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This report describes the improved quantitative determination of valiolamine in a medium for microbial
culture using high-performance liquid chromatography with UV detection. Valiolamine aqueous solution
was dried, dissolved in dimethyl sulfoxide and derivatization performances of phenylisocyanate (PHI),
1-fluoro-2,4-dinitrobenznene and 1-naphthylisothiocyanate were compared in the presence of triethy-
lamine. The PHI was chosen as the most suitable derivatization reagent and the valiolamine-PHI derivative
was identified by thin-layer chromatography and electrospray ionization mass spectrometry. The deriva-
tive eluted at 10.5 min on a reverse-phase column using a mobile phase composed of 10% acetonitrile
Phenylisocyanate in water containing 0.5 mM sodium octyl sulfate (pH 3.0), at a column flow rate of 1.0 mL/min with UV
Derivatization detection at 240 nm. The optimum conditions for derivatization were a reaction temperature of 30°C,
HPLC reaction time of 30 min, and PHI concentration higher than 33.6 mM. Calibration curves were linear in
UV detection the range of 0.99-19.95 pg/mL for the standard solutions and 24.9-99.7 p.g/mL for the spiked sample.
The proposed method was validated and proven to be selective, accurate and precise and suitable for the
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quantitative analysis of valiolamine in medium for microbial cultures.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Valiolamine (Fig. 1(a)), a natural aminocyclitol (aminocarba-
sugar), is a strong a-glucosidase and maltase inhibitor. Voglibose, a
commercially available anti-diabetic medicine, can be synthesized
by chemical modification of valiolamine [1-3]. Valiolamine was
first isolated from the fermentation broth of Streptomyces hygro-
scopicus[3].1tcan be prepared by the biodegradation of validamycin
into a mixture of validamine and valienamine (Fig. 1(b)) [4], which
is then chemically converted into valiolamine [5]. Several chemical
synthetic processes of valiolamine have been also reported [6-10].

Nowadays, as an alternative approach, intensive studies have
been conducted to identify and characterize gene clusters respon-
sible for validamycin biosynthesis, followed by the elucidation of
their biosynthetic pathways. This allows for the generation of large
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amounts of valiolamine and its novel derivatives by the fermen-
tation of metabolically engineered strains [10-13]. Therefore, the
quantitative analysis of commercially value-added valiolamine is
crucial for monitoring and thus quality control of its production
process by chemical synthesis or fermentation, as well as voglibose
production process. Thin-layer chromatography (TLC) is currently
used for the analysis of valiolamine. But its sensitivity was shown
to be comparatively poor [14] and this cannot provide an accurately
quantitative measure [15].

High-performance liquid chromatography (HPLC) method is one
of the most popular methods of quantifying natural compounds.
However, valiolamine has no significant UV absorption or flu-
orescence and thus derivatization by chromophoric reagents is
inevitable for the sensitive detection of valiolamine by HPLC with
UV or fluorescence detectors. Many reports have been published
on derivatization of aminoglycosides or other drugs containing
primary or secondary amine groups in human plasma. Although o-
phthaldialdehyde (OPA), fluorescent-labeling agent, had been used
for the past decades, the instability of OPA-drug derivatives has
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Fig. 1. Chemical structures of valiolamine (a) and valienamine (b).

been a disadvantage [16-19]. Currently 9-fluorenylmethyl chloro-
formate has been evaluated for its performance [20,21].

The commonly used derivatizing reagents for UV detection are
1-fluoro-2,4-dinitrobenzene (FDNB) [15,22-27], phenylisocyanate
(PHI) [28,29], and its derivative 1-naphthylisothiocyanate (NITC)
[30,31] or phenylisothiocyanate (PITC) [32-34]. However, a com-
parison between the performances of these derivatizing reagents
has not been made. Although pre-column derivatizations using
PHI, NITC, or PITC were reported to offer relatively high sensitiv-
ity and selectivity, most assays using these reagents were poorly
reproducible because water was not removed during the sample
preparation in spite of degradation of these reagents upon con-
tact with water [23,32,33]. And also the effect of concentrations
of phenylisocyante on the formation of derivative was not demon-
strated.

