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Abstract:
hydrochloride, was studied using cloud point (CP) and dye solubilization techniques. In the presence of KBr, increase

The effect of electrolytes on the micellar behavior of an amphiphilic drug, chlorpromazine (CPZ)

in pH led to decrease in the CP of 50 mmol-L™ drug solution (prepared in 10 mmol L™ sodium phosphate (SP) buffer)
because of deprotonation of drug molecules at high pH. The visible absorbance increased (due to dye solubilization) with
the increase in pH from 6.5 to 6.9, which indicated micellar growth. At fixed pH (6.7), addition of inorganic salts (KF, KCI,
and KBr) to drug solutions (50 mmol - L™) caused an increase in the CP as well as in the visible absorbance, with
effectiveness being in the order: F-<Cl<Br~. The results were discussed on the basis of counter-ion binding and their
effect toward micellar growth. Cations (co-ions) also led to an increase in the CP (and also the visible absorbance), with
their effectiveness order being Li* >Na* >K*, which was explained by considering cognizance of their hydrated radii.
Compared with anions, their effect was small. Increase in [CPZ] caused micellar growth and hence the CP as well as
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the visible absorbance increased. The overall behavior was discussed in terms of electrostatic interactions and micellar

growth.
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Many pharmacologically active compounds are amphiphilic
and hence undergo different kinds of association in a surfactant-
like manner!'~. Despite the investigation of the micellar proper-
ties of these drugs by different workers, there is lack of data on
the effect of temperature on their micellar solutions. When the
temperature is increased to a particular value, the clouding phe-
nomenon is generally observed in nonionic surfactant solutions!®.
When the nonionic surfactant solution has a temperature higher
than the cloud point (CP), phase separation occurs, resulting in the
formation of the micellar-rich phase or coacervate and the micel-
lar dilute phase. The CP has been found to be highly dependent

7-11

on the presence of additives "!. Encouraged by our own findings

of the dependence of the CP in anionic surfactant solutions on

the nature and concentration of additives!'*™"

! and hence its possi
ble tuning, we have started exploring clouding behavior in solu-
tions of amphiphilic drugs.

The dye solubilization is a well-known technique for studying
micellar behavior of surfactants, amphiphilic block copolymers,
[1622)

and amphiphilic drugs!"**3. The underlying principle is the depen-
dence of solubilization of otherwise water-insoluble dye on the
state of aggregation of the amphiphile. As a result, the ab-

sorbance value is nearly negligible prior to micellization, which

Chlorpromazine hydrochloride;

Cloud point; Dye solubilization;

then rises steeply due to micelle formation and solubilization of
the dye therein.

Chlorpromazine (CPZ) hydrochloride, a phenothiazine with
neuroleptic activity, has shown a high capacity to interact with
biological membranes and is often regarded as model drug for
the investigation of interactions between drug and membranes
(both biological and model)!"*=". As the electrolyte concentra-
tion in membranes may vary, the CP of a drug may be affected.
With this viewpoint, CPZ (which shows clouding at 37.5 C in 50
mmol L™ CPZ at pH 6.7 in 10 mmol L™ phosphate buffer?*")
was employed herein as a model to study the CP phenomenon in
the drug solutions with additives. Furthermore, as the effect of
Br~ was significant™!, most of the systems of the present study
contained KBr. The objective of the current study was to extend
the scope of our previous work by studying dye solubilization in
order to get insight into the morphological aspects involved
when a drug solution approaches the CP. The results of this
study provide support to the mechanism of increase in CP due to
the growth of CPZ micelles.

1 Experimental
CPZ hydrochloride (=95.0%, Fluka, Switzerland) was used
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as received. The electrolytes, lithium bromide (LiBr,=99%, E.
Merck, Germany), sodium bromide (NaBr,=99.9%, BDH, Eng-
land), potassium fluoride (KF,=99%, BDH, England), potassi-
um chloride (KC1,=99.8%, BDH, England), and potassium bro-
mide (KBr,=99%, Merck, Germany) were of analytical grade. The
components of buffer, trisodium phosphate dodecahydrate (TSP),
and sodium dihydrogen phosphate (SDP) monohydrate were al-
so purchased from Merck.

