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SUMMARY

A gas-liquid chromatographic (GLC) method is presented for the rapid
analysis of gentamicin, tobramycin, netilmicin, and amikacin from human serum.
This procedure may have application to all aminoglycoside drugs. The three isomers of
gentamicin are resolved as two bands, while tobramycin, netilmicin, and amikacin
appear in this system as single bands. Normal serum constituents do not interfere
with chromatograms. Thus far, no assay interference has been found in cases where
other drugs and antibiotics were administered concurrently with aminoglycoside
therapy. Dose-response data demonstrating linear recovery are included for all four
aminoglycosides as well as a comparison of the GLC method with the microbiological
method for the assay of gentamicin and amikacin.

Quantitation is based upon the relative response of the antibiotics to a fixed
amount of the internal standards, either kanamycin A or paromomycin B. These stan-
dards are clearly resolved as symmetrical peaks from the antibiotics of assay interest.
Isothermal chromatographic analysis time is less than 8 min, while total assay time
per single serum specimen is approximately 50 min. Preparation of serum includes:
precipitation, evaporative drying of the supernatant, a two-stage derivatization
(N-trimethylsilylimidazole, N-heptafluorobutyrylimidazole), and a single hexane ex-
traction with a water wash. The methodology described may be applied to the analysis
of other compounds (e.g., saccharides, amino-saccharides, amino acids, etc.) which
do not readily partition into an organic phase.

INTRODUCTION

Aminoglycoside antibiotics have become the agents of choice for a variety of
serious infections involving Gram-negative bacilli. All compounds in this group have
a close toxic-therapeutic ratio. Thus, the dose recommended to ensure biologic
activity may prove toxic in a substantial portion of patients.

Current methods to measure serum levels of aminoglycoside include the
microbiological assay, enzymatic assay, and radioimmunoassay. All of these techni-
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ques have certain limitations which make them less than ideal for routine laboratory
use in a general hospital.

The microbiological assay is the most commonly used, but may require 424 h
of incubation'3 and can be quite inaccurate*. The enzymatic assay® is an excellent
alternative, but the instability of enzymes® as well as the cost of a scintillation counter
may present difficulties. The radioimmunoassay is rapid (3—4 h), very sensitive and
accurate, and is not susceptible to interference from concurrent antimicrobials. The
disadvantages are the reluctance of clinical laboratories to use radioactive materials,
and the requirement for specific antibody for each aminoglycoside.

) We have attempted to develop an aminoglycoside assay utilizing gas-liquid
chromatography ((GLC). This system offers the potential advantages of rapid per-
formance (less than one hour for determination); accuracy, based on internal stan-
dards; readily available reagents which do not require radiolabeling, stabilization of
enzymes or growth of microorganisms; and use of equipment which is reasonably
priced and is versatile enough to be used for other chemical determinations in a
laboratory.

METHODS

Serum preparation

Human serum containing an aminoglycoside drug was accurately delivered
in 0.1-ml aliquots, into 10 X 75 mm disposable culture tubes (Fig. 1). 0.25 ml of a
2-ug/ml aqueous stock solution of kanamycin A was added as internal standard to
sera containing gentamicin, tobramycin, or netilmicin. For standardization of ami-
kacin, 0.25 ml of a 12-ug/ml aqueous stock of paromomycin B was added. The solu-
tions were placed in a sandbath maintained at 81°-83°, allowed to equilibrate (3-5

{ 0.25 ml kanamycin A (2 pg/ml)
0.1 ml serum +
0.25 ml paromomycin B (12 ug/m})
¥

81°-83° for 3-5 min
{
h g
precipitation: 0.025 ml of 0.5% H.SO,
]

Y
centrifugation at 750 g for 3-5 min
!

Y
supernatant: 0.025 m! of 0.259%, H.SO,

|

Y
evaporation: 81°-83° with air stream
derivatization: 0.1 m! pyridine -+ 0.1 ml TMS{

i
41°-43° for 7-10 min
|
Y
0.05 ml HFBI

¥
41°-43° for 7-10 min

]

Y

extraction: 0.5 ml hexane + 1.0 ml water
Fig. 1. Preparation technique for GLC analysis of serum aminoglycoside levels.
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min), and precipitated by the addition of 0.025 ml of 0.5%, H,SO,. The milky, finely
granular specimens were immediately centrifuged at 750 g for 3-5 min. The clear

supernatants were transferred to clean 10 X 75 mm tubes and supplemented with
NS ml AfN25% B QO (mH A S_SO) Evanaratinn of the acidified cunarnatant re.
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quired approximately 5 min in the 81°-83° sandbath under a vigorous air stream. At
apparent dryness the tubes were sealed with cork stoppers (size no. 1).

