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Rhesus Antibody

The anti-Rh globulins have been studied by
various techniques since Race(62) first discovered
the incomplete antibodies which prevent saline anti-Rh
agglutination. These methods include ultracentrifugation,
electrophoresis, sedimentation analysis, and serology.
Kerwick and Mollison(43) utilized all four in analyzing
the sera of nine patients and found that "anti-D" was
composed primarily of 7S gamma globulin, with less
than one per cent being 198 gamma globulin. Like all
78 gamma globulin, incomplete anti-Rh was found to
have a molecular weight of about 160,000 AWU, a length
of 2708.U., and a width of 378.U. The 195 saline
anti-Rh had a molecular weight of 1,000,000 AWU,
a length of 9008.U., and a width of 37A.U. Abelson
and Rawson(l) used chromatographic technigques to
show that anti-D serum could be separated from ABO
serums by.numerous differences, and they also pointed
out that the broad bands of incomplete antibody and
the sharp bands of complete anti-Rh which they found were
consistent with the notions that incomplete antibodies

.were heterogeneous collections while saline ones were















-SZ-

TABLE I
Race Scale for Agglutination

Agglutination clearly visible to naked eye. . .

Very large aggregates seen microscopically.

Large agglutinates seen microscopically . . . .
Small agglutinates seen microscopically . ... .
Smallest definite agglutinates seen . . . . . .

No agglutination seen, cells evenly distributed

10



or such similar phenomena were run in all cases,
utilizing either Rh negative erythrocytes instead
of Rh positive ones, or twenty-two per cent bovine
albumin instead of anti-D serum. Positive controls
were run utilizing normal saline instead of test
solutions. Before using any antiserum of commercial
preparation, the serum was heated to 56°C for sixty
minutes to inactivate complement. In all cases
dilutions were expressed as titersg and final
hemagglutination results were given in Race scores.

An Example of Data Interpretation

An example of the use of the Race score
to quantitate agglutination follows: One may suppose
that C; is a negative control, consisting of D positive
cells, bovine albumin and saline in equal quantities.
No agglutination would be expected, even microscopically;
and the total Race score if none were found, would
be "0." Similarly, Cy is a positive control consisting
of anti-D serum in various dilutions, D positive
cells, and saline instead of test solutions. Agglu-
tination would be expected in all dilutions; and in

our example, it occurs. However, for various reasons

-26-



inherent in a technique with large numbers of samples,
as well as with aging antiserum or cells, agglutination
may not be visible grossly, yet still occur under the
microscope. Titers 128, 256, and 512 of C, are read

in this example as showing decreased agglutination. Ty
consists of a test solution (A) which was incubated with
anti-D, then the mixture was reacted with D positive
cells under the standard procedure outline previously.
A minimal reduction of Race score may be noted, but
unless the amount of reduction is significant (at

least twenty to thirty Race points or two tubes gross
agglutination) valid conclusions concerning the
inhibitory potency of the test agent are not possible.
The reason is that by repeating numerous tests with the
same solutions of anti-~-D, glucosamine, and red cell
suspensions a Race score difference of up to fourteen
points occurred-~this amount representing the variation
in our technigue. T; consists of test solution B,
anti~D serum, and D positive cells treated in the usual
manner. A significant reduction in Race score of forty-
four points is noted and indicates that a mechanism of

inhibition is operative. A2all this is summarized in Table II.
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TABLE II

Example of Data Tabulation

Clz D pos
02: D pos
Ty: D pos
Tp: D pos

Dilution

1l:1

1:2

1:4 _ 127
1:16

1:32

1:64
1:128
1:256
1:512
Total

cells, albumin, saline

cells, anti-D serum, saline
cells, anti-D serum, test solution A
cells, anti-D serum, test solution B

