
Studies on Hemoglobin

II. The Effect of Anti-Hemoglobin Sera on the Red Blood Cells

in Vitro and in Vivo

By G. Iz�, E. A. RACHMILEwIrZ AND D. NELKEN

I N A PREVIOUS STUDY’ the properties of antisera produced against dif-
ferent hemoglobin solutions were described. Using various methods, in-

eluding precipitin, agar diffusion, agar immunoelectrophoresis and complement

fixation for the analysis cf the antisera produced, it was established that the

antibody titers in the various sera were high; it was also seen that there was

a considerable overlap between the antibody content of the sera prepared

against adult human hemoglobin on the one hand, and that prepared against

cord blood hemoglobin on the other. This overlap was due to the presence

of small amounts of fetal hemoglobin in the adult hemoglobin solution used

as antigen, and vice versa. The “non-specific” antibodies could be adsorbed

onto the respective antigens, thus allowing the preparation of antisera react-

ing only with the antigen against which it had been prepared.

The antisera were employed in a study designed to investigate whether

intact or papain-treated red cells from human and animal sources could be

affected by antibodies prepared against hemoglobin solutions. The results of

these investigations are reported here.

MATERIAL AND METHODS

The preparation of antisera, the testing of their respective antibody titers and their

specificity have been previously described.’ The antisera employed in these experiments

were those obtained from rabbits immunized against normal adult hemoglobin, cord blood

hemoglobin, (log hemoglobin, rabbit hemoglobin and against normal adult human red

blood cells.

Red cells were obtained from normal adult human subjects (type 0), from cord blood,

healthy adult dogs and rabbits. They were washed 3 times in buffered saline and re-

suspended in saline so as to contain 5 x 106 cells per cu. mm. To this suspension papain

was added in a final concentration of 0.1 per cent. The suspension was incubated in a 37

C. water bath for 30 minutes, following which the red cells were again washed 2-3 times

with buffered saline solution.2 The papain-treated red cells were then pipetted into test

tubes in which decreasing dilutions of the various antisera had been previously prepared.

Sufficient red cells were added to the diluted antisera to produce a suspension containing

5 x 106 red cells per cii. mm. These latter suspensions were kept at room temperature

for 1 hour, after which the results (agglutination) were read by two independent workers

to whom the contents of the various tubes were not known. The results were graded from
0 to +++ according to the degree of agglutination observed in the test tubes. In some
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Table 1.-Papain-treated Red Cell Agglutination by immune Sera

_____ Prepared against Hemoglobin Solutions

AntiseraDilution 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 RBC Suspension

Anti-adult human

hemoglobin +++ +++ ++ ++ ++ ++ + + human type 0

Anti-cord blood

hemoglobin ++ ++ +-l- ++ ++ + - - -do-

Anti-rabbit

hemoglobin ++ ++ ++ ++ ++ + + - rabbit RBC

Normal rabbit

serum + + + + - - - - -�#{176}-

-do- ++ ++ + ± - - - - human RBC

-do- + + + + - - - - -do-

-do- - - - - - - - - -do-

-do- - - - - - - - - -do-

-do- - - - - - - - - -do-

-do- - - - - - - - - -do-

-do- - - - - - - - - -do-

-do- - - - - - - - - -do-

experiments the antisera were diluted in a 6 per cent dextran#{176} solution instead of in

buffered saline.

The in vivo effect of the antisera was tested in 21 rabbits weighing between 2,000-2,500

Cm. Red cells obtained from each of the aninmls were tagged with Cr’�’ according to the

method described by Ebaugh et al.3 The tagged red cells were re-injected into the ear-

veins of the respective animals from whom daily blood samples were thereafter taken for
a period of up to 14 days for radioactivity determinations. Between the 4th and the 6th

day after the tagging, 14 animals were injected intravenously with antisera prepared against

normal rabbit hemoglobin;’ two rabbits received sera from animals immunized against

Freund’s adjuvant, while saline was injected into three other animals. The amount of

antiserum injected varied between 7-10 ml., and the control animals received the same

amount of saline. The survival curves were plotted on semilogarithmic paper, and the

half-life read according to standard procedures. In two additional rabbits, red cell survival

was determined by the Cr5’ method immediately following an immunization procedure

whereby they had received injections of a mixture of rabbit hemoglobin solution and

Freund’s adjuvant on 10 occasions over a period of 5 weeks.

