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ABSTRACT

The first objective of the study is to examine the effect of caffeine (caff) on the diffusion of two pain-relieving drugs, namely paracetamol (HPA) and
sodium salicylate (NaSal), in aqueous solutions at a temperature of 25.0 °C, and secondly, to analyse the influence of sodium hyaluronate (NaHy), on
the coupled diffusion of these analgesics drugs and this xanthine (HPA/caffeine and NaSal/caffeine).

Ternary mutual diffusion coefficients (D,;, D.,,, D;, and D,;)[1,2] are reported for aqueous solutions of {(paracetamol (HPA) + caffeine (Caff)} and {
(sodium salicylate (NaSal) + caffeine (Caff))} solutions at 25.0 °C and concentrations up to 0.050 mol dm=3. The data indicates that the presence of
caffeine affects the diffusion of analgesic drugs. A coupled diffusion of these drugs with caffeine was observed through the non-zero values of the
cross-diffusion coefficients, D,, and D,,. In addition, from these data, the association constants K= 80 mol-' dm3 and K = 70 for the formation of the
complexes {(caffeine and paracetamol) and (caffeine and salicylate sodium)}, were estimated.

The influence of polysaccharide, sodium hyaluronate (NaHy), on the diffusion of aqueous solutions of two analgesics drugs and caffeine has been
iInvestigated. This interaction of these drugs with NaHy has been assessed by measuring multicomponent intermolecular diffusion coefficients at 25.0
°C. There is coupled diffusion of paracetamol (or NaSal) and NaHy, as indicated by negative cross-diffusion coefficients, D,, and D,,, which suggests
that there is interaction between the solutes. This work will contribute to unveiling the mechanisms responsible for transport by diffusion of these
drugs in different carriers in aqueous solutions, and, therefore, provide data to the scientific and technology communities.

- MATERIAL AND METHODS

t=t, — A In recent years the Taylor dispersion method [1] has emerged as a simple and rapid technique for
£% i the reliable determination of mutual diffusion coefficients (chemical interdiffusion) in liquids.
The usual procedure is to inject a small volume of solution containing solute at some
concentration into a laminar carrier stream of different composition . As the injected sample flows
through a long capillary tube, radial diffusion and convection along the tube axis shape the initial
O concentration pulse into a Gaussian profile. Binary mutual diffusion coefficients (D) are
calculated from the broadened distribution of the dispersed sample measured at the tube outlet.
Extensions of this technique have been used to measure ternary and quaternary mutual diffusion
coefficients (D,) for multicomponent solutions. These results include cross-coefficients D, (i#k)
025 ¢ describing the coupled fluxes of solutes driven by concentrations gradients in other solutes.
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Figure 1. Schematic representation of Taylor dispersion method.
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Table 1. Tracer ternary diffusion coefficients for NaHy (M=124KDa) in aqueous solutions containing different drugs

5 0 ; Figure 2. Estimation of moles of drug at 0.005 mol dm-3 at 25.0 °C.
= : transported for each mol of caffeine for
2 o1y different values of molar fraction, X;. = D..+S.2 D..tS.2 D..tS.2 Dt S.2

; | D,,/D,, | represents the number of moles Drug 1= *D 12= %D 21=~'D 22=~D

005 | L of paracetamol counter transported for
[ each mol of caffeine. [l D,,/D
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X, caffeine.
. 0.765+0.018 +0.01620.030 —0.030+0.080 0.652+0.019
Caffeine
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CONCLUSIONS

Based on these measurements of diffusion coefficients for the aqueous ternary systems
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Figure 3. Estimation of moles of drug
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studied, (that is, Paracetamol/Caffeine and Sodium Salicylate/Caffeine), we conclude
that the presence of caffeine at low concentrations (c<0.010 mol dm=3) affects the
diffusion of these drugs. There is coupled diffusion of paracetamol (or NaSal) and
caffeine, as indicated by negative cross-diffusion coefficients, D;, and D,;, which
suggests that there is interaction between the solutes (D,,<0 and D,, <0).

In addition, for ternary systems NaSal/NaHy, it can be seen that there are also coupled
flows (D,»>0). That is, there is a favorable transport of Nasal towards the NaHy
concentration gradient at tracer concentrations (“co-transport”).

Diffusion coefficients measured for aqueous solutions of systems containing sodium
hyaluronate and these drugs provide transport data necessary to model the diffusion in
pharmaceutical and engineering applications.
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