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Abstract
The primary goal of this study was to develop a simple and reliable High-Performance-Thin-Layer Chromatography method to 

quantitate active ingredients in commercial topical formulations containing Calendula officinalis extract and to investigate the affect of 
different extraction solvents on the overall quality of the formulation. 

The developed method was validated for linearity, precision, accuracy, limit of detection, and limit of quantification. It was found 
that commercially available formulations containing extracts of Calendula officinalis have significant variations in both composition and 
amounts of active pharmaceutical ingredients, due to different extraction procedures employed and the standardization requirements 
for extracts used in formulation. 
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Introduction
Calendula officinalis of the family Asteraceae, native to Eastern 

Europe and the Mediterranean, has long been used in both traditional 
and clinical medicine in wound healing and to help relieve skin 
inflammations and irritations [1-4]. It is commonly known as marigold, 
gold bloom and holligold. The anti-inflammatory and anti-oedematous 
properties of Calendula officinalis have been linked to the pentacyclic 
mono-, di- and trihydroxy triterpenoid fatty acid esters, especially the 
faradiol esters, faradiol 3-O-laurate, faradiol 3-O-palmitate and faradiol 
3-O-myristate (Figure 1) [5-10]. The unesterified faradiol produced by 
hydrolysis, has been found to have the same effect as an equimolar 
dose of indomethacin which is a Non-Steroidal Anti-Inflammatory 
Drug (NSAID) [11]. However, the claimed benefits of these herbal 
formulations cannot be guaranteed in commercially available 
preparations unless standardised methods of regulation and testing are 
introduced. Thus, it has been suggested that the concentrations of the 
triterpenoid fatty acid esters in Calendula officinalis formulations may 
be an effective method to assess and monitor the quality of products on 
the market [9].

Since the dried ray and disk florets of the Calendula officinalis 

flower contain the greatest quantities of the faradiol esters [6], European 
Pharmacopoeia recommends the use of the ligulate ray florets in the 
production of herbal medicinal products [6,12]. Also, growing and 
harvesting conditions can affect the chemical composition of Calendula 
officinalis. For example in a study conducted in Brazil [13] the total yield 
of essential oils obtained from Brazilian flowers was significantly lower 
than that obtained from another study conducted in France [14]. This 
was attributed to the difficulties of acclimatization of the plant from 
the lower temperatures in native areas of France when compared to the 
higher temperatures in Brazil. 

The main aim of this study was to separate and compare different 
lipophilic extracts from Calendula officinalis flowers using chlorogenic 
acid as a phytochemical marker. It has been reported that the lipophilic 
ethyl acetate soluble fraction of the methanol extract of Calendula 
officinalis flowers exhibits the most potent inhibition (84% w/v) 
of induced inflammation when compared with indomethacin as a 
reference drug. Alternatively, an aqueous-ethanol extract showed 
only 20% w/v inhibition of inflammation [8]. However, a number of 
different extraction methods of Calendula officinalis, such as alcoholic 
and freeze-dried extractions, are used in the manufacture of Calendula 
officinalis formulations. Faradiol esters [9,10,15], the active ingredients, 
are more soluble in less polar solvents so the method of extraction 
employed may influence the overall anti-inflammatory activity of 
Calendula officinalis in commercially available products. Another 
aim of this study was to quantitatively analyze active ingredients in 
commercially available topical creams and ointments, and to determine 
how different extraction methods of Calendula officinalis flowers affect 
the overall quality of the product. 

Several analytical techniques have been established for the 
identification and quantification of natural products in herbal 
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Figure 1: Structure of faradiol 3-O- monoesters; R= laurate, palmitate or 
myristate.
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preparations. However, some of these procedures (e.g. high performance 
liquid chromatography) are time-consuming, have high operational 
costs, and also require high technical skills together with sophisticated 
equipment. Quantitative Thin Layer Chromatography (TLC) has been 
used widely for analysis of herbal medicinal extracts due to its simplicity 
of operation, speed, versatility and reproducibility, and relatively low 
cost, as a number of samples can be analyzed simultaneously on a single 
plate using only a small amount of solvent as the mobile phase [16-20] 
(Figure 1).

