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CHAPLIER I

INTRCDUCTION
The Importance of Blood Sexum Protein-Small Ion Imteraction
Studies in Biologleal Sciences.
Prom the standpoint of biology, blood serum proteins have

many functions in the eirculatary system. One of their most
interesting properties is the role that they play as trans-
porting agents for chloride ion (1), iodide iom (1), mercurie
ion (2), steroids (3,4), urea (5), and zinc ion (6), and many
other physiological and non-physiological entities,
Importance of interactions of various drugs with blood
serun proteins has been analyzed to the greatest extent in
connection with phammacological problems, Notable work in
this direction has been done by Storm van Ieeuwen (7),
Bennhold (8), Davis (9), and Goldstein (10). A number of
aspects of these interactions have been studied., To begin
with, there have been problems connected with the effective
concentration of a drug in the presence of serum proteins,
Secondly, the possible role of protein complexes in trans-
porting substances from one part of the body to another has
been sought. PFinally, the influence of protein binding on
the excrebtion and general pargigtenaa of small molecules and
1




ions in tissues has been widely considered.

Presumably, the biologiocal activity of a drug is dependent,
at least In many cases, on uncomplexed drug molecules. Ev-
idently, as more biologlical processes begin to be viewed on a
molecular level, the value of interaction studies will be
extended.

Chemioal Aspects of Protein Binding of Small IonS.

The aims of a chemioal study of the interactions of
proteins with relatively smallexr ions comprises the followings

1) Determination of the number of interacting moleoules
that are held by a given protein molecule under specified
envirommental conditions,

2) Deternination of the maximum number of sites om a
protein molecule available to a given interaching species.

3) Thexmodynamic consideration of the strength of the
bond between the protein and any given interacting species.

4} A quantitative statement as to the effect of the
enviromment on the energy of combination,

5) Quantitative information on the structural character-
istics of the interacting molecules which favor combination
with the protein.

6) Quantitative elucidation of the molecular and oon~
figurational nature of the si_.:qer, on ‘the protein at which a
given species is bound. i




Summary of Procedures.

There are many methods which are avallable for studying
protein interactions. They are conveniently divided into
two mein groups, nanely, the process of studying protein
interactions by changes in the smaller interacting molecules
and the process which studies changes in the behavior of the
protein, The first category includes the followings solu-
bility, reduction in thermodynamic aotivity (equilibriumn 4ialy- |
sis, ultrafiltration, ultracentrifugation,: distribubtion between
phasesy electromotive fome‘measui-amen’bs}, nigration in an
electric field, polarographic reduction, diffusion, changes
in spectra, and biologleal activity. Methods which are
dependent upon changes in the properties of proteins include:
changes in spectra (titration ctxves, shifts in iso-ionie pH),
optical measurements (speoctrophotometry, refractometry, light
scattering, optlcal rotation), osmotic pressure, sedimentatiom,
electrophoresis, preoipitation, visocosity, surface tensiom,
magnetioc properties, and biologlecal activity.

Of the above methods which would most closely resemble
the ctate of affairs in a living system without itself being
a living system, the equilibrium dialysis procedure was be-
lieved to be most appropriate. Hence, this method was picked
to study the interactions of loe?l anesthetics and blood

serum proteins,
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Usefulness of the method for demonstrating protein intex-
action with salts was first shawm about 50 years ago by
Osborne (11) znd laoter by Forthrop and Kunitz (12,13,14) in
studies of metal-protein complexes. Many recent investiga-
tions of other protein interactions have alco adopted this
technique (15,1€). A fairly recent application of eguilibrium
dialysis to the study of organic ions was that of Klotz,
Walker, and Pivan (17) who measured the oxtent of binding of
sulfonate anions from methyl orange and azosulfathiazole by
bovine serum aldbumin. Other significant work with orgenie
ions includes that by Teresi and Tuck (18) and the investi-
gations of Xlotz, Gelewitz, and Urquhart (19). A list of
other chemical moietles which have been shown to interact with
serum albumin is shown in Table I.

Technicue of Bguilibrdum Dialysis.

As mentioned previously, this technique is dependent on
a reduction in the thermodynamic activity of the intcracting
subgstance, The apparabtus, in its simplest form, consists of
two compartments separated by a membrane, This dialysis
membrane is prepared so as to allow free penetration of small
interacting molecules only. Pirst, a protein solution is
rlaced in one compartment and a solution of relatively smaller
molecules in the other, AV equilibrium, the total nmwumber of

o g

small molecules per unit volume in the protein compartment




TABLE I

LITERATURE SUMMARY OF INTERACTIONS BETWEEN SERUM ALBUMIN AND
VARIOUS CHEMICAL ENTITIES,

Chemical Eatity Iiterature Reference
Adenine Klotz (20)
Adenosine Klotz (20)
Adenylic Acid Klotz (20)
Alkaloids Beutner (21)
Aromatie carbm Acids Teresi (18)
Barbiturates ,  Goldbaum (22)
Caloium Kotz (23)
Coppex Klotz (24)
Dodecyl Sulfate Putnam (25)
Bstrogens Boettiger (3)
Fatty Acids Boyer (26)
Peniolllins Tompsett (27)
Phenol Red Groliman (28)
Sulfonamides van Dyke (29)

Sulfonated Azo Dyes Klotz (30)

vy '-




6

will be greater than the total mumber of small molecules per
unit volume in the original small molecular compartment, This
is a result of an interaction occurring between the protein and
the small molecules, The bindling data are assembled into ap-
propriate graphic representations and the equations of multiple
equilibria are applied to calculate the degree of binding of
the small molecules with the protein molecules, If no inter-
action should ococur between the small molecules and the protein,
the compentration of the small molecule in the one compartment
with the protein should be approximately egual to the concen-
tration of the small molecule in the othexr compartment without
the protein, at equilibrium; within limits of experimental
error. In this latter case, application of the equations for
multiple equilibria is nob possible since the degree of binding
of the small molecules with the protein molecules is negligible.
The druge used in the investigation belong to a class
known as loeal anesthetics, Iocal anesthetics are drugs which
in sufficient concentration are capable of blocking nerve
conduction along both sensory and motor fibers, When carefully
controlled concentration is used, it is possible to produce
loss of sensation without motor paralysis because sensory
fibers are always affected before motor fivers, Most loecal

P o

anesthetics, when used properly, ¢an produce anesthesia in
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a certain definite portion of the body without producing a

systemic effect. Some of the anesthetic agents exert not only
a local action but also a central one. The synthetic agents,
however, have slight effect on the central nervous system.
These synthetic agents are the type of drugs which were

chosen for this study.

The particular drugs which were considered ares

1) Procaine*HCl (Novocaine.HCl). It is 2t-diethyl-
aminoethyl-4-aminobenzoate hydrochloride.

2) Butethamine»HC1l (Monocaine«HC1l) (31,32). It is
2'isobutylaminoethyl-4-aminobengzoate hydrochloride,

3) Ididocaine«HCl (Xylocaine«HCl) (33,34). It is
K-diethylamino-2,6-aceto~xylidide hydrochloride.

4) Mepivacaine.HCl (Carbocaine«HCl (35,36,37,38). It
is d,1-N-methyl-pipecolic acid-2,6~dimethylanilide hydro-
chloride,

The chemical formulas of these compounds are shown in
Table II.

The most common group of local anesthetics is composed
of complex nitrogen containing compounds. Their structures
all conform to a general configuration and three groups and
linkages are recognized in their molecules: 1) An aromatic
nucleus; 2) a nitrogen atom or nitrogen containing hetero-

cyelic nucleus; and 3) an intefvening side chain which




TABLE II1
TOCAL ANESTHRENIC ACENDS USED IN THE ZRUDY

Generic Wane ond

(Proprietary Fame) Chemical Formula

1) Proczine<iCl L1 O (CH, ) ¥ (CoFir ) o o701
(Novocaine«liCl) Ti2“<:->-‘: VUit \verhia

2} ButethaninesHCl LT 00, (CH )2XHGHQCH(GHQ) *HC1
(Monocaine«HC1) H?O 2t 22

3) Iddocaine«HCl NWHCOCH, N (G H. ) ,*HCL
(XylocainesHC1) LA 05 ),

3 oy,
-ITHCO H 7 H2~Hcl

NCHx~CH
Ol H3=0h;

4) Mepivacaine«HC1
(CarbocainesHOL)
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separates these two, One or two atoms of nitrogen, usually
in the form of an amino group, are always present in the
molecule. The amino groups, which are usually tertiary or
secondary, confer basic properties to these derivatives. The
majority of local anesthetics of importance are esters or
amides. Of the local anesthetics used in this study, procaine
and butethamine are esters, while lidocaine and mepivacaine
are amides,

Proteins Used in This Study.

In regard to the stable protein complexes, much attention
has been directed toward interactions between native proteins
and small organic anions, since many small molecules of
biological importance normally occur as charged species in
aqueous media, The nature of these interactions varies from
the extreme specificity of serological reactions to the
comparative non-spec¢ificity of serum albumin with regard to
structure (39,40), size, and isomerism of the small organic
anion, Serum albumin is an outstanding protein in its
ability to bind anions in a very general, non-specific way (41).
There are several other proteins, such as beta lactoglobulin,
eta, which approach the binding affinity of serum albumin,
but they are not as interactive, and the great majority of
proteins will not form complexes non-specifically with or-

Ll

ganic anions (42,43).
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Interactions of proteins with small neutral moleocules have
been less extensively investigated but combinations with the
small non~electrolytes have been observed (44). Pasynskii
and Chernyak (45) have deseribed combinations of small neutral
molecules and the serum globulins and albumin. Alsc, it has
been knovm for same time that cholesterol, some of its esters,
and related sterolds form camplexes with serum albumin and
globulins (46).

Investigations of cationic interaetions with proteins
have been relatively few as compared with the extensive
studies done with organioc anions. Recent work indicates that
interactions with cations show some similarities as well as
some major differcnces to interactions with anions. Quan-
titative comparisons of binding ability by the equilibrium
dlalysis method show, however, that among ions of equal size,
organic cationic dyes are bound much less than organie
anionic dyes by plasma albumin (19)s On the other hand,
Glasanan (47) has observed that 1éng chain detergents fom a
stoichiometric complex with plasma albumin, in which the
number of detergent molecules corresponds closely to the
nunber of carboxyl groups on the protein.

Various organic compounds, as has been pointed oub
previously, are effective local anesthetic agents and thelir

A

usefulness in the treatment of patients has been demonstrated.
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On the other hand, certain limitations to the effectiveness

of the drugs have resulted from unfavorable side effects which
Gevelop in some patients following increasing concentrations

of the drugs. If these side effects, which may become guite
serious in some patients and result in necessary withdrawal

of the drugs, could be eliminated, then the usefulness of the
drugs could be greatly extended. As has been stated, the
plasma proteins, by interacting with small organic ions and
molecules, render them biologically inactive, thus decreasing
the concentration of fiee drug and in turn reducing the toxie
effects. Alsoy, the interaction between local aneshetics and
the plasma protelns would ald in the transport of the compounds
from one part of the body to another as well as reducing the
rate of excretion of the compounds fyrom the animal body, This
investigation was undertaken in an effort to determine the
extent of interaction between local anesthetics and two readily
obtainable purifilied proteins, namely, human serum albumin and
human serum gawna globulin.

The :urpose of This Study.

In the light of the previous discussions of this intro-
duction, the purpose of this study on the interaction of
proteins with local =znesthetics was to determine the extent,
if any, of the binding of cexrbtain human scrum prolteins with a

-

select group of local =mesthetic agents, Another aspect of
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this investigation was an attempt to correlate the extent of
the interactions with sone of the properties of local =nes-
thetics in reference te their approach Lo an ideal anesthetie.
The chiecf properties of an ideal local anesthelic will be
discussed lalter, but let it be said here that one character-
istlc of an ldeal local anesthebtlic agent 1s that it be devoid
of any allexrgy producing characteristics. OSince allergies
may be due to an antibody ~ antigen reaocticu, it may well be
that the binding of a local anesthetic by a serum probein
leads to the production of a foreign protein which in tuxn
initiates antibody formation against this foreign protein;

hence, the result is an allexgy reaction.




CHAPTER II1

HISTORICAL BACKGROUND

The introduction of cocaine as a loocal anesthetic into
the arsenal of therapeutics is one of the great landmarks
in this field. Wghlenr, the well-known chemist, whose pupil
Fiemann in 1859 isolated cocaine, wrote in 1860: "The
campound has a bitter taste and affects the nerves of the
tongue in a peculliar way, for a short while making the site
of application nmumb and almost devoid of any sensation.®
However, this o‘bservatim was not utilized until the Austrian
ophthalmologist, Karl Koller, in 1884 established the local
énesthetic properties of cocaine on the eye. In the same
year cocaine was used in dentistry by Hall (48) and within
a year for all kinds of surgery, as reported by Halsted (49)
in 1885. But a mumber of side effects of the drug were
noticed, such as, intoxication on overdosage with confusion
and hallucinations, or in other cases convulsions, respira-
tory and circunlatory failure, the risk of abuse, and deterior-
ation of the compound when being sterialized. Within the
first 5 years, 175 cases of intoxication, including 10
fatalities were reported. It was these developments, then,

that actualized the search for- new substances which would be
43
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equal or superior to cocaine in their anesthebtic properties
but with less incidence of camplieationa,

One contribution was the cambination of cocaine with
adrenaline, which prolonged the anesthetic effect, and thus
implied a decrease of the amount injected. Another contri-
bution was the introduction of a new series of anesthetiocs,
chemically related to »-amino-bengoic acid, starting with
procaine (novocaine), introduced by Einharm in 1905, and
followed by benzocaine, pantocaine, tutocaine, butyny mono-
ocaine (32,50}, metyeaine, and others, just to mention a few
of those mostly used.

In 1935, two Swedish chemists, Erdtman and Lofgren,
while synthesizing indole derivatives nolticed an isomexr of
the alkaloid gramine {(donaxin) %o nave an anesthetic effect,
when tested on the tomgue. In 1937, fourteen substances
belonging to this saries of anilides were reported, Their
anesthetic properties were established by U. 8. von BEulex,
Qontinued research with these compounds led to the synthesis
of xylocaine in 1946 followed by its introduetion into
clinical weark (33) in 1948,

Carbooaine is a loecal anesthetic agent desoribed by
Eokenstam, Egndr, and Pettersson (37) in 1956. GCarbooaine
belonge to a group of cyeclic acids with pipecolic acid as

';

its acid component. The ni‘brézsg;m in the piperidine ring
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is methylated and 1ts aromatie component oonsists of a bond
with the dimethyl anilide,

By analgesia is generally meant insensibility to pain,
whereas other sensations as heat and cold, itohing, tingling,
vibratory, and kinesthebleo sensations are generally not in-
cluded in the term. Pain 18 usually conceived as a sensation
produced 1) peripherally by a stimulus seting on the mimute
sensory fibers which is 2) conducted along special pathways,
larger and thiecker fibers, to the spinal cord and 3) %o e
reception and percepticn center, localiged in the superficial
layer of a well defined regiom of the brain, the precentral
gyrus, Accordingly, the sensation of pain can be interrupted
at any part of this system. General analgesia interrupts
pain sensations at the center [3] , whereas local analgesia
produces painlessness by acting either at the perivhery [1] or

[2] , the latter by blocking a main nerve, as in spinal anes-
thesia, where the large nerves leaving the spinal canal avre
blocked, that is, are made ineapable of conducting pain and
other sensory sensations,

The camon local anesthetios are organic bases. Since
they are not readily soluble in water and since their solu-
tions are not stable, the local anesthetiecs in practical
anesthesiology are used in the form of salts, for the most

N

part as hydrochlorides. It has been advocated by Gros in
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1910 that the anesthetio effect is produced only by the anes~
thetic bases and by Trevan and Boock in 1924 and Gardner and
Semb (51) in 1935 that the potency of an anesthetic is directly
proportional to the amount of free base present,

The exact lmowledge of the efficiency of local anestheties
under clinical conditions is, comtrary to what would be ex-
pected, very slight. Only scattered information obtained by
different types of laboratory expexriments is usually available,
Yost local anesthetios have been investigated with the aid of
several methods and a multitude of flgures are to be fournd in
the literature. It is of primary inmporbance to realize that
data obtained with each of these methods can be directly com-
pared only with data obtained under identical experimental
conditions, and cannot withmut great care be related to resulis
arrived at by other means, as has often been done, Even with
the same method different workers do nob always obtain pre-
cisely identical results (52,53,54). Potenoy values arrived
at in animal experiments oamna'k be directly assumed to be
valid for man even if experience shows most anesthetics to
display the same relative effeot in different mammalian species.
Por final conclusions, experiments must be carried out on human
subjeots. Unfortunately, thers are few methods suitable fox
this wie, At best, only a general idea of the clinical value

P

of a particular drug cen he owté.ined with the available methods.
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The ideal local anesthetie should possess certain funda-
mental phaxrmacolozic characteristics including 1) loecal nes-
thetic propexrties which make it useful for all types of regional
analgesia, whether this be infiltration, topleal applicatiom,
or injection abeout a nerve; 2) selectivity of aoction, that is,
the action should be confined principally to nerve tissue;

3) low toxicity, porticularly in concentrations used oclinically;
4) complete reversibility of aoction, so that after its effects
disappear, narmal function of the nerve or nerves returns with-
out any sequelae; 5) the drug should not cause any local pain
during or after the injectionj 6) the time required for the
onset of analgesia (latency) should be reasonably shoxrt;

7) the duration of analgeslia should be sufficiently lonzg; and
8) it should not produce idiosyneratic reaction. In addition
it should meet the following physlcochemieal requirements:

1) it should be sufficiently soluble in saline and water to

be easily preparable; 2) it should be amenable to sterili-
zation without decamposition; 3) it should be compatible with
vasoconstrioctive drugs; 4) when placed in solution, the drug
should be stable and its action unimpalred by light, air, or
minor varistions in pH.

