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ABSTRACT

Chlorndiazepoxide hydrochloride (CDZ); 48 4ornmulated in
dikdenent suppository bases. 18 in vitrho rnelease 4rom
these selected suppositony bases was studied and 4ound Lo
be base dependent. The effect 04 dwg concentration was
also studied. The pencentage 04 dwug di4ddused, through
cellophane membrane, increased with decreasing the drug
concentration. Daug particle sdize was 4ound Lo have an
insignificant - ed4ect on the nelease nate.

Histological studies o4 the nabbit nectal mucosa aqten the
the nectal inserntion 04 the tested suppository bases eithern
alone on in the presence 04 CDZ showed insignificant histo-
Logical changes.

INTRODUCTION

Rectal administration of drugs is becoming more popular due

to conﬂenience of the suppository dosage form. Moreover, the absorption from

the rectum can be enhanced in such a manner so as to be more ra-

| _. cmen 1 -4
pid and regular than that from the stomach or intestine . @®n

the other hand, in certain cases, the rectal administration of

either the base alone or in presence of the therapeutic agent

' _ : 5-7
was found to induce a severe histological damage . The drug

release pattern from suppositories is markedly influenced by the

nature of the base useds_ll, particle size and the drug concen-

trationlz_le.
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CDZ 1s widely used as antianexiety agent. It can be effecti-
vely used as a hypnotic, anticonvulsant or in the treatment of
aleohol withdrawal syndromeslg. The absorption of CDZ after i.m.
injection was found to be erratic*and slower than after orai admi -

nistration. Moreover, the i.m. injection of CDZ is painful.

The rectal administration of some benzodiaze pines namely; dia-
zepam and lorazepam was studied in humans and experimental animals.
Diazepam rectal solution gave faster and regular absorption than
the oral or the i.m. administration with no observed dlfferences
in the bioavailability20 22. The absorption pattern of diazepam
suppositories was found to be similar to that of'its rectal solu-
tion inigeriatric'epileptic patient523. It was reported'that lo-
razepam suppesitories formulated in water soluble bases gave the
same extent of the absorption as that of an oral solutlon of the
drug in mongrel dog524. |

Literature on chlordiazepoxide-hydrochloride revealed-that
there is no work done on this drug as a suppository dosage form.
Hence, the aim of the present work 1is to_formulate chlordlazePOXr
ide hydrochlorlde in supp031tor1es SO as to'study the effect of
Lpartlcle-51ze, the drug concentratlon as well-as*the'nature of
the suppository bases on the 1in vitro release profile of the drug.
%hekinetics‘of drug release from the tested suppository bases
were also investigated Three types ef supp051tery bases were
tested for their ability to release the medlcament These bases

were fatty, water soluble and emulsion.

- Also this-study-concerned with the possible mucosal_damage'in-

duced byrthe formelated'suppositories.
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EXPERIMENTAL

Materials:

Cacao butter (B.P. grade), Witepsol H15 and Witepscl E (Nobel Dvnamit, GFR),

7
Carbowax=z 400, 600, 1500, 4000 and 6000 (Fluka AG, Swiizerland), Sodium algi-
nate (Judss Lab, England), Sodium Carboxyvmethylcellulose (Roth, GI™), Folvsc
rbate 20 snd Span 60 (Atlas Chem. Ind., USA), Chlordiazepoxide hydrcchlor e
(Kindly s:oplied by Memphis CO. Egypt) and standard cellophane memb "ane (30/

32 Fisher Sci. Co., England).

Procedures:

1- Preparation of CDz Suppositories:

Fourt==n different suppository bases were selected to cover the fatty,
soluble and emulsion bases. The fatty bases are represented by cacao outte.
witepsol HlE and witepsol E75.
emulsion kzses is surveyed in Table 1. The water soluble bases, 4-9, w=2re Tou-

The compcsition of water soluble as well as

mulated i~ the specified ratios so as to cover a wide range of me’'ting ~oiil .
Different *rials were conducted to prepare different emulsion bases. The mIst

suitable “-~rmulations were selected for the present study and represented by

bases 1C-_1, Table 1.

Suppcsitories of infantile size, each containing 25 mg cf CDZ were prepara:
adopting the fusion method. The prerared suppositories were placed in a refri-
gerator f~r three days, then removec and left at room temperature for one day

hafore taz-ing. In a similar manner suopnositories containing 12.5, 25 and- > -3

o< the r=<‘~ament were prepared usinz the tested fatty bases. Trz2 effect of
Arug war- Tle size on the drug release pattern was tested using witepscl H?%

as a r=n.  -=2ntative base. The drug was used in the fraction size ranges: <o 3,
£3 - 2C =7 90 - 200 um. It should be noted that for each, a blank suppositc:t

was simil:xrly prepared.