This study aimed to develop an improved derivatization method
for reliable and sensitive quantitative HPLC/UV determination of
valiolamine in microbial culture medium. The derivatization per-
formances by PHI, FDNB, or NITC were compared in the newly
formulated reaction mixture without water and the derivative was
identified by thin-layer chromatography and electrospray ioniza-
tion mass spectrometry. Derivatization conditions were optimized
to improve the sensitivity. The proposed method was validated with
respect to linearity, intra- and inter-day accuracy and precision,
as well as analyte stability. It was proven to be selective, accurate
and precise. This is the first paper demonstrating the quantitative
analysis of valiolamine using HPLC.

2. Materials and methods
2.1. Chemicals and reagents

Valiolamine (purity: 99.7%) and valienamine were purchased
from Shenzhen fangye industries Co. Ltd. (Shenzhen, China). Ace-
tonitrile, phenylisocyanate, triethylamine (TEA), dimethyl sulfoxide
(DMSO), 1-fluoro-2,4-dinitrobenzene, 1-naphthylisothiocyanate,
methanol, and other chemicals were all analytical grade and pur-
chased from Sigma chemical Co. (St. Louis, MO, USA).

2.2. Sample preparation and chemical derivatization

Microbial culture medium consisting of glucose (50 mg/mL),
soybean flour (36 mg/mL), peptone (5mg/mL) and calcium car-
bonate (4 mg/mL) [35] was sterilized and insoluble materials were
removed by centrifugation at 9950 x g for 10 min. The supernatant
was used for further experiments. The standard stock solution of
valiolamine was prepared by dissolving accurately weighed valio-
lamine in distilled water to give a final concentration of 1 mg/mL.
This solution was then successively diluted with water or cul-
ture medium to obtain standard solutions or spiked samples. Each
standard solution or spiked sample (500 pL) was added to 500 L
acetonitrile, one of the widely used protein precipitants [36,37],and
then centrifuged (9950 x g for 5 min) to remove most of the pro-

teins present [30]. The supernatant (800 wL) was transferred into
a 20-mL vial and dried at 50 °C under vacuum, after which 750 pL
of DMSO was added. After the dried sample was dissolved well,
100 L PHI dissolved in acetonitrile and 150 wL TEA (15 mg/mL in
acetonitrile) were added and mixed. The vial was then placed in
an incubator at 30°C or water bath if higher temperatures were
required.

2.3. HPLC analysis

The analysis of valiolamine derivatives was carried out using
HPLC system consisting of 515 HPLC pump and a 486 UV detector
(Waters, USA). The isocratic mobile phase was composed of acetoni-
trile and water containing 0.5 mM sodium octyl sulfate (10:90). The
pH of the mobile phase was adjusted to 3.0 using phosphoric acid.
A 20 pL filtered sample obtained using a 0.2 wm disposable syringe
filter (DISMIC-13yp, ADVANTEC, Tokyo, Japan) was injected into the
J'sphere ODS-H80 (250 mm x 4.6 mm, YMC Co., Ltd., Kyoto, Japan)
column, eluted with the mobile phase at 1.0 mL/min at room tem-
perature and detected at wavelength of 240 nm [28] because at this
wavelength phenyl urea analogues, derivatized product, absorbed
strongly [38-40].

2.4. Thin-layer chromatography and electrospray ionization mass
spectrometry

The reaction mixture was concentrated using a vacuum evapora-
tor and then spotted onto silica gel thin-layer sheets 60F,54 (Merck,
Darmstadt, Germany). Chromatograms were developed using an
ascending solvent of 1-butanol-methanol-CHCl3-25% ammonia
solution (4:5:2:5, v/v/v/v) [41]. The spots were visualized using a
cerium- and molybdate-containing reagent: 25 g phosphomolybdic
acid, 10 g cer(IV)-sulfate, 60 mL H,SO,4 in 1000 mL of distilled water
[42].

