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ABSTRACT

Introduction: The curcumin extract, although relatively isolated from the rest of the plant’s constituents, still exhibits an expansive
polypharmacology. The extract is made up of 3 main curcuminoid analogs: diferuloylmethane (curcumin I), desmethoxycurcumin (cur-
cumin Il), and bisdesmethoxycurcumin (curcumin Ill). Each curcuminoid analog displays homologous structure with slight differences
that should contribute to differential pharmacology. The study of these curcuminoids in isolation using different subcellular targets
and cell lines may help us better understand the mechanisms involved in the curcumin extract’s total polypharmacology. This research
can also help us determine how the pharmacology of these curcuminoid analogs might be used with greater drug-target selectivity.
Methods/Results: As a start to this lengthy process, process a human embryonic kidney cell line containing the SV40 T-antigen
(HEK293T) cell line is chosen for transfection with a basic Nuclear Factor kappa-light-chain-enhancer (NF-kB) reporter plasmid to
study, by luciferase assay, the inhibitive potential of the curcuminoids in isolation. All 3 curcuminoids are shown here to inhibit
p65-p50 (one of the NF-kB family protein complexes) activation in tumor necrosis factor (TNFa)-stimulated HEK293T cells with a
comparable level of inhibitive activity. Each of the 3 curcuminoids exhibits the same IC50 (concentration of an inhibitor to half the
activity) in 2 different curcuminoid contexts studied with regard to NF-kB inhibition.

Conclusion: We will continue to study these curcuminoid analogs with a cautious expectation that they will exhibit differential phar-
macology with respect to alternative targets we will study. However, with regards to NF-kB inhibition, the three structurally different
curcuminoids exhibit similar pharmacology.
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Introduction precise therapeutic agents from the extract. This precision might be
important in the context of NF-kB modulation.

NF-kB regulates the expression of as many as 150 genes that orches-
trate inflammatory and immune system responses.>-# Nevertheless, it
is also an important factor in basal health of the cell. NF-kB is constitu-
tively activated in glutamatergic neurons playing a central basal role

Curcuma longa (turmeric) has been long studied for its anti-inflamma-
tory activity, the main mechanism of which centers on the inhibition
of Nuclear Factor kappa-light-chain-enhancer (NF-kB) signaling.'*
Nevertheless, modulation of NF-kB is a precarious initiative because

the transcription factor plays a central role in healthy basal activity. ; P
The proportion of the curcuminoids within the curcumin extract can 1" cell development and synaptic transmission.®'® Complete abroga-

change from one lot or batch to another even from one supplier. tion of NF-kB in healthy cells can result in apoptosis because the tran-
Knowing how each of the curcuminoids factors into the modulation scription factor is essential for cell survival."'? Compromised activity

of its subcellular targets, including NF-kB, can help us generate more of the transcription factor short of apoptosis in neurons can result in
cognitive and other health impediments.'>'¥ It is understood that

constitutively dysregulated NF-kB plays a central role in cancer cell
survival, the inhibition of which represents a central target in cancer

PROGREVMED 2019; 4: €0023 treatment.">'® NF-kB is also a major player in inflammatory diseases
Published online 16 July 2019 where downregulation of the transcription factor can play a role in
10.1097/pp9.0000000000000023 relief from inflammation. Controlling NF-kB is a delicate balancing act
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As is common for transcription factor regulation, many factors
play a role in regulation. Phosphorylation of the protein plays a
paramount regulatory role on transcriptional activity. The key
NF-kB Family protein (p65) serine?® site, in the transactivation
domain of p65, is a critical one."”'® This phosphorylative coding
serves as a control switch for the transcription factor’s regulation
of the 150 or more genes it targets.'"?% The kappa-B nucleotide
motif of the NF-kB gene target is a requisite feature for p65-p50
docking, but it does not ensure docking and transactivation.'?2
The kappa-B nucleotide motif (GGG ACT TTC C) is situated in the
first intron of the target genes.

This distinct nucleotide motif is also a requisite in the ex-
pression of genes regulated by transcription factors other than
NF-kB where NF-kB serves as a collaborative transactivation el-
ement. An example of the expansive influence by the transcrip-
tion factor beyond cytokines directly associated with NF-kB
transactivation is that of human proto-oncogene (c-fos) tran-
scription. NF-kB enhances c-fos transactivation via direct bind-
ing to the response element at the first intron of the gene and as
such facilitates c-fos transactivation.”>?* The status of these p65
phosphorylation sites can prevent the heterodimer docking on
gene promoters,2'222528 eyen of those equipped with the kap-
pa-B nucleotide motif.?”:!