Fraluaticn of Chlordiazepoxide Suppositories:

The —r=vared suppositories were evaluated fQr drug content uniformity,

l-ing-pcin- range, solidification point, disintigration time, ligquification
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time, and breaking test. The tested physical parameters are tabulated in

Table 2. Weight variation and drug content were determined according to

B.P. 198025 and B.P.C. 197426 respectively.

Release of Chlordiazepoxide Hydrochloride from Suppositories:

The prepared suppositories were_subjected to the in vitro release test of
the medicament through a cellophane membrane. The membrane was cut into 4 x 4
cm pieces and soaked in distilled water over night, withdrawn and rinsed with
distilled water. The membrane was firmly stretched over the end of a glass
'tqbe (28 mm internal diameter) by means of a cotton thread. The prepared tube
' ﬁas?ﬁﬁépended in a BOO'ml beaker containing 200 ml of distilled water. A vo-
iiuah of 10 ml distilled water was poured into the glass tube. The system was
piéced into a constant temperature water bath at 37°C * 0.5°C and one supposi-
tory was introduced into the tube. Water inside the external vessel was sti-
rred by the aid offa magnetic stirrer. At specified time intervals, a volume
of 5 ml sample was withdrawn from the acceptor and replaced with the séme vVol-
ume of water at the same temperatﬁre. The amount of CDZ released was Spectro-
- photometrically determined at 260 nm against a biank_similarly treated. The
release data were mathematically analysed according to zero order, first order

kinetics and the diffusion controlled release mechanism.

Histological Studies of Rectal Mucosa:

Adult male healthy rabbits weighing about 1.5 - 2 Kg were used. The rab-
bits were kept under control for one week before study. For each study, one
suppository was inserted deeply in'the.rectum of the rabbit. The anus was clo-
sed immediately after insertion with a thick plaster for at least one hour to
prevent'any leakage. The insertion was repeated daily for ten days. At the
énd of this period the rabbit was sacrified. The rectum including the anus
was removed as one segment (about 5 cm-length) and preparations of rectal seg-
 ments for microscopic observations were made. The preparations were stained

" with haematoxylin and eosin and examined by the light microscope. Five formu-
lations including plain as well as medicated bases were tested. Three rabbits

were used for each formula as well as for the control (untreated rabbits).
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RESULTS AND DISCUSSION

1- Physical Properrtties:

The physical proper ®ies of CDZ prepared suppositories are
listed in Table 2. The determined hardness values (0.6 - 3.6 Xag)
are in agreement with Erweka requirements. All the prepared sup-
positories were found to meet the acceptabie'limits of weight wva-

riation according to B.P. 1980 (% 5%)..

| Drug content per suppository (mg % SD) was found to be 25.39 &
0.75, 25517 + 0.71 and 24.88 = 0.81 wheﬂ witépsdl-Hl5, witepsol
E75 and cacao butter were used respectively. The drug content
suppository was 24.79 * 0.37 in carbowax base number 9 and 24.0l1-
1.21 mg in emulsion base number 14. These results indicate the

agreement of the drug content uniformity with the stated limits

of B.P.C. 1973.

2- In Vitro Release Characteristics of Chlordiazepoxide Hydro-

W —

chloride from its Prepared Suppositories.

The in vitro release of CDZ from the tested bases through thn

cellophane membrahe was studied at 37°C. The release data were
analysed according to zero, first order and diffusion controlled
mechanism 27. The results of the data analysis appear in Table 3
The high correlation coefficient values, obtained by the least
square regression analysis, of the logarithm of'the amount of .
retained versus time give an evidence that release pattern follows

first order kinetics. Further confirmation applying the egquation:

-

log Q = log K + % log t

Which is commonly used in case of diffusion controlled mechanism28

assures the previous finding, as the slope was not found to ke

equal to } as required by the linear correlation. The description
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of the release process, as it obeys a single mechanism is an indi-
cation to the presence ¢f the drug as one moiety. A result which

may indicate the absence of the drug- base interaction.