Derivatization and extraction

To the dry residues, 0.1 ml of silylation grade pyridine and 0.1 ml of TMSI
(N-trimethylsilylimidazole ; Pierce, Rockford, Ill., U.S.A.) were added. The tubes were
resealed and incubated at 41°-43° for 7-10 min. The reaction mixtures were then
supplemented with 0.05 ml of HFBI (N-heptafluorobutyrylimidazole; Pierce), and
reincubated at 41°-43° for 7-10 min. Reagent-grade hexanes (0.5 m!) and 1.0 ml of
distilled water were added, the tubes were recorked, and the phases mixed by repeated
inversion. Routinely 2.0 ¢l of the organic phase were injected into the chromatograph.

Chromatographic conditions and instrumentation

A Shimadzu GC4BMPF gas chromatograph equipped with an electron cap-
ture detector (ECD) (**Ni, 10 mC) was used. The detector was operated at a pulse
width of 8 usec, a frequency of 10 kHz, and a pulse voltage of 50 V. The electrom-
eler input sensitivity was 10 M. The output range was 20 mV for gentamicin,
tobramycin, and netilmicin, and 40 or 80 mV for amikacin. Gentamicin, tobramycin
and netilmicin analyses were performed using silanized pyrex columns 2 m X 3 mm
1.D.) packed with 3%/ OV-101 coated onto 80-100 mesh Chromosorb W AW DMCS
(Applied Science Labs., State College, Pa., U.S.A)). Nitrogen (column head pressure
2.8 kg/cm?; flow-rate, 60 ml/min) was the carrier. The detector and injector were kept
at 287° with the oven at 272°. Amikacin was chromatographed on 19%; OV-17 with
nitrogen carrier (column head pressure, 3.45 kg/cm?; flow, 80 ml/min) at detector,
injector and oven temperatures of 277°, 277°, and 262°. New columns were flow-
conditioned for 2-3 days prior to attachment to the ECD. Derivatized aminoglycoside
(equivalent to 60 ug per ml serum) was periodically injected during this time. The
columns retained sufficient efficiency and resolution capabilities for one year of con-
tinuous operation. A Shimadzu R-201 strip-chart recorder was operated at 2.5 mm/
min. Peak areas were measured by a Shimadzu ITG-2A electronic digital integrator
(threshold, 200 4V ; count delay, 60 sec; minimum detectable slope, 50 £V/min.).

Standard serum antibiotic solutions

Aqueous stock solutions (200 ug/ml) were prepared from standard powders of
gentamicin, tobramycin, and netilmicin. For each drug, 0.5 ml of the stock was added
to 4.5 ml of normal human serum obtained from the hospital blood bank. The final
concentration was 20 ug/ml which was two-fold serially diluted in serum down to
0.625 pg/ml. Serum containing amikacin was prepared in a similar fashion, but was
diluted to larger concentrations, reflecting the higher therapeutic serum levels. The
serum was stored at —20° (non-frostfree freezer). No change in chromatographic re-
sponse was noted over 2—-3 months of frozen storage.
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Internal! standard stock solutions

Aqueous stock solutions (200 pg/ml) were prepared from standard powder of
kanamycin A and paromycin B. No significant changes in chromatographic response
were noted during 2-3 months of 5° storage. Working internal standards (kanamycin
A, 2 ug/ml; paromomycin B, 12 ug/ml) were carefully prepared by dilution of these
stocks.

Serum aminoglycoside levels by microbiological assay
Serum levels of gentamicin and amikacin were measured by the agar well
microbiological method?-2.

Stability of the gentamicin—-kanamycin A ratio

Sera containing known concentrations of gentamicin were supplemented with
kanamycin A, derivatized, extracted. and promptly chromatographed. These prepara-
tions (0.5 m! hexane over approximately 1.2 ml aqueous) were stored at —20° and
reinjected at 24, 48, and 120 h. The areas of the two derivatized drugs were measured
to monitor the stability of their ratio.

