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ABSTRACT

Objective: The present study was aimed to develop a rapid, accurate, linear, sensitive and stability-indicating high performance liquid
chromatographic method for determination of curcumin and to implement the developed method for the estimation of curcumin in the
nanoparticulate formulation.

Methods: Method development was performed using various solvent, buffer-solvent ratios, at different flow rates for better resolution and to
decrease the run time. The developed method was validated in accordance with the international conference on harmonization (ICH) guidelines.
The developed method was implemented to estimate the amount of curcumin in the curcumin-nanoparticulate formulation.

Results: The optimum chromatographic conditions with adequate resolution for curcumin (16.10 min) was achieved when the separation was carried
using C1s column at ambient temperature with an isocratic elution mode of mobile phase composed of a degassed mixture of phosphate buffer pH 3 and
acetonitrile (50:50 v/v) at 1.0 ml/min flow rate with a total run time of 20 min. The developed method was validated for system suitability, accuracy,
precision, limit of detection (LOD), limit of quantitation (LOQ), linearity and range. The LOD and LOQ were found to be 0.018 and 0.056 pg/ml
respectively, which indicates that the method was sensitive, and can detect and quantify at lower levels of curcumin. Linearity range was from 5-15
pg/ml for curcumin with regression coefficient 0.997 indicates that at this concentration range curcumin was highly linear. Percent assay of curcumin
was found to be 98.7% and curcumin recovered was found to be 0.78 mg which are estimated by using the developed method.

Conclusion: The developed analytical method is simple, precise, and reproducible and thus can be used for stability-indicating analysis of curcumin

in pharmaceutical formulations.

Keywords: Analytical method development, Curcumin, Nanoparticles, RP-HPLC-PDA, Stability-indicating

© 2016 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4. 0/)

DOI: http://dx.doi.org/10.22159/ijpps.2016v8i12.14473

INTRODUCTION

Curcumin is a hydrophobic polyphenolic substance isolated from the
rhizomes of Curcuma longa Linn. Family (Zingiberaceae) along with
other two de-methoxy compounds which are desmethoxycurcumin
and bisdemethoxycurcumin. Structurally, curcumin is 1,7-bis (4-
hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione (fig. 1).
Mostly, it is available in the market as a mixture of three different
constituents, commonly known as curcuminoids [1, 2, 3]. It is a
coloring principle in turmeric and has been found to have a wide
range of pharmacological activities and exhibits significant
therapeutic potential in the treatment of wound healing [4], cancer
[5], arthritis, atherosclerosis, diabetes mellitus, fever, gastric ulcer,
inflammatory bowel disease, lung diseases, malaria, multiple
sclerosis, myocardial infarction, osteoporosis, pancreatitis, psoriasis
[6]. Safety of curcumin at very high doses has been proved in various
animal and human studies. These studies led to the approval of
curcumin as a ‘Generally Regarded as Safe (GRAS)’ ingredient by the
Food and Drug Administration (FDA) of the United States of
America, by the Natural health products directorate of Canada and
the Expert Joint Committee of the Food and Agriculture
Organization/ World Health Organization (FAO/WHO) on food
additives (JECFA) [7].
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Fig. 1: Chemical structure of curcumin

A survey of the literature showed that various analytical techniques
are available for determination of curcumin from bulk drug and
pharmaceutical dosage forms. A high-performance thin layer
chromatography (HPTLC) method has been used for the
determination of curcumin in bulk drug and pharmaceutical
formulations [8]. Also, capillary electrophoresis methods have been
reported for determination and detection of curcumin [9].

Different HPLC methods have been reported for the analysis of
curcumin, such as HPLC methods with fluorescence detector have
been used for its quantification in biological samples [10]. HPLC-UV
methods were also used for the quantitative determination of
curcumin in biological samples [11]. HPLC-PDA methods were also
reported for determination of curcumin [12] and simultaneous
estimation of piperine and curcumin in nanoparticulate formulation
[13]. A stability-indicating HPLC method for quantitative
determination of curcumin in laboratory samples [14] and
simultaneous estimation of silymarin and curcumin also have been
reported [1]. Several other methods such as fluorimetric methods
[15] and NMR methods [16] have been used for the determination
and rapid quantitation of curcumin.