The ideal local zanesthetic agent would have all of these
propexrties to the optimal dagx:ge', but, unfortunately, such a
drug has not yet been made amiiame. Although a particular
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drug may not meet these requirements of the ideal agent, it
may still be uscful clinieally if it provides certain definite
advantages. Thus, under certain circumstonces (for example,
postoperative pain) one may willingly compromise on rapid
onset of analgesia if the drug 1s capable of p»roducing a

prolonged block.

o g




CHAPTER IIX

THEORETICAL TREATMENT OF SYSTEMS BEXHIBITIRG MULTIPLE EQUILIBRIA

The earliest atbtempis at investimating protein complexes
indicated that more than one interacting species could be
bound on a given protein molecule and, as a result of this,
mathematical treatuments involving multiple egquilibria were
developed to treat the resultant data (55). Development of
the pertinent egquations was qulickened by warkers not so much
interested in protein interactions but in adsorption and
alectrostatic processes (56,57).

If the assumption is made that all binding sites on a
protein molecule that are capable of interacting have identlcal
affinities for the drug molecules and that the affinity of any
group is unaffected by the combination of drug molecules with
cther groups, several related squations can be derived from
the law of mass action (58).

For n sites of inbteraction of X with protein P, the
equilibria involved are

P+ X=PFL,
PX + X = PX,

« ¢ & * B &
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Flgey ¥ X = PRy, (1]
PX,.q + X =FX.
In terms of eguilibrium constants, the followirg relation-

ships are obtained according to the law of mass actimn:

*--—ﬁ-, 2 X6+ e Ky [2]
(PL,)

‘&g = k -
Fx) (%) 2 [2]

LI S 2 T TR Y D D Y )

Pl Ko [4]
(FX;.q) (X)
(PX,)
@) @ B ]
From these equavions it follows that
(PX) = k, (P) (%), (6]
(PXy) = ky(PX) (%) = Kykp(R) (D)2, (7]
P |
(PXy) = Ky (PX; _4) (X) = (kgkpe o oky) (B) (X)3, [8]

T
(PX ) = Xk, (PXn_q) (X) = (kekp* * *ky+ « okp) (B) (X2 [9]
If each protein site is uninfiunenced by a nelghboring site
and if each slte has the same .Antrinsic affinity for X, then
the equilibrium constants kye . skqy+ + oky are not independent
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but bear certain definite relationships to each otrer. Fox
the rirst complex PX, there are n possible fams of PX, de~
pending upon the particulsr site on P to which X is attached.
I the possible farms of PX are distinguished by the notation
4PXy oPXe o ogFXe « opPX, and if the intrinsic affinity of each
site for X is identical, then the equilibxrium constant, k, for

the association

P+ X= 4% (a9
is the same as that for |
P+ X = 5P%, [11]
and so on.
Hence,
_ b e ) ()
® @ @ @ ®) X) .
But
(PX) = (4PX) + (PX) + « « o + (;PX), [3]
s0 that
L e

= Je b I 45 » o+ k= nk,

‘ ni{n-1)

For the complex FX,, there are possible forms
depending on the particular combination of two sites on P to
whieh the two X's are atbtached, This is cbtained from the
general algebraic relationship Tor the number of possible
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combinations of n sites taken m at a time,

ncm = ni * [1 5]

m% (n-m)}

Here m = 2, s0 that

2 = Bl = "‘?—3"“ . [’GJ

The different complexes of type FX, may be denoted by the
symbols 1'21’12, 1’3:?)[2,- . ns'lan,'where the subscripts at the
left indicate the sites on P at which the two X's are attached,
But

(4FX) = (PX) = « + o=(;PX), [17]
since the values of kx, (P), amd (X), respectively, are iden~

tical. An analogous set of equilibrium expressions can be
written for the complexes imvolving j 1PXp, from which it 1s
a simple mattexr to prove that

(1,22%) = (4, gPTp) = * + * = (3,170)) [e]
if it is assumed that the intrinsic affinity constant, ¥k, is
the same for any singlé site taking up one X, Therefore,

Y
() (x)

o Lagemmae o o oe g eme .o ]

m*'..(iﬁ)-’...m

po g
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n (4FX)  (X)
= n - 4
For the camplex Py

LT ) @

If n binding sites are taken i at a time,

¢ n!
ni= " . 20
it (n-1)t [ ]
For PX;_qy
¢ n! .
(1-1)1 ([p~(1-1)]1 g
Therefore,
nt
ki - il ({n-i) ! X
G -1+t
or
xy = —2d [22)

i
}3*1“‘2 ‘
The faotor ] can also be derived from statistics so that
it is frequently referrsd to as the statistical facltore
A convenient method of mwguring the extent of canbing-
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tion of small molecule X with the protein is the quantity

r = _lioles bound X [23]
Moles total protein

Since the number of moles of bound X equals the number of

moles of PX plus twice the number of moles of sz, eto., we may
write

r = (PX} *2(?%)* _ ""3-(«?311) + v e +n(?xu) [2g
(y)+(px)+(px2)+~..-;-(;pxi)-f‘aa-r‘(m%) )

A}.sG’

Lo P X+ 2k, () (024 + ¥ L05yky0 - ) (B) @ L
(P) + k‘(P) (x) LA S (k‘}kQ‘ * *ki) (P) {X)a-'l't [ ]

oxr

ky (X) + qukg(X)z +ooo ok dliglcye o oky) (X)E

+e o Wt n(k,kg* . @ )(z}n .
T TR P e o (kg o i) (BT (=3

+s ¢+ o+ (X kg‘ . *kn)(X}n

But ky = nk,

k2 - ..2'-..1._ k, N [%9]

L . & » L4 * &

n--iﬁ

1{ 2 """I"" [22]

n-n#l k = - k- [261
ky="1m o
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Therefore,

nk(X) + 211(32;- !2 kz(x)z + s s e

+in(n-1}. ;tﬁ(n'—i*’l) kimi*.-.

+n n! ¥ (x)?
nil
nig - 1)

‘!+nk(xi+—-—f2-§-—-—k2(x)2+. .

nin~1) » ¢« (n-41+1)
+ .
R 3

. [27]

ixl) + . .

]
+ .....ﬁ.;... 't .9 b
But the denominatoxr is

[1‘ + k(X)]n [28]

Also, the nmerator is

= (X) -f)l(.i) (denominator) = (X) 'J%T [1 + k(x_)] ?29]

= (Xnk [1 + k@)™ .

Hence, .
(X)nk [1 + x(x)] ™
= =. = 30
[* + xx)]® [ ]
nk (X) ‘
o= o k(x) . | [31J

Rearranging, we have

;“:m,(;)"“z‘x [>2]

R "'
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= - [33)

Either of these latter two equations, namely, [32] ana [33],
provides a linear relationship which is useful in the evalu-
ation of n. For example, if equation [32] is used and 1/r
is plotted as the ordinate versus 1/(X) as the abscissa, the
intercept an/the ordinate is 1/n. Using equation [3;’8, it
r/{X) is plotted as the ordinate versus r as the abscissa,
the intercept on the abscissa is n.




CHAPTER IV

EQUILIBRIUM DIALYSIS METHODS AND MATERIAIS

Experimental Procedure of Bquilibrium Dialysis.
The equilidbrium dialysis method was chosen as a means of

investigating the extent of interaction between the local
anesthetics and the two purified proteins, human serum
albumin and human serum gamma globulin since it appeared to
be the most reliable of the many methods available. In order
to determine the extent of binding, it was necessary to have
some analytiocal method avallable by which the concentration
of the free, unbound local anesthetic in the protein free
compartment could be measured at the time that equilibrium
had been attained.

In practice, there are two inherent sources of error in
the equilibxium dialysis method., PFirst, there may be some
asymmetry in the distribution of the small molecﬁle, if it
is ionle, as a consequence of the Donnan membrane effect.
Suitable corrections can be made for the Donnan effect, or
an inocuous eleotrolyte can be added to reduce it to negligible
proportions, Also, investigation may ba undertaken at a pH
~where the protein exhibits its isoelectric point and the

asymmetric distribution of the-small ions due to the Donnan
27
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membrane effect is eliminated. BSecondly, there may also be
some adsorption of the small molecule to the membrane but

this ocan be corrected by setting up control dialyses in which
the protein is absent and measuring the depletion of the small
molecule from the solution. 7The effect of osmotlic pressure

is negligible with the low concentration of protein used in
these axperiments since this physical propexrty is dependent

on the number of partieles present, which in this case are
relatively few due to the rather large molecular weights of
most proteins.,

Experiments using the method of equilibrium dialysis
were devised to produce quantitative data of the interaction
of proteins with the relativaly'small»loeal anesthetic mole~
cules. Fifty ml. saumples of a buffered solution of a loeal
anesthetic at several known concentrations were pipetted
into 200 mm. X 38 mm. Pyrex test tubes, A dilalysis bag was
prepared containing 50 ml. of the protein solution in the
same buffer as the locasl anesthetic, the bag being tled at
each end, Then the bag was immersed in the buffered loecal
anesthetic solution previously placed in the Pyrex test tubes
and the tubes tightly stoppered with clean, dry rubber stop-
pers. A oontrol dialysis assembly was prepared to accompany
each sample unit to eliminate any errors due to adsorption of

o g

the local anesthetic on the cellulose tubing. The control
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assemblies differed from the experimental assemblies only in
that they contained 50 ml. of buffer inside the dialysis sack
rather than the 50 ml., of buffered protein solution. All of
the dlalysis systems were allowed to equilibrate at a constant
temperature of 4°C. This temperature was used because lower
témperaxures inhibit protein hydrolysis and denaturation.
Also0, many investigations have demonstrated that temperature
changes do not greatly affeet the extent of binding of
ions (59). After equilibrium was reached, as determined by
using a series of identical vessels and removing and analyzing
samples at varying intervals to ascertain the time necessary
for the concentration of local znesthetic outside the bag to
show ne further change in concentration, an aliquot of the
solution outside the bags was removed and analygzed for un-
bound local anesthetic,

TPo determine 1f there was significant adsorption of the
local anesthetio to the cellulose tubing used in the dialysis
agsemblies, an analysis was made of the local anesthetic
solution used in constructing the dialysis assembly. One-
half of this concentration would represent the concentration
of looal snesthetic which would be outside the dialysis bag
of the control tubes at equilibrium if there were no adsorption
taking place. The control tubes consisted of a 50 ml. aligquot

o g

of buffer solution contained in a dialysis bag and suspended
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in 50 ml, of the local =nesthetic solution. The results of
this analysis showed that there was no significance in ad-
sarption of any of the small molecules to the dialysis

tubing.
An illustration of a typieal dialysis assembly showing

the test tube with the cellophane dialysis bag in it is

shown belows

&—— Rubber Stopper

Iocal Anesthetic
-+
Buffer

o

Protein

+ —————

Buffer

The term "unbound drug" rather than the term "free drug®
is used in these discussions in opposition to the texm "bound
drug® to designate that portion of the particular local anes-
thetic studied whi¢h does not complex with protein. The term
"free drug" is employed in two utterly unrelated contexts in
the seientific literature. First, it is meant to distinguish
a drug in its original state from the same drug after conju-
gation {e.g. "free sulfonamide™ as opposed to conjugated
sulfonamide). Second, it is used to connote unbound drug
as opposed to protein-bound drugs While this latter sense
would conform to general usage‘in physical chemistry, the
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former sense is well established in pharmacology and related
endeavors. In order to be consistent, correet, and, at the
same time less easily misunderstood, it was believed that
the term ™unbound drug" rather than the texrm "free drug"

would be more appropriate in this investigation.

Materials for Equilibrium Dialysis.

After q_uantitative analytiocal methods were developed
to determine the unbound local anesthetic concentrations,
equilibrium dialysis experiments were performed to determine
the extent of binding by the two purified human serum pro-
teins, namely, albumin and gamma globulin., They were chosen
because the ability of blood serum proteins to bind organic
molecules and the physiological consequences of such inter-
actions have been realized for many years (60). Also, it
is known that of the various protein fractions of blood serum,
albumin shows the most significant degree of binding with
organic molecules and gamma globulin is usually associated
with antibody - antigen intexractions (61).
1) Crystallized Human Serum Albumin: This was a crystalline

product obtained from FButritional Biochemicals Corpora-
tion, Cleveland, Chio, lot 5685 (100% pure by electro-
phoresis). The molecular weight of the human serum
albumin was taken as 7.0 X 104.

e g

2) Human Serum Gamma Globulin: This was Fraction II from




3)

4)

32
human serum obtained from Nutritional Biochemicals Cor-
poration, Cleveland, Ohio, lot 2355 (96.3% pure by
electrophoresis).

Dialysis Tubing: The dialysis tubing was obtained from

the Visking Company, Chicago, Illinois. It has an in-
flated diameter of 36 mm. The tubing is a seamless
product made of regenerated cellulose by the viscose
process, Except foar traces of water, glycerin, and
sulfur, the tubing is pure cellulose. It is permeable
to water and will pexrmit the passage of low molecular
welght compounds in aqueous solution while retaining
higher molecular welght materials such as proteins,
Performance of the biuret test on the solution outside
the dialysis bags showed that none of the human serum
albumin or human serum gamma globulin escaped from the
dialysis sacks made of the cellulose tubing. Since
the manufacturer treated the material with a humectant
to prevent brittleness, the tubing was exhaustively
dialyzed in distilled water prior to all equilibrium
dialysis studies in order to remove the material which
was probably glycerin,

Buffers:s The phosphate buffers used in the equilibrium
dialysis experiments were prepared from analytical re-

P

agent grade chemicals. The concentration of the buffers,
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}/15, was selected so as to be large enough to render the
Donnan correction negligible for the protein concentra~

tions used in the equilibrium dialysis experiments (62).

The reagents that were used were Baker's Analyzed Potassium

Dihydrogen Phosphate, KB?PO4, and Baker'!s Analyzed Disodium

Hydrogen Phosphate, NaQHPO4~12H20.
5) Local Anesthetiess The four pure crystalline local anes-

thetic agents used in the study were:
a) Novocaine Hydrochloride, obtained from Mallinckrodt
Chemical Works, S5t. ILouis, Missouri, lot 7172,JTN.

b) Monocaine Hydrochloride, obtained from Novocol Chemical

Manufacturing Company, Brooklyn, New York, lot Hi5.
¢) ZXyloecaine Hydrochloride, obtained from Astra Phar-
maceutical Products, Worcester, Massachusetts,

lot 467.
d) Carbocaine Hydrochloride, obtained from Cook-Waite
Iaboratories, New York, New York, lot R-013-TF.

