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ABSTRACT 

A simple, rapid, and precise reversed-phase high performance liquid chromatographic (RP-HPLC) method has been developed and 
validated for the determination and separation of Benzophenone-3, Octinoxate, Octisalate and Octocrylene in sunscreen products. 
Chromatographic separation of Benzophenone-3, Octinoxate, Octisalate and Octocrylene was achieved on a reverse phase C18 
column using a mobile phase consisting of methanol: water in the ratio of 85:15 v/v. The mobile phase was pumped at a flow rate of 
1 ml /min and the eluents were monitored at 300 nm. The method was successfully validated in accordance to ICH guidelines 
acceptance criteria for (linearity, accuracy, precision, selectivity, limit of detection, limit of quantification) all validation parameters 
were within the acceptance range. The proposed method was found to be suitable and accurate for quantitative determination of 
Benzophenone-3, Octinoxate, Octisalate and Octocrylene in sunscreen creams and it can be used for the quality control of 
formulation products. 
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INTRODUCTION 

uman exposure to solar radiation has been shown 
to be strongly associated with skin damage1, skin 
ageing and skin cancer2,3, consequently sun 

protection, through the application of sunscreens are 
important issues with the improvement of the body 
defense systems. 4 

The majority of sunscreen formulations on the market 
contain UV absorbers which have been primarily directed 
at protecting against UVB-induced sunburn5 and DNA 
damage. 6,7  

The active sun screening agents are divided in two 
groups: organic and inorganic.8 The organic compounds 
protect the skin by absorbing UV radiation, and inorganic 
compounds scatter UV radiation. 8,10  

Octinoxate: the most popular UV filter in sunscreens 
worldwide 9 protects against UVB (280- 315nm) and also 
it is oil soluble.10 Octocrylene: is an viscous oil soluble 
liquid with pale yellow to yellow color and 
Benzophenone-3 which is a yellow oil soluble powder 
both are relatively weak UV filters protect against (UVA & 
UVB, 280-400 nm) which added to the sunscreen 
formulations for higher SPF and to stabilize the other UV 
filters in the formulation.10 

Octylsalicylate (Octisalate): is colorless, viscous oil soluble 
liquid, relatively weak UV filter protects against UVB (280-
315) nm and It must be used in high concentrations. 10 

The chemical structure of Benzophenone-3, Octocrylene, 
Octinoxate and Octisalate 11 are shown in figure 1.  

 
Figure 1: Chemical structure of Octocrylene, Benzophenone-3, Octinoxate and Octisalate. 
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MATERIALS AND METHODS  

Instrumentation 

The analysis of drug was carried out on a SHIMADZU HPLC 
system equipped with a reverse phase C18 column 
(250x4.6mm, 5µm in particle size), a 20µl injection loop 
and SPD-M 10A prominence PDA detector, Degasser 
DGU-14 A. 

Reagents and solutions 

Reference standards of Benzophenone-3, Octinoxate, 
Octisalate and Octocrylene HPLC grade water, 2-propanol 
and methanol were purchased from Merck Ltd., and 
Shamlab. 

Chromatographic conditions 

Chromatographic separation of Benzophenone-3, 
Octinoxate, Octisalate and Octocrylene was achieved on a 
reverse phase C18 column using a mobile phase 
consisting of methanol: water in the ratio of 85:15 v/v. 
The mobile phase was pumped at a flow rate of 1 mL/min 
and the eluents were monitored at 300 nm. 

Stock solution 

Accurately weighed 75 mg of each of the following: 
Benzophenone-3, Octinoxate, Octisalate and Octocrylene 
were transferred to a 100 mL volumetric flask, 50 mL of 
methanol 85% and 2 mL of 2- propanol were added and 
allowed to sonicate for 15 min and finally volume was 
made up to the mark by methanol 85%. 

Standard stock solution of mix standard of these 4 
compounds (0.75 mg\mL) was prepared. 

