
World Applied Sciences Journal 24 (7): 920-927, 2013
ISSN 1818-4952
© IDOSI Publications, 2013
DOI: 10.5829/idosi.wasj.2013.24.07.13235

Corresponding Author: Gerasimov, Kazan (Volga region) Federal University, Kremlevskaya Street, 18, 420008, Kazan, Russia
920

A Calorimetric Study of the Formation of Phenacetin Solid 
Dispersions with PEG-1400 and Pluronic F127

Alexander Vladimirovich Gerasimov,
Marat Ahmedovich Ziganshin and Valery Vilenovich Gorbatchuk

Kazan (Volga region) Federal University, Kazan, Russia

Submitted: Aug 2, 2013;    Accepted: Aug 29, 2013;    Published: Aug 29, 2013
Abstract: The formation of solid dispersions is one of the methods of drug hydrophilization. The method of
low-temperature differential scanning calorimetry showed the possibility to obtain phenacetin solid dispersions
with polyethylene glycol and Pluronic F127. The method of low-temperature differential scanning calorimetry
proved that when the polymer/phenacetin ratio is 10:1, the crystalline phase of the drug is not fixed, while when
the ratio is 1:1 the pharmacological component exhibits the properties of a separate phase and does not form
a solid dispersion. Phenacetin does not exhibit plastifying action and does not change the thermophysical
properties of polymer phase that can facilitate an easy release of the drug from the composite. 
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INTRODUCTION Polyethylene glycols that have a melting point close

One of the determining factors in the use of solid dispersions  with  the  thermoregulated release of the
drugs is their absorption in the gastrointestinal tract drug. An important factor is the relative cheapness of
which is to a large degree determined by the solubility of polyethylene glycols and Pluronics.
the drug in water [1-3]. Poorly soluble drugs are absorbed The main problem of the modern pharmacology is
slowly in comparison with the substances of high the “hydrophilization” of poorly water-soluble effective
solubility that determines their lower effectiveness [3]. drugs. The most convenient method of the

Currently there are several methods of improving the “hydrophilization” of drugs is the formation of solid
solubility of drugs such as increasing the surface area by dispersions. In this case the main problem is still the
reducing the size of the particles [4-7], improved determination of the interval ratio of polymer/drug at
wettability [8, 9], reducing the crystallinity by means of which the phase of the drug is not fixed and the formed
creating a solid dispersion [10-17], the use of inclusion composite is highly soluble in water.
compounds such as cyclodextrin derivatives [18-20], the In this work the method of differential scanning
use of polymorphic forms or solvated compounds [21-23] calorimetry determined the optimal polymer/drug ratio
and also the use of salt forms [1, 10, 24]. using the poorly water-soluble  model  drug  phenacetin

Polyethylene  glycols  and  Pluronics  are widely as an example. Knowing this ratio one can create solid
used as a water-soluble polymer matrix in the delivery of dispersions of poorly water-soluble drugs with polymers
drugs [25, 26]. These polymers are biocompatible [27-29], increasing in this way the effectiveness of the drug.
have  good  solubility  in water [30, 31] and low toxicity
[32-34]. MATERIALS AND METHODS

Having in the structure both hydrophobic and
hydrophilic fragments, Pluronics facilitate the process of Materials: The amphiphilic poly(ethylene oxide)-
penetration of the drug through the cell membrane and poly(propylene oxide)-poly-(ethylene oxide) (PEO-PPO-
reduce the toxicity of the drug [26, 35-37], in some cases PEO) block copolymer, Pluronic F127 (Poloxamer 407), was
they increase its solubility [13, 38] and provide the obtained from Sigma, Lot #BCBH4538V. On the basis of
prolonged type of action [39, 40]. Pluronic F127 12600 molecular weight and 70 wt % PEO

to physiological may be used for creating solid



World Appl. Sci. J., 24 (7): 920-927, 2013

921

content  [41].  Poly(ethylene glycol) molecular weight at the heating rate of 10 deg/min in the dynamic argon
1305-1595 (PEG-1400) was obtained from Aldrich, Lot atmosphere (150 ml/min). Precooled to -60 °C the samples
#BCBF0699V. Phenacetin, 98% was obtained from were heated to 160 °C, then cooled to -60 °C and heated to
Aldrich, Lot #BCBD7322. All components used as 160 °C. The thermocouple of the device was calibrated
received. according to the standard procedure at the temperature

The Preparation of Mixtures: Mechanical mixtures of supplied by Netzsch.
polymers with phenacetin were made by mixing the The samples of pure polymers were studied within
calculated amounts of the substances in an agate mortar the temperature range of -60-200°C according to the above
till complete homogenization. Weight ratios of described method.
polymer/phenacetin are 1:1, 5:1 and 10:1. The obtained
mixture was white powder in the case of Pluronic F127 and RESULTS AND DISCUSSION
white paste in the case of PEG-1400.

