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ABSTRACT

The solvent method was employed to prepare copre-
cipitates with certa’n carriers and the water—-insolu-
ble drug Chlordiazepoxide to enhance i1ts dissolution
rate. The investigated carriers were: poly—-ethylene
glycol 4000 (PEG 4000), Polyvinylpyrrolidone 44000
(PVP 44000) and «-cyclodextrin («=CY(C) in rati os
1:17, 1:3 and 1:7 (drua:carrier), respectively.

The dissolution rate of Chlordiazepoxide from its
prepared coprecipitates using the previously mentioned
carriers, especially «=CY(C, was found to be higher than
that of the drug alone in 0O.1N HCI as a dissolution med-

TUNM .

The effecet of certain non-tonic surfactant solutions
ineluding Brig 35 and Eumulgin C1000 on the release of
Chlorditazepoxide from the prepared coprecipitates was
also 1tnvestigated

Tt was found that the investigated surfactants in
the concentration used (0.1 % W/V), produced better
drug release than the control, espectally when PEG 4000

was used as a rarrier.

The mode of interaction taking place between Chlord-
tazepoxtide and the irnvestigated carriers was studied by
different technigues including UV,IR, chromatography and
differentral thermal analysis » where a complex formation
between Chlordiazepoxide and the coprecipitating agents
was revealed.
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INTRODUCTION

Chlordizepoxide is used in the treatment of acute agita-
tion such as that associated with panic states and it has be-

1-4
en widely used in the management of alcohol withdrawal .

The drug belongs to the 1,4-benzodiazepince group which
has lipophilic characteristics and is almost water-insoluble
and is characterized by its low toxicity and its very weak

side effects.

Absorbtion of slightly water soluble drugs is often a
function of the dissolution rate of these substances in aqu-
eous solutionss’a. Therefore, it is of interest to lincrease
the dissolution rate of poorly water-soluble drugs by incor-
porating them in solid dispersions or molecular dispersion
in water-soluble polymers such as polyethylene glycols and

polyvinyl-pyrrolidone,

7 |
Chou proposed that poorly water-soluble drugs can achie-

ve faster dissolution rates when enmeshed in glass solutions

k

of water soluble polymers.,

The mechanisms and advantages of increasing the disslu-
tion rates of poorly water-soluble drugs, solid coprecipita-
ted in polyvinyl-pyrrolidone were described by Simonelli et

8 9
al and by aid et al |,

PVP 11500, 40000 and 360000 were used for preparing sol-

8 9 10
id coprecipitates of sulfathiazole , Tolbutamide , Reserpine

11
and Chlorpropamide .

The present work is performed to enhance the dissolution
rates of Chlordiazepoxide via coprecipitation and to investig-
ate the effect of certain ncon-ionic surfactant concentration

incorporated in the dissolution media on the dissolution rates

of the drug.
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EXPERIMENTAL

Materials:

Chlordiazepoxide® was purified by crystallization from alcohol.Polyvi-

b
nyl-pyrrolidone 44000 {(PVP 44000)b, polyethylene glycol 4000 (PEG 4000) and
m—cyclodextrincim-CYD) were the coprecipitating agents used.

b
Ethyl alcoholb and concentrated hydrochloric acid were of analytical

grade,

Bri) 35d and Eumulgin ClOOOe were the non-ionic surfactants used .

Geltin colourless capsulesf were used to perform the dissolution of the pre-

pared coprecipitates,

Equipment:

Dissolution apparatus USP XX with PTFE paddles (Erweka dissclution tes-

ter) .

Self recording spectrophotometer (Pye-Unicam SP 1750),
Single beam spectrophotometer (Pye-Unicam SP 400),
Infra Red spectrophotometer (Pye-Unicam SP 1025),

Differential thermal analysis Dupont 1090 instrument.

Methods:

The solvent method was used to prepare Chlordiazepoxide coprecipita-
tes with PEG 4000, PVP 44000 and =-CYD, The carrier was accurately weighed

and dissolved in 50 ml of absolute ethanol. The powdered drug was accura-

tely weighed in another 50 ml of absolute ethanol., The two sulutions of

L & N N N N R W _——l—_—_——_”-_‘-—_——-“—“——_—-“____—-_—-__-_—-__

a- Hoffman La Roche, Basle, Switzerland,.

b- B.D.,H.Poole, England.

