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Abstract

Fluoroquinolones are popular class of antibiotics with distinct chemical func-

tionality. Most of them are ampholytes with one chiral center. Stereogeneic

center is located either in the side ring of Gatifloxacin (GFLX) or in the quino-

lone core of Ofloxacin (OFLX). These two amphoteric fluoroquinolones have

terminal amino groups in common. The unusual Nadifloxacin (NFLX) is an

acidic fluoroquinolone with a core chiral center. Owing to chirality and func-

tionality differences among GFLX, OFLX, and NFLX, we mapped these enan-

tiomers onto structure‐retention relationship. Amount of acetic acid modifier

was studied in screened mobile phase and cellulose tris(3‐chloro‐4‐methyl phe-

nyl carbamate) (Lux cellulose‐2) stationary phase. Experimental design of

acetic acid% along with column temperature have been applied. Resolution

and enantioselectivity have been related to structural features of the studied

enantiomers. High amount of acid (0.4%) was optimum for the separation of

either side chirality with a proximate amino group (GFLX) or core chirality

without basic functionality (NFLX), while low amount (0.2%) is optimum for

core chiral center with distal amino group (OFLX). Temperature has no signif-

icant effect on resolution and retention of enantiomers except for OFLX.

Enantio‐retention explains possible chiral selective and nonselective interac-

tions. The proposed methods have been validated for pharmaceutical analyses.
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1 | INTRODUCTION

Fluoroquinolones are immensely popular class of antibi-
otics. They interfere with bacterial DNA replication lead-
ing to rapid bactericidal effect.1 A common fluoro‐
substituent in quinolone core is responsible for enhanced
bacterial cell penetration and DNA gyrase inhibition.2

Most of fluoroquinolones are ampholytes with both acidic
(carboxylic group attached to quinolone core) and basic
(amino) groups in the side chain. For instance,
wileyonlinelibrary.com/journal
Gatifloxacin (GFLX) and Ofloxacin (OFLX) feature piper-
azine side ring with secondary and tertiary amino groups,
respectively, along with carboxylic group. Unlike usual
fluoroquinolones, Nadifloxacin (NFLX) is an acidic anti-
bacterial agent without distal basic functionality.3 Chem-
ical structures of GFLX, OFLX, and NFLX share 1
stereogenic center (Figure 1). Gatifloxacin possesses chi-
ral center at the side piperazine ring in close proximity
to secondary amino group, whereas both OFLX and
NFLX feature chiral centers at quinolone core. Their
© 2018 Wiley Periodicals, Inc./chir 1
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FIGURE 1 Chemical structures of Gatifloxacin A, Ofloxacin B,

and Nadifloxacin C, showing their chiral centers (*) and

dissociation constants of ionizable groups
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enantiomers usually exert different pharmacological
effect; for example, the (S)‐isomers of OFLX and NFLX
have more bactericidal activity than the corresponding
(R)‐isomers.3,4

From the regulatory perspective, guidelines has been
issued for marketing racemic drugs.5 Hazardous side
effects are usually encountered for inactive enantiomers,
owing to dissimilar mechanism of metabolism, excretion,
or clearance.6,7 To that end, several chromatographic
methods have reviewed for enantiomeric separation of
fluoroquinolones.8-11 Most HPLC methods used indirect
strategies either by derivatization of GFLX12 and
OFLX13-19 or by addition of cyclodexrin in the mobile
phase for enantiomeric separation of NFLX.20,21 Some
other researches applied direct enantiomeric separations
by using chiral stationary phases (CSPs) like amylose‐
based CSP22,23 for GFLX. Also cellulose,24,25 protein,15

macrocyclic antibiotic,26 and cyclodextrin‐based27 CSPs
were used for OFLX enantioseparation. Usually, efficient
chromatographic separation of fluoroquinolone enantio-
mers requires the optimum use of basic and acidic mobile
phase additives. Among the reported methods, few of
them consider the effect of basic additive on the separa-
tion of GFLX23 and OFLX.24,25 Kannappan et al24

changed some experimental conditions, including
diethylamine, in an effective designed protocol to study
the separation of S‐OFLX on cellulose tris (4‐chloro‐3‐
methylphenylcarbamate) stationary phase. Kannappan
and Mannemala24 revealed the significant effect of
diethylamine on only the capacity factor of first eluted
enantiomer. Probably the fixed higher level of acetic acid
(0.4%) in all trials, compared with experimental levels of
diethylamine (0.25 ± 0.05%), restricted the authors to
resolve other possible effects. Moreover, previous
reports23-25 investigated the effect of basic mobile phase
additive without regard to structural features of the cited
fluoroquinolones.

