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The ra te  of me tabo l i sm  of the individual phospholipid f rac t ions  under normal  conditions, in 
anemia  produced by blood loss ,  and in the pos themor rhag ic  per iod was studied in rabbi t  
bone m a r r o w  homogenates  with the aid of 1 ~2, using the method of thin- layer  ch romatog-  
raphy.  Under no rma l  conditions the phosphatidylcholines have the highest  ra te  of renewal;  
the intensi ty of phosphat idylser ine  and phosphatidic acid me tabo l i sm  is  also high. In 
anemia  the re la t ive  phosphat idylser ine act ivi ty is increased .  The intensity of phosphatidic 
acid and, in pa r t i cu la r ,  of phosphatidylcholine me tabo l i sm  falls sharply .  In the posthe-  
m o r r h a g i c  period,  with an inc rease  in the hemoglobin concentrat ion in the blood,the inten- 
sity of phosphatidic acid me tabo l i sm r i s e s  sharply .  This evidently can be explained by in- 
c r ea sed  synthes is  of neutra l  lipids and phosphatidylcholines.  The ra te  of renewal  of the 
individual f rac t ions  r e tu rns  c loser  to normal .  

Phospholipid (PL) me tabo l i sm  in the bone m a r r o w  under  normal  conditions and in var ious  s ta tes  of 
hematopoies i s  and, in par t i cu la r ,  during d is turbances  of e ry th ropo ies i s ,  has rece ived  insufficient study. 
Only individual communica t ions  on this p rob lem are  to be found in the l i t e r a tu re .  

In expe r imen t s  on rabbi t s ,  cows, and sheep, MuMer et  al.  [9] found that phosphatidylcholines (PCs) 
pos se s sed  the highest  specif ic act ivi ty (SA) in bone m a r r o w .  The intensity of incorporat ion of 1 ~2 into 
phosphat idylethanolamines  (PEA) and phosphatidic acids (PA) plus phosphatidyl inosi tols  (PI) is much lower.  
Sphyngosine-containing phospholipids (SPM), according to these worke r s ,  do not incorpora te  1 ~2. 

J a m e s ,  et  al. [7] also found that during normal  hematopoies i s  the PCs also p o s s e s s  the highest  ra te  
of renewal .  In phenylhydrazine anemia,  phospholipid synthes is  is reduced  [4]. 

The object  of the p re sen t  invest igat ion was to study the ra te  of me tabo l i sm  of the total phospholipids 
and the i r  f rac t ions  under  normal  conditions, in anemia  caused by blood loss ,  and also in the posthemorr--  
hagic per iod.  

E X P E R I M E N T A L  M E T H O D  

Rabbits  aged 4 - 5  months were  used.  The expe r imen t s  consis ted  of 3 s e r i e s :  s e r i e s  I (control) -- 
an imals  with a normal  state of hematopoies i s  (15), s e r i e s  I I - a n i m a l s  with anemia  (14), and s e r i e s  I I I - -  
in the pos themor rhag ic  per iod (12). 

Anemia was produced in the rabbi t s  of s e r i e s  II by daily withdrawal of 15-20 ml  blood for 6-7 days.  
The total value of blood r emoved  f rom individual an imals  var ied  f rom 110 to 230 ml.  With a dec rease  in 
the blood hemoglobin concentrat ion to 3-4 g% and of the e ry th rocy te  count to 1 ,400,000,  the an imals  were  
sacr i f iced .  Anemia was produced in the rabbi t s  of s e r i e s  I I I ,  a f te r  which the bleeding was stopped. Dur-  
ing the next 10-14 days of the pos themor rhag ic  period, the hemoglobin level rose  to 9-10 g%, the e ry throcy te  
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Fig. 1. Chromatography  of rabbit  bone m a r r o w  
PL in a normal  state of hematopoiesis  (a) and 
during anemia following blood loss (b)~ Condi- 
tions of chromatography:  activation for 25 rain 
at 120~ duration of chromatography 2 h 40 
rain; development with concentrated sulfuric 
acid; samples each contained 0.01-0.015 mg 
lipid P. 1) PGP; 2) PA; 3) PEA; 4) PC; 5) PI; 
6) SPM; 7) P~ 8) Origin. 

count rose  to 4,000,000,  and the animals were then decapitated. 
Homogenates of the femoral  mar row (0.5-1 g) were placed in beakers  
containing 3 ml nutrient medium (Tyrode solution). Radioactive phos- 
phorus was added in the form of NaI-I21~204 at the rate of 500,000 
pulses/rain to 0.5 g t issue.  After saturation with oxygen the samples 
were incubated at 37-38~ and shaken for 1 h 45 rain. Pre l iminary  
tests  showed that by the end of the 2nd hour the t issue respi ra t ion had 
begun to diminish. 

