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Thesis abstract
Basic study for the characteristic changes to solubility and intestinal contractile responsiveness
of piperine included with various cyclodextrins.
Toshinari Ezawa

Pepper is one of the most widely used spices in the world, and according to the International Papper Community,
global demand for pepper is expected to increase by 2% annually, and supply is expected to increase by 8-10%.
Piperine, the main pungent ingredient in pepper, has been reported to be deeply involved in regulation of intestinal
contraction, which is a very interesting food ingredient that is expected to be used as a laxative, antidiarrheal, and
treatment for functional gastrointestinal disorders.

PP is a poorly water-soluble amide compound with a methylenedioxyphenyl group, a pentadiene chain, a tertiary
amide, and a piperidine. The intestinal contraction-regulating effect of PP is highly useful. However, it shows low
water solubility and can be an obstacle in therapeutic agents. Therefore, cyclodextrin (CD) was used as a functional
excipient. It has relatively low toxicity and is used for improving the solubility of poorly water-soluble drugs and
masking the taste.

CDs are cyclic polysaccharides of D-glucopyranose linked by a-1,4 glycoside bonds. CDs are classified as a-, -,
and y-CD according to the number of D-glucopyranose units (6 to 8). CDs structure forms a central, hydrophobic
cavity due to the ether groups located inside it, while the outer ring is hydrophilic. CD can be expected as a treatment
for laxatives, antidiarrheals, and functional gastrointestinal disorders by including a guest compound in cavities to
improve solubility.

In this study, the solubility and intestinal contractile response of the PP was evaluated whether it is possible improve
with CD. it was carried out basic research for application as pharmaceuticals. The complex was represented as a
"inclusion complex" in the solid state and as a "inclusion compound" in the liquid state.

Chapter 1: Physicochemical properties of PP/CDs inclusion complexes by ground mixture and coprecipitate
methods.

The first chapter examined whether inclusion complexes were formed between PP and CDs and confirmed the
solubility of inclusion compounds and physicochemical state in solution. Physical mixtures (PMs) of PP/CDs with
molar ratios of 2/1, 1/1, 1/2 were prepared using a vortex mixer for 1 min. Ground mixtures (GMs) of PP/CDs in the
same ratios were prepared by grinding the respective PMs (1.0 g) for 60 min using a vibration rod mil with an alumina
holder. A coprecipitate (CP) was prepared by dropwise addition of 5 mL of an acetone solution of PP (0.11 mmol/mL)
to 5 mL of an aqueous solution of CDs (0.11 mmol/mL).

According to physicochemical evaluation, a GM PP/aCD (molar ratio =1/2), a GM PP/BCD (molar ratio = 1/1),
GM PP/yCD (molar ratio = 1/1), a CP PP/aCD (molar ratio = 1/2) and CP PP/yCD (molar ratio = 1/1) formed an
inclusion complex. As a result of *H-'H 2D-NOESY NMR measurement, the inclusion compounds of various GMs
and CPs showed intermolecular interactions between the methylenedioxyphenyl group and pentadiene chain and the
H-3, 5 and 6 protons located inside the CD. The CP inclusion compound was confirmed high solubility compared
with GM in distilled water, 1st fluid for dissolution test (pH 1.2) and fasted state simulated intestinal fluid (FaSSIF,
pH6.5). CP has the aromatic rings and pentadiene chain part of PP deeply included inside the CD compared with GM.

This result showed the characteristic of affecting the conjugated system of PP and indirectly suppressing the motility



of the amide group. The solubility of PP was suggested to be influenced by the non-equilibrium state that occurs from
the inclusion complex to the inclusion compound due to the difference interaction. Furthermore, in the FaSSIF
solution (pH 6.5), PP liberated from the CP inclusion compound was encapsulated in the taurocholic acid/lecithin or
taurocholic acid without forming higher-order micelle aggregates, which contributed to the improvement of solubility.
From these results, under conditions where the gastrointestinal environment is pH1.2 or pH6.5, CP inclusion
compounds was expected to maintain solubility up to the part that regulates intestinal contraction as compared with
PP and GM. As the purpose of Chapter 1, since the solubility of PP was improved, it is expected to be applied to the
medical field by the regulation of intestinal contraction effect.
Chapter 2: Evaluation of taste responsiveness of PP/CD ground mixtures

The pungent taste of PP may limit therapeutic agents. The second chapter objectively evaluated whether taste
responsiveness is affected by CD. PP showed a correlation with the responsiveness of the taste sensor in a
concentration-dependent manner. Taste sensor response of the various GM inclusion compound is not dependent
on the solubility of the PP, correlation between the value of the stability constant of the inclusion compounds formed
between PP and CD were observed. GM (PP/aCD) and GM (PP/BCD) indicated high stability constants and similar
to the characteristic taste sensor response of PP. On the other hand, PP/yCD exhibits a property that the inclusion
compound is more easily dissociated than PP/aCD and PP/BCD. It was expected that the increase in free PP would
resemble the taste sensor of PP. However, PP/yCD inclusion compound showed different sensor responses compared
to PP. Therefore, the taste sensor responsiveness of inclusion compounds is not due to the presence of free PP but is
related to the taste response characteristics of each inclusion compound or the molecular state of free PP coexisting
with the inclusion compound.
Chapter 3: Evaluation of intestinal contractility using PP/CD inclusion complex

PP is expected to be used as a laxative, an antidiarrheal, and a therapeutic agent for functional gastrointestinal
disorders. The third chapter evaluated whether pharmacological function of PP is affected by CD. PP alone, PMs,
GMs, and CPs were used at 2.0 x 10> M PP. The intestinal contraction test confirmed that CP PP/aCD, GM PP/aCD
and GM PP/BCD inclusion compounds confirmed a significant inhibitory effect on the ileal contractile effect of
carbachol via competitive and non-competitive inhibitions. PP/CD inclusion compounds have a unique
pharmacological function that is different from PP alone. The solubility of the CP PP/aCD, GM PP/aCD and GM
PP/BCD inclusion compounds was higher than the PP concentration of 2.0 x 10" M that suppressed the intestinal
contractile response. Therefore, GM (PP/aCD = 1/2) and CP (PP/aCD) are expected to be applied as an antidiarrheal
and therapeutic agent for functional gastrointestinal disorders.
Conclusions

In this study, preparation of PP/CDs inclusion complex using GM and CP method was successful and it became

clear that the difference in intermolecular interaction with PP was caused by preparation methods and CD. The
PP/aCD inclusion compound indicated high solubility in bio-relevant media, and it has become possible to control
the solubility of PP. In addition, the inclusion compounds confirmed a unique pharmacological function that is
different from PP alone. Therefore, throughout Chapters 1 to 3, each inclusion compounds may act as a novel
compound different from PP. Although it is necessary to investigate the safety and toxicity, it is expected to be used

as an antidiarrheal and a therapeutic agent for functional gastrointestinal disorders.
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