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ABSTRACT

Temazepam-polyethylene glycol 6000 {PEG 6000} coprecipitates
has been formufated as tablets using direct compression Lech-
nique. This coprecipitation was chosen as Lt exhibited an opti-
mum dnwg release characteristic and could be easily handled and

pulvernized.
Diggerential scanning calornimeterny (DSC) was utlized Lo
check the compatibility of temazewam with . Avdcel pH 107

and magnesium stearate as well as the efdect 04 aaeing on the
formulated coprecinitates, at difderent storage conditions.
It was concluded that the dwug 48 compatible with those tablet

exciplents, and no detectable changes resulted 4rom ageang. c

Compression o4 the formula containing 1:3 w/w Lemazepam-PEG
6000 coprecipitates nroduced good quality tablets having rapdd
disintengration and rapdld dissolution rates. Tablets o4 1:7 w/w
natio werne highly compact and having a Lowen disintegration and
a Lowen dissolution nates. This shows the imporntance of opti-
mizing the qormulations by finding out the correct quantity o4
excAenients to maintain bettern dissolution proverties.

The results obtained indicated that 1:3 w/w temazepam-PEC
6000 coprecipitates netains Lts higher dissolution when compre-
ssed as tablets. Additionallu, this tablet forumulation nelved
Lo provdide Lemazewam Ain a high quality dosage 4omm.

INTRODUCTION

The formulation of solid dispersions with various pharmacolo-
gically inert carriers is one of the techniques that potentially
enhance the dissolution rate and extent of absorption of hydro-
pPhobic drugs. Ultimately, solid dispersions required formula-
tion into dosage forms, either tablets or capsulés. For the

»
former, wet granulation techniques are unacceptable since agueous
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fluids would break down the dispersion destroying its fast

‘ | & 1 L L) e
- release characteristics . Solid dispersions may often be

tacky and uﬁhandablez, but when they are easy to pulverize
direct compression, double compression, or encapsulation

technique may be used. Direct compression with or without
direct compression aids has been accomplished successfully

. : . , i 3 -6
for dispersions including cextain drugs .

Temazepam 1ls marketed as sofl gelatin capsules containing
solution of the drug ianolyethylene glycol. From the techno-
logical point of view, the gelatin capsule is difficult_to be
manufactured andg stored. In addition to the problem of_leak-
age of the contents which seems to be a common fault with all
temazepam capsules iﬂ,the market, including the branded'#efu
simn$7, Maguirea'stated that the supply of temazepam formu-
rated in soft gelatin capsules, however, is still presentihg
some problems. Many patients prefer one praticular brand '
and refuse the others of different manufacturers because they
observed inadequate or adverse clinical activity when they
received a change. Maguire declared that this was not purely
psychological, but there might be a fundamental difference
in the pharmacokinetics of the drug. In a recent review,

1

Ford uwentioned many additional advantages for solid disper-

sions, that provide scope for ithe continued interest in solid

dispersions. Of these advantages, malntaining the drug in a
: , 9 | : O | |
bivavailable form™, dosage reductlonl and cleaner manufac-
11 | ' |

turing conditions .

The aim of the present work is to develop a convenient dosage )
form of temazepam prepared in solid diﬂpersionﬂ. As a result .
of the intensive studies done on solid dispersion of this drug
wlth some hydrophilic carrierslg, the best carrier, the'opti-
mum composition and the best method for the preparation of
temazepam solid dispersions were chosen as a basis for the

| _ : { .
work done in this article. Based on these observations, tem-

azepam~PEG 6000 coprecipitates were formulated as tablets.
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VITI-Formulation of Tablets Containing Temazepam
Solid Dispersions

EXPERIMENIAL

Materials and Methods :
Temazepam (Fabrica Italiana Sintetici, Iaboratorio, Controllo Alte

Montecchio (vicenzo), Italy).

Plyethlene glycol 6000 (PEG 6000), (B.D.H. chemicals Itd, Poole,
England) .

Polyoxyethylene (40) stearate (Myrj 52), (Atlas Chemical Industries,
Ltd, England)}.

Microcrystalline cellulose (Avicel pH 101), (F.M.C. International Food

and Pharmaceutical Products, Ireland).
Magnesium stearate (B.D.H. Chemicals Ltd, Poole, England).

Apparatus :

Dissolution apparatus (Erweka-apparatebau, G.m.b.H., West Germany). CE
1292 digital ultraviolet spectrophotometer C-CIL (Instrum~-CIL (Instrum-NTS,
Cambridge, England).

Multipen-recorder (Rikadenki Mitsni Electronics Ltd, England). Shaking
water bath (Grant instruments, Cambridge Ltd, England). Dupont Differe-
ntial Scanning Calorimeter (DSC) connected to Dupont 1091 Disc momery

(Dupont Co., Analytical instruments Division, Willimington, USA).

