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UTRODUCTIOK

Although histamine was prepared by synthesis (1) in 1907,

it was not until 1910 that the physiological activity of this

substance was recognised (2). Since that time, an abundant

literature has accumulated regarding this simple imidazole

derivative, its physiological effects, and presence in body

tissues.

The physiological action of histamine, upon experimental

administration or release by allergies and other injurious

reactions, has been summarised by Sir Henry Dale (3). nearly

all plain muscle is said to be stimulated by histamine* The

intensity of this action is not uniformly distributed, but the

plain muscle coats of the bronchioles seem especially respon-

sive. Histamine is said to bring about the asthmatic reaction

of the allergies as a result of its bronchiole-constrictive

properties (3). The urticarial reactions of the allergies

are said to be a consequence of its capillary-dllatant action

(3).

To effect symptomatic relief in allergy, the attention of

therapeutic chemists was drawn to substances exhibiting a

specific antagonism toward histamine. Of the many compounds

reported in the literature as exhibiting such antihlstiminic

activity, Antergan, or NjH-Dimethyl-N'-phenyl-IP-benzylethylenc-

diamine, was the first therapeutic agent commonly employed.

a multitude of compounds similar to Antergan have been

used more recently. Although these various antihlstiminic

s



differ in physiological activity, they hava certain structural

features that arc common to all. Bovet (k) notes that in the

first place y **en possesses one or more strongly saturated

tertiary or quarternary amines groups. Secondly, this aaino

group is found in the (3 position, and attached to an aliphatic

chain. Thirdly, another aaino group or an oxygen atoa floras a

linkage between a strongly electropositive nucleus and the ba

side chain.

Most evaluations of antihlstiainio potency have been of a

highly empirical nature and generally involve the reaction of a

particular animal tissue in solutions of varying histamine-anti-

histamine concentration. With regard to a mechanism of reaction,

Wells (5) stated*

The histamine antagonists fail to meet the require-
ments of certain of the well-knovn types of antagonism,
such as "physiological* or "chemical* antagonism, and we
have thus assumed that their mechanism of action is what
has been termed as "specific 1* antagonism, a more descrip-
tive name for which is "competitive inhibition". The
implications of such a mechanism of antagonism are that
both the active drug and its antagonist compete for the
same site of attachment in a tissue, the antagonist com-
bining with this site without eliciting a response of
the tissue. In more picturesque terms, the antagonist
may be considered as acting the part or the "dog in the
manger".

In view of this theory of competitive binding, it was

thought that a study of the possibilities of such interaction

would prove worthwhile. For this purpose, a representative

protein having general binding tendencies was selected and the

separate reactions of this protein with histamine, and with each

of several antihistamines were observed. To render binding



tendencies comparably conditions of pfi and temperature wara

maintained constant throughout too work* The method of study

was quantitative in that both tha extant of drug-protein

interaction and the accompanying free energy changes could be

calculated. By determining the extent of the drug-protein

interaction and the accompanying free energy change coincident

with any complex formation, it was hoped that the mechanism of

the histamine-protein-antihistamina reaction could be better

understood,

METHOD OF STUDY

Derivation of Equations

doe of the simplest and most straightforward methods of

protein binding study is that developed by Irving A, Slots of

northwestern University (6). Derived from the lav of mass

action, this method lends Itself veil to the accumulation of

thermodynamic data and requires a minimum of complex apparatus

and procedures. A full derivation of the final equations need-

ed in using this technique will be presented in this thesis.

The binding by protein material of ions or molecules (here-

after referred to as drug molecules) is considered to be revers-

ible and to occur in a stepwise manner. The successive binding

reactions and equilibrium expressions for each may be represented

(1) I* + M == PtH 1m - «<r



*2 = (SrJfe)

k3 '-

(PrJf) (M)

m
(**%) (M)

*i = <*Mi)

(fr^UiXK)

k» . (ML)

FrM + M *s *^^2

Prife + Hi? ftrM3

^^•l + K±; 1*1%

<***fe-l> (K)

In the preceding, ftr represents toe protein, H the binding drug,

end PrM^ toe protein-drug complex in which 1 drug molecules ere

bound to eech protein aolecule. The subscript letter za designates

the maximum number of drug molecules capable of being bound by

the given protein molecule. Brackets in the equilibrium expressions

indicate toe activity of the substances enclosed therein*

The quantity r, defined as the total moles of bound drug

per total moles of protein, may be expressed by the equation

(2) r a (EpM) f 2(Fr*fe) + 3(1**3) . . . + m(PTHa) .

(Pr) + (PrM) + (PrMfc) . . . + (Pr>^)

The concentration of bound drug, (M), in the numerator of the

preceding must be expressed in terms of the protein-drug complex

molecules. This is equal to the concentration of each distinct

complex molecule multiplied by the number of potential Individual

drug molecules bound in each complex.

The products of the successive equilibrium constants may be

to have the general form

<3> kik2k3 • • 1% = <ft>1^)

(SrToiF



A substitution for the activities of the complex In equation 2

brings about the elimination of these terms.

(Jf) r= k1<!»)(H)^2k1kg<J»)(M)
2+3ki^(fc)(H)3..^^1k2>.ka(l»)(H)

M

(PrKkxCPrHMHkikaORPXM)^ • • • +kjk2 • -k^BrXJf)*

Dividing out too (FT) taras from the numerator and denominator,

and faotorlng (H) in the numerator of equation (W) yields

<?> *= (H> k1^atik2<M)^3k1k2k3(M)
2 * * '^ak^ * «kB(M)

a"1

l + k1<M)+k1k2(M)
2

• • *+Jcik2 • • kmOO*

She numerator of equation 5 is seen to be the product of (M)

tlaes the first derivative of the denominator (f ) with respect

to (M).

(6) <j*
n\ = *i+ 2kik2<M) • • •+sik1k2 • •**<*)""- numerator.

(7)
(Mi** - (M) [k1 +2kik2<M) • • •+mkik2 • •ka(M)

a|-^ (M)f,

where f » is the first derivative of the denominator with respect

to (M). Therefore

(8) r = (*!)f «/f .

IfeLean and Bastings (7) also approached protein complex

formation from the standpoint of reversible binding. Studying

the Interaction of calcium ion with serum albumin , they considered

the protein molecule to be a group of independent binding sites

opposite in sign and charge to that of the ion bound. They set

up an equilibrium expression for the dissociation process of the

following form

(9) K- <*> (»>
, where

TmpT!



(fir) represents the concentration of free protein binding sites

rather than that of the free protein molecule. Similarly (Mi*)

expresses the concentration of complex bonds formed rather than

that of moles of complex. ffoLean and Bastings assume that, in

addition to the nature of the reactants, the only other factor

regulating such binding is of a statistical character. Such a

treatment demands that all bonds be considered equivalent, regard*

less of the order of binding, and exclusive of any steric or

intra-molecular electrostatic effects.

