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Use of 2-(4’-Hydroxybenzeneazo)benzoic Acid to Study the
Binding of L-Thyroxine to Serum Albumins

RALPHI. NAZARETH, THEODORE D. SOKOLOSKI*, DONALD T. WITIAK, and

ALLENT. HOPPER*

Abstract O A study was made to investigate the use of the dye 2-
(4’-hydroxybenzeneazo)benzoic acid as a potential agent that
would reflect the binding of L-thyroxine to serum albumins. The
dye is a strong visible absorbing material which interacts with
serum albumins to give characteristic spectrophotometric peaks
and, as such, provides the basis for an extremely convenient
assay to measure amounts, free and bound, after their separation
in the presence of serum albumin and potential competitive in-
hibitors. The results obtained showed that the dye and L-thyrox-
ine compete for the same binding site on bovine and rat serum
albumins; thus the dye can be used to gauge the displacement of

L-thyroxine from serum albumin by potential competitive inhibi-
tors. Additionally, a method was introduced to evaluate statisti-
cally differences, between data sets, in y-intercepts obtained by
linear regression. The method used should have general applica-
tion.

Keyphrases 0O L-Thyroxine binding to serum albumins—measured
using 2-(4’-hydroxybenzeneazo)benzoic acid, spectrophotome-
try O Serum albumin binding of L-thyroxine—measured using 2-
(4’-hydroxybenzeneazo)benzoic acid, spectrophotometry @ 2-(4’-
Hydroxybenzeneazo)benzoic acid—used to measure i-thyroxine
binding to serum albumins

2-(4’-Hydroxybenzeneazo)benzoic acid (I) is a dye
that interacts with serum albumins to give charac-
teristic spectrophotometric peaks (1). The intensity
of these peaks can be related to the extent of binding
of the dye to serum albumin and, therefore, could
represent an extremely convenient means of studying
displacement reactions. The binding of I to serum al-
bumins and its displacement from serum albumin by
chlorophenoxyacetic acids were studied previously
(2, 3). Moriguchi et al. (4) also studied the binding
of I to bovine serum albumin and described a proce-

dure that utilized I in determining the binding of
acidic drugs. Drugs studied with bovine serum albu-
min were substituted benzoic acids (5) and sulfon-
amides (6). This study was made to investigate the
use of I as a potential agent that would reflect the
binding of L-thyroxine to serum albumins. The ob-
jective was to determine if I and L-thyroxine are
bound to the same site on serum albumin so that the
dye could be used to gauge the displacement of v-
thyroxine from serum albumin. The results using bo-
vine and rat serum albumins are presented here.
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Figure 1—Scatchard plot for the binding of I to bovine serum
albumin (1.0 X 10—* M) in the presence of various total
amounts of L-thyroxine. Key: O, I alone; ®, 3.33 X 1078 M 1L~
thyroxine; @, 6.66 X 10~ M L-thyroxine; and ®, 16.66 X
10—5 M L-thyroxine.

EXPERIMENTAL

Materials—Bovine serum albumin? (Fraction V, fatty acid
poor), 2-(4’-hydroxybenzeneazo)benzoic acid!, rat serum albu-
min? (Fraction V), vL-thyroxine3, and dimethyl sulfoxide® were
used as purchased without further purification. All final solutions
were made with 0.1 M sodium phosphate buffer, pH 7.4, using
analytical grade chemicals. The dimethyl sulfoxide stock solution
of L-thyroxine (1.0 X 10-3 M) was diluted with appropriate
amounts of phosphate buffer to give the desired final concentra-
tions.