Hp 8451 A Diode array-spectrophotometer, 98155 A with keyboard and
7470 A plotter (Hewlett packard, USA).

Single punch tablet machine and tablet disintegration test unit(Manesty

Machines, Ltd., Liverpool, England).

Tablet hardness tester, (Heberlein & Co. A.G., Switzerland). Screw

gauge micrometer, (Mercer 130/3, England).
Roche friabilator, (J.E.L., Ludwigshafen, Rhein. W. Germany) .

Methods :

Assay of Temazepam: Ultraviolet spectrophotometric method was adopted

for temazepam determination alone or in various test preparations using a

computerized HP 8451 Diode Array spectrophotometer. The drug absorbance

. 12
was determined at 232 nm . The concentrations of temazepam were deter-

mined from the calibration curve which followed Beer's law.

b ]
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aration of Temazepam~-PEG 6000 Coprecipitates :

1:14 1:3 and 1:7 TamazepaﬁFPEG 6000 solid dispersions as well as controls
12,13

were prepared by both solvent and fusion methods

Characterization of the Produced Coprecipitates :

h- Ultraviolet Spectrophotometric Studies :

The U.V. studies of the pure and the processed temagepam (5 ug/ml)
wers carried autig, The presence of the carrier 4id not interfer with

the sgpaectrophotometric assay of the drug ,Fig. 1.

B~ Thin Layer Chromstographic Investigation :
The dispersions prepared were analyzed by TLC to check the chemical
stability of temazepam during processing, as m@ﬂﬁimn&ﬂﬂbefbr&13. ) §
was found that the processed Temazepam was stable and no signs of degra-

dation appeared.

C~ Differential Seanning Calorimetric Studies

o i - i, b S

D8C of the freshly prapared coprecipitates ag well as the stored ones
ware carried autlz'ia in order to determine the transition temperature

aind the heats of fusion.

Tablet Formulation Compatibility of Temagrep

s otk e e s i ;.

am with the Suggested Tablet

Excipients
DSC teghnique was usad to check the compatibility of temazepam with

Avicel PH 101 and magnesium stearate. Thearmogramsg for individual substances
and for 1:1 w/w physical mixtures of the drug with either Avicel PR 101 or

magnesium stearate werd plotted. Apparatus and procedures used are described

aforal?r 13

Tablet Compression

Three solid dispersion formilae were chosen from detailed studies baged

on the dissolutiofi work d@ﬂéiz and characteristiecs 6f the solid dispersions

iﬁV@gﬁig&tﬁdlza
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VITI-Formulation of Tabletls Containing Temazepam
Solid Dispersions

Each tablet was formulated to contain 10 mg temazepam.

Formula A : (control formula)

Temazepam powder ( 45-200 U) - 10 mg
Magnesium stearate ' 1 mg
Avicel PH 101 to 200 mg

Formula B :

1:3 w/w Temazepam ~PEG 6000 coprecipitates 80 mg
Magnesium stearate 1 mg
Avicel PH 101 to 200 mg

Formula C :

1:7 w/w Temazepam ~ PEG coprecipitates 80 mg
Magnesium stearate - 1 mg
Avicel PH 101 to 200 mg

Formula D :

1:3 temazepam - Myry 52 ccpr&aipitates 40 ng
Magnesium, stearate 1 mg
Avicel PH 101 to 200 mg

The ingredients of each formula, except magnesium Stearate, were blended
in a glags:jar for 25 minutes. Magnesium stearate, was sjeved in and
blended for an additional 5 minutes. A Manesty single punch tablet machine
with concave surface was used to compress the tablets. compression feorce

was adjusted to give tablets of suitable hardness.

Many attempts were done to compress formula D using 1:3 w/w temazepam-
Myrj 52 coprecipitates, this proved to be impossible due to cracking of
the tablets produced.

Properties of the Compressed Tablets :

a) Tablet Dimensions : The height and diameter of each tablet were measured

using a screw gauge micrometer. Results given are the average of ten

tablet determinations.

b) Tablet Hardness : The tablet crushing strengths (kg) of eight tablets

were determined using the Heberlein hardness tester.

C) Disintegration time : The dlsintegration of the tablets was studied

at 37 £ 0.5°C using the disintegration test apparatus of the British
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pharmacopoeia with the disc. Values are the average of two deter-

minations.

d) Uniformity of Drug Content : Five tablets were selected randomly from

each batch. Fach tablet was ground in a mortar, washed quantitatively
into a volumetric flask with absolute ethanol. The contents of the
flask wexe shaken well for 30 minutes, filtered and 2.5 ml of the
filtrate was diluted to 50 ml with distilled water. The diluted aqueous

solution was assayed for its temazepam contents.

f) Dissolution Rates : The dissolution rates of the tablets was determined
using Erweka dissolution apparatus. The dissolution medium was 900 ml
distilied water of 37°C. The dissolution medium was automatically mea-
sured for its drug content in a continuous spectrophotometric flow system.
A filter tip was fixed to the inlet tube, alsc, inlet and exit of the
tubes were fixed. Agitation of the dissolution medium was accomplished
by a strirring paddle at a rate of 100 r.p.m. A cylindrical stainless
steel basket was fixed to the end of the rotating shaft instead of the
blade, One tablet was placed in the basket and the dissolution profile

of the drug was recorded and drawn at 232 nm for 30 minutes.

