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A rapid and nondestructive identification method for ofloxacin (OFLX) and levofloxacin (LVFX) utilizing
diffusion reflectance near-infrared (NIR) spectroscopy was developed. An obvious difference in spec-
tral patterns between LVFX that is used for commercial tablets and LVFX HCl that can be purchased
as a reagent at a low price was also observed. These quinolones are especially important for use as
drugs against bio-terrorism because of their effectiveness against anthrax infection. Therefore, the
possibility of a distribution of counterfeit drugs containing LVFX HCl on the market would be expected.
NIR spectroscopic analysis would be applicable to on-site quality analysis that can be carried out
easily and nondestructively.

1. Introduction

Quinolone synthetic antibiotics have been used widely for
various bacterial infectious diseases because they have a
wide antibacterial spectrum. Up to now, more than 20 quino-
lones have been developed and approved all over the world.
Ofloxacin ((3RS)-9-Fluoro-2,3-dihydro-3-methyl-10-(4-me-
thylpiperazin-1-yl)-7-oxo-7H-pyrido[1,2,3-de]-1,4-benzox-
azine-6-carboxylic acid, OFLX) and levofloxacin ((�)-(S)-
9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl-
7-oxo-7H-pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic
acid hemihydrate, LVFX) were developed in 1980s. OFLX is
a racemate, and LVFX is an L-enantiomer. LVFX has a
wider antibacterial spectrum than OFLX, and, in addition
to ciprofloxacin hydrochloride, it can also be used for
treatment of anthrax infection.
Although several analytical methods of quinolone anti-
bacterials have been reported (Koechlin et al. 1989; Tycz-
kowska et al. 1989; Bauer et al. 1990; Nangia et al. 1990;
Barbato et al. 1994; Zhai et al. 1995; Barbosa et al. 1998;
Wright et al. 1998), most of these utilize destructive analy-
tical methodologies such as chromatography. In order to
separate enantiomers such as LVFX (L-enantiomer) and
OFLX (racemate) during a screening analysis, conven-
tional chromatographic conditions with reverse-phase sili-
ca gel solid phase will be used first, followed by HPLC
with columns for optically active substances.
Recently, near-infrared (NIR) spectroscopy has been
widely applied in the pharmaceutical industrial field as an
analytical tool for Process Analytical Technology (PAT)
because it can provide nondestructive analyses of spectral
properties of both liquid and solid samples (Scafi et al.

2001; Fountain et al. 2003; Li et al. 2003; Sandler et al.
2005; El-Hagrasy et al. 2006; El-Hagrasy 2006; Meden-
dorp et al. 2006). An NIR spectrum contains information
on chemical functional groups and physical conditions
such as particle size. Also, it is generally sensitive to che-
mical and physical environment changes. Accordingly, it
may provide distinguished spectral information regarding
pharmaceutical ingredients and products. As a result, NIR
will likely show unique spectral properties based on the
pharmaceuticals specific to the manufacturing process and
the process controls employed. It can therefore be em-
ployed for the identification of pharmaceutical products on
the market, e.g. counterfeit drugs, and for confirmation of
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product quality (Jernigan et al. 2001; Westenberger et al.
2005). Determination of enantiomers and racemate using
NIR spectroscopy has been reported (Luner et al. 2005).
In that paper, it was speculated that the difference in the
arrangement of molecules between enantiomers and race-
mate contributes to the different crystal structures.
In the present study, we have developed a nondestructive
identification method for LVFX tablets and OFLX tablets
using diffusion reflectance NIR spectrometry, and the ap-
plicability of this analytical method for use with tablets on
the market was also examined.

