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ABSTRACT 

Reversed-phase high-performance liquid chromatography, UV detection and reversed-phase solid-phase extraction (SPE) as analyt- 
ical methods for pharmaceutical compounds face a challenge when the compound is rather polar and lack UV absorptivity. A good 
example is tobramycin. To overcome these problems, a method has been developed using pre-cohunn derivatization of tobramycin with 
o-phthalaldehyde and automated with an autosampler with microrobotic routines. 

The detection enhancement of the derivatives was achieved by using fluorescence detection which was forty times more sensitive than 
using UV detection. 

Recovery studies of standards and spiked serum samples show that pre-SPE derivatization signilicantly enhances the recoveries (by at 
least a factor of 3) and the quality of cleanup over post-SPE derivatization. 

- 

INTRODUCTION 

The combination of reversed-phase high-per- 
formance liquid chromatography (HPLC) and UV 
detection is among the most common methods of 
analysis for pharmaceutical compounds. This ana- 
lytical methodology has practical limitations when 
the analyte (1) has low UV absorptivity, (2) absorbs 
only in the low UV or (3) is rather polar. Low UV 
absorptivity causes low detection sensitivity and un- 
acceptable detection limits. Detection at the lower 
UV wavelengths is more prone to interferences and 
instability of the chromatographic baseline. High 
polarity decreases reversed-phase retention which 
increases the potential for coelution of polar matrix 
components from a sample such as serum or plas- 
ma. Furthermore, this loss of selectivity limits the 
quality of sample cleanup by reversed-phase solid- 
phase extraction (SPE). 

Tobramycin, an aminoglycoside antibiotic, is a 
good example of a pharmaceutical that carries all 
three limitations. The ratio of amino and hydroxyl 
groups to the hydrocarbon backbone yields a rela- 
tively polar molecule. The lack of unsaturation lim- 
its UV absorbance detection to low UV wave- 
lengths and poor UV absorptivity. 

Post-column derivatization of tobramycin has 
been performed using o-phthalaldehyde (OPA) 
[l-2]. The pumps, tees and mixers required by post- 
column derivatization increase both the complexity 
and cost of the HPLC system. The post-column re- 
action enhances detection sensitivity and detection 
selectivity versus coeluting solutes that are not de- 
rivatized by OPA. It does not, however, alter the 
mechanism of the separation. Consequently, a po- 
lar analyte like tobramycin may not be adequately 
separated from matrix components. Longer run 
times (slower separations) may be required to mini- 
mize this limitation. 

Correspondence to: Dr. F. Lai, Varian Chromatography Sys- Pre-column derivatization of tobramycin has also 
tems, 2700 Mitchell Drive, Walnut Creek, CA 94598, USA. been performed. 1-Fluoro-2,Cdinitrobenzene 
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Fig. 1. Analysis of tobramycin using pre-column derivatization (OPA). 

(FDNB) was used as the derivatization reagent 
[3,4]. The major drawback of this method is the tox- 
icity of the reagent. The reaction is also slow and 
requires heating. OPA has been commomly applied 
to pre-column derivatization of primary amino 
acids [5-71. Derivatization of aminoglycoside anti- 
biotics in serum or plasma samples using OPA and 
extraction of the derivatives with ethyl acetate have 
been reported [8,9]. Essers [lo] designed an auto- 
mated HPLC method for the determination of ami- 
noglycosides in serum using a column-switching 
technique for pre-column sample cleanup and de- 
rivatization. 

In this study, the derivatization of tobramycin, 
with OPA (Fig. 1) is automated using an LC auto- 
sampler from Varian that has an AutoMix microro- 
botic feature. AutoMix permits all sample prepara- 
tion steps, i.e., reagent addition, mixing and extrac- 
tion, to be carried out automatically [l 11. 

Due to multiple amino sites on the structure, it is 
conceivable that more than one derivative may be 
obtained. The derivatization of individual amino 
groups should be affected by the reaction time, reac- 
tion medium and steric hindrance. 

In Part 1, tobramycin is derivatized, separated 
and detected by fluorescence and by UV simultane- 

ously. The results are compared. In Part 2, the etfect 
(on recovery) of derivatization before and after SPE 
of serum samples is compared. When reversed- 
phase SPE is used in serum sample cleanup, the po- 
larity of a compound like tobramycin should cause 
poor selectivity and low recovery in the cleanup. 
Derivatization is performed to render the analyte 
more non-polar, thus enhancing its retention on the 
reversed-phase SPE column relative to the non-de- 
rivatized polar constituents in a serum matrix. In 
Part 3, linearity and reproducibility for standards 
are determined. In Part 4, recoveries and reproduc- 
ibility for spiked serum samples are studied in the 
clinical range. 