General Procedure for Data Acquisition.

In order to collect the necessary data for this investi-

gation, the following general procedure was followed far

each experiment:

1) Buffered solutions of various concentrations of the loeal

anesthetic were prepared so as to encampass as closely

as possible a 100-fold to a 1000-fold concen
range of the drug.
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3)
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Two sets of duplicate dialysis assemblies were set up

for each concentration of the local anesthetic used.

a) Ome set of duplicates had blank dialysis assem-
blies containing btuffered drug solutions oubside
the dialysis bags and plain buffer solutions
inside the dialysis bags. This set acted as a
control. |

b} The other set of duplicates had dialysis assem-
blies containing buffered drug solutions outside
the dailysis bags and buffered protein solutions
inside the dialysis bags.

After equilibrium had been established, the concentrations

of the loeal anesthetic of both sets of dialysis assem-

blies were determined by the appropriate gquantitative
methods and the average values of the first set were
used to indicate the concentrations of the drugs before
dialysis and the average values of the second set were
used to indicate the concentrations of the drugs aftex
equilibrium had been reached, Use of the {irst set of
dislysis assemblies eliminated any error in the experi-
ments which might be csused by adsorption of the drugs
to the dialysis bags. The concentration of the proteins
of the second set was low enough to obviate any Donnan

P

effect which might occur but at the same time high
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enouvgh so that, at the highest concentrations of the

drugs used, the ratios of the concentrations of the

proteins to the concentrations of the drugs approached
the ratios of these entities when found in the living
organism upon injection of the drugs.

From the appropriste mathematical analysis of the data,

the results of the experiments were graphed in order %o

detexrmine the number of statistical binding sites, n,

of the drugs on the proteins, if any binding does

indeed occux.

a) One method of determining n is to ploet 1/r as
ordinate versus ?%—— ag abscissa, where r is the
ratio of bound drug molecules to total protein
molecules, and (X) is the concentration of un-
bound drug molecules at equilibrium. The
intercept on the ardinate of the extrapolated
theoretical straight line obtained fram the
points is 1/n, the reciprocal of the numbexr
of binding sites for the drug on the protein.

b) Another method af determining n is to plot 73y
as ordinate versus r as abscissa, The intercept
on the abscissa of the extrapolated theoretical
straight line o‘btainag ';r;mn the graph then is
n, the theoretical numﬁer of binding sites on

the protein far the drug.
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Spectrophotometric Method for Procaine and Butethamine Analysis.

The method seleccted for the determination of procaine and
butethanine was a modification of the method of Zollner (63)
for the colorinmetric determination of diasotizable amines.
Bssentlally, the procedurs consists of diazotizing the free
amino group of procsine or butethamine with nitrous acid
followed by coupling of the disgotization product with thymol
to yield an orange colored product in alkaline solution.
Reagents for Procalne and Bubethamine Determination.

1) Q.15 BCl - The HCl solution was prepared fram DuPont's
Hydrochloric Acid Reagent (36.5 - 38.0% by weight)
dissolved in distilled water,

2) 0.5¢ ¥aNQ, = This solubtion was prepared fresh daily
from Bakert's Analyzed Sodium Witrite (erystal) dis-

solved in distilled water.
3) 0,5 ol in . Bthanol - A 0.5% Thymol solution
in Bthyl Alocohol was prepsred fresh daily from Baker
and Adams, U.S.P., Thymol (crystal) dissolved in 95%
Ethyl Alcohol.
4) 5% FaQH - This reagent was prepared by dissolving
Bakerts Analyzed Reagent Sodiwn Hydroxide pellets
in distilled water,
Experimental Procedure for Prqu}ne and Butethamine Debtermine

ation.
An aliguot of the aqueous solution containing 0.1 mg.
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to 1.0 ng. procaine«dCl or bubtethanine HC1 was pipetted into
a2 100 ml, volumetric flask. In some cases where the volume
of the aliquot was relatively large, the solution was aecid-
ified, as a preliminary step, with a few drops of concentrated
hydrochlorie acid to destroy the tuffer capacity of the buffer
in the experimental anesthetic solution. Text, 2 ml. of 0.1
N HCl was added and the flask was cocoled in water. Then 1 ml.
of 0.5% sodium nitrite vas added and the soclubtion was allowed
to stand for 3 minutes., Next, 0.4 ml. of 0.5% alcoholic thymol
solution and 4 ml., of 5% NaOH were added. After mixing, the
volume was brought up to 100 ml., with distilled water and
mixed thoroughly. The optical density of 10 ml. of the orange
solution was measured in duplicate with a Coleman Universal
Spectrophotometer at 465 mp within one hour,

A blank solution containing all of the reagents except
procaine or bubtethamine diluted to 100 ml, with distilled
water was prepared for each set of determinations at the same
time as the cclored solutions containing the procaine or
butethamine, and this blank solution was used to standardize
the spectrophotaneter.

Preparation of a Standard Curve for Procuine and Butethamine.

In ordexr to determine the range over which procaine or

butethamine follows the Beer-ILambexrt law, it was necessary to

prepare a standard curve. The standard curve was _.epared by
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making up vaerious concentrations of procaine -HC1 ar btuteth-
amine+HCl and rumning them through the colorimelric procedure.
e ghandard curve was found to be linear for aliguots of
procaine or butethamine sciitions conbtaining about 0.1 mg.

to about 1.0 mge Beyond this anount of procaine«lCl or
butethamine+sHCl in the final colored solution the standsxrd
curve deviated from Beer's law and in subsequent equilibrium
dialysis experiments, the unecessary volumes of procaine-HCL

or butethamine+HCl solutions were used in ordex to work within
the range over which Beexr's law was applicable.

Data for the standard curves are given in Table IIXI for
procaine+HC1 and in Table IV for butethamine«liCl. The standard
curve for procainesHCl is reproduced in Figure 1 and the
standaxrd curve for butethanine.HOL is reproduced in Figure 2.
Spectrophotometric Method for Iidocaine and Mepivacaine
Analysis,

Various organic buses are known to react with amaonium
reineckate reagent in agqueous solution producing precipitates
vwhich can be isolated, dissolved in acetone, and determined
speotrophotonetrically by measuring the optical density at
530 mp. It has also been found by Ortenblad (64) that under
controlled conditions lidocaine is readily and quantitatively
precipitated by ammonium reineckate so that it ‘oo may be

e

accurately estimated in the same manner. Tt was a modification
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this method that was chosen for determining the concentration

of lidocaine.HCl and mepivacaine«HCl in the equilibrium
dialysis experiments,

Reazents for Iidoecaine and Mepivacaine Determination.

1) HC1l - 6N HCl was prepared from DuPontts Hydrochlorie
Acid Reagent (36.5 — 38.0%4 by weight) dissolved in
distilled water.

2) Ammonium Reineckate ~ The saturated solution was

freshly prepared on the day of use. It was made by
shaking 1.5 grams of the salt with 100 ml. of distilled
water at room temperature for 15 minutes and then
filtering. The salt was obtained from Matheson,
Coleman, and Bell Company, lot AX 1365.

3) Acetone - Bakerts Acetone, N,F., was used without
purification as the solvent for the colored
precipitate.

Experimental Procedure for Iidocaine and Mepivacaine Determin-

ation.

A volume of solution eontaining between 1.0 and 150 mg.
of lidocaine~HCl or mepivacaine+HCl is acldified with HCl to
PH 2 or less, and 5 ml. of a saturated agueous solution of
ammonium reineckate is then slowly added with vigarous
stirring (for every 10 ml. of the ariginal solution). The
mixture is then allowed to stéﬁﬁ for one hour after which
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time the precipitate is collected by suction on a small filter
and washed with two portions of distilled water (2 ml., perxr
' portion)., When drained, the precipitate is dissolved in
acetone while still on the filter and the resulting violet
colored solution is transferred to a 10 ml., volumetric flask
or a 100 ml, volumetric flask depending upon the amount of
lidocaine«HC1l or mepivacaine.HCl which was present in the
original solution. The solution is diluted with acetone and
the optical density is measured in duplicate with a Coleman
Universal Spectrophotometer at 530 mp within four hours by
transferring 10 ml. of the colored solution to a colari-
meter tube. The spectrophotameter is standardized at the
same time by simultanecusly preparing a blank solution
using the above procedure for distilled water,

Preparation of a Standard Curve for Iidoecaine and Mepivacaine.

The range over which lidocaine+HCl or mepivacaine-HCL
follows the Beer-Iambert law was determined by preparing a
standard curve. This was done by making up various concen~
trations of lidocaine«HCl or mepivacaine+HCl and carrying
out the procedure previously described. The standard curve
was found to be linear for solutions containing about 15 to
150 mg. lidocaine+-HCL or mepivacaine.HCl when the final acetone
solution had a volume of 10 ml. In subsequent equilibrium

-
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dialysis experiments, the necessary volumes of lidocaine-HO1
or menivacainesHCl solutions were used in order to yield
colored solutions within tie range over widich Beer's law
was applicables

Iata for the standsxrd curves are given in Table V for
lidocxinesHCL and in Table VI far mepivacainesliCl. The
standard cuxve for lidocaine.lCl is reproduced in PFiguxre 3
and bthe staundsrd curve fox mepivacaine«iCl 1s yeproduced

in Figure 4.




TABLE IIX

STANDARD CURVE DATA FOR PROCAINE.HOL
Optical Demsity

Milligrams of Procaine-HC1
pexr 100 ml, Colored Solutiom

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

(Average)

42

0.159
0.314
0.460
0.600
0.737
0.853
0.962
1.060
1.150
1.230
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FIGURE 1

STANDARD CURVE FOR FPROCAINE.HCl
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Graph of the Data of Table III




IABLE IV

STANDARD CURVE DATA FOR BUTETHAMINE.HOL

Milligrams of Butethamine.HO1
per 100 ml, Colored Solution

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

Optiocal Demnsity
Average

0.158
0.303
0.455
0.592
0.727
0.847
0.951
1.05

1.14

1.22
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STANDARD CURVE FOR BUTETHAMINE.HCl

FIGURE 2
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Graph of the Data of Table IV
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TABLE V
STANDARD CURVE DATA FOR LIDOCAINE.HCL
¥Milligrams of IidocainesHOL " Optical Density
pexr 100 ml, Acetone Solution (Average)
25.0 0,133
50,0 0.258
75.0 0.382
100.0 0.503
125.0 0.62%
150.0 0.730
175.0 0.830

200.0 0.922




FIGURE 3
STANDARD CURVE FOR LIDOCAINE<HC1l
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TABLE VI
STANDARD OURVE DATA FOR MEPIVACAINE.HCL1
Milligrams of Mepivacaine+HCL Optical Density
per 100 ml, Acetone Solution __{Average)
25.0 0.129
50.0 0.260
7540 0.389
100.0 0.513
125.0 0.633
150.0 0.742
175.0 0.848

200.0 0.950




FIGURE 4
STANDARD CURVE FOR MEPIVACAINE.HC1
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Milligrams of Mepivacaine+«HCl per 100 mle AcetoreSolution

Graph of the Data of Table VI
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CHAPTER V
THE EFFECT OF CONCENTRATION OF SOME LOCAL ANESTHETICS ON HUMAN
SERUM AIBUMIN INTERACTION AT pH 7.0

This part of the investigation into the binding ability
of human serum albumin with proecaine, butethamine, lidocaine,
and mepivacaine was a study of the effect that the concen-
tration of a local anesthetioc has on the binding capacity of
the protein. For each anesthetic agent, in turn, a series of
concentration levels of the anesthetioc was prepared between
about 0,2% and 0.002¢ in M/45 phosphate buffer of pH 7.0.
Duplicate 50 ml. aliquots of these solutions were placed in
the dialysis assembly test tubes ocutside of the dialysis bags.
Within the dialysis membranes were placed 50 ml, allquots of
0.24 human serum albumin also in M/15 phosphate buffer of pH
7.0, Information on the moisture content of human serum
albumin that was necessary in the preparation of the protein
solutions is given in Appendix I, As desoribed previously,
duplicate blank assemblies were prepared in an identical
manner with the exception that inside the dialysis bags were
placed 50 ml, aliguots of phosphate buffer without the protein.
A double knot of the membrsane itself was used to close off the

bag at each end. The uppexr concentration levels of the anes-
50
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thetics were chosen so that the system would aspproximate as
closely as possible the ratio of local anesthetic to serum
albumin thet prevails in the human body when these agents are
ugsed for injection for regional analgesia. In other words,
since the approximate average concentration of albumin in
human serum is about 4% and approximately 2¢ solutions of
local smesthetics are usually used for anesthesia, the ratio
of human sexrum albumin concentration to loeal anesthetic oon-
centration is 2:1. Similarly, since 0.2% concentrations of
human serum albumin were used in the experimental dialysis
systems, and since a concentration of 0.2f of loecal anesthetioc
outside the dialysis bag would result in a ooncentration of
approximately 0.1%€ both outside the dialysis bag and within
the dialysis bag at equilibrium, the ratio of human sexrum
albumin ooncentration to local anesthetic concentration at
equilibrium would approximate a 231 ratio of human serum al-
bumin oconcentration to local anesthetic concentration. A
comparison of the per cent oconcentrations and the corresponding
molarities, used in the dlalysis experiments, of the various
anesthetics for the study is given in Appendix II.

After the dialysis assemblies were prepared, they were
placed in a refrigerator at 4° Centigrade and allowed to reach
equilibrium. The time necessary for the dilalysis process to
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reach equilibrium was found to be between three and four days
so that each set of dialysis experiments was allowed to equi-
librate at least four days before chemical amaiysaa of the
anesthetic solutions outside of the dialysis hags were carried
out accsraing to the procedures discussed in Chapter IV.

A comparison of the pH value before and after esauilibrium
dialysis showed that no change in pH ooccurred during the course
of the experiment. The blank assemblies were used to indicate
the exact initial concentrations of the looal anesthetics
since twice the concentration of the local anesthetic outside
oX the dialysis bag in a blank set-up at equilibrium would be
equal to the initial concentration of the local anesthetic
ontside of the dlalysis bag for the experimental assembly.
Any exrors caused by evaporation of the solutions during
dialysis and interaction of the local anesthetics with the
dialysis membrane were eliminated by this procefure. As
already mentioned previously, the I;eiman effect produced by
the relatively large charged protein molecnles was held in
abeyance by the relatively high concentrations of buffer that
were used, thereby reducing the Donnan effect to the point
where it may be oonsidered negligidble,

Results for each of the human serum albumin~local anes-
thetic equilibrium dialysis sy?tema at pH 7.0 are shown in
the accompanying Tables VII 't:hr;ug.h X. The first c¢olumn in
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each table shows the initlal anesthetic concentration that

was obtained by doubling the concentration of the blank system
at equilibrium. The second column gives the unbound anesthetioc
concentration, (X), at equilibrium from analysis of the experi-
mental dialysis assemblies, The other columms depict the
calculated values of r, 1/(X), 1/r, and x/{X) from the data

of the first and second columms and the fact that the consen-
tration of bound local anesthetic 1s equal to the algebraie
difference between the concentration in the first columm and
twice the concentration of the seocond column.

The ooncentration ranges over which interaction between
human serum albumin and the local anesthetioc agents was found
differed to some extent far each of the agents studied, as
sgen In the tables, Graphical representations of the ranges
are shown in Figures 5 through 8 where appropriate plots were
made in accordance with the linear equation [33] that was
ovtained in the theoretical treatment of systems exhibiting
maltiple equilibria in Chapter III. The theoretical inter-
pretation of these data and graphs is not clear since detailed
information of the molecular gtructure of the protein has not
been fully established.

