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ABSTRACT
Curcumin, a lipophilic polyphenol derived from the roots of Curcuma longa. Recently, it has been widely investigated 
as a therapeutic agent for cancer. Thus, there is a growing interest in measuring curcumin concentrations in the 
plasma and other target tissues in relevant animal models. We developed and validated a simple, fast, and reliable 
method for quantifying curcumin in biological matrices by Ultra Performance Liquid Chromatography (UPLC)-Mass 
Spectrometry (MS)/MS. The liquid chromatography system is using rapid separation on Acquity UPLC®BEH C18 
with gradient mobile phase contained formic acid and acetonitrile. Prior to detection, curcumin and internal standard 
(IS) were ionized using electrospray ionization positive source and the ions were monitored at m/z 369 → 177 and 260 
→ 183 for curcumin and IS, respectively. The calibration curve was linear (r ≥ 0.99) over the concentration range of 
1–50 ng/ml and 1–30 ng/ml for rat plasma and for ovary homogenate, respectively. The lower limit of quantification 
was 1 ng/ml. The mean accuracy ranged from 98.9% to 103.2% and 98% to 108.9%, while the coefficient of variation 
(CV) values of precision in rat plasma were below 11.92% and 10.47% for within and between run, respectively. In 
rat ovary homogenate, the mean concentration and CV of within run accuracy and precision were 95.53%–109.78% 
and 3.34%–9.14%, respectively. The developed method was used to quantify curcumin in rat plasma and ovary after 
an oral gavage. In conclusion, the developed and validated method should be useful for quantification of curcumin 
accurately and precisely in plasma and target organs from relevant animal models of human diseases.

INTRODUCTION
Curcumin is one of the lipophilic phenolic components 

of Curcuma longa which can be found in South of Asia, India, 
Indochina, and other Asia countries including Indonesia that is 
known as Curcuma domestica. The rhizome of Curcuma longa is the 
largest part containing curcuminoid, approximately 3%–5% in its 
alcoholic extract, which consists of curcumin (approximately 77%), 
demethoxycurcumin (approx. 18%), and bisdemethoxycurcumin 
(approx. 5%) (Kurita and Makino, 2013). Chemically, the 

International Union of Pure and Applied Chemistry name of 
curcumin is (1E,6E)-1,7-bis (4-hydroxy-3-methoxyphenyl)-1,6-
heptadiene-3,5-dione; chemical formula C21H20O6; molecular 
weight 368.38 g/mol; and CAS number, 458-37-7 (NCBI, 2017).

Curcumin is used as a dietary agent, a coloring agent, 
and flavoring agent in the food industry. It is usually used in 
traditional medication as for the treatment of respiratory disease 
(asthma, hypersensitivity, bronchial, and allergy), sinusitis, 
rheumatism, fever, diabetes wound, and skin disease (Goel 
et al., 2008). It is also potentiated as a therapeutic agent because 
many research studies show that it has a pharmacologic effect 
such as anti-inflammatory, antioxidant, antiviral, anti-fungal, 
anti-bacterial, immunomodulatory, and anticancer (Maheshwari 
et al., 2006). Curcumin can inhibit tumor growth, angiogenesis, 
and induce apoptosis (Choudhuri et al., 2005; Lin et al., 2007). 
It also regulates the expression of cytokines inflammatory, 
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enzymes, protein kinase, transcription factor, and growth hormone 
(Shishodia, 2012). Some studies in mouse and rats show that 
curcumin has low bioavailability in plasma and organ. Therefore, 
we need an accurate analytical method to assay the curcumin in 
biologist specimen so that we can understand the relation between 
the drug and its response.

Some analytical methods have been developed 
to quantify curcumin in biologist specimen, such as 
high-performance liquid chromatography with UV (Heath et al., 
2003; Shoba et al., 1998; Song et al., 2011) or fluorescence 
detector (Schiborr et al., 2010). Another method such as 
LC-MS/MS is also used to analyze curcumin assay in plasma 
rat and it is more specific because the instrument can detect the 
agent in small quantity sample, especially sample which has low 
oral bioavailability. To know whether the method is accurate, 
specific, and robust, the method should be validated. In this 
study, we have developed and validated bioanalytical method to 
quantify curcumin in rat plasma and ovary based on European 
Medicine Agency (EMA) (2012) Guideline on bioanalytical 
method validation.

