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Abstract: An environmentally friendly unreported rapid and simple reverse-phase high-performance
thin-layer chromatography (RP-HPTLC) has been designed for the simultaneous determination of
bioactive sesquiterpene coumarins feselol and samarcandin in the methanol extract of five Ferula
species. The method was developed using glass plates coated with RP-18 silica gel 60 F254S and
a green solvent system of ethanol-water mixture (8:2 v/v) as mobile phase. After development, the
plates were quantified densitometrically at 254 for feselol and samarcandin. Feselol and samarcandin
peaks from methanol extract of five Ferula species were identified by comparing their single band
at Rf = 0.43 £ 0.02 and Rf = 0.60 £ 0.01, respectively. Valid linear relationships between the peak
areas and concentrations of feselol and samarcandin in the range of 1000-7000 ng/band respectively
were obtained. The method was subjected to the validation criteria of the international conference on
harmonization (ICH) for precision, accuracy, and robustness. The new method provides an analytical
tool to enumerate the therapeutic doses of feselol and samarcandin in herbal formulations and/or
crude drugs. The obtained results indicated that F. drudeana was the richest species in the more active
samarcandin, with 0.573% w/w, while F. duranii had the largest quantity of the less active feselol,
0.813% w/w. F. drudeana was superior to the other species in the sum of the two active compounds,
1.4552% w/w, and was consequently expected to be the most active aphrodisiac among the five
studied species.

Keywords: feselol; samarcandin; Ferula; HPTLC; ICH guidelines; quantitative

1. Introduction

The family Apiaceae is one of the largest families of flowering plants, with approxi-
mately 450 genera and 3700 species, growing in the northern temperate regions [1]. The
family members are economically important as food, flavoring agents, and ornamen-
tal plants [2]. One of the important genera in the family is Ferula L., which contains
180-185 species found in Central and Southwest Asia [1]. In Turkey, more than 130 species
were recognized. About 100 of these species are endemic [3]. Ferula species members are
generally tall perennials or biennials characterized by stout stems and finely divided leaves
with inflated sheaths [4]. Plants belonging to the Ferula genus are well-documented for
their therapeutic value in the Middle East area’s traditional medicine. Among the reported
traditional medicinal uses of Ferula species are for treating rheumatism, inflammation,
pain, convulsion, neurological disorders, and diabetes [5]. Many members of the genus
have been used in Chinese traditional medicine for stomach disorders and rheumatoid
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arthritis. Recent pharmacological investigations have proved the antibacterial, antioxidant,
antiulcerative, immunopharmacological, and hypotensive activities of the genus [6-8]. The
antihyperlipidemic and antihyperglycemic effects of F. assa-foetida, F. tenuissima, F. drudeana,
and F. huber-morathii were demonstrated [9,10].

The most common traditional use of Ferula species members is as an aphrodisiac [11];
for example, F. hermonis is commonly used in Syria and Lebanon [12]. F. narthex is used
for its aphrodisiac properties in Ayurvedic medicine [13]. In the USA [14] and Brazil [15]
F. assa-foetida extracts have been applied for the treatment of erectile dysfunction. Other
Ferula members such as F. elaeochytris and F. communis are listed as aphrodisiacs in the
Turkish traditional medicine [16].

Ferula species are the source of important biologically active secondary metabolites as
sesquiterpene coumarin derivatives and sulphur compounds [17]. The biological activities
of the plants’ genus are partially attributed to the volatile oil contents [18].

Our investigation of the aphrodisiac effect of F. drudeana listed in Turkish traditional
medicine and phytochemical study resulted in the isolation of two active sesquiterpene
coumarins, feselol and samarcandin [19]. In this investigation, we designed a validated
RP-HPTLC method for the analyses of feselol and samarcandin biomarker in five Ferula
spices, utilizing RP18 silica gel plates. The proposed method was proved to be precise,
accurate, and compliant with all the ICH guidelines [20].

2. Materials and Methods
2.1. Standard and Chemicals

Standard feselol and samarcandin (Figure 1) were previously purified and character-
ized from of F. drudeana [19]. All the used solvents were of HPLC grade and other chemicals

were of analytical reagent (AR) grade.
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Figure 1. Structures of feselol (1) and samarcandin (2).

