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ABSTRACT

Ceratain factors affecting
chlordiazepoxide
cserijes of non-ionic surfactant solu-
tions were investigated viz., sur-
factant structure, the pH, the tem-
perature and the incorporation of
certain hydroxylated organic addi-
tives.

Polyzorbate 80 was more effi-
cient for the drug solubilization
than polysorbate 20 and Brij 35 was

more efficient than Brij 58.

- other hand Eumulgin C1000 was found

to be more efficient than Eumulgin
c1500 and Myrj 52 was more than Myrj
53 than Myrj 59. | |
Increasing the pH of Eumulgin
and Bri< solutions caused a gradual

decrease in the quantity of the drug
solubilized.

Mukerjee treatment wAas adopted
tc quantify the role of both the
cor< and cepsular regions of MNyrj
micelles in solubilizing the drug.

The drug was solubilized 1n Eu-

mulgin and Brij series containing 3

or 10% w/v propylene glycol, glyc-—
| Brxij ‘35
containing 5% w/v propylene glycol
was the most efficient solubilizer

~ for chlordiazepoxide.

!"h

The distribution coef i icient,

' Km, of the drug between the wmicellar
~and agqueous phases was calculated.

IMTRODUCTION

Bringing water - insoluble drugs
into solution is one of the main

- problems encountered 1in foumulating

such drugs in liquid dosage forms.

Many literatures -3 gealt with
the solubilization of such drugs,
yet, the problem of each drug 1inp

- this aspect must be considered sepa-
- rately,

irrespective of the be-
havicur of other drugs. The inves-

aolubilization in.

tigation of the golubilized ﬁyﬂfgm 4

of such drugs.concerning the mode of
incorporation 3 atability'éﬁ7, phar-
macological availability 8, effect
of pH 9,18, effect of hydroxylated
additives 11"V are other goals of

investigating solubilization.

Chlordiazepoxide, a 1.4-benzodi-

azepine derivative, used as a
tranquillizer and a hypnotic agent,
ig practically water - insoluble.

The aim of the present work was 801~
ubilizing it in different non—-1i1o00Lc
surfactants in aplutions of dis-—
tilled water, of different pu values
and containing different organic ny-
droxylated additives a3 propylene
glycol, glycerol, FPEG A00 and PBG
4000. The role of both the core and
capsular regions of Myrj micelles on
chlordiazepoxide colulzrlization wad
followed up adopting Mukeriea troat-
ment °.

EXPERIMENTAL

Materials:
Chlordiazepoxide {(Hofiman = L&
Roche Co. Ltd, Basle, 3witzerlandj.

The non-ionic surfactants:

Polysorbates: Polyoxyethylane
(20)sorbitan monolaurate (Polysorbate
20) and polyoxyethylena(ZO)ﬁorbitan
monooleate (Polysorbate 80Q), (htlas
Chemical Industries, IncC. Williming-
ton Delaware, U.S.A.).

Eumulgins: Cetyl stearyl alccochol
with (20) ethylens oxide unitd



(Eumulgin C1000) and cetyl stearyl
alcohol with (50) ethylene oxide
units (Eumulgin C1500), (Henkel
International, Dusseldorf, Germany).

Myrjs: Polyoxyethylene (40)
stearate (Myrj 52), polyoxyethylene
(50) stearate (Myrj 53) and poly-
oxyethylene (100) stearate (Myrj
59}, (Atlas Chemical Industries,
Inc., Willimington, Delaware,
U.S.A.).

Brijs: Polyoxyethylene (23) lau-
ryl ether (Brij 35) and polyoxyethy-
lene (20) cetyl ether (Brij 58),
(Atlas Chemical Industries, Inc.,
Willimington Delaware, U.S.A.).

The number between brackets de-
notes the ethylene oxide groups 1in
the surfactant molecule.

Buf fer components: Sodium diba-
sic phosphate and citric acid
(McIlvian buffer), (BDH Poole, Eng-
land).

The :dditives: Propylene glycol
(Prolabo, Pelee, Paris, France),

Glycerol (BDH, Poole, England) and

PEG 400 and PEG 4000 (Sigma Chemical
Company, U.S.A.).

Equipment: _

Thermostatically controlled wa-
ter bath with a shaker (Siety com-
pany, Cairo, Egypt). Self-recording
UV spectrophotometer SP 400 (Pye
Unicam, England).

A pH meter and a centrifuge
(Prolabo, Pelee, Paris, France).