The water used was doubly distilled and deionized (sp. cond.=
1-2 pS+cm™). SP buffer solution of 10 mmol - L' was prepared
from TSP (6.1 mmol-L") and SDP (3.9 mmol-L") and subse-
quently used throughout as solvent. The pH of the CPZ solutions
was measured with an ELICO pH meter (model LI 120). All CPs
were obtained by placing Pyrex glass tubes (containing the sam-
ple drug solutions) in a temperature-controlled bath, the temper-
ature was ramped at the rate of 0.1 C *min™ near the CP, and
onset of clouding was noted by visual inspection. The tempera-
ture at the commencement of clouding was taken as CP. Howev-
er, the temperature was oscillated slowly through the CP until
the results were reproducible (0.5 C)!>3. Dye solubilization ex-
periments for the aqueous drug solutions (with or without elec-
trolytes) were performed at room temperature. The sample solu-
tions with Sudan III dye (equilibrated for 24 h) were filtered and
then the spectra were recorded using a UV-visible Spectronic-
20D+ spectrophotometer (Thermo Electron Corp., Madison, WI,
USA). The surface tensions were measured using the ring de-
tachment method using a S.D. Hardson tensiometer (Kolkata,
India).

2 Results and discussion

The critical micelle concentration (cmc) of CPZ in pure water,
determined by surface tension method, was found to be approxi-
mately 17 mmol+L™. The literature values, reported by different
authors™*! using variety of techniques and experimental condi-
tions, are scattered over a range of two orders of magnitude (107
up to 10~ mol -L™). CPZ has an amino group and, because of
its pK,=9.4") exists essentially in its charged form (cationic) at
the physiological pH (with a small fraction in neutral form). At
low pH values, the tertiary amine portion of the CPZ molecule
becomes positively charged, whereas at high pH values, it be-
comes neutral (see the structure, Scheme 1). Another point worth
mentioning is that no minima were obtained in the surface ten-
sion vs 1g[drug] plots™: this indicates that despite 95% purity,
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CH,
Scheme 1 Molecular structure of chlorpromazine
(CPZ) hydrochloride

the drug sample is free of surface-active impurities.

Previously we found that the CP decreased with the increase
in pH (ranging from 5.5 to 6.9)®. As the pH increases, the drug
molecules become progressively deprotonated and hence repul-
sion, due to positive charge on the headgroups, decreases. This
increases the compactness of micelles and decreases the CP
(whether or not an electrolyte is present)™..

Fig.1 shows the effect of KBr concentration on the CP of CPZ
solutions at different fixed pHs (6.5, 6.7, 6.9—all below the pK,
value of the drug). At all the three pHs, CP follows the same
trend (at any fixed [KBr], increase in pH causes a decrease in
the CP). As the pH is increased more and more, drug molecules
become unionized, reducing the inter- and intra-micellar repul-
sions. These reduced repulsions may give rise to more compact
micelles and cause a decrease in the CP. Presence of Br~ (as
KBr) causes a decrease in the surface area occupied per CPZ
head group (A,), with a simultaneous increase in the Mitchell-
Ninham parameter R, (=V/IA,, where V. is the volume of the hy-
drophobic part of the CPZ monomer and /, is its length)*! of the
CPZ monomer. Therefore, a decrease in A, results in an increase
in R, and in micellar growth. The results of Fig.1 favorably sup-
port this interpretation. As the Br~ ions are hydrated, their pres-
ence (binding!) near the micellar head is expected to make the
micelles relatively wet compared with grown and compact mi-
celles formed with the increase in pH. The increase in the CP
with micellar growth is in accordance with Kim and Shah's
earlier findings?, where large increases were recorded in amitr-
iptyline solutions with the addition of KBr.

Fig.2 shows the visible spectra of Sudan III in 50 mmol -L™
CPZ in 10 mmol -L ™ sodium phosphate solutions at different
pHs in the wavelength range of 400 —-600 nm. The visible ab-
sorbance increases with increase in pH from 6.5 to 6.9, which
indicates an increase in the dye (Sudan III) solubility, resulting
mainly from the enlarged micellar size?". Thus, the results clear-
ly suggest that an increase in the visible absorbance with in-
creasing pH mainly results from the enlarged micellar size. Fig.3
illustrates the visible spectra of Sudan III solubilized in 50
mmol L™ CPZ in water containing different fixed KBr concen-
trations. In this case also, the visible absorbance increases with
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Fig.1 Effect of KBr concentration on the CP of
50 mmol - L™ CPZ solutions prepared in 10 mmol-L™
sodium phosphate buffer solutions at different pHs
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Fig.2 Visible spectra of Sudan III solubilized in
50 mmol-L™" CPZ prepared in 10 mmol-L" sodium
phosphate buffer solutions at different pHs
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Fig.3 Visible spectra of Sudan III solubilized in 50
mmol-L" CPZ in water containing different fixed
amounts of KBr concentrations

increasing KBr concentration, indicating an increase in the dye
solubility. The addition of the electrolyte raises the aggregation
number of ionic micelles due to electrostatic effects.