MATERIALS AND METHODS

Chemicals and reagent
Curcumin (ex. Plamed), internal standard (IS) 

(Propanolol), acetonitrile (ex. Merck), formic acid (ex. Merck), 
H2O, and tert-butyl methyl ether(MTBE) (ex. Merck).

UPLC-MS/MS system
The Ultra Performance Liquid Chromatography 

(UPLC)-Mass Spectrometry (MS)/MS system was performed 
using a Waters with an automatic liquid chromatography sampler 
and mass spectrometer equipped with an electrospray ionization 
(ESI) source. The separation of the sample used column Acquity 
UPLC® BEH C18 column (2.1× 50 mm, 1.7 μm). The system 
delivered as a constant flow with gradient mobile phase as 
showed in Table 1.

The volume of injection was 3 µl. Mobile phase was 
filtered through filter membrane 45 µm and had been sonicated 
before used.

The mass spectrometric detector parameters were 
optimized and set as follow: argon desolvation as 350°C with 
a flow rate of 500 l/hour and capillary voltage of 3.5 V. During 
analyses, ESI parameters were performed in positive ion mode 
and set as follow: parent m/z and cone voltage are 369 and 34 V 
for curcumin analysis and 260 and 42 V for IS analyses; daughter 
m/z and collision energy are 177 and 22 V for curcumin analyses 
and 183 and 17 V for IS analyses.

Preparation of standard and internal standard solutions
Stock solution of curcumin and IS was prepared in 

acetonitrile in a concentration of 200 µg/ml separately. Stock 
solution of curcumin was diluted in acetonitrile to obtain a 
working solution at 10 µg/ml. From this working solution, the 
standard solution in specific concentration (10, 25, 50, 100, 250, 
and 500 ng/ml) was prepared by spiking 10, 25, 50, 100, 250, and 
500 µl of working solution in 10 ml volumetric flask and adding 
9,990, 9,975, 9,950, 9,900, 9,750, and 9,500 µl of acetonitrile to 
the flask. The calibration curve standard solution of curcumin in 
blank plasma was prepared by spiking 20 µl standard solution and 
20 µl IS to 180 µl plasma, giving final concentrations of 1, 2.5, 
5, 10, 25, and 50 ng/ml. In each validation and assay, a standard 
curve was made freshly from the working solution. The calibration 
curve sample was analyzed along with the quality control (QC) 
sample. Four different concentration levels were prepared for QC 
sample, which consist of lower limited of quantification (LLOQ) 
at 1 ng/ml, low QC at 3 ng/ml, medium QC at 20 ng/ml, and high 
QC at 40 ng/ml. IS concentration was prepared in the constant 
concentration (400 ng/ml) by diluting IS stock solution in distilled 
water. The calibration curve standard solution of curcumin in 
blank ovary homogenate was prepared by spiking 20 µl standard 
solution and 20 µl IS to 180 µl blank ovary homogenate, giving 
final concentrations of 1, 2.5, 5, 10, 20, and 30 ng/ml. Then, QC 
sample was also prepared at 1 ng/ml as LLOQ, 3 ng/ml as low QC, 
15 ng/ml as medium QC, and 20 ng/ml as high QC.

Plasma blank preparation
Plasma blank (without analyte) was collected from 

female Sprague Dawley rat. Plasma was obtained by centrifuging 
blood at 3,000 rpm for 10 minutes at 4°C and stored at −80°C.

Ovary homogenate blank preparation
Ovary homogenate blank (without analyte) was collected 

from female Sprague Dawley rat. One hundred milligram ovary 
was homogenized in 1 ml saline by Ultraturax® homogenizer, 
then centrifuged at 12,000 rpm for 5 minutes at 20°C and stored 
at −80°C.

Sample processing
Two hundred microliter plasma or ovary homogenate 

contained a specific concentration of curcumin was added to 20 µl 
IS solution and 2 ml MTBE as an extracting solution. The sample 
was vortexed for 1 minute and centrifuged at 3,000 rpm for 10 
minutes. The organic layer was transferred into a 10 ml glass tube 
and evaporated using nitrogen gas at 60°C for 2 minutes. The 
residue was diluted in 100 µl mobile phase, then centrifuged at 
12,000 rpm for 5 minutes at 20°C. Transfer supernatant to vial for 
UPLC-MS/MS analyzing.

