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Abstract

A sensitive, selective, precise and stability indicating high-performance thin layer chromatographic method
(HPTLC) was developed and validated for analysis of eugenol from methanolic extract of Myristica fragrans seed.
The chromatography study was performed on aluminium foil-backed silica gel 60 F-254 HPTLC plates using
toluene-ethyl acetate-formic acid (2:5:0.2, v/v/v) as the mobile phase. The densitometric determination was carried
out by TLC scanner (CAMAG) at 560 nm in reflectance/absorbance mode. The developed method was validated for
different parameters like linearity, precision, recovery, robustness, detection limits, quantification limits and stressed
stability study in accordance with ICH guidelines. The developed analytical method were found to be linear in the
concentration range of 100-1000 ng band-1 with regression value closer to unity (r2=0.998). The developed system
was found to give compact spots for eugenol (Rf 0.55) with the limit of detection and limit of quantification (21 and 63
ng band-1) respectively. Further the study showed recovery of eugenol in the range of 99.3-99.8% with the precision
value ≤ 1.85% and ≤ 1.71%. The all validation parameters result showed satisfactory result in comparison to pure
eugenol. The stress degradation study of eugenol showed well separated degraded peak from the pure eugenol.
This developed stability indicating HPTLC method was found to ideal method to separate the eugenol from its
degradation products. Further this method will be successfully used in the analysis and routine quality control of
eugenol loaded formulations.

Keywords: Myristica fragrans; Eugenol; HPTLC; Validation; Stress
degradation; Recovery; Robustness

Introduction
Nowadays various medicinal herbs have got much attention by the

researchers and opened up a wide area of research in applying it as a
medicine to cure various diseases. Eugenol belongs to a chemical class
of phenylpropanoids (C10H12O2) with IUPAC name 4-Allyl-2-
methoxy phenol having molecular mass 164.2 g/mol. (Figure 1). It is
partially soluble in water and its solubility increases with the addition
of organic solvents. The color of the compound ranges from clear to
pale yellow [1,2]. It is isolated from the different plant like Myristica
fragrans, Eugenia caryophyllata, Cinnamomum tamala, Zygium
aromaticum, Ocimum basilicum, Ocimum grattisimum, Ocimum
tenuiflorum, Pimenta racemosa etc. Among these plant the maximum
content of eugenol can be obtained from Eugenia caryophyllata, It is
the principal source of clove oil which contains 45-90% eugenol as its
constituent [1,3,4]. Eugenol, the principal component of Myristica
fragrans seed extract is known to have several pharmacological
properties [5-10]. This versatile bioactive compound is a key ingredient
used in the production of perfumes, cosmetics, flavorings agents,
culinary purposes and further therapeutically used in the treatment of
a toothache.

Figure 1: Chemical structure of eugenol.

HPTLC technique is becoming a routine analytical for the number
of herbal as well as synthetic drugs. The wide acceptance of this
method due to low sample needed for scaleup, low operating cost, high
sample throughput, several samples can be run simultaneously, small
volume of mobile phase needed lead to lower cost and analysis time
[11-12]. This technique are commonly applied for the purity testing,
identification, quantification, and stability testing of raw materials and
developed formulation (pharmaceuticals, cosmetics, nutrients)
[13-16]. Due to several advantages of HPTLC, it has gained widespread
interest as a favorable technique for the identification and
quantification of pharmacologically bioactive compounds from the
raw material of plants (leaves, seed, and flowers) and herbal
formulations. Further, high-performance thin layer chromatography
(HPTLC) has been widely employed for the quantification of
secondary metabolites [17-18]. So, the aim of present study is to
develop and validate a rapid, sensitive, robust, effective and economical
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HPTLC method for the estimation of eugenol to optimize the new
solvent system. A special attention was paid to the determination and
separation of eugenol from its degradation metabolites by predicting
its stability in different stress conditions [19,20].

Material and Methods

Materials
Standard eugenol was purchased from Sigma Aldrich, Mumbai,

India. Mature seed powder of Myristica fragrans were purchased from
Sunpure extarct privale Ltd. (Delhi) for extraction purpose. Precoated
silica gel 60 F254 HPTLC plates were purchased from E. Merck,
Germany. All the solvents used were of chromatography grade and
other chemicals used were of analytical reagent (AR) grade.

