
LECITHIN AND THE ERYTHROCYTE FACTOR IN THE BLOOD

SEDIMENTATION PHENOMENON

By JOHN S. HIRSCHBOECK, M.D.

T HE phenomenon of erythrocyte sedimentation in altered physiological states

has intrigued physicians since the time ofHippocrates. It was the basis for the

humoral theory of disease, which served as the official code of Western medicine

until the advent of Virchow’s cellular pathology. Fahraeus rediscovered the phe-

nomenon of erythrocyte sedimentation in 1918, after it had been forgotten for over

fifty years, and explained much of its physiology in the light of modern laboratory

methods. He proved that the speed of erythrocyte sedimentation is proportional to

the degree of rouleau aggregation among the erythrocytes. The sedimentation

follows Stoke’s Law, which is expressed by the follcwing formula:

2. S-S1
r

9 /3.

v = velocity cf sedimentaticn

= gravity

S = the density of the particle

5, = the density of the fluid

= the absolute viscosity of the fluid

r = the radius of the particle

In blood all of the factors remain constant except the radius of the particle, e.g., the

radius of the aggregations of red cells. The greater the rouleau aggregation the

greater is r and the more rapid is the velocity of fall.’ Ponder2 has re-examined

Fahraeus’ thesis and confirmed it in all respects.

The explanation of rouleau aggregation is still quite uncertain. Why the non-

motile erythrocytes should under certain conditions align themselves, one upon the

other, in an orderly fashion like a stack of coins, remains one of the fascinating

problems in hematology. Practically all investigators agree that it is ultimately a

problem in physical chemistry. Thygese&� has recently reviewed the literature and

studied the problem exhaustively. The great majority of investigatcrs are in agree-

ment with Fahraeus when he states, ‘The chief cause of this phencmencn is an

increase in amount of the easily precipitated protein fractions, the serum globulin

or the fibrinogen or both.”1

The ultimate basis for this statement is the demonstration that the erythrocytes

settle out rapidly in solutions of fibrinogen and to a less extent in globulin and not

at all in albumin. If blood is defibrinated the sedimentation is very slight; whereas

the same blood with the fibrin still in it might have a very rapid sedimentation

rate. Erythrocytes suspended in isotonic salt or Ringer’s solution do not form

rouleaux and do not settle out. Fahraeus, and with him Gram,3 Bendien and
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JOHN S. HIRSCHBOECK 579

Snapper,4 Greisheimer et al.,5 Westergren,6 Ham and Curtis,7 and Kylin,8 therefore

conclude that changes in the plasma proteins are responsible for the phenomenon.

K#{252}rten,#{176}Alfred-Brown and Munro,1#{176} Nitschke,” Oelkers and Ohnesorge,’2 Bauer,

Rossmeisl, and Ropes,’3 Bing and Jessen,’4 and Kopp’5 believe that there are other

factors which act either alone or together with the proteins.

Kflrten#{176} has attempted to show that the phenomenon depends upon changes in

blood lipoids, notably cholesterol and lecithin. His interpretation received con-

siderable acceptance in the chemical literature and among many who were unfa-

miliar with the work of Fahraeus. At the present time very little consideration is

given to the plasma lipoids as factors in blood sedimentation, particularly since the

thorough studies of Westergren, Thoerell, and Widstrom.6

Some investigators believe that fibrinogen is the most important factor. Ham and

Curtis7 go so far as to use the Rourke-Ernstene method cf determining the sedimen-

tation rate together with a mathematical constant as a method for the quantitative

measurement of plasma fibrinogen. Alfred-Brown and Munro1#{176}and Ropes, Ross-

meisl, and Bauer” have demonstrated that fibrinogen may be just one factor and

that other globulin fractions may be in certain cases as active as the fibrinogen. A

fraction of fibrinogen isolated from rapidly sedimenting blood by Morrison’3� has

been found to be very active. This fraction, which he calls contractinogen, is

salted out of plasma at a i6� per cent saturation with ammonium sulfate. Even

when both the fibrinogen and the globulin are accounted for, an unexplained

additional factor may occasionally be present to affect the sedimentation.

