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Improvement of intestinal absorption of poorly absorbed dugs by gemini surfactant
and sucrose fatty acid esters and their absorption enhancing mechanisms
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Oral administration represents the most convenient, safest, and least expensive way to deliver a drug and it is
the route most often used. The lack of pain and discomfort associated with injections, and the elimination of
possible infections caused by inappropriate use or reuse of needles are some of the advantages offered by the oral
route. Moreover, most patients prefer swallowing medicines to other routes of administration. However, many
obstacles have to be overcome in the gastrointestinal (Gl) tract for better absorption of the target drugs. The
physiological barriers, mainly represented by the presence of tight junctions (TJs), the biochemical barriers and the
physico-chemical characteristics of the target drug, are the major challenges in enhancing the GI absorption of
drugs. Various strategies have been evaluated to improve the intestinal absorption of such drugs, including the use
of additives like absorption enhancers. Absorption enhancers, which help to achieve the efficiency-safety balance,
are considered one of the most promising agents for the improvement the intestinal absorption of drugs.

Chapter 1. Absorption-enhancing effects and mechanisms of gemini surfactant on the intestinal absorption
of poorly absorbed hydrophilic drugs including peptide and protein drugs in rats

Gemini surfactants, consisting of two monomeric surfactants and linked through a spacer, are an important
class of functionalized amphiphilic molecules. These surfactants are superior to the single-chain conventional
surfactants, owing to better wetting properties due to their greater surface activities. The intestinal absorption of
drugs, with or without sodium dilauramidoglutamide lysine (SLG-30), a gemini surfactant, was examined by an in
situ closed-loop method in rats. The intestinal absorption of 5(6)-carboxyfluorescein (CF) and fluorescein
isothiocyanate-dextrans (FD4, FD10 and FD70) was significantly enhanced in the presence of SLG-30 at a
concentration of 0.5% (v/v), with 16, 13, 6 and 3 times higher than the control groups, respectively. Such effect
being reversible. Moreover, the plasma glucose levels significantly decreased when insulin was co-administered
with SLG-30 at a concentration of 0.5% (v/v) into the large intestines (59% decrease of the initial value),
suggestive of the increased intestinal absorption of insulin from the large intestines. Furthermore, the plasma
calcium levels significantly decreased when calcitonin was co-administered with SLG-30 at a concentration of




0.5% (v/v) into small (29% decrease of the initial value) and large (46% decrease of the initial value) intestines,
suggestive of the increased intestinal absorption of calcitonin from both small and large intestines. Comparison
studies with conventional absorption enhancers including sodium laurate and sodium glycocholate suggested that
SLG-30 was superior, effective as a whole compound and stable in the small intestines. In addition, no significant
increase in the lactate dehydrogenase (LDH) activity or in protein release from the intestinal epithelium was
observed in the presence of SLG-30, suggestive of the safety of this compound. Additionally, SLG-30 increased
the membrane fluidity at the protein portion of the cells membranes. On the top of that, SLG-30 decreased the
transepithelial electrical resistance (TEER) values of Caco-2 cells significantly, suggestive of loosening of the TJs.
In this context, the expression levels of claudin-1 and claudin-4 significantly deceased with 57% and 64%,
respectively, compared with the control group, in the presence of SLG-30 at a concentration of 0.5% (v/v), then
started to recover after washing out SLG-30 from the intestines. These findings indicate that SLG-30 is an
effective absorption enhancer for improving the intestinal absorption of poorly absorbed drugs, without causing
serious damage to the intestinal epithelium. The mechanisms might be changing the membrane fluidity, and
loosening of TJs by decreasing the expression of claudin-1 and claudin-4, enhancing by that the absorption
through the transcellular and paracellular pathway, respectively.

Chapter 2. Enhanced oral delivery of alendronate by sucrose fatty acids esters in rats and their absorption-
enhancing mechanisms
Bisphosphonates, carbon-substituted pyrophosphate analogs, are useful in reducing the hazard of future

fractures in osteoporosis patients who have already sustained a fracture due to the disease. However, the intestinal
absorption of alendronate (ALN), a bisphosphonate drug, after oral administration is very poor. In this study,
sucrose fatty acid esters as promising absorption enhancers were used to enhance the intestinal absorption of ALN
using an in situ closed-loop method in rats. The intestinal absorption of ALN was significantly enhanced in the
presence of sucrose fatty acid esters. The best absorption enhancing effect was observed in the presence of L-1695
in a dose-dependent manner, with 11 times higher than the control group at a concentration of 5.0% (w/V).
Moreover, there is almost no regional differences in the intestinal absorption of ALN in the small and the large
intestines. In addition, no considerable increase was observed in the activity of LDH or in protein release from the
intestinal epithelium in the presence of sucrose fatty acid esters at concentrations equivalent to or lower than 1.0%
(w/v), suggesting that these compounds are safe. Furthermore, mechanistic studies revealed increased membrane
fluidity in the presence of sucrose fatty acid esters at the inner portion between the phospholipids bilayers and at
extracellular faces of the phospholipids bilayers of the membrane. Additionally, sucrose fatty acid esters at all
studied concentrations significantly decreased the TEER values of Caco-2 cells. TEER values recovered to the
baseline after removing sucrose fatty acid esters and ALN. Therefore, the loosening of the TJs might be another
underlying mechanism by which sucrose fatty acid esters improve the intestinal absorption of ALN. L-1695 at a
concentration of 2.0% (w/v) decreased the levels of claudin-1 and claudin-4, with 24% and 49%, respectively,
compared with the control group. Such effect being reversible. These findings suggest that sucrose fatty acid esters
are effective absorption enhancers for improving the intestinal absorption of ALN, without causing serious damage
to the intestinal epithelium, through the transcellular and paracellular routes, respectively.

These findings give us basic information about enhancing the intestinal absorption of poorly absorbed drugs
including peptide and protein drugs.
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