The reported methods were not cost effective due to the use of highly
sophisticated detectors, costly solvents such as tetrahydrofuran and
some methods were found to be less sensitive. So in the present work
a simple, precise, sensitive and stability-indicating method was
developed by using low-cost solvent acetonitrile with buffer in ratio
50:50, detected by using photodiode array detector which was highly
sensitive to detect at a lower concentration. The developed method
was used for estimation of curcumin from curcumin nanoparticles in
which mobile phase was used for extraction of curcumin. The use of
mobile phase as an extracting solvent makes it more compatible with
the developed method.
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MATERIALS AND METHODS
Chemicals and reagents

Curcumin was kindly supplied by VAV life sciences Pvt. Ltd. (Mumbai,
India). Methanol and acetonitrile used were of HPLC grade and were
obtained from LOBA-Chemie. Purified water used was of HPLC grade,
obtained from ]JK Labs (Mumbai, India). Other reagents were of
analytical grade including potassium dihydrogen orthophosphate,
orthophosphoric acid, sodium hydroxide (NaOH), hydrochloric acid
(HCI) and hydrogen peroxide obtained from LOBA-Chemie.

Nanoparticulate formulation: Curcumin nanoparticulate formulation
labeled to contain 8 mg curcumin per 10 ml of the formulation was
prepared by modified hot melt emulsification method [17] at
Vivekanand Education Society’s College of pharmacy (Chembur,
Mumbai).

Instrument

Analyses were carried out using a Jasco HPLC-MD2010-PDA (MD, USA)
system equipped with the pump, rheodyne injector, mixer and
photodiode array (PDA) detector. The generated analytical signals were
monitored and integrated using chrompass data software. The
chromatographic separation was performed using C18 column
(reversed phase, 250 mm x 4.6 mm with 5 micron particle size, enable).

Methods
Chromatographic conditions

The method development for analysis of curcumin was performed
using (a) various solvent [i.e. acetonitrile and methanol], (b) various
buffer-solvent ratio [i.e. solvent A (acetonitrile) and solvent B
(Phosphate buffer pH 3) at the ratio of 70:30, 60:40, 55:45, 50:50
and 45:55], (c) various flow rate [i.e. 0.8, 1.0 and 1.2 ml/min] were
tried. The injection volume used was 20 ul and the analyte was
analyzed at 422 nm wavelength.

Preparation of solutions
Preparation of buffer solution pH 3.0

Solution-A (20 mmol): 0.278 gm of potassium dihydrogen
orthophosphate monohydrate was weighed and mixed with 100 ml
of distilled water.

Solution-B (100 mmol): 1.1 ml of orthophosphoric acid was added
in 100 ml distilled water. 94.5 ml of solution-A was mixed with 5.5
ml of solution-B and pH was checked. pH of the solution was
adjusted with 0.5N NaOH if required. This buffer solution was then
filtered through 0.45p nylon membrane and degassed.

Preparation of diluent

Mobile phase (pH-3 buffer and acetonitrile in the ratio of 50:50 %
v/v) was used as a diluent solution.

Preparation of standard stock solution (1000 pg/ml)

25 mg of drug curcumin was weighed and transferred into 25 ml
volumetric flask. 20 ml of methanol was added, sonicated to
dissolve, and then cooled. Volume was made with methanol and
mixed to obtain a standard stock solution of 1000 pg/ml.

Preparation of working standard solution (10 pg/ml)

From standard stock solution, 1 ml was pipetted out and transferred
into 10 ml volumetric flask. Volume was made up to 10 ml with
methanol and mixed to obtain a solution of 100 pg/ml. From this
solution, 1 ml was pipetted out and diluted up to 10 ml with diluent
to obtain working standard solution of 10 pg/ml. The working
standard solution was then injected into HPLC system under the
optimized condition and chromatogram was recorded.