Practically all previous studies of blood sedimentation have dealt with the

plasma factors alone. That the erythrocytes themselves may vary in their response

to the plasma factors was first demonstrated by Frimberger)6 He showed that the

rouleau formation of erythrocytes suspended in standard artificial plasmas was

quite constant except in certain diseases, notably diabetes. If the rouleaux are a

physical and a chemical phenomenon, the erythrocytes must possess some factor

which allows them to be so aggregated under the influence of the plasma. If the

erythrocyte membrane is destroyed or altered in certain ways rouleaux do not form.

It is the purpose of this investigation to examine the nature of this erythrocyte

factor.

It has been known since 18361 that the addition of a gum or hydrophilic colloid

to blood greatly increased the rouleau formation. Linzenmeyer17 has studied the

effect of gelatin and gum arabic on the sedimentation rate. Fahraeus suspended

washed erythrocytes in solutions of sodium caseinate and demonstrated that this

protein caused rouleau agglutination and augmented the sedimentation. Wiltshire’8

noticed that washed erythrocytes suspended in solutions cf gum arabic, gum traga-

canth, and gelatin formed rouleaux without the presence of any native plasma.

Gelatin is a relatively standard material and if identical solutions are made from

the same stock they will have identical properties. Standard artificial rouleau-

forming plasmas of great constancy can therefore be prepared from time to time out

of a single large stock of gelatin. Obviously these solutions will not compare per-

fectly with solutions made from other stocks of gelatin derived from different or

even similar sources.
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5 8o BLOOD SEDIMENTATION PHENOMENON

The concentration of erythrocytes in the plasma has a great influence on the

sedimentation rate.3 The lower the concentration the more rapid is the sedimenta-

tion. In order to make this factor constant it is merely necessary to centrifuge the

blood for twenty minutes at a high speed and remove or add plasma to standardize

the erythrocyte-plasma ratio This same method may be used when working with

washed erythrocytes and artificial gelatin plasmas.

If washed erythrocytes are suspended in standard gelatin solutions in constant

concentration any variations in the sedimentation rate must necessarily be due to

diflerences in the erythrocytes themselves. By using this method of investigation

it is possible to discover variations in what may be called the erythrocyte factor in

blood sedimentation.

TECHNIC USED IN INVESTIGATING THE ERYTHROCYTE FACTOR

Blood was removed with a syringe from veins of healthy men and women, of

men and women with various diseases, of dogs, and of rabbits. Horse blood was

obtained as it flowed from the jugular veins of dying horses slaughtered at an abat-

toir. Guinea pig blood was removed by cardiac puncture and turtle blood was col-

lected as it flowed from the neck vessels of a recently decapitated animal. In all

cases, in order to prevent coagulation, the blood was either placed in 3.8 per cent

sodium citrate solution �: i or in vessels containing small amounts of sodium or

ammonium oxalate. A quantity of this blood, usually � cc., was then centrifuged

for io minutes in graduated hematocrit tubes, the supernatant plasma was removed,

and o.8� per cent sodium chloride solution was added to the erythrocytes to the

capacity of the tube (i� cc.). After again agitating the tube and centrifuging for 2.0

minutes, the saline was removed and another volume of saline was added and the

process repeated. The washing was repeated a second time, and in some experiments

more often. The erythrocytes were then suspended in solutions of i per cent gelatin

in o.8� per cent sodium chloride to a concentration of one-third erythrocytes and

two-thirds plasma. The suspensions were well mixed and then aspirated into Wes-

tergren sedimentation tubes. The readings, in terms of millimeters of settling, were

made at the end of one hour.

VARIATIONS IN THE ERYTHROCYTE FACTOR iN HUMAN BLOOD

The blood was obtained from healthy and diseased men and women. Table i

shows the erythrocyte factor compared with the sedimentation rate of the various

samples of blood. In each case the erythrocytes were prepared in the manner pre-

viously described.

It is evident from table i that there may be variations in the erythrocyte factor

among individuals. The majority of the cases were in the range between iio and 130

mm. However, 2. normal males were definitely below this level. These results might

explain the failure to correlate absolutely the quantitative plasma fibrinogen and

globulin levels with the sedimentation rate. Those bloods which have a greater

sedimentation rate than one would expect from the amount of fibrinogen and

globulin in their plasma may be explained by the presence of a very strong erythro-
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JOHN S. HIRSCHBOECK �8i

cyte factor, and those which should have a more rapid rate, by the presence of a

very weak erythrocyte factor.

Frimberger’6 has made a similar study and did not find a great difference in the

erythrocyte factor in a short series of cases. One patient with diabetes had a defi-

nitely weak erythrocyte factor.

