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ABSTRACT -

A recycling and automatic recording system
was adopted for studying the dissolution of Tem-
azepam via dispersed particulate and intrensic
dissolution methods. The study involves the ef-
feet of concentrations below and above CMC of pol-
ysorbates and Myris on the solubility and dissolu-
tion rate of Temazepam at 379C. These Surfactants
in low concentrations (below their CMC) caused no
change 1n Temaszepam solubility referred to 1ts wat-
er solubtlity. ' '

T60% and RDR (relative dissolution rate) for
Temazepam powder were calculated from the dissolu-
tton profiles. The presence of the studied surfa-
ctants 1n the dissolution medium caused an increase
in the dissclution rate of the drug as demonstrated
by a decrease in the T60% and the increase of the
RDR. An explanation for these results 1s offered.

The static disc method of dissolution was adop-
ted imn order to investigate the effect of the stud-
ted surfactants on the dissolution rate of Temaze-
pam compressed discs. Plots of the amount of Temaze-
pam dissolved, in the presence of the studied surfac-
tants, as a function of time, were linear for the
intrensic dissolution of Temazepam discs.
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Corrclation studies between the used surfactant

cencentrations and dissolution rate as well as solu-
bility parametsrs ofTemazepam were carried owt and an-
alyzed. It 18 suygested that the dissolution of Tem-
azepam in the presence of the colloidal micellar sur-

factants 18 a diffusion controlled process and 18 re-
Lated more to the diffusion layer mechantism of dissol-

UtLTON .,

INTRODUCTION

The use of surfactants as emulsifying agents, solubili-
zers, suspension stabilizers and as wetting agents 1n formula=-
tions intended for adminstration to human subjects or to anim-
als can lead to significant changes in biological activity of
the active agents 1n the formulations. A drug 1s seldom adm-
inistered as such but as a complex formulation. Surfactant
molecules incorporated into the formulation can exert their
multifarious effects in several ways. e.g., by influencing
the deaggregation and dissolution rates of solid dosage forms,
by controlling the rate of precipitation of drugs administer-
ed in solution form, by increasing membrane permeability and
affecting membrane integrityl. Study of the interaction bet-
ween bilile salts and indomethacin and phenylbutazone showed that the
enhancement O0f the dissolution of indomethacin 1in the presrnce
of bile salts was mainly due to micellar solubilization. On
the other hand, the enhanced dissolution of phenylbutazone may
be due to the melting effect and the increasing effective sur-
face area of the powderz. Parrott and sharma3 have shown that
surfactants increase the dissolution rate of benzoic acid,while

. 4 . 5 :
Wurster & Seitz and Levy & Gumtow also observedan 1ncreased

dissolution rate 1n the presence of sodium lauryl sulphate.

The dissolution rate of griseofulvin 1is 1ncreased in the pres-

6,7
ence of surfactants ? .




160

Interaction of 1,4-Benzodiazepines with Certain Macromol-
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In the present study, Temazepam, a l,4-benzodiazepine
derivative, utilized in clinical practice as rapidly acting
hypnotic drUgS was chosen for studying the influence of low

concentrations of non-~ionic surfactants on its measured dis-

solutlion rate.,

EXPERIMENTAL

Materials:

oy, = ot i Sl el - Sl -y S Wil

Temazepam, (Fabrica Italiana, Laboratorio controllo Alte Monteechio

Italy) I.R., and M,P., measured agreed with reference determination.

Macromolecules:

ipiegeh VR e Gy SIS B R T vy Teifey paghol Sieek  syind S SRR

Polyoxyethylene (20) sorbitan monopalmitate, polyoxyethylene (20)
sorbitan mencoleate (polysorbates 40 and 80 respectively), (sigma chem~-
ical company, U.S.A.). Polyoxvethylenc (40) stearate, poly oxyethylene
(100) stearate (Myris 52 and 59 respectively), (Atlas chemical Industries
Ltd., England).

~ Shaking water bath (Grant Instruments, Cambridge Ltd., England).

- SE 292 Digital ultraviolet spectrophotometer, (Instrum = NTS, Cambridege, -
England).

- Multipen recorder (Rikadenki Mitsni Blectroniwvs Ltd., England).

- Dissolution apparatus (Erweka—-Apparatebou, G.m.b.H., Germany).

Procedures:

I, Solubilitz Determinations:

Excess of Temazepam was shaken with 10 ml of different concentrations

of surfactant solutions for 24 hours in a constant temperature water bath
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at 37 + 0.2 C. 2 ml of the suspension were filtered and 1 ml of the fil-
trate was diluted to 50 ml with distilled water. The concentration of
the drug was determined by measuring the U.V. absorption at 232nm. Equ-

ilibration beyond 24 hours did not increase the solubility.