Validation method procedure
Validation method was carried out based on EMA 

Guideline on bioanalytical method validation (EMA, 2012). The 
parameters of rat plasma determined were curve calibration/
linearity, precision, accuracy, dilution integrity, selectivity, matrix 
effect, and stability. However, we only performed partial validation 
on within run accuracy and precision for ovary homogenate.

Table 1. Phase mobile gradient.

Time (minutes) Flow (ml/minutes) % Formic acid 0.1% % Acetonitril

Initial 0.3 72 28

0.5 0.3 72 28

1 0.3 10 90

1.9 0.3 10 90

2 0.3 72 28

5 0.3 72 28
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Calibration curve/linearity
Calibration curve (y = ax + b) was attained by plotting 

the peak area ratio of curcumin to IS (y) versus curcumin 
concentration (x) using linearly weighted regression 1/x2. 
Standard solution of curcumin for calibration curve is 1, 2.5, 
5, 10, 25, and 50 ng/ml for rat plasma and 1, 2.5, 5, 10, 20, 
and 30 ng/ml for rat ovary homogenate, in addition to the blank 
sample (processed matrix sample without analyte and without 
IS) and a zero sample (processed matrix with IS). The nominal 
value should be within 15% for QC sample and 20% for LLOQ 
when the calibration standards were calculated based on the 
linear regression equation (EMA, 2012). Five of six calibration 
standard levels must fulfill these criteria.

Accuracy and precision
Accuracy and precision were performed using five 

replicate samples of four curcumin concentrations that are 
LLOQ, low QC (three times of LLOQ), medium QC, and 
high QC running in the same and different day for analyzing 
within-run and between-run accuracy and precision. Evaluation 
of those parameters based on the mean concentration and the 
coefficient variation (CV) value for accuracy and precision, 
respectively. The nominal values and CV should be within 
15% for the QC samples and less than 20% for the LLOQ  
(EMA, 2012).

Dilution integrity
Sample dilution was prepared by adding the blank 

plasma to sample [the concentration use higher than upper limited 
of quantification (ULOQ)]. The curcumin samples concentrations 
were 80 and 120 ng/ml spiking to blank plasma. This parameter 
was performed using five replicates of samples and evaluated in 
the accuracy and precision of the sample. The mean value and CV 
of samples should be within ±15% (EMA, 2012).

Selectivity
Selectivity method was evaluated by using at least six 

individual sources of the appropriate blank matrix compared to 
blank plasma which spiked the lowest concentration of curcumin 
(LLOQ) for interference analyzing. If there is an interference 
component on blank plasma, the responses should be below 20% 
for LLOQ and 5% for IS (EMA, 2012).

Matrix effect
Blank plasma from six lots was extracted and then 

spiked with curcumin at low and high QC and one level 
concentration IS called analyte and IS in the presence of matrix, 
to evaluate matrix effect of the analyte. The matrix factor (MF) 
of analyte was analyzed by comparing the peak area analyte 
in the presence of matrix to the peak area of analyte in the 
absence of matrix (analyte in pure solution without plasma), and 
also MF of IS was calculated in the same formula. The matrix 
effect was evaluated using CV of IS-normalized MF, where the 
IS-normalized MF could be obtained by comparing MF of the 
analyte to MF of the IS. The CV of the IS-normalized MF at low 
and high QC calculated from the six lots of matrix should be less 
than 15% (EMA, 2012).

Carry over
Carry-over was evaluated by analyzing a blank sample 

that injected after high concentration sample (50 ng/ml). Carry-
over in the blank sample following the high concentration standard 
should not be greater than 20% of the LLOQ and 5% for the IS 
(EMA, 2012)

Stability
Stability test was conducted to evaluate the analyte 

stability in plasma sample under long-term (22 days) and 
freeze-thaw condition (two cycles). The test was performed 
using three replicates of low QC (3 ng/ml) and high QC (40 
ng/ml) sample that are analyzed immediately after preparation 
and after the applied storage conditions for evaluation. Sample 
was considered to be stable if the mean value and CV at 
each level should be within ±15% for accuracy and precision  
(EMA, 2012).

