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Abstract: Amount of α-escin and β-escin in cosmetic cream formulations were determined by simple reverse phase 

HPLC method by using the C18 column at 220 nm. The mobile phase is composed of acetonitrile-water (60:40) at 

pH 2.4. The method validation study was carried out based on the ICH recommendations and linear regression 

equations were determined as y=1548.3x+340.7 and y=1521.3x-91.9, for the analytes, respectively. While LOD 

values of the method were determined for α-escin and β-escin as 0.003 µg/mL and 0.027 µg/mL,  LOQ values were 

determined as 0.01 µg/mL and 0.08 µg/mL, respectively. 
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1. Introduction 

The main active component of horse chestnut (Aesculus hippocastanum L.) seed extracts is escin 

(aescin), a blend of triterpene saponins. Hemorrhoids, inflammation, cerebral ischemia injury, and chronic 

venous insufficiency are among the illnesses for which escin has historically been prescribed [1-3]. Its 

exceptional efficacy in preventing and treating a range of peripheral vascular diseases stems from multiple 

molecular mechanisms, such as inhibition of neutrophil adhesion, sensitization of calcium channels, 

enhancement of venous tension and capillary sealing, elastase and other enzymes inhibition and releasing 

PGF2α [4]. α-escin and β-escin are the two forms of the saponins found in escins (Figure 1). The 

separation of them is done through the melting point, hemolytic index, specific rotation and solubility in 

water [4]. β-escin the main active component in extracts made from horse chestnut seeds. As a result of 

several different research, it is clear that β-escin can inhibit proliferation and/or induce apoptosis in 

numerous cancer cell types such as A549 cell, HT-29 cell, HCC cell, OVCAR3 cell and H-Ras 5RP7 cell 

[5,6].  

As a result of the studies, β-escin has shown possibilities to be used as a chemopreventive agent, 

particularly for malignant growths related to an inflammatory response. Even though α-escin is the minor 

component of escin, it shows bioactivity but at a lower rate compared to β-escin. Because of the lower 

bioactivity, only a few studies were dedicated solely on the pharmacological activity of α-escin. Even 

though the number of the studies are low in quantities, these studies have demonstrated significant 

improvement for the treatment of osteopenia in rats. Despite the difference in pharmacological activity, 

α- and β-escin are used together in production of commercial samples [7,8].  
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Figure 1. Chemical structure of α-escin (R1=H and R2=COCH3) and β-escin (R1=COCH3 and R2=H) 

 

Numerous analytical techniques were published for the estimation the level of escin including 

thin-layer chromatography [9], enzyme immunoassay [10], high-performance liquid chromatography 

(HPLC) [11], radioimmunoassay (RIA) [12,13] and LC-MS [14]. Nevertheless, the listed methods are 

generally used in the applications of herbal medicinal products, seed extracts or in vitro studies of 

transport through the skin. The two separate research done by Schrödter and Kuntz using 

radioimmunoassay was solely focused on the measurements of total β-escin after one or multiple dosages 

of human plasma have been administered [12,13]. Despite the widespread preference for horse chestnuts 

among patients, healthcare professionals, and the general public, there is currently no scientific method 

displayed to measure α- and β-escin in creams containing horse chestnut. 
The use of creams containing horse chestnut (Aesculus hippocastanum L.) is for the aim to 

develop and validate a high-performance liquid chromatography (HPLC) method that will allow analysis 

of α-escin and β-escin together without interfering with other components. According to the developed 

method, the analysis of cream products claimed to contain horse chestnut will be carried out easily and 

quickly in routine laboratories. According to the validation studies, it was shown that this method is 

sensitive, selective, precise, and accurate.   
 

2. Experimental 

2.1. Instrumentation and Reagents 

A Shimadzu (Japan) LC-20 liquid chromatograph, equipped with an SPD-20A HT UV detector 

with a wavelength set at 220 nm, an LC-20AT pump, a SIL AT-HT autosampler component, and a CTO 

10 AC column oven, was utilized for the HPLC studies. On a GL Sciences (Japan) C18 (ODS) column 

with a measurement of 4.6 mm I.D., 150 mm length, and 5 µm particle size, chromatographic separation 

was accomplished isocratically at 25ºC. With a flow rate of 1.2 mL/min, the mobile phase consisted of 

acetonitrile-water (0.1% phosphoric acid) (pH 2.4) containing 1 mL/L triethylamine. All chemicals used 

in this study were of analytical reagent grade. α-escin (≥95 %) and β-escin (≥95 %)  were acquired through 