A recycling and automatic recording system was used for all the dis-
solution studies, i.e., the solution in the dissolution vessel was aut-
omatically pumped (by a peristaltic pump) through 10 mm path length qua-
rtz flow cell of the spectrophotometer and then back to the dissolution
vessel. The absorbance of Temazepam at 232 nm was recorded to give a con-

tinuous plot of absorbance versus time.

The dissolution apparatus used was similar to that described by
USP/NF Method 2, with slight modifications. During dissolution, the dis-
solution medium was agitated at a rate of 100 r.p.m. under sink conditions
by keeping the concentration of the drug less than 5-10% saturated solubil-
ity. ac maintained during the experiment. In each case,during dissolution
an appropriate concentration of the surfactant was circulated at first (as
a blank) to avoid interference. All samples were run at least in dubli-

cate.

Temazepam (8 mg, 45—200_y) was sprinkled over the surface of the

dissolution medium (900 ml degased solutions of polysorbates or Myrjs).

The experiment was completed for 30 minutes as above.

(B) Intrinsic Dissolution Method:

ARy s il Es S s TR U SIS P S S S s S R S S S R S S S G S S Suble

Discs (10 mm diameter, 1.5 mm thickness) were prepared by compres-
sing (25 kg/cmZ) Temazepam (165 mg, 45— 200:u) using a special die. The

disc surface was cleaned with a jet of air before use. Discs were not

removed from the dies but the entire unit was fitted flush into the base




162

Intracetion of 1,4-Benzodiazepines with Certain Macromol-
ecules: I- Effect of Non—-Ionic Surfactants on The Dis-

solution Rate of Temazepanm.

of the dissolution medium so that the upper face of the disc was exposed

to the dissolution medium. The dissolution process was measured as before.

RESULTS AND DISCUSSION

Table 1 shows the saturation solubilities of Temazepam
1n water and in different concentrations of polysorbates and
Myrijs below and above their reported CMC values at 379. Wi-
th regards to the obtained results, if can be concluded that
polysorbstes and Myrjs in low concentrations (below their CMC)
cause no change in Temazepam solubility, This 1s mostly be-
cause surface active molecules are molecuiarly dispersed, and
compounds with low water solubility, such as Temazepam, do not
dissolve to a'gﬁﬁwer extent than they would 1n water. However,
at concentrations of surfactants above their CMC, the solubil-

1ty of Temazepem was increased which may be attributed to mic-

ellar solubi1lization of the drug.

TSOZ and RDR (relative dissolution rate) for Temazepam
powder,as calculated from the dissolution profiles
of the amount of Temazepam dissolved against time.are shown
1n Table 1. It is evident that presence of surfactants in
the dissolution medium causes an increase in the dissolution
rate of Temazapam as demonstrated by a decrease 1n the TSOZ
and the 1ncrease of R.D.R. The increase in the dissolution
rate of the drug in the presence of low Concentrations of pol-
ysorbates and Myrjs, used below CMC, may be attributed to a
lowered interfacial tension which improved the wetting of the
powder surface and the effective surface area consequently

increasedlo. A higher concentration (above CMC) of polysor-

bates and Myrjs causes also an increase in the dissolution
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rave whi-n way be due to micellar solubilization, wetting
effect and increasing the effective surface area of the
disnersed powder. This behavior agrees with the diffusion

, . N : : 11
Lover Lhaeocvy of dissolution .

-t

The static disc methdd was adopted in order to 1nvest-

“s.te the effect of surfactants on the dissolution rate of
fenezepam ip 3 more quatitative manner, which may help pred-
~rins th~ mechanism of dissolution. Plots of the amounts of
v rnzepam 2issolved as a function of time were linear for in-
- inesic dissolution method studies of Temazepam in different
concevirations of Myrj 52, Fig.l. Increasing the surfactant
~onis - v ovions increased the dissolution of the drug. The
apparcnt zero dissolution rate constants (K) obtained are lis-
te 11 Table 2. According to the Noyes-=Whitney relationship£2
yrdsr sink conditions and with constant surface area, dissolu-

tion rate (d.r.) may be expressed by the following equation:

o

der = E = K (CS— C) ... (a)

o

k

whic™ shous trat the rate of change of the concentration of
& solute, C, 18 related to its_saturation solubility,CS(ass—
ining consicant surface area). Under sink condition’CS¥> C,
and equation (a) can be reduced to:

d.r. = K C . oo(b)

where K 1s the dissolution rate constant.