Stability conditions that were performed are
•  Long-term stability: analyte was stored in the freezer for 22 

days.
•  Freeze and Thaw stability: analyte sample was stored in the 

freezer for at least 12 hours, then thawed in room temperature. 
After that, the sample was stored again in the freezer for 12 
hours and thawed again for analyzing.

DISCUSSION AND RESULT

Optimization of mass condition
In order to optimize ESI condition for curcumin 

and propranolol as IS, the MS parameters were tuned in both 
the positive and negative ionization mode. The best response 
was found in the positive ionization for both of them. By 
directly injecting a standard solution of curcumin and IS, 
the mass spectra for curcumin and IS were obtained during 
quantitative method development that displayed a precursor 
ions of [M + H]+ at m/z 369.25 (Fig. 1a) and 260.06 (Fig. 2a), 
respectively. The optimal values of collision energies were 
22 and 17 eV for product ion at m/z 177.08 for curcumin  
(Fig. 1b) and 183.165 (Fig. 2b) for IS due to their high intensity 
and stability and no significant solvent adduct ions and fragments 
ions were observed. The same fragmentation of curcumin was 
reported by Antony et al. (2016).

Optimization of chromatographic condition
Chromatographic condition was optimized in several 

trials with the variation of the composition of mobile phase and 
flow rate. The composition of mobile phase plays a critical role 
in achieving a good separation between the analyte and IS due 
to polarity (Bélanger et al., 1997), and appropriate ionization, as 
well as short run time. The optimized mobile phase composition 
produced stable and acceptable peak shapes for curcumin and 
IS with 72:28 mixtures of 0.1% formic acid and acetonitrile as 
gradient elution (Table 1). The retention times of curcumin and 
IS were 2.5 and 1.6 minutes, respectively (Fig. 3). The total 
chromatographic run time was 5.0 minute.
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Optimization of sample processing
The sample was performed using a liquid-liquid 

extraction technique. This is a simple technique that can separate 
the analyte and IS from other component in biological matrixes 
in order to minimize interference that will disturb analyzing. 
The analyte, that was hydrophobic, will be dissolved due to its 
polarity in an organic solvent (Prabu and Timmakondu, 2012). 
Optimization of the extraction was carried out using different 
types of organic solvents, and MTBE was found the optimal 
solvent based on the highest area and the best shape of the peak of 
the analyte and IS.

Method validation

Calibration curve and linearity
The six points of calibration curves were linear of the 

concentration range 1–50 ng/ml for rat plasma and 1–30 ng/ml for rat 
ovary homogenate. The linear regression with intercept and weighted 
factor (1/x2) was selected to get the best fit relationship between 
concentration and ratio of the analytes in rat plasma and ovary 
homogenate in this study. The mean correlation coefficient (r) of the 
calibration curve generated in rat plasma and ovary homogenates was 
≥0.99. Both of the curves have the same LLOQ, 1 ng/ml.

Figure 1. Mass scanning of curcumin parent ion (a) and its daughter ion (b).
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Accuracy and precision
The within and between run accuracies and precisions 

in rat plasma and ovary homogenate were shown in Tables 2 
and 3. The mean value concentration of within run accuracy and 
between run-in rat plasma and ovary homogenate was all within 
100% ± 15% for QC sample and 100% ± 20% for LLOQ sample. 
The mean values of them were 98.9%–103.2% in rat plasma and 

95.53%–109.78% in ovary homogenate for within accuracy and 
98%–108.9% for between-run accuracy in rat plasma. The all 
CV of within and between run precision in rat plasma and ovary 
homogenate were not exceed more than 15% for QC sample and 
20% for LLOQ sample. The CV of them are 8.81%–11.92% in 
rat plasma and 3.34%–9.14% in ovary homogenate for within 
precision, and 9.01%–10.47% for between precision in rat 

Figure 2. Mass scanning of IS parent ion (a) and its daughter ion (b).
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Figure 3. Representative chromatogram UPLC-MS/MS of curcumin and IS in rat plasma.

Table 2. Within and between run accuracy and precision in rat plasma.