TG/DSC/MS Analysis: The thermal stability of Substances: Figure 1 shows the results of the combined
phenacetin, PEG-1400 and Pluronic F127 within the TG/DSC/MS  analysis  of  the   phenacetin    samples,
temperature interval of 30-500°C was determined by the PEG-1400 and Pluronic F127. It is clear that within the
method of combined thermogravimetry and differential temperature interval of 30-160 °C a noticeable mass loss is
scanning calorimetry (TG / DSC) with the help of a not observed. At the temperature above 300°C the thermal
thermoanalizer STA 449 C Jupiter (Netzsch, Germany). To destruction of polymers starts with the release of water
identify the released gaseous products of the thermal and carbon dioxide that  is  confirmed  by  the  presence
analysis of the samples a quadrupole mass spectrometer of  the  ions  with  m/z  =  18  and  44  accordingly  (not
QMS 403 C Aëolos (Netzsch, Germany) was used that was shown in  Figure 1) in the mass spectrum. Phenacetin
connected with this thermoanalizer (MS analysis). All the starts to  intensively  loose  mass at the temperature of
experiments were conducted in the dynamic argon 165 °C (Figure 1a), that is why low-temperature DSC
atmosphere (the gas flow rate is 75 ml / min) with the measurements of the composites were conducted below
heating rate of 5 deg/min. 160 °C in order to avoid thermal destruction. In the DSC

The thermocouple of the device was calibrated curves of the studied samples endoeffects corresponding
according to the standard procedure at the temperature to the melting of the compounds are clearly seen. Other
and heat flow with the help of a standard set of samples effects that are not connected with decomposition are not
supplied by Netzsch. observed. The mass loss of the samples within the

The combined TG/DSC analysis began in 15-20 temperature interval of 30-160 °C does not exceed 0.3%
minutes after placing the sample into the measuring that confirms almost complete absence of the volatile
chamber of the device (the time necessary for the impurities in the original samples.
thermoscales equilibrium). The accuracy of the estimation
of the volatile impurities content in the samples is 2%. The Results of Tg / Dsc / Ms Analysis  of  the  Mixture:

The measurements were conducted for the samples In  the  TG/TDS  curves  of  the composite samples
of 7-16 mg in aluminum crucibles of 40 microliter with lids (Figure 2 and 3) within the temperature interval of 30-160
having three openings 0.5 mm in diameter each. °C the mass loss of the samples does not exceed 0.2% that

The presence    of    volatile   impurities in confirms almost complete absence of the volatile
mechanical mixtures polymer/drug and their thermal impurities in the obtained mixtures.  The  mass  loss of
stability were studied within the temperature interval of 0.3-2.6% within the temperature interval of 165-200 °C is
30-200 °C. connected with phenacetin decomposition that is

confirmed by the presence of ions with m/z=18 and 44 in
Low-Temperature DSC Analysis: The enthalpies and mass spectrum corresponding to water and carbon dioxide
temperatures of the phase transitions in phenacetin as (not shown in Figure 2 and 3). In the DSC curves the
well as in mechanical mixtures within the temperature endoeffects  connected  with  the  melting  of   the
range of 60-160 °C were estimated with the help of the polymer are observed and in the case of the composites
differential scanning calorimeter DSC 204 F1 Phoenix obtained  when  the  ratio  of  polymer/drug  component
(Netzsch, Germany). The measurements were conducted is   1:1   the   endoeffect  of  phenacetin  melting  is   seen

and heat flow with the help of a standard set of samples

Results of TG/DSC/MS Analysis of Individual
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Fig. 1: The curves of the combined TG/DSC analysis of Fig. 3: Curves of the combined TG/DSC analysis of the
the original samples a) Phenacetin, b) PEG-1400 mixtures of Pluronic F127/phenacetin with the
and c) Pluronic F127 in the dynamic argon ratio a) 1:1, b) 5:1 and c) 10:1 in the dynamic argon
atmosphere of 75 ml/min within the temperature atmosphere of 75ml/min, within the temperature
interval of 30-500 °C. The heating rate is 5 °C/min. interval of 30-200 °C. The heating rate is 5 °C/min.

