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ABSTRACT

PART I
Rabbit antibodies specific for the 3-(2-methyl=-

piperidino)propyl-p-aminobenzoate group have been prepared
and the inhibition of precipitation of these antihodies

has been studied. It was found that a series of local
anesthetics derived from piperidino alcohols were effective
inhibitors of precipitation in this system. Reasonable
explanations of the serological properties of these drugs
have been given but it has not been found possible to es-
tablish any relation between their serological properties

and their pharmacological properties.

PART II

Clu-carboxyl-labeled leucine has been administered to
immunized rabbits. While receiving the labeled amino acid
they also received intravenous injections of different
antibody solutions. It was found that the normal con-
stituents of the serum incorporated the radiocactivity at
a very rapid rate but the passively transferred antibodies
either did not incorporate this radiocactivity to any marked
extent or else did so only upon the loss of their specifiec

antibody characteristics.
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PART I

HAPTEN INHIBITION STUDIES
WITH A SERIES OF LOCAL ANESTHETICS DERIVED FROM
SUBSTITUTED PIPERIDINO ALCOHOLS.



INTRODUCTION

It has been known for many years that if an animal
is given a series of injections of one of certain high
molecular welght substances called antigens, which are
usually protein in nature, there is produced in the serum
of the animal certain modified proteins called antibodies
which react visibly in vitro with the antigen used for im-
munization. Many investigators have explored the specifi-
city of the reactions and the properties of the substances
involved (1) (2) (3)e The introduction by Wu (4) of the
methods of quantitative chemical analysis and their exten=-
sive application by Heidelberger and Kendall (5) and others
made possitle a far more precise characterization of the
various phenomena, particularly the precipitin reaction in
which the soluble antigen forms a specific precipitate when
added in suiltable concentration to the serum of the immune
animal.

There are two different ways of performing a precipitin
test. In one, varying amounts of antigen are added to a
constant amount of antibody; in the other, the amount of
antigen is kept constant and the amount of antibody is varied.
A typical precipitin curve obtained with rabbit antibody
performed by varying the amount of antigen shows a maximum
in the amount of precipitate at some antigen concentration.
At lower antigen concentrations there is not enough antigen

to precipitate completely the antibody and at higher antigen
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concentrations soluble complexes are formed with the ex=-
cess antigen. If the concentration of antibody is varied
an inhibition zone in excess antibody can be demonstrated
with horse antisera to proteins but horse antipolysaccharide
and all rabbit systems do not normally give this effect.

The gqualitative features of the reactions of antibodies to

simple substances. Interpretation of the precipitin re-

action in fundamental chemical terms was hampered by the
fact that both reactants (the antigen and antibody) are
macromolecular and of undetermined structure and the deter-
mination of the relative amounts of antigen and antibody

in the precipitate has been difficult. The demonstration
by Landsteiner and his collaborators that antibodies can

be prepared with specificities directed against groups of
known chemical structure - synthetic haptens - and that they
react with simple synthetic substances whose molecules con-
tain the homologous or similar haptens (6) (7) (8) was a

ma jor advance in this field. Beginning in 1917 Landsteiner
and his collaborators prepared artificially conjugated
antigens by coupling relatively simple chemical substances
to proteins (usually by diazotization), and then by in-
jecting these artificlal antigens they prepared antibodies
to them. The antisera produced were found to contain anti-
bodies capable of combining with the protein used in manu-
facturing the azoprotein and also antibodies with the spe-
cific power of combining with the attached group of known

structure - the haptenic group. In preparing antibodies
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agalnst azoproteins they found that the antiserum not only
has the power of forming a precipitate with the original
azoprotein but also can form a precipitate with a different
azoprotein containing the same or a very closely related
haptenic group. A summary of the results obtained is given
by Landsteiner (l). Of especial interest were the experiments
by Landsteiner and Van der Scheer (9), in which they prepared
antibodies directed against known peptides. These antibodies
were found to be quite specific. Landstelner and Van der
Scheer have also differentiated serologically between <
and £ -aminobenzoylphenylaminoacetic acid (10), and in other
experiments between dextro, levo, and meso tartaric acid
(11) .

Studies with these antibodies to simple chemical compounds
were extended to include the combination with the simple sub-
stances themselves. It was found that for a simple substance
to form a specific precipitate with antibody it is necessary
that its molecule contaln two or more haptens (8) (12).

While all such polyhaptenic substances do not necessarily
form precipitates, no monohaptenic substances do. However,
this statement must be qualified because if a monohaptenic
molecule has a structure that favors the formation of
polymers in saline solution, as among the larger azo dyes,
precipitation with purified antibody is observed to occur -
the polymer is effectively polyhaptenic (13). In serum the
polymerization equilibrium is shifted toward the monomer,

since the concentration of free hapten in solution is greatly
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reduced by its reversible combination with serum albumin
and precipitation may not occur.

Simpler‘monohaptenic substances do not form precipi-
tates even with purified antibody (13). It has been demon-
strated however that monohaptenic substances actually combine
strongly with antibody. Landsteiner showed that the presence
of monohaptenic substances specifically inhibits the preci-
pitation of antibody by polyhaptenic azoproteins (7) or
simple substances (8). This phenomenon has been applied
by Landsteiner and others (1) and by Pauling, Pressman,
Campbell, et al. (12) in extensive studies on specificity
and its structural interpretation. Marrack and Smith (1L)
presented direct evidence for combination by eaq ilibrium
dialysis experiments. They found that when a hapten was
dialysed against its specific antibody the hapten accumulated
in the antibody solution. Their results were confirmed by
Haurowitz and Breinl (15). Lerman (16) has used the method
of equilibriuwn dialysis in an attempt to estimate the free
energy change of hapten combining with antibody and similar
experiments have been reported by Eilsen and Karush (17).

The quantitative theory of the reactions of antibodies to

simple substances. Paullng and his coworkers have developed

a quantitative theory for the precipitation of antibodies
to simple substances and have extended this theory toc cover
hapten inhibition in these systems. An outline of their
theory follows. Pauling et al., (18) considered an

idealized antigen-antibody system in which the solution
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contains antigen molecules A, antibody molecules B, soluble
complex molecules ApB, and molecules AB in equilibrium with
a precipitate AB. They assumed that the two bonds in AEA
are equal in strength and hence that the equilibrium con-
stants for the two reactions

A + B = AB A + AB == AoB
differ only by the entropy factor l, being LA and A re-
spectively. A is the equilibrium constant for combination
of a single haptenic group of an antigen molecule and a

single complementary region of an antibody molecule. They

derived the equation

A Brop) = Fpiat =S — 4. -~ Bpras
W i 2 A2A45 i
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in which .426byuis the amount of precipitated compound, with
solubllity S, and #xz/ and Brryare the total amounts
(per unit volume) of antigen and antibody in all molecular
species, including the precipitate.

The curves for the amount of precipitate, as a function
of the amount of antigen, calculated with this equation
(using arbitrary values for 4 and s )have the general shape
indicated by the experimental points.

This theory was extended to cover the phenomena of
hapten inhibition. They considered a system containing in
solution the molecular species H, BH, BHp and ABH (H = hapten)
as well as A, B, AB, and ApB and assumed the B-H bond
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strength to be such that the equilibrium constants for
the reactions

B + H < BH BE + H 5 BH

and AB + H =5 ABH

were 24" A’/'z and A respectively. A 'is the equilibrium
constant for combination of the hapten and the complementary
region of the antibody. From these assumptions they derived

the expressions

FBrop) = Fptas - S X (77 RA(S *57) =)

2
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in which /4, is the total hapten concentration. The
other variables are &, the concentration of the molecular
species A in solution, andj, the concentration of the
molecular species HB in solution.

By combining these three equations they were able to
show that at the equlvalence zone where /. . =, the
amount of precipitate formed is a linear function of the

hapten concentration and a relation of the form

¥ = ——C—; + &7
& Fpen) x
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(As+ A3s2) -
S( 4+ AS + (AS f/r-‘.s-’)"/z)
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% + As + (As + /*s%) "2
was derived. It was found however that the experimental

where C’ =

il

points showing the dependence of the amount of precipitate
on the amount of added hapten do not fall on a straight
line except in the region of very low hapten concentration =-
with larger amounts of hapten the inhibition is less than
predicted by the above equation. This deviation from
linearity was attributed to the heterogeneity of the anti-
serum which appeared to contain antibodles of greatly
varying combining powers. They extended the theory (19)

to cover this by assuming that the heterogeneity of the
antiserum was such that it could be described by a probabi-
lity distribution function which is an error function in
the effective free energy of combination of hapten and
antibody (in competition with antigen); that is, in the
quantity 1ln (/‘Z(’l) , where A ‘is the effective hapten inhi-
bition constant of the particular antibody molecule under
consideration and /ﬁz’is an average effective hapten
inhibition constant, The normalized distribution function

_ //%)]/:_a

used was

Lz
77 a
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and the fractional number of antibody molecules with given

value of /f// in a differential region was

LN ! /‘/4@//7%’),/22

/
— d%/j
A7 /4:
They then assumed that for each kind of antibody the
amount of precipitate is linear in the amount of hapten,

with slope proportional to /ﬁ"and hence the amount of pre-

cipitate formed is given by the equation
2l )
> _ABPP) / tihs/ e

B T o
O M es? <

e (B )42 ,
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/
The upper limit of the integral represents the value of A

at which the hapten just inhibits completely the precipi-
tation of the corresponding antibody: no precipitate is
formed by antibody with larger values of /ff/ The integral
was evaluated in terms of the Gaussian probability integral

/9?2Z/ « The equation then assumed the form
o
P=F(" —/,9//4//) = ol e p v (//f /@’g)j

I 4 - .
where .y, = G-AQ/,A////} and RQ T R é

This equation was used to plot ;Z’as a function of
«igy ’4§$zé/' for various values of’Oj the heterogeneity in-

dex. The shape of such theoretical curves 1s dependent only
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upon the value chosen for ¢ ; the effect of changing 4’
is simply to shift the curve along the ?/%za/ axis.
From the family of curves plotted the values of ¢ for exe-
perimental data can be obtained by fitting the experimental
points to one of the theoretical curves. The positions of
two curves along the 45%142y§/ axis can be used to
evaluate the relativez4:%. In a given antigen-antibody
system the positions of the curves for two different hap-
tens can be measured by the amount of hapten giving fifty
percent inhibition and the ratio of the two values gives
the relative /f‘,: The expression A/F= “/ﬁ’/‘fé/{,/éives the
difference in the standard free energies of combination
with antibody. Usually a given hapten is selected as having

4
a A; of unity and the other hapten inhibition constants are
evaluated relative to this standard.

Although Pauling and his coworkers have used the theory
outlined to arrive at this method of evaluating the differ-
ences in free energies of combination of hapten and antibody
they point out that

"the evaluation and discussion of differences

in the standard free energy of combination of

different haptens with antibody 1s not depen-

dent on the assumption of any particular theories

of the precipitation of antibody and antigen. We

may consider that the precipitation with antigen

is used as a method of fixing a standard concen-

tration of free antibody (for example, that which

corresponds under the conditions of the experi-

ment to the formation of one-half as much precipi-

tate as is formed in the absence of hapten); the

concentration of hapten necessary to reduce, by
combination with part of the antibody, the concen=

tration of free antibody to the standard value
is determined experimentally and the ratio of
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concentrations for two haptens may then be in-
troduced in the well-known equation relating
standard free energy change and equilibrium
constant to give a value of the difference in
the standard free energy of combination of the
two haptens with antibody. The only assumption
underlying our treatment of hapten inhibition
data is that inhibition of precipitation is the
result of combination of the antibody with
molecules of hapten." (20).

Steric effects in hapten inhibition experiments. It has

been possible to interpret hapten inhibition data in terms
of the structure of the haptens and the antibody combining
site. The present concept of the antibody site is that it
is a cavity on the surface of the protein into which the
haptenic group fits. This concept has been used by Pauling
and Pressman (20) in considering the effect of steric fac-
tors in hapten inhibition. Meny of thelr studies were
conducted with azophenylarsonic acids and drawings were
made of these groups using accepted bond distances and

van der Waals radii. Circumferential contours, represent-
ing the antibody cavity in the plane of the benzene ring
were drawn to fit the groups closely or with radial dilation
of various amounts. Scale drawings of various substituted
haptens were then superimposed on these drawings and the
extent of dilation needed in order for each hapten to fit
was measured., Assuming that an increase in the required
dilation corresponds to an increase in steric repulsion
they were able to correlate this with a decrease in A4 for
different substituted phenylarsonic acids. The substi-

tuents were in positions other than the position of the azo
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linkage in the immunizing hapten.

