
OBSERVATIONS ON THE MECHANISM OF HEMOLYSIS IN

PAROXYSMAL (COLD) HEMOGLOBINURIA

By A. A. SIEBENS, M.D., W. H. ZINKHAM, M.D., AND PHILIP F. WAGLEY, M.D.*

P AROXYSMAL (cold) hemoglobinuria is a condition observed usually in

syphilitics and characterized by transient hemoglobinemia and hemoglo-

binuria following exposure to cold. Such episodes of hemolysis may be associated

with fever, chills, headache, general malaise, abdominal cramps, nausea, vomiting,

hives, and Raynaud’s phenomena. The most common complaint is dark or bloody

urine following exposure to cold.

As late as i868 this condition had not been differentiated from the hemoglo-

binuria of malaria.’ However, by the end of the nineteenth century all of the clini-

cal features mentioned above were recognized and the condition established as a

clinical entity.’ From 1909 tO 192.9, occasional observations suggested that factors

other than cold might activate this hemolytic system. For example, van den Bergh3

and Hannema and Rytma4 observed that carbon dioxide under specified conditions

in vitro might affect the degree of hemolysis. Manneberg and Donath5 reported the

same results but also observed that carbon dioxide caused hemolysis in normal

human blood. Kumagai and Ito#{176}reported equivocal results. Although Mackenzie

could not duplicate van den Bergh’s results in vitro, he observed attacks of hemo-

globinuria in a case following emotional disturbances without exposure to changes

in temperature.7 Both van den Bergh and Mackenzie concluded that factors other

than cold might activate this system.

Some observers state that serum complement must be present during the cold

phase of the Donath-Landsteiner reaction for the hemolysin to be activc.’�#{176}

Other investigators have reported that complement need be present only during the

warm phase.11’ 12 Mackenzie has stated that, although complement may not be

essential for the first phase of the Donath-Landsteiner reaction, it is adsorbed

during the chilling process when present.’2 In some of his experiments the hemoly-

sin apparently was fixed on the erythrocyte in the absence of complement, but

supplementary observations suggested that the presence of complement during

chilling increased the degree of hemolysis occurring subsequently at body temper-

ature. Differences in the thermolability have been reported” for the hemolysins

studied in various cases.

In this communication, observations are reported in an attempt tore-evaluate

several of these reported discrepancies. Two cases of paroxysmal (cold) hemo-

globinuria were studied, as described briefly in the appendix of this report. The

experiments are divided into two groups.

i. The first deals with the fixation of the hemolysin and complement on the
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1368 HEMOLYSIS IN PAROXYSMAL HEMOGLOBINURIA

erythrocytes. This group of experiments shows that the hemolysin and at least one

component of complement are fixed to the red cells in the cold, and that some ther-

molabile component of complement must be present in the warm phase of the

Donath-Landsteiner reaction for the hemolysin to be effective.

2.. The second demonstrates that although carbon dioxide, under specified con-

ditions in vitro affected the hemolytic system in the serum of one patient, it failed

to do so in the serum from another patient. Furthermore, certain substances pre-

vented the hemolytic activity in the serum from one case, but failed to do so in

the serum from a second case. The effectiveness of these inhibitors did not depend

on prevention of fixation of hemolysin on the red cell in the cold phase of the

Donath-Landsteiner reaction.

MATERIALS AND METHODS

Group 0 erythrocytes were washed three times and resuspended in normal saline in a concentration

of � per cent by volume. Guinea pig serum diluted to � with normal saline was employed as complement.

The complement titer5 was recorded as the highest final dilution of serum causing hemolysis in a system

containing o.i cc. aliquots of a i.� per cent suspension of sheep cells sensitized with rabbit amboceptor

to which serial dilutions of o.i cc. of serum were added. Serum was obtained from blood drawn from the

patients into syringes and tubes warmed to body temperature. Standard technics were employed for

determinations of carbon dioxide, cyanide, and sulfanilamide)’� #{176}Hydrogen ion determinations were

made with a glass electrode employing a Beckman meter. The Donath-Landsteiner test was done accord-

ing to a standard technic.’6 The titer of cold hemolysin in the serum was determined by employing serially

diluted serum, and a constant amount of complement, in the Donath-Landsteiner test. The anti-human

serum rabbit serum was prepared and used as described by Coombs et al.”

EXPERIMENTAL RESULTS

Group I. Experiments on the fixation of hemolysin and complement during the Donath-

Landsteiner reaction

The object of the following experiment was to determine the phase of the

Donath-Landsteiner reaction during which complement and hemolysin were ad-

sorbed by the erythrocyte.

A. Experiment on fixation of hemoi�ysin and complement in the cold.

Washed normal Group 0 red blood cells were packed in 0.5 cc. aliquots in four tubes (see table ,).

To two of the tubes (Nos. z and 3) ,. cc. of serum from Case i were added. To the other two tubes (Nos. 2.

and 4) 2. cc. of serum from Case 2. were added. Then o.� cc. of saline was added to all tubes. Tubes i and 2.

were kept at 2.7 C. for one hour with frequent mixing. Tubes 3 and 4 were chilled at 2.C. for thirty minutes

and then centrifuged after being packed with ice in large centrifuge metal cups. Tubes i and 2. were centri-

fuged at 2.7 C. The clear supernatant was removed quickly from all four tubes.