(Titer) C L2 1y I

1l 0 10 10 10

2 0 10 10 10

4q 0 10 10 8

16 0 10 10 5

32 0 10 10 2

64 0 10 8 2

128 0 "8 8 0

256 0 8 5 0

512 o 5 0 0

0 91 81 47

By Iy 30




It should be obviocus at this point, or at
least should be pointed out, that the Race score is
meant only to compare degrees of agglutination, and
it is in no way meant to be more than grossly quantitative.
Thus, it would not be valid to say in this experiment
that fifty per cent of the anti-D antibody had been
neutralized by test solution B since the Race score was
reduced by one-half., Indeed, as will be discussed later,
possibly none of the antibody had been neutralized.
However, it would seem accurate to say that agglutination
had been prevented.

Preparing Test Solutions

Ten per cent solutions of glucosamine-
hydrochloride (formula weight of 216.5 grams) were
prepared by dissolving one gram of glucosamine-
hydrochloride initially in nine milliliters of 0.2 M
Sorensen's phosphate buffer. The pH of the solution,
which was always acidic (about pH of 4.2), was adjusted
to 7.0 by the addition of 0.1 M potassium hydroxide.
Enough phosphate buffer was then added to £fill the
total volume to ten milliliters. Subsequent dilutions

of the glucosamine were made using 0.2 M phosphate buffer.
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Saline controls for the phosphate buffer were set up
using glucosamine-hydrochloride dissolved in 0.85 per
cent sodium chloride; and plain controls were established
by dissolving the glucosamine in triple distilled

water. 1In all cases the pH of the final solution was ad-
justed to between 6.8 and 7.4 with 0.1 M potassium
hydroxide.

Effect of Osmolality on Glucosamine Inhibition

Despite variations in the osmolality of the
glucosamine solutions prepared in phosphate buffer
(osmolality of 752 mOsm/L), in normal saline (osmolality
of 640 mOsm/L), and in triple distilled water
(osmolality of 428 mOsm/L) as measured by the Advanced
Osmometer, results of agglutination—-inhibition tests
were remarkably similar for all concentrations of
glucosamine tested. That is, agglutination d4id not
differ by more than one tube gross agglutination or
ten Race points. Moreover, any change in erythrocytes
noted for one solution was noted for all the others.
The reason for the similarity of final results despite
variation in osmolality and despite the fact that

Hughes-Jones found that osmolality to either side
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of 280 mOsm/L depressed the associative phase of the
Rh antigen-antibody reaction, may lie in the fact that
when quantities of the various ten per cent solutions
were mixed with equal quantities of anti-D serum and
two per cent erythrocyte suspensions, the final
osmolalities of all the total mixtures were remarkably
similar: 332 mOsm/L for glucosamine in triple distilled
water, 358 mOsm/L for glucosamine in normal saline,
and 380 mOsm/L for glucosamine in phosphate buffer. 1In
addition, the grossness of our techniques compared to
that of Hughes-Jones and others(40) explains, to some
extent, our failure to find small variations with
osmolality. 1In view of our findings, it was decided
to use 0.2 M Sorensen's phosphate buffer as our diluent.
In addition, because of similar findings for albumin
and saline concentrations within physiologic ranges,.
it was decided to use 0.85 per cent sodium chloride and
twenty-two per cent bovine albumin, as appropriate,
for diluting anti-sera and for preparing red cell
suspensions.

Because of the findings of Pearse and Hokel (54)

that nearly all agents, including glucose and buffer
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salts, would inhibit incomplete (albumin) anti-D
agglutination in vitro, we have used saline anti-D
almost exclusively in testing the effect of various
parameters on glucosamine inhibition.

Effect of pH on Glucosamine Inhibition

The effect of pH on glucosamine inhibition was
tested by preparing a five per cent solution of D-
glucosamine hydrochloride/0.2 M phosphate buffer, and
adjusting the pH from 3.4 to 8.2 by increments of
four-tenths pH units, utilizing 0.1 M hydrochloric acid
and 0.1 M potassium hydroxide. All pH reactions were
read by pHydrion test papers graded to two-tenths pH
units. In all other respects--dilution titers,
erythrocyte suspensions, incubations, and centrifugations--
the solutions and reagents were handled in the standard
manner. Typical results are shown in Table III.

