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Abstract: Curcumin (Diferuloylmethane) is a natural product extracted from the root of Curcuma longa. 5-Bis (4-
hydroxy-3-methoxybenzylidene)-N-methyl-4-piperidone, the piperidone analogue of curcumin (PAC), was one of the 
analogues that, demonstrated potential anticancer effects against breast and colon cancers compared with native 
curcumin. A simple, accurate, and rapid isocratic reverse phase high performance liquid chromatography (HPLC) 
analytical method utilizing UV detection was developed and validated for the determination of PAC utilizing C18 column 
with run time was 7 min. Chromatogram showed a peak of PAC at retention time of 5.8±0.92 min. The method was 
validated for linearity, accuracy, precision, limit of detection, limit of quantitation and robustness. Linear relationship (r 
> 0.99) was observed between AUP of PAC and the corresponding concentrations over 100-10000µg/mL. The LOQ of 
this assay was 3.9ng/mL with a corresponding relative standard deviation of 4.8 and 4.0%. The LOD was 13.1ng/mL at a 
signal-to-noise ratio of >3. 
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INTRODUCTION 
 
The dried powdered rhizome of Curcuma longa L. is 
commonly known as turmeric and used worldwide as a 
food-coloring agent (Martins et al., 2009). Turmeric 
extract contains curcuminoids,  which are phenolic 
compounds composed mainly of three bioactive 
substances, curcumin, demethoxy curcumin, and bis-
demethoxy curcumin (PAC) (Martins et al., 2009).  
 
Curcuminoids are well-known in traditional medicine 
because of their ant inflammatory (Jurenka, 2009), 
antibacterial (Martins et al., 2009), antidepressant 
(Kulkarni et al., 2009), antidiabetic (Wickenberg et al., 
2010), antitumor (Wilken et al., 2011), 
immunomodulatory (Rogers et al., 2010) and gastro 
protective (Kim et al., 2005) properties. In addition, 
curcuminoids haves been successfully used in the 
treatment of Alzheimer’s disease (Ahmed et al., 2010) 
and cardiac disorders (Morimoto et al., 2010). Turmeric is 
widely accepted as a spices with the highest antioxidant 
activity (Wojdylo et al., 2007). Moreover  anticancer 
effects of curcumin have been elucidated in many  in vitro 
and in vivo studies against various cancer types (Dhillon 
et al., 2008, Sharma et al., 2001, Anand et al., 2008).  
 
Curcumin is characterized by poor aqueous solubility, low 
gastrointestinal absorption, high rate metabolism, low of 
bioavailability and low stability. In neutral pH conditions, 
contributing to their limited clinical uses (Anand et al., 
2007a, Nimiya et al., 2016). In addition, these molecules 

have poor bioactivity and are unstable in neutral and 
alkaline aqueous solutions (Yallapu et al., 2012, Tønnesen 
and Karlsen, 1985). 
 

Khairia M. Youssefa et al. (Youssef et al., 2004) 
synthesized various curcumin analogues in 2004. 5-Bis 
(4-hydroxy-3-methoxybenzylidene)-N-methyl-4 
piperidone, piperidone analogue of curcumin (PAC) (fig. 
1), was one of the curcumin analogues that, showed 
promising anticancer effects against breast and colon 
cancers (Al-Hujaily et al., 2011, Al-Qasem et al., 2016).  
PAC is 27-fold more soluble than curcumin in water(Al-
Hujaily et al., 2011). 
 

Various analytical techniques for the quantification of 
total and isolated curcumin in different matrices have 
been reported, particularly spectrophotometric methods 
for the determination of total curcuminoids (Kadam et al., 
2013, Silva-Buzanello et al., 2015, Ahmed et al., 2012). 
However, this approach cannot be used to quantify 
individual curcuminoids. Methods such as high 
performance thin layer chromatography (HPTLC) have 
been used for analysis of curcumin (Rasmussen et al., 
2000, Ansari et al., 2005). High-pressure liquid 
chromatography detection (HPLC) is the most common 
used method for the determination of curcuminoids and 
curcumin in turmeric samples, biological samples, or 
dosage forms (Jadhav et al., 2007, Li et al., 2009, Jangle 
and Thorat, 2013, do Nascimento et al., 2012, Buadonpri 
et al., 2009, Jayaprakasha et al., 2002, Syed et al., 2015, 
Koop et al., 2013). Table 1, summarizes the studies in 
which curcumin was determined using HPLC assay, 
published in the last two decades. *Corresponding author: e-mail: bquadeib@ksu.edu.sa 
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Although HPLC techniques are characterized by a short 
run time, to the best of our knowledge, no study has 
reported a validated assay for PAC with simple and efficient 
extraction techniques. The retention time for curcumin in 
literature review varied from 26 to 1.2 min. Our study aimed to 
develop a rapid, robust, selective, sensitive, and precise HPLC 
method for the determination of PAC. The assay method was 
validated for linearity, accuracy, precision, specificity, limit of 
detection (LOD), and limit of quantification (LOQ) and used for 
in determination of drug content of the PAC-liposome 
formulation (under publication). 
 
