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ABSTRACT

The solubility of the drug substances in waterng of the major factors taken into account in therfulation of
oral solutions and parenteral dosage forms. Thesen¢ study was conducted to improve the solubdity
acetaminophen in water by the use of phospholipiu$ nonionic surfactants (Tweer80 and SolutSl 15HS).
These excipients are well tolerated by the parehterute and allow the solubilization through a edlar system.
In our study, a design of experiments approach tesmted using a mixture design of nonionic surfastan
phospholipids and acetaminophen. The results shanvgidnificant increase in the solubility in alled mixtures.
The analysis of the design space showed that thebibty of acetaminophen varies very closely withe
concentration of the three surfactants in water atgb with their association.
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INTRODUCTION

Nowadays about 40% of newly developed active pheenigcal ingredients are rejected in early phaseldpment
and will never find a way to a patient becausehefrtpoor water solubility leading to bioavailabjlproblems [1].

Furthermore, up to 70% of drug molecules comingnfreynthesis have solubility problems [2]. Solulgition of

poorly water-soluble drugs is essential for theppration of many commercially available oral s@uo8, parenteral,
soft gelatin, and topical pharmaceutical formulasioT he addition of miscible organic solvents (@salvents) is the
most common and feasible method to increase thubisit} of drugs [3].

Different efforts to improve the solubility of dragising a capable vehicle to enclose hydrophohigsjrsuch as
inclusion complexes with cyclodextrins, microemaots, dendrimers or liposome formulations have been
established so far [4-7]. However, all these systexhibit disadvantages, e.g. cyclodextrins neatiap guest
molecule structures for complexation. Microemulsgystems are characterised by high surfactant otrad®ns
which mostly are not well tolerable and those systare often only stable at an explicit compositbsurfactants,
cosurfactants, oil and water [8]. Surfactants arewkn to play a vital role in many processes ofregé in both
fundamental and applied science. They form collesized clusters in solutions, known as micellekjolv have
particular significance in pharmacy because ofrthRility to increase the solubility of poorly sble drugs in water
and thus increase their bioavailability [9, 10] sike these molecular conditions the surfactanbhéurshould have a
HLB-value above 10 (HLB = hydrophilic-lipophilic lznce) to assure an adequate water solubility.

With respect to parenteral application, one carudedrom liposome research that phospholipids smethe only
class of excipients offering unique benefits fosumface active ingredient as they are non-toxicemarally well
tolerated, and exhibit a high biocompatibility. Hewer, phospholipids are forming bilayer structuaed typically
not micelles which could be used to solubilize aerénsoluble drug. Under specific conditions, ghtedipids and
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phospholipid derivatives do form mixed micellest@zsl of vesicles when being combined with suit&lyidrophilic
surfactants [11-13].

Mixed micelles present a convenient drug delivarstam as they are thermodynamically stable (in @iepn to
liposomes), nano-sized vehicles with sizes of ugua-60 nm [14, 15]. Mixed micelles can be produdsd
combining natural phospholipids with specific satémts. In a classical mixed micelles system, thespholipid
serves as a water insoluble but swellable amphiptdmponent next to a water soluble surfactan}. [ABhough it
is possible for phospholipids to form mixed mics/l@enly one mixed micellar system has found its wayhe
pharmaceutical drug market: In KonakforMM unsaturated phosphatidylcholine (lecithin) isixed with
glycocholic acid (sodium salt) representing thessieal mixed micelle system composed of lecithla/balt.

As concern the surfactants, Macrogol 15 Hydroxystea(Solutd? 15HS) and polysorbate (TwéeB0) are two
commonly used nonionic surfactants. Each of them d¢at pharmaceutical and medicinal values. Forants,
Solutof’ 15HS is widely used as formulation stabilizer atsth @n excellent solubilizer for parenteral usee Same
is true for Tweefi 80. It promotes solubilization of water insolublieigs besides improving formulation stability.

