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Interaction of Parachlorometaxylenol with 
Macromolecules 

By WILLIAM B. BREUNINGER* and ROBERT W. GOETTSCHt 

A quantitative evaluation of the interaction between arachlorometaxylenol and 
various macromolecules was obtained by solubility an$ dialytic procedures. The 
macromolecules studied were polyvinylpyrrolidone, polyethylene glycol 6000, 
polysorbate 80, methylcellulose, and poly(methy1 vinyl ether/maleic anhydride). 
The binding d n i t y  of polyvinylpyrrolidone and poly(methy1 vinyl ether/maleic 
anhydride) for parachlorornetaxylenol exhibited only a minor temperature de- 
pendency. The parachlorometaxylenol- olyethylene glycol interaction was found 
to be temperature independent. Poly sorEate 80 interacted with parachlorometaxyl- 
enol to a greater degree than did the other macromolecules studied. Interpretation 
of the data relative to the possible mechanisms of these interactions is considered. 

N RECENT years, nonionic polymeric substances I have been used extensively in the formulation 
of pharmaceutical dosage forms. Although 
these polymers are usually considered to be 
chemically inert, many of them undergo inter- 
action with drug molecules in aqueous solution. 
These interactions may result in physical in- 
compatibilities as well as the inactivation of 
preservatives and antimicrobial agents. The 
inhibitory effect of nonionic macromolecules on 
phenolic preservatives has been reported (1-12). 

Higuchi and Lach (13) and Guttman and 
Higuchi (14) have investigated the complex 
formation between phenols and polyethers such 
as polyethylene glycols. More recently, Pate1 
and Foss (15) have studied the interaction of 
parabens and phenols with polysorbate 80 and 
polyethylene glycol 4000. They demonstrated 
that p-chlorophenol exhibited a greater tendency 
to interact with polysorbate 80 than did phenol. 

Parachlorometaxylenol (PCMX) has been used 
as an antimicrobial agent for a number of years 
in Great Britain. The biological activity and 
clinical usefulness of the compound have been 
reported (16-18). In a study conducted by 
Mulley and Metcalf (19), it was demonstrated 
that the solubility of PCMX in aqueous solution 
was augmented by the presence of polyethylene 
glycol 1000 monocetyl ether. They attributed 
the increased solubility of PCMX to its incor- 
poration into micelles. 

The present investigation was undertaken to 
obtain a quantitative evaluation of the interac- 
tion between PCMXl and various macro- 
molecules. An equilibrium dialysis technique 
was utilized to study the binding of polyvinyl- 
pyrrolidone2 (PVP), polysorbate 80,3 and methyl- 
cellulose* with PCMX. The solubility method 
was used to study the interaction of PVP, poly- 
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ethylene glycol 60006 (PEG 6000), and poly- 
(methyl vinyl ether/maleic anhydride)6 (PVMA- 
119) with PCMX at  30 and 40°. 

Journal of Pharmaceutical Sciences 

determined as the difference between the total 
amount of PCMX in the system (bound + un- 
bound) and the concentration of the unbound 
PCMX in the external solution. If complexing did 
occur, the total PCMX concentration on the macro- 
molecule side increased and the unbound drug 
concentration in the external solution decreased. 

RESULTS AND DISCUSSION 

Solubility Studies.-The interactions of PCMX 
with PVP, PEG 6000, and PVMA-119 are shown in 
Figs. 1-3 as a function of the macromolecule con- 
centration. The observed decrease in solubility of 
PCMX a t  low concentrations of PVP was attributed 
to the formation of an insoluble complex. A 

EXPERIMENTAL 

Reagents.-Recrystallized PCMX, m.p. 115- 
115.5'; PVP; PEG 6000; polysorbate 80; methyl- 
cellulose 15 cps.; and PVMA-119. 

Apparatus.-Constant-temperature water bath, 
with rotating spindle; Beckman model DU spectro- 
photometer; 1-cm. silica cells; and 60-ml. glass- 
stoppered bottles. 

Solubility Method.-The solubility procedure 
employed in this study was similar to the method 
previously reported by Higuchi and Lach (20). 
Excess quantities of PCMX were accurately weighed 
and placed in 60-ml. glass-stoppered bottles to- 
gether with varying quantities of the macromolecule. 
The bottles were placed in a constant-temperature 
bath and equilibrated at 30 f 0.1" or 40" for 48 hr. 
After equilibration, aliquot portions of the super- 
natant liquid were removed and the PCMX con- 
centration determined spectrophotornetrically a t  a 
wavelength of 280 mp using a Beckman DU spec- 
trophotometer with the slit width adjusted a t  0.3 
mm. A blank for each macromolecule concentra- 
tion was used to compensate for any absorption by 
the macromolecule. The interaction of PCMX 
with macromolecules is evidenced by either an 
increase or decrease in the solubility of the phenolic 
molecule. 