Experimental
Materials

The standardized Calendula officinalis CO2 extract was obtained 
from The Herbarie (Batch: 0809, The Herbarie at Stoney Hill Farm, 
Inc, Prosperity, NC, USA) which contains 6.0-7.0% faradiol esters, 
0.25% carotenoids and 0.27% essential oils in fractionated coconut oil. 
Four different topical formulations, two creams (C1 and C2) and two 
ointments (O1 and O2) were obtained from manufacturers in Australia 
and Italy. The samples included the following manufacturers claims; 
Calendula officinalis cream C1 containing Marigold flowers freeze-
dried extract 1% (standardized to 1.2% total flavonoids expressed as 
hyperoside) (Italy), Calendula officinalis cream C2 containing 10 mL in 
100 g of Calendula officinalis extract (1:5) in aqueous cream (Australia), 
Homeopathic Calendula officinalis 10% Ointment O1 (Italy) and 
Calendula officinalis ointment O2 containing Calendula officinalis 
extract equivalent to 71 mg dry flower per 1 g (Australia). Solvents 
used in the HPTLC mobile phase were ethyl acetate, anhydrous 99.8% 
(Sigma Aldrich, Germany), n-hexane 95.0% (BDH, England), and/
or glacial acetic acid 99.8% (Sigma Aldrich, Germany). Extraction 
solvents used were dichloromethane 99.5% (Chem-supply, Australia) 
or ethanol 95.0% (Sigma Aldrich, Germany). Chlorogenic acid or 
5-caffeoylquinic acid, minimum 95% (Sigma Aldrich, Germany), was 
used as an external standard.

Methods

Standard calibration line: A Calendula standard solution was 

prepared by transferring 5.00 mL of standardized Calendula officinalis 
CO2 extract of the flower to a 50.0 mL volumetric flask and making it 
up to volume with dichloromethane. This solution was spotted onto a 
HPTLC plate in increasing volumes from 0.50-5.0 µL (Figure 2). The 
plate was developed in a mobile phase of n-hexane: ethyl acetate: acetic 
acid in a ratio of 20:10:1 (v/v/v). A chlorogenic acid standard curve was 
prepared by spotting 1.0-10.0 µL of a 1.0 mg/mL chlorogenic acid in 
ethanol. The plate was developed in a mobile phase of n-hexane: ethyl 
acetate: acetic acid in a ratio of 20:10:1 (v/v/v).

Extraction protocols: Samples of organic dried Calendula 
officinalis flowers were obtained from an Australian source (Batch: 
OCOFOO3EH, All Rare Herbs, Queensland). These flower samples 
were manually separated to obtain yellow petal (ray floret), green 
stem (disc floret) and whole flower samples. Ground flower samples 
(1 g) were extracted either using dichloromethane or ethanol and then 
filtered using 7.0 cm round filter paper (Whatman, England) and made 
up to 50 mL in volumetric flasks. Solvent extraction involved heating at 
approximately 60°C while stirring and then leaving the sample for 24 
hours. Freeze dried samples were also prepared using dried flowers that 
were placed in a freeze drier for 48 hours and then extracted in a similar 
method using either dichloromethane or ethanol. The extracts stored 
at 4°C were very stable, having the same qualitative and quantitative 
composition after 1 month of storage. This is to be expected as flavonoids 
are substances which generally have a high chemical stability [21].

Alcoholic or dichloromethane extracts from creams and ointments 
were prepared by mixing 2 g of the formulation in either 15 mL of 
ethanol or dichloromethane and heating it at 60°C, stirring until 
dissolved. The solution was then filtered using 7.0 cm round filter paper 
(No. 1, Whatman, England) into a 25 mL volumetric flask and made 
up to volume. 10 µL of each extract was directly applied onto HPTLC 
plates in triplicate and the chromatograms developed and analyzed.

