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A B S T R A C T

Context: The bile acid taurocholic acid (TCA) is endogenously produced, and has shown formulation-stabilising
effects when incorporated into microcapsules containing potential antidiabetic drugs. This study aimed to
develop and characterise TCA-microcapsules, and test their antidiabetic effects, in an animal model of Type 1
diabetes (T1D).
Methods: Using the polymer sodium alginate (SA), SA-microcapsules (control) and TCA-microcapsules (test)
were prepared, and assessed for morphology, surface composition, chemical and thermal stability, swelling,
buoyancy, mechanical, release and rheological properties. TCA-microcapsules were gavaged as a single dose
(1.2 mg/300 g) to alloxan-induced diabetic rats, and blood glucose and TCA concentrations in serum, tissues
(ileum, liver and pancreas) and faeces, were measured. One healthy and one diabetic group were used as control
and gavaged SA-microcapsules.
Results: TCA-microcapsules showed consistent size, TCA presence on surface and all layers of microcapsules,
chemical and thermal stability, enhanced swelling, buoyancy and targeted-release properties and rheological
analysis showed Non-Newtonian flow properties. TCA serum concentrations were lower in the healthy group,
compared with the diabetic and diabetic-treated groups, but there was no significant difference between diabetic
control and diabetic treated groups, in terms of TCA levels, and blood glucose concentrations.
Conclusions: The developed TCA-microcapsules showed good stability and release properties, but did not lower
blood glucose levels in T1D, which suggests absence of insulin-mimetic effects, when using a single 1.2 mg/rat
oral dose.

1. Introduction

Taurocholic acid (TCA) is a dominant conjugate form of bile acids in
humans. It is chemically known as 2-(3α,5β,7α,12α)-3,7,12-trihydroxy-
24-oxocholan-24-yl,amino,ethanesulfonic acid, and has a molecular
formula of C26H45NO7S and molecular weight of 515.70 g/mol. TCA
is a tri-hydroxy bile acid that has an OH group at the C-3, C-7 and C-12
positions. TCA is also known as cholaic acid, and it is a taurine
conjugate of cholic acid, and constitutes> 30% of bile acid pool and
extensively metabolised in the small intestine by gut microflora. It is

hydrophilic in nature and has a melting point of 125 °C (Budavari,
1996). Being an acid, TCA has a pKa value of 1.4 and is partially soluble
in water but is soluble in alcohol and ether (Hisadome et al., 1980).

Although TCA is not a globally registered drug with clinical
indications to treat a disease, it has shown potential applications in
inflammatory disease models. It has shown substantial antiinflamma-
tory and immunoregulatory effects in healthy mice treated with
proinflammatory endotoxins (Wang et al., 2013a). It has also shown
permeation-enhancing capabilities, when combined with other drugs.
In recent studies, TCA enhanced the permeation of heparin-docetaxel
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conjugates, in the lower intestine via transcellular and/or paracellular
pathways (Lee et al., 2009; Khatun et al., 2013). Moreover, in one
study, TCA exerted protective and desirable effects on muscle and
pancreatic β-cells, which suggests potential antidiabetic effects
(Mooranian et al., 2016a). Since TCA metabolism starts in the
duodenum, it needs to be encapsulated in targeted-delivery matrices,
which target the lower part of the intestine, and maximise its absorp-
tion (Moghimipour et al., 2015).

Accordingly, this study aimed to develop, characterise and test
antidiabetic effects of new microcapsules with oral targeted-delivery
properties, which can deliver TCA to the lower part of the ileum for
maximum absorption. The study also aimed at investigating changes of
TCA concentrations in serum, tissues and faeces, associated with
diabetes development and TCA-microcapsules treatment. Thus, in this
study, sodium alginate (SA) was used as a polymer, to form micro-
capsules without (control) and with TCA (test). The microcapsules were
characterised in-vitro, then gavaged as a single dose to one diabetic
group. Two other groups (one healthy and one diabetic) were gavaged
SA-microcapsules and used as control. Blood, tissues and faeces were
collected 10-hour postdose for blood glucose and TCA measurements.
The in-vitro studies include imaging and morphological studies, surface
elemental-analysis, stability, rheological properties, swelling, mechan-
ical strength, and buoyancy analysis and release profiles at various
temperature and pH values. The in-vivo studies include blood and
tissues concentrations measurements of glucose and the bile acid, TCA.

2. Materials and methods

2.1. Materials

Taurocholic acid (96.0%) and alloxan (> 98%) were purchased
from Sigma Chemical Co, USA. Sodium alginate was obtained as low
viscosity, from Acros Organics, USA. Anhydrous calcium chloride
(CaCl2) was purchased from Scharlab S.L., Australia. Ultrasonic gel
was obtained from Australian Medical Association, Australia. All other
solvents and reagents used in this study were supplied by Merck, NSW,
Australia and were of analytical grade.

2.2. Drug stock preparation

The stock suspension of TCA (4 mg/ml) was prepared by solubilis-
ing the crystalline powder of TCA with the ultra water-soluble gel
(10%). The calcium chloride stock solution (10% w/v) was prepared by
dissolving the salt to deionized water. Alloxan was mixed with saline
prior to injection. All preparations were mixed for 3 h at room
temperature to ensure uniform mixing and were used within 24 h of
preparation.

2.3. Formation of microcapsules

The microencapsulation of TCA was carried out by combining a
mixture of SA and TCA (1.8% and 4 mg/ml) and dispersing in deionized
water (prior to use by microencapsulation process) using our well-
established microencapsulating methodologies (Mooranian et al.,
2016a; Mathavan et al., 2016a; Negrulj et al., 2016).

2.4. Microencapsulation efficiency, analyte content, production yield and
microcapsules characterisations

0.1 g of microcapsules were weighed, and dissolved in 200 ml of
phosphate buffer (pH 7.8) and the suspension was stirred and aliquots
of the dissolution medium (2 ml) were withdrawn and TCA measured
using established Liquid Chromatography Mass Spectroscopic methods
(Mikov et al., 2007). The analyte contents, production yield and
microencapsulation efficiency were calculated using our established
methods, as described elsewhere (Mooranian et al., 2014a, 2014b,
2014c, 2015a).

The characterisation studies were done using Optical microscopy
(OM)- Nikon YS2-H, Japan; Scanning electron microscopy (SEM)- Zeiss
Neon 40EsB FIBSEM (Cambridge, MA) and Energy dispersive X-ray
spectra (EDXR)- Oxford Instruments, INCA X-Act, Concord, MA), as per
our established methods. Briefly, OM was used to evaluate the shape of
the formulated microcapsules, while SEM and EDXR were used to
investigate the surface morphological features of the microcapsules and
elemental distribution of the atoms distributed across the surface of the

Fig. 1. Study design detailing animal work.
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