C- ©Sigma chemical company, U.S.A.

d- Atlas chemical industries 1lnc, Willimington, Delaware, USA.
e~ Henkel International. Dusseldorf, West Germany.

f- Park Davis & Co, U.S.A.
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the drug and the carrier in ratios of 1:1, 1:3 and 1:7 were mixed in a por-
celain dish, the solvent was left to evaporate at room temperature and the
dish was placed in a dessicator over calcium chloride. The residue was Ke-
pt in an incubator at 370 till constant weight, The mass was then passed
through set of seives and particles of 100-200*u were collected. The cal-
culated amount of the powder was then packed into colourless capsules and

stored in a dessicator at room temperature .

Dissolution rate studies:

BN N N B 5 N N _NE _F K N _F W W W W O W T

The calculated amount of the drug and the carrier equivalent to 25 mg
of the drug contained in a gelatin capsule was repidly introduced into the
suspended rotating basket, Stirring was maintained at a rate of 50 r.p.m,

> using a synchronous motor. The following dissolution media (500 ml) previou-
sly equilibrated at 37 C were used :0,1NHC1l, 0.1 N HC1 containing 0.1% W/V

- Brij 35 and 0.1 N HC1 containing 0.1% W/V Eumulgin C1000. Samples of 5 ml
were withdrawn at different time intervals by means of immersion tube filter.
One ml from the sample was pippetted and diluted to 25 ml of distilled water
for the spectrophotometric analysis »f the drug at 245 nmlz. The samples
withdrawn were replaced by equal volumes of fresh solution of the dissolution
media having the same temperature and the appropriate correction was made .
Experiments were carricd out in duplicates, from which the ﬁean values were
calculated. Figures 1-7 illustrate the-dissolution behaviour of Chlordiaze-

poxide coprecipitated with different carriers and in different dissolution

media investigated as well as the control,.

inifferential thermal analysis studies:

_——--“-----_____--_“_—_- T D T S T S ey B SR eaan Sl o B Sl NP W

Certain weightsof 1:1 drug: carrier coprecipitate systems were used for
differential thermal analysis studies using 1090 instrument. All samples
were run at a temperature range between 30-400 C0 and at a scanning rate of

O
& C/ minute, The instrument was calibrated using glass beads as a referen-

ce standard,
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RESULTS AND DISCUSSION

Figures 1,4 and 7 show the dissolution profiles of chlor-
diazepoxide release from its coprecipifates with PEG 4000, PVP
44000 and «-CyD in 0.1 N HCl1l as a dissolution mediunm. PVP shows
maximum release of the drug in the fatio of 1:3 while 1:1 and
1:7 ratios are nearly equal in their release (Fig 1.) The same
findings are observed in case of PEG 4000 coprecipitates, Fig.4
with the exception that 1:7 coprecipitates attain higher rele-
ase than 1:1 ratio. In case 0o0f «-CyD ﬁoyrecipitates the 1:7

ratio attains tlhe highest release percent of the drug, Fig.7

It is obvious that the release of the drug from the prepafed
coprecipitates is generally higher than the release from the
control., This can be attributed to the explanation proposed
by Chiou and RiEgelmanl3 as follows: (a) the reduction of partic-
les to the.molecular and/or colloidal size; (b) possible solub-
l1lization of the carriers; (c) the absence of aggregation and

agglomeration between fine particles and,6 (d) increased wetta-

bility and dispersibility of the drug with dissolution medium.

It has been shown that 1:3 coprecipitates of the investiga-
ted carriers attain the highest release of the drug up to 1009
release within 30 minutes (Figs,1,4 and 7). The initial increa-
se of the dissolution rate of Chlordiazepoxide in the 1:3 ratio

could be explained in terms of the dispersion effect of the car-
14

iers
The increase in the dissolution rate of the drug on using
PVP 44000 as a carrier would be due to the formation of a very

highly soluble complex or might be due to the formation of the

amorphous form of the drug.
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Table 1 illustrates the T50 and T80% of Chlordiaze-
poxide from the investigated coprecipitating agents, It 1is
clear that the coprecipitate of the drug «-CyD, 1:7 is the
fastest one concerning TS50 and T80%., As regards to the eff-
ect of PEG 4000 and PVP 44000 in enhancing the dissolution
rate of the drug in the 1:3 coprecipitate , it is clear that

the former is more efficient than the latter,

The effect of O0.1%W/V Brij 35 & 0.1%4W/V Eumulgin C1000
on the dissolution rates of the drug from the prepared coprec-
ipitates was also investigated (Table é). Chlordiazepoxide:
PEG 4000 coprecipitate 1:3 containing 0.1% W/V Brij 35 in the
dissolution medium represent the least TS0 and T80% comparat-
ively, hence the fastest dissolution rate of the drug, follow-
ed by the same preparation but containing 0,1 W/V Eumulgin C1000
in the dissolution medium, The high dissolution rate of the
drug from PEC 4000 and PVP 44000 coprecipitates may be due to
the possibility of water-soluble complex formation between the
drug and PEG 4000 and PVP 4400015.