The effects of changed electronic van der Waals interaction

in hapten inhibition experiments. If a haptenic group has

a substituent in the position of the azo linkage in the
immunizing hapten there will be little steric effect to con-
sider. However the reaction of such haptens with antibody
should be influenced by the interactlon of the substituent
with the antibody. Pauling and Pressmen (20) have also
considered this possibility. London developed for the
intefaction energy of two groups or atoms the approximate

eXxpression

Fae Xg Lo L3>

R =2%as (Zs "'—Z;sr}
in which %j» and %4 are the electronic polarizabilities of

the two groups,_Jg;and_Z; are average energy differences
for the normal and excited states, and 2,918 the distance
between the groups. This expression was rewritten in the
form

Food
W T, - A £z
2 5.8

in which & and,f% are the mole refractions of the groups
in cmo (A?="%§ch) and 2518 in Kngstr6m units. In re-
writing this expression_Zpand /s were taken as being 14
electron volts which 1s an average for several molecules.
The expression was then multiplied by a factor of 0.60 to
give a 40% correction for the contribution of van der Waals

repulsion. This equation has been applied in the calculation
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of hapten inhibition constants for substituted haptens re-
lative to an unsubstituted hapten (containing a hydrogen
atom rather than a substituent atom or group). In applying
the equation four energy quantities must be considered:
the interaction of the substituent with antibody, the in-
teraction of the substituent with water, the interaction
of the hydrogen atom with antibody, and the interaction
of the hydrogen atom with water. The resultant difference
in energy of reaction is

PO . ci (ﬁp ~ B (s~ sewter)

A
2 208

where ,642 and[‘;‘/”represent the mole refraction values in-

tegrated over the region of material in contact with the
substituent group. /f} and Aﬁyare the mole refractions of
the substituent and the hydrogen. For the studies that were
being considered the region of material in contact with the
substituent group was considered to be the volume of eight
water molecules and so 'gc‘;&d'r was taken as ‘y’@éa:" 29.6cm3

and from data on another protein Afé;was estimated to be

4T e2 em3. The final expression derived can be written in

the form

o
= - LR fo - )
or 00, 000 (Bo ~ )

@n*ﬁ
K303 7 2%z

This expression was used to evaluate the relative
inhibition constants and gave a rough quantitative agree-
ment with experiment when applied to a series of para

substituted benzoic acids, phenylarsonic acids, and
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P =~-phenylazophenylarsonic acids., The marked deviations
between calculated and observed effects could be satis-
factorily accounted for by hydrogen bonding.

An electrostatic effect in hapten inhibition experiments.

An interesting calculation has been made by Pressman et al.
(&), who found that two haptens which were identical except
that one contained a N(CH3); group where the other had a
C(CHB)B group gave a ratio of 15.5 for their hapten inhi-
bition constants. This corresponds to a difference in
standard free energy of combination with antibody of 1.5
kcal. Identifying this free energy difference as Coulomb

interaction energy between the N(CH3 ;

group and the
antibody, they calculated that the positive charge of the
hapten must be 7 Angstrdms from a negative charge on the
antibody.

Some other factors in the precipitin reaction. An experi-

ment of fundamental importance to the theory of the
precipitin reaction was the demonstration by Pauling et al.
(22) that a simple substance containing twoe different
haptenic groups gave only a slight precipitate with antisera
to either of the two groups but when treated with a mixture
of the two sera gave a relatively large amount of precipl-
tate. This precipitation could be inhibited by a mono-
haptenic substance of either type. This experiment is a
strong support for the "framework" theory of precipitation,

which maintains that precipitation occurs as a result of the
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formation of a large specifically formed aggregate of
polyvalent antigen and at least divalent antibody.

Experiments of the above nature have supported the
present concept of antibodies as modified globulins that
have portions of their surface complementary to the antigen
causing their production. For a specific reaction to occur
between a substance and an antlbody the substance must have
structural features that enable it to fit the antibody site
very closely. The forces responsible for antigen-antibody
combination are presumably the forces of electronic van der
Waals interaction, hydrogen bonding, coulombic attraction,
etc., which are effective over short distances only (23),
and hence closeness of fit would be required for combination.
This idea of complementary structures was first suggested
by Breinl and Haurowitz (2l4), Alexander (25), and Mudd (26),
and has come to be rather generally accepted. There is some
intimation of it in the early work of Ehrlich and Bordet.

The serological properties of simple substances which have

pharmacological propertiess It has also long been recognized

that chemical structure has a very important influence in
drug activity (27), and some attempts have been made to use
drugs as haptens in serological investigations. Many factors
such as passage through membranes, diffusion, and transfer
from aqueous to lipoid phases must influence drug activity
but it might be expected that molecular configuration would
be an important factor in the reaction of a drug at its site
of activity. The type of specificity involved might closely
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resemble the specificity of an antibody for a haptenic
group and if this were true substances with similar phar-
macological activity might be expected to have similar
serological activity.

Landsteiner (1) has summarized the earlier data on
serological experiments with drugs. The earlier work was
undertaken with the hope that non-antigenic poisons after
combination with protein might produce antibodies capable
of neutralizing their toxic effect. This possibility was
tested by RBerger and Erlenmeyer (1) with an antiserum to
dimethyl-N-pyrrol-phenylarsenic acid, but the results were
negative. Stokinger and Heidelberger (28) produced anti-
bodies to thyroglobulin and confirmed the fact that the
antithyroglobulin-thyroglobulin precipitation was not inhi-
bited by thyroxine or diiodotyrosine. Hooker and Boyd (29)
were unsuccessful in attempts to prepare antimorphine serum
but were able to produce antibodies specific for strychnine
in rabbits by injections of monocaminostrychnineazohemocyanin.
The sera they obtained were very low in antibody and failed
to neutralize the lethal effect of strychnine in mice. They
also carried out precipitation tests with these antisera
and a caseinazostrychnine antigen and found that the preci-
pitation could be inhibited by the presence of the alkaloid
and also by some of its amino, nitro, and methoxyl
derivatives, but not by the presence of morphine, quinine,
tryptophane, or nicotinic acid. Clutton, Harington, and

Yuill (30) prepared thyroxyl derivatives of horse serum
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globulin and albumin. These substances and thyroglobulin
caused the production of antibodies specific to the whole
aromatic portion of the thyroxine molecule. Passive Immuni=-
zation with these antisera to thyroxylproteins protected
rats against the normal physiological effects of exogenously
administered thyroglobulin and thyroxine. The authors
thought that the neutralization of thyroxine could be in-
direct inasmuch as thyroxine may exert its activity after
having been converted to thyroglobulin. Butler, Harington,
and Yuill (31) studied the immunological properties of aspirin.
These workers prepared aspiryl-protein complexes by coupling
acetylsalicylazide with horse and rabbit serum globulins.
Immunization of rabbits with aspiryl horse serum globulin
gave antisera specific to the aspirylamido grouping. Such
sera were able partly to protect rats, suffering from pyrexia
as the result of injection of yeast, from the normal
antipyretic effect of aspirin. They also found that the
precipitation reaction between this serum and aspiryl rabbit
serum globulin could be inhibited with aspiryl - or
salicylglycine but aspirin and salicylic acid were relatively
ineffective as inhibitors of precipitation. Wedum (32) in-
vestigated the cross reactions of the sulfonamides with
antisera produced in rabbits and humans. Cohen and Friedman
(33) claim to have succeeded in neutralizing in vitro the
physiological effect of small amounts of histamine with the
serum of patients treated with histamineazoprotein. However,

Coffin and Kabat (34) have reported that the treatment of
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guinea pigs with histamine~azoprotein confers no protection
against histamine. Allergic reactions to drugs in humans
have been studied in many clinical investigations (35).

Perhaps the most extensive series of immunochemical

investigations with drug-protein antigens are those of
Went, Kesztyus, and their coworkers (36-46). In their
earlier work they too found that immunization with thyro-
globulin produced antiserum which was capable of inhibiting
the effect of thyroxine in rats and guinea pigs (36). Later
they used adrenaline azoprotein to produce what they believed
to be a specific adrenaline immune serum in rabbits (37)
and found that this antiserum did not affect adrenaline
activity in rats and frogs although rats immunized with
adrenalylazoprotein did not show the same respiratory effect
as normal rats upon the administration of adrenaline (39)
(40). Of course, in these experiments that involve the
protection of an animal actively immunized with a drug-protein
complex a consideration must be given to the possibility of
the animal developing a tolerance to the drug by some means
not associated with serum antibody formation. This group
of workers have also prepared histamine antibodies (L41)
(42) (43) by using an antigen prepared by diazotizing

A2-aminobenzeneazohistamine to horse or cattle serum. They
state that precipitation reactions were not affected by
horse or beef protein (42). Inhibition of precipitation of
the histamineazoprotein system could be obtained with aniline,

/P -aminobenzeneazohistamine, and histamine, but naphthol or



=18=

phenol had no effect. Went and Kesztyus (4l}) also have
investigated the production of antibodies to novocaine.
Novocaine hydrochloride was diazotized and coupled with
cattle or horse serum and the novocaine azo cattle serum
was used to produce rabbit antibodies. Such antliserums
gave precipitation reactions with novocaine azo cattle
serum and novocaine azo horse serum but did not react with
the proteins of natural cattle serum or natural horse serum.
In precipitation inhibition tests, novocaine, larocaine,
and anesthesine hindered the precipitation of novocaine
azoprotein antibodies whereas orthoform (M-amino-
P =hydroxy-methylbenzoate), aniline, P -aminobenzoic acid,
/A - aminobenzenesulfonamide, and cocaine had no effect on
the reaction. The authors believed their experiments showed
a possible dependence of group specificity on the amino
group of the benzene ring in the para position to an
esterified carvoxyl group. This same group in later reports
rediscussed the above results (45) (46) and concluded that
their inhibition tests indicated that there was at least a
partial specifiicity to local anesthetics that were deriva-
tives of pP -aminobenzoic acid. This serum when mixed with
procaine (novocaine) inhibited the papulous eruption in an
allergic patient.

The studies with local anesthetic drugs are especially
interesting as it is known that these compounds are capable
of blocking nerve conduction when applied locally to nerve

tissue in effective concentrations (47). Although the
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problem of nerve conduction is still in a state of contro-
versy (48-54), it appears that acetylcholine plays a very im-
portant part in this phenomenon and it is possible that local
anesthetics acting on nerve surfaces and at the junctions
of nerve with muscle may interfere with the action of
acetylcholine. However, in the light of existing knowledge
there is no way of connecting the action of these drugs with
the chemistry of choline and its metabolic associates.

Object of this research. A large number of benzoates and

substituted benzoates have been synthesized and tested for
anesthetic action and practically no general rules can be
applied for predicting the change of activity resulting from
a change in structure (55). Nevertheless, it was thought
that the serological investigation of such a series of local
anesthetics might yleld some interesting data which could
possibly be correlated with anesthetic activity. Eli Lilly
and Co. prepared a series of compounds derived from sub=-
stituted piperidino alcohols which have been investigated
for toxicity and local anesthetic properties (56). Some

of these compounds were made available for the studies dis-
cussed in this thesis.

The object of this work was to obtain antibodies spe-
cific to one of this series of drugs and to study the inhi-
bition of the precipitation reaction by its analogs. 1In
order to avold any specific reactions due to the antigenicity
of the protein used in the immunization, a different protein
was selected to make the antigen used in the precipitation

testse
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EXPERIMENTAL

Preparation of antigens. One of the compounds investigated

in this series was 3-(2-methylplperidino)propylbenzoate
hydrochloride and this compound was modified by Eli Lilly
and Co. to include an amino group in the para position of
the benzene ring. The amino group made it possible to
diazotize this compound onto proteins. The first attempts
to produce antibodies to this drug were made with an antigen
prepared by coupling the drug to bovine globulin. In the
first preparation 11 g of bovine globulin (Armour and Co.
Fractions II and III) were shaken overnight in 150 ml of
distilled water; about half of the material dissolved, and
the remainder was centrifuged out of the sclution. The
supernatant was cooled to 0°C. A solution of 0.417 g of
3-(2-methylpiperidino)propyl=-pP-aminobenzoate hydrochloride
(L=1) in 8 ml of 0.5 N hydrochloric acid was prepared and
cooled to 0°C. An ice-cold solution of 0.096 g of sodium
nitrite in a few ml of distilled water was prepared. The
ice-cold nitrite solution and L-1 solution were mixed and
allowed to stand for 20 minutes in an ice-salt bath. The
solution was checked for excess nitrous acid with starch-
iodide paper and the excess nitrous acid was removed with
a little sulfamic acid. This solution was then slowly
added with stirring to the ice-cold protein solution and
1 N sodium hydroxide was periodically added to keep the

solution at pH 9.0. A large amount of a red precipitate
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formed, which would not redissolve. The mixture was
dialyzed against water for 48 hours and was then shaken
overnight with enough sodium chloride to give a 1% sodium
chloride solution. The precipitate which still remained
was removed by centrifugation. The original mixture cor-
responded to about 40 hapten groups per protein molecule,
but possibly the material remaining in solution was the
protein with the smaller numbers of diazotized groups. The
final solution contained only about 1% protein.

In a similar manner the drug L-1l was coupled to rabbit
serum albumin and also to human serum albumin. These
azoproteins also proved to be relatively insoluble. Further
preparations of the L-1l-bovine globulin antigen (L-1BG) were
made using different ratios of drug to protein but in all
cases a large fraction of the material produced was in-
soluble.

Preparation of antisera and preliminary tests. Over a period

of a year a large number of rabbits were injected biweekly
with 1 ml portions of the L-1BG antigen but only a few pro-
duced measurable quantities of precipitating antibodies.
The positive sera were pooled and the pooled material gave
about 0.3 mg of precipitate per ml when titrated with the
L-1HA (L-l-human serum albumin) antigen. In spite of this
low titer a preliminary set of experiments were carried
out to see if any inhibition of precipitation could be ob-
tained.

