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The effeet of some salte of aromatic monocarbox-
~ylic acids namely, sodium benzoate, sodium p-aminole-
nzoate, 8odium salicylate and sodium p-aminosalicyl -
ate as well as nicotinamide and itsoniazid on the wat-
~er golubility of rifampicin was investigated. The
apparent water-golubtlity of rifampicin <8 augmented
‘markedly in presence of these agents. The solubilia-
ing power of these agents towards rifampiciw is high-
ly dependent on the specific type and in most cases
proportional to the concentration of the agent, of
the salteof the aromatic manocarbozxylic acide, sodium
p-aminosalicylate showed the highest solubiliaing po-
wer followed in order by sodium salicylate, sodium p-
aminobensoate and finally so’ium benzoate with the*
least solubtitlizing power, , ' |
Nicotinamide showed higher solubilizing power *han
that of ieoniazid but muoch less *han that of sodium p-
aminosalicylate and sodium salieylate. The solubiliz-
ing power of tsoniasid 18 greater thanm that of sodium
bensoate and sodium p~-aminobenazocte. The spectral .
pattern of rifampicin showed a change in optical derns~
1ty in presence of these agents which 18 proportional
to the agent used, suggesting a role of molecular in-
teraction betweer these agents and rifampiein in the

8olubilization process.

~ In many inltances; limited or poor water-solubility of drugs
- presents a formidable protlem in formulation of acceptable dos-

lge'quni. So;-augmentinglthe water*solubility representg an
 1:96rtnut goal for the formulator dealing with such type of
drugs, Various approaches can be adopted for attaining this
goal f" Hydrotropy as described by Neubern4haa been used as an

approach to increase the water-solubility of many pharmaceutical

'flubitance33‘6"7.
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As a class of hydrotropic agents, sodium salts of aromatic
monocarboxylic acids represent one of the most effecient class

d,7-11

of hydrotropes .Nicptinamide'and isoniazid being pyridine

derivatives have been reported to be active in complex format~

» 12 ey
ion and by virtue of this they can act as good solubilizers??s1?

while the sﬂlubilization of many water-insoluble drugs by these
agents has Qeceived much attentionsﬁzs. Consideration of using
these fgenti to augment the water—solubility of the very slightly
water-solubqe antibacterial drug, ;ifamgicin%ehas not been att-
empted., . .

The work herebyfpresented deals with the evaluation of the
effect of sodium salts of aromatic monocarboxylic acids, nico-

. tinamide and isoniazid on the water-solubilit; of rifampicin .
The salts evaluated are namely sodium benzoate, sodium p-amino-
benzoate, sodium salid&late and sodium p-aminosalicylate. The
possibility of molecular iﬁtetaction between rifamﬁicin'and‘the
tested agents was also traced using differential visible spect- |
rophotometry to throw sometlight on the mechanism of solubili=

zation of rifampicin by these agents.

B EXPERIMENTAL
Materials: o

~ Pharmaceutical or pure grades of rifampicin ,
_ ‘ -l : : . R . l |
nicotinamide, isoniazid , sodium benzoate, sodium p~aminobenzo-

ate sodium salicylate, sodium p-aminosalicylate.
| :

EguiEment:

Rotating bottle apparatus with constant temperature water
bath (+ 0.1°C) . |

Spectophotometer (Spektromom 204) .

Solubility Measurment : ' _

Excess amountso® medicament were placed in a series of glass
stoppered tubes (50 ;ml.capacity). Five mlloﬁ the appropriaté
solution of the soiubilizer were added to each| cube, ‘The. tubes
were tightly 'closed and then rotated at 45 r.,p.m. in a const~-

.anﬁ temperature water bath at 2000. After equilibrium was att-

ained (90 minutes), the conténts of'the tubes were filtered




Studies on the solubility of rifampicin
| 43

rapidly and the extent of rifampicin dissolved was determined 1in
an aliquot of the filtrate using direct spectrophotometry at 485
nm after appropriate dilution with methanol, comparing its abso-

rbance to that of a freshly prepared standard methanolic solution .