2.2. Preparation of Standard Solutions

Accurately weighed 10 mg of the standard feselol and samarcandin were separately
dissolved in the green solvent ethanol and the volume was completed to 10 mL volumetric
flasks to obtain 1000 pug/mL concentration. From this working standard, 1, 2, 3, 4, 5, 6
and 7 pL equivalent to 1000, 2000, 3000, 4000, 5000, 6000, and 7000 ng, respectively, were
applied as bands on the RP 18-TLC. Two calibration curves for feselol and samarcandin were
plotted in the range of 1000-7000 ng/band, correlating peak areas with the corresponding
concentrations of the analytes per band. This solution was used as a reference solution.

2.3. Plant Material

The plants of F. drudeana, F. tenuissima, F. Huber-morathii, F. duranii, and F. assa-foetida
were collected from the Turkey and were previously described in [9,10,19].

2.4. Extractions Procedure

The dried powdered parts of different plant species (10 g) were extracted by percolation
at room temperature with ethanol (4 x 70 mL) until exhaustion. The combined solvents
were evaporated using rotary vacuum evaporator and the left extracts were dissolved in
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50 mL volumetric flask with ethanol. These test solutions were used in the TLC (Thin Layer
Chromatography)densitometric analysis.

2.5. Chromatographic Conditions

Glass-backed plates 10 x 20 cm coated with 0.2 mm layers of RP18 silica gel 60 F2545
(E-Merck, Darmstadt, Germany) were used for densitometric analysis. Samples were
applied as 6 mm bands using a Camag Automatic TLC Sampler 4 (ATS4) sample applica-
tor (Muttenz, Switzerland) integrated with a Camag microlitre syringe. The application
rate was adjusted to 150 nL/s. The plates were developed to 80 mm distance using
ethanol/water 8:2 (%, v/v) as mobile phase in a Camag Automatic Developing Chamber 2
(ADC2). Saturation of the camber with mobile phase was allowed for 30 min at 22 °C.

2.6. Method Validation

The designed HPTLC method was subjected to validation according to the ICH
guidelines [20]. Linearity of the method for feselol and samarcandin were checked between
1000-7000 and peak area was plotted against concentration.

2.6.1. Accuracy

Accuracy was determined using the standard addition method. Preanalyzed samples
of feselol and samarcandin (2000 ng/band) were spiked with extra amounts of the analytes
(0, 50, 100, and 150%) and the mixtures were reanalyzed. Both percentage recovery and rel-
ative standard deviation (RSD, %) were obtained for each concentration level as indication
for accuracy.

2.6.2. Precision

Precision was determined as repeatability and intermediate precision. Repeatability of
sample was determined as intraday variation, while intermediate precision was proved
from the interday variation for analysis of feselol and samarcandin at three different
dilutions (300, 400, and 500 ng/band) in six replicates.

2.6.3. Robustness

Robustness was used to evaluate the influence of small deliberate changes in the
chromatographic conditions on the new designed method. Small changes to duration of
mobile-phase saturation, mobile-phase composition, mobile-phase volume, and activation
of HPTLC plates during the analyses of feselol and samarcandin could be applied.

2.6.4. Limit of Detection (LOD) and Limit of Quantification (LOQ)

The two values known as limit of detection (LOD) and limit of quantification (LOQ)
were obtained, applying the standard deviation (SD) method. The two were calculated
using the slope of the calibration (S) curve, SD of the blank sample, and applying the
following formulas:

LOD =3.3 x SD/S

LOQ =10 x SD/S

The standard deviation of the response was determined using the y-intercepts of
regression lines’ standard deviation.

2.6.5. Quantification of Feselol and Samarcandin in Ethanol Extract of Ferula Species

Different Ferula species samples were applied on the RP18-TLC plates, and same
conditions for analysis of standard feselol and samarcandin were used to obtain test
samples’ chromatograms. The area of the peak corresponding to the Rf value of feselol and
samarcandin standard were observed and the amounts present were obtained using the
regression equation obtained from the calibration plot.
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3. Results
3.1. Method Development

The densitometric HPTLC method for analysis of feselol and samarcandin was achieved
by optimizing the mobile-phase composition. The mobile phase composed of ethanol-
water 8:2 (%, v/v) resulted in a compact, symmetrical, and well-resolved peak at Rf value
of 0.43 £ 0.02 and 0.60 £ 0.01 for feselol and samarcandin, respectively (Figure 2). UV
spectra showed Amax absorbance at 254 nm for both feselol and samarcandin bands.
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Figure 2. HPTLC densitogram of standard feselol and samarcandin.

