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Anticancer drugs are substances with a lot of naddnterest nowadays. So, the obtaining of
drug delivery systems containing anticancer drigga ivery important field of research in
pharmacological industry. The implementation ofesgptical technologies it would secure
the quality of these products. Supercritical antisent (SAS) processes are an election with
important advantages to design clean particles.sVh#hesis of this kind of materials requires
an important previous knowledge of the global systdrug-biopolymer substrate-solvent-
supercritical fluid (carbon dioxide, normally). Czaguently, one first step to create the final
product could be the investigation of the binargtegn anticancer drug—supercritical carbon
dioxide (scCQ®). The anticancer drugs selected have been twotaswues with available
solubility data in literature: 5-fluorouracil andagitaxel. A model based on different
Equations of State (EOS), namely Peng-RobinsonPatél-Teja and using twa(T) (Soave
and Aznar-Silva Telles) has been applied. Theretbeemost adequate pair of EOS ai(d)

for each system has been selected by comparisdheotheoretical results and the ones
reported in the literature at different conditioAsnbrose and Joback methods have been used
to estimate the unknown critical properties of #rgicancer drugs. Finally, Aznar-Silva
Telles parameters are reported for 5-FU and paelita
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INTRODUCTION

The synthesis of new composites with pharmaceugipalications is a field with growing
interest currently. These materials are called ddetivery systems. With regard to the
structure of mentioned materials, two parts ard diffierentiated: the active ingredient and
the biopolymeric cover or matrix [1].

Traditional methods to obtain these drugs, e.g.l&€om solvent evaporation techniques or
spray-drying methods, require the utilization ofjamic solvents, frequently toxics. So, these
technigues need an additional drying stage to predbe patient health. On the other hand,
supercritical technologies have been widely exgloneparticle design [2-4]. Considering the

previous literature [5], the use of supercriticathnologies to obtain the abovementioned
biocomposites has several advantages, like the ssgsration between the solvent and the
drug, the purity of the synthesized product withsolivent residues, the easy removal of the
solvent, and the moderated operating temperatures.

This way, the final aim is the obtaining of a cormsp® made of an anticancer drug and a
biocompatible polymer using a supercritical techieigConsequently, the actives ingredients



selected are 5-fluorouracil (5-FU) and paclitaxidie molecular structure of these drugs is
shown in Figure 1.

a b
Figure 1. Molecules of 5-fluorouracil (5-FU)x) and paclitaxellf).

On the other hand, the polymer selected is polg(titie) (PLLA), a biodegradable polymer
with adequate properties for these systems and@stiy studied in literature [6].

Additionally, the supercritical technology is sekxt considering the previous literature [6]; in
this case, the most adequate technology for theugtmn of anticancer drugs + PLLA
biocomposites is “supercritical anti-solvent pra&le6SAS). In these kind of processes the
carbon dioxide works as anti-solvent and it is e8akthe selection of a solvent able to
dissolve both polymer and drug and simultaneoushcille with CQ. The solvents more
employed in SAS processes are acetone, dichloramettDCM) and dimethyl sulfoxide
(DMSO)[7]. All of them have adequate solubility pesties for the studied system
(anticancer drug + PLLA) and they are very solublearbon dioxide as well. Nevertheless,
acetone seems to be the best selection for itstéoweity and cost. However, DCM and
DMSO will be tested too. Finally, the chosen supgcal fluid is carbon dioxide due to it is
innocuous and it has moderated critical constants.

Despite the fact that the obtaining of anticanaergdPLLA composites as particles using
supercritical technologies with little toxic soltens the final aim of the global study, the
work here presented only covers the previous stdgbe project: the study of the binary
equilibrium anticancer drug-COAfter that, several studies will be carried oatarder to
develop the anticancer drug—PLLA biocompositeftarmacological applications.

In literature, there are two works about the 54ftwwacil solubility in supercritical carbon
dioxide: Guney and Akgerman [8] and Suleiman et{@L. For the paclitaxel solubility in
supercritical CQ there are three different studies in bibliograptWgndana and Teja [10],
Nalesnik et al. [11] and the aforesaid Suleimankwy®}.

