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EFFECT OF DIFFERENT ADDITIVES ON THE MICELLAR SOLUBILIZATION

OF CHLORAMPHENICOL

A. E. Aboutaleb and A. Abdelzaher.
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"Asstut University , Agssiut , Egypt

The effect of dszerent inorganiec and organtic
additives on the solubility of chloramphenicol by
non-ionic surfactant solutions was investigated at
two different temperatures. The following addi-~
tives were used namely polyethylene glycol 600 ,
propylene glycol, glycerol, urea and potassium
chloride. Urea produced a slight effeet on the
golubtlizing effietency of the'non—ianic surfact=-
ant solutions, on the other hard a more pronounced
effect on the solubiliszc.ng effzctency of these non-
tonic micelles was obtained by tnereasing the con-
centration of potassium chloride in solutions.
For organte additives i1t was found that the addi-
tion of polyethylene glycol 600 zncraased the sol~-
ubtlizing effietency of all the non-ionic surfact-

~ant solutions than both glycerol and propylene
gZycoZ .

The sdlublllzlng action of, surface active agent itself may
be sufficient for the preparation of solutlons of many lnsolu-
ble drugs, but if the activity of a preparation can be affect=
ed by the proportion of the ‘agent used, or it was 'd'if‘ficult to get
solute into solution by tﬁe action of surfactant alone, addi-
tion of other component to a solubilized system may produced
the desired effect. :

Phny complex solvent systems were developed in specific in-
stances on an imperical bases., Saturated hydrocarbons, when
added to. the non-ionic surfactant solutions, did not de depress

the cloud pbint very much; where as aliphatic_alcohols, fatty

acids or phenols depressed thé cloud point_rémarkably.
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Donbrow and Jacobszused a potentiometric titration method for

investigating solubilized systeme containing polysorbate 80
and glycol ethers, and they found the uptake of benzoic acid
by the micelles was increased. It was suggested that when
orgainc substances were added togurfactant solutions, the solubi-
lizetion process was dramatically affected., The CMC values
varied by the addition of long chain polar or semipolar com-
'poundez , and also short chain eIEOholes.

The presence of electrolytes. may also affect the solubi-
lity, as a8 two or three fold increase was: reported, although
in some other systems the solubility decreased in the presence
of Balte4. The non-ionic surfactants were stable even in the
presence of relatively high electrolyte concentration,This can
be considered as one of theilr edventegee{ 6Many workerss 758
have studied the effect of ionic strength of the electrolyte
on the lowering of the cloud point of the non-ionic surfact-
'ents, and found that the lowering was 8 linear fynction of tﬂe
ioﬁic strength of the electrolyte. ' h

~ Becher and other workers 9 - 11 reported that on the addi-
;ion of electrolyte to non-ionic surfactant systems a drop 1in
the CMC was obtained, whereas the addition of urea produced the
opposite effectza’zl.

_ Sehickzz’zseuggeeted that urea may affect the iceberg
structure in water, as originally proposed by Frank and
Evan314 and tﬁerefore exert their effect upon CMC by changing
the hydration of the polyoxyethylene chain,

In the present work the effect of different concentra-
t;ions of polyethylene glycol 600 and 4000, propylene glycol ,
éﬁycerol, urea and potassium chloride on chloramphenicol sol=~
ubility by non-ionic surfactant solutions was investigated at
two tempaeratures, The results obtained were discussad and co-

mpared with other literature reports,

EXPERIMENTAL

Heteriele !

Chloremphenicol El-Nasr chemical Co-Egypt. was analytical
q:ldﬁ ’
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 Tweens ¢

Polyoxyethylene sorbitan monolaurate.(Tﬁeen 20), polyoxy=
ethylene sorbitan monooleate (Tween 80).
Myris :

Polyoxyl (40) stearate (Myrj 52) and polyoxyl (100).stea-
rate Myrj (59),,Atlas Chemical Industries,Delawore U,S.A.
Emulginsg |
" Cetyl stearyl alcohol with 20 ethylene oxide units (Emu~

" 1gin C cetyl stearyl alcohol with 30 ethylene oxide unizs

1000’ *
(Emulgin ClSOQ

The additives used include ¢=-

“—T . )
Polyethylene glycol 600~ , propylene glycol, glycerol,

) ,Henkel international, Dusseldorf,West Germany.

urea and potassium chloride, British Drug House, Poole, Englnd,

Determinatio of Chloromphenicol Solubilit: by non-ionic
) p“;iacéant gsolutions containing different Addifi#es $ -

"Solutions cbntaining different concentrations Sf the
selected non-ionic surfactants in the presence of 5 or 107 w/v
polyethylene glycol 600, prbpylene glycol and glycerol were-pre-
‘pared., 10 ml of each solution was transfered to 15 ml screw
capped tubes and excess chloramphenicol was added. The tubes
were equilibrated in thermostatically controrled water baths at
25 and 35° for 15 days with continuous shaking.