Results and conclusions. The titer of complement and hemolysin in the supernatant

removed from the cell-serum mixtures kept at 2.7 C. were both high. However, both

hemolysin and complement activity disappeared from the serum previously chilled

at i C. in the presence of cells. Presumably, hemolysin and one or more components

* The term “complement activity” is used to indicate the hemolytic reaction of serum with sensitized

sheep cells as described above. Since all components of complement are necessary for the hemolytic re-

action with sensitized sheep cells, the absence of complement activity is interpreted as indicating the

lack of one or more of these components.
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A. A. SIEBENS, W. H. ZINKHAM, AND P. F. WAGLEY 1369

of complement were adsorbed by the red blood cells at the lower temperature but

not at the higher one. Such adsorption of hemolysin and complement from the

serum of Case 2. caused no significant alteration in the electrophoretic pattern of

the serum.’8

The question then arose as to what would occur if hemolysin and complement

were separated and chilled separately in the presence of red blood cells.

B. Experiment on complement and hemolysin activity in the cold phase of the Donath-

Landsteiner reaction.

Serum from Case 2* was heated at 63 C. for three minutes. Two-tenths of a cubic centimeter of this

serum caused no hemolysis of 0.2 cc. of a .� per cent suspension of sensitized sheep cells (see tube i of

table �). The remainder of the serum was divided into o.� cc. aliquots and, as shown in table 2., was

placed in tubes 3 and �. Five-tenths of a cc. of unheated serum were placed in two other tubes (see tubes 2.

TABLE i-Adsorption of Hemolysin and Complement

T tu� Case 1 Case 2 Control packed Normal Hemolysin in’ Complement ntes serum serum R.B.C. saline supernatant supernatant

cc. cc. cc. cc. tiler liter

2.0 0.5 0.5 1/4 1/12.8

2..0 0.5 0.5 1/32. 1/32.

3 2.0 0.5 0.5 0 0

4 2.0 0.5 0.5 0 0

Procedure: Test tubes i and 2. left at room temperature (2.7 C.) for i hour, then centrifuged at

2.7 C., and supernatant tested for hemolysin and compl. Test tubes 3 and 4 chilled at 2. C. for 30

mins. with frequent stirring, then centrifuged in cold, and supernatant tested for hemolysin and

compl.

* As determined by Donath-Landsteiner tests on serially diluted supernatant.

f As determined by adding o.i cc. z.�% sensitized sheep R.B.C. to 0., cc. portions of serially

diluted supernatant.

and 4 of table 2.). To the four tubes were added o.i cc. of a � per cent suspension of washed normal Group

0 red blood cells. One-tenth cc. of normal saline was added to all four tubes. To tubes 2. and 3 were added

0.2. cc. of a i to � dilution of guinea pig serum. All four tubes were then chilled at 2.C. for ten minutes. After

the chilling, o.i cc. of a i to � dilution of guinea pig serum were added to tubes 4 and �. All tubes were

then incubated at 37 C. for i hour.

Results and conclusions. As shown in table 2., hemolysis did not occur if cells were

chilled in heat-inactivated serum unless complement was added before chilling.

Adding complement to previously heated serum after the chilling phase of the

Donath-Landsteiner reaction did not cause hemolysis. Apparently, complement

had to be present during the cold phase of the reaction to cause hemolysis. This was

also suggested by rechilling tube � of table 2.. Such subsequent rechilling and re-

warming resulted in almost complete hemolysis. This substantiated the conclusion

* The hemolysin in the serum of Case i was found to be more thermolabile than complement when

heated at �6 C. Attempts to separate the thermolabile hemolysin and the complement by adsorption on

other antigen-antibody precipitates failed since both were adsorbed simultaneously. In contrast, the

hemolysin in the serum of Case 2. was thermostable, thus allowing inactivation of the complement with-

out destroying the hemolysin.
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1370 H EMOLYSIS IN PAROXYSMAL HEMOGLOBINURIA

that hemolysin was present but was active only when chilled in the presence of

complement.

These conclusions were substantiated by another technic. The serum of Case 2.

and guinea pig serum were heat inactivated at 57 C. for thirty minutes. These sera

and unheated sera were combined as shown in table 2.-A and chilled with cells at

� C. for ten minutes; then incubated at 37 C. for thirty minutes. Small aliquots of

cells chilled in the presence of the various combinations of sera shown in table 2.-A

TABLE i-Effect of Complement on the Cold Phase of the Donath-Landsteiner Reaction

(‘a 2 Compl. (‘ I Sensitized
Test tube ea � add�#{176}i�fter � Hemolysis

cc. cc. cc’. cc. cc. C�. 0

2. 0.5 0.2 0.2 0.I

3 0.5 0.2. 0.2. 0.!

4 0.5 0.2. 0.2. 0.!

5 0.5 0.2. 0.2. 0.1 0

Procedure: All tubes chilled at i C. for io minutes, then incubated at 37 C. for one hour.

TABLE 7..-E.-- Demonstration of Adsorption of the Hemo/ysin on Red Cells by the Agglutination of such Cells

(in a Saline Suspension) following the Addition of Anti-human Serum Rabbit Serum

Case 2 serum Complement R.B.C. (5 Coomb’s
Test tube Case 2 serum heated at 57 (‘ompiement heated at per cent Hemoiysis’ serum

C, 30 mm. 37� C. 30 mm. suspension agglutinationt

cc. cc, cc. cc. cc.

I 0.5 0.2. 0.3 2+

0.2. ‘�

4 0.5 0.2. 0.3 1+ 2.-I-

* Hemolysis as determined after chilling the suspension io minutes and incubating at 37 C. for

hour.

t Coomb’s test was performed by incubating o.i cc. of a cell suspension with o.i cc. Coomb’s

serum and expressing the agglutination as 4+ to 0 on microscopic examination.

were removed prior to incubation at 37 C. and resuspended in several cc. of saline.