The lipids were extracted with a mixture of chloroform and 
methanol. Non-lipid impuritie s were removed in separating funnels 
with 0.1 M KC1 (once) and a mixture of chloroform,  methanol, and 
0.1 M KC1 until disappearance of 1 =$2 f rom the washings.  The resul t -  
ing ch loroform extract  was evaporated in a cur ren t  of nitrogen at 
35-45~ and at reduced p ressure ,  after  which the dry residue was 
dissolved in petroleum ether  and separated by filtration. Neutral 
lipids were separated f rom phospholipids (PL) by means  of rubber  
membranes .  Ordinary rubber  tests ,  t reated in a Soxhlet apparatus 
f i rs t  with diethyl ether (3 h) and then with petroleum ether  (3 h), 
were used as the membranes .  

The PL were fraetionated on layers  of si l ica gel without plaster  
of paris  by the continuous-flow horizontal  method in a sys tem of 
c h l o r o f o r m - m e t h a n o l - a m m o n i a  ( 1 3 : 5 : 1 )  [2]. Individual fract ions of 
bone mar row PL were identified with the aid of "witnesses" and by 
color  tes ts  [1]. 

The quantity of p32 incorporated into the PL was determined 
with a B-2 apparatus in conjunction with an MST-17 counter.  

The SA of the total PL and their  separate f ract ions was calcu- 
lated per mg lipoid phosphorus (P) and expressed in pulses/rain per 
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mg P. Lipid phosphorus in the mineralized samples was determined quantitatively by the method of Fiske 

and Subbarow. 

EXPERIMENTAL RESULTS 

The results are given in Table 1 and Fig. i. They show that the qualitative composition of the PL 
was unchanged in the various states of erythropoiesis (Fig. I), although definite changes were observed in 
the SA of the phospholipid fractions (Table I). 

In a state of normal hematepoiesis, renewal of PC took place most rapidly in the bone marrow, and 
a high SA was also found for phosphatidylserine (PS) and for PA. The intensity of metabolism of SPM and 
PEA was at a low level. Incorporation of the label into the Pl fraction and into the polyglycerophosphatide 
(PGP) fraction was not observed. The total SA of the PL was 15,400 pulses/rain per mg P. 

In annemia produced by blood loss, when the hemoglobin concentration in the peripheral blood had 
fallen by 3.2 times and the erythroeyte count by 3.6 times below the normal level, a decrease in the rate 
of renewal of the total PL by 1.3 times was found in the bone marrow. 

Unlike under normal conditions, the greatest intensity ofmetab01ism in this period was observed 
with PS, the SA of which was increased by 2.7 times compared with normal. Whereas the rate of metab- 
olism of PC was reduced by 3 times, and on PA by 1.5 times, the specific activity of SPM and PEA was 
increased by 1.8 and 1.7 times, respectively, over normal. Incorporation of p32 into PGP was observed, 

and their SA was 2400 pulses/min per mg P. 

In the posthemorrhagie period the hemoglobin concentration and erythrocyte count in the peripheral 
blood were increased by 2.3 times compared with their values in anemia. An increase in the SA of the 
total PL was observed in the bone marrow and the intensity of 1 ~2 incorporation into most phospholipid 

fractions was almost the same as normally. 

It is noteworthy that the rate of PA renewal in the posthemorrhagic period was high. Their SA was 
74,000 pulses/rain/rag P, which is almost 7.5 times higher than normal and 12 times higher than in anemia. 
The rate of incorporation of p32 into PA (15,900 pulses/rain/rag P) was 1.4 times higher than in anemia, 

but it did not approach the normal level. 

The intensity of PS metabolism (14,800 pulses/rain per mg P) was reduced by 1.8 times relative to 

its intensity during anemia, and was almost indistinguishable from normal. 

Similar changes were observed in the PEA fraction. The SA of the sphingosine-containing PL was 
almost unchanged compared with the SA in anemia. No appreciable incorporation of 1 ~2 into PGP was found. 

This investigation showed that the bone marrow PL and, in particular, the PC, PS, and PA are 
active and rapidly metabolized compounds during normal hematopoiesis. 

Synthesis of PL de novo is not observed in erythrocytes [ii, 12, 14], and PS is absent in blood plas- 
ma or present in only very small quantities [3, 5]. The high SA of phosphatidylserine observed during the 
period of anemia thus suggests that this fraction, which is present in large quantities in the erythroeytes 
in blood clotting [2, 8] and in the transport of ions through the erythrocyte membrane [3, 6, 13], is synthe- 
sized more intensively in the bone marrow tissue. 

The decrease in SA of the phosphatidic acids in anemia and its sharp increase in the phosthemorr- 
hagie period deserve attention. Changes in the SA of the phosphatidic acids, precursors in triglyceride 
synthesis correlate with the content of neutral lipids in the bone marrow tissue, which is reduced in ane- 

mia and increased in the posthemorrhagic period. 

The results thus indicate that changes in the rate of metabolism of the bone marrow PL are con- 
nected with the state of hematopoiesis. 
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