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Abstract

We have previously shown that curcumin (CUR) may increase lipid accumulation in cultured human acute monocytic leukaemia cell line

THP-1 monocytes/macrophages, but that tetrahydrocurcumin (THC), an in vivo metabolite of CUR, has no such effect. In the present study,

we hypothesised that the different cellular uptake and/or metabolism of CUR and THC might be a possible explanation for the previously

observed differences in their effects on lipid accumulation in THP-1 monocytes/macrophages. Chromatography with tandem MS revealed

that CUR was readily taken up by THP-1 monocytes/macrophages and slowly metabolised to hexahydrocurcumin sulphate. By contrast,

the uptake of THC was low. In parallel with CUR uptake, increased lipid uptake was observed in THP-1 macrophages but not with the

uptake of THC or another CUR metabolite and structurally related compounds. From these results, it is possible to deduce that CUR

and THC are taken up and metabolised differently in THP-1 cells, which determine their biological activity. The remarkable differential

cellular uptake of CUR, relative to THC and other similar molecules, may imply that the CUR uptake into cells may occur via a transporter.
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Curcumin (CUR), also known as diferuloylmethane (IUPAC

name (1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-hepta-

diene-3,5-dione), is obtained from the rhizome of turmeric

(Curcuma longa L.) and is present in dried turmeric powder

at a concentration of 2–5 %(1). CUR has been shown to have

several physiological activities(2–5), and we have previously

shown that CUR may increase lipid accumulation in cultured

human acute momocytic leukaemia cell line THP-1 mono-

cytes/macrophages via up-regulation of the expression of

lipid transport genes (fatty acid transporter CD36 (cluster

of differentiation 36)/FAT) and fatty acid-binding protein-4

(FABP-4)(6). Increased expression of CD36 in THP-1 macro-

phages induced by CUR has also been reported by others(7,8).

CUR-induced accumulation of lipids in macrophages may be

part of a mechanism aimed at the removal of lipids from the

bloodstream. Because tetrahydrocurcumin (THC), a metabolite

resulting fromCUR reduction, has noeffect on lipid accumulation

in vitro (6), the presence of different cellular uptake and/or

metabolism of CUR and THC may explain their differential effects

on lipid accumulation in THP-1 monocytes/macrophages.

It is well known that upon absorption through intestinal

epithelial cells in animals, most of the CUR is conjugated

mainly to glucuronide, forming curcumin glucuronide

(CURG)(9–11). THC has been detected in the blood plasma

of mice injected intraperitoneally with CUR(12). Unmetabolised

CUR is found in blood at extremely low concentrations(9,11).

On the other hand, little is known about the cellular uptake

and metabolism of CUR in cultured cells(11,13–16) other than

those in hepatic and intestinal cells.

In the present study, using monocyte/macrophage cell lines

and HPLC–tandem MS (MS/MS) techniques, we investigated

the cellular uptake and metabolism of CUR and other related
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molecules (e.g. THC and CURG) to gain insights into their

differential effects on lipid accumulation in THP-1 macro-

phages in an in vitro cell-culture system(6).

Materials and methods

Cell culture

The human acute monocytic leukaemia cell line THP-1 (ATCC

TIB-202) was cultured in RPMI (Roswell Park Memorial Insti-

tute medium) 1640 medium (containing 2 mM-L-glutamine,

1 mM-sodium pyruvate and 4·5 g/l glucose) supplemented

with 10 % fetal calf serum, 100 U/ml penicillin and 100mg/ml

streptomycin at 378C in 5 % CO2–95 % air atmosphere in a

humidified incubator.

Treatment

CUR (purity $98·5 %; Enzo Life Sciences), THC (kindly

provided by V. Badamov, Sbinsa Corporation) and CURG

(Toronto Research Chemicals) were each dispersed in ethanol

at a concentration of 20 mM. THP-1 monocytes were seeded at

2 £ 106 cells/10 ml in 10 cm dishes and incubated for 24 h.

Then, the sample (5ml of ethanolic solution) was added to

the medium to achieve the desired final concentration of

10mM-CUR, -THC or -CURG. The final concentration of etha-

nol in the medium was 0·05 % (v/v), which did not affect

cell viability. After incubation for 10 min, 2 h and 24 h, the

cells were counted using a haemocytometer. Curcuminoids

were extracted from the cells (or medium) and analysed by

HPLC as described below.

