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ABSTRACT 
Fluorometholone and Sodium Cromoglycate are used in the treatment of allergic conjunctivitis. A 
validated HPLC method was developed for the assay of them. The method was performed on BDS 
HYPERSIL C18 column (250x4.6 mm, 5μ) and the mobile phase consisted of potassium dihydrogen 
phosphate (pH 4.5, 0.025M) - Acetonitrile (40:60, V/V) which pumped at a flow rate 1.0 ml/min at 
ambient temperature. 20 µl of drugs sample solutions were monitored at two fixed wavelengths 
(lambda = 240.0 nm for Sodium Cromoglycate and 330.0 nm for Fluorometholone). The proposed 
method was validated in terms of linearity, accuracy, precision and limits of detection and quantitation 
according to ICH. 
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1. Introduction 
Sodium Cromoglycate (cromolyn sodium) inhibits the degranulation of sensitized mast cells that occurs 
after exposure to specific antigens. It acts by inhibiting the release of histamine and other mediators 
from the mast cell. It has no intrinsic vasoconstrictor, antihistaminic or anti-inflammatory activity. It is 
indicated for allergic condition of the eye including acute and chronic allergic conjunctivitis and vernal 
keratoconjunctivitis [1]. Fluorometholone exerts an anti-inflammatory action in hyperemia, cellular 
infilteration and vascularization. It inhibits inflammatory response to inciting agents of mechanical, 
chemical or immunological nature. It prevents kinin release, inhibits prostaglandin synthesis and inhibits 
lymphocyte and neutrophil function. It is indicated for treatment of steroid responsive inflammatory 
conditions of bulbar conjunctiva, allergic conjunctivitis and non specific keratitis [1]. Fluca® eye drop 
contains 0.1% of Fluorometholone and 2.0% of Sodium Cromoglycate are instilled twice daily to treat 
allergic conjunctivitis. Development of HPLC method for simultaneous estimation of this combination is 
our scope.   
Sodium Cromoglycate is disodium 5, 5'-[(2-hydroxypropane-1, 3-diyl) bis (oxy)] bis (4-oxo-4H-1-
benzopyran-2-carboxylate) (Fig.1), USP described spectrophotometric assay for determination Sodium 
Cromoglycate in ophthalmic solution [2]. BP estimated Sodium Cromoglycate potentiometrically [3]. 
Literature review reveals several methods which have been reported for the estimation of Sodium 
Cromoglycate by HPLC in pharmaceutical dosage forms [4-6], in urine [7 and 8] and by LC/MS/MS in 
plasma [8-10]. Other analytical techniques were reported for determination of Sodium Cromoglycate 
like TLC [11] and voltammetry [12]. 
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Fig.1. Structures of A-Sodium Cromoglycate and B- Fluorometholone respectively 

Fluorometholone is 9a-fluoro-11b, 17a-dihydroxy-6a-methylpregna-1, 4-diene-3; 20-dione (Fig.1), USP 
and BP described RP-HPLC for determination Fluorometholone in eye drops [2, 3]. Literature review 
reveals several methods which have been reported for the estimation of Fluorometholone in 
pharmaceutical dosage forms by HPLC [13-14] and UV [15]. But literature review reveals that no 
method has been reported for estimation of both drugs together.  
2. EXPERIMENTAL  
2.1. Instrumentation   
Analysis was performed on a chromatographic system of WATERS 2695 separation module connected 
to WATERS 2487 UV/VIS detector. The system equipped by Empower PC program. The 
chromatographic separation was achieved on BDS HYPERSIL C18 column (250x4.6 mm, 5μ). 
2.2. Chemicals and reagents 