Fig. 2: The curves of the combined TG/DSC analysis of and the  enthalpy  of the corresponding exoeffect are
PEG-1400/phenacetin mixtures a) 1:1, b) 5:1 and c) 118.4 °C and -182.3°C J/g, respectively. The difference in
10:1 in the dynamic argon atmosphere of 75 the temperatures of melting and crystallization of
ml/min,    within   the   temperature   interval  of phenacetin  is  connected  with  the rapid cooling rate of
30-200 °C. The heating rate is 5 °C/min. 10°C/min   and  the  formation of the soopercooled liquid

(Figure 2a and 3a). At the ratio of polymer/drug that
equals 1:1 the endoeffect of phenacetin melting is
practically not seen (Figure 2b and 3b) and at the ratio of
10:1 is not fixed (Figure 2c and 3c). Other effects that are
not connected with the mass loss in the studied
temperature interval are not observed.

The Results of the Low-Temperature Dsc Analysis of
Individual Substances: For a more precise analysis of the
thermal  effects  of  phase  transitions the method of a
low-temperature differential scanning calorimetry was
used. The results of the DSC analysis of the individual
polymers within the temperature interval of -60-200°C and
phenacetin within the temperature interval of -60-160°C
are presented in Fig 4. In the DSC curves of phenacetin
heating  (Fig. 4a) the endoeffect of melting starting at
134.2°C and 134.1 °C and the enthalpy of 188.8 J/g and
188.3  J/g for   the   first   and   the   second  heating  are
presented, respectively. The beginning of crystallization
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Fig.  4: The DSC curves of the original samples analysis Fig. 5: The curves of the DSC analysis of the mixtures of
a) Phenacetin, b) PEG-1400 and c) Pluronic F127 PEG-1400/phenacetin of the ratio a) 1:1, b) 5:1 and
in the dynamic argon atmosphere of 150 ml/min, c) 10:1 in the dynamic argon atmosphere of 150
within the temperature interval of -60-160 °C for ml/min, within the temperature interval of -60-160
phenacetin and -60-200 °C for PEG-1400 and °C. The heating/cooling rate is 10 °C/min. The
Pluronic F127. The heating/cooling rate is 10 solid lines are the first heating and cooling, the
°C/min. The solid lines are the first heating and dotted lines are the second heating.
cooling, the dotted lines are the second heating.

[42, 43]. For  the  curves of the polymer heating/cooling Thus, calculated, considering the ratio of the drug in
(Fig.4b and 4c) a similar picture is observed. It should be the mixture, the value of the enthalpy of the first melting
noted that the enthalpies of the first and the second of PEG-1400 is 215.2; 200.9 and 205.5 J/g for the mixtures
melting of the polymers differ slightly due to their thermal of PEG-1400/drug with the ratio of 1:1, 5:1 and 10:1,
relaxation [43]. The temperatures of the beginning of respectively. These values differ not more than 11% form
melting   and corresponding enthalpies are shown in the enthalpy of melting of the pure PEG-1400 that is 194.0
Table 1. Other effects in the DSC curves are not observed. J/g. For the enthalpy of polymer melting during the

second heating the difference reaches 14.5% for the
The Results of the Low-temperature Dsc Analysis of the mixture with the ratio of 1:1 and do not exceed 5% for
Mixture: The thermal thermophysical properties of the other studied mixtures.
composites of polymer/drug in the ratio of 1:1, 5:1 and 10:1 The maximum deviation of the enthalpy of melting
were studied with the help of the low-temperature DSC Pluronic F127 in all the studied mixtures from the enthalpy
within the temperature interval of -60-160 °C. The results of melting of the pure polymer is 2.5%. The temperatures
of the analysis are presented in Figure 5 and 6. of the beginning of the processes of

The temperatures of the beginning of melting/ melting/crystallization of phenacetin and also thermal
crystallization  and  also  the  corresponding enthalpies effects of these processes depend on the ratio of the drug
for  all  the  studied  mixtures  are presented in Table 2. in the composite.
The decrease of the heat effect of melting/crystallization Thus, when the phenacetin ratio in the mixture with
of the polymer correlates with its ratio in the composite PEG-1400 is 1:1, the initial melting temperature is 95.0 °C
that indicates the absence of any noticeable changes in (the first heating) and 102.1 °C (the second heating) while
the thermophysical properties of the polymer matrix. for  the  pure phenacetin this value is 134.2 and 134.1 °C,
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Table 1: The temperatures of the beginning and the enthalpy of the phase transitions in the original samples of phenacetin, PEG-1400 and Pluronic F127.
t – the temperature of the beginning of the endoeffect during the first heating, t – the temperature of the beginning of the endoeffect during the second1 2

heating, t – the temperature of the beginning of the exoeffect during cooling, [delta]H  – the enthalpy of the endoeffect during the first heating,3 1