Sigma Aldrich, St. (Louis, Missouri, USA). Acetonitrile, orthophosphoric acid, and 

triethylamine were obtained from Merck (Darmstadt, Germany).  Water was purified by the 
Human (Japan) ultrawater purification system. 
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2.2. Methods 

The stock standard solutions of α-escin and β-escin were dissolved in water at 100.0 μg/mL.  In 

order to produce a working standard solution in different concentrations before measurements, stock 

solutions were diluted with water. Working standard solutions were aliquoted in 20 μL volumes for HPLC 

analysis.  The peak areas versus concentration of the cosmetic raw components were used to analyze the 

chromatograms. 

 

2.3. Preparation of the Calibration Curves 

The preparation of calibration curves involved the examination of α- and β-escin standard 

solutions for use at different concentrations. The proportional concentration ranges of the approach for 

the two substances were found using linear least-squares regression analysis. Each concentration level 

was examined in five replicates, and the calibrating slope calculations were computed as follows: y = ax 

+ b, where x represents the measured concentration of the cream's content in µg/mL and y represents the 

maximum area.   

 

2.4. Uncertainty Assesment 

 

The uncertainty from the purity of the compound (ustandard), weighing (uweighing), calibration curve 

parameters (ucalibration), recovery (urecovery), and repeatability (urepeatability) were evaluated for the main 

uncertainty contributions. The combined uncertainty (UCombined) was calculated using the formulas 

described in the literature [15-20]. The overall expanded uncertainty (Uexpanded) was determined at 95% 

confidence level by multiplying the achieved combined uncertainty with coverage factor (k) equal to 2.  

 

2.5. Extraction Process for Application the Method to Cosmetic Products 

 

Various extraction procedures have been developed for the extraction of α-escin and β-escin from 

cosmetic products, including solid phase extraction (SPE) and liquid–liquid extraction (LLE). In order to 

provide efficient extraction of α-escin and β-escin from creams, the liquid-liquid extraction (LLE) 

technique was first tested with various extraction solvents, mixtures and different volumes of extraction 

solvents. Experiments were carried out using different elution techniques with normal phase and reverse 

phase sorbents using the solid phase extraction (SPE) technique. As a result of these trials, LLE showed 

greater efficiency with higher recovery values, and it was decided to apply the following method.  
0.1 g of cream samples weighed 1.5 mL of Eppendorf tube and 1 mL of ethanol:acetonitrile (1:1) 

mixture was added. The mixture was vortexed for 30 seconds. centrifuged at 4000 rpm for 10 min. 800 

µL of the supernatant was filtered through 0.45 μm polyethersulfone filters (Dainippon Seiki, Kyoto, 

Japan) and the liquid transferred to 1.5 mL of HPLC vial. 20 L of the liquid from the vial was injected 

for each replicate. 
 

 

3. Results and Discussion 

3.1. Method Development 

Regarding the concurrent identification of α-escin and β-escin in cream products, a reverse-phase 

HPLC approach was chosen. Tests were conducted on several kinds of C8 and C18 HPLC columns at 

different temperature (20C, 25C and 30C) levels. Higher resolution (sharper and more symmetrical 

peaks) was achieved on C18 column (150 mm, 4.6 mm, 5 µm) at 25ºC. o-phosphoric acid solution (0.1%) 

including containing 1 mL/L triethylamine was chosen four aqueous part of the mobile phase. The organic 

modifier of choice being acetonitrile, a mobile phase composition of acetonitrile–phosphoric acid (pH: 

2.4), 60:40 (v/v) at a flow rate of 1.2 mL/min was employed in order to obtain an exceptionally precise 

result. Based on UV pattern of the analytes the detection wavelength for quantification was selected at 



 

Determination of α-escin and β-escin in creams containing horse chestnut 

 

 

252 

220 nm. The cream materials' retention periods within such circumstances are 5.62 ± 0.04 and 7.21 ± 0.03 

for α-escin and β-escin, respectively (Figure 2). 

 
 

Figure 1. Blank (aqueous medium) (a), standard solution (10 μg/mL standard α-escin and β-escin 

solutions) (b), cream sample (c)  

 

3.2. Method Validation 

The International Conference on Harmonization (ICH) provided the subsequent specifications, 

which were followed during the technique's verification [21].  