MATERIALS AND METHODS 
 
Materials  
PAC was prepared by the Medicinal Chemistry Department, 
College of Pharmacy, King Saud University, KSA (Youssef et 
al., 2004). All other reagents and chemicals were of HPLC 
analytical grade, and were used as received. Water was 
deionized and purified using a Milli-Q Reagent Grade water 
system (Millipore Corporation, Bedford, MX 01730, USA). 
 
Liquid chromatography conditions  
The HPLC system consisted of Waters 1525 binary pump 
Separation module (Waters, USA) fitted with C18 column (300 
mm × 4.6 mm). The autosampler injection system (Waters 2707) 
used was a 10µL sample loop. A Millipore Swinnex type filter 
(pore size =0.45µm) was obtained from Millipore (Bangalore, 
India). A Waters HPLC system equipped with a Waters 484 
variable UV absorbance detector and a Waters 2707 plus auto 
sampler was used. Waters 515 solvent delivery system was used 
to operate the gradient flow through a C 18 column (4.6mm × 
150 mm, 3μm spherical particles). Acetonitrile: 5% acetic acid 
(50:50, v/v) was used as the mobile phase at a flow rate of 1 
mL/min and the run time was 7.0 min. A Waters 2489 
UV/Visible detector used at a wavelength of 392 nm was used 
for detection. Degassing was achieved via filtration through a 
0.45m Millipore membrane filter and sonication for 10 min. 
The injection volume was 10µl and detection was at 392 nm. 
The HPLC system was operated at 25°C. Data were collected 
with a Breeze Chromatography Manager Data Collection 
System. A daily standard calibration curve (6 standards ranging 
from 100 ng/mL to 10000ng/mL) was prepared to determine the 
unknown PAC concentration.  
 
Preparation of stock solutions 
The stock standard solution of PAC was prepared in acetonitrile 
at a concentration of 10µg/mL and stored in 4.0mL glass vials in 
a refrigerator at 4°C. Different working standard solutions of 
PAC (100-10000ng/ml) were prepared by diluting of the above 
mentioned stock solution in pure acetonitrile and were stored at 
4°C. 
 
Validation of PAC HPLC assay 
The  RP-HPLC  method  for  PAC assay was validated in term 
of accuracy, reproducibility, linearity, specificity, LOD, LOQ 
and robustness according to ICH Harmonized Tripartite 
Guidelines (Guideline, 2005). Three standard calibration 
curves were prepared at different times (at least three 
months) to evaluate  the  linearity,  precision,  accuracy  
and  stability.  

 

Fig. 1: Chemical structure of curcumin (left) and the 
novel analouge (PAC) (right) (Youssef et al., 2004) 

 
Fig. 2: HPLC chromatograms of mobile phase 
(chromatogram A) and HPLC chromatograms of mobile 
phase containing 1000ng/ml PAC and 100µg/ml 
(chromatogram B). 
 
Specificity 
The specificity of the HPLC method was evaluated to 
ensure that there was no interference from the excipients 
present in the formulations. The specificity was studied by 
injecting the excipients.  
 
Linearity and range  
Linearity is the ability to obtain test results that are 
directly proportional to the concentration of the analyte. 
Linearity was determined by three injections of seven 
different PAC concentrations (100, 250, 500, 1000, 2500, 
5000 and 10000ng/ml). The average peak areas were 
plotted against concentrations. Then linearity was 
evaluated using the calibration curve to calculate 
coefficient of correlation, slope and intercept. In general, 
a value of correlation coefficient (r²) > 0.998 is considered 
as the evidence of an acceptable fit for the data to the 
regression line. 
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Fig. 3: Mean drug concentration ranging from 1000-
10000 ng/ml ± SD. Y denotes dependent variable and X is 
the in dependent variable while R is the regression 
coffefficient 
 
Accuracy 
The accuracy of an analytical method expresses the 
nearness between the expected value and the value found. 
It is obtained by calculating the percent recovery (R%) of 
the analyte recovered. In this case, to evaluate the 
accuracy of the developed method, successive analysis (n 
=3) for three different concentrations (500ng/ml, 250 
ng/ml and 100ng/ml) of standard PAC solution were 
performed using the developed method. The data of the 
experiment were statistically analyzed using the formula 
[% Recovery = (Recovered conc. /Injected conc.)×100] to 
study the recovery and validity of the developed method. 

The mean recovery should be within 90-110% to be 
accepted.  
 

