
THE SPAN OF LIFE OF THE RED BLOOD CELL. A R#{201}SUM#{201}

By WINIFRED ASHBY, PH.D.

T HE QUESTION of the life span of the red blood cell has been an open one

for the past hundred years. Beginning with naive attempts to determine the

duration of the corpuscle in the circulation by transfusions of foreign nucleated

cells into the mammalian blood stream,’ the quest continues as of November 1946

with the most modern biologic tool, the isotope, and with full benefit of higher

mathematics in the analysis of the data collected. A solution at last seems to be in

sight.

The fact that the mammalian red blood corpuscle is an incomplete cell, which

has lost its nucleus, together with the fact that it is of necessity subjected to the

stress of contortion as it passes through the capillaries, has made its ephemeral

existence an acceptable hypothesis. To anyone who has had the privilege of

seeing the beautiful moving picture made by Professor August Krogh showing

the opening and contracting of the capillaries and of the red blood cells being

crowded through them, it is amazing that the frail erythrocyte should survive

for any great length of time.

Two schools of thought have arisen concerning this subject. One is influenced

by the seeming fragility of the corpuscle irreconcilable with any long buffeting

in the circulation. Its members still accept the earlier work upon the rate of bile

pigment excretion which argues for a short life of the cell.2 The chief protagonist

of this school is Dr. Raphael Isaacs. His expressed opinion as of 1938 was as

follows: “As the erythrocytes in mammals are non-nucleated it is evidently impos-

sible for repair and metabolic nutrition to be a part of their normal physiology.

Their life duration must be limited and is probably shorter than most of the fixed

tissue cells, but the exact or even approximate length of service is not known.”3

This opinion is still acceptable to many authorities in the field of blood physiology

and has appeared in some of the postwar textbooks, in which the physiology of

blood destruction is discussed. For instance, in . An Integrated Practice of Medi-

cine”4 (1946), edited by Harold Thomas Hyman, we find the following statement

on page 1038: ‘The life of the normal erythrocyte is very limited and probably

does not exceed a span of more than six weeks.”

The other school bases its judgment upon certain technics which tag the cor-

puscle, either directly or indirectly, and enable the observer to follow it until

it is eliminated. The members of this school accept, notwithstanding its seeming

improbability, a life span of approximately 12.0 days for the red cell in the normal

body.

THE METABOLISM OF THE MAMMALIAN RED BLOOD CELL

Since this supposed frailty of the non-nucleated erythrocyte has played so great

a part in our thinking concerning the span of life of the red blood cell it would

From St. Elizabeths Hospital, Washington, D. C.

486

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/5/486/573822/486.pdf by guest on 19 M

ay 2023

https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V3.5.486.486&domain=pdf&date_stamp=1948-05-01


WINIFRED ASHBY487

seem well to examine the evidence which concerns the position, from the point

of view of metabolism, which the red cell holds in the society of cells which

compose the mammalian organism.

In the first place, although the nucleus is necessary for cell division and reproduc-

tion, it is not necessary for the continued life of the cytoplasm. This has been

beautifully demonstrated by Dr. Chambers, especially in his work upon the

enucleated ameba, which survives for a long time, forming contractile and gastric

vacuoles. The nucleus is not, as one was inclined to think in one’s high school

days, the brain which directs the metabolic activities of the cell. The cytoplasm

also has its enzymes by which its metabolic activities are accomplished. One

thinks of the various components of the cell as being produced in situ from previous

material of the same kind. For instance, botanists have long regarded the plasted,

that component of the cytoplasm in which starch is produced when the leaf is

illuminated, as being capable of reproducing itself and of passing on as such when

cell division occurs.’ In the recent conference on the chemistry and physiology of

growth held at Princeton, the question was proposed as to the passivity of the

cytoplasm and attention was called to self-perpetuating cytoplasmic entities in

lower forms which could be passed from the cytoplasm of one cell to another,

dependent to some extent upon the genes of the host.6 In line with this are recent

disclosures by way of the isotope. To quote Addison Gulick: “Studies with radio-

active nitrogen have demonstrated that proteins in the living cell are constantly

undergoing exchanges of their amino acid residues. Thus, even after it is com-

pletely synthesized, the protein molecule does not maintain its absolute identity of

material, but merely a steady state with like configuration of like materials.”7

The same author mentions the fact that the cytoplasm has its own nucleoprotein,

which is different from the nucleoprotein of the nucleus, but is of the same type as

that found in viruses, or at least in the tobacco virus. And the tobacco virus is

not only capable of maintaining itself, but, given the cooperation of a suitable cell,

of very extensively reproducing itself. Red cells are reported to contain nucleo-

proteins. They also contain catalysts such as phosphatase, carbonic anhydrase,

coenzyme, choline esterase, catalase, urease, lipase. Barron8 quotes some work

indicating that red cells can synthesize flavin adenine-dinucleotine from riboflavin

in vitro and in vivo. It would seem then that the long cherished conception of the

histologically minded hematologists that the red cell is a passive hemoglobin

containing sac with little other content, will have to be modified.