TLC examination of the investigated coprecipitates confirms
the possibility of complex formation between the drug with PEG
4000 and PVP 44000 as two spots were separated from the coprec-
ipitate sample on TLC platés. One spot has the same Rf value
as for the drug (0,81) and another spot at the baselline. This
indicates that a fraction of the drug occurs free while the
other fraction occurs as a complex with PEG 4000 and PVP 44000.
The ratio of both fractionssdepend mainly upon the ratio of the
coprecipitating agent to that of the drug in the nreparation.
These findings are also confirmed by the IR analysis of the drug
and the investigated coprecipitating agents, Fig.8, The complex

formed between the drug with PEG 4000 and PVP 44000 is confirmed

by: (a) in IR-spectrum, the band characteristic for N-H stret-

ching at 3400-3200 cm~! showed a distinct shallowing due to its
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involvement in intermolecular hydrogen bonding with the poly-
mer molecule (b) the IR-spectrum of PVP 44000 showed no notic-
eable change when precipitated with the drug except that the

-1
band at 1670 cm characteristic for the carbonyl group stre-

-1 -1
tching became deeper and appeared at 1660 cm to 1640 c¢cnm
which is probably due to hydrogen bonding (c) the O0-H stretch-
-1
ing band of PEG 4000 at 3500-3300 cm showed distinct shallow-

ing also due to hydrogen bonding .

16
Another mechanism proposed by Sekikawa et al states that

the drug in the coprecipitate is not in the crystalline form
due to the inhibitory effect of PVP on the crystallization of
the drug PVP solution17 or might be due to the formation of
the amorphous form of the drug. PEG 4000 and «-CyD coprecipi-
tates gave higher dissolution rates than those of PVP 44000.
This effect may be due to finer dispersion than the increase
in the wettability of Chlordiazepoxide. Ghanem et 3118 pro-
posed that the solubility of sulfamethoxazole in agqueous sol-
utions of sugars was increased slightly only with those sugars

having free carbonyl group.

The coprecipitation method, which has been widely tried
using ethanol might hardly be used to obtain inclusion compou-
nds of the drug with «-CYD in the solid powdered form, Foll-

: _ 19 | |
owing Hayashils patent, ethanol was used as a solvent but

the inclusion compounds were not obtained for all non-steroi-

dal anti-inflamatory drugs with cyclodextrins. The solvent
themselves such as alcohols, benzene, n-heptane and cyclohex-—
ane were considered to be included in the cavities of the cyc-

20,21

lodextrins and thus the inclusion compounds of the drugs

might hardly be obtained from theose solvents, Thus on using

ethanol as a coprecipitating solvent with the drug and the
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«-CyD, the latter is no longer considered as a complexing ag-
ent for the drug, yet it is considered as a coprecipitating
agent. The last findings were more confirmed by the IR spec-

-y

trum of the «-CyD-drug coprecipitates (Fig.8).

Figs. 2,3 show the dissolution profiles of Chlordiazepox-
ide release from its coprecipitates using PEG 4000 and PVP
440000 irn the presence of 0,1% W/V Brij 35 in the dissolu-
tion medium, Generally the presence of the surfactant in
the dissolution medium leads to an increase in the drug rel-
ease from the control and the prepared coprecipitates, The
amount of the drug released reached to 100% within 10 minut-
es especially on using drug: PEG 4000 in the ratio of 1:3.
In case of PVP 44000, 1:1 ratio attainsmaximum dissolution

rate.

