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ABSTRACT

[nfantile suppositories each containing 14 By midazolanm
paleate were prepared using polyethylene glycol(PEG) bases, cacac
butter, witter KI5 and witepsol [75.  Some physico-chemical tests
wvere carried out on the prepared suppositories with or without the
nedicament,  High performance liquid chromatographic assay has been
described for successful guantitative determination of the drug
using  B-CyD-bonded stationary phase.  Ihe proposed method is
accurate and was establisked from the standard solution,  The
permeation and dissolution patterns of the drug from the tested
bases were investigated and were found to be base dependent.
larbowax base consisting of a mixture of PEG 1008, 4800 (97:3) qave
the best permeation of the drug and the fastest dissolution rate.

INTRODUCTION onset of action. There are many uses for midazelam in

pre-operative period including premedication, anesthe-

Nidazolaw,  8-chloro-6-(fluorophenyl-1-nethyl-4H- sia induction and maintemance, and sedation for diag-

inidazo{l,5-a}{l,4] benzodiazepine (midazolam Ro 21-

N | | o | nostic and therapeutic proceduresl"3.
3381, Dornicun®) 1is a new benzodiazepine derivative with

unique properties. It is water soluble and also stable The product is not yet in the Eqyptian market. It
in its acid formulation, but is highly lipid soluble in- has been investigated «clinically 1in the form of i.m.
vitrol™3, It has rapid onset and short duration of ac- or 1i.v. injectable solution (maleate in an early phase,
tion.  Other henzodiazepines'ﬁhich forms water soluble thereafter hydrochloride) and in the form of tablets

salts like chlordiazepoxide and oxazepan have a slow containing the maleate salt. No information about the




rectal use of this new promising drug has been re-

ported.

However, the rectal administration of some benzo-
diazepines have been studiedd3, Diazepan rectal solu-
tion gave faster and reqular absorption than the oral
or the i.n. administration with no observed differences
On the other hand,

razepan suppositories formulated in water soluble bases

in the biuavailahility5'3. lo-
gave the same extent of absorption as that of an oral
solution of the drug in mongrel dogsg. suppositories
may be convenient for pre-operative medication, espe-

cially for children to aveid painful injection,

Titrimetyla, complexinetrylm. colorimetryll and

spectrophetometry12 have been used for quantitative de-

In addition GLC and

HPLC have been developed for the analysis of benzodi-

ternination of benzodiazepines.

azepines in drug fornulations!3-14 and in biological
fluidsl?,

in the

utilization of cyclodextrins as stationary or mobile

Recently, there is considerable interest
phase in chromatographic analysis because of their
abllity to form inclusion complexes with a variety of

organic roleculestd 17,

However, the literature revealed that midazolam

determination have not received much study. Hence, the
atn of the present work is to formulate suppositories
containing midazolam maleate using different supposi-
tory-bases and to study the physico-chemical proper-
ties, 1n-vitro permeation and the dissolution patterns
Also,

this study concerned with the construction of an HPLC

of the drug from the prepared suppositories.
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techhique for successful quantitative determination of

the drug.
EXPERIMENTAL

Materials

fidazolan maleate (La Roche and Co. LID., Basel,
1000, 1508 and 4000
switzerland), cacao butter (B.P grade),
(Nobel Dynamit, GFR), and standard
Co. England).

ALl other chemicals were of analytical reagent.

Switzerland), Carbowaxes 448,
(Fluka AG,
witepsol H15, E75

cellophane membrane (38/32 Fisher Sci.,

Preparation of Suppositories:

Five different suppository bases were selected
(Table 1),
containing 19 mg of midazolam were prepared adopting

the fusien method.
placed in a refrigerator at 4°C for I days and another

suppositories of infantile size (1 gm) each

The prepared suppositories were

! days at room temperature before testing. Supposito-
ries without the drug were prepared under the same con-

dition to be used as reference control.

Table 1 : Composition of Suppository bases used.
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Base type Composition tw/w
Nater soluble
Polyethylene glycol
(PEG)
PEG 400 38
A PEG 1566 3
PEG 4080 48
B PEG 1600 97
PEG 4900 3
Fatty
Cacao butter Cacao butter 100
Witepsol Hyx Witepsol Hys 160
Witepsol Eys Nitepsol Eyg 100
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Physicochemical tests

Hardness This was designed to measure

[t

was determined using Erweka hardness tester(Type S8BT,

the brittleness and fragility of the suppositories.