We have several indirect points of evidence to the effect that the red cell may

be able to repair itself. For instance, a small amount of glucose, the prime source of

metabolic energy, aids in preventing deterioration of drawn blood. Maizels has

shown that glucose inhibits the breakdown of organic phosphates in the stored

cells.9 Maizels and Paterson showed that stored cells that had taken up sodium at

the expense of their normal potassium, although they still possessed this excess

after half an hour in the blood stream, lost it in twenty-four hours against the

steep concentration gradient produced by the content of the patient’s serum. They

consider that the cells have been “reconditioned” in a more complex manner than

would be accounted for by a simple physical process.’#{176} There is also the loss of the
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488 SPAN OF LIFE OF RED BLOOD CELL

specific polysaccharides constituting the a and b antigens, which takes place when

cells are stored under the stabilizing influence of a lowered temperature and re-

moved from the strain of the circulation. Whereas under the stress of the circulation

the high degree of agglutinability is maintained. This would suggest that in vivo

the corpuscles have capacity to replace the loss of these specific polysaccharides.

The very low metabolism found by Warburg, at least in the corpuscles of man,

is rather against the idea of the synthetic repair of the red cell in the blood stream,

since energy is required for the building of protein and of the polysaccharides.”

Ramsey and Warren find the respiratory rate of red cells to be comparable to the

rate of other resting tissues (3o-7o mm3,’Gm ‘hr).’2 G. P. Wright finds that normal

orthochromatic erythrocytes have a negligible respiration, if any, but that oxida-

tion increases with increases in reticulocytes and is in proportion to their number

present.’3 Similar findings had previously been reported by Barer, Needle and

Baldridge.’4 The argument in favor of any metabolic repair in vivo would be in a

bad way if it were not for the work of Harrop and Barron who showed that non-

nucleated erythrocytes respire to an extent comparable to the respiration of other

tissues in the presence of a hydrogen acceptor. They used methylene blue.”

Following this, Michaelis and Salmon found in aqueous extracts of the body

tissues, notably the liver, something which acted in a manner similar to methylene

blue and raised the respiratory rate of the red blood cells to the level of tissue

cells.’6 It would seem almost certain, then, that in vivo the metabolism of the red

cell is such that the cell would have the energy necessary to repair its own deteriora-

tions.

THE STUDY OF TRANSFUSIONS AND HEMORRHAGE

The first attempts to determine the life of the erythrocyte, that from the point of

view of our present knowledge must be considered seriously, were the studies of

transfusions or of hemorrhage using changes in the total blood count as the

indicator. Hunter,’7 in a report before the Royal Society of Edinburgh in 1885 of his

own work in this line and of that which preceded his, gives the results obtained by

Ward-Miller, Quinck, and von Ott. Ward-Miller transfused dogs and produced a

plethora. After two or three days he judged that the number of corpuscles cor-

responded to the number transfused plus the original count. After a few weeks the

count had returned to its first level. Hunter, in order to avoid the abnormal con-

dition of plethora, injected blood intraperitoneally; von Ott removed large

amounts of blood, injected defibrinated blood and observed the time taken for the

total count to drop to a minimum. The period of observable change indicated by

this work was between fourteen and twenty-six days.

Various modifications of the above type of experimentation have continued to

date. In 1934, Escobar and Baldwin introduced a new facet in that they produced

the plethora by exposure to low oxygen pressure.’8 They also measured plasma

volume. They did not count reticulocytes, which Rous and Robinson’920 found

reduced to zero in their studies of increase in fragmented corpuscles produced with

plethora. They did not allow the cell count to increase under oxygen need beyond a

certain arbitrary amount because they said, “If the cell count is too great the
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compensatory erythro-destroying mechanism begins to act and the supernumerary

cells under observation may not live out their allotted normal life span. ‘ ‘ The

results of these workers are in good agreement with other work in which this

general method has been used. In rats the count returned to normal in from twelve

to eighteen days; in the dog from sixteen to twenty-three days; in man from

eighteen to thirty days.