The four anesthetics appear to fall into two distined
classes with regard to their adbility to interact with the

-

protein., Thess classes seem to parallel the two kinds of
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internal chemical linkage found in these agents, namely, the
estexr linkage in the case of procaine and butethamine and the
anide linkage in the case of lidocaine and nepivacaine. In
any event, the ability of the protein to bind these agents

is not exactly the same although the data bring out the faob
that the statistical number of binding sites on the protzin
for the anesthetic agent ig about two in all cases. It may
well be that the number of binding sites on the protein in
the case of these agents is governed by thelr approximate
equal sige and the concentration range of binding depends
upon their charge distribution in reference Lo the charge
distribvution of the protein at this particulaxr pH value Lar,
certainly, the hydrogen ion concentration does influence the
net electrical charge on or near the surface of the protein
molecule as a reflection of the number of positively and
negatively charged groups found within the molecular structure
of the protein molecule.
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EQUILIBRIUM DIALYSIS STUDY ON THE HUMAN SERUM AIBUMIN--PROCAINE

erimental Conditions:
g.g%, Temperature 40C

sy PH 7.0, Ionic Strength 0.15, Phosphate

Buffer M/15.

Initial Procaine«HCL
Concentration Outside
of Dialysis Bag,

(Molarity)

6.716 X 10~3
54052 X 1079
50555 X 1073
1.238 X 10~

1.036 X 10~3
3.82 X 10~4

2.99 X 10™4
1.55 x 10™4
T.50 X 107
1/(X)
3,00 X 10°
4.% X 102
5.9 X 10°
1.67 X 107
2,00 X 107
5.56 X 107
7.14 X 10°
1.40 x 104
3.05 X 104

HYDROCHLORIDE SYSTEM AT pH 7.0

Human Serum Albumin Concentration

Unbound Procaine+HCL
Concentration, (X),
Outside of Dialysis
Bag at Equilibrium,
(Molarity)

3.330 X 10~
2,503 X 10~3
1.670 X 10=3
6.00 X 104

5,00 X 104
1.80 X 104

1.40 X 10~4
7.15 X 10~

3.30 X 102
1/r
0.51

0.55
0.60

0.75
0.80

1.30
1.52
2.86
5.00

Moles Bound
Procaine+HCl
Moles
Albumin,

r
1.96
1.82

1.67

1.33

1.25

0.77

0.66

0.35

0.20

r/(X)
5.88 X 102

7.28 X 102
1.00 X 107

2.22 X 109
2.50 X 107

4.24 X 107
4.75 X 10°
4.90 X 10°
6.06 X 10°
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FIGURE 5
BINDING OF PROCAINE WITH HUMAN SERUM ALBUMIN AT pH 7.0
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Plot of Equation [33]
Graph of the Data of Table VII
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EQUILIBRIUM DIALYSIS STUDY ON TPHE HUMAN SERUM ALBUMIN--BUTETHAMINE
HYDROCHLORIDE SYSTEM AT pH 7.0
e R e
i} o
Initial Butethamine+.HC1l Unbound Butethamine-HCl INoles Bound
Concentration Outside Concentration, (X), Butethamine.HC1
TUEgLEe  praesnipi Rel
(Molarity) r

7.250 X 10™2 3.602 X 10~3 1.72
2.587 X 10™2 1.270 X 10~3 1.66
1.522 X 10~3 7.40 X 10~4 1.47
9.97 X 10~4 4,80 X 10™4 1.30
5.07 X 10~ 2.38 X 10~4 1.08
3.43 X 10~4 1.60 X 10~4 0.80
1.06 X 10-4 4.82 X 105 0.34
7.54 X 10=5 3.37 X 1072 0.28

1/(X) 1/r r/(X)
2,78 X 10° 0.57 4.87 X 10°
7.87 X 10° 0.60 1.31 X 103
1.35 X 107 0.68 1.98 X 103
2.08 X 103 0.77 2.70 X 10°
4.20 X 10° 0.93 4.54 X 10°
6.25 X 10° 1.25 5.00 X 107
2.07 X 104 2.94 7.04 X 102
2.97 x 104 3,57 .o 8.32 X 107




58

PIGURE 6
BINDING OF BUTETHAMINE WITH HUMAN SERUM ALBUMIN AT pH 7.0
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Plot of Bquation [33]
Graph of the Data of Table VIII
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EQUILIBRIUM DIALYSIS STUDY ON THE HUMAN SERUM ALBUMIN--LIDOCAINE
HYDROCHILORIDE SYSTEM AT pH 7.0

p&rim% n}:f% ) Conditionst Human Serum Albumin Goncentration 0.2%,
M%rzgara 490, pE %6%5 Ionic Strength 0.15, Phosphate Buffer,

L 3
Initial Iidocaine.HC1 Unbound Iidocaine.HU1 Moles Bound

Concentration Outside  Concentratiom, (X), %éocainesﬂg&
of Dialysis Bag, Outside of Dialysis oles T
Bag at Bguilibrium, Albumin,.

{(Molaxity) (Molarity) r
3.94 X 10~4 1.70 X 10-4 1.90
1.74 X 10~4 6.04 X 10~ 1.76
9428 X 10~5 2,34 X 1070 1.62
7.32 X 10~ 1,63 X 10~2 1.42
6430 X 10™9 1.29 X 105 1430
4,94 X 40-5 8485 £ 1076 1.1
5.28 X 10~5 4,85 X 106 0.84
1.81 X 10~5 2.42 X 10=6 0.46
1.03 X 105 1.82 X 406 0423
A/(X) i/r ' r/(X)
5.88 X 107 0,53 1.12 x 104
1.66 x 10* 0,57 2.92 X 104
4.27 x 104 0.62 6.92 X 10%
6.13 x 10% 0470 8.70 X 104
7.75 x 10t 0,77 1.01 X 10°
1.13 X 10° 0.90 1.25 X 10°
2,07 X 10° 1.23 . 1.68 X 10°
4.13 X 10° 2.17 | 1.90 X 10°
i5.49 X 10° | 435 1.26 X 10°
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FIGURE 7
BINDING OF LIDOCAINE WITH HUMAN SERUM AIBUMIN AT pH 7,0

I | | |
— - 4'0
ui
b=
-\
;
O
—20 3
®fe
5
SO
n
| ] ]
0.5 1,0 1.5 2.0

r = Moles Bound Iidocaine s Moles Total Albumin

Plot of Bquation [33]
Graph of the Data of Table IX




TABIE X 61

EQUILIBRIUM DIALYSIS STUDY OF THE FUMAN SERUM AIBUMIN--MEPIVACAINH
HYDROCHIORIDE SYSTEM AT pH 7.0

?ggerimenﬁa; Condit s Human Serum Albumin Concentration 0.2%,

mﬁmgerau ) Agﬁ, B)i g,g, Ionic Strength 0,15, Phosphate Buffer
15. '

Initial Mepivacaine+HOl  Unbound Mepivacaine+.HCl lioles Bound

Concentration Outside Concentration, (X}, Mepivacaine
of Dialysis Bag. Outside of Dialysis Moles a
Bag at Equilibrium. Albumin,

(Molarity) (Molarity) r

1.09 X 104 3.00 X 1072 1.70

6.30 X 10~ 1.26 X 1072 1.32

4.70 X 105 7.65 X 10™° 1.11

4.34 X 105 7.40 X 1076 1.00

2.66 X 1072 3.55 X 106 0.68

1.08 X 107 8.25 X 10~7 0.32

7.32 X 100 5,45 X 10~7 0,22

1/(x) i/ r/{X)

3.33 X 10% 0.59 5.66 X 104

7.94 X 10* 0.76 1.05 X 10°

1.31 X 10° 0.90 1.35 X 10°

1.35 X 10° 1.00 1.45 X 10°

2,82 X 10° 1.47 1.92 X 10°

1,24 x 10° 3,13 3.87 X 10°

1.94 x 106 4.55 4,27 X 10°
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FIGURE 8
BINDING OF MEPIVACAINE WITH HUMAN SERUM ALBUMIN AT pH 7.0
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CHEAPTER VI

TEE EFFECT OF CHANGES IN pH ON HUMAN SERUM AIBUMIN BINDING OF
LOCAL ANESTHETICS

The experimental procedure comprising this phase of the
study on the interaction of human serum albumin with the local
anesthetics procaine, bubtethamine, lidoeaine, and mepivacaine
was an investigation into the effect that the pH value of a
solution of a loecal anesthetic has on the binding ability of
the protein at several concentrations of each of the local anes-
thetics, As in Chapter V, a series of concentration levels of
each anesthetic was prepared between approximately 0.2% and
0.,002% in M/15 phosphate buffer. Two different pH values of
buffer were used, namely, pH 6.8 and pH T.2. Infarmation on
the binding of each anesthetic agent for a series of the same
concentration levels at pH 7.0 was already discussed in Chapter
Y. Also, as before, duplicate 50 ml. allquots of the anes-
thetic solutions were placed in the large test tubes used for
dialysis and within the dialysis bags were placed 50 ml. ali-
quots of 0.2% human serum albumin also in M/15 phosphate buf-
fer at the corresponding pH values, Duplicate blank equilibrium
dialysis set-ups were prepared for the experiments at pH values
6.8 and T.2 as they were for the experiments at pH 7.0. After

63,
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preparation of the dialysis tubes, the assemblies were placed
in a refrigerator at 4° Centigrade and allowed to equilibrate
four days before spectrophotametric analyses of the anesthetic
solutions outside of the dlalysis bags were carried oubt ao-
cording to the usual procedures. MNeasurements of the pH
values of the tubes before and after equilibrium dialysis
showed no change in pH of the tubes during the course of
the expexriment.,

Results for each of the humen serum albumin-——looal
anesthetic equilibrium 4ialysis systems at pH 6.8 an& at
PH 7.2 are tabulated in Tabdblss XI through XVIII. The first
and second colwms list the initial anesthetic concentrations
outside of the dialysis bags and the unbound anesthetic con~
centrations outside of the dlalysis bags at egquilibxrium,
regpeotively. The remaining four columns list the caloulated
quantities from the information glven in the first two columns,
Tables XIX through XXII indicate the results of fitting
straight lines accoarding to statistioal procedures to the
data given in Tables VII through XVIII using the straight
line equations

- =-Etm [33]

x %”"?m‘:: {;) i [52]
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that were derived previously in Chapter IXI. The data for
equation [33] and the fitted straight lines are plotted in
Figures 9 through 12 for each of the local anesthetios used
at the three pH valves 6.8, 7.0, and 7.2, The ocurves for all
three pH values for each anesthetio, in turn, are shown on
one graph for the sake of faocilitating comparison of the
binding data at these three pH values, A shoxrt treatment

of the mathematies of Litting straight lines to linear data
is presented in Appendix IV.

The data and the graphed results show that each of the
four local anesthetics exhibit variation of the extent of
their binding with man serum albumin in accordance with
variation in pH. However, in the pH range chosen for the
study, the approximate statliastical nmuber of binding sites
of each of the loocal anesthetics far the protein remains in
the neighborhood of two. Again, the thearetical interpre-
tation of this information coupled with the fact that each
anesthetic has an upper concentration level above which
saturation of the protein with local anesthetlic molecules
is as complete as possible (percentage of binding of anes-
thetic is a minimun) seams to justify the hypothesis that
the extent of binding of a partiocular local anesthetic agent
with human sexum albumin is some function of the ionie

Py

charges on both the anesthetic and the proteln and the




66

number of binding sites on the protein for the anesthebloe

is some function of the structural size of the local anes-
thetic with respect to the struoture of the binding sites on
the protein. Whether or not a direct relationship exists
between the ionie charges of both the anesthetic and the
protein and the extent of binding on the one hand, and
whether or not a direct relationship exists between the
molecular size of the local =nesthetic and the number of
binding sites on the other hand, camot be decided from the
information and manipulation of date attempted in this work,
but it 1s hoped that this study will lead to a better under~
standing of the interaction that ocours between human serum
albumin and local anesthetic agents. Also, from the results
gatherad here 1t camnot be comjectured that all other known
local anesthetic agents will behave similarly under these
same conditions, More detailed infarmation concerning the
nolecular structure of hman serum albumin must be attained
before this will become possible,

In recent years there has arisen the firm conviotion
that not only the chemical but also the physical properties
of proteins, or at least many of them, can be given a rational
explanation in terms of the amino acié composition, if this is
suffiaienﬂy well-known and ocan be adequately interpreted.
However, one of the most mWam features of the amino
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acid analyses of proteins at the present time ls that the
results have little meaning., To a limited extent they are
useful for agsessing the nutritional values of proteins but
they do not explain at all true biologleal functions, that
isy why one protein i1s an engyme, another & hormone, ancther
a structural protein, another a toxin, and so on. However,
in spite of this pessimistic view, it is probably true that
many properties of proteins, including the binding properties
one aspect of which is the basis of this study, will became
explicable in terms of the amino acid composition., It is
clear, though, that knowledge of the ordexr of the amino acids
in the peptide chains, the arientation of groups in the folded
chains of the native proteins, and the effect of the juxba-
position of a group, or grows, on the properties of any
single type of side c¢hain must be obtained before such an
intexpretation becomes posaible,

Although certain chemical groups are known to be respon-
8ible for some of the simpler properties of proteins, far
example, the distribution and comcentration of cationic and
anionic g:ro?u@s determine the isocelectric point and electro-
phoretic mobility, there is still little or no evidence to
correlate the properties of a protein with its oonstituent
groups. Isolated experiments on a few proteins have revealed

o

that certain groups are essential for blologleal activity to




be maximal. Por example, phosphokinases, transaminase,
succinic dehydrogenase, and many other enzymes reguire the
intactness of their sulfhydryl growps; insulin requires
disulfide and phenoxyl groups, and the lactogenic hormone
of the pituilary requires the presence of free anino grouwps,

Therefore, although physical and biological properties
of proteins are not simple functions of their constituent
groups, 1t is obvious that these groups must be the funda~
mental determinants of these properties. The relationships
between composition and function will be more clearly defined
when the following factors are establisheds |

1) The inflnence of various side chains, both indi-
vidually and collectively, uwpon the properties of any one
side chain.

2} The modification of function induced by

a) movement of groups alone a peptide chain and
b) the folding of peptide chains,

3) What groups, individually and collectively, are
essential for a particulax function.