Precision 
Precision of a measurable technique is the degree of 
agreement among individual tests, when the technique is 
applied repetitively to analyze multiple replicates in three 
different occasions. The intraday precision was assessed 
by analyzing the calibration curves of six replicates of 
different concentrations of PAC within the same day. The 
inter-day precision was determined by analyzing of six 
replicates of different concentrations of PAC on three 
different days. The total precision of the method was 
expressed as the relative standard deviation (%RSD). In 
the current method development and validation protocol, 
precision was determined by six replicate analyses at a 
concentration of 5000ng/mL of standard PAC solution 
using the developed method and % RSD ≤2% was 
accepted. 
 

Limit of detection and Limit of quantification  
LOD is the lowest concentration in a sample that can be 
detected, but not necessarily quantified under the stated 
experimental conditions. LOQ is the lowest concentration 
of analyte that can be determined with acceptable 
precision and accuracy. These two parameters were 
calculated using the formula LOD =3.3×SD/S and LOQ 
=10×SD/S, where SD =standard deviation of response 
(peak area) and S = slope of the calibration curve. 

Table 2: Inter- and Intra-day statistics 
 

Measured concentration (ng/mL) 
PAC  

Nominal concentration (ng/mL) 
 500 1000 5000 
 485 1190 5126 
 515 981 4874 
 495 1240 5240 
 

Day-1 

490 955 4760 
 525 1110 5148 
 505 984 4874 
 522 1080 5100 
 487 992 4910 
 

Day-2 

492 909 4864 
 519 1113 5123 
 523 1235 5210 
 506 1185 4850 
 488 1100 5020 
 

Day-3 

491 1021 5150 
Inter-day statistics n 6 6 6 
 Mean 501.9286 1094.571 5001.143 
 SD 16.24896 112.677 153.7644 
 Accuracy (%RSD) 3.237304 10.29416 3.074586 
Intra-day (on day 3), n = 6 n 18 18 18 
 Mean 502.5 1076.667 5003.667 
 SD 15.41104 120.9755 192.1725 
 Accuracy (%RSD) 3.066873 4.23611 3.840633 
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Robustness 
The robustness of an analytical procedure is the measure 
of its capacity to remain unaffected by small, but 
deliberate variations in method parameters and provides 
an indication of its reliability during normal usage. The 
robustness was studied by evaluating the effect of small 
but deliberate variations in the chromatographic 
conditions. 
 
STATISTICAL ANALYSIS 
 
In vitro results were expressed as mean ± SD of at least 
three replicates. The HPLC results of PAC were 
calculated using linear regression without weighting, 
according to the equation: Y = 0.0403×-0.0119, where Y 
is the area under the peak (AUP) ratio of the drug and X 
is the concentration of PAC.  The % RSD  was calculated 
for all values.  Student’s t-test was used to inspect the 
concentration difference at each day and one-way analysis 
of variance (ANOVA) was used to assess the 
reproducibility of the assay using IBMSPSS Statistics 21. 
The level of confidence was 95%.   
 
RESULTS  
 
Development of HPLC method  
In fig. 2, chromatogram A represents the blank mobile 
phase and chromatogram B represents PAC with an 
average retention time of 5.8±0.92 min and with no 
interfering peaks. This is an indication of the specificity 
of the developed HPLC method.  The retention time was 
comparable with the shorter published data for curcumin 
(table 1). 
 
Specificity 
The specificity of the method was monitored by analyzing 
the placebo and standard solution. No peak was detected 
close to the retention time of PAC, which proved the high 
degree of specificity of the method (fig. 2). 
 
Linearity, limit of quantification, limit of detection  
Linear relationship (r>0.99) was observed between AUP 
of PAC and the corresponding concentrations over 100-
10000µg/mL (fig. 3). The mean linear regression equation 
of the peak area ratios (Y) versus drug concentrations (X) 
of PAC was typically of the form Y = (b ± S.D.)X ± (a ± 
S.D.) and it was Y=52.42 X-2562.7 for PAC. The LOQ of 
this assay was 3.9ng/mL with a corresponding relative 
standard deviation of 4.8 and 4.0%. The LOD was 
13.1ng/mL at a signal-to-noise ratio of >3. 
 
Recovery, accuracy and precision 
Within-day precision and accuracy of the method were 
determined from replicate analysis (n=6) of PAC test 
standards at concentrations within the linear range of the 
assay for each drug (table 2). The reproducibility of the 
assay was evaluated by comparing the linear regressions 

of three standard plots prepared on three different days 
over a 3-week period. The mean correlation coefficient 
was >0.999 with % R.S.D. of the slopes of the three lines 
beign 8.4%. ANOVA of the data indicated no significant 
difference (p>0.05) in the slopes, intra- and inter-day, of 
the calibration curves. The results confirmed the 
reproducibility of the assay method. The mean percentage 
recovery of 100-10000ng/mL PAC was 95.2±4.9%. 
 