All reagents used were of analytical grade or HPLC grade. Potassium dihydrogen phosphate 
and ortho-phosphoric acid were supplied by (Merck, Darmstadt, Germany), Acetonitrile HPLC grade 
was supplied by (Fischer scientific, U.K.) and Distilled water. Water used in all the experiments was 
obtained from Milli-RO and Milli-Q systems (Millipore, Bedford, MA). 
Sodium Cromoglycate and Fluorometholone working standard powders were kindly supplied by 
Egyptian international pharmaceutical industries company (EIPICO) (10th of Ramadan, Egypt), and 
were used without further purification. 
2.3. Chromatographic condition 
20 µl of drugs sample solutions were monitored at two fixed wavelengths (lambda = 330 nm for Sodium 
Cromoglycate and 240 nm for Fluorometholone). Liquid chromatography was performed on BDS 
HYPERSIL C18 column (250x4.6 mm, 5μ) and the mobile phase consisted of Potassium dihydrogen 
phosphate (pH 4.5, 0.025M) - Acetonitrile (40:60, V/V) which pumped at a flow rate equals to 1.0 ml/min 
at ambient temperature.  
Potassium dihydrogen phosphate (0.025 M) was prepared by dissolving 3.4 g Potassium dihydrogen 
phosphate in approximately 950 ml distilled water. The pH was adjusted to 4.5 with ortho-phosphoric 
acid. Water was added to 1000 ml. Mobile phase was filtered through a 0.45 µl Nylon membrane filter 
(Millipore, Milford, MA, USA) under vacuum and degassed by ultrasonication (Cole Palmer, Vernon 
Hills, USA) before usage. 
2.4. Pharmaceutical preparation 
Fluca eye drops; Jamjom (K.S.A) contains (Sodium Cromoglycate 2.0% and Fluorometholone 0.1%)  
B.NO: MK097.  
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2.5. Preparation of stock standard solutions 
Stock standard solutions containing 2.0, 0.1 mg/ml of Sodium Cromoglycate and 

Fluorometholone respectively were prepared by dissolving 200 and 10 mg of each in 50% methanol in 
100 ml volumetric flask respectively. It was then sonicated for 5 minutes and the final volume of 
solutions was completed to 100 ml with 50% methanol to get stock standard solutions. 
2.6. Preparation of calibration plot (working standard solutions) 

To construct calibration plots, the stock standard solutions were diluted with 50% methanol to 
prepare working solutions in the concentration ranges (100-300 and 5-15 µg/ml) for of   Sodium 
Cromoglycate and Fluorometholone respectively. Each solution (n=5) was injected in triplicate and 
chromatographed under the mentioned conditions above. Linear relationships were obtained when 
average drug standard peak area were plotted against the corresponding concentrations for each drug. 
Regression equation was computed.  
2.7. Sample preparation 
1 ml of Fluca E/D was taken into 100 ml volumetric flusk then completed with 50% methanol.  
Test solutions were analyzed under optimized chromatographic conditions and chromatogram is 
depicted in (Fig.2). 

 
 

Fig.2. Typical HPLC chromatograms obtained from 20 µl injections of Sodium Cromoglycate (2.00 min.) 
and Fluorometholone (4.01 min.) respectively under optimized chromatographic conditions. 
 
3. RESULTS AND DISCUSSION 
3.1. Optimization of chromatographic condition 
Several trials were carried out to obtain optimized chromatographic condition for simultaneous 
determination of Sodium Cromoglycate and Fluorometholone in their pharmaceutical preparations. 
Firstly, maximum absorption wavelengths (330,240 nm) for Sodium Cromoglycate and Fluorometholone 
were selected by scanning from 400-200 nm under UV (Fig.3). Potassium dihydrogen phosphate (pH 
4.5, 0.025M) has no effect on absorption at wavelength more than 200 nm [16].  

Minutes 
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Fig.3. Typical UV spectrum of Sodium Cromoglycate (CROM) and Fluorometholone (FML) 
 

Low concentration of buffer (0.025M) is adequate for most reversed phase applications. This 
concentration is low enough to avoid problems with precipitation when significant amounts of organic 
modifiers are used in the mobile phase [16]. PH of phosphate buffer was examined, it had no effect on 
separation because Sodium Cromoglycate is an ionized compound and Fluorometholone is a non 
ionized one. Different percentages of acetonitrile were tried with phosphate buffer to reach optimum 
separation with good resolution.60% acetonitrile in mobile phase produced adequate separation and 
resolution. Using BDS HYPERSIL C18 column produced more sharper and symmetric peaks than 
Cyano column which produced poor, broad and asymmetric peak with Fluorometholone (Fig.4).  

