
Revue Roumaine de Chimie, 2006, 51(5), 439–445 
 

Dedicated to the memory of 
Professor Maria Brezeanu (1924–2005) 

SIMULTANEOUS DETERMINATION OF VITAMIN E AND VITAMIN H1  
BY FIRST DERIVATIVE SPECTROMETRY IN AN OINTMENT PREPARATION 

Irinel Adriana BADEA, Luminiţa VLĂDESCU and Arabela PATRICHI 

Department of Analytical Chemistry, Faculty of Chemistry, University of Bucharest,  
2-14 Bv. Regina Elisabeta, 030018 Bucharest, Roumania e-mail: irinel_badea@yahoo.com 

Received January 19, 2006 

Sensitive and selective first derivative method for the determination of Vitamin E and para-aminobenzoic acid in either 
pure mixture or in its pharmaceutical preparation is described. The method proposed is linear in the concentration range 
of 0.02–0.1 mg.mL–1 for Vitamin E and 0.005–0.03 mg.mL–1 for para-aminobenzoic acid, while being  precise and 
accurate. The LODs for the determination of Vitamin E and para-aminobenzoic are 0.086 µg.mL–1 and 0.011 µg.mL–1, 
respectively. The derivative spectrometric method proposed is absolutely novel and very useful for the in-process control 
of mixtures made by mixing Vitamin E, as a major compound, para-aminobenzoic acid, as minor ones, and common 
excipients used for ointments preparation. The results match up those methods reported in the literature.  

INTRODUCTION 

Vitamin E (VIT E), a fat soluble chemical found in the diet in varying amounts, is a potent 
antioxidant1-2 and has, at skin level, a nonenzymatic activity. Semi-solid preparations for cutaneous 
application containing Vitamin E (in form of α-Tocopheryl acetate, as it is very stable to UV action) as a 
major active compound are used to reduce skin photo damage.3 Para-aminobenzoic acid (PABA) is a non-protein 
amino acid sometimes referred to as vitamin H, but it is neither a vitamin nor an essential nutrient for 
humans.4 Para-aminobenzoic acid is important to skin, hair pigment, and intestinal health. Used as a 
sunscreen, it can also protect human beings against the development of sunburn and skin cancer from 
excessive ultraviolet light exposure. Para-aminobenzoic acid is a filter and can be incorporated up to 15% in 
sunscreen products5 which are used commonly to prevent and treat sunburns and, with vitamin E, it is often 
applied to other burns. The development of ointments containing both Vitamin E and para-aminobenzoic 
acid requires rapid, precise and accurate analytical methods for the assessment of both compounds during the 
in-process control. A judicious investigation of the literature has revealed that no spectrometric and 
chromatographic method has been reported for the simultaneous determination of both compounds. Assays 
of Vitamin E are usually made by HPLC,6–13 GC14 and spectrometric methods,15 while for para-aminobenzoic 
acid by spectrometric,16–17 chromatographic (HPLC, CZE, GC, TLC)18–22 and electrometric23–25 methods. The 
official monograph described in pharmacopoeia recommends for PABA a potentiometric method26 while for 
VIT E a gas chromatographic method.27 

This paper reports a rapid, sensitive and highly selective UV derivative spectrometric method used for 
the simultaneous determination of Vitamin E (VIT E) and acid para-amino benzoic (PABA). Thus, a rapid 
precise and accurate derivative spectrometric method for the assay of both compounds is proposed. This 
method is absolutely novel and very useful for the in-process control of mixtures made by mixing VIT E, as 
major compound, PABA, as minor ones, and common excipients used for ointments preparation. Such 
ointment is a medicinal product manufactured in a pharmacy based on a recipe and intended to be used by 
people who work in hard industrial conditions for their own skin protection. 
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α-Tocopheryl acetate, para-aminobenzoic acid, first derivative UV spectrometry. 

EXPERIMENTAL 

Apparatus 

All the measurements were performed on a Jasco V 530 spectrometer. The spectra recorded were analyzed using Jasco software. The 
measurements were made in quartz cells of 1 cm path length and the optimal condition for recording the spectra were: wavelength 
range, 200-400 nm; scan speed, 100 nm/min; slit width, 2 nm; smooth, 5. The ORIGIN program (Micro Cal Inc, version 6.0.) was employed 
for the linear regression analysis.  

