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ABSTRACT  
Rapid, isocratic and economical RP-HPLC-PDA method was developed for the simultaneous estimation of Phenylephrine HCl (PEH) and 
Ketorolac Tromethamine (KTR) in bulk and injectable dosage forms. Chromatographic separation was achieved with the Agilent Eclipse C18 

column (150×4.6mm;5µ) and the mobile phase composed of methanol and 2mM Ammonium acetate in the ratio 43:57v/v at a flow rate of 
1mL/min. The injection volume was 5µL and eluents were monitored at 220nm. Response was a linear function of concentration in  the range 
30–105 μg/mL

 

for Phenylephrine HCl (PEH) and 10–35 μg/mL
 
Ketorolac Tromethamine (KTR); the correlation coefficients were 0.999 and 

0.999, respectively.  The method was validated and is suitable for the simultaneous estimation of PEH and KTR in bulk and injectable dosage 
forms. 
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INTRODUCTION 

Phenylephrine (PEH) 1-4 is a sympathomimetic amine and an 
α1-adrenergic receptor agonist used primarily as a 
decongestant, to increase blood pressure and as an agent to 
dilate the pupil (mydriatic). Chemically it is l-(3-
Hydroxyphenyl)-N-methylethanolamine and exhibits its 
pharmacological activity by acting on α1 adrenergic 
receptors present on peripheral smooth muscles. Ketorolac 
(KTR)1-4 is a non-steroidal anti-inflammatory drug which 
belongs to heterocyclic acetic acid derivatives class and is 
used as an analgesic, anti-inflammatory and antipyretic 
drug. KTR is used to reduce pain and inflammation. 
Chemically, it is 5-benzoyl-2,3-dihydro-1H-pyrrolizine-1-
carboxylic acid with a molecular weight of 255.26. 
Pharmacological activity of KTR is due to inhibition of both 
cylooxygenase-1 (COX-1) and cylooxygenase-2 (COX-2) 
enzymes which are involved in the formation of pain and 
anti-inflammatory mediators. Chemical structures are 
subjected as Fig 1.      

                                  

 

 

 

 

Figure 1: Chemical structure of -(A) PEH; (B) KTR 
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The analytical methods reported/published so far for 
estimation of PEH and KTR individually and in combination 
with other drugs like Ofloxacin, Sparfloxacin, Febuxostat, 
Omeprazole, Paracetamol, Cetrizine Hydrochloride, 
Chlorpheniramine Maleate, Tramadol include HPLC5-19, 
HPTLC20-22, UV-Visible Spectrophotometry23-27, LC-MS28 etc. 
However, no methods were reported for the simultaneous 
estimation of PEH and KTR in bulk and injectable dosage 
forms. 

Hence, the present investigation was aimed at developing an 
economical and rapid LC-MS compatible RP-HPLC-PDA 
method for the simultaneous estimation of PEH and KTR in 
bulk and injectable formulations.  

MATERIALS AND METHODS 

Chemicals and Reagents 

Reference standards of PEH and KTR were obtained from Dr. 
Reddy’s Laboratories, Hyderabad, India. Marketed injectable 
formulation reported to contain 49.6mg PEH and 16.96mg 
KTR/4mL. Methanol -HPLC grade (E. Merck., Mumbai), 
Ammonium acetate- HPLC grade (E. Merck., Mumbai), citric 
acid monohydrate and sodium citrate dihydrate (analytical 
reagent grade) were purchased from Central Drug House (P) 
Ltd., Mumbai and sodium hydroxide (analytical reagent 
grade) was purchased from S D Fine Chem limited, Mumbai. 
Deionized water was used throughout the experiment.  

