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Abstract

Curcumin have various health-beneficial properties in numerous studies. However, its bioavailability is low due to
its limited intestinal uptake and rapid metabolism. This study aimed to evaluate the pharmacokinetics of newly
developed sub-micron particle curcumin with increased water dispersibility (Theracurmin® CR-033P). Plasma cur-
cumin levels were measured at 0, 1, 2, 4, 8 h after Theracurmin® CR-033P intake using high-performance liquid
chromatography. For analyzing pharmacokinetics of Theracurmin® CR-033P, eighteen healthy subjects were
recruited and received Theracurmin® CR-033P at a single oral dose containing curcumin 30 mg. C_, was 28.14
ng/ml, and the area under the curve for 8 h was estimated to be 104.36 ng/ml. Based on the area under the plasma
concentration (AUC), the bioavailability of sub-micron particle curcumin was higher 22-, 35-, 28-fold than native
curcumin in men, women, and all subjects, respectively. For comparing by formulation, seven healthy subjects were
recruited and received two type of treatment: (1) existing dosage form 300 mg (contained curcumin 30 mg) x 3 cap-
sule, (2) high dosage form 300 mg (contained curcumin 90 mg) x 1 capsule + placebo 300 mg x 2 capsule. In the
cross-over study, there was no significant differences in C,,, and AUC of plasma curcumin. In conclusion, sub-
micron particle curcumin with increased water dispersibility significantly improved its oral bioavailability and
women absorbed curcumin more effectively than men. Different formulation of Theracurmin® CR-033P has shown
equivalent to the reference in terms of pharmacokinetics.
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0-20% "5+ Ao 2 of 5 S (Artursson & Karlsson,
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THERACURMIN (Theravalues, Tokyo, Japan) 71771 <]
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Table 1. General characteristics of the subjects

+ Tsukasa Takahashi *

Hitomi Ozawa

Theracurmin CR-033P

= = — *2)
Control (n=9) (n=9) Total (n=18) p-value
Age (yr) 41.0£2.5" 40.9+2.1 40.94+1.61 0.9736
Height (cm) 164.4+2.0 165.7+£3.5 165.03+£1.95 0.7391
Weight (kg) 60.1+3.1 60.9+2.8 60.54+2.04 0.8513
BMI (kg/m?) 22.2+1.0 22.1+0.6 22.17+0.54 0.9441
SPB (mmHg) 118.0+5.1 119.4+3.8 118.72+3.11 0.8242
DPB (mmHg) 76.3+4.8 75.3+3.7 75.83+2.94 0.8709
Bpm 72.9+1.2 75.8+4.8 74.33+£2.40 0.5697
Total cholesterol (mg/dL) 193.6+13.6 223.3+12.6 208.44+9.70 0.1283
LDL-cholesterol (mg/dL) 113.2+10.7 140.711.4 126.94+8.27 0.0976
HDL-cholesterol (mg/dL) 67.2+4.7 59.7£3.5 63.44+2.97 0.2121
Triglycride (mg/dL) 72.9+8.7 117.3+£24.1 95.11+13.54 0.1019
DValues are presented as meantstandard deviation.
Y Asterisk indicates significant of difference between control and Theracurmin® CR-033P using Student t-test.
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Fig. 1. Representative examples of HPLC chromatograms. (A) Curcumin was identified in plasma after oral intake of Theracurmin® CR-

033P, (B) Mepronil: internal standard.
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e, A3 4417F F(p<0.01) 2 8AIZF F(p<0.001) =74
Zko] Theracurmin® CR-033P A Z oA feldo= =9
THp<0.05, p<0.001).
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Fig. 2. Change in the plasma concentration of curcumin in
healthy subjects. Each point and bar represents the meant+SE
(male: *p<0.05, **p<0.01; female: “p<0.01, ""p<0.001).

2]k A2 o] Ego] FlEZ ZHEatal Utk AAZ
75 o3l Al sHF 2 g0l AFUNE HFERS o €
Z AFY F=7F 6 ngmL =2 S =2 (Shoba et
al,, 1998), 3.6 g2l AFTE HZF3 & O AForx
dF AT F=7F vFeE HEF A HGarcea et al.,
2005). AR A &S STV SlEiA Bl xS
FEHE JIANTIAY, GAE 2 E S o] &3 Wgo]
2 o] 853 2tHAnand et al, 2007). & =S o] &3k
AFHe S5l U AFoAME self-nanoemulsifying
drug delivery system (SNEDDS)S o] &3t AFRE C,
#ol 3.950) S7tetarl, AFRL] F4E&2 Bl 59 AF
o] Fejoll mlaa] 194.2%°] F7F S7HE NS B
3} tH(Nazari-Vanani et al., 2017). 43AToA = S29]
= YRR AJA AFRIE 75 50 ol FrEol
EolFth= BI7F 912 (Sunagawa et al., 2015), Li et
al. (2012) 52 2|XF Fejo] AFIE 243 i E o
’bpoi HEHRS 745 2350 A F58°] SXEE B

