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ABSTRACT

Pyridine-3—-Carboxaldhyde thiosemicarbazone(P3CTZ)

used in cancer therapy was solubilized by anionic
cationic and nonionic surfactant solutions of pH 6,6,
7 , 8 and tontie strength (u) of 0.2 at 47. So sodium
dodecyl sulphate (SDS), cetyl trimethyl ammonium bro-
mide (CTAB) and Brij 36 were chosen to represent the
Llast three classes respectively. It was found that

SDS has the highest solubilizing efficiency toward
P3CTZ followed by Brij 35 and CTAB respectively at all

pH values studied. '

The stability of P3CTZ was studited in different
concentrations of surjactants at pH values of 6,6,

7 and8 and u of 0.2,

It was found that the longest tj observed was 1in

Brij 35 solution of pH § at 47 (nearly t3 equal one
year). The shortest ti was found in CTAB solutions.
It was found also that the partition coefficient from
solubility slightly higher than that obtained from

gtability measurments.

It was conceluded that the stability of P3CTZ <is
greater relatively at higher pH valuesj than at lower
pH valuee as reported by other workers+t,

INTRODUCTION

Much of the reported work in the micellar systems has bDbeen

performed on the hydrolysis of esters catalyzed by hydroxyl 1ions.
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There are very few reports on reactions involving two rea-
Gtanps and hydrogen 1ion catalyzed hydrolysis. The investi-

gation of bimolecular reactions can be important as the

micelles can inhibit or catalyze the reactions either by
bringing the reactants intimately together by incorporating
both into a small volume element, or keeping them apart by

incorporating one reactant and rejecting the other,

Recently, a multi-plot approach was derived and success-

fully applied to data previously reported i1n the literature

and to sulphonyl floride hydrolysisz. This approach permi-

tted all parameters to be determined from kinetic data which
were found to be more consistent and yielded micellar rate

constants which were positive.

Ifudu and Simonelli2 found that electrostatic theory was

not applicable to the sulfonyl floride system which was exp-

lainedlon the basis that the substrates were submerged below

the surface of the micelle.

Wong and Simonellig found that the hydrolysis and forma-

¢-11

tion of thiosemicarbazones in acidic pH give the corres-

ponding aldehyde and thiosemicarbazide as end productsz.

12

The micellar sits of an orthoester gsolublilized 1is cﬁn—

sidered to be the stern layer of the micelle and, hence, the
rate of acceleration in the acid catalyzed hydrolysis can Dbe
attributed to electrostatic stabilization of the developing

carbonium ion. A considered amount of experimental evidence

.. . 138
has been presented in support to this 1interpretation .

The effect of SDS on general acid catalyzed hydrolysis of
para-substituted benzaldhyde diethyl acetals is similar in
many respects to that of the hydrolysis of para-substituted

14,196
methyl orthobenzoate °° , The second order rate constants
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for hydrolysis of these acetals were found to increase with

increasing anionic surfactant concentrations up to approxiw
mately 0,036M and to decrease slightly at higher concentra-
tions.

The effect of micelles on the hydrolysis of 2-methoxy-3-
methyl benzolc acid is analogous to that observed for other

acetals, At pH 2, SDS enhanced the rate markedly while the

influence of cationic micellar CTAB and uncharged Igepal was

81g nificantls.

Hydrolysis of para-substituted tetrahydropyrans were also

affected in aqueous micelle515’17. Micellar SDS and hexade-

cyloxyethyl sulphate enhanced the hydrolysis rate 15 to 50

fold. In contrast, both non-ionic and zwitterionic Surfac—

. c o . . 4
tants 1nhibited the hydrolysis rate ’18.

Studies on the micellar effects on reaction rates were ;
extended recently by Ifudulg. j

The present work represents a trial to solubilize the water
insoluble drug P3CTZ, then studying the effect of the solubi-
lizers on the stability of this unstable drug in solutions of

pH 5,6,7 and 8.

kxperimental Materials:

. . | (a)
Pyridine—3-carboxaldhyde thiosemicarbazons .