Addition of electrolytes (KF, KCI, and KBr) at constant pH
(6.7) causes an increase in the CP and the order being Br~> CI™> F~
(Fig.4). The order correlates well with their position in Hofmeis-
ter series. As halide ions carry a charge opposite to the drug mi-
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Fig.4 Effect of anionic counter-ions on the CP of 50
mmol-L™" CPZ solutions prepared in 10 mmol-L™
sodium phosphate buffer (pH 6.7)

“I” indicates precipitation occurring beyond [KBr]>100 mmol-L™ at room

temperature (which could be due to formation of nonmicellar phases).
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Fig.5 Visible spectra of Sudan III solubilized in 50 mmol-L™*
CPZ in water containing 100 mmol-L?* KX

celles, they interact electrostatically with the micelles. The de-
gree of counter-ion binding is known to affect the size and shape
of the micelles"*. F~ binding to cationic headgroups is weak (as
F~ is highly hydrated; crystal radius: 0.136 nm and hydrated ra-
dius: 0.352 nm) and therefore, with NaF addition, slow changes
occur in the micelle shape/size, as a consequence of which the
CP also increases slowly. Br~ ions bind strongly to the micelles
and hence are more effective in increasing the size of micelles.
However, as Br™ is also hydrated, although less than F~ (crystal
radius: 0.195 nm and hydrated radius: 0.330 nm), it increases
micelle hydration as well as the CP. The trend (Figs.4, 5, and see
Fig.3 also for additional support to the effectiveness of KBr ad-
dition) is similar to earlier findings®" of large increase in the CP
as well as the absorbance intensity with the electrolyte addition.
The influence of cationic co-ions (Li", Na*, K*) on the CP of
50 mmol+ L™ CPZ solutions (Fig.6) shows the increase in effec-
tiveness order of CP as: Li"> Na'> K", Bearing similar charge as
the micelles, these ions would remain in the aqueous solution
and would not affect the micelles directly. Being the smallest in
size, Li" is the most hydrated. Therefore, to remove water from
micelles, it needs much energy, which leads to the highest CP
(Fig.6). K* being the largest in size and least hydrated, less ener-
gy would be required to remove water from micelles, which is
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Fig.6 Effect of cationic co-ions on the CP of 50
mmol-L™" CPZ solutions prepared in 10 mmol-L™*
sodium phosphate buffer (pH 6.7)
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Fig.7 Visible spectra of Sudan III solubilized in
50 mmol-L™" CPZ in water containing 100 mmol L™ MBr

demonstrated by the lowest CP observed with KC1 (Fig.6). Ob-
viously, Na* imparts an intermediate effect.

The visible spectra of Sudan III solubilized in 50 mmol L~
CPZ in water at 100 mmol - L™ bromide salt are shown in Fig.7.
The absorbance changes with the size of cations and fully en-
dorses the above-discussed order of the cations toward the CP
increase of CPZ micellar solutions. The above results also imply
that the effect of cations (co-ions) is small compared with anions
(counter-ions).

In view of the results described above, the Br~ ion has been
found to be an effective cloud-point booster for CPZ solutions.
Its effect, therefore, was further explored for the drug solutions
containing different fixed CPZ concentrations (50, 75, and 100
mmol-L™) (Figs.8, 9). The increasing trend observed for CP is
the same for all the CPZ concentrations (Fig.8). Increase in [CPZ],
in the presence of KBr, increases the number of micelles (which
are charged). For a fixed [KBr], increase in drug concentration,
increases the number, size, and charge of micelles, which in-
crease both inter- and intra-micellar repulsions, causing an in-
crease in the CP. The corresponding visible spectra of Sudan III
solubilized in different fixed amounts of CPZ concentration in
water are shown in Fig.9. The absorbance increases with in
creasing [CPZ), indicating increase in the dye solubility as well as
micellar growth, which supports the above explanation (see Fig.8).
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Fig.8 Effect of KBr concentration on the CP of CPZ
solutions containing different fixed amounts of the drug
prepared in 10 mmol- L™ sodium phosphate buffer (pH 6.7)
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Fig.9 Visible spectra of Sudan III solubilized in different
fixed amounts of CPZ concentrations in water

3 Conclusions

We have performed the CP and dye solubilization measure-
ments to investigate the influence of electrolytes on the micellar
behavior of CPZ. The CP of CPZ micellar solutions decreased
with the increase in pH because of deprotonation of the drug
molecules. Dye (Sudan III) solubilization experiments performed
with increasing pH indicated micellar growth. Addition of KX
(X=F, Cl, Br) decreased the electrical repulsion, resulting in mi-
cellar growth and increase in the CP as well as visible absorbance
of the dye, with the order being: Br~> Cl~ > F~. The binding ef-
fect of co-ions is in the order: Li">Na"> K", The effect of co-

ions (cations) is small compared with the counter-ions (anions).
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