
previous study of the mechanism of radioactive ortt  
Lrocytes suggested that  a two-stage adsorption proo 
osphate by the cell interior 1. Phosphate saturation o: 
)take is influenced by  certain hematocrit  depende 
apts to elucidate by two approaches: 
E. Some preliminary experiments indicated fluctuation 
lelled hematocrit  readings. This correlation of uptak 
:ted on the basis of the laws of absorption and permel 
tigators. Further  evidence in support of this correlat 
,~. If there is a direct and simple correlation between 

uptake it follows that the same uptake should be 
ood in which the cell concentrations have been adju 
les can be prepared by diluting aliquots of blood 
)ation with orthophosphate. The results of the prese 
~een done, cast doubt on the concept of a simple and 

indicated fluctuations of phosphate uptake, whi( 
)take and cell population is to] 

)ermeability as shown by numero 
correlation is presented herein. 

cell concentration and phc 
observed in different sampl 

usted to the same level. Sm 
with their own plasma befo 

)resent experiment, in which tL 
direct proportionality. 

are described in the same sequence. 

~riments h a v e  been described p rev ious ly  1. A modif icat ion for studJ 
blood samples  of different  hema toc r i t  f ract ions  (H) cons is ted  

ots  each  of 7 ml  of whole  blood p lus  1 ml  of a solut ion of H~s2P 
~e i so tonic i ty  of o.9o % NaC1 of t he  blood mix tu re .  The  final 325 
loles/ml  of i n c u b a t i n g  m i x t u r e  (m/ml) .  E a c h  t ube  was  cen t r i fug  
incuba t ion  of 3 hours .  T h e n  o.2o ml  of t he  s u p e r n a t a n t  fluid (f) 
× 25 m m  filter pape r  squa res  (Ea ton  D i k e m a n  =~:613) which  h 

ts  b y  4 marg i na l  drops  of Duco  Cement .  The  r ad ioac t iv i ty  of t 
to t h e  preced ing  s tudy .  

pape r  was  carr ied ou t  unde r  con t r ac t  No. AT-(4o-I)-263 wi th  t 
logy and  Medicine of t he  U.S. A tomic  E n e r g y  Commiss ion .  Prelin 
d (Fed. Proc., 12 (1953) 74; Virginia J. Sci., 4 (1953)). 

F . . . . . . . .  

expected 
invest 

2. 

phate 
of blood 
samples 
incubat 
has been 

The results of this study 

The  m e t h o d s  for t hese  e x p e r i m e n t s  
of p h o s p h a t e  (32ph) u p t a k e  b y  
i n c u b a t i n g  in dup l i ca te  I I a l iquots  
w i th  sufficient  NaC1, to  preserve  
c o n c e n t r a t i o n  was  4.17o. lO -9 mole,¢ 
30 m i n  a t  3,ooo rpm.  a f te r  an  mcl 
e ach  t u b e  were p ipe t t ed  on 25 
been  m o u n t e d  on I ~ p l a n c h e t s  
p l a n c h e t s  was  a s sayed  according 

* T h e  work  repor ted  in th i s  
Medical  Branch ,  Divis ion of Bioh 
n a r y  r epo r t s  h a v e  been pub l i shed  
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,,o;,~:~ s.,' ' & ' & Fig. 2. a. Upta  32.3 34.4 ~s.4  3s.3 
of blood sample 

c. Uptake of radioactive phosphate by at pH 7.4o, ex] 
erythrocytes in blood samples of vari- adsorption isot 

~matocrit fractions at pH 7.4 o, expressed log Cf + log b, 
unction of final hematocrit and of initial 31+Slph concen 
oncentration. Abscissas : i. Initial concen- lular fluid. Lefl 
x of aiph in moles]ml of extracellular fluid (x]m]) in m/ml 
2. Reaction hematocrit (H ~) in per cent. section of comic 

ite: S=ph uptake as moles/ml fluid (x/m/). but not placed 
slopes within h 

t series of 6 aliquots = - -  - -  • - - -  boring hemato( 
)nd series of 5 aliquots . . . . .  O . . . .  _~ ~ . , . , ~ . , _  , .~ 