DISCUSSION 
 
As curcuminoids hydrophobic compounds which is 
practically insoluble in water (Anand et al., 2007a, 
Nimiya et al., 2016), it is freely soluble in acetonitrile, so 
the C18 columns were preferred for HPLC analysis 
(Jadhav et al., 2007). many studies reviewed the use of 
C18 for separation of the drug using acetonitrile as the 
main solvent. These HPLC methods reported in (table 1), 
particularly older studies, have several disadvantages, 
including unsatisfactory separation times, poor resolution, 
complicated solvent mixtures with gradient  elution, and 
long analysis times. The aim of this study was to develop 
and validate a new simple and rapid analytical method for 
PAC. 
 
This article describes fast and specific HPLC method for 
PAC quantification, the drug eluted within 5.8 minutes. A 
significant reduction in the analysis time is achieved 
utilizing this method, which also indicate a significant 
reduction in the solvent consumption 
 
CONCLUSIONS 
 
A simple, rapid and sensitive analytical method was 
developed and validated for the analysis for piperidone 
analogue of curcumin (PAC). The chromatographic 
runtime was also short. The developed analytical method 
can be reliably used for further in vitro pharmaceutical 
and pharmacokinetic study of any dosage form containing 
piperidone analogue of curcumin.     
 
ACKNOWLEDGEMENTS 
 
This research project was supported by a grant from the 
‘Research Center of the Female Scientific and Medical 
Colleges, Deanship of Scientific Research, King Saud 
University and King Faisal Specialist Hospital and 
Research Center. Authors would also like to thank Twasol 
Research Excellence (TRE) Program, King Saud 
University, KSA for support.  
 
REFERENCES 
 
Ahmed K, Li Y, McClements DJ and Xiao H (2012). 

Nanoemulsion- and emulsion-based delivery systems 
for curcumin: encapsulation and release properties.. 
FOCH Food Chemistry, 132(2): 799-807. 



Abdullah Alomrani et al 

Pak. J. Pharm. Sci., Vol.33, No.2, March 2020, pp.685-694 691 

Ahmed T, Enam SA and Gilani AH (2010). Curcuminoids 
enhance memory in an amyloid-infused rat model of 
Alzheimer's disease. NSC Neuroscience, 169(3): 1296-
306. 

Anand P, Kunnumakkara AB, Newman RA and Aggarwal 
BB (2007a). Bioavailability of curcumin: Problems and 
promises. Mol. Pharm., 4(6): 11-16. 

Anand P,  Kunnumakkara AB, Newman RA and Aggarwal 
BB (2007b). Bioavailability of Curcumin: Problems 
and promises. Mol. Pharm., 4(6): 807-818. 

Anand P, Sundaram C, Jhurani S, Kunnumakkara AB and 
Aggarwal BB (2008). Curcumin and cancer: an old-age 
disease with an age-old solution. CAN Cancer Letters, 
267(1): 133-164. 

Ansari MJ, Ahmad S, Kohli K, Ali J and Khar RK (2005). 
Stability-indicating HPTLC determination of curcumin 
in bulk drug and pharmaceutical formulations. J. 
Pharm. Biomed. Anal., 39(1-2): 132-38. 

Asai A and Miyazawa T  (2000). Occurrence of orally 
administered curcuminoid as glucuronide and 
glucuronide/sulfate conjugates in rat plasma. Life Sci., 
67(23): 2785-2793. 

MJK Bahrani S, Ghaedi M, Mansoorkhani and Ostovan A 
(2017). A highly selective nanocomposite based on mip 
for curcumin trace levels quantification in food 
samples and human plasma following optimization by 
central composite design. J. Chromatogr. B., 1040(2): 
129-135. 

Bellary AN, Sowbhagya HB and Rastogi NK (2011). 
Osmotic dehydration assisted impregnation of 
curcuminoids in coconut slices. J. Food Eng., 105(3): 
453-459. 

Biswas R, Mukherjee PK, Kar A, Bahadur S, Harwansh 
RK, Biswas S, Al-Dhabi NA and Duraipandiyan V 
(2016). Evaluation of ubtan - A traditional Indian skin 
care formulation. J. Ethnopharmacol., 192(2): 283-
291. 

Buadonpri W, Towiwat P, Wichitnithad W and  
Rojsitthisak P (2009). Synthetic curcumin inhibits 
carrageenan-induced paw edema in rats. J. Health Res., 
23(1): 11-16. 

Cheng J, Weijun K, Yun L, Jiabo W, Haitao W,  Qingmiao 
L and Xiaohe X (2010). Development and validation of 
uplc method for quality control of Curcuma longa 
Linn.: Fast simultaneous quantitation of three 
curcuminoids. J. Pharm. Biomed. Anal., 53(1): 43-49. 

Coradini K, Lima FO, Oliveira CM, Chaves PS, Athayde 
ML,Carvalho LM and Beck RC (2014). Co-encap-
sulation of resveratrol and curcumin in lipid-core 
nanocapsules improves their in vitro antioxidant 
effects. Eur. J. Pharm. Biopharm., 88(1): 178-185. 

