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LETTER TO THE EDITOR

Nutraceutical Value of Pure Curcumin

Sir,

Commercial curcumin contains pure curcumin, demethoxycurcumin,
and bisdemethoxycurcumin (77%, 17%, 3%, respectively) of which only
demethoxycurcumin is soluble in water at 25°C [Figure 1]. However,
when solubilized with heat, all three curcuminoids become solubilized.
These results suggest that biological effects of curcumin rendered in
humans or animals when administered in powder form are mainly due
to demethoxycurcumin.

Anticancer drugs in Western medicine eventually can lose effectiveness
or not tolerated because of side effects.!'*! The "nutraceutical" curcumin,
the principal active polyphenolic pigment in the curry spice turmeric,
obtained from the rhizome of Curcuma longa shows promise for a
variety of conditions.*

Greater than 40% of new chemical entities advanced by pharmaceutical
companies display almost no solubility in aqueous solutions.”*
Solubility is the most essential rate limiting step needed to bring about
systemic levels required for pharmacological action in the case of drugs
given orally. Lack of solubility has been cited as the main cause for new
drugs not getting to the market or not attaining their full potential.
Biopharmaceutical classification system (BCS) cites solubility as rate
limiting step for oral absorption of BCS class 2 and class 4 drugs, which
have low solubility.®! Consequently several methods have been employed
to improve the solubility of water insoluble drugs [BCS classes II (low
soluble and high permeable) and IV (low soluble and low permeable)]./”
This includes methods like particle size reduction, solid dispersion,
nanosuspension, supercritical fluid process, cryogenic techniques,
inclusion complex formation-based techniques, micellar solubilization,
hydrotrophy, crystal engineering, and cryogenic techniques.”
Curcumin can be classified as a BCS class IV molecule because of its poor
solubility in aqueous solutions and meager intestinal permeability.”!
Low water solubility and poor bioavailability of curcumin has been the
bane of researchers working with this nutraceutical. Several methods
have been used to improve solubility and bioavailability. However,
even though curcumin has been described as being insoluble and not
significantly bioavailable, over 5000 manuscripts have been published
showing encouraging biological effects. Studies in humans have used
curcumin powder as such, and studies in animals have mixed curcumin
with animal feed or in oil. Since curcumin compound is not water
soluble, we hypothesize that the observed biological effect comes from a
curcuminoid that is soluble in water at room temperature.

Commercial curcumin contains pure curcumin, demethoxycurcumin,
and bisdemethoxycurcumin. We solubilized commercial curcumin at 1
mg/mL water at room temperature and analyzed the solubilized fraction
employing matrix-assisted laser desorption/ionization time-of flight
mass spectrometry.!”) We found that curcumin compound was insoluble
[Figure 1b]. Interestingly, demethoxycurcumin was the curcuminoid
that was soluble in water at room temperature, followed by a small
amount of bisdemthoxycurcumin [Figure 1b]. However, curcumin
compound becomes solubilized in water by the application of heat
[Figure 1c] (100°C).l In addition, there was a significant increase in
solubilization of bisdemethoxycurcumin by this procedure [Figure 1c].
However, there was no significant difference in the solubilization of
demethoxycurcumin [Figure Ic].
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Commercial curcumin contains curcuminoids consisting of curcumin
compound itself and its derivatives, ie., demethoxycurcumin and
bisdemethoxycurcumin, which structurally differ from each other by the
presence and position of a methoxy group. Curcuminoid estimation has
been carried out by several methods like thin-layer chromatography, high
performance thin-layer chromatography,'” near infrared spectroscopic
analysis,""  microemulsion electrokinetic chromatography, liquid
chromatography-electrospray ionization-tandem mass spectrometry,?!
capillary electrophoresis and supercritical fluid chromatography.!'4
Commercial curcumin dissolved in organic solvents and analyzed by
these methods was shown to contain around 77% curcumin compound,
17% demethoxycurcumin, and 3% bisdemethoxycurcumin. Commercial
curcumin solubilized in organic solvents, thus does not bring about
differential solubility as obtained with water. Curcumin compound largely
remains insoluble at room temperature when commercial curcumin
preparation was solubilized at room temperature at 1 or 5 mg/mL.