' 71o 40., ptake of 32ph by rabbit erythrocyt 
)les of various hematocrit fractio 
expressed as a series of FREUNDLI( 

isotherms of the form log x]m/ = 
Abscissa: Log of fin 

concentration (C/) in m/ml of extract 
Left ordinate : Log of uptake of 8s t 
ml  fluid. Symbols as in Fig. i. A 

plete adsorption isotherm 1, draw 
)laced to scale. Dashed lines indica 

w~mn log x/m/values of groups of neig 
hematocrits, b. Log of final concentratk 

of 81+8~ph (C]) as a function of hematocrit 
- - × -  × - - .  Abscissa coincident with (a). Rig] 
ordinate: Original and reaction hematocrit pe 

centages (H, H"). 

s imi la r  d a t a  ~ h a d  i n d i c a t e d  s t r o n g  a d s o r p t i o n  of  32ph c 
aen t h e  cells h a d  b e e n  i n c u b a t e d  w i t h  s eve ra l  82ph conce] 

FREUNDLICH a d s o r p t i o n  i so the rm,  wh ich  cou ld  also t 
,n in wh ich  t h e  f inal  c o n c e n t r a t i o n s  of t o t a l  p h o s p h a t e  i 

7 t h e  cell  c o n c e n t r a t i o n .  As i t  r ises,  a d s o r p t i o n  b y  t h e  cel 
?o t e s t  th i s  e x p e c t a t i o n  t h e  u p t a k e  d a t a  h a v e  been  insert¢ 
a (Table  I), in w h i c h  t h e  in f luences  of  b o t h  t h e  original] 

~2ph are  c o m b i n e d .  I t  t u r n s  o u t  in Fig .  2 t h a t  t h e  isother~ 
,hole r a n g e  of log  C/. R a t h e r ,  a d s o r p t i o n  m a n i f e s t s  itse 
log  C/, in w h i c h  a c c i d e n t a l l y  m a n y  samples  were  g r o u p e  

i i  .~u.1% 

F i g .  I .  

rabbit 
ous hematocrit 
as a function 
S~ph concentra 
tration 
(C'oj) ; 
Ordinate: 

First 
Second serie 

A p r e v i o u s  ana lys i s  of  
a n d  in  t h e  cel l  m e m b r a n e  w h e n  

t r a t i ons .  T h e y  p r o d u c e d  a 
e x p e c t e d  in th i s  i n v e s t i g a t i o n  

t h e  f lu id  (C/) is i n f l u e n c e d  b y  
shou ld  r ise  l o g a r i t h m i c a l l y .  To  

in to  a FREUNDLICH i s o t h e r m  
p r e s e n t  ~Xph a n d  t h e  a d d e d  a2 
is d i s c o n t i n u o u s  o v e r  t h e  whq 
o n l y  w i t h i n  n a r r o w  l imi t s  of  

Re/erences p. .53 2. 

SUI.TS AND DISCUSSION 

: by blood sa~zpl~s with di~crent he: 

e - i npu t  r e l a t i onsh ip s  of t he  ele 

~ke w i t h  i n c r e a s e d  in i t ia l  p h o s p h a  

~nt (x/'mj vs. C'o/), where  the  ini 
e f fec t ive  h e m a t o c r i t  (H") (Table 
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s/ml of fluid m/ml/ .  IO -9 
f a2ph 
ff fluid 
;eries i m/ml ]. IO -9 
;eries 2 m/ml/ .  I0 -9 
centration of 
)les/ml fluid 
;eries i m/ml [. IO -9 
;eries 2 m/ml/ .  IO -9 
s/ml plasma m/ml p. io -s 
/ml fluid m/nil ]. IO -e 

oles/ml fluid 
;eries I m/ml/ ,  l O  - 6  

;eries 2 m/ml [. I O  - e  

,egends: c = erythrocytes; C = phosphate concentration; / : 
m = moles; p = plasma; s = saturation; x = moles, rem~ 

ted mass of material. 

mid appear  t ha t  three isotherms with almost  identi  
t ion can be detected g r a p h i c a l l y - - e v e n  on the vast] 
~en these slopes and  the slope of the complete isotl 
s ~. The apparen t  equa l i ty  of these sectional adsor F 
thesis tha t  up take  proceeds par t ly  via a common ads 
?he sequence of the three sectional adsorpt ion isothe 
s de te rmined  by  the magn i tude  of their  in tercepts  b o 

removed from extracellular phase p 

ident ical  slopes exist. Hard ly  ar 
vas t ly  ex tended  scale of log Cy- 
i sotherm (A) of previous expel 