The concentration of free binding sites (fir) and of complex

bonds formed (HI*) may be related to the concentration of free

protein and bound protein respectively, since

(10) (MPr) = 0^5,0^)= (Mtotal> - <*free). *nd

(11) (Ft) = aaxiaua nol«s H bound (m) <total ^^ Protein). (MPr).
mole Protein

Substituting these values into equation 9 gives

(12) K = (Mfroo) imVrtotal * (foaoundjl
f

(Abound'

which may be rearranged to express the moles of bound drug per

total moles of protein, previously defined as r.

(13) r = jfrffW = ;ci^f )
.

<**total' K * ("free*

At this point, it Is interesting to note that equation 13

is of the same form as that of the Langauir adsorption Isotherm

equation

C1*) J = **
_ .

1 + bP



Hero, y ia the amount of a gas adsorbed par unit area or mass of

adsorbent, a and b are constants, and P is pressure.

dots (6) has set equation 13 equal to equation 3 and removed

(Mfret) from the numerator of each, obtaining

<1*> f »/f = * , or^ + (M)

(15) df/d(M) . «f
_ , .^ + (M)

Solution of equation 15, a simple differential equation, yields

(16) In f = m[ln K + (M)] + constant.

Since quantities are equal whose logarithms are equal

(17) f = [X + (M)]°=[l + (M)A] m + constant.

If the denominator of equation 59 or f , is set equal to f

of equation 17, it is seen that

(18) l + kiOO + kik^OO2 ' •+k1k2**MM>
ai

= [l+ dO/lp + constant.

For the purpose of a simplified exposition, m is arbitrarily

assigned the value of four. Using this value of m, equation V*

Is successively differentiated with respect to (H).

(19a) d/d(M) [l+k1(M)+k1k2(M)
2
+kxk2k3(M)3+kik2k3ltt»(M)

lf

l
= d/d(M) [l+(M)/^*

= k1+ 2k1k2(M)+3kik2k3(lf)
2+ ^k^kjk^M)3 = VK[l + (M)/K] 3

(19b) d2/d(M)
2
= 2k1k2+6k1k2k3(M)+12k1k2k3klf (M)

2
= 3-VK2 [l+(M)A]

2

(19o) d3/d(H)3= 6k
1
k2k3

+^k
1
k
2
k
3
k^(M)= 2-3-MK3 [l+(M)/fc]

(19d) dVd(M)^= 2bkxk£i^= 1*2. 3«VK*f
.

The generalized form of the last derivative is seen to be
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(20) niOcjkgk^ -kg,) = mi/K* ,

and is applicable to the product of the successive equilibrium

constants regardless of the size of a.

Equation 20 Is next consecutively substituted back through

the series of successive derivatives* By this procedure, (M)

terms are cancelled, and the products of the k values are obtain-

ed in terms of K alone*

(21a) ^1*2*3 = W3iX3 = MK3

(21b) klk2= 6/*2

(21c) kx = V*
Solving for individual k values in terms of the k product

values from the preceding equation series yields

(22a) kg = ^kg/ki 3/2K

(22b) k
3 = kik2k3A1k2 = 2/3K

(22c) k^ = k1k2k3kifA1k2k3 = 1/4K.

The general form for these individual equilibrium constants is

S9mi to be

(23) ki = » * <* ~ *>
.

Here m represents the maximum moles of bound substance per mole

of protein, K is the McLean-Hastings constant, and i is the order

of consecutive binding. The term kA may be defined as the equi-

librium constant for the reversible binding of the l£h mole of

drug by protein which has already bound (1-1) moles of that

drug per mole of protein.



Evaluation of Constants

To use equation 23 In the calculation of successive equi-

librium constants, K and m must first be evaluated. This may be

accomplished by a suitable treatment of equation 13. In the

derivation of equation 13, all binding sites were considered to

be of the same nature. Electrostatic effects of bound groups

upon entering groups were assumed to be negligible. The extent

of binding was taken to depend only upon the concentration of

reaetants (in accordance with the lav of mass action) and the

intrinsic binding tendencies of these reaetants. If the as-

sumptions made in the derivation of equation 13 are justified,

a graph of the moles bound per mole of protein versus the equi-

librium concentration of the free drug should produce a straight

line. Taking the reciprocal of equation 13 and rearranging

gives

(2»f ) 1/r = 00 + <*> - * *
, A *•

"

mT55 m TmT m

A plot of 1/r against 1(H) should produce a straight line. From

this equation, K/m is seen to be the slope, and 1/m the intercept

on the vertical axis. At a value of 1/(M) equal to aero, the

concentration of M is seen to be infinite. At infinite H con-

centration, binding would be expected to reach its maximum. By

graphical extrapolation to the vertical axis, l/« may be deter-

mined from which follows the value of m, or maximum bound en-

tities per protein molecule.

The slope of the binding curve is then calculated. By

equating K/m to the slope, m being known, the intrinsic disso-



10

elation constant, K, may be evaluated.

fi£ the Method off Least ftflmiti- Points plotted from experi-

mental data may follow a random linear distribution not lending

Itself veil to an accurate extrapolation. Under such circum-

stances, recourse to the method of least squares for a deter-

mination of constants may be advantageous. Details of procedure

will not be discussed at this point, but the method involves the

setting up of normal equations, from the data, for the two

constants. Solution of these simultaneous equations yields the

most accurate values of 1/m and of K/m from the available data.

Thermodynamic Calculations

fit»nHtti»fl Free Tfowrfy £h&£g£. By substitution of K and m

values into equation 23, the value for any successive binding

equilibrium constant may be calculated. The equilibrium constant

for any reversible reaction may be related to the standard free

energy change for that reaction. The free energy of any sub-

stance may be defined as

(25) FA = F° + RT In <A) ,

where FA is the total free energy of substance A, FJJ its free

energy in the standard state, and (A) its activity. The gas

constant is represented by S, and T is the absolute temperature.

When one mole of A reacts with one mole of B to form a mole,

respectively, of products C and D, the free energy change for

the reaction Is

<26) AF = <FC + Fn) - (FA + FB ) ,
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which by substitution of equation 25 for each reactant and pro-

dust may ba rewritten as

(27) AF = AF° + RT In <c ><p > .

(A)(B)

The thermodynamic condition for equilibrium is that tha free

energy change for the system shall be sero. Therefore

(28) = AF° + RT In <C ><P>
, and

(A)(B)

(29) AP°= -ST In <C ><D > .

(A)(B)

Since the standard free energy change for a given reaction at any

one temperature is constant, the activity product ratio must

also be constant, this quantity therefore being defined as the

thermodynamic equilibrium constant, or

(30) AF° = -RT lnk^ .

Here AF° is the standard free energy change for the reaction in

which reaotants start and form products all of unit activity. If

R is set equal to 1*987 calories per degree per mono, and T is

the absolute temperature at which the reaction occurred, thenAF°

Is in units of calories per mole* The thermodynamic equilibrium

constant must be in terms of reactant end product activities.

At the low concentrations employed in this binding study, the use

of concentration to represent activity is common practice (3).

By substitution of the previously determined binding equi-

librium constants into equation 30, standard free energy changes

for each successive step in such binding may be calculated.

BatTQPT AB& finMlllfflr SSaaaUL* By determining the free energy
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chang« of a given reaction at several different temperatures, a

graph of aF as ordinate against T as abscissa may be constructed.

