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ABSTRACT

The formation of solid dispersions is one of thehmes for drug hydrophilization. The data obtaineg low
temperature differential scanning calorimetry (DS@s shown an opportunity to formation of solidodisions of
a hydrophobic drug — phenacetin with a biocompatipblymer — polyethylene glycol. It was establisttet in
case of polymer:phenacetin 5-10:1 ratios the ctjis& phase of the drug is not formed, while inead 1-4:1
ratios the pharmacological component shows featofesseparate phase and does not form a solicedsspn. The
observed exo-effects on DSC curves of the mixfrgmwlymer:phenacetin with ratios of 1-2:1 and 74 @&re
related to low-temperature crystallization of pobm Optimal polymer:drug ratio is 5-6:1. At thesatios
phenacetin completely dissolved in the polyethytgpeol phase and the quasi-stationary state cawsedrphous
part in solid dispersion is not observed. This thge with absence of polymer plasticization by #oatin may
facilitate the release of the drug from the comgosin hydrophilic media. The melting temperature sofid
dispersions does not exceed 35 2atlowing their use as capsular drugs, ointmentd anppositories.

Keywords: phenacetin, polyethylene glycol, solid dispersuifferential scanning calorimetry.

INTRODUCTION

The majority of modern drugs are poorly soluble vilater and this fact leads to poor absorption in the
gastrointestinal tract [1-3]. Formation of solicspiersions is one of the promising methods for tleeeasing the
hydrophobic drug biocompatibility [4-11]. Homogemsodistribution of a drug in hydrophilic polymer gse
increases solubility and, therefore, bioavailapitif the drug. The rate of dissolution increasesase of amorphous
drugs based on solid dispersion [6, 12].

Polyethylene glycols are widely used as a wateukdel polymer matrix to deliver drugs [13]. Thesdypters are
biocompatible [14, 15], have good water solubilitg] and low toxicity [17].

Polyethylene glycols with molar mass of 4000 anderare most often used as polymer matrix. For tpesaners
a possibility of solid dispersion formation withlarge amount of drug is shown [18-22]. However sgolid
dispersions have a relatively high melting tempeeat

Previously [23] it had been shown that for polyédimg glycol with a molar mass of 1305-1595 g/mel fibrmation

of the solid dispersions with hydrophobic drug (peetin) is observed when the polymer:phenacetio im more
than 5:1. Phenacetin in this case does not haveatigeable plasticizing influence on the polymeatrix and the
softening temperature of the formed composite do¢&xceed 45.2C. This value is a few degrees higher than the
standard human body temperature. So such solicedisms may be used only in tableted drug manufactu
Polyethylene glycols with melting temperature cles¢he physiological one may be used to form sdigpersions
with temperature regulated drug release. It is aigmrtant that the polyethylene glycols are rekdsi cheap.
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The main problem in solid dispersion design isdbtermination of the interval of polymer:drug raéibwhich the
crystalline phase of the drug does not formed aadbtained composite is highly soluble in water.

In the present study the optimum ratio between giblylene glycol which has the melting point closethe
physiological temperature and poorly soluble modelg — phenacetin was determined using the diffeden
scanning calorimetry. This information can helpptepare the solid dispersions of poor water-soldoigys with
polymers for increase the effectiveness of the dnaya variety of potential drug forms.

MATERIALS AND METHODS

2.1. Materials.
Polyethylene glycol molecular weight 950-1050 (PE®0) was obtained from Aldrich, Lot #MKBH0880V.
Phenacetin, 98% was obtained from Aldrich, Lot #B0B22. All components were used as received.

2.2. Preparation of mixtures.

Mechanical mixtures of polymer and phenacetin wespared by mixing of calculated amounts of thesg¢enals
in an agate mortar until complete homogenizatioasMpolymer:phenacetin ratios are 1:1, 2:1, 34, 31, 6:1,
7:1, 8:1, 9:1 and 10:1. The mixtures received regmewhite paste.