By resuspending the cells in saline immediately after chilling, they could be kept

indefinitely without lysis (see tubes 3 and 6 of table 3). Two-tenths of a cubic

centimeter of such suspensions of red cells were then incubated at 37 C. for one hour

with Coomb’s serum.’7

Hemolysis occurred only when the serum of Case 2. or that of the guinea pig had

not been previously heated. Heating both sera prior to the chilling phase of the

Donath-Landsteiner test prevented subsequent hemolysis. Cells, after being chilled

in the presence of both hemolysin and intact complement and resuspended in saline,

were agglutinated by anti-human serum rabbit serum.”
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A. A. SIEBENS, W. H. ZINKHAM, AND P. F. WAGLEY ‘37’

This agglutinability of the cells occurred following their chilling in the presence

of the hemolysin when guinea pig serum furnished the only complement; it did not

occur when both the complement in the patient’s and guinea pig sera had been pre-

viously heat inactivated. These observations suggested the hemolysin was adsorbed

only in the presence of intact complement, whether the latter was furnished by the

human serum or guinea pig serum.

Since both the hemolysin and at least the thermolabile components of comple-

ment were required in the cold to sensitize red cells, the role of complement during

the warm phase of the Donath-Landsteiner reaction was studied. Therefore, the

following experiment was performed.

TABLE 3.-Effect of Complement on the Warm Phase of the Donatb-Landsteiner Reaction

Sensitized’ cont. R.B.C. (5�) ,

Test tube Compl. � Normal Hemolysis

Casel Case2

cc. cc. cc. cc, cc.

0.2. 0.2. ++++

2. 0.2. 0.2. 0

0.2. ::

Procedure: Compl., heated compl., and normal saline added to sensitized cont. R.B.C. at room

temperature (circum. 2.7 C.). All tubes then incubated at 37 C. for one hour,
* Sensitized cont. R.B.C. prepared by chilling cont. R.B.C. for i� mins. at 2. C. in presence of

sera of case i and case 2.. R.B.C. then washed with normal saline and resuspended in �% concentra-

tion.

C. Experiment on complement and hemolysin activity in the warm phase of the Donath-

Landsteiner reaction.

Packed washed normal Group 0 red cells were chilled at 2. C. for fifteen minutes in twice their volume

of unheated serum from Case i or Case 2. (see table 3). Saline, chilled to 4 C., was then added and the cells

washed while cold. They were then resuspended in normal saline in per cent concentration and warmed

to 2.7 C. Two-tenths of a cubic centimeter of the suspension of red cells previously chilled in the serum

of Case i were placed in three tubes (tubes i, i, and 3 of table �) and equal aliquots of cells previously

chilled in the serum of Case 2. were placed in three other tubes (tubes 4, �, and 6). Two-tenths of a cubic

centimeter of guinea pig serum diluted i to were added to tubes i and 4, o.i cc. of guinea pig serum

diluted i to � with saline and inactivated by heating at 63 C. for three minutes were added to tubes i. and

�, and o.i cc. of saline were added to tubes 3 and 6. All the tubes were then incubated at 37 C. ft)r one

hour.

Results and conclusions. Cells that were previously chilled in the presence of fresh

serum from both cases, then washed and resuspended in saline, did not hemolyze

on incubation unless intact complement was present also during the warm phase.

Adding heat inactivated complement or more saline did not cause hemolysis. Pre-

sumably, red cells sensitized in the cold phase by hemolysin and complement could

not be hemolyzed in the warm phase unless intact complement was present. Thus,
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1372. HEMOLYSIS IN PAROXYSMAL HEMOGLOBINURIA

some thermolabile component of complement was required during the warm phase

of the Donath-Landsteiner reaction.

Group II. Experiments with carbon dioxide and inhibitors of carbonic anhydrase

As previously reported,’9 relatively high contents of carbon dioxide, under cer-

tam conditions in vitro, may cause hemolysis of cells suspended in the serum of

some cases of paroxysmal (cold) hemoglobinuria. Other 6,2 in similar

experiments, have not obtained these results. In a previous communication,” pee-

liminary observations were made on the effect of carbon dioxide on the Donath-

Landsteiner reaction of Case i, as reported in more detail here. One possible inter-

pretation for the discrepancy in the reports concerning the effect of carbon dioxide

might be that there were possible differences in the temperatures at which the

experiments were performed by different observers. For example, it had been re-

ported’9 that carbon dioxide caused complete hemolysis of GroupOcells suspended

in the patient’s serum (Case i) when the temperature was 2.7 C., but no hemolysis

occurred at 37 C. It was conceivable, therefore, that exposure to relatively high

temperatures had resulted in no hemolysis, whereas lower temperatures could have

produced hemolysis. It had already been established that the hemolysin in the

serum of various patients was activated at different temp:ratures.’ Accordingly,

there was a distinct possibility that the effect of carbon dioxide on the hemolytic

system in the sera of various cases might appear at different temperatures. However,

further observations suggested that a simple difference in temperature threshold

was probably not the explanation for such discrepancies in the literature. For ex-

ample, bubbling in carbon dioxide under oil at a temperature of ii C. caused no

more hemolysis of cells suspended in the serum of Case 2. than allowing such sus-

pensions to simply stand at the same temperature for the same length of time. Fur-

thermore, cyanide and sulfanilamide, when employed as reported before,’9 did not

inhibit the hemolytic activity of the serum from Case 2.. These results were in strik-

ing contrast to those observed in the study of Case i.’� Accordingly, the effect of

su.lfanilamide and cyanide on the Donath-Landsteiner reaction was studied in more

detail by using the serum from Case i, as indicated in the following series of obser-

vations.

