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ABSTRACT

Background: Despite its broad range of biolog-
ical activities, use of curcumin is limited
because of poor bioavailability. Here we report a
novel curcumin formulation, Curcuwin Ultra+
(CU+), with superior bioavailability as com-
pared to 95% turmeric extract (TUR 1800).

Methods: A randomized, double-blind, three-
treatment, crossover oral bioavailability study
was conducted in 24 healthy volunteers under
fasting conditions. Subjects received a single
dose of CU+ 250 mg, 500 mg and 1900 mg of
TUR1800 as per randomization schedule and
blood samples were collected at 4h and Oh
before dosing, and 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12,
24 h post dose. Total curcuminoids were mea-
sured as curcumin, demethoxycurcumin,

S. Kothaplly - S. Alukapally - N. Nagula -

R. Maddela (I)

ClinSync Clinical Research Pvt. Ltd., JSR Mall, Plot
No. 7 to 18, Survey # 225, Opposite Mythri Nagar,
Madinaguda, Hyderabad, Telangana 500 050, India
e-mail: rambabu.m@clinsynccro.com

S. Kothaplly
e-mail: sudhakar.k@clinsynccro.com

S. Alukapally
e-mail: shankar.a@clinsynccro.com

N. Nagula
e-mail: nagaraju@clinsynccro.com

bisdemethoxycurcumin, and tetrahydrocur-
cumin using a validated LC-MS/MS method.
Results: CU+ achieved a significantly higher
(p <0.05) maximum plasma concentration
(Cmax) and total systemic exposure (AUCq_g and
AUC_;,) for total curcuminoids as compared to
TUR 1800. We observed 101 and 100 times
higher C,.x respectively for 250 and 500 mg
doses of CU+as compared to 1900 mg of
TUR1800. Similarly, AUCy_¢ was 144 and 149
times higher whereas AUC(_1, was 99 and 113
times higher respectively for 250 and 500 mg
doses of CU+ as compared to 1900 mg dose of
TUR1800. Further, CU+ showed 40% faster
absorption (p < 0.05). No safety issues were
observed.

Conclusion: CU+, which isdesigned for
increased absorption and protection of cur-
cuminoids from intestinal degradation,
demonstrated superior bioavailability as com-
pared to TUR1800 at considerably smaller doses.
Additional clinical studies will help to demon-
strate the impact of its increased bioavailability
on efficacy.

Clinical Trial Registration: CTRI/2020/10/
028508 (Clinical Trials Registry—India).

Keywords: Curcumin; Curcuminoids;
Bioavailability; Pharmacokinetics; Absorption;
Turmeric
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Key Summary Points

Curcuwin Ultra+, a unique formulation of
curcumin, significantly increases plasma
concentration of curcuminoids in human
subjects.

Curcuwin Ultra+ 250 mg shows 101 times
higher Cp,ax, 144 times higher AUC(_g,
and 99 times higher AUC,_;, as compared
to 1900 mg of 95% turmeric extract.

Curcuwin Ultra+ 500 mg shows 100 times
higher Cp,.x, 149 times higher AUC(_g,
and 113 times higher AUCy_;, as
compared to 1900 mg of 95% turmeric
extract.

Curcuwin Ultra+ shows 40% faster
absorption (p < 0.05) as compared to 95%
turmeric extract.

INTRODUCTION

Turmeric (Curcuma longa L.) is a common spice
extensively used in traditional medicine for
management of disorders of the skin, upper
respiratory tract, joints, and digestive system.
Curcuminoids, the yellow pigment abundantly
present in the rhizomes of turmeric, have
diverse biological properties including anti-in-
flammatory, antioxidant, neuroprotective,
antimicrobial, and anticancer activities [1-3].
Major components of curcuminoids include
curcumin (CUR), demethoxycurcumin (DMC),
and bisdemethoxycurcumin (BDMC), with CUR
being up to 77% of the total curcuminoid con-
tent [4-6]. Tetrahydrocurcumin (THC) is a pri-
mary metabolite of curcumin that has better
aqueous solubility, chemical stability, bioavail-
ability, and antioxidative activity [7, 8].

The biological activities of curcuminoids
have been extensively studied as they modulate
several molecular targets and cell-signaling
pathways, including anti-inflammatory,
antioxidant, and pro-apoptotic pathways [4, 6].