2. Investigations and results

2.1. Diffusion reflectance NIR spectrum of LVFX and
OFLX

2.1.1. First overtone range of C––H of NIR spectra

The raw NIR spectra and observed wave numbers that
characterize the chemical structure of these substances are
shown in Fig. 1 and the Table, respectively. In the range
of wave numbers from 9500 cm�1 to 4000 cm�1, vibration
bands of C––Hs were expected to be detectable from the
chemical structures of both substances. The whole spec-
trum was classified in the wave number ranges that were
the first overtone of C––H (A: 6200 cm�1 to 5600 cm�1,
aromatic and alkyl) and the second overtone of C––H (B
and C: 9500 cm�1 to 6500 cm�1). Figure 2 shows the first
overtone range of raw NIR spectra of LVFX and OFLX.
These spectra were normalized to compare with same rela-
tive intensity between these substances. The numbers la-
beled in the spectra in Fig. 3 correspond to those shown
in the Table. The absorbance of OFLX was observed to
be lower than that of LVFX through the entire measured

wave number range. Moreover, the wave numbers of the
detected peaks did not correspond between the two sub-
stances, and each substance showed its characteristic
waveform. In the range from 6000 cm�1 to 5900 cm�1,
which was the range of the first overtone of C––H (aro-
matic), five peaks in the vicinity of peak number 6
through 10 were observed from both second derivative
wave forms, but no exact corresponding peaks between
the two substances were observed. In particular, the absor-
bance intensities of the two peaks at 5941 cm�1 and
5925 cm�1 of LVFX were significantly larger than that of
OFLX. This phenomenon was thought to be due to the
one direction of molecule arrangement of LVFX crystal-
line powder as the L enantiomer providing a larger vibra-
tion intensity of C––H than that of OFLX, as a racemate
having two kinds of molecular arrangements.
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Fig. 1: Typical NIR spectra of LVFX standard (shown as the solid line)
and OFLX standard (shown as the broken line). Different wave-
forms between LVFX and OFLX were observed. The numbers in
the figure correspond to those in the Table

Table: Unique wave numbers of LVFX and OFLX (The wave number with underline corresponds to the wave numbers of
OFLX)

9000 8000 7000 6000 5000 4000 (cm�1)

2nd Overtone region Combinations

1st Overtone region

3rd Overtone region
CH3 C––H Comb. C––H, Ar––C––H O––H Comb

1 8909 cm�1: CH3 2nd overtone*
8893 cm�1: 16 5967 cm�1: CH, 1st overtone*

2 8465 cm�1: CH3, Str., 2nd overtone 11 5071 cm�1: O––H comb.*
8457 cm�1: 12 4991 cm�1: O––H comb.*

3 8360 cm�1: CH2, Str., 2nd overtone
19 8090 cm�1: CH, Str., 2nd overtone*

4 7324 cm�1: CH3, Comb., 2�CH str. þ CH bend
5 7189 cm�1: CH2, Comb., 2�CH str. þ CH def

6 6058 cm�1: CH, Comb., 1st overtone*
6051 cm�1:

13 7390 cm�1: CH3,
Comb., 2�CH 7 5941 cm�1: CH (aromatic), 1st overtone
stret, þ CH bend.* 5950 cm�1:

14 7343 cm�1: CH3, Comb.,
2�CH stret, þ CH 8 5925 cm�1: CH (aromatic), 1st overtone
bend.* 5918 cm�1:

15 7306 cm�1: CH3, Comb.,
2�CH stret, þ CH 9 5837 cm�1: CH3, 1st overtone of asym. stret.
bend.* 5840 cm�1:

10 5768 cm�1: CH3, 1st overtone of antisym., stret.
5768 cm�1:



2.1.2. Second overtone of C––H and the combination
range of C––H of NIR spectra

The raw NIR spectra of ranges of second overtones and
the combination of C––H in both quinolones are shown in
Fig. 3. The spectra of both substances were different. The
peak at 8908 cm�1 (Peak No. 1) that was the second over-
tone of CH3, the peaks at 8465 cm�1 (Peak No. 2) and
8360 cm�1 (Peak No. 3) that were the second overtone of
the CH3 and CH2 stretching vibrations, and the peaks at
7324 cm�1 (Peak No. 4) and 7189 cm�1 (Peak No. 5) that
were the combination of CH3 and CH2 were observed on
LVFX. In the case of OFLX, the peaks that were the sec-
ond overtone of CH3 (8893 cm�1, Peak No. 1), the second
overtone of CH3 stretching (8457 cm�1, Peak No. 2), and
three peaks that were the combinations of C––H (from
7390 cm�1 to 7306 cm�1) were observed.