The aim of this work is to draw an analogy among the
enantiomeric separation of GFLX, OFLX, and NFLX with
different molecular skeletons. Position of stereogenic cen-
ters and presence of ionizable amino group are main
distinguishing features of the selected fluoroquinolones.
This comparison has never been proposed in the litera-
ture so far. For a primary screened stationary and mobile
phases, we applied experimental design for studying the
effect of acetic acid and temperature as two main factors
affecting our concern. The objectives of design are to max-
imize enantiomeric resolution within a considerable anal-
ysis time. The resolution, selectivity, and capacity factors
of the studied enantiomers find a relation to their corre-
sponding structural features. The optimized chromato-
graphic methods were then validated and applied for
pharmaceutical analyses of fluoroquinolones under study.
2 | MATERIALS AND METHODS

Pure racemic samples of GFLX (99.79% purity), OFLX
(99.90% purity), and NFLX (99.82% purity) were gener-
ously obtained from Jamjoom Pharmaceuticals Co, Jed-
dah, Saudi Arabia, Sanofi‐Aventis Egypt sae El Sawah El
Amiria, and Quadra pharm, Egypt, respectively, with the
corresponding certified purities. Pharmaceutical applica-
tions used were Tymer™ sterile ophthalmic solution 0.3%
manufactured by Jamjoom Pharmaceuticals Co, Jeddah,
Saudi Arabia, B. No. TL0126; Tarivid® 200‐mg film‐coated
tablets, manufactured by Sanofi‐aventis Egypt sae El
Sawah El Amiria under license of Sanofi‐aventis,
Germany, B. No. 6EG015 and Nadvulg cream 1%,
manufactured by Quadra pharm, Egypt. All solvents used
in this work were of HPLC grade: methanol, ethanol, ace-
tonitrile, and hexane (Merck, Darmstadt, Germany) and
acetic acid and diethylamine (Sigma Aldrich, Germany).

Agilent HPLC unit; 1100 series apparatus; equipped
with a quaternary pump, a vacuum degasser, a column
oven and a diode array UV detector. The used chiral col-
umn was Lux‐Cellulose‐2 (cellulose tris(3‐chloro‐4‐
methyl phenyl carbamate) column (250 × 4.6 mm, 3‐
mm particle size) purchased from Phenomenex (Tor-
rance, USA). Chromatographic data acquisition and anal-
ysis was performed by Hewlett‐Packard Chemstation
software for LC 3D systems; Rev. B.03.01 (317) Copy-
right© Agilent Technologies 2001 to 2007. Design of
experiment was carried out by using JMP® Copyright©

2012, SAS Institute Inc, Cary, NC, USA.
Standard stock solutions of racemic GFLX, OFLX, and

NFLX (1.0 mg mL−1) were prepared in methanol. Optimi-
zation of enantiomeric separation was carried out on
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samples having concentration of 500 μg mL−1 of GFLX,
OFLX, and NFLX. The samples were prepared by suitable
dilution of their corresponding stock solutions with meth-
anol. The injection volume was 5 μL, and UV detection
was carried out at 290 nm close to absorbance maxima
of the studied drugs. Initial separation of enantiomers
was studied by using Lux‐Cellulose‐2 as stationary phase
and various mobile phase composition containing
ethanol, acetonitrile, and hexane with flow rate of
1.0 mL min−1. Acetic acid (0.2%) and diethylamine
(0.1%) were fixed modifiers in this preliminary screening,
and column temperature was 25°C. Resolution and reten-
tion of enantiomers were examined. Sufficient separation
and fast elution were attainable by using acetonitrile‐eth-
anol (90:10 vol/vol) with 2.0‐mL min−1 flow rate for
GFLX and OFLX enantiomers. While the screened mobile
phase for NFLX enantiomeric separation was hexane‐eth-
anol (10:90 vol/vol) with 1.5‐mL min−1 flow rate. Contin-
uous full factorial experimental design was used for
optimizing acetic acid percentage and column tempera-
ture as crucial factors affecting enantiomeric separation.
The designs were built by JMP® by using two levels for
each factor and one center point repeated twice. Acetic
acid levels were 0.4% (+) and 0.2% (−), whereas for col-
umn temperature were 35°C (+) and 25°C (−). A total
of six experiments were carried out in random order for
each drug. Fixed diethylamine (0.1%) was used in all trials
with previously screened mobile phase and appropriate
flow rate. Responses used in the design were resolution,
selectivity factor, and capacity factors of enantiomers. Sta-
tistical comparison between factors' coefficients was
applied to evaluate the significant effect of factors on
the responses. Desirability function was used to achieve
the design targets. Our objectives were to maximize both
resolution and selectivity while capacity factors were set
to matched target (1‐10). Higher weights were provided
for both resolution and selectivity. The maximum desir-
ability was achieved when percentages of acetic acid in
mobile phase additive were 0.4%, 0.2%, and 0.4% for
GFLX, OFLX, and NFLX, respectively. Column tempera-
ture was 35°C for all enantiomers.