 
Fig.4. Typical HPLC chromatograms obtained from 20 µl injections of Sodium Cromoglycate (2.00 min.) 
and Fluorometholone (4.01 min.) respectively on BDS Cyano Hypersil column.  
 

Some months later, another new method was developed and published for determination of Sodium 
Cromoglycate and Fluorometholone using TLC [17]. It has some drawbacks; first one is time consuming 
of TLC Technique for every run (about 1 hour). The second is using additional software to aid in 
calculating of indirect used UV spectroscopy. The third is the addition of known concentration of 
Fluorometholone to reach linearity range. 
 

CROM 

FML 

CROM 

FML 
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5. METHOD VALIDATION 
5.1. Specificity 
Specificity is the ability to assess unequivocally the analyte in the presence of components which may 
be expected to be present. Typically these might include impurities, degradants, matrix, etc [18].  A 
Bulk of Fluca E/D (solution contains excipients only) had been prepared by mixing its excipients like 
benzalkonium chloride 0.005%; disodium edetate, polyvinyl alcohol, sodium phosphate monobasic 
monohydrate; sodium phosphate dibasic heptahydrate , polysorbate 80 , sodium chloride and purified 
water then known concentration of studied drugs was added to the bulk then injected under previous 
condition.  Recovery results showed that the bulk has negligible effect Which Means That the bulk did 
not interfere with developed method. 
5.2. Linearity and range 
The linearity of an analytical procedure is its ability (within a given range) to obtain test results which 
are directly proportional to the concentration (amount) of analyte in the sample. For the establishment 
of linearity, a minimum of 5 concentrations is recommended [18]. Five Concentrations were chosen in 
the ranges (100-300 and 5-15 µg/ml) for corresponding levels of 50-150% w/w of the nominal analytical 
concentration of Sodium Cromoglycate and Fluorometholone respectively. The linearity of peak area 
responses versus concentrations was demonstrated by linear least square regression analysis. The 
linear regression equations were {Y = 21107X +416.8 (r= 0.9999) and Y = 48413X -35.26 (r= 0.9998)} 
for Sodium Cromoglycate and Fluorometholone respectively (Table 1). Where Y is the peak area of 
standard solution and X is the drug concentration.  
5.3. Limits of detection and Limits of quantitation   

According to the ICH recommendations, determination of limits of detection and quantitation 
was based on the standard deviation of the y-intercepts of regression lines (n=3) and the slope of the 
calibration plots [18] (Table 1). 
 
Table 1: Calibration data was resulted from method validation of Sodium Cromoglycate and 
Fluorometholone respectively 

Item Sodium Cromoglycate  Fluorometholone 

Linear range (µg/ml) 100-300 5-15 
Detection limit (µg/ml) 1.11 0.07 
Quantitation limit (µg/.ml) 3.37 0.22 
Regression data   
No.  5 5 
slope (b) 21107 48413 
Standard deviation of the 
slope 49.43 132.3 

intercept (a) 416.8 35.26 
Standard deviation of the 
intercept 7109.6 1058.8 

correlation coefficient ® 0.9999 0.9998 
Standard error of regression 0.79 0.06 
 (Y = a + bC, where C is the concentration of the compound (µg/ml) and Y is the drug peak area) 
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5.4. Precision 
The precision of the assay was investigated by measurement of both repeatability and 

Intermediate precision.  
5.4.1. Repeatability 

Repeatability was investigated by injecting a minimum of 6 determinations at 100% of the test 
concentration and percentage SD were calculated in Table 2.   
5.4.2. Intermediate precision 

In the inter-day studies, standard and sample solutions prepared as described above, were 
analyzed in triplicate on three consecutive days at 100% of the test concentration and percentage SD 
were calculated Table 2. 
5.5. Accuracy  

Accuracy was assessed using 9 determinations over 3 concentration levels covering the 
specified range (80,100 and 120%). Accuracy was reported as percent recovery by the assay of known 
added amount of analyte in the sample Table 2.  
 