The rate of drug release from fatty bases as illustrated by
Figure 1 seemed to be dependent on both the melting point as well
as the chemical composition'of the tested bases. In this respect,

both witepsol H and cacao butter which are characterized by ha-

15
ving the same melting range (33-35°C) but wvary mainly in that the

former contains self emulsifier; monoglyceride,. Witepsol Hl5 re-
leases the drug in a higher rate as compared with cacao butter
and witepsocl E which have

15 75
the same chemical composition but vary in the melting range, were

base. At the same time, witepsol H

found to have different release rates of the medicament. Wite-

psol H exhibited a higher release rate than witepsol E75. This

15 | |
finding may be attributed to the lower melting rang of witepsol H15

(33-35°C) than that of witepsol E_. (37-39°C).

fDifferent concentration levels of CDZ, in witepsol H namely

’
12.5, 25 and 50 mg/ suppository were tested for their eféict on

the release pattern. An increase 1in the medicament concentration
in the tested formulae was found to decrease_the]percentage amount
released (Figure., l). An effect which may be attributed to the limi-
ting capacity of the membfane towards drug diffusion. The effect
-of CDZ fraction size on the in vitro release from witepsol H15 1s
shown in Figure 2, Suppositories formulated with CDZ of fraction
size less than 63 um exhibited the least release rate. However,
when the drug was formulated inlarge fractions the release rate was
élightly high. This can be explained on the basis that as the pa-
rticle size 1increased, the ability of the particles to gettle down
in the melted base increased. The settled particles will rapidly
come in contact with the agqueous medium. Statistical analySis of
the release data concerning'the effect of particls size (Table 4)

showed an insignificant difference between the coarse fractions ;

63-90 and 90-200 um.
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Figure 3 shows the in vitro release profile of CDZ from the
tested carbowax bases. The release is a biphasic pattern consi-
sting of an intitial fast release phase, duringuthe first hour,
followed by a slow release .One. The release phase may be attri-
buted to dissolution of carbowaxes in the agueous phase of the
donor compartment creating an 1ncrease in the osmotic pressure.
An effect which may lead to an influx of water molecules from the
acceptor into the donor compartment. Conseguently, a decrease 1n
the concentration gradient was attained resulting in slowing of
the release rate. Also, the increase in the viscosity due to the
dissolution of carboﬁaxes,'hence a decrease in the diffusion rate
of the drug, may explain the slow release rhase. The tested car-
bowax bases can be arranged according to their abilities to rele-
ase the medicament as follows: base 9 > base 8 > base 7 > base 6 >
basé 5 > base 4. This can be clearly observed from Table 3 and
Figure 3. This sequence of arrangement is 1n agreement with the
determined'melting behavior of the tested base (Table 2). The
lower the melting range of the base the easiness 1s the softening
and melting hence, the medicament will move fast towards the aqgu-
eous phase. This leads to a fast release of the drug through the
cellophane membrane. The base No. 5 has to be excluded since it

developed a yellow color within three days after preparation.

The in vitro release pattern of CDZ from the tested emulsion
bases is shown in Figure 4 and Table 3. The tested bases could
be arranged according to their release rate as : base 14> base 13>
base 12> base 11> base 10. This arrangement of bases is the reve-
rse as that according to both the melting range and disintegration
time of thé tested bases (Table 2). A result which indicates that
the lower the melting range and the shorter the disintegration

time of the base, the higher is the release thereof.

The base components were found to determine the melting range
as well as the disintegration time of the base. In this respect,

witepsol H when used as the oily phase it leads to the_fOrmation

15
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of an emulsion base with lower melting range and shorter disinte-

gration time compared to the use of witepsol

375. Also the use
of sodium alginate was found to give shorter disintegration time
when compared with the use of sodium CMC. A result which may be
attributed to the more gelling effect exhibited by sodium CMC ra-
ther than sodium alginate. Experimentally, the viscosity of 0.2%

w/v agqueous solution of sodium alginate was found to be less than

that of 0.1% w/v aqueous solution of sodium CMC.

Base l1l4; 1in which polyethylene glycols substitute the agueous
phase of the emulsion bases, was found to have a higher release
rate compared to the tested emulsion bases. The high release rate
of that base may be attributed to the concomitant rapid disintegra-

tion of the suppository and dissolution of the polyethylene lecol

constituents.

Histogramic representation for the percentage of CDZ released

from the tested suppositorv bases is shown in Figure 5.

3- Effect of Different Suppository Formulations on the Rabbit

Rectal Mucosa.