If erythrocytes are suspended in hypotonic salt solutions they increase in size and

become spherocytes as they imbibe water. In hypertonic salt solutions they lose

their biconcave form and appear as shrunken spheres studded with barbs and are

designated then as crenocytes. The influence of changes in the shape of the erythro-

TABLE i-A Comparison between the Sedimentation of Blood and the Sedimentation of E�ytbrocytes from the

Same Blood in a Standard Artificial Plasma

Erythrocyte factor (sed. rate Blood sedim ntatio
Description of case of washed erythrocytes in w tCr ra e

l�’ gelatin in saline) CS C gren

mm. per hour mm. �er hour

Normal male 74 8

Normal male 78 3

Normal male 119 2.

Normal male Ill 6

Pregnantfemale 12.1 50

Chronic salpingo-oophoritis 113 23

Normal female 115 4

Pregnantfemale 119 10

Pregnantfemale 130 45

Primary syphilis female 131

TABLE 1.-The Erythrocyte Factor Is Not Altered by Changes in the Shape or Water Content of the Erythrocytes

Solution Without 1% gelatin With 1� gelatin

o.65�NaCl

o.85%NaCI

,.l5�NaCl

mm. per hour

1

i.

2.

mm. per hour

116

Ill

114

cyte on the rouleau-forming tendency has been partially studied by Frimberger.’6

He demonstrated that hypotonicity or hypertonicity has no effect on the sedimen-

tation rate in artificial plasmas. The results of a similar experiment are given in

table 2..

The rouleaux which form have a very unusual appearance. In hypotonic solu-

tions with i per cent gelatin the spheroid cells line up in rows and the appearance

of the aggregation is more like a compressed chain of streptococci than a true

rouleau. In hypertonic solutions with i per cent gelatin the crenated erythrocytes

also endeavor to form true rouleaux, but because of the shape and the rigidity of

the cell only a few erythrocytes manage to remain aligned in a row. Instead the

adhesion of the cells to each other is multiplanar and a clump-like type of agglu-

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/2/6/578/571005/578.pdf by guest on 19 M

ay 2023



582. BLOOD SEDIMENTATION PHENOMENON

tination supervenes. In spite of the great difference in appearance and form of the

agglutinated masses of cells in solutions of different concentrations of sodium

chloride, the degree of agglutination as measured by the sedimentation rate is

surprisingly constant. Table 2. also serves to demonstrate the role which gelatin

plays in the agglutination inasmuch as the cells suspended in saline solutions alone

manifest only an insignificant sedimentation of 2. mm. in one hour.

The shape of the erythrocyte is naturally altered into very bizarre forms in

pernicious anemia. Poikilocytes of this type, pathologic in form, sediment nor-

mally. The general form of the rouleau is normal, but on close inspection it ap-

pears more like a compressed stack of figs than a stack of coins. Pernicious anemia

poikilocytes when washed in saline maintain their shape and when suspended in

gelatin solution settle out at the same rate as normal erythrocytes (table 3).

Changes in the erythrocyte shape in the direction of spherocytosis caused by

hemolysins are not comparable to the changes produced by hypotonic saline.’6

The hemolysin actually alters the surface of the cell and interferes with normal

surface effects produced by the plasma, and rouleau formation does not take place,

TABLE 3.”Comparison of the Erythrocyte Factor of Pernicious Anemia Poikilocytes with Normal Cells

One.half hour One hour

(Wintrobe method)

Poikilocytes

Normal erythrocytes

mm. mm.

32. 46

35 46

(Washed cells were suspended in i% gelatin in o.8�% NaCl solution.)

whereas with a hypotonic solution the surface is not changed chemically but is

merely placed under a stretch.

Fahraeus observed many years ago that when blood with a rapid sedimentation

rate was kept at 37 degrees C. for six hours without being moved, it lost its rou-

leau-forming power and consequently its rapid sedimentation rate. If, however,

it was agitated during the period of incubation, as it is naturally while circulating

within the body, the blood maintained its rouleau-forming power and settled out

at practically the same rate as before. This unusual behavior remained unexplained

until 1937, when Bergenhem and Fahraeus’9 demonstrated that an enzyme,

lysolecithinase, converted lecithin into lysolecithin while the blood was static.