Since curcumin compound is not soluble in water at room temperature,
we speculate that the biological effect observed in the studies that
administer commercial curcumin in the powder form comes from
mainly demethoxycurcumin, the major curcuminoid that first becomes
soluble in water, followed by bisdemethoxycurcumin. Thus, we believe
that the effects attributed to commercial curcumin in the literature,
when given to experimental animals or human subjects is likely to be
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Figure 1: Curcumin (CU) solubility determined by matrix-assisted laser
desorption/ionization time of flight mass spectrometry (MALDI-TOF-MS)
after heat solubilization displaying masses from 250 to 700 (A) Mass spectra
of only the matrix (a-cyano-4-hydroxycinnamic acid) (B) Mass spectra of
curcumin preparation in water at 1 mg/ml obtained at room temperature
(C) Mass spectra of curcumin preparation in water at 1 mg/ml obtained by
heat treatment at 100°C for 10 min. The X-axis provides atomic weight values
as mass divided by charge (z). Because the charge is 1, the mass remains
unchanged for the values obtained. The Y-axis shows the number of ionized
molecules. Asterisks indicate unassigned peaks. m/z 309, proton adduct of
bisdemethoxycurcumin; m/z 361, sodium adduct of demethoxycurcumin;
m/z 369, proton adduct of curcumin; m/z 379.2, a-cyano-4-hydroxycinnamic
acid dimer (A) (Reproduced from Ref. 6 with permission from Mary Ann
Liebert, Inc.).
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actually from demethoxycurcumin and bisdemethoxycurcumin and
not significantly from curcumin compound. In order to obtain an effect
from curcumin compound, it is essential to heat solubilize commercial
curcumin or make the compound soluble in another manner.
Differential effects have been observed when the various curcuminoids
were studied following solubilization in organic solvents. Available
data suggest that each individual curcuminoid affected important
biological activities differentially. For example, curcumin compound,
demethoxycurcumin and bisdemethoxycurcumin have been isolated
from an organic extract of turmeric using silica gel 60 high performance
liquid chromatography to yield fractions of curcumin compound,
demethoxycurcumin, and bisdemethoxycurcumin with purity ranging
from 95 to 99%.!"% These authors found that at equimolar concentration,
curcumin compound, demethoxycurcumin, and bisdemethoxycurcumin
(solubilized in organic solvent) had similar antiproliferative activity
against several cell lines. The suppression of nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB) activation was more active
with the curcuminoid mixture than with the individual components.
In addition, the authors showed that at equimolar levels all three
curcuminoids brought about a similar increase in NF-kB induced
increase in reduced glutathione levels.!"”!

Recent data demonstrate that differential potency for inhibition of
cancer cell invasion for the various curcuminoids was in the order of
bisdemethoxycurcumin > demethoxycurcumin >curcumin compound,
(when the curcumin preparation was dissolved in dimethyl sulfoxide).!"!
Enzymatic hydrolysis studies performed under various conditions
demonstrated that curcumin compound and demethoxycurcumin are
chemically less stable than bisdemethoxycurcumin, while the reductive
metabolites of all three curcuminoids were found to be stable."!

Another recent study showed that in lipopolysaccharide-stimulated
RAW264.7 macrophages, treatment with bisdemethoxycurcumin
suppressed inducible nitric oxide synthase expression and nitric oxide
production by down regulating NF-kB activity.!"”!

Curcumin diacetate, a curcumin derivative, showed increased stability
after being solubilized in organic solvents and diluted in water. The
solubilized curcumin diacetate binds to human islet amyloid polypeptide
hormone secreted from pancreatic -cells and prevents the formation
of the toxic oligomers formed during assembly of amyloid fibrils. Some
investigators postulate such aggregates play an important role in diabetes
mellitus or type 2 diabetes mellitus by destroying {3-cells.!'®!

Since the above-described studies have been carried out following
solubilization with organic solvents, it will be very interesting to study
curcumin mixture that has been solubilized in water with and without
heat. We have shown by several ways that heat solubilization does
not affect curcumin integrity and that heat-solubilized curcumin is
functional. Our studies show that (a) heat-extracted curcumin did not
have significant heat-mediated disintegration (using spectrophotometric
(400-700 nm) and mass spectrometric profiling methods),’* (b)
heat-solubilized curcumin inhibited 4-hydroxy-2-nonenal oxidation of
a protein substrate by 80%,” supporting the reported role of curcumin
as an antioxidant,*® (c) heat-solubilized curcumin inhibited antibody-
antigen interaction,?” (d) heat-solubilized curcumin could serve as a
sensitive protein stain in SDS-PAGE gels,!! (e) heat/pressure (121°C)??
solubilized curcumin ameliorated lupus like disease in mice.

In fact, very recent work has shown that commercial curcumin solubilized
in water with heatameliorated lupuslike condition in MRL-Ipr/Ipr mice.??
The solubilized curcumin did not have deleterious side effects in these
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mice.?? It would be of interesting to study heat-solubilized curcumin in
animals and humans for a variety of disorders.
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