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Anemia not resul t ing from extravascular blood l o s s  can a r i s e  e i t h e r  from 

a decrease i n  the ra te  of production of red blood c e l l s  or a decrease i n  the 

l i f e  span of the red blood c e l l s  or from a combination of these two factors .  

For many years it has been held that the anemia of leukemia r e su l t s  from a 

crowding out of the erythropoiet ic  f rac t ion  of the bone marrow by leukemia t i s sue ,  

resul t ing i n  a decreased r a t e  of formation of red ce l l s .  

appearance of the  bone marrow would tend t o  confim this opinion. Certainly 

i n  some cases the  marrow appears t o  be def ic ien t  i n  erythropoietic elements. 

However, i n  1949, invest igat ions i n  this laboratory showed surpr is ingly but 

conclusively tha t  i n  most cases of chronic leukemia, the ra te  of prcrduction 

of red blood c e l l s  i s  normal o r  even greater  than normal (1>2), 

pat ien ts  a re  i n  many instances anemic by blood wlume,standards, it was postu- 

l a t ed  tha t  the red c e l l  U f e  span was decreased i n  this disease. 

ment of the l i f e  span of the red c e l l  i n  several  pa t ien ts  with chronic leukemia 

(3,4) indeed did show a shortened l i f e  span. Similar findings based on the 

Ashby d i f f e ren t i a l  agglutination technique Were reported fram several  other 

laborator ies  (5-7). 

normal donor c e l l s  i n  the  patient. 

Often the h is to logica l  

Since these 

Direct measure- 

However, the Aehby method measures only the  survival  of 

With the demonstration that glycine i s  a specif ic  precursor f o r  the 

porphyrin of hemoglobin, it became possible t o  measure the  l i f e  span of the red 

blood c e l l  in i ts  na tura l  e n v i r m m t  (8). The present paper i s  a more detai led 

and extended report on the  l i f e  span of the red blood c e l l  i n  e ight  pa t ien ts  

with chronic leukemia a s  measured by the carbon-l.4 labeled glycine method. 

Three of these pa t ien ts  have been b r i e f ly  reported i n  our or ig ina l  paper ( 4 ) .  

Methods 

Each pa t ien t  was given a p p r o h t e l y  100 microcuries of carbon-l.4 a s  

glycine-2-Cu (8.2 mgm. of glycine) intravenously. Blood samples were 
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obtained a t  frequent intervals .  

removed. 

Drabkin ( 9 ) ,  i n  which the c e l l s  were washed three tines with physiological 

sal ine.  

was removed, 

water. 

night. 

centrifugation. 

globin solution was aspirated. 

t o  carbon dioxide with a chromic-sulfuric ac id  mixture (10). 

ac t iv i ty  of the carbon dioxide was measured i n  a 100 CC. ionizat ion chamber, 

a t  atmospheric pressure, using a vibrat ing reed electrometer and a recording 

potentiometer (11). 

showed that this mater ia l  was a p p r d t e l y  95% hemoglobin. 

The blood was centrifuged, and the plasma 

The hemoglobin was extracted by a modification of the method of ' 

When a def in i te  layer  of white blood 'cel ls  was present, this too 

After the t h i r d  washing, the  c e l l s  were laked i n  d i s t i l l e d  

Toluene was added, the mixture shaken and then allowed t o  stand over- 

The stroma and the lipid-containing toluene layers  were separated by 

From the intervening c lear  layer, an al lquot  of the hemo- 

T h i s  was then dr ied i n  vacuo and combusted 

The specif ic  

Analysis of the dry hemoglobin powder fo r  i ron  content 

Results and Discussion 

Lymphatic leukemia: Three pa t i en t s  with chronic lymphatic leukemia were 

studied. 

specif ic  a c t i v i t y  of the hemoglobin a re  presented i n  Figure 1-3. 

The hematological course and therapy, together with graphs fo r  the 

Pat ient  1, F.E., a 40 year-old whi te  male. This pat ien t  was studied during 

a period when the leukemia process was r e l a t ive ly  well s tabi l lzed,  tes tosterone 

being the only therapy given a t  that time. The red c e l l  l i f e  span under these 

conditions WBI 113 daya, which I s  normal. Throughout the  course of the study, 

the spleen was palpable a t  the coatalmargin, but the pa t ien t  was not anemic. 

Pat ient  2, E. H., a 63-year-old white male. T h i s  pa t ien t  was studied 

when the white blood count was showing a slow, progressive rise, while a t  the 

same time the red blood count and hemoglobin showed a progressive decline and 

the frequency of radioactive phosphorus therapy was increasing. 

l i f e  span was 102 days, only s l igh t ly ,  i f  a t  a l l ,  shorter  than normal. 