Dhillon N, Aggarwal BB, Newman RA, Wolff AB 
Kunnumakkara AB, Abbruzzese GL, Badmaev V and  
Kurzrock R (2008). Phase II trial of curcumin in 
patients with advanced pancreatic cancer. Clin. Cancer 
Res., 14(2): 4491-4499. 

Thuane CFN, Diani MC, Luciana FD, Mattos Cd, 
Najeh MK, Rubiana MM (2012). Development and 
validation of an HPLC method using fluorescence 
detection for the quantitative determination of 
curcumin in plga and plga-peg nanoparticles. Curr. 
Pharm. Anal., 8(4): 324-333. 

Fonseca-Santos  B, Gremião MPD and Chorilli M (2016). 
A simple reversed phase high-performance liquid 
chromatography (HPLC) method for determination of 
in situ gelling curcumin-loaded liquid crystals in in 
vitro performance tests. Arab. J. Chem., 4(5): 23-27. 

Hou XL, Takahashi K, Kinoshita N, Qiu F, Tanaka K,  
Komatsu K, Takahashi K and Azuma J (2007). Possible 
inhibitory mechanism of curcuma drugs on Cyp3a4 in 
1a,25 Dihydroxyvitamin D3 Treated Caco-2 Cells. Int. 
J. Pharm., 337(1-2): 169-77. 

Jadhav BK, Mahadik KR and Paradkar AR (2007). 
Development and validation of improved reversed 
phase-hplc method for simultaneous determination of 
curcumin, demethoxycurcumin and bis-
demethoxycurcumin. Chroma Chromatographia., 65(7-
8): 483-488. 

Jang HD, Chang KS, Huang YS, Hsu CL, Lee SH and Su 
MS (2007). Principal phenolic phytochemicals and 
antioxidant activities of three chinese medicinal plants. 
Food Chem., 103(3): 749-56. 

Jangle RD and Thorat BN (2013). Effect of freeze-
thawing study on curcumin liposome for obtaining 
better freeze-dried product. Drying Technology, 31(9): 
966-974. 

Jayaprakasha GK, Mohan Rao LJ and Sakariah KK 
(2002). Improved HPLC method for the determination 
of curcumin, demethoxycurcumin and bisdemeth-
oxycurcumin. J. Agr. Food Chem., 50(13): 3668-3672. 

Jayaprakasha GK, Gowda GAN, Marquez S and Patil BS 
(2013). Rapid separation and quantitation of curcum-
inoids combining pseudo two-dimensional liquid flash 
chromatography and NMR spectroscopy. J. 
Chromatogr. B., B937(3): 25-32. 

Jokerst JV, Lobovkina T, Zare RN and Gambhir SS 
(2011). Nanoparticle pegylation for imaging and 
therapy. Nanomedicine, 6(4): 715-728. 

Jurenka JS (2009). Anti-Inflammatory properties of 
curcumin, a major constituent of curcuma longa: A 
review of preclinical and clinical research, Altern. Med. 
Rev., 14(2): 141-153. 

Kadam PV, Bhingare CL, Nikam RY and Pawar SA 
(2013). Development and validation of UV 
spectrophotometric method for the estimation of 
curcumin in cream formulation. Pharm. Methods., 
4(2): 43-45. 

Kamalasanan K, Anupriya K, Deepa MK, and Sharma CP 
(2014). Supramolecular curcuminbarium prodrugs for 
formulating with ceramic particles. Colloid Surface B., 
122(2): 301-308. 

Khan MA, Zafaryab M, Mehdi SH, Ahmad I and Rizvi 
MM (2016). Characterization and anti-proliferative 



A validated RP-HPLC method for the determination of piperidone analogue of curcumin 

Pak. J. Pharm. Sci., Vol.33, No.2, March 2020, pp.685-694 692 

activity of curcumin loaded chitosan nanoparticles in 
cervical cancer. Int. J. Biol. Macromol., 93(2): 242-
253. 

Kheradpezhouh E, Panjehshahin MR, Miri R, Javidnia K 
and Noorafshan A,  Monabati A and Dehpour AR. 
(2010). Curcumin protects rats against acetaminophen-
induced hepatorenal damages and shows synergistic 
activity with n-acetyl cysteine. Eur. J. Pharmacol., 
628(1-3): 1-3. 

Kim DW, Yousaf AM, Li DX, Kim JO, Yong CS, Cho KH 
and Choi HG (2017). Development of RP-HPLC 
method for simultaneous determination of docetaxel 
and curcumin in rat plasma: Validation and stability. 
Asian J. Pharm. Sci., 12(1): 105-113. 

Kim GY, Kim KH, Lee SH, Yoon MS, Lee HJ, Moon DO 
and Lee CM (2005). Curcumin inhibits 
immunostimulatory function of dendritic cells: Mapks 
and translocation of Nf-Kappab as potential targets. 
The Journal of Immunology Bethesda., 174(12): 8116-
8124. 