Mass spectrometric data were obtained using a 3200 QTRAP
LC/MS/MS system equipped with a Turbo VI source and Turbo
ion spray probe (500°C) (Applied Biosystems, Forster, CA, USA).
BioAnalyst™ (version 1.4.2) and Analyst software (version 1.4.2)
were used for instrument control and data acquisition, respectively.
The reaction mixture (1000 L) was evaporated using a vacuum
evaporator at 100 °C to remove DMSO, and then diluted with 300 p.L
of acetonitrile. This solution was directly injected into the ion source
using a syringe pump at the flow rate of 10 pwL/min. The spectra
were collected in positive ionization mode. Nitrogen was used as
both the nebulizing and drying gas with a flow rate of 2 mL/min
at 60 psi. The source voltage was set at 5.5kV and the sample was
heated at 500°C.

2.5. Method validation

The aqueous standard solutions were prepared to provide con-
centrations of 0.99, 4.95, 9.97 and 19.95 pg/mL. For spiked sample
analysis, the medium for microbial culture was chosen as the con-
trol blank. The standard stock solution was added to the control
blank to provide concentrations of 24.9, 49.9, 74.8 and 99.7 pg/mL.
These calibration solutions were derivatized and calibration curves
were obtained by a least-square regression evaluation of the peak
area (for neat standard solution) or blank-subtracted peak area (for
spiked samples) versus the corresponding concentration. Intra- and
inter-day assays were performed using aqueous standard solutions
at 2.99, 6.98 and 14.96 p.g/mL or spiked samples at 29.9, 59.8, and
89.8 wg/mL. The sample concentrations were calculated from this
linear regression equation. The accuracy and precision were then
evaluated as the % relative error (% R.E.) and % relative standard
deviation (% R.S.D.) respectively, using the following equations [34]:
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Table 1
Derivatization of valiolamine using different reagents.

Reagent Phenylisocyante 1-Fluoro-2,4 -dinitrobenzene 1-Naphthyl -isocyanate
Reaction temperature (°C) 30 80 70

UV detection (nm) 240 365 230

Retention time (min) 10.5+£0.02 46.7+0.9 61.3+0.7

Peak height (x10%) 13.6+0.2 8.6+0.2 11.7+£0.7

Peak area (x10%) 380.5+3.3 590.8 +£12.1 108.7 £ 7.6

The concentration of valiolamine standard solution was 99.7 p.g/mL. 120 mM of derivatization reagent and 1.25 mg/mL of triethylamine were used for derivatization.

measured value (mean) — spiked value 5

%R.E. = spiked value

100

%RSD. — standard deviation 100
mean value

For intra-day assays, three or four replicates of each sample were
analyzed. The inter-day assay evaluation was performed on five
continuous days.

The stability of valiolamine derivatives obtained from spiked
samples at two concentrations (59.8 and 89.8 j.g/mL) was investi-
gated under a variety of storage conditions: 24 h storage under room
temperature, three cycles of freeze (—20°C)-thaw (room tempera-
ture), and 30 days storage of the derivatized products of valiolamine
in the —20°C freezer. The stability was evaluated by comparing the
relative mean peak areas of stored samples with freshly prepared
samples under identical assay conditions.

3. Results and discussion

3.1. Evaluation of derivatizing reagents for the determination of
valiolamine in standard solution

Valiolamine has a primary amine in its structure. The PHI,
FDNB, and NITC have a strong reactivity to primary or secondary
amines. Therefore, these reagents were evaluated for their ability
to derivatize the valiolamine standard solution at 99.7 p.g/mL. Ini-
tially, 500 L of an aqueous standard solution was added to 250 L
of PHI solution (5mg/mL in acetonitrile) and 250 wL of TEA solu-
tion (5mg/mL in acetonitrile) following the procedure described
by Kim et al. [28]. However, we have been unable to reproduce this
assay because the mixture became turbid in the presence of higher
amounts of PHI, thereby resulting in a low peak intensity of the
derivatized product. PHI was reported to react rapidly with water at
room temperature, giving rise to diphenyl urea, which can combine
with PHI to form triphenylbiuret [40]. This may interfere with the
analysis as well as the consumption of PHI required for valiolamine
derivatization.