Such relationships may become clear when the intermediate
peptides from the initial dipeptide and upwards become avail~
able for study. Prom a review of the rapid progress that has
occourred in profein analysis in the last few years, it seems
most probable that the developﬁiezrt of this field of study
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will not be long delayed,

A glance at Tables XIX through XIIT will reveal that the
arder of magnitude of the intrinsic affinity constants, k,
of mman serum albumin for procaine and butethemine is 109,
whereas for lidooaine and mepivacaine the order of nmagnitude
of k 45 10°. This result indicates that the affinity of human
serum albumin foar either procaine or butethamine is weakex
than the corresponding affinity of human serum albumin for
either lidocaine or mepivacaine. Therefore, the interpreta-
tion may be made that thia may be one of the reasons why each
of these pairs of local anesthetlces, namely, procaine and
butethamine on the one hand and lidocaine and mepivacaine
on the other hand, have different concentratlon ranges over
which changes in binding from maximel binding to minimal
binding were found in these experiments. Perhaps, local
anegthetic agents that interact more strongly with human serum
albunin behave differently in certain respeots, whether
chemical or physiologieal, than local aneathetic ageunts that
interact less strongly with human serum albumin,
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EQUILIBRIUM DIALYSIS STUDY ON THE HUMAN SERUM AIBUMIN--PROCAINE
HYDROCHLORIDE SYSTEM AT pH 6.8

P%m; gon&i% ionst Human Serum Albumin Qoncentration 0.2%,
ﬁ%xgem e 4°Cy, PH 6.8, Ionic Strength 0.13, Phosphate Buffexr
Initial Procaine«HQOL Unbound Procaine«HC1 Moles Bound

Concentration Outside  Concentration, (X}, Procaine. HC
of Dialysis Bag, Outside of Dialysis oles
Bag at Bguilibrium. Albumine

(Molarity) {(Molarity) T
4,520 X 10™3 2,240 X 10~3 1.68
1,640 X 10™2 8.00 X 10~4 1.40
8,76 X 104 4,25 x 104 1.07
6.13 X 10~ 2.93 x 10~4 0.95
4.65 x 10™4 2.20 X 104 0,80
3.44 X 104 1.63 x 104 0.63
2.00 X f0~4 9,38 X 105 0.43
9,24 X 10™3 4,32 X 10~5 0.21

1/(X) 1/ r/(X)

4,46 X 102 0,60 7.50 X 102
1.25 X 107 0.7 1.75 X 107
2.36 X 10° 0.93 2,53 X 10°
3.41 X 10° 1.05 3,24 X 10°
4,55 X 10° 1.25 3,63 X 10°
6.13 X 10° 1.59 5,87 X 107
1.07 x 104 2.32 4.58 X 10°

2,06 x 10* 4,76 -+ 4.86 X 10°




TABLE XII (i

EQUILIBRIUM DIALYSIS STUDY ON THE HUMAN SERUM AIBUMIN-.PROCAINE
HYDROCHIORIDE SYSTEM AT pH 7.2

paﬁmental gonditions: Human Serum Albumin Concentration 0.2%,
H%ngera e 480, pH Te2, Ionic Strength 0.16, Phosphate Buffer
»

Initial ProcainesHCl Unbound ProcainesHC1 ¥Moles Bound

Concentration Outside  Concentration, (X), Procaine«H0l
of Dialysis Bag. Outside of Dial ysis oles .
Bag at Equilibtrium, Albumin,
{(Molaxity) (Molarity) o

4.622 X 103 2.284 X 10™3 1.90
3.384 X 10~3 1.667 X 10~3 1.75

2,263 X 10~3 1.108 X 10~3 1.64

9,99 x 104 4,81 x 10~4 1.28

6.23 X 10™4 2.97 X t0~4 1.02

3.60 x 104 1.69 X 104 0.76

3.27 X 1074 1.55 X 104 0.60

1.38 x 104 6.37 X $0~° 0,36

4,09 X 10™5 1.88 X 10~3 0,12

1/(X) i/r r/{X)

4,39 X 102 0.53 8.32 X 10°
5,98 X 102 0457 1.05 X 10°
9,00 X 10° 0.61 1.48 X 107
2,08 X 10° 0.78 2,66 X 107
2.96 X 107 0.98 3.44 X 10°
5,92 X 10° | 1,32 4,50 X 10°
6.45 X 10° 1.67 .., 5.7 X 107
1.57 x 10% 2.78 5.65 X 10°

5.32 x 0% 8.33 6,40 X 10°
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FIGURE 9

COMPARISON OF BINDING OF PROCAINE WITH HUMAN SERUM AILBUMIN AT
pH 6.8, pH 7.0, AND pH 7.2
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Plot of BEguation [ 33} at
a) pH 6,8 — open circles
b) pH T.0 -~ dots
¢) pH 7.2 — X!'s

Graphs of the Data of.Tables VII, XI, and XII
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BQUILIBRIUM DIALYSIS STUDY OF THE FUMAN SERUM AIBUMIN--BUTETHAMINE
AYDROCHIORIDE SYSTEM AT pH 6.8
emm;zen’ci 4%@}%%%3 Buman Serum Albumin Concentration 0.2%,
M/M@ : - oo 5.5, Ionic Strength 0.13, Phosphate Buffer
Initial Bubethamine«H0l Unbound Butethamine.HOl Moles Bound
Concentration Outside Joncentration, (X}, Butethamine. HOY
of Dialysis Bag. Qutside of Dialysis oles To
Bag at BEquilibrium. Albumin,

{(Molaxrity) (Molaxity) r
4.322 X 103 2.172 X 103 1.64
1.884 X 107 9.20 X 10™4 1.50
1.340 X 40~ 6.70 X 104 1.34
9.47 X 10-4 4,57 X 10-4 1.16
5,55 X 10~4 2.64 X 10™4 0.96
4.49 x 104 2,43 X 10~4 0.85
3,33 X 104 1.57 x 104 0.70
1.49 X 104 6.9 X 103 0.38

1/(X) i/ r/(X)

4.69 X 102 0,61 7.55 X 102
1.09 X 10° 0.67 1.6% X 10°
1.49 X 107 0.75 2,00 X 103
2.19 X 10° 0.86 2.55 X 107
3.79 X 107 1.04 3.64 X 10°
4.69 X 10° 1.18 4,00 X 107
6.37 X 103 1.43 4.47 X 10°
1.45 x 104 2,63+~ ¢ 5,50 X 107




TABLE XIV 14
EQUILIBRIUM DIALYSIS STUDY ON THE HUMANW SERUM AILBUMIN--BUTETHAMINH
HYDROCHICRIDE SYSTEM AT DpH 7.2
Experjmental cm@t;gﬂ: uman Serum Albumin Concentration 0.2%,
ﬁ‘;};geimture 4°C, pH T2, Ionic Strength 0.16, Phosphate PBuffer,
Initial Butethamine.HC1l Unbound Butethamine+HOL Moles Bound
Concentration Cutside Concentration, (X), Butethamine.HQ
of Dialysis Bag. Ontside of Dialysis oles Tota
Bag at Bguilibrium, Altumine.
(Molarity) (Molarity) r
5.465 X 10~3 2,706 X 10~3 1.84
3.570 X 1073 1.760 X 103 1.76
2,547 X 10™7 1.250 X 103 1.65
1.608 X 1073 7.81 X 104 1.60
1,228 X 10~3 5692 X 10~4 1.55
8,50 x to~4 4.05 x 104 1.37
6,39 x 10™4 3.01 x 1074 1.28
4,06 x 10~4 1,89 X 10~4 1,00
3.45 x 10™4 1.59 X 10~4 0.92
1/(X) 1/r r/(X)
3,69 X 102 0.54 6.80 X 102
5.68 X 10° 05T 1.00 X 10°
8.00 X 10° 0.60 1.32 X 107
1.28 X 10° 0.63 2.05 X 10°
1.69 X 107 0,65 2,62 X 10°
2.47 X 10° 0.73 3.38 X 107
3.32 X 10° 0.78,., 4424 7 107
5.29 X 107 1.00 5.30 X 103
6.29 X 107 1.09 6.85 X 10°
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FIGURE 10

COMPARISON OF BINDING OF BUTETHAMINE WITH HUMAN SERUM ALBUMIN

AT pH 6.8, pH 7.0, AND pH 7.2
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T = Moles Bound Butethamine & Moles Total Albumin

Plot of Bquation [33] at
a) pH 6,8 -- Open circles
b) pH 7.0 — dots
C) pH T2 ~ X's

Graphs of the Data of Tables VIII, XIII, and XIV
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TABLE XV T6

EQUILIRRIUM DIALYSIS STUDY ON THE HUMAN SFRUM ALBUMIN—LIDOCAIRE
HYDROCHIORIDE SYSTEM AT pH 6.8

Mm t di‘ti $
1/ 15. e -
of Dialysis Bage
(Molaxity)
3.12 X 104
1.45 x 1074
9.53 X 10~
7.39 X 1072
5,80 X 10~
4.6 X 10~
2.83 X 10~5
1.835 X 10~
1/(X)
7.69 X 107
2.01 x 10t
3,68 X 10%
5.62 X 10°
7.87 X 10%
1.14 X 10°
2,06 X 10°

3,91 X 10°

Pumen Serwn Albumin Concentration C. z%,
Ionic Strength 0.13, Phosphate Buffex

Unbound IddocainesHOlL  Moles Bound

Conoentravion, (X), W

%2*%%‘%%%& Adbomin

ity) T

1.30 x 10~¢ 1.82

4,97 X 1072 1.60

2,72 X 0~ 1.43

1.78 X 10~P 1.34

1.27 X 10~5 1.44

8.77 X 10~ 1.00

4.85 X 10~6 0,65

2,56 X 10™6 0.46

1/ x/(X)

0.55 1.40 x 104

0.63 3.22 X 104

0.70 5,25 X 104

0.75 7.53 x 104

0.88 9.00 x 104

1.00 1.14 X 10°

1.54 1.34 X 10°
1.80 X 07

2,47 .,




TABIE XVI 17

BQUILIBRIUM DIALYSIS STUDY ON THE HUMAN SHRUM AIBUMIN~-TIDOCATNE
HYDROCHIORIDE SYSTEM AT DPH 7.2

Experimental Conditions: Miman Serum Albumin Concentration 0.2%,
T?mperaﬁure 49C, PH T.2, Ionic Strength 0,16, Phosphate Buffer
M/15.

Initial Ilidocaine«HOL1 Unbound Iidocaine«HCl Moles Bound

Concentration Outside Concentration, (X), IidocaineHO
of Dialysis Bag. Ooutside of Dialysis “Toles Tota
Bag at Iquilibriumm, Albumin,.
(Molaxity) {(Molarity) r

2,01 X 10~4 7.40 X 10~5 1.85

1.40 X 104 4,47 x 10~5 1.78

1.07 X 10™4 3.00 X 10~5 1.64

8456 X 107 2,05 X 10~ 1.56

6.44 X 105 1.29 X 10~ 1.35

5.38 X 10™3 9.75 X 10~6 1,20

4.12 X 10~5 6.6 X 10~6 0.98

2,43 X 102 3,02 X 10~0 0.64

1/(X) /v r/ (X}

1.35 x 104 0.54 2,50 x 104
2.24 x 10% 0.56 3.98 x 104
3.33 X 104 0.61 5.46 X 10%
4.88 x 104 0.64 7.60 x 104
7.75 X 104 0.75 1.05 X 10°
1,03 X 10° 0.83 1.25 X 10°
1.51 X 10° 1.02 1.54 X 10°

5.351 X 10°

1 Q56 s r

2,12 1 107
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FPIGURE 11

COMPARISON OF BINDING OF LIDOCAINE WITH HUMAN SERUM ALBUMIN AT
PH 608, pH 73'.0-, AND pH Te2
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r = Moles Bound Iidocaine + Moles Total Albumin

Plot of Equation [33] at
a) pH 6.8 --open circles
b) pH 700 -=Ad0ots
c) pH 7.2 ==Xts

Graphs of the Data of-Tebles IX, XV, and XVI




TABLE XVII 19

BQUILIBRIUM DIALYSIS STUDY ON THE HUMAN SERUM ALBUMIN--MEPIVACAINE|
HYDROCHIORIDE SYSTEM AT pH 6.8

erimental Conditionss Human Serum Albumin Concentration 0,2%, f
Slp crature 4 sy D Oy Idﬂiﬁ S‘kr%g‘bh 0;13’ ?h@’ipmtﬁ Buffar :

. |

Initial Wepivacaine*HCl Unbound Mepivacaine«HCl Mcles Bound
Ooncentration Outside Concentration, (X), 1 :
of Dialysis Bage Outside of Dlalysis

' Bag at Equilibrium.

(Holarity) (Mo ty)
2,64 ¥ 10~4 1.08 X 10-4
1.14 x 104 3.48 X 107
7.24 X 107 1.69 X 105
5,83 X 10~ 1.20 X 102
4,58 X 10~ 8429 X 10~5
3.37 X 105 5,00 X 10~9
1.42 X 10~ 1,64 X 10~°
1/(x) 1/x r/(X)

9.26 X 10° 0460 1.55 X 104
2,87 X 104 0.65 4,43 X 104
5.92 X 10% 0.74 8.00 X 10%
8.33 x 104 0.83 1.00 X 109
1.21 X 10° 0.98 1.23 X 10°
2,00 X 10° 1.20 1,66 X 10°

6.10 X 10° 2,63 2,32 X 10°




TABIE XVIII 80

EQUILIERIUN DIATLYSIS STUDY ON THE HUMAN SERUM AIBUI‘?IIIQMI%EQ?IVAGAIBA
HYDROCHIORIDE SYSTEM AT pH 7,2

BExperinental Qonditions: Human Serum Albumin Concentration 0.2%,
’i’?m}_)era”uwra 45G, o (»2, Ionic Strength 0.16, Phouphate Buffexr
/5.

Initial Hepivacaine«HCl Unbound Mepivacaine .HOl  lMoles Bound

Concentration Outside - Concenvwabtion, (X), Mevivacaine.HQL
T e et MUY TR
(Molarity) {(Molarity) x

1.81 ¥ 10—% 6,33 X 10™° 1,90
8.45 X 1072 1,91 X 10-5 1.62
6.73 X 10~5 1.32 X 10~5 1.43
5434 X 10~ 7.94 X 10-5 1.34
3.38 X 10~> 3.44 X 1C=6 0.94
2.44 X 10~5 2,17 X 10-° C.70
1.54 X 10™7 1.11 X 106 0.46
1/(X) t/r x/(X)
1.84 x 104 0.53 2,00 X 104
5,24 X 10% 0.62 8.47 X 10%
7,50 ¥ 104 0470 1.08 X 10°
1,26 X 407 0.76 1.65 X 107
2.91 X 10° 1.06 2.73 X 10°
4.61 X 107 1,43 .22 X 10°
9,01 X 10° 2,47 4415 X 10°
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FIGURE 12

COMPARISON OF BINDING OF MEPIVACAINE WITH HUMAN SERUM ALBUMIN
AT pH 6.8, PH 7.0 AND pH 7.2
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r = Moles Bound Mepivacaine + Moles Total Albumin

Plot of Bquation [33] at
a) pH 6.8 -- open circles
b) pH 700 - dots
¢) pH 7.2 — X's

Grephs of the Data of Pables X, XVII, and XVIII
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TABIE XIX

PITTING STRAIGHT LINES TO BQUILIBRIUM DIALYSIS DATA OF PROCAINE
HYDROCHIORIDE AND BUTETHAMINE HYDROCHIORIDE

The equation, derived previously in Chapter I1II,
_.(.%.. = - kr + Im, [55]
when compared with the equation of a straight line,
y=mnx+ b,
Jields the following:

pH 6.8 70 T.2
n -2.88 X 105 ~3.13 X 10° -3.27 X 107
) 5.75 X 10° 6.49 X 107 6.89 X 107
x 2,88 X 10° 3.5 X 107 3.27 X 10°
n 2.0 2.4 2.1
pH 6.8 7.0 7.2
n 374X 10° 486 X 10°  ~6.31 X 10°
b 7.05 X 103 9.19 X 10° 12,15 X 107
X 3.74 X 10° 4.86 X 10° 6.31 X 10°
n 1.9 1.9 1.9
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FITTING STRAIGHT LINES T0 EQUILIBRIUM DIALYSIS DATA OF PROCAINE
HYDROCHIORIDE AND BUTETHAMINE HYDROCHIORIDE

The equation, derived previocusly in Chapter III,

i e e ad [>2]

when compared with the equation of a straight line,
y=mx + b
yields the followings

pH 6.8 T.0 T.2

n 1.70x 907* 1,52 x 104 1.47 X v0~4
b 0,51 0,50 0.51

X 2.94 X 10° 3,29 X 10° 3.40 X 10°
n 2,0 2.0 2,0

pH 6.8 7.0 T2

n 1.44 X 1074 1.06 x 1074 9.10 X 10
b 0.52 0.55 0.51

X 3.65 X 10° 5,05 X 10° 5.78 X 10°
n 1.9 1,8 1.9
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TABLE XXI

FITTIRG STRAIGHT LINES TO BQUILIBRIUM DIAIYSIS DATA OF
LIDOCAINE HYDROCHICORIDE AND MEPIVACAINE HYDROCHIORIDE

The equation, derived previocusly in Chapter 1II,

-(-%- = - kr + Jon, [33)
when compared with the equation of a straight line,
; ¥y =mx + b,
yields the following:

v
;i 6.8 7.0 T2
m ~1.18 X 10° ~1,26 X 10° ~1,32 X 105
b 2.26 X 10° 2,60 X 10° 2.77 X 10°
X 1.18 X 10° 1.26 X 10° 1.32 X 10°
n 1.9 2.0 2.%
PH 6.8 7.0 7.2
m ~1.66 X 107 ~2.52 X 10° -2.42 X 10°
b 2,98 X 10° 4.36 X 10° 5.10 X 10°
X 1.66 X 10° 2.52 X 107 2,42 X 10°
n 1.8 1.8 2.0
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TABLE XXII

