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Abstract 0 The binding of phenol and four of its derivatives to whole 
human serum and several human serum proteins was investigated. 
‘4C-labeled derivatives were utilized and binding was studied by either 
equilibrium or dynamic dialysis. Phenol itself was bound least to most 
of the serum proteins as compared to the derivatives and albumin, and 
whole human serum exhibited the highest percent binding of the proteins 
used. Percent binding to albumin and serum paralleled molecular weights 
of the derivatives, but no definite pattern was observed in ranking the 
percent binding of the other derivatives to the other serum proteins. 
Binding constants (K1, Kz, n l  and nz) were determined from Scatchard 
plots for all the derivatives except p-chloro-m-xylenol. Phenol was found 
to have the highest association constant (K1) and p-tert-amylphenol, 
the lowest. For the entire group of five derivatives and albumin as the 
protein, a direct, statistically significant correlation was found between 
percent binding and Hansch ?r values. No correlation could be found with 
Hammett u values. It is concluded that binding of the phenol derivatives 
to albumin involves primarily hydrophobic bonds. 

Keyphrases 0 Binding-selected phenol derivatives, human serum 
proteins Phenol-selected derivatives, binding, selected human serum 
proteins 0 Serum-human, binding of selected phenol derivatives to 
proteins Derivatives-phenol, selected, binding to human serum 
proteins 

Since the discovery of phenol in 1834 and its introduc- 
tion to antiseptic surgery by Lister in 1867 (l), both phenol 
and many of its derivatives have become firmly established 
as germicidal agents (2,3). Phenol derivatives, unlike many 
other germicides, have been shown to be less active in the 
presence of organic matter (2-4). Blood is a common or- 
ganic contaminant in materials to be sterilized. Prelimi- 
nary investigations of the binding of phenol derivatives to 
human serum proteins were carried out as part of the work 
in this study on the mechanism of action of phenol deriv- 
atives ( 5 , 6 ) .  These preliminary studies were expanded to 
include individual major human serum proteins, percent 
binding to each, and binding parameters for human serum 
albumin for a selected group of phenol derivatives. 

EXPERIMENTAL 

Materials-The phenol derivatives used were obtained with carbon-I4 
labels]. The compounds used and specific activities were as follows: 

~ 

1 New England Nuclear Carp. 

Table I-Binding of [ 14C]Phenol and [14C]-p-tert-Amylphenol to 
Human Serum Proteins * 

Lieands 
Serum Proteins Percelt Boundb 

Concentrationc, p-tert- 
Fraction mg/ml Phenol Amylphenol 

Albumin 40.0 48.7 (0.68) 89.1 (0.74) 

+-Globulin 
Human serum - 

(I Each system contained a total of 1.00 X 10-7 mole of Wjphenol or 1.86 X 10-7 

Concentrations used 
mole of [14C]p-tert-amylphenol. * The values in parent 6 eses are standard devia- 
tions. Data obtained using equilibrium dialysis method. 
approximate those normally found in human serum. 

[I4C]phenol, 1.57 mCi/mmole; (2,4-14C]dichlorophenol, 0.68 mCi/mmole; 
(2,4,6-14C]trichlorophenol, 0.68 mCi/mmole; [‘4C]p-tert-amylphenol, 
0.27 mCi/mmole; [14C]p-chloro-m-xylenol, 0.0027 mCi/mmole. Phenol 
stock solutions were made in distilled water and those of the other de- 
rivatives were made with 0.1% NaOH as the solvent. Crystalline human 
serum albumin and the other human serum proteins were obtained 
commercially2 and the whole human serum was of tissue culture quality3. 
All other chemicals used were of reagent grade. 

Methods-Dialysis methods (equilibrium and dynamic) were carried 
out as previously described (7). Radioactivity was determined in a liquid 
scintillation system using techniques previously described (7.8). Esti- 
mates of binding parameters were calculated using the method of 
Sandberg (8) and standard Scatchard techniques. All averages were based 
on a minimum of three replicates. 