Frweka, Heusenstamm. Germany).

Melting point Nas measured by the U-tube

pethod. Weight variation and disintegration time were
varied according to the B.P. 198018,

HPLC Assay

Apparatus
The apparatus used for HPLC was a Spectra Physics
punp module, equipped with a stainless steel column

(180 X 4.6 nn) packed with B-CYD chemically bonded to

high-purity (Cyclobond I,
Separation Technologies, USA), Detection was effected

silica gel Advanced

spectrophatometrically at 215 nm using a Du Pont

variable-Navelength UV spectrophotometer. SP  410¢
computing inteqrator was used to monitor the
chromatoqraphic  characteristics.  pH-meter  (HANKA

instruments) was used to adjust the pH.

Solutions
Sodiun dihydrogen phosphate (%.83M) solution was

prepared using distilled water and adjusted to ph 7
with ¢.1M NaOH.

For construction of calibration graphs stock solu-
tion (109 ng nl"!) of nidazolan was prepared in dis-

tilled water and serially diluted with distilled water
to give final concentrations of 6-6¢ ug nl7L,
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Chromatographic conditions

The nobile phase was consisted of phosphate buffer
(p 7.8) : methanol in the ratios of 58:5¢, 68:40,
65:35, 70:38, and 80:28. The mobile phase was degassed
directly before use. 50 u 1 sample of the prepared so-
lution was injected. Flow-rate was | ml nin~!, chart
speed was 1 cm gin”! and attenution unit for full-scale

deflection was sif at 1 mV.

midazolam suppository

of
(drug content)

Assay

Ten suppositories from each base were assayed in-
dividually. R preweighed suppository was melted and
dissolved in 20 ml distilled water. Take 0.2 nlof
clear solution of the prepared sample under test in 18-

nl calibrated flask and complete with distilled water.
The final concentration was equivalent to 10 ugml“l.

The drug was determined by the HPLC nmethod, the peak
area neasured for the drug was directly related to the

concentration.

Permeation Study

The permeation study was carried out through cel-
lophane membrane as follows!®: The membrane was soaked
in distilled water overnight, withdrawn, rinsed with
distilled water, then stretched
firmiy over one end of a glass tube (8 ma internal
and tied with a cotton thread.

ol phosphate buffer pH 7.4 at 379C + 8.5 was poured
into the tube. The prepared tube was suspended in 239

nl beaker containing 108 ml phosphate buffer at 37°C ¢
§.5¢, The

The membrane was

diamefer) A volume of 5

systen was placed into a constant

temperature water bath and kept to attain a temperature
+§.59,

of 37°C After the temperature 1s




equilibrated, one suppository was introduced into the
tube.

siowing rotating magnetic stirrer.

[he buffer inside the beaker was stirred by

At

fromn the beaker and replaced with the same volume of
fresh phosphate buffer at 37°C + 6.5, The amount of
the drug permeated was determined by the HPLC method.

intervals, an aliquot of 5 nl was withdrawn

The peak area nmeasured for the drug was directly re-

lated to the concentration.

Dissolution Study
The USP rotating basket apparatus was used for the

test.

basket, which was then suspended in a USP vessel con-

A suppository was positioned upright in the wire

taining 250 ml phosphate buffer pH 7.4 dissolution
rediun kept at + 8.19C.  The basket was rotated at 5¢

rpe,  Samples of 3 ml were withdrawn at specified time
intervals and assayed for their drug content using the
HPLC analysis by measuring the peak area which directly
relatgd to the concentration. An equivalent amcunts of
fresh buffer was added to the dissolution medium to

conpensate for sampling,

RESULTS AND DISCUSSION

PHYSICO-CHEMICAL PROPERTIES

The determined hardness values (1.4-4.6 kq) Table
) are in agreement with Erweka requirements, The test
was carried out on medicated and control suppositories.
The results revealed that no difference in hardness was
found between the medicated suppository and its control

except for cacao butter, where as,

tncorporation of

the drug resulted in an increase of its hardness value
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(4.6 kg) as compared to its control (2.98 kg). A result

which 1s required for good manipulation.

Table 2 :IPhysico-chemical Properties of Midazolam Naleate Supposi-

tories Prepared in Different Suppository Bases.
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suppository Hardness Melting Average  Disintegration
range welght time
base () (29) (qun/t S5.D) (min)
PEG
A 2.5 46-47 8.987:0,0117 25
B 1.4 36-37 $.978+0,0329 12
Cacao butter 4.6 33-34 §,78949,9139 b
Kitepsol Hyg 4.4 33-35 0.780+9.011 3
Witepsol E7c 4.8 37-39 0.534+9.909 23
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The weight variation results showed that all the
prepared suppositories were found to nmeet the accept-

able limits of weight variation according to B.P. 1988
(+ 9.5%).