FITTING STRAIGHT LINES TO EQUILIBRIUM DIA YSIS DATA OF
LIDOCAINE HYDROCHIORIDE AND MEPIVACAINE HYDROCHIORIDE

The equation, derived previously in Chapter III,

..._i.‘v_...a.....?.h.:.. {;) + :1 " [32]

when compared with the equation of a straight line,

Y = mx + bl
vields the following:

Y’»"‘--i-—-a x’“-—é-ro ma—-—%;*i b“""‘}l—"o
Iidocaine Hydrochloride
pH 6.8 7.0 Te2
m 4.86 X 10~° 4,03 X 1076 3,25 X 10~°
b 0,50 0.46 0,50
X 1.03 X 10° 1.20 X 10° 1.50 X 10°
n 2.0 21 2.0
Mepivaocaine Hydrochioride
Y 6.8 740 7.2
m 2,92 X 1076 2.02 X 10~0 1.90 X 1076
b 0.57 0.63 0,47
X 1,90 X 10° 2.97 X 10° 2,50 X 10°
n 1.8 1.8 2,1




CHAPTER VII
THE EFFECT OF CONCENTRATION OF SOME ILOCAL ANESTHETICS ON HUMAN
SERUM GAMMA GIOBULIR IRTERACTION AT pH 7.0

An inquiry into the behavior of procaine, butethamine,
lidocaine, and mepivacaine in the presence of buffered human
serun gamma globulin solubions was made in this portion of
the study. As in the previous two phases, a series of dif-
ferent concentravions of each of the local anesthetios was
prepared between about 0.29 and 0.002% levels in ¥/15 phos-
phate buffer at pHE 7.0. Two sets of 50 ml. aligquots of each
of these solutions were placed in the dialysis assemblies
outside of the dialysis bags. Also, 50 ml. aliquots of 0.1%
human seruns gamma globulin in the same buffer were placed in
the dialysis bags. The moisture content of human sexum gamma
globulin for solution preparation purposes is reported in
Appendix ¥V, Again, as in previous dialysis set-ups, duplicate
blank assemblies were prepared in an identical manner with
the exception that within the dialysis bags were placed 50
ml, aliquots of phosphate buffexr without the protein. The
upper ooncentration levels of the local anesthetic agents
were chosen so that the system would contain a ratio of
local anesthetioc to sexrum ganma globulin similar to the

86
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ratio that prevails in the human body when these agents are
employed for injection to produce local analgesia. Therefore,
since the approximate average concentration of gamma globulin
in human serum is about 2% and approximately 24 solutioms of
local =mestheties are usually used far anesthesia, the ratio
of human serum globulin concentration to local anesthetioc
concentration i3 1:1, Similarly, since 0.1% concentrations
of hhman serum gamma globulin were used in the experimental
dialysis systems, and since a concentration of ‘0.2% of looal
anesthetic outside the dialysis bag would result in a concen~
tration of approximately 0.1% both outside the dialysis bag
and within the dialysis bag at equilibrium, the ratio of
humen serwa zamma globulin concentration to local anesthebis
concentration at equilibrium would approximzte a 1:1 ratio of
protein concantration to local anesthetis concentration.
After preparation, the dialysis assemblies were placed
in a refrigeratar at 40 fentisrade wnbil equilibrium had
been established, that is, at least four days. Then chemical
analyses of the anesthetic solutions ocutside of the dialysis
bags were cumpleted aecording to the procedures disoussed in
Chaptexr IV. Investigation of the pH value before and after
the dialysis showed that no change in pH ocourred during the
course of the experiment as was true in the previous experiments
with serum albumin. The blank assemblies were employed bo
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indicate the exact initinl concentrations of the local anes-
thetics since double the concentration of the local anesthetic
outside of the dialysis bag in a blank assemoly at equilibrium
would be equal to the initial concentration of the local anes-
thetic outside of the dialysis bag for the experimental
assembly,

Information for each of the human serum gemma globulinee
local anesthetic equilibrium dialysis‘systems at pH 7.0 1is
glven in the subsequent Tables XXIII through XXVI. The data
of the first column shows each of the concentrations for each
o, the local anesthetic solutions as soon as they were pre-
soxed but before the solutions were placed in the dialysis
assemblies, The second column gives the results that were
obtained for both the blank and the experimental dialyses at
equilibrium since these results were exactly the same, One
column was used to depict these values in order to eliminate
unnecessary duplication., Therefore, the equilibrium dialysis
experiments with the protein within the dialysis bags behaved
in a fashion similaxr to that of the blank experiments which
contained no protein inside the dialysis membrane bags. In
other words, this phenomenon could only be interpreted to mean
that binding of the local anesthetic agents used in this study

with human serum gamma globulin did not occur or was too

e~ g




89

small in magnitude to be capable of measurement by the ana-
lytical nethods used in this iﬁvastigmian‘ Hence, gamma
globuling, at least hman serum gamma globulin, apparently
does not enter into protein--small molecule interactions as
opposed to human serum albumin, which does enter into this
combinaticn.

In order to account for the gpparent differences in the
behavior of human serum albuming studied in Chapters V and
VI, and human serum gamma globulin teward the four local
anesthetic agents used in this work, 1t probadbly is necessary
to look for the explanation in the two main classes of protein
interactions, namely, specific and nomspecific iﬁtaraotiom.
Specificlity is characteristic of the vaat majority of engymatiec
and physiologieal reactions, but one example, serological
specificity, will cuffice to 1llustrate the general principle.
Fairly detailed molecular pichtures have been dcoveloped to
explain this specificity. In seneral, the lock-and-key con—
cepts have been elaborated in detail to include modern in-
formation on atonic siges and interatomie distences. Thus,
the specific interaction of an antibody, a specific gamms
globulin, with an sntigen is attributed to the presence on
the gamma globulin surface of an invaginated region into
vwhich the antigen can fit well, but toward which other ions
or molecules can approach omly with difficulty owing to sterie
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repulsions or to insufficlent imteraction energy becouse of
looseness. It is perhaps unnecesszry to cerry the lock-and-
key analogy to the extent of picturing an actual invaginatiom,
but the postulate of a very specific configuration on the
antivody swxrface which is conplementary to the antigen
structure is certainly the best moleoular interpretation
available at present. AV the other extreme are nonspecific
probein interactions, such as with albumin, in whiech speci-
ficlty 48 essentially nonexistent,

Serun albumin is remarkable for its ability to interact
with a wide variety of smell molecules, The most striking
featwre of this interaction or binding, hmeva::.k is the
lack of any reasonably marked specificity. Changes in the
structures of the bound molecules 4o have some effects on
the strength of binding. Thede chmuges in affinity are not,
however, as large as one wonld expect to find 1f the surface
of the serum albumin molecule were covered with a mosale
of rigid binding sites having a reasonably hizh degree of
complementarity to the necessarily limited number of typesa
of substances which such a mosalc might potentially bind.

In order to accourrt for this the concept of a configarational
adeptability has been provisionally proposed in the protein
field according to which the serum albumin molecule is

P 4

considered to possess a degree of internal flexibility. 4as
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a result, the surface conformation can be changed so as to
establish a measure of complementarity with the surface of
almost any molecule that approaches ity and there is no need
to deal withn a limited number of fixed potential binding
sitesy hence, the use of the term sbtatictical binding sites
in commection with this investigation. A strong point in
suppoet o blus concep’t is the fact that serum albumin does
possess a high degree of internal flexibllity as coampared
with other mroteins, which zlso show a far smaller affinity
for small nmolecules, In a sense, the serum aibumin molecule
behaves like a lump of putty ombo which one can stick an
unlimited nunber of different shapes, This postulate of
configurational adaptability is importent because it shows
that complementarity need not imply specificity. Purther-
mare, it raises the possibility that, in some instances,

the specific complementary struacture may be developed only
when the substrate is present.

To summarize then, there must exist on the serum albumin
rrotein a number of sites, each associated with several side~
chains, which Yo a varying extent can assume a large numbex
of configurations in eguilibrium with each other and of
approximately equal energy. In the presence of vhe propexr
small molecule or ion that configuration is stabllized which
by virtue of its structural réi;ﬁion to the molecule or ion
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permits the various portions of the molecule or ion to ,
interact with sppropriate groups of the protein. Therefore,
in aqueous solutions of serum albuming there are a large
number of configurations of approximately equal energy and
in thermodynamic squilibrium with each other, With proteins
such as gamma globwlin 4t 45 not the unawmilability of the
loei which prevents binding, bub rather the rizid configu-
ration of the sites. How far the concept of configurational
adaptability can be pressed Ho explalin the uvnaveilability of
phenolic or sulfhydryl groups, especially in gamma globulin,
is uncertain. In ionie binding, elecetrostatic Torces are
primarily involved though aided by van der Wazls! inter-
actions, However, coovalent bonds are usvally formed in the
estimation of masked groups in proteins with the usual cheme
ical reagents. Also, the charged groups are generally avail~
able to titration or other means of analysis,




Experimental Conditions: Human Serum Gamma
Globulin Concentration 0.1%, Temperature 4°C,
pH 7.0, Ionic Strength 0.15, Phosphate

Buffer M/15.

Initial Procaine<HC1l
Concentration Outside
of Dialysis Bag on
Preparation.

(Molarity)

7.12 X
3,61 X
7.32 X
S5.72 X
3.57T X
2.85 X
1.86 X
7.04 X
3.56 X
2.86 X
2,21 X
732 X

102

TABLE XXIII

EQUILIBRIUM DIALYSIS STUDY ON THE HUMAN SERUM GAMMA GIOBULIN—w
PROCAINE HYDROCHLORIDE SYSTEM AT pH 7.0

a3

Unbound Procaine-HC1l
Concentration, (X), Outside
of Dialysis Bag at Equilibrﬁmm
for Blank and Experimental
Assemblies,
(Molarity)

3.55 X 10~2

1.79 X 10™2

3,66 X 10~2

2.82 X 10-3

1.76 X 10~

1.42 X 10~3

9.02 X 104

3,44 X 1074

1.74 X 10~4

1.38 X 10~4

1,07 X 104

3,41 X 102

|
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TABLE XXIV

EQUILIBRIUM DIALYSIS STUDY ON THE HUMAN SERUN GAMMA GLOBULIN-—
BUTETHAMINE HYDROCHLORIDE SYSTEM AT pH 7.0

Experimental Conditions: Human Serum Gamme
Globulin Concentration 0.1%, Temperature 4°C,
pH 7.0, Ionic Strength 0.15, Phosphate

Buffer ¥M/15.

Initial Butethamine«HC1 Unbound ButethamineHCL

Concentration Outside Concentration, (X), OCutside

of Dialysis Bag on of Dialysis Bag at Equilibrium

Preparation. for Blank and Experimental
Assemblies,

(Molarity) (Molarity)

7.21 X 10~2 2,56 X 10~2

2,69 X 10~2 1,79 X 10-2

7.30 X 1073 5,60 X 10~3

5.80 X 10~3 2,82 X 10~3

3,57 X 10~3 1.75 X 10-3

2,80 X 10-3 1.38 X 10~

1.78 X 10~3 8.52 X 10~4

6.96 ¥ 10~4 3,49 X 10~4

3,50 X 10~4 1,71 X 10~4

2,82 X 10—4 1.43 X 1074

2,16 X 10-4 1.08 X 104

7.00 X 10~5 3,52 X 10™2
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TABLE XXV

BEQUILIBRIUM DIALYSIS STUDY ON THE HUMAN SERUM GAMMA GLOBULIN-—-
LIDOCLIKE HYDROCHIORIDE SYSTEM AT pH T.0

Faperimental Conditions: Human Serum Gamma

Globulin Concentration 0.1%, Temperature 4°C,
pE 7.C, Ionic Strength 0.15, Phosphate
Buffer M/15.

Initial Iidocaine-HCL Unbound IidocainesHCLl
Concentration Qutside Concentration, (X), Outside
of Dialysis Bag on of Dialysis Bag at Bauilibrium
Preparation. for Blank and Experimental
Assemblies.
(Molarity) (Molarity)
7.30 X 10~2 3,55 X 10~2
3,62 X 10~2 1,80 X 10~2
7.35 X 10~ 3,62 X 103
5.80 X 10~2 2,80 X 10~3
3,57 X 10~ 1.73 X 10~3
2,85 X 10 1.42 X 10~
1.78 X 103 8.60 X 104
7.16 X 104 3,30 X 10~4
3,50 X 10~4 1.66 X 104
2,90 X 10~4 1.41 X 10~4
2.20 X 10~4 1.05 x 10~4
7.08 X 10~5 3,44 X 10~?
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TABLE XXVI

EQUILIBRIUM DIALYSIS STUDY ON THE HUMAN SERUM GAMMA GIOBULIN—
MEPIVACAINE HYDROCHLORIDE SYSTEM AT pH 7.0

Bxperimental Conditionss Human Serun Gamna

Globulin Concentration 0.1%, Temperature 4°0C,
pH 7.0, Ionic Strength 0.15, FPhosphate

Buffer M/15.

Initial Mepivacaine«HCl Unbound Mepivacaine«HC1

Concentration Outside Concentration, (X), Outside

of Dialysis Bag on of Dialysis Bag at Equilibrium

Prepaxation. for Blank and Experimental
Assemblies,

(Molarity) (Molaa:i i)

7,00 X 10=2 3,46 X 10~

3.45 X 10~2 1.68 X 10=2

6.98 X 10~2 3,45 X 102

5.62 X 10™9 2,75 X 102

3.43 X 1077 1.64 X 10~3

2,75 X 107 1.40 X 10™3

1.65 X 10~ 8.62 X 10~4

7.07 X 10~4 5.32°x 10~4

3,54 X 10™4 1.65 X 10™4

2.81 x 10~4 1.36 x 10~4

2,05 X 10-4 1.00 X 10~4

7,00 X 10~° 3,47 X 102




CHAPTER VIII
CONCLUSIONS FROM THIS STUDY AND DISCUSSION OF THE RESULIS IN
REIATION T0 BIOLOGICAL SIGNIFICARCE

Prom the data of Chapters V, VI, and VII and the re-
sulting mathematical caleculations from these data, two main
conclusions can be reached. Pirstly, the binding of the
chosen local anestheties with human sexrum altumin has cexrtain
earmarks of similarity in that all of these agents appear to
bring out the faet that the mumber of hinding sites of these
particular molecules on the albumin molecules :g.s in the
neighborhood of twe. Secondly, the interaction of these
local anesthetics with human serum gamma globulin is, for
practical purposes, negligible, in accordance with the be-
havior of many organic anions and cations in reference to
thelr binding inability with gamme globulin, |

Besides these main conclusions the experimental results
bear out the fact that the local anesthetics studied fall
into two distinet groups in their interaction ability with
human serum albumin., These two groups parallel their mo-
lecular structural make up in reference to the fact that
procaine and butethamine both contain the ester type linkage
whereas lidocaine and mepivacaine both contain the amide type

> F
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linkage. The first two, namely procaine and butethamine,

exhibit minimal binding at higher molaxr concentrations than
the last two, namely, lldocaine and mepivacaine, Exactly what
bearing these facts have on the sum total of the propexties

of each of these agents cannot be decided on the basis of
these observations, However, it may be alluded that the con-
centration range of each of these agents between the occur-
rence of minimum and maximum interaction may be related to
the most common, 2lbeit the most efficient, concentration
levels at which these agents are used for the purposes of
injection for regional analgesia.

