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In this work we present the results of an orientation analysis of a single tautomeric curcumin

molecule in water and polymeric melts of poly(2-oxazoline) and poly(2-oxazine) based triblock

copolymers. The results yield stacking of the aromatic phenyl rings for curcumin solvated

in water, while showing that the molecule is mostly prolate when solvated in the polymeric

melts. The comparison of curcumin in the two different triblock copolymers however showed

no significant difference in the two observed reaction coordinates d and θ.

1 Introduction

Efficient delivery of drug molecules to patients is a major problem. In most cases, drug

transportation cannot simply be achieved in an aqueous solution, since the majority of

modern drugs have very poor water solubility, but requires some sort of carrier molecule

which needs to have both, hydrophilic and hydrophobic parts, to be able to dissolve the

drug molecules. Two examples of such hydrophobic drugs are paclitaxel (PTX) and cur-

cumin (CUR), with water solubilities of 5.56mg/L9 and 5.75mg/L,10 respectively.

Lübtow et al.1 showed a comparison of the maximal drug concentration of these

drugs achievable in ABA triblock copolymers based on a hydrophilic part A, consisting

of poly(2-methyl-2-oxazoline) (pMeOx), and a hydrophobic part B, consisting of poly(2-

oxazoline) (pOx) or poly(2-oxazine) based polymers (pOzi), namely poly(2-n-propyl-

2-oxazoline) (pPrOx), poly(2-butyl-2-oxazoline) (pBuOx), poly(2-n-propyl-2-oxazine)

(pPrOzi) and poly(2-n-butyl-2-oxazine) (pBuOzi), of which two can be seen in Fig. 1.

Surprisingly, they found that the structural isomers ApBuOxA and ApPrOziA showed the

biggest difference in solubility for the different drugs.

While ApBuOxA achieved the best PTX drug loading of ≈ 48wt%, ApPrOziA

showed the second worst drug loading of approximately 25wt%, corresponding to a drug

concentration of ρPTX = 9.04 ± 0.61 g/L and ρPTX = 3.27 ± 0.01 g/L, respectively, for

a polymer concentration of ρp = 10 g/L. The same test for CUR displayed a signifi-

cantly different behaviour, as it showed the highest drug loading of ≈ 54wt% with the

polymer ApPrOziA and yielded the worst drug loading of ≈ 24wt% in combination with

ApBuOxA, again with a polymer concentration of ρp = 10 g/L and corresponding to a

curcumin concentration of ρCUR = 11.91±0.59 g/L and ρCUR = 3.23±0.18 g/L, respec-

tively.1

Schulz et al.2 did research on the morphological properties of similar copolymers

with PTX loading, which yielded that the polymer-drug-macromolecular structure forms

spherical micelles, with a size of 10 to 25 nm, even at small drug loadings in aqueous

solutions. The structural model proposed by Pöppler et al.3 gives a deeper insight into the
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4 Conclusion

The simulations done in this work give an impression of how a single curcumin molecule is

incorporated within the interface region of triblock copolymer micelles and its orientation

in different solutions. While the results of our simulations were able to show a difference

in orientation for curcumin solvated in water (stacking of the aromatic phenyl rings) and

curcumin in polymeric melt (mostly showing a prolated form), it could not show significant

differences when comparing the orientation of curcumin in ApBuOxA and ApPrOziA, thus

not confirming the findings of Lübtow et al.1

A possible reason for this could be that the diffusion time of the polymeric melt is

too large to get viable results by simulations as short as 30 ns. By using single curcumin

molecules instead of multiple ones we also stray far from the concentration achieved by

Lübtow et al.1 and therefore neglect possible curcumin-curcumin interactions, which could

also stabilise the micelle and increase drug loading. Taking the structural model for these

specific polymer micelles proposed by Pöppler et al.3 into account, simulations of the core

and corona regions and comparisons of the different regions could also yield important

informations for understanding the high drug loading ability of ApPrOziA, which will be

investigated in the future.

Another way to find differences in the two polymer systems could be the radial dis-

tribution of different functional groups of the polymers in respect to functional groups of

curcumin, since the keto-enol form exhibits an additional hydrogen bond donor, that could

possibly alter the way in which the functional groups of the polymers move.
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