Kocher A, Hagl S, Schiborr C, Eckert GP and Frank J 
(2015). Concentrations of total curcuminoids in 
plasma, but not liver and kidney, are higher in 18- than 
in 3-months old mice. NFS J., 1(1): 3-8. 

Koop HS, Freitas RA, Souza LM, Martinez GR and  
Silveira JLM (2013). Development and validation of a 
RP-HPLC-PDA method for determination of 
curcuminoids in microemulsions. Chromatographia 
76(15-16): 1041-48. 

Korany MA, Haggag RS, Ragab MAA and Elmallah OA 
(2013). A validated stability-indicating HPLC method 
for simultaneous determination of silymarin and 
curcumin in various dosage forms. Arab. J. Chem.,  
22(1): 34-37. 

Kulkarni SK, Dhir A and Akula KK (2009). Potentials of 
curcumin as an antidepressant. Scientific World J., 
9(2): 1233-1241. 

Lee JH and Choung MG (2011). Determination of curcu-
minoid colouring principles in commercial foods by 
HPLC. Food Chem., 124(3): 1217-22. 

Li, HX, Zhang HL, Zhang N, Wang N, Yang Y and Zhang 
ZZ (2014). Isolation of three curcuminoids for stability 
and simultaneous determination of only using one 
single standard substance in turmeric colour principles 
by HPLC with ternary gradient system. Lwt-Food Sci 
Technol., 57(1): 446-451. 

Li J, Jiang Y, Wen J, Fan G, Wu Y and Zhang C (2009). A 
rapid and simple HPLC method for the determination 
of curcumin in rat plasma: Assay development, 
validation and application to a pharmacokinetic study 
of curcumin liposome. Biomed. Chromatogr., 23(11): 
1201-07. 

Li R, Xiang C, Ye M, Li HF, Zhang X and Guo DA 
(2011). Qualitative and quantitative analysis of 
curcuminoids in herbal medicines derived from 
curcuma species. Food Chem., 126(4): 1890-1895. 

Long Y, Zhang W, Wang F and Chen Z (2014). 
Simultaneous determination of three curcuminoids in 
Curcuma longa L. by high performance liquid 
chromatography coupled with electrochemical 
detection. J. Pharm. Anal., 4(5): 325-330. 

Ma Z, Shayeganpour A, Brocks DR, Lavasanifar A and  
Samuel J (2007). High-performance liquid chroma-
tography analysis of curcumin in rat plasma: 
application to pharmacokinetics of polymeric micellar 
formulation of curcumin. Biomed. Chromatogr., 21(5): 
546-52. 

Maniglia BC, Domingos JR, Paula R and Tapia-Blacido 
DR (2014). Development of bioactive edible film from 
turmeric dye solvent extraction residue. Lwt-
Food Sci. Technol., 56(2): 269-277. 

Martins CVB, Silva DL, Neres ATM, Magalhaes TFF, 
Watanabe GA, Modolo LV, Sabino AA, Fatima A and 
Resende MA (2009). Curcumin as a promising 
antifungal of clinical interest. J. Antimicrob. 
Chemother., 63(2): 337-39. 

Martins RM, Pereira SV, Siqueira S, Salomao WF and 
Freitas LAP (2013). Curcuminoid content and 
antioxidant activity in spray dried microparticles 
containing turmeric extract. Food Res. Int., 50(2): 657-
663. 

Mohanty C, Acharya S, Mohanty AK, Dilnawaz F and 
Sahoo SK (2010). Curcumin-encapsulated Mepeg/PCL 
diblock copolymeric micelles: A novel controlled 
delivery vehicle for cancer therapy. Nanomedicine, 
5(3): 433-449. 

Molina-Jijón E, Tapia E, Zazueta C, El Hafidi M, 
Zatarain-Barrón ZL, Hernández-Pando R, Medina-
Campos ON, Zarco-Márqueza G, Torres I and Pedraza-
Chaverria J (2011). Curcumin prevents Cr(Vi)-induced 
renal oxidant damage by a mitochondrial pathway. 
Free Radic. Biol. Med., 51(8): 1543-1557. 

Monton C, Charoenchai L, Suksaeree J and Sueree L 
(2016). Quantitation of curcuminoid contents, 
dissolution profile and volatile oil content of turmeric 
capsules produced at some secondary government 
hospitals. J. Food Drug Anal., 24(3): 493-99. 

Moorthi C and Kathiresan K (2013). Imultaneous 
estimation of curcumin and silibinin using validated rp-
hplc-pda method and its application in pharmaceutical 
nanoformulation. Int. J. Pharmcy Pharm. Sci., 5(Suppl 
3): 475-78. 

Moorthi C, Kumar CS, Mohan S, Krishnan K and  
Kathiresan K (2013). Application of validated 
rphplcpda method for the simultaneous estimation of 
curcumin and piperine in Eudragit E 100 nanoparticles. 
J. Pharm. Res., 7(3): 224-29. 