Besides what has already been stated in defense of the
method of egquilibrium dialysis that was wsed to carry out
this investigation, the results just mentloned show that
the technique is eminently suited for quantitative studies,
especially when an interaction is to be explored through a
range of drug concemtrations, In this way, nearly ccmplete
saturation of a protein with a given drug can often be
achieved and information of prime physiecal and chemical
importance derived., It is one of the few methods of choloe
in this type of endeavor and it is both quantitative in
its results and thermodynamically sound in theory, for it
is a measure of the change in the thermodynamie activity
of the reactant (that is, locsY anesthetie) species, Thermo~
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dynamic activity, used here in its usual physicochemical
sense, is a definite funotion of the concentration of a given
active moiety, in this ocase the unbound local anesthetic, and
is obtained by determining the algebraic profuct of the aoce
tivity coefficient and the concentration. However, the method
of equilibrium dialysis does not yield acocurats information
about the status of an interaction in the blood serum in
vivo., Even if whole serum containing the substence under
study is dialyzed, physiological conditions will no longer
be present because of the dllution of the aquecus phase,
S8hould the drug-protein interaction be reversidble, disso-
elation may occur and nelther the amount bound éer mole of
protein nor the fraction of the total amount of drug bound
will necessarily reflset the state of affairs before equi-
librium was disturbed.

As a ward of explanation for the cholice of human versus
other sources of serum proteins, such a2 bovine or equine
sources, the following comment is offered, It has been
established in many instances that nmost drugs that exhibit
binding to proteins are bound to about ths same extent by
human, bovine, and horse serum proteins, a2 fortunate coin-
cidence since these are the common sources of albumin for
experimental work, In general, hovever, the camplete un-

predictability of speoles aiffgrencea and the variation of
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relative binding power with different drugs dictate cautiom
in transferring interaction data from one species to ancther.
It should be emphasized that the most fundamental aspect
of the interactions of drugs with serum proteins is that these
diverse comblnations must be regarded as model systens for
elucidating the nature of the primary interaction of each
drug with i1ts protein receptor in the body. In some instances
the affinity for serum proteins seems to parallel the primary
potency of a drug. Iavis and Wood (65) showed that this is
true in the sulfonamide series and another parallel situation
has been indicated in the competition of certain substances
for kidney tubular excretion and for binding to albumin. This,
however, is not always the case and, cerbvainly, not the general
rule. Por example, even among the sulfonamides, acetylation
abolishes antibacterial action without affecting protein _
binding. Also, penicillins X and X, in the absencc of albumin,
are both more pobent antibacterials than G, although the order
for affinity or binding for alvumin is K> 3>X. Again, in
the barbiturate series, interaction with protein cannot be
correlated with either therapeutic potenoy or susceptidbility
to metabolic destruction in the human body. In fact, simple
parallelisms are not to be expected. Only as the nature of
the forces that are responsible for interaoction specificlty

are explained and an insight':,i;;lto the precise nature of the
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protein surfaoe is achieved, shall the understanding of the
binding phenamena be advanced, for it must be remombered that
although no specificlty exists between the two interacting
moleculaxy species, they have a seleotive affinity for each
other,.

A practiecal consequence of binding or interaction studies
is thet some drugs or other substances may be combined with
local =nesthebtics and other materials to potentiate their
action., For example, it is known that pobessium salls enhance
the analgesic effeet of proceine. However, Infiltrstion of
tissues with solutions containing potassium usually causes
pain, edema, ond redness in the post-anesthetic period. Pro-
wins, also, are kunown o potentiate loeal analgesice action.
Fost commonly, gliadin, humaen plasma, and serum albumin, when
added to procaine, are known to prolong its effect, The same
is true for other loczl anesthetioc agents. The increase in
duration, however, is not remarkable from a cliniecal stand-
point and usually the benefits derived are not worth the effort
in the preparation of the solutions. Theee facets, then, at
the present +time, have a theoretical value or significance
at best.

The behavior of human serun albumin toward loocal anes-
thetic as determined in this investigation is explainable by
the theory that zmino acid resf{dues with -OH growps, on the
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protein, interact preferentially with -C00™ side chains.
This intermnal binding or interaction demands that an organic
cation must have a much higher interaction to be bound at
a =000~ site than an organic anion requires to be bound at
an SNH* site. Among molecules of similar size and structure,
anions are therefore bound much more strongly than c&tions;
in this study, the cations are local anesthetics when pre-
pared in soclution as the hydrochlorides,

The results that were obtained in this investigation with
human serum gamma globulin bvear out the concept that this pro-
tein fraction of blood is, more than likely, not linked with
the production of foreizn proteins, Rather, as is well-known,
the gamma globulins are primarily concerned with antivody
production. The severity of an allerglc reaction to a par-
ticular local anesthetic is possibly a measure of the ability
of an organism to synthesize antibodies versus the foreign
proteins that are produced when human serum albwain complexes
with local anesthetics, Ordinarily, antibody formation is
thought of only as a method of protection, while the harmful
efTects that can be produced by the presence of circulating
antibodies is overlooked. As a matter of faect, antibody
formation is a reaction of the body azainst foreisn high
molecular substances, having its counterpart in the body's

reaction against low moleculdy “weight substances, which is
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termed detoxication. It should be borne in mind that both
detoxication and antibody responses are the result of special
conditions, and may be harmful as well as beneficial to the
organism.

Since there is no difference in the number of binding
gites but only in the degree of binding at these sites, for
the local anesthetics used in this study with human serum
albumin at the pH values investigated, namely, 6.8, 7.0,
and 7.2, it may probably be safe to say that near the normal
body pH values, the hydrogen ion concentration does not ma-
terially influence the statistical binding sites of the pro-
tein for local anesthetics. If this conjecture~is correct,
probably some levity in the preparation of anesthetic so-
Jutions for injeotion use, with reference to the pH of the .
solutions, is permitted. It might be noted, however, that
the ability of local anestheties to block nerve impulses of
the sclatic nerve in decapitated frogs decreases as the pH
is lowered appreciably, that is, as the degree of ionization
increases., Therefare, the ability of local anesthetics to
block nerve impulses may not bear a direct relationship with
the binding of these agents. However, a study of the binding
of local anesthetlics at pH values farther removed than a few
tenths of a pH unit from neutral or pH 7.0 would introduce
another unphysioclogical fac‘boic:,' besides those already present,
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into the artificial, bul yet justified on theoretical grounds,
conditions wnder which this project was carried out.

Alkalirization of solutions of local anesthetic drugs
has been recommended, although samevimes unsuccessfully, to
enhance the local anesthetic effeots, bui the proeceducre is
of doubtful value. Although the free base znd not the hydro-
chloride salt is the agent which penelrates into the cell and
causes the physiologleal change attributed to a local anese
thetic, regardiess of the pH that a solution may have before
injection, il becomes adjusted to the pH of the tissuves after
injection by virtue of the bufifer acition of the eleciwolytes
in the tissue {luids. Xost anestbhetic 503.{1%:3.01’3;?’ that are
used clinieally are acid in reaction because they are pre-
rared from the salls and theiy pl value is raised to that
of the tissues uwpon injectione. Idkewice, the pH of alkaline
solutions is loavered to that of the tissues upon injection
with the yesult that the effects of previous alkalimization
are nullified.

One fundamental question which any investigation into
the binding of proteins with dxrugs raises is whether or not
and under what conditicns the common interactions of drugs
with proteins in the serum are capable of giving Tise o
antigenicity, and if so, under vwhat conddtions. There is

no particular evidence in the llteravure or in the present

-
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investigation to suggest a strict parallelism between affinity
for serum proteins and allergic potentiality, but this does
not bear won the question., Obviously, interactlons of a

drug with a serum protein ar proteins are not a sufficient
condition far =llergy, becanse, for example, 21l penicillin
treated patients would Yeoome sensitive Yo this drg since

it does exhibit protein binding. Whether irrtei'actﬁ.on of the
kind carried out in this work i2 a necessary condition ve-
n2ins to be proved,

Frem thermodynanic considerationz and the theary of
multiple equilibria discussed in Chapter III the following
approximate caleoulations may be made. First of “all, from
oquation [22] of the theory of multiple eqailibria and the
valuca of the intrinsie affinity constants, k, at pH 7.0
for example, far the anesthetic agernts studied, the values
of the equilihrium constants, ke, are approximately 6.3 X
103, 9.7 X 103, 2.5 X 10°, and 5.0 X 10% for procaine,
butethamine, lidooalne, and mepivacaine, respectively. Next,
respective values for the equilibriunm coﬁstmts. ka, are
approximately 1.6 X 107, 2.4 X 107, 6.3 X 104, and 1.3 X
105, Then, according to the theory of thermodynamles, the
free energies of binding, or mare comonly, the binding
encrgies, at 4° Centisrade far the equilibria corresponding
to these constants are a‘.pg:frmﬁ:n:z;'tely ~4.85, -5.,10, -6.89,
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and ~7.27 respectively, far ky, and approximately -4.10,
~4434, —~6.12, and -6.50 respcctively, for 3512, in Xkilocalories
per mole, caleulated from the egquation
AF° = -RT In K.
Here 4 F° is the standard free energy of binding, R io the
gas law constant, T ig the absolute tenperalure, and ¥ is the
appropriate equilibrium constant, ity or kz.. From the resulbs
it can ve seen that the binding energy values are largey in
absolute magnitude for the interaction of the first local
anegthetic molecule with haman serur albumin in the reaction
P + X =K
than far the imteraction of the second loecal smesthetic
molecule with human sexum albumin in the resction
PX + X = ¥X,,
where P is the pmobtein znd X is the loecal =zmesthetic azent.
These results are valid ify in the first place, the
nunber of actual binding sites on the human serum albumin
molecule is two for the local snesthetics procaine,
butethamine, lidocaine, and mepivacaine, o0y the formu-
lation given sbove is valid only if bthe interaction of the
first local aresthetic ion does not influence the binding
of a second ion except to the extent that there is one less
gite to which the second ion can avbtach itself, Ions that

are successively bound do frégquently intersct, This means
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that at times electrostatic interaction is conziderable and
ecan creatly outweish the statistical effect, There can likee
wise be van der Waalst internction between organic ioms; this,
no doubt, occcurs in the interaction of local anesthebic agents
rith human serum albumin, A dlsewssion of this tyve of inter-
action in referernce to this study will ve made now,

As two atoms appreach each other there is a weak at-
raction vhich is »rimarily electrostatic in natvre, This 4s
known 28 the van der Waals' attraction force and varies as
the sizxth power of the distanee between the atoms, The enexrgy
of such a "bond® is about 4000 ealories ner mole and is of
importance in maintaining the orystal structure of many come
vomds, At shorter distances of sepavation a powerful wvan
der Wanlst repulsive foren becmes effective which is similar
in nature and magnitude to the farces of chemical bond forw
mation and 4is due 4o the overlapping of the elestronie dis~
tribution of the resneetive atoms, Ia o crysial these van
Ser Waalsy attractive and repulsive forces are balanced at
a certain distance of approach of the atoms, By means of
X-ray diffraction studies, 1% 43 possidle to measure the
distance separating atons in a arystal and, accordingly,
to assimm a so-called van der Waols' radius to the atem,
his distance remresemts the closest approach that can be

made to an atom without chemical bond formation., Those
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radil are useful in comgtrueting moleocular models and a
chemical bomd results when the repulsive farces are over-
come end btwo atoms approach closer than the sum of their
van der Weals'! radli., There are several farms which this
interaction hetween the two atoms coan assume and which leads
to the formation of different types of chemical bonds. The
ionie bond involves a discrete transfer of electrons from
one atom to the other, whereas a covalent hond results when
two electrons are shared by the two atoms. Various hybrids
of the ionie ond covalent bonds are possible,

In any postulated strueture of n protein vhich 18 %o
be nsed for fully explaining interaction phenomeha the bond
distances and bond engles must have socepbed values, The
values to be regarded as acceptable are those derived fram
X-ray studlies of small molecules, such as amino 20ids and
small peptides, and the chance of any larsge deviations from
‘the average valnes is mgﬁg&b&m The most important feature
is that the six atoms of the peptide growp (~0-CO-NE-(-)
inveriadbly lie in a plane, or very nearly so. This is ab-
tribtuted to resonanee, which is also responsible for the
relatively sherd (FEF-00) bond. The stroeture retains freedom
of motion in spite of the planarity of the peptide bond,
rotetion being possidle about the two single bonds sttached
t0 each carbon atom. Apart fraf the covalent bonds, which
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are usually obtained from amino aclid sequence studies, the

most important links in structures of proteins are the hydrogen
bonds, such as (FE ¢ + « 0C) or (OH « +» « 00), From results
of investigations obtained thus far, virtually all the HH,

CO, OH or similaxr groups vwhioch the structure contains are
somehow linked up in hydrogen bomds; but the particular groups
paired to one another cannot be predlocted. The stereochemical
conditions which a hydrogen bond must satisfy are not so re-
strictive as those governing covalent bonds, but the bond
distance and bond angle must fall nevertheless within certain
limits. Pinally there are the van der Waals' contacts between
neighboring atoms. These are not directional bonds nor are
the permissible distances very preclsely determined. However,
a structure cannot have van der Waalst! "bonds" which are
unacceptably short. All in all, the conditions imposed by
stereochenistry are very severe, and the number of con-
figurations allaved by them for a structure is often very
small, This does not necessarily mean that all the allowed
configurations can be simply discovered. These comsiderations
and the complete amino acid sequence of human sexrum albumin
and most othexr proteins have not yet been completely worked
out so that an all inclusive explanation of the binding sites
and binding phenomena of human serum albumin cannot be given
at this time, T
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A comparison of the binding energies of the hydrogen
bonds, (FH « « » O0) and (OH « » - QC) of proteins, which
are in the vieinity of 3.5 and 6.0 kilocalories per mole,
respectively, with the approximate 5 kilocalories per mole

free energy of interactions of lecal arestheties and human
serum albumin shows that the ablility of some local anesthetie
agents, at least, to bind with protein lies between these
two types of hydrogen bonding. The approximate value of
5+0-7.0 kilocalories per mole obtalned in this study prob-
ably means that the competition of local anesthetic agents
for protein sites is greater between the hydrogen bonding
(OH + « « 0C) than between (NH  » + OC), everything else
being equal. This must ve the c¢ase since much less energy
is liberated in the farmation of the (WH « « « 0C) hydrogen
bonding than in the formation of the (0H « « « 0C) hydroszen
bonding. In any case, the local anesthetic agents probably
conbine at the sites, on the protein, which are left over
from (NH « « « 00) and (OB ¢« « « OC) hydrogen bonding, pH,
tempearature, ionic strength, concentration, and other con-
ditions altering this campetition one way or another depending
upon the yet unknown ccnfigum‘bion of the protein under any
set conditions,

As a recapitulation it may ve desirable to review the
chemical aspects of protein binding of small ions with
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reference to the binding of local anesthetic agents with
human serum albumin, These aspects were listed in Chapter I.

1) Determination of the number of interacting molecules
held by a human serum albumin molecule under specified environ-
mental conditions resulted in & range between zero and two
molecules of local anesthetic pexr molecule of protein depending
on the ooncentration of the local anesthetic,

2) Determination of the maximum number of sites on a
human serum albumin molecule available to a local anesthetio
interacting species resulted in an approximate statistical
value of two.

3) Thermodynamic considerations of the st:re;ngth of the
bond between the protein and any given local anesthetic used
in this study gave a value in the neighborhood of 5000-T000
calories per mole as the binding energy of a local anesthetic
with human serum albumin,

4) The effect of pH on the extent of binding of human
serum albumin with local anesthetics was discussed in Chaptler
VI and showed that the pH of a solution of a local anesthetio
and the protein affects the extent of binding at a particular
concentration of local anesthetic, but the pH does not affect
the maximm number of binding sites.

5) Ooncerning the structural characteristios of the
interacting molecules which favar combination with human




12
sexum albumin in this study, it may be said that the inter-
acting local anesthetic agents belong to two main classes
depending upon whether they are ester type local anesthetices
or amide type local anesthetics, The amide type local anes-
thetics seem to be bound more strongly.

6) The molecular and configurational nature of the site
on the protein at which a given local anesthetic agent 4is
bound will be intimately dependent upon the yet to be complete
elucidation of the details of protein structures in general
and human serum albumin in partiocular.

