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ABSTRACT

Part 1
Attempts to obtain a substance with Rh antigenic
activity from human red blood cells are described. At
first, some extractions of the cells using ethanol,
methanol, acetone, ether, dioxan, chloroform, and tol-
uene, under different conditions, were performed.
Later work involved treatment of the cells with agueous
reagents to degrade the cell wall, followed by attempts
to obtain a purified, active extract by precipitation
or solution. None of these methods yielded a pure,
specifically active Rh antigenic material.
Fart 1L
The fractionation of an anti-Rh serum by electro-
phoresis~convection, and the immunologic characterization
of these fractions, are described. Evidence is
presented to show that certain anti-Rh antibodies may
exist in globulin fractions other than the ¥ =globulin.
Part 111
Experiments are described in which the vasocon-
stricting actions of adrenaline and of nor-adrenaline
on rats were compared. It was concluded that there was
but little difference in their action in this respect.
Other experiments indicated that the administration of
these drugs to lightly anaesthetized rabbits did not

affect the metabolic rate of the subjects.
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PART I

ATTEMPTS TO ISOLATE THE Rh ANTIGEN FROM RED BLOOD CELLS



INTRODUCTION

In 1940, Landsteiner and Wiener (1) showed that when a
rabbit was injected with rhesus monkey erythrocytes, its
serum agglutinated the red blood cells of certain humans.
This indicated that there was some relationship between the
rhesus monkey erythrocyte and human erythrocytes, and led to
the identification of a new specitic blood tractor, which was
called by these workers the Rh factor. About the same time,
Levine and Stetson (2) ana Wiener and Peters (3) described
an agglutination reaction between a Iew human sérums and the
red blood cells of certain individuals; this reaction bore
no apparent relationship to those of the ordinary specific
blood types. It was recognized shortly thereafter that the
Rh factor was the antigen which was ultimately responsible
(through the production of specific antibodies) for both of
the above agglutination reactions. Subsequent work showed
that approximately 85% of white Caucasians had erythrocytes
which were agglutinated by these few human serums - i.e. they
were "Rh positive." The cells of the remaining 15% were not
agglutinated, and they were therefore "Rh negative." Several
different antigenic Rh components are now recognized, and
these give rise to many subgroups and combinations of subgroups.

This antigen has been found to occur mainly in the ery-

throcyte. Small amounts have been found in human saliva
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(Wiener and Forer, L), in some organs of the body (Boorman
and Dodd, 5) and in the amniotic fluid of some Rh positive
infants (Witebsky and Mohn, 6}.

One of the chief distinctions between the Rh antigen
and the classical blood type antigen lies in the nature of
their specific antibodies. Normally Rh negative individuals
do not have circulating anti-Rh antibodies; these are only
built up as a result of an immunization with an Rh antigen.
In contrast, persons with type A blood cells normally have
anti~-B antibodies in their serum; persons with type B cells
have anti-A antibodies, and those of type Q contain anti-
bodies for both A and B antigens. The existence of these
specif'ic antibodies does not recuire an antigenic stimulus,
but is instead a result of an inherited condition.

When the present research program to isclate the Rh
entigenic factor was begun, but few attempts had been made
to isolate this material. ZFrom some preliminary studies,
Wiener believed that the material was soluble in alcohol,
and hence was lipid in nature. Campbell and Fisk (unpub-
lished) also concluded from some preliminary experiments
that the material was of lipid nature, but were unable to
obtain reproducible results. Calvin et al (7) were able to
isolate a large molecular weight material which was fairly
soluble in water. The following 1is a brief resume of their

investigation:



To one volume of pooled red blood cells there were
added eight volumes of distilled water at 5°C., The pH of
the hemolysed cells was adjusted to 5.5 - 6.0, and the pre-
cipitated stroma were washed at this pH to remove the hemo-
globin., A cloudy solution was formed from the stroma when
the pH was adjusted to 7 - 8, Centrifuging at 50,000 G
yielded a precipitate which was called "elenin®™. This dis-
solved at pH 7.5 - 8.0 to give a milky solution, with
marked streaming birefringence.

The elenin lost its immunological specificity after being
heated to 56°C. for five minutes. Electrophoresis of a 0.1%
elenin solution, at 2°C., in phosphate buffer at pH 7.8 and
ionic strength 0.2, showed two components:

1. About 80% of the material had a mobility of 6 x 1072
cm.2/v./sec.

2. &bout 15% of the material had a mobility of & x 1077
cn.?/v./sec.

From elenin, about 40%-50% of lipid material could be
extracted by an alcohol-ether mixture. In some cases, an
ether soluble material which woula give an indication of Rh
activity was obtained. Tuls material was thermostable for
60 minutes at 56°C.

Elenin solutions from Rh positive cells showed good
specific Rh activity as Jjudged by agglutination inhibition
tests. However, no specific anti-Rh antibodies could be

built up by elenin injection into guinea pigs or rabbitse.



Injection of this materiael into human subjects failed

to increase any existing antibody titer. Intramuscular
injection of large quantities (1 to 1.5 grams) failed to
effect a change in the titer of the circulating antibodies.

Perhaps the greatest amount of interest hes been cen-
tered on Carter's investigations (8,9). The material which
she isolated had lipid properties, and was obtained in the
following way:

Pooled cells were lysed by the addition of half a
volume of ater, and then 5 volumes of 95% ethanol were
added. The mixture was allowed to stand in the cold over-
night, the alcoholic solution was then filtered off and the
reddish residue was dried in air. This product was washed
twice with aqueous alcohol solutions, and re-dried. Five
volumes of ether were added and extraction was allowed to
continue in the cold for periods of up to 5 days. Separation
and evaporation of the ether extract yielded a yellowish,
waxy residue which was soluble in alcohol, This was claimed
to be active in complement fixation tests, in agglutination
inhibition reactions, in the production of antibodies in
guinea pigs when used with a carrier, and in neutralization
of antibodies in vivo,

Price et al (10} have reported a purification of
Carter's alcohol soluble material. Phospholipids were re-
moved from an ether solution of the crude materiel by a

precipitation with acetone. The soluble portion was



chromatographed from pentane saturated with 95% methanol,

on a silica gel column. ZFractionation and re-crystalliza-

tion from ether-pentane or chloroform-pentane yielded

glistening needles, with a melting point of 156.9° - 157.2°C.
The material was soluble in alkali, but precipitated

upon the addition of CQO It had a neutral equivalent of

>
230%5, and a pK of 10*0.5. It gave no color with ferric
chloride, it sublimed unchanged, and it was recovered un-
changed after boiling for 1 hour with alcoholic alkali,
after refluxing with pyridine-acetic anhydride and after
treatment with semicarbazide acetate for 2 days. Analysis
showed 58.39% of carbon and 7.79% of hydrogen. This frac-
tion showed a high complement-fixing activity with anti-Rh
serum. However, since no study was made of similar products
from Rh negative cells, no conclusions may be made as to
the specifiicity of the product.
On the other hand, extracts prepared according to
Carter's directions in other laboratories (Wiener, 11:
Howe and Rustigian, 12} have not shown any specific acti-
vity, as judged by agglutination inhibition tests, comple-
ment I'ixation tests, and attempts at antibody formation.
Spielmen (13) has also claimed to have isolated a sub=-
stance with specific activity. Rh positive erythrocytes
were extracted for 8 days at 379¢, with 5 volumes of ethanol.

The alcoholic filtrate was evaporated to dryness at 250,



in a vacuum, and was then suspended in water and extracted
with ether. The ethereal extract was washed with dilute
acid and water, and finally dried with NaZSOA. It was con-
centrated by evaporation and a precipitate was obtained by
the addition of acetone. A cyclohexane solution of this
precipitate was passed through an aluminum oxide column,
and a zone which contained inactive materials was noted.
This part of the column was discarded; the rest was re-
fluxed with ethanol, and a final product consisting of a
light brown, sticky, sometimes waxy material was obtained,
Activity in agglutionation inhibition tests, in complement
fixation tests and in antibody neutralization tests in
guinea pigs was claimed. However, identical extracts made
from negative cells gave similar results, so it 1s very
questionable whether a specific substance has been extracted
by this procedure.

A water-soluble material which exhibited some Rh acti-
vity, as Jjudged by agglutination inhibition reactions, has
been found in the amniotic fluid of certain Rh positive
infants by Mohn and Witebsky (6). They attempted, unsuccess-
fully, to purify the substance by precipitation with alcohol,
acetone and other agents which were not specified, and there-
fore concluded that the specific factor was very sensitive
to the action of such agents. The material was, however,

stable to lyophilization.
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Chemistry of the A and B Factors: The Rh factor is at

least morphologically related to the A and B factors, and
it is therefore of interest to comnsider briefly some chemi-
cal espects of these latter, better-known factors. Like
the Rh fector, the A and B factors are found on the ery-
throcyte. However, in marked contrast to the Rh factor,
substances which show A and B activity are found in some
body fluids end organs in large cguantities and 1n a readily
extractable form. It is from such sources (notably hog
stomach and the gastric Jjuice of certain appropriate indi-
viduals) that most of the materiesl which has been studiead
has been obtained. It should be noted that the substances
wiiich are not obtained from the erythrocyte are not
necessarily the same as the material which is on the ery-
throcyte, but there must be some very close antigenic rela-
tionship.

Hallauer (14) obtained material with A and B specific
activity by alcoholic extraction or erythrocytes, and later
Kosjekow and Tribulev (1l5) reportea a similar extraction of
a specific material, with a subsequent puritication through
the removal of protein material by precipitation with tri-
chlorecetic acid,

Witebsky and Klendshoj (16), by means of alcoholic
precipitation in the presence oi sodium acetate, and subse-
quent deproteinization, were able to obtain group specific

substances from certain gastric juices.
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Morgan and King (17) obtained a water-soluble A sub-
stance trom hog gastric mucin by precipitation with sodium
sulfate. They were also able to dissolve the A substance
in mucin with 90% phenol. A precipitation with ethanol and
further purificetion yielded an immunologically active
proauct,

From all these diiferent sources, the materials prepered
by various workers have fairly constant properties. The

composition of A substance is about as follows:

0 Llye6% = L7.2% Acetyl group 9.4% - 12.1%
N 5.5% = 7.l% Reducing L5% - 8L%

) substance
Ash 0% = 2.4% (calculated as glucose)

D-galactose and N-acetyl D-glucosamine hsave been identified,
and in some extracts L-fucose h&as been round. The presence
of D-mannose is uncertain., Numerous amino acids have been
found.

The acetyl group 1s apparently necessary for A sub-
stance activity. If this group 1is removed, activity is
lost, but can be restored by acetylation. Some of the
products have been found to be unstable to alkali. OCne
preparation derived from hog stomach was serologically
stable for two days at 3700. between pH 1.07 and 10.7. At
higher temperatures, the pld range over which the substance
was stable narrowed, but the extract always showed a greater

sensitivity to denaturation by base.



A

The general conclusion is that the A and B factors
are rather similar to each other 1n their chemical nature,
and that the haptenic groups are prooably polysaccharides.
A molecular weight of about 70,000 has been estimated for
the specific A substance from hog gastric mucin. Some
amino acld structures are also present, and they may play
an important part in the serological specificity of these
group specific substances (Landsteiner and Harte, 18). The
A substance has been shown to be immunologically related
to the alcohol-soluble Forssman hapten,

Practically nothing is known ol the chemical nature
of come of the other blood factors, such as the i, N, S
factors, the Kell factor, or the P, Lewis, or Lutheran
factors.,

The work to be reported describes some attempts to
extract the Rh antigen and to investigate some of its
chemical and serological properties. In the first series
of experiments, Rh positive, type O erythrocytes were
treated with some different organic solvents, and the
material which was extrected was tested for activity. In
no cases could a specific Rh asctivity be demonstrated.

A second series of experiments was performed in which
some fractionation of the stroma of the red cell with
agueous reagents was atuvempted. While some breakdown of
the cell wall was apparently achieved, no satisfactory

fractionation of the protein which comprises this wall
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could be obtained. By using the partly degraded material,
the stability of the Rh site to some denaturation agents
was studied, and some attempts were made to obtain specific

anti-Rh antibodies in animals.

LXPERIMENTAL

VMaterials and llethods

Red Blood Cells. Red blood cells were required for two

procedures in this study; they were a source of the Rh
antigen, and they were used in the serological tests.

Those cells used for the antigen source were Rh posi-
tive, type O erythrocytes which had been obtained from
Hyland Laboratories.* 1In most cases, from three to six
samples of blood were pooled for the extraction. These
cells were usually three to rour days old when the experi-
ment was started; in a few cases they were only a day old.

Extractions were generally done on Rh positive cells
only. If a preliminary test indicated any degree of acti-
vity in the product, another preparation was prepared from
Rh negative cells in the same way. Parallel tests were
then run on the two samples.

Red blood cells which were used for the serological
testing were ususlly obteined from the Pasadena Clinical
Laboratory.** From one to four samples of Rh positive,

* L4534 W. Sunset Blvd., Los Angeles.
** 65 N. Madison Ave., Pasadena.
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type O cells which were less than two days old were pooled
and were washed three to four times with 0.9% saline. They
were then made up to a 2% - 5% (by volume) suspension in
saline.