The free energy change of any process any be related directly to

the enthalpy and entropy changes of that process by the equation

(31) AF = AH - TAS ,

where All and AS are the enthalpy and entropy changes, respective-

ly, and 7 is the absolute temperature, A familiar form of the

Gibbs-Helmholts equation is

(32) AF = AH + T(«?AF/ *T) , from which it follows

(33) -(eAF/*T) = AS •

Equation 33 is seen to also represent the slope of the tempera-

ture free energy curve at any one temperature. Therefore, the

entropy change at that temperature may be directly determined.

Substitution into equation 31 permits calculation of the corres-

ponding heat change.

EXFBBUBffTAL

Technique

To apply the equations es developed in the preceding section,

data regarding two variable factors must be obtained. The first

of these variables is the concentration of unbound drug, (M), in

equilibrium with that drug which is bound by the protein. The

second is the amount of this drug bound per mole of protein, or

r, at the equilibrium concentration referred to above. Such data

was obtained experimentally by the method of equilibrium dialysis,

as developed by Slots et al (9). A description of the typical
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experimental procedure it given below.

SOIL Solutions, * series of seven solutions, each having

different concentrations of the drug to be studied was prepared

in buffer solvent. The series was prepared by successive di-

lution with buffer of a stock solution, also in buffer, whose

concentration was high coopered to that of the series. A

representative group of seven such solutions ranged in concen-

tration from U x l(f* to 10 x 10"' soles per liter, the con-

centration of each solution decreasing by increments of 1 x 10"^

moles per liter. The stock solution, froa which the series was

prepared, was of kO x 10*' s»lar concentration.

The necessity for the use of low solute concentrations is

apparent in view of the preceding thermodynamic derivations.

Furthermore, mono-molecular dispersion, essential in eases

involving spectrophotoaetric analysis, is acre probable in

highly dilute solutions

Dlalvaia Calls. Twenty milliliters of eeah solution were

pipetted into separate clean, dry, twenty-five by two hundred

millimeter Pyrex test-tubes. Into each of these tubes was placed

a snail cellophane dialysis sack, knotted at both ends, and con-

taining exactly 10 or exactly 20 ml of the protein solution to

be studied. For every protein containing dialysis cell a

corresponding blank cell was prepared, identical In all respects

to the former except that it contained buffer, rather than protein

solution, in the cellophane sack. The dialysis cells were closed

with clean, dry, corks or rubber stoppers, placed vertically in

a shaker (Plate I), and allowed to come to concentration equi-



EXHAI^TIOH OF PLASE Z

Fig* !• J-iial:r3ia oolla In rock*

Fig. 2. OqgOnfcft
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PLATE I

Fig. 1.

Fig. 2.
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:iun. A temperature of V« C. to 5° C. was maintained la the

cold room in which the colls wore equilibrated*

Tho purpose of the blank eell was to compensate for any

interaction between tho drug and cellophane* If equal areas of

cellophane were tamcriort in each pair of cells, concentration

changes between the two colls resulting fron

interaction would bo cancelled, differences in final

tratlon of imhojiiirt drug between, the two cells would then,

suaably, be due, exclusively, to binding by the protein molecules*

ftvfoto SfiluUfiQA* »* protein solutions, node up in the

buffer solvent, had boon equilibrated with buffer, prior to use,

by a continuous dialysis procedure. Protein concentration of a

typical binding determination was 0*15 percent by weight* This

low concentration Is desirable in consideration of Donnan nen-

brane effects.

flBffili? 1ifrH^y1"- Tia» f°* concentration equilibration at

H9 to 5° In the shaker varied from twenty-four to seventy-two

tears* Tho condition of equilibrium was determined by analysing

at intervals for an unchanging oonoentratlon outside the dialysis

sack of the cell containing the most concentrated drug solution*

When this concentration was observed to decrease no further with

time, the system was assumed to be In equilibrium*

CaacantrfiUQfli Bwagtri* Bpon equilibration, the concen-

tration of free drug outside tho protein containing dialysis

tho blank cells* The difference In equilibrium drug concentration

between any protein containing cell and Its corresponding blank
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cell should have occurred only as e consequence of drug-binding

by the protein. (Experimentation revealed the operation of

certain factors which rendered the preceding statement only

true in theory. An empirical correction for these complicating

factors is described in a later section*) The difference in

concentration between each pair of solutions, after suitable

corrections, was reduced therefore to the number of solas of

drug in the total volume of the protein cell (including the

initial volume within the dialysis sack) removed from solution

by protein complex formation. The number of moles of drug

removed was then divided by the moles of protein present in the

dialysis sack, the quotient being the number of moles of bound

drug per mole of protein. This is represented by r in equation

The unbound drug concentration Inside the protein sack was

taken to be equal to that determined, spectr©photometrically,

outside the dialysis membrane. This was the free drug concen-

tration at which bound and unbound drug were in equilibrium with

one another. The reciprocal of this equilibrium concentration,

or 1/00, was plotted as abscissa against the reciprocal of r

as ordinate. This plot was extrapolated, as explained previously,

or a least squares solution taken, and the constants S and m

evaluated.

flgTflratollitY aJL MtiHw- It is seen, from the section

regarding the derivation of fundamental equations, that only

reversible binding may be properly treated by the method of equi-

librium dialysis. Therefore, upon completion of a binding do-
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termination, several protein containing dialysis seeks vera re-

moved from the original cells, and each vas immersed in 20 ml

of buffer solution* The procedure was repeated for each of the

original corresponding blank dialysis sacks. If the binding

vas reversible, the drug molecules should have diffused out

through the membrane and into the surrounding buffer solution.

The new equilibrium thus established, and the relative protein

and blank cell concentrations, should have been in proportion

to the equilibrium values observed originally.

Drug Concentration Determination

JteUsal ifrwryUQa ab& ggagmrtrittra* a spectrophotometric

method of analysis vas applied throughout this vork. Justifi-

cation for such an analytical technique rests upon certain funda-

mental rules of absorption behavior.

The general lav of optical absorption may be represented,

mathematically, as

<3k) -dl= I/udx

where -dl expresses the decrease in original intensity, I, of a

light beam as that beam passes through an increasing length, dx,

of absorbing material. The proportionality constant relating the

variables at any one wavelength is jj , and is referred to as the

absorption coefficient.

If equation 3fc is re-arranged and integrated vithln limits,

as shown belov, an important relation is obtained.

I
(35) /dl/I = -///dx is equal to

*o
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(36) la 1/1Q = -/ix which In turn is equal to

(37) I = Io«^* .

Equation 37 Is the common expression of Lambert's Lav, and relates

the intensity of light, I, of original intensity I to tha langth

of absorption medium, x9 through which it has passed.

At any given wavelength, tha absorption coaffleiant nay be

shown to be

(38) //= k
x
C ,

where C is the concentration of absorbing material, and k A is the

proportionality constant for a given absorbent at a particular

absorbed wavelength. Substituting this value of ju into equation

37 yields the conventional formula for the law of Beers',

(39) I = I «~k >
Cx

.

Putting equation (39) in logarithmic form, and changing to base

ten gives

0*0) 2.303 log To/Z = k
x
Cx .