Quantitative HPTLC analysis: Samples were directly applied 
onto HPTLC Silica gel 60 F254 plates (Merck, Switzerland) (10×10 
cm) using a Nanomat 4 applicator (Serial: 1611, Camag®, Muttenz, 
Switzerland) or using a 10 µL guided plunger syringe (Serial: 10R-GP, 
SGE, Australia). The distance between the sample bands was set at 10 
mm; the distance from the lower plate edge was 8 mm, with 8 bands 
spotted per plate. Since faradiol esters are not commercially available, 
a quantitative comparison was carried out according to the external 
standard method. Chlorogenic acid was used as a reference standard to 
compare the phytochemical composition in the extracts of flowers and 
extracts from the commercial formulations. 

Plates were developed using saturated vertical twin trough 
developing chambers (10×10 cm, 10×20 cm) and also using a horizontal 
(10×10 cm) developing chamber (Camag®, Muttenz, Switzerland) with 
n-hexane:ethyl acetate:acetic acid (20:10:1, v/v/v) as the mobile phase. 
The solvent front was allowed to develop until it had travelled a distance 
of 80 mm which took approximately 25 minutes. After drying the plates 
with a stream of cold air for 1 minute, the spots were examined using 
a TLC-Visualiser (Camag®, Muttenz, Switzerland) under transmitted 
white light at wavelengths of UV 254 nm and UV 366 nm. Images 
from developed HPTLC plates were digitally captured using a high-
resolution 12 bit CCD. Fixed capture parameters (focal length, focus, 
and aperture) ensured high reproducibility of images from plate to 
plate [22]. The Just TLC (Sweday®, Sweden) analysis program was 
used to quantify and compare the area of each spot from the captured 
chromatogram images. 

Figure 2: HPTLC chromatogram of standardized Calendula officinalis CO2 
extract in dichloromethane solvent. Mobile phase; n-hexane: ethyl acetate: 
acetic acid in a ratio of 20:10:1 (v/v/v). Spotted from left to right with 0.5 µL, 1 
µL, 2 µL, 3 µL, 4 µL, and 5 µL of solution.



Volume 1 • Issue 4 • 1000115Mod Chem appl
ISSN: 2329-6798 MCA, an open access journal

Citation: Agatonovic-Kustrin S, Chakrabarti A, Morton DW, Yusof PA (2013) Assessing the Quality of Various Preparations of Calendula officinalis 
using High Performance Thin Layer Chromatography. Mod Chem appl 1: 115. doi:10.4172/2329-6798.1000115

Page 3 of 5

Results and Discussion
Analytical characteristics of the HPTLC Method

The experimental purpose of this work was to develop a simple 
and reliable HPTLC procedure for the quantification of active 
constituents in lipid extracts of Calendula officinalis. The first step in 
chromatographic method development was to select an appropriate 
mobile phase so that Rf values for the components are between 0.3-0.5. 
Initial trials with a number of different mobile phases were guided by 
previous work [5,6,11,23], which included varying ratios of n-hexane, 
ethanol, ethyl acetate, dichloromethane and acetonitrile. Good 
separation was previously achieved using a solvent mix of n-hexane: 
ethyl acetate in a ratio of 8:2 (v/v) [6]. However, the bands tended to 
merge into each other. Several mobile phases with small amounts of 
acid modifier to improve separation were investigated. An increase in 
acidity of the mobile phase by the addition of acetic acid improved the 
overall separation of compounds. The optimal mobile phase to separate 
the compounds in Calendula officinalis was found to be n-hexane: ethyl 
acetate: acetic acid in a ratio of 20:10:1 (v/v/v) (Figure 2).

Using the optimal mobile phase mixture, qualitative TLC analysis of 
the extracts generally revealed seven bands upon development, with the 
light blue fluorescent zone at an Rf=0.30, corresponding to chlorogenic 
acid. Note: the chlorogenic acid band is the lowest visible band in 
Figure 2. Captured color images were visually evaluated and Just TLC 
software was then used to calculate the area (in pixels) of the bands. The 
concentration of chlorogenic acid in each extract was determined using 
a standard curve prepared with chlorogenic acid and was expressed as 
the weight of chlorogenic acid in 100 mL. It was found that 100 mL of 
the standardized Calendula officinalis CO2 extract contains 16.750 g of 
chlorogenic acid or 16.75 % (w/v).