Solutions of the various drugs were made up containing
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6 mg of drug per ml in saline solution. One ml of drug
solution was placed in each of three tubes and to each tube
1l ml of the pooled serum was added and the mixtures were
allowed to stand at room temperature for thirty minutes.
To one tube 1 ml of a 1/10 dilution of the L-1HA antigen
was added, to another 1 ml of a 3/100 dilution of the L-1HA
was added, and to the third 1 ml of a 1/100 dilution of the
L-1HA was added. This corresponded to l.3 mg, 0.39 mg, and
0.13 mg, of L=-1lHA respectively. These mixtures were allowed
to stand at room temperature for two hours and were then
stored in a refrigerator for three days. Iidentical tests
were performed with seventeen of the drugs. A control test
was performed using 1 ml of saline instead of the drug solu-
tion. The precipitates were all washed twice with ice-cold
saline, removing the precipitate each time by centrifuging
for 30 minutes at 3000 rpm in an International refrigerated
centrifuge keeping the temperature near ,°C. The amounts
of precipitate in the tubes were measured by nitrogen
determinations using the Nessler method. The colorimetric
readings were made with a Klett colorimeter. The results
are shown in Table 1. As this experiment indicated that
inhibition did occur attempts were continued to produce a
better antiserum. It 1s to be noted that no attempt was
made to buffer the precipitation tests so this experiment
has only qualitative significance.

In an attempt to produce a higher titer antiserum

several rabbits were injected with the insoluble L-1BEG
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material. The material was suspended in saline and steri-
lized by repeatedly heating it at 56°C. for half hour
periods. This was then administered to the rabbits by
intraperitoneal injections. Biweekly injections were given
over a ten week period but the rabbits failed to show any
antibodies specific to the immunizing hapten (L-l1). Ten
rabbits were given injections of the soluble fraction of
the L-1HA antigen. These rabbits also failed to produce
significant antibody titers. Finally some fresh sheep serum
was obtained and the drug L-1 was diazotized to this whole
serum. Enough L-l was used to give about 40 hapten groups
per average protein molecule and the coupling was carried
out in the same manner as before. It was noted that the
solubility of this material was quite sensitive to pPH. 1In
general the antigens were kept at about PH 8 and at this
point the L-1SS (L-l-sheep serum) was only partially soluble.
However, 1if the material was adjusted to pH 10 it was
practically completely soluble. Some of this material at

PH 10 was injected intravenously into some rabbits and
the high pH did not seem to affect them adversely. Con-
sequently the antigen was stored at pH 8 and small quanti-
ties were taken periodically, adjusted to pH 10, and used
for immunization. The rabbits were given biweekly injections
of 1 ml each. The results were the most favorable obtained:
after ten weeks of injections some of the animals gave

serums which yielded a little less than 1 mg of precipitate
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per ml when titrated with the L-1HA or the L~1BG antigen.
These animals were injected for over a year with the L=-1SS
material, and continually yielded sera giving from 1/3 to
1 mg of precipitate per ml when titrated with a heterologous
antigen. The sera obtained were pooled and the mixture was
passed through Seitz filters and stored in sterile bottles.
Different pools of this anti L-1SS serum were used for all
the later experiments.

Hapten inhibition studies. As sufficient serum was avail-

able it was thought that it might be interesting to run
parallel experiments with the antibody containing globulin
fraction of the serum. A portion of the serum was one-third
saturated with ammonium sulfate and the mixture adjusted to
p&i?.B and allowgd to stand for one hour at room temperature.
The precipitate was centrifuged out and dissolved in saline,
the final volume being about half the original volume of
serum. The precipitation was carried out twice more and

the final solution was dialysed for two days against cold
saline. The final solution was diluted with saline to give
an antibody concentration similar to that in the original
serum.

For these experiments the drugs were dissolved in
borate buffer at pH 8.0. Solutions l.5 x 102, 1.5 x 10-3,
1.5 x 10=4, 1.5 x 105, and 1.5 x 10~° molel in drug were
made. The antigen dilution required for maeximum precipi-
tation in the absence of any hapten was also made up in the

PH 8.0 borate buffer and this was used in the hapten
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inhibition tests. All the precipitations were made in the
following manner. One ml of the antibody solution was mixed
with 1 ml of the drug dilution and the mixture was incubated
at 37°C. for half an hour. One ml of the antigen dilution
(L=-1BG) was then added and the mixture was incubated for
another hour at 37°C. The mixture was placed in the re-
frigerator for L8 hours and the precipitate was treated in
the same manner as described previously. In all the experi-
ments using buffer as a diluent the pooled supernatants from
the precipitations varied in P H from 7.9 to 8.1. This
method of performing the inhibition tests is essentially the
same as used in the work of Pauling, Pressman, Campbell et
al. (12). The results of the final experiments are given
in Table II and Figures I1,II, and III. These tests were
all carried out in triplicate. Earlier tests performed only
in duplicate gave essentially the same results. As can be
seen, the whole serum and the globulin fraction gave very
similar results.

In a further experiment all the drugs were used in a
l.5 x 10'2 molal solution and also a number of related simple
compounds were used as iInhibitors. The simple compounds
were all used as l.5 x 10-2 molal solutions in borate buffer
at PH 8.0. One ml of these solutions were used in the
precipitation tests, which were carried out in the same
manner as before. The experimental data are given in Table
III. The molecular formula of each drug and simple compound

is given in Table IV. The data on the toxicity and anesthetic



-26-
properties of the local anesthetics as determined by McElvain
and Carney (56) are given in Tables V and VI.

DISCUSSION

Hapten inhibition constants. One of the controlling factors

in these experiments was the limited solubility of some of
the drugs being investigated. 1In the first experiment there
was some indication that some of the drugs were tending to
come out of solution at 4°C. This was especially true of
drug L-201, and as this would have a serious effect upon the
results it was decided that the most concentrated solution
of all the drugs that should be used was 1.5 x 10~2 molal.
This limited the data available for the curves shown in Figures
I, II, and IiI, which represent the results obtained from
the experiments in which the concentration of hapten was varied.
In some cases the amount of precipitate obtained with this
maximum drug concentration was still more than half that ob-
tained when no drug was present. However, the curves ob=-
tained all show a similar shape, corresponding to a
heterogeneity index of five, and by fitting the theoretical
curve corresponding to this value to the experimental points
the concentrations of the drugs required for fifty-percent
inhibition were evaluated. The ratio of the concentration
obtained for drug L-1 to the concentration obtained for each
of the other drugs was determined and this gave the hapten
inhibition constant relative to that of L-1 as unity. For

example, from the data of Figure I the concentration of L-1
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producing 50% inhibitlon was estimated as 10~2¢55 and the
concentration of L-13l producing 50% inhibition was esti-
mated as 10-2+05, fThis gives as the ratio of the concen-
trations 1072°55/1072+05 = 1/10 0450 = 0,32, 1Tnis figure,
0.32, is the hapten inhibition constant ( ki) for L-134.
In a similar manner the values for the other drugs were ob-
tained. In the second series it was again assumed that the
curves are all of the same shape, and the inhibition con-
stants were again evaluated relative to that of L-l.

In the first series the concentrations of the various
drugs required for fifty-percent inhibition vary by not
more than a factor of 5.3. (The extreme values are 10=272
for L-208 and 10-2+90 fop L-161.) This corresponds to a
difference in the free energy of the reactions of the drugs
with antibody of 2.303 RT log5.3 =920 calories per mole.

The drugs are all very similar in their effect as inhibitors
of precipitation in the system studied. It is to be noted
that the relative inhibition constants vary somewhat in the
two series. The serum used in the second series was a pool
from the same rabbits but taken after a further series of
injections.

As stated earlier, the data obtained with the globulin
fraction of the serum were quite similar to those obtained
with whole serum (Table II-H), and thus it can be concluded
that these drugs interact only slightly with rabbit serum
albumin.

The structures of the various drugs used as inhibitors



of precipitation are given in Table IV. The basic struc-
ture of the drugs is that of drug L

CHg
|
0 CHe=CHo
B \
C\ fas e TT. 1T . =N T
Ou..‘263.2b. 2 1\ C}_Z

It is quite difficult to correlate the inhibitory pro-
perties of the drugs with their structures, ;specially
considering how little variation in inhibition was shown.
However the effectsof various modifications of the basic
structure are discussed below,.

The effect of additional methyl groups on the piperidine

ring. It might be expected from the manner in which the

drug L-1 was coupled to the carrier protein that substituents
on the piperidine ring would be most significant in altering
the closeness of fit of the antibody and hapten. Some of

the drugs contain additional methyl groups on the piperidine
ring and they do decrease the interaction of the drug with
antibody.

The two drugs L-135 and L-136, which differ in that
L-136 has a methyl substituent in the six position of the
piperidine ring, gave as the ratio of their hapten inhibition
constants l.49 in the second series and 1l.52 in the first
series. If 1.50 is taken as the average of these results a
difference in free energy of combination with antibody of
2.303 RT log 1.5 or about 220 calories is obtained. This

difference is due presumably to the steric effect of the
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second methyl group.

The drugs L-172 and L-161 also differ by a methyl group
in the six position of the piperidine ring, and in this case
the free energy difference is about 280 calories, although
the agreement between the values in the two series is not
as good as in the previous example. It may be concluded
that the introduction of the methyl group into the six
position decreases the free energy of the reaction by about
250 calories.

If only the values obtained in the second series are
considered it is calculated that the effect of a methyl
group in the six position is to decrease the free energy of
combination by 160 calories (L-172, L-161), and the effect
of a methyl group in the four position is to decrease the
free energy by 370 calories (L-172 and L=-206, which is the
same as L-172 except for a methyl group in the four position
of the piperidine ring). The effect of introducing methyl
groups in both the four aqd six positions is to decrease the
free energy by about 470 calories (L-172, L-27), which is
reasonably close to the sum (530 calories) of the individual
effects.

The effect of a methyl group in the three position is
uncertain, as in the first series it decreases the free energy
by 210 calories and in the second series increases it by
about U1 calories (L-172 and L=205).

It may be concluded that the methyl group in the four

position is the most effective in decreasing the interaction
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of drug and antibody. A methyl substituent in the three
position has the least effect, probably decreasing the in-
teraction slightly, and a methyl group in the six position
has an intermediate effect.

It is interesting to interpret these effects in terms
of the radial dilation required of the antibody site in order
for the hapten to fit into the site. Drawings were made of
the 2-methylpiperidine group with use of the accepted bond
distances and van der Waals radii (57), and circumferential
contours, representing the required antibody cavity were
drawn to fit the group closely or with radial dilation of
0.5 R+) 1.0 A., and 1.5 . The following figure shows the
outline of this group in the plane of the four central carbon
atoms of the ring. The methyl substituent was taken in the
position which places the ring to methyl group bond nearly in

this plane in order to give the largest area in this plane.
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The second figure shows the outline of the group in a
plane perpendicular to the plane of the four central carbon
atoms. In this case the methyl substituent was taken in the
position which places the ring to methyl group bond almost
parallel to this plane in order to give the largest area in
this plane. The dashed contours in this figure represent
the circumferential contours in a plane behind the drawing.
(The six position has no methyl substituent as in the two
position). The 'chair' form of the ring was used in these
drawings but the 'boat' form could be used without altering

the discussion.
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Scale drawings of the other methyl substituted piperi-
dine rings were superimposed on these drawings keeping the
nitrogen of the ring in the same position and retaining the
same orientat{on for the ring. The extent of dilation needed
for each hapten was determined in both planes. It is obvious
'from the first figure that a methyl group in the four position
would require a dilation of about 1.5 X. (Approximately equal
to the C-C bond distance of 1.5 £.), Methyl groups in the
three and six positions require almost the same dilation, the
values being 1.3 R. and l.l ﬁ. respectively. 1In the second
figure it is seen tlat the methyl group in the four position
again requires a dilation of 1.5 X. if the bond is parallel
to the plane of the four central carbon atoms and a dilation
of 1.3 ﬁ. if it is in the other position. A methyl group in
the three position requires a maximum dilation in this plane
of about l.3 R. & methyl group in the six position, which is
btehind the plane of the figure, would require a dilation in
this plane of about 1.5 R.

From these considerations it would be predicted that a
methyl group in the four position would have the greatest
effect in reducing the interaction with antibody and a methyl
group in the six position should have almost as great an
effect. The methyl substituent in the three position should
heve the least effect. Qualitatively the experimental data
support this. However the effects of a methyl group in the
four position and a methyl group in the six position do not
seem to be as close as required and this may be because the

methyl group in the six position is closer to the entrance
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of the site where dilation may occur more readily. It is
perhaps surprising that a methyl group in the three vposition
has such a small effect and this may be a reflection of a
general poorness of fit of these antibodies.