RESULTS AND DISCUSSION

Since it was believed that incorporation of sélid disper-
sions into tablets provides a dosage form with fast release
properties relative to test tablets of untreated drug, a trial
was made to apply this technique to prepare good quality
tablets of temazepam, to evaluate the effects of tabletting

on the drug release from solid dispersions.

The selection of the most suitable dispersion carrier, drug:
carrier ratio and the best method ¢f preparing the solid
dispersions for the construction of the tablet formulae were
based on the data obtained from the dissolution rate studies!2

Those preparations provided solid dispersions having the highest

dissolution rates were selected.
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VIII-Formulation of Tabfets Conlaining Temazepam

Solid Dispersions

Direct compression technique was chosen to manufacture solid
dispersion tablets, as it is advantageous in terms of low cost,

simplicity and product stability14’15.

Microcrystalline
cellulose was used as a directly compressible vehicle for the
preparation of temazepam solid dispersion tablets. Magnesium

16
stearate was selected as a lubricant .

Compatibility of Temazepam with the Suggested Tablet Excipients:
Differental scanning calorimetery was utilized to check the
compatibility of temazepam with the suggested tablet exci-

pientsl7“21.

The DSC thermogram of temazepam (Trace 1 of Fig. 2) showed
a melting endotherm at 162°C, with a heat of fusion (A Hf)
of 27.5 kJ/ mole. The DSC thermogram of Avicel PH 101 (Trace
2 of Fig. 2) showed no characteristic features at the tempe-

rature of interest (35-175°C).

As a rule, if the DSC thermogram of an egqual mixture of the
drug and the excipient reflects the characteristic features
of the thermograms of each component, 1t could be concluded
that there is no interaction between them, i.e., there is no
physicochemical incompatibility, and vice versa17. It was
found that the DSC thermdgram-of 1:1 w/w mixture of temazepam-
AvicelPH 101 (Trace 3 of Fig.Z2) showed the combined features
characteristics of the thermograms Gf each component. The
heat of fusion, kJ/mole, was found to be gquantitatively iden-
tical to the predicted value of temazepam (27.5 kJ/mole) indi-

cating no incompatibility under these conditions.

DSC therograms of magnesium stearate (Trace 2 of Fig.3)
showed two broadened transitions at about 72°C and 100°C
respectively.'DSC thermogram of 1:1 w/w temazepam ~magnesium
stearate (Trace 3 of Fiq. 3) combined the features charact-
efigtic of the thermoérams of each component, but with a slight
broadening of the temazepam melting endotherm. The heat of
fusion of temazepam (27.5 KJ/male) was found to be guantita-

tively identical to the predicted value indicating no incom-

patibility between temazepam and magnesium strearate under the

condition of the test.
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19
In a similar manner, El-Shattawy

has found that anhydrous
. ampicillin was compatible with hAvicel PH iOl,lﬁ?icel PH 105,
Elcema F 150, S7TA~RX 1500 and Cab-0-Sil, while incompatible

with sorbital and dicalcium vhesphate dihvydrate.

Therefore, DSC can distinguish between those excipients
unlikely to cause a problem and those that may cause troubles
and thereby a more rational approach to early formulation des-
igns could be established. Although it can be conciusively
studied that an incompatibility interaction will occur during
storage at room temperature, this method can give an early

u 12
warning of such a possibility .

In order to predict any thermal and crystalliine changes that
may happen on ageing of temazepam coprecipitates intended to
be formulated into the tablets under investigation, DSC of some
of the stored samples were comnpared with those of fresh ones,
rig. 4 & 5. Fig. 4, shows the effect of ageing on temazepam
stored at 37 and 45°C. It is obvicus that there i1s no change

- in the'shape of the theimogram¢ Only a slight increase 1in

melting point about (1-2°C) was observed oh ageing. This inc-
rease is possibliy due to a very slight increase 1in the crystal

size or due to the trapped air.