2.3. TG/DSC/MS analysis.

Using combined thermogravimetry and differentisdrating calorimetry method (TG/DSC) with the helpS¥A
449 C Jupiter thermoanalyzer (Netzsch, Germany}hbenal stability of PEG-1000 was determined i 30-500
°C temperature range. For the identification of theleed gases QMS 403 C Aéolos quadrupole massrspeeter
(Netzsch, Germany) coupled with the thermoanaly&&$-analysis) was used. The experiment was caoigdor
samples 7-27 mg in the argon dynamic atmospheflga rate of 75 ml/min) with the heating spee@@min.
Experiment details are described in [23-25].

The presence of volatile impurities in polymer:dragchanical mixtures and their thermal stabilityevstudied in
temperature range 30-200.°

2.4. Low-temperature DSC analysis.

The enthalpies and temperatures of phase transifiBiE G-1000 as well as its mechanical mixtures whenacetin
from -60 T to 160 T were determined using differential scanning cateter DSC 204 F1 Phoenix (Netzsch,
Germany), as described in [23]. Measurements wareed out for 8-17 mg samples in the argon dynamic
atmosphere (150 ml/min) with the heating/coolingesh 10 €/min.

RESULTS AND DISCUSSION

3.1. Results of TG/DSC/MS analysis of PEG-1000 aiitd mechanical mixtures with phenacetin.

Results of the simultaneous TG/DSC/MS analysisPiBG-1000 are shown in Figure 1. It was shown thertet is

no significant loss of sample weight up to 160 Above 300 € the thermal destruction of the polymer takes place
This process is accompanied with evolution of wated carbon dioxide as evidenced by the presenmmnsfwith
m/z=18 and 44 in the mass spectrum, accordingly.tl@n DSC curve is clearly visible endothermic effec
corresponding to the melting of the polymer. Thdenffects above 30°are associated with the decomposition
of PEG-1000.

For the mechanical mixtures of phenacetin-PEG-1B@Qinsignificant mass loss (from 0.12% for 1:1 tuir to
1.91% for 10:1 mixture) associated with loss ofcaided water was observed up to 160(Figure 2). Subsequent
sample mass loss in the temperature range 165Q@ associated with decomposition of phenacetinH@mass
spectrum there are ions with m/z=18 and 44) [23].

On DSC curves the endo-effects of polymer meltirggabserved. In case of composites of polymer:alritig ratio
of 1:1-5:1 also the endo-effect of phenacetin mgltire present. For mixtures with polymer:drugosatibove 5:1
the endo-effect of phenacetin melting is not fouNd.other effects associated with mass loss withénanalyzed
temperature range were revealed.

Thermal stability of phenacetin was determinedieaj23].
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Figure 1: The curves of simultaneous TG/DSC/MS foinitial sample of PEG-1000. Argon flow is 75 ml/minheating rate is 5 €/min
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Figure 2: The curves of simultaneous TG/DSC for PEA000:phenacetin mechanical mixture with ratio of 11 (solid lines), 5:1 (dashed
line) and 10:1 (dash-and-dot-line). Argon flow is 3 ml/min, heating rate is 5 C/min

3.2. Results of low-temperature DSC analysis of PEGO00 and phenacetin.

In order to obtain precise results of the phasestt@ns thermal effects a low-temperature difféi@nscanning
calorimetry was used. Results of DSC analysis dBAB00 and phenacetin in the range -60-16&fe shown in
Figures 3-5. The onset temperatures and enthafpieselting/crystallization of phenacetin were takeom [23].
Accordantly to heating/cooling curves (Figures 3Hg) melting of PEG-1000 begins at 35(5(&nthalpy 184.9 J/g)
and 33.3 € (enthalpy 171.4 J/g) for the first and second ihgaticcordingly. The onset temperature and enghalp
of the crystallization are equal to 23.@ and -167.5 J/g, accordingly. Difference betweenperatures of PEG-
1000 melting and crystallization is related to fasbling speed (10CYmin) leading to formation of supercooled
liquid [26-30]. The difference in melting enthalpiat the first and second heating is related tontherelaxation of
polymer [27, 31-33]. The onset temperatures andadpies of melting/crystallization for PEG-1000 grttenacetin
are represented in Table 1.