Validation of the developed method

The optimized analytical method was validated for system
suitability, linearity and range, precision, limit of detection (LOD),
limit of quantitation (LOQ) and accuracy in accordance with ICH
guideline for analytical procedures Q2(R1) [18].
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System suitability

System suitability parameters were studied to verify the system
performance. Six replicate samples containing curcumin (10pg/ml)
were analyzed using the developed method. Factors such as
theoretical plate count, tailing factor, percent relative standard
deviation (% RSD) of peak area and retention time were taken into
consideration for testing system suitability.

Linearity and range

The linearity was evaluated at five concentration levels in the range
between 5-15 pg/ml for curcumin. Calibration curve was plotted by
plotting concentration against its corresponding peak area and
linearity was determined using least square regression analysis. The
analytical range was established by the highest and lowest
concentrations of analyte where acceptable linearity was obtained.

Precision

The precision of the developed analytical method carried out at
three different concentrations i.e. 5, 10 and 15 pg/ml of curcumin. At
each concentration level, six determinations were performed, both
intraday and interday variation were expressed in terms of % RSD.

LOD and LOQ

Limit of detection (LOD) and quantitation (LOQ) of the developed
analytical method was estimated by using the standard deviation of
the response and the slope method. The LOD and LOQ were
calculated by using the following formula:

3.3xSD
LOD =

10 x SD

LOQ =

Accuracy

The accuracy of the developed analytical method was determined by
calculating recovery of the analyte of interest. Standard stock solution
(100 pg/ml) of curcumin was spiked into 5 ml placebo of curcumin
nanoparticulate formulation at three different levels i.e. 50%, 100% and
150% of working level concentration (10 pg/ml) i.e. 5, 10, and 15 pg/ml.
Each level of accuracy sample was injected in triplicate and percent
recovery was taken into consideration for testing accuracy.

Application of validated method for assay of curcumin
nanoparticulate formulation

Sample preparation-1 ml of curcumin nanoparticulate formulation
(0.8 mg/ml) transferred into 10 ml of volumetric flask. 7 ml of
methanol was added and sonicated for 60 min for complete extraction.
The sonicated solution was cooled down to room temperature and
volume was made up with methanol, mixed and filtered through 0.45u
nylon syringe filter to obtain a solution of 80 pug/ml. From 80 pg/ml
solution, 1 ml was pipetted out and transferred to a 10 ml volumetric
flask. Volume was made up with diluents to get a final concentration of
10 pg/ml. twenty microliters of standard solutions were injected into
HPLC system; chromatogram was recorded and percent assay or
recovery was calculated.

Forced degradation study
Acid hydrolysis

A volume of 5 ml of stock curcumin solution (1000 pg/ml) for forced
degradation was mixed with 5 ml of 0.1N hydrochloric acid into
round bottom flask (RBF), refluxed at 80 °c for 4 h and cooled. Then
the solution was transferred into 25 ml volumetric flask and
neutralized with 5 ml of 0.1N sodium hydroxide. Volume was made
up to 25 ml with methanol to obtain a solution of 200 pg/ml. The
resultant solution was further diluted with diluent to obtain a final
solution of 10pg/ml. The final solution was filtered and injected into
the HPLC system, and chromatogram was recorded.

Base hydrolysis

A volume of 5 ml of stock curcumin solution (1000 pg/ml) for forced
degradation was mixed with 5 ml of 0.1N sodium hydroxide into 25
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ml volumetric flask and kept at room temperature for 30 min. After
30 min, the solution was needed for neutralization with 5 ml of 0.1N
hydrochloric acid. Volume was made up to 25 ml with methanol to
obtain a solution of 200 pg/ml. The resultant solution was further
diluted with diluent to obtain the final solution of 10 pug/ml. The
final solution was filtered and injected into the HPLC system, and
chromatogram was recorded.