In this initial stage of the curcuminoid research, the inhibitive
potential on NF-kB signaling activity was studied and the relative
inhibitive force by each of the curcuminoids in isolation was quan-
tified. This inhibitive activity was found to be quite similar for each
of the curcuminoids.

Materials and methods
Cell culture

Human embryonic kidney cell line containing the SV40 T-antigen
(HEK293T) were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) (Sigma-Aldrich, Oakville, Ontario, Canada) complete me-
dium (DMEM + 1% ampicillin + 10% fetal bovine serum). Approxi-
mately 2 x 10° HEK293T cells per well were seeded in each well of a
6-well plate with 2.0 ml complete medium and cultured overnight
at 37°C and 5% carbon dioxide.

Plasmids and cells preparation of NF-kB/reporter
plasmid

NF-kB luciferase reporter plasmid was a gift of Dr. Weihong Song,
PhD, University of British Columbia Faculty of Medicine Professor.
The plasmid is a transfection-ready vector containing a NF-kB-re-
sponsive element upstream of the promoter.

Luciferase assay of transiently transfected HEK293T
cells

Preparation of HEK293T cells for tumor necrosis

factor-a—stimulated luciferase assay

HEK293T cells were cotransfected with our NF-kB plasmid-lucifer-
ase reporter construct and LacZ (3-Galactosidase Enzyme Assay
System) purchased from Promega (product E2000; Madison, Wis.)
to serve as an internal control. The objective was to measure in-
hibition of NF-kB by various curcumin/curcuminoid-based drug
preparations and compare them against the inhibitive potential of
other drugs such as Bay-11, acetylsalicylic acid, dexamethasone,
ibuprofen, and various curcuminoid-based drugs using the lucifer-
ase assay to produce a measurable result.
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Chemicals/drug preparation

The drugs were procured as follows: Bay 11-7082 NF-kB Inhibitor
(Santa Cruz, Calif); Dexamethasone (Sigma-Aldrich); lbuprofen
(Sigma-Aldrich); Commercial Curcuminoid Preparation from Bi-
ologic Nutrigenomic Health Research Corp (Surrey, BC, Canada)
;Curcumin | research standard (ChromaDex, Irvine, Calif. [certificate
of analysis (CoA) 97.7% Purity water excluded]); Synthetic Curcum-
in | (ChromaDex); Curcumin |l research standard [ChromaDex (CoA
97.3% Purity water excluded)]; Curcumin lll research standard [Sig-
ma-Aldrich (CoA 97.7% Purity)]; Curcuminoids/Curcumin Extract
(curcumin |, 77.7%; curcumin 11, 16.9%; curcumin Ill, 0.9%) research
standard [ChromaDex (CoA 95.3% Purity water excluded)]; and Tu-
mor necrosis factor-o (TNFa) (Sigma-Aldrich). Curcumin/curcumi-
noids and other drugs were all prepared to various concentrations
in DMEM containing 0.2% dimethyl sulfoxide (DMSO).

MTT assay

MTT [3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
assay (Sigma-Aldrich) was performed on HEK293T to study the cy-
totoxicity of curcuminoid analogs. For MTT assay 3x 10 cells were
seeded on each well of a 96 well plates. The drugs used were the same
ones described above: Commercial Curcumin Preparation, Curcumin
I, Curcumin Il, Curcumin lll, and Synthetic Curcumin I. Each curcum-
in preparation was tested at the following concentrations on each
cell line to generate the corresponding graph: 5.0, 10.0, 20.0, 40.0,
and 80.0 pg/ml. Absorbance was measured at 570 nm using a Perkin
Elmer Envision 2103 Multilabel Reader (Shelton, Conn.). Results were
expressed as percent of the absorbance found in control cells (n = 4).