Table 1: The data of thermal analysis for initial @mples of PEG-1000 and phenacetin

Material 6, °CP | 1, °CC | t5, °C Y | AHy, JIgf | AH., Jig" | AHj, J/g®
Phenacetii | 134.2 | 134.1| 1184 188.8 188.3 -182.8
PEG-1000 35.4 33.3 23.4 184.9 171.4 -167
2 Data from ref. [23].
P t, — onset temperature of endo-effect (first heating)
°t, — onset temperature of endo-effect (second heating
9 t; — onset temperature of exo-effect (cooling).
€ AH; — enthalpy of the endo-effect (first heating).
 AH, — enthalpy of the endo-effect (second heating).
9 AH; — enthalpy of the exo-effect (cooling).

[§]
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3.3. Results of low-temperature DSC analysis of PEGO00:phenacetin mixtures.
Thermophysical properties of PEG-1000:phenacetiohaueical mixtures prepared with ratios w/w of 211, 3:1,

4:1, 5:1, 6:1, 7:1, 8:1, 9:1 and 10:1 were inved#d using the low-temperature DSC in temperatamge -60-160
°C. The results of the analysis are presented inrE&g8-5.
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Figure 3: The curves of DSC analysis (first heatingof initial samples of PEG-1000 and phenacetin, artheir mixtures. Argon flow is 150
ml/min, heating rate is 10 T/min
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Figure 4: The curves of DSC analysis (cooling) ofitial samples of PEG-1000 and phenacetin, and thramixtures. Argon flow is 150
ml/min, heating rate is 10 T/min.
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Figure 5: The curves of DSC analysis (second heagijof initial samples of PEG-1000 and phenacetinnd their mixtures. Argon flow is
150 ml/min, heating rate is 10 €/min

152
www.scholarsresearchlibrary.com



Alexander V. Gerasimovet al Der Pharma Chemica, 2013, 5 (6):149-155

The onset temperatures and enthalpies of meltiygtadlization for all analyzed mixtures are shownTiable 2.
Alteration of PEG-1000 melting/crystallization theal effect correlates with polymer amount in thenposite that
evidences the absence of any significant changiée&mophysical properties of the polymer matrix.

The enthalpies of the first melting of PEG-1000the analyzed mixtures calculated with regard totexanof the
drug are between 179.5-197.7 J/g. These valuesrditbm the melting enthalpy of pure PEG-1000 (€ab) no
more than 6.5%. The deviations of enthalpies ofipelr melting for the second heating are less andad@xceed
5.3%. The deviations between the melting onset &zatpres of PEG-1000 for mixtures and for individioam do

not exceed 2-3C in the most cases.

Difference between the enthalpy of crystallizatifom pure PEG-1000 and for 3:1 mixture is 11.8%, lavhi
temperature difference is 6.6.°

The onset temperatures of phenacetin melting/dhigstton as well as thermal effectsH of these processes
significantly depend on the content of drug in tbenposite.