The main problem is there are serious discrepar@bseen the different experimental data
reported in literature. For paclitaxel, Vandana degh [10] and Suleiman et al. [9] reported
similar experimental data; so Nalesnik et al. [d4fa have been neglected. For 5-fluorouracil,
Guney and Akgerman [8] and Suleiman et al. [9] expental data are very different too.



Considering that the Suleiman data [9] have beemrasted before with paclitaxel, the
selected data for 5-FU case have been those onesllas

So, a theoretical model for vapour phase has bpphed made using the solubility data
selected (only Suleiman et al. [9] solubility déa 5-FU and only Vandana and Teja [10]
and Suleiman et al. [9] solubility data for pactgd. The mentioned Equations of state have
been used to apply this model.

The procedure has been developed according toitdratlire [12]. The process make it
possible distinguish the more adequate EOS for esdtem in several conditions.
Consequently, the theoretical model will be usdfulestimate the optimal conditions to
perform the future SAS experiments and to impriénekinowledge of the global system.

METHODS

Before the model was applied, the knowledge of sdygarameters is necessary i.e. boiling
point, critical properties and acentric factor.

In literature the boiling point of the paclitaxsl ieported [13], but for 5-FU is not available.
For this reason, the boiling point of 5-fluoroutatas been estimated using the Sanghvi and
Yalkowsky groups contribution method [14], sincésiknown that the boiling poinT{) of a
compound is required to estimate its critical prtps.

The critical properties of 5-FU and paclitaxel ao# offered in bibliography either. This way,
the critical properties: critical temperatuiie)( critical pressureR), critical volume ¥;) and
critical compressibility factorz)) are estimated too. Two different methods are usdtis
work to estimate the abovementioned critical proggerthe Ambrose method [15,16], and the
Joback method [17].

After that, the calculation of the compressibili&gtor ) is possible. To obtaim, equations
1-2 are used, like is suggested in literature [18]:

6 =22 (1)

= (2)(Z)l0gR) - 1 2)

When boiling points, critical properties and acentactors for 5-fluorouracil and paclitaxel
are kwon, applying the model is possible. Peng-Rsdm [19] and Patel-Teja [20] are the
Equations of State (EOS) selected to model the wapbase of the anticancer drug-carbon
dioxide systems. In this work will be study whathe most adequate EOS for these systems.
Peng-Robinson EOS is shown in equations 3-4, whalel Teja EOS is shown in equations
5-8. In these equations pressuiRy, temperatureT) and molar volume\() are in I.S. units
(Pa, K and mrmol” respectively)R is the ideal gas constaf<8,314J-mol-1K).



PENG-ROBINSON EOS

RT aca(T)

P=y3- V(V+b)+b(V—b) (3)
22
a. = 0.45724% b =0.07780 ¢ (4)
PATEL-TEJA EOS
_ RT aca(T)
P= V—b  V(V+b)+c(V—b) ()
R2T? RT, RT,
CLC:.Qa P bZ.QbP—C CZQCP—C (6)
0,=1-3n
23+ (2-3702+3n%0,-n*=0 — Qpisthe smallest positive real root (7)

0, =372 +3(1-2n)2 +02+1—-37
n = 0.329032 — 0.076799w + 0.0211947 w? (8)

For the calculation of the(T) term, two expressions have been utilized: thesaak Soave
a(T) [21], shown in equations 9-11; and the Aznar-Silales (A-ST)a(T) [22], shown in
equations 12-13. The particularity of A-S({T) is that requires the correlation of the Aznar-
Silva Telles parametersy, ny I'. So, the value of the Aznar-Silva Telles paranseteil be
reported in this work.

SOAVE a(T)

(1) = [1+m(1-T)] )@
m = 0.3476 + 1.5423w — 0.2699w? (20)
T, =T/T, (11)

AZNAR-SILVA TELLES o(T)

a(T) = exp [m(l —TH)1-T."1+n (Ti — 1)] (12)

r

T, =T/T, (13)



To apply the previous EOS, is necessary using angisule. Van der Waals has been the
employed mixing rule, because it does not requiseaditional parameter and it reproduces
correctly simple systems [22]. Van der Waals mixinlg is explained in equations 14-17.

