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Thermal behaviour of drugs from binary and ternary systems 
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Summary 

Thermomicroscopy and differential scanning calorimetry were employed to characterize oxodipin and griseofulvin from binary 

and ternary systems with PEG hOO0 and Tween 20. The interaction resulting between drug and PEG 6000 during heating allowed 

the preparation of solid dispersions. An oxodipin/PEG 0000 IO : 90 (w/w) solid dispersion was formed exclusively by mixed crystals 

of PEG 6000 and drug which were detected hy thermomicroscopy. The rest of the solid dispersions prepared (with or without 

surfactant agent) were formed by mixed crystals and particles of pure drug. The presence of Tween 20 does not appear to affect the 

thermal behaviour between drugs and PEG 6000 

Introduction 

Poorly water-soluble drugs can frequently 
cause bioavailability problems when they are in- 
cluded in solid oral dosage forms. The formation 
of solid dispersions with hydrosoluble carriers 
such as PEG 6000 has successfully been used to 
minimize these drawbacks (Badwan ct al., 1991; 
Dordunoo et al., 1991; Nakagami, 1991; Craig 
and Newton, 1992). 

On the other hand, appropriate dissolution 
media have been developed in order to deter- 
mine the aqueous dissolution of drugs that are 
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practically water insoluble. These dissolution me- 

dia can include surfactants such as sodium lauryl 
sulfate, bile salts and Tween 20. In this way, the 
results obtained have improved upon those in the 
case where organic solvents were added to the 
dissolution media (Shah et al., 1989). 

Techniques such as differential scanning 
calorimetry (DSC) and X-ray diffraction have 
been used to characterize solid dispersions 
(Doherty and York, 1989; Fujii et al., I990), how- 
ever, the results obtained have not consistently 
been useful for the elucidation of the kind of 
interaction occurring between the carrier and the 
drug. 

The aim of this paper is the characterization of 
solid dispersions by studying the thermal bc- 
haviour of drugs included in those systems pre- 
pared with PEG 6000 as carrier, and also to 
observe the influence that one surfactant can 
have over the interaction drug-carrier. 



The drugs studied wcrc oxodipin and griaco- 
fulvin. They have different chemical structures: 
oxidipin. 1.~-dihydro-?.~~-dimcthyl-~-~:!‘.3’-t~~ctl~- 
ylencdioxyphcnyl)pyridin-3.5-dicarboxylic acid. 
methyl ethyl cstcr; griseofulvin, 7-chloro-3.0-d- 
mettioxycouniar~in-3-c,ne-r’-spiro- I’-(3’-mcthoxy- 
h’-mcthylcyclohex-?‘-cn-3’-one). 

‘l’tiey also exert different thcrapcutic actions: 
griscofulvin is an antifungicidat drug whilst ox- 
odipin is ;I IICW drug with calcium channel block- 
ing proper-tics. Ncverthclcss, both have one com- 
mon characteristic: their marked hydrophobia 

that has ted LIS to study them together. 

Materials and Methods 

Oxodipin was kindly supplied by the Institute 
para cl Desarrotlo Quimico Biologico. Madrid 
(Spain). Griseofutvin and Twcen 20 were pur- 
chased from Sigma. St. Louis, MO (U.S.A.). 
Polyethylene gtycol 6000 was purchased from 
Panreac, Madrid (Spain). All materials were used 
without further purification. 

Four sorts of binary systems were prepared: 
oxodipin/PEG 6000 physical mixtures, 
oxodipin/PEG 6000 solid dispersions, griscoful- 
vin/PEG 6000 physical mixtures and griseoful- 
vin/ PEG 6000 solid dispersions. 

To prepare physical mixtures the drugs and 
the carrier were previously sieved and the parti- 
cle size range below 100 pm was selected, then 
the materials were mixed thoroughly. 