The effect of additional methylene groups. Several of the

drugs are modified to include one or more methylene groups

adjacent to the carboxyl group. L-13l is an example of this

series
CH3
0 CH— CH
Z 2
‘CHp-C{ / %
OCHpCHpCHo-N CHp
% /
CHo-CHp

These modifications decrease the inhibitory power of the
drugs and this can perhaps Le explained on the basis of a
decreased interaction between the antibody and the second
ring structure.

The high heterogeneity index of this series of haptens
(5) presumably results from an abnormally great variability
of strength of attraction of antibody and azoprotein antigen
or hapten. This may bte accounted for by the poSsible varia-
tion in configuration of the drugs about the propyl group.
Most of the quantitative studies of hapten inhibition have
been conducted with haptenic groups of rather rigid étruc-
ture, whereas in the compounds used in this study a greater
variation in configuration is possible; this may explain
the relatively poor antigenicity and high heterogeneity

in this system. The introduction of further methylene
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groups probably increases the variability in structure and
consequently decreases the interaction between hapten and
antibody. This effect is shown by drugs L-134 (4=0.41),
L-137 (Az<0.28), L-170 (A=0.45), L-202 (A42<0.45), and
L-203 (46=0.41) in the second series. In the first series
L-170 gave a rather high value L&#;0.89) but the others
tested were low in this series too. L-171,which contains
an ethyl substituted methylene group in this position, does
not show the effect to such a marked extent L4{£=0.72) and
this may be accounted for by interaction of the ethyl group

with the antibody molecule. Drug L-171 has the structure

CH
CoH I_3 A
| 50 CHe=CIH,
cu=c? / N\
OCH,CHyCHy=l CHo
!
ClI 2-CH2

The structure of L-134 is given above.

Drug L-171 gave hapten inhibition constants of 0.72
and 0.79 while drug L-13l4, which is identical with it except
for the ethyl substituent, gave inhibition constants of 0.41
and 0.32. It may be concluded that the inhibition constant
of L-171 relative to that of L-134 is about 2.1 (1.76/0.37).
This £’ (relative toAG=1l for L-13l) has a logarithm of 0.31.

If the expression
log/f"ﬁ 400,000 (RA - RH)
2.303 RT rgp

developed by Pauling and Pressman (20) is applied to this

case the value calculated for 1og,ﬁfﬁs about 0.71. In
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making this calculation a difference of mole refraction for
the ethyl group and the hydrogen of 9.2 cm3 was used. The
distance between the groups (rgp) was taken as the minimum
distance of separation, 4.0 . As might be expected from
the large value of the heterogenelty index, the value cal-
culated is greater than the experimental value. If it is
assumed that the separation is somewhat greater than this
minimum distance and a value of l.6 £. is used a theoretical
value in agreement with the experimental one 1s obtained.

The effect of other modifications in the structure of the

drugs. Although some of the drugs contain substituted ben-
zene rings as the second ring structure it is not possible
to evaluate the effect of various substituents from the pre-
sent data. L=204 and L-205 differ in that L-205 contains

an ortho hydroxyl group;

CH CH
\3 3
O OV o (VT
‘/, Ja )
Ca. * J/ \
00?2012011;1‘ CHo
OH \ /

C] ~ Ul o
This compound gave a)tg of 0.72, as compared to 0.89 for
L-204. L-134 and L-202 differ by a para hydroxyl group in
L-202; they have almost the same inhibition constant (0.4l
and 0.45 respectively). In the series L-1, L-172, L-173,
the values of the inhibition constants are 1.00, 0.67, and
0.81, corresponding to a para amino, an ortho hydroxyl, and
an ortho benzoyl substituent respectively. The only marked

effect is the low value of 0.ll for L-201, which contains a
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para benzoxy group. This is parallel to the difference be-
tween L-134 and L-137 in the second series. L=137, which
contains a para methoxy group, has a constant of 0.28 as
compared with the value 0.41 for L-134. However, in the
first series the effect was reversed, the values being 0.50
for L-137 and 0.32 for L-1l34. L-170, which is similar to
L-134 except that the second ring is cyclohexane rather than
benzene, gave values of 0.45 in the second series and 0.89
in the first series.

Some of the drugs contalin different cyclic structures
for the second ring but again not enough different structures
are available to investigate their effect. The most notable
feature is the high value (l.47 and 1.12) for the inhibition
constant of L-208, which has the structure

f PO Gy
| i CH=—CHo
N /!!—c:) / \
OCH.CHACH, =N O
S 2 2 2 \ /Mug
CHz=CH,

Inhibltion of precipitation by other simple compounds. The

effect of certain simple compounds upon the precipitation in
the system studied is given in Table III. The simple com-
pounds used are listed at the end of Table IV. Of the simple
compounds tested only triethylamine and tri-N-butylamine

seem to have any significant inhibitory action. Trimethyl-
amine, acetylcholine chloride, choline chloride, and the
secondary and primary amines tested caused very little or

practically no inhibition of precipitation. Propionic acid
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had no effect and benzoic acid had only a small effect at
the concentration used.

The above results would seem tc indicate that a tertiary
nitrogen atom is required for interaction with the antibodies
to drug L-l. The failure of trimethylamine to show a signi-
ficant effect may be due to the methyl groups being not
quite large enough. The related structure in the drugs is
the propylpiperidine group.

The relation of the hapten inhibition data to the pharmaco-

logical data. A comparison of the hapten inhibition activity

with the local anesthetic action is given in Table VII; it
can be seen that no obvious correlation exists. However,

as the inhibition experiments were performed with solutions
of equal molality and the pharmacological data were obtained
with one percent solutions a further comparison was made
with the drugs in groups of like molecular weight. This
comparison is given in Table VIII. Again no correlation

has been observed between anesthetic action, toxicity, and
hapten inhibition properties. It was thought that some
slight correlation may have existed between the data of Table
I and the local anesthetic action of the drugs, with the
poorer anesthetics gilving less inhibition of precipitation.
However, there is no general overall correlation, and there
are exceptions to the trend. Considering the small amounts
of precipitate and the manner in which these tests were per-
formed this cannot be regarded as significant.

In conclusion it may be stated that t he discussion of
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these experiments has provided reasonable explanations of
the serological properties of these drugs, but that it has
not been found possible to establish any relation between

their serological properties and their pharmacological pro=-

perties.
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TABLE I

Hapten Inhibition Experiment with Antiserum to

L-1BG Using L-1HA as the Precipitating Antigen.

Protein Precipitate in Milligrams

Antigen

Dilution 1:10 3:100 1:100
Saline 0.136 0.288 0.277
Lgigﬁ .096 .198 «183
L-137 072 - & - «167
L-201 «102 .165 .212
L-203 «049 .162 143
L-136 072 «156 .186
L-170 <056 .156 J1U5
L=-202 .059 «154 «158
L-204 .038 121 +135
L-135 « 0L 0 120 «11h
L=173 .038 «110 .102
L-208 .019 «102 o116
L=171 .0l6 .091 S
L-161 «027 .076 .089
L-205 .016 +057 .070
L-206 «027 0L 6 076
L-172 «035 «029 «049

L-l .035 u032 .027



TABLE II

Hapten Inhibition Experiment with Antiserum to
L-18S Using L-1BG as the Precipitating Antigen.

A. Whole Serum

Average
Drug Dilution Klett Readings Average -Blank Ratiow
L-171 1.5x1.0~2 174 171 172 172 96 0.48
1.5x10~ 211 216 214 214 138 « 69
1.5x10 259 262 262 261 185 .92
1.5%x10~5 279 277 279 278 202 1.00
1.5x10=6 268 275 279 274 198 0499
L-208 1.5x10~2 157 160 158 158 82 .%1
1.5x103 200 206 206 204 128 .6l
1.5x10-4 262 268 271 267 191 .95
1.5%x10"5 276 270 275 274 198 .99
1.5x10~® 265 275 273 271 195 .97
L-173 1.5x10"2 168 165 166 166 90 45
1.5x10-3 212 211 211 211 135 .67
1.5%x10-4 263 262 269 265 189 e
1.5x10=2 269 273 271 271 195 « 97
1.5x106 269 275 271 272 196 .98
Seline Control 278 278 27L 277 201

#Ratio:- Ratio of amount of precipitate to amount of
precipitate obtained in saline control (no
inhibitor present) ‘
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TABLE II

Hapten Inhibition Experiment with Antiserum to

L-1SS Using L-1BG as the Precipitating Antigen.

Drug
L-134

L-170

L-137

Dilution

1.5x10~2
1.5x10"3
1.5x10-4
1.5x10->
1.5x10-6

1.5x102
1.5x10°3
1.5x104
1.5x10°2
1.5x10"

1.5x10-2
1.5x10-ﬁ
1.5x10"

1.,5x10-5
1.5x10‘6

Saline Control

%*Ratio:=-

B.

Klett

192
24,
2

282
276

168
211
258
268
26l

175
229
268
276
274

276

Whole Serum

Readings
192 195
- 229
265 272
273 274
279 281
174 171
215 215
271 262
272 273
272 265
176 177
233 234
266 267
274 279
282 274
274 275

Average

193
229
267
276
279

171
21
26l
271
267

176
232
267
276
277

275

Average
-Blank

11k
150
188
197
200

92
135
185
192
188

97
153
188

197
198

196

Ratio of amount of precipitate to amount of

precipitate obtained in saline control(no
inhibitor present)

Ratiox

0.58
17
.96

1.00

1.02

0.47
«69
«9
*9
«96

50
.78
«96
1.00
1.01



Drug
L-135

L-205

Dilution

1.5x10-2
1.5x10=3
1.5x10-
1.5x10"
1.5x10"

1.5x10-2
1.5x10=3
1.5x10-4
1.5x10->
1.5x10-6

Saline Control

#%Ratio:-

Ce

Klett

165
209
259
271
268

181
227
260
263
268

167
197
249
269
271

271

Y.

TABLE II

Whole Serum

Readings Average

162 164
212 210
255 256
271 266
273 267

181 184
225 223
260 26I
268

273 273

165 170
192 194

28 24

269 270

271 262

inhibitor present)

164
210

251
269

269

182
225
261
260
271

167
195

242

270

268

Hapten Inhibition Experiment with Antiserum to
L-18S Using L-1BG as the Precipitating Antigen.

Average
-Blank

87
133
180
192
192

10%
1

18,
187
194

90
118
168
189
193

191

Ratio of amount of precipitate to amount of
precipitate obtained in saline control(no

Ratiow

0.46
«70
ol

1.01

1.01

055
.78
.96
.98

1.02

0.8
.88

«99
1.01
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TABLE 1II

Hapten Inhibition Experiment with Antiserum to

L-1S8S Using L-1BG as the Precipitating Antigen.

Drug
L-136

Saline
L-172

L=-161

Saline

#Ratio:-

Dilution

1.5x10™2
1.5x10~3
1.5x10~4
1.5x10=2
1.5x10-6

Control

1.5x10"¢
1.5x10-
1.5x10"
1.5x10'2
1.5x10"

Control

Ratio of amount of precipitate to amount of

D.

Klett

211
234
313
304
316

198
259
300
31k
310

225
259
302
318
320

322

Whole Serum

Average
Readings Average =-Blank
214 212 2l2 133
260 250 248 169
295 = 295 216
291 318 307 228
316 317 312 233
320 321 319 240
199 203 200 124
249 252 25 177
312 301 30 228
304 308 309 233
313 309 311 235
227 221 22l 1%8
263 260 261 185
302 302 302 226
317 316 317 241
320 314 318 2,2
320 310 317 2l

precipitate obtained in saline control (no
inhibitor present)

Ratios

0.55
70
90
.95
97

.;ﬁ
.95
-9
-9

«61
17

94
1.00

1.00



Hapten Inhibition Experiment with Antiserum to
L-18S Using L-1BG as the Precipitating Antigen.

Drug
L=-135

L-134

Dilution

1.5x10-2
1.5x10-3
1.5x10"
1.5x10"
1.5x10=6

1.5x10°2
1.5x10~3
1.5x10~4
1.5x10=5
1.5x10-6

1.5x10~2
105110"3
1.5x10"

1.5x10~5
1.5x10-6

Saline Control

+#Ratio:-

E.

Klett

171
208
246
255
258

17
190
2l

252
2L8

251

Ly

TABLE II

Globulin Fraction

Readings Average

136 134
195 201
228 236
228 2&6
221 245

165
198
237
2yl
23

186 155

231 237
255 252
252 256

2hly 249

inhibitor present)

135
198
232
2317
233

168

Average
=-Blank

60
123
157
162
158

93
128
167
173
176

73
115
163
178
177

173

Ratio of amount of precipitate to amount of
precipitate obtained in saline control (no

Ratio

0.35
!
«91
<9
91

54
e
<97
1.00
1.01

o
9L

1.03
1.02



L-18S8 Using L-1BG as the Precipitating Antigen

Drug
L-136

L-172

L-170

Dilution

1.5x102
1.5x10=3
1.5x10~4
1.5x10"2
1.5x10-

l.5x10"2
1.5x10=3
1.5x10~4
1.5x10'2
1.5x10"

1.5x10-2
1.5x10~3
1.5x10~4
1.5x10'2
1.5x10"

Saline Control

#Ratio: -

~U5-

TABLE 1II

F.