Reagents 

All chemicals and solvents used were commercially available and were of analytical reagent grade. The water used was double 
distilled. Vitamin E (α-tocoferol acetate) and the para-aminobenzoic acid were purchased from Roche and Aldrich, respectively. The 
ethanol 95 % was from S. C. Romaqua Holding S. A. Cetyl esters wax–mixture of C14–C18 esters of lauric, myristic, palmitic and 
stearic acid, liquid paraffin, hard paraffin and wool fat were of pharmaceutical excipients grade. Stock solution of VIT E and PABA, 
both of them 0.001 mol.L–1, were prepared by dissolving the appropriate quantity of each substance in alcohol. Working solutions in 
ethanol 95% were prepared by dilution of the stock solutions.  

Procedure for the first derivative spectrometry 

The working solutions were prepared by diluting 1 mL of the stock solution in a 25 mL volumetric flask which was filled up 
to the mark with ethanol. The UV spectra of the working solutions were recorded in the range 200-400 nm. The first derivatives of 
the above spectra were obtained by means of the Jasco software.  

Validation of the method 

Linearity and range 
The linearity of the method was evaluated by analysing a series of Vitamin E and PABA standards, respectively. According to 

the International Conference on Harmonisation (ICH), at least five concentrations of each must be used. Eight samples were prepared 
for this study. Aliquots of 1 mL of the stock solution of each compound were placed in 25 mL volumetric flasks and the flasks were 
filled up with ethanol. For the calibration graph various dilutions were performed using 25 mL or 10 mL volumetric flasks.  The first-
derivative spectrum of each solution was recorded against a corresponding blank.  

Detection and quantitation limits 
According to the ICH recommendations, the approach based on the signal-to-noise ratio was used for the determination of both 

the limit of determination, LOD, and the limit of quantitation, LOQ. Limits were established to be the concentration in the analyte for 
a signal-to-noise ratio of three-to-one and ten-to-one for LOD and LOQ, respectively. 

Accuracy 
Six synthetic samples containing each 100 mg of Vitamin E and 15 mg of PABA were prepared and analysed. Each sample 

was dissolved quantitatively in a 200 mL volumetric flask using ethylic alcohol as solvent. A volume of 1 mL of the above-mentioned 
solution was diluted in a 25 mL volumetric flask which was filled up with ethanol. The first derivative spectrum of this solution was 
recorded and the recovery of each compound calculated. 

Precision 
The intra-day and inter-days precision were evaluated. Six samples at 100% of the target concentration on Vitamin E (100 mg) and 

PABA (15 mg) were analysed. Each sample was dissolved quantitatively in a 200 mL volumetric flask using ethylic alcohol as 
solvent. A volume of 1 mL of the above-mentioned solution was diluted in a 25 mL volumetric flask which was filled up with 
ethanol. The first derivative spectrum of this solution was recorded and the relative standard deviation calculated.  

Selectivity 
The selectivity of the method was verified on samples containing Vitamin E, PABA and excipients commonly used for 

ointments formulation: cetyl esters wax, liquid paraffin, hard paraffin and wool fat. These excipients are insoluble in ethanol and the 
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quantitative determination of Vitamin E and PABA can be done only by their extraction with ethanol. Synthetic mixtures, containing 
Vitamin E (0.10%), PABA (0.015%), cetyl esters wax (11%), liquid paraffin (7.0%), hard paraffin (1.5%) and wool fat (1.7%), were 
extracted eight times with 20 mL of ethanol and the alcoholic phase was diluted up to 200 mL in a volumetric flask. The first 
derivative spectrum of this solution was recorded and compared with the spectrum obtained with a mixture of Vitamin E and PABA.  
The recovery of Vitamin E and PABA was calculated so as to validate the extraction procedure. 

Stability of solution 
Stock solutions in ethanol, of Vitamin E and PABA, were stored in light at room temperature. A volume of 1 mL of the stock 

solution was placed in 25 mL volumetric flasks, which were filled up with ethanol. The amount of each compound in each stock 
solution was determined twice a day, during five days. 

Validation of the extraction and applications 
Ointments containing Vitamin E (0.10%), PABA (0.015%) were made in the first stage of the technological process by mixing the 

two above-mentioned compounds with cetyl esters wax (11%), liquid paraffin (7.0%), hard paraffin (1.5%) and wool fat (1.7%). A quantity 
of 2 000 g of this mixture was extracted eight times with 20 mL of ethanol and the extract was diluted in a 200 mL volumetric flask with 
ethanol. The first derivative spectrum of this solution was recorded and the quantity of Vitamin E and PABA determined. 