Evaluation of the extraction procedures

Ethanol and dichloromethane were used to extract active components 
from standard CO2 extracts of Calendula officinalis in order to determine 
if there is a difference in the amount of active ingredients present in a 
formulation as a result of the type of solvent used for the extraction. The 
results of TLC analyses show that dichloromethane extracts dissolved a 
greater amount of active ingredients from the raw sample than ethanol 
extracts, as evident in larger band area of chlorogenic acid (2717 pixels 
with dichloromethane compared to 1827 pixels with ethanol used as 
extraction solvent). Dichloromethane extracts contained a greater 
amount and variety of chemical compounds as identifiable, intensely 
colored bands on the HPTLC plates, in comparison to ethanol extracts. 
This is supported by previous work that suggests that the active anti-
inflammatory faradiol esters in Calendula officinalis are more soluble 
in less polar organic solvents such as dichloromethane [7]. Extractions 
using individual parts of fresh flowers (i.e. yellow petals and green 
stems) of C. officinalis were performed in order to determine if there are 
significant differences in the chemical composition of these parts. After 
extraction (dichloromethane and ethanol), extracts were investigated 
by HPTLC. Compounds with higher Rf (≥ 0.6) were present in higher 
amounts in the extracts obtained from the yellow petals, while green 
stem extracts contained higher amounts of chlorogenic acid (Rf=0.30). 

The influence of freeze-drying on sample preparation was analyzed 
by comparing freeze-dried to non-freeze-dried samples. The non-
freeze-dried samples contained an identifiable band for chlorogenic 
acid, which was absent from the freeze-dried samples. The samples that 
had not been freeze-dried also displayed bands of greater intensity. This 
indicates that extraction using dichloromethane and ethanol solvents 
may be more effective using dry flowers that have not been freeze-dried.

Method validation

The method was validated by testing results for linearity, accuracy, 
precision, reproducibility, ruggedness and specificity [24,25]. The 
linearity of the method was established by calculating the areas of 
the bands for chlorogenic acid from plates spotted with varying 
concentrations of standardized Calendula officinalis CO2 extract. Two 
bands on the plate, with Rf values of 0.3 (chlorogenic acid) and 0.7 
respectively were selected. The calibration curves were constructed by 
plotting spot area against applied concentration. The linearity of the 
calibration curves and the adherence of the method to Beer’s law are 
validated by the high value of the correlation coefficient and the value 
of intercept on ordinate which is close to zero. The calibration lines 
demonstrated a linearity (coefficient of correlation) of 0.991 (Rf=0.30) 
and 0.962 (Rf=0.7), respectively, in the investigated volume range 0.05-
0.5 µL of standardized extract. 

The area of the bands versus applied amount of standardized 
extract were plotted to obtain the calibration graph. Both bands obeyed 
the Beer‘s law within the investigated concentration range. Rather 
than to test the significance of the intercept of the line, we wanted to 
investigate if the equations provide an adequate fit to the experimental 
data. In order to test the overall fit of the linear regression model and 
the significance of the regression parameters, analysis of variance 
(ANOVA) was performed. ANOVA analysis was used to test how 
variations in the response (concentration of dichloromethane standard 
sample applied to the plates) affect the variation in responses (band 
area). High correlation coefficients indicate the good fit of the model 
to a data. However, they are not the best measure of the effectiveness 
of the model. Thus, we have tested the effectiveness of the areas of the 
bands in explaining the model and fitting to the concentration by the 
Fisher variance ratio (F). The F-test is the ratio of two scaled sums of 
squares reflecting different sources of variability, so that the calculated 
F value should be smaller than the critical value, if the hypothesis 
that the model has no predictive capability is true (null hypothesis). 
The null hypothesis is rejected if the F ratio is large. The values of F 
for calibration obtained using band 1 and 2 were 221.63 and 49.18, 
respectively. These F values were significantly greater than the critical 
tabular value at a given level of confidence (Fcrit=7.71) indicating that 
there is not a significant amount of variation in the measured areas that 
is not explained by the model. Thus, there is not a significant lack of fit 
between the model and the data. 