She optical density, D, of an absorbing medium is defined as

0*1) B = log Io/I .

Substituting D into equation (V0) and re-arranging yields

0*2) B=k x Cx/2.303 which may be simplified to

0*3) D = k'^Cx .

It is seen that at constant wavelength and light path, the

optical density of an absorbing substance is in direct proportion

to the concentration of that substance present. Therefore, a

plot of optical density against concentration, holding light

path and wavelength constant, would be expected to yield a

straight line. This graph could then be used in the analysis of
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solutions of unknown concentration. By determining the optical

density of such an unknown solution, concentration could readily

be obtained by interpolation from the curve prepared previously

for that substance*

The TpatffMaant and Its Use . The Beekman Model DO Spectro-

photometer, used throughout this work, is an Instrument In which

the readings are made directly in terns of optical density.

Both its design and operation are explained fully in literature

prepared by the manufacturer. For this reason, no detailed

description of Instrumental procedure will be attempted in this

thesis. Instead, only the major steps in its application to

this work will be outlined.

The first step, prior to analysis, was construction of an

absorption curve for each of the colorless drugs studied* Opti-

cal densities were measured from a wavelength of hOOO a to about

2200 £ , the ultra-violet limit of the Instrument for the solute

concentrations employed* These absorption curves are shown in

Fig. 1.

Secondly, a wavelength providing considerable density change

per unit change In concentration was selected. At this wave-

length, density measurements were made upon a series of drug

solutions of known but varying concentration. This range covered

the range of sample concentrations to be analysed* From the

data, a graph of optical density plotted against concentration

was drawn* Examples are shown In Fig* 2*

Thirdly, the Instrument was used In subsequent quantitative

analyses of each drug studied* From the optical density of a
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given sample, as indicated by the Bookman, concentration of that

sample was readily deterained by interpolation of Its concen-

tration-density carve.

Error

a

j£ Ultra-Violet aflflYlli- Absorption analysis In the

ultra-violet region is complicated by a number of factors not

encountered when analysing at visible wavelengths. These are

concerned with the buffer, cellophane plastlolser, and the pro-

tein Itself.

Since the phosphate buffer salts present in all solutions

exhibit optical absorption beginning at a wavelength of about

JfcOO A (Fig. 1), several precautions regarding the buffer were

necessitated when analysing below this wavelength. One pre-

caution taken was to equilibrate the protein with buffer in a

continuous dialyser for two to three days prior to use. This

was necessary in order that no buffer binding by protein should

occur and be analysed as drug-binding instead, another pre-

caution taken was to equilibrate tho cellophane dialysis tubing

with the buffer in order that buffer concentration would not

change as a result of cellophane-buffer interaction. This inter-

action was studied by 1—ersing a strip of the cellophane In

buffer for several days, then analysing photometrically fcr any

change in buffer concentration* Though no change was observed,

it is possible that certain substances, possibly plastlclsers,

dissolved out of the cellophane sight have obscured this effect.

A third and important consideration regarding the buffer was to

obtain a representative optical blank to cancel buffer salt and

water absorption when analysing with the spectrophotometer.
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Since all drug and protein solutions were made up in the

buffer, it was essential that the buffer salt concentration in

the optical blank be the same as that in the samples analysed.

Concentration by evaporation of the buffer was observed to occur

in the siphon tube leading to the storage carboy. Therefore, a

portion of the buffer was drawn off and discarded before col*

looting solution to be used as a blank.

When the cellophane sacking alone was immersed in distilled

water for several days, optical density of the solvent was ob-

served to increase. This most likely indicated the presence of

plastiolzer dissolved out of the cellophane. The absorption of

this substance appeared just beyond the visible range at a wave-

length near 3300 a , and increased steadily to the ultra-violet

limit of the instrument, as shown in Pig. 1. To minimize this

error which was effective throughout the entire range of optical

analysis, it was necessary to remove as much of this absorbing

material as possible. This was accomplished by two methods.

First, the cellophane was soaked several days prior to use in

buffer solution. Several times during this soaking period, the

liquid was poured off the cellophane and replaced with fresh

buffer. The plastielzer was dissolved out, and the cellophane

equilibrated with buffer in one operation. The second method

involved continuous extraction with distilled water. A large

commercial reagent bottle, filled with distilled water, was

inverted and supported by a ringstand such that the mouth of the

bottle was just below the top of a liter beaker containing the

cellophane. A small glass funnel was placed, stem up, at the
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bottom of the beaker and attached at tha stem to a rubber siphon

hose. Flow through this siphon was regulated by means of a

screw clamp. As water containing extracted plasticiser was

siphoned off below the cellophane in the beaker, fresh water

bubbled in at the same rate from the bottle at the top. After

extraction, the cellophane was equilibrated with buffer as

described previously.

A further complicating factor of protein leakage appeared

in the ultra-violet region. Since even extremely dilute bovine

serum albumin exhibits pronounced and extensive absorption areas

in the ultra-violet, as shown in Fig. 1, any leakage produced

errors of magnitude rendering such readings valueless. Though

leakage occurred infrequently it was immediately apparent by

density readings far larger than reasonable.

ifeniriftal Correction. Even after the elaborate precautions

described in the preceding paragraphs, binding determinations

analysed at wavelengths approaching 2200 A exhibited a behavior

not completely understood. Through some buffer-membrane inter-

action or membrane effect, the equilibrium optical densities of

title blank drug solutions were observed to be higher than might

be expected if the original solutions were diluted by the volume

of buffer contained in the dialysis sack. Therefore, in later

work, at the beginning of each binding determination, duplicate

blank cells containing buffer within and without the dialysis

sack were prepared. As suspected the optical densities of these

buffer-membrane-buffer blank solutions were observed to increase

with time above the density of stock buffer solution. The
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average of these buffer blank density increases, when deducted

froa the density readings of the drug-containing blank cells,

reduced the equilibrium optical densities of the latter to with-

in reasonable Halts.

A blank similar to that used in the binding determination,

and identical to the membrane-buffer blank with the exception

that the dialysis sack contained the same protein solution was

set up* Optical density of the outer solution in this membrane-

protein blank was also observed to increase with time* In

binding determinations, the measured optical densities of the

drug-protein cells were, therefore, also corrected by the aver-

age of this deviation corresponding to the time for drug-protein

equilibration. In the following table, the increases with time

of the membrane-buffer and membrane-protein blank optical

densities for duplicate cells, analysed at 2235 A are shown.

Table 1. Variation of empirical density corrections with time.

Hours s Membrane-protein blanks s Membrane-buffer
t Cell 1 : Cell 2 t Average i Cell 1 s Cell 2 I

blanks
t Average

21 s 0.018 0.016 0.017 » 0.057 0.0M* 0.051

36 s 0.018 0.018 0.018 s 0.066 0.0V3 0.055

62 t 0.02h 0.023 0.02*+ t 0.068 0.0*7 0.058

This table shows that the membrane-protein blank density

Increases are much less than those of the membrane-buffer blanks.

This would suggest protein binding of a substance extracted froa
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from the cellophane, In spite of the painstaking extraction pro*

cedures to which the latter was subjected.

