
Original  
Research Paper 

Acta Chromatographica 27(2015)3, 571–582 
DOI: 10.1556/AChrom.27.2015.3.12 

 

0231–2522 © 2014 Akadémiai Kiadó, Budapest 

 

High-Performance Thin-Layer Chromatographic 
Analysis of Eugenol in Developed 

Nanoemulsion Gel and Nanoparticles: 
Validation of a Stability-Indicating Method 

 
K. PRAMOD1, U.K. ILYAS2, M. SINGH2, Y.T. KAMAL2, S. AHMAD2,  

S.H. ANSARI2, AND J. ALI1,* 
 

1Department of Pharmaceutics, Faculty of Pharmacy, Jamia Hamdard, Hamdard Nagar,  
New Delhi – 110 062, India 

2Department of Pharmacognosy and Phytochemistry, Faculty of Pharmacy, Jamia Hamdard, 
Hamdard Nagar, New Delhi – 110062, India 

*E-mail: javedaali@yahoo.com 

 
Summary. High-performance thin-layer chromatography (HPTLC) method for the quan-
tification of eugenol from nanostructured drug delivery systems was successfully devel-
oped and validated. The mobile phase consisted of n-hexane:acetone (7:3, v/v), and the 
densitometric scanning was performed in the absorbance mode at 280 nm. The method 
was valid with respect to linearity and range, accuracy, precision, specificity, detection 
limit (DL), and quantitation limit (QL). The linearity of the method was established by a 
correlation coefficient value of 0.9930 ± 0.0013. The precision was tested by checking in-
tra-day (repeatability) and inter-day (intermediate precision) variations. The method 
was established to be precise by low relative standard deviation (RSD) values for differ-
ent concentration of eugenol. The results of the recovery studies of eugenol from pre-
analyzed samples demonstrated the accuracy of the method. The specificity of the de-
veloped method for the analysis of eugenol in the nanoemulsion gel and nanoparticles 
samples was confirmed by comparing the spectra obtained in standard and sample 
analysis. The DL and QL were determined to be 31.41 and 95.17 ng band−1, respectively, 
for the HPTLC method. The forced degradation studies revealed on eugenol established 
the effectiveness of the developed and validated method. The developed and validated 
HPTLC method was found to be a stability-indicating one, as indicated by the results of 
forced degradation studies, for its use during the accelerated stability studies of the 
nanoemulsion gels and nanoparticles of eugenol. 
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Introduction 

Eugenol is a potent phytochemical with versatile pharmacological action 
and is particularly useful against inflammation and periodontal infections 
[1]. Development of novel drug delivery systems (NDDS) such as nano-
emulsions and nanoparticles of eugenol would be beneficial in enhance-
ment of its therapeutic efficacy. 
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Quantification of eugenol in the proposed NDDS of eugenol is essential 
for its quality control and stability assessment. Quality control of a pharma-
ceutical dosage form is necessary to confirm its suitability for therapeutic 
use and is considered as one of the most important indicators of the consis-
tency and predictability of the dosage form [2]. Quality control of the active 
pharmaceutical ingredient (API) would be possible only if a suitable ana-
lytical method is available for the quantification of the API in question is 
available. Since our intended NDDS were nanocarriers for eugenol, the con-
tent of eugenol would be very small. This adds to the significance of devel-
opment of a suitable analytical method which has acceptable limit of quan-
titation (QL) well below the theoretical eugenol loading/concentration in 
the final sample solution. Among the various analytical methods available 
high-performance thin-layer chromatography (HPTLC) offers a number of 
advantages because of its tolerance towards crude samples (as in case of 
samples prepared out of pharmaceutical dosage forms) and the possibility 
of separating samples in parallel [3]. HPTLC has been considered as a cost-
effective technique providing high sample throughput and in-situ recording 
of spectra. HPTLC enables simple and reliable quantification of APIs in 
dosage forms. Accelerated stability studies are a technique used for the 
rapid assessment of shelf life of a dosage form. During accelerated stability 
studies, the dosage form samples are subjected to elevated conditions of 
temperature and humidity [4] and the remaining API is quantified. Alter-
nately, the degradation product could also be quantified. Hence, it requires 
that the analytical method should be able to distinguish the degraded API 
content. For this purpose, it is essential to carry out forced degradation 
studies to establish that the chosen HPTLC method is a stability-indicating 
one. Till date, no studies have been reported as stability-indicating HPTLC 
method for the quantification of eugenol in nanostructured delivery sys-
tems such as nanoemulsion gel and nanoparticles. The reported HPTLC 
methods for eugenol are for its determination in herbal formulations [5–9] 
or herbal drugs and their extracts [3, 10–13]. However, none of them re-
ported forced degradation studies of eugenol to establish the method as a 
stability-indicating one. 