After the equilibrium time nad elapsed, the tubes were

centrifuged, then'reequilibratedﬁforkfurther 24 hours.

Samples were withdraﬁn and after appropriate dilutions
with distilled ‘water they were analyzed gspectrophotometrically

at 278 nm for their chloramphenical contents .

Different concentrations of non-ionic surfactant solutions
containing 0.2 mole/l urea as well as 0,5 mole/1»0.1 mole/l1 and
0.01 mole/1 potassium chloride were also prepared., The pH of

the last solutions containing potassium chloride was adjusted

to pH2 using 0.005 N hydrochloric acid, in this case the blank
contains also 0.005 N hydrochloric acid. Experiments were

carried out in the same way as mentioned bafore.




90 A. F. Aboutaledb & A. Abdelzaher

RESULTS AND DISCUSaiONb

It is obvious that the presence of polyethylene glycol
600 increases the solubilizing capacity of all non-ionic sur-

- factants solutions, namely Tween 20, Tween 80, Emulgin 01000'

Emulgin 61500, Myrj 52 and Myrj 59. This increase in solubi-
lity caused by the presence of polyethylene glycol 600 may be
qte to 1ts effect on the process of micellization. The prese-~
nce of this long-—-chained alcohol in solution may induce the
aggregation of monomers into micelles, consequently the CMC
value decreased and the solubilizing'capacity of the surfact-
ant solution could be increased. Low moleculer weight alcohols
as P,E.G 600 may also act as Co-solubilizer for this solute ,
Emulgin Clooo'solutiem containingISZ w/v P, E. G 600 has a more

solubilizing efficiszncy than Emulgin C sclution alone at

1000

35_ but this was not the case with Emulgin C This may be

1000 by the
presence of P, E., G 600, consequently, its solublllzlng effic~

1500°
due to depression of the cloud point of Emulgin C

lencv would be expected to increase due to the increase in a=—

gregation number and miceller molecular weight,

It is well known that the solubility of many solutes re-

_aches to maximum near the cloud point of surfactants which may

be due to formation of_gatnt m:.cellesz5 Iabu , this was not

expected for Emulgin C as its cloud point was much higher

than Emulgin C1000 dueligoits longer ethylene oxide chain len=-
gth, Myrjs solutions showed very slight change in their solu-
bilizing capacity in the aBsehce and in the presence of 5% w/v
P, E. G, 600 at 35° . The solvent power of non-ionic surfact-
ant solutions in presence of 57 w/v P.E.G. 600 at 25° can be

arranged as follows as shown in Figure 1., Emulgin C 3Emulgin

1000
»Tween 80>Tween 20>myrj 52>Myrj 59, Non—-ionic surfactant

1500 ﬂ .
solutions containing 107 w/v P. E. G. 600 can be arranged in
the following sequance according to their solubilizing effeci-
ency toward chloramphenicel at 259 Emulgin ClOOO Tween 80

Emulgin C Tween 20 Myrji 59 , This change in the sequance

1500
at higher concentration may he due to the effect of the addi-
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‘tives on the cloud point of these gsurfactants consequently their
8olubilizing efficiency can be affected. On comparing the so-
lubilizing capacity of the non-ionic surfactant solutions alone
and those containing 107 glv:erol at 35° as shown in Figure 2
and Table 1 , it was noticed that the iatter solutions have
greater solubilizing capacity for chloramphenicol, but to dif-
ferent extent which depend upon the surfactant molecular struc-
ture . The larger the capsule the more the volume aevailable
for the incorporation of such hydrophilic branched chain alco-
hol, together with more hydration of the capsule, in this case
the relative volume of the core to the total micellar volume
would be decréased and therefore the solubilizing capécity of
the micelle was expected to decrease for non-polar solutes
such as chloramphenicol. -
| On comparing the effect of 5% w/v polyethylene glycol
600 and 57 w/v propylene glycol on the solubilizing capacity
of the different non-ionic surfactants at 25° , 1t was noticed
the solvtions of the former showed more pronounced effect for
ﬁaking the different non-ionic surfactant solutions more effi-
cient solubilizer for chloramphenicol than the latter. This
is because P,E,G 600 has a longer hydrocarbon chain than. pro-
pvlene glycol, which makes the former more efficient as a Co-
sblubilizer than the latter, I