RESULTS AND DISCUSSION 

The values obtained for percent binding to whole human serum and 
the several serum proteins for the five derivatives studied are listed in 
Tables I and 11. Weakest binding was found with phenol and the latter 
was bound primarily to albumin. Although phenol was bound to the other 
serum proteins, the extent was <lo% except for a-globulin IV-4. The 
addition of alkyl groups or halogens to the phenol molecule has been 
found to increase the latter’s germicidal activity (9). It would appear from 
the results in Tables I and I1 that alkylation and/or halogenation of 
phenol also increases the latter’s binding affinity for serum proteins. The 
addition of a tertiary amyl group to phenol increased percent binding of 
phenol almost twofold (Table I) for albumin and whole human serum and 

2 Nutritional Biochemicals Division of ICN Life Sciences Group. 
3 Difco Laboratories (desiccated TC human serum). 
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Table 11-Binding of [2,4-*4C]Dichlorophenol, [2,4,6-14C]Trichlorophenol, and [14C]-p-Chloro-m-Xylenol to Human Serum Proteins 8 

Serum Proteins Ligands Percent Bound 
Concentration, 2.4-Dichloro- ~-Chloro-m- 

Fraction mglml phenol 2,4,6-Trichlorophenol xylenol 

Albumin 
a-Globulin IV-1 
a-Globulin IV-4 
0-Globulin 111 
y-Globulin I1 
Human serum 

40.0 
1.0 
5.0 
7.0 

11.0 - 

87.7 (0.45) 
17.3 (0.30) 
57.5 (0.28) 
20.5 (0.53) 
8.0 (0.51) 

94.6 (0.40) 

94.1 (0.36) 

55.2 (0.93) 
8.09 (0.139) 

6.4 io.55j 
95.8 (0.15) 

85.2 (2.32) 
23.8 (0.20) 
10.9 (0.88) 
23.8 (2.57) 
14.9 (1.12) 
89.8 (2.99) 

a Each system contained a total of 1.56 X mole of [2,4-i4C~ichlorophenol, or 2.21 X mole of [2,4,6-i4C]trichlorophenol or 2.04 X mole of [“C]p-chloro- 
rn-xylenol. b The values in parentheses are standard deviations. 

Table 111-Binding Parameters a (Albumin) of Phenol, 2,4-Dichlorophenol, 2,4,6-TrichlorophenoI, and p-tert-Amylphenol 

ata obtained using equilibium dialysis method. 

Percent 
Ligand Binding KiC nl  K2 n2 

Phenol 48.7 
2,4-Dichlorophenol 87.7 
p- tert- Amylphenol 89.1 
2,4,6-Trichlorophenol 94.1 

67,200,000 
1,010,000 

64,600 
30,200.000 

0.0487 
0.1930 
0.3670 
0.2940 

16,020 
71,900 
21,500 

1.470.000 

0.186 
0.345 
0.714 
0.323 

~ ~~ 

Data obtained by dynamic dialysis method. * Initial number of moles added to each system: phenol, 1.03 X p-tert-amylphenol, 9 x 10-7; 2,4-dichlorophenol, 
9.2 X 2,4,6-trichlorophenoI, 9.95 X lo+. Dynamic dialysis method was used to obtain data. C Liters per mole. 

Table IV-Ranking of Phenol Derivatives a in Order of Percent 
Binding to Various Serum Proteins 

Serum Protein 
~ ~~ 

Ranking by Percent Binding 
~~ 

Whole human serum 111 > IV > I1 > v > I 
Human serum albumin I11 > IV > I1 > v > I 
a-Globulin IV-1 IV > v > I1 > I11 > I 
a-Globulin IV-4 I1 > I11 > IV > I > v 
&Globulin 111 IV > v > I1 > 111 > I 
?-Globulin I1 v > IV > I > I1 > 111 
Ranking on basis of molecular weight 111 > IV > 11 > V > I 

Phenol derivatives above are: phenol, I; 2,4-dichlorophenol, 11; 2,4,6-trichlo- 
rophenol, 111; p-terf-amylphenol, IV; and p-chloro-rn-xylenol, V. 

also substantially for the other serum proteins. Again, the serum protein 
showing the highest percent binding was albumin, and a-globulin IV-4 
also exhibited substantial binding (46.5%). 