Competitive Binding between I and L-Thyroxine to Bovine
Serum Albumin—The binding of I to this albumin in the pres-
ence and absence of L-thyroxine was determined by varying the
concentration of I from 7.0 X 10-% to 1.6 X 10-3 M at constant
bovine serim albumin and L-thyroxine concentrations. The albu-
min concentration was held at 1.0 X 10-* M (using molecular
weight 67,000) in all studies, and four fixed concentrations of L-
thyroxine were used (1.66 X 10-5, 3.33 X 10-3, 6.66 X 10-5, and
16.66 X 10-3 M). Ultrafiltration at ambient temperatures was
used to separate the free amount of 1. Twelve milliliters of solu-
tion was placed in the ultrafiltration cellt. The ultrafiltrate (1.2
ml) was collected and analyzed spectrophotometrically after suit-
able dilution. In the absence of L-thyroxine, five separate deter-
minations were made where the concentration of free I was deter-
mined from the absorbance of the ultrafiltrate at 350 nm. The ¢
for I is 17,682 at this wavelength in phosphate buffer. In the pres-
ence of L-thyroxine, the ultrafiltrate was analyzed spectrophoto-
metrically at 400 nm after adjusting the pH of the solution to 10.2
with 2 N sodium hydroxide. At pH 10.2, L-thyroxine does not con-
tribute to the 400-nm absorbance of 1. The ¢ for I at 400 nm is
21,630.

Competitive Binding between I and L-Thyroxine to Rat
Serum Albumin—The binding of I to this albumin in the pres-
ence and absence of L-thyroxine was determined by varying the
concentration of I from 5.0 X 1073 to 1.6 X 10-3 M at constant

1 Nutritional Biochemical Corp., Cleveland, Ohio.
2 Pentex Inc., Kankakee, I11.

3 Sigma Chemical Co., St. Louis, Mo.

4 Amicon model 12 cell with a PM-10 membrane.
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Figure 2—Relationship between 1/r (moles bovine serum
albumin per mole I) and the reciprocal of free I concentration
at low r values in the presence of L-thyroxine. Key: O, no
thyroxine; @, 1.66 X 10~5 M vL-thyroxine;®, 3.33 X 10 M
L-thyroxine; and @, 6.66 X 105 M L-thyroxine.

rat serum albumin and L-thyroxine concentrations. The albumin
concentration was held at 1.0 X 10-¢ M in all studies, and three
fixed concentrations of L-thyroxine were used (3.33 X 105, 6.66 X
10-5, and 16.66 X 105 M). Ultrafiltration was used to determine
the amount of free I by spectrophotometric analysis at 350 nm in
the absence of L-thyroxine and at 400 nm in the presence of L.-thy-
roxine, as already described for the competitive binding to bovine
serum albumin.

Treatment of Binding Data—The concentration of bound I in
the ultrafiltration studies was determined by taking the differ-
ence between the total amount added and the amount found free
after ultrafiltration. Corrections were made for the small amount
of ligand bound to the ultrafiltration membrane. Scatchard plots
were constructed and computer analyzed for binding parameters
assuming that two independent classes of binding sites exist on
the serum albumin. The computer-generated constants gave n
(maximum number of sites) and K (association constant) values
for each class.

Statistical Analysis of Linear Regression Intercepts (7)—To
determine whether or not the intercept values for two sets of re-
gression data are the same, use was made of the Student ¢ test. In
this test, the difference between the average intercepts for two
linear regressions is divided by the pooled standard deviation for
the data sets:

e (Bq.1)
spooled

In Eq. 1, I is the mean intercept for data set 1, /5 is the mean in-
tercept for data set 2, and s is the pooled standard deviation for
the two data sets. In a regression analysis of y on x, the variance
in the intercept, s,2, for a data set is given by:
s2 = MSE-G/N (Eq.2)
where N is the number of observations, G (that takes into ac-
count the effect on error variance of the distance of the intercept

from the mean X) is given by:

Nx
N —
Sx; = %P

[}

G=1+ (Eq.3)