The disintegration time was determined according
to the B.P. 1988, Rll results were fit with the phar-

nacopelas requirements.

Assay
The inclusion complexes of some other benzodi-
(CYDs)

aqueous solution and in solid phase was studied?®. The

azepines with a-, - and X -cyclodextrins in
magnitude of stability constant values increase in the
order of B-) ¥ -> a-CyD, suggesting that in aqueous me-
dia the cavity size of B-CyD most favorably accommo-
dates the benzodiazepine molecules.  When using aque-

ous-organic mobile phases for HPLC with B-CyD station-

ary phase, retention 1is predominantly due to inclusion
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conplex. formation. The organic nmobile phase modifier

tends to compete with solute for preferred location in
the hydrophobic cavity of CyD. Hence, increasing the
concentration of the organic modifier will decrease
sojute’'s interaction with the CyD, resulting in de-
creased retention. The finding 1is in accordance with
the fact that water is indispensable for the formation

of inclusion complex between cyclodextrin un.t and
quest noleculel®,

The strength of interaction of B-CyD with midaze-
lan was observed from the elution order. The elution
order was dependent on the amount of phosphate buffer
(pH 7.8) in the mobile phase (Table 3}. Using 8:20
phosphate buffer (pi 7.8) :

tion time with broadening of the peak.

methanol gave long reten-
Good chromato-

qraphic separation of nmidazolam was achieved using

phosphate buffer : methanol (65 : 33).

Table 3 : Effect of Mobile Phase Constituent
on Retention Time,

- e e Gl sy o - S el nhl S S W e G e gy gl i Bl N Y dhl A B S R Ay P e A el gk e sl S T A S B B e A ey wph sl e el W el

Phosphate buffer (phi 7):methanol Retention time

v/v (min}
58 : 58 2.11
b8 . 40 2.96
65 & 35 3.33
703 4,16
g8 : 20 6.09

. il WY N Y S Y . S A i e e e by e bl A e N Sy el ek B W L SR B W e s sl e gl SR dely S DD W SR A S SN o S S el S

Under the specified HPLC experimental conditions,
the peak area measured for midazolam was directly re-
lated to the concentration used in the range 6-60 ug
¥ fﬁund

nlL (standard solution)., This dependence
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strietly linear as depicted from the reqression analy-

sis data given 1n Table 4.

Table 4 : Calibration Data for Standard Solution-
Compound  Concentration Correlation
coeffic;ent Siope Intercept
ugnl ) r(SD)
Midazolam 6-68 0,999(0.011) 8.151 .8

iy e Ak g nleh B R e w2
-_-—#-—-“--ﬁiﬂ--ﬁ——
min inl v ol oul (NP S By Wl R e gl P e s o
“---_ﬂﬂ-_-ﬂ-l---l_

* Average of six determinations

As far as the efficiency of the developed HPLC

srocedure is concerned, no separation trouble would be

expected on account of the existence of the investi-

gated midazolam in suppositery formulation.

1), midazolam could be

analysed with good separation. There was no indication

As revealed from (Fig.

that the suppository bases interfered with the sepa-
rated peak.

The HPLC pethod was simple, rapid, precise and ac-
curate (Table 3).

Table 5 : Drug Content Analysis of the Prepared Suppositories-

s Gl P GEp gl NN T AN N NN P IR RS e AN AN T SN e W G el N g SN S o A s B B A N S SRS N gubl et e P G G N el SEak e e AP N el B O kgl A S G O RS M e el ally

Base Added  Found Recoverytt 3 ey, "
.ype ng/g  mg/g $

PEG A 10 10.89 180.9 6.18 1.7
PEG B 19 18,19 181.9 6,11 1.7
C.B 10 11.48 114.8 8.87 0.6l
N Hyig 10 3.00 30 0.0  0.66
N e 10 6.1 6] g0l 2.4

x Standard deviation of the mean of five determinations

divided by the mean expressed as percentage.