Neutral hydrolysis

A volume of 5 ml of stock curcumin solution (1000 pg/ml) for forced
degradation was mixed with 5 ml of HPLC grade water into around
bottom flask (RBF), refluxed at 80 °C for 4 h and cooled. Then the
solution was transferred into a 25 ml volumetric flask and volume
was made up to 25 ml with methanol to obtain a solution of 200
ug/ml. The resultant solution was further diluted with diluent to
obtain the final solution of 10 pg/ml. The final solution was filtered
and injected into the HPLC system and chromatogram was recorded.

Oxidative degradation

A volume of 5 ml of stock curcumin solution (1000 pg/ml) for forced
degradation was mixed with 5 ml of 6% hydrogen peroxide into
around bottom flask (RBF), refluxed at 80 °C for 4 h and cooled.
Then the solution was transferred into a 25 ml volumetric flask and
volume was made up to 25 ml with methanol to obtain a solution of
200 pg/ml. The resultant solution was further diluted with diluent
to obtain the final solution of 10 pg/ml. The final solution was
filtered and injected into the HPLC system and chromatogram was
recorded.

Thermal degradation

A volume of 5 ml of stock curcumin solution (1000 pg/ml) for forced
degradation was mixed with 5 ml of methanol into a 25 ml
volumetric flask, heated in a hot air oven at 110 °C for 8 h and
cooled. Then the solution was transferred into a 25 ml volumetric
flask and volume was made up to 25 ml with methanol to obtain a
solution of 200 pg/ml. The resultant solution was further diluted
with diluent to obtain the final solution of 10ug/ml. The final
solution was filtered and injected into the HPLC system and
chromatogram was recorded.

Photolytic degradation

A volume of 5 ml of stock curcumin solution (1000 pg/ml) for forced
degradation was mixed with 5 ml of methanol into a 25 ml
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volumetric flask, kept in sunlight for 8 h and cooled. Then the
solution was transferred into a 25 ml volumetric flask and volume
was made up to 25 ml with methanol to obtain a solution of 200
pug/ml. The resultant solution was further diluted with diluent to
obtain the final solution of 10 pg/ml. The final solution was filtered
and injected into the HPLC system and chromatogram was recorded.
Percent degradation was calculated for each condition by using the
following formula given below.

% Degradation
_ Area of standard peak-Area of sample peak

Area of standard peak X100

RESULTS AND DISCUSSION
Method development

The optimum wavelength selected for the estimation of curcumin
was 422 nm, based on the maximum absorption using a UV-Visible
spectrophotometer. Curcumin is non-ionized hydrophobic with pKa
values 7.8, 8.5 and 9. Initially, methanol and water were tried in
various ratios for curcumin but, it was unable to show three
separate peaks. Then methanol was replaced by acetonitrile and
used in various ratios which showed three peaks for curcumin and
its two de-methoxy compounds but peaks were not resolved. To get
an optimum resolution between curcumin and its de-methoxy
compounds, phosphate buffer was used which has the buffering
capacity at three different pKa 2.12, 7.2 and 12.67. At acidic pH,
curcumin undergoes ionization and elute out easily from reversed
phase column. We have tried various solvent-buffer ratios (70:30,
60:40, 55:45, 50:50 and 45:55). However, a combination of
acetonitrile and phosphate buffer pH 3 at 50:50 v/v has shown good
resolution for curcumin at 16.10 min (Fig.2) but, further increase
and decrease in the ratio of the buffer has shown less resolved
peaks. Initially, 1.0 ml/min flow rate was tried, but further increase
or decrease in flow rate has not shown adequate separation between
curcumin and its two de-methoxy compounds. The optimum
chromatographic condition with adequate resolution for curcumin
was achieved when the separation was carried using enable Cis
column (250 mm x 4.6 mm, 5p) at ambient temperature with an
isocratic elution mode of mobile phase composed of a degassed
mixture of acetonitrile: phosphate buffer pH 3 (50:50 v/v) at 1.0
ml/min flow rate with a total run time of 20 min. The other methods
used tetrahydrofuran as part of mobile phase [9], sophisticated
detector [6, 12, 13], long run time [10, 12] which increased the cost
of the method of analysis.