Table 2: The data of thermal analysis for mixturesof PEG-1000 with phenacetin
Values in parenthesis are related to phase tramsitiof phenacetin

Component ratio (W/w)| 1£°C? | t, °C® | t,°C° | t, °C® | AHy, J/g® | AH,, Jig" | AHs, J/g® | AH,, J/g"

: 303 | 315 | 257 916 905 829
11 104.0)| 1035)| ©31) | B8 | (626) | (749 | (514) | 21

, 325 | 3.7 | 254 1232 | 1191 | -107.6
21 ©03) | ©73) | ©53) | 93| @63 | @13 | (259 | 11

_ 335 | 3L1 1384 | 1289
31 ©651) | 787) | 238 -~ | (256) | (209) | 1424 -

_ 320 | 311 1503 | 137.6
41 ©619) | 711 | 81 - | (58 | (122 | 1466 -
51 331 | 311] 169 _ 1496 1403 1470 _
6.1 362 | 314 201 = 161.3 1497 1494 =
71 329 | 319 | 21.7] 221 1698 1527 -13803 E
8.1 325 | 317 | 206] 2.6 1698 1546 13611 2.
9.1 315 | 315 | 227] 213 1689 1587 -1404 3.4
101 331 | 315| 227] 204 1797 163. 14601 48

#t, — onset temperature of polymer melting (first hregt
b t, — onset temperature of polymer melting (secondirga
° t; — onset temperature of polymer crystallizationo{ow).
9, — onset temperature of polymer cold crystallizaisecond heating).
€ AH; — polymer melting enthalpy (first heating).
f AH, — polymer melting enthalpy (second heating).
9 AH; — polymer crystallization enthalpy (cooling).
" AH, — polymer cold crystallization enthalpy (seconditirey).

For the 1:1 mixture the onset temperature of phefiraenelting is 104.0C (first heating) and 103.5C° (second
heating) while values for pure phenacetin are 13@.and 134.1 €, accordingly. Phenacetin melting enthalpies for
the 1:1 mixture and pure form differ on 50.7% (fineating) and 25.7% (second heating). For mixtwits ratio
above 5:1 the endo-effect of phenacetin meltingoisobserved. This fact confirms the complete diggm of the
hydrophobic drug in the polymer phase.

Melting temperature of the polymer in the analygetid dispersions does not exceed 3%:2Which is close to the
standard human body temperature. So, compositiasechon PEG-1000 can be used for production o siolig
forms, ointments and suppositories.

As seen from the DSC curves of the second heatingnixtures with ratio 1-2:1 and 7-10:1 additioeab-effects
are observed at -18.8+ -22.C.°Their values do not exceed -4.5 J/g (Table 2)s Phase transition is associated
with cold crystallization of PEG-1000 that is sgiecifor crystallizing polymers which can be obtainen the
amorphized form. Possibility of cold crystallizatiof polymer is determined by the ratio betweenttbating and
the crystallization speeds. For highly crystallieapolymers the spontaneous process of cold cligstibn with
exo-effect is observed at specific temperature [3], Hence PEG-1000:phenacetin ratios of 5:1 arid &e
preferred, because the separate phenacetin cpysta¢é and the exo-effect of cold crystallization raot observed.

It is necessary note, that for studied mixtureseth@re no significantly change of the onset tentpesaand
enthalpies of PEG-1000 melting. So, there is nstigizing effect of the drug on the analyzed pdiyétne glycol.
Thereof one can expected the easy release of pdtamatthe water solution from the polymer matrix.
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CONCLUSION

It was found that mechanical mixing of the PEG-10Gith hydrophobic drug — phenacetin can be used for
formation of solid dispersions.

For polymer:drug mixtures with ratio 1-2:1 the datsphase of phenacetin and exo-effect associaitd cold
crystallization are observed. The same exo-effisct was found for 7-10:1 mixtures of PEG-1000 witienacetin.
Presence of a quasi-stationary phase in the cotepoan lead to crystallization of the drug in aesgpoled
polymer. The resulting crystallites will be mardigaoluble and bioavailability of drug will decrea

The optimum ratio of polymer:drug mixtures is 5-6This ratio prevents any significant plasticizieffect and may
facilitate to release of hydrophobic drug in hydritip media.

Since PEG-1000 melting temperature does not ex86ed1C, this polymer can be used for formation of capsula
drugs for internal use, ointments for external asevell as suppositories.
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