[delta]H  – the enthalpy of the endoeffect during the second heating, [delta]H  – the enthalpy of the exoeffect during cooling. 2 3

Substance t , °C t , °C t , °C [delta]H , J/g [delta]H , J/g [delta]H , J/g1 2 3 1 2 3

phenacetin 134.2 134.1 118.4 188.8 188.3 -182.3
PEG-1400 45.6 42.5 33.1 194.0 174.2 -176.6
Pluronic F127 53.7 52.0 36.0 136.4 127.4 -124.5

Table 2: The temperatures of the beginning and the enthalpy of the phase transitions in the mixtures of polymers and phenacetin at different ratios. t – the1

temperature of the initial melting point of the polymer during the first heating, t – the temperature of the initial melting point during the second2

heating, t – the initial crystallization temperature of the polymer during cooling, [delta]H  – the enthalpy of the polymer melting during the first3 1

heating, [delta]H  – the enthalpy of the polymer melting during the second heating, [delta]H  – the enthalpy of the polymer crystallization during2 3

cooling. The values relating to the corresponding transitions in phenacetin are given in brackets.
The ratio of the components t , °C t , °C t , °C [delta]H , J/g [delta]H , J/g [delta]H , J/g1 2 3 1 2 3

PEG-1400/phenacetin
1:1 44.1 (95.0) 41.4 (102.1) 27.2 (96.8) 107.6 (53.3) 99.6 (53.3) -97.63 (-52.28)
5:1 45.2 41.6 23.6 167.4 145.8 -160.0
10:1 43.5 41.6 27.8 186.8 166.1 -173.9

Pluronic F127/phenacetin
1:1 50.6 (111.8) 50.1 (113.7) 34.1 (108.7) 68.7 (71.2) 64.6 (70.3) -62.2 (-69.3)
5:1 50.8 (77.1) 49.5 (80.7) 32.5 114.2 (8.5) 106.7 (9.5) -118.0
10:1 51.8 49.3 30.7 127.1 118.4 -122.4

melting is not fixed that confirms the complete dissolution

Fig. 6: The DSC analysis curves of the mixtures of Lesser difference of the polymer melting enthalpies
Pluronic F127/phenacetin with the ratio a) 1:1, b) in the mixture and in pure form confirms lesser influence
5:1 and c) 10:1 in the dynamic argon atmosphere of of phenacetin on Pluronic F127.
150 ml/min, within the temperature interval of The observed absence of a significant temperature
-60-160 °C. The heating/cooling rate is 10 °C/min. change and polymer melting enthalpies is important both
The solid lines are the first heating and cooling, in pure form and in mixtures that shows the absence of the
the dotted lines are the second heating. phenacetin  plastifying  effect  on  the studied polymers.

respectively. The enthalpies of phenacetin melting in the
mixture and in pure form differ by 43.6 and 43.4%,
respectively. When the polymer/drug ratio is 5:1 and 10:1
the endoeffect of phenacetin melting is not fixed, that
confirms complete dissolution of the hydrophobic drug in
the polymer phase.

For the mixture of phenacetin with Pluronic F127 the
deviation percent of the enthalpy of phenacetin melting is
24.6 and 25.3% for the first and the second melting,
respectively, at the polymer/drug ratio of 5:1 these
changes become even more significant and reach 73.0%
and at the ratio of 10:1 the endoeffect of phenacetin

of the hydrophobic drug in the polymer phase.
The formation of phenacetin solid dispersion with

PEG-1400 is observed at the component ratio of 1:5, in the
case of Pluronic F127 this ratio increases and is 1:10 that
is in contradiction with the hydrophobicity of the
polymers which is the basis for the assumption that the
hydrophobic phenacetin will dissolve in Pluronic F127
better. The observed effect may be connected with a
significantly lower molecular mass of polyethylene glycol.



World Appl. Sci. J., 24 (7): 920-927, 2013

925

This effect shows the realization of relatively weak 6. Keck, C.M. and R.H. Müller, 2006. Drug nanocrystals
interactions in the mixtures and the release of phenacetin
in an aqueous solution will not be a serious problem.

CONCLUSIONS

The method of the low-temperature differential
scanning calorimetry helped to ascertain that the
mechanical mixture of the studied polymers PEG-1400 and
Pluronic F127 with the hydrophobic phenacetin drug may
be used for getting solid dispertions. The optimum ratio
of polymer/drug was discovered that equaled 5:1 in the
case of PEG-1400 and 10:1 in the case of Pluronic F127, at
the same time phenacetin does not exhibit a noticeable
plastifying effect that may contribute to its release in
hydrophilic environments.
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