The dissolution profiles of the drug released from 1ts
coprecipitates using the previously mentioned carriers in the
presence of 0.,1% W/V Eumulgin Cl1000 in the dissolution medium
are shown in Figs, 3 and 6, The dissolution rate from the cop-
recipitate is faster than that of the drﬁg alone especially at
ratios of 1:3 (PEG coprecipitate) and 1:7 (PVP coprecipitate).
The presence of surfactants in the dissolution medium in con-
centrations above their CMC values leadd3 to a decrease 1in the
surface tension and consequently increases the wettability of
the solid drug which enhances its dissolution rate. Further-
more, the solvent power of the micelles present in the disso-
lution medium will be responsible for the increase in the sol-
ubility of this poor water soluble drug in the dissolution med-

ium, hence dissolution rate enhancment,

UV, IR and TLC investigations were done in order to check

any decomposition of the drug throughout the work and to fig-

ure out whether the coprecipitating agents used interferein
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the specrtophotometric assay 0f the drug. The drug 1is found
stable throughout the work and all the additives investigat-
ed did, not interferr with the spectrophotometric assay of the

drug nor they made any shift in the maximum absorbance.

TLC examination of Chlordiazepoxide coprecipitate with
«-=CyD using flourescent silica gel and chlorform-methanol
(10:1) as a developing system revealed that the coprecipita-

te resolved into one spot with R_ value of 0,81 which equals

f
that of the free drug , indicating that no complex is formed

between «-CyD and Chlordiazepoxide,

DTA investigations were carried out in order to investi-
gate the thermal behaviour of the drug and its prepared copr-
ecipitates. The thermograms of Chlordiazepoxide coprecipita-
tes are shown in Fig.,9,illustrating the differential thermal
reactions relevant to each product. Chlordiazepoxide on ther-
mal treatment undergoes one main endothermic reaction, start-
ing at 230 C and ending at 248 C, PVP on DTA has an endothern-
ic reaction, starts at 135 C and ends ath145 C with a peak at
140 C. Endothermic curve peaks are caused by fusbon or melt-
ing transition, The DTA of Chldrdiazepoxide coprecipitates
with PVP prepared by the solvent method declare that it has
two clear flattened endothermic reactions. One starts at BOOC
and ends at 140°C with a peak at 130 C while the second starts
at 210 C and ends at 238 C with a peak at 225 which gave a com-

plex endothermic peak in this temperature range.

The DTA of PEG 4000 shows a characteristic endothermic

reaction starting at 45 C, ending at 72 C with a maximum peak
at 60°¢C .
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A broad exothermic reaction starting at 135 C also
occurs, The coprecipitates prepared by the solvent tech-
nique show an endothermic reaction nearly similar to that
of PEG 4000, A second exothermic reaction starts at 145
C, ends at 195 C with its peak at 160 C, A masking effect
has been noted for second endothermic peak of the drug n
this temperature region, Arparently a complex has been
formed between the drug and PEG 400022. Thus, it can be

concluded that the drug interacts physically with PEG 4000

and PVP 44000 on coprecipitatation,
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Table 1, Data relevant to TS50 and T80 % of Chlordiazepoxide
and its coprecipitates in 0.1 N: HC1.

Type . Ratio - T350% T80Y%
drug:carrier (Min) (Min)
Control —— 9.5 >120
PEG Coprec. 1:3 7.5 12
PVP Coprec. 1:3 12 18
*-CyD Coprec. 1:7 4 .00 6.5

Table 2. Data relevant to T50 and T80% of Chlordiazepoxide
and its coprecipitates in O,1 N HCl containing 0.1%

W/V surfactant concentration.

Type Ratio 0.1%4W/V T50% T80Y,
drug:carrier In dissolu- (Min) (Min)

tion media_

Control —— Brij 35 8.5 20
PVP Coprec, 1:1 Brij 35 O 15
PVP Coprec, 1:7 Eumulgin C1000 S 20
Control - Eumulgin C1000 9 35
PEG Coprec. 1:3 Brij 35 3 S

PEG Coprec. 1:3 Eumulgin C1000 3.5 7.5
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Fig.(I): Release of C. lordiazepoxide from its coprecipitates
using PVP &3 a coyprecipitating agent in 0.1 N HC1l at 37 €
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Fig.(2): Release of Chlordiazepoxide from its coprecipitates
using PVP in 0.I N HC1l containing O0.I%w/v Brij 35
Key: The same as Fig..I)
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Fig.(3): Release of Chlordiazepoxide from its coprecipitates
using PVP in 0.I N HC1l containing 0.I%w/v Eumulgin
CI000
Key: The same as Fig.(I)
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