3.2. Method Validation

The calibration plot of the peak area against the concentrations of feselol (Figure 3A)
and samarcandin (Figure 3B) showed linearity in the range of 1000-7000 ng/band. Linear
regression data obtained from the plot indicated a good linear relationship (Table 1).

B —
Figure 3. The linearity graph of feselol (A) and samarcandin (B).
Table 1. Linear regression data for the calibration curve of feselol and samarcandin (n = 6).
Parameters Feselol Samarcandin
Linearity range (ng/band) 1000-7000 1000-7000
Regression equation Y =0.8399x + 115.43 Y =0.9507x + 42.314
Correlation coefficient 0.9996 0.9995
Slope + SD 0.8399 + 0.2321 0.9507x + 0.1250
Intercept &= SD 115.43 £ 71.45 42.314 £ 78.08
Standard error of slope 0.0520 0.0456
Standard error of intercept 4431 54.03
95% confidence interval of slope 10.316-9.841 13.54-12.11
95% confidence interval of intercept 5343-5671 3120-3270

p value <0.0001 <0.0001
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The accuracy of the method expressed as recovery is shown in Table 2. In Table 3,
the results of repeatability and intermediate precision, expressed as SD (%), are presented.
Robustness of the presented new HPTLC method explored by introducing a small deliberate
change into the densitometric TLC procedure. Results of robustness are presented in Table 4.
LOD and LOQ of the proposed method were found to be 12.34 and 38.45 as well as 14.03

and 56.12 ng/band for feselol and samarcandin, respectively.

Table 2. Accuracy of the proposed method (n = 6).

Excess Analyte Theoretical Conc. Found % %
(%) Content (ng) (ng) £ SD Recovery RSD
Feselol
0 2000 1986.33 £ 8.52 99.32 0.43
50 3000 2953.67 + 40.71 98.42 1.38
100 4000 3990.83 + 10.07 99.77 0.25
150 5000 4959.00 £ 43.98 99.18 0.89
Samarcandin
0 2000 1981.33 & 19.46 99.07 0.98
50 3000 2963.33 +27.90 98.78 0.94
100 4000 3994.83 + 3.87 99.87 0.10
150 5000 4974.35 + 40.35 99.50 0.81

Table 3. Precision of the proposed method of feselol and samarcandin.

Repeatability (Intraday Precision)

Intermediate Precision (Interday)

Conc. Avg Conc. £ SD  Standard Avg Conc. £ SD  Standard
(ng/band) Error % RSD (n=6) Error % RSD
Feselol

3000 2603.60 + 28.15 11.49 1.08 2569.60 + 32.68 13.35 1.27
4000 3545.00 + 23.45 9.58 0.66 3533.00 + 34.50 14.09 0.98
5000 4385.00 £ 8.94 3.65 0.20 4393.00 + 18.62 7.60 0.42
Samarcandin
3000 2889.00 = 7.55 3.08 0.26 2865.00 + 32.94 13.45 1.15
4000 3821.00 £+ 21.16 8.64 0.55 3837.00 + 34.10 13.92 0.89
5000 4648.00 £ 15.06 6.15 0.32 4664.00 + 30.11 12.29 0.65
Table 4. Robustness of the proposed HPTLC method of feselol and samarcandin.
Mobile-Phase Composition (Ethanol: Water)
Conc.
(ng/band) Used Area£SD o gsp Rf
(n=3)
Feselol