** The drug content uniformity of PEG base A,B and cacao
butter are of the B.P.C. 197341,
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Consideration of these results can afford a basis Table 6 : Analysis of Permeation Data of Midazolam from Suppository
for application of the developed HPLC procedure for Bases According to Different Release Kiaetics -
the analysis of midagolan, U
e analysis of midazolanm fase Correlation
: Nodel K Mechanisn
Permeation .y
Type coefficient
The release of midazolam from different SUPPOSI= e ccem e oo m e m e
tory bases and its diffusion through cellulosic menm- PEG
brane in phosphate buffer pH 7.4 was investigated. lero .34 8.172 -
: Uyt It led that the rate of d A First 8.941 ¢.888 Diffusion
enerally, the results reveale ‘a e ra e of drug Diffusion  8.971 691
release seemed to be dependent mainly on chemical com-
position of the fested bases. - Tarq 3 960 13.63
B First 8.977 §.151 Diffusion
With respect to carbowax hases 4 and B (Fig. 2), ' Diffusion  0.08! 28,74
the permeation 1s fast during the first hour, followed
. , . Cacao Lero 0.986 1.86
b lativel ! t tern. - .
y rela .we y a slaw permeation pattern. This may be wbter  First 0 976 ¢ 0184 Di fusion
due to dissolution of PEG bases in the aqueous phase of Diffusion  9.996 ) 8
the donor compartment creating an increase in the 08- —mememmmmmmmo oo e
notic pressure, which lead to an influx of water for fatty bases, Doth cacao butter and witepsol
nolecule from the acceptor into donner compartment. Hiy are characterized by having the same melting range
Consequently a decrease in the concentration gradient (33-33%C)  but vary mainly in their chenical
was attained resulting in slowing of the release rate. composition.  Unexpected results  were obtained.
Also, the increase in viscosity due to the dissolution Witepsol  Hyg which  contains self emulsifier,
of carbowaxes, hence a decrease in the diffusion rate nonoglyceride?d permeates indetectable amounts of the
of the drug, may explain the slow release phase, A re- drug over 2 hrs as compared with cacao butter. At the
sult in agreement with Habib et al? and Ibrahin et same time, witepsol Egc which possess the same chemical
alil, . composition as witepsol Hyg but vary in melting range,

was found to permeate negligible amounts of the drug.
However, PEG base B was found to provide higher

release rate compared to PEGC base A (Fig. 2 and Table Fig. 3 1llustrates the permeation patterns of mi-
© 6). The difference ohtained in drug release is mainly dazolam from PEG base B (The best release rate) in
related to both chemical composition and the hardness phosphate buffer pH 7.4 and in distilled water.

values (Table 2) of the two bases which #ill affect the
rate of solubility and hence drug release.

[he relatively slow release of the drug in phos-
phate buffer pi 7.4 nay be due to the basic nature of
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the drug, which reduces its solubility in the alkaline

‘mediun observed through out the experiment.

To know the mechanism of midazolam release from

suppositories and its diffusion through the cellulosic

renbrane, the data obtained (over on hour) were anal-

ysed using the linear regression according to zero or-

der and first order and alsoc according to simplified
Higuchi model’%. The results of data analysis are pre-

in Table 6. It revealed that the release ¢f the

drug from the carbowar bases and cacao butter followed
the diffusion controlled mechanism, as indicated by the

sented

higher correlation coefficient.

Dissolution

Fig. 4 shows the dissolution profiles of midazolan
from carbowax and cacao butter bases. As expected, the
PEG base B shows the highest dissolution rate (100%
after % hr), followed by about 76% for PEG base A.

Nhereas cacao butter provided lower dissolution of the

drug.
_i

On the other hand, the amount of the drug disse-

luted from witepsol Hig5 and witepsel E7g was not de-
tected.

perneation data and also the determined druy content
(Table 5). The retarding effect of these bases on the

release and dissolution of the medicament may he ex-

This finding was in agreement with the drug

plainéd as a sort of interaction between the base and
drug. An effect which 1is mainly attributed to their
chemical structure. Baichwal yelvig125 reported that,
polyglycerols have been used as dissolution retarding

raterials for some medicaments like aspirin, sulphanil-

anlde and ferrous sulphate.
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Hence, the witepsol Hyg and witepsol Esc Dases
must not he recommended as suppository bases for mida-

zolanm.

3.28

1.17

81:84:58

INJECT TIME

Time /min

Fig., 1
Chromatographic condition:

buffer  (PHy):
flow-rate |[nm min'l,

Chromatogram of midazalam

mebile-phas:phosphate
methanol (65:35)

naxély
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