Blind comparison of serum levels by microbiological and GLC technigue

Dilutions of gentamicin in serum were prepared at 1, 5, 10, and 20 g per ml
serum (10 separate aliquots for each concentration). Twenty-one dilutions of amikacin
in serum were prepared over the range 0-64 ug per ml serum. These specimens were
encoded, frozen at —20°, and distributed for blind analysis by GLC and microbio-
logical technique.

Quantitation

Determinations of aminoglycoside concentrations in human sera were based
on the relative response of each drug to a fixed amount of the appropriate internal
standard. The calculation of serum gentamicin (Gm) levels with kanamycin A (KmA)
as the internal standard is used for illustrative purposes.

area Gm 5 ug KmA per ml serum

1
area KmA pg Gm per ml serum M

FGm:

area Gm 5 pug KmA per ml serum

area KmA Fepn @

ug Gm per ml serum =

Egn. 1 can be used to calculate the concentration response factor of gentamicin rel-
ative to kanamycin A, Fg,,, while eqn. 2 incorporates this factor into direct calcula-
tion of the serum levels. Table I lists the area ratios and F values obtained from in-
creasing concentrations of gentamicin (0.6-20 g Gm per ml serum). The F,, values
were not constant over this range of known gentamicin concentrations.

To correct for the observed changes in £g,,, 2 modification of this calculation
method was attempted. Experimental area ratios were compared to the area ratios of
the known standards (0.6-20 ug/ml). Gentamicin was calculated using the mean of
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TABLE 1

CHROMATOGRAPHIC RESPONSE TO STANDARD CONCENTRATIONS IN HUMAN
SERUM OF GENTAMICIN
Abbreviations: Gm, gentamicin; KmA, kanamycin A; concentration response factor

area Gm 5 ug KmA
area KmA g Gm ~

s o
s Gm

ug Gm area Gm - ;_

ml serum area KmA* Gm
0.63 0.052 + 0004 0.435
1.25 0.129 + 0.005 0.516
2.50 0.290 =+ 0.007 0.580
5.00 0.716 = 0.040 0.716

10.00 1.359 . 0.049 0.680
20.00 2475 % 0.132 0.619

* 5 pg KmA per mi serum.
“* Mean of 11 separate trials - 1 SEM; area measurement by electronic digital integrator.

the F values obtained from the next lowest and next highest area ratios of the known
standards. Thus, using Table I, an experimental area ratio (Gm/KmA) of 0.200 would
be calculated using an Fg,, value of 0.548 [= (0.516 -+ 0.580)/2].

RESULTS

Retention times

The relative retention times of derivatized gentamicin (three primary isomers),
tobramycin, and netilmicin were measured relative to kanamycin A (Table II). The
absolute retention time of kanamycin A was between 6.0 and 6.3 min. Gentamicin
isomers C,, and C, are not resolved in this system and occur in one chromatographic
band. Gentamicin isomer C, is cleanly resolved from both kanamycin A and the
combined C,,—C, band. Since the proportion of each isomer may vary among anti-
biotic lots, quantitation of gentamicin was based on a sum of the peak areas —the
combined C,,—C, peak plus the single C, peak. Fig. 2 is a chromatogram which
illustrates the relationships between the bands derived from sera supplemented with
each of the three authentic gentamicin isomers and kanamycin A.

TABLE 1

RETENTION TIMES FOR DERIVATIZED GENTAMICIN, TOBRAMYCIN, AND NETIL-
MICIN RELATIVE TO KANAMYCIN A (RRTkma)

Kanamycin A absolute retention time, 6.0-6.3 min. RRTx,a may vary +0.005.

Aminoglycoside RRT x4
Gentamicin C, 0.601
Gentamicin C;, 0.484
Gentamicin C; 0.487
Tobramycin 0.613

Netilmicin 0.627
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Fig. 2. Gentamicin: chromatographic recovery of isomers C,, Cia, and C; from serum.

The retention time of amikacin relative to paromomycin B was 1.73
(RRTpmi = 1.73) on 19 OV-17. The absolute retention time of paromomycin B was
usually in the range 2.9-3.1 min. Among other aminoglycosides, the RRTk,a for
kanamycin B was 0.714. The antibiotic preparation designated “kanamycin base”
responds in this system with the retention characteristics of kanamycin A (RRTgma =
1.0, RRTxpp = 1.408).