The optimized methods for the separation of fluoro-
quinolone enantiomers were validated according to Inter-
national Conference on Harmonization guidelines.28

Specificity, accuracy, and precision were determined.
The linearity of the method was assessed by six concen-
tration levels in the range of 100 to 900 μg mL−1 for the
three drugs. Calibration samples were prepared by sepa-
rately transferring aliquots from their respective standard
stock solutions (1.0 mg mL−1) into 10‐mL volumetric
flasks, and the volumes were completed with the metha-
nol. The calibration curves were obtained by plotting
peak areas versus the corresponding concentrations, and
regression parameters were computed along with detec-
tion and quantitation limits. Robustness was also assisted
by deliberate small variation in column temperature
(35 ± 2°C) and flow rate (2.0 ± 0.2 mL min−1) for GFLX
and OFLX or (1.5 ± 0.2 mL min−1) for NFLX. Deviations
in peak area and retention were calculated to evaluate the
robustness of quantitative and qualitative responses,
respectively.

Pharmaceutical applications were applied by accu-
rately transfer of aliquot from Tymer™ sterile ophthalmic
solution equivalent to 7.5‐mg GFLX, amount of powdered
Tarivid® tablets equivalent to 10‐mg OFLX, and portion of
Nadvulg cream equivalent to 10 mg NFLX, into three sep-
arate 50‐mL volumetric flasks. Tablet and cream solutions
were sonicated for 15 minutes in 30‐mL methanol before
completing the volumes to the mark with methanol. All
pharmaceutical solutions were filtered through mem-
brane filter 0.2 μm then analyzed under the correspond-
ing chromatographic conditions.
3 | RESULTS AND DISCUSSION

Three structurally different fluoroquinolone antibiotics
were used in this study. Gatifloxacin is 8‐methoxy quino-
line derivative (Figure 1A). Its chirality is attributed to the
substitution at C3 of the piperazine ring. This side‐chain
stereogenic center is located in the vicinity of secondary
amino group of piperazine (pka ≈ 9.8), whereas both
OFLX and NFLX feature chiral substituents at the N‐1
position of the quinolone core. In OFLX, the chiral center
is distal from the tertiary amine (pka ≈ 8.1) present in the
side chain (Figure 1B). On the other hand, NFLX lacks
this distal basic functionality in the side chain and has
only one acidic pKa (Figure 1C).3 Owing to this chirality
and functionality differences among GFLX, OFLX, and
NFLX, we mapped these congeners onto structure‐reten-
tion relationship.