The order of efficiency of the different non-ionic so=
lutions containing 57 w/v propylene glycol for chloramphenicol
solubilization can be arranged at 25° as follows as shown in
> Tween 80 > Myrj

Figure 3 : Emulgin 0 > Emulgin C

“100 1500
52 > Tween 20 > Myrj 59 . Ofcourse, onraising the temperat-
ure from 25° to 35° a postive temperature effect occurred,
l.e., an increase in the solubilizing capacity of all the non-
ionic surfactant solutions containing the glycol by raising
the temperature, Furthermore on comparing the solubilizing
"efficiency of non-ionic surfactant solutions in absence and
in presence of propylene glycol at the higher Eémperature_
of 35° , a slight change in solubility was obtained, Propyl-
ene glycol in this case may not affect the solubilizing cap-

acity of the surfactant as it opposed the formation of
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liquid crystal at lower temperature. On the other hand the for-
' mation of liquid crystal was usually hindered-at high tempera-

‘ture. It was found that P.E.G. 600 caused a more increase in
solubilizing efficiency of the different non-ionic surfactant
solutions than glycerol., This 1is can be because P.E.G. 600 has
a longer hydroéarbon chain than the latter,

: | On coaparing the solubilizing efficiency expressed by g.
chloramphenicol solubilized per g. micelles for the non-ionic
surfactant solutions cuntaining C.2 mole/1l urea and the non-
ionic surfactant solutions alone at 25° and 35° as shown 1in
Figure 4 and Table 1. It was obvious that the former has more
Bdlubilizing efficiency than the latter. This agreed with the
fiﬁding of Daabis et alzg,whqstatedthaturea induced the -
aolubility-df,other insoluble drugs spécialiy'at higher tem-'.
~perature. It was possible that urea may exert its effect by
changing the 1ceberg structrre of water. Also it was cons*de-
red that urea acts as indirect structure breaker when added
to water.. For non-ionic surfuactant solutions wurea may indu-
;e.micelle formation by breaking down the structure of water
thus promoting micelle formation and increases solubility. In-
creasing temperature from 25O to 350 causes a postlve tempera~
ture eifect., The order of eff1c1ency of non-ionic surfactant
solutlons contalnlng 0. 2 mole/1 urea toward chloramphenicol
at 25° and 35° can be _arranged as followed:Emulgin ClOOdJ’

Tween 80 >Emulgin C > Tween 20 Myrj 52 >Myrj 59.

On comparing tizogmount of chloramphenlcol solublllzed by
each surfactant micelle asig per g in the presence and absence
of different - ncentration of potassium chloride, it was obvlous
that the.presenﬂe of clectrolyte produced awn w~rease in the
amoﬁﬁt of chloramphenicol solubilized per gram micelles .: the

two temperatures invsestigated ,

Kuriyama7£8exglained that the addition of =2lectrolyte at

a specific tempe. 2ture did not necessarily incre:zse the micel=-

ler welight but i:can affect the degree of hydration of micelles,
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The salting effect of potassium chloride would be more pre-
nouned with the more hydrophilic longer polyoxyethylune chain
compounds, therefore it may decrease their solubilizing effici~-
ency toward chlorampheicol, than short chained non-ionic surs
factants , | |

The salting out of non-ionic surfactants from solutions
was increased by increasing electrolyte concentration and with
decreasing radii of hydrated ions. For this reason the incre-
ase in potassium 'chloride concentratibn'from 6.01 mol/1l to 0.1
mole/1 at 25° may produce a decrease in the sdlubilizing effic-
iency of these surfactant solutions toward cloramphenicol., Thus
by increasing electrolyte concentration it was élaimedZo that
there was firstly a removal of hydrogen'bonded water molecules

. from the ether oxygens.of the ethylene oxide chain, and secondly
that the extent of hydration of the ethylene oxide chain was
determined by the closeness of approach of the potassium ion to
the ether oxygens, Temperature rise from 25° to 35° in all non-
ionic surfactant solutions, containing different concentrations
of potassi.um chloride , causesg a positive:temperature effect. At
35°