The red c e l l  

The 
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slow, continual rise i n  spec i f ic  a c t i v i t y  during the period of the  30th t o  60th 

day probably results from some depression of the rate of red c e l l  production 

due t o  the P32 administered j u s t  before these s tudies  wen, begun. 

i n  a ra te  of production of red blood c e l l s  Less than the r a t e  of destruction, 

with the net  e f f ec t  being an increase i n  the re la t ive  concentration of c e l l s  

containing carbon-14. 

two t o  three fingerbreadths below the costalmargin.  

Pat ient  3, J.R., a 68-year- old whi te  male. 

This r e s u l t s  

Throughout the period of the study the spleen was palpable 

This pat ien t  was studied during 

the terminal phase of h i s  disease. Under radioactive phosphorus therapy, the 

white c e l l  count declined, and the red c e l l  count a l so  hontinued t o  decrease. 

The spleen was very la rge  i n  this pa t ien t ,  extending t o  the r igh t  lower quadrant. 

The red c e l l  l i f e  span i n  this pat ient  does not f i t  the pa t te rn  observed in the  

f i r s t  two patients, nor that observed i n  n o m 1 6  with nitrogen-15, but the 

data can be interpreted a s  indicat ing random destruct ion of red ce l l s .  The 

decreasing port5on of the curve of Cu-labeled red c e l l s  can be f i t t e d  t o  a 

s t ra ight  l i n e  when p lo t ted  on semilogarithmic paper, which ind ica tes  a 

f rac t iona l  destruction rate of the  c i rcu la t ing  labeled cells a t  any time i r r e -  

spective of the length of time that the c e l l  has already lived. 

ra te  is similar t o  t ha t  which has been observed i n  s ick le  c e l l  anemia (12) and 

i n  experimental animals a f t e r  hemorrhage (l3,U). Thia i n t e r p r h i o n  would 

indicate  t h a t  this p a t i e n t t s  c e l l s  have a mean l i fe  span of 18 days. 

only approxiPrste, since four  transfusions were given during the period of 

study-) T h i o  type of result would indicate  a hemolytic process. It should 

a l so  be noted that this pa t ien t  achieved a peak hemoglobin spec i f ic  a c t i v i t y  

This decreasing 

(This i s  

apvoxknately three times a s  high as any other  individual, indicat ing a greater  

u t i l i z a t i o n  of the radioactive glycine f o r  hemoglobin formation than i n  other 

pat ients .  I n  this case there  was c la s s i ca l  evidence of a hemolytic process 
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as demonstrated by a marked ret iculocytosis  and increased f e c a l  urobilinogen 

excretion, although the increase i n  urobilinogen excretion was much smaller 

than would be expected a s  calculated from the l i f e  span of the red c e l l  and 

the t o t a l  red ee l1  volume. 

Thus, i n  the f i r s t  two cases of lymphatic leukemia, the red c e l l  l i f e  was 

normal, but in the  th i rd  pa t ien t ,  i n  the  anemic, terminal phase, the  red c e l l  

l i f e  span was considerably shortened and corresponded t o  a pa t te rn  of random 

destruction. The anemia, then i n  this case, was probably due i n  a la rge  par t  

t o  this hemolysis. 

Utf l iz ing the Ashby d i f f e ren t i a l  agglutination technique i n  three cases 

of chronic lymphatic leukemia, Brown and co-worker8 ( 6 )  io- two with f i n i t e ,  

normal red c e l l  l i f e  spans and one with shortened random red c e l l  destruction; 

while i n  nine cases studied by R. Berlin ( 5 ) ,  f ive  may be interpreted a s  

indicat ing a f i n i t e ,  an almost normal red cel l  l i fe ;  two cases showed random 

destruction with markedly shortened red c e l l  l i f e ;  and i n  two cases the follow- 

up was not suff ic ient .  I n  agreement with Brown, E l l io t ,  and Young (4 )  and i n  

p a r t i a l  agreement with BerUn (3)) the  red c e l l  Ufe span may be e i the r  normal 

or very short i n  chronic lymphatic leukemia, and the  destruct ion process may 

be random, suggesting splenic  destruction, a s  i n  case 3, or, a s  i n  cases 1 and 

2, the  c e l l s  may have a normal l i f e  span, o r  a ' s l igh t ly  shortened but f i n i t e  

l i f e  span (case 2), euggesting a defective ce l l .  I n  pat ient  3, with a large 

spleen, the der t ruct ion o f  red cells was random, but  i n  cases 1 and 2, 

although the spleen was enlarged, the red c e l l  l i f e  span was f in i t e .  

case 3 presents the type of s i tua t ion  i n  which splenectomy might temporarily 

benefi t  the pat ient .  