In all of this work which deals with the whole blood there are three under-

lying factors, and probably a fourth, two of which are quantitatively indeter-

minate and therefore vitiate any quantitative results. The quantitatively indeter-

minate factors are blood destruction and blood production. In the reticulocyte

count we have a qualitative index of blood production, but there is no way in

which the number of reticulocytes can be interpreted in terms of the number of

red cells that are being produced. The length of time that an increased count

remains above normal could be taken as an index of the length of time that the

cells producing this increased count remained in the circulation, only if we were

certain that no change had taken place in the relative rate of production and

destruction which maintained the original cell count. This we cannot assume.

In fact, we have evidence in the work of Rous and Robertson2’ that plethora causes

a reduced production, as shown by absence of reticulocytes and by a reduction in

the count of cells in the bone marrow; and also an increased destruction, as shown

by the increase of schizocytes in the spleen. Both increased destruction and de-

creased production would cause the count to return to normal without the neces-

sary destruction of the cells introduced to cause the excess counts, especially if the

excess cells were the youngest cells in the community, as would be the case in the

experiment of Escobar and Baldwin. The duration of the plethoric count would

always be shorter than the life of the cells which produced it.

In 1930 Eaton and Damren made an interesting contribution to the problem.22

They subjected rabbits and dogs to fairly severe hemorrhage and studied the

appearance of reticulocytes. The curve of their appearance showed marked crests

which gradually subsided through five or six cycles. The interval between crests in

the dogs’ curves was approximately sixteen days and that of the rabbits eight and

one-half days. They infer that the blood which is produced in the first crest is

destroyed and its destruction is the stimulus for the second crest, and so forth.

These data would be strong evidence in favor of the shorter term of life of the

red cell, if there were not some indication that activities of the organism do not

proceed at a constant rate, but are subject to more or less regular fluctuations.

From this point of view these data could be explained as magnifications of these

tendencies to periodic increases in growth activity caused by the stimulus of

increased need. This tendency to rhythmic fluctuations in the anabolic and cata-

bolic activities of the organism, which appear to become more evident under

stress, needs to he recognized clearly in attempting to evaluate the evidence con-

cerning the length of life of the red cell.

Ashby in 192.1 reported that “Group 0 corpuscles transfused into a recipient

with agglutinable corpuscles disappeared in steplike intervals that might be from

two to four weeks in span.’ ‘23 Wearn, Warren and Ames using the same technic
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490 SPAN OF LIFE OF RED BLOOD CELL

failed to observe these abrupt changes, but they admitted that their observations

may not have been sufficiently closely spaced to catch 24 Of course there are

many rhythmic phenomena which have been studied in relation to the menstrual

cycle, but there is also evidence that such rhythms occur independently. They may

be seen in weight curves in persons on a reducing diet. The cross striations on the

fingernails have been attributed to such fluctuations in growth. Upon measuring

the growth of a series of fingernails through several weeks, I have found such

fluctuations at intervals of from twelve to fourteen days.2’ Schultz, in a study of

fetal growth in man, states that the rates of growth of different parts of the body

are frequently found to alternate during fetal life which “indicates a certain

fluctuation in the rate of growth.” (p. 39I).26 One of the most careful studies of

these fluctuations was made by Broun, McMaster and Rous.2735 They used this

phenomenon in their study of the relation between blood destruction and the out-

put of bile pigment. They describe it as slow, wavelike changes in hemoglobin

content and bile pigment output with often as much as a fortnight elapsing between

crest and crest. If we are willing to accept the longer life of the red blood cell, then

the findings of Eaton and Damren also become evidence for a periodicity in the

activity of the hemopoietic system.

BILE PIGMENT METABOLISM AND THE SPAN OF LIFE OF THE RED BLOOD CELL

Since bile pigment is derived from hemoglobin it is inevitable that measure-

ments of bile pigment excretion will have played a large role in our estimations in

the life of the red cell.

The earlier Conceptions of bile pigment as derived exclusively from the break-

down of hemoglobin and as being excreted in its entirety, give the red cell a short

life, when calculated on the basis of the known quantitative relationship between

hemoglobin and bile pigment. Wilber’s hypothesis of a conservation of the pyrrole

complex for the formation of fresh hemoglobin by reabsorption from the intestine

would still further reduce the figure for life span of the red cell. It was not until

Whipple and Hooper introduced the conception that bile pigment might be derived

from other sources than hemoglobin that evidence of a longer life of the red cell

became tenable.

Following the earlier work, in which calculations were based upon a direct

relationship between bile pigment excreted and hemoglobin destroyed, Eppinger

in 191328 Wilber and Addis29 in 1914 and Addis2 in 1915 emphasized the probability

that bile pigment was reabsorbed from the intestine and used for the formation of

hemoglobin as the needs of the organism demanded. This theory led to a great deal

of experimental work, some of which appeared to support it and some to disprove

it.