Halogenation of phenol also caused a great increase in binding with 
whole serum and the serum proteins. 2,4,6-TrichlorophenoI was found 
to be bound to a higher percent to whole serum and albumin than 2,4- 
dichlorophenol (p < 0.05), but binding to the other serum proteins did 
not show a similar pattern. The derivative that was both a halogenated 
and alkylated derivative of phenol, p-chloro-m-xylenol, exhibited a higher 
percent binding to whole serum and most of the serum proteins than 
phenol itself, but not higher than the two halogenated derivatives for 
albumin and human serum. 

The Scatchard plot for p-tert-arnylphenol and albumin is shown in 
Fig. 1. Data for Scatchard plots were limited, in this study, to albumin 
as the protein, because all of the derivatives showed the highest percent 
binding to albumin. The plots for phenol, 2,4-dichlorophenol, and 
2,4,6-trichloropheno1 were similar, differing only in values for the axes. 
I t  can be seen that the curve is not a straight line as would be expected 
for a single binding system. It appears that the curve has two distinct 
segments indicative of two binding systems. The binding parameters 
calculated are given in Table HI4. The two derivatives exhibiting the 
highest percent binding to whole serum and albumin, did not yield the 
largest K1 association constants. Phenol itself had the highest calculated 
association constant (K1) and p-tert-amylphenol’s constant ( K , )  was 
the lowest of all. All of the n values, the number of binding sites, were 
fractional. Values for n <1 have been reported in other studies (10-12) 
and present difficulties in interpretation in terms of a physical model. 

The ranking by percent binding of the several phenol derivatives to 
the protein fractions studied is illustrated in Table IV. The only obvious 
pattern is that ranking of the phenols with respect to binding to albumin 
or whole human serum is exactly the same as ranking by molecular weight. 
No clearcut pattern is apparent for the other proteins. Hansch (13-15), 
in his studies of the relationships between structure and biological ac- 

~ ~~ 

It was not possible to obtain binding parameters for p-chloro-m-xylenol because 
a sufficient quantity of the labeled compound was not available. 

tivity, found correlation of the latter with partition coefficients expressed 
as the constant, A. An additional constant, u, was developed by Hammett 
(16) to express the electronic activity of the substituents on an organic 
molecule. Thus, A is an expression of the degree of lipophilicity of a 
compound and u is the electronic (polar) nature of a compound. The 
Hansch equation attempts to take into account the contribution of both 
lipophilic and electronic properties of a compound with respect to its 
biological activity. The latter is usually represented as the log of the re- 
ciprocal of the measure of biological activity. 

The A and u values for the phenol derivatives were determined, either 
from literature values reported (15) or calculated on the basis of the sum 
of the values of substituent groups (14-17). The log of the reciprocal of 
percent binding to each protein was analyzed by regression analysis with 
the A and u values to search for possible correlations. The results obtained 
are listed in Table V. For those values ( A  or u values and log of l/percent 
bound) yielding a correlation coefficient of a t  least 0.900 (p 5 0.05), 
correlation coefficients are listed. A direct relationship with A values 
would indicate that the percent binding increased with an increase in 
lipophilic properties. Significant correlation with u values would suggest 
increased binding with more polar properties if the relationship was direct 

‘O 
Ob? 

- “-1 X 0 

V 

0, 

1 . 0 4  

0.9 1 
0 . i 2  0. i5 0.18 0.21 0.24 0.27 

NUBAR 
Figure 1-Scatchard plot of data for binding of p-tert-amylphenol to 
human serum albumin, determined by dynamic dialysis. A total of 9.3 
X moles of p-tert-amylphenol were added a t  the beginning of the 
run and albumin concentration in the bag (5 ml volume) was 5.797 X 

M (40 mglml). Nubar is equal to total bound moles of ligand di- 
vided by moles of albumin in the system and Dr is the molar concen- 
tration of unbound ligand. 
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Table V-Relationships Between Percent  Binding of Phenol Derivatives to Various Se rum Proteins and r o r  u Values o r  Molecular 
Weights of Phenol Derivatives 