6.9:3.1 —0.1,+0.1 3513 +20.41 0.58 0.44

4000 8:2 0.0 3533 £ 26.65 0.75 0.43

7.1:29 +0.1, —0.1 3523 +16.33 0.46 0.42

Samarcandin

8.9:2.1 —0.1, +0.1 3776 £ 38 1.02 0.62

4000 8:2 0.0 3788 £ 32 0.83 0.60

8.1:1.9 +0.1, —0.1 3780 + 30 0.79 0.58

4. Discussion

Sesquiterepene coumarins are unique secondary metabolites of limited distribution
in the plant kingdom. They were reported from the genera Ferula, Daucus, Heptaptera
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and Dorema (Apiaceae); Achillea, Artemisia, Anthemis, Brocchia, and Tanacetum (Asteraceae),
Euphorbia and Jatropha (Euphorbiaceae) and Aegle (Rutaceae). However, most of the isolated
sesquiterpene coumarins came from herbs from the Ferula genus. According to Li et al. [21],
181 sesquiterpene coumarins have been reported, among which 135 were identified from
Ferula species. For example, the study of F. samarkandica led to the isolation of 22 sesquiter-
pene coumarins [22]. Sesquiterpene coumarins can be considered as biomarkers for the
genus Ferula. Most of the genus bioactivities were attributed to sesquiterpene coumarins.
The aphrodisiac effect of F. drudeana was traced to feselol and samarcandin [19]. Quan-
tification of these two compounds in the genus member can give an indication to their
aphrodisiac potential.

The developed method was challenged against all parameters required by the ICH [20]
for validation. The linearity of both feselol and samarcandin were observed in the range
of 1000-7000 ng (Figure 3A,B). The correlation coefficient (R2) was highly significant
(p < 0.0001), and values were 0.9996 and 0.9995 for feselol and samarcandin, respectively
(Table 1). The obtained R2 values gave indication about the strength of the correlations
between the two variables. The % recoveries of 98.42-99.77 and 98.78-99.87 for feselol
and samarcandin (Table 2) after standard addition of 0, 50, 100, and 150% to preanalyzed
sample with 2000 ng/band of both feselol and samarcandin indicated that the method is
accurate for the determination of the two standards.

Repeatability and intermediate precision were determined as intraday precision and
interday variation (n = 6) (Table 3). The obtained % RSD for feselol at 0.2-1.08; 0.42-1.27 in
the intraday precision and interday variation as well as those for samarcandin at 0.26-0.55;
0.65-1.15 gave a firm indication regarding the method’s precision. The robustness is
an important parameter for the method’s validation, as minute experimental-condition
variations are expected to happen very frequently. We proved the developed method
robustness by small changes in the mobile-phase composition (Table 4). The obtained %
RSD for feselol at 0.46-0.75 and at 0.79-1.02 for samarcandin were within the acceptable
range, with small change in the Rf values indicating that the developed method was robust.

The LOD and LOQ of the proposed method were found to be 12.34; 38.45 and 14.03,
56.12 ng/band for feselol and samarcandin, respectively, indicating the sensitivity of the
method and ability to analyze ng quantities. The method was specific for the quantification
of feselol and samarcandin as indicated from their corresponding Rf values at 0.43 £ 0.02
and 0.60 % 0.01, respectively. The UV absorption curves of the corresponding bands at Amax
254 nm in the different extract were completely identical.

The amounts of feselol and samarcandin were estimated, applying the developed,
validated green HPTLC method in five Ferula species (Table 5). The highest amount of
festetol were found in F. duranii (0.813% w/w), while samarcandin was higher in F. drudeana
(0.573% w/w). Our previous investigation indicated that samarcandin was more active
than feselol [19]. Considering the sum of the two compounds in each of the studied species,
F. drudeana was superior, with 1.375% w/w, followed by F. duranii, with 1.034% w/w.
F. tenuissima showed the lowest concentration of both compounds (0.217% w/w). Based on
available data, F. drudeana was expected to be the most active species as an aphrodisiac
among the five studied species. However, further phytochemical and biological studies are
need for this genus.

Table 5. Contents of feselol and samarcandin in methanol extract of different species of Ferula.

Samples Feselol (%w/w) Samarcandin (%w/w) Sum (%w/w)
E. drudeana 0.802 0.573 1.375
E tenuissima 0.107 0.047 0.217
F. Huber-morathii 0.089 0.549 0.638
F. duranii 0.813 0.221 1.034

E. assa-foetida 0.652 0.285 0.937
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5. Conclusions

The developed green HPTLC method designed for the simultaneous quantification of
feselol and samarcandin was simple, accurate, reproducible, sensitive, and is applicable
to the analysis of plant species or products containing these compounds. This proposed
method was developed using green solvent (ethanol and water) and RP-HPTLC plates.
Statistical data indicated that the new method is selective for the analysis of feselol and
samarcandin with added advantages of short time, being environmentally friendly, and
requiring minimal sample preparation, in addition to the low cost. Based on the analysis of
the individual biologically active feselol and samarcandin, as well as the sum total of their
concentration, the relative potency of the species as aphrodisiacs can be expected.
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