A. Experiments on the phase of action of sodium sulfanilamide and cyanide on the Donath-

Landsteiner reaction.

Two-tenths of a cubic centimeter of a per cent suspension of normal washed Group 0 red blood cells

were placed in each of 6 tubes (see table 4). To tube i was added o., cc. of normal saline; to tubes 2., 3, 5,

and 6 were added o.i cc. of complement as guinea pig serum diluted i to � with saline. (As complement

was already present in the serum of Case i [see table i] the addition of more complement was actually

unnecessary.) One-tenth of a cubic centimeter of o.o8 M. solutions of sodium cyanide and sodium sul-

fanilamide were added to tubes 2. and 3, respectively. Five-tenths of a cubic centimeter of serum from Case

i were placed in all tubes. All tubes were then chilled at 2. C. for fifteen minutes. At the end of that time,

o.i cc. of normal saline, o.o8 M. sodium cyanide, and o.o8 M. sodium sulfanilamide were added to tubes

4, �, and 6, respectively. All tubes were then incubated at 37 C. for one hour.

Results and conclusions. Hemolysis occurred in all tubes except those chilled in

the presence of sulfanilamide and cyanide. Adding sulfanilamide and cyanide after
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A. A. SIEBENS, W. H. ZINKHAM, AND P. F. WAGLEY 1373

the chilling phase did not prevent hemolysis. Apparently, therefore, cyanide and

sulfanilamide had to be present during the chilling phase of the Donath-Land-

steiner reaction in order to prevent hemolysis.

These observations raised the question of whether these substances prevented

sensitization of red cells by the hemolysin or prevented the hemolysis of already

sensitized cells. The following experiment was performed in the attempt to answer

this question.

B. Experiment on the effect of sodium sulfanilamide and cyanide on the union of hemolysin

with red blood cells.

Four-tenths of a cubic centimeter of a � per cent suspension of normal washed Group 0 cells were

placed in each of 3 tubes (see table �). Four-tenths of a cubic centimeter of complement in the form of

guinea pig serum diluted with i to with saline and 2.0 cc. of serum from Case i were added. Two-tenths

of a cubic centimeter of normal saline, o.o8 M. sodium cyanide, and o.o8 M. sodium sulfanilamide were

added to tubes �, 2., and 3, respectively. The tubes were then chilled at 2. C. for twenty minutes, centri-

TABLE 4.-Observations on the Time of Action of Inhibitors on the Donatb-Landsteiner Reaction

Test tube Case 1 serum
Control
R.B.C. ComjI. Normal saline

Sodium Sodium
cyanide amidesulfanil.

Hemolysis

cc. cc. cc. cc. cc. cc. cc.

I 0.5 0.2. 0.1 +++

2. 0.5 0.2. 0.2. 0.1 0
�

3

4

5

6

0.5

0.5

0.5

0.5

0.2.

0.2.

0.2.

o.i

0.2.

0.2.

o.i

o.i

0.1

�

0.1

o.i

0

+++

+++
+++

I

Procedure: Test tubes i and 4 are controls. 0.1 cc. of saline, sodium cyanide, sodium sulfanilamide

added to test tubes i, 2., and 3 before chilling at 2. C. for i� minutes. Same reagents added to test

tubes 4, �, and 6 after chilling at 2. C. for i� minutes. All tubes then incubated at 37 C. for one

hour.

fuged in the cold by packing the tubes in ice and the supernatant pipetted off. The cells were then washed

in cold phosphate buffer (see table �). The cells of tubes 2. and � were washed in cold phosphate buffer

containing o.oo8 M. concentration of sodium cyanide and sodium sulfanilamide, respectively, i.e., in a

known effective concentration of inhibitors to prevent any union of hemolysin with the red cells during

the washing in the chilled state that might occur as the concentration of inhibitors decreased. The

phosphate buffer at pH 7.2. was used to prevent the alkalinizing effect of sodium cyanide and sodium

sulfanilamide in unbuffered solution. Such a high pH might inactivate complement or elute the hemolysin

from the red cell. After washing twice in the above solutions, the cells were resuspended in normal saline

and the cell suspensions were then used as shown in table 6. The cell suspensions from each tube repre-

sented in table � were warmed to 2.7 C. and divided into aliquots of o.i cc. each. To tubes 1,3, and � were

added o.i cc. of normal saline and to tubes 2., 4, and 6 were added o.i cc. of complement in the form of

guinea pig serum diluted to � with saline. The tubes were then incubated at 37 C. for one hour.

Results and conclusions. Hemolysis occurred as shown in table 6. This indicated

that the effect of sulfanilamide and cyanide on the cells and serum was a reversible

one, and also that the presence of sulfanilamide and cyanide in the cold did not

prevent the union of the hemolysin with the red cell. The red cells had apparently
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Test tube Case 1 serurn� � Compl. Norma�ine#{176}�n��)

cc. cc.

2. 1.0 0.4 0.4 0.2.

3 1.0 0.4 0.4 0.2.

Procedure: Tubes chilled at i C. for io mins., centrifuged in cold, and supernatant pipetted off.

Test tube i-R,B.C. washed twice with � cc. isotonic phosphate buffer (pH 7.2.).

Test tube i-R.B.C. washed twice with 5 cc. isotonic phosphate buffer (pH 7.2.) containing

.oo8 M. sodium cyanide.