Chromatographic tracings

Figs. 3, 4 and 5 demonstrate dose-response chromatograms for derivatized
gentamicin, tobramycin, and netilmicin, respectively, on 39; OV-10i (0.6-20 xg per
ml serum). Fig. 6 illustrates derivatized amikacin on 17, OV-17 (5.0-60 ug per ml
serum). A new run can be initiated safely each 8-8.5 min. For gentamicin, tobra-
mycin, and netilmicin, the optimum calculated range of drug quantities presented to
the detector is 0.26 ng (0.63 ug per ml serum) to 8.0 ng (20 xg per ml serum).

Quantitation
Tables I, IIL, IV and V list the area ratios and concentration response factors
(F) obtained from dose-response studies of gentamicin, tobramycin, netilmicin and
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Fig. 3. Gentamicin: chromatographic dose-response from serum.

amikacin in human serum. In general, a two-fold increase in drug concentration is
correlated with an approximate doubling of area ratios.

Concentration response factor (Fgy) varied from 0.580 to 0.716 over the range
2.5-20 zgf/ml (Table I). The concentration response factors calculated from 0.63
pgfml (0.435) and 1.25 yg/ml (0.516) may indicate a substaantial decrease in unit
response to gentamicin at these low serum levels. Since Fg,, values were variable, the
calculation techniques described in Methods were applied.

Table III indicates that Fy,, may be firm over the range from 1.25 to 20 gzg/ml.
A possible decrease in unit response is again noted at 0.63 ug/ml. At 10 zg/ml, the
Fyn of 0.945 is clearly outside the trend of the other values.

Serum recovery data for netilmicin (Table IV) suggests a unit detector response
approximately half that found with gentamicin. The Fy,, values from 2.5 to 10 gg/ml
are very consistent. Curiously, Fy, at 0.63 pg/ml (0.299) is in line with the other three
consistent values, while Fy,, at 1.25 pg/ml (0.224) suggests a decrease in unit response.
An increase in response is observed at 20 pg/ml (0.377).

Amikacin (Table V), tested over its elevated range of expected therapeutlc
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Fig. 4. Tobramycin: chromatographic dose-response from serum.

serum concentrations, appears to have the highest, as well as the most consistent,
concentration response factors.

Stability of derivatized drug

The stability of derivatized aminoglycoside ratios was examined (Table IV) to
determine if specimens could be prepared at one time and reliably analyzed later. In
this experiment, the ratios (Gm/KmA) were reasonably stable up to 48 h, with decom-
position seen at 120 h. This 120-h decomposition may indicate a faster hydrolysis of
gentamicin ethers and amides relative to those of kanamycin A.

Comparison between assay systems

Blind comparison studies relating the chromatographic and microbiological
serum gentamicin assay systems and establishing 959/ confidence limits are summa-
rized in Table VIIL. Both techniques provide good estimates of the actual values. For
the levels 5, 10 and 20 g Gm per ml serum, GLC values tend to underestimate,
while the microbiological test slightly overestimates the actual values. The standard
errors over this range are somewhat lfower with the chromatographic technique.
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Fig. 5. Netilmicin: chromatographic dose-response from serum.

Statistical analysis of the two assay systems for amikacin showed that the pre-
cision of GLC was not significantly different from that of the microbiological techni-
que (Table VIII). The means of percent deviations from actual amikacin concentra-
tions were 11.29%; by the GLC estimate and 14.2 % by the microbiological estimate.

DISCUSSION

Effective techniques have been developed in isomer separation and potency
determinations from standard powders, preparations, and ointments for at least five
aminoglycosides®. These analyses generally include: silylation, lyophilization, flame
tonization detection, and some forms of internal and external standardization. The
internal standards (e.g., trilaurin) are not good homologues of aminoglycosides in
terms of physical and reactive characteristics. In general, these procedures are excel-
lent for potency studies in milligram ranges, but are inappropriate for quantitation of
aminoglycoside antibiotics in serum.

The analytical system for aminoglycosides described in the report appears to
combine speed and relative simplicity with acceptable accuracy and precision. A
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Fig. 6. Amikacin: chromatographic dose-response from serum.