Anti-Rh serum for serological tests. Iost of the antiserums

used for the tests were supplied by Dr. S. Haberman, of the
William Buchanan Blood Center, Baylor Hospital, Dallas,
Texas. These anti-serums caused agglutination of appro-
priate cells in a saline medium, and were oI the type Rh,
or Rhé.

An anti-serum of type Rho agglutinates the red cells of
85% of white Caucasians, and it is on the basis of this ag-
glutinaetion test that a person is classifled as clinically
"Rh positive" or clinically "Rh negative", Some serums can
also agglutinate the cells of an additional 1% of white
Caucasians. The cells are not agglutinated by the anti-Rho
serum, and are classified as Rh'. lost of the anti-serums
which agglutinate Rh' cells also show Rhgy activity; they are
therefore classified as anti—Rhé serums,

These anti-serums are all from human sources. The pro-
duction of Rh antiserums in animals is found to be very
unsatisfactory, since high anti-Rh titers cannot be pro-
duced, and the specificity of the action of the antibodies
is uncertain,

Serological Tests. The activities of the preparations were

tested by means of the agglutination inhibition test.
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An agglutinating anti-Rh serum was diluted with 0.9%
saline so that a series of final concentrations ranging
from 1/5 to 1/160 of the original antiserum strength was
obteined. To & series of test tubes there were added 0.02
milliliters of each of these dilutions, as well as 0.02
milliliters of the antigenic material which was to be
tested. A similar series of antiserum dilutions was set
up and 0,02 milliliters of a control material were added.
The mixture was incubated at 37°C. for 30 minutes, and
then the erythrocyte suspension was added. Incubation
was continued for 10 minutes at 37°C., and for 20 minutes
at 27°C. The tubes were then lightly centrifuged, and
examined to see if agglutination of the test red cells had
occurred. Usually the test tubes were re-centrifuged and
re-examined, and in doubtful cases & microscopic check was
made to determine the agglutination. The results of &
typical test are shown in Table I. It is seen that added
specific antigen has combined with some of the antibody
and thus effectively weakened the antiserum - i.e. there
has been inhibition.

The stock antigen solution for the lipid antigen was
usually prepared by adding 1 volume of a saturated alco-
holic solution of the antigen to 2 volumes of 0.9% saline
at 37°C. 1In cases where the procedure was difrerent, the
method which was followed is outlined in the explanatory

notes. In preliminary tests, controls consisted of a
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solution of 1 part of ethanol to 2 parts oi saline. As

previously indicated, controls were also run in which

lipid extracts of Rh negative cells were used.

When aqueous suspensions of an aintigenic material were

obtained, they were used without further treatment. Con-

trol experiments used 0.9% saline, isotonic buffers, or a

preparation from Rh negative cells.

Table I

Agglutination Tests with Added Antigen

Antigen Added

Antiserum Dilutions
15 1210 1220 1340 1280 12160

From Rh positive cells 3t 34 + - - -

From Rh negative cells 43¢ E4% +¢ 4% + -

Saline +Ed Ed +4 +4 + 4

22 Strong agglutination - few large clumps of cells
upon shaking

+4 Medium agglutination - several small clumps
upon shaking

% Slight agglutinstion - many small clumps upon
shaking

4 Trace of agglutination - small clumps, barely

visible

- No agglutination - no visible clumps.
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Organic Solvent Extracts

Ethanol. After considerable preliminary work on extractive
procedures, a series of ethanol extractions was performed.
Different ratios of amounts of soclvent to the amounts of
cells were used, as well as different conditions with respect
to initial lysis, buffers, pH, added enzymes, or re-extrac-
tion with another solvent. These conditions are summarized
in Table II. The explanatory notes which follow the table
give more complete details about the procedure used, and on
the different conditions of the experiment. The number on
the first column of Table II corresponds to the number
which designates the experiment in the added notes. All
extractions were performed at 5°C. =~ BY0,

The measured yields of the ethanol extract varied from
1.8 to 8.2 grams per liter of packed cells. If this value
is divided by a factor eguzl to the retio of the volume of
alcohol used to the volume of packed cells, a corrected
value of from l.l1 grams per liter per unit volume ratio to
1.8 grams per liter per unit volume ratio is obtained.

The yields of the ether extracts which were obtained
after the ethanol treatment varied from l.2 grams per liter
of cells to 3.1 grams per liter of cells. The values, ad-
justed to the volume of ether used, varied from 0.2 greams
per liter per unit volume ratio to 0.8 grams per liter per

unit volume ratio.
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Preparation 1. To 1500 milliliters of cells there were

added with stirring 1500 milliliters ot ethencl. The mix-~
ture stood 9 days and was then filtered. Five liters of
ether were added to the residue and extraction proceeded
for 18 days. The alcoholic extract gave slight activity
in one test, and none in another. In two separate tests,
the ether extract gave no activity.

Preparation 2, Fifty milliliters of red blood cells were

shaken with 100 milliliters of cold ethanol, and the mix-
ture was set sside at 5°C. for 2 days. The alcoholic solu-
tion was taken off and lyophilized, and the dry product

was suspended in 1 ml. oi 0.9% saline. This stock was used
for the inhibition tests. Very erratic results were obtailned
in all tests.

Preparation 3. Following the work of Carter (8,9}, 1 liter

of cells was added to 5 liters of ethanol, the whole was
stirred for 2 hours and then allowed to stand overnight.
The yellowish riltrate was removed and the solvent was
evaporated under vacuum, with temperatures up to 31°C.

The residue from the alcohol extraction was washed with an
alcohol-ether mixture, and then re-extracted with 5 liters
of ether. After 13 days in the cold, with occasional
stirring, the ether supernatant was removed and evaporeted,
with temperatures up to 37°C. For testing, the extracts
were dissolved in alcohol, and the solutlion was added to an

ecual volume of saline, as in Carter's procedure. In this
2
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experiment, the alcohol extract gave slight signs of acti-
vity, while the ether extract gave no such indication.

Preparation 4. An intermediate alkall treatment was then

introduced into the extraction. Twenty milliliters of red
cells were added to 100 milliliters of ethanol, and the mix-
ture was allowed to stand for 6 days in the cold. The sol-
vent was filtered off, the residue was partly dried in air,
and then shaken with 100 milliliters of 0.03 N KOH. After

4 days in the cold, 100 milliliters of ether were added,

and the mixture was allowed to stand for 7 days. The super-
natant gave a slight activity in one test. The alcohol ex-
tract gave slight activity in one test, and none in two
other tests.

Preparation 5. To 100 milliliters of cells there were added

with shaking 500 milliliters of ethanol. The whole was
stirred at 5°C. overnight. The solvent was then filtered
off, and the precipitate washed first with 600 milliliters
of 50% (by volume) of ethanol in water, and then with 600
milliliters of 25% (by volume) of ethanol in water. The
washed precipitate was partially air dried, and then 600
milliliters of ether were added. IExtraction proceeded for
L days, after which the ether solution was removed and
evaporated in a current of air., The precipitate was re-
extracted with 300 milliliters of ether for 5 days, and then
the ethereal solution was removed and evaporated. Neither

extract gave an indication of specific activity.
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Preparation 6. A series of extracts of whole cells with

ethanol was mede. One hundred milliliters of cells were
xtracted with 500 milliliters of ethawnol, in the cold, for
3 days. The residue was divided into seven portions of
approximately 15 grams each, and 45 milliliters of one of
the rollowing solvents were adaed to each portion: (a)
methanol, (b) ethanol, (c¢) ether, (d) acetone, (e) chloro-
form, (f) toluene, (g) dioxan. Extraction proceeded for
at least 22 days at 5°C. when the solvents were filtered
off, evaporated ¢t room temperature, and tested for acti-
vity. DNone of them showed the presence of an Rh factor.

Preparation 7. One hundred milliliters of eells were lysed

by the addition of 100 milliliters of water, and 200 milli-
liters of ethanol were then added. The mixture was shaken

and stored in the cold. After filtration, the residue was

re-extracted with etaer, to give & filtrate which was eva-

porated to dryness and suspended in saline for testing.

No consistent results coula be obtained. The filtrate

from the alcohol treatment was treated with an equal volume
of acetone, to yield a white precipitate. This was washed,
suspended in saline, and tested. No activity was found.

Preparation 8. ILight hundred fifty milliliters of cells

were lysed by the addition of 500 milliliters of water,
and then three liters of ethanol were slowly added, with

shaking. After storage in the cold for 12 days, the mixture
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was filtered, and the alcoholic filtrate evaporated to
dryness, with temperatures up to 50°C. The residue from
the original slcohol extraction weas re-extracted with 4
liters of ether for 36 days in the cold. The ethereal ex-
tract was evaporated to dryness at temperatures up to 63°C.
The alcohol extract gave no activity, whereas the ether
extract gave only a weak indication.

Preparation 9. One and one half liters of cells were lysed

by the addition o1f an equal volume of water, and the whole
poured intec 5 liters of ethanol. This was done at room
temperature. After 24 hours in the cold the precipitate

was removed, partly dried, and stored at 5°C. for 6 days.
Four and one half liters of ether were added, and the mix-
ture was stirred for 3 days, when the ether extract was fil-
tered off. Both extracts were evaporated to dryness. The
maximum temperature reached by the alcohol extract was
27°C., that of the ether extract 8°C. The ether extract
showed a slight activity.

Carter had stated that the ether extract, if dissolved
in alcohol and then poured into saline, gave a cloudy sus-
pension, from which a clear, active supernatant could be
obtained upon centrifugation. The ether extract of this
product was so treated, but no indicestion of activity could
be obtained from the clear supernatant.

Preparation 10, One liter of cells was lysed with 1 liter

of water, and this was adaed, in two batches, over a period
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of 3 days, to 5 liters of ethanol. The mixture was allowed
to stand in the cold for 5 days, and then the precipitate
was removed. The filtrate was evaporated to dryness, with
temperstures at a maximum of 3200. To the precipitete was
added h% liters of ether, and the extraction was allowed to
proceed 1n the cold for 20 days. The ether soclution was
removed, evaporeated, and tested. Neither extrect gave any
activity.

Preparation 1l1. It is known that if Rh positive cells are

treated sultably with trypsin, they are agglutinated much
more readily by anti-Rh serums. The reason for this is not
known, but it might be through an uncovering of additional
sites on the cell surface, by the digestion and removal of
some sort of protein layer. In view of this effect, it was
decided to make some extractions using trypsin in the course
of the preparation. Twenty milliliters of red cells were
lysed with 100 milliliters of water, and 5 milliliters of

a trypsin solution which contained 2 milligrems of trypsin*
per milliliter were acdded. The mixture was allowed to
stand at 3700. for 15 minutes. One hundred fifty milli-
liters of ethanol were added and the mixture was put aside
at 500. for 6 days. After filtration, the residue was
alr-dried as room temperature, and then 200 milliliters of
ether were added. After 9 days oif extraction in the cold

the ether solution was removed and evaporated. The alcohol

*Nutritional Biochemicals Corporation, 1-300.
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extract gave an ilandication of activity in one test and no
indication in another. The ether extract showed slight
activity. Experiments 17, 18, 19, and 20 describe further
experiments with trypsin treated cells.

Preparation 12. To 10 milliliters of cells were added 50

milliliters of ethanol, and then suifficient 0.1 N HCl or

0.1 N NeOH was adaed to give pH values of 3.2, 5.8, 6.9,
9.2. (The pH of the unaltered solution was measured at
8.0.) After 5 days in the cold, the mixtures were filtered,
and the residues were air-dried. Fifty milliliters of

ether were aaaed to each residue, and arter 14 days in the
cold, the supernatants were removed. The ether extracts
from the two most acid starting mixtures showed no activity,
the materisl from the extraction at pH 6.9 showed a trece of
activity, and the last extract showed no activity in one
test and slight activity in another.

Preparation 13. To 10 milliliters of cells and 50 milli-

liters of ethanol, there were added 10 milliliters of
either 0.1 N KCH, 0.01 N KOCH, water, 0,01 N HC1l, or 0.l

N HCl. The samples were shaken, stored 2 days at 500. and
then filtered. The residue was alr-dried at room tempera-
ture, and 50 milliliters of ether were added. This mixture
stood 2 days at 5OC. and the ether extrects were removed
and evaporeted. In several tests of these preparations,
the neutral extract never showed any activity, while the

others showed some slight activity.
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Preparation 1l4. Another experiment was run in order to

check the results oif prepasrations 4 and 11. To 10 milli-
liters of cells and 50 milliliters of ethanol there were
added, in different samples, 10 milliliters ot water, 10
milliliters of phosphate buffer of pH 7.43, 10 milliliters
of 0.9% saline, 10 milliliters of 0.1 N KOH, and 10 millii-
liters of 0.1 N HCl., These were allowed to stand for 1 day,
and then the mixture was filtered. The precipitate was
washed in 20 milliliters of ether and to the precipitate
was aaded 50 milliliters of dry, peroxide-iree ether. The
mixture stood 4 days at 500., the ether solution was re-
moved, and the precipitate was washed with ether. Washings
were combined with the filtrates, and the whole evaporated.
In this case, the buftered extract and the alkali extract
gave no activity, while the acid, saline, and water extracts
gave a slight indication of activity.

