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Improvement of the solubility and intestinal absorption of curcumin by N-acyl
taurates and cyclodextrins
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Introduction

Curcumin is a polyphenolic compound named as (1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl) hepta-1,6-
diene-3,5-dione; CAS number: 458-37-7. The molecular formula is CxHz0Os and it has a molecular weight of 368
g/mol. This compound is derived from Curcuma longa L. and has demonstrated versatile pharmacological effects
including anti-inflammatory and antioxidant actions in extensive preclinical studies. In addition, the therapeutic
effects, such as anti-tumors, were studied in human clinical trials over the last few decades. In terms of the high
dose at 12 g per day in healthy volunteers, curcumin was well tolerated in the oral administration and appeared to
be safe for the clinical use. However, based on the poor aqueous solubility and low intestinal permeability of
curcumin, the natural product is classified as a biological classification system (BCS) Class IV molecule. The
hydrolytic and light-sensitive properties also cause the rapid degradation of this natural polyphenol. Due to these
characteristics, curcumin showed a low concentration in plasma after oral administration resulting in a poor
bioavailability. Various approaches have been developed to overcome the bioavailability problem, such as
nanoformulations. Because many ingredients in formulae are used for both solubilizers and permeation enhancers,
it is of interest to investigate their multiple functions with respect to drug absorption. In our recent research,
amorphous solid particles of curcumin showed an enhanced permeation across the absorptive membrane, while it
was not observed in the presence of crystalline particles or supersaturated solution. Consequently, since the
crystalline powder is more stable than the amorphous particles in dosage forms, the present study focused on the
development of new curcumin formulations using crystalline particles with absorption enhancers and examined
their absorption-enhancing mechanisms.

Chapter I Improvement of the solubility and intestinal absorption of curcumin by N-acyl taurates (NATS)
NATSs are a subset of acylated amino acids which are surfactants with natural lipid-like structures that exhibit

amphiphilic properties. In this chapter, the effects of NATs on the small intestinal absorption of curcumin were

examined in rats by an in situ closed-loop method. Among these NATs, 1% (v/v) sodium methyl lauroyl taurate




(LMT) and sodium methyl cocoyl taurate (CMT) were the most effective in increasing the solubility and intestinal
absorption of curcumin. The intestinal membrane toxicity of NATS was also evaluated by measuring the activity of
lactate dehydrogenase (LDH), a cytotoxicity marker. All of them did not increase the activity of LDH in the
luminal fluid, suggesting that they may be safely administered orally. The relationship between the solubility and
absorption demonstrated that the drug solubility is an important factor contributing to the absorption of curcumin.
However, the drug absorption was not changed when the solubility was higher than 5 pg/mL, which means that
the rate-limiting step was shifted from the apparent solubility of curcumin to the permeation across the intestinal
membrane. Thus, the absorption-enhancing mechanism was elucidated in the paracellular pathway using Caco-2
cells. In cellular transport studies, LMT and CMT reduced the transepithelial electrical resistance (TEER) values
of Caco-2 cells and increased the transport of 5(6)-carboxyfluorescein (CF) and curcumin. Hence, besides of the
increased solubility, the improved permeability of curcumin by LMT and CMT also contributed to the intestinal
absorption.

Chapter 11 Improvement of the solubility and intestinal absorption of curcumin by cyclodextrins (CDs)

CDs are a unique type of macrocyclic carriers widely used in pharmaceutical formulations owing to their
versatile functions as the solubilization, stabilization, and permeation enhancement. In this chapter, a-CD, -CD,
v-CD, hydroxypropyl (HP)-B-CD, and dimethyl (DM)-B-CD were applied to the formulation of curcumin. The
interaction between curcumin and CD molecules was investigated by phase-solubility diagrams, suggesting that
1:1 complex formation was observed in the solution except for y-CD. The effects of various CDs on the intestinal
absorption of curcumin were evaluated in rat intestine by the in situ closed-loop experiment. Among the tested
CDs, 50 mM a-CD significantly enhanced the intestinal absorption of curcumin without causing any serious
toxicity to tissues like intestinal membrane, liver, and kidney. In addition to curcumin, 50 mM a-CD increased the
intestinal absorption of hydrophilic drugs including CF, fluorescein isothiocyanate-labeled dextrans with average
molecular weights of 4000 (FD4), FD10, and salmon calcitonin, suggesting a molecular weight dependency of the
absorption-enhancing ability. The analysis of cellular transport across Caco-2 cell monolayers showed that 50 mM
a-CD reduced the TEER value of cell monolayers and improved the paracellular permeability of CF. Furthermore,
in the western blotting analysis, a-CD decreased the expression of claudin-4, a tight junction-associated protein, in
brush border membrane. Additionally, a-CD increased the membrane fluidity of lipid bilayers in brush border
membrane vesicles and may also promote the permeation of drug molecules via the transcellular pathway. Upon
these results, it is concluded that 50 mM o-CD is the optimal CD formulation to enhance the absorption not only
by solubilizing curcumin but also by assisting its permeation across the intestinal membrane.