 

3.2.1. Linearity, LOD and LOQ 

 

The resulting linearity limits were 0.01-50 for α-escin and 0.08-20 µg/mL for β-escin and linear 

regression equations were obtained y = 1548.3x + 340.7 (R2=0.9915) and y = 1521.3x - 91.9 (R2=0.9924), 

respectively (Table 1). 
Limits of detection (LOD), limit of quantification (LOQ) the method were calculated using the 

following equation, the LODs of the approach for distinct substances were determined: LOD or LOQ = 

κSDa/b, where κ = 3 for LOD and 10 for LOQ. While LOD values of the method were determined for α-

escin and β-escin as 0.003 µg/mL and 0.027 µg/mL,  LOQ values were determined as 0.01 µg/mL and 

0.08 µg/mL, respectively. 
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                         Table 1. Analytical variable findings relating to the suggested approach 

 

 

 

 

 

 

 

 

 
*n=5 matches the replicated analysis for every stage. 

 
3.2.2. Precision 

 

Three degrees of concentrations (low, medium, and high) have been assessed for the daily and 

hourly accuracy measurements by analyzing cream specimens for seven distinct days (each with n = 5).  

Significant reproducibility of the method was shown by the RSD values, which were found to be 0.22–

1.84% for hourly accuracy and 1.66–2.43% in daily consistency. 

 

3.2.3. Recovery 

 

Recovery experiments were carried out to determine the accuracy of the method for the 

quantification of α-escin and β-escin. Recovery of the method was checked at three different 

concentrations by spiking of the standards to the cream formulations which are given in Table 2 and the 

following equation was used for the recovery experiments.  

  

Recovery % = ((Ct - Cu))/Ca)×100 

 

Where Ca represents the proportion of the purified analyte introduced to the formulation, Cu represents 

the proportion of the analyte contained within the formula, and Ct is the overall concentration of the 

analyte discovered. Table 2 displays the findings from the recovery research and the examination of the 

industrial cream specimen types.  

 

Table 2. Findings from recovery experiments using the standard addition method 

 
Existant 

concentration 

(µg/mL) 

 

 

Added 

concentration 

(µg/mL) 

Found 

concentration 

(µg/mL) 

(Mean±SD) 

 

Recovery 

(%) 

 

RSD of 

intraday 

variation 

 

RSD of 

interday 

variation 

 25 0.01 24.98±0.66 99.88 0.96 1.95 

α-escin 25  10 34.11±0.18 97.45 1.01 1.23 

 25 25 49.33±0.22 98.46 1.46 1.53 

 10 0.08 10.01±0.73 99.30 0.63 2.19 

β-escin 10 1 10.88±0.34 98.90 0.58 1.83 

 10 10 19.28±0.88 96.40 1.10 1.66 

*For each concentration n=5 
  

Parameter 
 

 
α-Escin β-Escin 

Linearity range* (µg/mL) 0.01-50 0.08-20 

Regression equation  y=1548.3× + 340.7 y=1521.3× - 91.9 

Slope±SD 1548.3 1521.3 

Intercept±SD 340.7 91.9 

Correlation coefficient, R2 0.9915 0.9924 

LOD (µg/mL) 0.003 0.027 

LOQ (µg/mL) 0.01 0.08 
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3.2.4. Stability 

 

This feature for the working standard mixtures of the cream samples was assessed under various 

storage conditions, including room temperature in the dark, in autosampler conditions for 48 hours, and 

kept cooled at 4ºC for a month. The results of the stability studies indicated that the samples remained 

stable under these conditions. Specifically, the samples were seen to be steady when stored at room 

temperature for 48 hours, as well as when kept in autosampler conditions for the same duration. 

Additionally, refrigeration at 4ºC for 1 month did not compromise the stability of the samples. In all tested 

storage conditions, both α-escin and β-escin were determined to be stable. I suggest that the method can 

reliably analyze these cosmetic raw materials without concerns about sample degradation during storage.  