Fig. 5 shows the effect of storage conditions (20°C/75% R.H,
37 and 45°C) on 1:3 w/w temazepam ~-PEG 6000 coprecipitates.
It is obvious that the fresh and the aged samples are very
similar, showing one melting endotherm of PEG 6000 and in both
casegs disappearance of the Characteristic melting endotherm of
temazepam. This clearly indicate that temazepam is still pres-
ent in the stored coprecipitates as very fine crystallites or

the amcrphous form. Thus ageing of the formulated coprecipl-

tates did not produce any detictable changes.
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VIII-Formulation of Tablets Containing Temazepam

Solid D&persions

Properties of Temazepam Tablets

Tablets prepared from temazepam and its PEG 6000 disper-
sions by the direct compression technique have a white and
shiny appearance. Table 1 shows the properties of the prep-
ared tablets. Generally, these results indicate the possibi-
lity of producing directly compressed temazepam tablets having
satisfactory properties. Although it 1s believed that there
is a great chance of drug content per tablet variation, it was
found that temazeﬁam tablets prepared using this technigue

have reasonable uniformity of drug content.

As 1:7 w/w temazepam-PEG 6000 coprecipitate in powder form
showed the highest dissolution ratelz, it was expected that the
drug release rate from formulated tablets would be superior.
Actually, this is not the case as those tablets showed the
lowest dissolution, Table 1. Comparison of the T 50%'s and
the relative dissolution rates of the prepared tablets gave
the rank order for the dissolution of test tablets :1:3 w/w
coprecipitate > untreated temazepam > 1:7 w/w coprecipitate | i
tablets. Upon further examination of the results in Table 1,
it i; clear that the poor dissolution of the tablets prepared
from 1:7 w/w temazepam-PEG 6000 coprecipitate was due to the
poor disintegration properties of the tablet. This could be
noticed in tablets containing higher proportion of PEG 6000
than those of 1:3 w/w coprecipitate tablets. It appears that
high PEG 6000 content is undesirable during direct compression
of so0lid dispersions because 1t produces highly compacted and
taéky tablets resulting in delayinq disintegration. Ford22
has concluded that tablets containing high PEG 6000 levels
were hard and capping occurred durihg compression. The present
results indicate that direct compression of 1:3 w/w temazepam-
PEG 6000 coprecipitate (Formula B) produces tablets having
very rapid disintegration and a high dissolution rate. This
shows the importance of optimizing formulations by finding
the correct quantity of excipients to maintain good dissolu-

tion properties without tackiness.
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Fig. 6 shows the marked superiority in dissolution rate
of the 1:3 ' w/w temazepam - PEG.GOOO coprecipitate tablets
over the drug alone and 1:7 w/w temazepam -PEG 6000 copre-
cipitates in tablets. This effect may be partially due to
the rapide disintegration of the former tablets when they
become in contact with the'dissolution medium. This fact,
beside the other mechanisms which lead to a higher drug
release from its coprecipitate may account for the observed

higher dissolution rate for the tablets containing this ratio
cf the coprecipitating agent.
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Interaction of Temazepam With Ceatain Macromofecules | ,
Vii1-Formulatlion of Tabfets Contfaining Temazepam %
Solid Dispersions _ :
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FIG. 2: DSC THERMOGRAMS OF' TEMAZEPAM (1), AVICEL PH 101(2) and 1:1 W/W
TEMAZEPAM-AVICEL PN 101 MIXTURE,
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FIG. 3: DSC THERMOGRAMS OF TEMAZEPAM (1), MAGNESIUM STEARATE (2) and
1:1 W/W TEMAZEPAM-MANESIUM STEARATE MIXTURE.
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VITI-Foamulation of Tablels Contamutg Temazepam
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FIG ( 6 )DISSOLUTION PROFILES OF TEMAZEPAM TABLETES( CONTROL) AND
'PEG 6000 COPRECIPITATES IN TABLET FORM( MEAN OF 4 DETERMINATIONS),
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Table 1 : Physical wmnmmnnwmm of Tablets Prepared by -cwn.ww_” .noavﬂmm.mw@: of Temazepam mowma._,.uwmmnﬂmwom«. T
_
llllllllllllllllllllllllllllllllllllllllll S
1 . o . " Dimensions Hardness |Friability | Disintegra- ‘Dissolution Parameters
Formulation T . (mm) (Kg) (gZ) tion Time T oz R.D.R.(min.)
| Thickness -diameter . | (seconds) (minutes)] 10 20 ..
Temazepam alone 1in n.m_uwmnm-,.-. _. p..wm.m_ 8.775 | 5.3+0.6 0.680 36 '} 12.10 _ 1 | 1

-

R

- -
L
L J
"y —

!

1:3 - Temazepam-PEG 6000

coprecipitate tablets 4.13 8.778 | S5.8+0.4 { 0.241 | 30 3.60 2.50] 1.43

] |
: . #
|

1:7 Temazepam-PEG 6000

Th

ooﬂnmnwvwnmnm tablets | - 3.66 8.775 5.3+0.6 -———— 570 13.50 0.58 | 0.61

-

peasions.
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