THP-1 macrophages were prepared from THP-1 monocytes

(2 £ 106 cells) by incubating them with 100 nM-phorbol

12-myristate 13-acetate (PMA) for 24 h. THP-1 macrophages

were then treated with 10mM-CUR, -THC or -CURG for

10 min, 2 h and 24 h. After extraction, the samples were

subjected to HPLC analysis.

HPLC analysis

Based on our previous method(11), cellular and medium

curcuminoids were analysed by HPLC. Briefly, the cells

(0·5–3 £ 106) were subjected to sonication with 200ml of

water. The solution was mixed with 400ml of methanol by

vortexing and centrifuged at 5000g for 15min at 48C. The super-

natant was collected, mixed with 1ml of water and loaded onto

an Oasis HLB 1cc cartridge (Waters). The cartridge was washed

with 1ml of water, and curcuminoids were eluted with 2ml of

methanol. Culture medium (2ml) was directly loaded onto the

Oasis HLB 1cc cartridge. The cartridge was washed with 1ml

of water and eluted with 2ml of methanol.

Aliquots of cell extracts were injected onto a C18 column

(Nova-Pak C18, 3·9 £ 150 mm; Waters) kept at 408C. The

mobile phase consisted of two components: A, 0·05 % formic

acid (pH 3·0), and B, acetonitrile. The gradient profile was as

follows: 0–30 min, 85–0 % A linear. The flow rate was

0·5 ml/min. The fluorescence (FL) of curcuminoids

was detected at an excitation wavelength of 426 nm and

an emission wavelength of 539 nm and UV absorbance of

curcuminoids was also detected at 280 nm and 420 nm.

In the detailed analysis of CUR metabolites, aliquots of cell

(or medium) extracts were injected onto a C18 column

(XBridge C18, 2·1 £ 150 mm; Waters) kept at 408C. The

mobile phase consisted of two components: A, 0·05 % formic

acid (pH 3·0), and B, acetonitrile. The gradient profile was

as follows: 0–30 min, 85–0 % A linear. The flow rate was

0·2 ml/min. Curcuminoids were analysed using API 3200

QTRAP HPLC–MS/MS (AB Sciex). MS/MS parameters were

adjusted with CUR, CURG and THC standards under electro-

spray ionisation (negative). The parameters were as follows:

collision energy, 260 V; declustering potential, 245 V; turbo

gas temperature, 3008C; spray voltage, 24500 V; nebuliser

gas, 30 psi; auxiliary gas, 30 psi; curtain gas, 20 psi; collision

gas, medium. CUR, CURG and THC were detected using mul-

tiple-reaction monitoring (MRM) for the transition of parent

ions to product ions: CUR, m/z 367 . 134; CURG, m/z

543 . 134; THC, m/z 371 . 135. The concentrations of cellu-

lar and medium CUR, THC and CURG were calculated using

the standard curves of CUR, THC and CURG (online sup-

plementary Fig. S1). Other curcuminoids were analysed

using literature-known MRM transitions(17,18): curcumin sul-

phate (CURS), m/z 447 . 134; curcumin glucuronide sulphate

(CURGS), m/z 623 . 134; curcumin diglucuronide (CURDG),

m/z 719 . 134; curcumin disulphate (CURDS), m/z

527 . 134; dihydrocurcumin (DHC), m/z 369 . 135; hexa-

hydrocurcumin (HHC), m/z 373 . 179; octahydrocurcumin

(OHC), m/z 375 . 179; dihydrocurcumin glucuronide (DHCG),

m/z 545 . 135; tetrahydrocurcumin glucuronide (THCG),

m/z 547 . 135; hexahydrocurcumin glucuronide (HHCG), m/z

549 . 179; octahydrocurcumin glucuronide (OHCG), m/z

551 . 179; dihydrocurcumin sulphate (DHCS), m/z 449 . 135;

tetrahydrocurcumin sulphate (THCS), m/z 451 . 135; hexa-

hydrocurcumin sulphate (HHCS), m/z 453 . 179; octahydro-

curcumin sulphate (OHCS), m/z 455 . 179.

Effect of curcuminoids on cellular lipid update

To investigate the effect of curcuminoids on lipid accu-

mulation, THP-1 macrophages were prepared from THP-1

monocytes (1 £ 106 cells/3 ml in six-well plates) by incubating

monocytes with 100 nM-PMA for 48 h. The cells were then trea-

ted with or without 10mM-CUR, -THC or -CURG for 24 h, and

cellular lipids were identified by Oil Red O staining and by

measuring the extracted red-stained neutral lipids using a

spectrometer set at 490nm(19). The effect of 10mM-demethoxy-

curcumin (DMC; Sigma) and bisdemethoxycurcumin (BDMC;

Sigma) on cellular lipid uptake was determined.