Polyoxyethylenezslauryl ether (Bri] 35)(b) obtained commerci-

ally. Cetyl trimethyl ammo nadum bromide(g)&nd sodium dodecyl

pulphdte-od)were further purified by methods reported by MyBe1320
21 :
end¢ Grunwald respectively.

—— e T i :
a) Aldrich Chemical Co., Wisconsin. U.S.A.

b) ICI American Inc.Wilmington.
¢) Pflatz and Bauer Co., Connecticut U.S5.A.
d) Ruger Chemical Co., New Jersey.
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keagents:

Spectrograde N-Ndimethyl acetamide(e)_

(f) ' (f)

Sodium mqnobasic phosphate , sodium dibasic phosphate .

Sodium chloride, and Double distilled water were used throu-

ghout the entire study.

kxperimental Procedures:

Solubility measurements:
Solution containing various concentrations of surfactant

i.€ey 245, 5 and 7.5 w/v were adjusted to pH 5,6,7 and 8 using
phosphate buffer. The last solutions weré then adjusted to
ionic strength (u) of 0.2 using sodium chloride. St0ppered
tubes containing the soiutions were equilibrated at hTOC in

a constant temperature water bath. After equilibration Suffi—
cient amount of solid P3CTZ was added to each of the test
tubes to ensure that an excess of solid of P3CTZ will be pre-
sent at-equilibrium. The test tubes were shaken i1n an ultra-
sonifier at the desired constant temperature. After ultra-
sonification, the test tubes were 1ncubated at the same tempe-
rature iﬁ ﬁhe water bath for a fixed time period to allow the
system to reach equilibrium which was checked by sampling at
intervals., After equilibrium has been reached, a hypodermic
adapter cdntaining a millipore (3u) filter inside was first -
warméd to the temperature of the solubility study and used to
obtain particles free samples of the solutioms. It was then
diluted with a solvent taking appropriate aligquot with micro-

liter pipetts whose tips were warmed at the desired temperature

to prevent precipitation.
%

The samples were analyzed spectrophotometrically at 30% m .
It was noticed that the surfactants solutions at the dilutions

W__ﬁ_-_
e) Estman Chemicals, New York.

f) Baker Analyzed Reagent, Phillipsburg,

*) Self-recording Pye-Unicam spectrophotometer.
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used neilther made any shift of the maximum absorbance of

P3CTZ nor they interfer with the spectrophotometric assay
of the drugs__lll. The amour;t of the drug solubilized percent
w/v1was plotted'virsus surfacfant concentration to obtgin
solubility gram per gram from the slope. The distridbution
coefficient (km) of P3CTZ between the micellar phase and

cbntinuous aqueous phase was calculated.

Kinetic measurements:

- Preparation of solution:
Since P3CTZ 1is relatively 1insoluble in water, stock
gsolutions were prepared by dissoiving the desired amount of
the drug in spectrograde N,N-dimethylacetamide, Kinetic
studies were carried out over pH 5-8 using phosphate buffer.
Sodium chloride was added to maintain the 1onic strength at
0.2. The pH values of the solutions were measured at room ,
témperature with pH meter** before and after the reaction. ‘
?or kinetic studies, réaction solutions of i1nterest were
mixed at different pH and 1incubated at hTOC in a constant

temperature water bath,

Samples were withdrawn periodically and the extent of
reaction determined by recording the U.V. absorbance of these :
samples at 304 nm and determining the concentration of B3CTZ

using the previously determined Beer's law plot.

Samples were onalyzed after equilibrium was reached at a
particular pH and temperature. It was determined that the
degradation products of P3CTZ did not interfer in the assay

of the drug at different time intervals, nor any shift for

* % Digital Pye Unicam pH meter
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5=11

maximum absorbance of P3CTZ took place .

