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Summary. Reversed phase high-performance liquid chromatography (RP-HPLC) and
thin-layer chromatography (TLC)-spectrodensitometric methods have been developed
and validated for the separation and quantitation of two binary mixtures: Ofloxacin
(OFX) and dexamethasone (DXM) in eye preparation; ciprofloxacin hydrochloride (CIP)
and hydrocortisone (HYD) in ear preparation. The linearity ranges of RP-HPLC methods
were found to be (2.5-45 ng mL-1) for OFX, (2.5-50 pg mL-1) for DXM and (1-8 pg mL-1)
for both CIP and HYD. The percentage recoveries/relative standard deviation (RSD)
were found to be 100.36/1.38, 100.13/1.49, 99.98/0.61 and 100.28/1.27, respectively. The
linearity ranges of TLC-spectrodensitometric methods were found to be (0.5-2 ug
band-?), (0.5-3.5 ng band-?), (0.2-1.6 pg band-1), and (0.6-2 ug band-1) for OFX, DXM,
CIP, and HYD, respectively. The percentage recoveries/RSD were found to be
99.98/1.06, 99.93/1.18, 99.74/1.27, and 99.94/1.54, respectively. A comparative study
was conducted to show the advantages of the proposed methods which showed that the
TLC-spectrodensitometric methods were simpler, more sensitive, and economic, while
RP-HPLC methods were more precise and robust. The methods were validated in com-
pliance with the ICH guidelines and were successfully applied for determination of the
selected drugs in their laboratory-prepared mixtures and commercial dosage forms.
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Introduction

Ofloxacin (OFX) [9-fluoro-2, 3-dihydro-3-methyl-10-(4-methyl-1-pipera-
zinyl)-7-oxo-7H-pyrido (1, 2, 3-de)-1, 4-benzoxazine-6-carboxylic acid] and
ciprofloxacin hydrochloride (CIP) [1-Cyclopropyl-6-fluoro-1,4-dihydro-4-
oxo-7-(1-piperazinyl)-3-quinolinecarboxylic acid] are fluoroquinolone anti-
bacterial agents which are active against a wide range of bacteria. Dexa-
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methasone (DXM) [9a-Fluoro-11f, 17a, 21-trihydroxy-16a-methylpregna-1,
4-diene-3, 20-dione] and hydrocortisone (HYD) [(11B)-11, 17, 21-trihy-
droxypregn-4-ene-3, 20-dione] are corticosteroids with anti-inflammatory
effect [1, 2]. The chemical structures for these drugs are shown in Fig. 1. The
combinations of OFX and DXM (mixture A) are being used as anti-infective
eye preparations to treat acute and sub-acute conjunctivitis, keratitis, and
corneal ulcers, while the combinations of CIP and HYD (mixture B) are be-
ing used as ear preparations to treat outer ear infections and reduce swell-
ing.

Different methods describing the determination of the fluoroquinolo-
nes have previously been reported such as spectrophotometry [3-5], HPLC
[6-8], thin-layer chromatography (TLC) [9], and capillary electrophoresis
[10]. Other methods were reported for the corticosteroids, such as spectro-
photometry [11, 12], HPLC [13-16], and capillary electrophoresis [17, 18].

HPLC methods have been reported for the determination of mixture
A [19-21] and mixture B [22, 23]. The reported methods suffered of a lack of
robustness as the conditions, the mobile phase ratio, and composition
seemed rather critical, so they could not be easily applied in quality control
laboratories. No TLC-spectrodensitometric methods have been reported for
the analysis of these mixtures.

F COOH F COOH

(d)
Fig. 1. The chemical structures of (a) OFX, (b) CIP, (c) DXM, and (d) HYD

The aim of this work was to develop and validate reversed phase high-
performance liquid chromatography (RP-HPLC) and TLC-spectroden-
sitometric methods for resolving those mixtures. The methods were simple,
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accurate, precise, and robust. A comparative study was conducted between
the developed methods to compare between them and show their advan-
tages over the reported ones.