Upon combining 800 uL of aqueous standard solution and
300 L of NITC solution (80 mM) using the procedure suggested by
Chen et al. [30], the reaction mixture became turbid and the new
peak obtained was too small to detect using HPLC analysis. It was
also reported that NITC derivatization was water-sensitive and thus
samples had to be dried prior to analysis [32,33]. FDNB is sparingly
soluble in water. Therefore, water had to be removed by evapora-
tion in a vacuum oven and the dried solid had to be solubilized in
an appropriate solvent.

Methanol, acetonitrile, and DMSO were tested for their suitabil-
ity as reaction solvents for the derivatization procedure. Although
methanol and acetonitrile could dissolve the dried solids obtained
from aqueous standard solution, they could not completely dissolve
the dried solid obtained from the medium that was spiked with
valiolamine. Furthermore, methanol was reported to give reaction
by-products [40]. DMSO was selected because it completely and
efficiently dissolved dried solids and was generally used as a solvent
for chemical reactions.

It was reported that the derivatization reactions of primary
or secondary amines with PHI, NITC, or FDNB were favorable
in an alkaline medium [25,32,43]. Therefore, TEA was added to
make the reaction environment alkaline. Reaction temperatures
and UV detection wavelengths were set based on previous reports
[25,28,30]. Reactions were performed using different derivatiza-
ton reagents while their molar concentrations and reaction times
were the same. As shown in Table 1, new peaks of derivatized prod-
ucts by PHI, FDNB, or NITC appeared at 10.5, 46.7, and 61.3 min,
respectively. The peak areas increased in the order of FDNB, PHI
and NITC whereas the peak heights increased in the order of PHI,
NITC, and FDNB. Considering peak area, peak sharpness, analysis
time and mild reaction temperature, PHI was chosen as the most
optimum derivatization reagent. The selection of a basic medium is
also important for the derivatization reaction. Use of basic aqueous
buffer solutions was avoided because PHI was found to be sensitive
to water. For example, serious degradation of derivative of isothio-
cyante was reported in aqueous Na, CO3 buffer [44]. When organic
solvents, pyridine and TEA were tested, no significant differences
in derivatization efficiencies by PHI were found (data not shown).
TEA was chosen because it was commonly used as a basic medium
for derivatization reaction by PHI or other reagents [28,29,44-47].

Fig. 2(a) shows the TLC analyses. The single spot for the valio-
lamine standard was observed at Ry value of 0.16. When valiolamine
was allowed to react with PHI, a new spot (R¢=0.53) was observed
instead of valiolamine, whereas this new spot was missing in the
reaction mixture that lacked valiolamine.

Fig. 2(b)-(d) depicts the mass spectrum resulting from direct
infusion of the derivatization reaction mixture. Two ions were
observed at m/z 313.2 and 335.3. A prominent fragmentation ion at
m/z 194.4 ([valiolamine + H]*) was observed with loss of 118.8 (PHI)
fromion at m/z313.2. Fragmentation of the ion at m/z 335.3 resulted
inabundantion at m/z216.4 ([valiolamine + Na]*) with loss of 118.9.
Therefore, ions at 313.2 and 335.3 corresponded to the protonated
and sodium forms of valiolamine-PHI derivative, respectively.

This evidence clearly indicated that valiolamine were success-
fully derivatized by chemical reaction with PHI. It was reported that
avariety of primary and secondary amino acids, peptides and amino
alcohols were phenyl isocyanated through the nucleophilic sub-
stitution in alkaline medium [43]. Combining our result and this
demonstration, we suggest the putative reaction scheme for the
formation of valiolamine-PHI derivative in Fig. 3.

3.2. Optimization of derivatization conditions

The optimal reaction temperature and time were determined by
investigating the effects of these factors on derivatization of vali-
olamine in spiked sample (199.4 pg/mL) at a fixed concentration
of PHI (50.4 mM) to improve sensitivity. Comparison was made in
terms of relative peak area of the derivatized product when the
reaction temperature was varied between 30, 50, and 70 °C while
reaction time was varied at 15, 30, and 60 min. As shown in Table 2,
the derivatization reaction was almost completed in 30 min irre-
spective of temperature. The relative peak area reached a maximum
value at 30 °C and then decreased with further increase in the tem-
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Fig. 2. Identification of valiolamine derivatized with phenylioscyante. (a) Thin-layer chromatography of valiolamine standard solution (1) PHI (2) TEA (3) DMSO (4) and
derivatized reaction solution without (5) or with (6) valiolamine. Positive ESI mass spectra of the phenylisocyanate-derivatized valiolamine. (b) MS scan of infused derivatized
reaction solution. (c) MS? scan of product ion at m/z 313.2. (d) MS? scan of product ion at m/z 335.3. Val and Val-PHI represent valiolamine and phenylisocyante-derivatized