Klett

148
202

7
251

153
218
337
235
139
165
223

239

235

Globulin Fraction

Readings

146 8
207 %%3
229

251
229

252
251 240

148
205
245
250
243

145
222

21
228

153
205
236

6

2ls

139
167
214
21,0
245

auT 241

inhibitor present)

Average

7
197
242

21,
27

151
209
5t
2u2

139
167
220
242
2317

21

Hapten Inhibition Experiment with Antiserum to

Average
-Blank

70
120
165
167
170

7L
132
162
171
165

Ratio of amount of precipitate to amount of
precipitate obtained in saline control (no

Ratios

0.43

73
1.01
1.02
1.04

el
«99

1.0l
1.01

0.

e o o
oH=~\Unow

O+
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TABLE 1II

Hapten Inhibition Experiment with Antiserum to
L-1SS Using L~1BG as the Precipitating Antigen.

G. Globulin Fraction

Average

Drug Dilution Klett Readings Average -Blank
L-137 1.5x10"2 - 158 159 158 82
l.leO‘a 215 211 221 216 140
1.5x10" 2L 28 252 249 173
1.5x10“2 251 - 257 25l 178
1.5x10" 256 25l 260 257 181

L-161 1.5x10°% 157 156 163 159 83
1.5x10"3 205 203 208 205 129
1.5x10-% 2,1 23 245 240 16l

145x10" 251 249 250 174
1.5x10-6 25y 2h2 241 2L6 170
L-208 1.5x10"% 132 = 13 133 57
1l.5x10" 198 196 19 197 121
1e5x10~4 245 - 28 2%8 172
1.5x10-2 25 265 262 260 18l
1.5x10 255 262 261 259 183

Saline Control 255 255 254 255 179

#Ratio:- Ratio of amount of precipitate to amount of
precipitate obtained in saline control (no
inhibitor present)

Ratiow

0.46
+78

1.00
1.01

0.46
72
«92
«97
+95

296
1,03
1.02



Hapten Inhibition Experiment with Antiserum to
L-18SS Using L-1BG as the Precipitating Antigen

Summary of Tests with Most Concentrated Drug Solution

Whole Serum Globulin Fraction

Drug Ratio Ratio
L-208 Oelyl 0433
L-173 45

L-135 46 o35
L-170 47 .38
L-171 48

L-137 «50 o[ 6
L-172 52 45
L-136 55 43
L-205 55

L-134 58 o5l
L-161 o 61 46

% § U7 42
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TABLE III
Hapten Inhibition Experiment with Antiserum to
L-1SS Using L-1BG as the Precipitating Antigen.

Drug Klett Readings Average Average-Blank Ratio#

L-208 131 133 135 133 Sl 0.2l
L-204 137 136 135 136 57 .26
L-173 139 140 137 139 60 27
L-171 141 1 140 141 62 .28
L-205 140 141 140 140 61 .28
L-135 14l 151 137 14l 65 .29
L-172 14k 1y 143 1l 65 «29
L-161 147 150 153 150 71 + 32
L-136 152 151 151 151 72 .33
L-170 156 153 150 153 h .33
L-202 152 154 152 153 (qn «33
L-134 155 154 154 154 75 3l
L-203 =~ 154 153 154 75 3l
L=-206 159 161 157 159 80 36
L-137 164 163 163 163 8l .38
L-207 172 176 175 17k 95 43
L=201 179 17T . AT 178 99 45
L-1 135 135 132 134 55 25
Saline

Contr°1305 293 296 300 221

301 306 297

#Ratio:- Ratio of amount of precipitate to amount of precipi-
tate obtained in saline control(no inhibitor present)



TABLE III

Hapten Inhibition Experiment with Antiserum to
L-18S Using L-1BG as the Precipitating Antigen.
Simple

Compound Klett Readings Average Average-Blank Ratiow#
l-a 220 218 218 219 139 0.63
1-b 219 216 219 218 138 «63
3 228 236 230 231 151 « 69
6 273 262 277 271 191 87
5 272 272 276 273 193 .88
12 275 277 268 273 193 .88
13 270 275 274 273 193 .88
9 286 278 274 279 199 «90
T=a 281 278 284 281 201 91
7-b 285 28y 278 282 202 .92
8 292 287 285 288 208 «95
N 292 297 283 291 211 .96
11 293 297 295 295 215 .98
2 298 297 301 299 219 1.0
2231512331 299 298 305

298 300 300 300 220

%Ratio:~ Ratio of amount of precipitate to amount of pre-
cipitate obtained in saline control(no inhibitor
present)



Substituted Piperidines Tested for Local Anesthetic Action

Free Base

Molecular Weight

of Hydrochloride

CH

L- &
c‘;o CH—CH,
™ 0CH,CH,CHy—N CHy 297.8
/
CHz~ CH,
L-1
CH
| 3
0 CHE—CH
Z 2
OCH,CHp CHp=N CHp
CHp=CHy
L-134 CH
I 3
0 CH—CHy
CH5—C N 11.9
NOCH,CHpCHy- N CHp ’
CHZ“CHQ
L-135 CH
3
0 CH—CH
cff 4 298.8
N
CHz—GH,
L-136 CH
\3
\\OCHQCH CH—N CH, Sl
e 272 /
CH— CH2
L-137 CH3 ?H3
0 CH—CH
CH3O CH'—C4¢ :
OCHy CHy CHo = //CH2 341.9

CHp=CHp
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TABLE IV
Fres Teds Molecular Weight
of Hydrochloride
L=-161
s
0 CH—CH
o 2
OH \ /
il CHq CHg
H5=Cl, 0 |
\ﬁi / CH— CHy
H —CH,—C /
X 2 .
\? i \\OCHQCHQCHZ—N CEy 317.9
el L Y
L-171
CH
fzﬂs | 3
0 CH—CH
& 2
Rhs " 339.9
ocHQGHchz—m\ /cH2
o CH;5CH,
) CH3
0 CH—CH
7 2
\ / N 313.8
OCH,CH _CH —N CH,
2 272 \
Ve CH~-CH
0 2 T2
s g 20 CHo=CHp
G / N
OCHECHQCHQ—N\ CH2
CH— CH, 401.9
0 .
L-201 «Z |
~NOCH,CH oCHp N
CH-CH
H20 1T 38949
HoC ~CH
¥ ey 1o
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TABLE IV

Molecular Weight
of Hydrochloride

Free Base

L-202 fH3
0 CH—CH
=
HO cig-cZ 2
OCHzChQCHTI\J /Chz 32749
CH5zCH,
L-203 CH
l 3
0 CH—CH
: 7
CH,CH5~C / N\
272 "N 0CH,CH,CHS X CcH,32549
AN 2
CHz CH,,
L=-20L CH, CH
| 303
0 CH—CH
e /
\
L=-205 (|JH3 (l)HB
0 CH— CH
oZ /
OCHoCHpCHo =N CHo 327.9
OH \
CHo—=CHo
L-206
CHy
0 CH—CH
~
c< 7 :
OCHCHyCHo=N CH-CHy ~ 327.9
OH \
CH,~CH
HC —— CH &R
L-208 é I 0 CHy,—CHy
H C—C L
~
57 NOCHLCHpCHy~N /CHQ
cH—cfl, 303.9
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TABLE IV
Free Base Molecular Weight
of Hydrochloride
CH3
L-207 |
=N
OCH,CH,CH+N CH-CH
oH BTETR Y, 7 3 3149
(I)H—CH2
CH
Related Simple Compdéunds
l « a Two different
1l - b solutions of 2
(C,H.) N 0
25 3 Colig-0Z
3 oH

N

(CH,CH,CH,CH
3vHghiio o) 3 CHBCHQCHQQH

6
CH3CH2CH2NH2

7T = a Two different

7 = b solutions of o 8 -
0113—c/< ;3

/ ™\

3
hOCLQCHg;N Cl
12
13
(CQHS)QHH'HCI

0570

~N

OH



Drug

L-136
L-135
L-202
L-203
L-134
L-137
L-201
L=-20l
L-161
L=172
L=170
L-207
L-208
L

L-206
L=-171
L-205
L-173

-5l-

TABLE V

The Toxicities of Variously Substituted Piperidines

Intravenous

LsDs T 8uB.
mgo/kgo in

115
100
Tl
59
52
L2
35
35
35
3l
31
27
26
22
20
18
18
9

-+

x

L 2 . S N A T T T T S TR
H O F P F K F K F N MM F PP NMFE Y

L 4

mice

6

Subcutaneous
DL T e e
L-20l 1600 £ 69
L-202 1550 *185
L-134 800 t 64
L-208 730 T 43
L-203 690 *117
L~ 569 * 65
L-207 510 T 24
L-135 500 ¥ 11
L=-206 410 * 48
L-161 386 t 27
L-205 345 T 29
L-136 330 ¥ 39
L-171 305 ¥ 30
L-170 290 = 39
L-137 235 ¥ 15
L-201 156 ¥ 17
L-173 155 ¥ 2,



TABLE VI
The Local Anesthetic Action of

Variously Substituted Piperidines

Drug % Solution T (minutes) Drug % Solution S (minutes)

L=173 0.25 35 L-170 1 50

L-201 0.25 30 L=-206 1 L5

L-161 1 23 L-161 L 39

L-172 i N 21 L-171 1 3L

L-206 1 19 L-134 1 30

L-205 1 15 L-202 1 28

L-207 1 15 L=-203 1 23

L=~ 1l 10 L-135 1l 8

L-208 1 5 L-137 1 T

L=204 ; 5 L-136 1 3

L-136 1 0

L-134 1 0 T - "duration of topical anesthe-
sia was determined by appli-

L=-202 1 0 cation of a solution of the
anesthetic.....to the

L-137 1 0 rabbit's cornea®

L-171 1 0 8 - "subcutaneous anesthesia was
determined on the guinea

L-203 1 0 pig's skin"

L-170 1 0

L=135 ‘1 0
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TABLE VII

Comparison of Hapten Inhibition with Local Anesthetic Data.

Drug Hapten Inhibition Constant Local Anesthetic Action

Second Series First Series T S
L-208 1l.12 1.47 5 -
L-20) 0489 - 5 -
L-173 .81 1.00 0.25%= 35 -
L-171 .72 0.79 0 34
L-205 72 .38 15 -
L-135 67 «85 0 8
L-172 <67 +56 21 -
L-161 «50 .28 23 39
L-136 45 <56 0 3
L-170 45 «89 0 50
L-202 45 - 0 28
L-134 1 .32 0 30
L=203 1 - 0 23
L-206 .34 - 19 45
L-137 .28 +50 0 7
L-207 .18 - 15 -

L-201 o1l - 0.25%= 30



TABLE VIII

B

Comparison of Hapten Inhibition and Pharmacological Data.

Drug Mol.Wte.

L-208
L-135

L-204
L-172
L-136
L-134

L-205
L=-161
L-202
L-206
L-203

L-171
L=-137
L=-207

L-173
L-201

304
299

312
31
313
312

328
328
328
328
326

340
342
342

yo2
390

Hapten Inhibition

Constant
Second
Serles

l.12

0.67

0.89
.67
45
o441

72
«50
45

o’-l.l

.72
.28
.18

.81
1L

First

Seriles

1447
0.85

o719
«50

1.00

Local

Toxicity Anestheti

leVe
26%1
100&£9

35%2
341
11526
s5et2

18%1
35%1
ThEL
201
59%2

1621
Lzl
27%1

9%l
3582

Action
S.C. i
730243 5
500211 O

1600569 5
- 2
330239 0
800%6l O

345229 15
386227 23
1550185 0
L1oTy8 19
6902117 O

305%30 0
235215 0
510%2 15

c

30

39
28

45
23

3k
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PART II

THE INCORPORATION OF Clu-CARBOXYL-LABELED
LEUCINE BY SERUM PROTEINS



INTRODUCTION

Quite recently many workers have attempted to study
the reactions of antigens and antibodies with the aid of
isotopic tracer methods and it is probable that these
methods will be used extensively in the future. However,
most of the studies made to date have been carried out by
labeling the material to be studied with an element or
group not normally present in the molecule itself. Although
labeling the normal constituents of a protein is a time
consuming and laborious process as compared to other methods
of labeling it is certainly the most satisfactory method
for the carrying out of certain experiments in which un-
changed native molecular structures are required.