Presumably 

Myelogenous leukemia: Five pa t ien ts  with myelogenous leukemia were 

studied. 

i n  Figures 4-8. 

The hematological course and red c e l l  l i f e  data  a re  presented 

3 O O Q O 2 8  
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. 
myeloid leukemic nhase of polycythemia vera. 

Patient 4, P. N, T h i s  pa t ien t  nas a 56-year-old white male i n  the chronic 

Pat ient  5, W.F. T h i b  pat ient  was a 24-year-old white male with chronic 

myelogenous l e u k d a  of two years' duration a t  the time of t h i e  study. 

Pat ient  6 ,  E.P. T h i s  pa t ien t  is a 32-year-old negro female with chronic 

myelogenous leukemia of th ree  months' duration a t  the time of this study. 

Patient 7, G.J. Thie pat ient  is a 52-year-old white female with 

chronic myelogenous leukemia of six months' duration a t  the time of t h i s  study. 

Pat ients  5, 6, and 7 had c l a s s i ca l  chronic myelogenous leukemia. These 

individuals had f i n i t e  red c e l l  l i f e  spans of 70 t o  83 days. 

a f i n i t e  red cell. l i f e  span of 100 days. 

others, it i s  shorter  than normal. Thus, i n  these pa t ien ts  with chronic 

myelogenous leukemia, the red c e l l  l i f e  span is  shortened, but  f i n i t e .  

Datients 2 and 5 tho var ia t ion in the  spec i f ic  a c t i v i t y  of the  hemoglobin 

observed during the period of the  20 t h  t o  60 t h  day probably represents 

changes i n  the re la t ive  concentration of labeled c e l l s  resul t ing from changes 

i n  the ra te  of production of red c e l l s  induced by radiat ion therapy. 

pat ient  was anemic throughout the course o f ' t he  study. 

Pat ient  8 had 

Although this i s  not a s  short a s  the 

Ip 

The 

With the  exception of pa t ien t  8, these individuals with myelogenous 

leukemia had large, palpable spleens, generally extending below the umbilicus 

a t  the time of these studies. R. Berlin (5), using the Ashby d i f f e ren t i a l  

agglutination technique in 15 cases of chronic myelogenous leukemia, found 

red Cell 50% surd* times varying fram 5 t o  63 days, o r  red c e l l  l i f e  

spans of 10 t o  126 days; however, i n  only two cases was the  50% survival 

grea te r  than 44 days, and i n  the majority of cases it was less than 30 days. 

In  these 15  cases the graphs indicate  a f inite and shortened red c e l l  l i f e  

i n  three,  and i n  one case it i s  d i f f i c u l t  t o  decide. Thus, i n  general, his 

survival  times a re  shorter  than would be predicted from the present study. 

, 
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This apparent difference may r e f l e c t  e i t h e r  d i f fe ren t  types of pa t ien ts  or 

the  r e su l t  of d i f fe ren t  methods. 

In  an attempt t o  cor re la te  the red c e l l  l i f e  span with other c l i n i c a l  

data, Table I shows the ret iculocyte  count, serum bi l i rub in ,  f eca l  uro- 

bilinogen, and r a t e s  of red c e l l  production, a s  measured with Fe59. 

table  shows t h a t  of our three pa t ien ts  with lymphatic leukemia, only one 

(case 3) with a short red c e l l  life span had ret iculocytosis .  

pat ients  with myelogenous leukemia had a re t iculocytosis .  

with lymphatic leukemia the serum b i l i rub in  iras normal, but it was not 

measured i n  the myeloid group. 

i n  one pat ient  with myelogenous leukemia, it appears t o  be elevated, i n  two 

pa t ien ts  with myelogenous leukemia, it i s  low. 

leukemia the feca l  urobilinogen appears t o  be within normal limits, while i n  

na t ien t  3, there  i s  some Increase, although not marked. 

with a very short  red c e l l  l i f e  span, had the highest urobilinogen excretion 

i n  t h i s  group. 

correlated best  qua l i ta t ive ly  with the measurement of red c e l l  l i f e  span was 

the  re t iculocyte  count, but the ret iculocyte  count alone could not be used t o  

predict  red c e l l  l i f e  span. 