RESULTS

ln Vitro Tests

Immune serum containing antibody against rabbit hemoglobin agglutinated

papain-treated rabbit red cells in a dilution of up to 1:128, while normal rab-

bit sera agglutinated papain-treated red cells up to a dilution of only 1:16.

This observation was repeated several times with the red cells and sera of

many different rabbits (table 1).

The following results were obtained when human type 0 papain-treated

red cells were incubated with normal rabbit sera (obtained from eight different

animals) and with immune sera prepared against adult human and cord blood

hemoglobin. With anti-adult human hemoglobin serum, agglutination oc-

curred up to a dilution of 1:256, and with anti-cord blood hemoglobin up to

a dilution of 1:64. Two of the control normal rabbit sera caused the ag-

#{176}Thedextran used was of a density of 0.4 and was prepared by Pharmacia, Uppsala,

Sweden.
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Table 2.-Highest Agglutinin Titers of the Various immune Sera against Human,

Rabbit and Canine Red Blood Cell Suspensions _______________

Human RBC
Suspension Cord Blood RBC Rabbit RBC Canine RBC

Immune Sera Type 0 Suspension Suspension Suspension

Antihuman hemoglobin 1 : 128 1 : 16 1 :8 1:4

Anti-cord blood hemoglobin 1 : 16 1 :256 1 : 2 1:4

Anti-dog hemoglobin 1:8 1:8 1:64 1:64

Anti-rabbit hemoglobin 1 :8 1 : 16 1 :4 -

Anti-Freund’s adjuvant 1:4 1:4 - 1:2

Guinea pig serum 1 : 2 1 :8 - 1:2

Saline - - -

glutination of red cells in a dilution of only 1 : 16; the remaining six sera

showed no agglutination ( table 1).

In order to test the specificity of the red cell agglutinating properties,

adult human, cord blood, canine and rabbit papain-treated red cells were

each incubated with the various sera, i.e., anti-adult human hemoglobin serum,

anti-cord blood hemoglobin serum, anti-dog hemoglobin serum, anti-rabbit

hemoglobin serum, globulin-rich guinea pig serum,#{176} anti-Freund’s adjuvant

serum and normal rabbit serum. The type 0 papain-treated red cells, obtained

from normal adult subjects, were agglutinated both by anti-adult hemoglobin

serum and by anti-cord blood hemoglobin serum, though the former caused

the agglutination of red cells to a much higher titer than the latter. The high-

est dilutions at which the other sent caused agglutination of papain-treated

human red cells were similar to those seen with the control (normal rabbit)

serum ( tables 1 and 2 ) . The red cells obtained from cord blood were ag-

glutinated by anti-fetal hemoglobin serum up to a dilution of 1:256, while

anti-adult hemoglobin serum agglutinated these cells up to a dilution of 1:32.

The agglutinating titer of the other sera employed did not exceed that of

normal serum (table 2). A similar degree of specificity with regard to their

agglutinating ability was also noted for the anti-dog and anti-rabbit hemo-

globin sera (table 2).