EXPERIMENTAL 

Instrumentation 
The HPLC system, consisting of 9010 pump, 

9095 AutoSampler, Fluorichrom II fluorescence de- 
tector, LC Star Workstation and MicroPak SP C8 
15 cm x 4 mm column, was from Varian Chroma- 
tography Systems (Walnut Creek, CA, USA). 

Materials 
Tobramycin standard (Lot No. Y07147) was a 
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gift from Eli Lilly( Indianapolis, IN, USA). Potassi- 
um hydroxide, 45%, analyzed-reagent grade and 
potassium phosphate, monobasic, analyzed-reagent 
grade were from J. T. Baker (Phillipsburg, NJ, 
USA). Boric acid, analytical-Reagent grade was 
from Mallinckrodt (St. Louis, MO, USA). 2-Mer- 
captoethanol (2-ME) was from Pierce (Rockford, 
IL, USA). OPA was from Pickering Lab., (Moun- 
tain View, CA, USA). Acetic acid, glacial, aceto- 
nitrile, HPLC grade, acetone, HPLC grade, and 
methanol, HPLC grade were from Burdick & Jack- 
son (Muskegon, MI, USA). 5-Sulfosalicylic acid 
was from Sigma (St. Louis, MO, USA). Blank se- 
rum (freeze dried) was from Utak Labs., (Saugus, 
CA, USA). Bond Elut Cl8 cartridges were from 
Varian Sample Prep Products (Harbor City, CA, 
USA). 

Methods 
OPA reagent was prepared as in Back et al’s re- 

port [8]: 1 g of boric acid is dissolved in 38 ml of 
deionized water and adjusted to pH 10.4 with po- 
tassium hydroxide (450 g/l). In another vessel, 200 
mg of OPA are dissolved in 2 ml of methanol and 
400 ~1 of 2-mercaptoethanol are added. The two 
solutions are mixed and stored under nitrogen at 
+ 4°C. 

Part 1: Derivatization of tobramycin standard and 
linearity study. Tobramycin stock standard (1.28 
nM) was prepared by dissolving 30 mg in water. 
Working standards were prepared by dilution of the 
stock standard in water-acetonitrile (20:80) to 128, 
96,64, 32, 16 and 8 PM. A blank without tobramy- 
tin was also included for comparison. 

The 9095 AutoSampler was programmed to Au- 
toMix 40 ~1 of tobramycin standard (8-128 PM) 

TABLE I 

HPLC CONDITIONS 

Column 
Temperature 
Mobile phase 

Flow-rate 
Detection 

uv 

MicroPak SP C, 15 cm x 4 mm 
Ambient 
0.02 M phosphate buffer pH 6% 

acetonitrile (52:48) (can vary by 2%) 
2 ml/min 
Fluorescence, excitation 340 nm, 

emission 450 nm. 
254 nm 

and 40 ~1 of OPA reagent, stand for the reaction 
time (O-30 min), and finally inject 25 ~1 onto the 
HPLC System. Simultaneous detection with UV 
254 nm and fluorescence (excitation 340 nm, emis- 
sion 450 nm) was used for comparison. 

HPLC conditions are shown in Table I. 
Part 2: Comparison of recovery of tobramycin de- 

rivatized after solidphase extraction (method I) and 
before solid phase extraction (method II). Working 
standards (640 and 480 PM) were prepared by dilu- 
tion of stock standard with water. 

Spiked serum samples were prepared by reconsti- 
tuting serum with the working standards. A blank 
was prepared by reconstituting with water. 

For method I, the 480 ,uLM standard and spiked 
serum samples were used. A 500~~1 aliquot of each 
was deproteinated” with 500 ~1 of 10% (w/v) sulfo- 
salicylic acid, vortexed and centrifuged. For meth- 
od II, the 640 p&f standard and spiked serum sam- 
ple were used. A loo-p1 aliquot of each was diluted 
5 time? with water (final concentration: 128 ,uM) 
and deproteinated as in method I. 

The rest of the procedure is shown in Table II. 
Bond Elut Cls cartridges were used for SPE. 

HPLC conditions are shown in Table I. 
Part 3: Linearity and reproducibility of standards us- 
ing method II. Working standards (128, 96, 64, 32 
and 12.8 PM) were prepared by dilution of the stock 
standard. The working standards and a blank (wa- 
ter only) were processed with method II as in Part 2 
(starting with deproteination step). Peak areas were 
plotted versus amounts on column. 

Six aliquots of the 128 PLM standard were 
processed simultaneously for determination of re- 
producibility. 

HPLC conditions are shown in Table I. 
Part 4: Recoveries and reproducibility of spiked 

serum samples using method II. Working standards 
(640,480, 320 and 160 PM) were prepared by dilu- 
tion of the stock standard with water. Spiked serum 
samples were prepared by reconstituting serum with 
the working standards. A blank was prepared by 
reconstituting with water. 