The greatest number of investigations have been carried
out by iodinating the protein material with 1131, Eutement
(1) was one of the first workers to investigate the possi-
bilities of labeling with radioactive iodine and he found
that iodination had little or no effect upon agglutinating
antibodies for proteus vulgaris. He is perhaps the only
worker to have considered the effect of the distribution
of the iodine atoms on the different protein molecules.
Pressman and his coworkers have used I13l to carry out
studies on the Mzone of localization™ of antibodies (2-1l).
They prepared antibodies directed against specific animal
tissues (usually rat or mouse kidney, lung, or liver) and

these antibodies were then labeled with radicactive iodine
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and injected intc normal rats or mice. The localization of
these antibodies was then followed. Warren and Dixon have
studied anaphylactic shock in guinea pigs with Il3l-labeled
bovine gamma globulin (15) (16). Eisen and Keston (17) have

studied the precipitation reaction of bovine serum albumin
and anti-bovine serum albumin using this label. Haurowitz

and his coworkers (18)(19)(20) have studied the distribution
of I131 in rabbits following the administration of iodine-

labeled antigens and similar work has been carried out by
Dixon, Bukantz and their coworkers (21)(22)(23)(24)(25) in-
cluding studies on rabbits exposed to X-radiation (21).
Knox and Endicott (26) have measured the rate of disap-

pearance of iodine-labeled bovine serum albumin from the

blood stream of rabbits. Pressman and Sternberg (27) have
studied the rate of iodination of antibodies with 1131 and
later studied the protection of the specific antibody site

by haptens during iodination (28). Banks et al. (29) have
also used 1131l to label antigens and antibodies and have

conducted hapten inhibition tests with labeled antigens,
antibodies, and haptens (30). Masouredis et al. (31) have
carried out precipitation studies with human serum albumin
labeled with iodine and Gitlen et al. (32) have used this
isotope to estimate the half life of protein antigens. Latta
(33) has also measured the blood and tissue concentrations
of 1131 after the administration of Il3l-labeled antigen.
S35 has been used also as & label for antigens and
antibodies. Boursnell et al. (3l) used/gdfdichlorodiethyl—

sulfone to tag proteins and Pressman et al., have also used
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835 for a label in their localization studies by diazotizing
aminobenzenesulfonic acid onto the antibodies (35).

Benks et al. (36) used P32 in the phosphorylation of
proteins and investigated the fate of these proteins when
injected into rabbits. A number of workers are continuing
this type of work and many of the results are appearing in
the Journal of Immunology.

Fewer workers have attempted to isotopically label the
normal constituents of the antigen or antibody molecule but
this has been done successfully. The earliest studies with
labeled antibodies were those of Schoenheimer, Heidelberger,
and their coworkers (37)(38)(39). They fed N}>-labeled amino
acids to rabbits and followed the incorporation of the heavy
nitrogen into the serum proteins. Libby and his coworkers
(40)(41l) have determined the fate of tobacco mosaic virus in
mice by following p32 activity which was incorporated into
the virus from the plant on which it grew. Boursnell et
al. (34) and their coworkers have carried out investigations
on the antigen-antibody reaction of the lipovitellin-
antilipovitellin system by using lipovitellin isolated from
the eggs of' hens receiving P32-1abeled phosphate ion. This
group studied the antigen-antibody precipitation reaction
of the system but because of the complexity of the antigen
used and the reaction of the antibody with phospholipids
present they concluded that this was a poor system to study
quantitatively (29)(36)(42)(43)(4l). They also studied the

fate of P32 containing proteins in vivo (36)(l4l). Kooyman
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and Campbell (45) were the first to use a Clt-labeled amino
acld in this type of work and they carried out experiments
similar to those of Schoenheimer and his coworkers. Keston
and Dreyfus (46) have studied the incorporation of Clu-tagged
glycine into antibody proteins in vitro in some experiments
undertaken to critically evaluate the work on the in vitro
synthesis of proteins by tissue slices and homogenates.
Similar experiments have been performed by Ranney and London
(4L7)+« A report on the work discussed in this thesis using
¢4 1abeled leucine has also been given (U48).

As stated, Schoenheimer, Heidelberger and their coworkers
fed Nl5-labeled amino acids to rabbits and followed the in-
corporation of the heavy nitrogen into the serum proteins.
Their conclusions were that antibody proteins, like other
proteins, take up the heavy nitrogen at a rapid rate during
the process of formation. They found that this occurs even
when the concentration of circulating antibody is diminishing,
indicating that new antibody is being formed though the rate
of degradation is greater than the rate of synthesis. The
authors also concluded that injected antibody globulin
(passively transferred antibody) either did not incorporate
the isotope or else did so with the loss of its specific
antibody properties, since rabbit antibody injected into a
normal rabbit receiving labeled glycine showed only a very
small uptake of heavy nitrogen and this seemed to be a non-
specific effect.

When Clu became available in sufficient quantities
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Kooyman and Campbell (45) decided to repeat the work of
Schoenheimer et al. with this very easily handled tracer.
Clu offers the advantage of being detectable in very low
concentrations in a relatively simple manner. In some
preliminary experiments Kooyman and Campbell prepared
Clu-labeled leucine and administered this to rabbits by
intraperitoneal injections. The rabbits used had been
immunized and while receiving the labeled amino acid they
also received intravenous injections of different antibody
solutions. Radioactivity was found in passively transferred
rabbit antibody but none was found in passively transferred
horse antibody. Kooyman and Campbell thought it was very
probable that an exchange took place with the passive
homologous antibody. Since there was some question re-
garding the quantitative significance of their data, which
contradicted the earlier conclusions of Schoenheimer and
Heidelberger, the following experiments were performed.
They are essentially a repetition of the earlier work by
Kooyman and Campbell but were performed under more precise

quantitative conditions.

EXPERIMENTAL

The synthesis of carboxyl-labeled leucine. Leucine was

chosen for these initial experiments because it occurs in
large amounts in serum proteins and also its synthesis from
cllh_1abeled barium carbonate 1s not too difficult. The
activity incorporated into the leucine had to be somewhat

arbitrary but considering the earlier work it was decided
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to prepare leucine with an activity of about 10,000 counts
per minute per mg in the counter used. This corresponds to
104 x.103 or 107 counts per minute per gram. Allowing a
factor of 20 for the efficiency of the counter the material

should have a specific activity of

8
e x 10 =9x10'2

3.7 x 107 x 60

millicuries per gram. As yields of about 30% were expected
it was decided that the synthesis would be started from
about 0.4 millicuries of barium carbonate and this should
yield about 1.5 grams of dZ-1eucine of suitable activity.

A number of methods for the preparation of leucine
have been described, the most important of these being I.
Isocaproic acid =» bromoisocaproic acid — leucine, II.
Strecker synthesis starting from isovaleraldehyde, and III.
Saponification followed by decarboxylation and hydrolysis
of isobutyl aminoacyl malonic ester. Kooyman (49) had worked
out a synthesis of Clu-carboxyl-labeled leucine following
I and so it was decided to attempt to repeat this synthesis.
Although this method is relatively simple it has the dis-
advantage of starting with a relatively impure material
(isoamyl bromide) which ylelds isomeric compounds in the
final product. Since this work was undertaken Borsook et
al. (50) have published a synthesis of cli-1abeled leucine
using the Strecker synthesis and as they obtain the
isovalerasldehyde in high purity their synthesis has the



«Tw
advantage of yielding a purer product.

Kooyman (49) had adapted the method of Cheronis and
Spitzmueller (51) to convert the bromoisocaproic acid to
leucine and doing this reported a high overall yield.
However, preliminary trials with inactive material failed
to reproduce these high yields and modifications of his
procedures were used.

The synthesis was carried out according to the follow-

ing series of reactions-

Ul
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Eastman (white label) isoamyl bromide was distilled
several times collecting the fraction coming over at 117° -
119o C. and a solution of isoamyl magnesium bromide was
prepared from this. One hundred millimoles (2.4 g) of
clean magnesium ribbon was placed in a round bottom flask
having a condenser with a drying tube on it. A solution
of one hundred millimoles (15.1 g) of the isoamyl bromide
in 45 ml of anhydrous ether was slowly added while stirring
vigorously. There was no difficulty in starting the re-
action especially if a fairly concentrated solution of the
iscamyl bromide was added initially. After the reaction
had slowed to the polnt of nearly stopping the reaction
mixture was heated in a water bath at 37° C. for a period
of about 15 minutes. Unreacted magnesium was removed by
filtration under pressure through a sintered glass filter
into a flask attached to the carbon dioxide apparatus.

The 100 millimoles of isocamyl bromide corresponded to an
excess of 150% over what was required to react with the
carbon dioxide produced.

The apparatus for the carbonation of the Grignard
solution is shown in Figure I. Separating funnel A con-
tained 6 N hydrochloric acid and emptied into tube B which
contained the sample of radioactive barium carbonate.

The capacity of B was about 3 ml. The three necked flask
C contained inactive barium carbonate which furnished
carbon dioxide to wash the labeled carbon dioxide through

the apparatus. Drying tower D was filled with anhydrous
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calcium chloride and the washing tower E contained concen=-
trated sulfuric acid. Stopcock F was used in order to be
able to evacuate the apparatus. The washing of the carbon
dioxide through the concentrated sulfuric acid seemed to be
necessary. G was another stopcock which served to cut off
the apparatus when evacuated from the flask H to which the
Grignard reagent was transferred. Before a run was started
the whole apparatus was evacuated and stopcocks F and G
were then closed.

The Grignard reagent was filtered into flask H which
was immediately immersed in a dry ice-methyl cellosolve
bath. Flask H was then evacuated until the ether solution
began to boil and then stopcock I was closed. A few drops
of the hydrochloric acid were slowly admitted to tube B
containing the 0.4 millicuries of barium carbonate. This
corresponded to about 40 mg of the 3% tagged material sup-
plied by the Atomic Energy Commission. After this had
reacted more hydrochloric acid was slowly admitted and
allowed to overflow into the flask C which contained 7.86
grams of pure inactive barium carbonate. 1In general a
few glass beads were also placed in flask C as they seemed
to aid in the mixing of the acid and the solid material.
The pressure was allowed to slowly increase to about 70 cm.
and then stopcock G was slowly opened. Flask H was gently
shaken while the gas wes being absorbed. The fall in
pressure virtually ceased in about -5 minutes at which

time stopcock G was closed and F opened. Flask H was
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disconnected and 15 grams of crushed ice was added to 1t.
Thirty five ml of 6 N sulfuric acid was added slowly with
shaking and the mixture was allowed to warm up to room
temperature. The contents of the flask were rinsed into
an apparatus for continuous extraction with ether.

The aqueous layer was extracted for four hours and the
ether extract was dried over anhydrous sodium sulfate to
remove traces of magnesium salts. The isocaproic acid was
separated from the non-acidic reaction products by ex-
traction with I N sodium hydroxide, using three portions of
12, i, and U4 ml respectively. This aqueous extract was
washed once with 5 ml of ether, acidified and extracted with
ether. The solution was dried over anhydrous sodium sulfate
and then concentrated under reduced pressure.

The bromination of the small amount of isocaproic acid
had proved rather difficult and it was found advantageous
to distill the crude isocaproic acid in a small vacuum still
at this point and then a small amount of dried stockroom
isocaproic acid was used to rinse the tagged material into
‘ a2 one hundred ml round bottom flask for the bromination
procedure. Four-tenths of a gram of red phosphorus was
added to the acid and a condenser carrying a small separa=-
tory funnel and a gas outlet tube was fitted to the round
bottomed flask. 1Twelve grams of bromine which had been
dried over concentrated sulfuric acid were added through
the condenser in the course of four hours while keeping

the temperature of the flask at 50 - 60° C. The flask
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was then kept at 70 = 75° ¢. for another three hours and it
was finally heated on a boiling water bath for one hour.
The mixture was allowed to stand overnight at room tempera-
ture and on the following day 15 grams of crushed ice, 15 ml
of chloroform, and 5 ml of a 1% solution of sodium metabi-
sulfite were added. The mixture was stirred for fifteen
minutes and the brominated acids were extracted with chloro-
form after making sure the aqueous phase was quite acid by
adding a little sulfuric acid. (This method of bromination
is essentially the same as described by Hickenbottom (52).)
The chloroform solution was concentrated in vacuo and the
brominated acids were distilled in vacuo, the main fraction
boiling from 88 - 90° C. at 2 mm. pressure. A little un-
reacted isocaproic acid was collected with the distillate.
The tube containing the distillate was transferred to a pyrex
tube 45 em. in length and 28 mm. in outside diameter. This
avoided the loss of any material during the transfer. The
large pyrex tube was a standard combustion tube which was
capable of withstanding the 10 atm. pressure produced in
the treatment with liquid ammonia.

Dry ammonia gas was condensed into the pyrex tube
containing the mixture of bromoisocaproic acid and isocaproic
acid making use of a drying tube containing sodium hydroxide
pellets to keep the system dry. The tube was maintained at
-80° C. and sealed when 25 ml of ammonia had been condensed.
The tube was allowed tc warm up to room temperature and the

contents were mixed. The tube was allowed to stand for
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forty-eight hours at room temperature, encased in an iron
pipe as a safety measure. The tube was cooled again to
-80° ¢. and opened. The ammonia was allowed to slowly
evaporate off, The last traces were removed by evacuating
the tube while keeping it at 40° c.

The resulting solid product was repeatedly washed with
95% ethyl alcohol using a total volume of 75 ml. The product
was recrystallized from 50% alcohol as described by Marvel
(53) The final product melted with decomposition below
the prescribed 332° C. but the benzoyl derivative was pre=-
pared which melted at the required 141°C. A sample prepared
by Dr. Kooyman was analysed and on duplicate determinations
gave for the total nitrogen 10.8 and 10.8%, for amino
nitrogen by the Van Slyke method 10.7 and 10.6%, for alpha
amino nitrogen by the ninhydrin method 10.8 and 11.0%, as
compared to the theoretical amount of nitrogen of 10.68%.