Nanoemulsion gel and nanoparticles were developed as NDDS of 
eugenol. The major aim of the present research work was to develop a 
HPTLC–densitometric method for the quantitative estimation of eugenol in 
these developed NDDS of eugenol against inflammation and periodontal 
infections. The study also aimed to carry out forced degradation studies to 
check the suitability of the developed and validated method as a stability-
indicating assay method during the intended accelerated stability studies of 
the nanoemulsion gel and nanoparticulate formulations. 
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Experimental 

Materials 

Eugenol (pure) was purchased from Central Drug House, Delhi, India. 
Poly-ε-caprolactone (molecular weight [MW] of 14,000), chitosan, sodium 
alginate, and Pluronic F-68 were purchased from Sigma-Aldrich Co., MO, 
USA. Tween 80 and polyvinyl alcohol were purchased from Central Drug 
House, New Delhi, India. Carbopol 940 was a gift sample from Noveon 
Corporation, Cleveland, OH, USA. Tween 80 and triethanolamine were 
purchased from S D Fine-Chem Ltd., Mumbai, India. Ethanol (99.9%) was 
purchased from Jiangsu Huax Co., Ltd., Jiangsu, China. Acetone and n-
hexane was procured from S D Fine-Chem Ltd., Mumbai, India. All other 
reagents used were of analytical reagent grade. 

Preparation of Eugenol-Loaded Nanoemulsion Gel and 
Nanoparticles 

Eugenol nanoemulsion gel was prepared by dispersing 1% w/w Carbopol 
940 in eugenol-loaded nanoemulsion/nanodroplet formulation. Eugenol 
nanoemulsion was prepared by aqueous titration method. Tween 80 and 
ethanol were used as surfactant and cosurfactant, respectively. Tween 80 
and ethanol were mixed (Smix) in the specific volume ratio of 4:1 [14]. 

Eugenol-loaded nanoparticles were prepared by solvent displacement 
method [15]. Required quantity of polycaprolactone and eugenol were dis-
solved in acetone by mild heating. The resultant solution was injected 
dropwise into aqueous Pluronic F-68 solution under magnetic stirring. Stir-
ring was continued until acetone was evaporated. The resultant suspension 
of nanoparticles was centrifuged at 15,000 rpm for 1 h. The pellet was 
washed twice with distilled water and then freeze-dried [16]. 

Sample Preparation from Eugenol-Loaded Nanoemulsion Gel 
and Nanoparticles 

Nanoemulsion Gel 

Methanol was added to an accurately weighed sample of gel and was soni-
cated (Altrasonics, Mumbai, India) for 20 min. The sample was made up to 
50 mL with methanol, filtered using 0.2 μm syringe filter (Axiva Sichem Bio-
tech, New Delhi, India), and the drug content was estimated. 
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Nanoparticles 

Accurately weighed sample of dried nanoparticles was dissolved in 1 mL of 
acetone, and then 5 mL of methanol was added. Acetone was evaporated. 
The sample was sonicated (Altrasonics, Mumbai, India) for 20 min and then 
made up to 10 mL with methanol, filtered using 0.2 μm syringe filter (Axiva 
Sichem Biotech, New Delhi, India), and the drug content was estimated. 