Evaluation of evidence for a curcumin transporter

As CUR, DMC and BDMC share similar molecular structures,

their cellular uptake was investigated to evaluate a possibility

for the presence of a CUR transporter. CUR reagent of a crude

grade was obtained from Sigma. The crude CUR consists of

approximately 72 % CUR, 17 % DMC and 10 % BDMC. THP-1

monocytes were seeded at 1 £ 106 cells/3 ml in six-well

Cellular uptake and effects of curcuminoids 9
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Fig. 1. Conventional HPLC (a) and HPLC–MS/MS (b) analyses of the cellular uptake and metabolism of curcuminoids. (a) Standard curcumin (CUR; 0·03 nmol)

was analysed by HPLC–fluorescence (FL). THP-1 monocytes or THP-1 macrophages (induced to differentiate with 100 nM-phorbol 12-myristate 13-acetate for

24 h) were treated with 10mM-CUR for 24 h, and the cell extracts were subjected to HPLC–FL analysis. Standard tetrahydrocurcumin (THC; 0·1 nmol) and extracts

from cells treated with THC for 24 h were analysed by HPLC–UV at 280 nm. Standard THC exhibited a double peak, as a rapid transition would occur between

the keto-enol b-diketone molecular species of THC(27). A somewhat unstable baseline was observed due to gradient analysis close to the detection limit. (b) THP-

1 monocytes were treated with 10mM-CUR or -THC for 24 h, and the cell and medium extracts were analysed by HPLC–MS/MS with multiple-reaction monitoring.

Chromatograms of representative curcuminoids (CUR, THC, hexahydrocurcumin (HHC) and hexahydrocurcumin sulphate (HHCS)) are shown. Other curcumi-

noids (curcumin glucuronide, 543 . 134; curcumin sulphate, 447 . 134; curcumin glucuronide sulphate, 623 . 134; curcumin diglucuronide, 719 . 134; curcumin

disulphate, 527 . 134; dihydrocurcumin, 369 . 135; octahydrocurcumin, 375 . 179; dihydrocurcumin glucuronide, 545 . 135; tetrahydrocurcumin glucuronide,

547 . 135; hexahydrocurcumin glucuronide, 549 . 179; octahydrocurcumin glucuronide, 551 . 179; dihydrocurcumin sulphate, 449 . 135; tetrahydrocurcumin

sulphate, 451 . 135; and octahydrocurcumin sulphate, 455 . 179) were not detected (ND) or traces were detected. For all HPLC analyses, cell extracts (corre-

sponding to 0·05–1·5 £ 104 cells) or medium extracts (corresponding to 2–10ml medium) were analysed by HPLC–FL, HPLC–UV or MS/MS analysis. Each

chromatogram is representative of duplicate HPLC analysis from independently treated samples. Detailed analytical conditions are described in the Materials and

methods section. AU, arbitrary units; cps, centipoise.
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plates and incubated for 24 h. The cells were then treated with

10mM-crude CUR for 2 h. Cellular curcuminoids were analysed

by HPLC–FL as described above.

Statistical analysis

Data are expressed as means with their standard errors. When

more than two groups were compared, ANOVA was carried

out, followed by Bonferroni post hoc test. Differences were

considered to be significant at P,0·05.

Results and discussion

Conventional HPLC analysis of the cellular uptake and
metabolism of curcuminoids

In our previous in vitro study(6), we treated THP-1 monocytes

and macrophages (induced to differentiate with 100 nM-PMA

for 24 h) with 10mM-CUR for 24 h and found a marked

accumulation of lipids in the cells, but no such effect was

observed when THC, CUR metabolite, was tested. To further

understand these differential effects, cellular CUR and

THC concentrations were first evaluated by conventional

HPLC–FL and HPLC–UV analyses, respectively, under the

same conditions (Fig. 1(a)).