The final yield was about 1.5 grams which corresponds
to an overall yield on barium carbonate of about 30%. No
attempt was made to racemize the mixture as this would have
involved the loss of valuable material. The presence of the
d isomer would not influence the planned experiments as the
object was only to obtain a high level of radioactivity in
the serum proteins. The solution from the recrystallization
yielded a little more product upon concentration and addition
of alcohole.

The measurement of the radioactlivity. Usually the measure-

ment of Clu activity is accomplished by converting the
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material to carbon dioxide and either determining the
activity of the gas or reacting the gas with barium
hydroxide and counting the activity of the barium carbonate
(54). However, as all the materials to be counted in this
work were protein in nature it was decided to investigate
the possibility of counting the material as a protein
precipitate. From an absorption standpoint counting as
protein material would be advantageous since barium car-
bonate is only about 6.l% carbon and protein material is
at least about 30% carbon. However, it is difficult to
obtain smooth reproducible surfaces on the protein pre-
cipitates and many procedures had to be tried in order to
determine the most satisfactory procedure for mounting the
protein material. The most important observation made was
that the material had to be relatively free from water in
order to avoid caking and cracking of the sample surface.
The procedure finally adopted for preparing the samples
was the following. The protein material to be counted was
suspended in 1% saline and washed three times in a small
centrifuge tube. The material was then finely ground in
95% ethyl alcohol and this was followed by three washings
in 95% ethyl alcohol and three washings in anhydrous ethyl
ether. About five to twenty mg of this material was made
into a slurry with a few ml of anhydrous ether and this
was transferred to a brass cup which was fitted so as to
deposit the residue upon evaporation of the ether on to a

weighed aluminum disk. The disk had a circular exposed



-G
surface of one centimeter in radius which resulted in the
residue having a surface density of about 1.5 to 6.5 mg
per ecm@. The use of some adhesive material on the aluminum
disks was tried but in general this was not necessary.
Quite often the material would cake and crack on the disk
but when this occurred pulverizing the material with a
little anhydrous ether and allowing this to e vaporate off
gave a uniform surface. Care had to be taken to avoid
swirling the slurry as this caused uneven deposition of the
solid. Self absorption curves were plotted using several
different tagged protein materials and these were found to
be very similar to the curves for barium carbonate (54)(55)
(56). A curve plotted using the antigen-antibody precipi-
tate material from the experiment with rabbit 63 described
later is shown in Figure 2. The values of the specific

activity of the samples of less than 2.5 mg per em?

were
used to evaluate the specific activity, 7%, of very thin
samples. Self scattering is apparently not too great in

these samples. The lower curve in Figure 2 gives the ratio

of this specific activity of a very thin sample to 722 the
observed specific activity of a thick sample. As can be

seen over this relatively narrow range the curve is practically
linear. This curve was used to correct the radioactivities

of all the samples measured for self absorption. Sufficient
data were available to show that all the protein samples

gave similar self absorption effects. The measurements of

the radioactivity are given later with the nine-~tenths



statistical error (57). The experimental errors introduced

are undoubtedly much greater than this.
The source of the radioactivity of the proteins. One

question that arose in the counting of the radioactivity
was to what extent the Clu was still present as leucine.
Samples of rabbit serum albumin that had been tagged in the
experiments of Dr. Kooyman were analysed for specific
leucine activity. This was carried out by digesting a
sample of the albumin in the presence of e large excess of
inactive pure_J?-leucine. The use of hydrochloric acid
seemed to be the most satisfactory for carrying this out.
In general samples were digested for 2l hours at 100 -120° C.
and allowed to stand for some time at room temperature.
The samples were evaporated to dryness in a desiccator and
the residues were dissolved in water and neutralized with
a small amount of sodium hydroxide. The solutions were
decolorized by boiling for two minutes with norite and
filtering. The solutions were again evaporated to dryness
in a desiccator. The residues were redissolved in a small
amount of water, and ethanol was added. The solutions
were allowed to stand overnight in a refrigerator until a
small amount of precipitate had formed. The precipitates
were filtered out, washed with a mixture of alcohol and
ether, and allowed to dry. The specific activity of this
material which should be largely leucine only corresponded
to 50 - 55% of the total activity of the albumin. No

attempt has been made to investigate the distribution of
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the radioactivity any further but the determination of
where the rest of the activity is would furnish an in=-
teresting problem.
All the counting was done with a "Tracerlab" Geiger-
Mueller counter using a "64" scaler. The end window of
the Geiger tube had a thickness of 1l.l. mg per cm.2.

The incorporation of clh activity by the blood proteins of

rebbits receiving Clu-carboxyl-labeledaéf-leucine. The

primary purpose of these investigations was to determine if
passively transferred antibody molecules could incorporate
radiocactivity given to an animal in the form of a labeled
amino acid. To determine this the following experiments
were carried out. A healthy male rabbit (Rabbit 63) weigh-
ing eight pounds had been immunized against bovine globulin
P -azophenylarsonate (RBG) receiving the last immunizing
injection on the day this experiment started. The rabbit
then received three daily intraperitoneal injections

(day 0, 1, and 2) of 30 ml of a 1% solution of the labeled
leucine. The rabbit thus received an amount of radio-
active material equivalent to about 9 x 106 counts per
minute in the counter used. The leucine solution had been
sterilized by filtration through a Seitz filter. On the
third day it received two intravenous injections of a
rabbit antiovalbumin solution receiving a total of 27 ml

of solution. This solution contained 33 mg of protein per
ml and gave 6.1 mg of precipitate per ml when titrated with

ovalbumin. On the next day (day l.) the animal received
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11 ml of a horse antibody solution which contained L9 mg
of protein per ml and gave 1l2.5 mg of precipitate per ml
when titrated with type I pneumococcus polysaccharide and
17.0 mg of precipitate per ml when titrated with type II
pneumococcus polysaccharide. On day five 70 ml of blood
were taken from the rabbit's ear and this was defibrinated
by shaking with glass beads. The rabbit then received 35
ml of sterlle saline. On day seven 60 ml of blood were
taken from the ear and defibrinated. The defibrinated
blood samples were centrifuged and the serum was removed.
Small portions of the serum samples were titrated with
bovine globulin P=-azophenylarsonate to determine the optimum
ratio. TUsing this ratio the active antibody was precipitated
from 20 ml portions of the sera. The samples were allowed
to remain I8 hours in the refrigerator before centrifuging
off the precipitate. The precipitates were washed 3 times
with cold saline and were then prepared for counting as
outlined above. Background was determined before and after
each sample was counted and after the counter had been
allowed to run continuously for a twelve hour period it was
found to be practically constant. The radiocactivities
measured with the nine-tenths statistical error are given
in Tables I and II. These values were corrected to counts
per minute per 10 mg of sample making the necessary cor-
rection for self absorption and the resulting values were
listed.

In the earlier work the question of the effect of
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complement being bound by the precipitates was raised.
Complement is a naturally occurring substance or group of
substances present in serum which is needed in addition
to antibody for the bactericidal and hemolytic reactions
of immune serum (58). Complement is removed to a large
extent by the specific precipitation of antigen and antibody,
being part of the precipitate complex. The presence of
radioactive complement would have little effect upon the
specific activity of the active antibody precipitate but
would have a marked effect on precipitates of low specific
radioactivity. It was suggested that the radiocactivity of
the passive antibody precipitates in the experiments of Dr.
Kooyman might be due to complement present. Assuring the
removal of a material as complex as complement would be
very difficult but it is known that complement activity is
destroyed by heating the serum at 56° C. for half an hour.
The supernatants from the active antibody precipitations
which should have little complement activity in any case
were therefore heated at 56° C. for half an hour. They
were then tested in the standard manner for complement
activity (59) and were found to be negative. This still
did not completely assure the removal of any material
which might be carried down with the precipitates in a
more or less nom-specific manner but it at least made 1t
rather unlikely. The solutions were recentrifuged and
titrations were run with ovalbumin to determine the optimal

ratios for precipitating the passive rabbit antibody and
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the precipitations and counting were carried out as for the
active antibody. 1In a similar manner the horse antibodies
were precipitated with & mixture of the two polysaccharides
in the correct proportions and counted. The results are also
shown in Tables I and II.

As these results were contrary to the earlier work it
was decided to repeat the experiment with the same animal.
The rabbit received a few more injections of the immunizing
antigen and then on day twenty four it received an intra-
peritoneal injection of 30 ml of the 1% tagged leucine
solution. Over the next two days it received four intravenous
injections of 10 ml of a rabbit antiovalbumin solution.

This solution gave L.5 mg of precipitate per ml when titrated
with ovalbumin. On the next day (day 27) 55 ml of blood
were taken from the animal and this was treated in the same
manner as were the previous samples. The results are given
in Tebles I and II. As shown the passively transferred
rabbit antibody was again found to contain no radiocactivity.

For a further check on the above results the experiment
was repeated with a different animal and different antigen-
antibody systems. A healthy female rabbit (Rabbit 361)
weighing about seven pounds received a long series of in-
jections of crystalline bovine serum albumin solution and
had a high titer of anti-bovine serum albumin antibodies.

On the three days followlng the last immunizing injection
(day 0, 1, and 2) it received 27, 24, and 20 ml of a 1%

solution of the labeled leucine. On the next two days
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(day 3 and L) it received four 10 ml intravenous injections
of a solution of rabbit anti-bovine globulin P -azophenyl-
arsonate serum. This material gave 10.9 mg of precipitate
per ml when titrated with bovine globulinp-azophenylarsonate.
The rabbit was then bled on days 5, 6, 13, 20, and 27 taking
Lo, 65, 40, 30,and 30 ml of blood on the respective days.
The bleedings were all from the ear and after each bleeding
the animal received an intraperitoneal injection of sterile
saline. PBetween the third and fourth bleedings the im-
munizing injections were again started. The samples were
treated in the same manner as before checking for complement
activity after the removal of the active antibody. In all
cases the active antibody was precipitated first. The
amount of antibody in each sample is given in Table VIII,
and the amount of radiocactivity in each precipitate is given
in Tables V and VI. It is to be noted that the passive anti-
body 1In this case did show some radiocactivity although not as
much as was found in the earlier work. To determine if this
radioactivity was merely the result of adsorption the passive
antibody precipitates were resuspended in saline and again
washed by the procedure previously outlined. The material
from the second bleeding showed a real decrease in the amount
of radioactivity. A different sample of the passive antibody
material from the second bleeding was washed in a more
thorough fashion than the other sample and it was found to
contain an intermediate amount of radioactivity. The data

are shown in Table VI.
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It seemed of interest to compare the amount of radio-
activity in the antigen-antibody precipitates with that
present in the other serum proteins that were available.
The fibrin from each bleeding was washed, dried, and pul-
verized and then rewashed and treated and mounted in the
same way as the antigen-antibody precipitates. The fibrin
activities are given in Tables IV and VIII and I and V.
.Samples of the erythrocytes from each bleeding were washed
repeatedly with saline and were laked with distilled water.
Ninety five percent ethyl alcohol was added to the clear
solutions and the precipitates were centrifuged out. The
precipitates were treated in the same manner as the other
materials and assayed for radioactivity. The amounts of
radioactivity found are given in Tables I, V, IV, and VIII.
The supernatants from the antibody precipitations were
treated with alcohol and the resulting precipitates were
likewise treated, mounted, and assayed for radioactivity.
The amounts of radioactivity found in this material is also
given in Tatles I, V, IV, and VIII. The variation in the
amount of radioactivity in counts per minute per 10 mg of
sample, corrected for self absorption, is shown in the

graphs of Figures 3 and L.

DISCUSSION
The results obtained in these e xperiments on the in-
corporation of a Clu-labeled amino acid by rabbit serum

proteins are essentially what one would predict from the
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heevy nitrogen experiments of Schoenheimer et al. (37)(38)
and do not show the relatively high radioactivity in the
passive antibody material that the results of Kooyman (45)
indicated. However, as shown above, in some cases the passive
antibody material did contain some Clu. This could be re-
moved at least to some extent by extended washing of the
precipitate and would thus seem to be non-specific. It is
to be noted that the passive horse antibody which the earlier
work had claimed to be inactive was just as radioactive or
even more radiocactive than the rabbit passive antibody again
indicating that both effects are non-specific. In general
great care must be exercised in evaluating the meaning of
radiocactivity in precipitates such as obtained in these
experiments. A great deal of the radioactivity may be non-
specific (46). This may or may not account for the results
obtained by Kooyman (45). In some of his experiments the
passive antibody was precipitated before precipitating the
active antibody and one might expect more non-specific material
to be brought down in the first of a series of antigen-
antibody precipitations.

It is possible to estimate the half life of the different
serum constituents from curves similar to those of Figures 2
and 3 if it is assumed that the radioactivity is not part of
a molecule that is reutilized to make more of the same
material. However, as large samples of blood were taken at

each bleeding the data are not too significant in this regard.
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The rate of decrease of activity is what might be e xpected
from similar work on man and the rat (60). It is interesting
to note that the red cells are still incorporating asctivity
when the activity of the other serum constituents is decreasing
rapidly. This may not only be a reflection of the much longer
half life of the cells as compared to the soluble proteins
but also a reflection of the utilization of preformed material
in the synthesis of the red cell protein.