The solid dispersions were prepared as fol- 
lows: the carrier was melted at 70°C. the drug 
(particle size smaller than 100 pm) was added in 
the solid state and mixed until ;I homogeneous 
system was obtained. It was then left to solidify at 
room temperature. The systems obtained were 
ground and sieved. The fraction with size smaller 
than 100 pm was collected to carry out later 
studies. 

The four sorts of binary system\ wcrc pi-eparcd 
at different proportions drug/carr-icr: IO : 00. 
31 : so. 30 : 70. 30 : 00 and 50 : 50 (\V/'W). 

Two types of ternary systems wcrc prepared: 
oxodipin/PEG OOOO/Twccn 70 solid dispersion 
and griscofulvin/PEG hOOO/‘l‘wcen 20 solid di\- 
persion. The method of preparation consistctl 01’ 
fusion of PEG 6000 at 70°C. addition and mixing 
of ‘l‘wccn 20. ‘l‘hcn the drug (oxodipin or gr-isco- 
fulvin) was incorporated (with a size of Ices than 
100 pm). The system obtained was Icft to solidify 
at room temperature and wc proccctled ;I\ in 
binary systems. Tlic two types of ternary system5 
were prepared in different proportions 01’ drug,, 

carrier/ surfactant: IO : ‘10 : IO. 20 : so : IO. 
30: 70: IO. 10: 60: IO and 50: 50: IO (by wt ). 

~‘horrr(,trri,-rrtioti of’ th hirui~~ rlrd tcwwt~ .sy.vtcr?l\ 
Two thermal analysis techniques. differential 

scanning calorimetry (DSC) and hot-stage m- 
croscopy (HSM). wcrc used as tools to evaluate 
the systems prcparcd. 

DSC’ was performed using a Mettlcr modular 
system with an FP-80 HT control unit and an 
FP-X5 furnace. The sample size was about IO mg. 
and the scanning rate used lO”C/min between 30 
and 300°C‘. 

A Keichert microscope with Koflur stage was 
used to carry out the thermomicroscopic study. 
Sample bchaviour was observed bctwccn 30 and 
250°C. The heating rate was the same in cvcry 

CXX. 

Results and Discussion 

The method used to prepare solid dispersions 
allows us to differentiate the interaction that 
exists between carrier and drug according to drug 
characteristics. 

When the solid dispersion oxodipin/PEX 6000 
IO: 90 was prepared, this appeared as a homogc- 
neous system (transparent at 70°C‘. as pure melted 
PEG 6000). the same happening with the solid 
dispersion oxodipin/PEG 6OOO/Twcen 20 
10: Ytl: IO. This shows that the drug is dissolved 
in PEG 6000 or in the PEG OOOO/Tw~ecn 20 



mixture at 70°C. The rest of the solid dispersions 

of oxodipin, with or without Tween 20, did not 
give rise to homogeneous systems during their 
preparation and we attribute this to an excess of 
drug in the system. 

Solid dispersions of griseofulvin/PEG 6000 
and griseofulvin/PEG hOOO/Tween 20 behaved 
during their preparation as a suspension. To mix 

griseofulvin in a melted carrier, with or without 
surfactant agent, WC created a system in which 
the drug did not disappear by dissolution in any 
of the prepared dispersions. independently of the 
proportion in which it was found and because of 
this, these systems were not transparent at 70°C. 

Fig. 1 shows the DSC CUNCS for PEG 0000, 
oxodipin and the binary and ternary systems pre- 
pared. PEG 6000 shows an endothermic peak at 
5%60°C (melting point). and oxodipin exhibits 
also a unique endothermic peak (167°C) that cor- 
responds to its fusion. The DSC curves for the 
physical mixtures are similar to those which be- 
long to solid dispersions (with or without Twecn 
20) with the same proportions of drug/carrier. 