. . D
' non micellar systems: K = 5

where D is the solute molecule diffusion coefficient and h 1s
the effective diffusion layer thickness . Keeéping the surface
area of the disc constant and assuming that both D and h rem-
aln invarient if the drug is dissolved in a medium contailning

colloidal solubilizer, then it may be deduced from equation

. . C
(b) That: C L (e)
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where R is the ratio of dissolution rate in surfactant sol-

ution to that 1n pure solvent and C: is the drug solubil-

1ty in surfactant solutions. Using the solubility data ob-

tained 1in the present work the theoretic dissolution ratio$S

employing equation (C) were determined and drawn,Fig. (2),.

This Figure also shows the experimental ratio of dissolu-
tion rate constants, The latter plot 1s non—-linearly related to
dissolution rate, becoming progressiyely less with an increase
in the surfactant concentration, Similar phenomena have been
demonstrated by Higuchi13, who found that the ratio of diss-
olution rate of benzocain 1in polysorbate 80 solution, to that
without tﬁe surfactant,was substantially lower than that pred-
icted by the Noyes-Whitney theory. These results have been
supported by several workers3’14’15'

This finding migﬁt indicate that the Noyes-Whitney theo-
ry fails to predict dissolution 1n systems contaning solubil-
1zers, This effect may be due to an increase in the viscos-
i1ty of the dissolution medium16, or due to dependence of the
dissolution rate on the diffusion coefficient of the diffus- .
ing species, and not on their solubilitiesy; as micellar sol-
builized drugs would have a lower diffusion coefficient than
the free drugs. According to HiguchilB, the effect of inter-
acting colloids on dissolution rates may be used for differ-
entiation of the dissolution mechanism. From the present res-
ults, this may indicate that the dissolution is a diffusion-
controlled process and 1s related more to diffusion layer me-

chanism of dissolution,.
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of Temazepam in the Dissolution Media Containing Var-

Table 1. Dissolution Half Lives (T and Solubility

: : 0 : :
ious Concentrations of Surfactants at 3/ using Disper-

sed Dissolution Method.

ol siend Seinle ppinny m_———_—-_—n--—_—_-—h—_——_”“——_—_-_—_-._.__-—p_-——_—_—--#--_ﬂ—-——__—-_l_—“_—_—

Dissolution Surfactnat Solubility T (MIN) _gé_giggégg_
Media concentration yo/ml of 50%
Z w/v Temazepam 10 20
Water 0.000 144 15.6 1 1
Polysorbate 40 0.0005 143 5.2 6.86 3.34
0.1 149 3.6 9.72 4,19
Polysortate 80 0,0005 145 6.3 5.95 3.17
0.01 150,9 4,3 8.55 3.87
Myrj 59 0.005 146 4.4 7.48 3.50
0.05 148 3.2 8.60 3.79
Myrj 52 0,005 144.1 4,0 7.65 3.62
0.05 151 3.0 9.63  4.12
0.1 160 ——=— ——= -
0.5 250 - — -
1.00 360 -—— | — —
* 1507 time required for 507 of the drug to be dissolved
* R.D.R. (Relative Dissolution Rate): ratio of the amount of the drug

dissolved in the non-ionic surfactant medium divided by the
smount dissolved in water at the same time interval.
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% . .
Table 2 .- Dissolution Rate Constants,thelr'Ratlo and Sol-

ubilities of Temazepam in Myrj 52 Solution

Surfactant Dissolution rate Ratio of Ratio of
Concentration constants(mg'miﬁ$ solubility dissolution
(7 w/v) x 103

rate constant

e R R ) N R L ) -y 8 [ ¢ t . | § ! ¢ _}» § * § [ _§ _p (1 1 ¢ _ ~J _» 31 -1 1 [ L .} L . L 2 ¢ 3 L 3 I 3 1 3 ‘Il 3 L _§ ‘L _} I _J

0.000 12,47 ————— -
0,005 14,08 1,001 1.129
O.1 17.14 1.111 1.345
0.5 19.30 1.736 1.548
1.0 23.10 2.500 1.853

* Related to static disc method for studwing dissolution.




167 Aly A. Abdel Rahman et al

4.0
3.8
3.6
3.4
3.2
3.0

2.8

i

Temazepam digsolved, mgﬁ%QG ml
. \
Q

40 60 80 100 120 140 160 180

Time (minutes)

Filg. 1 : Dissolution of Temazepam in water contalning various concentrat ions
Of Myrj 52 at 37° using Static Disc Method,

Key : %, 0.00% w/v Myrj 52 i O U.005% w/v Myrj 52; @, 0.1% w/v Myrj 52;
O, 0.5% w/v Myrj 52 ; @ , 1.0% w/v Myrj 52 '
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Fig.2: Ratio of Dissolution Rates and Solubilities of Temazepam

in Myrj 52 solution to those in distilled water using
Static Disc Method,

Key: O, ratio of solubility; @, ratio of dissolution rate constant.
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