From this table it would appear the glucosamine
inhibition is specifically enhanced outside the pH
levels of 6.0 to 7.8. In view of the fact that Hughes-
Jones and others(38) (40) had demonstrated that extremes
of pH do lower the association constant of D cells and

anti-D serum, it was felt worthwhile to repeat this
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—__ TABLE 111
Glucosamine Inhibition with pH Variation

Titer 1 2 4 8 16 32 64 128 256 512 Total
pH of solution ‘

3.4 Lysis Lysis Lysis Lysis Lysis Lysis Lysis Lysis Lysis Lysis ---
3.8 10 3 2 5 0 0 0 0 0 0 20
h,2 10 10 2 5 0 0 0 0 0 0 27
4.6 8 5 3 2 0 0 0 0 0 0 18
160 10 8 5 0 0 0 0 0 0 0 23
5.4 10 10 2 0 0 0 0 0 0 0 22
5.8 10 10 10 5 5 5 0 0 0 0 u5
6.2 10 10 .10 8 5 0 0 0 0 0 L3
6.6 10 10 10 10 3 2 0 0 0 0 45
7.0 10 10 10 5 8 0 0 0 0 0 55
7.4 l0 1o 10 5 0 0 0 0 0 0 35
7.8 10 10 8 8 0 0 0 or 0 0 36
8.2 " Lysis Lys Lysis Lysis Lysis Lysis Lysis Lysis Lysis Lysis ---

|
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experiment, utilizing solutions of five per cent glucose/
0.2 M phosphate buffer, prepared and treated exactly as
was the five per cent glucosamine/0.2 M phosphate solution.
The results here could then be compared with those of
glucosamine. This procedure was carried outf and the
results are shown in table IV.

Although the agglutination titers were, on
the whole, much higher for a given pH value of glucose
than for the same pH in glucosamine, the general trend
is similar, Namely, there is a distinct depression of
hemagglutination below pH of 5.8 to 6.0 and above pH
of 7.8 to 8.0. At these pH levels the dissociation
constant of the Rhesus antigen-antibody reaction
predominates over the associative one, according to
Hughes-Jones and others(38) and there is an increase
of like surface charges with subsequent repulsion of
cells, according to Evans(19). In either event, the
enhancement of inhibitory power of glucosamine over the
Rhesus reaction by extremes of pH appears to be non-

specific in its nature.
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Effect of Time on Glucosamine Inhibition

Since both Hughes-Jones and others(37) and
Evans(20) had pointed out the dissociative character of
the Rhesus antigen-antibody reaction, it was felt necessary
to determine whether time variations had any effect on
agglutination titers or agglutination-inhibition titers.
Also, it was not known whether a pre-incubation time
was needed. To secure the answers to these problems,
the following experiments were performed. A five
per cent glucosamine-hydrochloride/0.2 M phosphate
buffer solution was prepared in the usual manner. A
negative control was established using albumin;;an
agglutination positive control using saline instead of
glucosamine; an agglutination inhibitory control using
glucosamine with incubation times of thirty minutes
for reaction with anti-D serum and sixty minutes for
reaction with red cells. In test A the second incubation
was carried out for 120 minutes; in test B, for 240
minutes; in test D, for:1440 minutes. In test E the
initial incubation was 20 minutes; in test F, 10 minutes;
in test G, 1 minute. 1In test H the glucosamine was

added to the D positive erythrocytes 3 minutes after
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the anti-D serum was added. Results of these time
variations are shown in Table V.