2.2. Influence of HCl salt on the diffusion reflectance
NIR spectrum of LVFX

Figure 4 shows the raw NIR spectra in the range of the first
overtone of C––H of both substances. The absorption inten-
sity of the waveform of LVFX HCl was weaker than that of
LVFX. In the raw spectrum of LVFX HCl, nine peaks were
observed in the wave-number range from 6060 cm�1 to
5830 cm�1, while seven peaks were detected in the same
wave numbers range of LVFX. The peak at 5998 cm�1 was
detected from both substances. It was presumed that this
peak was not affected by the intermolecular energy of HCl.

This observation suggests that this absorption corresponds to
the first overtone of C––H that was located at the most unaf-
fected position was distant from HCl.

2.3. NIR analysis of commercial LVFX tablets

Figure 5 shows the NIR spectrum of the Cravit Tablet1 using
the optical fiber probe. Several characteristic peaks corre-
sponding with the peaks of the LVFX standard were ob-
served. In addition, the powdered tablets were subject to the
NIR measurements in order to obtain NIR spectral informa-
tion on all the ingredients in the tablet. The five peaks
(Nos. 1, 2, 3, 6, 10) were observed in the three NIR spectra.
The second derivative spectra in the range of the first over-
tone of C––H in the three spectra of LVFX, the Cravit Tab-
let1, and the powdered tablet are shown in Fig. 6. The six
characteristic peaks at 6058 cm�1 (Peak No. 6), 5998 cm�1

(Peak No. 20), 5981 cm�1 (Peak No. 21), 5941 cm�1 (Peak
No. 7), 5925 cm�1 (Peak No. 8), and 5768 cm�1 (Peak
No. 10) were observed in this range. The peaks at
6058 cm�1 (No. 6, first overtone of C––H) and 5768 cm�1

(No. 10, first overtone of CH2 anti-symmetric stretching)
were observed as overlapping with the other peak of the
ingredient. However, these two peaks were not observed
in the second derivative NIR spectrum obtained from
powdered tablets. Although further studies will be
needed, it appears that the average spectrum of all ingre-
dients, including the coating film that was included in
the powdered tablets, was obtained. The spectrum ob-
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Fig. 2: The vector-normalized NIR spectra of the C––H first overtone re-
gion of LVFX (shown as the solid line) and OFLX (shown as the
broken line). The wave numbers of the detected peaks do not corre-
spond between the two compounds, and each compound shows the
characteristic spectrum

Fig. 3: The NIR spectra of C––H second overtone and the first overtone of
the C––H combination region of LVFX (the solid line) and OFLX
(the broken line). Different waveforms between the two substances
were also observed in this range

Fig. 4: The vector-normalized NIR spectra of the C––H (aromatic) first
overtone region of LVFX (shown as the solid line) and LVFX HCl
(shown as the broken line). LVFX HCl gave its own spectrum com-
pared with LVFX. The wave number with an underline refers to
the peaks obtained from LVFX HCl

Fig. 5: Typical NIR spectra of LVFX (shown as the solid line), the Cravit
tablet (shown as the broken line, obtained by using an optical fiber
probe), and powdered Cravit tablets (shown as the large broken
line). Several peaks correspond among the three spectra



tained from the powdered tablets would affect the shape
of the peak compared with that of the intact tablet.

2.4. Discrimination of LVFX in a tablet and in LVFX
HCl

Discrimination between LVFX in the LVFX tablet and
LVFX HCl was examined. The second derivative spectra
of the first overtone of C––H that was obtained from the
Cravit Tablet1 by using an optical fiber probe and from
LVFX HCl in a glass vial are shown in Fig. 7. One peak
at 5998 cm�1 (Peak No. 20) was observed that corre-
sponded to the observed 6 peaks that are shown in Fig. 6.
In other words, 5 peaks numbered 6, 7, 8, 10, and 21
obtained from the LVFX standard were not matched with
peaks obtained from LVFX HCl. This result suggests that
NIR spectroscopy is applicable with high specificity to
identify counterfeit drugs on the market containing LVFX
HCl compared with legal products containing LVFX.