valiolamine, respectively.
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Fig. 3. Putative reaction scheme for the derivatization reaction of valiolamine with phenylisocyanate.

Table 2

Optimization of reaction temperature and time for derivatization of valiolamine with
phenylisocyanate.

Run? Temperature (°C) Time (min) Relative peak area (%)°
1 30 15 749 £ 7.0

2 30 100.0 + 11.3

3 60 97.4 + 10.7

4 50 15 47.7 + 13.9

5 30 61.3 + 20.2

6 70 15 56.7 + 11.2

7 30 55.8 + 15.2

3 Triplicate reactions were performed in the presence of 50.4 mM phenyliso-
cyanate and 2.25 mg/mL triethylamine for derivatization of medium spiked with
valiolamine (199.4 p.g/mL).

b Relative peak area corresponds to the peak area divided by peak area of run 2.

perature probably due to a side reaction [38] or degradation of the
derivatized product. This result implied that the derivatization of
valiolamine was a fast reaction with PHI at mild temperature [28].
This is one of the advantages of using PHI over other reagents. For
example, derivatization reactions using FDNB, a commonly used
reagent, requires high temperature and long reaction times, which
may cause difficulties in quantitative analysis because solvent evap-
oration, side reaction or degradation of derivatized product may
occur [23,27]. Based on this result, the optimal reaction tempera-
ture and time were set to 30°C and 30 min.

In the following experiments, a different amount of PHI over a
range of 2.1-67.2 mM was allowed to react with the spiked sam-
ple at 30°C for 30 min to determine the optimum amount of PHL
Fig. 4 shows the amount of PHI required for derivatization. The
relative peak areas of the derivatized products increased with an
increase in PHI concentrations, up to 33.6 mM and then no signif-
icant increase was observed. This result indicated that more than
33.6 mM of PHI was required for the derivatization of 1 mM of vali-
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Fig. 4. The effect of concentration of phenylisocyanate on the formation of valio-
lamine derivative. Medium spiked with valiolamine (199.4 wg/mL) was derivatized
at 30°C for 30 min in the presence of various concentrations of phenylisocyante and
2.25 mg/mL of triethylamine.

olamine. The medium for cultivation of microorganisms contained
a number of compounds with amino groups including proteins and
amino acids, which can react with PHI [43,48]. Most proteins in
the medium were already removed by precipitation with acetoni-
trile. But amino acids possibly existed in reaction mixtures, which
might have contributed to further consumption of PHI. Therefore,
an additional amount of PHI may be required to compensate for
possible consumption of the derivatizing reagent by these amino
compounds. Furthermore, the excess amount of PHI may increase
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the rate of reaction for the formation of derivatives with respect to
the reaction kinetics [30].

The effect of the concentration of derivatizing reagent has pre-
viously been reported during derivatization reactions using FDNB,
NITC or PITC [15,23,25,27,30,32]. Even though excess amounts of
PHI were used, however, unreacted valiolamine was observed in the
reaction mixture by mass spectrometric analysis. When the spiked
concentration was reduced to 99.7 wg/mL in the mixture, complete
conversion to valiolamine derivative was observed by mass spec-
trometric analysis (Supplementary 1). Therefore, all reactions were
performed in the presence of 50.4 mM PHI and less than 99.7 jg/mL
of spiked valiolamine at 30°C for 30 min in the following experi-
ments.