Morimoto T, Sunagawa Y, Fujita M and Hasegawa K 
(2010). Novel heart failure therapy targeting 
transcriptional pathway in cardiomyocytes by a natural 
compound, Curcumin. Circ. J., 74(6): 1059-1066. 

Naidu MM, Shyamala BN, Manjunatha JR,  Sulocha-
namma G and Srinivas P (2009). Simple HPLC method 



Abdullah Alomrani et al 

Pak. J. Pharm. Sci., Vol.33, No.2, March 2020, pp.685-694 693 

for Resolution of curcuminoids with antioxidant 
potential. J. Food Sci., 74(4): C312-C18. 

Nguyen  MH, Tran TT and Hadinoto K (2016). Controll-
ing the burst release of amorphous drug polysaccharide 
nanoparticle complex via crosslinking of the 
polysaccharide chains. Eur. J. Pharm Biopharm., 
104(1): 156-163. 

Nguyen MH, Yu H, Kiew TY and Hadinoto K (2015). 
Cost-effective alternative to nano-encapsulation: 
amorphous curcumin-chitosan nanoparticle complex 
exhibiting high payload and supersaturation generation. 
Eur. J. Pharm Biopharm., 96(2): 1-10. 

Nimiya Y, Wang W, Du Z, Sukamtoh E, Zhu J, Decker E 
and Zhang G (2016). Redox modulation of curcumin 
stability: redox active antioxidants increase chemical 
stability of curcumin. Mol. Nutr. Food Res., 60(3): 
487-494. 

Osorio JF, Carvalho PI, Barbero GF, Nogueira GC,  
Rostagno MA and Meireles MA (2016). Fast analysis 
of curcuminoids from turmeric (Curcuma longa L.) by 
high-performance liquid chromatography using a 
fused-core column. Food Chem., 200(1): 167-174. 

Pak Y, Patek R and Mayersohn M (2003). Sensitive and 
rapid isocratic liquid chromatography method for the 
quantitation of curcumin in plasma. J. Chromatogr. B., 
796(2): 339-346. 

Paulucci  VP, Couto RO, Teixeira CCC and Freitas LAP 
(2013). Optimization of the extraction of curcumin 
from Curcuma longa Rhizomes. Rev. Bras. 
Farmacogn., 23(1): 94-100. 

Perko Tina, Ravber M, Knez Z and Skerget M (2015). 
Isolation, characterization and formulation of 
curcuminoids and in vitro release study of the 
encapsulated particles. J. Supercrit Fluid., 103(1): 48-
54. 

Purkayastha S, Berliner A, Fernando SS, Ranasinghe B, 
Ray I, Tariq H and Banerjee P (2009). Curcumin blocks 
brain tumor formation. Brain Res. Mol. Brain Res., 
1266(2): 130-138. 

Rasmussen HB, Christensen SB, Kvist LP and Karazmi R 
(2000). A simple and efficient separation of the 
curcumins, the antiprotozoal constituents of Curcuma 
longa. Planta Med., 66(4): 396-398. 

Rogers NM, Kireta S and Coates PT (2010). Curcumin 
induces maturation-arrested dendritic cells that expand 
regulatory T cells in vitro and in vivo.  
Clin. Exp. Immunol., 162(3): 460-473. 

Scotter MJ (2009). Synthesis and chemical 
characterisation of curcuminoid colouring principles 
for their potential use as HPLC standards for the 
determination of curcumin colour in foods. 
Lebensmittel-Wissenschaft + [i.e. und] Technologie. 
Food science + technology. Science + Technologie 
Alimentaire. 42(8): 1345. 

Sharma RA, McLelland HR, Hill KA, Ireson CR, Euden, 
SA, Manso MM and Pirmohamed M (2001). Pharma-
codynamic and pharmacokinetic study of oral Curcuma 

extract in patients with colorectal cancer. Clin. Cancer 
Res., 7(7): 1894-900. 

Shinde RL, Bharkad GP and Devarajan PD (2015). 
Intranasal microemulsion for targeted nose to brain 
delivery in neurocysticercosis: Role of 
docosahexaenoic acid. Eur. J. Pharm. Biopharm., 
96(2): 363-79. 

Silva-Buzanello RA, Ferro AC, Bona E, Cardozo-Filho 
LC, Araujo PH, Leimann FV and Gonçalves OH 
(2015). Validation of an ultraviolet-visible (Uv-Vis) 
technique for the quantitative determination of 
curcumin in poly(L-Lactic Acid) nanoparticles. Food 
Chem. 172(1): 99-104. 

Subhashini PS,  Kumari S, Kumar JP, Chawla R, Dash D, 
Singh M and Singh R (2013). Intranasal curcumin and 
its evaluation in murine model of asthma. Int. 
Immunopharmacol., 17(3): 733-743. 

Suresh D, Manjunatha H and Srinivasan K (2007). Effect 
of heat processing of spices on the concentrations of 
their bioactive principles: Turmeric (Curcuma longa), 
Red pepper (Capsicum annuum) and Black pepper 
(Piper nigrum). J. Food Compost. Anal., 20(3-4): 346-
351. 