At wavelengths approaching the visible range, correction

values were observed to diminish significantly, indicating that

the error was produced by a substance absorbing primarily at the

shorter wavelengths* Both the buffer and cellophane plasticiser

exhibit such increased absorbance at these shorter wavelengths,

as shown in Fig* 1.

Protein Concentration Determination

Protein concentration determination and correction for

water content was effected in one operation. The amount nec-

essary to produce the desired approximate protein concentration

was weighed out and put into solution in the buffer, after

dialysing in buffer and diluting to the proper volume for the

chosen approximate concentration, a 20 ml sample was pipetted

into a clean, dry, weighing dish. Both the dish and its lid

had been weighed prior to filling with the protein solution.

The sample was than dried at 30° to 90°, to avoid boiling and

possible loss at higher temperatures, for twenty-four to forty-

eight hours. After this preliminary drying, the sample was

placed in a second oven and maintained at 110° for another

twenty-four hours. According to HtUor, the second heating

should have removed water of hydration from the buffer salts.

Other investigators (9) have stated that such treatment is

sufficient to properly dry the protein*

Upon completion of the drying procedure, the lid was
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placed on the dish, to prevent uptake of moisture from the air,

and weighed after cooling. The weight of anhydrous buffer salt

in 20 ml of solution was subtracted from the weight of the dry

residue, and the weight remaining was taken to be that of pro-

tein present in 20 ml of solution.

Materials

1. In equilibrium dialysis study, solutions of both

protein and dialysate must be made up in a buffer solvent. Such

a buffer solvent serves not only as a stabiliser of pH, but as

an equaliser of ionic strengths on the two sides of a semi-

permeable membrane separating a diffusible and a non-diffusible

electrolyte. This is necessary in order to reduce the Donnan

membrane equilibrium effect to a minimum. From Donnan theory

it may be shown that, in the simplest system involving equal

volumes of electrolyte on the two sides of a semi-permeable

<MO x = <Cd )
2/ [<Cn ) + 2(Cd )] .

Here, x represents the concentration of a diffusible electrolyte

which has passed through a semi-permeable membrane and into a

region of non-diffusible electrolyte of concentration (Cq).

The quantity (Cd ) expresses the initial concentration of the

diffusing electrolyte. From equation (kh) it is seen that to

permit msxlatim transfer of electrolyte through the membrane,

(Cn ) should be low relative to (Cd ). From equation (MO, it

would appear that in equilibrium dialysis studies, drug ion

concentration should be held high relative to that of the protein
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in order that near equal drug ion concentrations should exist on

both sides of the membrane.

The Donnan relation in equilibrium dialysis is far more

complex than that expressed by the simple preceding equation.

Furthermore, the ratio of drug to protein is limited by the

sensitivity of the analytical procedure* Drug-protein concen-

tration ratios, if too high, preclude the accurate determination

of slight complex formation, nevertheless, it has been found

that by holding buffer concentration high relative to that of

the protein, thus rendering the protein ion concentration low

relative to the overall ion concentration, dilute drug solutions

may be employed with only slight Donnan inhibition to drug

migration.

Earush and Sonenburg (10) observed that with protein con-

centrations from 0.05 percent to 0.50 percent, phosphate buffer

of 0.025 moles per liter was sufficient to render any Donnan

correction negligible. Klotz and Drquhart (11) used phosphate

buffer of ionic strength 0.132 with 0.2 percent bovine serum

albumin. The major portion of this work was done using Xa^POtf*

HgO and HagHPOt of reagent grade, as sold by Baker and Adamson.

Equi-molal amounts of the two phosphate salts were weighed out

such that the total molality of the solution prepared was 0.0332.

The ionic strength was calculated to be 0.20 from the formula

M> M = (1/2) I cv2 ,

where jjl is ionic strength, c is the stoichiometric concentration

of each ion in molalities, and v is the valence of the Ion.

The di-sodlum phosphate was dried to constant weight prior
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to um, while the mono-hydrate mono-sodium salt was weighed di-

rectly froa the reagent bottla. This lattar hydrated salt was

observed to loss water of hydration whan placad la a calcium

chlorido dasiccator. Though tha mono-hydrate is dascrlbad as

baing stable balov 100°, drying in an oven at raduead taaparaturas

was avoided la faar of a possibla dahydration and eonsaquaat arror

In weight. Buffer solution was made up with distillad vatar in

twenty litar quantities, and storad for usa la a pyrex carboy,

Tha pH of all batches so praparad was 6.8, as indicated by a

Leeds and lorthrup pfi aeter.

Phosphate buffer was chosen for this work since its com-

petition with organic loas for binding sites has been shown to

be slight<12).

ffifltnilTT Frae Base . Histamine, known variously as/3 -iaidaxolyl-

^-ethylamine, *-imidazolesthylamine, (3 -amlnoethyl glyoxaline,

and ergamine, has the structure

II II

H2KH2CH2C—* •

The molecular weight of histamine is 111.15. Its malting point

is 36° in a sealed capillary.

In this work, the colorless crystalline drug was used as

obtained from General Blochemleals, Incorporated.

a^f^TT4"? Acid Phosphate . This crystalline diphosphate

salt, hawing a corrected melting point of 132° to 133°, and a

molecular weight of 307.18, was furnished through the courtsay

of the Eli Lilly Company. Data regarding its purity have not
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been received, as yet, from the manufacturer, but decomposition

of the solutions of this salt, believed to ba baetarial in Da-

tura, vat observed. When several histaaine phosphate solutions,

in buffer, stood for three days at room temperature, they were

observed to beeoae colloidal in nature. Another solution, pre-

pared at the same time but kept in a cold room at k° to 5° re-

mained clear.

The optical absorption of solutions stored in the cold rooa

for less than a week was observed to decrease, indicating some

chemical or physical change. A table shoving the change in op-

tical density of an initially 20 x 10~? molar histamine acid

phosphate solution is included below.

Table 2. Change in optical density of a histamine
acid phosphate solution.

UanxtB from first reading * Optical density

2*t

56

97

o.*a5

.^05

.385

.397

* Possibly Indicates new absorption by decomposition
product.

In later work with histamine acid phosphate, solutions were

prepared end dialysis cells loaded at temperatures not exceeding

5°. This was accomplished either In a cold rooa at this tem-

perature, or with the assistance of a constant temperature bath

maintained at 0.5°. Only freshly prepared solutions of either
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the acid phosphate or free base were studied. Changes in solu-

tions of the free base were not as apparent photometrically as

changes in the acid phosphate.

Thenfadil Hydrochloride . A member of the pyribenzaaine

family of antihlstiminics, H, 8-Dimethyl-ll ,->thenyl-M»- pyri-

dylethylene-diamine Hydrochloride has the following structure)

HC=CH\

CH2CH2H(CH3)2
CH2

HC= C
N
&C=HC

HCL

The molecular weight of this compound is 297*35* According to

correspondence with its manufacturers, the corrected melting

point is 168°-170° C , and its purity, as used, exceeds 99

percent.