2.5. NIR analysis of intact OFLX tablets

The typical second derivative NIR spectra in the range of
the first overtone of C––H were obtained from the Tarivid
Tablet1 containing OFLX are shown in Fig. 8. In the
three spectra obtained from OFLX, the Tarivid Tablet1

(using optical fiber probe), and finely powdered Tarivid
Tablet1, a total of 10 characteristic peaks were observed.
These results suggest that diffusion reflectance NIR spec-

troscopy is applicable to nondestructive detection of
OFLX in the Tarivit Tablet1 on the market.
In the second derivative spectra range in these products,
characteristic peaks of each active drug in tablet were ob-
served. It was also suggested that this spectroscopic meth-
od would allow for easy identification of LVFX and
OFLX in the tablet by analysis of NIR spectra of the first
overtone range of C––H.

In conclusion nondestructive discrimination between LVFX
and OFLX was achieved by using diffusion reflectance NIR
spectrometry. This result suggests that NIR spectroscopy is
applicable to rapid and nondestructive identification of intact
tablets containing racemate and enantiomers.
Moreover, NIR spectroscopy would be applicable as an
analytical tool for not only a control of enantiomers in the
pharmaceutical development stage and manufacturing pro-
cess but also for on-site quality analysis of pharmaceutical
products on the market.
Spectral information obtained from pharmaceutical pro-
ducts that have been controlled by appropriate GMP activ-
ities will provide a certification that is like a fingerprinting.
Although it is known that a spectrum obtained by diffusion
reflectance NIR measurements would be affected by various
deviation factors (Ozaki et al. 1998; Yoon et al. 1998;
O’Neil et al. 2003; Sakamoto et al. 2007), use of these spec-
tra has the potential to aid in detection of different kinds of
products with different manufacturing processes. The practi-
cal use of fingerprint-like spectral analysis of commercial
products utilizing NIR spectrometry for rapid and nondes-
tructive on-site quality analysis is therefore expected.

3. Experimental

3.1. NIR instrument

Diffusion reflectance NIR measurements were performed using an MPA
FT-NIR (Bruker Optics K.K., Ettlingen, Germany).

3.2. Materials

Reagents of LVFX, LVFX hydrochloride, and OFLX were purchased from
Wako Chemical Inc (Tokyo, Japan) and were used without further purifica-
tion. Cravit Tablets1 100 mg (Daiichi Pharmaceutical Co Ltd, Tokyo, Ja-
pan) and Tarivid Tablets1 were purchased from a commercial source.

3.3. Sample measurements and measurement conditions

LVFX, LVFX HCl, and OFLX reagents were put into glass vials that were
made for MPA measurements (Bruker Optics Inc., Ettlingen, Germany).
Each vial was then placed on a radiation port for the diffusion reflectance
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Fig. 6: The vector-normalized and second derivative NIR spectra of the
C––H first overtone region of LVFX (the thick solid line), the Cra-
vit tablet (the broken line), and powdered Cravit tablets (the thin
solid line). Several peaks have a characteristic shape that would be
caused by overlapping with peaks of medical additives.

Fig. 7: The vector-normalized and second derivative NIR spectra of the
C––H first overtone region of LVFX HCl (shown as the thick solid
line), the Cravit tablet (shown as the broken line), and powdered
Cravit tablets (shown as the thin solid line)

Fig. 8: C––H first overtone region of second derivative NIR spectra of
OFLX (shown as the thick solid line), the Tarivit tablet (shown as
the broken line), and powdered Tarivit tablets (shown as the thin
solid line). A total of ten characteristic peaks were corresponding
among the three spectra.



NIR measurement as a standard substance. A tablet holder from Bruker
Optics Inc. was used to measure the tablets. The tablet holder with a tablet
was placed on the radiation port, which was then measured by a transmit-
tance or reflectance NIR spectroscopic mode. To make powdered tablets,
seven tablets were put in the mortar and were crushed by grinding. Frag-
ments of the film coating were also ground down to similar size as the
other ingredients. Then, whole powder was placed into a glass vial and
measured in the same manner as the standard substances.
When the optical fiber probe was used for measurements, a tablet was
fixed at the top of the probe with adhesive tape. All measurements were
performed under the following conditions. The measurement range, scan
wave number interval, resolution, and numbers of integration steps were
12000 cm�1 to 4000 cm�1, 2 cm�1, 4 cm�1, and 64, respectively.
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