Test tube 3-R.B.C. washed twice with � cc. isotonic phosphate buffer (pH 7.2.) containing

.oo8 M. sodium sulfanilamide.

R.B.C. of each tube then resuspended in 0.4 cc. norm, saline and employed as shown in next

table (part B).

TABLE 6.-Observations on Effect of Inhibitors on Union of Hemolysin and Complement with R.B.C. (Part B)

R.B.C. suspensions in saline as prepared in
part (A) .

Test tube Normal saline Compl. Hemolysis

FromT.T.l FromT.T.2 FromT.T.3

cc. cc. cc. cc. cc.

I 0.2. 0.2. 0

2. 0.2. 0.2.

3 0.2 0.2. 0

4 0.2. 0.2. ++
5 0.2. 0.2. 0

6 0.2 0.2. ++

Procedure: Compl. and normal saline added to test tubes at room temp. (2.7 C.). All tubes

then incubated at 37 C. for one hour.

To i cc. of packed Group 0 cells in three separate test tubes were added o.� cc. of a buffered o.o8 M.

sodium cyanide solution (tubes i, 2., and 4). To another tube (tube �) of i cc. of packed red cells, o.� cc. of

saline was added. To each tube were then added 0.2 cc. of guinea pig serum and 3.3 cc. of the serum of

Case r. One tube containing cyanide (tube i) was allowed to stand at 34 C. The other three tubes were

chilled at 3 C. for thirty minutes. Two of the chilled tubes (tube 2. containing cyanide, and tube 3 not

containing cyanide) were then centrifuged in chilled containers with packed ice. The contents of the tube

(tube i containing cyanide) not chilled, were centrifuged at room temperature. The supernatant in the

centrifuged tubes were removed and the cells resuspended in 2.oo cc. of saline. The fourth tube (tube 4)

contained cyanide, and as a control was incubated at 37 C. for one hour following chilling. The super-

natant from the tubes i, i, and 3, were then dialyzed in cellophane bags against normal saline overnight

1374 HEMOLYSIS IN PAROXYSMAL HEMOGLOBINURIA

become sensitized by the hemolysin in the cold in spite of the presence of the inhib-
itors. The subsequent withdrawal of the inhibitors allowed the hemolysis to pro-

ceed during the incubation at 37 C.

These conclusions were substantiated by the following experiment.

C. Experiment on the effect of sodium cyanide on the union of hemolysin with red blood

cells.

TABLE �.-Observations on Effect of Inhibitors on Union of H molys:n and Complement with R.B.C. (Part A)
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A. A. SIEBENS, W. H. ZINKHAM, AND P. F. WAGLEY 1375

at icebox temperature. The dialyzed supernatants were then used in Donath-Landsteiner reactions (see

table 7) and titered for complement. Small aliquots of the cell suspensions were incubated for one hour

at 37 C. in equal aliquots of Coomb’s serum and with complement (see table 8).

Results and conclusions. Cells chilled in the serum of Case i both in the presence

and absence of cyanide were agglutinated in the Coomb’s test and showed hemol-

TABLE 7.-Observations Showing Cyanide did not Prevent the Union of Hemolysin u’ith the Red Cell

___________ during Chilling

Dialysed supernatant serum from R.B.C.

Test tube _____________________________________ Complement Saline (5 per cent Hemolysis’

Tube 1 Tube 2 Tube 3 suspension)

cc. (C. 4+

3 0.5 0.2. 0.1 0.2. 1+

Tube i = serum previously incubated at �4 C. for 30 minutes with cyanide and red cells (see

text), dialyzed and employed as shown.

Tube i = serum previously chilled at 3 C. for 30 minutes with cyanide and red cells (see text),

dialyzed and employed as shown.

Tube 3 = serum previously chilled at 3 C. for 30 minutes with red cells but in the absence of

cyanide (see text), dialyzed and employed as shown.

* Hemolysis as determined after chilling the suspension at 2. C. for io minutes and incubating

at � C. for i hour.

TABLE 8.-Observations Showing the Adsorption of Hemolysin by Red Cells during Chilling in both the Presence

and Absence of Cyanide

Washed cells from

Test tube __________ __________ Coornbs Complement Agglutination’� Hemolysis’

Tube 1 Tube 2 Tube 3

cc. 0 Neg.

3 0.1 0.1 2+

4 0.2. o.i Pos.

5 0.I 0.1 2+

6 0.2. o.i Pos.

Tube i = cells previously incubated at 34 C. for 30 minutes with cyanide and hemolysin, washed

in saline and employed as shown.

Tube 2. = cells previously chilled at 3 C. for 30 minutes with cyanide and hemolysin, washed

in saline and employed as shown.

Tube 3 = cells previously chilled at 3 C. for 30 minutes with hemolysin but without cyanide,

washed in saline and employed as shown.

* Agglutination and hemolysis as determined after i hour incubation at 37 C.

ysis on incubation with complement at 37 C. after being washed in a large amount

of saline (table 8). Employing the dialyzed supernatant from the chilled tubes in

the Donath-Landsteiner reaction showed that the hemolysin was absent or present

in only a trace. That the hemolysin and complement had been adsorbed and not
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1376 HEMOLYSIS IN PAROXYSMAL HEMOGLOBINURIA

simply destroyed by cyanide was shown by the marked hemolytic activity in a

Donath-Landsteiner reaction of the dialyzed supernatant from the tubes allowed

to stand at 34 C. for thirty minutes. Complement was present in that supernatant

in a titer of i6 units per cc. That the original cyanide concentration was an effective

one was shown by the slight trace of hemolysis in an identical suspension (tube 4)

chilled for the same period of time and incubated at 37 C. for one hour. Thus, by a

second technic, adsorption of hemolysin and complement by the red cell in the

presence of cyanide was demonstrated.