Experimental

Apparatus

The HPLC system: Agilent 1200 series chromatographic system equipped
with quaternary pump, microvacuum degasser, thermostatted column
compartment, and variable wavelength UV-VIS detector was used. Sample
injections were made through an Agilent 1200 series autosampler. Data col-
lection and processing were performed using Agilent ChemStation soft-
ware, version A.10.01. Column Agilent Zorbax SB-Cis (150 x 4.6 mm, 5 pm
particle size i.d.) was from (Agilent Technologies, Polo Alto, CA, USA. A
“Jenway 3505” pH-meter (Jenway, UK), equipped with combined glass elec-
trode was used for pH adjustment.

The TLC-spectrodensitometry system: Camag TLC scanner 3 S/N
130319 operated with winCATS software, Linomat 5 autosampler (Switzer-
land), Camag microsyringe (100 pL) and TLC aluminum sheet (20 x 20 cm)
precoated with silica gel 60 Fzss. (Merck KgaA, Darmstad, Germany) were
used.

Materials
Samples

OFX, CIP, and DXM reference standards were kindly supplied by Egyptian
International Pharmaceutical Industries Co. (EIPICO), Cairo, Egypt, while
HYD reference standard was kindly supplied by Sigma Pharmaceutical In-
dustries Limited, Al-Monofeya, Egypt. Their purities were found to be
100.21 £ 0.95, 99.86 £0.85, 101.82 +1.09, and 100.52 +0.64 for OFX, CIP,
DXM and HYD, respectively, by official methods [2]. Dexaflox® eye drops
(3 mg of OFX, 1 mg of DXM, and 0.06 mg of Benzalkonium chloride per
1 mL, batch number: LB060) was manufactured by Jamjoompharma, King-
dom of Saudi Arabia. Ciprocort® ear drops (10 mg of HYD and 2.3 mg of
CIP per 1 mL, batch number: 1601001) was manufactured by European
Egyptian Pharmaceutical Industries (EEPI), Alexandria, Egypt. Both sam-
ples were purchased from the local market.
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Chemicals

Sodium hydroxide scaled, ethyl acetate, 33% ammonia solution and ortho
phosphoric acid (85%) were supplied by Adwic-El Nasr pharmaceutical
Chemicals Co., Egypt). Methanol, chloroform, and triethylamine were sup-
plied by Lobachemie, India. Acetonitrile (HPLC grade) was supplied by
LabScan Limited, Dublin, Ireland.

Standard Solutions

Stock solutions of OFX and DXM were prepared using methanol, of concen-
tration 1 mg mL-1, while stock solutions of CIP and HYD were prepared us-
ing a solvent mixture of methanol-water (80:20 v/v), of concentrations
1 and 0.5 mg mL-1, respectively. All solutions were stored in dark bottles at

4°C and were stable for 3 weeks. Their stability was tested using reported
methods [8, 15].

Working Solutions
For RP-HPLC Methods

Working solutions were freshly prepared by dilution from the stock solu-
tions with the mobile phase to obtain a concentration of (50 ug mL-1) for
OFX and DXM and (10 png mL-1) for CIP and HYD.

For TLC-Spectrodensitometric Methods

Working solutions were freshly prepared by dilution from the stock solu-
tions with the same solvent to obtain a concentration of (500 pg mL) for
OFX and DXM and (200 pg mL-1) for CIP and HYD.

Procedure
RP-HPLC Methods

Chromatographic conditions. RP-HPLC was carried out at ambient tem-
perature on Zorbax SB-Cis column. For mixture A: the mobile phase con-
sisted of acetonitrile: pH-controlled solution (pH 3.3) in the ratio of (45:55
v/v). The solution was made up by adding 280 pL triethylamine and 1.4 mL
o-phosphoric acid to 1000 mL water, and the pH was adjusted to 3.3 using
10% sodium hydroxide solution. For mixture B: the mobile phase consisted
of acetonitrile-distilled water-pH-controlled solution (pH 3) in the ratio of
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(55:40:5 v/v/v). The pH-controlled solution was composed of 1% triethyl-
amine in water, and the pH was adjusted to 3 using o-phosphoric acid. The
mobile phases were filtered using 0.45 pym Millipore membrane filter (Biller-
ica, MA) and delivered at a rate of 0.6 mL min-!. The injection volumes
were 20 puL, and the detections were done at 240 nm (for mixture A) and 256
nm (mixture B).

System suitability. Twenty microliters of the working solutions were
injected and applied to the chromatographic conditions. The system suit-
ability parameters including retention time, tailing factor, theoretical plate
count (N), height of theoretical plate (HETP), and resolution were calculated
according to USP guidelines [24].

