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W H I L E  a nuiriber of reports have ap- 
peared describing the radioactive phospho- 
IUS letels of ervthrocytes m e r  short-time 
periods. no long-term studies hare beeti 
noted. The  purpose of this investigation is 
tlie determination of the time rate of dis- 
appearance of radioactive phosphorus front 
the enthrocyte fraction of the blood of 
patients with leukeinia, and the correlation 
of this change with the P32 levels obrerved 
in the plasma of these patients. 

This problem has been investigated by 
Erf. Tuttle. and Lawrence.' whore data COT. 

wed a period of eight days following the 
or31 and intravenous adnriniitration of 
radioacti\e phosphorus. From their graphic 
data. it can be determined that the coit- 
centration of P33 per iinit volume of blood 
demeased unilnrmly with time at n rate 
that appeaied t o  he different from that 
of the plasma. Seither tlic form of the 
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function describing this curve nor the rela- 
tionship between these curves can be deter- 
mined with certainty from their figures. 
Marinelli and Goldschmidt presented a 
curve shotiing it semilogarithmic disap- 
pearance curie for P3? in erythrocytes and 
leukocytes for one case, bot the ratio to the 
PrJ ingested was not giten. T h e  results of 
other investigators', ?. + on this problem 
cannot be directly compared with the re- 
wltr  reported in the present paper and so 
irill not be discussed. 

In the use of PWabeled erythrocytes for 
hlood-volume dctemminationr. Nylin. and 
Sieset et al. showed a rapid uptake of Psz 
in Titro with incubation periods of ttin 
hours or less Taylor. Levenson, and A d a m  
5hotied an uptake of P.?* in vitro by eTth. 
rocytes from P3z-labeled plasma in four 
Imtirs. IVhile o u r  data do not include an) 
,hon.tinre studies. the references cited in- 
tlirate a rapidly attained initial equilih- 
riiiiii ktrvecn erythrocytes and plasma PS?. 

The data presented deal primarily with 
the change of P" concentrations nbser\ed 
in the er)throc\ter of patients ui th  leuke. 
inin during the intervals lietireen treat. 
~ n m t ~ . *  for periodc of from one m civ 
TVWltS. 
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The vaiiatrons of PT:! per ml.  ev?tli,ocylrs, 172 trims of the precrding FIG. I. 
tnjectron, in patients wrllr lymphocytrc und gmntrlorylic Irahrmmr. 

and the techniquesof P"?assavaredercribed RUULTS 

D ~-~ lo Per cent) Of the leukoTtc laver 
times war centrifuged through into the 
erythrocyte fraction. IViih a median leuto- 
q t e  couni of ?O.OIlO per CU. mm.. atter COT- 

rection lor the greater P.az nctibity ot leu- 
kocytes m e r  crgthrocites, it  tias found t1i;it 
ihcre additional Icukoc!tes in tlie urythru- 
c\te 1a)er introduced an error into er?th- 
rocyte-P." rlctcrniinations of i l i c  order 01 
I per cent. II negligible quantit! iii coin. 
parison with indiridual ixiat ions in P.,' 
inietabolism \hewn In Parts I and 11. 
.ill data wcrc corrected for tlie clfcctn ot 

prccedin:: inje<tioiir. using :I rune.  u i x o i -  

ircted lor tlie clfeects of pwierling injci- 
[ion\. with :I l>iological halt-life cot 7 I <la!\:' 

iAotred: no sienificzant 'difference was found 
between the curves for the two groups. T h e  
results were combined and the logarithmr 
ot 131 observations of Pv2 le\elr for both 
Iymplioq tic anid granuloc\tic Ieukeniiaq 
were plr,tted ,@nit fiinc. as ihowi i n  
Fig I .  .\ L I I I - X C  fitted t n  therc logarithmic 
ohwnatiimS I,? the method ot le.irt quare5 
%;ne tlie parameters: 
Half Itic: "1 11.11$ IT;?) 

time: I:! per cc!ii ot the mlecied PA: in 
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~ lmpectiun of Fig. 3 shows that the cen- 

rr:d i U  per cent of the ratios ot P.lr. per 1111. 

' ! of trvthroc\tes orer plawia P" per ml. falls 
within the fairly narrow limits of 5.2 to i .0  
This is consistent with the normal small d,i , ,h. 1 variations observed in the determinations 
of phosphorus le\els in hlood and its com. 
ponentr. Taking the ralucs of Shohl f o ~  
total "cell" phosphorus as 68 mg. per IOU 
ml. and total serum phosphorus as 11 mg. 

w,*._-- j per 100 m ~ .  seruin (aberage from twentj- 
three leukemia patients in chis series), the 
ratio of er)thror\te to pl:t5n~1 phosphorus 
is f i 2 : l .  