Table I—Statistical Analysis of Linear Regression Intercepts at p = 0.01

Num- Cal- Theo-
ber of culated retical
Ob- F Ratio F Ratio
serva- for Mean for Mean Cal- Theo-
tions, Mean Square Standard Standard Variance in culated retical
System N Errore Error® Errorc Intercepts, s;? te te
In bovine serum albumin
alone 11 3.06 X 102 — — 8.73 X 10—+ —_ —
I + thyroxine (1.66 X 10-5 M) 9 2.09 X 10—+ 14 .62 5.61 8.87 X 105 0.69 2.92
I + thyroxine (3.33 X 105 M) 11 2.70 X 103 1.13 5.35 7.17 X 10—+ 1.18 2 .88
I + thyroxine (6.66 X 105 M) 14 8.41 X 103 2.75 5.11 1.34 X 10-3 0.78 2 .83
In rat serum albumin
I alone 6 1.04 X 10—+ — — 1.55 X 104 — —
I + thyroxine (3.33 X 105 M) 5 6.81 X 10~ 1.53 28.70 9.02 X 105 2.27 3.50
I + thyroxine (6.66 X 10-5 M) 10 2.77 X 103 26 .62 7.01 1.34 X 103 1.97 3.05
I + thyroxine (16.66 X 105 M) 8 1.35 X 10 1.29 9.15 1.71 X 10* 1.80 3.17

@ Calculated by Eq. 4. b Mean standard error for I/mean standard error for

ystem. ¢ From Ref. 9, degrees of freedom = N — 2. 4 Calculated by Eq. 2. ¢ From

Eq. 1.

and MSE is the mean square error given as:

N
MSE = 2_:1(% — Yeac?/(N = 2) (Eq.4)

The numerator of Eq. 4 is the sum of squares of the errors (SSE),
where Ycaic is the regression calculated value for y. The pooled
standard deviation used in Eq. 1 is defined as:

Spooled ™ V312,1 + 512,2 (Eq.5)

where subscripts refer to individual data sets. Substituting Eq. 2
into Eq. 5 gives:

Spoted = VMSE,-G,/N, + MSE, G,/N,

(Eq.6)
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Figure 3—Scatchard plot for the binding of I to rat serum
albumin (1.0 X 10-* M) in the presence of various total
amounts of L-thyroxine. Key: O, I alone; 0, 3.33 X 10* M
L-thyroxine; @, 6.66 X 10—° M L-thyroxine; and @, 16.66 X
105 M L-thyroxine.

If MSE, is essentially equal to MSE,, Eq. 6 simplifies to:
SSE, + SSE, (G1 G,)
2

N, + N, — 4\N,

Therefore, to use Eq. 7 (and Eq. 1), it had to be established that
the errors (mean square error values) in the two data sets being
compared were essentially the same. To determine whether or not
the errors were statistically different, the F ratio for the mean
square error in the two data sets was calculated and compared to
the theoretical F values at p = 0.01. If the calculated F ratios
were less than the theoretical values, it was concluded that the
errors were not statistically different and that the use of Eq. 7
(and Eq. 1) was valid.

(Eq.7)

Spooled -

RESULTS AND DISCUSSION

Competitive Binding between I and L-Thyroxine on Bovine
Serum Albumin—The binding of the azo dye, I, to bovine serum
albumin in the presence and absence of fixed amounts of L-thy-
roxine gave the results plotted in Fig. 1. In the presence of L-thy-
roxine, the amount of bound dye decreases and more dye is dis-
placed as the concentration of the hormone increases. At a con-
centration of 16.66 X 10-3 M vL-thyroxine, it appears that I is dis-

| ] ]