All the systems which have drug in low propor- 
tions display DSC with only one peak that shows 
PEG fiOO0 fusion, and drug or surfactant are not 
detected in thoac curves. Only the binary systems 
with drug/carrier ratios of 40: 60 and 50: SO, or 
the ternary systems where the proportions ot 
drug/ carrier/ surfactant arc 40 : 60 : IO and 
SO: SO: IO display in their DSC curves two cn- 
dothermic peaks: one at the fusion tempcraturc 
of PEG hOO0 and the other at the fusion temper- 
ature of oxodipin. However, the peaks corre- 
sponding to fusion of the drug seem very small as 
compared with the peak exhibited by the pure 
oxodipin DSC curve. 

Fig. 2 shows DSC curves for PEG 6000, griseo- 
fulvin and the binary and ternary systems pre- 
pared with those materials. The behaviour is simi- 
lar to that displayed by oxodipin systems. Here 
also only DSC curves of systems with a high 
proportion of drug exhibit two cndothcrmic peaks: 
fusion of PEG hOO0 (60°C) and griseofulvin fusion 
(2WC). Also. as in previous systems the peak 
that corresponds to drug fusion is very small 
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Fig. I. DSC CII~L‘S fl-om hinat> and tct-nar) sy\tt‘ma of ox- 

odipin: (1) PEG 6000. (2) pure ouodipln. (3) lO:YO P.M.. c-1) 

2080 P.M.. (3) X):70 P.M.. (6) 4O:hO P.M., (7) 50:50 P.M.. 

(8) IO:00 S.L.. (0) 10:x0 S.D.. (IO) 30’70 S.I>.. (I I) 4O:hO 

S.D.. (12) 50:50 %I).. (13) 1O:YO: 10 S.11. v,ith T.. (II) 

71):81):11) S.D. with T.. (15) .X~:711:1~~ S.D. \blOl T.. (16) 

4O:hO: IO S.D. w11h ‘I.. and (17) 50:50: IO S.1). ulth T. P.M.. 

physical mixture (owotl~pin,/PE(; hOO0): S.D.. \otid di5peI-sion 

(oxotlipin/PL(i 0000~. S.D. hith T.. wtld di\pcr\ion ullh 

Tneen 3) (ouodipin/Pt(i h000,~T~l.e~n 31). 

compared with the fusion peak of pure griseoful- 
vin. 

On comparison of DSC curves from binary 
systems with those which belong to ternary sys- 
tems, differences cannot be seen. which dcmon- 
strates that surfactant is not dctectcd with DSC. 

The results obtained from study with HSM 
technique arc detailed in Tables I and 2. 

Table 1 lists all the changes of state that occur 
in the systems prepared with oxodipin. The pure 
materials show only one change of state: solid to 
liquid (fusion). However. fusion and interaction 
between components is observed in binary and 
ternary systems when the temperature increases. 



The hchaviour of all physical mixtures of OX- 

o~tipjn,/PEG hOO0 is similar. At 5%riO”C curricr 

fusion is obscrvcd and sLibs~qu~nt1~ ~iss~)l~ltio~~ of 

oxodipin into mcltctl c;trricr. Only lhc oxodipin 

particles near to mcltcd PEG (1000 are dissolved. 

the rest of the oxrdipin remaining unchanged 

until its fusion (IhO”C’). 
‘l‘hc solid dispersiona of oxodipin/PE(; hOO0 

with or without I’wccn 70 hchavc in diffcrcnt 

ways from their rcapcctiw physical mixtures. hc- 
cause in thcsc systcma an intimate union bet\vccn 

the components was produced during the proccxs 

of’ prcparntion. When the solid dispersion of ox- 
otiipin/PEG 6000 IO : 90 rcachcd 5%60 ” c‘. wc 

ohscrvcd the fusion 01’ carrier and instantaneous 

dissolution of all of the drug. which was forming 

mixed crystals with I’tiG 6000. 