In this work, we tried to increase the solubilitfy acetaminophen in water using surfactants and palipids.

Acetaminophen was given preferences as it has didimeutmost popularity as an analgesic and armtijzyagent.
Its a class Il drug of biopharmaceutical clagsifion system and its solubility is classified high this

classification system [3, 17]; however, in the fofation of liquid dosage forms, its solubility shdue increased
because of the volume limitations of the formulasioln the literature one part of acetaminophesoiable in 70 to
100 parts of water at room temperature [18, 19gré&fore, an injection of 1 g of acetaminophen nemas 70 ml

of water for injection. For this purpose, a mixtwknonionic surfactants and phospholipids are doetb with

acetaminophen using experimental design approathstieffective to identify optimal concentratiosfsactives and
excipients [20-26].

The purpose of this study is to evaluate the wtiit a mixture design to determine the optimum cosifjion for
obtaining a significant increase in the solubibfyacetaminophen in water [27-30].

EXPERIMENTAL SECTION

Instruments and Reagents

A sample of Acetaminophen {8;NO,) (p-hydroxyacetanilide) was obtained as donationfrom Bottu
Pharmaceutical Company (Morocco). LipBifi75, a fatfree soybean phospholipid for paremgplieation with 70%
phosphatidylcholine was a donation from Lipoid Gmiitidwigshafen, Germany). Nonionic surfactants &sfu
HS 15 (mixture of free polyethylene glycol 660 arftthydroxystearate of polyethylene glycol 660) ameerf 80
(polysorbate 80), were purchased from BASF (Ludhwdden, Germany) and Merck (Germany), respectively.
Freshly distilled and filtered water was used faegaration of all the solutions.

In order to determine the maximum amount of acetaptien which can be solubilized by the mixtures of
surfactants and phospholipids, absorbance measntemesre carried out using UV/visible spectrophatten
(Shimadzu UV 2450; Japan). For size control in @isipn, a dynamic light scattering (DLS) by Zetasi2000HS
(Malvern Instruments, France) was used.

Experimental design

To define the formulation space for the acetamimopmixtures, we tested an experimental design kygus
softwareDesign-Expeft that is a statistical tool that enables calcutafir factorial designs and drawing graphs for
design evaluation. In this article, a D-optimal esimental design (mixture design) was selectedviduate and
model the effects of surfactants and phospholiprdgenhancing solubility of acetaminophen in watdris provides
maximum information from a limited number of expeeints. The studied factors were: the amounts dfitdfhS75
(X1 = B), Tweef! 80 (X2 = C) and Solut8IHS 15 (X3 = D). Output parameters included druglsitity and size
measurements.

To make this experimental design, we used a constantentration of acetaminophen at 3% w/w in gflexiences.
This concentration is 3 times higher to the conediain usually soluble in water. Table | shows theges of these
components for the determination of functional gesipace. The lower and upper limits of others acomepts were
determined to allow a solubilizing effect and aaloilie concentration for parenteral administratibs, [31].
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Tablel. Lower and upper limits of surfactants and phospholipids used to make the experimental design

Components Lower limit %  Upper limit %
X1: Lipoid®S75 0 05

X2: Tweer? 80 0 2

X3: Solutof HS 15 0 2

With the software Design Exp&rive experimented a matrix of 22 formulations afedént ratios of all components
(Table 11).

Preparation of the samples
Mixed surfactant-phospholipid system was prepared Hirect dispersion method according to methadsipusly
described in the literature [32-34].

Pure surfactant and pure phospholipid stock solstisvere prepared by accurately weighting the apjatep
guantity of material and diluting with distilled vea to the final volume. The stocks solutions & tater-insoluble
phospholipid component and the water soluble stafas were dispersed together in phosphate buf@§70/1 at
pH 7.4 in conical vials by weighting the appropgiamounts of surfactants and then adding the desim®unts of
phospholipids [12, 35]. The respective amountdafsed according to the mixture design alreadiized.