0 1 2 3
1/[Htree, M™1 X 1074

Figure 4—Relationship between 1/r (moles rat serum albumin
per mole I) and the reciprocal of free I concentration at low r
values in the presence of L-thyroxine. Key: O, no thyroxine; O,
3.33 X 1075 M 1-thyroxine; @, 6.66 X 10— M L-thyroxine;
and ®, 16.66 X 10 % M L-thyroxine.
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placed from its primary site since an apparent linear Scatchard
plot exists at this L-thyroxine level, giving n = 8 and K = 640 by
regression analysis which approaches the values of ny (7) and K
(1310 M-1) for I as determined by a computer fit of the binding
of the dye to this albumin. The n;, and K; values for I are 1.7 and
23,000 M1, respectively. By using values for r (moles bound I per
mole albumin) of approximately 1 and less, where the first class
of binding sites is primarily affected, the data of Fig. 1 were re-
plotted as 1/r versus 1/{I])iree to determine if L-thyroxine and I are
competing for the same binding site on bovine serum albumin. If
the same extrapolated 1/r intercept is obtained for each concen-
tration of L-thyroxine as found for I alone, the conclusion can be
made that the same site is involved (8).

Figure 2 shows the effect of three different total concentrations
of L-thyroxine on the binding-of 1 to bovine serum albumin. Lin-
ear regression analysis of the data of Fig. 2 produces intercepts of
0.38 for I alone and of 0.36, 0.35, and 0.34 for L-thyroxine at 1.66
X 1075, 3.33 X 1075, and 6.66 X 105 M, respectively. The values
for the intercepts are not statistically different at p = 0.01 as
shown by the Student ¢ test (Table I). The validity of the use of
the test is described in the Experimental section. In the case of
1.66 x 10-5 M vL-thyroxine, the t value suggests no difference in
intercepts, but statistical methods cannot be used here because
the F distribution limit for the variances of the intercepts falls
outside the theoretical range. It is assumed that this intercept is
not really different since the other concentrations of L-thyroxine
give statistically valid interpretations. The conclusion is, there-
fore, made that L-thyroxine competes with I at the same binding
site on bovine serum albumin.

Competitive Binding between I and L-Thyroxine on Rat
Serum Albumin—The binding of I to rat albumin in the presence
and absence of fixed amounts of L-thyroxine gave the results plot-
ted in Fig. 3. In the absence of inhibitor, computer-generated
values were: n; = 2.2, np = 8.1, K; = 83,610 M-1, and K, = 1295
M-1 In the presence of L-thyroxine, the amount of bound dye
decreases and more dye is displaced as the concentration of the
hormone increases. At a concentration of 16.66 X 10-3 M vL-thy-
roxine, it appears that 1 is almost completely displaced from its
primary site since an almost linear Scatchard plot exists at this
L-thyroxine level. By using values for r (moles bound I per mole
rat albumin) of approximately 1 and less, where the first class of
sites for I would most likely be involved, the data of Fig. 3 were
replotted as 1/r versus 1/[I]sree to determine if L-thyroxine and I
are competing for the same binding site in rat serum albumin.
Figure 4 shows the effect of three different total concentrations of
L-thyroxine on the binding of I to the albumin. Linear regression
analysis of the data of Fig. 4 produces intercepts of 0.37 for 1
alone and of 0.41, 0.49, and 0.40 for L-thyroxine at 3.33 x 10-5,
6.66 X 10-3, and 16.66 X 10~3 M, respectively. The values for the
intercepts are not statistically different at p = 0.01 as shown by
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the Student t test (Table I). In the case of 6.66 X 10-3 M L-thy-
roxine, the t value suggests no difference in intercepts, but statis-
tical methods cannot be used here because the F distribution
limit for the variances of the intercepts falls outside the theoreti-
cal range. It is assumed that this intercept is not really different
since the other concentrations of L-thyroxine give statistically
valid interpretations. The conclusion is, therefore, made that L-
thyroxine competes with I at the same binding site on rat serum
albumin.

The results of the competitive binding studies between I and
L-thyroxine to bovine and rat serum albumins show that I and L-
thyroxine compete at the same binding site on both albumins.
Therefore, it should be possible to use I as a model to mirror the
binding of L-thyroxine to serum albumin. Use of this property of I
on the binding of hypolipemic agents to serum albumins is de-
scribed in a subsequent report (10).
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