Preparation 15. In another run, there was added to the

alcohol-cells mixture, 50 milliliters of 0.01 N KOH in one
case, and 10 milliliters of the same reagent in another
case. After extraction for & period of 3 deys at SOC. the
mixture was filtered and the residue was air-dried at room
tenperature. Fif'ty milliliters o' ether were then added
and the extraction continued for another 14 days at 5°C.
The ether extracts gave no ectivity.

Preparation 1l6. As a further test ot the effect oif pH upon




il

the extraction, a series of runs was performed in which

10 milliliters of red blood cells were added to 50 milli-
liters of ethanol, and then 20 milliliters of veronal buf-
fer were added, as well as sufricilent 0.1 N HCl to give the
following pH values: 3.1, 5.16, 6.11, 7.02, 7.38. These
extractions were allowed to stand for 6 days at 5OC. and
were then filtered. To the residues were aaded 50 milli-
liters of ether. This extraction lasted 13 days at 5°C.
Solvents were evaporated in a current of air, with the aid
of an infra-red lamp. None of the alcoholic or ether ex-
tracts gave any inhibition.

Preparation 17. 0One hundred milliliters of cells were

added to 100 milliliters of phosphate buffer, of pH 7.4.
Ten milliliters of a 0.2% trypsin solution were added.

This was incubated for 15 minutes at 3700., then a total of
500 milliliters of ethanol were adaed, with shaking, and the
whole was then stored at 500. overnight. After filtration,
the precipitate was first washed with 600 milliliters of
50% (by volume) of ethanol in water, and then with 600
milliliters of 25% (by volume) of ethanol in water. The
precipitate was partially dried, and 600 milliliters of
ether were added. ZIxtraction proceeded for 4 days at 59,
when the ether solution was removed and evaporated in a
current of air. The precipitate was re-extracted with 300
milliliters of ether for 5 days, and then this solution

was evaporated. Nelther extract gave any specific activity.
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Preparation 18. The above experiment was repeated with a

fresh betch of cells, but the second ether extraction was
not performed. As a veriation, a parallel run was made in
which the trypsin was added directly to the cells, without
the adaition of buffer. Alcohol was added later, as above.
Another parallel run, which actually duplicated the condi-
tions of one of the former runs (prepasration 3), was made
in which the trypsin and the buffer were both omitted, and
alcohol was zdded airectly to the cells. This is described
under preparation 5. No ectivity was found in any of the
extrects.

Preparation 19. In the course of another series of experi-

ments, the conditions of preparation 17 were set up, but
with 1/10 the amounts of materiels. The first ether extract
was examined for sctivity, but none was found.

Preparation 20, Two extractions were performed unaer the

same initial conditions described for preperation 17 - i.e.
to 1 volume of cells, plus 1 volume of phosphate buffer at
pH 7.4, there was added 1/10 of & volume of trypsin solu-
tion. Incubation and extraction with 5 volumes of ethanol
rollowed. In both cases, the alcoholic extract was inac-
tive. The precipitate was extracted with 5 volumes of
ethanol in one case, and in the other case with 5 volumes
of an ethanol-ether mixture (ethanol:ether in volume ratio

of 9:1). Neither extract was active.
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Preparation 21, Five milliliters of cells were lysed in

ice~-cold water which had been saturated with carbon dioxide,
and the resulting stroma were centrifuged off as a heavy
precipitate. They were washed three times with cold, 002-
saturated water, and then extreacted at 50¢, for 1 day with
25 milliliters of ethanol. The residue from the extraction
was re-extracted with 25 milliliters of ether for 11 days.

No activity was found in either of the extracts.

Methanol. A small number of extractions were made in which
methanol was the initial solvent. These experiments are
sumiarized in Table III, and the corresponding notes follow

the table.

Table III

Summary of Conditions of Extraction with Methanol

Preparation Volume Ratios Second Ratio of
Number HZO:MeOH:Cells Solvent Volume Second Solvent
Volume Cells
Al 5 & 1 ether 5:1
2 L &% 5 5 1 ether 581
3 5 5 1 methanol See notes below
ethanol
ether
acetone
dioxan

chloroform
toluene
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Preparation 1. Ten milliliters of cells were mixed with

50 milliliters of methanol, shaken, aind extracted in the
cold for 8 days. Thisyielded 0.07 grams of dried extract,
or l.4 grams per liter of cells per unit volume ratio. The
first residue was re-extracted with 50 milliliters of ether,
to give @nother 0.03 grams of material, or 0.6 grams per
liter of cells per unit volume ratio. DBoth extracts were
inactive,

Preparation 2. The experiment was later repeated using the

same conditions as mentioned above, but in addition a
parallel run was made in which the cells were rirst lysed by
the addition of an egual volume of water. In both cases,
the ether extracts were inactive.

Preparation 3. One hundred milliliters of cells were shaken

up with 500 milliliters of methanol and stored in the cold
for 3 days. After the methanol solution was removed, the
residue was partially air-dried, and divided into seven
portions of about 15 grams each. Each portion was extracted
with 45 milliliters of one of the seven solvents indicated,
for at least 22 days. The residues obtained from thé eva-

poration of the solvents were inactive.

Acetone. The following notes summarize the two extractions
in which acetone was the initial solvent.

Preparation 1. Nine hundred milliliters of packed cells

were extracted with 2 liters of =cetone in the cold for L
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days. The acetone extract was lyophilized, but gave no
indication of activity. The residue from this first ex-
traction was re-extracted with five liters of ethanol in
the cold for 26 days. This too yielded no activity after
lyophilization. The yield of acetone extract was 2.1 greams,
or 1.0 grams per liter of cells per unit volume ratio;

that of the ethanol extract was 3.4 grams, or 0.7 grams per
liter of cells per unit volume ratio.

Preparation 2. One hundred milliliters of cells were shaken

up with 500 milliliters of acetone in the cold. ZExtraction
proceeded for 3 deys, when the acetone fraction was removed.
The residue was alr-dried and 45 milliliters of each of the
seven different solvents as indicated in the previous ex-
periments were added to 7-gram portions of dried residue.
Extraction continued for at least 22 days. No activity

was obtained from any of the residues which resulted from
the separation of the solution and evaporation of the

solvent,

Dioxan. BExtractions with dioxan are indicated in "Table IV
and in the amplified notes,

Preparation 1. Ten milliliters of cells were extracted

with 50 milliliters of dioxan, in the cold for 10 days.
The residue was re-extracted with 50 milliliters of ether
for 2 months in the cold. The dioxan extract gave no

activity, but the ether extract gave an apperent activity,
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Table IV

Summary of Conditions of Extraction with Dioxen

Preparation Volume Ratios Second Ratio of
Number H O:Dioxan:Cells Solvent Volume Second Solvent
2 Volume Cells
L 5 % 1 ether 5
2 £+ 5 ¢ 1 ether 5:1
3 5 ¢ 1 methanol See notes
ethanol
ether
acetone
dioxan
chloroform
toluene

which on the basis of the results of the following experi-
ment was probably non-specific, The yield of the dioxan
extract was 1.6 grams, or 32 grams per liter of cells per
unit volume ratio; that of the ether extract was 0.3 grams,
or 6 grams per liter of cells per unit volume ratio.

Preparation 2. A second dioxan extract was made on 10

milliliters of cells to which 5 milliliters of water had
been added. Fifty milliliters of solvent were used, and
extraction proceeded for 6 days in the cold. The solvent
was filtered off, and 50 milliliters of ether were added to
the residue. The mixture was stored in the cold for 5 days,
after which the ether solution was separated and the solvent
evaporated. Nelither extract gave any activity.

Preparation 3. Following the procedure previously outlined,
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100 milliliters of cells were extracted with 500 milliliters
of diloxan for 3 days in the cold. The residue wes divided
into seven Iractions oI approximately 15 grams easch, for
re-extraction with 45 milliliters of the seven solvents as
in the rormer procedures. No activity was found in either

the first extract or any of the subsecuent re-extractions.

“ther. MacFarlane (19) showed that lipoproteins could be
extrected from serum proteins by a treatment at very low
temperatures. This suggestion was followed, and these
extraections were carried out.

Preparation 1. Three milliliters of a stroma suspension

were frozen in a dry ice-methyl cellosolve bath. To this,
10 milliliters of ether which had been pre-cooled to under
-20°C. were added. This was allowed to thaw slowly, and
the ether layer was removed for evaporation and testing.

Preparation 2. In a second experiment, an attempt was

made to remove much of the water in the raw material before
the extraction with ether. Therefore the following pro-
cedure was undertaken., To 3 milliliters of suspension there
were added 5 milliliters of chilled acetone. The mixture was
guickly centrifuged, and the supernatant poureda off. Ano-
ther washing with acetone was guickly performed, and then

10 milliliters of pre-cooled ether were added, the mixture
thawed, the ether layer removed, and the solvent evaporated.

No activity was obtained 1in either extract.
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Preparation 3. According to Block (20) lipoproteins may

sometimes be extracted by successive treatments with ether,
alcohol, and then ether again.

To 10 milliliters of a stroma slurry, 50 milliliters
of ether were added, with shaking. The whole stood 1 day
in the refrigerator, when the ether was poured off, and
another 50 milliliters of ether was added to the residue.
Extraction was allowed for 1 day in the cold, when the
ether was taken o1rf and combined with the rirst ether ex-
traect. The residue was taken up with 50 milliliters of
ethanol and extracted in the cold for 2 days. The ethanol
extract was removed. The residue was washed with 5 milli-
liters of ethanol, followed by two ether washings of 5
milliliters each., Thirty milliliters of ether were then
added, and after 1 day in the cold the supernatant was
poured off and another 30 milliliters of ether were added.
After a day for extraction, the ether layer was taken off
and combined with the preceding ether sclution., All extracts
were evaporated to dryness ana tested. None showed any

activity.

Ether-Alcohol. The above low-temperature type of experiment

was repeated, but ditrerent ether-alcohol mixtures were used
for the solvent. In all cases, 5 milliliters of suspension
were extracted with 20 milliliters of solvent. The experi-

ment wes divided into two parts. In Part I, the stroma
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samples were frozen and extracted with the different sol-
vents. In Pert II, the samples were washed twice, rapidly,
with acetone, before the solvents were adaed. Temperatures
in all cases were under -20°C., The different solvents were
(a) 100% ether, (b) ether-alcohol (9:1 by volume), (¢} ether-
alcohol (5:5 by volume), (d) ether-alcohol (1:9 by voluume},
(e) 100% alcohol. None of these extracts showed the

slightest trace of activity.

Phenol. An attempt was made to extract with phenol.

Twenty milliliters of stroma were mixed with 100 milliliters
of phenol, and the mixture stored in the cold for 3 days.
The total volume of the solution was 100 milliliters. Fifty
milliliters were extracted with 3 portions of 25 milliliters
each of phosphate buffer, pH 7.36. The combined extracts
were dialysed agsinst water, and then evaporated to con-

centrate them. No activity was found.

Immunization Experiments. Some attempts were made to

specifically immunize animsls against the Rh factor, using
organic solvent extracts as antigens. A carrier protein
was injected along with the solution of the extract. No
specif'ic antibodies could be demonstrated.

Experiment 1. One half gram of an extract which had given

a weak indication of activity (see preparation 8 of the

ethanol extractions) was dissolved in 75 milliliters of
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ethanol at 56°C., and passed through a Seitz filter.
Seventy-five milliliters of saline were added through the
filter. Eighty-two milliliters of a re-constituted sheep
serum (8% dried serum in water) which had been Seitz filtered
and centrifuged, were added to this, and the mixture stored
in the cold.

Six guinea pigs and 6 rabbits were injected with this
antigen, over the course of two weeks. Rebbits received 4
injections of 2 to 3 milliliters each, intresvenously, and 2
injections of 2 to 3 milliliters intreperitoneally. The
guinea pigs received 4 injections of 2 milliliters and 2 in-
jections of 1 milliliter, all intraperitoneally. At the
end of thnis period, the guinea pigs had buillt up no titer,
while the rebbits had aeveloped agglutinins which were not
specific for the Rh factor. After a 12 day rest, the in-
jection of the guinea pigs was resumed, and over a period
of a month they were given 10 injections of 1 milliliter
each, intreperitoneally. They developed agglutinins to a
titer of 256 against human red cells, but these were not
specific for the Rh factor, as shown by tests with both
Rh positive and Rh negative cells.

Experiment 2. A second series of injections was performed,

with a different carrier protein and different conditions

of conccatration and mixing. A stock extract solution was

made by dissolving sufficient extract in slcohol to give a

concentration of 0.5% by weight, end filtering this solution
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through a Seitz filter. A serum solution was made by

heating 35 milliliters of hog serum to 5600. for 30 minutes,
diluting with saline, and passing through a Seitz filter.
Boiled saline was added to bring the total volume to 360
milliliters, and 4% milliliters of a 10% phenol solution
were added as a preservative.

The rabbits for the test were divided into four groups
of 3 animals each, and 6 intraperitoneal injections were
given each animal during 2 weeks.

Group I received 1 milligram of extract each. One
volume of extract solution was mixed with 25 volumes of
serum solution, and after standing 1 hour, the proper volume
to give the dose indicated was in ected. The two solutions
were mixed thus before eachi injection.

Group II received 1 milligram of extract. One volume
of extract solution was mixed with 25 volumes of serum solu-
tion. The solutions were mixed at the beginning of the
experiment, and this stock was used throughout for Group II.