From this bable which represents only a few
experiments certain trends are noted. Once inhibition
occurs (tests B,C, and D), it persists. This indicates
that the glucosamine inhibitory action is not transient.
Oon the other hand, once the antigen-antibody reaction
occurs, it persists. Despite the fact that the antigen-
antibody reaction is an associative and dissociative one,
the latter phase occurs too slowly, at least over a
twenty-four hour period, to be noted by our test methods
or to give the appearance of an enhanced inhibitory
effect of glucosamine. Both these findings of persistent
inhibition once inhibition had occurred and of persistent
agglutination once agglutination had occurred, as well
as the trend toward increased agglutination with
decreased antibody-glucosamine incubation time, could
be explained 1) on the basis of a competitive inhibition
phenomenon where the antibody would become firmly attached
to the first "hapten,” either red cell or glucosamine,
with which it came in contact, or 2) on the basis of red

cell surface alteration where once the antigen-antibody
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TABLE V

Glucosamine Inhibitioh with Time Variations

Cy: D pos cells, albumin, saline, incubation of 30-60 minutes
Cy: D pos cells, anti-D serum, saline, incubation of 30-60 minutes
C3: D pos cells, anti-D serum, glucosamine, incubation of 30-60 min.
A : Same agents as C3, incubation of 30-120 minutes
B : Same agents as C3, incubation of 30-240 minutes
D : Same agents as Cj, incubation of 30-1440 minutes
E : Same agents as C3, incubation of 20-60 minutes
F : Same agents as Cj, incubation of 10-60 minutes
G : Same agents as C3, incubation of 1-60 minutes
H : Same agnets as C3, incubation of "reverse 3"-60 minutes
Titer € C B A C, D E F G H
31 0 10 10 10 10 10 10 10 10 10
2 0 10 10 10 10 10 10 10 10 10
L 0 10 10 5 5 8 10 10 10 10
8 0 10 3 3 2 8 8 10 10 10
16 0 10 2 0 0 5 5 8 8 10
32 0 10 0 2 0 2 5 2 8 10
64 0 8 0 0 0 0 0 0 5 5
128 0 8 0 0 0 0 0 0 0 5
216 0 5 0 0 0 0 0 0 0 2
512 0 5 0 0 0 0 0 0 o _3
Total 0 86 35 28 27 43 48 50 61 75




reaction occurred, glucosamine could no longer affect it.

Effect of Concentration on Glucosamine Inhibition

Since our results with D-glucosamine hydrochloride
as an inhibitor of the anti-Rhesus reaction were almost
diametrically opposed to the reports of Pirofsky and
Cordova(56) and Boyd(6) who found that this agent did
not work in concentrations of 0.28 molar and 0.25 molar
solutions respectively, it was decided to test the effect
of various concentrations of D~glucosamine as inhibitors.
To do this, a series of glucosamine solutions ranging
from one per cent to ten per cent were prepared in
0.2 M Sorensen's phosphate buffer in the usual manner:
and studies were carried out as described previously.

A one per cent glucosamine hydrochloride solution is
0.046 molar. Empirdcal osmolalities of the solutions
were determined on the Advanced Osmometer:

1% ¢« ¢« e e o « o 210 MmOSM/L

2% ¢ ¢« ¢ o+ o o o 307 mOSM/L

3% * L ] [ ] L] o [ ] o 402 msWL

4% ¢« ¢« ¢« o « o o 487 mMOSM/L

5% ¢« « ¢« o o « o 536 mMOsSm/L

6% « ¢« ¢« + « « o 608 MOSM/L

7% L] L ] L] L] * * [ ) 618 msle

8% L 4 . * L ] L] L J L ] 723 msWL

9% « « ¢« « o« « o 7154 mOSM/L

1% L ] L] *® L] Ld [ ) 757 mosWL

Results of this experiment are shown in.table VI(a).
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TABLE VITA)