Working solutions were prepared daily by appropriate 
dilution of this stock solution. 

Optimization of the chromatographic Conditions: 

Benzophenone-3, Octinoxate, Octisalate and Octocrylene 
are non-polar which preferably analyzed by reverse phase 
columns. Among C8 and C18, C18 column was selected. 
Non-polar compound is very attractive with reverse phase 
columns. So the elution of the compound from the 
column was influenced by polar mobile phase. Mixture 
methanol: water in the ratio of 85:15 v/v was selected as 
mobile phase and the effect of the composition of mobile 
phase on the retention times of Benzophenone-3, 
Octinoxate, Octisalate and Octocrylene was thoroughly 
investigated. 

The chromatographic conditions were optimized through 
several trials to achieve good resolution and symmetric 
peak shapes, as well as a short run time. It was found that 
a mixture of methanol: water in the ratio of 85:15 v/v was 
appropriate. 

Procedure 

A mixture of methanol: water in the ratio of 85:15 v/v 
was found to be the most suitable mobile phase for ideal 
separation of Benzophenone-3, Octinoxate, Octisalate 
and Octocrylene. The solvent mixture was filtered 

through a 0.45 µm membrane filter and sonicated before 
use. It was pumped through the column at a flow rate of 
1mL/min. The column was equilibrated by pumping the 
mobile phase through the column for at least 30 min prior 
to the injection of each drug solution. The detection of 
each drug was monitored at 300nm. The run time was set 
at 25 min. Under these optimized chromatographic 
conditions the retention times obtained for the 
Benzophenone-3, Octocrylene, Octinoxate and Octisalate 
were 6.01 min, 13.4 min, 17.3 min and 21.4 min 
respectively. Atypical chromatogram showing the 
separation of the compounds is given in Figure 2. 

 
Figure 2: Typical chromatogram of Benzophenone-3, 
Octocrylene, Octinoxate and Octisalate 

Validation procedure 

The method was validated according to ICH guidelines12 
for linearity, precision (repeatability and intermediate 
precision), accuracy, specificity, and system suitability. 
Standard plots were constructed with five concentrations 
in the range of 0.05 mg\ml to 0.15 mg\ml to test linearity. 
The peaks area of Benzophenone-3, Octinoxate, 
Octisalate and Octocrylene were plotted against the 
concentrations to obtain the linearity plots which are 
given in Figure 3. 

To check the degree of accuracy of the method, recovery 
studies were performed in triplet by standard addition 
method at 80%, 100% and 120% concentration levels. 
Results of recovery studies are shown in Table 1. 

The precision of the assay was studied with respect to 
both repeatability and intermediate precision. The 
different analysts’ variability or precision data are 
summarized in Table 2.  

Specificity of the method was found out through 
non‐interference of the blank, excipients peaks and 
standard peak. 

The system suitability parameter like tailing factor and 
number of theoretical plates were also calculated. The 
system suitability parameters are given in Table 3.  
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Table 1: Results of recovery studies 

Mix standards 
concentrations 

Recovery of 
Benzophenone-3 

Recovery of 
Octocrylene Recovery of Octinoxate Recovery of Octisalate 

80% 100% 101% 99.67% 99.8% 

100% 100% 100% 99.7% 100% 

120% 98% 100.2% 101% 101% 

Mean recovery 99% 100.3% 100.2% 100.3% 

Table 2: The different analyst’s variability or precision data 

Analysts Mix standards 
concentrations 

Recovery of 
Benzophenone-3 

Recovery of 
Octocrylene 

Recovery of 
Octinoxate 

Recovery of 
Octisalate 

A 80% 100% 102% 99.67% 99.9% 

B 100% 100% 99% 100.3% 102% 

C 120% 99.9% 100.2% 101% 100.8% 

Mean recovery   100% 100.3% 100.4% 101 % 

RSD  0.044% 1.25% 0.85% 1.50% 

Table 3: System suitability parameters 

Parameter Result Benzophenone-3 Octocrylene Octinoxate Octisalate 

Retention time (min) 6.04 13.3 17.3 21.18 

Theoretical plates (N) 3300 3280 4100 3170 

Tailing factor 1.93 1.81 1.75 1.74 

Correlation coefficient 0.99 0.99 0.99 0.99 

 