Polysaccharide stationary phases play a prominent role
in chiral separation.29 Resolution of enantiomers is sub-
stantially controlled by mobile phase composition.30 In
the initial assessment of mobile phase on normal mode
chromatography, ethanol was mixed with either hexane
or acetonitrile in different ratios. The mobile phases were
pumped with 1.0 mL min−1 on Lux‐Cellulose‐2 column
at 25°C. Fixed amounts of 0.2% acetic acid and 0.1%
diethylamine were used as mobile phase additives in this
primary trials which provided satisfactory peak shape
(tailing factor ≤ 2). It was found that decreasing hexane
in mobile phase would decrease retention of enantiomers.
When hexane decreased from 30% to 10%, about 20%
decrease in retention of GFLX and OFLX was observed,
whereas retention of NFLX decreased by about 35%. The
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higher impact of changing mobile phase polarity on NFLX
is probably due to its low polarity (logP = 1.9), whereas
GFLX (logP = −1.1) and OFLX (logP = −2.2) are strongly
adsorbed polar fluoroquinolones on normal phase, com-
pared with less polar NFLX with lipophilic tricyclic
benzoquinolizine core. On the other hand, resolution of
GFLX never exceeds one while OFLX and NFLX show suf-
ficient resolution. A comparable retention can be also
achieved by using 90% acetonitrile instead of hexane.
Noticeable increase in GFLX and OFLX enantiomer reso-
lution was achieved while decreased for less polar NFLX
enantiomers. Based on the above‐mentioned results and
for achieving suitable resolution and retention, the pro-
posed mobile phases were acetonitrile‐ethanol (90:10 vol/
vol) for GFLX and OFLX enantiomers and hexane‐ethanol
(10:90 vol/vol) for NFLX enantiomers. Flow rates of 2.0
and 1.5 mL min−1 were used for acetonitrile and hexane
containing mobile phases, respectively.

Acidic and basic modifiers are acknowledged to
change the retention behavior of enantiomers31 to study
the activity of amino groups and their position with
respect to chiral centers. Acidic modifier has a priority
over the basic one in our design. All the studied
fluoroquinolones have carboxylic moiety; therefore, basic
modifier is secondary to be considered. We fixed
diethylamine% at low level (0.1%) to subtly estimate the
effect of changing acetic acid%. Level of acetic acid was
changed from 0.2% to 0.4%. It is worth noting that total
amount of additives should not exceed 0.5% as per col-
umn user manual. The second factor in this study was
column temperature. Temperature plays a principal role
in thermodynamics of retention process, affecting reten-
tion factors, and selectivity of ionizable compounds.32

Temperature levels were raised from 25 to 35°C to facili-
tate the fast elution of peaks and hence fast analysis. Least
squares fit model was applied to estimate the factors
effects on resolution, selectivity, and capacity factors.
Quadratic terms were too trivial to be included in predic-
tion formulae, and only main effects were included for
TABLE 1 Parameter estimates of the effect of factors on responses fo

Fluoroquinolone Gatifloxacin

Factor Response Estimate P Valu

Acetic acid % Resolution (Rs) 5.3 .034a

Selectivity (α) 0.349 .042a

Capacity factor (k′1) 10.375 .033a

Capacity factor (k′2) 15.435 .017a

Temperature Resolution (Rs) −0.046 .147
Selectivity (α) −0.005 .078
Capacity factor (k′1) −0.239 .025a

Capacity factor (k′2) −0.323 .016a

aSignificant estimates.
optimization purpose. All regression models had an excel-
lent fit to the experimental data with an adjusted R value
above 0.992 in all cases.

Relative importance of the studied two factors on each
response were quantified and statistically compared. Cal-
culated coefficients along with their corresponding P
values are summarized in Table 1.

The table shows that acetic acid has significant effects
on all GFLX responses which possesses primary amino
group close to its side chain chiral center. The positive
coefficients of this factor on GFLX indicate improved
enantiomeric resolution and selectivity at high levels of
acetic acid% (Figure 2A and B). Positive significant effects
of acetic acid% on GFLX enantiomer capacity factors were
also registered and depicted in Figure 2C. The figure shows
that GFLX enantiomers have completely different migra-
tion rates by increasing acetic acid% which reveals the
favorable effect of adjacent amino ionization on chiral rec-
ognition. Another explanation is that acetic acid masks
some nonenantioselective retention sites on stationary
phase; thus, enantioselective recognition sites are
dominating.33 On contrary, increasing percentage of acetic
acid significantly decreases both resolution and
enantionselectivity of OFLX with a core chiral center away
from the secondary amino group. These negative coeffi-
cients on OFLX can be also observed in the sharp decline
of responses in (Figure 2A and B). Acetic acid% has oppo-
site effect on OFLX enantiomer capacity factors as con-
cluded from positive coefficients in Table 1. This effect is
significant on the first eluted OFLX enantiomer where its
migration rate becomes close to themore retained enantio-
mer at high level of acetic acid% (Figure 2D). Increased
retention with lower resolution and selectivity at high
levels of acetic acid% is likely attributed to the ionization
of distal amino group which augments the
nonenantioselectivity hydrogen bond interaction with
residual silanol active sites. Nadifloxacin lacks this ioniz-
able amino group, and hence, no significant effect was reg-
istered for acetic acid% (Table 1). Acetic acid% has
r the studied fluoroquinolones enantiomers