Glucosamine Inhibition with Varying Concentrations

Solution A: D pos cells, albumin, saline
Solution B: D pos cells, anti-D serum, saline
Solution C: D pos cells, anti-D serum, 1% glucosamine
Solution D: D pos cells, anti-D serum, 2% glucosamine
Solution E: D pos cells, anti-D serum, 3% glucosamine
Solution F: D pos cells, anti-D serum, 4% glucosamine
Solution G: D pos cells, anti-D serum, 5% glucosamine
Solution H: D pos cells, anti-D serum, 6% glucosamine
Solution I: D pos cells, anti-D serum, 7% glucosamine
Solution J: D pos cells, anti-D serum, 8% glucosamine
Solution K: D;pds cells, anti-D serum, 9% glucosamine
Solution L: D pos cells, anti-D serum, 10% glucosamine
Titer A B € D E F G H I J K L
Lil 0 10 10 10 10 10 10 10 5 S 0 0
2 0 10 10 10 10 10 10 8 3 0 0 0
4 0 10 10 10 10 10 10 5 3 0 0 0
8 0 10 10 10 10 10 5 3 0 0 0 0
16 0 10 10 8 8 5 3 0 0 0 0 0
32 0 10 8 5 5 2 2 0 0 0 0 0
164 0 5 2 0 0 2 0 0 0 0 0 0
128 0 3 0 0 0 0 0 0 0 0 0 0
256 0 2 0 0 0 0 0 0 0 0 0 0
512 -0 2 0 0 0 0 0 0 0 0 0 0
Total O 72 60 53 53 %9 0 26 11 5 0 0

ll







Inspection of this data reveals that the
increase in concentration of the glucosamine is associated
with increased inhibitory action, and that this increase
in inhibition does not parallel the increase in osmolality
of the total solution. From these results it would
appear that the failure of Pirofsky and Cordova and of
Boyd to elucidate this inhibitory activity of glucosamine
was on a dosage basis, their doses being just below the
concentration for a noteworthy effect with the concentrations
of anti-D serum which they used. Pearse and Hobel (54)
reported on the apparent failure of 1000 ml of ten per
cent glucosamine injected intravenously into a patient
with a rising Rhesus titer to reduce the titer significantly;
and if, as they estimated, the achieved concentration
of glucosamine was two per cent, then our lack of effect
at this concentration in vitro correlates well with
theirs in vivo.

Universality of Glucosamine Inhibition

D-glucosamine inhibition in ten per cent
concentration was tested against anti-A, anti-B, anti-M,
anti-N, anti-C, anti-c, anti-E, and anti-e antisera,

commercially produced by Dade Laboratories. For each
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antiserum negative and positive controls were performed,
and in each study 0.05 ml quantity of reagent was used.
The procedure was carried out in the usual manner, and
the results are to be found in Tables VII(A), VII(B),
and VII(C).

The results of this experiment indicate that
glucosamine is specific, so far as this study was
carried, for the Rhesus without any effect on the ABO
and MN systems. This finding is similar to those
findings of Selwyn(68) who worked with "acid citrate,"”
to those of Hackel(3l) who worked with ribonucleic acid
derivitives, and to those of Boyd(6) who worked with
streptomycin. These workers found that the inhibitory
power of their agents did not extend to the ABO and
MN systems, also. While it is tempting to generalize,
as did Sselwyn, Hackel, and Boyd, that the inhibitor (in
our case, glucosamine) is specific for the Rhesus
system and so must be related to the specific structure
of the Rhesus determining groups, such considerations
may not be the ‘actual case. It may be possible, for
example, that glucosamine alters the cellular surface

near the locus of the antigen without affecting the












antigen-antibody reaction so that gross agglutination
is prevented. Or, ionic or electric rearrangements may
occur intracellularly so that agglutinatién, again, is
prevented in the aggregation phase. Whatever the
mechanism involved, however, it seems that glucosamine
in the manner used does prevent Rhesus agglutination
specifically.