Methods:

Solubilization of chlordiazepox-
ide in the investigated surfactant
solutions:

Excess of the drug was equili-
brated with 10 ml of the investi-
gated solutions in screw capped
tubeg at 25 & 35°C. The investi-
gated solutions were: non-ionic sur-
factant solutions in distilled wa-
ter, non-ionic surfactant solutions

natant and
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of pH 4.0, 6.0 and 7.4 adjusted by
McIlvian and non-ionic surfactant
solutions containing 5 & 10% w/v of
propylene glycol, glycerol, PEG 400
and PEG 4000.

The s8screw capped tubes were
shaken top to bottom for 4 days.
After equilibrium has attained sam-
ples were withdrawn from the super-
assayed spec-
trophotometrically for drug content
at 245 nm against a similar blank.
It was found that the presence of
gurfactant and or the additive solu-
tion, in the dilution range used,
neither interferred with the
spectrophotometric assay of the drug
nor they made any shift of its maxi-
mum absorbance 11,15, The drug was
certainly stable over the equilib-
rium time solubility period L

RESULTS AND DISCUSSION

The solubility of chlordiazepox-
ide in the investigated non-ionic
surfactant solutions increased lin-
early, by increasing surfactant con-
centration, Figures 1-4, confirming
the partition model 16 of
chlordiazepoxide solubilization.
The systems investigated were always
one liquid plus solid representing
true micellar solubilization of this
drug 174.

Cloudness was not observed in
the solubilized systems because of
the relatively high content of ethy-
lene oxide moities in the surfactant
molecules investigated, which gives
rise to surfactants with relatively
high c¢cloud points. Furthermore,
chlordiazepoxide did not depress the
cloud points of the investigated
surfactants even at the highest tem-

perature investigated.

The solubility of chlordiazepox-
ide in the investigated non-ionic
gurfactant solutions (mg/g) which
are the slopes of the solubility
isotherms is shown in Table 1. It




“is evident from Table > and Figures The effect of solutions pi On
3&4 that polysorbate 80 w:iva longer the sgolubility of drugs was dJnocu-
{ hydromarbon chain is more efiicient mented 8. VFor investigating the ol-
aﬂ 2 golubilizer than polysorbute fect of adjusting the pH of the in-
f"‘?f" Extending the polyoxyethylene vestigated non-ionic surfactant so~
"" chain length in & homologous geries - lutions toward chlordiazepoxide
of surfactants leads to a decrease aplubilization, Eumulgin and Brij
m +he amount of the drug ao0l- so.utions were adjusted to pH 4.0,
vhilizead. That i3 why Eumulgin 6.0 and 7.4. Eumulgin and Brij were
C*"%CO ia lemsa efficient than Bu- chosen for conducting such a atudy
mulg in C1000 and Myrj 59 i1a less ef- as they are etherial linkage sur-
" fieient than Myrj 53 than Yyrj 52, factants which rendering them more
Table 1 and Figures 1-4. 1.23e re- stable than polysorbates and My1ris
“gults agreed with previoug findings which are ester linkage. Furtheyr-
on penzoic acid and galicylamide 16 more, FEumulgins and Brijs are more
g and other solutes 7 golubilizat.cn efficient as golubilizers than
*. py Myrj series. - polysorbates and Myrjs.
.Q; Briji 35, although shorter in the The investigated non--ionic
f’jﬁi??f_“'hydrocarban chain and longer in the - gurfactant solutions of controlled
 ethylene oxide moiety than Brij 58,  pH gave linear isotherms at 25&35°C
- was found to be more ef ficient for For cthrdlazepoxlde solubilization,
- the drug solubilization, Table 1 and ‘Figures 5&6, the slopes of which
;fT-Figure 1. This could be interpreted srepresent the solubility of the darug
Dfi tha basig of unlinked ethylene y/g surfactant, Table 1. the golu-
" oxide chains which form mixed mi- bilh-:ey of the drug generally in-
?7'.;':'___?“'cellef* and also some impurities pre- creaszd at the investigated e ly-
<. gent in certain surfactants 16, tions ' I lower pH values compared to
the higi?"‘wr pH ones except for LEu-
L Bri3 35 was found to be the most mulgin Ci%20, This mayv be at-
cfficient solubilizer for chlox tributed to the solubkility of the
D Qiazepoxide at 25°C fnllowed by Brij non-dissociater. form of the drug, as
€8 then Eumulgin C1000 = Eumulgin the drug molem.hle containag Cl,
©1500 > pelysorbate 20 > pelysorbate and tertiary N an? of pka of nearly
20 > Myrj 52 > Myrj 53 > Myrj 59. 3. As the pH of the investigated
”‘ colutions increased irvom 4.0 to .0
- Raising the temperature of the to 7.4 their solubilizing et~
investigated solutions from . to ficiencies were generally decreaged,
L 35ec caused a positive temperatuxa as the dissociated form of the drug
effeat, i.e., increase in the _mcmnt_ | become hardly incorporated wibtbhin
: of rhlordiazepoxide sclubilized. An the micellar core. Also, apg Lhe pi
gewcepmcnal Myri series, Figures 1-4 increases, the amount of citric acid
%% snd Table 1. This positive tempara- engaged in Mcllvian buffer decreased
t..zrch cffect could be attributed O and  sodium dibasic phogphate in-
ﬂfj”‘the increase in the aggregation num- creased. The former vrobably acts
bgr of ourfactant monomers within ag a.nn-golubilizer and =zasists in
5 Fhe micelles, forming larger aneglf. drug solusbilization while the later,
T ~as an elec:rolyte has a saltinr out
'“f In Myr) ceries however. ralsgsing effect on vae gurfactant m()h]_e,:uw
f‘} temppraturp ‘may increase the legl?, leading to a decrease in
*franqlatlonal freedom £ the thelr solubilizing efficiencies.
ff mcnomers within the micelles, a fac- | |
*;?-‘ii tor copposing +he micellar forma- Adjusting the sSurfactant =olu-
f%ff{ ti_gq16 _ , tions to pH 4 did not lJead to sig-