The lysolecithin acts upon the erythrocyte surface as a hemolytic agent, making

the cells incapable of forming rouleaux. Agitation of the blood interferes with the

action of the enzyme and keeps the blood relatively normal.

Melgren,2#{176} Stephens,2’ and Gripwall22 have attempted to explain the normal

hemolysis going on in the spleen by the action of lysolecithinase. Knisely23 demon-

strated that the splenic sinusoids may act as reservoirs holding erythrocytes for

as long as IL hours. The spleen then may act as an incubator and allow the plasma

lysolecithinase to form lysolecithin and begin the hemolysis of the static erythro-

cytes stored in the sinusoids. Both Melgren2#{176} and Stephens21 have shown that the
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JOHN S. HIRSCHBOECK 583

sedimentation rate cf blood from the splenic vein is slower than that frcm the

splenic artery. Stephens also demonstrated that the settling erythrocytes became

stratified. The prehemolyzed cells fall more slowly than the normal cells and

remain above them as a semiopaque layer. There may be several strata, depending

upon the degree of hemolysis in the spleen. This same phencmenon may occur

in acquired and congenital hemolytic anemias. Gripwall22 has attempted to

explain hemolytic anemias as the result of an overactive reservoir function of the

spleen with increased lysClecithin formation. Singer24 has shown that there is a

difference in susceptibility of erythrccytes to lysolecithin hemclysis. The red cells

of congenital hemolytic anemia are very weak in their resistance to lysolecithin

hemolysis while the cells of acquired or symptomatic hemolytic anemia have a

normal resistance to lysolecithin hemolysis.

It is apparent that the erythrccyte factor is destroyed by lysolecithin. This

substance is lecithin with the second unsaturated fatty acid radical replaced by a

hydroxyl group.25 The enzyme lysolecithin is apparently identical with the hemo-

lytic agent of cobra venom.26

Saponin is a very effective hemolytic agent and is well suited to hematologic

investigation because of the small amounts which can be used. Hintregger27 ob-

TABLE 4.-The Effect of Saponin on the Blood Sedimentation Rate

Washed human erytlir
l�7 gelatin in 0.85’

)cytes in
saline

\Vas�iecl hu�iiap erythrocytes in
1,( gelatln in 0.85� saline

with 0,2% saponin

Sed. rate (one-half hour) ii�

served that the addition of saponin to normal hog blood in a concentraticn of

0.03 per cent reduced the sedimentation rate by 6o per cent. Table 4 shows the

effect of adding saponin (Merck) in a concentration of 0.1 per cent to washed

erythrocytes in artificial gelatin plasma. The erythrocytes were not hemolyzed

until 14 hours had elapsed, but during the period within io minutes after adding

the saponin, the cells had become spherical and failed to form rouleaux. The

saponin apparently injures the erythrocyte surface in a manner similar to lysoleci-

thin and interferes with rouleau agglutination.

The effect of autohemolysis on rouleau formation at low temperatures has not

been studied to any extent. Blood may be stored from three to six weeks in a

refrigerator without appreciable hemolysis taking place, especially when the blood

is enriched with dextrose. One would expect that blood so preserved could main-

tain its rouleau-forming power. Table � shows the effect of storage on the erythro-

cyte factor in a specimen of dog blood. The animal was sacrificed with ether and

as much blood as possible was collected in 3.8 per cent sodium citrate solution.

It was kept thereafter at � degrees C. Slight hemolysis was present during the entire

storage period. From the fourth to the seventeenth day, considerable free hemo-

globin was released and the plasma had a definite red color. The blood was not

tested for sterility and it is possible that the hemolysis may have had a bacterial

origin and was not the result of true autohemolysis.
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584 BLOOD SEDIMENTATION PHENOMENON

Table 6 demonstrates the effect of incubation on blood at body temperature for

14 hours. The erythrocyte factor is completely destroyed by this treatment. The

cells become spherical and there is no rouleau formation.

It has been stated previously that the occurrence of the rouleau phenomenon

depends upon the physical and chemical interaction of plasma and erythrocyte

factors. It is evident that hemolysis destroys the erythrocyte factor and therefore

it must reside in the erythrocyte membrane. The exact structure of this membrane

is unknown. However, it is considered to consist chiefly cf protein, lecithin, or a

related lipoid and small amounts of cholesterol.2#{176} The importance of the lipoid

content of the erythrocyte was recently demonstrated by Williams et al.2#{176}There

are species differences, and interestingly enough, these differences show a relation-

ship to the species variations in the rouleau-forming tendency.