1 causes an increase in the solubilizing efficiency of the non-

an increase ir electrolyte concentration fron 0.1 to 0.5 mole/

ionic surfactant solutidns containing these concentrations des~-.
nite the theory of salting out of surfactants upon increasing
électrolyte concentration, wherec at 25° an increase 1n potass =~
ium chloride concentration from 0.01 to 0.1 mole/l causes a de-
‘crease in the solubilizingrefficiency of the non-ionic surfact-
ant solutions perhaps due to salting out of the surfactant py
increasing électrolyte concentration, but further increase of
the electfolyte concentration from 0.1 to 0.5 mole/l , dauses
an increase in the solubilizing efficiency of the non-ionic sur-
factants.,, as shown in Figure 5 and Table 2,
- The effect of different additives on the distribution of
chloramphenicol between the micellar and aqueous phases if com-

pared with the distribution coefficient obtained in the presence

of the different additives was shown in Table 3.
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It can be observed that the preg--ce of 37 w/v P/E.GC 600
caused an increase in Km value, i,e. increased the concentration
of chloramphenicol in the micellar phase. Further increase in
P,E.G 600 up'to 107 w/v caused more incr=sase in the Km value. On
the other hand non-ionic surfactant solui ons containing 5% w/v
propylene glycol caused sligh: increase in Km value, This was
also the case on the addition of 107 w/v glycerol as it produced
an increase in the Km value, The addition of urea in 0.2 molar
concentration to the surfactant solutions tend to increase chlo-~
ramphenicol in the micellar phase more than in the aqueous phase,
hence i1its presence caused avn increase in Km value of the differ-
ent non-ionic surfactants. '

Ceherally, the increase in temperature from 250 to 35° cau-
‘'sed a decrease in the K. value obtained. This may be due to the
*ralatlve increase in the solubility of chloxamphenlcol in both
aqueous and micellar phases by different extent and each tempera-
ture . The increase in potassium chloride concentration in’ the
non-ionic surfactant solutions at 35° from 0.01 to 0.1 or 0.5
mole/ 1 , produced an increase in Km value. On the other hand
inerease in potassium chloride concentration at 25° from 0.01
mole/l, caused 'a decrease in K value. Further increase in potassium

chloride, e.g 0.5 mole/l, c aused a significant increase 1in memﬂue.

This may be due to the salting out effect which was more pronounced

~at lower temperature by rey%ﬁ%ggkx‘qmg&hgqfqpnpengﬁat@pnioﬁ-eheqmw“

E?hyte concen raqxon. qhﬁggﬁﬂﬁﬁmaﬁmqﬁ higher concentration of eleqa

_ ()}
ggng&ghggpgcralLy at, highey temperature may induce micellization

ylho oconcewn
and thé'incorpora;ion of more amount of solubilizate'within the
micelles which were-exp@etedtto be larger in volume at this relat-

ively elevated temperature,

13

i)
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Table 1 : Solubility of Chloramphenicol by Non-ionic Surfactant Solutions Containing Different Organic
| Additives . ,

mowstnﬁwwo% wao%nsﬁxmxeaow m\mm:w%nnwa:wsawmmﬁ%mmnm:mm 0% &s%%@dm:ﬁaﬁmausn
| additives x 10~ .

Surfaectant

5% wm&hmmm:m

Surfactant
. Glyecol

0% mwwnmwaﬂ_ 0.2 ole/l.

| 25° | 3s°

8.30 9.83

O

2

Tween 20

12,31 112,31

14,02 | 15,34

Tween 80 9.37 111.04

15.56 | 17.04 10.80 111.44

Emulgin

OHOOO

Emulgin 13.19 }13.89 8.94 .Ho.bm
1500

Myrj 52 6.36 |10.51 7.67 | 8.00
MyTi 59 6.8 9.4 4.58 | 7.81
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Table 2 ; Solubility of nWHanmamempnor by non ionic mawmmm&ﬁﬂﬂ sotutions namnmﬁmwnm different

-

nbunmﬂhﬁmhpomm of ﬁOﬂmmmHﬁﬂ aﬁwaﬂpww

n..-

mcwawewewm 0% qwco%QS@wmasQQm Q\Q mm%%&ﬁwmaw ﬁx ﬁma @%mmﬁm:am Q% nqwmmmsxs
__ chloride z 107 LA
mx%ﬁmawaww _ e 1 |
Surfactant aloneg Q.w mole/L ! _ qu ﬁowﬁ\h: 0,01 aomm\h,
— — _ ket kel e ket