Starting at a higher temperature of €D in order to obtain an optimal hydration of theoppholipids above its
thermotropic transition temperature, the sampldésqailibrated at 25°C for at least 24 h in thertatel water bath
(GFL1083, Germany) [36, 37]. The final concentrataf surfactants (Lipoitl S75 + Tweefi 80 + Solutd? HS 15)
in each vial is changing according to our mixtuesidn, from 0 to 4.5% w/w.

Drug solubilization study was conducted at normey temperature following direct dispersion methduere the
model drug at fixed concentration of 3% w/w, waxexi with the surfactants dispersion previously pred. The
vials were then shaken in a thermostated waterdt=@#C for at least 24 h. After 24 h storage at roomperature
the samples reached equilibrium. Excess amountheofdrug were then separated by 12 min centrifagadit
12,000 rpm in a centrifuge (industria epfl2, Argaaf.

Solubility deter mination

Of the clear supernatant solution in all conicalls; a definite quantity was properly removed aidted with
methanol. Absorbance was determined at 249 nm.amheunt of drug solubilized was then obtained frdma t
standard curve drawn with absorbance versus catiemt

All data reported are the average of three indepeincdamples. For the calibration curve, five ddfar
concentrations in a range from 1% w/w to 4.10° % w/w were prepared by dilution from a stock solutof the
drug in methanol. The concentration absorptiorti@iahip obeyed the Beers—Lambert lafv=10.9986).

Size deter mination

Dynamic Light Scattering was used to measure aisizerange between 0.3nm and 10um [38, 39]. émployed
for the point having the maximum of solubility. Memement was carried out at @5after 5min of equilibration. To
avoid any loss, like larger vesicles, the produssaiple was analyzed without a dilution and filtratstep.

RESULTSAND DISCUSSION

Solubility of acetaminophen

All the mixture experiments were conducted in randwder and the calculations performed by the Degigperf
software. The solubility results of the 22 mixture$ acetaminophen in various ratios of surfactaaisl
phospholipids are shown in Table II.

These experiments show an improvement of solubilftpm 20 to 60%, compared to the solubility of

acetaminophen in water, without additives, examibgdhe run 22. So, the solubility of acetaminoplhas been
multiplied by a factor of 1,6 in the run 2.
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Tablell. Mixture design of experiments and solubility results of the 22 mixtur es of acetaminophen

Acetaminophen X1: Lipoid® S75 X2:Tween® 80 X3: Solutol® HS X4: Water  Solubility

Run % wiw % wiw % wiw 15 % wiw % wiw % wiw
1 3,00 0,00 2,00 2,00 93,00 1,468
2 3,00 0,38 1,50 1,50 93,63 1,641
3 3,00 0,50 0,00 2,00 94,50 1,326
4 3,00 0,00 0,00 2,00 95,00 1,347
5 3,00 0,25 1,00 2,00 93,75 1,528
6 3,00 0,00 2,00 2,00 93,00 1,500
7 3,00 0,00 0,00 1,00 96,00 1,238
8 3,00 0,25 1,00 1,00 94,75 1,417
9 3,00 0,25 0,00 0,00 96,75 1,214
10 3,00 0,25 2,00 1,00 93,75 1,509
11 3,00 0,50 0,00 2,00 94,50 1,348
12 3,00 0,25 0,50 0,50 95,75 1,317
13 3,00 0,00 1,00 1,00 95,00 1,325
14 3,00 0,50 2,00 2,00 92,50 1,541
15 3,00 0,00 2,00 0,00 95,00 1,246
16 3,00 0,50 1,00 0,00 95,50 1,269
17 3,00 0,50 2,00 2,00 92,50 1,481
18 3,00 0,00 2,00 0,00 95,00 1,353
19 3,00 0,38 1,50 0,50 94,63 1,336
20 3,00 0,13 1,00 1,50 94,38 1,407
21 3,00 0,50 1,00 0,00 95,50 1,307
22 3,00 0,00 0,00 0,00 97,00 1,047
Lipoid 753 0 0.00 Design-Expert® Software
Paracetamol = 3%
(a) Water = 93%
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1.00