HPTLC Instrumentation and Chromatographic  
Conditions 

The samples were applied in the form of bands of width 4 mm, 9 mm apart, 
by means of Camag microliter syringe (Bonaduz, Switzerland) using Camag 
Linomat 5 (Bonaduz, Switzerland) sample applicator on precoated silica gel 
60 F254 aluminium plate (20 × 20 cm with 0.2 mm thickness, Merck, Darm-
stadt, Germany). A constant application rate of 200 nL s−1 was employed. 
The slit dimensions of 5 × 0.45 mm and a scanning speed of 5 mm s−1 were 
found to be optimum. The mobile phase consisted of n-hexane:acetone (7:3, 
v/v). Linear ascending development technique was carried out in twin 
trough glass chamber previously saturated with mobile phase. The opti-
mized chamber saturation time for mobile phase was 20 min at room tem-
perature. The length of solvent front allowed moving along the vertical 
length of HPTLC plate was approximately 8.5 cm. The developed HPTLC 
plates were dried in a current of hot air with the help of an air-drier. The 
densitometric scanning was performed on Camag TLC scanner 3 in the ab-
sorbance mode at 285 nm employing deuterium lamp. The HPTLC instru-
mentation was equipped with WinCATS software (Camag, Bonaduz, Swit-
zerland) for instrument handling and data analysis. 

Linearity and Range 

A stock solution of eugenol (10 mg mL−1) was prepared in methanol. From the 
stock solution, a standard eugenol solution of 1000 µg mL−1 was prepared. The 
solution was then applied in three replicate on HPTLC plate to obtain concen-
trations of 100, 200, 400, 500, 1000, 2000, 4000, and 5000 ng band−1 of eugenol. 
The data of peak area versus drug concentration were treated by linear least 
square regression. 

Accuracy as Recovery 

Accuracy was determined by recovery studies using standard addition 
method. The pre-analyzed samples were spiked with extra 50, 100, and 
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150% of the standard eugenol, and the mixtures were analyzed by the pro-
posed method. The experiment was conducted in triplicate.  

Precision 

The intra-day (repeatability) and inter-day (intermediate precision) varia-
tions for the determination of eugenol were carried out at three different 
concentration levels of 400, 1000, and 4000 ng band−1. The determinations 
were carried out in triplicate. 

Specificity 

The specificity of the method was ascertained by analyzing standard drug 
and sample. The band for eugenol in nanoemulsion gel and nanoparticles 
samples was confirmed by comparing the Rf values and spectra of the band 
with that of standard. The peak purity of eugenol was assessed by compar-
ing the spectra at three different levels, that is, peak start, peak apex, and 
peak end positions of the spectrum. 

Detection and Quantitation Limits 

The detection limit (DL) is the lowest amount of analyte in a sample, which 
can be detected but not necessarily quantitated. The quantitation limit (QL) 
is the lowest amount of analyte in a sample, which can be quantitatively de-
termined with suitable precision and accuracy. The limit of quantification 
and limit of detection were determined based on the technique of signal-to-
noise ratio [17] using the eqs. (1) and (2).  

 
QL = 10σ/S (1) 
 
DL = 3.3σ/S   (2) 

 
where σ is the standard deviation of the intercept of the calibration plot and 
S is the slope of the calibration curve. 

Forced Degradation Studies 

In order to ascertain the ability of the analytical methods, forced degrada-
tion studies [18] of eugenol were planned. It was aimed towards the estab-
lishment of a suitable method of quantification of eugenol during acceler-
ated stability studies of the nanoemulsion gel and nanoparticles. 
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Acid-Induced Degradation 

Acid-induced forced degradation was performed by adding 10 mL of stock 
solution (1 mg mL−1) of eugenol to 10 mL each of methanol and 0.1 M HCl 
and refluxing the mixture at 60 °C for approximately 6 h. The solution was 
then left to reach ambient temperature, neutralized to pH 7 by addition of 
0.1 M NaOH, and then diluted to 100 mL, with methanol, so as to get a con-
centration of 100 μg mL−1.  