Table 2:  Repeatability and Intermediate precision and Accuracy (Recovery %) of Sodium 
Cromoglycate and Fluorometholone respectively 

Drug name Sodium Cromoglycate Fluorometholone 

 AV±SD  mg/ml AV±SD  % AV±SD  mg/ml AV±SD  % 

Repeatability 199.61±1.39 99.81±0.70% 9.95±0.01 99.49±0.12% 

Intermediate precision 199.44±2.03 99.72±1.01% 9.95±0.07 99.45±0.68% 

Accuracy 
& Recovery% 

80% 161.99±0.12 101.24±0.08% 7.99±0.01 99.86±0.11% 

100% 200.93±0.34 100.47±0.17% 10.04±0.03 100.40±0.25% 

120% 241.53±0.18 100.64±0.07% 12.17±0.02 101.40±0.20% 

 

5.6. Robustness 
Robustness of an analytical procedure is a measure of its capacity to remain unaffected by 

small variations in method parameters and provides an indication of its reliability during normal usage 
[18]. Robustness was tested by studying the effect of changing mobile phase pH by ± 0.5, the 
percentage of organic solvent (acetonitrile) in the mobile phase by ± 5 %, temperature ± 5 C,ْ 
wavelengths ± 5 nm and flow rate ± 0.1 ml/min had no significant effect on the chromatographic 
resolution of the method.  
5.6.1. Stability of analytical solution 

Also as part of evaluation of robustness, solution stability was evaluated by monitoring the peak 
area response. Standard stock solutions in methanol were analyzed right after its preparation 1, 2 and 
3 days after at room temperature. The change in standard solution peak area response over 3 days 
was (1.03 and 0.68 %) for Sodium Cromoglycate and Fluorometholone respectively.  Their solutions 
were found to be stable for 3 days at room temperature at least. 
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6.0. Application on pharmaceutical Preparation 
The proposed methods were successfully used to determine Sodium Cromoglycate and 

Fluorometholone respectively in Fluca E/D®. Five replicate determinations were performed. Satisfactory 
results were obtained for each compound in good agreement with label claims. The results obtained 
were compared statistically with those from published method [4, 2] for Sodium Cromoglycate and 
Fluorometholone respectively by using Student’s t-test and the variance ratio F-test. The results 
showed that the t and F values were smaller than the critical values. So, there were no significant 
differences between the results obtained from this method and published methods (Table 3). 
Table 3: Statistical comparison of the proposed and published methods for determination of Sodium 
Cromoglycate and Fluorometholone respectively in their dosage forms by reported method (T- student 
test) and (F –test for variance) 

Drug name Recovery ± SD Reference 
method 
number 

Calculated 
t- values 

Calculated 
F- values Proposed 

methods 
Reference 
method 

Sodium Cromoglycate 99.13±1.28  99.45±1.72  4 0.57 0.55 
Fluorometholone 101.51±1.87 101.87±1.56 2 1.46 1.44 

(Where the Tabulated t-values and F -ratios at p = 0.05 are 2.57 and 5. 

7.0. CONCLUSION 
A simple, accurate, precise, robust, valid, highly sensitivite and reliable HPLC method has been 
established for simultaneous determination for Sodium Cromoglycate and Fluorometholone respectively 
in bulk and in their pharmaceutical dosage form. It is a new fast method about 4.5 min for determination 
both drugs simultaneously and it has low LOQ about 3.37 and 0.22 µg /ml for Sodium Cromoglycate 
and Fluorometholone respectively. 
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