2.00

3.00
1.00
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Figure 1: Contours plots of estimated solubility of acetaminophen (% w/w) with a, b and c respectively at 93% 94,5% and 96% of water

Experimental design and mathematical modeling

Experiments were carried out to determine the nmattieal relationship bween the factors influencing tl
performance and the characteristics of the forrmanatA first order polynomial regression model reggnted by
linear equation was selected as follc

Y=a X1+ X2+gxX3+agX4

Where Y is the solubilityprediction of acetaminophen;, &, & and g are the estimated coefficients from -
observed experimental values of solubility for Xippid® S75), X2 (Tweef 80), X3 (Solutc® H15S) and X4
(Water). The response of solubility of acetaminaplgpresse by a linear equation was as follov

Solubility = 0,13426 X1 + 0,10395 X2 + 0,10610 X®;8011765 X

With solubility measurements, mixtures were desigbg Design Expe® to explore the feasibility zone present
the maximum solubility for acetaminophen. Figureefiresents the experimental domain inside the giiagram
at different ratio of water.

Statistical analysis

The statistical analysis of variance (ANOV/4he RSquared and precision was made by Design E®. The
significance of the model was estimated by applyMNPVA at the 5% significance level. A model wasswerec
significant if the pvalue was <0,05. The Mode-value of 20,56 implies the model sgynificant. At most there i
only a 0.01 % chance that this large could occur tdunoise. Precision measures the signal to matse should be
greater than 4. Our ratio of 14,86 indicate an adex signal. Therefore this model can be used tigaie the
design space.

Model and resultsanalysis

With this model, the use of phospholipid alone does irprove solubility considerir the equivalence of the
coefficients a (Lipoid® S75), a (Tweer® 80) and g (Solutof’ H15S).These results can be caused by a prot
precipitation of phospholipids and an aggregationthe form of doubklayered which does not support !
solubilization of the eetaminophen. The r9 showsconsequently the weakest improvemef the solubility of our
matrix.

The measurement of the sizgy DLS, of the rur2 who had the maximum solubilitghows an average size of 13
nm (figure 2).

Also, It has already been reported that polysorBatéorms mixed micelles as well as vesicles whéxecthwith
phosphatidylcholine [40, 41Additionally, surfactants like Soluf® HS15 were more able to form mixed micel
with phosphatidylcholine when there hydrophilicisyonly located at the polar head region and ptssarshor
chain of fatty acids as there hydrophobic ([14]. This indicates that dissolution is probably maddeugh &
micellar dispersion of acetaminophen. The presefdaveer® 80 and Solut§l HS15 in combination with Lipo®
S75 may dbw the formation of mixed micelles of acetaminop!
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Figure 3: Surface plots of estimated solubility (% w/w) of acetaminophen, with a, b and c respectively at 93% 94,5% and 96% of water
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In figure 1, the solubility of the acetaminophemiga very closely with the concentration of thesthcomponents in
water. Exploring the proportion of surfactants aplospholipid, shows that solubility is affected Hyeir
association. Increasing the proportion of the tlw@®ponents is in favor of higher solubility.

Response surface plots showing the effect of stanfid® and phospholipids on solubility are preseimefigure 3.
With this model, response surface is closely relatethe concentration of LipdidS75 in the preparation until a
maximum level of solubility. The increase in thencentration of Lipoifl is followed by a fast reduction in
solubility.

The prediction by the model of a better solubititg not give additional points. This shows that fineportions of
the various components bringing the maximum oflsitity are already included in our experiment matri

Optimization by mixture design of the solubility af hydrophobic molecule like acetaminophen assogiaa
phospholipid and nonionic surfactants seems to eorgisignificantly the solubility and defines thdeets and the
proportions of each component.
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