Methods
HPTLC instrumentation and condition: The analysis was performed

with precoated silica gel aluminium plate 60 F-254, (20 cm × 10 cm
with 250 µm thickness; E. Merck, Darmstadt, Germany, Anchrom
Technologists, Mumbai). The prewashed plates were activated at 60°C
for 5 min prior to the study. A constant sample application was done
by using Camag microlitre syringe with the rate of 160 nL s-1. The
space between two bands was 6 mm maintained with slit dimension
was kept at 5 mm × 0.45 mm. the scanning speed was 20 mm/s
maintained and each track was scanned thrice. The optimized mobile
phase composition (20 mL) consisted toluene/ethyl acetate/formic acid
(2:5:0.2, v/v) was used for the analysis. The linear ascending process
was performed in 20 × 10 cm twin trough pre-saturated glass chamber
(Camag, Muttenz, Switzerland). To get high resolution HPTLC plate
development was carried out for twice with the mobile phase. The
chamber saturation was performed for 30 min at room temperature
(25 ± 2°C) at the relative humidity of 60 ± 5% with the mobile phase.
Camag TLC scanner III was used to perform densitometric scanning
in the reflectance-absorbance mode at 560 nm and operated by
WinCATS software (Version 1.2.0). The deuterium lamp as source of
radiation emitting a continuous UV spectrum between 200 and 400
nm and the concentrations of the compounds were quantified from the
intensity of diffusely reflected light.

Preparation of standard and quality control (QC) samples: The
standard stock solutions of eugenol (10 mg/mL) were prepared in
methanol, and further dilutions were done to get solutions in the
concentration range of 0.1 to 1.0 mg/mL. The calibaration plot of
eugenol standard were prepared with concentration range 1-10 μL, to
get the concentration range 100-1000 ng band-1 for the application on
HPTLC plate. The peak area and concentration were applied to plot
the calibaration plot and their regression equation were calculted by
linear least-squares method. The study was performed with application
of each amount in triplicate. The QC samples used for the validation
study in three different concentrations as low, medium and high at
level of 150, 300 and 600 ng band-1.

Extraction process: The seed powder of Myristica fragrans was
packed in a muslin cloth and kept in a methanol containing beaker for
72 h with continuous shaking. The methanolic extracts were collected,
filtered and the resultant filtrates were concentrated under reduced
pressure using rotary evaporator. The protocol used for preparing
sample solutions was optimized for high quality fingerprinting.
Methanol has been used as extraction solvent due to the high solubility
of eugenol. The fingerprinting of methanolic extracts of eugenol was

executed by spotting 10 µL of test sample solution on a HPTLC plate
and the plates were developed (n=6) and scanned as same discussed
above.

Method validation: Validation of the developed method has been
carried out as per ICH guidelines for linearity range, precision,
accuracy as recovery, robustness, limits of detection (LOD), limits of
quantification (LOQ) and stability study [21-25].

Precision and accuracy: Both interday and intraday precision of the
method was evaluated by performing replicate analyses (n=6) of QC
samples at low, medium and high levels of 150, 300, 600 ng band -1.
The interday precision study was done by repeating the study on same
day whereas in intraday assay the same study was repeated for three
different days. The result of precision was expressed as the coefficient
of variation (CV, %) of measured concentrations for each calibration
level whereas accuracy was expressed as percentage recovery.

Accuracy, as recovery: The accuracy was determined by standard
additions method at three different levels, i.e. by multiple level
recovery studies. The recovery studies were performed with extra 50,
100 and 150% level from the initial level [21]. It was performed by
application of test sample (n=6) of known concentrations of eugenol
that had been prepared from stock solutions. The percent recovery was
calculated using regression equation at different levels in the sample.

Limit of detection (LOD) and quantification (LOQ): The limit of
detection is defined as the lowest amount of analyte detected in a
sample that cannot be quantitated as an exact concentration whereas
the limit of quantification is the lowest amount of analyte in a sample
that can be quantitatively determined with suitable precision and
accuracy. The limits of detection (LOD) and quantification (LOQ), was
calculated using the formula as kσ/b where k=3 for LOD and 10 for
LOQ, σ is the standard deviation of the intercept and b is the slope of
the calibration curve [22-24].

Robustness: Robustness was studied in triplicate at 300 ng band-1 by
making small changes to different parameters like mobile phase
composition, mobile phase saturation time, and mobile phase volume.
The effects of robustness were examined on the results of peak areas
and Rf value. The mobile phase prepared from toluene/ethyl acetate/
formic acid in different proportions (2.25:4.75:0.2 and 1.75:5.25:0.2,
v/v) were used for chromatography. The mobile phase volume (13, 17
and 15 ml) and saturation time (10, 20 and 30 min) were used for the
study respectively. Further, the plates were prewashed with methanol
and activated for different time intervals 2, 5 and 7 minutes at 60 ± 5°C
[24].

Stability studies: The stress testing of the drug substance can help
identify the likely degradation products, the stability of the molecule
and also validate the stability and specificity of the analytical
procedures [25]. The degradation studies were carried out as per by
subjecting the standard eugenol sample to oxidation, wet heat, dry heat
and photo-degradation to evaluate the stability indicating properties of
the developed HPTLC method [22-24].