Beneficial therapeutic effects of curcumin
against cancer, diabetes, and other inflamma-
tory disease such as osteoarthritis have been
extensively reported and curcumin is being
used as a dietary supplement in many countries
worldwide [9]. However, low absorption, rapid
metabolism, and elimination of curcuminoids
in the body limits the efficacy when orally
ingested as a supplement [10]. Curcumin is
highly hydrophobic molecule making it practi-
cally insoluble in water [11] and it has a rela-
tively short half-life due to alkaline instability at
physiological pH [12]. Poor aqueous solubility
and alkaline instability result in very low
plasma levels of curcumin even after taking
gram doses and this severely limits the thera-
peutic potential of curcumin.

Several formulations have been developed to
increase the bioavailability of curcuminoids by
improving lipophilicity, enhancing adsorption
and dispersion of curcuminoids using micellar
and nanoparticles, and chemical modification
such as curcumin conjugates [13-19]. Similarly,
Curcuwin®, which uses turmeric extract for-
mulated with a hydrophilic carrier, cellulosic
derivatives, and natural antioxidants, was
shown to improve the curcuminoids bioavail-
ability by 46 times as compared to 95% cur-
cumin powder [20], leading to an improvement
in endothelial function [21] and reduction in
muscle damage [22].

We report a novel curcumin formulation,
Curcuwin Ultra+ (CU+), with improved oral
bioavailability at a considerably smaller dose
when compared against standard 95% turmeric
extract. CU+ showed 64.7 times higher sys-
temic exposure in the body (AUCy) as com-
pared to 95% turmeric powder in an animal
pharmacokinetic study which was further asso-
ciated with amelioration of experimentally
induced osteoarthritis in a rat model [23]. In the
current study we evaluated the oral bioavail-
ability of CU+ at two doses—250 mg providing
50mg of total curcuminoids (CU+ 50) and
500 mg providing 100 mg of total curcuminoids
(CU+ 100)—as compared to 95% turmeric
extract at a dose of 1900 mg providing 1800 mg
of total curcuminoids (TUR 1800), in healthy
human subjects. Safety and tolerability of
CU+was also examined. We  report

I\ Adis



2130

Adv Ther (2022) 39:2128-2138

pharmacokinetics parameters for total curcum-
inoids for CU+ as determined by measuring
plasma levels of CUR, DMC, BDMC, and THC.

METHODS

The study was conducted in accordance with
the protocol, guidelines of the Declaration of
Helsinki, and International Council for Har-
monization—Good Clinical Practices (ICH-
GCP) after obtaining approval from Maarg
Independent Ethics Committee, Secunderabad,
India. The study was registered on Clinical Tri-
als Registry—India (registration number CTRI/
2020/10/028508). All subjects voluntarily
signed the consent before commencing study
activities.

Study Design

This was a randomized, double-blind, single-
dose, three-treatment, three-period, crossover
oral bioavailability study in healthy adult
human subjects under fasting conditions.
Twenty-four subjects were enrolled in the study
(Fig. 1). Randomization scheme was generated
using SAS® software 9.4 for Windows (SAS Inst.
Inc.,, Cary, NC, USA). TUR 1800 (lot number
J190389) was acquired from Sabinsa Corpora-
tion, East Windsor, NJ, USA, and CU+ 50 (lot
number CU20DNS3-096(04)/069) and CU+ 100
(lot number CU20DNS3-096(04)/073) were
provided by OmniActive Health Technologies,
India. An inert filler (microcrystalline cellulose)
was used to match the total weight of each of
the study materials. The study blinding was
achieved by delivering the yellowish powder of
study products in opaque scarlet red-colored
capsules. Additionally, the number of capsules
dosed per group were kept uniform across
groups, i.e., six capsules to keep the study dou-
ble blinded. The principal investigator, subjects,
and the study personnel involved in the study
were kept blinded from the randomization
schedule during the entire study. After an
overnight fasting of at least 10 h, six capsules
(equally distributed doses) of CU+ 50,
CU+ 100, and TUR 1800 were administered
orally to the subjects in sitting posture with at
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Fig. 1 Study flow diagram

least 500 + 2 mL water, at ambient temperature
in each period (period I, II, and III) as per the
randomization scheme.

The subjects were housed for at least 60 h
prior to investigational product administration
and up to 24 h post dose in each period with at
least 7 days washout between each consecutive
treatment period. This was done so that the
subjects were provided with curcumin and black
pepper-free diet to control for any plasma cur-
cuminoid levels from the diet. Dosing was done
under yellow monochromatic light. All the
screening procedures were performed within
28 days before the start of the study and no
volunteer screening activities were done on the
day of the subject’s check-in into the study.
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Inclusion/Exclusion Criteria

Subjects of both genders were included in the
study if they were healthy and aged between 18
and 55 years (both limits inclusive); with a BMI
between 20 and 27 kg/m? willing to provide
voluntary consent; avoided food containing
curcumin and black pepper for at least 48 h
before dosing with absence of significant disease
or clinically significant abnormal laboratory
values, medical history, physical examination,
and systemic examination during the screening;
a normal 12-lead ECG; a normal chest X-ray
done within past 6 months; stable weight
(weight change less than 3 kg during the last
6 months); willing to comply with the require-
ment of the entire protocol; able to communi-
cate effectively; non-smoker and non-alcoholic.