Different suppository bases were tested for their effect on
the rectal mucosa of the rabbit. Photomicrographs of the rectal
mucosa before and after treatment are presented in Figure 6 (A-F).
Photomicrograph A shows the normal rectal mucosa of the rabbit
(control) displaying normal folds, healthy intact lining epithe-
lium. The lamina propria consilsts of loose connective tissue fi-
bres and cells mainly fibroblasts. Photomicrbgraph B shows the
rectal mucosa after treatment with plain PEG base. The lining
epithelium 1s still showing normal appearance with an insignificant
loss of apical surface of the cells. H The lamina propria showed
few dilated blood capillaries énd slight oedema of the lower part.
An 1increase 1n the thickness of the lining epithelium with upward

displacement of their nuclei was also observed compared to the co-

ntrol.
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These results can be attributed to the dehydrating effect of
the base resulting in withdrawal of water towards the lumen. Pho-
tomicrograph C shows the rectal mucosa after treatment with plain
witepsol H15 base. Insignificant loss of luminal surface of the
lining epithelial cells accompanied by insignificant changes in

other mucosal or submucosal tissues was Oobserved. This means that

witepsol H Insignificant histological changes were observed

15°
iln the rectal mucosa. The mucous membrane of the rectum appears
to be thinner with few folds, however, the lining epithelium was
almost normal with the same picture as that in case of treatment

with plain witepsol H Also, the lamina propria showed numer-

15°
ous glands, more congested vessels with few perivascular eosino-
philic cells and plasma cells. These effects are usually associ-

ated with the absorption process.

The medicated emulsion base  (photomicrograph E) showed an in-
crease 1in number of goblet cells, mucosal glands, capillary dila-
tation and perivascular cell infiltration. These changes are, also
concomitant with absorption process. With medicated cacao butter
base, (photomicrograph F) it was found that the formula did not

injure the mucosa. The same features were as those observed with

the medicated emuls,ion base.

Finally, it could be concluded that the tested plain as well
as the medicated bases did not injure the rectal mucosa in rabbits.
The observed changes are considered as a reaction process normally
accompaning the absorption process. The tested bases are safe
for the formulatibn of the rectal preparations. These bases are

favorable for'clinical use without undesirable side effects.
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Table ( 17 ): Composition of Suppository Bases Used.

Base No. Composition ' | % W/W

A- FATTY BASES

1 Witepsol His | 100

2 Witepsol Evs 100

3 Cacao butter 100

| B~ WATER SOLUBLE BASES

4 PEG; PEG 400 40
PEG 6000 60

PEG 400 20

5 PEG2 PEG 6000 60

o Distilled water 20

6  PEG3 ' PEG 1500 70

PEG 6000 . 30

PEG 400 30

7. PEGy - PEG 1500 30

~ PEG 4000 40

8 PEGs PEG 1000 70

PEG 4000 30

9 PEGg PEG 1000 97

PEG 4000 3

C- EMULSION BASES

Witepsol E75 50

1 Tween 20 4

Distilled water 45

Witepsol E75 50

11 E9 Sod. alginate 2

Tween 20 4

Distilled water A

Witepsol His 50

12 E3 Sod. CMC 1

o Tween 20 ' 4

Distilled water | 45

Witepsol Hjs | | 55

- Sod. alginate - 2
13 Eq Tween 20 4 |
Distilled water | 39 ]

Witepsol Hjys 34

Tween 20 5
14 ~ Es Span 60 1

PEG 1500 40

| PEG 600 | 20




Table (2 ): Physical Parameters of Chlordiazepoxide hydrochloride Suppositories Prepared in Diffcrent

Suppository Bases,
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S Suppository Hardness Melting Softening Liquification Flow Disintigration Average weight
< | Range Point Point Point or

MM base Kg _ _ ~(Dissolution) (g. + SD)
el °C °C °C °C time (min.)

m, Fatty bases

N 1 2.1 33.35 32.0 34.5 35.0 11 1.048 + 0.009
3 > 2.6 37-39 35.0 38.0 38.5 18 1.112 + 0.008
N 3 0.6 33-35 27.0 34.0 33.0 8 0.27¢ + 0.008
S _ — —

LM Polyethylene Glycol bases

N L 3.6 58-59 5 .0 60.0 60.0 L0 1.207 + 0.008
N 5 2.6 46-47 44,5 48.0 48.5 - 28 1.26C + C.012
N 6 3.0 50-51 48.0 52.0 52.0 30 1.315 + 0.007
- m 2.8 47-48 45.0 48.0 48.0 24 1.290 + 0.007
N 2.5 Lb4-45 42.0 45.0 45.0 19 1.251 + 0.004
S 9 0.8 36-37 29.5 37.5 37.5 13 1.165 + 0.006
nm Emulsion bases