Apparatus and Chromatographic Conditions 

Quantitative RP-HPLC was performed on a high pressure 
gradient High Performance Liquid Chromatography 
(Shimadzu HPLC, class VP series) with two LC-20AD pumps, 
SIL-20A auto sampler was used with 200µL loop volume, 
programmable variable wavelength PDA detector SPD-M20A 
VP, and Agilent Eclipse C18 column (150×4.6mm, 5 µ).  The 
HPLC system was equipped with “LC-Solution” software to 
acquire and process the data.  The mobile phase of 
methanol: 2mM ammonium acetate (43:57 %v/v) at a flow 
rate was 1 mL/min was used The mobile phase was 
degassed by sonication before use. UV detection was 
performed at 220 nm and the peak identity was confirmed 
by comparison of spectra and retention times with those of 
standards. 

Preparation of Standard Solutions 

A stock solution of PEH and KTR reference standards (10 
mg/mL, respectively) was prepared in methanol and water, 
because of their active solubility in their respective solvent. 
Working standard solution (45μg/mL

 

PEH and 15μg/mL
 

KTR) was obtained by diluting the stock solution with 2mM 
ammonium acetate. 

Method Validation 

Linearity 

The linearity of the method was checked by analyzing six 
solutions in the range 30-105 μg/mL

 

for PEH (30, 45, 60, 75, 
90 and 105 μg/mL) and 10–35μg/mL

 

for KTR (10, 15, 20, 25, 
30 and 35 μg/mL). Each solution was prepared in triplicate. 

Precision 

The precision of an analytical procedure expresses the 
closeness of agreement (degree of scatter) between a series 
of measurements obtained from multiple sampling of the 
same homogeneous sample under the prescribed conditions.  
Precision may be considered at three levels: repeatability, 
intermediate precision and reproducibility. Precision should 
be investigated using homogeneous, authentic samples. The 
precision of an analytical procedure is usually expressed as 

the variance, standard deviation or coefficient of variation of 
a series of measurements. Precision was measured in terms 
of repeatability of application (System precision) and 
measurement (Method precision). The precision of the 
method was ascertained from the peak areas of six replicate 
injections of a fixed concentration.  

Limits of Detection and Quantification 

The limit of detection (LOD) is defined as the lowest 
concentration of an analyte that can be readily detected but 
not necessarily quantified. It is usually regarded as the 
amount for which the signal-to-noise ratio (SNR) is 3:1. The 
limit of quantitation (LOQ) is defined as the lowest 
concentration of an analyte that can be quantified with 
acceptable precision and accuracy. It is usually regarded as 
the amount for which the SNR is 10:1. Two types of solution, 
i.e. blank and spiked with known progressively decreasing 
concentrations of each analyte, were prepared and analysed. 
The limits of detection (LOD) and quantification (LOQ) were 
then established by evaluating the minimum levels at which 
the analyte could be readily detected or accurately 
quantified, respectively. 

Accuracy 

Accuracy (Recovery) of the method was determined by 
spiking 80, 100 and 120% of  known quantities of standards 
within the range of linearity to the synthetic solution of drug 
product (45 μg/mL of PEH  and 15 μg/mL of KTR) and these 
mixture solutions were analyzed by developed method in 
triplicate.  

Specificity 

Specificity studies were carried for both pure drug and drug 
product by comparing the 3D plots with diluent. Peak purity 
tests were also carried out to show that the analyte 
chromatographic peak is not attributable to more than one 
component as the impurities are not available by purity 
index data.  

Assay 

A 1mL of the ophthalmic formulation equivalent to 30 mg of 
PEH and 10mg of KTR was transferred to a 10mL volumetric 
flask containing about 6mL of methanol, sonicated and made 
up to the mark with the same. The resulting solution was 
filtered through 0.45μm nylon membrane filter to obtain a 
stock solution of 3mg/mL PEH and 1mg/mL of KTR. It was 
further diluted with diluent, 2mM ammonium acetate to get 
the required concentration. The solution was injected three 
times into the column. The amount present in the 
formulation was calculated by comparing the area of 
standard and formulation sample of standard PEH and KTR 
with that of the sample.  