T h i s  

All f ive  

I n  the three pa t ien ts  

The f eca l  urobilinogen excretion was variable; 

I n  two pa t ien ts  with lymphatic 

T h i s  pa t ien t  (case 31, 

Of these laboratory determinations, the one t e s t  t h a t  

The igte of production of red cells was measured with radioactive i ron  

and, a s  previously reported from this laboratory, was normal or  greater  than 

normal i n  the cams studied (1). 

a l so  hold fo r  t h e  other two pa t ien ts  who died before this determination could 

It would be ant ic ipated that this would 

be done. 

producing a nonnal or grea ter  than nonnal number of red blood c e l l s  and tha t ,  

i n  one of three cases of chronic lymphatic leukemia and f ive  cases of chronic 

myelogenous leukemia, the red c e l l  l i f e  span I s  shortened, the pathogenesis of 

the  anemia i n  the absence of hemorrhage i s  c lear ly  then a r e s u l t  of the 

With the demonstration by radioiron tha t  the bone marrow i s  
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t h e  red blood cel l .  Homver, the bone marrow 

producing a normal o r  greater  than normal 

measured with radioiron, is s t i l l  not producing 

' 

a suf f ic ien t  number t o  compensate f o r  the decreased red c e l l  life span, and 

furthermore i s  not responding t o  t h i s  stimulus with an increase i n  production 

of the magnitude t o  which it appears t o  be capable. 

vera (2) and hereditary hemolytic anemia (16) appear t o  be able  t o  inorease 

the  production ra te  about six t o  nine times, while i n  leukemia, the maxLmum 

observed increase i s  approxhate ly  fourfold. 

the  bone marrow i s  abnormal with respect t o  erythropoiesis. 

however, deny the conclusion that the fundamental defect leading t o  anemia 

i s  a decrease i n  tho l i f e  span of the red blood ce l l .  

Pat ients  with polycythemia 

I n  this sense, i n  leukemia 

T h i s  does not, 

-- I n  vivo s tudies  with radioactive i r o n  i n  pa t ien t  2, with chronic lymphatic 

leukemia, who was not anemic, disclosed a normal i ron  turnover pattern.  

However, i n  six other cases with chronic lymphatic leukemia studied i n  the 

same manner (18) It was found t h a t  there  was a definite secondary r i s e  i n  the 

counting ra te  over t h e  spleen si te i n  three pat ients ;  i n  two t h i s  was s l igh t ;  

and i n  one there  was no such r i se .  

t o  indicate  premature destruct ion of erythrocytes i n  the spleen (17,18). 

these seven pa t ien ts  with i n  vivo radioiron s tudies ,  f i v e  had normal t o t a l  red 

c e l l  volumes. 

erybhroclasis. The two d e f i n i t e l y  anemic pa t ien ts  both showed a secondary 

spleen rise, indicat ing premature breakdown of red c e l l s  i n  the spleen. 

This secondary r i s e  has been interpreted 

Of 

I n  three  of these f i v e  pa t ien ts  there  was evidence f o r  splenic 

I n  pa t ien t  5 (W.F.) with chronic myelogenous leukemia, who had a shortengd, 

f i n i t e  l i f e  span of the red ce l l s ,  the  i n  Vivo radioiron study showed a-rapid 

ear ly  rise i n  the  counting rate over the spleen s i t e ,  which was maintained a t  

a high l e v e l  during the course of observation. 

ra te  here was interpreted as indicat ing splenic production of red c e l l s ,  while 

The ear ly  r i s e  i n  counting 
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The f a i lu re  of the counting r a t e  t o  f a l l  may be interpreted a s  being due t o  

presence of radioiron i n  the spleen resul t ing from premature breakdown of 

red blood c e l l s  by the spleen. 

cases (four) of myelogenous leukemia studied with radioiron (17,18). 

in two cases of chronic lymphatic leukemia where anemia was present, there was 

a premature destruct ion of red c e l l s  i n  the spleen, while in chronic myelogenous 

leukemia, there is both production and premature destruct ion of red c e l l s  i n  

the spleen. 

T h i s  case is charac te r i s t ic  of a l l  o ther  

Thus, 

It seems t h a t  the red c e l l  l i fe  may be shortened by a t  l e a s t  two 

mechanisms. 

i n t r i n s i c  defect within the c e l l  i tself .  

influence i n  a red c e l l  l i f e  that i s  e i the r  f i n i t e l y  o r  randomlx shortened. 

