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Abstract: Availability of a stability indicating assay method for carrying out accelerated stability studies of
drug products is essential. In a search of a suitable stability indicating assay method for the quantification of
eugenol UV spectrophotometric and high pressure liquid chromatography (HPLC) methods were tried. Forced
degradation studies included use of eugenol samples from acid induced, base induced, oxidative degradation,
thermal and photolytic degradations. UV spectrophotometry using methanol as a solvent and RP-HPLC method
using photo diode array detector was studied. The UV spectrophotometric and high pressure liquid
chromatography (HPLC) methods failed to demonstrate itself as a stability indicating method, as shown by the
results of forced degradation studies. From the study results we concluded that UV spectrophotometric and
HPLC methods could not be used for the stability studies of eugenol.

Keywords: Forced degradation studies, acid induced degradation, base induced degradation, oxidative
degradation, thermal degradation, photolytic degradation.



INTRODUCTION

Development of a stability indicating assay method for
eugenol is warranted due to the development of novel drug
delivery systems of eugenol for enhancement of its
therapeutic activity and for targeted drug delivery.'® Forced
degradation studies are usually carried out by acid induced,
base induced, oxidative degradation, thermal and photolytic
degradations.

Stress testing could be carried out to assess the stability
characteristics of drug substances and drug products. The
testing should include the effect of temperature, humidity,
oxidation, photolysis, and acid and base hydrolytic
conditions.” Stability testing is a mandatory requirement for
the approval of drug products. Availability of a stability
indicating assay method is a prerequisite for carrying out
accelerated stability studies to ascertain chemical stability of
the active ingredient against accelerated stress conditions.
Assessment of shelf life is only possible if we have a stability
indicating assay method for the drug in question. The method
should be specific enough to identify the degradation
products from the drug. UV and HPLC methods are
commonly used assay methods for dosage forms. Thus in a
search of a suitable stability indicating assay method for the
quantification of eugenol, UV spectrophotometric and high
pressure liquid chromatography (HPLC) methods were
tested.

MATERIALS AND METHODS

Materials

Eugenol was purchased from Central Drug House, Delhi,
India, and methanol was purchased from S D Fine-Chem Itd,
Mumbeai, India. Reagent grade I water (Millipore, Molsheim,
France) was used for the study. HPLC grade water and
acetonitrile were purchased from Merck, Mumbai, India.

Preparation of forced degradation samples

The samples for the forced degradation studies were prepared
according to reported procedures.*® UV spectrophotometry in
methanol and HPLC were tested sequentially for the
development of a stability indicating assay method.

Acid induced degradation: Eugenol solution (1 mg mL™") in
methanol was added to 10 mL each of methanol and 0.1 M
HCI and the mixture was refluxed at 60°C for six hours. The
solution was then cooled to room temperature and then
neutralized to pH 7 by the addition of 0.1 M NaOH. The
sample was then diluted to 100 mL with methanol to get a
eugenol concentration of 100 pg mL™".

Base induced degradation: A eugenol solution (1 mg mL™)
in methanol was added to 10 mL each of methanol and 0.1 M
NaOH and the mixture was refluxed at 60°C for six hours.
The solution was then cooled to room temperature and then
neutralized to pH 7 by addition of 0.1 M HCI. The sample
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was then diluted to 100 mL with methanol to get a eugenol
concentration of 100 pg mL™".

Oxidative degradation: A eugenol solution (1 mg mL™) in
methanol was added to 10 mL of 30% H,O, solution. Then
the mixture was refluxed at 60°C for six hours. The solution
was then cooled to room temperature and then diluted to 100
mL with methanol to get a concentration of 100 pg mL™.
Thermal degradation: 50 mg of eugenol was stored at 80°C
for 48 hours. The sample was then dissolved in methanol,
and the volume was adjusted to 50 mL to give a solution of a
final eugenol concentration of 1000 pg mL™".

Photolytic degradation: 50 mg of eugenol was exposed to
short and long wavelength UV light (254 and 366 nm,
respectively) for 48 hours. Then it was dissolved in methanol
and the volume was adjusted to 50 mL to get a solution of
final concentration equivalent to 1000 pug mL™ of eugenol.

UV spectrophotometric method

100mL of a stock solution of Eugenol (I mgmL-1) in
methanol was prepared in a 100 mL volumetric flask. The
dilutions of this stock solution were made by diluting the
required aliquot with methanol to obtain a standard solution
in the range of 5- 50 pg mL™". The absorbance of the resultant
solutions was determined at the A, of 282 nm using a
Shimadzu UV - 1601 (Shimadzu Corp, Kyoto, Japan)
spectrophotometer.'® For the forced degradation studies, the
samples prepared by the forced degradation of eugenol were
diluted to theoretical concentration of 25 pg mL’ using
methanol. The forced degradation samples prepared without
eugenol and the same dilutions were used as blanks for their
corresponding samples during UV spectrophotometry.