Group III received 10 milligrams of extract. Ten
volumes of extract solution were mixed with 25 volumes of
serum solution, 1 hour before each injection, and then the
proper amount was injected.

Group IV received 10 milligrams of extract. The pro-
per amounts of extract solution and serum solution were
mixed at the beginning of the experiment, and this stock

was used throughout for Group IV injections.
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Two weeks after the last injection, the animals were
bled. No specific agglutinins could be demonstrated in

any of the sera.

Conclusion. Cn the basis of agglutination inhibition tests,

it appears that organic solvents will not extract the unde-
natured antigen from the erythrocyte. The failure of some
attempts to develop specific agglutinins lends support to
this statement. The significance of these results will be

discussed later.

Extracts from Treatment with Aqueous Reagents

Since the methods of extraction by organic solvents
had not yielded an active product, some other methods of
cell degradation and solution were tried.

The Rh factor must be a structure on the surface of
the cell wall, and any methods of cell solution must allow
this complete site to pass into solution in some sort of
undenatured form., This condition 1s presumably attained
when A and B factors are extracted, but the evidence thus
far is that the Rh site is not so readily removed in intact
form. If it is a more or less integral part of the cell wall
structure, and not something of the nature of a '"side chain™
on the cell wall, then a considerable breakdown of the red

cell ghost will be necessary in order to put this structure
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into solution.

The main constituent of the cell wall is a protein
which has been celled strometin. This has been recognized
as a "protein sui generis"™ by Jorpes (21) on the basis of
its amino ccid composition. Evidence shows that it is very
difficult (short of drastic procedures) to put all of the
cell wall into solution. Mild treatment can rupture the
wall, and apparently fragments of different sizes may be
torn off. Some lipid constituents may be removed in the
process of ordinary hemwolysis; such materisl is mainly neu-
tral fat and cholesterol esters (Ponder, 22). A globulin
and an albumin are also reported to have been removed from
the surfece of the cell wall with mild treatment (Ponder,23).

Furchgott (24) tried to dissolve stroma in dilute
alkali, but he could not obtain any satisfactory solution.
He also tried, without success, different concentrations of
NeCl and KCl, in buffered phosphate. Following a procedure
of Boehm (25} he treated lysed cells with 2.5 M LiCth buf -
fered to pH 7.3. The cells ultimately broke into small
fragments which he estimated to be O.1 g in diameter and
1 K long.

Ballantine and Parpart (26} treated erytarocytes with
trypsin at pH 6.8 for 24 hours, and found that there was
no change in the permeability of the cell wall, as compered
with normal cells. Presumably there had been but little

degradation of the cell surface. OCn the other hand,
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treatment with pancreatic lipase resulted in incresased
permeability, as measured by the susceptibility to hemo-
lysise

The work of Calvin and co-workers has already been
mentioned (page 2, this thesis). Their elenin is presumably
a lipo-protein fraction which is separable from stroma
under the conditions mentioned.

Stern et al (27) obtained stroma by freezing red blood
cells. This product was suspeﬁded in a buffer, and then
centrifuged. The supernatant solution showed two eleg¢tro-
phoretic components (other than hemoglobin) and gave a good
Tyndall effect. The slow component, which had approximately
the same mobility as the slower of Calvin's components, was
considered to have consisted of particles of undegraced
stroma. The faster component was not further identified.

Sigurdson (28) claimed to have isolated small particles
from stroma, after lysing the cells with hypotonic saline.
Heating increased the degree of breakdoWn.

These results seem to indicate that in most cases there
has been nothing more than a fragmentation of the cell wall.,
Several large pieces are broken of'i, or the well may be
broken into comparatively large portions, depending on the
severity of the trestment. The smaller pieces are difficult
to centrifuge, and may be readily dispersed, probably to
form a colloidal suspension.

In undertaking the present work, it was thought that
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a mild alkali treatment might break down some of the lipo-
protein complexes, and that some separation by salt frac-
tionation might then be achieved. Subseqguently, other
fractionation and extraction procedures, including some
which had proved useful in the separation of bacterial an-
tigens, were applied to the product from the initial treat-
ment. No satisfactory further ifractionation was obtained,

Preparation. Ten milliliters of packed, Rh positive, type

0 erythrocytes were mixed with 20 milliliters of 0.01 N KOH
and the mixture was stored in the cold. After 12 hours,

no precipitate coula be obtalned after centrifuging at

3,000 r.p.m. for 10 minutes. The pH was 7.2. Thirty millii-
liters of saturated ammonium sulrate (SAS) were added, and
a flocculent precipitate was obtained. The pH was now
about 6.4. The mixture stood 3 hours in the cold, and then
the precipitate was centrituged off and dialysed against
water until no more sulfate was detectable in the dialysate.
The precipitate was suspended in saline, and was found to
give good inhibition of agglutination. Similar materisl
prepered from Rh negative cells gave no inhibition. This
effect was checked a number of times, on different stocks

of cells.

Properties. In a fresh precipitate, the particles were

small enough and could be so readily dispersed in a saline
or buffter solution that an active, cloudy supernatant was

left efter centrifuging the suspension for 10 minutes at
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3,400 r.p.m. In old preparations or in one which had been
suspended in water, a similer centrifuging gave a clear
supernatant in which no activity coﬁld be detected.

In Table V are shown the results of an experiment in
which an inhibitor sample was suspended in water (inhibitor
A} or in phosphate buffer of pH 7.4 (inhibitor B). The
supernatant fraections from a centrifugation as mentioned

above were used for the test.

Table V
Activity Comparision of Different Inhibitor Suspensions

Antiserum Concentration
1/10 1/20 1/40 1/80

Supernatant A + +4 ++ 23
Supernatant B - - - -
Negative preparation % 2 +4 +

There was & sufficlent excess of antibody so that a
prozone was beginning to show in the case of the most con-
centrated antiserum. Inhibitor A, when it was later sus-
pended in saline, gave inhibition, thus showing that it had
not been denstured. With longer centrifuging, even in saline
suspension, the activity of the supernatant material decreased.

A comparison of the activities of stroma, and of the
preparation derived from stroma by the treatment described,

is shown in Table VI. Both the stroma and the preparation
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derived from it were made from the same stock and were of
the same age. Apperently, the stroma hes denatured more
rapidly, or is less active, than the prepared material.

The inhibitor material thus prepared, rather than stroma,
was therefore used in subsequent tests. It will be referred

to as the product of the KQH-SAS treatment.

Table VI
Comparison of Activities of Stroma and Preparation
Antiserum Concentration

1/4,0 1/80 1/160 MNilligrams of protein
per milliliter

Stroma
Positive cells +% +4 - 2.8
Negative cells $oe + - - P
Preparation
Positive cells - - - b7
Negative cells +4 % - 3.8

Lffect of pH Change. A number of 3 milliliter samples of

a freshly prepared inhibitor wuich had been checked for
activity were adjusted to the pH values indicated in the
following table, with 0.1 N KCH or 0.1 N HCl. They were
then heated for 1 hour at 37OC., and the pH was re-checked.
All samples were brought to a pH of between 7.0 and 7.5 by
addition of acid or base. In two of the samples, where but
litvle of the reagent wes necessary to obtain neutrality,

a small amount of salt solution was caded to make a correction
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for the volume change and ionic strength change which was
attendant upon the neutralization of the other samples.
Table VII shows the pH values in the different phases of
the test; Table VIII shows the results of the inhibition

tests with the treated preparations.

Table VII
Conditions of Digestion

Inhibitor Initial pH pll after digestion Adjust to pH
Sample

5 Le72 L.68 7.01
6 6.07 6.36 7.25
7 7414 7.25 7.18
8 7.92 7.81 7.00
8a 7.95 7.65 7 « BOF
9 9.20 .88 7.18
9a 9.18 8.78 7« 26%%
10 9.96 9.51 7.16
11 11.00 10,42 742

* Add 1 milliliter 0.5% NaCl
**Add 4 milliliter 0.5% NaCl
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Table VIII
Agglutination with Treated Inhibitors

Inhibitor Sample Antiserum Concentration
1/10 1/20 1/40 1/80

> +34 +44 % %
6 e - - -
7 2 - - -
8 2 - o o=
8a - - - -
9 % - - ™
9a <+ - = -
10 44 % % 4
11 ey 4+ + 4
saline control 4 saa POy s

of

22 strong agglutination of test erythrocytes

ob
of

medium agglutination of test erythrocytes
2 slight agglutination of test erythrocytes

trace of agglutination of test erythrocytes

Bob

- no agglutination of test erythrocytes

The conclusion was that this extract had a maximum sta-
bility in the region of pH 8. There was an indication that
at pH values 1 unit on either side of this, some denaturation
occurred.

An experiment to determine the rate of denaturation was

set up. A sample of & preparation was suspended in buffer,
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and heated to 37°C. Samples were removed at verious times
and used in agglutination inhibition tests. Similer extracts
from Rh negative cells were used for controls. The decrease
in the inhibitory activity of the preparation was followed,
and thus a rough idea of the extent of denaturation of the
antigenic site was obtained. Precise measurements were not
possible, due to the inherent large error in the serial di-
lution technique. However, it appeared that at pH 7.1, in
phosphate buifer, nearly all the activity was lost in 2
hours. At pH 5.9, the activity was lost in 30 minutes.

Effect of Ethanol. The steability of the extract to ethanol

was determined in the following way. Inhibitor stock was
added to phosphate bufrer, pH 7.34, and then different
amounts of ethanol were addea. Saline was sdded as
necessary to bring samples to & definite volume. As &
control, similer mixtures of. buffer, ethanol, and saline
were made up, with water added to take the place of the
inhibitor. The actual constitution of the various solutions
was as shown in Table IX. These solutions were heated for
30 minutes at 3700., and were then tested for activity.

The results are shown in Table X. In another run, a similar
series weas made up, with all reagents at 8°C. The inhibitor
stocks stood with the alcohol in the cold overnight. Samples
were then incubated with antiserum for 14 hours in the cold.
Cells were added, and the mixture kept in the cold for ano-

ther LO minutes. The tubes were then centrifuged and read.

The results of this test are shown in Table XI.



Sample

ii
iii

iv

vi
vii
Yiii

ix

Ethanol

0

11/3
2 2/3

6 3/4

13 3/4

Volume of ©Phosphate

Composition of Inhibitor Suspensions

Inhibitor Buffer

Added oH 7.4
(ml.) (ml.})

1.5 K 9

145 L0

1.5 1.0

1.5 40

1.5 10

- 1.0

- 1.0

- 1.0

- 1.0

Agglutination with Treated Inhibitors

Inhibitor i
Blank vi

Inhibitor ii
Innibitor iii
Blank vii

Inhibitor iv
Blank viii

Inhibitor v
Blank ix

)

Table IX

(ml.}

0.05
0.10
0.25
0.50
0.10
0.25
0.50

Table X

Antiserum Concentration
1/40

1/20

‘bt

b2 i 2

k4

ExX XY
e e e

G 2 s

ddd

EtOH Saline
(Iﬂl- ) (

0.50
0.45
0.40
GUseh
0.00
0.50
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Table XI
Agglutination with Treated Inhibitors

Antiserum Concentration

Ethanol % 1/20 1/40 1/80

0 Inhibitor xiii - - -

L Inhibitor x - - -
Blank xiv +2 +4 +

8 Inhibitor xi 2 - -
Blank xv S P -

17 Inhibitor xii 4 2 -
Blank xvi a3 +4 =

From these two experiments, the following conclusions
may be drawn:

(a} 4t 379C., for 30 minutes, ~ 3% ethanol does not
destroy the antigen, ~ 6% ethanol destroys all but a small
amount, ~ 14% ethanol destroys all noticeable activity.

(b) At 8°C., for 12 hours, ~ 4% ethanol does not destroy
the antigen, ~ 8% ethanol may give slight denaturation, ~ 17%
ethanol gives considerable denaturation. (In the case of
the 17% ethanol, at 8°C., the effective titer of the anti-
serum 1s the same for both the blank and the inhibitor.

The conclusion wihich is drawn ror this case is based on the
observation of the difference in the strength of the agglutina-
tion.)

Oxidation. Ecual volumes of 1/1000 hydrogen peroxide and

the inhibitor were allowed to stand st room temperature
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(28OC.) for 5 minutes. Antiserum was added, and the mix-
ture was heated for 30 minutes at 37°C., as usual, before

the addition of cells. Activity was retained after this
mild oxidation. The presence of the peroxide did not
interfere with agglutination, as shown by a suitable control.

Lyophilization. Lyophilization is a convenient method of

preserving protein preparations, provided that the process
does not denature them.

l. A sample of the KOH-SAS preparation was lyophilized.
Activity was lost.

2. A sample of a stroma suspension was checked for
activity, and then lyophilized. The dried material was
subjected to the KOH-SAS treatment, and again, the product
was found to be insctive.

Extraction with Organic Solvents. Though previous work had

indicated that there was little chance of obtaining any
active Rh substance by solvent extraction, nevertheless the
following experiments were tried.

The method mentioned by Block (20) was employed, with
the following sources of antigen: (a) 5 milliliters of Rh
positive, type O cells; (b} 2 milliliters of a preparation
from positive cells; (¢} 2 milliliters of another prepara-
tion from positive cells; (d) 2 milliliters of a preparation
from negative cells.