Log concentration was plotted versus time for P3CTZ

hydrqusis study, and first order rate constants were

determined from the slope. Also t}1 and P@ were calculated

for P3CTZ at each pH for each particular temperature,

RESULTS AND DISCUSSION

The solubility of P3CTZ in the different surfactant

solutions studied of pH 5,6,7, and 8 at MTOC increased

linearly with increasing surfactant concentrations. The

systems investigated were always one liquid plus solid which

repesent true micellar solubilization of this drugzz. Also

this linearity indicates that the solubility of P3CTZ obeys

the partition model of solubilization proposed by McBain and

. ea : : : :
Hutchinson, indicating that P3CTZ was distributed between

continuous aqueous phase and a pseudo-organic phase which 1s

the micellar phasezs’zé. From the linearity of the solubility

isotherms, the slope, which represents the solubility of the

drug'gram per gram surfactant, was calculated.

From Table 1, it is concluded that those non-ioniec sur-

factant solutions of pH 8 have the highest solubilizing effi-

ciency toward P3CTZ followed. by those of pH 5, pH 6 and pH T
This may be attributed to the pka value of the

respectively.
Among the surface-

drug at different pH values investigated.
tant solutions investigated, 1t was found (Table 1) that SDS

has the highest solubilizing efficiency toward P3CTZ followed

by Brij 35 and CTAB respectively , except for CTAB solution

of pH 5 which deviates . The different affinities of those
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differently charged micelles to incorporate F3CTZ may be
attributed to the drug i1onization properties at the 4diff-

erent pH values 1nvestigated,

The Km value, the distribution coefficient, denotes
the ratio of P3CTZ in the micellar phase to that in the
aqueous phase., From Table 1, 1t 18 evident that the K
values for P3CTZ in the different micellar forming matzrr
ials has the same order as the solubilizing efficiency ,
that is because nearly the solubility of P3CTZ in the
studied buffer solutions i1s the same, thus causing no change

in the Km values.

The hydrolysis of P3CTZ at the solutions studied was
found to be first order (Fig. 1-3 are included as a model),
Thus from the first order equation the hydrolysis rate con-
stant and the half life (t%) of P3CTZ in each studied sol-
ution were calculated.

Table 2 illustrates the stability of P3CTZ, expressed
as ti in days, in all the studied solutions of pH 5,6,7 and
8 at 47°C. Buffer solution of pH 5 has the highest t) for
P3CTZ foliowed by pH 7, pH 6 and pH 8 respectively. Compar-
ing the effect of pH of CTAB solutions on the stability of
P3CTZ as seen from Table 2 and Figsf 1-3 it 1s obvious that
CTAB solutions of pH 5 has the highest t% value for P3CTZ
followed by pH 6, pH 7 and pH 8 respectively

Comparing the effect of CTAB solutions at different pH
values on the stability of P3CTZ with buffer solutions alone,
it is clear taat at pH 5, pHT and pH 8 P3CTZ 1s more stable
in buffer solution alone while the contrary was found at pH
7. The effecc of different concentrations of CTAB solutions

on tLhe stabil.t. of P3CTZ at pH 5,6,7 and 8 is shown 1n

L

i
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Table 2. Generally, increasing CTAB concentration at pH
5 and pH 6 leads to P3CTZ stabilization, while at pH 7 in-

creasing CTAB concentration results in destabilization of P3CTZ.

In CTAB solutions of pH 8 no significant effect of varying

the cocnentration 18 observed.

The effect of SDS solutions of pH 5,6,T and 8 on the
stability of P3CTZ is shown in Table 2. At each individual
pH, SDS =solutions have higher stabilizing effect for P3CTZ
than the buffer sqlutions of the same pH. Comparing the
stability of P3CTZ in SDS solutions at each pH value, it is
clear that SDS solution of pH 5 has the highest stabilizing
effect for P3CTZ.followed by that of pH 6, pH 7 and pH 8
respectively. Except for 2.5% w/v SDS solution of pH 6 which
deviates. Cémparing the stébilizing'effect of SDS and CTAB
solutioné for P3CTAZ at each individual pH, generally SDS has
mdre stabilizing effect for P3CTZ specially at pH 7 and pH 8,
Increasing the SDS concentration from 2,5% w/v to T.5% w/v
has an effect on the stability of P3CTZ at each individual
pH. Increasing concentraion of SDOS solutions of pH 5 leads
toidecreased stability of P3CTZ, and the opposite situation
was found at pH 6. As for SDS solution of pH T and 8 increa-

sing the concentration from 2.5 to 5% w/v leads to 1lncreased
stability of P3CTZ then the stability falls at T.57% w/vzs.