RESULTS AND DISCUSSION
Fig., 1 {llustrates the effect of sodium benzoate, sodium p-amin-
obenzoate, sodium salicylate,and sodium p-2aminosalicylate on the
equilibrium solubility of rifampicin. Table I compares the solu-
- bility augmenting capacity of the various corcentrations of these
agents relative to the original solubility of rifampicin. It is
quite evident from Fig. 1 and Table I th;t all the tested salts
promote the water-solubility of rifampicin. However, this effect
is quite dependent on the specific type .of the salt used a@d in=-
creased with the concentration. Highest rifampfcinisolubilitya-
augmenting capacity is observed with sodium p-aminosalicylate flo-
lowed in order by sodium salicylate, sodium p-aminpobenzoate and
finally sodium benzoate which have the least augmenting capacity
- These results point to the rclationship between the solub-
ility augmenting capacity of salts and their chemical structures.
Upon comparing the solubiiity augmenting capacity of sodium ben-
zoate to that of sodium salicylate and that of sodium p-aminobe=
nzgoate to that of p-aminosalicylateqone can safely concluqf that,
introduction of a hydroxyl group, cortho to the carboxylic group
strongly potentiatesS the solubilizing capacity of the respective
=_§nion-tqwarda rifampicin, On the other han&, upon comparing the
_sﬁlubility augmenting capacity of sodium benzoate to that
of sodium p~aminobenzoate and that of sodium salicylate to that
of sodium p-aminosalicylate leads to the conclusion that; introd-
uction of an amino group para to the zarboxylic function, sligh-
tly potentiatesthe solubilizing effect of the respective anion.
~Presence of both groups, that is the ortho hydroxyl and the para
amino produces a cumulative potentiating effect, hence the solub-

ility augmenting capacity of the p-aminosalicylate is the highest
of all the tested salts.

Molecular interaction was thought to be at least partly re-
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sponsible for the solubilizing action of the tested salt on rifa-
mpicin., To trace the possiblity of these molecular interaction
between these salts and rifampicin, differential spectrc:photomete"*
ry of rifampicin in presence of the tested salts, was adopted,
Figures 2—=» illustrate -the épectral pattern of rifampicin in pre~
sence of various concéntnmﬂﬂnq of each of these salts compared to
- that of rifampicin in water. It is quite obvious from these Figu;,
res that the sapectral pattern of rifampicin undergoes a change in-
voling'the optical density in presence of all the tested salt, an
effect which 1is dependenﬁ on the concentration of the salt. In ad-
dition, the spectra of rifampicin in presence of sodium salicylate
and scdium p-aminosalicylate show {sosbestic points at about 505
and 516‘nm respectively., These spectral behavior of rifampicin in
“preseﬁ;e of aromatic acids salta is an evidence of molecular in

teraction between these salts and rifampicin.

So, the solubilization of rifampicin by these salfs could be

‘postulated to be a consequence of thetfo:mation of water-soluble

association products through mclecular iﬁteréction involving the

anionic specieé of the salt and dipolar grcups which are abundant _
i-n the rifampicin mbleculez,é', the result of such interaction is the ‘
creation of ion—dipolar'attracrionfforces between anionic moieity
of the salt and rifaﬁpicin leading to association and solubiliza-
tion. The observed solubilization pctentiating effect of substit-
uent'grnups namely the 6rth6 hydroxy or/and para amino groups, on
the anionic speciesrof'the salt could be attributed to one or more
of the following effects,:(a) these groups; through the balance of
inductive and mesomeric effects, could have a strengthing and/or
*atébilizing effect on the eleat'll:'ic"char:ge #an effect which is reflected
by more stronger attraction forces between the anionic species
and rifampicin, thus the formed association product would have
lower tendency to dissociaté, (b) both the hydroxyl groups and the
amino groups are themselves dipolar capable of interacting with di<