nificant change in their sgolubiliz-
chlor-

ing efficiencies toward .
diazepoxide compared to the non-ad-
justable ones except for Brij 35 and
Brij 58. A positive temperature ef-
fect was observed by raising the
temperature of the pH adjusted sur-
factant solutions, Table 1, except
for Brij 35 at pH 4 and 6 as the
factors opposing micellization may
increased on raising the temperature
in this exception.

The theoretical treatment pro-
posed by Mukerijee 2,19 and by Good-
hart and Martin °Y has been adopted
to quantify the role of both the
core and the capsular reqgions of
Myrs micelles in solubilizing
chlordiazepoxide. Assuming that it
will be distributed between the mi-
cellar core composed of the stearyl
groups (R) and the micellar capsule,
consisting of the ethylene oxide
groups (Eo). The micellar solubil-
ity was expressed as equivalents of
chlordiazepoxide per equivalent of
(Eo) groups. The amount of the drug
solubilized (S) in equivalent per
liter of solution will be:

S = a Cgg + b Cy
where Cgp and Crp are the concentra-
tionas of chlordiazepoxide in equiva-

lent per liter of (Eo) and ° (R)
groups respectively, (a) and (b) are
proportionality constants. On di-

viding by Cgg one obtain:
S/Ceo = a + b Cr/Cgo

Thus 1f S/Cgp in equivalent per
equivalent is plotted cgainst
Cr/Ceo, Table 2, a linear relation-

ship should be obtained, Figure 7,

with the intercept (a) representing
the solubilization 1in the capsule
equivalent of solubilizate per
equivalent of (Eo) groups and with
the slope (b) representing the
solubilization in the - core
(equivalent of solubilizate per

The val-
at 25&35°C are

equivalent of (R) groups).
ues of (a) and (b)
shown in Table 3. It could be con-
cluded that chlordiazepoxide was
solubilized mainly in the core of
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Myrj micelles. Furthermore, the
amount of the drug socolubilized in
the cepsule decreased by extending
chain from 40
(Myrj) 52) to 100 (Myrj 59) at the
two temperatures investigated.

- The solubilizing efficiencies of
Eumulgin and Brij solutions contain-
ing 5% w/v propylene glycol is shown
in Table 4. At the two temperatures
noticed that
this concentration of propylene gly-

col generally caused an increase in

the solubilizing efficiencies of the
investigated surfactant solutions
toward chlordiazepoxide. This could
be attributed to the suppressive ef-
fect of propylene glycol on the liqg-
uid crystal formation in the non-

- ionic surfactant solutions 16.

fect,

Incorporating 10% w/v propylene
glycol 1in the investigated solubi-
lizers decreased their golubilizing
efficiencies at 25&35°C, Table 4 and
Figures 86&9. The observed decrease
may be attributed to the increased
hydrophilicity o©of the micelles by
incorporating such a higher concen-

tration of propylene glycol in the
capsule rendering the latter ex-
panded, thus decrease the relative

volume of the core mainly responasi-
ble for solubilization teo the whole
micellar volumell. Raising the
temperature of the investigated so-
lutions containing 5&10% w/v propy-
lene glycol caused a positive ef-
Table 4.