In order to detect the presence of incomplete antibodies in the immune

sera, agglutination tests were performed in which the sera used were diluted

in 6 per cent dextran solution instead of saline. The red cells incubated in

sera thus treated were intact, non-papainized cells. It can be seen from table 3

that the addition of dextran to the immune serum prepared against normal

adult hemoglobin resulted in the agglutination of intact red cells by these

sera in a dilution similar to that of papain-treated red cells by “non-treated”

serum. Similar observations have been made with regard to the use of dextran

as a diluting medium for the immune serum prepared against cord blood hemo-

globin. In this latter instance, however, the “specific” agglutinating ability of

the dextran-diluted serum was rather less marked than that of the serum

#{176}Guinea pig serum (after 10 injections of rabbit serum) with a gamma globulin con-

centration of 1.8 per cent, which is an 80 per cent higher concentration that that of normal
gamma globulin guinea pig serum.
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Table 3.-Agglutinating Ability of Anti-Adult Hemoglohir
Dextran against intact Red Cells Coin pared to That o

Serum against Papain-treated Red Celia

1 Serum Diluted in

f Non-treated

Antiserum Dilutions
Red Cell

Suspension 1:4 1:8 1:16 1:32 1:64 1:128 Remarks

Adult human ± - - - - - serum diluted with

RBC saline and incu-

Cord blood ± - - - - - bated with intact

RBC red cells

Adult human ++ ++ + + ± - serum diluted with

RBC saline incubated

Cord blood ++ ++ ± ± - - with papain-treated

RBC red cells

Adult human ++ ++ + ± ± - serum diluted with

RBC dextran incubated

Cord blood ++ + ± ± - - with intact red

RBC cells

Table 4.-Agglutinating Ability of Anti-Cord Blood Hemoglobin Serum Diluted

in Dextran against intact Red Cells as Compared to That of Non-treated
Serum against Papain-treated Red Celia

Antiserum Dilutions
Red Cell

Suspensions 1:8 1:16 1:32 1:64 1:128 1:256 Remarks

Adult human - - - - - - serum diluted with

RBC saline and incu-

Cord blood - - - - - - bated with intact

RBC red cells

Adult human + + ± - - - serum diluted with

RBC saline and papain-

Cord blood ++ ++ ++ ++ ± - treated red cells

RBC

Adult human ++ ++ +± ++ + - serum diluted with

RBC dextran and intact

Cord blood ++ ++ + ± ± - red cells

RBC

diluted in saline and incubated with papain-treated red cells ( table 4). When

immune serum prepared against normal human hemoglobin was tested for

its red cell agglutinating ability, it was found that the addition of dextran

to the serum enhanced the agglutination of intact red cells to about the same

degree as that found with “untreated” serum and papain-treated red cells

(table 5).

In Vivo Observatious

In all control animals-injected with either saline, anti-Freund’s adjuvant

serum or normal rabbit serum-the disappearance rate of labeled red cells

was similar, the half-life ranging from 7.0 to 12 days, with an average of 8.9

days (fig. 1). A striking change occurred in the survival curves of red cells in

rabbits injected with immune sera prepared against rabbit hemoglobin. In

10 out of 14 injected animals, the half-life as measured before the injection

decreased by more than 50 per cent after the administration of the anti-rabbit
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Table 5.-Agglutinating Ability of Antihuman Red Cell Serum Diluted in Dextran

