
 

 

Supplementary Figure 1. The dissolution rates of conventional and formulated curcumin in 
1% sodium dodecyl sulfate medium. 

 



 
Supplementary Figure 2. Prediction of highly correlated pathways. Differentially expressed 
genes from curcumin and formulated curcumin data sets were used to query CPDB in order to 
predict the pathways in which these genes were likely participating. The top 50 prediction 
pathways were identified according to analysis using the CPDB database (q < 0.001). The 
apoptosis was analyzed in this study (highlighted in yellow), whereas Suppression of HMGB1 
mediated inflammation by THBD is a relatively novel pathway to be validated in the future. 
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Supplementary Figure 3. The output data of compounds (CP, score ≥ 90) was analyzed via 
CLUE, and detected their similarity among these gene expression profiles (A) The gene-
expression profile from HepG2 treated with formulated curcumin was analyzed by CLUE. (B) 
The gene-expression profile from HT29 treated with formulated curcumin was analyzed by 
CLUE focused on the compounds (CP) with connectivity scores greater than 90. Pattern-
matching algorithms were used to score each gene expression profile and provide strength of 
enrichment through query signatures. The results were ranked by “connectivity score (τ)”; a 
positive score of a signature denoted a similar effect, whereas a negative score indicated a 
contrary effect. A τ of 90 indicated that only 10% of all perturbations exhibited strong 
connectivity to the query. 

 
 
 



 

Supplementary Figure 4. Curcumin and the formulated curcumin affect the cell viability of 
Huh7 cells. After treatment with various concentrations of curcumin (conventional) or the 
formulated curcumin for 24, 48, 72, 96 and 120 hours, the cell viability was determined as a 
percentage relative to the controls. The formulated curcumin exhibited a lower IC50 value than 
curcumin. *P < 0.05, **P < 0.01, ***P < 0.005 compared with the group without curcumin 
(vehicle). #P < 0.05, ##P < 0.01, ###P < 0.005 comparison between cells treated with curcumin and 
the formulated curcumin. 



 

 

Supplementary Figure 5. Inhibitory effect of the combination of sorafenib and conventional or 
formulated curcumin on HCC cell lines. (A) Huh7 cells were treated with various concentrations of 
sorafenib with or without 30 μM of conventional or formulated curcumin. Cell viability was determined 
using MTT assay. Data are expressed as the mean ± SEM of three independent experiments. *P < 0.05 
and **P < 0.01 compared to the control group. #P < 0.05 and ##P < 0.01 compared to the conventional 
or formulated curcumin treatment group. $P < 0.05 and $$P < 0.01 compared to the sorafenib treatment 
group. (B) Hep3B cells were treated with 10 μM of sorafenib with or without 30 μM of conventional 
curcumin for 48 h. Post-treatment, Hep3B cells were stained with 2 μg/mL of PI for 30 min, and 10,000 
cells were examined by flow cytometry. The percentages of cells at different phases of the cell cycle 
were quantified using WinMDI 2.8 software. The data are presented as the mean ± SEM. *P < 0.05 
compared to the control group. Hep3B cells were treated with 10 μM of sorafenib with or without 30 
μM of conventional curcumin for 48 h. Anti-caspase-3 antibody (C) and anti-LC3 antibody (D) were 
used for western blotting. β-actin was used as a loading control. Quantification of cleavage-caspase-3 
and LC3-II protein expression from independent experiments is presented as the mean ± SEM. All results 
are representative of three independent experiments. MTT, 3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide; SEM, standard error of the mean. 

  



 

 
Supplementary Figure 6. Effect of sorafenib with or without curcumin/formulated curcumin 
on Mahlavu and Hep3B cell viability. (A) Mahlavu and (B) Hep3B cells were treated with 
various concentrations (0, 2.5, 5, 10 μM) of sorafenib with or without 30 μM curcumin 
(conventional)/formulated curcumin for 48 hours. Percentage of inhibition on Mahlavu and 
Hep3B cells was measured by MTT assay. Data are presented as means ± SEM. Results are 
representative of three independent experiments. 

 
 
  



Table 1. Comparison between our study and previous studies on improvement of solubility/oral bioavailability of curcumin formulation. 

 Result and analytical method Title 
Authors 

and 
Journal 

Our 
study 

Pharmacokinetic study displayed that the oral 
bioavailability of the formulated curcumin with 
ratio of 95% curcumin-PVP K30 at 1:10 increased 

up to 847-fold compared with curcumin. 

Rat plasma samples were analyzed by the high-
performance liquid chromatography (HPLC), followed 

by LC-MS system. 

Bioactivity evaluation of a novel 
formulated curcumin 

This 
study. 

Previous 
study 

Curcumin was practically insoluble in water. At 
1:6 and 1:8 curcumin-PVP K-30 solid dispersions, 

the increase in curcumin solubility was 
approximately 4- and 5-fold, respectively, 
compared with 1:2 curcumin-PVP K-30. 

Solubility studies were performed in simulated gastric 
fluid without pepsin or simulated intestinal fluid 

without pancreatin. 