3.3. Selectivity

Valienamine, the starting material for the synthesis of valio-
lamine, has a primary amine and its chemical structure is very
similar to valiolamine. Derivatization reactions were performed
in a medium spiked with both valiolamine (99.7 wg/mL) and
valienamine (97 wg/mL) to examine the possibility of interference
by the presence of valienamine. Fig. 5 shows the representative
chromatograms of standards or spiked samples. The derivatized
products of valiolamine and valienamine eluted at 10.5 and
17.5 min, respectively. No shifts in retention times of the peaks of
these compounds were observed when a mixture of these pure
compounds was spiked into the medium. This indicated that deriva-
tization products of these compounds resolved well and thus the
presence of valienamine did not interfere with HPLC analysis of
valiolamine.

However, a small peak in the blank medium was observed at
the retention time of valiolamine, indicating possible interference
of endogenous substances in the medium with the analysis of

(a)

(b)

(©
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Fig. 5. Representative chromatograms of the phenylisocyanate derivative of valiolamine and valienamine: (a) standard valiolamine (99.7 wg/mL); (b) standard valienamine
(97 pg/mL); (c) medium spiked with valiolamine (99.7 ng/mL) and valienamine (97 pg/mL); (d) blank medium. Peaks: 1, valiolamine derivative; 2, valienamine derivative.
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Table 3
ANOVA results for lack of fit.
Source of variation Sum of square Degree of freedom Mean of square F-ratio
Standard solutions Residual 2.71 x 10° 9 3.01 x 108 0.05
Lack of fit 3.47 x 107 2 1.74 x 107
Pure error 2.67 x 10° 7 3.82 x 108
Spiked samples Residual 1.49 x 101 9 1.65 x 101° 0.8
Lack of fit 2.77 x 10'° 2 1.39 x 1010
Pure error 1.21 x 10™ 7 1.73 x 1010

The critical value of F-ratio is 4.74 at « =0.05. Test ranges were 0.99-19.95 p.g/mL for standard solutions and 24.9-99.7 wg/mL for spiked samples.

Table 4
Precision and accuracy of the analysis of valiolamine standards or spiked samples.

Concentration (pg/mL) Intra-day repeatability?

Inter-day repeatability?

Standards Spiked samples Assay value® (pg/mL) Precision (% R.S.D) Accuracy (% R.E.) Assay value® (ug/mL) Precision (% R.S.D) Accuracy (% R.E.)
2.99 - 2.94 + 0.38 13.0 -1.7 2.71 £ 0.07 2.7 -9.5
6.98 - 6.54 + 0.42 6.4 -6.3 6.27 £ 0.31 49 -10.3
14.96 - 14.14 £ 1.66 1.7 -5.5 13.87 + 0.69 49 -7.3
- 29.9 253459 232 -15.4 319 £ 104 32.6 6.5
- 59.8 673 £ 0.5 0.8 12.5 63.4 + 7.8 12.3 5.9
- 89.8 871 £ 4.0 4.6 -3.0 84.1 + 6.8 8.1 -6.3

3 Triplicate (for standard solutions) or quadruplicate (for spiked samples) for intra-day assays were performed in the presence of 50.4 mM of phenylisocyantae at 30 °C for

30 min.

b Five-separate inter-day assays were performed in the presence of 50.4 mM of phenylisocyantae at 30 °C for 30 min.

¢ Values are expressed as average + standard deviation.

valiolamine. For the quantitative analysis of valiolamine, there-
fore, corrections were made for interference by endogenous
substances; the blank peak area corresponding to retention time
of valiolamine was subtracted from peak area of the spiked
medium.

3.4. Linearity

Calibration curves were constructed using four series of stan-
dards or spiked samples. The linear regression evaluation of
the peak area (Y) versus concentration (X) relationship for
intra-day assay as an example gave Y=44561.3(+1450.8)X—
10645.6(+2130.1) for standard solutions and Y=24757.1(+734.1)X
+245618.6(+£68422.3) for spiked samples. The correlation coef-
ficients of the two calibration curves were 0.999. However, a
regression coefficient close to unity is not necessarily indicative of
a linear relationship and so calibration curves should also be eval-
uated using an F-test for lack of fit [49-52]. The F-ratio for lack
of fit was calculated by dividing lack-of-fit mean square by pure
error mean square. As shown in Table 3, the calculated F-ratio val-
ues for standard solutions and spiked samples were 0.05 and 0.8,
respectively. These values were lower than the tabulated critical
value (4.74 at o = 0.05), which obviously implied that the regression
models were linear.