as Compared to Non-treated Serum against Papain-treated Red Celia

Red Cell
Suspensions

Antiseru m Dilutions

1:64 1:128 1:256 Remarks1:8 1:16 1:32

Adult human - - - - - - serum diluted with

RBC saline and incu-

Cord blood - - - - - - bated with intact

RBC red cells

Adult human + + + ± - - serum diluted with

RBC saline and papain

Cord blood ± - - - - - red cells

RBC

Adult human + + ± - - - serum diluted with

RBC dextran and intact

Cord blood ± ± - - - - red cells
RBC

hemoglobin serum ( fig. 1 ) . In three rabbits the injection of immune serum

was without notable effect on the red cell survival curve, and a fourth animal

died during the injection of immune serum. ( The cause of death was not

determined. ) These results indicated that the injection into rabbits of sera

containing antibodies against rabbit hemoglobin shortens the life span of

rabbit red cells. The following experiments were performed in order to de-

termine whether antibody production in rabbits immunized against their

own hemoglobin ( by repeated injections of rabbit hemoglobin solutions ) was

associated with a shortening of the life span of their red cells. Two rabbits

were immunized against rabbit hemoglobin, and two other animals received

repeated injections of Freund’s adjuvant. Before, during and after the im-

munization procedure, repeated complete blood counts were performed on

each animal. Five days following the last antigen injection, blood was drawn

from all rabbits and the antibody content of the sera determined as previously

described. The Cr�-tagged red cells were then injected into the respective

rabbits and the disappearance rate of labeled red cells determined. It can be

seen from figure 2 that the immunization procedure did not alter the red cell

survival curves of the injected tagged red cells, whether the antigen used was

rabbit hemoglobin or Freund’s adjuvant. The half-life of the injected red

cells in the animals immunized against rabbit hemoglobin was found to be

12 and 9 days, respectively-values within the nomal range. On the other

hand, repeated red cell counts in these two animals revealed a gradual de-

crease in hemoglobin values and red cell counts up to 10 days after the im-

munization procedure had been completed (table 6). This finding is of in-

terest, since the sera of these rabbits injected repeatedly with rabbit hemo-

globin contained anti-rabbit hemoglobin antibodies, as demonstrated by the

complement fixation test (the titers obtained in these tests were 1:800 and

1:1600, respectively). In contrast, the blood counts remained essentially un-

changed throughout the observation period in the two control rabbits injected

repeatedly with Freund’s adjuvant. In these latter two animals, the half-life

of Cr51-tagged red cells was also within the normal range, being 11 and 12

days, respectively.
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Fig. 1.-The checkered area represents the disappearance rate of Cr�1-tagged red

cells in normal rabbits. Following the injection of anti-rabbit hemoglobin serum, It

marked increase in the disappearance rate of Cr51-tagged cells can be noted.

DiscUssIoN

In this study we have recorded the in vitro and in vivo effects on red cells

of immune sera produced against various hemoglobins and against human

red cells.

The properties of the antisera used have beet: discussed in a previous corn-

munication. It was found that antisera obtained against hemoglobin solutions

of the different species agglutinated papain-treated red cells specifically,

e.g., anti-human adult hemoglobin serum agglutinated papainized human red

cells up to high dilutions. It was also found that the same or similar results

were obtained when a dextran solution was added to the rnixture instead of

treating the red cells with papain, since, in the presence of dextran, specific

agglutination of even intact red cells could be obtained. In the latter instance,

however, the specificity of the agglutinating ability of the various anti-sera

was somewhat less marked than that seen with papain-treated red cells in

the absence of dextran.

It appears from the above findings that antisera prepared against hemo-

globin solutions may cause profound alterations in the red cells. It cannot

at present be stated if the red cell damage caused by these immune sera was

the consequence of direct contact between the antibody in the serum and

the hemoglobin in the red cells (the latter having been rendered accessible

to the former by the effect of papain on the red cell mmbrane) .� It should be

pointed out in this respect that intact red cells were also specifically affected

by anti-hemoglobin antisera, provided dextran was present in the incubation

mixture. The conditions under which red cell agglutination could be brought

about suggest that the antibodies responsible for the red cell damage are

incomplete antibodies.
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Fig. 2.-The rate of disappearance of Cr�-tagged red cells in rabbits previously

ililliltmized against rabbit hemoglobin was silnilar to that observed in normal rabbits.

