.741.7nC (1.5%). Daily (24 h) peak area R.S.D.s
forming routine spike recovery corrections to all purity assaysanged from 1.1% to 2.3% for tobramycin and 0.8% to 1.7%
performed using a water sample matrix. Pre-acidification ofor kanamycin B. The high retention time and response repro-
tobramycin samples and standards apparently reduces the nesatibility indicate that this method is suitably rugged for this
for this correction. No further attempts were made to optimizeapplication.
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3.7. Robustness to 90.1 pC min/pmol; mean of meattsstandard deviation of
83.8+ 7.1 (8.5%). Mean kanamycin B response factors ranged
3.7.1. Eluent concentration from 75.5 to 88.5 pC min/pmol; mean of meahstandard devi-

A 10% increase in KOH (2.20 mM) produced a retentionation of 83.6£5.7 (6.8%). The R.S.D. of tobramycin and
time decrease to 4.7 min-(L8% change from 2.00mM) for kanamycin B peak area response factors between different lots
tobramycin; while a 10% decrease in KOH (1.80 mM) producedof electrodes correspond closely to the R.S.D. of amino acids
a retention time increase to 7.8 min (+36% change). Kanamycipreviously reported using disposable electrdd&$. The mean
B retention time decreased by 9.2% with 10% increase in eluematio of tobramycin to kanamycin B peak area response factors
concentration, and increased 17% with a 10% eluent concentravas 1.06t 0.02 (1.7%).
tion increase. With either change, tobramycin and kanamycin
B were still resolved (Rs=4.180.04 and 7.820.02 for a  3.7.4. Column temperature
10% eluent concentration increase and decrease, respectively). At the recommended operating temperature of G0the
The large % change in retention time and resolution for a relaretention times for tobramycin and kanamycin B were 5.68
tively small change in KOH eluent concentration demonstrateénd 4.11 min, respectively. At 3€ (10% increase), the reten-
the importance of producing a consistent eluent concentrationion times for tobramycin and kanamycin B were 5.97 (+5.1%
which was achieved with automated eluent generation. Poathange) and 4.19 min (+1.9%), respectively, while afQ7
retention time reproducibility was observed when attempting10% decrease), they were 5.568.2%) and 4.05 min{1.5%),
to use manually prepared 2 mM NaOH. respectively. These changes did not impact separation. A 10%

increase in temperature increased peak areas 7-8% and a 10%
3.7.2. Eluent generation cartridges and water decrease in temperature decreased peak areas 4%. A 10%

Two eluent generation cartridges were compared for theimcrease in temperature increased background 6% and a 10%
influence on retention time. No statistically significant differ- decrease in temperature decreased background 5%. Noise was
ences in retention times were observed between the end of thmaffected by 10% temperature changes. The temperature of the
first cartridge and the beginning of the new cartridge. electrochemical cell was not intentionally altered.

A change of deionized water to supply the eluent genera-
tor before and after routine maintenance of the lab’s water3.7.5. Flow rate
purification system did not cause a statistically significant Atthe recommended flow rate of 0.50 mL/min, the retention
change in tobramycin retention time. times for tobramycin and kanamycin B were 5.68 and 4.11 min,

respectively. At0.55 mL/min (10% increase), the retention times
3.7.3. Disposable gold working electrode response were 5.38 £5.3%) and 3.80 min{7.5%), respectively, and

Using three electrodes from the same manufacturing lotat 0.45mL/min (10% decrease), 6.50 (+14%) and 4.62 min
mean tobramycin peak area response factors ranged from 83:612%), respectively. At 10% higher flow rate, no significant
to 94.8 pC min/pmol (based on the mean of four 200 pmolchange in peak areas were observed; and at 10% lower flow
injections for each electrode approximately a day after instalrate, a 12—13% increase in peak areas was observed. Noise was
lation); mean of mean standard deviation of 9045.8  unaffected by a 10% change in flow rate. A resolution factor of
(6.5%). Mean kanamycin B peak area response factors ranged! were observed with either a 10% increase or decrease in flow
from 83.3 to 92.9 pC min/pmol (based on 200 pmol); mean ofate.
meanst standard deviation of 88:54.8 (5.5%). The mean
ratio of tobramycin to kanamycin B peak area response fac3.7.6. Column reproducibility
tors was 1.02- 0.01 (1.3%). Using four electrodes from differ-  Table 4 compares the retention times for four separate
ent lots, mean tobramycin response factors ranged from 7338blumns. These columns were produced over a period of 4 years.

Table 4
Retention time reproducibility of separate analytical columns

CarboPac PA1 column serial number Retention time (min)

Tobramycin Kanamycin B Neamine

Mean R.S.D. (%) Mean R.S.D. (%) Mean R.S.D. (%)
10964 (Mfg. January 2003) 5.78 0.1 4.15 0.0 4.73 0.1
10154 (Mfg. December 2001) 5.51 0.2 4.00 0.3 4.55 0.2
11553 (Mfg. June 2003) 5.63 0.2 4.09 0.3 4.63 0.1
9270 (Mfg. October 2000) 4.90 0.1 3.87 0.3 4.12 0.1
Mean 5.45 4.03 4.43
S.D. 0.38 0.12 0.27
R.S.D. (%) 7.0 31 6.1

@ Column 11553 was used in this paper. Columns S/N 10964 and 10154 were previously used for other applications prior to this work. Column S/N 9270 v

previously unusedy = 8 injections/column.
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Little variation was observed between columns. The tobramycipeak resolution. By intentionally varying method parameters,
retention time R.S.D. for four different columns was 7%, while the method was shown to be rugged for the intended application
the neamine and kanamycin B retention time R.S.D.s were 6%f tobramycin identity, purity, and assay.

and 3%, respectively. High analyte resolution was achieved on
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