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ABQTRACT

Diggerentual scanmiing calorimeterwy and hot stage microslopy
were used o bulld up temperature-composition phase diagrams fon

Lemazepam-polyethylene glycol 2000, 4000 and 6000 physical mixtu-
nes and comprecdlinitates.,

The phase diagrams showed the systems to be o4 the monotectic
Lype, with the monotectic specles being the pure drwug.

Phase dlagrans of the drug and the investigated.:polyethyle: -
gliycols helped in ruling out the possibility of forming so0lid
solution on molecularn compound within the concentration range o4
the componeints nvestigated.

Dijgernential scamning calorimeterny was also wtilized forn pre-
dieting the melting behaviour of temazepam and polyethylene gli-

cols separately and as copneum,tcue/s and physical mixture binary
systems.,

A good cornelation was found between the position of the sys-
Lem on the phase diagram and Lts dissolution nate . The highest
the carlen content, zhe nearest the system would be to the mon-
olectie composition, iLhe lighest the neleasce nate of the dwg.
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INTRODUCTION

The rate of absorption and/or the extent of biological ava-
ilability are controlled by the dissolution rate in the gastro-

intestinal tract for water-insoluble drugs administered'orally¥

Therefore, efforts have been done to increase the dissolution
2-4 | . ‘
rate of poorly water-soluble drugs . . Many technigques have been

‘developed for this purpose viz: solvent deposition, lyophiliza-

S . . 6
tion, solvate formation , salt and polymorphic formation ,cry-

stallization7, and solid disPersiong. Solid dispersion is one
of the widest technigques applied for the dissolution rate enha-
ncement of drugs of low aqueous solubility. Since 1961, over
270 publications have reported the so0lid dispersion of more than

'S5
120 drugs in over thirty carriers ., Many works have been done

to search for the mechanisms responsible for the modification of
the drugs dissolution when presented in so0lid dispersion forms.

Of the factors that may be responsible for such modification are:
| 9

reduction of the particle size of the drug , increased wettabi-
., 8 . . D .10 _
lity , microenvironmental solubilization / reduction of the drug
| .. 11 : . :
or polymer crystallinity and decrease 1n the activation energy
12

needed for the drug dissolution . Anothef factor contributing
to the changes in drug dissolution from solid dispersions is the
position of the so0olid dispersion on the temperaturé—composition
phase diagraml3 of the drug and the carrier. Therefore, constru-
ction of the phase diagram for drug macromolecular system inten-
ded to be combined in a foimulation, to modify the drug dissolu-
tion, is of considerable pharmaceutical interest. Additionally,

it helps to shed some light on the drug-macromolecular interac-

tion in solid state.

The purpose of the article is to construct the phase diag-
ram dispersed in a polyethylene glycol carriers. Temazepam is a
l,4-benzodiazepine derivative; utilized in clinical practice as
rapidly acting hypnotic drugl4. In addition, a trial was done

to find a correlation between the drug dissolution behavior and

the position of the prepared systems on the phase diagram.
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EXPERIMENTAL

Materials

Temazepam (Fabrica Italiana Sintetica, Laboratoro Controllo Alte Montec-
chio (Vicenzo), Italy) state I.R. and M.P. measured agreed with reference

determinations.

Polyethylene glycol 2000 (PEG 2000), (Hoechst, Farbwerke, Frankfurt West

Germany) .

Polyethylene glycol 4000 (PEG 4000) Koch-Light Ltd., Haverhill, (England).
- Polyethlene glycol 6000 (PEG 6000), B.D.H. chemicals Ltd, Poole, England).

Apparatus:Du Pont differential scanning calorimete:r connected toDwPont 1091

Disk Momerf, QuhRont Co., Analytical Instruments Division, Willmington, USA).
Hot stage microscope (Stanton Redcroft, London, England).

Dissolution apparatus (Erweka Apparatebau, GmbH ., West Germany) .

CE 292 digital ultraviolet spectrophotometer C - C IL (Instrum - NTS, Cambr-
idge, England).