  

  

Figure 3: Linearity plots of Benzophenone-3, Octocrylene, Octinoxate and Octisalate. 
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Estimation of Benzophenone-3, Octocrylene, Octinoxate 
and Octisalate in sunscreen creams 

 Five commercial brands of sunscreen creams were 
chosen for testing the suitability of the proposed method 
to estimate Benzophenone-3, Octocrylene, Octinoxate 
and Octisalate in sunscreen formulations. 

Sample of 60 mg from each cream was weighed which 
sampled from the top, middle and end of the tube and 

then was transferred into a 100 ml volumetric flask , 
added 2 mL 2-propanol and dissolved in 50 mL methanol 
85% by electric magnetic motor. The contents of each 
flask were sonicated for 15 min and the volume made up 
to 100 mL and mix well, each solution was filtered 
through a 0.45µ membrane filter. These solutions were 
injected into the column and the amounts of the drug 
present in each the cream was calculated. The relevant 
results are furnished in Table 4. 

Table 4: Assay and recovery studies 

Formulation Active ingredients Max. concentration approved by FDA 13 Concentration observed 

Formulation A 

Benzophenone-3 6% 4.3% 

Octocrylene 10% 10 % 

Octinoxate 7.5% 7.4% 

Octisalate 5% 4.54% 

Formulation B Octinoxate 7.5% 7.5% 

Formulation C Octinoxate 7.5% 6.7% 

Formulation D Octinoxate 7.5% 5.9% 

Formulation E 
Benzophenone-3 6% 1.6% 

Octinoxate 7.5% 4.24% 
 

RESULTS AND DISSCUSION  

In the proposed method, the retention times of 
Benzophenone, Octocrylene, Octinoxate and Octisalate 
were found to be 6.01 min, 13.4 min, 17.3 min and 21.4 
min respectively. The numbers of theoretical plates 
calculated were 3300, 3280, 4100 and 3170 respectively, 
which indicates efficient performance of the column. 12 

The high percentages of recoveries indicate that the 
proposed method is highly accurate. The precision 
(measurements of different analysts) results showed 
good reproducibility with percent relative standard 
deviation (RSD %) are below 2.0. This indicated that the 
method is highly precised. The results of assay indicate 
that the amounts of each active ingredient in the 
sunscreen products are within the requirements of the 
FDA. 13 

No interfering peaks were found in the chromatogram of 
the formulation within the run time indicating that 
excipients used in creams formulation did not interfere 
with the estimation of the active ingredients by the 
proposed HPLC method. The results were found to be 
accurate, reproducible, free from interference and better 
than the earlier reported methods. 

Most of the earlier reported analytical methods were 
used UV\visible detector 14-18 with column C8 or C18 in 
addition to the mobile phases containing acetonitrile 17-18 

with buffer 14-17, while this method is used PDA detector 
to ensure the purity of peaks and the selectivity of 
method, also the method has been used mobile phase 
containing cheap solution (methanol) compared with the 
price of acetonitrile. Also it is easy to prepare the mobile 
phase, because it does not need to add buffer and adjust 
the pH, so it helps to maintain the column with no need  

 

to clean the column between each analysis, however 
resolution values achieved were acceptable.  

CONCLUSION 

A simple, accurate, and precise HPLC method has been 
developed for the determination and separation of 
Benzophenone-3, Octocrylene, Octinoxate and Octisalate 
in sunscreen products. The proposed method was found 
to be suitable and accurate for quantitative 
determination of Benzophenone-3, Octocrylene, 
Octinoxate and Octisalate in sunscreen preparations and 
it can be used for the quality control of formulation 
products. 
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