Drug treatment and diagnostic

After an optimization period, the selected drug concentration was
chosen: 22.0 pg/ml. Curcumin drug pretreatment of the wells is ex-
ecuted as described in the following order: Bay 11(30 pM); no treat-
ment/cells ONLY; DMSO only (0.2%)—Control; Curcumin Extract 95%
(research standard) (22.0 pg/ml); Curcumin Extract 95% (research
standard) (22.0 pg/ml); Commercial Curcumin Extract (Off-the-shelf)
(22.0 pg/ml); Curcumin | (research standard) (22.0 pg/ml), Curcumin Il
(research standard) (22.0 ng/ml); and Curcumin Il (research standard)
(22.0 pg/ml). Upon successful transfection, HEK293T cells were treat-
ed with the drugs for 30 minutes followed by 6 hours stimulation
with TNFa. (1.0 pL per well of the 5.0ng/ul stock TNFa. solution). Af-
ter stimulation, drug pretreated cells were washed with 100-150 pL
phosphate-buffered saline, and treated with lysis buffer. The lysates
were harvested and processed for luciferase assay (Sigma-Aldrich,
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Fig 1. Graphed MTT assay results showing the relative toxicity of the different curcum-
inoid-based preparations tested. Results for each curcuminoid/extract tested in this
HEK293T cell line are similar in pattern with 75%-80% survival with treatment con-
centrations as high as 80 pg/ml. Curcumin II is an outlier in the graphed results poten-
tially demonstrating lower toxicity, or a possible increased resilience to toxicity by these
cell lines to curcumin IIL. MTT, 3-[4, 5-dimethylthiazol-2-yl]-2,5- diphenyltetrazolium
bromide; HEK293T, human embryonic kidney cell line containing the SV40 T-antigen.
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Fig 2. Curcuminoid structural differences contribute to differing pharmacologic features although their homology affords these molecules common biological activities.

BDMC, bisdesmethoxycurcumin; DMC, desmethoxycurcumin.

Oakville, ON) according to the manufacturer’s instruction using a
Perkin Elmer Envision 2103 Multilabel Reader. Seven luciferase assay
iterations (biologic repeats) were executed.

Concentration curve for IC50 using luciferase assay

HEK293T cells were cotransfected with NF-kB plasmid-luciferase re-
porter construct (gift from Dr. Weihong Song; University of British
Columbia, Vancouver, British Columbia, Canada) and LacZ (Promega,
Madison, Wis.). The IC50 was generated for each of the curcuminoid
analog test drugs (curcumin I, curcumin Il, curcumin I, and com-
mercial curcumin/curcuminoid preparation). Transfected HEK293T
cells were used as described above with TNFa solution stimulation.
Three iterations, each as new biologic repeats, were generated and
averaged. Each iteration was designed with three internal repeats.

Results
Cytotoxicity of curcumin

The MTT assay results show that the relative toxicity of the dif-
ferent curcumin- and curcuminoid-based preparations tested in
HEK293T cells is similar but not the same. Nevertheless, the results
shown at Fig 1 demonstrate that curcumin extract and curcumi-
noid concentrations used for treatment (22.0 pg/ml) in the experi-
mental series are not cytotoxic.

There is a clear concentration-dependent cytotoxicity by all cur-
cumin compounds. Cell survival dropped to approximately 50% of
the total cell count in the concentration range between 40 and 60
png/ml (Fig 1). Each compound induced a consistently steep drop
in cell survival after 40 pg/ml, and 100% cell killing was seen at 80
ng/ml. The IC50 for the curcumin-based drugs is approximately 40
ng/mlin the HEK293T cell line (Fig 1). Fig 2 presents the 3 curcum-
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Fig 3. Results displaying relative inhibition of NF-kB using the firefly luciferase/luciferin assay as a reporter. TNFa is applied to stimulate the transfected HEK293T mam-
malian cell line after pretreatment with the various drugs. Drug concentrations used are as follows and shown as final well concentrations: Bay 11 (30 pM), dexamethasone
(27 M), ASA (5.67 mM), ibuprofen (3.49 mM), TNFa only, control: dimethyl sulfoxide only (0.2%), curcumin extract 95% purity (research standard) (43 M), commercially
available curcumin off the retail shelf (43 M), curcumin I (research standard) (43 pM), curcumin II (research standard) (43 pM), and curcumin III (research standard) (43
BM). Luc/LacZ indicates the ratio of Luciferase Assay reading divided by p-galactosidase (LacZ) reading. ASA, acetylsalicylic acid; HEK293T, human embryonic kidney
cell line containing the SV40 T-antigen; NF-kB, Nuclear Factor kappa-light-chain-enhancer; TNFa, tumor necrosis factor-a.
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P Values for Luciferase Assay of Transiently Transfected
HEK293T Cells