Syed HK, Liew KB, Loh GOK and Peh  KK (2015). 
Stability indicating HPLC-UV method for detection of 
curcumin in Curcuma longa extract and emulsion 
formulation. FOCH Food Chem., 170(1): 321-326. 

Tønnesen HH and Karlsen J (1985). Studies oncurcumin 
and curcuminoids. VI. Kinetics of curcumin 
degradation in aqueous solution. Zeitschrift fur 
Lebensmittel-Untersuchung und -Forschung, 180(5): 
402-404. 

Tsai YM, Chien CF, Lin LC and Tsai TH (2011). 
Curcumin and its nano-formulation: the kinetics of 
tissue distribution and blood-brain barrier penetration. 
Int. J. Pharm., 416(1): 331-338. 

Wahlang B, Pawar YB and Bansal AK (2011). 
Identification of permeability-related hurdles in oral 
delivery of curcumin using the Caco-2 cell model. Eur. 
J. Pharm. Biopharm., V 77(2): 275-282. 

Wang P, Zhang L, Peng H, Li, Xiong J and Xu Z (2013). 
The formulation and delivery of curcumin with solid 
lipid nanoparticles for the treatment of on non-small 
cell lung cancer both in vitro and in vivo. Mat. Sci. Eng. 
C-Mater. C., 33(8): 4802-08. 

Wickenberg J, Ingemansson SL and Hlebowicz J (2010). 
Effects of curcuma Longa (Turmeric) on postprandial 
plasma glucose and insulin in healthy subjects. Nutr. 
J., 9(1): 12-15. 

Wilken R, Veena MS, Wang MB and Srivatsan ES (2011). 
Curcumin: A review of anti-cancer properties and 
therapeutic activity in head and neck squamous cell 
carcinoma. Mol. Cancer Molecular Cancer, 10(2): 18-
22. 

Wojdylo A, Oszmianski J and Czemerys R (2007). Anti-
oxidant activity and phenolic compounds in 32 selected 
herbs. Food Chem., 105(3): 940-949. 



A validated RP-HPLC method for the determination of piperidone analogue of curcumin 

Pak. J. Pharm. Sci., Vol.33, No.2, March 2020, pp.685-694 694 

Xie Y, Jiang ZH, Zhou H, Cai X, Wong YF, Liu ZQ, Bian 
ZX, Xu HX and Liu L (2007). Combinative method 
using hplc quantitative and qualitative analyses for 
quality consistency assessment of a herbal medicinal 
preparation. J. Pharm. Biomed. Anal., 43(1): 204-412. 

Xu H, Paxton J, Lim J, Li Y and Wu Z (2014). Develop-
ment of a gradient high performance liquid chroma-
tography assay for simultaneous analysis of 
hydrophilic gemcitabine and lipophilic curcumin using 
a central composite design and its application in 
liposome development. J. Pharm Biomed. Anal., 98(2): 
371-378. 

Yadav D and Kumar N (2014). Nanonization of curcumin 
by antisolvent precipitation: process development, 
characterization, freeze drying and stability 
performance. Int. J. Pharm., 477(1-2): 564-77. 

Yallapu MM, Dobberpuhl MR, Maher DM, Jaggi M and 
Chauhan SC (2012). Design of curcumin loaded 
cellulose nanoparticles for prostate cancer. Curr. Drug 
Metab. Current Drug Metabolism, 13(1): 120-28. 

Youssef  KM, El-Sherbeny MA, El-Shafie FS, Farag HA, 
Al-Deeb OA and Awadalla SA (2004). Synthesis of 

Curcumin analogues as potential antioxidant, cancer 
chemopreventive agents. Archiv. der. Pharmazie., 
337(1): 42-54. 

Yu H, Nguyen MH, Cheow WS and Hadinoto K (2017). A 
new bioavailability enhancement strategy of curcumin 
via self-assembly nano-complexation of curcumin and 
bovine serum albumin. mater. Sci. Eng. C., 75(2): 25-
33. 

Yu H, Tran TT, Teo J and Hadinoto K (2016). Dry powder 
aerosols of curcumin-chitosan nanoparticle complex 
prepared by spray freeze drying and their antimicrobial 
efficacy against common respiratory bacterial 
pathogens. Colloid Surface A., 504(2): 34-42. 

Zamarioli CM, Martins RM, Carvalho EC and Freitas 
LAP (2015). nanoparticles containing curcuminoids 
(curcuma longa): development of topical delivery 
formulation. Rev. Bras. Farmacogn., 25(1): 53-60. 

Zhu J, Heng Y, Zhang D, Wen Y, Li H and Zhao G (2016). 
Synthesis and characterization of enzymatically cross-
linked feruloyl amylopectin for curcumin 
encapsulation. Int. J. Biol. Macromol., 85(2): 126-132. 

 
 