DIScussIoN

Both hemolysin and some component of complement were adsorbed by red blood

cells from the sera of each of 2. cases in the cold phase of the Donath-Landsteiner

reaction. This observation supports some of those reported by Cooke,2#{176} Hoover and

Stone,8 and by Dennie and Robertson.9 Cooke1#{176} has pointed out that although

Donath and Landsteinerhi maintained the view that cold was necessary only for

the union of red blood cell and hemolysin and that complement united in the warm

phase, their experiments did not actually prove this. Moss22 concluded that com-

plement did not enter into the reaction of the cold phase (at least not permanently).

His evidence consisted of the demonstration of complement in the supernatant

serum after chilling with cells. This does not rule out the possibility that some

complement was actually used. Hoover and Stone8 reported that after chilling red

cells in heat-inactivated serum from a patient with paroxysmal cold hemoglobin-

uria, incubating then in normal serum at 37 C. did not cause hemolysis. Washing

cells in saline and rechilling and reincubating them in normal saline did cause

hemolysis. They interpreted their results as showing a complement factor must also

be adsorbed in the cold by cells before they are susceptible to hemolysis on subse-

quent incubation. Hemolysin and complement in the serum of Case 2. were separ-

able by heat. After inactivating the serum from Case 2. for complement, the hemoly-

sin remained. Chilling and incubating cells in such inactivated serum did not cause

hemolysis. Nor did restoring complement to the previously inactivated serum-cell

suspension after chilling cause hemolysis. However, rechilling and reincubating at

� C. such a suspension following the addition of complement did cause hemolysis,

indicating complement had to be present during the cold phase of the Donath-

Landsteiner reaction for the hemolysin to be effective. Therefore, the assumption

that complement acts only in the warm phase of the Donath-Landsteiner reaction

under these defined in vitro conditions is incorrect in at least one instance.

Dennie and Robertson9 observed that complement was necessary not only in the

cold but also for the warm phase of the Donath-Landsteiner reaction. Although

Cooke2#{176}concluded from his work that complement united solely in the cold, some

of his observations show that complement was a requisite for the warm phase also.

Throughout several of his experiments, cells were chilled in the patient’s serum

and then resuspended in saline. Cooke reported no hemolysis in such saline susprn-

sions on rewarming. However, if both complement and hemolysin were active only

in the cold, then rewarming such saline suspensions should result in hemolysis.

Chilling cells in the presence of complement and hemolysin and resuspending them
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A. A. SIEBENS, W. H. ZINKHAM, AND P. F. WAGLEY 1377

in either saline or heat-inactivated complement was followed by no hemolysis on

incubation at 37 C. Adding intact complement to such warm suspensions, however,

did cause hemolysis. Apparently, complement was necessary for the warm as well

as the cold phase of the Donath-Landsteiner reaction.

The hemolysin in the serum of Case i was inactivated by heating before comple-

ment was destroyed. Heating the serum of Case 2. long enough to inactivate the

complement did not inactivate the hemolysin. Mackenzie2 has also observed dif-

ferences in the thermostability of hemolysins from various patients with this dis-

ease entity, and Yorke and Macfie’#{176}found the thermolability of the hemolysin in

the serum of i patient actually varied from time to time.

Several observers have shown that carbon dioxide may be an in vitro activating

factor in this hemolytic system.3’4 As reported previously, when cells were sus-

pended in the serum of Case i at 2.7 C. with carbon dioxide in a concentration of

3.6 mEq. per liter (pH 6.4) lysis rapidly occurred.19 The same procedure at 37 C.

did not cause hemolysis and lysis did not occur even at 2.7 C. if the serum hemolysin

had been previously removed. Furthermore, sulfanilamide and cyanide prevented

the lysis of a Donath-Landsteiner reaction when this same serum was employed.

As the study of other patients’ sera had revealed no such effect of carbon dioxide2 it

was thought that temperature might have been a critical variable. Thus, workers

employing lower temperatures might activate the system with carbon dioxide,

while those using higher in vitro temperatures might obtain negative results. The

upper limit of temperature at which the serum hemolysin becomes effective seems

to vary from patient to patient.2 As the carbon dioxide in vitro effect is dependent

on the presence of hemolysin,’9 it seemed logical that the carbon dioxide activity

at a given temperature might depend on the thermal amplitude of that particular

hemolysin. Although such temperature factors may be important, study of Case 2.

suggests that they are not the only ones. At a temperature (II C.) which alone

activated the system in vitro, the use of carbon dioxide did not increase the amount

of hemolysis of cells suspended in the serum of Case 2.. Mackenzie had previously

reported that carbon dioxide did not activate the in vitro hemolytic system of sera

from several patients with this disease whom he had studied.2 In contrast to the

effectiveness of sulfanilamide and cyanide in preventing hemolysis of cells sus-

pended in the serum of Case i, these inhibitors were ineffective in the prevention of

hemolysis of cells suspended in the serum of Case z. Thus, the effectiveness and

ineffectiveness of carbon dioxide, sulfanilamide, and cyanide ran parallel in the

hemolytic system.

Sulfanilamide and cyanide in the serum of Case i did not prevent the union of the

hemolysin and complement with the red cell, but did prevent the subsequent lysis.

The adsorption of the requisite serum factors for lysis by the erythrocytes when

chilled in both the presence and absence of such inhibitors was shown in two ways.