All four spiked samples and blank were diluted 5 
times with water. Final concentrations were 128,96, 

’ Standards were treated similarly for control. 
b Following Back et al.% finding, recoveries of derivatized serum 

samples improve with dilution 181. 
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TABLE II 

DERIVATIZATION AND SOLID-PHASE EXTRACTION PROCEDURE FOR TOBRAMYCIN STANDARD/SAMPLES 

Step Method I 
(SPE-Derivatization) 

Method II 
(Derivatization-SPE) 

(1) Derivatization for method II 

(2) Conditioning 

(3) Load sample 

(4) Wash 

(5) Elute in sample vial 
Add to sample vial 

(6) Mix 

(7) 

(8) Derivatization for method I 

(9) Inject 

60 ~1 supernatant was mixed with 240 ~1 
acetonitrile and derivatized with 300 ~1 
OPA reagentb 

1 ml acetonitrile 1 ml acetonitrile 
1 ml acetonitrile-buffer” 1 ml acetonitrilebuffef 

100 ~1 supematant mixed with 100 ~1 600 ~1 from step 1 and 300 ~1 rinse mixed 
acetonitrie/buffef with 100 ~1 acetonitrile-buffef 

Collect waste Collect waste 

200 ~1 acetonitrile-buffer” 500 ~1 acetonitrile-buffef 
Collect waste Collect waste 

600 ~1 acetonitrile 440 ~1 acetonitrile 
400 ~10.01 M phosphate buffer pH 11 40 ~1 water 

Vortex sample vial Vortex sample vial 

Dilute waste from steps 3 and 4 with four 
volumes of water-acetonitrile (2080) in 
separate sample vials 

Derivatize 40 ~1 standard/samples from 
steps 6 and 7 on AutoSampler with 40 ~1 
OPA reagent 

25 ~1 from step 8 25 ~1 from steps 3, 4 and 6 
25 ~1 from step 1 as calibration standard 

for both methods 

’ Acetonitrile-O.02 M phosphate buffer pH 8 (l&90). 
* Derivatization is performed manually due to the SPE steps required before injection. 

64, 32 and 0 pM. The samples and blank were 
processed with method II as in Part 2 (starting with 
the deproteination step). Relative recoveries were 
determined based on the 640 pM standard. 

Six aliquots of the 128 pM spiked sample were 
processed simultaneously for determination of re- 
producibility. 

HPLC conditions are shown in Table I. 

RESULTS AND DISCUSSION 

Part 1 
It was found that the derivatization of tobramy- 

tin yields two peaks, as shown in Fig. 2. The first 
peak elutes at 4 min and the second at 10 min. It 
was noticed that the distribution of the two peaks 
varies with reaction time as well as the the amount 

of organic in the reaction medium. The chromato- 
gram in Fig. 2 represents 1 min reaction time and a 

,,,,III,IItIItII IIIIIIIIIIIIIIII 
0 4 A 12 0 4 lIhlk 1-2 

OPA-Derlwtlwd Tobmmycln OPA-DertvaUzad Blank 
(1.6 nmol) 

Fig. 2. OPA derivatization of tobramycin. Detection, fluores- 
cence (excitation 340 nm; emission 450 nm). 
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TABLE III 

FACTORS AFFECTING FINAL PRODUCT 

Sample solvent Reaction time 

(min) 

Peak Z/Peak 1” 

Water 

Acetonitrile-water 

0:lOO 
60:40 
SO:20 

0 0.16 
1 0.17 

10 1.04 

20 2.90 
30 7.17 

0 
0.16 
0.68 
0.68 

Fig. 4. Detection of OPA-derivatized tobramycin at 10 pmol on 
column using fluorescence (excitation 340 nm: emission 450 nm). 

’ Peak 1 for derivative 1, peak 2 for derivative 2. 

reaction medium containing 80% acetonitrile. 
There is no interference from the blank. 

at 1.6 nmol (on column) is shown in Fig. 3. Fluo- 
rescence detection of derivatized tobramycin yields 
two sharp peaks with a sensitivity about 40 times 
that of UV detection. The detection limit was found 
to be 400 pmol (on column) for UV and 10 pmol for 
fluorescence (Fig. 4). 

The effect of reaction time and reaction medium 
on the ratio of the area of peak 2/peak 1 is displayed 
in Table III. The ratio increases with increase in 
acetonitrile. Precipitation was observed after about 
30 min in the low acetonitrile samples, but not at 60 
or 80% acetonitrile. To ensure adequate acetoni- 
trile in the sample solvent, 80% acetonitrile was 
used for the rest of the study. To allow adequate 
reaction time without making the analysis time too 
long, a reaction time of 30 min was used. 