These materials were extracted twice with 2 volumes of
ether, followed by two extractions with 2 volumes of ethanol,

and two more extractions with 4 volumes of ether. Xach of
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the extracts was evaporated and the product was tested.
None of the materials gave any active extracts.

In another experiment, a sample of a preparation was
lyophilized, and two samples of 100 milligrams each were
extracted with ether in one case, and with a mixture of
ether and ethanol (9:1 by volume) in another case. Ex-~
tractions were mede at =-25°C., in accordance with the
recommendations of MacFarlane (19). Neither of the eva-

porated extracts yielded any activity.

Fractionation

Ammonium Sulfate. After an initial KOH treatment, different

preparetions were treated with different concentrations of
ammonium sulfate. A conceantration of this salt equal to
about 1/3 saturation was the minimum amount which would
yield a precipitate. Such a precipitate was active. Fur-
ther adaition of ammonium sulfate gave an additional pre-
cipitate, of about the same degree of activity. No marked
fractionation, therefore, was obtalned in this manner.

Concentrated Salt Sclution. An attempt was made to break

up the stroma to a greater degree by an intermediate treat-
ment with 10% NaCl in the preparation ot the antigenic
material. Ten milliliters of & stroma suspension were
treated with 20 milliliters of a 0.01 N KOH solution for

4 days in the cold., The resulting precipitate was centri-

fuged down, and made up to 15 milliliters with water. NaCl
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was then added to give a final concentration or salt of

10%. After the mixture haa stood overnight in the cold,

it was centrifuged. The supernatant was brought to half
saturation with ammonium sulfate and the resulting small
precipitate was centrifuged ort, washed, and re-suspended.

A slight ectivity was shown. The first precipitate from

the concentrated salt solution had more activity. Apparently
but 1little break-up o the stroma had been effected.

A further atvempt was made to fractionate the product
of the KOH-SAS treatment. Fifty milliliters of a suspension
of this product were adjusted to a concentration of 10%
NaCl, and the pH adjusted to 7.89 with 0.1 N KCH. The
mixture was held at 3700. for 30 minutes, when 20 milli-
liters were taken of1r and centrifuged at 17,000 r.p.m.
for 30 minutes. The supernatant was dialysed against
saline. The precipitate was suspended in 20 milliliters of
phosphate bufter, at pH 7.36. The supernatant had but
slight, if any, activity, whereas the precipitate showed a
strong inhibitory action.

A similar test was run in which a sample of the same
suspension was used tror the starting material. Sodium
chloride was added to a final concentrate of 10%, and the
solution divided into 2 portions. ©One portion was adjusted
to pH 6.18, and another to pH 8.0. Both were held at 5°C.
for 3 aays, and then were centrifuged at 17,600 r.p.m. for
25 minutes, The supernatants were dialysed against saline,

and then tested for activity. None was found, so apparently
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the treatment did not further degrade the cell.

Alcohol Fractionation. Half of the precipitated fraction

from 50 milliliters of cells was suspended in sufficient
saline to bring the total volume to 30 milliliters. Twenty
milliliters of phosphate buffer, pH 7.4, were adaed, fol-
lowed by 30 milliliters of ethanol., A precipitate which
could be readily centrifuged aown was obtained. About 25
milliliters of this packed precipitate were aaded to 100
milliliters of the above buffer. Meanwhile, the supernatant
from the alcohcl precipitation, atter standing 2 hours in
the cold, yielded another heavy precipitete which was re-
moved and suspended in buffer. The supernatant from this
precipitation was brought to hall saturation with ammonium
sulfate, and a third precipitate was obtained. This was
taken off, washed, and re-suspended in buffer. All of the
precipitates, and the first two supernatants, were tested
for activity. None was found. Subsequent work indiceated
that the alcohol had probably denatured the active sites.
Formamide. The procedure of Morgan and Partridge (28)

was followed, except that the starting material was a sus-
pension, rather than a dried material, and heating was
avoided., Ten milliliters of a slurry of the KOH-SAS product
was treated with 87 milliliters of formamide. This mixture
stood 3 hours in the cold, and then 200 milliliters of
ethanol were added. The mixture was sliowed to stand

overnight in the cold. The slight precipitate which



-50-

formed was taken off, suspended in phosphate buffer, pH 7.3,
and dialysed against the same buifer. To the supernatant,
another 100 milliliters oif ethanol were added, and the mix-
ture allowed to stand for 12 hours. The new precipitate
which formed was dialysed against a saline-buffer mixture.
Neither of the suspended precipitates gave any inhibition.

Trichloracetic acid. An extractive procedure as given in

Kebat and Mayer (29) was foliowed in this experiment.
Twenty-five milliliters of & suspension of the KCH-SAS
proauct (about 1.7% by weight) were mixed with 25 milliliters
of 0.2 N trichloracetic acid. Centrifuging at 14,000 r.p.m.
for 10 minutes gave a precipitate which, in another experi-
ment, was shown to be inactive. The supernatant was then
dialysed against water to get rid oif the acid. Cold ethanol
was then added to give a rinel concentration of 68% ethanol
(by weight). Eveporation in a current of air eventually
yielded a precipitate. This was centrifuged, and to the #
milliliter of packed precipitate which resulted were added

1 milliliter of saline and 1 milliliter of phosphate buffer,
pH 7.4. This suspension gave no activity.

In another similar experiment, the supernastant which
resulted after the aduition of the trichloracetic acid and
subseqguent centrifugation was dialysed against saline, and
evaporated to yleld an inactive precipitate, and a non-

specif'ically active supernatant.
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Trypsin Treatment. The products of the KOH-SAS treatment

were treated with trypsin in an attempt to obtain a further
degradation.

Experiment 1. Five milliliters of a packed inhibitor solu-

tion were suspended in 15 milliliters of phosphate buffer,
pH 7.3, and 0.5 grams of trypsin*were edded. The mixture
was allowed to stand for 2 days at 5°C., and then the pH
was adjusted to 8.3 with 0.1 N KOH. After this mixture had
stood another 12 hours at 500., 100 milligrams of trypsin
were added, and the whole was kept at 5°C. for another 3
days. A centrifuging at 3,000 r.p.m. for 10 minutes
brought down a small precipitate which was discarded. The
supernatant was brought to hall saturation with ammonium
sulfate, allowed to stand for 12 hours at 5°C. and then
centrifuged at 36,000 G for 15 minutes. The precipitate
thus obtained was suspended in 10 milliliters of phosphate
buifer at pH 7.37, and re-centrifuged at 40,000 G for 30
minutes. One milliliter of the supernatant obtained from
this procedure was dialysed against 3 milliliters of the
phosphate butter. A sample taken from inside the dialysing
bag wiiich contained the supernatant still showed activity.
The outer (3 milliliter) portion, which would contain the
dialysable material, showed no activity. Centrifuging
another portion ol the supernatant at 900 r.p.s. for 2000

seconds yielded a supernatant which could be carefully

*Nutritional Biochemicals Corporation, 1-300.
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separated from a precipitate, which gave good inhibitory
action., Addition of ethanol to the supernatant to a final
concentration of 28%, and heating for 30 minutes at 3700.
destroyed the activity. The precipitate, when suspended in
buffer and used in an inhibition test, caused lysis of the
acded erythrocytes. This may have been due to the action
of some of the original trypsin which may have been carried
along in the procedure. A flow sheet of this procedure is
shown in figure I.

Experiment 2. The speciflcity of the action in the above

experiment was questioned, so another experiment was set
up in which both Rh positive and Rh negative cells were
used. ©Smaller quantities of trypsin were used.

The KOH-SAS treatment was done as usual on 20 milli-
liters of cells, and the product was treated with 0.05
grams of trypsin for 3 days. The supernatant from a light
centrifugation, after a mild alkali treatment as above,
and another similer trypsin treatment, was eagain lightly
centrifuged. The new supernatant was treated with an ecual
volume of saturated ammonium sulfeate and re-centrifuged at
38,000 G. This gave & precipitate which was suspended in
phosphate buffer, and re-centriruged at 40,000 G for 30
minutes. The supernatant was inective., The re-suspended
precipitate was active in a non-specific msnner, as indi-
cated by a test with the product from Rh negative cells.

However, a greater inhicitory action was obtained with the
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Figure I
Flow Sheet of Trypsin Treatument
5 ml. packed inhibitor
115 ml. phosphate buffer pH 7.3
0.5 gms. trypsin for 2 days
J 0.1 N KOH to pH 8.3
l 12 hours
] 100 mgm. trypsin for 3 days

Centrifuge 3000 r.p.m. for 10 min.

Supern@tant Precipitate (discard)
| Ecual volume saturated ammonium sulfate
| 12 hours

Centrifuge 36,000 G for 15 min.

Supernatant
(discard)

Precipitate

llO ml. phosphate
. butffer pH 7.37

Centrifuge 40,000 G
for 30 minutes

Supern@tant Precipitate (discard)

C
L il

Dialyse against 3 ml. Centritfuge 960 r.p.s.
hosphate buffer pH 7.37 Tor 2000 seconds

Dialysable Non-dialysable Supernatant Pretipitate
Portion Portion
Activity Lysis of
Activity No activity cells

|ECCH to 28%

lHeat % hour
at 379,

No activity
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precduct from Rh positive cells, so some specific activity
is presumed to have existed.

Experiment 3. In another prepsaration, using only Rh posi-

tive cells, 30 milliliters of the packed KOH-SAS product
were suspended in 60 milliliters of phosphate buffer at pH
7.36, and 10 milliliters of this material were treated with
100 milligrams of trypsin after being brought to pH 8.5
with 0.1 N KOH. After heating for 15 minutes at 3700., fol-
lowed by 6 hours in the cold, the product was lightly cen-
trifuged, and the supernatant re-centrifuged at 13,500
r.p.m.J for 20 minutes. The precipitate from this centri-
fugation was suspended in 10 milliliters of buffer, and
another 100 milligrams of trypsin were added. After 1

hour in the cold, this was centrifuged at 13,500 r.p.ut for
20 minutes. An attempt was wmade to rid the supernatant

of the trypsin by two precipitations at 0.4 saturation of
armonium sulfate, with subsequent centrifugation and re-
solution of the precipitate. The trypsin should remain in
the supernatant fraction. The final step was dialysis to
get rid of the ammonium sulfete., This product was active
in an inhibition test.

The supernatant from the high speed centrifuging after
the first trypsin treatment was brought to 0.4 saturation
with ammonium sulfete and re-centrifuged. The precipitate
was washed with 0.4 saturated ammonium sulfcte and dialysed
against saline. After another re-precipitation, solution,

* 23,000 G
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and dialysis, the product was tested, and found to be
active. A flow sheet of this operation is shown in Figure
II. Material derived from a re-precipitation of the trypsin
stock did not show any inhibition.

Experiment 4. As another check on the specificity of the

action, another experiment using Rh positive and Rh nega-
tive cells was performed. Two trypsin treatments were

done. Approximately the same cuantities of material were
used as in Experiment 3. After each treatment, light centri-
fuging of the material under investigation yielded a super-
natant which was used for the next step. After the last
trypsin treatwent, a precipitate was obtained by bringing
the solution to 1/3 saturation with smmonium sulfate. This
was alalysed zgalnst phosphate buffer, and was found to be
active. The results were as snown below. Product II was
the material before the trypsin treatment. Product III was
thet obtalned after one trypsin treatment. Product IV fol-
lowed the last trypsin treatment and ammonium sulfate pre-
cipitation. In all cases, paralilel runs were done with
similar products derived Ifrom negative cells. The results
of the titrations with inhibitors prepered from such cells
were uniformly the same as the one which is shown. It is
seen thet the enzyme treatment slowly destroyed the activity

of the inhibitor,
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Figure II1
Flow Sheet of Trypsin Treatuent

10 ml. suspension
1l vol. slurry in 2 vol. bufter pH 7.3

J 0.1 W KCH to pH 8.5
llOU mgm,., trypsin

13700. for 15 min.
59C. for 6 hours

Centrifuge 5 min., 3,000 r.p.m.
Supermatant Precipitate (discard)

centrifuge 13,500 r.p.m, for 20 min.

Supernatant Precipitate
1.96 g. hd llo ml. phosphate
to glve Oa 4 bné buffer, pH 7.34
supernatant Pretipitate LlOO mgm. trypsin
(discard) lwash with
0.4 SAS } 5°C. for 1 hour

lDlalyse V8.

Centrifuge 20 min.,
0.9% saline -

500 r.p.m.