Ofloxacin Nadifloxacin

e Estimate P Value Estimate P Value

−7.3 .030a −0.375 .702
−1.242 .031a 0.192 .352
6.025 .031a −3.370 .324
2.613 .364 −3.444 .341

0.187 .019a −0.038 .158
0.011 .126 −0.008 .144

−0.111 .036a −0.182 .073
−0.112 .129 −0.343 .025a



FIGURE 2 Prediction profiles of the

effect of acetic acid % in mobile phase on

resolution A, selectivity B, capacity factors

of Gatifloxacin C, Ofloxacin D, and

Nadifloxacin E
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counteracting effects on resolution and selectivity. Work-
ing at low level of acetic would improve resolution but
worsen the selectivity. Also, nonsignificant negative effects
of acetic acid% on NFLX enantiomer capacity factors are
registered in Table 1. Similar effect of acetic acid on migra-
tion rates of NFLX enantiomers can be recognized from
their close numerical coefficients. Two parallel prediction
profiles of this response in Figure 2E indicate a balance
between enantioselective and nonselective interactions.
The higher capacity factors of NFLX enantiomers at low
level of acetic may be attributed to relatively higher ratio
of diethylamine at this investigated level. Diethylamine
could possibly endow NFLX enantiomers with some polar
character through ionization of carboxylic acid (pka≈ 6.8),
increasing their retention.

Equilibrium mass transfer of enantiomers from
mobile phase to stationary phase is usually an exothermic
process. For this reason, negative coefficients were regis-
tered for most of responses in Table 1. Negative effects
of temperature were registered for resolution, selectivity,
and retention for GFLX and NFLX enantiomers. These
effects are significant on capacity factor for GFLX and
most retained NFLX enantiomers. Therefore, working at
high level of column temperature would significantly
decrease retention and insignificantly decrease resolution
and selectivity of GFLX and NFLX. Quite uncommon
finding is the positive effect of temperature on OFLX
enantiomeric resolution and selectivity. Unique tempera-
ture‐induced effect of some other enantiomers was
discussed earlier for acidic drugs on polysaccharide‐based
CSPs34,35 and amino acids on Cinchona alkaloid‐based
zwitterionic CSPs.36,37

Coefficients in Table 1 show that the retention of
OFLX enantiomers decreased while resolution and
selectivity improved with increasing temperature. This
unusual OFLX enantiomer behavior could be ascribed
to the attenuated chiral nonselective interaction of amino
group at high temperature, and separation is mostly based
on chiral recognition mechanisms.

Moreover, similar extent of temperature effect on the
retentions of OFLX enantiomers, suggesting that adsorp-
tion–desorption kinetics is probably related to the distal
basic functionality.

Based on desirability function,38 multiple responses
have been compromised for optimum resolution of drugs.
Using 0.4% acetic acid as an additive in mobile phase is
optimum for the separation of GFLX and NFLX enantio-
mers, while 0.2% acetic acid in mobile phase is optimum
for OFLX enantiomers. Column temperature is optimum
at 35°C for drugs under study. The optimized chromato-
graphic conditions achieved the design targets of separat-
ing GFLX, OFLX, and NFLX enantiomers with high
resolution and selectivity along with moderate retentions
(Figure 3).

System suitability parameters were calculated in
Table 2 indicating satisfactory results for the chromato-
graphic parameter. The methods were finally validated
according to the International Conference on Harmoniza-
tion guidelines for validation of analytical procedures.28

Linear regression parameters obtained from the calibra-
tion curves for each enantiomer in the specified concen-
tration range were provided in Table 3.