RESULTS AND DISCUSSION 

First-derivative spectrometric study 

The zero-crossing first derivative spectrometry was chosen as a procedure for the simultaneous 
determination of VIT E and PABA. The absorption spectra of VIT E, PABA and a molar mixture 1: 1 of 
both of them are shown in Fig. 1. The spectra of VIT E and PABA closely overlap. The spectrum of a 
mixture of both shows that it is not possible to determine quantitatively either VIT E or PABA by means of 
zero spectra. Hence, the first derivative spectra of VIT E and PABA were recorded. In Fig. 2 the 1st 
derivative spectra of VIT E and PABA are presented. As shown, the zero-crossing wavelengths at 254 nm 
and 275 nm were selected as the optimum working wavelengths for the determination of PABA in the 
presence of VIT E and for the determination of VIT E in the presence of PABA, respectively.  The proposed 
method was fully validated according to the (ICH) rules. 

Fig. 1 – The zero order spectra of VIT E, PABA and a 1 : 1 
molar mixture of VIT E and PABA. 

Fig. 2 – The first order derivative spectra of VIT E, PABA and a 
1 : 1 molar mixture of VIT E and PABA. 

Validation of the method 

Linearity and range 

The first derivative spectra of a series of solution containing various concentration of PABA were 
recorded and presented in Fig. 3. All measurements were made at 254 nm. The equation of linear regression 
obtained in a range of PABA concentration between 5.00–30.0 µg.mL–1 is: Id = – 4.51·10–4–2242.35·C, 
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where Id is the intensity of the first derivative spectrum and C is the concentration of PABA in mg.L–1. The 
correlation coefficient is 0.9997.  

 
 
 
 
 
 
 

 
 
 
 
 

 

Studies on the linearity for VIT E (Fig. 4) in the range 20.00–110.0 µg.mL–1 show that at 275 nm the 
intensity of the first derivative varies in a linear way with the concentration of VIT E, according to the equation:  
Id = – 3.24·10–4–128.56·C, having Id and C as already described. The correlation coefficient is 0.9988.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The intercept is very small and the correlation coefficient is close to unity. The values obtained show a 

good linearity and the fit of Beer’s law. The Student’s t distribution was calculated. The values calculated for 
t were 2.09 in the case of PABA and 2.12 for VIT E. These values are under the tabulated one, that is, 2.77 
for a probability of 95%. According to the value of the intercept of regression line, that it is not significantly 
different from zero, the method is free from the procedural errors.  

Detection limit and quantitation limit 

Detection limit (LOD) and quantitation limit (LOQ) were determined experimentally. The values 
obtained for Vitamin E are 0.086 µg.mL–1 and 0.214 µg.mL–1  for LOD and LOQ, respectively, while for 
PABA are 0.011 µg.mL–1 and 0.033 µg.mL–1  for LOD and LOQ, respectively. 

Precision 

Precision was estimated by: repeatability (or intra-day precision) using the results of six consecutive 
measurements that were performed on synthetic samples and by intermediate precision. Intermediate 
precision was determined under different conditions: different investigator, another batch of ethanol and 
analysis carried out on another day. The RSD values for intra-day precision are 0.67% for VIT E and 1.11% 

Fig. 3 – Study of the linearity for PABA; concentration of 
PABA: 1– 5.00 µg.mL–1; 2 – 8.23 µg.mL–1;  3 – 10.97 µg.mL–1;
4 – 13.71 µg.mL–1; 5 – 19.20 µg.mL–1; 6 – 21.94 µg.mL–1; 
                                 7 – 30.00 µg.mL–1. 

Fig. 4 – Study of the linearity for VIT E; concentration
of VIT E: 1– 20.00 µg.mL–1; 2 – 32.20 µg.mL–1; 
3 – 42.96 µg.mL–1; 4 – 64.40 µg.mL–1; 5 – 75.18 µg.mL–1;
             6 – 85.92 µg.mL–1; 7 – 110. 0 µg.mL–1. 
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for PABA and for the inter-day precision are 0.73% for VIT E and 1.27 % for PABA. The method proposed 
is precise, according to the values obtained for both intra- and inter-day studies.  