With reference to the cellular uptake of CUR, Jaruga et al.(20)

reported that CUR readily penetrates into the cytoplasm of rat

thymocytes and accumulates in membranous structures

including the endoplasmic reticulum. Subsequently, Dempe

et al.(14,16) reported that when Caco-2 and HepG2 cells are

treated with CUR, CUR is rapidly taken up (possibly within

minutes) by these cells and transiently accumulated in the

endoplasmic reticulum. Most of the CUR then undergoes a

stepwise reduction of olefinic double bonds, leading to

THC, HHC and OHC in these cells. Both CUR and reductive

metabolites are further conjugated with glucuronic acid and

sulphate in Caco-2 cells. Thus, with longer incubation time

(e.g. 6–30 h), unmetabolised CUR remains at very low

concentrations in Caco-2 and HepG2 cells. However, in the

present study, after incubation of THP-1 monocytes/

macrophages with CUR for 24 h, the cell lysates still exhibited

the yellow colour of CUR (data not shown); thus, a large peak

of CUR was detectable on the FL chromatograms of the cell

extracts (Fig. 1(a)). On the other hand, when THP-1

monocytes/macrophages were incubated with 10mM-THC

for 24 h, there were no detectable levels of THC on cell

chromatograms. These results suggest that in THP-1

monocytes/macrophages, CUR and THC are taken up and

metabolised differently, further suggesting a possible expla-

nation for the previously observed differences in the effects

of CUR and THC on lipid accumulation in THP-1 monocytes/

macrophages(6).

HPLC–MS/MS analysis of the cellular uptake and
metabolism of curcuminoids

To evaluate the cellular uptake and metabolism of curcumi-

noids further, we analysed CUR- and THC-treated THP-1

monocytes/macrophages by HPLC–MS/MS. Considering the

limitations of conventional HPLC–FL and HPLC–UV methods

for detailed analysis of various metabolites, HPLC–MS/MS

analysis has specific advantages over the conventional analysis

of biomolecules. Furthermore, HPLC–MS/MS analysis pro-

vides neutral loss scanning and MRM, which in turn provide

useful structural information of the analytes even in the

presence of background contaminants in complex biological

systems(21). We and other researchers have examined and

identified several CUR metabolites from the plasma and tissues

Table 1. Time course of changes in curcuminoid levels when THP-1 monocytes/macrophages were treated with 10mM-curcumin (CUR),
-tetrahydrocurcumin (THC) or -curcumin glucuronide (CURG)*

Treatments Time CUR THC CURG HHCS† Treatment Time CUR THC CURG HHCS†

THP-1 monocytes (pmol/2·0 £ 106 cells) THP-1 monocytes (pmol/2·0 £ 106 cells)
CUR 10 min 1313 0 0 0 CUR 10 min 2073 0 0 0

2 h 2029 0 0 0 2 h 2737 0 0 0
24 h 401 0 0 86 24 h 459 0 0 0

THC 10 min – 0 – 0 THC 10 min – 0 – 0
2 h – 0 – 0 2 h – 0 – 0
24 h – 0 – 0 24 h – 0 – 0

CURG 10 min 0 0 0 – CURG 10 min 0 0 5 –
2 h 0 0 19 – 2 h 0 0 2 –
24 h 0 0 0 – 24 h 0 0 2 –

Medium (mM) Medium (mM)
CUR 10 min 4·1 0 0 0 CUR 10 min 6·4 0 0 0

2 h 0·7 Trace 0 0 2 h 2·1 Trace 0 0
24 h 0·1 0 0 2592 24 h 0·3 0 0 4839

THC 10 min – 8·3 – 0 THC 10 min – 9·9 – 0
2 h – 1·9 – 0 2 h – 3·1 – 0
24 h – Trace – 4906 24 h – Trace – 4150

CURG 10 min 0 0 6·9 – CURG 10 min 0 0 9·2 –
2 h 0 0 4·8 – 2 h 0 0 1·3 –
24 h 0 0 1·1 – 24 h 0 0 1·3 –

HHCS, hexahydrocurcumin sulphate.
* Values are represented as the mean of duplicate HPLC–MS/MS analysis of independently treated samples.
† Peak areas (counts/injection) of HHCS are shown due to unavailability of a standard and difficulty in determination.

Cellular uptake and effects of curcuminoids 11
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of rats or mice supplemented with CUR using HPLC–MS/MS

analysis with MRM(11,17,18,22,23). HPLC–MS/MS analysis of cur-

cuminoids in liver microsomes(24) and in turmeric(25) has also

been reported. In the present study, we used this method to

determine the number of curcuminoids that might possibly

be present in the cells or in the cell-culture medium, such as

CUR, CURG, CURS, CURGS, CURDG, CURDS, DHC, THC,

HHC, OHC, DHCG, THCG, HHCG, OHCG, DHCS, THCS,

HHCS and OHCS (Fig. 1(b)). The detection of these curcumi-

noids by HPLC–MS/MS analysis was reproducible and was not

altered by the storage of cellular and medium extract samples

at below 2308C for 1 month (data not shown).