 

3.2.5. Robustness 

 

The robustness of the approach was assessed by varying a few important factors, including the 

flow rate, column oven temperature, and the proportions of acetonitrile and the acidic solution in the 

mobile phase. Specifically, the mobile phase composition was modified from the initial 60:40 

(acetonitrile–acidic solution) to two different ratios: 55:45 and 65:35. The column temperature was 

adjusted from the initial 20ºC, 25ºC and 30ºC, while the flow rate was altered from 1.2 to 1.1 and 1.3 

mL/min. It's noteworthy that these changes in the method's parameters did not have any significant impact 

on the peak areas. Low relative standard deviation (RSD) values, as indicated in Table 3, demonstrate the 

robustness of the method. This suggests that the method can provide consistent and reliable results even 

when slight variations in these parameters are introduced, which is an essential characteristic for its 

practical applicability. 

 

Table 3. Results from robustness experiments 

Condition   Value Recovery RSD (%) 

  α-escin β-escin α-escin β-escin 

Flow rate mL/min 1.1 99.18 100.11    0.61                  0.85 

 1.3 99.56                        98.81    1.35                  1.74 

Mobile phase 

composition 

55:45 

65:35 

97.44 98.37 

98.39 99.24 

   1.80                  2.24 

   1.98                  2.54 

Column temperature 20 99.01 99.66    0.28                  1.23 

 30 98.55 98.78    0.36                  1.30 
*For each concentration n=5 

 

3.3. Extraction Process 

After the method and validation studies, the concentrations of α-escin and β-escin in cream 

products containing horse chestnut (Aesculus hippocastanum L.) are given in Table 4.  
 

Table 4. Creams material concentrations and method reproducibility 

Cosmetic product Recovery %RSD α-escin β-escin 

Sample 1 %92.60 1.20 33.90 12.85 

Sample 2 %89.36 2.83 26.54 9.11 

Sample 3 %90.88 1.62 29.47 10.66 

Sample 4 %93.41 0.98 36.80 13.38 

Sample 5 %95.55 1.36 39.21 16.23 

Sample 6 %87.63 2.10 22.61 7.32 

Sample 7 %90.22 1.58 28.95 9.80 
*For each concentration n=5 
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3.4. Estimation of Uncertainty Budget 

The results were expressed in percentage (%) at 95% confidence level for both analytes in the 

calculated parameters. The results noticed in the study were presented in Table 5 which suggests that the 

results were acceptable. The result related to the uncertainty due to sample weighing was noticed to be 

negligible and hence were not presented.  

 
                 Table 5. Combined and expanded uncertainity results 

Analytes ustandard ucalibration urecovery urepeatability ucombined Uexpanded 

α-escin 0.3 1.5 0.2 0.7 1.2 3.4 

β-escin 0.3 1.3 0.3 2.0 2.4 4.8 
k=2 (95 % confidence level) 

In conclusion, a simple extraction and an HPLC method α-escin and β-escin in cosmetic cream 

formulation using a C18 column column at 220 nm. The method is simple, precise and accurate and it can 

be applicable for the routine measurements of the cosmetic laboratories within 8 min. 

ORCID  
Burhan Ceylan: 0000-0003-3666-8187  

 

References 

 
[1] K. Greeske and B.K. Pohlmann (1996). Horse chestnut seed extract-an effective therapy principle in general 

practice. Drug therapy of chronic venous insufficiency, Fortschritte Med. 114, 196-200. 

[2] F. Wei, L.Y. Ma, X.L. Cheng and R.C. Lin (2005). Preparative HPLC for purification of four isomeric 

bioactive saponins from the seeds of aesculus chinensis, J. Liq. Chrom. Relat Techn. 28, 763-773. 

[3] L. Zhang, F. Fu, X. Zhang, M. Zhu, T. Wang and H. Dan (2010). Escin attenuates cognitive deficits and 

hippocampal injury after transient global cerebral ischemia in mice via regulating certain inflammatory genes, 

Neurochem. Int. 57, 119-127. 

[4] C.R. Sirtori (2001). Aescin: pharmacology, pharmacokinetics and therapeutic profile, Pharmacol. Res. 44, 

183-193. 

[5]  P.K. Chan (2007). Acylation with diangeloyl groups at C21-22 positions in triterpenoid saponins is essential 

for cytotoxicity towards tumor cells, Biochemical Pharmacol. 73, 341-350. 

[6]  G. Güney, H.M. Kutlu and A. Iscan (2012). The apoptotic effects of escin in the H-Ras transformed 5RP7 

cell line, Phytotherapy Res. 27, 900-905. 