Construction of calibration curves. Separate aliquots were transferred
from the working solution of each drug to prepare solutions of different
concentrations. The corresponding chromatographic conditions were ap-
plied for these solutions, and the chromatograms were recorded. The cali-
bration curve of each drug was constructed by plotting the relative peak
area (the peak area found to that of an external standard of the same drug)
against the corresponding concentration, from which the regression equa-
tions were calculated. For mixture A, the calibration curves for OFX and
DXM were constructed using the external standards (2.5 ug mL-1 of OFX
and DXM) at 240 nm. For mixture B, the calibration curves for CIP and HYD
were constructed using the external standards (1 pg mL-1 of CIP and HYD)
at 256 nm. Calibration curves were constructed in the range of 2.5-45 g
mL-1 for OFX, 2.5-50 ug mL-1 for DXM, and 1-8 ug mL-1 for both CIP and
HYD. The calibration curves were constructed using the average of three
experiments.

TLC-spectrodensitometric methods

Chromatographic conditions. TLC aluminum sheets 20 x 10 cm precoated
with 0.25 mm silica gel 60 F254 were used. The samples were applied to the
TLC plate as bands (bandwidth: 6 mm, bands were spaced 1 cm apart from
each other and 1 cm from the bottom edge of the plate). The applied volume
per band was 10 uL using a 100-uL syringe. For mixture A: the developing
system was chloroform-methanol-triethylamine (35:10:10 v/v/v). For mix-
ture B: the developing system was ethyl acetate-hexane-triethylamine
(50:25:25 v/v/v). Linear ascending development was done in a chroma-
tographic tank previously saturated with the developing system for 1 h at
room temperature to a distance of approximately 8 cm from the lower edge.
The developed plates were air dried and scanned at 240 nm for mixture A
and at 243 nm for mixture B. The detection was done using Camag TLC
scanner 3 operated in the absorbance mode, with deuterium lamp as a
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source of radiation, the slit dimension was kept at 3 x 0.45 mm, and 20 mm
s~1 scanning speed was employed.

System suitability. Parameters including resolution (Rs) and peak
symmetry were calculated for both mixtures according to USP guidelines
[24].

Construction of calibration curves. Separate aliquots were transferred
from the working solution of each drug to prepare solutions of different
concentrations. The corresponding chromatographic conditions were ap-
plied, and the chromatograms were recorded. The calibration curves were
constructed by plotting the recorded peak area x10-3 against the corre-
sponding concentrations, from which the regression equations were calcu-
lated. Calibration curves were constructed in the range of 0.5-2 pg band-!
for OFX, 0.5-3.5 pg band~! for DXM, 0.2-1.6 pg band-! for CIP, and 0.6-2 pg
band-! for HYD. The calibration curves were constructed using the average
of three experiments.

Assay of laboratory-prepared mixtures. Different aliquots of the drugs
were accurately transferred from their working solutions and mixed to pre-
pare solutions of different ratios. The chromatographic conditions of both
methods were adopted for each laboratory-prepared mixture, and the con-
centrations of each drug were calculated from the corresponding regression
equation. Each concentration was conducted from the average of three ex-
periments.

Application to Pharmaceutical Dosage Forms

Dexaflox® eye drops. Five milliliter of Dexaflox® eye drops was transferred
into 10-mL volumetric flask, the volume was completed with methanol to
get 1500 pg mL-1 of OFX and 500 pg mL-1 of DXM. For HPLC method, an
appropriate dilution was made with the mobile phase to prepare the work-
ing solution to obtain a solution of 30 pg mL-1 of OFX and 10 pg mL-1 of
DXM. For TLC-spectrodensitometric method, an appropriate dilution was
made with methanol to prepare the working solution to obtain solutions of
150 pg mL-1 of OFX and 50 ug mL-1 of DXM.