Incorporation of 5&10% w/v glyc-
erol in Eumulgin and Brij solutions
caused a decrease of their solubi-
lizing efficiencies toward chlor-
diazepoxide at 25&35°C except for
Brij 35 at 25°C, Table 4 and Figures
10&11. This decrease may be due to
the hydration of the micelles due to
the addition of such a hydrophilic

additive, as the decrease was more
pronounced in 10% w/v concentra-
tion?.

fF e T haigt e al Ly, et } . .
- : ""'I‘_'.?I"'_.l... K- T T R P R e I R . T, -
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~ Raiping the temperature of the
- previous solutions caused a negative

.- effect in those sgolutions containing
E 5% w/v glycerol and vice-versa 10%
i w/v.

-

| The solubilizing efficiencies of
Eumulgln and Brij solutions contain-
-ing 5&10% w/v PEG 400 toward the
drug at 25&35°C is shown in Table 4.
f'____It is obvious that the presence of
“ this glycol in both concentrations
h a
cauaed a marked decrease in the
" amount of chlordiazepoxide solubi-
_;?‘ lized at both temperatures than in
non~-ionic surfactant solutions alone
{fj%___except for Brii 35 which showed the
::;fj_';--reverse. Raising the temperature
fm:‘ the investigated solutions con-
talnlng 5£10% w/v PEG 400 causes a
4{;;i.'2:'nega.tive effect except for Brij 35
containing 10% w/v.

..??TE&

| The effect of 5&10% w/v PEG 4000
j‘on the solubilizing efficiencies of
:Eumulgin and Brij solutions toward
f chlordiazepoxide at 25&35°C 18 shown
-in Table 4 and Figures 12&13. It is

{_ 4000 decreased the solubilizing ef-
- ficiencies of the investigated solu-
. tions kxcept for Brij 35 at both
temperatures (nearly two. folds in-
f‘ﬁ?'_crease) Tncr@rasing the mcnlevu]ar

S Brij 35 centaining 5&10% v/v PEG
?f; 4000 proved to be the most efificient

differest pH values.

] - ‘t__
’lﬁjﬁ? T3t

aolubilizer for chlordiazepox
the two temperatures.

The linear solubility igotharns
obtained for chlordiazeporxicsa
solubilization in non-ionic Hurfacﬂ-
tant soluticons alone and containing
the additives at 25&35°C are indica-
tive of following the ~partition

model of solubilization %20, The
distribution of the drug between the
micellar rseudophase and the aquaous

phase, the Km, in the different in-
vestigated non-ionic gurfactant
solutiona alone and containing the
additives at 25&35°C is shown 1in
Table 5.

On raising the temperature,

generally a decrease in the Km val~
ues are observed indicating an in-
crease in chlordiazepoxide in the
aqueous continuous phase than 1in the

micellar phase.

The Km values of chlordiazepoX-
ide generally increased in the preg-
ence of 5% w/v propylene glycol and
decreased in the non-ionic solutions
containing rast of the investigaled
"additives except for Brij 35 showing
an increase in Km values at botn
temperatures.

At the non-ionic surfactant of
contrélled. pH, a marked decrease in
the Kin values was obgerved :in pil &
and pH 6 and the reverse happenmﬁ in
pH 7. 4

Cax : . , | ,
Tanle 3: Solubilizatimn of chlordiazepoxide in non-ionic surfactant solutions of

-—*-----_-——l“#"-ﬁ-_-—-—---_“*Il—-ﬂr‘-_---_-“_‘_-—"-I---—_—:—I-*'ﬂ-t—*#--ﬁﬂ_““ﬂﬁ--“ﬁ—* ek VY G g e e ol e G e S AR S e g gl e g agn el s P el W

Chlordiazepoxicde myg/g surfactant

Surfactant In distilled water of pH 4 of pd 6 of pH 7.4
259C 35°C 2500 35eC 25°¢ '35°C 25°C 35 °C

Polysorbate 20 17.74 12.58

Polynorbate 80 - 20.64- 21.57

Eumulgin £ 310GO 24.51 29.13 24,22 30.38 23.36  26.15 20.0¢  20.88

Fumulgin C 1500 23,22 24,29 17.04  26.15 17.60 23.02 17.52 19.56

Myry 52 15.67 12.17 -

Myrj 53 14.18 8.98

Myrj 5o 6.72 5.59 - .