Antigen-Antibody Reaction without Agglutination

In 1957, Moskowitz and Carb(5l1), while
testing the effect of pre-treating red cells with
formalin before testing them against antibody to the
ABO system, noted a peculiar phenomenon. Although
there was no agglutination between, for example, group
A cells and anti-A serum, the authors found that anti-A
serum could be eluted from the non-agglutinated red
cells by heating, and that adsorption tests revealed
that the antibody did, indeed, disappear when reacted
with pre-treated cells. Moreover, in all cases where
the antisera was noted to disappear from solution and
to be eluted from red cells, reacting such cells with
anti-human globulin (Coombs serum) resulted in negative--

no agglutination--tests. The authors interpreted these
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findings as showing that despite the fact that formalin
appeared to inhibit erythrocyte agglutination by
appropriate (and specific) antisera, this effect was
exerted probably by an alteration of cellular surface
membranes and not by an alteration of the antigen or
antibody or their reaction.

Along similar lines, Abelson and Rawson(l),
while reporting their fractionations of anti-D serum
by chromatographic procedures noted that at times
Coombs serum would not only fail to enhance, but
actually seemed to depress, titers of the anti-Rhesus
reaction; but they pursued this fact no further. 1In
addition, in a report on his discovery of the
hemagglutination~inhibitory effect of glucosamine,
Hobel (34) was aware of the fact that his erythrocytes
became discolored when incubated with glucosamine and
anti-D antiserum. He felt that this brown discoloration
represented a reaction between glucosamine and the
erythrocyte, but he did not consider that this
reaction might indeed be altering the erythrocyte so
that hemagglutination as an indicator system for an

antigen-antibody reaction was prevented. All these
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some of their bacterial polysaccharides, adsorbed onto
erythrocytes, had held them suspended indefinitely,

until lysis occurred. This does not seem to be the
phenomenon involved here. Instead, it seems either

that the glucosamine converts the aggregation phase

of the antigen-antibody reaction to a hemolysis phase
(Lf, for example, all complement had not been inactivated
by heating the antiserxum to 56°C for sixty minutes), or
that glucosamine in the presence of some proteins alters
the cellular membrane of the red cell, weakening it

or loosening the stroma so the hemoglobin is released,
the brown color of the cells representing "hematin."

Or, it might be that by altering cellular membranes
glucosamine depresses the aggregation phase of the
antigen~antibody reaction, depresses the sedimentation
rate of the cells, but increases the mechanical fragility.
The end result for all these cases would be the same,

and the precise reason for the findings are unknown at

this time. The possibility that the brown discoloration

of the cells produced by glucosamine and the hemagglutination=
inhibition attending it might represent an alteration of
electrical surface charges was tested by the acid

agglutination technique.
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Acid Agglutination

In his discussion of antigens, Boyd(5) points
out the thought and suggestion of some experimenters
that denatured hapten protein or altered hapten poly-
saccharide may still be able to react with its antibeody,
but the reaction for some reason does not result in the
formation of a precipitate~-or, in our case, an agglutinate.
Since, however, such antigen-antibody reactions on a
red cell surface would be expected to alter the cell
surface charge, acid agglutination of erythrocytes
protected from hemagglutination by anti-D serum (1l:4,
1:16, and 1:64) in the usual manner was tested. Such
red cells, along with red cells merely heated to 37°C
for sixty minutes and D positive cells protected by
glucosamine from albumin, were washed three times in
normal saline, and finally made up into ten per cent
suspensions in normal saline. To 0.1l ml of this red
cell suspension was added 0.5 ml of a range of McIlvaine's
buffers, varving by 0.2 pH units. McIlvaine's buffer
consists of 0.1 M citric acid and 0.2 M disodium
hydrogen phosphate, pH range of 2.2 to 8.0; and the

buffer was diluted by one-half in normal saline for use.

«5%=



The point or pH where agglutination began was read for
each erythrocyte sample tested.