Ciprocort ® ear drops. One milliliter of Ciprocort ® ear drops was trans-
ferred into 10-mL volumetric flask, the volume was completed with metha-
nol to get 230 pg mL-1 of CIP and 1 mg mL-! of HYD. For HPLC method, an
appropriate dilution was made with the mobile phase to prepare the work-
ing solution to obtain solution of 1.15 pg mL-1 of CIP and 5 ug mL-! of
HYD. For TLC-spectrodensitometric method, an appropriate dilution was
made with methanol to prepare the working solution to obtain solution of
23 ng mL-1 of CIP and 100 pg mL-1 of HYD.
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The prepared working solutions of both dosage forms were filtered
through 0.45 um Millipore syringe membrane filter. The corresponding
chromatographic conditions were applied for each working solution. Six
replicates of each experiment were done. The concentration of each drug
was calculated from its corresponding regression equation. The standard
addition technique was applied by adding different known concentrations
of pure standard drugs to the pharmaceutical formulation before proceed-
ing in the previously mentioned methods.

Results and Discussion

The aim of this work was to develop, validate, and compare between RP-
HPLC and TLC-spectrodensitometric methods applied for the determina-
tion of two binary mixtures without prior separation.

RP-HPLC Methods

To optimize the RP-HPLC methods, it was necessary to test the effect of dif-
ferent variables. Mobile phases of similar — yet slightly modified — com-
positions have also been tested, but produced considerably worse results.
Different stationary phases, detection wavelengths, and flow rates were also
tested. For mixture A, good resolution and linearity were obtained using Cis
column and acetonitrile: pH-controlled solution (pH 3.3) in the ratio of 45:55
(v/v) as a mobile phase. Flow rate was kept at 0.6 mL min~!, and detection
was done at 240 nm to overcome the problem of the interference of the
added preservative (benzalkonium chloride) (Fig. 2). The retention times

-
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Fig. 2. The zero order UV spectra of (a) 10 ug mL- of OFX, DXM, and BNZ
(benzalkonium chloride); (b) 5 pg mL-1 of CIP and HYD
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Fig. 3. RP-HPLC chromatogram of 30 ng mL-! (a) OFX and 10 ug mL-%; (b) DXM using
Cig column, and mobile phase of acetonitrile: pH-controlled solution (pH 3.3) in ratio
(45:55 v/v), flow rate of 0.6 mL min-! at 240 nm
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Fig. 4. RP-HPLC chromatogram of 2 ug mL-1 (a) CIP and 6 pg mL-1; (b) HYD using Cis
column and mobile phase of acetonitrile: distilled water: pH-controlled solution (pH 3)
in ratio (55:40:5 v/v/v), flow rate of 0.6 mL min1 at 256 nm

were 2.03 and 4.20 for OFX and DXM, respectively (Fig. 3). Although OFX
showed a relatively high tailing factor (1.63) as it was reported to have poor
symmetrical peak applying different chromatographic conditions [21, 25-
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27], this did not affect the reproducibility of the results or the resolution of
the two peaks. For mixture B, good resolution and linearity were obtained
using Cis column and acetonitrile-distilled water-pH-controlled solution
(pH 3) in the ratio of 55:40:5 (v/v/v) as a mobile phase. Flow rate was kept
at 0.6 mL min™!, and detection was done at 256 nm, where both drugs
showed good linearity (Fig. 2). The retention times were 1.97 and 5.58 for
CIP and HYD, respectively (Fig. 4).

TLC-Spectrodensitometric Methods

This method offers a simple way to quantify the mixtures” components di-
rectly on TLC plate by measuring the optical density of the separated bands.
The unknown concentrations are determined by being compared to a stan-
dard curve from reference materials chromatographed simultaneously un-
der the same condition [28, 29]. Studying the optimum parameters for
maximum separation was carried out by trying different developing sys-
tems with different ratios, but it was found that the selected developing sys-
tems showed the best separation. The developing systems used were chlo-
roform-methanol-triethylamine in the ratio of 35:10:10 (v/v/v) for mixture

500 —
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450 —

(b)

400 -]
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000 020 0.40 080 0380 1.00
R

Fig. 5. TLC chromatogram of 1 pg band-! (a) OFX and 1.5 ug band-%; (b) DXM using
chloroform-methanol-triethylamine (35:10:10 v/v/v) as developing system
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A and ethyl acetate-hexane-triethylamine in the ratio of 50:25:25 (v/v/v) for
mixture B. Different scanning wavelengths were checked, but the separated
peaks were more sharp and symmetrical with minimum noise upon using
240 nm for mixture A and 243 nm for mixture B. OFX and DXM were sepa-
rated at Rr 0.35 + 0.02 and 0.78 * 0.01, respectively (Fig. 5). CIP and HYD
were separated at Rr 0.06 £ 0.02 and 0.66 + 0.01, respectively (Fig. 6).