VAN DER WAALS MIXING RULE

a=X 2 vy ay; (14)
a;; = Ja;a;(1 = ky)) kij =A+§ (15)
b =X Yy bij = X, vib; (16)

bi+bj

b =@(1 — 1) ==

17)
The used criterion gives the subscripto the anticancer drug and the subscBpb the
carbon dioxide. So, the molar fraction of anticardreig in vapour phase ys and the molar
fraction of carbon dioxide in vapour phase/isFora parameter in the mixing, a geometric
mean is used, but fdr parameter in the mixing an arithmetic mean is eygd with Van der
Waals mixing rule. The binary interaction paramejes approximately zero for solids, so,
equation 16 is simplified. The binary interacticargmetek; is obtained by adjust & andB
parameters.

So, four different sets of values for the modelesspure of the systerR)are obtained, since
there are four possible combinations of EOS w(fh):

1. EOS: Peng-Robinson(T): Soave 3. EOS: Patel-Tejau(T): Soave
2. EOS: Peng-Robinson(T): A-ST 4. EOS: Patel-Tejau(T): A-ST

The accuracy for every pair of EQ&F) in anticancer drug — carbon dioxide systems is
evaluated by two methods: the modeled pressurdivela@rror in percentagedP (%)
(equation 18), and the coefficient of determinatidn(equations 19-20). The experimental
and modeled pressure versus the molar fractiomwéancer drugyp) will be represented
too.

AP(%) — |Pexp;Pmodel| . 100 (18)
exp
2 _ 1 _ SSerror
= 1 SSTotal (19)
SSerror = Zi(Pexp - Pmodel)2 SSrotar = Zi(Pexp - %)2 (20)

RESULTS AND DISCUSSION

The results of the estimated properties by grougritutions methods for 5-fluorouracil (5-
FU) and paclitaxel are shown in Table 1 and Tabl@ boiling point method used, the



critical properties estimation method employed, lbbding points, the critical propertie3{
P., V. andz,) and the acentric factors are reported for thetimead anticancer drugs.

Table 1.Estimated boiling points for 5-FU and paclitaxel.

Compound | Boiling point Method | T, (K)
5-FU Sanghvi and Yalkowsky 703.59
Paclitaxel Literature [13] 491- 495

Table 2.Estimated critical properties and acentric facforss-FU and paclitaxel.

Critical P Vv
Compound roperties T (K ¢ ¢ /] o
P ngtho q c(K) (bar) | (cm*mol) Z
5-FU Ambrose 1056.17 58.59 248.0 0.16550.6662| 0.5071
Joback 1032.4% 62.20 285.5 0.20690.6815| 0.6395
Paclitaxel Ambrose 562.91 9.19 2198.1 0.4310.8758| 1.8947
Joback 827.05 7.44 2321.5 0.25125961| -0.4523

For 5-FU, both methods offer very similar resulis ¢ritical properties and acentric factors.
Using the Ambrose or the Joback method is indifferand both results are coherent.
However, in the case of paclitaxel, the selectedhotkis a very important step, because
Joback method gives impossible values for acefddtor <0); only Ambrose method is
correct for paclitaxel. This behavior is expectedduse Joback method is unsuitable with big
molecules [23]. To compare both compounds in theesaonditions, the critical properties
estimated by Ambrose method have been used in 8as# too.

Subsequently, the study of the most accurate patQS5- a(T) is developed. In Table 3 the
modeled pressure relative erraiP) and the coefficient of determinatiorf)(are reported for
the four possible combinations of EQEF). In Figure 2, the experimentaPd,) and the
modeled pressurdqe) Versus the molar fraction of anticancer dryg ére shown for some
temperatures. In both cases, selecting the mostatqrair of EOSx(T) is the final purpose.