Drug tested Pvalue

Bay 11 with TNFa 1.93172 E-08
Dexamethasone with TNFa 6.16767 E-06
ASA with TNFa 0.000149
Ibuprofen with TNFa 0.010441
TNFa only 1

DMSO only 110503 E-07
Curcumin extract with TNFa 1.96942 E-07
Commercial curcumin extract with TNFa 5.006 E-07
Curcumin | with TNFa 1.62464 E-06
Curcumin Il with TNFo 212593 E-07
Curcumin Il with TNFa 2.40398 E-07

ASA, acetylsalicylic acid; DMSO, dimethyl sulfoxide; HEK203T, human
embryonic kidney cell line containing the SV40 T-antigen; TNFa, tu-
mor necrosis factor-a.

inoids to highlight their homologues structures. Although there
are mild molecular features differentiating the curcuminoid ana-
logs, they perform comparably in the context of cytotoxicity and
the following experimental models.

Curcumin and curcuminoids inhibit TNFa-induced
NF-RB activation

Based on the above toxicity study, our curcumin-related experi-
mentation was carried out at drug concentrations of 22.0 pg/mi
across the curcumin-based drug testing. This is well under the
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MTT-demonstrated toxicity range. Fig 3 displays the quantified
results from 7 biologic repeats (with 3 internal repeats) using a
NF-kB-luciferase vector as a transiently transfected reporter con-
struct in the HEK293T cell model. One commercially available cur-
cumin extract was used to represent an off-the-shelf leading brand
to consumers. Other common anti-inflammatory drugs were used
as comparatives such as dexamethasone, acetylsalicylic acid, and
ibuprofen. Bay 11 and DMSO ONLY were used as research controls.

Results from this experimental model demonstrate that NF-kB
activation by TNFa stimulation of the transfected HEK293T cell
line is inhibited by the curcumin extract (P = 2x107) and its iso-
lated curcuminoid analogs I, Il, and Ill (P < 1.0x 10~7) comparably.
The isolated curcuminoid analogs each performed with similar
efficacy and with greater inhibitory potential on NF-kB p65-p50
than common nonsteroidal anti-inflammatory drugs including
a commonly prescribed corticosteroid drug, dexamethasone
(P=6.2%x107).

The“Curcumin Extract” (research standard) effectively abolished
(P=2.0x107) NF-kB activation to baseline (DMSO ONLY). The off-
the-shelf commercial preparation presented significant inhibitory
activity as well (P = 5.0x107). The P values are also more clearly
presented at Table 1.

Concentration curve for IC50

Each curcumin drug displayed very similar patterns of inhibitive phar-
macology on NF-kB activity in both the TNFa-stimulated cells and the
nonstimulated cells as shown in Fig 4. All research standards, Curcum-
in Extract, Curcumin |, Curcumin I, and Curcumin Ill, performed com-
parably as did the commercial preparation with regard to NF-kB inhi-
bition. Each displayed an IC50 of approximately 22.0 ng/ml for cells
treated with TNFa. It was very clear, however, that at approximately
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Fig 4. Concentration curves measured and calculate based on chemiluminescence data. These cells are pretreated with the various concentrations of the curcumin-based
drug preparations before stimulation with a TNFa, solution to quantify the drugs’ inhibitive potential on drug-treated samples. Cells NOT treated with TNFa as a stim-
ulant are also evaluated in the same drug concentrations to determine inhibitive activity of the drugs on basal activity. P values are included in the diagram but are also
presented in Table 2 for clarity. HEK203T, human embryonic kidney cell line containing the SV40 T-antigen; NF-kB, Nuclear Factor kappa-light-chain-enhancer; TNFa,

tumor necrosis factor-a.
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P Values for Curcumin Concentration Curves Studied to Compare Each Drug in Equal Concentrations
Concentration (u/ml)
P Values for Concentration Curve Context 1 5 10 20 40 80
P values Commercial curcumin with TNFo 1.7665E-05 6.283E-05 3.775E-06 1.9641E-08 7.99195E-09