RESULTS AND DISCUSSION 

Method Optimization 

The RP HPLC method was optimized to develop a 
simultaneous estimation of PEH and KTR. Initially 2mM 
ammonium acetate and methanol in the ratio 50:50 were 
used where PEH was eluted at around 2.821min, but KTR 
was also eluted at 3.056min where both the peaks appear 
almost closer to each other. In the next trial the diluent was 
changed to water, here the drugs were eluted as single peak 
before solvent front at 1.526 min. In the next trial diluent 
was changed to 2mM ammonium acetate and Agilent Eclipse 
C18 column was used for estimation where PEH was eluted at 
3.74min and KTR at 6.617 min but KTR peak had tailing. The 
composition was changed and even flow rate was altered but 
there was no improvement in peak shape. In the next trial 
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column was switched to Inertsil C18 column, with the same 
mobile phase and wavelength was changed to 230nm but no 
peak was observed.  

Finally good peak shape and resolution were obtained with a 
mobile phase composition of 2mM ammonium acetate and 
methanol (57:43 v/v) on Agilent Eclipse C18 column at a flow 
rate of 1mL/min with buffer as diluent. PEH was eluted at 
1.9 min and KTR at 3.4 min. All the parameters were within 

the limits and the peaks were obtained within a runtime of 6 
min. Wavelength was selected to be 220nm where the peak 
parameters were good with reproducibility and resolution 
with minimum interference. Method was validated 
according to ICH guideline (Q2B). The peak purity index was 
more than 0.9999 for both PEH and KTR indicating that the 
samples used for the analysis were pure enough. Optimized 
chromatogram was shown in Fig 2. 

 

 

 

 

 

Figure 2:(A) Chromatogram of standard solution containing PEH (45µg/mL), KTR (15µg/mL), (B1, B2) UV spectra of 
PEH and KTR; (C1, C2) Peak purity indexes of PEH and KTR 
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Method Validation 

The method was validated for linearity, accuracy, and 
precision, limits of detection and quantification, and 
specificity. 

Linearity 

Linearity of an analytical procedure is its ability to obtain 
test results, which are directly proportional to the 
concentration (amount) of analyte in the sample. A linear 
relationship was evaluated across the range (30-105g/mL 
for PEH and 10-35 µg/mL for KTR) of the analytical 
procedure in triplicate.  The range of concentrations was 
selected based on 80-120 % of the test concentration.  Peak 
area and concentrations were subjected to least square 

regression analysis to calculate regression equation.. These 
were Y = 7999X − 66502 and Y = 5639X + 1608, with 
correlation coefficients of 0.999 and 0.999 for PEH and KTR, 
respectively The high values of the correlation coefficients 
were indicative of linear relationships between analyte 
concentration and peak area.  

Precision 

Precision studies were carried out in terms of repeatability. 
Repeatability of the peak areas of standard sample (system 
precision) and assay sample (method precision) was 
assessed by using six replicates of concentration (45µg/mL 
PEH; 15µg/mL KTR) . The data is given in Table- 1 and 2 and 
the % RSD for both the drugs was found to be less than 2 
which is acceptable according Q2B guidelines. 

 

Table 1: System Precision data of PEH and KTR (45 µg/mL and 15 µg/mL) 

Injection Peak area Retention Time (min) 
PEH   KTR PEH KTR 

1 290732 83691 1.900 4.152 
2 290444 82803 1.899 4.142 
3 290648 82816 1.901 4.149 
4 290756 82699 1.896 4.151 
5 290698 82798 1.905 4.147 
6 290765 82750 1.895 4.153 

Average 290673.83 82926.16 1.899 4.149 
SD 120.433 377.18 0.0036 0.0040 
% RSD 0.41 0.455 0.19 0.096 

 

Table 2: Method Precision data of PEH and KTR (45 µg/mL and 15 µg/mL) 

Injection Peak area Retention Time (min) 
PEH   KTR PEH KTR 

1 328475 96149 1.904 4.161 
2 328533 96290 1.899 4.179 
3 328741 96971 1.906 4.182 
4 328769 96843 1.901 4.175 
5 328649 96869 1.896 4.165 
6 328687 96943 1.907 4.168 