Equilibrium Dialysis Method.-The dialytic pro- 
cedure used in the present study was essentially the 
same as that described by Higuchi and Kurarnoto 
(21) with the exception that seamless cellulose 
membranes7 were employed rather than Visking 
cellulose casings.* Dialysis bags prepared from 
Visking cellulose casing were initially investigated 
for use as dialysis membranes but were found to  be 
unsatisfactory due to  their permeability to methyl- 
cellulose and polysorbate 80. A seamless cellulose 
membrane was found to be an effective dialysis 
membrane since it proved to  be impermeable to  the 
macromolecules and permeable to  the low molecular 
weight drug in aqueous solution. Five-milliliter 
samples of a 2% aqueous solution of the macro- 
molecule were accurately pipeted into bags prepared 
from cellulose dialyzer tubing. The dialysis bags 
were tightly closed and placed in 60-ml. wide- 
mouth glass-stoppered bottles, each containing a 
different concentration of PCMX. A series of 
control bottles in which distilled water was used in 
place of the polymer solution was included to  verify 
attainment of equilibrium and to  correct for any 
binding of PCMX by the membrane. The bottles 
were placed in a constant-temperature bath and 
equilibrated at 30 f 0.1' for 24 hr. After equili- 
bration, aliquot portions of the external solutions 
were removed and the concentration of PCMX 
determined spectrophotometrically. The degree 
of binding of PCMX by the macromolecules was 

5 Marketed as Carbowax 6000 by Union Carbide Chemicals 
Co., New York, N .  Y. 

6 Gantrez AN-119. Supplied through the courtesy of 
Antara Chemicals, a division of General Aniline and Film 
Corp.. New York, N. Y. 

7 Dialyzer tubing, Fisher Scientific Co. 
8 Visking dialysis tubing, Visking Co., Division of Union 

Carbide Corp., Chicago, Ill. 

0.4 08 1 9  IS 2.0 
PVP (X W/V) 

Fig. 1.-Binding of PCMX by PVP in aqueous 
solution at 30 and 40". The broken line represents 
a theoretical line which would be obtained i f  no 
binding were to  have taken place. Key: 0-0, 
30"; 0-0, 40". 

- 
0.4 08 1.2 1.6 20 

PEG 6000 (Ye WIV) 
Fig. 2.-Binding of PCMX by PEG 6000 in 

aqueous solution at 30 and 40". Key: 0-0, 
30"; 0-0, 40". 
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0:4 0.6 k? 1.6 i.0 

GANTREZ AN-IIO(%W/V) 
Fig. 3.-Binding of PCMX by PVMA-19 in 

aqueous solution at 30 and 40'. Key: 0- o, 30" ; 
.-0,40°. 

minimum value was obtained, after which the 
solubility of the complex increased with an increase 
in PVP concentration. The linear relationship 
with a positive slope is indicative of the dependency 
of the interaction on the concentration of the 
complexing agent. The mechanism of binding of 
molecules capable of functioning as proton donors 
with PVP has been reported previously (21). The 
complexing of PCMX with PVP is similarly attrib- 
uted to  the affinity of the carbonyl oxygen of PVP 
for the acidic hydrogen of PCMX. The PCMX- 
PVP interaction was shown to exhibit only a minor 
temperature dependency as indicated in Fig. 1. 
The positive slopes of the interactions a t  30 and 
40' are 9.5 X lo4 and 9.9 X lo4, respectively. 

A similar type of interaction was observed with 
PEG 6000 in that at low concentrations of the 
polymer the solubility of PCMX was decreased to  a 
minimum value, after which a further increase in the 
concentration of the complexing agent increased the 
solubility of the phenolic molecule, PCMX. It 
can be seen that  the affinity of PEG 6000 for PCMX 
is less than that of PVP. These interactions were 
found to  be essentially temperature independent; 
the positive slopes at the two temperatures are 
practically the same. The interaction of PCMX 
with PEG 6000 is probably due t o  the hydrogen 
bonding between the acidic hydrogen of the phenol 
and the nucleophilic oxygen of the polymer. Mulley 
and Metcalf (19) have described the formation of 
water-insoluble complexes with monohydroxy 
phenols and PEG 1000 monocetyl ether. They 
produced evidence for the formation of hydrogen 
bonds between the phenolic hydroxyl group and 
the ether chain of nonionic surfactants. 