Active Suspension Supernatant Precipitate
(discard}
0.4 SAS bring to
0.4 SAS
Supernzatant Precipitate
(discard) Supernatant Precipitate
l dissolve (discard)
in water 13 ml. water

l dialyse vs,. 2 ml., SAS
saline
Supernatant Precipitate

Active Suspension (discara)

13 ml. water
1.5 ml, SAS
Supern@tant Precipitate
(discard)
dialyse vs.
0.9% NaCl

Active Suspension
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Table XII
Effect of Trypsin Treatment upon Inhibitor Activity

Antiserum Concentration

Inhibitor 1/16 1/32 1/64 1/128 1/256 1/512 1/1024
Product II1 +4 + % - - - -
Product IIT 4 + - - - =
Product IV T <+ < - - -
Negative

Product & Lo +42 + + - -
Saline +2 s+ 22 + < -

Immunization. An attempt to develop a rebbit anti-Rh serum

was made, with a sample of the KOH-SAS preparation injected
along with a proteln cerrier, or adjuvant, as the antigen.
The general procedure as given in Kabat and Meyer (30)
was followed. One hundred milligrams of dried mycobacterium
butyricum were suspendea in 15 milliliters of minersl oil.
Twenty milliliters of aguaphor were warmed to melting and
mixed with 20 milliliters of & suspension of a preparation
of the degraded stroma. This preparation contained 8.7
milligrams of protein material per milliliter of suspension.
The bacterial suspension wes added, and 10 milliliters of
mineral oil were added to make the mixture more fluid.

Merthiolate to give & final concentration of 1:5000 was
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added as a preservative.

Twelve rabbits were injected intraperitoneally with
2 milliliter of this suspension. Seven injections were given
over a period of 2 weeks, and then the animals were rested
for 2 weeks. Another 4 injections were given, and 10 days
after the last injection the animels were bled.

A sample of the pooled serums wes serially diluted
and agglutination tests were run on Rh positive and Rh
negative cells. The end points were approximately the same
with either cell sawmple, at a dilution of 1/81 of the
serum. ITwo tenths of a milliliter of the serum were then
diluted with 2 milliliters of saline and absorbed with 0.2
milliliters of packed Rh negative, type O cells, for 90
minutes at room temperature. An egzlutination test on this
absorbed serum, with Rh positive and Rh negative cells, did
not show any indication of specific anti-Rh agglutinias.
A 1 milliliter sample of this absorbed serum was then again
absorbed with 0.2 milliliters of packed Rh negative, type
0 cells. An agglutinstion test with both types of cells
showed a very slight indication of the presence of some
anti-Rh agglutinins, but the effect was too small to be
significant. A similar test was made with trypsin treated
cells, and no real difference was seen. These results
are summarized in the table below., It was concluded
that no specific antibodies were developed by this

procedure.,
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Table XIII

Effect of Absorption of Antiserum upon Specific
Rh Agglutination

Antiserum Concentration (Unabsorbed)
Agglutination 1/9 1/27 1/81  1/243 1/729
Positive cells +2e 444 2 - -
Negative cells +24 XL + - -
Antiserum concentration (Absorbed once)
1/10 1/20 1/40 1/80 1/160
Positive cells +4 + + -~ -
Negative cells +% + & % -
Antiserum concentration (absorbed twice)
1/10 1/20 1/40 1/80 1/160
Positive cells % - = - -
Negative cells % - - - -
Positive cells L L $4e +4 + -
(treated)
Negeative cells +23 e % % -
(treated)

Conclusion. Stroma could be degraded to smaller particles

which gcve & strong and specific Rh activity. They were
not readily refractionated to yield a true solution of a
hepten. Treatment with trypsin seemed to denature the Rh
site slowly. i/hile there was some inhibitory activity in
the supernatant fractions which were obtaihed after a

trypsin treatment, it is felt that the specificity of this
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action is still gquestionable, and should be investigated
further before any conclusions may be drawn. Denaturation
by heat occurred readily, especially if the pH of the sus-
pension of the inhibitor material were below 7 or above 9.
Ethanol rapidly denatured the specific site. Lyophiliza-
tion destroyed its activity, but mild oxidation did not
affect it.

Rabbit anti-Rh antibodies were not developed when
this material was injected intraperitoneally along with
a carrier, mycobacterium butyricum.

DISCUSSICN

2

From the action of different reagents upon cells and
upon stroma, with respect to Rh activity, some conclusions
may be drawn.

Th Rh hapten 1is not like the Forssman hapten, or like
A and B substance, in solubility or stability characteris-
tics. It 1is not soluble in methanol, ethanol, acetone,
dioxan, ether, or ether-alcohol mixtures. A preliminary
treatment of erythrocytes with either ethanol, methanol,
acetone or diloxan does not render the antigen soluble, in
undenatured form at least, in such lipid solvents as
mebthanol, ethanol, ether, chloroform, acetone, dioxan, or
toluene. The active portion is, therefore, probably not
entirely lipid or polysaccharide in nature.

The ready denaturation by alcohol, pH change, or heat
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all point to & protein-like structure in the active por-
tion of the site. The destruction by trypsin is added
confirmation of this. On the basis of the apparently slow
destruction by this enzyme, the absence in the specifiec

Rh region of certain trypsin sensitive linkages might be
postulated. The denaturation due to lyophilization indi-
cates the possibility of a lipoprotein structure.

The failure of several methods of fractionation of
stroma particles to yield an active extract seems to indi-
cate that the Rh site is & reasonably integral part of the
surface of the ceil wall. It 1s probably not a separate,
isolsble region of a particular protein or lipoprotein con-
figuration, which differs in molecular structure from the
rest or the cell wall. Rather, 1t probably represents a
relatively minor difference in the counfiguration of the
molecular constituents of the wall. The properties of this
region, with respect to solubility in different media, are
probably but litile dirferent from the properties of any
other region of the wall, and hence its isolation will be
very hard.

If the Rh region possesses no outstanding structural
characteristics, compared to the rest of the cell, the
failure of Rh positive cells, when injected into animals,
to yield a high concentraticn of anti-Rh antibodies may be
explained. Antibodies are built up against all the

different portions of the cell wall which constitute the
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antigen, and there is no preferential manufacture of antibody
against the Rh site. Those antibodies which are directed
against this site are in such low concentration that they
escape detection. In the work with alcoholic extracts,

the antigenic site was probably denatured, so any specific

antibody formetion would be impossible,
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PART II

THE FRACTICNATION OF AN ANTI-Rh ANTISERUM
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INTRCDUCTICN

Blood serum may be divided, by salt precipitation
methods, into two fractions, the albumin fraction and the
globulin fraction. Many experiments have shown that only
the latter fraction contains those proteins which are
formed as a result of an antigenic stimulus, and are called
antibodies. KElectrophoretic analyses have shown that the
globulin protein may be subdivided into three major groups,
thea -, @~-, and - -globulins, which differ among them-
selves in their molecular weight and also, at a given pH,
in their electrical charge. Antibodies have nearly always
been found in the - -globulins, although a recent work by
Enders (1) showed that the humen antibody to typhoid Q
antigen, and all of the isoagglutinins, were contained in
a fraction of the serum which contained 70% -¥-globulin,
and 25% @ -globulin. He concluded that this antibody was
probably in a fraction which differed from the usual 4 -
globulin, and later Deutsch (2) showed that the antibody
was in a subfraction of the -3 -globulin which he termed
~,-globulin. This was the first aemonstration of dirrer-
ences, other than serological, in human antibodies.

Dirrerent types of Rh antibodles, which have different
serological activities, have been recognized. The first
type 1s the one which causes agglutination of Rh positive

cells, when the cells are suspended in a saline medium.
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A second type, called the blocking antibody, inhibits the
agglutination of Rh positive cells by an agglutinating
antiserum. A third type, variously called a developing
antibody, a third order sntibody, or a cryptagglutinoid,
is recognized by the following reactions.

This antibody will form a specific complex with an
Rh positive erythrocyte, but the formation of this complex
aces hot lead to eilther agglutination or blocking. However,
if there 1s added a thira component which will combine in
a specific manner with the complexed cells (but not with
the non-complexed cells), agglutination will tske place.
Such & third component is found in the antibodies which
are formed 1n a rabblit after the animal has been injected
with human globulin., These antibodies combine Specifically
with human globulins, and therefore their union with the
developing antibody globulin on the above complex can ul-~
timately result in an agglutination oif the cells. It
should be noted that both of the first mentioned types or
antibody will also give a developing test. However, the
antibody which will subsequently be referred to as the
aeveloping antibody is that one which causes neither agglu-
tination nor blocking, but gives only this test.

The postulated modes of action of these difterent
antibodies are shown in Figures I - III. In Figure I, the
erythrocyte (E)} is depicted, with some antigenic sites (A}

on its surfece. These sites are combined specifically
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with corresponding antibody sites on the molecule of the
agglutinating antibody (B). If both the erythrocyte and
the antibody contein more than one combining site, and
these sites are sultably arranged so that steric factors
are not a consideration, it can be seen that a large number
oI erythrocytes may be linked together with the possible
ultimate formation of a visible clump.

However, i1 the antiboay molecule has only one com-
bining site on it, no coupling between the complexed cells
may be formed, and so no agglutination can take plsce. If,
in addition, the combining sites of the cell are all covered,
the agglutinating antiserum will be ineffective when it is
added to the system. This is shown 1n Figure II, in which
(C)} indicates the blocking antibody. While this picture
of the action of & univelent antibody may not be strictly
correct, owing to our lack of aetailed knowledge of anti-
gen-antibody reactions, it nevertheless may serve as a
useful approximation to what is tseking place. It assumes
that the dissociation constant of the cell-agglutinating
antibody complex is at most not much greater then the dis-
sociation constant of the cell-blocking antiboay complex,
and that the two types of antibodies &are present in ap-
proximately ezual concentrations.

Figure III shows the secuence oif reactions in the test
for the dgeveloping antibody. The erythrocyte (E) combines

with the specific entibody (D). In this case, the Rh
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entigenic site is marked (A'). Since the developing
antibody does not necessarily show a blocking activity,
the site of its =zction on the erythrocyte may differ from
the site of action of the other two types of antibodies.
Nevertheless, the common Rh specificity seems to point to
some sort of relationship between the regions oi the ery-
throcyte which respond to the first two types of anti-
bodies, and those regions which respond to the third type
of antibody.

The antibody (D} now, by virtue of its globulin nature,
has an antigenic site on it which specifically reacts with
the raboit anti-globulin serum. The antibodies (R) in this
antiserum sre presumebly multivalent; thus the complex of
the cell plus developing zntibody may be built up to pro-
portions which are visible to the eye.

A sepsration of agglutinating and blocking antibodies
on the basis of their solubilities was mede by Witebsky (3)
who dialysed an anti-Rh serum sgainst water, to obtain a
water-insoluble globulin, and a water-soluble globulin.

The former fraction was soluble in saline; this solution
gave a typlcal agglutination test with Rh positive erythro-
cytes. The water soluble fraction showed the presence of
blocking and ol developing antibodies.

An attenpt to obtain a more precise Irsctionation of
these sntibodies through the use of ion-exchange resins

was mede by Hill and Haberman (4). Blocking antibodies
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Figure I

Mechanism of Agglutination Reaction

Figure 11

Mechanism of Blocking Reaction

Figure III

Mechanism of Developing Reaction



-68a-

E% ’ E
A

A

Agglutination
Figurel

/ Blocking
FigureIl
AN
\\
\
. C R D g
E
A' Al
A-® S
First Stage Second Stage
Developing

Figure I



=65

and some developing antivbodies were found in the water
soluble globulin fraction. The water insoluble portion,
which contained the a -, @ -, and % -globulins, was
fractionated by aifferential solubility in NaCl solutious
of difrerent conceatrations. Agglutinating antibodies
were found in the -4 -globulin fraction, while developing
antibodies were found mainly in the @ -globulin fraction.
It should be noted that this final fractionation and
characterization is quite rough - e.g. the fraction labelled
as a @ -globulin probably contains much of the other
globulins.,

A seperetion by electrophoresis—-convection seemed to
offer an excellent means for carrying out a fractionation
study. The treatment of the protein is very mild, so de-
naturestion should be at a minimum, in contrast to the ion-
exchange process, where the effect of the treatment upon
the protein may be considerable. The separation of the
serum into its components is much more satisfactory, in
that fractions of a higher purity and of known composition
may be obtained.

A frectionation of an :ntiserum by this method head
been carried out in these leboratories by Cann et al (5)
and 1t had been concluded that the blocking antibody
appeared to be assoclated with a - -globulin fraction of
low mobility. About 75% of the developing antibody ap-

peared to be in the 4 -globulin, but the remeining 25%
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appeared to be associated with the @ - and/or the B -
globulin. A second anti-Rh serum was investigated to
study the pattern of the antibody distribution, and the

results of this work are presented below.

ZXPERIMANTA

Materials and lMethods

Fractionated Antiserum. This was an anti-Rh serum sent

here by Dr. R. Day, of New York. The donor was an Rh
negative woman, who delivered an Rh positive child which
subsequently showed symptoms of erythroblastosis fetalis.
The donor had had two blood transfusions as a child,xand
these may have sensitized her - i.e. caused an antibody
production ageinst the (probably) Rh positive cells which
would be used in the transfusion. At the time of the delivery,
anti-Rh antibodies could be detected in the maternal
circulation, and the antiserum sample was taken a few days
after the birth of the child., This was antiserum I. Four
months later, another sample of blood was taken from the
same donor and the serum therefrom was shipped here. This
sample was called antiserum II. Both of these samples
were fractionated according to the procedure to be
described.

Agglutinating Antiserum. This was an antiserum sample

obtained from Hyland Laboratories. It caused agglutination
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of Rh positive cells at all dilutions up to (i.e. more
concentrated than) l:512.