The antihistiminic activity of Thenfadil is said to be about

one and one-half times as great as that of its benzyl analog,

lyribenzamine (13), which in turn is twice as potent as Antergan

(1*0, the first commonly applied antihistamine. Extending this

scale of comparison, Antergan has been demonstrated to be approx-

imately three times as active as Benadryl, the first purely anit-

histimlnic drug to be synthesized in this country (l*f)

The Protein . Bovine serum albumin was the protein employed

in this work. This was the crystalline form recently made avail-

able commercially by Armour and Company. The bovine serum al-

bumin molecule is said to have the form of an ellipsoid of rev-

olution with a major axis of 150 A and a minor axis of 33 X.
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Its molecular weight is generally taken to be 69,000 (15), and

its iso-electric point to be W.88. The preparation of the al-

bumin for use and correction for water content has been discus-

sed In a preceding section.

Die majority of equilibrium dialysis binding studies re-

ported in the literature have involved the interaction of various

dyes, drugs, and detergents with bovine serum albumin. By virtue

of these studies, bovine serum albumin has very nearly achieved

the status of a reference protein* Its ability to combine with

a variety of ions and molecules is said to be a result of its

great configurational adaptability (16). Karush (16) expertly

phrases this concept and its significance in the following

«

• ••there exist a number of sites on the protein,
each associated probably with several side chains,
which to a varying extent can assume a large number of
configurations in equilibrium with each other and of
approximately equal energy* In the presence of an or-
ganic anion, ?or example, that configuration Is stab-
ilised which, by virtue of its structural relation to
the anion, permits the various portions of this anion
to Interact with appropriate groups of the protein.
This is manifested by the formation of a

Through the use of bovine serum albumin, a new insight into the

nature of protein complex formation in general has been obtained.

Dialvai a Sa&fcs.. Vlsking cellophane tubing of 13/32 inches

inflated diameter was found to be best adapted to this work.

According to correspondence with the manufacturer, this tubing

was 0.00095 Inches thick, and of pore size such that It was im-

permeable to serum albumin* With regard to ionic diffusion

through this tubing, the manufacturer stated that, in general,
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negative ions diffuse more readily than, do positive ions, This

is said to be a result of tb* binding of cations by tbo eillo-

phane, which acquires a nofativa charge whan Immersed in water.

Tbo extended tiaa for equilibration necessary la this work as

compared to tbo tiaos of oquillbration roquirod in anion binding

studios reported by other investigators (11, 16) aay be explained

by this membrane inhibition to cationic migration.

DXSC88SX0K

The data

aiwdi^ pf niit§,Mlirit A&1& Phoaahstm ,, Two separate duplicate

binding determinations involving a total of twenty-eight indi-

vidual protein containing dialysis cells wore aade on this sub-

stance.

In the first duplicate determination, protein of only *0*t

percent by weight was bound, and the equilibrium optical densi-

ties of the drug blank cells were noted to be higher than would

be anticipated for the amount of drug diffusion into the volume

of the dialysis sacks. Both acid phosphate determinations were

made prior to the use of the membrane-protein and membrane-

buffer blends. These early determinations demonstrated the need

for such correcting devices. Therefore, the equilibrium optical

densities of the drug blank cells were arbitrarily reduced to

that which drug diffusion into the membrane should have produced.

From the concentration differences between these arbitrarily

corrected blank cells and the uncorrected protein cells, the
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its of bound acid phosphate par mole of protein were cal-

culated for the four duplicate calls whose initial drug solu-

tions vara most concentrated.

In tha aacond duplicata determination, 0.122 percent by

Wight of protein waa equilibrated with fraah drug aolutioaa of

tha same initial concentrations as thosa of tha first run. Be-

eausa of tha ineraaaad aaounts of bound drug, with increased

protein concentration, membrane-buffer and membrane protein

errora were decreased relative to the amount of binding. How-

ever, these errors were still apparent. Optical density read-

ings, in this second determination with the exception of the

first two, were used in calculations as taken froa the spectro-

photometer •

As shown In Table 3, and as might be expected froa treat-

ment of the data, the extent of binding is observed to be less

in the first than in the aacond determination at comparable

equilibrium concentrations.

In order that the beat values of the constants might be ob-

tained from the available data, a least squares solution was

taken. The normal equations for this solution are given in a

later section and values of the constants so obtained are shown

in Table £• A plot of the data, using the intercept and slope

calculated by the method of leaat squares, is shown in Fig. 3*

Successive equilibrium constants and the corresponding

standard free energy changes, as calculated from equations 23

and 30, respectively, are shown in Table 6.

The primary value of the acid phosphate binding determination
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rests in Its contribution to the improvement of the technique

as applied in Inter studies, and for this reason it is included

in this thesis. Perhaps of secondary importance are the cal-

culated free energy changes and maximum available binding sites

on the protein aoleeule. These are considered significant only

in comparison to those values as calculated for histamine free

base. The comparatively large amounts and high energy change of

acid phosphate binding would indicate an lon-dlpole or ion-ion

interaction (17) with the protein molecule.

Hi,tM<
"ft £rjui fifttt* The first determination of free base

binding involved the use of seven pairs of duplicate cells with

drug concentrations ranging from 2 x 10*5 to Ik x 10T* moles per

liter. A second duplicate determination was conducted using

solutions of 10, 12, and Ik x 10~5 molar concentration. Ntmbrane-

buffer and membrane-protein blanks were set up for these runs,

and all equilibrium densities were corrected by the amounts

corresponding to the time of equilibration, as indicated in

Table 1. These corrected concentration values varied propor-

tionally with the amount of bound drug and the initial drug

concentration. Calculated binding values between the first and

second duplicate-determinations were in substantial agreement

with one another, as shown in Table *+. Constants were evaluated

by the method of least squares (Table 5), and the graph through

the experimental points constructed therefrom (Fig. k). although

these plotted points follow a more random distribution than

those for the acid phosphate, this is believed to be indicative

of experimental error only. It is felt that this determination
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is free froai any large systeaatie error which would shift the

points, as wall as the value of tha constants, in one and only

one direction*

Successive oquilibriua constants and corresponding free

energy changes are given in Table 7*

IfrlitfawU HYdrgclriWiflo. Otoe of the aore active anti-

histiminies, Thenfadil Hydrochloride showed only inconsequential

and unsystematic binding by serum albumin (Table 8). Proa

blank cells prepared with the run, snail membrane-buffer and

membrane-protein corrections were applied in this determination.

A similar duplicate deteraination, made several months prior

to the improvement of the technique, indicated this same lack

of binding by the protein.

iULfii Sfimrit gTftfo*tlan of Constants . When presenting

calculations based upon a least squares solution, it is proper

to show the normal equations used in such a solution.

Before calculating successive equilibrium constants and

free energy changes for the acid phosphate and free base bind-

ing systems, it was first necessary to evaluate the constants

a and K. These appear in the simple linear equation 2**. By

standard least squares procedure, the normal equation in K/a

may be shown to be

<V5) gO/M)2 ] K/m + [1(1/*] 1/m = [Kl/M)(l/r)] ,

while the normal equation for 1/a is

(**> [2C1/W] K/m + 7/m = [l(l/r)] .