The linearities of calibration curves for inter-day assay were
also confirmed (data not shown). The lowest concentration used
in the construction of the calibration curve for standard sample
was 0.99 pg/mL whereas that for the spiked sample was as high
as 24.9 pg/mL due to the interference of the blank peak at lower
concentrations.

3.5. Assay precision and accuracy, and analyte stability

Table 4 shows the precision and accuracy of the intra- and inter-
day assays for the analysis of standard solutions or spiked samples.
For standard solutions, the intra- and inter-day % R.S.D. ranged
from 6.4 to 13.0 and from 2.7 to 4.9, respectively. Moreover, % R.E.
ranged from —-1.7 to —6.3 and from —-7.3 to —10.3, respectively.
These data indicate high accuracy and repeatability of this method

for the assay of standard solutions in the concentration ranges of
2.99-14.96 p.g/mL.

For spiked samples, the intra- and inter-day % R.S.D. ranged from
0.8 to 4.6 and from 8.1 to 12.3 at concentrations above 59.8 .g/mL
whereas corresponding values were 23.2 and 32.6 at 29.9 pg/mL.
The intra- and inter-day % R.E. ranged from —3.0 to 12.5 and from
—6.3 t0 5.9 at concentrations above 59.8 mg/L whereas correspond-
ing values were —15.4 and 6.5 at 29.9 pg/mL. These data suggest
that the accuracy and precision of this method are satisfactorily
acceptable for the determination of valiolamine in the medium at
concentrations higher than 59.8 pg/mL, considering that the nor-
mal acceptance criteria for % R.S.D. and % R.E. is less than 15%
according to United States Food and Drug Administration (FDA)
Guideline [53]. The accuracy and precision of the technique would
be improved for analyzing lower concentrations of valiolamine in
spiked samples if the sample preparation method were developed
for removing interfering endogenous substances present in the
medium.

Table 5 summarizes the stability of valiolamine-PHI under a
variety of storage conditions. The valiolamine-PHI in the reaction
mixture was shown to be stable for at least 24 h at room temper-
ature and was also stable after three cycles of freeze-thaw. The
derivative was possibly stored for at least 1 month in the —20°C
freezer without showing significant losses in the quantified values.

Table 5
Stability of valiolamine-PHI derivative in spiked samples.

Concentration
spiked (g/mL)

Relative peak area (%)?

Initial Final
Three freeze-thaw cycles 59.8 100.0 + 2.5 118.9 £+ 11.7
89.8 100.0 + 7.5 1152 £ 2.2
Stability for 24 h at room 59.8 100.0 + 7.5 1114 + 11.5
temperature 89.8 100.0 + 3.8 109.3 £ 9.2
Stability for 30 days 59.8 100.0 + 5.1 877 £ 15.4
at<-20°C 89.8 100.0 + 11.0 999 + 54

2 Relative peak area corresponds to the each peak area divided by each peak area
of initial run.
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These results indicated that no stability-related problems would be
expected during routine analysis of valiolamine.

4. Conclusions

This is the first demonstration on the comparison between
the derivatization performances of FDNB, PHI, and NITC. Elimi-
nating water and protein, selection of an appropriate dissolving
solvent, and optimization of PHI concentrations for HPLC analysis
of aminoglycosides in aqueous solution by derivatization with PHI
were not performed in previous publications although these factors
strongly influenced the sensitivity of a number of derivatization
reactions. This method described in the present report involved
deprotenation and replacement of water with DMSO in the reac-
tion mixture, optimization of derivatization temperature, time, and
PHI concentration. This novel method was found to be very sen-
sitive, and reliable for the HPLC determination of valiolamine in
medium for microbial culture based on pre-column derivatization
with PHI.

This is the first publication describing the quantitative HPLC
analysis of valiolamine and can be applied for analysis of the
valiolamine production process as well as analysis of another
aminoglycoside compounds in the pharmaceutical industry.
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