In 1917 Hooper and Whipple3#{176} published the results of some work on dogs which,

they considered, indicated that bile pigment was not absorbed from the intestine.

They studied dogs with biliary fistulas to determine the normal rate of bile pig-

ment excretion, after which they injected from ioo to 300 cc. of fresh bile by

stomach tube. They determined the rate of excretion of bile pigment for six hours

and in some cases for fifteen hours afterwards. They found no significant increase.
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WINIFRED ASHBY 491

In 1913 Broun, McMaster and Rous3’ repeated this work with an improved

technic for collecting the bile which enabled them continuously to obtain the

whole twenty-four hour specimen. They worked with dogs and part of their

experiments consisted in the injection ofsheep bile which contained cholehematin,

a substance not found in dog bile. They found this in the dog’s biliary secretion

and considered this partial evidence that the sheep bile had been taken up from the

intestine, although they admitted that cholehematin was an extrinsic substance

obtained from the green food of the herbivorous animal. They also fed dog-bile,

but in this work their results were not consistent. In some instances they considered

that their figures indicated an increase in the output from the biliary collection

upon feeding bile, in others no increase was shown. They considered that on the

whole their results indicated an enterohepatic circulation of bile pigment.

In 192.6 Bollman, Sheard and Mann32 brought a fresh technic to the solution

of the question. They compared the bilirubin contents of the venous and arterial

blood supply of various organs, including the intestine. They used fasting animals;

animals on a mixed diet of meat, bread, milk and syrup; animals given a feeding of

cream and egg yolk; and animals given fresh dog bile in amounts of from 100 to

ioo cc., injected into the duodenum, the jejunum and the ileum. Comparisons were

made of the bilirubin contents of the blood from the mesenteric veins and arterial

blood at periods of from thirty minutes to three hours after administration of
the bile, and at suitable periods in the fed animals. They had previously found

that blood samples withdrawn simulatenously from different arteries of the body

contain identical amounts of bilirubin. The bilirubin content of blood from venous

sources taken at the same time is greater than or identical with that of arterial

blood, depending upon the areas drained by the veins. The findings indicated that

bilirubin was added to the blood in the spleen, the bone marrow and the liver.
With the same technic they were unable to detect any increase in the blood return-

ing from the kidney, skeletal muscles or the intestine. They conclude that since

their method was sufficiently sensitive to detect the addition of bilirubin to the

blood as it passes through any of the sites of bilirubin formation, no intestinal

absorption occurs under the conditions of their experiment.

Probably the latest contribution to this problem as to whether the bile pigment

is absorbed and reutilized comes from some work by Shemin and Rittenburg33

using the isotope N”. The isotope was incorporated into glycine which had in

previous work been shown to be the nitrogenous precursor of the protoporphyrin

of hemoglobin. When the isotope containing glycine was fed to man the N” con-

tent of the hemoglobin rose sharply, stayed on a level and then fell abruptly to

base. The flatness of the curve indicates that there was no reutilization of the

labeled nitrogen for hemoglobin formation.

Having apparently disposed of the question of bile pigment reutilization, we

come to the even more important one in our assay of the life of the red cell, that of

whether or not the bile pigment complex has other source; than hemoglobin.

In 1916 Whipple and Hooper34 reported that bile pigment excretion was in-

creased with carbohydrate feeding. By 192.2. the studies on the effect of food had

been greatly extended by the workers constituting this group. It was shown that

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/5/486/573822/486.pdf by guest on 19 M

ay 2023



492. SPAN OF LIFE OF RED BLOOD CELL

red meat, cooked liver, hemoglobin and butter fat had a positive effect upon the

production of hemoglobin or bile pigment. Next came spinach, full diets of com-

mon grain foods and milk. Chiorophyl, clams, onions, lard and codliver oil were

inert. At this time Whipple3’ formulated the conception of a bile pigment complex

which would be an intermediaty stage in the development of bile pigment or

hemoglobin and would be utilized according to the needs of the organism. He con-

siders that bile pigment output is a result of functional activity of the liver and

not solely the result of the passive elimination of defunct hemoglobin. At this

time he characterized pernicious anemia as a disease which showed abnormal

tendency to pigment production rather than to cell destruction. Preceding this,

Ashby, due to a failure to find any increase in destruction of transfused red cells in

that disease, had suggested that a retardation in the maturation of the red cells in

the bone marrow might account for the accumulations of iron because of non-

utilization and that the physiologic stimulus of the anemia might account for the

extension of the active bone marrow and the increase in bile pigment production.36