Accuracy 

The accuracy was verified on six samples containing a mixture of VIT E in the range of 80–100% of 
the target concentration of these and PABA between 7.5–25% as regards the Vitamin E amount. Six replicate 
determinations were performed on each synthetic mixture. The results obtained are presented in Table 1. The 
recovery of each compound was calculated and the values obtained showed excellent recoveries. Thus, the 
method is demonstrated to be accurate. 

Table 1  

The results obtained for accuracy studies 

Vitamin E PABA  
Sample Quantity added, mg Recovery, % Quantity added, mg Recovery, % 

1. 80.0 100.2 7.5 98.65 
2. 80.0 99.78 15 100.5 
3. 80.0 100.1 25 98.86 
4. 100 100.0 7.5 99.45 
5. 100 98.73 15 100.9 
6. 100 99.34 25 99.63 
7. 120 100.1 7.5 100.7 
8. 120 98.96 15 101.4 
9. 120 99.75 25 98.31 

Average  99.67  99.82 
R.S.D.  0.54%  1.10% 

Selectivity 

The selectivity was checked by computing the recovery of Vitamin E and PABA, respectively and the 
volume of ethanol used for extraction optimized. The recoveries were 99.17% for Vitamin E and 100.18% 
for PABA when eight fractions of 20 mL of ethanol were used for extraction. 

Stability of the solutions 

Stock solutions of VIT E and PABA were stored in light at room temperature. The appropriate amount 
of solution was sampled and analysed three times during five days. The results obtained by the proposed 
method were compared with those obtained using TLC methods20–21 for PABA and VIT E, respectively. No 
degradation products were observed during this time.   

Ruggedness 

Ruggedness was performed to confirm that the assay of both VIT E and PABA was satisfactory under 
external conditions of the method. Good results were obtained during this study, confirming that the method 
remained selective and precise for all components under tested conditions. 

Validation of the extraction 

Synthetic mixtures containing Vitamin E (0.10%), PABA (0.015%), cetyl esters wax (11%), liquid 
paraffin (7.0%), hard paraffin (1.5%) and wool fat (1.7%) were made. A quantity of 2 000 g of this mixture 
was extracted eight times with 20 mL of ethanol and the extract was diluted in a 200 mL volumetric flask 
with ethanol. The extract was analyzed by the proposed method and by HPLC13 methods. The results 
obtained during the validation of the extraction are presented in Table 2. As is shown in Table 2 after five 
extractions the value of recovery for both compounds is near 100%. The results obtained are in good 
agreement with the solubility in ethanol of both VIT E and PABA. They are very soluble in ethanol and eight 
fractions of such a solvent are large enough to ensure the quantitative extraction of both compounds from the 
organic layer of ointment.  
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Table 2  

Validation of the extraction procedure 

Recovery, % Recovery, % 
Vitamin E PABA 

No. extractions 

Proposed Reference13 Proposed Reference22 

4 97.36 97.85 98.74 97.89 
5 99.24 100.1 98.41 99.74 
6 98.31 100.0 100.4 98.83 
7 100.6 99.56 99.83 99.43 
8 99.96 100.7 100.7 100.4 

Applications 

In the first stage of the technological process of a mixture containing Vitamin E (0.10%), PABA 
(0,015%), cetyl esters wax (11%), liquid paraffin (7.0%), hard paraffin (1.5%) and wool fat (1.7%) was 
prepared.  A quantity of 2000 g of this mixture was extracted and the results obtained are presented in Table 3. 
The results of proposed method were compared with those reported in the literature. The Student’s t 
distribution was calculated. The value calculated for t was 1.005 and 2.074 for Vitamin E and PABA, 
respectively. These values do not exceed the tabulated ones24 that are 2.447 for a probability of 95%, which 
means that the proposed method can be used for the in-process control of ointment preparation.  