> 10 0.6 - 29.0 37.5 - 33 1.118 + 0.019
- 11 0.6 - 27.0 37.0 - 26 1.113 + 0.014
S - 12 0.6 - 25.0 35.0 - 27 1.626 + 0.015
=S 13 0.6 - 26.0 35.0 . 19 1.034 + 0.010
3£ 1 0.8 - 32.0 34.5 35.0 8 1.024 + 0.007
RES : , — ‘

33

S 8

o A

il
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First order Higuchi diffusion model
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Suppository Zero order
base 1 i 11
5 3 Q/A vss t% 4 log Q vss 1log t
r Kx10 r Kx107 X Dx10 r Slope
Fatty bases
1 0.987 7.18 0.999 5.18 0.998 11.16 0.977 0.833
2 0.981 0.97 0.991 0.417 0.958 0.19 0.986 0.947
3 0.996 2.03 0.999 0.731 0.957 0.58 0.999 1.055
Polyethylene glycol bases
Iy 0.954 18.60 0.977 2.86 0.989 4.83 0.989 0.648
5 0.950 20.60 0.97/8 3.31 0.986 6.01 0.983 0.655
6 0.953 19.50 0.978 3.06 0.989 5.31 0.980 0.655
7 0.966 21.00 0.989 3.51 0.994 6.09 0.982 0.640
o 0.956 22.70 0.986 4.03 0.99%4 7.17 0.978 0.649
9 0.963 24.00 0.97 4.30 0.993 7.99 0.985 0.619
. Emulsion bases

10 0.996 2.10 0.995 0.093 0.969 0.0055 0.995 1.054
11 0.997 5.16 0.996 0.551 0.976 0.0335 0.998 1.002
12 0.998 10.40 0.999 1.230 0.991 1.378 0.992 0.750
13 0.981 11.00 0.988 2.34 0.998 1.575 0.990 0.695
14 0.974 24.70 0.997 5.21 0.997 8.255 0.990 0.547
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~Table (74 ): Effect of Chordiazepoxide hydrochloride Fraction Size on its in

Vitro Release Profile from Witepsol H;5 Suppository Base.

- Fraction Amount of medicament released ( 2 ) after the following
~Size specified time intervals,in minutes
(u) 15 30 45 60 90 120
< 63 5. 50 11.40 17.62 21.60  29.89 36.77
63-90 5.62 11.82 19.67 25.02 35.53 43 .68
90-200 5.91 14,28 20.38 25.59 36.75 40.84

—luk wel—

Analysis of Varience

Source of 3. S DF. SS/D.F - .F
S Calculated Tabulated
Variation P=0.01 P=0.05
Treatmert 55.913 2 27.657 10.33""%  7.56 4,10
Time incervals 2697.739 5 539,550 199.37°°"
Error 27.063 10 2.706
Total 2780.715 17
L.5.D. at P = 0.01 = 3.009
L.S.D. at P =0.05 = 2.116
Fraction size Mean 7 released Difference between n._uus
_ (u) Xi Xi - Xe Xi - Xb
90 - 200 X, = 24.616 4.154™" 1.059
63 - 90 Xy = 23.557 3.095 "
<63 Xo = 20.462

xxHighly Significant

S.S: Sum f squares deviation

D.F: Degree of Freedom

SS/DF: Variance estimate = SZ

L.S.D: The least significen. difference
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Iirst-order Release Profile of Chlordiazepoxide hydro-
chloride from its Fatty Bases Formulated with Different
Concentrations of the Drug. (A) 50 mg/supp., (B) 25 mg/
supp., and (C) 12.5 mg/supp. key: (0O) VWitepsol E
(@) Cacao butter, and (Q) Vitepsol H

75°
15 °
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Figure 2: Effect of Chlordiazepoxide llydrochloride

Fraction Size on Its in Vitro Release from
WitepsolH15 Suppository Base.
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Figure 3: First-order Release Profile of Chlordiazepoxide Hydro-
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Figure 4 : First-order Release Profile of Chlordiazepoxide hydro-

chloride from Its Emulsion Suppository Bases

key: (A) 10, (4) 11, (o) 12, (e) 13, and (®) 14 .
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cire 6: The rectal mucosa of rabbits; untreated (A),
~._. treated with plain ?-: base (B), and with plain

~ i uepsol H15 bass (C).

c: Capillary vessel:»; : Inithelium, G: Goblet

cells; LP: Lamins Pr~-pria.
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icure 7: The rectal mucosa of rabbits trated with

P

medicated Witepsol H15 base (D), with medicated

and with medicated Cacao butter

)

emu.sion base (E)

base (F).
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