Peak areas and standard concentrations (peak 2) 
were linearly related from 0.1 to 1.2 nmol on col- 
umn with a correlation coefficient of 0.998. 

Part 2 

The difference between detection by UV (254 nm) 
and detection by fluorescence (excitation 340 nm, 
emission 450 nm) for OPA-derivatized tobramycin 

The recoveries at each SPE step between methods 
I and II are shown in Table IV. In method I, where 
SPE was performed before derivatization, the stan- 
dard lost 42.7 and 8.2% in the loading and washing 
steps, and the recovery was 33.7%. The spiked se- 
rum sample lost 35.4 and 3.9% in the loading and 

OPA-LhdvaUzed Tobfwnycln 
(1.6 nmol) using W at 254 nm 

OPA-De~Ivatizud Tobmmycln 
(1.6 nmol) using Fluotwcanw 
Ex. 240 nm, Em. 450 nm 

Fig. 3. Detection enhancement using fluorescence vs. UV. 

TABLE IV 

EFFECT OF DERIVATIZATION ON SAMPLE CLEANUP 

Method I, Method II, 
post-SPE pre-SPE 
derivatization derivatization 

Standard Spiked Standard Spiked 

serum serum 

Sample concentration 480 480 640 640 

(PM) 
Amount on column 300 300 200 200 

(pmoles) 
Loss of sample (%) in 

Loading 42.7 35.4 0.0 0.0 
Washing 8.2 3.9 0.0 0.0 

Absolute (%) recovery 33.7 2.8 100.3 97.5 
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II. Derlvatlzatlon-SPE II. Derhtbtlon-SPE 
60 pl of 128 PM Sample Blank 
(200 pmol of Dewlvatlve 
lnlected) 

Fig. 5. Chromatograms of tobramycin-spiked serum: method I vs. method II. Detection, fluorescence (excitation 340 nm; emission 450 
nm). 

washing steps and the recovery was 2.8%. The dif- 
ference between recoveries and loss in SPE is most 
likely due to protein binding and silanol effects on 
the SPE columns. On the other hand, using method 
II, where derivatization was performed before SPE, 
there was no loss in the loading and washing steps 
and the recoveries were 100.3% for the standard 
and 97.5% for the spiked sample. 

The chromatograms of the eluates and a blank 
are shown in Fig. 5”. The chromatogram from 
method II has much less matrix components than 
that from method I. There is also no interference 
from the blank. 

The derivatization of tobramycin before SPE in- 
creased the hydrophobicity of the analyte (relative 
to the serum matrix) and enhanced its selectivity in 
the SPE, yielding cleaner chromatograms and high- 
er recoveries than if the derivatization were per- 
formed after the SPE. 

In method II, SPE was performed immediately 
after the derivatization. The time lapse between the 
derivatization and injection is about 15 min for the 
first sample to be injected. The following samples 
have a longer time lapse while sitting in the auto- 
sampler (15 min of run time for each preceding 
vial). The reproducibility data show that the differ- 

’ Retention time of derivative 2 is shorter than in Part I due to 
an adjustment in mobile phase to 50% acetonitrile. 

ence in time lapse among the samples did not affect 
the area count. This is possibly due to a stabiliza- 
tion effect when the reaction medium is removed by 
the SPE (leaving only the pure derivatives). 

Part 3 
Peak areas and serum concentrations were linea- 

rly related, using method II (12.8 to 128 @4 corre- 
sponding to 20 to 200 pmol on column) with a cor- 
relation coefficient of 0.998. 

The reproducibility of six standard runs (96 PM) 
has a relative standard deviation of 1.1%. 

Part 4 
The recoveries of spiked samples in the concen- 

tration range of 160 to 640 PM (32 to 128 PM after 
dilution) are 92 to 106% with a relative standard 
deviation of 6.6%. 

The reproducibility of 6 spiked samples 640 @4 
(128 @4 after dilution) has an average recovery of 
97% and a relative standard deviation of 3.6%. 

An improvement that can be visualized for the 
application of method II is to have an on-line SPE 
processor to automate the SPE process in addition 
to the derivatization process and inject the SPE el- 
uate onto the HPLC system. 

CONCLUSIONS 

The use of fluorescence detection of pre-column 
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derivatized tobramycin has tremendously enhanced 
detection sensitivity compared to detection by UV. 
The derivatization is simple, occurs at room tem- 
perature, involves no highly toxic reagents and can 
be fully automated. 

Derivatization preceding SPE decreases the po- 
larity of the analyte (tobramycin), thus increasing 
the selectivity in reversed phase SPE. The results 
show very good recoveries, linearity, reproducibil- 
ity and separation of the analyte from the matrix 
components. 
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