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Studies of Morphine Oral Solution with Optimal Stability and
Formulation of Improved Bioavailability
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The object of this study was to develop the morphine oral solution with optimal
stability and improve the formulation of bioavailability. Tocopheryl polyethylene
glycol 1000 succinate (TPGS) was selected as an additive for the purpose of acting
as an anti-oxidant and a P-gp inhibitor. The effects of TPGS on the improvement of
morphine stability in the oral solution were investigated. The influence of TPGS on
Pgp-mediated efflux in monolayers of Caco-2 cells to modify the morphine

absorption in the intestine was also examined.

The accelerated stability of morphine in the oral solution was compared in the
concentration of 2, 4, and 8 mg/mL with the addition of TPGS content at the various
levels of 0.01% —0.5%. The pH values were controlled either at 3, 3.5, 4, or 4.5,
respectively. All solutions were stored in high-density PE bottles either half-filled or
full-filled. Samples were taken at the interval of immediately after preparation, after
1, 2 week, 1, 2 or 3 month of storage at 40°C / 75% RH (relative humidity). In vitro
monolayer studies using caco-2 cells were employed to explore the optimal

concentration of TPGS on the inhibition of P-gp mediated transport of morphine.

Results showed that in the accelerated stability studies of morphine solution, the pH
of all formulations remained nearly unchanged over all of the periods. The
concentrations of morphine also remained constant during the stability studies,
indicating that morphine oral solutions were stable upto 3 months under all
conditions tested. Transport of 10uM morphine in caco-2 cell model showed that the
efflux to be higher than the influx (3.68x106 cm/s vs 3.09x106 cm/s). Morphine
transport rates could be doubled when morphine administered with P-gp inhibitor of
TPGS with EC50 (effective concentration 50%) of 0.887%. The EC50 value of TPGS
was less than that of pluronic F-68 suggesting that TPGS had a stronger inhibitory
potency than pluronic F-68.

In conclusion, when TPGS used as an antioxidants, which enable to prevent the
degradation of morphine in the oral solution forms. Moreover, TPGS also played an
important role of acting as a P-gp inhibitor to improve morphine absorption. The
extent of its effects on the bioavailability of morphine absorption are needed for

further exploration.