Subjects with following conditions were
excluded from the study: history or evidence of
hypersensitivity to curcumin or its metabolites;
history or presence of any medical condition or
disease; history or evidence of chronic diseases;
participating in aerobic exercise more than
three times per week; high caffeine intake (more
than five cups of coffee or tea/day); participa-
tion in a clinical research study within the past
90 days prior to check-in; use of supplements
containing curcumin or its metabolites 30 days
prior to periodI dosing and during the study
duration; consumption of food and beverages
containing xanthine (chocolates, tea, coffee, or
cola drinks) for at least 48 h prior to check-in of
each period; consumption of grapefruit and
grapefruit-like citrus fruit (mosumbi/sweet lime)
or juice within the 7 days prior to check-in of
each period; positive results for drugs of abuse
(benzodiazepines, opioids, amphetamines,
cannabinoids, cocaine, and barbiturates) in
urine during the check-in of each period; posi-
tive results for urine alcohol analysis using a kit
during the check-in of each period; difficulty in
swallowing solid dosage forms like tablets or
capsules; a positive pregnancy test; pregnant or
breast-feeding or likely to become pregnant
during the study; use of implanted or injected
hormonal contraceptives anytime during the
6 months prior to study or hormonal contra-
ceptives within 30 days before dosing.

Pharmacokinetic Sampling and Analysis

A total of 13 blood samples (6 mL each) were
collected from each subject in each period, pre-
dose samples at 4 h and 0 h before dosing, and
post-dose blood samples at 0.5, 1, 2, 3, 4, 5, 6, 8,
10, 12, and 24 h, with 4+ 2 min of scheduled
sampling time. All blood samples were collected
in dipotassium ethylenediaminetetraacetic acid
(EDTA)-containing tubes at the bedside and
under yellow monochromatic light. The sam-
ples were centrifuged at 4000 rpm for 5 min at
4 °C to separate plasma and stored immediately
in a deep freezer at — 70 &+ 10 °C until analysis.

The plasma samples were analyzed for CUR,
DMC, BDMC, and THC using a validated
LC-MS/MS method. The analytes were extrac-
ted from human plasma by liquid-liquid
extraction method. The 20 pL of internal stan-
dard working solution (curcumin D6 and war-
farin) was added to all tubes containing 200 pL
of plasma sample with the help of micropipette
and vortexed. In addition, 20 uL. of diluent
solution was added for the blank sample. These
samples were treated with 100 pL enzyme solu-
tion containing 1000 U of B-glucuronidase iso-
lated from Helix pomatia (Sigma, St. Louis, MO)
in 0.1 M phosphate buffer (pH 6.86), and 50 pL
of 50 U of sulfatase obtained from Helix pomatia
(Sigma, St. Louis, MO) in 0.1 M sodium acetate
buffer (pH 5.0). The resulting mixture was then
vortexed for 10 s and incubated at 37 °C for 1 h
to hydrolyze conjugates of curcuminoids. Then,
0.2mL of 100 mM potassium dihydrogen
phosphate and 0.1 mL of 100% methanol was
further added, vortexed for 30s followed by
addition of 2.4 mL of t-butyl methyl ether to all
tubes, vortexed for 10 min, and centrifuged for
10 min at 4200 rpm at 4 °C. The 2.4 mL of
organic layer was transferred into another pre-
labeled RIA vial and evaporated to dryness at
40°C until drying. Then, 200 uL of mobile
phase was added to all the dried samples and
vortexed for 30s, transferred into pre-labeled
autosampler vials, and submitted for analysis.
All the sample processing was done under
monochromatic light.

Curcumin D6 (Clearsynth Labs Ltd.) was
used as an internal standard for the analysis.
The separation was achieved by phenyl-hexyl
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column (4.6 mm x 100 mm, 5 um) using ace-
tonitrile/methanol/ultra-pure water (60:5:35
v/v/v) with 0.2% acetic acid as mobile phase.
Analyte concentrations were quantified using
Analyst® 1.6.1, software with API 3200 Q Trap
[API 3200 Q Trap from AB Sciex, Framingham,
USA]. The measured concentrations for each
subject for all the time points were calculated
against the calibration curve prepared with
known standards. All pharmacokinetic (PK)
parameters were calculated using WinNonlin
Software version 8.2.