The results of the studies on the binding of PCMX 
by PVMA-119 clearly indicate the degree of com- 
plexing is a function of the concentration of the 
macromolecule. No initial decrease in the solu- 
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bility of PCMX was observed at low concentrations 
of the polymer. The PCMX-PVMA-119 interac- 
tion demonstrated a minor temperature dependency 
as seen in Fig. 3. The positive slopes of the inter- 
actions at 30 and 40" are 4 X lo4 and 4.3 X lo4, 
respectively. The PVMA-119 molecule is de- 
scribed as a water-soluble copolymer of methyl 
vinyl ether and maleic anhydride. When dissolved 
in aqueous media, the anhydride linkage is cleaved 
with the formation of the polymeric free acid. The 
presence of the carbonyl oxygen would suggest a 
dipoledipole interaction between the negative cen- 
ters and the acidic hydrogen of the PCMX molecule. 

Dialysis Studies.-The binding of PCMX by 
2% aqueous solutions of methylcellulose, PVP, 
and polysorbate 80 are presented in Figs. 4 and 5 

'"1 J/ 
4lrb 1'4 is i2 26 3b i 4  

MOLAR CONCN.OF UNBOUND PCMX xi05 

Fig. 4.-Binding of PCMX by 2% aqueous solu- 
tions of macromolecules a t  30". Key: 0-0, 
methylcellulose 15 cps. ; 0-0, PVP. 
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MOLAR CONCN.OF UNBOUND PCMX X i 0 5  

Fig. 5.-Binding of PCMX by a 2% aqueous solu- 
tion of polysorbate 80 at 30'. 
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TABLE ~.-COMPARATIVE BINDING OF PCMX BY 2% SOLUTIONS OF MACROMOLECULES 

Methyl- 
cellulose __-__ Polysorbate 80 PVP 

PCMX concn. % PCMXConcn. % PCMX Concn. % 
x 10-5 Bound R' X 10-6 Bound R X 10-6 Bound R 
12.3 35.0 1.54 11.3 11.5 1.13 13.5 3.7 1.04 
19.6 56.1 2.28 14.0 14.3 1.17 15.8 4.4 1.05 
21.3 57.3 2.34 19.7 16.2 1.19 21.4 6.5 1.07 
28.0 65.7 2.92 22.5 15.6 1.18 27.1 7.8 1.08 
37.5 72.0 3.57 28.3 15.2 1.18 37.4 9.1 1.10 

40.1 12.7 1.15 

R refers to the ratio of (total PCMX)/(unbound PCMX) 

as a function of the unbound PCMX concentration. 
A comparison of the relative degree of binding by 
these macromolecules is given in Table I. From 
the data presented, it is evident that the degree of 
binding of PCMX by methylcellulose and PVP 
was relatively small as compared t o  the binding 
exhibited by the polyoxyethylene macromolecule,-- 
polysorbate 80. 

Examination of Table I reveals the effect of drug 
concentration on the interaction of PCMX with 
three nonionic macromolecules. In the range of 
concentrations investigated, i t  was found that the 
percentage of total drug in the bound form was 
dependent upon the concentration of PCMX. The 
ratio of (total PCMX)/(unbound PCMX) was 
found to  increase to  a greater degree with an increase 
in total drug concentration in the interactions with 
polysorbate 80 than in the interactions with PVP 
and methylcellulose. 

The mechanism of binding of PCMX by methyl- 
cellulose can probably be ascribed to  hydrogen 
bonding similar to that reported by Tillman and 
Kuramoto (22) in their study on the interaction of 
methylcellulose with esters of p-hydroxybenzoic 
acid. 

The binding tendency which polysorbate 80 
exhibits for PCMX may be explained as an associa- 
tion of the acidic hydrogen of the PCMX molecule 
with nucleophilic atoms, such as oxygen, in the 
macromolecule. It is possible that both hydrogen 
bonding and micelle formation are involved in the 
solubilization of PCMX by polysorbate 80. This is 
in agreement with the mechanisms proposed for 

the formation of molecular complexes by hydrogen 
bonding (13, 14) and micellar solubilization (8, 23) 
of phenolic compounds with nonionic macro- 
molecules. 
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