In 192.3, Rous, Brown and McMaster37 published a series of papers on studies on

total bile, using their technic of continuous bile pigment collection. One of these

papers was devoted to the question of the relation of carbohydrates to the output

of bile pigment. They considered that their results did not substantiate those of

Hooper and Whipple. They found an increase in bile pigment production upon

carbohydrate feeding followed by a compensatory decrease. They explained this

result on the basis of a temporary hastening of the evacuation of the bile pigment

from the liver due to deposits of glycogen. In a paper on the relation between blood

destruction and the output of bile pigment they described work in which dogs had

been intubated with the total removal of bile for periods of three months.38 A

secondary anemia developed which showed intercurrent fluctuation accompanied

by similar fluctuations in the bile pigment output. The relations between these

fluctuations were studied. In addition, some of the dogs were subjected to treadmill

exercise and to transfusion of citrated blood. The authors find that the output of

bile pigment is not fully reflected in the fall in hemoglobin, which they interpret as

blood destruction. They attribute this to a process of pigment conservation which

varies in proportion to the body need. They add that “the destruction finds expres-

sion in terms of bile pigment and practically at once; and the data support the con-

ception that bilirubin has no other source besides the hemoglobin of destroyed

blood.”

In the evaluation of all such data as the above we have certain inherent diffi-

culties. Bile pigment can be measured, but blood destruction cannot. The blood

count is the resultant of two unknowns: the rate of blood production and the rate

of blood destruction. With a decrease in blood production the total red cell count

would go down without any change in the rate of blood destruction. If we inter-

pret these increases in bile pigment production which Rous and his co-workers have

found associated with the falls in circulating hemoglobin as part of a stimulus to

production of the pyrrole complex in answer to the need, they become equally

potent arguments for the extra-hemoglobin source of bile pigment.

It would appear that Hawkins and Whipple39 have finally settled the question
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by pinning one of the unknown factors, blood production. They did this by re-

moving within a short space of time enormous amounts of blood from dogs. Upon

regeneration of the red cells they had a population of corpuscles that were of

practically the same age. They varied the procedure by destroying the blood with

acetyl phenyihydrazine to avoid removal of material that might be useful in

rebuilding corpuscles. The bile pigment output changed from 12.5 mg. per day to

�8 mg. and remained at this low level because the population of the blood stream

was preponderantly young cells that were not being destroyed. After approximately

four months the bile pigment rose to a high level. This was interpreted as being the

result of the eventual death of the cells that had been formed after the massive

hemorrhages. The life span was estimated at 133 days.

THE USE OF DIFFERENTIAL AGGLUTINATION

After the establishment of the human blood groups by Landsteiner, followed by

jansky and Moss, much clinical experience was accumulated with reference to the

blood transfusion. By 1918 the question was in debate by the medical profession as

to whether or not transfused blood existed in the circulation for even the twenty-

two days suggested by the work summarized by Hunter, or, whether it was re-

moved within a few days and any favorable clinical results were due to the supply

of raw material from which new cells could be formed more readily.

In 1911 an article by Charles Todd and R. G. White4#{176}had appeared in the pro-

ceedings of the Royal Society, “On the fate of the red blood corpuscles when

injected into an animal of the same species.” The authors used a highly polyvalent

isohemolytic cattle serum produced by injection of cattle with the blood of other

individuals. By this technic they had previously reported a high degree of indi-

viduality in cattle similar to that found by Ehrlich in goats. This serum was

exhausted for the antihemolysins of the corpuscles to be studied. It was used to

separate transfused blood from the blood of the recipient. The transfused blood

was found to disappear in the course of a few days. The authors found “that the

injected corpuscles are treated by their host as foreign, and in fact act as antigens,

and give rise to the formation of corresponding antibodies in accordance with the

ordinary laws of immunity.”

In 1918, Ashby4’ at the Mayo Clinic, taking advantage of the difference in

agglutinability of the recipient and donor cells in instances of transfusion with the

‘universal donor,” published the result of the study of 3 cases in which it was

claimed that the transfused blood stayed in the circulation for considerable lengths

of time, time enough to produce beneficial results due to functioning cells. Because

of the rapid turnover of patients at the Mayo Clinic it was difficult to follow the full

span of life of the transfused blood, and nothing was postulated as to this point.

Of the 2. cases reported, which remained under observation for forty days, in one,

that of a woman who had had a total hysterectomy, the transfused blood had come

to base, while in the other, a man who was transfused for simple hemorrhage,

there was little sign of disappearance of the transfused blood at the end of this

time. Included in this first report were studies checking the quantitative validity

of the technic with in vitro mixtures of bloods and certain points necessary for
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494 SPAN OF LIFE OF RED BLOOD CELL

satisfactory results were stressed. There were also included io cases studied for

only a short time, in which the data indicated a common factor relating the

amount of blood transfused, the body weight of the patient and the number of

cells found in the blood after transfusion attributable to the transfused blood, as

determined by differential agglutination. Such data were subsequently used in the

study of blood volume.