TABLE 5.-The Effect of Storage at 5 Degrees C. on the Er,ythrocyte Factor of Dog Blood

No. of days stored One hour sed. rate of washed cells suspended in 1%
gelatin in saline

I

3

4
17

mm.

110

64

54
i6

TABLE 6.-The Effect of Incubation at 37 Degrees C. for 24 Hours on the Sedimentation Rate and on the

Erjthrccyte Facto’

Before incubation

mm.

After incubation

mm.

Blood sedimentation rate 50 0

Sedimentation rate of washed erythrocytes in i% gelatin in

o.8�% saline ill

Brinkman and Wastl3#{176}attempted to make an ether-soluble concentrate of the

saline washings of erythrocytes and demonstrate an effect on the sedimentation

rate when this material was added to the blood. This concentrate was found to

consist chiefly of lipoids and cholesterol. K#{252}rten#{176}had shown previously that

lecithin, when added to plasma, delayed sedimentation and cholesterol accelerated

it, but, as already stated, his results have been more or less disproved. The effects

which he obtained were only slight and are not comparable to the clear-cut effects

produced by fibrinogen or gelatin. The results of Brinkman and Wastl were incon-

clusive. The effects produced by the concentrate were meager. I have been unable

to produce a potent concentrate using their method.

It is probable that these lipoid substances acting in the plasma can alter the

fibrinogen and globulin by adsorption to the molecule and change the interface

between plasma and the cell. These experiments do not account for the cellular

lipoid itself. They merely demonstrate an effect, however slight it may be, pro-

duced by these same lipoids when they are present in the plasma.
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JOHN S. HIRSCHBOECK 585

Since there is a strong tendency for lipoids to form a loose combination with

proteins, it is possible that there may be an attraction between the membrane

lipoid and plasma protein, particularly fibrinogen. Increases in plasma fibrinogen

may thus alter the erythrocyte membrane at the interface and change the sur-

face forces so that there is an attraction between the cells produced by dehydrating

the surface with the tendency for them to collect into rouleaux.

In order to test this hypothesis, studies of the effect of gelatin on lecithin emul-

sions and lecithin-coated particles were made. Chemically pure reagents were used

and the gelatin was from the same stock used in the previous experiments. This

gelatin was found to contain a small amount of calcium and other salts and conse-

quently was not electrolyte free. The concentration of electrolyte was much less

than i per cent because the ash residue was only 0.99 per cent. Fresh egg lecithin

( Merck) (Difco) was used. Lecithin which is more than a year old may not be

satisfactory.

The flocculation of lecithin by gelatin apparently has not been described pre-

viously. When one prepares an emulsion of i per cent lecithin in a i per cent gelatin

in 0.85 per cent sodium chloride solution and allows it to stand, a flocculation of the

lecithin begins in from 3 to 6 minutes and becomes complete in from i� tO 10

minutes. By this time there is a complete separation of the lecithin in the form of a

fine curd. The presence of an electrolyte is necessary. The reaction does not occur

if dialized gelatin and distilled water are used. If undialized gelatin and distilled

water are used a floc begins to appear after one hour. The amount of electrolyte

present in the undialized gelatin is apparently sufficient to allow the floc to form

after this period of time.

Porges and Neubauer31 first showed that electrolytes alone will flocculate

lecithin emulsions. Since the time of their investigation the phenomenon has been

studied several times.32’� The concentration of the electrolyte, the nature and

charge of the ions, and the hydrogen ion concentration are determining factors in

the reaction. Handovsky and Wagner37 demonstrated that beef serum flocculates

lecithin and that it is the globulin and not the albumin fraction which is respon-

sible. They conclude that a lecithin-globulin complex is formed which is unstable

in the emulsion and consequently flocculates. Table 7 compares the flocculating

power of a pure electrolyte with that of an electrolyte plus gelatin. It is evident

that the gelatin greatly augments the lecithin flocculation.