Brij 35 10.70 18.00 30.62 15.98 26.33  22.07 13.86  21.%9

Brij 58 24.76 29.09 . 27.69  36.00 20,19  24.08 23.87  2%.25

e e pee FRE ek e ol ol e T R #——H-‘—#t—u—u—uﬂ--ﬂ--uﬁu-—-n--h--ﬂlﬁllll-lli----l--ﬁ--Iu--—---i-_-*-q----p-ﬂ_-ﬂ_v‘--——--ﬁﬁ_—*-ﬂﬁ_-#'*-‘-m—ﬂu
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Table 2: Distribution of chlordiazepoxide between the cores and capsules of Myrj micelles

calculated by Mukerjee'’s treatment 2,19
. Ratio of Amount of
Surfactant Weight of Ethylene 5/Cgy , at Ca/Cgo Chordiazepoxide in
Surfactant Molecular Oxide - e e o e Capsule and Core at
Weight - part 25°C 35°C === eccmcmcecmcsecn—ae—-
| 25*C 3s5*C
Myri 52 :
(C17E40) 2046 1777 0.026? 0.0198 0.025 0.203 0.20)
Myry 5) -
(C17Es0) 2486 2217 0.0232 0.0140  0.02 0.197 0.197
Myrj 59
(C17E300) 4686 4217 0.01118 0.0092 0.01 0.185 0.185

@__-_-*_‘_--"_—------'—__#-‘_——ﬂ_'__-—--—“—*“-“-----—-----ﬁ-—-—n-“—-_--—._----_-------—---“-----@----

al

e

-
b

Table 3: Amount of chlordiazepoxide incorporated in capsule 5
- g
(a) eq/eq and core (b) eq/eq for the Myrj series B
calculated by Mukerjee's method °:19, _E
it
N
e il e S Sl SN S S S ———-————_‘--—.--—._________-__“__----— _______ —— e e e ﬁ?::
e3¢ 35°C :
a b a b S
S g D D L D ———— VD D D D Ny N I S D (T (R (D S s — (m—m ks . w— . . S 400 G SN GEm D G N S el S N S Vi — N e G = S S G S — S — ;ﬁj
MyrJ 52. 2.67 13.136 ; 1.98 - 9.756 i
X | _'-
Myrj 53 2.32 11.793 1.40 7.124 5
Myrj 59 1.12 6.059 '0.92 4.969 B
WY S S S S LS G S S S S W e W S A S T S S e A e A S R A A R G G S N A e S S G W et S S S Y — S S — — e S S -~
E§
Table 4: Solubilization of chlordiazepoxide in non-ionic surfactant soclutions containing varjious additives, jé%
- m——— e e e o e et e mt e ——— VR —— e —————— — ;Eg
Solubility of chlordiazepoxide mg/g surfactant b
Nﬂn_innic ------------------------------------------------------------------------- S L S D A D (R M R R — _—————easmee e emmam—— “
surfactant Surfactnat+Propylene Surfactant +° Glycercl Surfactant+P.E.G. 400 Surfactant+P.E.G. 4000 w4
tant in dist. glycol |
Surfactan w:ter 5% | 10% 5% 10% 5% - 10% 5% 10%
_;;:E--;;:E—-;;:c 35°C  25°C 35°C 25°C 35°C 25°C 35°C 25°C 35°C 25°C 35°C 25°C 35°C 25°C 35°C
Eumulgin |
Fumulgin | .
C1500 23.2 24.31 21.6 22.7 12.8 17.1 21.) 16.5 9,1 11.6 16.5 13.7 9.4 10.1 18.8 13.5 5.0
Brij 35 10.7 38.0 76.9 75.1 27.8 32.9 55.4 239.6 19.7 27.1 42.4 55.0 49.1 60.1 70.7 66.7 35.7 129.5
Brij 58 26.8 29.1 26.4 27.8 16.4 20.2 24.8 19.2 13,2 13.1 19.7 15.9 11.7 13.1 21.4 15.7 15.0 17.0 &

-y
.
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