In order to test the possibility that these incomplete antibodies may damage

circulating red cells, anti-rabbit hemoglobin sera were injected into rabbits

and the rate of disappearance of Cr51-labeled red cells determined. It was

found that, in the majority of animals, the injection of specific antiserum re-

duced sharply and markedly the half-life of circulating red cells within 24

hours after the injection as compared to the normal rate of disappearance of

labeled red cells in control rabbits injected with normal rabbit serum or anti-

Freund’s adjuvant serum. On the other hand, the red cell survival in rabbits

immunized against rabbit hemoglobin was found to be normal. A possible

explanation for these findings is that it is known that animals immunized

Table 6.-Repeated Blood Counts in Rabbits Immunized

against Rabbit Hemoglobin

Hb RBC Hemato-

Gm.% 10/cu. mm. crit % WBC

Before immunization procedure 13.4 5.6 44 18,000

l)uring immunization procedure 11.4 5.3 39 20,500

5 (lays after immunization rabbit

procedure 10.3 4.16 37 23,200 A

10 days after immunization

procedure 3.7 31 18,700

Before immunization procedure 12.1 4.9 39 11,000

I)uring immunization procedure 11.1 4.8 39 8,900

5 days after immunization rabbit

procedure 8.9 4.0 33 5,400 B

10 days after immunization

procedure 6.4 3.8 27 6,500
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with homologous antigens ( in our case, rabbit hemoglobin ) develop iso-

antibodies which are not active against their own circulating antigens, but

which are capable of affecting the same antigen when injected into another

animal.

The cause of the gradual decrease in the hemoglobin levels and red cell

counts in rabbits immunized against rabbit hemoglobin, without a correspond-

ing shortening of the half-life of Cr51-labeled erythrocytes, is not known.

One possible explanation for this observation may be that the immune serum

injected interfered with red cell production in the bone marrow, thus bringing

about progressive anemia. Studies aimed at elucidating this problem are at

present in progress in our laboratory.

From the findings presented above it seems reasonable to suggest that

hemolysis may occur in the rabbit as a result of the injection of anti-rabbit

hemoglobin serum. The question arises as to whether the experimental ob-

servations reported here have any bearing on the problem of hemolytic disease

in man. As far as we were able to determine, no such observations have been

reported in human subjects. In view of the fact that free hemoglobin may be

present in the circulation for considerable periods in the course of hemolytic

episodes of whatever etiology, and in view of the finding that hemoglobin is

a potent antigen, the possible role of the mechanism outlined above in hemolyt-

ic disease of man must be considered. As our experimental observations had

made us aware of such a possibility, an effort was made to detect the presence

of antihemoglobin antibodies in the sera of all patients suffering from hemo-

lvtic episcdes observed in the Department of Medicine or in the Hematology

Outpatient Department. The presence of such antibodies was demonstrated

in four patients with recurrent hemolytic episodes, and the detailed report

of these cases will be published shortly.

SUMMARY

Immune sera produced against adult human, fetal, canine and rabbit

hemoglobin solutions were found to agglutinate specifically the papain-

treated red cells of the respective donors to a high titer. Intact red cells were

also specifically agglutinated by the same antibody-containing sera in the

presence of dextran, suggesting that the antibodies produced are incomplete

ones.

A marked shortening of the life span of rabbit erythrocytes followed the

intravenous injection of anti-rabbit hemoglobin serum into normal rabbits.

The possible implications of the above findings in human pathology are

discussed.

SUMMARJO IN INTERLINGUA

Seros immun producite contra solutiones de hemoglobina adulte human,

fetal human, canin, e de conilio se provava capace de agglutinar specifica-

mente erythrocytos tractate con papaina e veniente ab le respective donatores

con alte titros. Intacte erythrocytos esseva etiam agglutinate specificamente
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588 IZAK, RACHMILEWITZ AND NELKEN

per le mesme seros a contento de anticorpore in le presentia de dextrano. Isto

suggere que le anticorpores in question es incomplete.

Un marcate reduction del longevitate de erythrocytos de conilio sequeva

le injection intravenose de sero anti hemoglobina de conilio ad in conillos

normal.

Es discutite le possibile signification del mentionate constatationes in le

pathologia human.
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