Rabbit Anti-Globulin Serum. FYor the tests on fractions

from entiserum I, samples of sera from three raboits which
had been immunized with human globulin were pooled and
used as a stock. For the tests of fractions from anti-
serum II, the stock was a sample of frozen antiserum from
a similerly immunized reboit. On each aay that tests were
run, & portion of the frozen antiserum was thawed out and
treated as below.

The antiglobulin serum wes diluted with an equal
volume of saline, and then absorbed once, at room tem-
perature, for 1 hour, with 2 volumes of packed, well washed
erythrocytes. (Adequate washing on the absorbing cells
was very necessary, as otherwise traces of normal serum
globulins which adhered to the cells partially neutralized
the rabobit antiserum.) The erythrocytes were then centri-
fuged off, and the absorbed antiserum was again diluted
with saline until the final concentration was 1/6 that of
the original antiserum.

Humen Lrythrocytes. For tests on antiserum I, a pool of

Rh positive, type O cells was used. It was endeavored to
obtain cells not more than 2 or 3 days old, at the very
most, On antiserum II, the Rh positive, type O cells were

drawn from one donor for all the tests. They were never
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more than 1 day old at the time that the tests were run.
The cells were washed and suspended in isotonic saline,
to a final concentration of 2% - 5% by volume.

Agglutination Test. Two one-hundredths of a milliliter

of the erythrocyte suspension were incubated in 13 x 100
millimeter test tubes with 0,02 milliliters of dilutions

of the fraction to be tested, for 10 minutes at 37°C., and
for 20 minutes at room temperature (27°C.). After light
centrifuging, the tubes were examined to see if agglutina-
tion had taken place. A second centrifuging and re-examina-
tion were done as a check. Doubtful cases were examined
microscopically. In all cases to be reported, no agglutina-
ting antibodies were found, so further mention of them will
be omitted.

Blocking Test. To the cells and test antiserum used in the

test above, 0.02 milliliters of a 1/128 dilution ( in saline )}
of the agglutinating antiserum were added. The tubes were
re-incubated for 30 minutes at 3700., and then centrifuged

>

and examined, as above, for agglutination. The reciprocal
of the value of the highest dilution which still completely
inhibited agglutination was called the titer of the
blocking antiserum.

The amount of agglutinating antibody which was added
was four times the minimum amount necessary to just give

agglutination. In spite of this excess, though, tie

presence of small cquantities of blocking antibody could
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be shown. The minimum amount of the latter which was re-
cuired to give a blocking titer of 1 to the fraction under
test was that amount which would completely inhibit agglut-
ination in the first tube of a series of serial dilutions.
If there were less of the blocking antibody present, there
would be agglutination of the erythrocytes, but this agglut-
ination would be weaker than in a control experiment, in
which no blocking antibody had been added. Observations on
the strength of agglutination were based on the ease with
which a clump of agglutinated cells broke up, with gentle
shaking.

Developing Test. Two one-hundredths of a milliliter of the

erythrocyte suspension were incubated for 30 minutes at 37°C.
with 0.02 milliliters of serial dilutions of the fraction
to be tested. The cell suspension was then washed 3 times
with 0.5 milliliters of 0.9% saline. After the last washing,
as much as possible of the supernatant was removed from the
centrifuged cells, and then 0.02 milliliters of saline were
added, with 0.02 milliliters of the prepared anti-globulin
serum. The tubes were shaken, incubated at 3700. for 30
minutes, and examined for agglutination after light cent-
rifuging. The reciprocal of the value of the lowest con-
centration of the test fraction which gave agglutination
was taken as the developing titer of the fraction.

Fractionation Procedure. The antiserum was fractionated in

the electrophoresis-convection apparatus which has been
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described by Kirkwood et al (6). ZFigures 1V and V show the
fractionation scheme, as well as the buffers used and the pH
values at which the fractionations were done. For all buffers,
M/2=0.1. The last bottom fraction was salt fractionated

into an albumin fraction and a globulin fraction.

Results

The results of the electrophoretic analyses of the
various fractions which were obtained are shown in Table I
and Table II. ZF¥igure VI shows representative electro-
phoretic patterns from the fractionation of antiserum I.

Table III and Table IV show the results of the tests
of the fractions for the different types of antibodies, as
well as the volumes of the different fractions and their
protein concentrations. Figures VII and VIII show the titer
and concentration values in graphical form.

Some of the top fractions were concentrated to see
(a) if entibody titers could be raised, (b) if the degree
of improvement was proportional to the increase in the
concentration, and (c¢) if some titer could be obtained in
those cases where no titer had previously been found. Three
concentration methods were used: 1. perevaporation with the
ald of an infra-red lamp; ii. perevaporation in the cold
room; iii. lyophilization.

Tables V and VI show the results of these concentration

procedures on those samples which had been treated.
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Components

Fraction

Anti-
serum 1

T1hl
T1lhk
T145
T146
BL46G
Bl46A

Components

Fraction
T149
T150
T151
T152
2153
2154
B154G
Blo4A

=

Table I

Analysis of Antiserum I Fractions

3 g G Qiz. Albumin
ol % n 2 %2 M % n %
1.47 11 3.12 16 5.14 8 4.04L 20 6.30 L5
1.36 98 - - - -
1.54 53 3.27 43 L.8L Y & -
1.64 51 3.27 47 Lol 2 -

- 19 3.46 50 L.53 24 6.68 7

- 2 5.77 L7 453 48 - 3

- - 3.28 2 5.30 12 L4.29 3 6.48 83

Table II

Analysis of Antiserum II Fractions

) 3 <, Qgz Albumin
o % n 5 oon 2 0 % R %
1.18 97 = 3 - - -
1.37 93 3.40 7 - = -
1.65 76 3.29 24 - - %
1.78 77 3.35 23 - - -
1.61 42 3.35 58 - -
1.52 12 3.26 37 4.95 37 6.60 13

- - - 2 L4.86 57 4.00 32 6.33 8

- = 3.22 3 5.21 4 4.2 2 6.38 88

R is in units of 10™%em. *volt~tsec. ™t
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Figure VI

Representative Electrophoretic Patterns from Fractionation

of Antiserum

All patterns traced from rising boundaries
Arrow shows direction of migration

Scale marked in centimeters
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Table III

Analysis of Antiserum I Fractions

Fraction Blocking Developing Concentration Volume
Titer Titer g/100 ml.

Original

serum 8 ol 7+8 39
Ti,1 1 8 0.25 el
TLlLk 1 16 0.33 L5
T145 0 8 0.17 56
T146 0 8 .23 50
Bilsl i 3 64 3.60 70
Blih - e - 71
BlA5 2 8 2.79 70
B1lL6G i & 0.92 50
BlL6A 0 0 0.34 205
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Table IV

Analysis of Antiserum II Frections

Fraction Blocking Developing Concentration Volume
Titer Titer g/100 ml. ml.
Original
serum 8 32 7.0 70
T1L9 p 8 8 0.37 62
T150 i 2 g, 27 56
T151 0 2 Q.22 50
TL52 0 g 0.13 L5
T153 0 1 0.19 L5
T154 0 o 0.40 L0
B149 P 32 - -
B150 2 16 - -
Bl51 2 16 - -
Bl52 g | 8 - -
B153 0 8 = "
B154G 2 8 2.40 3L
B154A 0 0 0.50 295
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Figure VII

Results of Fractionation of Antiserum I
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Figure VIII

Results of Fractionation of Antiserum II
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Table V

Serological Activity of Concentrated Fractions of
Antiserum 1

Fraction Concentration Blocking Developing
Method Factor Final Titer Titer
(gms./
100 ml.)
T141 s R 9 2.3 * L
T145 i, 1ii 12 2.0 L o
T146 i, 1ii 7 1.7 Ly L

* Antivody may be denatured, either due to concen-
tration process or to aging (fraction was 2 - 3
weeks old.)

**No test made

Table VI

Serological Activity of Concentrated Fractions of
Antiserum II

Fraction Concentration Blocking Developing
Method Factor Final Titer Titer
(gus./
100 ml)
T1L9 i 3 1.0 8 8
i1l L 1:3 L L
T150 i 3 {9 2 L
iii L 12 L L
T151 i 3 0.7 1 2
etk | L 0.9 1 0
T152 i L 0.7 1 1
T153% i L 0.8 bl i
ii 3 0.6 0 L
T154 ii 3 0.9 24 s
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DISCUSSICN

From the results on antiserum I, it 1s seen that the
blocking titer was rapidly lost as the fractioanation pro-
gressed. The conclusion 1is that the blocking antibody
seemed to be assoclated with a slowly moving portion of
the 4 -globulin. The most interesting feature of this
study 1is that there was still e strong developing entibody
titer in the Bl46G fraction, which was 95% a -globulin.
This 1s added confirmation of the results previously ob-
tained by Cann et al, but in the present case the final
product was & much more electrophoretically pure a-globu-
lin - i.e. there was less albumin and @ -globulin in it.

The veariations in antibody titer may be satisfactorily
explained (within the limits of experimental error) on the
assumption that a blocking antibody was present in the
slowly moving part of the 6 -globulin, while developing
antibodies were present in the a-globulin as well as in
the 6 -globulin. The existence of entibodies in the e -
globulin frsction cannot be afiirmed or denied, but it is
not necessary to assume any antibody in this frection in
order to explain qualitatively the results.

Antiserum II was divided into more fractions, but the
trend of the results was the same, with the rapid disap-
pearance of the blocking titer after the removal of the

first two top fractions, and the consistent presence of



the developing antibody in all the fractions, including
B154G, which was 89% a -globulin.

It will be noticed that the antiserum II had a smaller
concentration of developing antibody - for a given concen-
tration, the developing titers in the second semple were
uniformly lower than in the first sample. This was probably
the result of the usual decrease in eantiboay titer in a
given donor with time, when no further antigenic stimulus
is given.

Another difference between the two antibodies 1s found
in the results of the concentration studies. In genersl,
there had been an increase which was roughly proportional
to the concentration factor in the blocking titer of a
fraction after it had been concentrated, whereas the
developing titer had not increased. There was probably
some denaturation of the developing entibodies.

The results from fraction T1l53 show some indication
that 1if the perevaporation is done in the cold, the develop-
ing titer is maintelined. A similar indicetion was found
in an experiment on another fraction:

One sample of Bl5L4G was perevaporated with the aid of
an infre-red lamp; another was perevaporated in the cold.
Both samples were thus reduced to approximately 1/8 of
their original volume; they were then made up to the
original volume with seline. (There was some intermediate
ad justment of salt concentration to keep the material in

solution, but both samples were treated in the came manner.)



The sample which was perevaporated with the lamp had
dropped one tube in developing titer; the one which had
been concentrated in the cold meaintainea the original titer.
The blocking titers were unaifected in both cases. This
one experiment, unrortunately, 1s not too significant because
of the large experimental error.

A useful procedure, and a check on the experiment, is
to see whether the total amount of antibody, as juaged by
the titers, was maintained.

Let the numoer of antipbody molecules in each fraction
be n,, n,, nz...0,. Let the antibody concentration in each
fraction be ¢,, ¢,, Cy...C;. Let the volume of each fraction
be v,, V,, V...V, . Let the titer of each fraction be t,,
T

By B Assume that in the original serum these func-

3.0- i.

tions were n,, C v,, t,. If the titer is assumed to be

(- 4 o
a function of the concentration of the antibody, then:
T, = ke
ng=k'c v
therefore n; =k"t ;v
No=0N,+N,+llz+ ¢ 0o
therefore CoVo =6, VL, + 0, V34 coue
If this is applied to antiserum I, the following
results are obteained:
Blocking titer L.V =312 Developing titer
ToVo =2496

Lt v; =156 _
Et,;Vg =2L}«56
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The agreement of the blocking titers 1s satisfactory,
if allowance is made for the inherent error in the experi-
ment (a factor ot 2) as well as for denaturation and un-
avoicable loss in each operation. If an estimated 5% was
lost during each of the five geparations, the reduced
toVe 1S 312 x (0.95)}? =243 - a better agreement.

The apperently close agreement of the figures for de-
veloping titers is not indicative of an excellent check.
The value of t, Ve should be reduced by &t least the factor
shown above, to allow for losc and possibly a greater dae-
naturation. The recuced value is 1930. Still, the &gree-
ment is satisfeactory.

The procedure, applied to antiserum II, shows a satis-
factory conservation of antibody.

By using titers obtained from the concentrated samples
of the different fracticns, the results of the blocking

tests are:

PV = 560
£t v = 330

The reduced tove = 390. This value is calculeated on
the basis of seven operetions.

Y t, v, for the blocking titers of the unconcentrated
frections is 186. This 1is a low value, as some of the
fractions, with a blocking titer or Zzero according to the
experimental procedure, nevertheless contained some antibody.

This was shown by the observetion that the degree of
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agglutination, in tubes with the most concentrated samples
of such fractions, while never zero, was less than the ag-
glutination in tubes where the szmple under test was more
dilute. Making a rough correction rfor this untsabulsted
antibody will raise the value given above somewhat - pro-
bably to 200 or 250. However, this low value is within the
range of experimental error, when compared to a corrected
t, Ve 0f 390, so most of the antibody has been preserved.

For the developing titers, the corrected t,v, is 1550.
Y t,v 1100. If the ) t,v, is calculested for the concen-
trated top fractions, and compared to that for the uncon-
centrated fractions, a great decrease is noted.