Statistical Analysis

Statistical analysis was performed using SAS®
system for Windows version 9.4 (SAS Inst. Inc.,
Cary, NC, USA). Descriptive statistics of all the
PK parameters were computed and reported for
CUR, DMC, BDMC, THC, and TC. Mean, stan-
dard deviation, minimum, and maximum were
calculated for plasma concentrations at each
individual time point as well as for the phar-
macokinetic parameters (AUCg, AUCq 12,
Cmax, Tmax, and ti;) for CUR, DMC, BDMC,
THC, and TC. In addition, geometric least
squares means were calculated for AUCq_,
AUCq 12, and Cpax. Relative absorption was
calculated using Cn.x and AUC values for
CU+50 and CU+100 as compared to
TUR 1800. The relative absorption for each
analyte was calculated using the following
formula:

Relativeabsorption
AUC & Cmaxvaluefor CU + 500rCU + 100

- < AUC & Cmax value for TUR 1800 >

y ( Dose of Total curcuminoids from TUR 1800 )
Dose of Total curcuminoids from CU + 50 or CU + 100

Sample Size Determinations

A sample size of 18-21 subjects was calculated as
sufficient to prove superiority of test versus
reference considering 85% power and a signifi-
cance level of 5% to detect minimum mean
difference between Cp,,x of two groups as
200 ng/mL and SD 120 ng/mL. Assuming a
dropout rate of 15-20% in this three-way
crossover design, 24 subjects were considered
for the study.

Safety Analysis

Adverse event (AE) monitoring, systolic and
diastolic blood pressure, radial pulse rate, aural
temperature, and laboratory parameters
including hematology, biochemistry, and urine
analysis were evaluated for safety assessments.

RESULTS
Subject Disposition

A total of 24 subjects were enrolled in the study
and 23 subjects completed the study. Out of 23,
15 subjects were male and 8 were female
(Table 1). The mean age of the participants was
34.30 + 5.47 years, and the mean BMI was
24.53 + 1.65 kg/m?. The mean age for men was
34.60 £ 6.23 years and mean BMI was
23.75 + 1.40 kg/m? whereas the mean age for
women was 33.75 £ 3.99 years and mean BMI
was 26.00 &+ 0.94 kg/m?. Subject #6 did not
come back for periods I and III and hence did
not complete the study. Subject #7 completed
periods I and III but did not attend period Il
Similarly, subject #9 completed periodsI and II
but did not come for period III (Fig. 1).

Pharmacokinetics

Pharmacokinetic samples for 23 subjects were
analyzed for CUR, DMC, BDMC, THC, and TC
for groups CU+ 50, CU+ 100, and TUR 1800.
Baseline corrected data was used for analysis.
Cmax; Tmax; t1/2, AUCO_6, AUCO_lz, and relative
absorption were calculated for total curcumi-
noids and all the analytes (Table 2).

Plasma TC concentrations were significantly
higher (p < 0.05) for CU+ 50 from 1 to 5 h and
CU+ 100 from 0.5 to 12h as compared to
TUR 1800 (Fig.2). Plasma concentration vs.
time profiles of individual analytes CUR, DMC,
BDMC, and THC are presented in Fig. 3.

CU+ 50 showed significantly  greater
(p < 0.05) relative absorption for TC with 101
times higher Cp,ax, 144 times higher AUC,
and 99 times higher AUC,_,, as compared to
TUR 1800 (Table 2).
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Table 1 Summary of demographics of the study participants
Parameter Number® Mean SD Minimum Maximum
Total subjects 23 - - - -
Age (years) 34.30 5.47 26.00 44,00
Height (cm) 162.80 9.80 147.00 180.00
Weight (kg) 64.97 6.74 56.64 80.41
BMI (kg/m?) 24.53 1.65 20.92 26.97
Male 15 - - - -
Age (years) 34.60 623 26.00 44.00
Height (cm) 168.33 6.69 159.00 180.00
Weight (kg) 6744 7.01 56.64 80.41
BMI (kg/m?) 23.75 1.40 20.92 25.78
Female 8 - - - -
Age (years) 33.75 3.99 27.00 38.00
Height (cm) 152.38 475 147.00 161.00
Weight (kg) 60.33 2.62 57.11 64.80
BMI (kg/m?) 26.00 0.94 24.15 2697
BMI body mass index, SD standard deviation
*Number of subjects in the specified category

Similarly, CU+ 100 showed significantly DISCUSSION

greater (p < 0.05) relative absorption for TC
with 100 times higher Cp,,x, 149 times higher
AUCp6, and 113 times higher AUCy 2 as
compared to TUR 1800 (Table 2).