Three papers by the same author followed this initial report.42’2336 They gave

data on approximately 40 cases. Many of these patients were suffering from fatal

illnesses. Although the longer life of the corpuscle was amply demonstrated in a

few patients who were in comparatively normal health, attention was called to

the great irregularity in the time taken for elimination of the transfused cells in a

group of patients in which it had been possible to follow the count to its extinction.

These survival periods ranged from 30 to 110 days. It was argued that transfused

bloods, having been taken from normal donors, had equal capacities to survive and

that the differences in survival periods were due to an activity of the organism

receiving the blood. This argument was offered in conjunction with the data in

connection with certain cases in which periodic steplike decreases in the count

were seen. The capacity for the long survival of the red cell in the blood stream,

however, is seen. In ii cases that were under observation for periods varying from

2.2. to 51 days during which no appreciable drop in the count of transfused blood

took place; from the case of a man who was in good health who had been trans-

fused for a simple hemorrhage and whose count was followed for 110 days when

there was still evidence of some of the transfused blood; from cases of pernicious

anemia in which there was evidence of survival of the last of the transfused cor-
puscles, which were presumably the youngest at the time of transfusion, � and

iao days after the transfusion had been given.

In 192.2. Wearn, Warren and Ames,24 using Ashby’s technic, presented prolonged

studies on 8 patients from the Medical Service of Peter Bent Brigham Hospital.

Four were cases of primary anemia and four of secondary anemia due to nephritis.

They report that ‘�the last of the transfused red blood cells disappeared from the

circulation in from 59 to 113 days”; “No difference was noted in a series of observa-

tions in the duration of the stay of the transfused red blood corpuscles in the

circulation between patients with primary and secondary anemia due to nephritis”;

and that “in a single observation red blood corpuscles from a patient with perni-

cious anemia transfused into another patient with pernicious anemia, behaved as

did corpuscles from normal donors.”

By 192.6 several criticisms had been leveled against this apparently simple

technic of Ashby, notably by Wildegans43 and G#{246}rl.44The criticisms were due to

an inability to get quantitative separation of in vitro mixtures of agglutinable and

nonagglutinable blood as had been reported by Ashby in the original description

of the technic. These failures to repeat the results of Ashby were probably due to

the use of serum of insufficient agglutinating strength or to the use of hemolytic

serum, both of which were warned against in Ashby’s original description of the

technic. A possible cause, also, would be insufficient agitation during the initial

period of agglutination. The technic was not acquired by these workers.
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The most serious criticism of the findings of Ashby and of Wearn, Warren and

Ames, indicating a prolonged life for the red cell in the blood stream, came from

Isaacs, in I9L4.�’ He reported : ‘ ‘The use of agglutination in recognizing the cells of

a donor in a mixture of two bloods in a transfused patient is of little value after the

number of young cells reaches the number of unagglutinable cells, usually in from

two to four days. ‘ ‘ This statement was based on work using a radical modification

in technic, with no report of in vitro work to see whether or not the technic gave

quantitative separation of an agglutinable from a nonagglutinable blocd. The

greater part of the work was done upon the blood of dogs in which animal there

are not known to be strong isoagglutinins and for which the author gave no

evidence that they exist. Work upon 2. human cases was reported, the results of

which were entirely at variance with the results already reported with the Ashby

technic on some �o cases by Ashby and by Wearn, Warren and Ames.

Ashby immediately criticized this paper of Isaacs,46 in the first place because

the immature cells which Isaacs had claimed composed the unagglutinated cells

were not found among the nonagglutinated cells by the Ashby technic. The same

finding was reported in 1940 by Maizels and Paterson who say: “If the unagglutin-

able cells are immature cells they should show a high retic count, higher than that

of the whole blood, but the reverse is the case.” In the second place the prolonged

rise in the count of unagglutinable cells after a Group 0 transfusion and the lack of

a rise after a like group transfusion reported by both Ashby and by Wearn, Warren

and Ames was not explained by Isaacs. It was also pointed out that on the basis of

the amount of blood given and the body weight of the two patients, the counts of

the unagglutinable blood found by Isaacs subsequent to transfusion would indicate

an impossible blood volume relationship, being in one case 2.5 per cent of the

patient’s body weight and in the other 75 per cent of the body weight. It was con-

cluded that Isaacs had not accounted for the transfused blood by his technic.