Band 1 corresponding to chlorogenic acid was selected in order 
to validate the method in accordance with International Conference 
on Harmonization (ICH) [26,27] guidelines for method validation. 
The Limit of Detection (LOD) and Limit of Quantification (LOQ) 
were calculated according to ICH guidelines [27]. The average LOD, 
the lowest concentration (amount) of analyte in a sample that can be 
detected but not necessarily quantified, was 0.02156 µL of the standard 
solution which corresponds to 2.15 nL of the standardized extract. The 
LOD is frequently confused with the sensitivity of the method. The 
sensitivity of an analytical method is the capability of the method to 
discriminate small differences in the concentration of the test analyte. 
In practical terms, sensitivity is the slope of the calibration curve that 
is obtained by plotting the response against the analyte concentration. 
The LOQ or the minimum concentration that produces quantitative 
response with acceptable precision was 6.533 nL of the standardized 
extract.

The International Conference on Harmonization (ICH) guideline 
for method precision [27] requires precision from at least 9 replications 
covering the complete investigated concentration range. In this study, 
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the results were obtained at 3 different concentrations with 3 replicates 
at each concentration (Table 1). Instrumental precision was checked 
by replicate scanning of the same bands of a selected concentration of 
Calendula officinalis standardized extract and expressed as percentage 
Relative Standard Deviation (RSD, %) of areas; the average RSD (n=9) 
was 0.97%. The variability of the method was studied by analyzing 
selected diluted extracts on the same day (intraday precision), and 
on different days after an interval of three days (interday precision); 
results were then again expressed as RSD (%). The intraday precision 
was found to be 0.65% and the interday precision was found to be 
1.69%, highlighting the unstable nature of the Calendula officinalis 
samples. This variability was reduced by spotting samples on the day of 
preparation and storing the images of HPTLC plates digitally (Table 1).

Analysis of topical formulations
The proposed method was successfully applied to 4 topical 

formulations, two creams (C1 and C2) and two ointments (O1 and 
O2). A number of the components in each extract were separated using 
HPTLC and the concentration of chlorogenic acid (mg in 100 g cream/
ointment) determined. As indicated in Table 2, sample extracts from C1 
(Italian cream) obtained with dichloromethane (C1d) and with ethanol 
(C1e) have significantly higher concentrations of chlorogenic acid 
compared to sample extracts C2d and C2e (Australian creams). The 
data in Table 2 also indicates that ethanol was less effective compared 
to dichloromethane in extracting chlorogenic acid from the cream 
and ointment samples. For the ointments, chlorogenic acid was only 
quantifiable in the homeopathic Italian ointment extracts (O1d and 
O1e) in contrast to the Australian ointment extracts where identifiable 
spots for chlorogenic acid were not visible. Note that the Italian 
ointment extracts contained much lower concentrations of chlorogenic 
acid (around 6 times less) compared to the creams investigated (Table 
2).

In general, the results of the HPTLC analyses, indicates that the 
Italian cream has a greater number of high intensity identifiable bands 
when compared to the Australian cream regardless of the extraction 
solvent used.

Conclusion
This study has demonstrated the need for standardized testing 

and regulation of herbal products available to consumers. The 
commercially available formulations of Calendula officinalis have been 
shown to significantly differ in composition. This work demonstrates 
that the variations between extraction methods and pharmaceutical 
dosage forms have considerable impact on the concentration of active 
ingredients in that product. The literature to support the efficacy 
of Calendula officinalis as an anti-inflammatory cream is strongly 
supported by evidence [9]; however, the benefits of these available 
products cannot be guaranteed if appropriate quality control measures 
and standards are not implemented. Scope for future study includes the 
development of methods to purify and obtain samples of faradiol esters 
present in Calendula officinalis in order to quantify the amounts of these 
esters present in Calendula officinalis cream and ointment formulations. 
This study has developed a simple and reliable method for the HPTLC 
separation of compounds in Calendula officinalis formulations. The 
method is both rapid and sensitive which makes it ideal for routine 
analysis of formulations containing Calendula officinalis extracts.
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