Multipen Recorder (Rikadenki Mitsni Electronics Ltd, Engla%d).

Perkin-Elmer I.R. spectrophotometer 297 (Perkin-Elmer Ltd., Beaconsfield)

Vibration Mill Mkll and I.R. compressor unit (Research and Industrial comp-

any, England).

Preparation of the Binary Systems : (i) Physical Mixturs : A number of binary

physical mixtures of temazepam with either PEG 2000,40000r 6000 were prepared
by mixing accurately weighed quantities of the drug and the carrier so as to

contain progressing 10% increase in concentration (0O-100%) w/v as temazepam..
Each component was screened to a particle size of 45-200 J before mixing.

(1ii) Coprecipitates : A portion of each of the physical mixtures was dissol-

ved i1n 1 : 1 methanol-acetone. The solvent was evaporated in vacuo at room
temperature. The residue was dried to a constant weight, pulverized and

screened to a particle size of 45-200 U.

Physical mixtures and coprecipitates were assayed for their temazepam

15

content using the ultraviolet method of assay at 231 nm . It was found

that the presencecfthe PEGs investigated did not interfere in the spectro-

photometric assay of the drug. The samples having 100 + 5% w/w as temaze-

pam were used for further investigation, others were discarded.
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Phase dlagram construction :

(1) Differential Scanning Calorimetry (DSC).: Samples (10O mg) of each

of the physical mixtures or coprecipitates were placed in a crimped alumi-
nium pan with pierced lid. The sample was program heated at a rate of 10°/

minute in a dynamic nitrogen environment from 30-175°. Computerizeu proced-
ures were utilized to mark both the thaw and final melting points of each

of the plotted scanns. A cross section of the differential scanning calori-

meter used in this respect is shown in Fig. 1 A.

(ii) Hot Stage Microscope : Samples ( 1 mg ) were placed on a glass micro-

p—

scope cover slip whicﬁ in turn was fixed to the hot stage. The stage was lin-
- kKed to a control unit (Fig. 1 B ) which could be programmed to heat the sample
from 30-175° at a rate of 10° C/ minute. A zoom stéreoscoPe microscope was
used to detect any changes occurred in the sample. The temperature at which
the first sign of melting could be observed was considered as the thaw point
(solidus melting point). The final disappearance of solids was.considered as

the final melting point (liquidus melting point).

Detgrmination of the Dissolution Rate: -

Dispersed particulate method was adopted for the determination of the
release rate of the drug presented as coprecipitates. The coprecipitate
composition was selected so .as to represent three dj':fferent regions on the
phase diagrams ?iz : 1:1, 1:3 and 1:7 w/w drug to carrier ratio. Temazepam
(8 mg., 45-200 U) or an accurately weighed seived (45-200 U) amounts of the
coprecipitates having an amount of the drug were sprinkled over the surface
of the dissolution medium (900 ml degased double distilled water of 37°C).
The solution in the dissolution vessel was automatically pumped through a
quartz flow cell of the spectrophotometer and then backed to the dissolution
vessel. A filter tip was fixed to the inlet tube, also, the inlet and the
exit of the tubes were fixed. The dissolution medium was agitated at a rate
of 100 rpm. The absorbances of temazepam at 231 om was recorded to give a

continuous plot of absorbance versus time for 30 minutes. Sink conditions

were maintained during the experiments.
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Infre-Red Analysis (IR) : A quantitative IR analysis has been performed for

temazepam-PEGs solid dispersions and physical mixtures. Samples of 1-2 mg
.were mixed with potassium bromide (IR quality) and were-shaken in a vibrating
ball mill. The resultant homogenous mixture was compressed into a disc in

..l o
the compressor unit under vacuum and scanned from 4000 to 625 cm ~ with an

empty pellet holder as a reference .