Repeatability and intermediate precision were
checked and expressed in %RSD values. The calculated
LOD and LOQ were also illustrated in Table 3. Robust-
ness of the method against minor changes was examined
and almost the obtained %RSD results upon changing col-
umn temperature (35 ± 2°C) were less than 8% in both



FIGURE 3 Separation of the studied fluoroquinolones on Lux‐cellulose‐2 thermostated at 35°C by using acetonitrile‐ethanol (90:10 vol/

vol) as mobile phase either with acetic acid (0.4%) and diethylamine (0.1%) for Gatifloxacin A, or with acetic acid (0.2%) and diethylamine

(0.1%) for Ofloxacin B, at 2‐mL min−1 flow rate while using hexane‐ethanol (10:90 vol/vol) as mobile phase with acetic acid (0.4%) and

diethylamine (0.1%) for NFLX at 1.5‐mL min−1 flow rate (C)

TABLE 2 System suitability parameters for the proposed chromatographic separation of the studied fluoroquinolones

Parameter

Gatifloxacin Enantiomers Ofloxacin Enantiomers Nadifloxacin Enantiomers

1 2 1 2 1 2

Retention time (min) 10.8 12.3 5.8 9.6 8.7 12.8

Capacity factor (k′) 5.5 6.4 2.45 4.68 2.9 4.8

Symmetry factor 1.3 1.5 1.2 1.3 1.9 1.5

Resolution (Rs) 1.8 6.7 2.9

Selectivity (α) 1.2 1.9 1.7

Theoretical plates (N) 2981 3408 2947 3074 699 1133

TABLE 3 Regression and validation parameters of the proposed chromatographic methods for the determination of studied fluoroquino-

lone enantiomers in bulk powder

Parameter

Gatifloxacin Enantiomer Ofloxacin Enantiomer Nadifloxacin Enantiomer

Linearity 1 2 1 2 1 2

Concentration range
(μg mL−1)

100‐900 100‐900 100‐900

Slope 5.32 4.88 5.04 5.21 4.96 4.91

Intercept −218.93 −113.76 −68.49 −88.10 −196.09 −165.44

Correlation coefficient 0.9998 0.9997 0.9997 0.9993 0.9997 0.9999

Accuracy (mean ± SD) 100.54 ± 1.436 99.98 ± 0.384 98.80 ± 1.295 99.58 ± 1.503 99.44 ± 1.912 99.88 ± 1.158

Precision (%RSD)

Repeatability 1.227 1.976 1.161 1.043 1.121 1.269

Intermediate precision 1.656 2.098 1.507 1.771 1.895 1.711

LOD (μg mL−1) 24.97 25.18 18.92 22.88 29.58 27.43

LOQ (μg mL−1) 75.67 76.32 57.35 69.32 89.64 83.11

6 HASSAN ET AL.
peak area and retention time of all enantiomers. Quanti-
tative and qualitative GFLX responses were barely
affected (%RSD < 4%) by changing flow rate
(2.0 ± 0.2 mL min−1). Also little effect of flow rate was
encountered for OFLX peak area (%RSD < 9%) and
retention (%RSD < 12%). However, changing flow rate
(1.5 ± 0.2 mL min−1) has apparent effect on NFLX peak
area (%RSD < 12%) and retention (%RSD < 16%). Wide
flow rate variation in robustness study for NFLX (about
13% of nominal value) explains its larger deviation values.
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The proposed methods have been successfully used
for the determination of GFLX in opthalmic solution,
OFLX in tablets, and NFLX in cream formulation with
good accuracy and precision (Table 4). Statistical compar-
ison between results of pharmaceutical analyses obtained
by the proposed and reported or official method for
GFLX,40 OFLX,41 and NFLX39 showed no significant dif-
ference at .05 probability.
4 | CONCLUSION

Fluoroquinolones with distinctive structural features
exhibit different retention activities on Lux‐Cellulose‐2.
The most suitable organic modifier in ethanol as a mobile
phase is either acetonitrile for GFLX and OFLX or hexane
for the less polar NFLX. Experimentally designed optimi-
zation of acidic modifier and column temperature
revealed the extent by which resolution and retention of
these enantiomers are affected. The proximity of basic
functionality to chiral center is decidedly improving
GFLX enantiomeric recognition at high acidic modifier%,
while increased acidity may attenuate the chiral recogni-
tion of OFLX which possess distal basic group and core
chiral center. Remarkable similar retention of acidic fluo-
roquinolone enantiomers with core chiral center was reg-
istered. Nadifloxacin enantiomers showed balanced chiral
selective and nonselective interactions. Results empha-
sized the important complementary effect of chemical
functionality on enantiomeric discrimination. Tempera-
ture effect is typically an exothermic process; however,
increased resolution and selectivity at high column tem-
perature were registered for OFLX. The proposed chro-
matographic conditions meet the design targets of
optimum resolution, selectivity, and retention. The ana-
lytical procedures were validated and applied successfully
for pharmaceutical analyses.
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