The effect of Brij 35 solutions on the stability of

P3CT% is shown in Table 2. 1% 1s obvious that Brij 35 has

the highest stabilizing effect for P3CTZ at all the pH values

studied. The half life (t%) of P3CTZ in Brij 35 solutions
of PH 5 nearly equals one year at hTOC. Investigating the
role of pH on the stability of P3CTZ at Brij 35 solutions 1t
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is obvious that the solutions of pH 5 has the highest sta-
bilizing effect followed by those of pH T, pH 6 and pH 8
respectively. No regular pattern is observed for the effect

of concentration of Brij 35 solutions on the stability of
P3CT4

When K , the hydrolysis constant for P3CTZ in water 1is

divided by K (obs), the hydrolysis constant for P3CTZ 1in
surfactant solution, and the resulting value plotted virsus

surfactnat concentration % w/v, the relation gives a linear

plot whose slope equals P@ which is the partition coeffic=-

e

ient of P3CTZ between micellar and aqueous phases. P~ cal-

culated from kinetics has the same meanling &as Km calculated

from solubility.

Table 3 shows a comparison between P@ and K at diffe-
rent pH values at hTOC . In all surfactant solutions studied

of different pH values Km value is higher than P@, that 1s

because in solubility there are two loci of P3CTZ solubili-

zation, while in stability, the relatively stable P3CTZ would

be only inside the core of the micelle.
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lllllllllllllllllllllllllllllllllllllllllll

Buffer SDS CTAB | Brig 36
pH alone Solubility Solubility Solubility Solubility
 /~¢ ' * * *
9/9 g/9 K. 9/9 K g/g K
5 0.001 0.0251 0.237 0.0134 0.126 0.0128 0,120
6 0.0009 0.0237 0.263 °0.0129 0,143 0.0144 0,159
T 0.0009 0.0230 0.248 0.0133 0.,143 0.,0142 0.153
8 0.0009 0,0262 0.279 0.0146 0.155 0.0157 0.167

* g/g: gram/gram.

Table 2: Stability of P3CTZ by surfactant solutions of pH 5,6,7 and 8
and ionic strength of 0.2 at 47°C.

t%_(days) of P3CTZ in diff. Cone. of‘Surfadtant-soZutions w/v
Buffer SDS SDS Brij 35
pH Solutions
Alone a5 5.0 7.5 2.5 5.0 7.5 2.5 5.0 7.5
5 126.4 105.0 133.2 105.0 157.5 11.7 108.2 364.T7 135.8 36L.T
6 T1.6 105.0 97.6 100.4" 70,0 161.1 177.6 121.5 161l.t 126.0
T T5.3 ¢ .4 22,0 18.9 88.8 117.4 105.0 161.1 178.6 161.1
o %2 2 79 7.0 58.2 BL5 T7.8 73.7 63.0 T3.T

Table 3: Comparison between distribution coefficient (K ) obtained from

solubility and partition coefficient (P?) obtaPned from stability
for P3CTZ at different pH values at 47°C. . = = . . ..

Kﬁ! P@
surfactant
P g pi, PH, PHj pH.  pH,  pd, pi,
SDS 0.237 0.263 0.248 0.279 0.089 0,092 0.094 0.176
CTAB 0.126 0.143 0.143 0.155 0.088 0,016 — 0.0048

BriJ 35 0.120 0.159 0,153 0,167 0.115 0,120 0f130 0.097

-------------
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Fig. 1: Stability of P3CTZ in 2.5 w/v CTAB solutions of
pH 5,6,7 and 8 at 47°C.
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