Hydrogen peroxide-induced degradation: To 25 ml of a methanolic
stock solution of eugenol, 10 ml of 50% w/v hydrogen peroxide were
added. The solution was heated in boiling water bath for 15 min to
remove completely the excess of hydrogen peroxide and then refluxed
for 2 h at 70°C. The resultant solution (200 ng band-1) was applied on
TLC plate and the chromatograms were run for the analysis as
described above.
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Dry heat and wet heat degradation: The standard drug was placed in
the oven at 100°C for 7 days to study dry heat degradation, and the
stock solution was refluxed for 12 h on boiling water bath for wet heat
degradation. The resultant solution (200 ng band-1) was applied on
TLC plate. Further, the HPTLC study was performed and the
chromatograms were run for the analysis.

Photochemical and UV degradation: The photochemical stability of
the eugenol was also studied by exposing the stock solution (250 µg
ml-1) to direct sunlight for 3 days on a wooden plank and kept on the
terrace. The eugenol solution was also exposed to UV radiation for 15
days in UV stability chamber. One microlitre (200 ng band-1) from
each sample was applied on TLC plate and chromatograms were run as
described above.

Results and Discussion

Mobile phase optimization
There are different solvent systems were tried for the separation of

eugenol on the TLC plates. Initially, toluene: methanol: ethyl acetate:
formic acid used as the solvent system to get a high-resolution peak. To
decrease the spot to the middle and get better peak resolution
methanol was removed from the mobile phase system and the
optimized composition was selected as toluene: ethyl acetate: formic
acid (2:5:0.2, v/v/v) with Rf value of 0.55 (Figure 2). The high
resolution between spots of standard and depredates achieved due to
the use of methanol pretreated TLC plates. Prior to application the
plates were activated at 60°C for 30 min, and further saturated with
conc. ammonia vapors for 30 min in TLC chamber. The edge effect has
been eliminated to avoid unequal solvent evaporation from the
developing plate that may lead to random behavior usually resulting
lack of Rf value reproducibility. So the attempt has been taken to
develop and validate a simple, robust, and cost effective HPTLC
technique to quantify eugenol in the methanolic extract of Myristica
fragrans seed. The methanolic extract peak of eugenol was well
resolved at Rf value 0.55 depicted in Figure 3. The developed method
was found to be quite selective with good baseline resolution of each
compound.

Figure 2: HPTLC chromatogram of standard eugenol at RF 0.55

Figure 3: HPTLC chromatogram of methanolic extract of Myristica
fragrans scanned at 560 nm [peak 1-9; eugenol (0.55)].

Method validation
Linearity: The linearity plot of eugenol was validated by taking the

six-point calibration curves for the compound in the range of 100-1000
ng band-1. The linear regression equation and the correlation
coefficient are depicted in Table 1. The compound showed a good
linearity response for the developed method in above concentration.
The mean values of the slope were found to be 0.0068 ± 0.0007. Each
point was taken in triplicate to give the analyses of each concentration
to establish the calibration curve. The LOD and LOQ value of the
developed method for eugenol were found to be 21 and 63 ng band-1

which showed that the method was sensitive to detect and quantify
[22].

Parameter Values

RF 0.55

Linearity range (ng band-1) 100-1000

Regression equation Y=4.930 x-8.432

Correlation coefficient (r2) 0.998

Slope ± SD 0.0068 ± 0.0007

Intercept ± SD 9.28

Table 1: Linear regression analysis data for the developed HPTLC
method of Eugenol.

Precision and accuracy: The intraday and interday precision were
expressed as % recovery of the eugenol at three different level (150, 300
and 600 ng band-1) were shown in Table 2. The percentage recovery
was found to be in the range of 98.9-100.2% and 97.9-99.7, Standard
deviation-0.35-0.38 & 0.59-0.60, % CV-0.23-0.06 & 0.40-0.10
respectively for intraday batch and Inter batch. Indicates the method
was accurate by satisfying the acceptance criteria. Further, the accuracy
of the eugenol was found to be in the range of 99.3 to 99.8% and the %
RSD, SD and Precision Value found to be less than 2, which
demonstrated the good precision of proposed method (Table 3). These
values are within the acceptable range, so the method was accurate and
precise, reliable, and reproducible [22].
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Nominal concentratio(ng
band-1)

Intraday batch Inter day batch

Obtained
Concentration

Precisio
n

% Recovery S.D. %CV Obtained
Concentration

Precisio
n

% Recovery S.D. %CV

150 148.4 1.85 98.9 0.35 0.23 146.8 1.63 97.9 0.59 0.4

300 297.8 1.72 99.2 0.64 0.21 295.4 1.71 98.5 0.38 0.12

600 601.5 1.55 100.2 0.38 0.06 598.2 1.56 99.7 0.6 0.1

Table 2: Intraday and Inter-day precision data of the eugenol.