High pressure liquid chromatography (HPLC)

The HPLC method for the determination of eugenol was
carried out on a Waters Alliance 2695 separating module
(Waters Co., MA, USA) using a photo diode array detector
(Waters 2998) with autosampler and column oven."'

Mobile phase
Acetonitrile and water in the ratio 1:1 (v/v) was chosen as the
mobile phase.""

Chromatographic system

Compounds were separated on a C18 reverse phase column
(250 x 4.6 mm, particle size 5 pm; Merck, Darmstadt,
Germany) maintained at room temperature. The flow rate
was maintained at 1 mL min”. The run time was set to 20
min and the retention time observed was 7.968 =+ 0.042 min.
Detection was carried out at 280 nm. Twenty microlitres of
the samples, prepared by the forced degradation of eugenol,
were injected into the system after filtering through a 0.45-
pm nylon filter.



RESULTS AND DISCUSSION

UV spectrophotometric method

The aim of the present work was to evaluate whether UV
absorbance at 282 nm can be used for the quantification of
eugenol during accelerated stability studies. Hence we
assumed that the absorbance at 282 nm is exclusively due to
eugenol. If the UV absorbance is due to degradation
products, then the method is not suitable for accelerated
stability studies.

The present study was an extension of our previous studies.'’
In those studies we have presented the full UV spectrum of
eugenol in methanol and calibration curve of eugenol in
methanol.

Table 1 displays the data of forced degradation studies of
eugenol by UV spectrophotometry. The data showed the
inability of the method in all the samples, and except for acid
degradation the method indicated no degradation. In the case
of acid induced degradation, the method could detect only a
degradation of 7.09%.

Identification and characterization of degradation products is
applicable only if the proposed method is able to detect
degradation. In the present study, UV absorbance at 282 nm
was unable to detect drug degradation and therefore the study
of degradation products was not warranted.

Table 1 Data of forced degradation studies of eugenol by UV
spectrophotometry (n=3)
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Photolytic | 26.16+122 | 10465 |  Nil

High pressure liquid chromatography (HPLC)

The present HPLC study was an extension of previous
reported studies in which we have presented the full
information regarding calibration of the HPLC method('").

The results of the forced degradation studies are displayed in
Table 2 and the chromatograms are shown in Figure 1.

Table 2 Data of forced degradation studies by HPLC method (n=3)

Remaining
Forced eugenol. Recovery | Degradation
degradation concentra_tll on (%) (%)
(ng mL™)
(Mean = SD)
Acid 92.77+1.16 92.77 7.23
induced
Base 84.87+2.33 84.87 15.13
induced
Oxidative 102.09+2.22 102.09 Nil
Thermal 102.035+31.56 102.04 Nil
Photolytic 102.415424.19 102.42 Nil

Remaining
Forced eugenol. Recovery | Degradation

degradation concentra_tll on (%) (%)

(ng mL™)

(Mean £ SD)

Acid induced 23.23+1.47 92.91 7.09
Base induced 27.28+1.32 109.12 Nil
Oxidative 25.78+0.94 103.12 Nil
Thermal 26.27+1.49 105.08 Nil

The results demonstrated the inability of the method, as in
three samples, viz. oxidative, thermal and photolytic, the
method indicated no degradation.

In the case of acid induced, base induced and oxidative
treatments, the theoretical final concentration of eugenol in
the samples was 100 pg mL™', whereas for thermal and
photolytic degradations it was 1000 pg mL™".

Visually, acid induced and base induced chromatograms
appear similar as the concentration values were close
(92.77+1.16 and 84.87+2.33 pg mL™ respectively) to the
value of 102.09+2.22 pg mL"' obtained for oxidative
treatment.
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Figure 1. HPLC chromatograms of the forced degradation samples

In the case of acid and base induced degradation samples
the method could detect a limited degradation within 20%
only. In addition to the low degradation, as indicated by the
high recovery of eugenol, the HPLC chromatograms did not
show any additional peaks of degradation. This further
suggested the inability of the HPLC method as a stability
indicating assay method. For eugenol, in our previous study
with HPTLC method for the same samples we have detected
degradation, except in the case of thermal induced forced
degradation (eugenol is highly stable against thermal
degradation).’

CONCLUSIONS

The UV spectrophotometric and high pressure liquid
chromatography (HPLC) methods failed to demonstrate
itself as a stability indicating method as shown by the results
of forced degradation studies. Thus we concluded that UV
spectrophotometric and HPLC methods could not be used

for the accelerated stability studies of eugenol loaded
nanocarriers.
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