System suitability parameters for mixtures A and B, using both meth-
ods, were calculated and listed in Table I. The assay parameters and valida-
tion sheet were listed in Table II. The methods were succefully applied to de-
termine the selected drugs in the laboratory-prepared mixtures, and the re-
sults are shown in Tables Il and V.

Track 10.,1D:

100

0 0 0.40 1] Qo 1

Fig. 6. TLC chromatogram of 1.2 pg band-! (a) CIP and 0.6 ug band-1, (b) HYD using
ethyl acetate-hexane-triethylamine (50:25:25 v/v/v) as developing system
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Table I. Statistical analysis of parameters required for system suitability of HPLC and
TLC-spectrodensitometric methods

Parameter RP-HPLC method TLC-spectrodensitometric method Reference
OFX DXM CIP HYD OFX DXM CIP HYD value [31]
tr (RP-HPLC) 0.35+ 0.78 + 0.06+ 0.66+ tr>1
Rr (TLC) 208 4.20 197 558 0.02 0.01 0.01 0.01 (HPLC)
N > 2000
Increases
N (column 3906 | 5335 | 7096 | 13960 with
efficiency) efficiency of
the
separation
HETP (height The smaller
equivalent to the value,
. 0.004 0.003 0.002 | 0.001 the higher
theoretical
plates) the < (.)lumn
efficiency
T<2
T (tailing 1.63 1.30 103 | 089 | 08 | 108 | 113 1.01 =1 for
factor) symmetric
peak
Rs
(experimental 5.4 8.3 4.5 10.48 Rs >2
resolution)

Table Il. Assay parameters and validation sheet obtained by applying the RP-HPLC and
TLC-spectrodensitometric methods to the binary mixtures A and B

RP-HPLC methods TLC-spectrodensitometric methods
Parameters
OFX DXM cIp HYD OFX DXM cIp HYD
Calibration 2.5-45 2.5-50 1-8 1-8 0.5-2 05-35 | 02-16 0.6-2
range?
Slope 0.3676 0.3877 0.8741 0.9405 5172 3.742 2.969 3.593
Intercept 0.0582 0.0025 0.1235 0.0304 1.105 2.709 2.208 0.2453
Sta“d:gpeermr of 0.0012 0.0013 0.0051 0.0034 0.0525 0.0382 0.0212 0.0407
Standard error of
‘ 0.0292 0.0396 0.0270 0.0169 0.0706 0.0855 0.0214 0.0547
intercept
Mean® 100.36 100.13 99.89 100.28 99.98 99.93 99.74 99.94
RSD 1.38 1.49 0.61 1.27 1.06 1.18 1.27 1.54
LODa 0.42 051 0.12 0.08 0.04 0.09 0.03 0.05
LOQ= 1.27 1.56 037 0.24 0.13 0.27 0.09 0.14
] 10091/ | 100.84/ | 10032/ | 99.89/ | 10072/ | 10135/ | 10050/
Accuracy 1.06 0.95 0.78 0.34 141 0.60 1.00 10021.59
Correlation 0.9999 0.9999 0.9999 0.9999 0.9997 0.9997 0.9998 0.9997
coefficient (r)

R 0.9999 0.9999 0.9998 0.9999 0.9995 0.9994 0.9997 0.9994
Intra-day 10099/ | 101.02/ | 10037/ | 9986/ | 10053/ 99.76/ | 100.29/ 99.78/
precisione 0.74 0.66 0.19 0.46 1.35 0.86 0.65 1.15
Inter-day 9937/ | 10015/ | 99.89/ 99.83/ | 100.09/ | 100.23/ | 100.20/ 99.29/
precisionc 0.95 0.87 0.40 0.45 1.07 1.07 1.01 0.76

. 9911/ | 10003/ | 10032/ | 9995/ | 10079/ | 10144/ | 10094/ | 10043/
Robustness 053 0.51 0.42 0.61 1.16 154 1.28 1.73

aRP-HPLC methods: in (ung mL-1); TLC-spectrodensitometric methods: in pg band-1.
bAverage of three experiments.
<Mean value/RSD of three samples.
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Table I1I. Determination of OFX and DXM in laboratory-prepared mixtures by the
RP-HPLC and TLC-spectrodensitometric methods