[7]  U. Cegiela, M. Pytlik, W. Janiec and L. Sliwinski (2000). Effects of alpha-escin on histomorphometrical 

parameters of long bones in rats with experimental post-steroid osteopenia, Polish J. Pharmacol. Pharm. 52, 

33-37. 

[8]  M. Pytlik, U. Cegiela and W. Janiec (2000). Influence of alpha-escin on skeletal changes in oyariectomized 

rats, Acta Polon. Pharm. 57, 73-78. 

[9]  S. Aspers, T. Naessens, L. Pieters and A. Vlietinck (2006). Densitometic thin-layer chromatographic 

determination of aescin in a herbal medicinal product containing Aesculus and Vitis dry extracts, J. Chrom. 

A 1112, 165-170. 

[10]  C. Hentschel, W. Schossler, G. Liebrich and A. Brattsrtom (1994). Enzyme immunoassay for quantitative 

analysis of β-escin in human serum, Pharmazie 49, 929-930. 

[11]  L. Montenegro, C. Carbone, I. Giannone and G. Puglisi (2007). Use of solid phase extraction (SPE) to 

evaluate in vitro skin permeation of aescin, Pharmazie 62, 342-345. 

[12]  A. Schrödter, D. Loew, W. Schwankl and N. Rietbrock (1998). The validity of radioimmunologic 

determination of bioavailability of beta-escin in horse chestnut extracts, Arzneimittelforschung 48, 905-910. 

[13]  K. Kunz, G. Lorkowski, G. Petersen, E, Samcova and K. Schaffler (1998). Bioavailability of escin after 

administration of two oral formulations containing aesculus extract., Arzneimittelforschung 48, 822-825.  

https://orcid.org/0000-0003-3666-8187
https://orcid.org/0000-0003-3666-8187


 

Determination of α-escin and β-escin in creams containing horse chestnut 

 

 

256 

 

[14] M. Yoshikawa, T. Murakami, J. Yamahara and H. Matsuda (1998). Bioactive saponins and glycosides. XII. 

Horse chestnut. (2): Structures of escin IIIb, IV, V and VI and Isoescins Ia, Ib and V, Acylated 

polyhydroxyoleanene triterpene oligoglycosides, from the seeds of horse chestnut tree (Aesculus 

hippocastanum L., Hippocastanaceae), Chem. Pharm. Bull. 46, 1764-1769. 

[15] B. Magnusson and U. Örnemark (eds.) Eurachem Guide: The fitness for purpose of analytical methods – a 

laboratory guide to method validation and related topics, (2nd ed. 2014). ISBN 978-91-87461-59-0. 

[16] A. Kul (2022). Simultaneous determination of chlorpheniramine maleate, pseudoephedrine hydrochloride, 

oxolamine citrate, and paracetamol by HPLC-PDA in pharmaceutical dosage form, J. Chem. Metrol. 196, 

102-110. 

[17] S. Charapitsa, S. Vetokhin, I.Melsitova, S. Leschev, V. Egorov, M. Zayats, N. Kostyuk, Y. Shauchenka, L. 

Sobolenko, A. Kavalenka, S. Sytova and N. Zayats (2021). Development of a quality control material for the 

analysis of volatile compounds in alcoholic beverages, J. Chem. Metrol. 15(2), 115-123. 

[18] H. Kiziltas, A.C. Gören, Z. Bingöl, S.H. Alwasel and İ. Gülçin (2021). Anticholinergic, antidiabetic and 

antioxidant activities of Ferula orientalis L. determination of its polyphenol contents by LC-HRMS, Rec. 

Nat. Prod. 15(6), 513-528. 

[19] N.B. Sarikahya, G.S. Okkali, D. Gunay, A.C. Goren, F.O. Coven and  A. Nalbantsoy (2022). LC-HRMS 

based approach for identification and quantification analysis of chemical constituents of sea cucumbers from 

aegean sea - their cytotoxic and antiviral potentials, Rec. Nat. Prod. 16(6), 592-604. 

[20] A.C. Gören, G. Bilsel and M. Bilsel (2007). Rapid and simultaneous determination of 25-OH-vitamin D 2 

and D 3 in human serum by LC/MS/MS: Validation and uncertainty assessment, J. Chem. Metrol. 1, 1-9. 

[21]  ICH validation of analytical procedures: text and methodology Q2(R1). 1994. 1-13. 
 

 

 
© 2023 ACG Publications 

 