Solid ~isp~~-si~~rls of 0xo~~piIi~P~~~ hOO0 with 

ratios of cirug/c;irricr of 31: X0 2nd 30: 70 show 

twc> changes at ciiffcrcnt tcmperaturcs: the first 

one corresponds to fusion (PEG hOO0) and tliao- 

lution (oxodipin) in the range 5S-6O”C. and the 

second one rcprcscnts the dissolution of oxcdipin 

particks not before dissolving. this process tlap- 

pcning at tcmpcraturcs below oxodipin’s mcftinp 

point. 

The solid ciispcrsions with cxccss of oxorlipin 

(30 : ft0 and SO : 50) show the following proccsscx: 

first fusion and ~~issolution. followcci by ctissdu- 

tion of pnrticlcs of oxodipin nttt prcvitdy cfis- 

solvccl and finally fusion 01 the remaining os- 

odipin. 

The hchaviour of oxrdipin/PE(; 0000 stolid 

dispcrsirms obscrvcd with HSM is comparahlc to 

that of a solute that dissolve?, in a srtivsnt. If the 

~inloL]nt of solute is much icss than the ~~~~lxi~~~~~~~ 

pcrmissiblc ~~rn~)~lrit. the ~~iss(~ll~ti(~~~ rate is high 

(instantaneous dissolution), hut increasing the 

quantity of solute to disscrlve reduces the spcccl 01 

dissolution until the soluhility paramctcr is 

rcachcd: the rest 01’ the solute rcm;iin\ untli\- 

solveti in the solid slate. 

l‘ahlc 2 lists the thcrmomicroscopic rcsuits oil- 

t;tincd from ~ri~~(~fLllvin hinary 2nd ternary sys- 

tcms. Pure griscttfulvin shows fusion at XO”(‘. )\I! 

the physical mixtures of griscoEulvin/PE(i hOOtI 

display similar behaviour when ohscrvcti under 

the microscope. To begin heating, the fusion 01’ 

PEG 6000 is carried out firstly and thercaftcr. the 

dissolution of griscofulvin particks ncarhy slowly 

bcginb. ‘I%c rest of the particlcs remain unaltcrccl 

until its fusion (171i”c’). We also nt~d that in- 

41. OfI S.D. 

‘(I : 50 S.D. \ 
-11): 60: IO S.1). with T. 
50 : 50: IO S.11. with T. 



creasing the drug proportion in these systems 
simultaneously increases the proportion of parti- 
cles that remain undissolved in the melted car- 
ricr. 

Solid dispersions of griseofulvin with or with- 
out Tween 20 are practically identical in thermal 
behaviour. When they contain a low proportion 
of drug. 10 : 90, IO : 90 : 10, 20 : 80, 20 : 80 : IO, 

.?(I: 70 and 30 : 70 : 10. they show two changes ot 
state: fusion of carrier and subsequently slow 
dissolution of griseofulvin in melted PEG 6000. 
However, the process of dissolution of griseoful- 
vin is strongly influenced by the proportion in 
which it is present in the system. In this way, in 
syatcms 10 : 90 or 10 : 90 : IO. in order to dissolve 
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Fig. 7. DSC curves from binary and ternary systems of grisco- 

fulv~n: (1) pure griseofulvin, (2) PEG 6000. (3) 10: 90 P.M.. (1) 

70:X0 P.M., (5) 30:711 P.M.. (6) 3O:hO P.M.. (7) 50:50 P.M.. 

(Xl IO:90 S.D.. (0) 20:X0 S.D., (IO) 30:70 S.D., (I I) 4O:hO 

S.D.. (12) 5O:SO S.D.. (13) 10:9O:lO S.D. with T.. (I-1) 

70:X0:10 S.O. with T.. (15) 30:70: IO S.D. with T.. (If)) 

4O:hO: IO S.D. with T.. and (17) 5O:SO: IO S.D. with T. P.M., 

physical mixture (~risrofulvin/PECJ hOO0); S.D., solid diqxr- 

km (gri~rol’ulvin/PEG 6000): S.D. wjith T.. solid dispersion 

with ‘Twrrn 20 tgrkecd’ulvin/PEG hOO0/Tw~n 20). 
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griseofulvin the temperature must be IXK, and 
in those with proportions 30: 70 or 30: 70: 10 the 
temperature must be 185°C. 