RP-HPLC method TLC-spectrodensitometric method
OFX DXM OFX DXM
Mixture Ra- . —~ o EN PN S = - S = = EN
no. tio g e P £h B 5 = ] 53 s 22 s a
g2 | B2 | s | B | B2 g | §8 | E:E v | 55 | EE )
& S @ g S o & 3 SR S o 3 E o S o ]
=) 3 1 = =3 g EY =2 g = =2 3
< 3 2 < 3 ~
1 11 25 25.29 101.16 25 25.09 100.36 1 1.01 101.00 1 0.98 98.18
2 12 25 2512 100.48 50 50.22 100.44 1 1.01 101.00 2 2.02 101.00
3 13 10 10.2 100.20 30 30.00 100.00 1 1.02 102.00 3 3.01 100.33
4 2:1 40 39.86 99.65 20 20.18 100.90 2 1.99 99.50 1 1.01 101.00
5 23 20 19.76 98.80 30 30.00 100.00 2 1.97 98.53 3 3.04 101.33
6 3:1° 30 29.87 99.57 10 10.01 100.10 15 1.50 100.06 0.5 0.50 100.00
7 3:2 30 29.98 99.93 20 19.90 99.50 1.5 1.49 99.33 1 1.02 102.00
Mean = 99.97 £ 100.19 100.20
SD 075 £044 £119 100.55£1.23

aAverage of three experiments.
bRatio present in Dexaflox® eye drops.

Table IV. Application of standard addition technique to the analysis of OFX and DXM in
Dexaflox® eye drops by the RP-HPLC and TLC-spectrodensitometric methods
compared to reported method [21]

Reported
RP-HPLC method TLC-spectrodensitometric method method
Dexaflox® [21]
eye drops & - 2 g g < o~ = <
Batch R EA TR N T 5 -5 PSR R < Z
= — — o
noLB060 | EE | 5B 8 |BE ¢ | EE | 5§ g |25 ¢ g
S e | O ap ) @ | & &~ 52 ) v 2 g o
oz | § |52 § |02 2] § |58 & g
& & & = = ~ £ = & m
2.5 | 100.96 0.5 | 100.96
102.00 | 5 100.43 101.39 | 0.75 | 10043 | 101.48
OFX 30 30.60 15 1.53
082 | 10 | 100.13 082 | 085 | 10013 | *+1.04
15 99.99 1.0 | 99.99
Mean + 100.18 100.38
SD +0.55 +0.43
5 99.68 05 | 99.68
10 | 100.83 1.0 | 100.83
DXM 10 9.95 99.49 05 0.50 100.76 99.69
052 | 15 | 99.89 +117 | 15 | 9989 | 063
20 | 100.50 2.0 | 100.50
Mean * 100.43 100.22
SD +0.72 +0.53

aAverage of six experiments.
bAverage of three experiments.
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Table V. Determination of CIP and HYD in laboratory-prepared mixtures by the
RP-HPLC and TLC-spectrodensitometric methods

RP-HPLC method TLC-spectrodensitometric method
CIp HYD CIp HYD
Mixture . o o0 o o0
Rati - - = - . > T — > T —~ >
no. e IR R 5_ £ 5 50 5_ £e | 25| §- £T | S5 §.
2 e ERE Z 2 L& SE S % T2 S L g T Z Z =
£ S w g £ o S w g E | 58 g~ Ew | £8 g
2 =2 1 2 =2 4 2|l g7 = 28| «
1 11 2 2.01 100.54 2 1.99 99.54 0.8 0.803 100.32 0.8 0.798 99.77
2 1:2 2 1.99 99.69 4 4.03 100.69 0.4 0.404 100.98 08 0.797 99.65
3 1:3 1 1.01 100.80 3 2.99 99.66 0.2 0.203 101.43 1.6 1.610 100.63
4 1:5 1 1.01 101.18 5 5.00 100.01 0.2 0.201 100.32 1 1.009 100.93
5 21 4 4.04 100.93 2 201 100.59 12 1.197 99.76 0.6 0.608 101.32
6 2:3 2 1.99 99.64 3 2.99 99.90 0.6 0.598 99.65 0.9 0.900 100.02
7 32 3 2.99 99.79 1 1.00 99.72 0.9 0.907 100.82 0.6 0.599 99.84
Mean + 100.38 100.11 100.47 100.31
SD +0.60 +0.50 +0.65 +0.61

aAverage of three experiments.