TABLE 111
CHROMATOGRAPHIC RESPONSE TO STANDARD CONCENTRATIONS OF TOBRA-
MICIN IN HUMAN SERUM
Abbreviations: Tm, tobramycin; KmA, kanamycin A; concentration response factor Fry, =
area Tm S ug KmA
area KmA pug Tm

ng ITm area Tm - F
ml serum area KmA* Tm
0.6 0.064 0.533
125 0.203 0.812
25 0.432 0.864
5.0 0.812 0.812
10.0 1.890 0.245
20.0 2.998 0.749

* 5 ug KmA per ml serum.
** Mean of three separate trials; area measurement by electronic digital integrator.
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TABLE IV

CHROMATOGRAPHIC RESPONSE TO STANDARD CONCENTRATIONS OF NETIL-
MICIN IN HUMAN SERUM

Abbreviations: Nm, netilmicin; KmA, kanamycin A; concentration response factor Fyn =
area Nm 5 pg KmA

area KmA ug Nm

ug Nm area Nm - F
ml serum area KmA* Nm
0.063 0.036 + 0.003 0.299
1.25 0.056 =+ 0.005 0.224
2.5 0.154 = 0.013 0.308
50 0.310 = 0.008 0.310
10.0 0.603 + 0.031 0.302
200 1.507 + 0.057 0.377

* 5 ug KmA per ml serum.
** Mean of 5 separate trials -1 SEM; area measurement by electronic digital integrator.

TABLE V
CHROMATOGRAPHIC RESPONSE TO STANDARD CONCENTRATIONS OF AMIKACIN
IN HUMAN SERUM

Abbreviations: Am, amikacin; PmB, paromomycin B; concentration response factor Fi, =
area Am 30 ug PmB

area PmB ug Am

png Am _area Am_\ | F
ml serum area PmB* am
0.5 0.144 0.864
10 0307 0.921
20 0.699 1.049
30 0.942 0.942
40 1.532 1.150
50 1.783 1.070
60 2.246 1.123

* 30 ug PmB per mi serum.
** Mean of 3 separate trials; area measurement by electronic digital integrator.

TABLE VI -

STABILITY OF GENTAMICIN/KANAMYCIN A AREA RATIOS DURING STORAGE OF
DERIVATIZED SPECIMENS

Derivatized preparations stored at —20° (0.5 ml hexane and approximétely 1.2 ml aqueous). Ratios
are the mean of two separate trials.

pg Gm per Area gentamicin/area kanamycin A
mi serum
Oh 24 h 48 h 120 h
0.63 0.057 0064 0.061 0.057
1.25 0.122 0.122 0.144 0.113
25 - 0.260 0.268 0.255 0.154
5.0 0.774 0.768 0811 0.633

10.0 1.199 1.253 1.315 1.104
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TABLE VII

BLIND COMPARISON OF GLC AND MICROBIOLOGICAL ASSAYS FOR SERUM
GENTAMICIN LEVELS

ng Gm per g Gm per ml serum (estimated)
ml serum (actual)

GLC assay* Microbiological assay™
1 111 = 0.076 0.90 = 0.049
5 472 4 0.265 5.56 + 0.356
10 9.55 = 0.503 11.11 = 0.964
20 19.19 =+ 0.639 20.91 + 0.716
* Mean of 10 separate trials —1 SEM.
TABLE VIil

COMPARISON OF GLC AND MICROBIOLOGICAL ASSAYS FOR SERUM AMIKACIN
LEVELS

Actual concn. by Concn. estimated
supplementing serum with
knpopwn quan'tx?;ies of drug (uglml) GLC (ug/mi) Microbiological (ug/ml)

0 0 (4]

0 o 0

4 2.8 5.2

6 52 5.8

8 1.5 84

8 8.6 8.6
12 10.3 15.0
15 13.8 13.0
16 16.5 18.0
20 16.9 220
24 24.6 250
24 227 20.0
30 234 30.0
32 343 45.0
40 417 30.0
43 409 55.0
48 55.8 50.0
51 41.6 45.0
53 40.2 340
64 443 50.0
64 64.6 65.0

Number of trials, N 21
Degrees of freedom, df 20
Variance 36.996 50.048
Variance ratio, F 1.353

single serum specimen may be quantitated within 50 min. Since the chromatographic
bands of the derivatized drugs are directly visualized, the emergence of new or unique
peaks relative to the internal standard may indicate modification of the drug by host-
or microbe-mediated reactions. The technique should be applicable to all aminoglyco-
side drugs with variations only in choice of internal standard and chromatographic
conditions, i.e. liquid phase, temperature, carrier rate. The conditions described here
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for amikacin can be applied to butirosin A and B, paromomycin A, streptomycin, and
neomycin. These antibiotics are primarily in the 450-600 molecular weight range. In
addition, the procedures may be used for the broad range of saccharides, amino-
saccharides, and other compounds which do not readily partition into an organic
phase. A combination of silylation and acylation for catecholamines has been de-
scribed®.