Summary

When the solubility was higher than 5 pug/mlL, the rate-limiting step of curcumin absorption was shifted from
the apparent drug solubility to the permeation across the intestinal membrane, which confirmed the drawbacks of
curcumin in both solubility and permeability. Of tested absorption enhancers, 1% (v/v) LMT or CMT, and 50 mM
a-CD improved the absorption of curcumin from the rat small intestine significantly without inducing any serious
toxicity to intestinal tissue or organs. The absorption-enhancing effect of these materials on the paracellular
pathway was evidenced by Caco-2 cell model. In particular, a-CD altered the barrier properties of both the
paracellular and transcellular pathways. Therefore, the intestinal absorption enhancement by absorption enhancers
might be attributed to the synergistic effect of increased solubility and permeability of curcumin in their presence.



FHEOMRKDOHEE

Curcumin |27 =2 > DR (Curcumalonga L) 7HAAHNLEALAWTH Y | fﬁ@ﬁ%éikb
TLLFHAENTODILEW TH D, UT4FE, curcumin 1%, HUERWIER. HUEMER. PUBB/ERLS
%ﬁﬁﬁﬁﬁ%ﬁﬁi%ﬁfél&ﬁ%%ﬂ&&ofﬁ@&ﬁéhf“éoLﬂb&ﬁ%\wmmm
(X, DMK ISERMAMERNZ & I EEIN TAREE TH D Z & 0> B BERIE SRsb T
ZERFENTEY ., BRSHASHRSN TODOREIRTH D, &2 TRIIZETIL.  JARI &
L CTHRIEERITH D N-TIvx o ) AR OB LEM TH L7 a7 XA R > (CD) %A
T curcumin DOFFENEZR B NI LEIHEOUE A3 T2,

N-7" S v% o U AR IS aihéi@ﬁﬁﬁ%@ﬁf%é??ﬂﬂ*w% THERL LT A
FFOT7 =AU MRETEAITCH D, ARFIETIE,  curcumin O LERINMEIZ KIS 5 FEHD N-7
w&?UVﬁ@%@kowf%%%K@%Lko%@%%\m%tNJB%ﬂ?UVﬁ@i%\
sodium methyl lauroyl taurate (LMT) 2" sodium methyl cocoyl taurate (CMT) 73 curcumin DVE{EAEIR
ME R bUGET D Z e LN ERoTz, Flz, TG N-TIVE T U EOM B RERREE 2D
WC, BB RTINS T 2 FLEER K 5% (lactate dehydrogenase, LDH) 72 FRIEIC L CRIME L
2L ZH WTRDN-T L2 0 ) AR BIMEERIEEEI T L A LR NN LB b,
512, N-TIE 9 U AR OIS C OV TREFT LTZ & 2 A, N-T A2 7 Y AR ofHHIC
X% curcumin OIEFRFEED F5-& . THEE FRGERIZISIT 5 tight junction DBH IHZLE S HIFRRETREEE D
PR INFG- L QD ATREMED VR STz,

WIZEBHLEM TH D EFE CD & T curcumin DR N OV LEWRINIEOSEE A -, &
DOFESR, &FE CD 723, curcumin OVFEMER OVH LA Z 5T 2 2 L 2RO DAL, HTH
0-CD OWIURHEZN R EN T E MBI E 7o o7, IRIZ a-CD OTE{LEREIEREEME DU TR L 72
&2 A, MEERIEREMEXIZ & A ERDIRWT EDEO Bz, 70, a-CD O EE R 5% O
fige7e & NZBEEORED R OLT, o-CD OLSMEER Sz, S HIZ, curcumin OTE LA
%35 0-CD OWIUEHERE DWW TR L7z & 2 A, o-CD OFFIC X W, Caco-2 A=A
(transepithelial electrical resistance, TEER) 2ME T L. “EISHIIEREIREE 21T Z E A3 BTN D~ —
J1—WYE T % 5(6)-carboxyfluorescein (CF) DR 5 Z & 3588 Hiiz, F 7z, tight junction
OBACEST % claudin-4 OFEHED, o-CD OHFFHICEVIET T2 Z L8 bz, E-T,
curcumin OYELEWIIZKRT 5 0-CD O LERIEERAEIZIX, 1HILE LEGRIIZIS T 5 tight
junction DBAZLE D MRS OB IEOHE RN 5- L TN D AIREM AR Sz, —F ., a-CD I
LS ERGHIRO IRy OB E A R S5 2 Enh, MfEPNREEE 24 L7z curcumin DL
BRI EZSGET DIEH AT 2 2 L0V S 1T,

IO OENRIL, AR D ONSEHERINME LA CTh D curcumin OFE D BEFIBAZI A H 7a 3505
IR AEIRE T2 b DL EZ BND,

SNEAR L & T DIRE L T2 DWOSLOWNARLHFE LISER, AL (K5 OFfmmcs LTo
fifEZA9 2% &0 & W2,