Conc. added to analyte
(%)

Theoretical (ng) Added (ng) Detected (ng) Recovery (%) RSD (%) SD Precision

50 300 200 496.4 99.3 1.85 0.21 0.64

100 400 697.6 99.6 1.48 0.40 0.14

150 600 898.6 99.8 1.46 0.61 0.17

Table 3: Accuracy data of the eugenol (n=6).

Robustness: The robustness value for the above developed method
was shown in Table 4 and their area with SD and % RSD was
calculated. The different parameters used for the study were variation
in mobile phase ratio, mobile phase volume, saturation time and
activation time of prewashed-TLC plates at concentration levels of 300

ng band-1 (in triplicate). The result of the study showed that the small
deliberate change in the chromatographic condition gives no
significant effect on the area and Rf value. The low values of % RSD
(less than 2%) indicated the robustness of the developed method.

Mobile Phase

Conc.

ng/ml

Toulene: Ethyl acetate: formic acid (v/v) Results

Original Used Area ± SD %RSD Rf

300 2:5:0.2

2.25:4.75:0.2 576 ± 23 0.6 0.53

2:5:0.2 572 ± 18 0.61 0.55

1.75:5.25:0.2  569 ± 20 0.62 0.56

Mobile Phase Volume (15 ± 2 ml)

Conc.

ng/ml Volume (ml)

Result

Area ± SD %RSD  Rf  

 17 570 ± 23 0.57  0.54  

300 15 574 ± 18 0.59  0.55  

 13 568 ± 20 0.58  0.53  

 Duration of Saturation

Conc.

ng/ml

Time

(min)

Result

Area ± SD %RSD  Rf  

 10 571 ± 23 0.58  0.54  

300 20 574 ± 18 0.59  0.55  

 30 567 ± 20 0.6  0.53  

 Activated at 60 ± 5°C. 
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Conc.

ng/ml

Time

(min) Area ± SD %RSD  Rf  

300

2 572 ± 23 0.63  0.54  

5 576 ± 18 0.61  0.55  

7 573 ± 20 0.6  0.53  

Table 4: Robustness of the developed HPTLC method of eugenol (n=6).

Stability studies: The results of the forced degradation study of
eugenol using are summarized in Table 5.

Degradation condition No. of degradation
products

Rf value

Peroxide-induced degradation 2 0.30, 0.36

Dry heat-wet heat (100°C) 5 0.49, 0.63, 0.68

Photochemical degradation 1 0.43

UV degradation 1 0.39

Table 5: Stress induced stability studies data for the developed method.

Hydrogen peroxide-induced degradation: The sample degraded
with 50% w/v hydrogen peroxide showed additional peaks at Rf value
of 0.30 and 0.36. The spots of degraded products were well resolved
from the parent compound spot.

Dry heat and wet heat degradation: The samples degraded under
dry heat and wet heat conditions (Figure 4) showed additional peaks at
Rf values of 0.49, 0.63, and 0.68 respectively. The spots of degraded
products were well resolved from the parent compound spot.

Figure 4: Chromatogram of dry heat degraded eugenol (peak 1:
degraded, Rf: 0.49, peak 2: eugenol, Rf: 0.55, peak 3: degraded, Rf:
0.63, peak 4: degraded, Rf: 0.68)

Photochemical and UV degradation: The photo degraded sample
showed one additional peak at Rf value of 0.43 when eugenol solution
was left in daylight for 3 days. The eugenol was degraded when
exposed to UV irradiation for 15 days and showed additional peaks at
Rf value of 0.39. The spot of UV degraded product was well resolved
from the standard.

Conclusion
The developed HPTLC method used for the estimation of eugenol

in pure as well as extracted product from Myristica fragrans using
toulene: ethyl acetate: formic acid (v/v) combination as the mobile
phase showed good chromatographic separation. The developed
method was validated for linearity, precision, accuracy; robustness and
stressed stability were found to be simple, robust and effective for
quality control as well as routine analysis of eugenol in pharmaceutical
dosage forms. The standard deviation and %CV for Intraday and
Interday found 0.35-0.38 & 0.59-0.60, and 0.23-0.06 and 0.40-0.10
respectively. Which indicates the method was accurate by satisfying
the acceptance criteria. Further, the accuracy of the eugenol was found
to be less than 2. The developed method showed linearity over the
concentration range of 100-1000 ng band-1 tested. This method was
found to be economical due to lower solvent consumption. Further the
present developed method clearly proves usefulness in the detection of
bioactive eugenol in methanolic extracts of Myristica fragrans. Thus, it
could be concluded that the developed HPTLC method is found to be
simple, rapid and robust for routine analysis of pure eugenol.
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