polar groups or induced polarized centers on rifampicin molecule,
thus creating dipole-dipole or dipole-induced dipole attraction .forces

of which hydrogen bonding represents a high probability, a situa-

tion which results in greater association tendency between rifam=-
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oicin and the anionic species, (c) the presence of the polar
hydroxy and/or amino group on the anionic species might result
in increased'hydration of the formed association product of
rifampicin and the anionic species thus resulting in highet sol-
ubilizing tendency. | l
However, the aolubility of rifampicin obtained with the
tested galts could not be entirely interpretted on the basis of mo=-
lecular intecection and formation of water-soluble association
ptoduc;e. I€ this is the only mechanism responsible for the 'so-
lubilization, it should proceed stoichiometricaly. Table IT
presents thelmolccular solubilizing power of these salts towards
rifampicln,celcu1ated as moles of rifampicin solubilized per mole
of salt. It is obvious from this table that in addition to the
*.depeudence of the solublllzlng powver ‘on the t7vpe of the salt, it
is also dependent onothe:cnncentretinn of the specific salt used’
specially’in cases of sodium saiicylete and sodium p~aminosalic-
ylate, wvhere the molar solubilizing power at one molar concentrat-
ion exceeds five folds that of 0.2 molar concentration . The cha-
nge among the so1ub111zing powers according to the concentratlon
of the salt could Be attributed to that at higher concentration ,
extra mechanisms other than stoichiometric 'molecular interaction
work for solubilization of rifampicin. Tﬁese could be postulated
as; at higher salt concentration the an1on1c species. tend to as~-
soc1ate to form aggregates in a manner sfm11ar to the formation of
micellesoi'surfactants. and in these aggregates rifampicin is hi-
ghly solubilized, and/or at higher concentration the salt causes
disrubtion of the'ctructuring of water and facilitating the-hixing
and interaction of rifempicin and water molecules thus leading to
promotion of rifampicin, _

Fig. 6 depicts the effect of nicctinamide and isoniazid on
the eppereot water solubility of rifampicin. Table III compares
the solubility augmeoting capacity on rifampicin solubility rela-
tive to its original solubility, produced by nicotinamide and is-
oniazid at various concentration levels, On the bases of the pre-
sented results, it is quite apparent that both agents augment to

different extents the water—solubility of rifampicin. The solubi-
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lity augmenting effect is increased with the concentration of the
agent used. Although, that both, nicotinamide and isoniazid are py-
ridine derivatives,it is quite evident from the solubility data

that nicotinamide has more solubilizing efficiency compared to is-
oniazid thus projecting the contribution of the ultrafine gervcture

of the agent i.e. the type and position of the substituent in detr-_..
mening the solubilizing efficiency.

Differential spectrophotometry was applied to trace the poss-
1bility of molecular interaction between rifampicin and each of ni-
cotinamide and isoniazid to throw some light on the mechanism of
their solubilizing action. Figures 7 and 8 present the spectra of
rifampicin determined in water and aqueous solution of these agents.,
The spectral behavior of rifampicin presented in these figures giv-
‘es an evidence for the possiblity of moleculer interaction which
could play a part in the solubilization process.'The difference of
the solubilizing &ffitiency of the two agents might be attributedm
to the difference in the pos‘tion and structure of the side radiﬁle
: aftached to the pyridine ring 't-}ius-:.dete::mining the wultimate polarity
of the mpolecule and hence the intermolecular attraction forces that
could be formed between the specific molecule and rifampicin.