RESULTS AND DISCUSSIONS

Differential scanning calorimetry (DSC) and hot stage mic-
roscope (HSM) were found to be effective thermal methods for

‘predicting the melting behavior of temazepam, PEGs and temazepam-

PEG physical mixtures or solid dispersions. Combination of ther-
mal events Hata helped in constructing the drug-PEG phase diag-

rams.

A. Melting Behaviour of Original Materials: Temazepam gave a sin-

gle endothermic peak corresponding to fusion when subjected to

thermal analysis (Trace I of Figs. 2-7) . Absence of thermal ev-
ents before melting signifying that the druwg did not decomposc
prior to melting. Since an exotherm following an endotherm was
not observed, no polymorphs for this drug existed under these
conditions. Guillory et 3316 claimed that pure compounds which
do not exhibit polymorphism, do not contain solvent of crystal-

lization and do not decompose prior to melting, generally exhi-

bit a single endothermic peak corresponding to the fusion tempe-

rature.

PEGs exhibited a single endothermic peak at a lower temper-

ature than that of the drug, as demonstrated by trace II of Figs.
3,5 and 7.

B. Melting Behavior of Temazepam-PEG Binary Systems:
———— g e P o TdetpPallTrby blllaYy oyStTems

DSC thermograms for temazepam-PEG 2000, 4000 and 6000 in physi-

cal mixtures or coprecipitates of a composition ranging from 10-
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90% w/w are represented in Figs. 2-7. They all displayed sim-
ilar characteristics. Examination of these thermograms gave

an idea about the changes ‘happened as the composition of the
binary system varied. Generally, as the temazepam content
decreased, the carrier content increased, the size of the first
endotherm (the carrier endotherm) increased. Coincidentally,
the size of the second endotherm (the drug endotherm) decreased.
Further decrease in the drug content (40% w/w drug) , disappeared
'the melting endotherm of the drug. This may be attributed to
the presence of the drug as ultrafine crystallities, the size
of which falls below the limit of the DSC analysis. For these
conditions, hot stage microscope (HSM) was utillized for the

determination of the final melting points of these systens.

C. Construction of Temazepam-PEG Phase Diagrams:

DSC thermograms were found to be more useful for the thaw
point determination in constructing the phase diagrams of tema-
zepam with PEGs, since the DSC and the differential thermal
analysis are thought to be very sensitive and objective for this
purposel7. These thaw points were used for the construction of
the solidus lines. However, the liguidus lines of these a.agr-
ams were constructed from both DSC and HSM technigques. The thaw

points and the final melting points determined are presented in

Table 1.

Examination of the phase diagrams (Figs. 8-10) reveals that
they all have similar characteristics. The liquidus line rises
continuously from the melting point of the carrier to that of
temazepam, and the solidus line passes horizontally through the
melting point of the carrier. These features are characteristic
for monotectic systems. Monotectics were first reported by

18
Bowden and applied to pharmaceutical systems by Kaurg&kil;g

20
and Grant et al . Monotectic system can be regarded as an eut-
ectic with an arm-missing system where the lower melting substa-

vk
—

nce appears to melt independently of the higher melting one.
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The rising liquidus curve on the left of each monotectic diagram
corresponds to the solubility curve of the drug in the liguid
exclipient. Upon further examination of the phase diagram, it
is possible to rule out the formation of solid solutions or mol-

ecular compounds within the concentration range investigated.

Correlation of Temazepam Release With its Phase Diagrams:

The position of a solid dispersion on the phase diagram, which
determines the physical nature of the system, must be considered

in relation to the rate of the drug dissolution. A summary of

the dissolution rate of temazepam from the prepared solid disper-

sions is presented in Table 2. The dissolution of the drug pre-
sented in thilis table was calculated from the dissolution profi-
les. It is clear that, from the obtained results, the higher
the carrier content in the so0lid dispersion, the nearer the sys-
 tem to the monotectic composition, the higher the drug release.
This deduction is in agreement with Grant ahd Abougelazo who have
found that, the left region of the phase diagrams represents the
composition region for the fastest release solid dispersions show-
ing monotectic behavior. It is worth mentioning that the phase
diagrams ercected from the data of the drug-carrier physical mix-
tures were foﬁnd to be similar to those determined from so0lid dis-
persions. This similarity gives a good indication that there was
no evidence of the formation of solid complexes between the two

components. Thils reveals that PEGs can only influence the diss-

olution rate of the drug by altering their surface properties

. 2.19
such as surface area or the nature of the drug-water interfaces .