Rcference to Fig. I shows that the plasma 
mldtiplied by the ratio of erythrocyte 

pa? peT plas,ea p:u per mi. (6.1:l) 
provides a reasonahle fit of the observations 
of P31 levels per mi. of erythrocytes. Since 

and the erythrocyte-PJ' 
logarithmic observations from the Calues level3 were deternrined from the same blood 
predicted by the curve ie plotted as Fig. 2. eamples. it niav he prewmed that an ap- 
From this Lune, it can he seen that the proximate equilihruim exists hetween total. 
standard error of the estimate is 0.115 and plasma and  erythrocyte P?2 after seventy 
that thc central two thirds of the observa- tW-o hours. 
lions lie between i 7  and 113 per cent of In view of the limits of  accuracy of prc- 
the predicted values. diction shown by Fig. 2. it is evident that 

Ratios of the Ps" per ml. of erythmyter the use of  the curve in Fig. 1 for the pre- 
mer  Pa2 per mi. of plasma were CalCUlated diction a i  the erythmcyte.P'" level for any 
for each of the 151 samplm in Fig. I .  Sep particular patient is consistent with the lim- 
mate distributions for Ijmphocytic and its 01 error noted in OUT series of observa- 
granulocytic leukemia patients showed no tions. For convenience in prediction of a 
difference in median \slues. The  dirtrihu- future PX? level from a known erythrocyte. 
tion of these ratios for the combination of 
lymphocytic and granulocytic leukemia pa- 10 , , , , , , , , , , . , , , , , , 

tients is shown in Fig. 3. T h e  median value 10 \, 

of erythrocyte P33 per ml. of cells over P?? 
per ml. nf plasma is 6.1'1. 
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FIG. 2. Distnbutton of rhr drvtatiom of 
t/rC logarrtkms 01 the  ohsewed values of 
rnrhrocyte P33 f rom the predicted line 1 ) )  

Fig. 1. .i ronuenlionnl histogram with the 
mrnn line of the probatxlily plot SilPerim- 
posrd $ 5  sliown i n  llrr insel. 
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The distribution of the deviations of the bath the 
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IT:: le(el. the upper line of Fig. I is pro. 
bided.  Equation 1 can he used tor the COII-  

struition o f  a table. It  injections are gilen 
:tt intervals closer than two or three aecks. 
corrections for the effects of preceding in. 
jections. as outlined in Part I o f  this series 
at  papers, will iniprore the accuracy ot 
prediction of Pa? levels. 

SuAlztARv ASD COSCLCSlOSS 

1 .  Radioartivr phosphorus le\& were 
determined in the erythrac?te and plasma 
fractions of 151 blood sampler divided 
among thirteen patients with lrmphocytic 
leukemia and fourteen patients with gran- 
ulocytic leukemia. No rignificant differ- 
ences were found between the erythrocyte 
lerelr of Pa? of these two groups. or he. 
tween the ratios of er?throcyte to plasma 
PJ? per unit volume. over the period from 
three to forty-two days co\ered hy this 
rtudr. 

?. It i* shown that the logarithm of the 
level of Pa? in the erythrocyte fraction of 
the blood of leukemia patients, from a p  
proxiniately three to forty-two days after 

linear function of time. T h e  theoretical 
rern-time le\el of Pr? rcprewnted hy ex- 

I injection of Pas, may be represented as a 
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impolation ot this curve is 91 per cent of 
t h t  < d u e  predicted by the uniform distri- 
i x i t i o i i  ot the injectcd pliorphorus through- 
out the hurl! cit the patient. The  slope of 
chi, u r v e  is such that 50 per cent of  the 
initial le\el is reached in 8.9 days. Two 
thirdr of the observations fall between 57 
and 113 per cent of the predicted valuer. 

3. The median ratio ot the erythrocyte 
P'" per ml. over the plasma P39 per ml. is 
tound to he 6.1:1 with a standard error of 
=ti. (.A ralue taken from the literature 
for the rnrio of total phosphorus per niilli- 
lircr "cells" over total phosphorus per mil. 
Miter plasma [from twenty-three patients 
ot this series] war found to be 6.?:1.) 

4. The curve obtained by multiplication 
of the curve for the disappearance of Pra 
from the plasma of these patients by the 
median ratio of the erythrocyte P over 
plasma Pa2 (fi.l:l) prmides 3 reasonable fit 
of the er).throcyte-P"-lerel observations. I t  
is ronsidered that there was no essential 
diRerencc in the slopes of the curves for 
the disappearance of P? from the eryrhm- 
q tec  and from the plasma of these patientr. 
and hence an approximate equilibrium be- 
tween toial.plasma and eythrocyte Pxz 
exists after thc first wventytwo hours. 