Upon substitution of the summed data values, as indicated in

equations **5 and k6 f for the points plotted in Fig* 3 end Fig. U,



37

• <"» cs.aiso7h vooownMh
00 1 ii| h • • • • • ••••••
• 4io rOCv^DO r-|CMJ-U\v«COH

sO •-I H

1 o an nOvOsOvO Co.Cs.Cs.rvCs.Cx.es.
*» rlHHH

Cs.Cs.Cs.Cs.Cs.Cs.Cs.

i • • HHHHrHHH
K+» O oooo ooooooo

rt o • • • • • ••••••
^3 J* »4 C o oX P.-H

X '(m
* w\ anO-HHH •

"1°. OOHr-«
mr^evmci^oxOOOOHHH2 • • • • • •••*••

xSH. O
§

o

I
1

O
«•••• «•»•••

1

3
UN
•o Id tt\©WMr\ a UnCs. Cs.V\te\U>.Us.

3
H

O K

HNON
s
•
•o

•
•p

C\|Cs.<Jvf Cs.O\Ct|

* H •
« o |

• • • •
mutwwo

• ••••••
ftH <M-± W\vO OX

j iHH •

o3o

•

• tt>OUM*\ irtes.cs.ttMiMror\
+> OHW\«V <* CVUNU>HsOOsO

i > WS
a, o'«-'

« • • • • O • ••••••

1
<«v
«•••«•

o ««N<^
ft
3

O HHWOI

•a
«H
o

•

to
3

OOrlH
1

u\es.

oo
1 1 *«

n o
•P • • • •O

• •o
1 tfr-4 1

IF
A s

|
m m m fc* CO

m O
m • tl • r4C\|C\jsQ fcsro
+4
A OhftUIO

»3 S^SS 8S •

"8 £ o
• • • •
O

• •

I
«••*• •• o» m ^

s • 1 •

iS
OsOIUVO

•
Cs.W\ps.Cs.sO W Qnu\>oo><\jtf\oOOOOHHN

•

1
HJftfWO
Ar\r*r* d« • «• H • • • • • • ••••••

m *3S• 3<0
A O O o •

• > o* •
r"| 1*3 • » • » # f-t

4>H H»MC»1nO evr-« mu-wo UVD

if
• « • o

O * >P

OH
& O

o^oo* r-« c"»HW <"Oi£ lr\OOOOOO

O

X> • • • • • ••••••
1 o o •
11

»



33

•3

• *

us

As

l

•o

O H
O

• *"»

3hh
ITU

•H •

O
» •<

6u • o

• o+>H

O-H •

« • o
O cd-P

IdH •
OQ O

»H£*
ft, o*-'

Id
A O

OH
£8

h
n o

**HOH

§H

aH

5

<± os**v*\oveo
«*\jj-Olf\CM\0
• •••••
OOIWVOINO

oooooo
• •••••
o

OvvO 0*(*
<MCO

».*OW>

• • •o

vOCNNHHnO
• •••••
OHfOVwoco

WxOOOWNO
• ,j»w» rooom
•*-> • •••••
« O HHW
o
Hm
S» ^-r-ICsO^OM
•d r-IJt5wOrOCOOOOHHH
4* ••••••
« o
u

»OCN.CS-OVOO

OOOoo

OCx.lr\tovf>aQ
C>-Q>r»>OCO COOOHHHW
• •••••
O •

Q\O Cs. t>* OMX3

oooo oo
• •••••o *

ONJ- <*
00 «*"K0
• • •

*S3

OOO
• • •o

OieoO
Hr-IOJ
• • •
o

OOO
• • •

• VCNOOP OOOOsO
41 • • •

O OHM
•2.

55

1
O
s

OvOOHHM
• • •
O

eoeoj-
H«nv\OOO
• • •

o

OJ-tV
H(M«
• • •
o»

OOO

s
1

o

H
&
•4



39

l/r

^sQ

0.15-

®^s^

.10-
Ox-

O

.05-

^ l/m : .04174

i 1 1 1 1

0.2 0.4 0.6 0.8
( l/M) x I0"5

1.0

Pig. 3. Binding curve of histamine acid phosphate.
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Fig. 4. Binding curve of histamine free base.
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solution of these simultaneous equations yields too most accurate

Talmas for the constants from the available data* These values,

so calculated, are shown In Table 5*

Table 5« Values of constants as calculated by method
of least squares*

Constant t

t

1

Histamine
acid phosphate

i

1

I

Histamine
free base

1/m O.Qfcl7»* 0.0585

23.96 17.1

K/m 1,62 x HOT** 9.83 x 10"3

• 3*88 x 10~* 1.68 x icr1

Interpretation of Data

A typical active antihistamine was

not bound by the protein* Therefore* if the protein molecule

studied contained representative "active 'centers" as referred

to by wells (5), then the mechanism of the antihistamine re-

action is not one of competitive adsorption*

fitSfiOA latarWvtaUW. Assuming that the bovine serum

albumin molecule does HOT contain these "active centers". then

the anti-histaaine and histamine binding of other proteins,

possibly even certain tissues, should be studied. A comparison

of the extent and energy of such binding would tend to strengthen

or detract from the theory of competitive binding action*

Xhlrti Internr«t»ticm. Assuming the meehanism to be one of



T*bl« 6. Wrmm •omrgy changes far
binding by hlfttwtrw noid

*a

8BSBBS«p

(feinting
s

) t kl x 10"
t (Keal./*ol«3

1
2

I

I

ilU
12

u

19
30
21

I
6.71

tu
6.25
6.13
6.03

m
>39
.29

>.19
?.<#

5*
*.69
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Table 8. Absence of signifleant binding by Tbanfadil
Hydrochloride

•

Observed equil. i Corrected equil. a Equil. cone* a Prot. cell
optical density t optical density a (M./l.x 10-0 a Acone. _,

i a a(M.A. z 10?)
prot. a blank a prot. a blank a prot. a blank

a

cell a ceU a cell a cell a cell a cell a

0.026 0.027 0.022 0.021 1.30 1.25 +0.05
0.027 0.030 0.02** 0.02** 1.& l.**0 0.05
0.052 0.059 0.0V8 0.053 2.30 3.03 -0.28
O.O69 0.059 0.065 0.053 3.75 3.03 + 0.67
0.073 0.075 0.069 0.069 *+.00 *7.00 0.00
0.089 0.076 0.085 0.070 **.90 **.05 +0.85
0.118 0.120 0.11** 0.11** 6.60 6.60 0.00
0.119 0.121 0.115 0.115 6.65 6.65 0.00
0.158 0.16** 0.15** 0.158 8.90 9.10 -0.25
0.161 0.163 0.157 0.157 9.08 9.03 0.00
0.135 0.188 0.181 0.182 10.**0 10.**5 "0.05
0.186 0.190 0.182 0.18U 10.**5 10.55 -0.10
0.228 0.233 0.22** 0.227 12.30 13.05 -0.25
0.235 0.236 0.231 0.230 13.30 13.20 +0.10
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competitive inhibition, then the lack of binding by a typical

antihistamine Indicates the absence of the "active centers"

in the serum albumin molecule.