Table 3.Modeled pressure relative error in percentaid®%), and coefficient of
determinationr?, with the different models selected in this work.

Compound E?alizt'(gég) a (T) AP (%) r?
Peng-Robinson Sqave 5.99 0.91661
5-FU Aznar-Silva Telles 3.90 0.94009
Patel-Teja Sqave 11.99 0.78717
Aznar-Silva Telles 6.38 0.90270
Peng-Robinson Sqave 6.51 0.9155¢9
Paclitaxel Aznar-Silva Telles 5.65 0.86699
. Soave 10.73 0.887572
Patel-Teja . j
Aznar-Silva Telles 6.05 0.94263
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Figure 2. Experimental data and graphic representationseofitbdels obtained for 5-FU%
35 and 55°C) and paclitax@i40°C and 50°C).
e: Experimental data from Suleiman et al. [&]: Experimental data from Vandana and Teja [10].
EOS: Peng-Robinson(T): Soave. — EOS: Peng-Robinson(T): Aznar-Silva Telles.
——=EQOS: Patel-Tejau(T): Soave. EOS: Patel-Tejau(T): Aznar-Silva Telles.

Generally speaking, with the introduction of thenAe-Silva Tellesx(T) an improvement is
revealed. Tie Aznar-Silva Telles term offers better fitted ralsdthan the Soave term (except
for paclitaxel with Peng-Robinson). With the mengd case exception, the Aznar-Silva
Telles option decreases th#(%) and increases the’. In this exception thelP(%) is
decreased but théis not increased.

At low pressures (< 200bar), Peng—Robinson EquaifoBtate is more accurate than Patel-
Teja Equation of State. Nevertheless, the conphgnomenon is observed at high pressures
(> 250Dbar).

On the one hand, the best pair of EQ®) for 5-FU is Peng-Robinson with Aznar-Silva
Telles \P(%)=3.90andr?=0.94009).



On the other hand, the best pair of EQ$) for paclitaxel is Patel-Teja with Aznar-Silva
Telles too AP(%)=6.05r?=0.94263). Although Peng-Robinson with Aznar-Silhelles has
got less pressure relative error in percentag€%)=5.65), the coefficient of determination is
too bad (*=0.86699).

Independently of the employed model, as temperahgreases the errors increases too, since
experimental data fit worse at high temperatures.

Finally, the Aznar-Silva Telles parameters obtaitgdcorrelation for each compound are
shown in Table 4, both Peng-Robinson and Patel-HgS.

Table 4.Aznar-Silva Telles parametens,(n and/") obtained by adjust for 5-FU and
paclitaxel with the different EOS.

oML Equation of Aznar-Silva Telles parameters
State (EOS) m n r
5.-FU Peng-Robinson 0.8199 -0.5731 -0.00857
Patel-Teja 0.8091 -0.5655 -0.002b
Paclitaxel Peng-Robinson 1.2516 -0.7579 -0.3097
Patel-Teja 1.0394 -0.5981 -0.3931L

It is revealed that Aznar-Silva Telles parametemorted in this work for 5-FU and paclitaxel
are independent of the Equation of State utilized.

CONCLUSIONS

The critical properties estimation methods of Andserand Joback are suitable to obtain
critical temperature, pressure, volume and comilniéisg factor for not very big molecules
(like 5-FU). However, for more complex moleculekédl paclitaxel), only Ambrose method
works, like is predicted in previous literature [23

In general, the introduction of the Aznar-Silva |[€sla(T) improves the precision of the

model with Peng-Robinson and Patel-Teja EquatiohsState in the studied systems:

anticancer drug (5-FU or paclitaxel) — supercriticarbon dioxide. At low pressures

(<200bar), the accuracy of Peng-Robinson EOS teihddut, at high pressures (>250bar) the
opposite fact is observed: Patel-Teja is more aakequn this work, all EOS have problems to
explain the behavior of the systems at high tentpera.

Regarding the Aznar-Silva Telles parameters obthiiteis worthy to say that the value of
them is independent of the Equation of State used.
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