An examnle of f i n i t e  shortening as a type of i n t r i n s i c  defect i s  possibly 

seen i n  the lessened red c e l l  l i f e  span a f t e r  hemorrhage (13,14) and an 

example of randomly shortened red c e l l  l i f e  span i s  t h e  varyingly shorter- 

lived red s ick le  c e l l  disease (12). 

rcsponsible f o r  shortening red c e l l  l i f e  is seen i n  the hemolysis resu l t ing  

from mismatched transfusions. 

myelogenous leukemia that the red c e l l  l i f e  was f i n i t e  and shortened 

leads t o  speculation tha t  the basic  defect i s  inherent i n  the red c e l l  and 

not due t o  some extracornuscular fac tor ,  such as hypersplenism, which should 

aroduce a random t p e  of d e s t r u c t i o h h o n e  of the three cases of lymphatic 

leukemia such a random type of destruction was seen, suggesting t h a t  i n  

tha t  j nstance hyporsqlenism o r  some other extracorpuscular f ac to r  was 

producing the anemia, although even i n  this instance it i s  possible fo r  the 

defect  t o  be within the red ce l l .  

One possible mechanism is a shortened c e l l  l i f e  due t o  an 

Such a defect might express i t s  

The second general type of mechanism 

The finding i n  a l l  f i v e  cases of chronic 
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Conclusions 

(1) The red c e l l  l i f e  span ma approximately 18 day8 i n  one case of 

lymphatic leukemia and 102 and 113 days, respectively, i n  two addi t ional  cases. 

(2)  The red c e l l  l i f e  span i n  f ive  cases of qelogenous leukemia was 

70 t o  i G O  d z p .  

(3) The anemia of leukemia, when not due t o  hemorrhage, m y  be the 

resu l t  of shcrtening of  the  l i f e  span of the red c e l l  and not due t o  crowding 

out of the red c e l l  precursors i n  the  bone marrow. 

(4) Reticulocyte count correlated negatively be t t e r  with red c e l l  l i f e  

span than did serum b i l i rub in  or  f eca l  urobilinogen, but  none of these t e s t s  

can predizt. with any accuracy the degree of shnrkening of the  l i f e  span of 

the red ce l l .  

( 5 )  The spleen appears 50 play a s ign i f icant  role i n  premature breakdown 

of red c e l l s  i n  t h e  f ive  cases of chronic myelogenous leukemia studied and 

i n  f ive  of the seven cases of chronic lymphatic leukemia studied with radioactive 

iron. 

(61 I n  the f ive  caaes of myeloid leukemia and i n  two of three cases of 

lymphatic leukemia the l i f e  span was f i n i t e ,  but shortened, while i n  one case 

of lymphatic leukemia there  was random destruct ion of the labeled red ce l l s .  

3 0 0 4 0 3 3  
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Fig. 1. Hematological course and red c e l l  l i f e  span in F. E., a 40-year-old 
white male with chronic lymphatic leukemia. 
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Fig. 2. Hematological course and red c e l l  l i f e  span i n  E. H., a 63-year-old 
white male with chronic lymphatic leukemia. 
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Fig. 38. Hematological course in J. R., a 68-year-old white male w i t h  
chronic lymphatic leukemia. 
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Fig. 3b. Red c e l l  l i f e  span in J .  R., a 68-year-old white male w i t h  
chronic lymphatic leukemia. 
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Fig. L. Hematological course and red cell l i f e  apan in P. N., B' 56-year-old 
white male In the chronic myeloid leukemic phase of polycythemia 
vera. 
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Fig. 5. Hematological course and red c e l l  life span i n  W. F.,  a 24-year-old 
white male wlth chronic myelogenous leukemia. 
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Fig. 6 .  Hematological course and red c e l l  l i f e  span i n  E. P . ,  a 32-year-old 
negro female w i t h  chronic myelogenous leukemia. . 
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Fig. 7. Hematological course and red c e l l  l i f e  span i n  G. J . ,  a 52-year-old 
white female w i t h  chronic myelogenous leukemia. 
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Fig. 8. Hematological course and red c e l l  l i f e  span i n  G. E., a 64-year-old 
white male with chronic myelogenous leukemia. 
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TABLE 1 

Fe Runoverr( Fecal Serum 

(SI body Wt*/hy) (-*/day) (mgm a %I 
Reticulocytes (mgnn./kg. of  Urobilinogen Bilirubin 

Lymphatic 

1. F.E.  0.2-1.2 0.33 110 0 083 

2. E.H. 0.1-1.2 0.26 182 1.31 

3. J.R. 19-26 -- 252 0.2 

Myelonenous 

4. P.N.  

5 .  W.F. 

6. E.P, 

7. G.J. 

8. G.B. 

0.6-10.0 

1.6-5.2 

1.6 -3.2 

0.55 

1.32 

*Fe turnover = The iron turnover as measured with Fe59, expressed a s  
mgn./kg. of body weight/day fo r  hemoglobin formation (normal, 0.26 
wP. /kg . /day)  
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