Isaacs’ results, however, were considered seriously by the group interested in the

longevity of the blood cell and Isaacs, himself, reiterated them in a paper in

Physiologic Reviews in I937,�� so that at the beginning of World War II when

several English groups were studying the effect of storage upon survival of trans-

fused blood for use at the front, Maizels and Paterson47 undertook to check on the

validity of Isaacs’ claims. With reference to Isaacs’ criticisms of the Ashby technic

they state: “It may be said at once that these criticisms are theoretical and un-

supported by numerical data; however, since the cell agglutination technique is

the only one which permits of a direct measure of cell survival the objections must

be considered in detail.” The arguments were approximately those used above

except that in addition the M and N factors were used to separately agglutinate

the donor and recipient cells.

By 192.8, however, Landsteiner, Levine and Janes49 had offered irrefutable dis-

proof of Isaacs’ contention for the short life of the cells by making use of their anti

M and N sera and agglutinating the transfused cells instead of the recipient’s cells.

They found clumps in the recipient’s blood treated with their antiserum for seven

weeks after transfusion, when they ceased to examine it. Later Wiener,’#{176} using
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M antiserum with an M donor, reported that the life of the transfused cell prob-

ably averages between 8o and 12.0 days.

The very considerable amount of work which was done at the beginning of the

war, checking the various methods for preserving blood and the time allowable

for storage, made use of the cell-agglutination technic. This work was carried out

by the English Groups,47”2 by Wiener and Schafer’3 in this country and by the

Russians in checking their cadaver blood. This work all indicated the long survival

of the transfused corpuscle.

DETERMINATION OF THE LIFE SPAN OF THE RED CELL BY USE OF THE ISOTOPE

The problems involved in tagging the red cell by use of the isotope and deter-

mining its longevity are: First, to introduce the isotope into the corpuscle in such

a chemical combination that it remains in the corpuscle during its life; second, to

choose an isotope of some element that will not be reutilized after the corpuscle has

disintegrated; and last to choose an isotope that can be studied for a sufficient

length of time.

The interesting phenomenon which the use of isotopes has emphasized is that

although morphologically the cell and its constituents are intact, the reversibility,

within the status of their equilibrium of certain cellular reactions, results in con-

tinuous degradation and resynthesis. An isotope introduced into a constituent of

the cell which bore such a relationship to the metabolism of the cell would not

indicate by its presence the life of the cell, but would merely be an index of the

time relationship of the reaction in which the compound was involved.

On the other hand, if the isotope is some element which will be reutilized in the

formation of new cells its presence will extend beyond the lifetime of the cells into

which it was first introduced. It has long been considered probable that iron split

off from hemoglobin upon the formation of protoporphyrin, is quite labile and is

readily reutilized. In 1941, Cruz, Hahn and Bale,’4 working with radioactive iron,

reduced the iron reserves of dogs by repeated hemorrhage and fed radioactive iron.

This appeared in the blood with the rise of hemoglobin and stayed on a level for

seventy-five days when the dogs were treated with acetyiphenyihydrazine. The

resultant drop in hemoglobin was paralleled by a drop in the radioactivity of the

blood which rose to its original height with the regeneration of hemoglobin.

The isotope level had not decreased i8o days later. The authors conclude that iron

liberated from red cells is utilized readily and nearly quantitatively for the regenera-

tion of hemoglobin in new red cells.

In 1946 Shemin and Rittenberg introduced the isotope N” into several com-

pounds which were of interest in their possible relationship to the synthesis of

protoporphyrin of hemoglobin.” Glycine, proline and glutamic acid were chosen

because there was a probability that they would be used in the formation of the

protoporphyrin; leucine was chosen as a representative a-amino acid whose intact

carbon chain was unlikely to be used for pyrrole synthesis, and ammonia was

chosen to test the nonspecific utilization of nitrogen liberated by deamination of

amino acids. These substances were fed to rats whose hemin was subsequently

tested for the isotope. It was shown that glycine is a nitrogenous precursor of the
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protoporphyrin of the hemoglobin of rats. The authors were of the opinion that

the much smaller amount of N” found in the hemin upon feeding of isotope pro-

line, leucine, glutamic acid and ammonia is due to N” enrichment, by the nitrogen

of these compounds, of the body nitrogen from which the precursors of heme is

synthesized rather than a direct utilization of these compounds.