To date an insufficient number of tests of
acid agglutination has been performed to afford reliability
to the results., The trend has been for the cells
protected against anti-D serum to agglutinate at 0.2 pH
units higher than the normal, heated cells or the cells
protected against atbumin, Thus, there is some indication
of surface charge alteration; and, if the charge is
such that a greater number of like charges is exposed

to the surface, then the change is in the right direction,

Erythrocyte Fragility in Hypoosmolal Solution

In 1952, Bongiovanni and Abelson(4) tested the
red cell fragilites of infants with erythroblastosis
fetalis and found that they were decreased to both
hypotonic saline and mechanical stimulation. They
sensitized the erythrocytes from normal infants with
incomplete anti=D serum and found that the fragilities
here, too, were decreased from those of their controls.
Greenwalt and Triantaphyllopoulds(29), on the other
hand, in 1955, using spectrophotometxic techniques to

measure hemolysis instead of the grossly visible effect
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experiment, were between these two extremes. The same
arguments presented in the discussion of the results

of the sedimentation rates could be advanced with respect
to this hemolysis. The one basic fault with all these
proposed explanations is that they do not account for
the fact that albumin plus glucosamine give essentially
the same results and discoloration that does anti-D
serum with glucosamine. Again, in view of the minimally
increased fragility noted with incomplete anti-D

in a saline enviroment, it may be that it is the
additive effect of a protein plus glucosamine which
brings about the rapid discoloration and hemolysis of
the erythrocytes while the agglutination reaction is

prevented.
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was to determine the effect of various physical and
chemical factors on this inhibitory phenomenon; and
the second was to elucidate the exact nature of mechanism
of action of this inhibition.

The problem of the effect of osmolality on
the inhibitory phenomenon of glucosamine was attacked
in two ways. In one experiment it was shown that increasing
concentrations (and sq increasing osmolalities) of
glucosamine produces increasing degrees of inhibitione=
in so far as the Race scoring method can be quantitated.
Because this effect was not associated with parallel
increases in the osmolalities of the solutions tested,
it appears that the inhibitory effect is unrelated to
osmolality of the solution, per se, and that it reflects
an action other than mere ionic hindrance or electron
competition, although it may be either of these on a
more specific order. The second experiment revealed
that for given concentrations (osmolalities) of glucosamine
solutions prepared with different diluents, the net
effect is the same. These results indicate not only that
the effect is independent of the diluent, but, again,

that the effect is independent of the number of ions in



solution with glucosamine--depending,rather, on the
amount of glucosamine.

The work on pH was consistent both with the
fact that extremes of pH have been found to depr ss the
associative phase of the Rhesus antigen-antibody reaction
and with the fact that the inhibitory action of glucosamine
is independent of pH as its mechanism of action., Also,
comparing the Race scores of glucosamine with those of
glucose show that the "inhibitory effects" of both
these mechanisms are additive to a degree. In view of
our brief work with acid agglutination of the glucosamine
protected cells, it is interesting to note that this
value is altered for these cells, and that it is altered
in the direction expected--upward. This reflects the
possibility that the surface charge of the cells has
been altered by excess hydrogen or hydroxyl ions so
that the charges are more nearly alike and tend to repel
one another, thus repeling the cells from one another.

The universality or extent of glucosamine

ibition was tested on the ABO and MN biood group
systems in ten per cent concentrations, and its effect

in preventing antigen~antibody reaction was negligible.












tests indicating an absence of antibody from the
erythrocytes and on tests indicating altered surface
membranes, that glucosamine inhibits the Rhesus antigen=-
antibody reaction by preventing the attachment of the
antibody to the antigen within the erxrythrocyte stroma,
and that it prevents this attachment by altering the
red cell stroma or surface,

To be sure, thersare many other experiments
which should be done to corroborate and extend this
impression; and many of the tests for cellular membrane
change must be repeated for true significance. However,
it also seems obvious, in view of the technique, that
the ribonucleic acid derivitives, the unnatural sugars,
and the numerous hexosamine compounds which have been
found to inhibit this same antigen-antibody reaction
should be tested in a manner similar to ours before
the nature of their inhibitory ability is accepted

as it has been proposed.
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