On the contrary, a decrease in the dissolution rate of nalidixic

acl1d-PEG solid dispersion was observed and attributed to the pre-

. 21 .
'sence of an interaction between the drug and the carrier . Sim-

22 . - :
ilarly, El-Banna et al found that there is a good correlation

between the release of hydrochlorothiazide~-urea solid dispersions

and the position of the selected samples on the phase diagrams.
100 -

However, Goldberg et al. have found that the dissolution rate of

urca-acetaminophen fused mixtures at the eutectic composition was

similar to that of the physically mixed samples.
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Infra Red Analysis : The I.R. spectra for 1:3 and 1:7 w/w tema-

zepam~ PEG 06000 coprecipitates and the same ratio of the physi-
cal mixtures are shown in Fig. 14. The top spectrum of temaze-
pam was found to be identical with a reference spectrum of the

-1
drug23, Both show NH and OH stretching from 3500 to 3300 cm

. -1 _ _
and C=0 stretching at 1690 cm ~. Those characteristic peaks were

utilized for comparison of the I.R. charts of the processed drug

with that of the reference sample.

Temazepam-PEG 6000 physical mixtures showed the absorption
bands illustrating the presence of temazepam and the carrier-
Additionally, it was found that the I.R. spectra of 1:3 and 1:7
w/w temazepam-PEG coprecipitates were identical to those of their
respective physical mixtures. Also, the spectra showed no evi-
dence of peak shift or variation in comparison with the refere-

nce spectrum.

On the bases of these observations, it 1is céncluded that,
there is no evidence of complexation between temazepam and the
investigated carrier when they are in solid state, i.e., lack
of solid interaction. In addition, it is clear from the spec-

tra that coprecipitation method did not lead to any décomposi—

tion of the drug.

A lack of complexation has also been reported from a study
Oof PEG 6000 fusion gispersions using tolbutamide$%. succinylsu-
lphathiazole aﬁd chlorpropamideag, On the other.hand, PEG 4000
has been shown by I.R. analysis to complex, through hydrogen

bonding, with several disubstituted barbiturates"26




Table 1: Phase Transition Temperatures for Temazepam with Different Carriers Using DSC

Technique and

Hot Stage Microscope.
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+ !
%k %k |

and R.D.R. for Temazepam

Table (2). Dissolution Half Lives
' ~ PEG Coprecipitates.

, Ratio of theuﬁ;“T_SO % ‘th.D.R-(minﬁtes)p
Carrier - L - L
' - drug: PEG (w/?{_'(minutes)"s, 10 20
Control drUg# ' ...I ._ - 15.5 1 1 1
PEG2000 1:1 7.4 5.0 3.5 2.0
' 1:3 6.2 8.2 5.3 2.9
_ 1:7 2.4 15.0 = 8.5 3.8
PEG 4000 ' 1:1 5.6 7.9 4.9 2.6
' 1:3 4.6 10.00 6.3 3.1
“ _ 1:7 1.8 17.9° . 9.7 4.2
PEG 6000 1:1 4.3 103 6.6 3.2
' 1:3 3.4 14.9 . 8.9 3.9
1:7 1.9  20.5 - 10.8 4.5

“-_--—-__-—-;-—--I--_“-l—-—-—--_—_——_—-I-_-——---h_—--——---—_-_--_-—__——_—--——-_-ﬂihi_-

** Tt is thefratid of thé_amount'of the drﬁg diééolvedifrom COp-

recipitates divided by the amount dissolved from the pure &rug

at the-same’time,interv;l.
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