 
Table 3  

Determination of Vitamin E and para-aminobenzoic acid during in-process control of ointment preparation 

Vitamin E, mg PABA, mg  
Method Method 

Values Proposed Reference21 Proposed Reference20 
mean ± s.d. 100.05 ± 0.15 99.46 ± 0.95 14.96 ± 0.22 14.83 ± 0.17 

N 6  6 6 
t 1.005  2.074  

  Note: s.d. – standard deviation; N – number of determination, t – Student’s test value 

CONCLUSIONS 

A rapid, precise, accurate, sensitive and selective first derivative spectrometric method has been 
developed for the simultaneous quantitative determination of Vitamin E and PABA. These compounds are 
active substances in ointments used to reduce skin photo-damage. The method is suitable for the fist in-process 
control without fear of interferences caused by excipients that are expected to be present in the first stage of 
ointment fabrication. The method was fully validated and shows good linearity, precision and accuracy. The 
proposed method was compared with a reported method and the statistical results show that there is no 
significant difference with regard to precision and accuracy.   

REFERENCES 

1. R. Brigelius-Flohe and M.G. Traber, FASEB J., 1999, 13, 1145-1155. 
2. W. Stahl, U. Heinrich, H. Jungmann, H. Sies and H. Tronnier, Am. J. Clin. Nutr., 2000, 71, 795-798. 
3. L. S. Baumann and J. T. Spencer, Dermatol. Surg., 1999, 25, 311-315. 
4. S. B. Roberts , F. D. Morrow FD, W. J. Evans, D. C. Shepard, G. E. Dallal, C. N. Meredith and V. R. Young. Am. J. Clin. Nutr., 

1990, 51, 485-488. 
5. F. Urbach, J. Photochem. Photobiol. B., 2001, 64, 99-104. 
6. D. L. Luscombe and A. M. Bond, Talanta, 1991, 38, 65–72. 
7. M. L. Huang, G. J. Burckart and R. Venkataramanan, J. Chromatogr. B, 1986, 380, 331-338. 
8. Q. Liu, K. K. Scheller and D. M. Schaefer, J. Anim. Sci., 1996, 74, 2406-2410. 
9. F. J. Ruperez, D. Martin, E. Herrera and C. Barbas, J. Chromatogr. A., 2001, 935, 45-69. 
10. R. Yamauchi, H. Noro, M. Shimoyamada and K. Kato, Lipids, 2002, 37, 515-22. 



 Determination of vitamin E and vitamin H1 445 

11. B. Zhao, S. Y. Tham, J. Lu., M. H. Lai, L. K. H. Lee and S. M. Moochhala J. Pharm. Pharm. Sci., 2004, 72, 200-204. 
12. O. Korchazhkina, E. Jones, M. Czanderna, S. A. Spencer and J. Kowalczy Acta Chromatogr., 2006, 16, 48-57. 
13. *** Comité Européen de Normalisation, EN 12822. 
14. D. C. Liebler , J. A. Burr, L. Philips and A. J.  Ham, Anal. Biochem., 1996, 236, 27-34. 
15. T. Esma, A. Resat and G. Esma, Talanta, 1997, 44, 249–255. 
16. A. M. Halpern, B. R. Ramachandran,  Photochem. Photobiol., 1995, 62, 686–691. 
17. H. Taniguchi and T. Tomohiko, Anal. Chem.,  1985, 57, 2873–2877. 
18. D. Ivanovići and A. Popović, J. Pharm. Biomed. Anal., 1999, 18, 999–1004. 
19. J. Li and D. W. Ding, J. Chromatogr. A, 2000, 879, 245–257. 
20. T. Ohshima and T. Takayasu, J. Chromatogr. B, 1999, 726, 185–194. 
21. V. Pirogov and W. Buchberger, J. Chromatogr. A, 2001, 916, 51–59. 
22. R. Kastel, I. Rosival and J. Blahovec Biomed. Chromatogr., 2005, 8, 294-296. 
23. D. L. Stokes and T. Vo-Dinh, Sensors and Actuators B., 2000, 69, 28–36.  
24. J. Yea, J. Liub and Z. Zhangb, J. Electroanal. Chem., 2001, 508, 123–128. 
25. I. Badea, D. Moja, and L. Vlădescu, Roum. Biotechnol. Lett., 2002, 7, 655–659. 
26. ***European Pharmacopoeia 4.3, 2002, p. 2954. 
27. ***European Pharmacopoeia 4.3, 2002, p. 2047. 
28. ***ICH Q2A Validation of Analytical Methods, 1994. 
29. ***ICH Q2B Analytical Validation – Methodology, 1996. 
30. C. Liteanu and I. Râcă, “Teoria şi metodologia statistică a analizei urmelor” Ed. Scrisul Românesc, Craiova, 1979, p. 402. 