Having established this fundamental point these workers proceeded to feed

N” containing glycine to a man and to study the shape of the curve indicating

the appearance in the circulation of this isotope and its disappearance from the

circulation. “The values rose rapidly to a high level, remained practically con-

stant for many weeks and then fell quite sharply to a very low level. This finding

indicates that the heme is neither involved in the dynamic metabolic state nor re-

utilized for hemoglobin formation. On these grounds, the curve of N” concen-

tration of the heme versus time can form a basis for the average life span of the hu-

man red blood cell. This was found to be about 12.7 days.”33

CONCLUSION

We come then, after following the evidence derived from three separate ap-

proaches, to the conclusion that the life span of the red cell approximates the

dimension of 110 to 130 days under favorable conditions.

This does not mean, however, that for practical purposes a transfusion lasts for

that length of time. The blood transfused consists of cells of all ages up to the full

span of four months, and half of them are already half of this age when they are

transfused. Neither does it mean that the span of life of the red cell is of this

dimension under all circumstances. Hawkins and Whipple reported the figure of

133 days from work on normal dogs. The study of Shemin and Rittenberg using the

isotope N” in which they found the life span to be 12.7 days was made on a normal

man. The subjects of transfusion, however, are usually far from normal; therefore

the data derived from the cell-agglutination technic has to be considered in relation

to the condition of the patient transfused. Ashby (1911), Wearn, Warren and Ames

(192.2.), Wiener (i��z�), Mollison and Young (1940), and Callender, Powell and

Witts (1945),56 are agreed upon 12.0 days as an approach to an optimum length of

life for the transfused red cell as indicated by the method of differential agglutina-

tion. Ashby (192.1), and Wearn, Warren and Ames (192.2.), are agreed that in per-

nicious anemia the tenure of life of the red cell is of a similar dimension. But there

are other conditions in which the life span of the transfused blood and probably,

also, of the patient’s own blood, is of much shorter duration.

I have on this occasion reviewed my own studies of transfused Group 0 blood

into recipients with blood of an agglutinable type, of which I have over 8o cases,

with few, unfortunatley, studied to the extinction of the transfusion. I have en-

deavored to draw some conclusions from these data by extending the slope of the

curve of elimination to a base line. This is admittedly not accurate in the individual

case, but appears to give interesting average results. In 8 cases, uncomplicated by

malignancy, in which postoperative transfusions were given, the average time

taken for unagglutinable cells to come to base was ii.� days. In i6 cases of per-

nicious anemia it was iio days. In addition there were in these groups cases which
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showed no drop in the count while under observation and therefore no estimation

could be made. On the other hand 10 cases with malignancy averaged 52. days.

Seven cases of jaundice averaged 46 days. In a case of aplastic anemia with smallpox

studied for i6 days the curve of the count of transfused corpuscles would have come

to base in 41 days, while a case of splenic anemia in an infant by this method

showed elimination of a first transfusion in 44 days and of a second in � days. In a

total of � cases, in which hyperthyroidism and severe chronic infection are in-

cluded, the average of the apparent length of life of the transfused blood was

days. But in � instances in which death was imminent the life of the transfused cell

was even shorter.

It would seem, then, that we will have to regard the erythrocyte not as an entity,

but as an integral part of the organism. Castle and Minot’T in their article on the

anemias in Oxford Medicine introduce Boycott’s conception of the “erythron,”

which is understood to be the circulating blood and the organ from which it

arises. I believe, however, that before the picture is complete we will have to con-

sider a broader angle and include the effect of the endocrine system. As we pointed

out in the beginning of this review, the red cell, both the compatible transfused cell

and that produced in the ‘body, probably is capable of undergoing repair; and it is

by virtue of its capacity to repair itself that it survives the buffeting of the circula-

tion. In a body in which the anabolic processes as compared with the catabolic

processes are on the down grade, as in the terminal stages of disease, or in the

presence of malignancy, one would expect the red cell to suffer with other body

tissues and its life in the blood stream to be shortened.

The new knowledge on the interplay between the cortical and anterior pituitary

hormones and their control of the up-build and destruction of protein, and their

relation to insulin in carbohydrate metabolism as illustrated by the work of the

Con’s on the enzyme complex hexosekinase, may be intimately related to the

problem of the life of the red cell. This question has already begun to interest

biochemists. In the 1946 meeting of the Federation of American Societies for Ex-

perimental Biology a study was reported by Gonzales and Angerer’9 on the effect

of adrenalectomy on the respiration of the erythrocytes of rats. They found a 41

per cent decrease in oxygen consumption in a Kreb-Ringer suspension of washed

rat red cells five days after adrenalectomy and noted that the decrease was per-

ceptible within forty-eight hours.

If we may assume that the life of the red cell in the rat is longer than five days,

which would seem to be a safe assumption, this finding would indicate that the

erythrocyte is dependent upon the adrenal for something that maintains its ca-

pacity to utilize oxygen and brings it into relationship with the organism in its

ability to maintain itself in the circulation.
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