Histamine was shown to be bound by the bovine serum albu-

min molecule. This is a fairly loose bond as seen from its

low free energy of formation. Therefore, it seems reasonable

to suspect that, under normal conditions, histamine is tied

up in an inactive form by this serum molecule. In considera-

tion of the looseness of this bond it also appears reasonable

that, under certain pathologic conditions, only a small amount

of energy Is necessary to displace histamine from its inactive

position on albumin and other protein molecules. Histamine

so liberated could then be transferred to pre-sensitlsed "active

centers."

Evidence supporting this theory of histamine lnactlvatiom

is found in the work of Benda and Orquia (18) who noted that

the subcutaneous injection of human or animal blood serum in-

creased the histamine resistance of guinea pigs. This action

is thought, by these investigators, to be due to the binding

of histamine by this serum. Dragatedt and Mead (19) report the

rapid disappearance from the blood stream of histamine injected

into the anaesthetised dog.
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Proposed Extensions

A continuation of the histamine-serum albumin inter-

action study is considered with regard to the nature of bind-

ing sites on both the protein and the histamine molecule.

Changes in binding behavior with blocking of certain protein

and drug groups could be related to the nature of the complex

bonds normally formed. Changes in binding behavior with

change in pfl would provide an interesting study.

The kinetics of the binding reaction could be studied

quite simply and treated statistically by the method of least

squares. By conducting the binding determination at several

temperatures, and calculating free energy values at each, both

the enthalpy and entropy changes of binding could be evaluated.

This, together with kinetic data, would aid, further, in an

understanding of the mechanism of this reaction.

With regard to the technique of equilibrium dialysis, it

is felt that elimination of the dialysis sack would greatly

reduce experimental and systematic errors appearing in equil-

ibrium analyses. Toward this end, a potentiometric method of

analysis migbt be adapted, removing the need for a separate

protein compartment in the binding cells.

Obviously, the technique is not limited to binding by

protein material alone. Maltiplo binding by any material could

be studied, granted that the molecular or particle concentra-

tion of the binding substance was capable of being determined.
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Similarly, binding by surfaces sueh as those of a contact

catalyst, an asphalt substrate, a solid adsorbent such as

silica or charcoal, etc*, could be studied by this technique.

The validity of thermodynamic treatment of such a highly

organized binding system is uncertain at this tiae, but it

la felt that free energy values calculated for binding per

unit area of adsorbents would at least be of comparative

value.

In order to better understand the mechanism of the

histamine-protein-antihlstamine reaction, the binding of

histamine and a typical antihistamine by a reference protein

was studied. The method of equilibrium dialysis was applied

to obtain the necessary data. A spectrophotometrie analyti-

cal technique was used. All constants, necessary in subse-

quent calculations, were evaluated by the method of least

squares.

Both histamine acid phosphate and histamine free base

were observed to be bound by the protein* A maximum of

twenty-four acid phosphate cations was calculated to be

bound per mole of protein} maximum binding of free base mol-

ecules was concluded to be seventeen per molecule of protein.

Tables showing the calculated free energies of successive

binding were constructed. Free energies of binding for the

first acid phosphate and free base molecules were calculated
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to be 7,37 and 2.55 Kcal./mole, respectively.

A typical active antihistamine, Thenfadll Hydrochloride,

vas observed to be inconsequentially bound by the protein.

The data vas interpreted in terms of whether the protein

did or did not contain the "active centers" of histamine

response. If bovine serum albumin did contain these centers

it vas suggested, in viev of the data, that the antihistamine

reaction vas not one of competitive adsorption. If the pro-

tein did KOI contain such centers, then the mechanism of

reaction vas not elucidated. However, an interpretation of

the data suggested a possible histamine inactivatlon by the

plasma proteins. Such inactivatlon would explain certain

biological phenomena reported in the literature.
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The asthmatic and other reactions of the allergies are

reported in the literature to be caused by histamine. To effect

symptomatic relief in allergy, a series of structurally similar

compounds exhibiting an antagonism for histamine have been pre-

pared by therapeutic chemists. The mechanism of such anti-

histaminic action is not clear. One mechanism has been suggest-

ed to be that of competitive binding for certain sites on the

affected tissues. This work, therefore, was devoted to an

investigation of the separate reactions of histamine and a

typical antihistamine with bovine serum albumin as a represent-

ative protein.

The method of binding study used was that of equilibrium

dialysis as developed by Klotz. He considers most binding of

ions or molecules by protein material to be reversible, and to

occur in a stepwise fashion. This extent of binding is said to

be regulated by the nature of the reactants and mass action prin-

ciples alone. A full derivation of the final equation used in

calculating successive binding equilibrium constants was present-

ed in this thesis. From a knowledge of these successive equi-

librium constants, the corresponding free energies of binding

may be calculated by standard thermodynamic procedures. The

method permits not only a determination of the extent of binding,

but a calculation of the accompanying free energy changes as

well.

The experimental procedure involved an equilibration of

protein solution, contained in a dialysis sack, with a drug

solution of known initial concentration. For each protein con-



;aining cell, & corresponding blank cell was prepared identical

to the first except that it contained only solvent in the di-

alysis sack* The difference in equilibrium drug concentrations

between cells in a given pair was taken to be the amount of drug

bound by the protein* Additional cell pairs were set up with

each, pair containing drug solutions of different initial con-

centration* The amounts of drug-protein interaction were re-

lated to the equilibrium concentrations of free drug, from which

followed the calculation of equilibrium constants and free

energy changes* All binding determinations were conducted in

duplicate, then repeated in duplicate when binding was observed

to occur*

A spectrophotoaetric analytical technique was applied to

determine the various drug concentrations* Because of the

ultra-violet range of analysis necessitated, certain errors not

appearing upon absorption analysis in the visible region were

encountered* These involved a solvent-membrane and a protein-

membrane interaction* A correction for these effects was

developed and applied in later binding determinations*

Binding of both histamine acid phosphate and histamine free

base by bovine serum albumin was observed to occur* A maximum

of twenty-four acid phosphate cations and seventeen free base

molecules were calculated to be bound per mole of protein* The

free energy change for binding of the first mole of acid phos-

phate was found to be 7*37 Kcal*. while that for the free base

was only 2*55 Kcal* per mole* The greater extent and free

energy change of acid phosphate binding is believed to be a



consequence of the pronounced electrostatic nature of this

Interaction. A typical active antihistamine, Thenfadil Hy**

drochloride, appeared to be Inconsequentially bound by the

protein.

Two Interpretations of the data In terms of protein

character were presented. First, assuming that bovine serum

albumin contains sites similar to those In sensitive tissues

at which the histamine response is initiated, the lack of bind*

ing by a typical antihistamine suggests that the mechanism of

antihlstaminic action may not be one of competitive binding.

Secondly, assuming that the protein does not contain these

histamine reactive sites, then the observed binding of hist-

amine by bovine serum albumin could indicate a mechanism of

histamine inactivation. Furthermore, the low energies of bind-

ing calculated suggests that only a slight pathological reaction

such as that of an allergy, would be necessary to dislodge the

loosely bound histamine from its Inactive position, upon which

it would be free to seek a reactive tissue. Certain evidence

in the literature substantiates this idea of the antihlstaminic

action of serum albumin Itself.