0 2 4 6 8 10

12 14 16 18 20 22

Min

Fig. 2: Chromatogram of curcumin (Y) using optimum chromatographic conditions

Method validation
System suitability

The developed method has produced theoretical plate above 2000
for curcumin with tailing factor less than 1.5. Similarly, the %RSD of
peak area and retention time of curcumin was less than 2, which
ensures the suitability of the developed method. The results of
system suitability study are summarized in table 1.

Acceptance criteria

1. The relative standard deviation of six replicate injections for
peak area and retention time should not be more than 2.0%.

2. The tailing factor should not be more than 2.

3. The theoretical plates should not be less than 2000.
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Table 1: System suitability of the developed method

Sample Retention time (min) Peak area (mAU*sec) USP tailing factor USP theoretical plates
1 16.10 1176.2 1.33 9815.73

2 16.05 11419 1.38 9659.33

3 16.13 1192 1.38 9751.04

4 16.14 1173 1.36 10075.52

5 16.11 1166 1.33 10046.80

6 16.09 1150 1.34 9961.03

Mean 16.103 1166.76 1.353 9884.90

%RSD 0.14 1.55 1.72 1.70

Linearity and range

The correlation coefficient (R?) of curcumin was found to be 0.997,
which confirms its linearity in the range of 5-15 pg/ml. The results
of linearity are summarized in table 2.

Acceptance criteria: The correlation coefficient (R%) value should not
be less than 0.995 over the working range.

Table 2: Linearity and range of the developed method

Parameter Results of curcumin
correlation coefficient (R?) 0.997

Equation Y=119.9x+41.99
Range 5-15 pgmL?t
Precision

The developed method has shown %RSD less than 1.5 for peak area
and retention time of curcumin for both intra-day and inter-day
precision study, which ensures precision of the developed method.

The results of intra-day and inter-day precision study are
summarized in table 3 and table 4.

Acceptance criteria: The %RSD for retention time and peak area
should be NMT 2.0.

Limit of detection and limit of quantification

Limit of detection (LOD) and limit of quantitation (LOQ) was
estimated from the standard deviation of the response and slope
method. The LOD and LOQ were found to be 0.018 and 0.056 pg/ml
for curcumin. This showed that the developed method can detect
and quantify at lower concentration was highly sensitive whereas
other methods are less sensitive [5, 10].

Accuracy

The percentage recovery of the spiked curcumin was within
100£2% which ensures the accuracy of the developed method. The
results of recovery studies were summarized in table 5.

Acceptance criteria: Percent recovery should be between 98-102%.

Table 3: Intra-day precision of the developed method

S. No. Curcumin concentration (ng/ml)

5 10 15

Area (mAU*sec) RT* (min) Area (mAU*sec) RT* (min) Area (mAU*sec) RT* (min)
1 618.4 16.132 1268 16.052 1763 16.25
2. 614.5 16.145 1228 16.07 1762 16.24
3. 618.6 16.119 1241 16.05 1780 16.22
4. 617.1 16.052 1228 16.105 1766 16.20
5. 608.9 16.105 1252.2 16.145 1782 16.23
6. 618.2 16.132 1241 16.19 1780 16.27
Mean 615.95 16.114 1243.03 16.102 1771.5 16.235
%RSD 0.612 0.20 1.22 0.34 0.56 0.14
*RT-Retention time

Table 4: Inter-day precision of the developed methods

S. No. Curcumin concentration (ng/ml)

5 10 15

Area (mAU*sec) RT* (min) Area (mAU*sec) RT* (min) Area (mAU*sec) RT* (min)
1. 678.3 16.119 1276.2 16.145 1754.9 16.199
2. 669.2 16.119 1253 16.172 1784 16.279
3. 665.5 16.079 1230 16.132 1763 16.212
Mean 671 16.10 1253.06 16.14 1767.3 16.23
%RSD 0.98 0.14 1.84 0.12 0.84 0.26