Any explanation of the physical and chemical reactions which take place when

gelatin is introduced into a lecithin emulsion will necessarily be hypothetical

because our knowledge of the mechanisms of such colloidal behavior is very

meager. In the electrolytic flocculation, the reaction between the positive ion and

lecithin is perhaps a loose chemical combination. The surface of the lipoid particle

is changed, the charge is neutralized in part, and the particles failing to repel each

other with the original intensity agglutinate without coalescing and form a rever-

sible floe.3’ Perhaps gelatin becomes adsorbed to the lecithin surface in a loose

chemical combination, changes the surface of the lipoid, and allows the flocculation

to take place more readily in a very low concentration of electrolyte.

The importance of electrolytes in the stability of emulsions is spectacularly

demonstrated by an experiment first performed by Long.38 if one prepares an emul-
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586 BLOOD SEDIMENTATION PHENOMENON

TABLE 7.A Comparison between Lecithin-Sodium Chloride and Lecithin-Sodium

Chloride-Gelatin Flocculation.r

Mm. Water 0.olN NaCl 0,IN NaCl 0.2N NaC1 0.3N NaC1 0.4X NaCI

20

Is

2.0

15

3#{176}

35

40 +
45 +

50 +
55 +
6o +

6� 4.

70 + 4.

75 + + +

8o + + ±

8� + + +

90 + + .f.

l4hr. + + ++

With gelatin added to x% concentration

5 + + + ++
10 + + ++ ++
Is + ++ ++ ++
10 + ++ +++ ++
2.5 + +++ +++ ++

3#{176} ++ +++ +++ +++
35 + +++ +++ +++ +++
40 + +++ +++ +++ +++

45 ++ +++ +++ +++ +++

5#{176} ++ +++ +++ +++ +++
55 + ++ +++ +++ +++ +++

6o ++ ++ +++ +++ +++ +++
6� ++ ++ +++ +++ +++ +++

7#{176} ++ ++ +++ +++ +++ ±++
75 ++ ++ +++ +++ +++ +++
8o ++ ++ +++ +++ ++++ +++

8� ++ ++ +++ +++ ++++ +++

90 ++ ++ +++ +++ ++++ +++

14 hr. ++ ++ +++ +++ ++++ +++

sion of lecithin in distilled water and then attempts to extract the lecithin by

shaking the emulsion with ether, it is impossible to get the slightest trace of

lecithin into the ether. However, when a slight trace of electrolyte is added, the
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JOHN 5. HIRSCHBOECK 587

lecithin is immediately and completely taken up by the ether. The electrolyte

ions apparently orient themselves at the lecithin-water interface and change the

physical properties of the emulsion.

It is possible to augment the electrolyte flocculation of lecithin by introducing

other hydrophylic colloids. Agar and tragacanth are almost as active as gelatin.

Gum arabic has no appreciable effect. As mentioned previously, Handovsky and

Wagner showed that serum albumin had no flocculating power, whereas whole

serum did. This led them to conclude that serum globulin had a strong flocculating

effect on lecithin. Egg albumin produces no flocculation.

In order to make the analogy between lecithin flocculation and rouleau forma-

tion and blood sedimentation more concrete, it was decided to test the effect of

gelatin solutions on inert particles of matter which had been coated with a film of

lecithin. Vermilion cinnabar particles were chosen because they approximate the

erythrocyte in amplitude and uniformity of size. Their shape, however, is very

irregular. Carbon and kaolin particles are too small and spores and starch granules

are too large. The cinnabar was lecithinized by saturating 3 grams of it in a mortar

with a i per cent solution of lecithin in ether. The mass was stirred until a thick

paste had formed as the ether evaporated. The powder which remained after the

ether had completely evaporated was then used in the experiments.

A susp�ision of lecithinized cinnabar in o.8� per cent saline is quite stable,

while a suspension of plain cinnabar is most unstable and settles out within a

few minutes. The lecithin adsorption to the particle apparently gives it a strong

charge and causes the particles to repel each other. If i per cent gelatin is added to

the lecithinized cinnabar suspension, a slow even flocculation occurs and the mass

begins to settle out in a manner similar to the sedimentation of erythrocytes. Figure

i shows the difference between a saline-lecithin suspension and a saline-lecithin-

gelatin suspension of cinnabar particles after standing one-half hour.

The flocculation as seen under the microscope is equally interesting. The leci-

thinized cinnabar particles in the saline preparation remain isolated as discrete

bodies just as washed erythrocytes in a saline suspension. When gelatin is present;

however, the particles attempt to line up in a network of chains and appear some-

what like a mycelium. The flocculation is in a linear form just as it is in the rou-

leau. The microscopic appearance of the floe on cover glass preparations of lecithin-

gelatin emulsions also shows the mycelium-like organization of the droplets.