Application to Pharmaceutical Dosage Forms

The suggested HPLC and TLC-spectrodensitometric methods were valid
and applicable for the analysis of OFX and DXM in Dexaflox® eye drops,
CIP and HYD in Ciprocort® ear drops. The validity of the proposed meth-
ods was further assessed by applying the standard addition technique,

Table VI. Application of standard addition technique to the analysis of CIP and HYD in
Ciprocort ® ear drops by the RP-HPLC and TLC-spectrodensitometric methods
compared to manufacturer method [29]

. . Manufacturer
RP-HPLC method TLC-spectrodensitometric method method [29] <
Ciprocort®
Batch no: E._El 2 .él = 3 »—El 5 E 2 ’g 2 = 3E 5 Z
1601001 5| 85 2 o 2 5 £ g5 2 o5 g 3
oE | 22| & 52 § vg | ~2] g CRE - g
= = [~ & ~ = = [~ = ~ ~
2 2.01 0.5 100.96
101.20 3 3.04 101.48 0.75 100.43 101.66
CIP 1.15 1.16 +0.48 " 101 0.230 0.233 +051 085 10013 +081
5 4.98 1.0 99.99
Mean * 100.40 100.15
SD +0.73 +0.41
1 1.00 0.2 0.201
98.14 1.5 1.50 98.25 0.4 0.399 98.01
HYD 5 91 yoss [ 2 2.00 Lo 0982 | 054 [ 06 | 0601 £0.64
25 2.53 0.8 0.803
Mean + 100.27 100.25
SD +0.55 +0.41

aAverage of six experiments.

bAverage of three experiments.

¢ Manufacturer method [29] is HPLC using RP C18 and mobile phase water-
methanol (55:45) pH 2.5 with 0-H3POy, flow rate 1.5 mL/min, detection at 240 nm.
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which showed accurate results. The results for mixture A were compared
with that of the reported method [21], and the results for mixture B were
compared with that of the manufacturer method [30], as shown in Tables IV
and VI, respectively. The results confirm the suitability of the proposed
methods for the routine determination of these components in their com-
bined formulations.

Methods Validation

Method validation was performed according to ICH guidelines [31] for all
the proposed methods as follows:

Range and Linearity

The linearity of the proposed methods was evaluated by processing the dif-
ferent calibration curves on 3 different days. The RP-HPLC methods
showed higher correlation coefficients (r = 0.9999) than TLC-spectroden-
sitometric methods (r = 0.9997). The calibration curves were constructed
within concentration ranges that were selected on the basis of the antici-
pated drugs concentration during the assay of the dosage form. For RP-
HPLC methods, calibration curves were constructed in the range of 2.5-45
png mL-1 for OFX, 2.5-50 ng mL-! for DXM, and 1-8 pg mL™! for both CIP
and HYD. For TLC-spectrodensitometric methods, calibration curves were
constructed in the range of 0.5-2 ug band-! for OFX, 0.5-3.5 pg band™! for
DXM, 0.2-1.6 pg band™! for CIP, and 0.6-2 pg band~! for HYD (Table V). The
corresponding assay parameters and validation sheet for the proposed
methods were listed in Table II.

Limits of Detection and Quantification

The limit of detection (LOD) and limit of quantification (LOQ) were calcu-
lated for each drug using the proposed methods with a ratio of 3.3 and 10 of
standard deviations of the blank, respectively, and the slope of the calibra-
tion line, as shown in Table II.

Accuracy

To study the accuracy of the proposed methods, procedures under linearity
were repeated three times for the determination of different blind concen-
trations of pure drugs. The accuracy expressed as percentage recover-
ies/RSD is shown in Table II. The interference of excipients in the pharma-
ceutical formulations was studied by applying standard addition method to
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the pharmaceutical formulation. Good accuracy proved that the excipients
in pharmaceutical formulations did not interfere in the analysis of these
compounds, as shown in Tables IV and VI.