H“ﬂoﬂ U:]'E AFH AW S-S0l Hsir= Schiborr et
al. (2014)°l 9Jall R AT} Schiborr et al. 2014y 7
TR wlAl A} 7 AP mpo] A Fej o] HAF AlF o]

Table 2. Pharmacokinetic parameters of curcumin in the plasma
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Fig. 3. Change in the plasma concentration of curcumin in
healthy subjects. Each point and bar represents the mean+SE. A:
Theracurmin® CR-031P (curcumin 30 mg x 3), B: Theracurmin®
CR-033P (curcumin 90 mg).

AREE FFEo] tEA Yehds Baslon, ofdddA
g U 33Ut 9 =2 ASE HISIGY. AH Y
ztol= Fd el 749 AT biotransformation®l] &S v

XA == &49l glucuronosyltrasferases?} sulfotrasferase
o] &AJo] oA rt} =3, 7+ W drug efflux transporter P-
glycoprotein (MDR1) ] -3z} &3 o] £7] w2l RO
Z o ZF 3 ) tHMeibohm et al., 2002).

AP 284S =2 AFY 3= AP Theracurmin®
CR-033P 300 mg (AT 90 mg &+ }ﬂ'ﬁ‘)*]' Theracurmin®
CR-031P A4 300mg (173 30mg 35 AE) x 3 7

&9 $54 vl A3+ Fig. 301] Arstdch. 5 AF
9 FEE gAY AH T IR T 2N F, 44
7F 3 2 8AIZE S7b ZhzE 739, 146.5, 110.2, 112.0 ng/

mLE SAFAoH, 7|E AF 4F Fole= 27 261,
124.1, 1517, 142.1 ngmLE ZA = o] F £7ke] Fo# 2l
Aol LhehbA] e2seh.
71%\::] ;(-]]Sﬂoﬂ s =54 H]J—;_ A&

Q1A= Table 39 A|Aesi Tl 2282k A3 Theracurmin®
CR-033P9} 71¥ A¥ (Theracurmin® CR-031P) x 3 capsule
o] 54 vl A7 A3, 1FF A 7= AY T
ol ZH2E 166.03 17772 BAA 240 1
okt ©@3] Fof & 8AIZF 5] AUC 3t A

dol €5 FH A3

o)
&2 C,,.

EREY

C,. (ng/mL) AUC,,, (ng/mL) AUC,,, (ng/mL) AUC,4, (ng/mL) RA?

Curcumin

Male 2.86+5.71" 0.00+0.00 2.86+5.71 8.58+17.15

Female 1.06+1.48 0.19+0.42 1.594+3.56 4.84+8.61

Total 1.86+3.77 0.11£0.31 2.16+4.36 6.50+12.30
Theracurmin® CR-033P

Male 31.39+13.21™ 6.25+10.24 63.20+28.09" 105.47+£35.59" 22.1

Female 24.07£9.32" 8.35+7.36" 55.95+32.15™ 102.97+£25.94™ 352

Total 28.14+11.60™ 7.18+8.60" 59.98+28.23"™ 104.36+29.79"" 27.8

YValues are presented as meantstandard deviation.

PRelative absorption= Theracurmin® CR-033P/Curcumin powder based on AUC, ;.
Asterisk indicates significant of difference between control and Theracurmin® CR-033P using Student t-test (*p<0.05, **p<0.01, ***p<0.001).
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Table 3. Pharmacokinetic parameters of curcumin in the
plasma

Theracurmin® Theracurmin®
CR-031P CR-033P
(curcumin 30 mg x 3)  (curcumin 90 mg)

AUC,,, (ng/mL) 36.96+17.35 13.09+15.43
AUC, ,, (ng/mL) 110.22+30.70 75.13£36.51
AUC, ,, (ng/mL) 256.78+80.41 275.81+129.68
AUC,, (ng/mL) 444.57+126.70 587.78+196.68
AUC,, (ng/mL) 848.52+206.02 951.81+321.81
C,. (ng/mL) 166.00+44.15 177.72+62.28

YValue are presented as meansstandard deviation.
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