It is evident that there is a certain parallel relationship between rouleau forma-

tion and the flocculation of lecithin by certain hydrophilic colloids, and it is

possible that the explanation of rouleau formation lies, at least in part, in this

relationship. We have seen that the rouleau phenomenon depends upon the inter-

action of the lipoid surface of the cell with a protein solution and that certain

proteins which are not native to the blood plasma react with lecithin and lecithin-

coated particles just as they do with erythrocytes. The gelatin-lipoid surface

reaction is therefore most probably responsible for the rouleau phenomenon.

Is the rouleau formation in native blood the result of a similar surface reaction

between the lipoid cellular membrane and the plasma fibrinogen and globulin?
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588 BLOOD SEDIMENTATION PHENOMENON

Certain experiments show that erythrocytes behave similarly to lecithin. Porges

and Neubauer3’ demonstrated that lecithin flocculation by electrolytes follows the

pattern of Hoffmeister’s ionic series. Radsma3#{176} showed that the agglutination of

erythrocytes by a 4.15 per cent glucose solution is hindered by the presence of

ions and that the effectiveness of the particular ions was in the same order as

Hoffmeister’s ionic series. Similarly H#{246}ber4#{176}noticed that hemolysis by hypotonic

saline was hindered according to the series. The properties of the erythrocytes

therefore are definitely linked with their lecithin content.

,. A. Lecithinized Cinnabar in o.8�% NaC1. B. Lecithinized Cinnabar in ,% Gelatin in o.8�%

NaCI. The photograph was taken at the end of a half hour.

After the effect of gelatin on lecithin emulsions was observed it was decided to

substitute blood plasma, fibrinogen, globulin, and albumin for gelatin with the

hope that fibrinogen and globulin might have an effect similar to gelatin and that

plasma from rapidly sedimenting blood either from horse or man would flocculate

the suspension. The results were exactly the opposite of what might have been

expected (table 8). Horse albumin and pseudoglobulin flocculated lecithin emul-

sions whereas horse fibrinogen and euglobulin had no effect. Lecithinized cinnabar

particles suspended in horse or human plasma with a high sedimentation factor

did not settle as in the gelatin solution. I am unable to explain these seemingly
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incongruous observations at this time. There is some evidence that gelatin will

not flocculate lecithin that has been previously suspended in an albumin solution

but will flocculate lecithin that has been previously suspended in a fibrinogen

solution.

The naturally occurring erythrocyte lecitho-protein surface is not reproducible

in the test tube at this time. Explanations of the cause and mechanics of rouleau

formation are therefore only theoretical. It is possible that the normal erythrocyte

has a surface of lecitho-globulin or lecitho-fibrinogen. This surface becomes de-

hydrated in the presence of more than the normal amounts of the homologous

protein in the plasma, and rouleau agglutination occurs. The erythrocyte lecitho-

protein surface varies pathologically and at times physiologically. Qualitative

and quantitative changes in the chemical composition of this lecitho-protein and

of the plasma proteins result in more or less rouleau agglutination with a correla-

tive erythrocyte sedimentation rate.

TABLE 8-Degree of Flocculation in Lecithin Emulsions in Plasma Protein Solutions at the End of

One-Half Hour

o.8�% sodium chloride

i% gelatin in o.85#{176}�, sodium chloride ++++
1% egg albumin in o.8�’� sodium chloride o

1% horse fibrinogen in o.8�% sodium chloride o

1% horse euglobulin in o.8�% sodium chloride o

1% horse pseudoglobulin in � sodium chloride

1% horse albumin in o.8�% sodium chloride

SUMMARY

i. The erythrocyte factor in the blood sedimentation phenomenon is not

influenced by changes in size or shape of the erythrocytes unless the surface is

altered by a hemolytic agent.

i. The erythrocyte factor varies considerably in health and disease. It is depleted

when blood is stored under refrigeration.

3. Egg lecithin emulsions and particles of cinnabar covered with lecithin are

flocculated by gelatin solutions. The phenomenon is similar to the formation of

rouleaux in gelatin solutions.

4. An attempt to explain rouleau formation as a flocculation reaction between

plasma proteins and the lecitho-protein surface of the erythrocyte is made.
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