No interfering chromatographic bands have been observed in normal serum
when compared {o serum containing authentic aminoglycoside. Studies now in progress
with serum from patients indicate to date no interference from simultaneously ad-
ministered cephalosporins, penicillins, chloramphenicol, or clindamycin. A variety of
other drugs also were being administered to these patients.

These are several points of the assay procedure worthy of expanded discussion.
Optimal results are achieved when preparation temperatures do not exceed 85°. The
formation of silyl ethers (TMSI reaction, specific for hydroxyl groups) does occur more
rapidly at higher temperatures (e.g. 75°) but a compromise has been chosen between
time and temperature to generate reproducible chromatograms under the mildest of
preparation conditions. The formation of heptafluorobutyrylamides (HFBI reaction)
above 70° has resulted in the appearance of multiple chromatographic bands. Our
most reliable results with both silylation and acylation have been found at derivatizz-
tion temperatures from 40° to 55°. Reproducible derivatizations of hydroxyl and amino
groups with HFBI alone, as well as acylation attempts with trifluoroacetylimidazole
and trifluoroacetic anhydride, have been unsatisfactory.

Derivatized gentamicin is stable for at least 48 h at —20°. Preliminary data in-
dicate derivatized tobramycin and amikacin to be similarly stable. However, deriva-
tized netilmicin appears to hydrolyze rapidly within 24 h. Drying of the hexane phase
and resolubilization results in almost complete loss of chromatographic response.

In the protein precipitation step, the fluid should become opaque, white, and
finely granular in order to produce a clear supernatant. The addition of 0.25 9 H,SO,
to that supernatant is vital for consistent chromatography. This may suggest that
formation of heptafluorobutyrylamides is favored when amino groups of the tri-
methylsilylated antibiotic are charged. Supernatants which have not been thoroughly
dried appear cloudy after the TMSI step and result in a cloudy final hexane phase.
Chromatographic results from these specimens are extremely unreliable.

" Since kanamycin A and paromomycin B are members of the same class of
compounds as the four aminoglycosides discussed, they serve as nearly ideal internal
standards. These markers share similar characteristics such as molecular weight and
configuration, reactive hydroxvl and amino groups, stability, solubility, and inter-
action with chromatographic systems. Stock solutions of the standards are easily
handled on a routine basis.

Certain lots of kanamycin A, however, may contain a trace band which elutes
at RRT o = 0.61. This band does not conform to authentic kanamycin B (RRT k.=
0.71), but does occur in the region of gentamicin C,, tobramycin, and netilmicin. The
maximum relative area of this band is less than 0.2 ug aminoglycoside per ml serum.
Therefore, it is necessary to check internal standard lots by addition to normal serum
without other aminoglycosides. An analagous band has not been observed from
paromomycin B.

Extremely low absolute integration values for the internal standards can lead
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to substantial quantitative error. If the value is less than 50 ¢/ of the area expected, the
specimen should be redone.

In general, the relative sensitivity of ECD operation and preparation techni-
ques are designed to favor linear reproducible response over therapeutic amino-
glycoside ranges. The minimum detectable limit may in fact be a hundred-fold lower
than the 0.6 ug aminoglycoside per ml serum level.

CONCLUSION

Serum levels of gentamicin, tobramycin, netilmicin, and amikacin can be re-
liably assayed using gas-liquid chromatography and electron capture detection. The
internal standards used are kanamycin A and paromomycin B. Specimen preparation
includes: precipitation of the serum-internal standard mixture; evaporation of the
resulting supernatant; two-stage derivatization with TMSI and HFBI; and extraction
into hexane with water wash. Linear, reproducible dose-response curves of physio-
logical levels are presented. Gentamicin and amikacin serum levels by GLC compare
well to those determined by the microbiological method. Interfering peaks were not
detected in the sera of patients and normal individuals.
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