Commercial curcumin without TNFa 0.02088591 0.0165508 0.00076 4.6274E-10 715644E-11
curcumin
Extract Rsch Stand with TNFa 0.003714161 0.0006148 2.067E-06 1.4265E-08 7.82787E-09
Curcumin extract Rsch Stand without TNFa  0.853575999 0.439988 0.0094466 1.786E-10 6.96731E-11
Curcumin | with TNFa 0.002419673 0.0007701 3.357E-06 1.2714E-08 7.82992E-09
Curcumin | without TNFa 0.060078693 01628864 0.0108259 1.2728E-10 6.96806E-11
Curcumin Il with TNFa 0.000338187 0.0002892 1.869E-06 112E-08 7.81959E-09
Curcumin Il without TNFa 0144983451 0.082607 0.0060161 1.2058E-10 7.00194E-11
Curcumin Il with TNFa 0.011443472 0.0173131 2.844E-05 5.8193E-08 2.42372E-08
Curcumin Il without TNFa. 0111620813 0.0273932 0.001694 4.6526E-08 8.78614E-09

Rsch Stand, research standard; TNFa, tumor necrosis factor-o.
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Fig 5. Concentration curves measured and calculated based on chemiluminescence data. These cells are pretreated with the various concentrations of the curcumin-based
drug preparations before stimulation with a TNFa solution to quantify the drugs inhibitive potential on drug-treated samples “in the context of their contributions when
in their natural proportions” in the curcumin extract. Cells NOT treated with TNFa as a stimulant are also evaluated in the same drug concentrations to determine inhibi-
tive activity of the drugs on basal activity. P values are included in the diagram but are also presented in Table 3 for clarity. Luc/LacZ indicates the ratio of Luciferase Assay
reading divided by p-galactosidase (LacZ) reading. HEK203T, human embryonic kidney cell line containing the SV40 T-antigen; NF-kB = Nuclear Factor kappa-light-

chain-enhancer; TNFa, tumor necrosis factor-c.

20.0-22.0 ng/ml concentration, each of these curcumin-based drugs
begin to steeply reduce basal NF-kB activity toward zero where zero is
approached for all but curcumin Il by a final concentration of 40 ng/
ml. The P values are also more clearly presented at Table 2.

We also measured the relative contribution by each curcumi-
noid to the curcumin extract’s inhibitory activity on NF-kB (p65-
p50) (Fig 5). The proportion of curcuminoids in a common curcum-
in extract approximate: curcumin |, 77.7%; curcumin Il, 16.9%; and
curcumin lll, 0.9%. These inherent proportions were used to estab-
lish the tested drug concentrations for each of the curcuminoids:
I, I, and lll in this experiment. Curcumin | was used at the highest
concentration to produce a prominent inhibitive activity with re-
spect to NF-kB inhibition, and it did so in both basal nonstimulated
cells and the TNFa-induced cells. A 1.0x concentration was estab-

lished based on these inherent proportions as described in the
Methods, and from this number, the various concentrations were
chosen to establish relative curves. Each 1.0x value was treated
as follows: 0.04%, 0.20%, 1.0%, 5.0%, and 25X to generate a relative
curve for each curcuminoid analog, again, in the context of their
inherent proportions in the mother extract. Results are posted in
Fig 5. These P values are also more clearly presented at Table 3.
The lower inhibitive force displayed by curcumin Il [demethoxy-
curcumin (DMC)] drug treatment using this strategy was a func-
tion of its lower concentration in the mother curcumin extract
(Fig 5). If concentration equivalents were calculated back into the
graph, it is evident that curcumins | and Il perform relatively simi-
larly on a gram-per-gram basis, as seen in Fig 4, where NF-kB activ-
ity was inhibited in both basal and TNFa-induced cells. Curcumin
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P Values for Curcumin Concentration Curves Studied With Curcuminoid Concentrations Relative to that of the Curcuminoids in the