It rust be realized at this point that the prediction and
analysis of small molecule-protein interactions undexr physio-
logical conditions is a long way from the study of these same
chemlioals in relatively simple, artificial systems., However,
the determination of the nature of such interactions undex
artificial conditions is sure to serve as a gulde to the
behavior of living systems.,

In ordexr to consider the pharmacological overtones into
which this investigation has encroached, it may be best to
begin by looking into the role that local anesthetic agents
play with respect to the interference in the conduction of
nerve impulses, In fact, the field of drug action on axonal
conduction is limited to blocking drugs known as local anes-
thetics. Both the chemical medhanisms responsible foxr the
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observed electrical phenomena in the conduction of nerve
impulses along nerve axons and the chemical mechanisms of
drug action on axonal eonduction are not completely under-
stood. However, the view has no emerged that the electrical
events in a nerve fiber are governed by the differential
permeability of its surface membrane to sodium and potassium
ions and that these permeabilities themselves depend upon the
elactric field across the surface. The interaction of these
two factors leads, at a certain oxritical threshold level,

to excitation, that is, to a regenerative release of electrical
energy from the axon membrane and the propagation of this
change along the fiber in the farm of a brief, all-ox-none,
electrical impulse called the spike or action potential.

The nexrve oell wall is normally positively charged on
the outside and negatively charged on the inside, This means
that there is a tendency for electrically charged particles
to move across the membrane in response to this charge or
electrical potential., The only charged particles of con-
sequence in this comnection are ioms in agqueous solution.

In fact, for the purpose of discussing the principal features
of the nerve signal, the structural picture can be reduced
to that of a long oylindrieal tube with a surface membrane
which separates two aqueous solutions of equal osmolarity
but of differemt chemical compoSition, In the external
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medium, more than 90% of the osmotic balance is made up of
sodium and chloride loms while inside the cell, these lons
account for less than 109 of the solutes, potassium taking
the place of sodium, and various organic anions, presumably
synthesized within the cell itself, taking the place of chlo-
ride. Therefare, the concentration of sodium ions is about
ten times highexr outside of the cell than inside and the
concentration of potassium ions is about 30 times higher
inside the cell than outside, Thus, there is a potential
difference across the cell membrane of some 60 to 90
millivolts while there are no detectable potential dif-
ferences within the interior of the narmal resting cell,

The structure of the oell membrane is such that 1t
is relatively impermeable to the large hydra'ted sodium ions
and an active metabolic mechanism dependent on oxidative
processes literally "pumps® sodium ions out of the cells,
According to present views of the ionic maintenanes mecha-
nisms of the resting cell, it is the cellular metabolism
that 1s responsible for the upkeep of ionie concentration
differences between the cell and its surroundings. This
is aoccomplished by synthesizing large organic anions which
cammot diffuse through the membrane and by providing the
energy for an active ion-exchange mechanism, expelling
sodium ions and accumulating potassium ions, possibly one
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for one. The oell membrane has a generally extremely low
ionie permeability so that even in the complete absence of
pumping action it would take many hours before the sodium/
pobassiun concentration gradients ran down., The ioniec pexr~
meability of the resting membrane, apart from being small,
is also differentially very selective, that to potassium
being much higher than to sodium, so that the potential
difference across the resting membrane is approximately that
of a potassium concentration cell., Although it does not quite
reach this level, it would 4o so only if the sodium permea~
bility were negligible. Be this as it may, as in most in-
stances of Specific cellular utilization of metabolic energy
yields, there is no theary at present to explain how the
driving reaction of the sodlum pump is geared to the express
purpose of expelling sodium iomns and "piling up® potassium
ions,

A suitable stimulus brings about a momentary revexsal.
of the eleotric potential across the nerve cell membrane
and this is what is measured as the nerve impulse, Why the
electric potential is reversed instead of merely destroyed
is not thoroughly understood. It is due, in part at least,
to a marked and specific alteration of the ionic permeability
of the nerve membrane to sodium ions, These ions rush through
the membrane into the cell mamentarily (for about one milld-
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second or less) and the excess of cations tims created inside
the cell forces potassium ions ocutward to neutralize the
potential difference. During the recovery prooess sodium
ions are pumped to the outside of the cell and potassium ions
move inside, and the normal state of polariszation is thus
restored. It should be noted that the eleotrical return of
the system during the impulse is not brought about by a
reversal of the ionic movement but by the leakage of an
equivalent quantity of potessium ioms, Both sodium and
potassium are moving downhill during the impulse, but the
gquantities are so small that no detectable change of the
internal concentration would occur during one impulse, and
there is plenty of time for the pumping process to restore
the chemical situation in resting periods later on.

The reversal of potential across the membrane at the
site of ‘the nerve impulse causes a sudden flow of iems through
the adjacent axonal membrane. This flow of ions is sufficient
to trigger a depolarigation with a resulting action potential
in this area, and by repetition of this process the impulse
is propagated without decrement along the axon resulting in
conduction or propagation of the nerve impulse,

The flow of ions initiated by the approaching nerve
impulse is believed to tause the release of acetylcholine
from an inactive precursor. Thé released acetylcholine
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triggers a receptor protein in such a way as to cause de-
polarigation of the membrane, Then acetylcholine is destroyed
by acetylcholinesterase and resynthesized later by choline
acetylase for storage. S3ince many local anesthebics contain
chenical structures resembling acetylcholine, it is possidble
and most probable that they compete with the enzyme or enzymes
governing this chain reaction and thereby interrupt the
vropagation of the nerve impulse,

If it is conjectured, in the light of the results of
this study that local =mesthetie agents interact with hman
serum albumin under specified conditions, that the receptor
protein, which acetylcholine triggers in the propagation of
the nerve impulse, is an albumin-like protein, it is possible
that the blocking of the nerve impulse by a loeal anesthetie
is brought about by the binding of the local anesthetic com-
pound with the receptor protein, in competition with acetyl-
choline, In this way, then, it may well be that local anes-
theties accomplish the antiacetylcholinesterase activity
usually attributed to them. In other words, the blocking
of acetylcholine action by local anesthetics may be carried
out by inactivating the receptor protein by means of binding
or interaction.

The statistical effect of this binding or interaction,
as determined by this study, ¢ah be sppreciated by comparing
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the situation faeing a local asnesthetic molecule, X, as it
approaches a hman serum albumin molecule, P, with the
situation when it approaches the caomplex, PX. In the latter
case, the number of binding sites open to the local anesthetio
molecule, X,; is only one, whereas two binding sites were
avallable to the loecal anesthetic molecule, X, approaching
the human serum albumin molecule, P. Therefare, the chances
of a successful interaction in the case of X approaching PX
are only one~half that of X approaching ¥, and thus the
probability of forming the second complex, PX5y 15 less than
that of forming PX. Another statistical effect working
against the formation of ¥X,e 28 oompared to PX, arises even
after the complexes have been farmed. In the case of sz,
there are two positions at which a single X molecule ma,yk be
removed, since the first X molecule as well as the second
molecule may cane off, Therefore, the chance of PX, dis-
soclating a single X molecule is twice as much as that of the
complex, PX, losing a single X molecule, Tharefore, again a
probability factor is present which tends to reduce the
concentration of the camplex, PX,. Then, from the thermo-
dynamic standpoint discussed previously, kg, will be reduced
if the concentration of PX, is reduced and A F,° coxresponding
o ko will not be as negative as it would have been 1f the
probability factor were not ‘¢ferative, In addition to the




119
statistical effect, there is the other factor, discussed
previocusly, which tends to reduce the relative stability of
the complex, PX,, as compared to the coamplex, Px.v Since ions
are being bound; charged units and, furthermore, species of
like charge are being dealt with. Therefore, it is to be
expected that the first bound local anesthetic ion would
exert an electrostatic repulsion tomard an approaching second
ion. Again, the tendency of the second local anesthetic
ion to be bound by PX would be reduced, and hence the strength
of the bond decreased.

¥odern concepts concerning the structure of proteins
emphasize regularity in the pattern of occurrence of amino
acid residues within the proteins, Hore simply, the fact
that the fundamental peptide chains are all derived from
peptide bond formation through the alpha carboxyl and alpha
anino groups insures a strict spacing of the emergent residues
along the peptide chain. This spacing between two peptide
bonds is, therefore, a very regulaxr distance called the
identity distance and is equal to aboub 3.6 Angstroms, It
is especially interesting, in view of the "two site binding
results® obtained in this investigation of the interaction of
local anesthetic agents with human serum albumin, that studies
throughout the past decade relating various types of phar-
macologic activity to intramolebular distances between
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groupings in various series of drugs have revealed repeatedly
the identity distance or some whole number multiple of the
identity distance as the distance most readily correloted with
optimum activity. Usually this multiple of the identity
distance is an even-numbered multiple and for many nerve
blocking agents this distance is about 7.2 Angstroms or aboub
twice the identity distance, Therefore, if the multiple sites
which bind a given drug with a protein are in reality the
enersent anino aclid residues of a protein, it is not surprising
that the distances on the protein involved with drug activity
follow the multiplicity rule with respect to the identity
distance. In the present case, since the approximate length
of the acetylcholine molecule is about eight Angstroms and

the approximate length of the local anesthetic agents is in
this same vieinity, there may be same connection between the
"drug activity" of both acetylcholine itself and the local
anesthetic agents which may take its place on the receptor
protein, and the fact that their lengths are a little greater
than twice the identity distance.

Recently (66,67), experiments have been performed which
seem to show that the so-called receptor rrotein that is
believed to be involved in the nerve impulse transmission
mechanism has been isolated from an extract of electric

tissue of Electrophorus electricus (electric eel), First,
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there is a striking parallel between the binding of curare
and related campounds to this protein in solution and their
affinity for the receptor as measured by their effects on
the electrical activity of the isolated electrophax. This
interaction was studied by equilibrium dialysis under con-
trolled conditions of pH and ionic strength. Also, testing
of the binding to the protein of a whole series of choline
derivatives showed that acebylcholine was bound most strongly.
Interaction of the protein with procaine and other loeal
anesthetics has also been found which was strikingly parallel
to the graded action of the compounds on conducting membranes
of both nerve and electroplax as well as on synapses of
electroplax, These obsexrvations strongly support the assump-
tion that the isolated protein is indeed the receptor. The
protein has been purified to a considerable extent, to es-
sentially one component in electrophoretic studies, and
refinements in the isolation are still being contimied.
However, thus far, the complete identity and structure of
the protein, as is true in the case of most proteins of
biological importance, has not been completely worked out,
Therefore, whether or not the receptor protein is partially
or completely identical with the human serum albumin used
in this investigation cannot be decided at this tinme,

In conclusion, therefore, it may be said that the
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interaction of local anesthetics with human serum albumin

may have biologleal significance from two viewpoints. First,
the binding of local anesthetics with the protein may have
one or more effects on the injection concentration, in the
immediate neighborhood of a nerve, of the local anesthetic
that is necessary for initiating proper and lasting analgesia,
Second, the interaction may be important in the chemical and
physical phenomena which lead, in the final analysis, to the
local analgesia or nerve block by interfering with the normal
train of events necessary for the conduction of a nerve impulse,
Clarification of this possible dual role of local anesthetice
binding with human serum albumin must await more complete
knowledge of the chemical and physical three~dimensional
picture of this protein.

Also, the failure of luman serum gamma globulin to inter-
act with the local anesthetic agents of this study cannot be
explained until the actual chemical structure of this protein,
likewise, has been determined and elucidated.

The present concept of a protein molecule is undoubtedly
a gross oversimplification. Structural models camnot indicate
the nature of the wide differences between different proteins
such as are found in hormones, engzgymes, blood proteins, and
viruses. Some of the behavior of proteins may reside in

localigzed complex surface patterns or three~dimensional
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templates. This aspect of protein structure is one that is

least known at the present time.




APPENDIX 1

DETERMINATION OF HUMAN SERUM AIBUMIN MOISTURE CONTENT
(Drying to Constant Weight at 105° Centigrade)

Sample Number 1 2
Weinght of Weighing Bottle

and Cover 19.043333. 18.62314¢.
Weisht of Undried Albumin

+ Weishing Bottle and Cover  19.29370g. 18.90460g.
weizht of Undried Albumin 0.25037¢g. 0.28146g.
Weight of Dry Albumin +

Weishing Bottle and Cover 19.28161¢z. 18.89182g.
Weipght of water Lost 0.01209¢g. 0.01278s.
Percentage Water Content 4.83% 4.54%

Average Percentage Water
Content of Human Serum
Albumin 4.69%
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APPERDIX II

125

A COMPARISON OF THE PERCENTAGE CONCENTRATIONS AND MOLAR CONCEN-
TRATIONS OF SOME OF THE LOCAL ANESTHETIC SOLUTIOFS USED IR THE
EXPERIMENTS

1) Procaine.HCl

3)

a)
b)
e)
a)
e)
£)

0.2 = 7.32 X 10~ K
0.1% = 3.66 X 103 M
0.056 = 1,83 X 10~7 M
0,02 = 7.32 X 1074 x
0.01% = 3.66 X 10~4 u
0.,002% = 7.32 X 105 M

I1docaine-HC1 4)

a)
b)
¢)
da)
e)
)

0.2 = 7.38 X 103 ¥
0.1% = 3.69 X 10~J X
0.05% = 1.85 X 10~9 M
0.02¢ = 7.38 X 10~% 1
0.01% = 3.69 X 10~4 u
0.,002% = 7.38 X 10~° ¥

a)
b)
¢)
d)
e)
)

2) Butethamine.HCLl

0.2% = 7.32 X 10™J M
0.1% = 3.66 X 10~2 M
0.05¢ = 1.83 X 10~3 M
0.02% = 7.32 X 104 &
0.01% = 3,66 X 10~4 u
0.002% = 7.32 X 10~5 M

Mepivacaine.HC1

a)
b)
c)
a)
e)
)

0.2% = 7.0T X 10-3 M
0.1% = 3.54 X 10~7 M
0.05% = 1.77 X 10~3 M
0.02% = 7.07 X 1074 M
0.01% = 3.54 X 10~4 M
0.002¢ = 7.07 X 10~ M
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APPENDIX III
FPHOSPHIATE BUFFER'SOLUTégggﬁgggngﬂ EJUILIBRIUM DIALYSIS
pH Molarity ionic Strength
6.8 M/15 0.133
7.0 /15 0,148
T2 1/15 0.162

These buffers were prepared by mixing volumes of solutions
of M/15 secondary sodium phosphate (Nazmﬂ%) and M/15 primary
potassium phosphate (KH2P04), in proper proportion, and
checking the pH of the resulting solutions with a pH meter.
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APPENDIX IV

FITTING A STRAIGHT LINE TO LINEAR DATA
All straight lines in a plane are represented by rec-
tangular coordinates by the formula:
¥y = mnx + b.

This formula is completely characteriged when the constants

m and b have been determined. One method that is used in the
determination of the constants m and b is the n;e‘t;hod of leas?t
squares. In this method, the sum of the squarés of deviations
of given values from the mean is minimized through the methods
of the calculus to yield values for m and b such that their
variability about the mean is weighed with respect to both
their rmumber and their degree of individual variation. The

resulting formulas for m and b are

m o= DXy =2x3y
nZz2 - (Zx)2

b = gxziz -ZXZ%
nExe = x
where n = number of paired data values,
Zx = gum of all x,

Sy = sum of all y,
S x2 = sum of the squares of all x values,
(3x)2 = square of the sum of all x values,

and
S xy = sunm of the products of all

corresponding pairs of x and y values.




128

APPENDIX V

DETERMINATION OF HUMAN SERUM GAMIA GLOBULIN MOISTURE CONTENT
(Drying to Constant Weight at 1050 Centigrade)

Sample Number 1 2
welght of Weighing Bottle

and Cover 18.3%39172s. 17.90194g.
Weizht of Undried Globulin

+ Weighing Bottle and Cover 18.48514¢. 18.00326g.
Weight of Undried Globulin 0.0935425. 0.10132g.
weight of Dry Protein +

Weighing Bottle and Cover 18.47710z. 17.994673.
Weight of Dry Protein 0.,08538g. 0,092735.
weizht of Water Lost 0.00804g. 0.00859g.
Percentage Water Content 8.61% 8.48%

Average Percentage Watexr
Content of Fuman Serum Gamma
Globulin 8.55%
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