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The interesting review by Aggarwal and Sung [1] provides
a comprehensive description of the pharmacological basis
for the role of curcumin in chronic diseases. Towards the
end of the manuscript the authors list important limita-
tions of curcumin, the prime limitation being curcumin’s
insolubility in aqueous solutions and consequently its poor
bioavailability. Therefore, any method to improve curcu-
min’s solubility in water would be of immense interest to
investigators working to find therapeutic advances to sev-
eral debilitating and terminal illnesses. Several investi-
gators have studied the solubility and bioavailability of
curcumin.

Sharma et al. [2] showed that there was no detectable
curcumin or its metabolites in the blood or urine after
administration of 440–2200 mg of curcuma extract per day
(containing 36–180 mg of curcumin) for up to 29 days to
patients with advanced colorectal cancer. The curcuma
extract contained curcumin and desmethoxycurcumin sus-
pended in essential oils obtained from Curcuma spp. (Cur-
cuma essential oil mixtures typically contain tumerone,
atlantone and zingiberene). However, curcumin was recov-
ered from the feces by Sharma et al. [2]. Cheng et al. [3]
demonstrated that the peak concentration of curcumin in
the serum after administration of 4, 6 and 8 g of curcumin
(given in the form of tablets obtained from a commercial
source, with each tablet containing 500 mg curcumin) was
0.51, 0.64 and 1.77 mM, respectively. Moreover, these
investigators found that doses below 4 g were barely
detectable. Lao et al. [4] found no curcumin in the serum
of volunteers given 0.5, 1.0, 2.0, 4.0, 6.0 or 8.0 g curcumin
(provided in a capsule form as a standardized powder
extract, obtained commercially, containing minimum
95% concentration of the three curcuminoids curcumin,
bisdemethoxycurcumin and demethoxycurcumin). How-
ever, these authors found that curcumin levels reached
50.5 and 51.2 ng/ml sera by four hours in two subjects
administered 10 and 12 g of curcumin, respectively. In
another study, Dhillon et al. [5] showed that only �22–

41 ng/ml were detectable in plasma even when 8 g curcu-
min/day was given orally in 1 g caplet form. Each capsule
contained 1 g of curcuminoids (900 mg curcumin, 80 mg
desmethoxycurcumin and 20 mg bisdesmethoxycurcumin,
confirmed by high-performance liquid chromatography
and tandem mass spectrometry) [5].

Studies from our laboratory have shown that it is
possible to increase the solubility of curcumin 12-fold
and that of turmeric threefold by heating a solution of
curcumin or turmeric in water to boiling for 10 min.
However, even though there is an increase in solubility
by the use of heat the bulk of the curcumin or turmeric is
still insoluble. Profiling of the heat-extracted curcumin
with matrix-assisted laser desorption ionization mass
spectrometry and spectrophotometry (400–700 nm) dis-
played no heat-mediated disintegration of curcumin
[6,7]. The heat-solubilized curcumin was found to inhibit
4-hydroxy-2-nonenal (HNE)–protein modification by
80%. This inhibition experiment was carried out using
an enzyme-linked immunosorbent assay that used HNE
modification of a solid-phase multiple antigen peptide
substrate [8]. Mild alkali (sodium hydroxide 130 mM, pH
7.6)-solubilized curcumin has also been shown to inhibit
HNE–protein modification significantly [9]. Thus, inhi-
bition of HNE modification of proteins might be a mech-
anism by which curcumin exerts its effect in many
disorders [6,9].

A solution to the problem of bioavailability would be
to increase the solubility of curcumin with the use of
heat. Heat-solubilized curcumin or turmeric should be
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considered for oral administration to patients in clinical
trials because curcumin’s full pharmacological potential
is limited owing to its extremely limited solubility in
water [10].
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We would like to thank Kurien and Scofield for useful
comments on our review. The authors acknowledge that
the potential of curcumin in various diseases is limited
owing to its poor bioavailability in vivo. They suggest that
the limited bioavailability of curcumin in vivo is due to its
lack of solubility in aqueous solvents. They have demon-
strated that the solubility of curcumin can be enhanced 12-
fold and that of turmeric threefold by boiling for 10 min in
water [1]. They found that heat hadno effect on the activity
of curcumin. However, 98.5% curcumin and 94.7% tur-
meric is still water insoluble even after heating.Maximum
in solution is only 7.4 mg/ml. Authors also suggest
enhancement of solubility of curcumin in aqueous solvents
by mild alkali treatment. However, this treatment has
been shown to destabilize curcumin [2]. Additionally,
there is no data yet provided by Kurien et al. or anybody
else to suggest that heat-solubilized or alkaline-solubil-
ized curcumin in aqueous solvent has any affect on its
bioavailability in animals or human. Solubilization of
curcumin in turmeric oil, however, has been shown to
enhance its bioavailability in rat and in human [3]. Also,
administration of liposome-encapsulated curcumin has
been shown to provide higher serum levels in rodents
[4]. Thus, whether heat solubilization or alkali solubil-
ization of curcumin is a solution to the problem of bioavail-
ability remains to be seen.
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