Precision

The precision of the proposed methods, expressed as RSD, was determined
by the analysis of three different concentrations of pure drugs within the
linearity range. The intra-day precision was assessed from the results of
three replicate analyses of three pure drugs samples on a single day. The in-
ter-day precision was determined from the same samples analyzed on 3
consecutive days. Comparing the results of the proposed methods for each
mixture, it was found that RP-HPLC methods were more precise than TLC-
spectrodensitometric methods (lower RSD). The results are illustrated in
Table I1.

Selectivity

Selectivity of the proposed methods was achieved by the analysis of differ-
ent laboratory-prepared mixtures of A (OFX and DXM) and B (CIP and
HYD) within the linearity range. Satisfactory results were shown in Tables
[ITand V.

Robustness

The robustness of the proposed methods was investigated by the analysis of
samples under a variety of experimental conditions. For RP-HPLC methods,
small changes in the pH (+0.5) and small changes in proportions of acetoni-
trile by up to +2% were introduced to the mobile phases. A slight change in
the retention time and peak parameters was observed, however, the peak
areas were conserved. For TLC-spectrodensitometric methods, small
changes in proportions of chloroform (mixture A) and ethyl acetate (mix-
ture B) by up to #2% were introduced to the developing systems. Rr values
and peak symmetry were slightly changed; however, the peak areas were
conserved. The effect of robustness was more observed in the TLC methods
(higher RSD) as listed in Table 1I, which proved that RP-HPLC methods
were more robust upon changing the experimental conditions

Statistical Analysis

Results obtained by the proposed methods for the determination of pure
samples of OFX, DXM, CIP, and HYD were statistically compared to those
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obtained by the official methods [2]. The values of the calculated t and F
were less than the corresponding tabulated ones, which revealed that there
was no significant difference with respect to accuracy and precision be-
tween the proposed methods and the official ones as shown in Table VII.

Table VII. Statistical comparison between the results obtained by the proposed methods
and the official BP methods [2] for the determination of OFX, DXM,
CIP, and HYD in pure powder form

RP-HPLC methods TLC-spectrodensitometric methods Official BP methods [2]2
Parameters
OFX DXM CIP HYD OFX DXM CIP HYD OFX DXM cIp HYD
Mean 100.36 100.13 99.89 100.28 99.98 99.93 99.74 99.94 100.21 101.82 99.86 100.52
RSD 1.38 149 0.61 1.27 1.06 118 127 1.54 0.95 1.09 0.85 0.64
No. of ex- 7 7 7 7 7 7 7 7 5 5 5 5
periments
Student’s
t-test 1.67 0.67 1.09 0.87 1.56 0.45 1.32 1.01
.81y
F test 178 | 369 | 203 | 244 | 105 | 35 | 115 | 317
(4.53)° : i i ’ i i i i

aBP methods for OFX is a non-aqueous potentiometric titrimetric method, for CIP is
HPLC method, while for DXM and HYD are absorbance methods.

bFigures between parentheses represent the corresponding tabulated values of ¢
and F at P = 0.05.

Conclusion

Comparing the RP-HPLC and TLC-spectrodensitometric methods for
analysis of both mixtures, it was found that the proposed methods provided
simple, accurate, sensitive, and selective quantitative analysis of both mix-
tures in bulk powder, laboratory-prepared mixtures, and dosage forms. The
TLC-spectrodensitometric methods had the advantages, over the reported
and proposed RP-HPLC methods, of being simpler (simple developing sys-
tems with no pH adjustments), sensitive and economic, as it saves cost (in-
expensive apparatus and solvents), and time, as up to 20 samples could be
applied to a single plate and analyzed per one development. The proposed
RP-HPLC methods had the advantage of being more precise and robust
than the proposed TLC-spectrodensitometric methods. The proposed RP-
HPLC applied a simple isocratic mobile phase, unlike the reported methods
[19, 20, 22, 23] through which the conditions, the mobile phase ratio, and
composition seemed rather critical; so the robustness of the reported meth-
ods could therefore be significantly affected. The proposed RP-HPLC
method differed from the reported method [21] through using different
conditions (shorter column, lower flow rate, and modified mobile phase),
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which lead to consuming smaller amounts of solvents on the large scale
(quality control laboratories) and saving the lifetime of the column used,
but yet the same retention time, symmetry, and resolution of the peaks were
reserved.
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