In solid dispersions with high proportions of 
griseofulvin (40 : 60, 40 : 60 : 10. 50 : 50 and 
SO : SO : 10) one can observe three changes of state, 
PEG 6000 fusion, griseofulvin dissolution and 
griseofulvin fusion. The processes of griseofulvin 
dissolution and fusion overlap. 

According to our previous statements, we can 
deduce that the nature of the drug governs its 
interactions with the carrier. and as a consc- 
quence the characteristics of the systems ob- 
tained. Oxodipin in low proportions is dissolved 
instantaneously in melted PEG 6000, displaying 
true dissolution at 70°C. However, on allowing 
the system to cool. the PEG 6000 crystallizes as 
well as oxodipin, creating mixed crystals, as de- 
tected by thcrmomicroscopy. Dispersions with 
higher proportions of oxodipin arc suspensions at 
the temperature of preparation: one part of the 
drug is dissolved in melted carrier and the rc- 



maindcr is suspended. When the system cools. it 
creates mixed crystals formed by PEG hOO0 and 

oxodipin which appear in a mixture with oxodipin 
particles which did not dissolve at the moment of 

preparation. The larger the proportion of total 
oxodipin prcscnt in the system. the greater is the 
proportion of oxodipin which does not form mixed 
crystals with PEG 6000. 

Adding griseofulvin over melted PEG hOO0 at 
7O’C. we did not observe total dissolution of the 
drug in any of the solid dispersions prcparcd. 
Therefore, at the moment of preparation. these 
systems were suspensions of griseofulvin in PEG 

6000. Thcrc will bc ;I very small quantity of dis- 
solved griseofulvin and the rest will be in the 
solid state. On cooling the system mixed crystals 
of griseofulvin and PEG 6000 will be formed. hut 

the largest proportion of drug will bc as particles 
of pure griseofulvin in a mixture with mixed crys- 
tal5. 

l‘hc prcscncc of Twccn 3) does not appear to 
affect the interactions between drug and carrier. 
since the thermal bchaviour of systems in which it 
ih present coincides with that of systems prepared 

wifhout ;I surfactant. 
As in ;I previous work (Frances et al.. 1901). 

the DSC technique is not enough to explain the 
interaction between drug and carrier in solid dis- 
peraions. since the processes of dissolution that 
occur between drug and melted carrier take place 
with very low energetic changes and arc not de- 
tected with this technique. Neither is it useful to 
differentiate physical mixtures from solid dispcr- 
sions. On the other hand. curves drawn in which 
two fusion peaks appear (carrier and drug) can 
induce error. since as stated above. the peak that 
appears is very small. and this is due to the fact 
that in those systems most of the drug is dissolved 
at that tcmpcraturc and the peak arca is a func- 

tion of the amount of sample melted. 
The results obtained have allowed us to reach 

the following conclusions: 
The interaction of oxodipin with PEG hOO0 is 

more extensive than that of griseofulvin with PEG 

hOO0, according to the results obtained by ther- 
momicroscopy. 

The solid dispersion of oxodipin/PEG hOO0 
IO: 90 is formed exclusively by mixed crystals of 
two components; it is hoped that it will present 

the best dissolution profile of all the solid disper- 
sions prepared. 

The rest of the solid dispersions prepared with 
oxodipin or griseofulvin arc formed by mixed 
crystals and particles of pure drugs. 

In ternary systems Tween 20 dots not affect 
the interaction that occurs between the other 
components of the systems when the tcmpcraturc 

increases. 
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