~ ~~ 

Phenol Relationship* 
Derivative“ ae U Molecular 

Groups Serum Protein Values Values Weight 

I-v Albumin Direct - Direct 
(0.963) (0.964) 

11-v a-Globulin IV-1 - Inverse - 

P-Globulin I11 - Inverse - 

(0.98) (0.979) (0.98) 

(-0.964) 

(-0.954) 
1-111 Albumin Direct Direct Direct 

a-Globulin IV-4 Direct Direct Direct 
(0.924) (0.920) (0.924) 

I, IV, v Albumin Direct - Direct 

a-Globulin IV-1 Direct - Direct 

b-Globulin I11 Direct - Direct 
(0.998) (0.966) 

y-Globulin I1 Direct 
(0.931) 

K Values for I-V, respectively, were 1.46,3.0,3.69,3.27, and 3.59. u Values, respectively, were -0.36,0.10,0.33, -0.47, and 0.85. 

(0.979) ( 1 .O) 

(.997) (1.0) 

(I Phenol derivatives above are: I, phenol; 11, 2,4-dichlorophenol; 111, 2,4,6-trichlorophenol, IV, p-chloro-m-xylenol; V. p-tert-amylphenol. b Figures in parentheses 
are coefficients of correlation. 

and the reverse, if inverse. For the entire group of five phenol derivatives, 
correlation was direct with increasing molecular weight (as pointed out 
previously) and with increasing a values. The relationship with u values 
was not statistically significant. 

I t  would appear that for the entire group of five derivatives, the more 
lipophilic the molecule, the higher the binding to albumin. Other sta- 
tistically significant relationships were found when the phenol derivatives 
were divided into other’groups. Namely, either the halogenated phenols 
plus phenol or the alkylated phenols (includingp-chloro-m-xylenol) and 
phenol. The data in Table V also suggest something about the hydro- 
philic-hydrophobic properties of several of the proteins. Albumin appears 
to have both hydrophobic and polar binding sites in that there was a di- 
rect relationship between binding and a values and also with u values 
for the more polar derivatives (Group 3). On the other hand, a-globulin 
IV-1 had a direct relationship with T values and an inverse relationship 
with u values for the more polar derivatives (Group 2.) suggesting capa- 
bility for a polar binding primarily. Like albumin, a-globulin IV-4 appears 
to have both nonpolar and polar binding sites as indicated by the direct 
relationship with both a and u values for the more polar derivatives. 

In one form of the Hansch equation (17): 

log 1/C = a a  + bu + c (Eq. 1) 

where C represents the measure of biological activity. The values a ,  b ,  
and c are constants characteristic of the system, while a is the Hansch 
constant and u is the Hammett constant. It was possible to fit this 
equation with statistical significance ( p  = 0.05) only in the cases of 
binding of the five phenols to either albumin or human serum. The con- 
stants obtained were: 

For albumin: 

log l/percent binding = - 0 . 1 3 ~  + 0.016u - 1.51 (Eq. 2) 

For human serum: 

log l/percent binding = - 0 . 1 2 ~  + 0 .0091~  - 1.56 (Eq. 3) 

In studies of the toxicity of phenol derivatives to two microorganisms (18) 
the Hansch equations calculated suggested that the u value was of little 
consequence. This would also appear to be true in the equations de- 
scribing the binding of the phenol derivatives to either albumin or human 
serum in that the coefficient for the u term is relatively small. 

In conclusion, it would appear from the data obtained that for the 
derivatives of phenol studied, serum protein binding is significant, 
especially to whole human serum and albumin and that binding is related 
to molecular weight and Hansch T values. Binding to albumin apparently 

involves primarily hydrophobic bonds rather than polar bonding. This 
conclusion would be consistent, with the findings of Teresi (19) that 
treatment of bovine serum albumin to remove epsilon-amino positive 
charges had little effect on binding of 2,4-dichlorophenolate (pH 7.6). 
In addition, Scholtan (20) concluded that nonspecific hydrophobic 
binding to human serum albumin is the major mechanism for a wide 
variety of organic molecules. 
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