Nominal conc. (ng/ml)
Within run Between run

Measured conc. (ng/ml) 
(mean ± SD) Mean accuracy (%) Precision (% CV) Measured conc. (ng/ml) 

(mean ± SD) Mean accuracy (%) Precision (% CV)

1 0.99 ± 0.12 99 11.92 1.00 ± 0.1 100 10.15

3 2.97 ± 0.23 99 10.12 2.94 ± 0.27 98 9.13

20.01 20.65 ± 2.05 103.2 9.92 21.8 ± 2.28 108.9 10.47

40.02 39.57 ± 4.35 98.9 8.81 40.71 ± 3.67 101.7 9.01
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plasma. The result revealed high accuracy and precision due to 
EMA criteria (EMA, 2012).

Dilution integrity
The samples analyte, whose levels were 80 and 

120 ng/ml, could be diluted with blank rat plasma to make a 
final concentration of 40 ng/ml. The CV and the mean back-
calculated dilution samples are less than 6% and within 15% 
of the nominal value, respectively. The result was it fulfills the 
requirement.

The accuracy and precision of dilution samples were 
shown in Table 4. The data showed that the sample of analyte could 
be diluted twice until three times dilution and the concentration 
after dilution has met the accuracy and precision criteria  
(EMA, 2012).

Selectivity
No interference peak was detected for curcumin and 

IS from six different sources of rat plasma. The percentage area 
between blank and LLOQ was below 14.69% and 0.69% for the 
analyte and IS, respectively. The method was found to be specific 
and no endogenous plasma component detected.

Matrix effect
Effect of biological matrix on ion suppression/

enhancement was evaluated at two concentration levels (low QC and 
high QC) for curcumin and a single concentration for the IS. There 

was no difference between area response of analyte and IS both of 
in the presence and absence of matrix that showed as IS-normalized 
MF value. The CV of IS-normalized MF of curcumin was 14.9% 
and 9.39% at the low QC and high QC, respectively. It showed that 
no significant matrix effect in ion suppression/enhancement was 
observed in all sample rat plasma at low and high QC.

Carry over
The measured peak area of the blank plasma sample 

injected after ULOQ (50 ng/ml) was 14.59% of the peak area of 
the analyte at LLOQ and 0.38 % of the peak area of the IS then 
the area was within the requirements (EMA, 2012). It showed that 
high concentration didn’t interfere with low concentration if they 
are injected respectively.

Stability
The long-term and freeze-thaw stability data were shown 

in Tables 5 and 6. They showed that the analyte was stable until 
22 days and two cycle freeze-thawed due to their accuracy and 
precision in each condition (EMA, 2012).

CONCLUSION
In conclusion, the UPLC-MS/MS method with ESI 

positive mode for quantitative analysis of curcumin in rat plasma and 
ovary homogenate was successfully developed and validated. The 
method provides very rapid, sensitive, and specific measurement of 
curcumin concentration.

Table 3. Within-run accuracy and precision in rat ovary homogenate.

Nominal conc. (ng/ml) Measured conc. (ng/ml) (mean ± SD) Mean accuracy (%) Precision (% CV)

1 1.01 ± 0.09 100.42 9.14

3.01 3.09 ± 0.21 10t2.66 6.89

15.04 14.36 ± 0.73 95.53 5.06

24.06 26.41 ± 0.88 109.78 3.34

Table 4. Accuracy and precision of dilution integrity in rat plasma.

Nominal conc. (ng/ml) Concentration after dilution 
(ng/ml) (mean)

Measured conc. (ng/ml) 
(mean ± SD) Mean accuracy (%) Precision (% CV)

80.04 40.02 40.69 ± 3.17 101.7 5.86

120.05 40.02 43.07 ± 1.93 107.6 5.03

Table 5. Accuracy and precision of long-term stability in rat plasma.

Nominal conc. (ng/ml) Measured conc. (ng/ml) 
(mean ± SD)

22 days

Mean accuracy (%) Precision (% CV)

3.01 2.83 ± 0.18 94.02 6.21

40.13 35.44 ± 1.67 88.31 4.71

Table 6. Accuracy and precision of two freeze-thaw cycle stability in rat plasma.

Nominal conc. 
(ng/ml)

Measured conc. (ng/ml) 
(mean ± SD)

First cycle
Measured conc. (ng/ml) 

(mean ± SD)

Second cycle

Mean accuracy 
(%) Precision (% CV) Mean accuracy (%) Precision (% CV)

3 2.79 ± 0.09 93 3.31 2.61 ± 0.05 86.7 1.77

40.02 35.2 ± 0.77 87.9 2.19 38.09 ± 1.1 95.2 2.9
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