' Table IV compares the molecular solubilizing power of nicoti-
namide and isoniazid towards rifampicin. It 1s again oﬁvious from
this table that nicotinamide has much higher solubilizing power to-
wardé rifampicin compared to isoniazid. It is also quitelapparent
from this table that the sdlubilizing power of nicotinamide can be
considered constant all over the range of concentration tested whi-
le that of isoniazid is continually 1increasing with the concentrat-
ion, This behavior of isoni@zid could be interpretted on similar
basis as previously mentioned with sodium salicylate and sodium p-
aminosalicylate.,

Finally, the solubilizing power of all the tested hydrotropic
agents towards rifampicin can be arranged in the decreasing order as
follow, sodium p-aminosalicylate, sodium salicylate, nicotinamide,
isoniazid, sodium p-aminobenzoate and sodium benzoate. It is worthy
to note fhat the proven solubilizing efficiency of both sodium p-
aminosalicylate and isoniazid towards rifampicin could be of clini-

cal importance in the formulation of antitubercular drug combinati-

ons,
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Table I : Effect of Sodium Benzoate, Sodium p-aminobenzoate,
' Sodium Salicylate and Sodium p-aminosalicylate ' on
| the,Water,Solublllty.af Rifampicin

__Solability.Augmenting.Capacity.-ﬁ-x of

Comcéentration o S 0
of the solu- Sodium Sodium Sodium Sodium
- biltzer. benzoate p-aminobenzoate salicylate p-aminosali-
(mol/T) = . cylate
q.2 2.57 2.73 4,09 5.30
0.4 4,00 6,24 12,72 14.53
0.6 - 4.80 6.38 f 42 .49 61.03
0.8  6.87 . 9.69 68.15 - 80.09
1.0 . 10.56  15.14 84.64 105.77

m_mmm
S Is the ap Earent water—-solubility of r1famp1c1n ln presence

of the so ubilizipg agent (mol/1)

SO Is the original wéfer—solublllty of fifampicin (mol/1).

Table II : Molecular Solubilizing.Powen of Sodium Benzoate
Sodium p—aminobenzoate, Sodium salicylate and Sodium

L p&amlnosallcylate t owards RLfamp1c1n.

Concentration MoZecuéar Solubzlzzzng Power{ 5— C;O)~=f-+ of
of the soZubt— | u | | C
1 nam -'LSodﬁww** sodtum Sodtum Sodium
( zi/i) benzoate p-aminobenzo~ salicylate p—amznosal—
C m0. U RN ;.:.LT--.- ate - tC Zate
m-—_—-*—“mm"_—__————L—
-3 3 T ~™3 -3
0.2 20.35x10 22.35x10°  39.97x10°° 55.65x10
0.4 . 19.40x1077  20.95x107°  75.84x10"3 87.56x10"3
0.6 ©16.41x107°  23.09x107°  178.95x10"3 258.94x10"3
0.8  18.97x10°° 28, 1Ox10-3_ 217.14x10 > 255,86x10 5
1.0 7 24.77x10°°  36.59x10"°  216.48x10" 271.60x10 >
++

S Is the apparént-watermsolubility of riﬁampicin ln presence
of the solubilizing agent (mol/1)

So Is the driginal water—solubility of rifampicin (mol/1)

C  Is the molar concentration of the salt used.
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Table III ¢ Effect of Nicotinamide and Iscniazid on the Water-

Solubility of Rifampicin . . . .

---------------

Concentration Solubility Augmenting Capacity.—ga X of
of the solubi= —— — o —
- liger.(mol/1) _N$30t¢”am1d3 _..___.._1., Isoniazid
0.2 | 5.81 2.92
0.4 11.91 5.75
046 14,97 9.37
0.8 18.83 12.74
1.0 24,23 ———
X

S and S0 as 1ndicated under Table I .

Table IV ¢ Molecular SolubiliZing Power of Nicotinamide and

Isoniazid towards Rifampiein .

Concentration | Mclerular Solubtlizing Power ( 'S-, o PRof
of the solubi- k
lizer ‘mol/l) . Nicotinamide Tsontazid
-. -3 -3
0.6 60.75X10H3 ﬁ!.l.,‘89}{10m3
| - -
0,8 58.23X10 3 44406X10 3
1.0 60.69%10 >

XX

S , So and C as indicated under Table II .
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