. R _
Tween 20 7.54 8.64 6.92 8.26  5.46 6.89 6,44 5.84

Tween 80 8.75 12,24 9.04 9.86 6.45  8.09 8.36 7.34

mscwmwu w.qq.HHM.Hu wmeo@_.ZHHNaoq -wmamgu.ﬁa»umv__wmibm w.ww
1600 o AT R
macumwﬂ 8.25 9,73 9.19 10.92 7.83 8,65 8,39 8.58

“1500 . | BT ;
Myrj 52 6.34 8,2 5.99 7.14 4.86  6.27 - 5,85 5,06

Myrj 59  3.47  3.88 3,22 5,78 3.1 4,00  h.4h 2,25
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Table 3 : Effect of Uﬂmmmﬁmﬁn Additives on the Distribution Coefficients AN ) of nWHoﬂvaSmuwnow
between EpanHmn and agqueous bhases at different temg mwmncﬂmm o

" Diestrioution coefficient ﬂxag nawuxunwmm from solubility measurements

Surfactant
. Surfactamt eontaining the following
Type . _
(4) - (B) (c) (D) (E)  (F) (G) (8) (1)
25% 35%25% 35%. 28° 359 25° 35% 25° 359 25° 35% 259 35° 259 359 25° 35°
Tween 20 20 19 22 16 33 25 18 16 20 21 23 17 26 19 14 18 19 12
Tween 80 23 24 26 20 39 32 23 20 24 24 26 20 33 22 17 20 25 15
Emulgin C,,4, 27 28 34 27 43 35 29 24 30 20 29 21 45 28 24 27 31 21
Emulgin C, .. 22 22 28 22 36 29 24 22 29 16 24 19 36 24 21 23 25 18
Myrj 52 18 19 . .14 23 22 19 18 22 15 21 22 16 16 13 16 17 11

Myrj 59 _ 11 3 15 9 19 19 12 11 13 11 12 10 13 11 8 9 12 5

GQQO. ﬂnv HON wi m- n@oo

(D). ‘5% propylene glycol o (E) nﬂﬂxnawnonop | | (F) 0.2 mrwo\r urea

ADV Ssrfactant rﬂnuﬂ _ va UN.Wt.W”

(6) 0.5 Mole/L. XCL (1) 0.1 #?Hn\r.. KCL (I) 0.01 Mole/L. KC1
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1.8

1.2

Solubitized Chloramphenicol °/ w/v

0.2

0 2 4 6 8 10 12

Surfactant *. w/v containing 5% P.E.G 600

Fig(L) Solubility of Chloramphenicol in non-ionic
Surfactant solutions containing 5°%% PE.G 600 at 25
Key: x Emulgin C1000. e Emulgin C1500.. O Tween 80.

o Tween 20. B Myrj 52, @ Myrj59. y
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- Chloramphenicol */s W/ v

Solubilized

J.2

0 2 4 6 8 10 12

Surfactant®s w/v containing 10°% Glycerc!|

Fig(Z) Solubility of Chloramphenicol in non-ionic

Surfactant solutions containing 10%. Glycerol at 25

Kez: The same as Fig.(t).
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1.6
1.4
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& 0.6
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0 P
_-D .
O
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0.2
0
0

2 4

6 8 10 12

Surfactant®/e w/v containing 5°, Propyleneglyco!

Fig(3) Solubility of

Surfactant

Key.

The same as

Chloramphenicol in non-ionic

solutions containing 5°/ Propyleneglycol

at 25 .
Figl\.)
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1.6

Chloramphenicol %% wi/v

Solubilized

0.2

0 2 4 6 8 10 12

Surfactant*ew/ v contaihing 0.2 mole/L Urea

Fig-(li) Solubility of Chloramphenicol in non-ionic Surfactant
solutions containing 0.2 mole/L solution Urea at 25

Key: The same as Fig(l),
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1.6

1.4

1.2

Solubilized Chloramphenicol % w/ v

o 2 4 6 ; 10 2

Surfactantlé‘f. w/v containing 0.5 mole/l. K Cli

Fig(&) Solubility of Chloramphenicol in non-ionic Surfactant
 solutions containing 0.5 mole/L KCI solution of
pH 2 at 25° :

Kez: The same as F’ig..(.D ,.
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