Hemolysin and complement either decreased markedly in concentration, or actually

disappeared from the supernatant of all such chilled suspensions. Furthermore, the

cells from such chilled suspensions when washed in cold saline and then incubated

at 37 C. with fresh complement were lysed. This showed the hemolysin had acted

on the cell membrane irrespective of the presence of the inhibitors. Lastly, if cells
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1378 HEMOLYSIS IN PAROXYSMAL HEMOGLOBINURIA

chilled in the presence of cyanide and hemolysin were washed in saline and then

incubated in Coomb’s serum, they were agglutinated. This was further evidence

that some serum factor had been adsorbed on the red cell. Such agglutination of the

cells by an anti-human serum rabbit serum occurred even though the thermolabile

components of complement were furnished by guinea pig serum.

The prevention of lysis was not due to an inactivation of the complement neces-

sary during the warm phase of the Donath-Landsteiner reaction. This was estab-

lished by the lack of effect of the inhibitors when added to the red cell-serum sus-

pension after chilling but before warming. The inhibitors had to be present during

the entire Donath-Landsteiner reaction in order to be effective. This suggests the

possibility that these substances may be acting at the red cell membrane, and

though not preventing the union of the hemolysin-complement complex with the

red cell, may, at least in some cases, prevent some subsequent alteration in the

spatial configuration of the hemolysin-complement-red cell membrane complex

that is a requisite for actual hemolysis. The differences in the effectiveness of these

inhibitors might, therefore, be associated with differences in the size of the anti-

body involved in various sera.

Apparently, the union in the cold of hemolysin and complement with the red

cell membranc does not necessarily lead to hemolysis. Some other step must occur.

That the latter may be delayed and yet be effective is indicated by the reversibility

of the inhibiting effect of cyanide and sulfanilamide. That the inhibiting activity

of these two substances does not depend on preventing either the union of the

requisite serum factors in the cold or the activity of some additional factor during

the warm phase has been illustrated in three ways. (I) Both hemolysin and com-

plement disappear or, at least, diminish in concentration from the supernatant of

a chilled suspension containing either of the two inhibitors. (2.) This diminution

in titer is due to adsorption and not destruction as illustrated by subsequent posi-

tive Coomb’s tests as well as lysis of the cells when washed and incubated in com-

plement at 37 C. (�) Finally, the inhibitors do not prevent the lysis unless present

before chilling. Their ineffectiveness when added only during the warming phase

indicates their action is not due to some effect on a serum factor necessary during

that phase of the Donath-Landsteiner test.

Thus, by elimination of several possible interpretations, the question arises

whether or not by acting at the cell membrane these substances simply prevent

reorientation of the antibody-complement complex on the cell membrane. By this

concept, the complex could unite with the red blood cell in the presence of the

inhibitors and when the latter are removed, reorientation on the membrane could

occur and lysis result. In such a concept two possibilities would be suggested: (i)

carbonic anhydrase may be contained in the red blood cell membrane and (2.) the

differences in the effectiveness of the inhibitors from case to case may depend on the

difference in the size of the hemolysin molecule in the two sera. Thus, the more

thermolabile and possibly larger hemolysin could not reorient itself on the cell

membrane in the presence of the inhibitors but the thermostabile and possible

smaller antibody could. As a result, the inhibitors would be effective in the first

instance and not in the second.
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CONCLUSIONS

Observations made on 2. cases of paroxysmal (cold) hemoglobinuria showed:

I . Hemolysin and complement were adsorbed by erythrocytes in the cold.

2.. A thermolabile fraction of complement was necessary for both the cold phase

and the warm phase of the Donath-Landsteiner reaction in the serum of i case.

3. Under specified in vitro conditions, carbon dioxide affected the hemolytic

system of i case and not that of the other; this carbon dioxide effect was itself sub-

ject to the influence of temperature.

4. Sulfanilamide and cyanide inhibited the Donath-Landsteiner reaction in the

serum of i case and not in the serum of the other.

5. These inhibitors did not prevent the union in the cold of the hemolysin-com-

plement complex, but did prevent the usual effect of such a union in i case.

6. If not present during the chilling phase, sulfanilamide and cyanide did not

prevent hemolysis.

7. Under specified conditions, sulfanilamide and cyanide did not prevent the

effect of the thermolabile component of complement in the warm phase of the

Donath-Landsteiner reaction.

8. The differences in the observations of the 2. cases reported here and some appar-

ent discrepanices cited from the literature suggest the possibility of important

fundamental variants in the mechanism of the disease.

APPENDIX

Case Histories

CASE I

W. B. (J. H. H., history number 3592.65), a 33 year old Negro, was admitted with the chief complaint

of upset stomach and dark urine after exposure to cold. The family history was noncontributory. The

past history revealed that fifteen years prior to admission the patient had had a penile lesion and was given

antiluetic treatment for one and one-half years. The patient dated the present illness as beginning three

years prior to admission. At that time, he noted attacks of abdominal cramps, nausea, and vomiting fol-

lowing exposure to cold. These episodes were associated with the passage of very dark urine in noticeably

small quantities. The attacks lasted for several hours but the patient thought he could shorten their dura-

tion by drinking hot coffee or warming himself. The physical examination was essentially negative. The

pertinent laboratory data were as follows. The serologic test for syphilis was positive. There was a mild

normocytic anemia. The icterus index was ii. The urine was dark brown. There was a 3 plus albuminuria

as well as numerous red blood cells and white blood cells per high power field. The serum nonprotein

nitrogen was 71 mg. per cent. The phenosulfonphthalein excretion was 38 per cent at the end of two hours.

Urea clearance was 48 per cent of normal maximum. The Donath-Landsteiner reaction was positive.