Base-Induced Degradation 

Base-induced forced degradation was performed by adding 10 mL of stock 
solution (1 mg mL−1) of eugenol to 10 mL each of methanol and 0.1 M 
NaOH and refluxing the mixture at 60 °C for approximately 6 h. The solu-
tion was then left to reach ambient temperature, neutralized to pH 7 by ad-
dition of 0.1 M HCl, and then diluted to 100 mL with methanol, so as to get 
a concentration of 100 μg mL−1.  

Oxidative Degradation 

To study the effect of the oxidizing conditions, 10 mL of stock solution  
(1 mg mL−1) of eugenol was added to 10 mL of 30% H2O2 solution and the 
mixture was refluxed at 60 °C for approximately 6 h. The solution was left 
to reach ambient temperature and then diluted to 100 mL with methanol, so 
as to get a concentration of 100 μg mL−1.  

Thermal Degradation 

To study the effect of temperature, about 50 mg of eugenol was accurately 
weighed and stored at 80 °C for 48 h. Then it was dissolved in methanol, 
and the volume was adjusted to 50 mL to give a solution of final concentra-
tion equivalent to 1000 μg mL−1 of eugenol. 
 
 

Photolytic Degradation 

To study the effect of ultraviolet (UV) light, about 50 mg of eugenol was ac-
curately weighed and exposed to short and long wavelength UV light (254 
and 366 nm, respectively) for 48 h. Then it was dissolved in methanol, and 
the volume was adjusted to 50 mL to give a solution of final concentration 
equivalent to 1000 μg mL−1 of eugenol. 
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For the forced degradation studies, 5 μL of the samples prepared by the 
forced degradation of eugenol were applied on the HPTLC plates after fil-
tering through a 0.45-μm nylon filter. A volume of 5 μL of the acid-induced, 
base-induced, and oxidative stress degradation samples resulted in a con-
centration of 500 ng band−1. A volume of 5 μL of samples of thermal and 
photolytic degradation resulted in a concentration of 5000 ng band−1. 

Results and Discussion 
Development of Optimum Mobile Phase 

Chromatographic separation studies were carried out on the working stan-
dard solution of eugenol (1 mg mL−1) in methanol. Initially, various trials 
were carried out with different solvent systems. Finally, the mobile phase 
consisting of n-hexane:acetone (7:3, v/v) gave a sharp and well-defined 
peak at an Rf value of 0.539 ± 0.004 (Fig. 1). Well-defined bands were ob-
tained when the chamber was saturated with the mobile phase for 30 min at 
room temperature. 
 

 
Fig. 1. HPTLC densitogram of eugenol (Rf = 0.54) in n-hexane:acetone  

(7:3, v/v) at 285 nm 

Calibration Curve 

The linear regression data for the calibration curve demonstrated a good 
linear relationship over the concentration range 200–5000 ng band−1. No 
significant differences were observed in the slopes of standard curves as in-
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dicated by the low percent relative standard deviation (% RSD) of 0.55. Ta-
ble I displays the linear regression data for the calibration curve of eugenol.  
 

Table I. Linear regression data for the calibration curve (n = 3) 

Parameter Mean ± SD % RSD 

Linearity range (ng band−1) 200–5000  – 

Correlation coefficient (R2) 0.9930 ± 0.0013 0.13 

Slope 2.7886 ± 0.0153 0.55 

Intercept 1088.96 ± 26.54 2.44 

Accuracy as Recovery 

Accuracy was investigated by analyzing three concentrations of standard 
drug solution previously analyzed using standard addition technique. The 
recovery studies were carried out to check the sensitivity of the method to 
estimate eugenol. The standard addition technique was carried out by add-
ing 50, 100, and 150% of the eugenol concentration in the sample. The % re-
coveries of the three concentrations were found to be 99.83–101.35%, indica-
tive of high accuracy. The values of % recovery and % RSD are displayed in 
Table II. The mean % recovery values, close to 100%, and their low % RSD 
values indicated high accuracy of the analytical method. 
 