Increased Solubility, Dissolution and 
Physicochemical Studies of Curcumin-

Polyvinylpyrrolidone K-30 Solid 
Dispersions 

[1] 

The combination of hydrophilic carrier, cellulosic 
derivatives and natural antioxidants (CHC) 
showed a 45.9-fold higher absorption over 

unformulated standardized curcumin mixture 
(CS).  

Fifteen subjects were recruited for this study of which 
twelve subjects completed the study. The blood plasma 
samples were evaluated by tandem mass spectrometry 

detection (HPLC/MS/MS). 

Comparative absorption of curcumin 
formulations 

 
[2] 

The components Curcuminoid Turmeric Matrix 
Formulation in this study were combined with the 
curcuminoids by a unique patent-pending process 

of polar-nonpolar-sandwich technology. 
Curcumin in a natural turmeric matrix had 

approximately a 10-fold enhanced bioavailability 
compared to unformulated 95% curcumin. 

Twelve human healthy male adults were included in the 
study. Analyses of curcuminoids in plasma sample were 

carried out by ultra-performance liquid 
chromatography (UPLC). 

 

A Novel Highly Bioavailable Curcumin 
Formulation Improves Symptoms and 
Diagnostic Indicators in Rheumatoid 

Arthritis Patients: A Randomized, 
Double-Blind, Placebo-Controlled, Two-

Dose, Three-Arm, and Parallel-Group 
Study. 

[3] 

The amount of total curcumin that was absorbed 
as represented by the area under the curve 

(AUC)/mg administered curcumin for the study 
product was 94 times greater than for the 95% 

unformulated curcumin. 

Twelve human healthy male adults were included in the 
study. (6 male and 6 female). The samples were 

analyzed by high-performance liquid chromatography–
tandem mass spectrometry (HPLC) 

A Comparative Pharmacokinetic 
Assessment of a Novel Highly 

Bioavailable Curcumin Formulation with 
95% Curcumin: A Randomized, Double-

Blind, Crossover Study 

[4] 

A sensitive, specific and reliable LC–MS/MS assay 
for the determination of curcumin and 

demethoxycurcumin in herbal extracts and 
curcumin in rat plasma was developed in this 

study. The method was applied in the 

Two groups of rats were used for the experiments. One 
group of rats was given orally curcumin (500 mg/kg), 

and the other group was intravenously injected 
curcumin (10 mg/kg) through the femoral vein. 

Oral bioavailability of curcumin in rat and 
the herbal analysis from Curcuma longa 

by LC–MS/MS 
[5] 



pharmacokinetic study in freely moving rat and 
its oral bioavailability was about 1%. 

 
PLGA and PLGA-PEG nanoparticles increased 
the curcumin bioavailability by 15.6- and 55.4-

fold, respectively. 

A LC-MS/MS method was developed and validated to 
quantify curcumin in rat plasma. The nanoparticles 

were orally administered at a single dose in rats, and the 
pharmacokinetic parameters were evaluated and 

compared with the curcumin aqueous suspension. 

Pharmacokinetics of curcumin-loaded 
PLGA and PLGA-PEG blend 

nanoparticles after oral administration in 
rats 

[6] 

 

The plasma AUC0-120min for curcumin after 
administration of Meriva was five-fold higher 

than that for unformulated curcumin. It is 
conceivable that the improved bioavailability of 
curcumin, when administered as a complex with 

phospholipid increases the potential scope of 
medical applications for curcumin. 

Rats received curcumin in unformulated or Meriva form 
at a dose of 340 mg/kg (in terms of curcumin) by oral 

gavage. Curcumin and species tentatively characterized 
as curcumin glucuronide, curcumin sulfate, 

tetrahydrocurcumin and hexahydrocurcumin were 
detected in plasma, intestinal mucosa and liver of rats 

after administration of either intervention. The identity 
of curcuminoids was verified by negative ion 

electrospray tandem mass spectrometry employing 
multiple reaction monitoring. 

Comparison of systemic availability of 
curcumin with that of curcumin 

formulated with phosphatidylcholine 
[7] 



Table 2. Comparison of pharmacokinetic parameters of curcumin in rat plasma following oral 

administration. 

Parameters 
Curcumin 

(n = 5) 
Formulated Curcumin (n = 

6) 
Curcumin (n = 

5)[6] 
Curcumin (n = 

3)[5] 
Curcumin (n = 

6)[7] 
500 mg/kg 60 mg/kg  50 mg/kg 340 mg/kg 500 mg/kg 

Cmax (ng/mL) 0.704 ± 
0.272 109.20 ± 41.65 4.07 ± 0.56 2.39 ± 1.66 60 ± 10 

AUC0-t (h × 
ng/mL) 1.1 ± 1.2 111.8 ± 16.4 8.76 ± 1.86 80 60 ± 10 

Tmax (h) 1.25 ± 0.83 0.38 ± 0.14 0.5 0.5 0.70 ± 0.09 

The data are expressed as the mean ± SD. Cmax: the maximum plasma concentration; AUC0-t: area under 

the concentration-time curve from the time of drug administration to the last quantifiable concentration; 

Tmax is the time at which the Cmax is observed. 
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