In agreement with the results of conventional HPLC analysis

(Fig. 1(a)), a considerable amount of CUR (m/z 367 . 134)

was detected in MRM chromatograms after incubation of

THP-1 monocytes with 10mM-CUR for 24 h (Fig. 1(b)). There

were no detectable levels of THC in THP-1 monocytes treated

with 10mM-THC for 24 h. Similar chromatograms were

obtained from the samples of THP-1 macrophages (data not

shown). Interestingly, in both CUR and THC treatments,

metabolites such as HHC (m/z 373 . 179) and HHCS (m/z

453 . 179) could be identified, especially in the cell-culture

medium, and HHCS was found to be the predominant

metabolite. Based on these results (Fig. 1) and those of the

time-course data (Table 1), the following conclusions were

drawn: (1) CUR is readily taken up by THP-1 monocytes/

macrophages and metabolised mainly to HHCS; (2) metab-

olites are released into the cell-culture medium; (3) a signifi-

cant amount of CUR still remains in the cells even after 24 h,

suggesting that the metabolic modifications of CUR (e.g. con-

version of CUR to DHC) are slower than its uptake; (4) unlike

CUR, THC is taken up more slowly and is more rapidly con-

verted to secondary metabolites (e.g. HHCS), resulting in no

detectable levels of THC in THP-1 monocytes/macrophages;

(5) interestingly, THP-1 cells are devoid of glucuronidation

of curcuminoids. These possible events are summarised in

Fig. 2. Based on these data, it is therefore likely that in our pre-

vious in vitro study(6), the active compound responsible for

the lipid-accumulating effect in THP-1 monocytes/macro-

phages would be CUR itself. The lack of an effect of THC

might be mainly due to its low absorption and rapid elimin-

ation from the cells.

Effects of curcuminoids on lipid uptake by THP-1
monocytes/macrophages

Ireson et al.(26) tested the effects of CUR and meta-

bolites (CURS, THC, HHC and OHC) on the inhibition of

CUR THC
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trace or ND
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Fig. 2. Proposed cellular uptake and metabolism of curcumin (CUR), tetrahydrocurcumin (THC) and curcumin glucuronide (CURG) in THP-1 monocytes/macro-

phages. CUR is rapidly taken up by THP-1 cells and remains in the cells for longer incubation periods (e.g. 24 h), probably due to the slow conversion of CUR to

its metabolite (dihydrocurcumin (DHC)). Unlike that of CUR, the cellular uptake of THC is low and slow. Even though incorporated, THC readily undergoes

reduction and sulphation to mainly hexahydrocurcumin sulphate (HHCS). Once metabolised, metabolites (e.g. HHCS) are quickly recovered in the medium.

Similar to THC, CURG is hardly incorporated into THP-1 cells. HHC, hexahydrocurcumin.
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PMA-induced PGE2 production in human colonic epithelial

cells. They found that the bioactivity of these metabolites

was weaker than that of unmetabolised CUR. Considering

our findings (Fig. 1 and Table 1) and those reported by

Ireson et al.(26), it is possible to deduce that the cellular metab-

olism of curcuminoids determines their biological activity.

Based on the fact that curcuminoids are present primarily as

CURG in the body rather than as CUR or other metab-

olites(9–11), we thought that it would be most important to

determine the metabolism and bioactivity of CURG, which

have not been thoroughly investigated. In the present study,

when THP-1 monocytes/macrophages were incubated with

10mM-CURG, very low levels of CURG were found in the

cells (Table 1). Other metabolites were not detectable in the

10mM-CURG-treated THP-1 monocytes/macrophages. These

findings suggest that polar metabolites such as CURG are

hardly taken up and metabolised by THP-1 cells, which may

explain why CURG did not induce lipid accumulation in

THP-1 macrophages (Fig. 3(a)). By contrast, in our earlier

study(6) and the present study (Fig. 3(a)), we found that

CUR increased lipid accumulation in THP-1 macrophages. As

has been pointed out above, CUR-induced accumulation of

lipids in macrophages may be part of a mechanism aimed at

the removal of lipids from the bloodstream, but in contrast

to the results of in vitro studies, those of our in vivo studies

have indicated a trend towards reduction of lipid levels in per-

itoneal macrophages in LDL receptor knockout mice fed a

high-fat diet for 4 months and supplemented with CUR(6).