Table II. Recovery data for the accuracy of the HPTLC method 

Excess of 
eugenol 
added 

(%) 

Concentration 
of sample 

(ng band−1) 

Theoretical 
concentration 

of spiked 
sample 

(ng band−1) 

Concentration 
of spiked 

sample ± SD 
(ng band−1) 

(n = 3) 

Recovery ± SD 
(%) % RSD 

50 1000 1500 1497.44 ± 40.67 99.83 ± 2.71 2.71 

100 1000 2000 1996.97 ± 29.32 99.85 ± 1.47 1.47 

150 1000 2500 2533.77 ± 19.16 101.35 ± 0.77 0.76 
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Precision 

The repeatability of developed HPTLC densitometric method, by intra-day 
assay, is expressed in the terms of % RSD, and the results (Table III) demon-
strated the repeatability of the method. The inter-day variation of eugenol 
at three concentration levels of 400, 1000, and 4000 ng band−1 established 
the intermediate precision of the method. 

 
Table III. Repeatability and intermediate precision of HPTLC method 

Concentration 
(ng band−1) Repeatability (n = 3) Intermediate precision (n = 3) 

 Mean area ± SD % RSD Mean area ± SD % RSD 
400 2111.63 ± 52.68 2.50 2107.63 ± 47.36 2.25 
1000 4211.47 ± 74.42  1.77 4200.87 ± 61.99 1.48 
4000 12,539.83 ± 78.89 0.63 12,555.20 ± 103.63 0.83 

Specificity 

The specificity of the developed method for the analysis of eugenol in the 
nanoemulsion gel and nanoparticles samples was confirmed by comparing 
the spectra obtained in standard and sample analysis (Fig. 2). The peak 
start, peak apex, and peak end positions of these spectra were matching.  

 
Fig. 2. Absorption spectra of eugenol in standard, nanoemulsion gel sample, and 

nanoparticle sample 
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Detection and Quantitation Limits 

The DL and QL were determined as per the International Conference on 
Harmonization (ICH) guidelines [17] and were found to be 31.41 and 95.17 
ng band−1, respectively.   

Forced Degradation Studies 

The results of the forced degradation studies are displayed in Table IV, and 
the chromatograms are shown in Fig. 3.  
 

Table IV. Data of forced degradation studies by HPTLC method 

Stress 
degradation 

Number of 
degradation 
products (Rf) 

Remaining 
amount of 

eugenol 
(ng band−1) 
(mean ± SD) 

Recovery 
(%) 

Degradation 
(%) 

Acid induced 2 (0.32, 0.36) 131.85 ± 7.53 26.37 73.63 

Base induced 2 (0.37, 0.42) 100.58 ± 6.90 20.12 79.88 

Oxidative 1 (0.38) 286.51 ± 14.36 57.30 42.70 

Thermal 5 (0.20, 0.31, 
0.35, 0.38, 0.43) 5045.72 ± 23.38 100.91 Nil 

Photolytic 1 (0.39) 4365.82 ± 26.85 87.32 12.68 

 
 

Except in the case of thermal induced degradation samples, the results 
indicated sufficient ability of the method as a stability-indicating method 
for the assay of eugenol. Moreover, the degradation peaks were also ob-
served in their chromatograms. Though it was very surprising for us that no 
degradation was observed in the case of thermal induced degradation, a 
thorough literature survey on the thermal properties of eugenol revealed 
that eugenol is a highly stable compound against thermal degradation [19]. 
Eugenol itself acts as a thermal stabilizer for compounds [20]. Thus, it could 
be concluded that the method is a sufficiently stability-indicating one and 
could be employed for the analysis of the stability study samples. 
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Fig. 3. HPTLC densitograms of the forced degradation studies of eugenol 
 
 
 

Conclusion 

HPTLC method for the quantification of eugenol was successfully devel-
oped and validated. The method was valid with respect to linearity and 
range, accuracy, precision, specificity, DL, and QL. The DL and QL were de-
termined to be 31.41 and 95.17 ng band−1, respectively, for the HPTLC 
method. The developed and validated HPTLC method was found to be a 
stability-indicating one, as indicated by the results of forced degradation 
studies, for its use during the accelerated stability studies of the nanoemul-
sion gels and nanoparticles of eugenol. 
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