(I_t,v } =313 (concentrated)

(-t v, )= 838 (unconcentrated)

This mey be accounted ror on the oasis of denaturation.

Di.ferences in amino acid composition of a - and -4 -
globulins have been reported (7). The dirfferent fractions
obtained by this method of preparation should be analysed
to adetermine their composition. If a difference is still
found, it might mean that aifferent emino aclid arrangements
might fold simileriy to yield similar combining site configu-
rations against a particular antigen. These different
arraengements might be a result of specific antibody produc-
tion by different cells of the reticulo-endothelial system.

Any dirfference in the structure of such a site might
be reflected in the susceptibility of the site to denatura-

tion effects.
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PART III

A COMPARISCN OF THE VASCCONSTRICTCR ACTIONS QF ADRENALINE
AND NOR-ADRENALINE
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INTRODUCTION

The classical action of adrenaline (epinephrine) in
the snimal 1s to cause a considerable rise in the blood
pressure. This eftrect has been considered to be the re-
sult of a two-fold action oif the arug, viz:

1. Periphersl constriction of the arteriocles,

2. Direct stimulation oif the heart muscle.

According to Goodman and Gilman (1) the first effect
controls, in large meesure, the level of the dilastoliec
pressure. Adrenaline administration constricts the blood
vessels of the splanchnic bed, as well as those of the
pulmonary circulation. Euler (2) reports that the blood
vessels of the perfused human placenta are constricted,
under the influence of the drug. On the other hana, those
vessels supplying the skeletal muscles are ailated (1)(3).

However, when edrenaline 1is administered in small
amounts, there is a fall in blood pressure, presumably
due to vasoailation (1)(4). This effect is seen when
subcutaneous injections are given and the locel concentra-
tion of adrenaline at the site of injection constricts the
nearby blood vessels. The rate of blood frlow through these
vessels 1s consequently reduced, and hence the rate of
introauction o adrenaline into the general circulation
is also reduced. The concentration levels obtained are

then much smaller than those which are attained as a result



sl e

of intreavenous injection into a larger vessel.
Nor-adrenaline (nor-epinephrine, arterenol} on the

other hand, causes vasoconstriction in nearly all cases (1l).

A vasodilating effect upon the coronsry vessels of cats

and dogs, after acministration of thils drug, has been re-

ported by Burn and Hutcheon. The same paper also indicates

that small doses of nor-adrenaline will ailate the intes-

tinal blood vessels of these animals (3}).

HO Ho
H H H H
° K ‘ci
H 3
Adrensline Nor-adrenaline

Goldenberg et al have made a series of stuaies on the
relative effects of adrenaline and nor-adrenaline upon
humans (5)(6). They calculated that there was a drop in
the peripheral resistance as a result of administration
of" therapeutic doses of adreneline, and so concluded that
it acted as an over-all vesodilator. From similar studies
on nor-adrenaline, they concluded that it was present &s
an over-all vasoconstrictor.

In the present work, the action of adrenaline was re-
investigated and compared to the action of nor-adrenaline.
In the work cited above, the dosages were of the order of
0.1 microgram of drug per kilograwm of body welght per

minute. These vealues were just sufficient to produce and
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maintain a desired blood pressure level in the patient.
The dosages which were used in the present investigation
ranged from 3 to 60 micrograms per kilogrem injected over
a period of about 30 seconds. A more direct method of
measurement was used, and the reflex activities which also
influence the blood pressure were eliminated.

Goldenberg obtained peripheral resistance values ifromn
calculations based on measurements of arterial pressure
and cardlac output, according to the formula:

Totel peripherasl resistance _  Arterial pressure
Cardiac output

However, according to the calculations of van
Harreveld, Feigen and Lerman (7) the peripheral resistance
is not the main governing factor of arterial pressure.

The letver is malinly dependent on a parameter which is not
considered in the above formula. These workers derive
a forrula:

P__V(R+r)
C,R+ (C+CJr

V = Volume of circulating blood

A = Arterial pressure

r = A psrameter which lumps together some of the conditions
of operation of the heart, and which effectively repre-
sents the resistance of this pump.

C., C, are parameters which correspond to a capacity fac-

tor, as represented by the elastic properties of the

arterial and venous systems.,
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r is relatively small, and it V is assumed to be con-
stent, it 1s seen that the arterial pressure is dependent
upon C, and is but little affectea by R.

In the following experiments it was assumed that, under
a constant head, the rate of flow of a liquid through a
tube was an inverse function of the resistance to that flow.
This has been corroborated for licuids which have no formed
elements in them, over moderate pressure ranges (8). The
perfusion rete of a solution through the circulatory system
of a rat was stualed, and changes in this rate, upon the
introduction of a drug, were assumed to be a reflection
of the degree of vasoconstriction, and hence of the resis-

tance to flow, of the blood vessels.

LXPERINMENTAL

A rat was injected with a solution of fastusol, in
order to prevent clotting in the subsequent operative
process., After about 10 minutes to allow for the absorp-
tion and circulation oif the fastusol, the rat was anaesthe-
tized with ether. Too much anaesthesia was avoided, as
this apparently made the subsequent response less acute.
After anaesthesia, the rib cage was cut open to expose the
heert. The right atrium and the left ventricle were
cannulated, and the blood was flushed out of the circulatory
system by perfusion with oxygenated Ringer's solution.

This solution was introduced into the ventricle, and taken
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out via the cannula in the atrium. The animal was removed
to a warm room tO keep the temperature at 37°C., and the
left ventricle connected to a consteant-head input, while the
cannula from the right atrium was connected to a drop
counter. In this way, all of the circulation, except the
coronary and the pulmonary systems, was in the perfusion
clircuits.

After a steady rate of perfusicn was obtained, the drug
was introduced, and ii there was any effect, a second- ad-
ministration was not made until the perfusion rate had again
resched a steady value. Dirferent concentrations of the
drugs were used, but in every case the lowest concentra-
tions were used for the initial injection.

Originally, the drugs were introduced by inJjection
with a syringe and needle directly into the rubber tubing
which connected the reservoir of Ringer's solution with
the animal. However, any handling of the tubing intro-
duced veriations in the output rate, so the apparatus
shown in Figure I wes used.

L consisted of a piece of 4 millimeter (outside dia=-
meter) glass tubing, about 12 inches long, and which was
jacketed by a 6 inch piece of 25 millimeter (outside dia-
meter) glass tubing. The latter had an outlet at E, at
one end, and was sealeda to the inner tube at this end.
Cxygenated Ringer's solution was introduced from R. Clamp

B was initielly closed, sfter the system had been filied
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with perfusing solution. Clamp A was opened enough to
allow a good fIlow of licuid. B was then carefully opened
to allow the Ringer's solution to flow down through the
animel, under the head of pressure which was governed by
the height at woich L was clamped. This helght was ad-
justed to esllow, initially, 1 to 3 drops per secona of
liquid to flow through the animel. Some edema developed
as a result of this pressure, but it did not become severe
until about an hour after the start of the experiment.
It did not interfere with the results for any one drug
injection, although it might have been the cause of the
general slowing of the drop rate as the experiment pro-
ceeded, through the constriction of the vessels by external
pressure. With a little practice the pinch clamps could be
adjusted so that there was & steady flow of Ringer's solu=-
tion into the animal, without the introduction of air bubovles
at D. Overflow at D, from the necessary slight excess at
C, was drained orf at E. To introduce the drug solution,
a bent needle was inserted at D, ana the solution was
forced in from a syringe. If the needle tip was held about
an inch below D, and the drug solution was colored with
fastusol, the injection coulda be performed without loss of
liguid into the overflow.

The dropwise output from the right atrium was allowed

to fall across two wire clectrodes which were connected in

series with & transformer supply and an electromagnet.
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Figure I

Apparatus designed to allow the introduction
of a drug solution into a perfusing fluid,
without causing any change in the pressure

under which the latter is Ied into a system.,
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The armature of the electromagnet marked a kymograph. A
clockwork timer gave one-gsecond impulses for calibration

purposes.

RESULTS

The number of drops per 10 seconds is plotted, and
shown in the following graphs. Before and after any in-
jection, points are plotted for every 10 second interval.
When the rate is more steady, points are plotted at half
minute or minute intervals,

It is seen that cualitatively there is no daifference
in the effect which the two drugs produce upon the circula-
tion, as far as the resistance to flow is concerned. All
reflex mechanisms are cut out, and the effect 1is apparently
a net constriction of the blood vessels. It should be
pointed out that in an experiment of this type, vasodilation
will not show up. LEven when no drug is present, the
vessels are relaxed, and probably distended to their full
extent under the hydrostatic pressure of the perfusing
fluid. Hence the only effect which may be observed will
be due to vasocoanstriction.

Metabolic Rate. Goldenberg reported that both adrenaline

and nor-adrenaline increased the oxygen consumption of
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huwans. On the other hand, Reale et all (9) reported thet
injection of l-nor-adrenaline into humans at the rate of

7 - 15 micrograms per minute had no effect upon the oxygen
consumption. Lundholm (10) hes indiceted that adrenaline
increases the oxygen consumption of unanaeesthetized guinea
pigs, but that anaesthetic drugs markedly inhibited this
action.

The effects of these two drugs upon lightly anaesthe-
tized rabbits were compared. A rsbbit was lightly
anaesthetized and & trachea cannula inserted and connected
with a metabolism appearatus. The administration of neither
of these drugs hac eany effect upon the oxygen consumption.
It is, however, dirricult to draw conclusions from a con=-
parison of the effect o1 the drug upon humans who are not
under basal conditions and the eftect upon a lightly

anaesthetized rabbit.
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Figure 11

Effect of administration of adrenaline and
nor-adrenaline (arterenol} upon perfusion

rate
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Figure III

Effect of administration of adrenaline and
nor-adrenaline (arterenol) upon pertusion

rate
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Figure IV

Effect of administration of adrenaline and
nor-adrenaline (arterenol) upon perfusion

rate
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PROPOSITIQNS

l. (a2} The Coombs' developing test enables blocking anti-
bodies, which are possibly monovalent, to be detected on
the erythrocyte. A modified developing test, using a
labelled antigen, may enable reagins to be detected in a
precipitin test.

(b) The apparent failure of some animals to develop a
high antibody titer in the course of an immunization may
be partly due to the presence of a non-precipitating, and
possibly monovalent antibody. 4 modified developing test
will show the presence of such antibodies.
2. The rormation of an antigen-antibody complex in regions
of antigen or antibody excess may be studied by an observatior
of the effect on the transmission of polarized light through
such a system when a transverse electric field, normsl to
the direction of the light, is applied and removed.

(See O'Konski, C. T. and Zimm, B. H., Science, 111, 113, (1950})

3. In a given hemolytic reaction, the effectiveness of the
complement varies with the origin of the complement. This
variation may be due to some specific reaction between the
complement and the antibody. An investigation into the
presence or absence of a complex which would result from
such a reaction might assist in clarifying this feature of

complement action.

L. It has been suggested that blocking anti-Rh antibodies

are complexes of agglutinating antibodies with antigen sites
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which have been derived from destroyed Rh positive cells.
(Itano, He A., Ph. D. Thesis, 1950} This may be checked by
treating a blocking antiserum by a procedure which would
dissociate such a complex and denature the antigen site, and
then attempting to find a specific agglutinating action in
the treated antiserum.

5. Brythrocytes may be marked by a treatment with HZS’ which
converts the hemoglobin into sulfhemoglobin, and colors the
cells a pale green. The immunoclogic action of such treated
cells is.altered but little. (McKerns, K., and Denstedt, O.,
Can. J. Res. E27, 164, (1949)) Use of these marked erythro-
cytes will permit a demonstration of an exchange of specific
antibodies from one erythrocyte to another. (layer, M. M.,
Croft, C. C., Bowman, W. M., Fed. Proc. 9, 387, (1950})

6. The introduction of a radiocactive atom into an antibody

or antigen may result in an altered reactivity of the anti-
body or antigen. The presence of such an effect should be
investigated.

7. The reaction between phenaceturic acid and acetic anhydride
and sodium acetate yields 2-benzilidene-3-acetyl-5-oxazolone,
and this product may be hydrolysed to yield N-acetyl glycine.
(Shemyakin, M., Lur'e, S. I., Rodionovskaya, E« I., C¢ A. Lb,
lO96d.) This reaction should be investigated for its applica-
bility to the general case:

o ~ i ——-—) 2 g o ¢ N
R(1)=CHp=CO-NH~CHp~COCH R 2)-000" R (3 )=C0-NH~CHp-COOH
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&. The anomalous reaction of benzyl magnesium chloride with
certain reagents to yield o-tolyl derivatives instead of
benzyl derivatives may be explained in terms of an inter-
molecular reaction, rather than an intramolecular rearrange-
ment.
9. The accumulation of potassium ion in nerve and muscle
fibres may be explained on the basis of a Donnan membrane
equilibrium. (See Boyle, P. J., and Conway, E. J., J. Physiol.,
100, 1, (1942})
10. It has been stated that diving mammals such as whales do
not suffer from "bends" because they make a complete expiration
before diving. (Wiersma, C., personal communication} It is
proposed that this situation arises, instead, as a result of
the fact that all inspirations are at atmospheric pressure,

rather than at a higher pressure.