In conclusion it may be stated that while the normal
constituents of a rabbit's serum incorporate radioactivity
given in the form of an amino acid at a very rapid rate pas-
sively transferred antibodies either do not incorporate this
radioactivity to any marked extent or else do so only upon

the loss of their specific antibody characteristics.
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TABLE I

Rabbit 63 - Immunized Against Bovine Globulin

)’-Azophenylarsonate and Injected with Clu-Labeled Leucine

Time indays O 1 2 3 L4 5 7 24 25 26 27

Injection of 30 ml

¢l leucine 30 ml 30 ml
(1% solution) 30 ml

Injection of
rabbit anti- 27 ml 20 ml 20 ml
ovalbumin

Injection of

horse antibody 11 ml
(8I sII)

Bled 70 ml 60 ml 55 ml

Radioactivity Found
Counts per min. per 10 mg

Antiovalbumin

Precipitate 0 0 ' 0
Horse antibody

Precipitate 10 8 -
Anti RBG

Precipitate 81 68 32
Red cell

protein 14 1l 66
Fibrin 1)y 111 36

Alcohol ppt.
from supnt. 117 99 77
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TABLE II

Radioactivity of Antibody Proteins from Rabbit 63,

Immunized Against Bovine Globulin P-Azophenylarsonate and

Injected with ¢ -Labeled Leucine

Actlive antibody - Anti-RBEG

Precipitate
Weight Counts/minute Counts/min./10 mg
Bleed 1 Le3 mg 35.7 ¥ 2.5 81
Bleed 2 10.8 mg 58.3 ¢ 2.5 68
Bleed 3 18.6 mg 36.8 T 2,0 32
Pessive homologous antibody -« Antiovalbumin
Precipitate
Weight Counts/min Recounted
* Counts/min.
Rleed 1 2.7 mg Background 25.5 ¥ 0,8 27.7 * 1.5
Sample 26.1 * 0.8 28.4 * 1.5
Background 25.9 % 1.0 26.3 * 1.5
2.7 mg Background 24.6 ¥ 0.9 25.0 ¥ 0.8
Sample 2.9 T 0.8 27.2 T 0.6
Background 25.1 ¥ 0.8 26.6 * 0.7
Bleed 2 2.4 mg Background 25.3 % 0.8
Sample 250% + 0.6
Background 25.8 ¥ 0.7
Bleed 3 6.5 mg Background 25.1 ¥ 0.7
Sa.mple 25-1‘. * 0.7
Background 25.5 ¥ 0.7
Passive horse antibody - Anti-SI SII
Precipitate
Weight Counts/minute Counts/min./10 mg
Bleed 1 9.l mg 8.0 T 0.4 10
Bleed 2 2.4 mg 2.0 ¥ 0. 8

Errors given are all nine-tenths statistical error.
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TABLE III
Rabbit 63 Injected Material
Labeled leucine 90 ml of a 1% solution. Activity

of leucine was 11,000 counts per
minute per mg in the counter used

Horse antibody 11 ml of solution. Solution con-
tained 49 mg of protein per ml and
gave 12.5 mg/ml of precipitate with
S I antigen and 17.0 mg/ml of
precipitate with S II antigen

Rabbit antibody 27 ml of solution. Solution con-
tained 33 mg of protein per ml and
gave 6.1 mg of precipitate per ml
when titrated with ovalbumin

Second Experiment
Labeled leucine 30 ml of the same 1% solution

Rebbit antibody 4O ml of solution. Solution gave
4.5 mg of precipitate per ml when
titrated with ovalbumin
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TABLE IV

Radiocactivity in Blood Proteins of Rabbit 63

Fibrin:
Weight Counts/minute Counts/minute/10 mg
Bleed 1 16.6 mg 155 € 3.2 14
Bleed 2 19.9 mg 128 % 3.1 111
Bleed 3 17.3 mg 39.3 % 1.5 355

Red cell protein:

Weight Counts/minute Counts/minute/10 mg

Bleed 1 21.9 mg 17 T 0.5 1l
Bleed 2 23.7 mg 17.5 ¥ 0.7 14
Bleed 3 23.3 mg 79.1 ¥ 1.5 66

Alcohol precipitate from supernatant of antibody precipitations:

Weight Counts/minute Counts/minute/10 mg

Bleed 1 28.3 mg 143 T 3.5 117
Bleed 2 . 19.3 mg 113 * 3.0 99
Bleed 3 21.6 mg 91 ¥ 3.0 7

Errors given are all nine-tenths statistical error
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TABLE V

Rabbit 361 - Immunized Against Bovine Albumin and
Injected with Clu-Labeled Leucine

Time in days o 1 2 3 L4 5 6 13 20 27

Injection of 27 ml

cll 1eucine 2l ml
(1% solution) 20 ml

Injection of

rabbit antibody 20 ml
(anti=-REG) 20 ml
Bled 4O ml 4O ml 30 ml

65 ml 30 ml
Radiocactivity Found
Counts per min. per 10 mg

Anti-bovine
albumin (active

antibody) 36 4o 21 16
Anti-RBG

(passive 2s1 1.5

antibody)

Fibrin 56 50 17 9 Ee5
Red cell

Protein 13 8 33 28 25

Alcohol ppt.
from suptnt. 69 63 g 22 13
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TABLE VI

Radioactivity of Antibody Proteilns from Rabbit 361, Immunized
Against Bovine Serum Albumin and Injected with

Clu-Labeled Leucine

Active antibody - Anti-bovine albumin

Precipitate

Weight Counts/minute Counts/min./10 mg
Bleed 1 9.5 mg 29.0 ¥ 1.4 36
Bleed 2 10.8 mg 345 ¥ 1.4 L0
Bleed 3 6.7 mg 13.3 £ 1.0 21
Bleed U 1.1 mg 1.8 £ 0.4 16 ¥ 5
Bleed 5 no antibody

Passive antibody - Anti-RBG

Precipitate

Weight Counts/minute Counts/min./10 mg

Bleed 1 18.0 mg 2.8 ¥ 1.5 2
2.2 T 1.0
Bleed 2 9.l mg 3.8 % 1,0 5
Bleed 3,4,5, no antibody
Recounts

Bleed 1 10.8 mg % 5'5_% 2
Bleed 2 6.2 mg 0.9 ¥ 1.2 1.5 ¥ 2

repeated with fresh material
Bleed 2 9.6 mg 2.4 T 1.1 3

Errors given are all nine-~tenths statistical error
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TABLE

Rabbit 361

Labeled leucine

Rabbit antibody

VII

Injected Material

71 ml of a 1% solution.

Activity of leucine was 7800
counts per minute per mg in

the counter used

4O ml of solution. Solution

gave 10.9 mg of precipitate

per ml when titrated with RBG

Antibody Concentrations in Serum Samples

Bleed 1 Anti-bovine albumin
Anti-RBG

Bleed 2 Anti-bovine albumin
Anti-RBG

Bleed 3 Anti-bovine albumin
Anti-RBG

Bleed l} Anti-bovine albumin
Anti-RBG

Bleed 5 No antibody

3.8 mg of precipitate
1.8 mg of precipitate

1.8 mg of precipitate
1.0 mg of precipitate

2.1 mg of precipitate
negative

1.6 mg of precipitate
negative

per
per

per
per

per

per

ml
ml

ml
ml

ml

ml



Fibrin:

Bleed 1
Bleed 2
Bleed 3
Bleed U4
Bleed 5

Weight

17.7 mg
2l.7 mg
23.9 mg
20.4 mg
20.5 mg

Red cell protein:

Bleed 1
Bleed 2
Bleed 3
Bleed 4
Bleed 5

Alcohol precipitate from supernatant of antibody precipitations:

Bleed 1
Bleed 2
Bleed 3
Bleed U
Bleed 5

Welght

16.3 mg
18.6 mg
18.0 mg
15.7 mg
22,.)) mg

Weight

28.0 mg
29.4 mg
13.2 ng
12.5 mg
19.5 mg

-96-

TABLE VIII

Counts/minute
61.5 ¥ 1.0
59.5 ¥ 1.2
20.4 ¥ 0.9
10.3 ¥ 0.7

6.4 ¥ 0.6

Counts/minute
13.6 ¥ 0.6
8.8 * 0.6
36.9 ¥ 1.0
30.2 ¥ 1.0
29.8 * 1,0

Counts/minute
84.9 ¥ 1.3
77.1 ¥ 1.3
32.8 T 1,0
20.6 * 0,6
.5 ¥ 0.4

Radioactivity in Blood Proteins of Rabbit 361

Counts/min./10 mg
56
50
i7
9
5.5

Counts/min./10 mg
13
8

33
28

25

Counts/min./10 mg
69
63
3l
22

13

Errors given are all nine-tenths statistical error
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Propositions

l. it is proposed that it is not valid to draw conclusions
about the fate of protein antigens from the experiments
with 1131 labeled materials (1) (2). Further evidence is
required that the fate of the 113l also represents the fate
of the antigen. This evidence could be obtained with pro-
tein material that contains clh in the normal polypeptide
chain and has also been iodinated with 1131,

(1) F. Haurowitz, C. F. Crampton, and R. Sowinski,

Federation Proceedings, 10, 560 (1951)

(2) F. Je. Dixon, 8. C. Bukantz, G. J. Dammin, and

D. We Talmage, Federation Proceedings, 10, 553 (1951)
2e A quantitative examination of the precipitin reaction
in a protein-antiprotein system should be carried out with
immune serum from animals receiving Clu—labeled amino acids.
It would be relatively easy to determine antigen-antibody
ratios and the influence of numerous factors upon the reaction.
3. Complement from guinea pigs receiving a labeled amino
acid should be used in a reinvestigation of the fixation of
complement. By mixing different components of labeled and
non-labeled complement the relative amounts of each com-
ponent may be obtained.
L. A number of workers have studied the incorporation of
labeled amino acids into proteins in the in vitro synthesis
of protein by surviving tissue. It has been proposed that

some of these amino acids are not incorporated by the
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formation of peptide bonds (3). The difficulty encountered
in removing radiocactivity from passive antibody precipitates
(Part II of this thesis) would tend to support this. The
nature of the combination might be investigated by equilibrium
dialysis studies.

(3) A. Keston and J. C. Dreyfus, Federation Proceedings,

10, 206 (1951)
Se Equilibrium dialysis of labeled simple substances might
be used to estimate the valence of antibodies to simple
substeances and the AF of combination of simple substance
and antibody. Some of the difficulties, such as polymeri=-
zation of dye haptens, encountered in the reported work (L)
(5) could be avolded.

(4) L. Lerman, Ph.D. Thesis, California Institute of

Technology, (1949)

(5) H. N. Eisen and F. Karush, J. A. C. S., 71, 363 (1949)
6o ‘The explanation offered for the solubility of horse
entitoxin - toxin precipitates in excess antitoxin (6) does
not seem reasonable. ‘The explanation is based on the effect
of hydrophilic groups on the antibody molecules. The in-
fluence of solubility of antibody might be investigated by
coupling charged and uncharged groups of similar structures
onto the antibody molecules.

(6) W. C. Boyd, J. Exptl. Med., 7l, 369 (1941)
Te It is proposed that the adsorption isotherms of formal-
dehyde on dried proteins should be obtained. It would be of

interest to carry out these measurements with diphtheria toxins
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of varying toxicities to see if any relation could be estab-
lished with the detoxification by formalin.
8. There do not appear to be any data in the literature on
the relative oxidation potentials of the sulfoxides. It is
proposed that they be investigated as possible agents for
the Oppenhauer oxidation (7). It may be that they would
extend the range of oxidation potentials available.

(7) C. Djerassi, "Organic Reactions™, 6, 207 (1951)
9. It has been proposed that the equilibrium

2 RMgX == RoMg + MgX,

exists in Grignard solutions and attempts to measure the
equilibrium constant have been made by precipitation of the
RMgX and MgX, with dioxane (8). The validity of this
procedure has been questioned because the rate of the re-
action is unknown (9) (10). It is proposed that the addition
of labeled RpMg before the dioxane treatment could be used
to determine if the conclusions from the dioxane studies are
valid.

(8) A. C. Cope, J. Ae C. S., 60, 2215 (1938)

(9) C. R. Noller and D. C. Raney, J. A. C. S., 62, 1749

(1940)

(10) G. H. Coleman and R. F. Blomquist, J. A. C. S. 63,

1692 (1941)
10. It is proposed that some of the reported discontinuities
in adsorption isotherms are not real. In particular discon-
tinuities in the adsorption isotherms of carbon dioxide on

charcoal have been reported but there appears to be some
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discrepancy between the two methods of obtaining the data
(11). it is proposed that these isotherms should be ob-
tained by using an apparatus containing a modified McLeod
gauge (l2). A variable volume apparatus could also be used.
(1) L. J. Burrage, J. Phys. Chem., 36, 2272 (1932)
(12) H. 0. McMahon and M. J. Marshall, Trans. Electro-
chemical Soc., O, 109 (194.3)
11, It is proposed that a more satisfactory method for
the determination of density gradients in sea water is
needed. It may be possible to obtain these gradients from
the corresponding variation in the velocity of sound. The
necessary measurements might be made with an ultrasonic
interferometer (13).
(13) E. A. Neumann, Proc. Phys. Soc. Lond., 59, 585
(1947)