*RT-Retention time

Table 5: Accuracy of the developed method

Level in % Amount spiked (pg) Amount recovered (ug) % recovery Mean % recovery
50% 5 491 98.2 99.4
5 5.04 100
5 5.01 100
100% 10 9.88 98.6 99.50
10 10.19 101.91
10 9.78 97.8
150% 15 15.34 102.36 99.75
15 14.67 97.8
15 14.86 99.10
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Application of validated method for assay of curcumin
nanoparticulate formulation

Developed method was successfully implemented in the assay of
curcumin nanoparticulate formulation. Assay of curcumin was found
to be 98.7 %. The extracting solvent was same as the mobile phase
which helped in the complete extraction of curcumin from the
formulation. The results are summarized in table 6.

Table 6: Assay of curcumin

Parameter Curcumin results
Amount recovered (mg) 0.78
Assay (%) 98.7

Forced degradation study

The samples subjected to various forced degradation conditions
showed well-separated chromatograms of pure curcumin as well as
some degradation peaks at different retention time. Chromatogram
of untreated sample (standard peak) of curcumin is shown in fig. 3.

For the acidic, neutral hydrolysis and thermal degradation, the peaks
of curcumin were less degraded as the peak areas of curcumin were
decreased by 4.79%, 7.89% and 5.29% respectively with the
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appearance of one degradation product peak eluted far from the
retention time of curcumin peak in case of acidic hydrolysis (fig. 4-6).

For the base hydrolysis, oxidative and photo-degradation, the peaks of
curcumin were partially degraded as the peak areas of curcumin were
decreased by 23.86%, 23.24% and 22.66% respectively with the
appearance of one degradation product peak eluted far from the
retention time of curcumin peak in case of base hydrolysis and
photodegradation (fig. 7-9). Curcumin was found to be highly degraded
under alkaline conditions.

In order to develop a suitable RP-HPLC method for the estimation of
curcumin, different buffer ratios at different flow rate were applied.
The reported methods were costly due to the use of highly
sophisticated instruments like mass spectrometry [16] and
detectors like fluorescence detectors [10]. The use of expensive
solvents such as tetrahydrofuran [11, 12] was replaced by
acetonitrile in this study. The LOD and LOQ were found to be 0.018
and 0.056 pg/ml, respectively, which indicates that the method was
sensitive, and can detect and quantify at lower levels of curcumin.
Linearity range was from 5-15 pg/ml for curcumin with regression
coefficient 0997 indicates that at this concentration
range curcumin was highly linear. Percent assay of curcumin and
amount of curcumin recovered was found to be 98.7% and 0.78 mg
respectively. The developed RP-HPLC stability indicating assay
method was found to be appropriate for the analysis of drug in their
pure form and in the nanoparticulate formulation.

Y, L N 8 —
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Fig. 3: Chromatogram of untreated sample of curcumin
_ gy . L
4 6 8 10 3 14 16 18 20 22 24
Min
Fig. 4: Chromatogram of acid hydrolysis
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Fig. 5: Chromatogram of neutral hydrolysis
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Fig. 6: Chromatogram of thermal degradation

Fig. 7: Chromatogram of base hydrolysis

12 14 16 18 20

Fig. 8: Chromatogram of oxidative degradation

Fig. 9: Chromatogram of photo-degradation

CONCLUSION

A simple, cost-effective and stability-indicating isocratic reversed
phase HPLC method has been developed for the determination of
curcumin in bulk drug substance and dosage form. The developed
method was validated as per ICH guideline and statistical analysis
also proves that the method is linear, precise, accurate and specific
for the analysis of curcumin. The developed method was successfully
implemented in the assay of curcumin nanoparticulate formulations.
Thus, developed method can be used for routine analysis of
curcumin in pharmaceutical dosage forms.
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