From the present results and our earlier findings, one may

deduce the following for the differential effects of CUR

in vitro v. in vivo: in the in vitro system, CUR is the stimulator

of lipid uptake by macrophages, whereas in the in vivo

system, the majority of CUR is metabolised and present as

metabolites in the plasma (e.g. CURG) that are unable to

up-regulate lipid accumulation in circulating monocytes/

macrophages. Moreover, it is plausible that the metabolites

of CUR may regulate the expression of lipid metabolism

genes leading to a lower accumulation of lipids in macro-

phage or adipocytes in vivo (5). In the liver, CUR may affect

the uptake/metabolism/excretion of fatty acids before CUR is

metabolised, leading to a reduction of overall plasma lipid

levels(5). It remains to be determined whether such a hypolipi-

daemic effect induced by CUR contributes to the reduction of

lipid accumulation observed in peritoneal macrophages.

Further in vitro and in vivo studies are needed to better

understand the regulatory effects of CUR, CURG and other

metabolites including THC on lipid accumulation in the body.

On the other hand, in the present study, a time-dependent

decrease of curcuminoid (CUR, THC, and CRUG) levels was

found in the culture medium (Table 1). This may be partly

explained by the low stability of the curcuminoids in the

medium, as curcuminoids such as CUR are said to be gradually

decomposed in the medium without cells(14).

Possible curcumin transporter in the cells

In addition to the above-mentioned observations, we found

distinct differences in the cellular uptake of CUR, THC and

CURG (Table 1). Similar results were obtained in HepG2

cells(11) and other cells such as human intestinal epithelial

Caco-2 cells, human embryonic kidney 293 (HEK293) cells

and mouse RAW264.7 macrophages (data not shown). The

data showing a different uptake of CUR, relative to the other

metabolites, may imply the existence of a CUR transporter in

these cells, which is described herein for the first time.

Although CUR, DMC and BDMC share very similar molecular

structures, the cellular uptake of lipids was found exclusively

in the CUR-treated THP-1 cells (Fig. 3(a)). Thus, CUR-induced

lipid uptake in THP-1 cells is an event that may be related to

CUR transport inside the cells. As anticipated, when THP-1

monocytes were treated with crude CUR (containing CUR,

DMC and BDMC) for 2 h, CUR was preferentially incorporated

into the cells (Fig. 3(b)). Similar results were obtained at other

incubation time points (e.g. 1 and 3 h) (data not shown).

Therefore, the transporter may be able to recognise and trans-

port CUR quite selectively into the cells, though we do not

provide direct experimental evidence for the presence of

CUR transporter(s). Despite the fact that the existence of a

CUR transporter appears to be the best explanation for the

transport specificity, other possibilities (e.g. simple diffusion

of curcuminoids into cells due to their different polarities

and/or solubilities) cannot be ruled out. Obtaining direct

evidence of a CUR transporter is part of ongoing studies,

involving saturation kinetic analyses, inhibitor usage and

temperature dependence of the phenomenon.
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Fig. 3. Effects of curcuminoids on cellular lipid levels in THP-1 cells (a) and

differential cellular uptake of curcuminoids into cells (b). (a) THP-1 macro-

phages (induced to differentiate with 100 nM-phorbol 12-myristate 13-acetate

for 48 h) were treated with or without 10mM-curcumin (CUR), -tetrahydrocur-

cumin (THC), -curcumin glucuronide (CURG), -demethoxycurcumin (DMC) or

-bisdemethoxycurcumin (BDMC) for 24 h. Lipid accumulation was measured

by Oil Red O staining. Values are means with their standard errors rep-

resented by vertical bars (n 9). (b) Differential cellular uptake of CUR, DMC

and BDMC in THP-1 cells. Standard crude CUR (corresponding to 0·03 nmol

CUR) and extracts from THP-1 monocytes treated with crude CUR for 2 h

were analysed by HPLC–fluorescence (FL). CUR, DMC and BDMC were all

clearly detected in the analysis of standard crude CUR, whereas a predomi-

nant CUR peak was observed in the analysis of the extract of crude CUR-

treated THP-1 monocytes. Each chromatogram is representative of duplicate

HPLC analysis. Detailed analytical conditions are described in the Materials

and methods section.
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