Both CU+ 50 and CU+ 100 showed signifi-
cantly faster absorption (40%) in blood as
compared to TUR 1800.

We also observed significantly greater
(p <0.05) plasma total curcuminoid levels,
Cmax, AUCq, and AUCq_,, for CU+ 100 as
compared to CU+ 50.

Safety

There were no statistically significant ditfer-
ences between treatments for vital signs and
laboratory variables (hematology and blood
chemistry). Additionally, there were no adverse
events, and the treatments were well tolerated
by all the participants.

There is an extensive published scientific evi-
dence supporting the biological effects of cur-
cuminoids in conditions associated with
inflammation and oxidative stress. However,
the poor bioavailability limits the health benefit
potential of curcumin and requires large doses
of the supplement. Several formulation
approaches have been developed to enhance
the bioavailability of curcuminoids through
improved solubility, enhanced absorption, and
delayed elimination [13]. CU+, a novel cur-
cumin formulation, was developed using widely
accepted excipients that are known to improve
solubility of curcumin and protect from degra-
dation by the alkaline conditions of the small
intestine. We conducted a pharmacokinetic
study in healthy human volunteers and found
that CU+ formulation significantly enhances
bioavailability of total curcuminoids even at
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75-80%), DMC (approx. 15-17%), BDMC (ap-
prox. 3-5%), and THC being the major
metabolite of curcumin [7]. We measured the
plasma levels of CUR, DMC, BDMC, and THC
which are known to be responsible for the
diverse bioactivity of curcuminoids [8, 24-27]
and represented the data for total curcumi-
noids. Our study results showed that the plasma
concentrations of total curcuminoids and its
bioavailability were significantly higher for
both doses (250 and 500 mg) of CU+ as com-
pared to TUR 1800. The maximum plasma
concentrations of total curcuminoids as mea-
sured by C,.x were 101 and 100 times higher
respectively for 250 and 500mg doses of
CU+ as compared to 1900 mg of TUR 1800.
Further, total systemic exposure for total cur-
cuminoids measured between O and 6h
(AUCp6) and 0-12h (AUCqy_1,) were also
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significantly higher (p < 0.05) for both doses of
CU+ as compared to TUR 1800. We observed
144 and 149 times higher AUC( ¢ and 99 and
113 times higher AUCy_;, respectively for 250
and 500mg doses of CU+ as compared to
1900 mg dose of TUR 1800. Moreover, we report
a faster absorption for total curcuminoids for
both doses of CU+ (250 and 500 mg) with 40%
faster absorption (p <0.05) as compared to
TUR 1800. There was a significant increase in
the bioavailability of total curcuminoids in the
CU+ 100 group with approximately two times
higher C,,x and AUC measures as compared to
the CU+ 50 group demonstrating a robust dose
response. Our data further validates earlier
results in rats wherein CU+ showed 64.7 times
higher absorption as compared to TUR 1800
that was associated with significant beneficial
effects in the rat knee osteoarthritis model [23].

Curcumin has been extensively studied
under experimental conditions as well as
human clinical studies including treatment of
osteoarthritis [23, 28-31], and bioavailability of
curcuminoids plays an important role in the
bioactivity such as exhibiting antioxidant and
anti-inflammatory properties [32]. A recent
study that used cell-based experimental models
of osteoarthritis demonstrated that curcumin
suppresses inflammation by blocking the NEF-
kB-S0x9 signaling pathway that plays a critical
role in initiation of pathogenesis of
osteoarthritis [29]. Curcumin enhances the
antioxidant activities, inhibits oxidative stress,
modulates immune functions, protects against
cartilage damage, blocks inflammation path-
ways, and inhibits chondrocyte apoptosis [33].
Therefore, curcumin with improved bioavail-
ability may have a significant effect on the
clinical course of osteoarthritis including alle-
viating pain, joint stiffness, and improve func-
tionalities of the joints.

CONCLUSION

The CU+ formulation shows superior bioavail-
ability at relatively low doses of 250 and 500 mg
with 144 and 149 times higher relative absorp-
tion, respectively, as compared to 1900 mg of
95% turmeric extract. Moreover, we observed a

robust dose response between the two doses
(250 and 500 mg) of CU+ with direct correla-
tion to the dose administered and plasma con-
centration achieved. As bioavailability is the key
factor in determining the biological activity of
curcumin, efficacy studies of CU+ at low doses
are required to demonstrate the beneficial effect
of CU+ in subjects with knee osteoarthritis and
other inflammatory conditions.
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