Cold agglutinins were present in a titer of� to i6o and were more thermostabile than the cold hemolysin.

The clinical diagnosis was syphilis associated with paroxysmal (cold) hemoglobinuria and renal im-

pairment.

CASE 2.

M. E. (j. H. H., history number 414118), a 30 year old Negress, was admitted with the chief com-

plaint of dark urine following exposure to cold. The family and past histories were noncontributory.

The present illness apparently began two years prior to admission with periodic attacks of swelling of the

eyelids, lips, periorbital tissues and fingers on exposure to cold. This swelling was associated with itching

of the affected parts. The swelling and itching would disappear usually within twenty minutes when the

patient became warm. Such exposure to cold would occasionally be associated with mild transient ab-
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1380 HEMOLYSIS IN PAROXYSMAL HEMOGLOBINURIA

dominal cramps. There was no nausea or vomiting. One year prior to admission the patient noticed that

her urine became red, dark, and almost black after chilling. The urine would remain dark for only four

to six hours. The patient stated that her eyes had been yellow occasionally during the past winter.

Drinking ice water would result in a tight sensation in her throat. No dark urine had been noted follow-

ing consumption of cold drink or food. The physical examination was essentially negative except for

slight pallor of the nail beds and mucous membranes. The significant laboratory data were as follows.

The serologic test for syphilis was positive. There was a moderate macrocytic anemia. The icterus index

was i�. Cold agglutinins were present in a titer of i tO 32.0. The urine was dark brown and guaiae positive.

There were occasional red blood cells and white blood cells per high power field. The Donath-Landsteiner

test was positive. The clinical diagnosis was syphilis associated with paroxysmal (cold) hemoglobinuria

and angioneurotic edema following exposure to cold.

REFERENCES

1 PAVY, F. W.: On paroxysmal haematuria. Lancet 2.’ 33, i868.

2 MACKENZIE, G. M.: Paroxysmal hemoglobinuria. Medicine 8.’ 159, 1919.

HIJMANS VAN DEN BERGH, A. A., AND HIMMANS, C.: Untersuchungen uber die Hamolyse bie der paro-

xysmalen Hamoglobinurie. Berl. klin. Wchnschr. 462.’ 12.51, 1609, 1909.

HANNEMA, L. S., AND RYTMA,J. R.: Investigations into a case of paroxysmal haemoglobinuria. Lancet

2.’ 12.17, 1912..

� MANNEBERG, J.,AND DONATH, J.: Ueber paroxysmale Hamoglobimurie. Deutche Arch. f. klin. Med.

6j.’ i8�, i9oo.

6 KUMAGAI, T., AND ITO, I.: Weitere Beiteage zur Kenntnis der paroxysmale Hamoglobinurie. Deutche

Arch. f. klin. Med. ij6.’ 2.57, 1917.

MACKENZIE, G. M.: Note on the mechanism of paroxysmal hemoglobinuria. Proc. Soc. Exper. Biol.

& Med. 22.’ 2.78, 192.5.

HOOVER, C. F., AND STONE, C. W.: Paroxysmal hemoglobinuria. Arch. mt. Med. 2? 392., I9o8.

DENNIE, C. C., AND ROBERTSON, 0. H.: Study of a case of paroxysmal hemoglobinuria serum reactions.

Urobilin and hemoglobin excretion. Arch. mt. Med. i6.’ 105, 1915.

10 YORKE, W., AND MACPIE, J. W. S.: The mechanism of autolysis in paroxysmal hemoglobinuria. Brit.

J. Exper. Path. 2.’ 115, 1911.

� MACKENZIE, G. M.: Observations on paroxysmal haemoglobinuria. J. Clin. Investigation 7. 2.7, 192.9.

12 EASON,J.: The pathology of paroxysmal haemoglobinuria.J. Path. & Bact. ii.’ 167, 1906.

�3 PETERS, J. P., AND VAN SLYKE, D. D.: Quantitative Clinical Chemistry, vol. i. Baltimore, Williams &

Wilkins Co., 1932.. P. 2.83.

14 WILLARD, H. H., AND FURMAN, N. H.: Elementary Quantitative Analysis. New York, D. Van Nos-

trand, ‘94’. P. 187.

15 MARSHALL, E. K.,JR.: Determinations of sulfanilamide in blood and urine.J. Biol. Chem. 122.2.63, 1937.

1� WINTROBE, M. M.: Clinical Hematology. Philadelphia, Lea & Febiger, 1943.

17 CooMiss, R. R. A., MOURANT, A. E., AND RACE, R. R.: Detection of weak and incomplete Rh agglu-

tinins: A new test. Lancet 2.’ 15, 1945.

18 LUETSCHER,J. A., JR., AND WAGLEY, P. F.: Unpublished data.

i9 WAGLEY, P. F., ZINKMAN, W. H., AND SIEBENS, A. A.: A note on studies of hemolysis in paroxysmal

(cold) hemoglobinuria. Am. J.Med. 2.’ 342., 1947.

20 COOKE, R. A.: Paroxysmal hemoglobinuria. Am.J. M. Sc. 144.’ 2.03, 1912..

� DONATH, J., AND LANDSTEINER, K.: Ueber paroxysmal Hemoglobinurie. M#{252}nchen med. Wchnschr.

512.’ 1590, 1904.

22 Moss, W. L.: Paroxysmal hemoglobinuria; blood studies in three cases. Bull. Johns Hopkins Hosp.

22.’ 2.38, 1911.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/12/1367/573541/1367.pdf by guest on 19 M

ay 2023