Curcumin Extract

Concentration by Dilution Factor

P Values for Concentration Curve Context 2 0.04%x 0.2x 1x 5% 25%

P values Commercial curcumin with TNFo 0.065443889 0.030751823 0.001910065 1.05526E-07 1.02154E-07
Commercial curcumin without TNFa 0.032910287 0.416563724 0.339622609 1.63026E-06 1.57047E-06
Curcumin extract Rsch Stand with TNFa 0.022455688 0.005830787 0.000695393 1.03646E-07 1.02101E-07
Curcumin extract Rsch Stand without TNFoo ~ 0.031673473 0.049717 0.010338615 1.60216E-06 1.56804E-06
Curcumin | with TNFa. 0.003859821 0.009266932 0.000923934 110277E-07 1.01633E-07
Curcumin | without TNFa 0.331831839 0.795767202 0.504780607 1.75084E-06 1.56379E-06
Curcumin Il with TNFo 0.014042365 0103623699 0.054570368 0.002260963 1.04045E-07
Curcumin Il without TNFa 0.022389471 0.009630463 0.019764173 0.002697382 1.59129E-06
Curcumin Il with TNFa 0.000218128 0.000549707 0.000190573 0.000419291 0.000345583
Curcumin Il without TNFa 0.045346392 0.088050715 0.058127682 0.088808331 0106332229

Rsch Stand, research standard; TNFa, tumor necrosis factor-o.

Il did not reach concentration thresholds high enough to induce
efficacious inhibition in either basal or TNFa-induced cells (Fig 5).
Unless extremely high doses of the curcumin extract are used to
push curcumin Ill levels up, curcumin Il [bisdemethoxycurcumin
(BDMC)] rarely contributes pharmacology in the context of NF-kB
inhibition when a typical curcumin extract is studied.

Discussion

Studying each of the curcuminoid analogs in isolation may help
unravel some of the mystery surrounding this medicinal agent.
Synthetic curcumin analogs, for example, can display unique phar-
macologic characteristics associated with structure®3%; structural
differences that are rather miniscule. The naturally occurring cur-
cuminoid analogs display similar structural characteristics, but as
shown in Fig 2, their unique features may also contribute distinct
pharmacologic characteristics that are unique to each analog.
However, the naturally occurring curcuminoid analogs have not
been studied expansively in their isolated forms in the past.

It is postulated that a reevaluation of each of the curcuminoid
analogs’ pharmacology in isolation may provide more insight on
the full spectrum of curcumin activity and the source of the cur-
cumin extract’s polypharmacology. It may also help us define a
more accurate standardization process for the extract.

The first steps of this initiative to map the pharmacology of each
curcuminoid analog show us that the curcuminoids each have
very similar activity in the context of NF-kB activation inhibition.
Nevertheless, this, in itself, validates the need to better understand
the pharmacology for each of the curcuminoids. In the natural
product industry, the principle curcuminoid, diferuloylmethane,
also known as curcumin |, is known to be the main active in the
curcumin fraction of the turmeric herb; the standardization pro-
cess for the natural medicinal agent is based on quantification of
this curcuminoid.

However, natural curcumin preparations that are standardized to
a precise concentration, often as high as 95% curcumin, have within
them underlying variances of the curcuminoid analog proportions
that may be contributing to inconsistent outcomes in the context of
some targets and unexpected compounding activity on other targets
like the one studied here. Standardization testing for the curcumin ex-
tract in the natural product industry is centered on curcumin | testing
to quantify the active. However, studies do point to the likelihood that
the curcuminoids do not produce the same pharmacology on all tar-
gets. For example, BDMC (curcumin Ill aka BDMC) is shown to deliver
cytotoxicity to inhibit growth of the K562 cell line and this inhibitory

activity is significantly greater than that of curcumin (curcumin | aka
diferuloylmethane) and DMC (curcumin Il aka DMC).B"

On the other end of the spectrum, studies showed that curcumin
I and DMC (curcumin Il) have equally potent inhibitory activity on
tetradecanoylphorbol acetate-induced tumorigenesis, but BDMC
(curcumin Ill) was less active.r? The mechanisms are undefined and
seemingly conflictive; nevertheless, indicative of different activity
by the different curcuminoid analogs. The research results reported
here tell us that each of the curcuminoid analogs inhibits NF-kB ac-
tivation in these nonimmune cells with similar inhibitive activity.
As such, the anti-inflammatory activity delivered by the curcumin
extract in this context is a function of all 3 curcuminoids additively
and is quantified more accurately by a measure that quantifies the
amount of each curcuminoid in the extract and not just curcumin
I. This information provides us with the scientific basis to justify the
need for disclosure of each curcuminoid quantity on labels to gain
a full understanding of the medicinal agent’s potency.
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