Average 328642.3 96677.5 1.902 4.171 
SD 116.42           360.60 0.0042 0,0082 
% RSD 0.035 0.373 0.22 0.19 

 

 

Limits of Detection and Quantification 

The limits of detection (LOD) and quantification (LOQ) were 
established by evaluating the minimum level at which the 
analyte could be readily detected and quantified with 
accuracy, respectively. LOD and LOQ of PEH were found to 
be 0.14g/mL and 0.4g/mL respectively while that of KTR 
were found to be 0.8g/mL and 2.57g/mL, indicating good 
sensitivity of the method.  

Accuracy 

Method accuracy was checked by preparing synthetic 
mixtures containing different amounts of PEH and KTR and 
analyzing the mixtures by using the developed method. 
Percentage recovery and %RSD were then calculated. The 
results obtained indicate that recoveries were excellent 
which are not less than 99% and %RSD were less than 2%.  

 

 

 

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 and matrix, etc. The effect of wide range of 
excipients and other additives usually present in the 
formulations of PEH and KTR in the determinations under 
optimum conditions were investigated. 

Blank, placebo solution and sample solution were analyzed 
individually as per the method to examine interference. 
From the base shifted overlay of the chromatograms it can 
be inferred that there were no co-eluting or interfering 
peaks where PEH and KTR eluted.  This shows that the peak 
of analyte was pure and excipients in the formulation did not 
interfere with the analyte.  The peak purity indices values of 
the standard and sample peaks were found to be greater 
than 0.999 and these results were in good agreement with 
the above results. The peak purity index profile of both the 
drugs also confirms the absence of the impurities as 
subjected in Fig.3. 
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Figure 3(a): Overlay of the chromatograms of A-blank; B-placebo; C-standard chromatogram; D-sample chromatogram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: 3D plots of the diluent (A), standard (B) and sample(C) 
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Stability of solution 

The stability of the stock solution was assessed by analyzing 
it at different time intervals up to 7 days stored at 4C. The 
percentage variation was found to be less than 2% to the 
initial concentration at different time points and it was 
observed that the solution was stable for a period of 7 days 
when stored at 4C. 

Assay 

From prepared formulation,  0.8mL of the ophthalmic 
formulation equivalent to 10 mg of PEH and 3.39mg of KTR 

was transferred to a 10mL volumetric flask containing about 
6mL of methanol, sonicated and made up to the mark with 
the same.  The resulting solution was filtered through 
0.45μm nylon membrane filter to obtain a stock solution of 
1mg/mL of PEH and 0.3mg/mL of KTR. It was further diluted 
with diluent, 2mM ammonium acetate to get the required 
concentration. The solution was injected three times into the 
column. From the peak areas obtained, the content of PEH 
and KTR in the formulation was calculated. Results are 
subjected in Table 3. 

 

 

Table 3:  Assay Results of PEH and KTR (n=3) 

Formulation Drug Label claim 

(mg/mL) 

Amount found (mg) 
(mean+ SD) 

% Assay % RSD 

 Omidria® 
PEH 12.4 12.48±0.18 100.72 1.44 

KTR 4.24 4.27±0.02 100.93 0.46 

 

 

CONCLUSION 

A Rapid and accurate reversed-phase HPLC method has been 
established for simultaneous determination of PEH and KTR. 
Finally, it can be concluded that the proposed RP-HPLC-PDA 
method was validated fully as per the International 
Conference on Harmonization (ICH) Guidelines, and found to 
be applicable for routine quality control analysis for the 
estimation of PEH and KTR.  The results of linearity, 
precision, accuracy and specificity, proved to be within the 
limits. The method provides selective quantification of PEH 
and KTR without interference from blank, placebo and 
degradants.  The proposed method is sensitive, reproducible, 
reliable, rapid, and specific and also has the unique 
advantage of LC conditions being compatible with MS 
detection.   
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