) t ion isotherms supports  tt 
adsorpt ion system. 

isotherms of Fig. 2 follows a trer  
b on the log x/m! ordinate  in tt  

m/ i s  ext rapola ted  to log C l = o. Since the re la t ion of log 
I and  H" is to be invest igated,  a plot of bo th  hematocr i  
how cell concent ra t ion  influences final phosphate  concel 
ch in t u r n  determine the ordinate  shift of the FREUNDLI¢ 
his plot by  the full curve which falls approximate ly  lineari] 
gative exponent ia l  dependence of C / o n  H. Now both  plo 
by  this sequence of events :  

increasing log x]mf 
h r ---> decreasing log C /<  increasing log b. 

ncent ra t ion  affects adsorpt ion and  also absorption,  whk 
n t  of phosphate  diffusion in to  the cell because diffusic 
,n of b with H. This fact ma y  be t aken  as indirect  evidem 
n contras t  to passive diffusion, as might  be expected fro~ 

I t  would 
devia t ion 
between 
ments  1. 
hypothesis  

The 
tha t  is de te rmined  
equa t ion  x /m = bC n, if log x/n  
(a funct ion  of log x/m;) to H 
agains t  log C / m a y  explain how 
t ra t ion  and  a*ph uptake,  which 
isotherms. Fig. 2 i l lustrates  t h i s  
with log C/. I t  indicates  a negat ive  
of Fig. 2 can be summar ized  

Increasing H 

This means  t ha t  cell concentra  
is at  least pa r t ly  independen t  
would exhibi t  a l inear  relat ion 
for metabol ic  accumula t ion  in 
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TABLE I 
D U P T A K E  O F  R A D I O A C T I V E  P H O S P H A T E  t 

qvmboI~ Values 

H o.357 o.363 o.396 o.4c 
I-H o.643 0.637 o.6o 4 o.5c 

H" o.312 o.318 0.346 0.35 
I-H "p 0.688 0.683 0.654 o.64 

-8 C'o 3.357 3.357 3.357 3.M 
-9 C,om 4.196 4.196 4.196 4.i~ 

C'of 6.099 6.148 6.412 6.5c 

xl/my 2.707 2.454 2.922 3.4.~ 
x2/m / 2.9o9 2.486 2.949 3.34 

C'x.t 3.383 3.694 3.494 3.oc 
C%[ 3.19 ° 3.661 3.467 3.15 
C"p 1.127 1.127 1.127 1.15 
C~/ 1.O53 1.O51 1.O42 1.O 2 

CIf 1.o56 1.o55 1.o45 1.o 4 
C~f 1.o56 1.o55 1.o45 1.o 4 

= extracel 

t ra t ion  

~OD 

Mean Value 

7 ° o.4oo 
30 

I 2  
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)6 
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C O M P A R I S O N  OF B L O O D  V O L U M E S  A N D  D I L U T I O N S  OF T W O  .¢ 

Fraction of Fractional 
~ion Values lou er to DeJ 

higher value difference 

A t3 Fe : Fh A F : Fh 

0.436 o.4ol o.918 hematocr i t  o: 
0.350 0.350 I .ooo hematocr i t  o: 
3.5oo 3.5oo I.OOO ml of origina 

, 4.354 3.977 o.913 Vb +AVp; A~ 
, A V p = ~  

4.854 4.477 o.922 V o + o.5 ml 
1.974 2.1oo o.94o ml of plasma 
2.828 2.577 o.911 

f 3.328 3.o77 0.925 Vtp + 0. 5 ml 
b 0.244 o.136 (Vtb--Vb)/Vb 
b o.387 o.279 

.~esults of equalizing the cell concentrations of samp 
nstrate the fact tha t  the relative increase of blood a1 

addition of a2ph (i.e. D(-"  & D/-~) are inverse fun 

0.599 
o.721 

ties of rabbit  blood (Table I 
and plasma volumes due sole 

functions of hematocri t  becau 
of Z*ph to increasing blood and plasma volumes (Vb' & V 1 
order to obtain a quanti tat ive measure of the comparati" 

and aZph to both blood and extra  cellular fluid 
:pressions are tabulated:  a. the fraction of the lower val 
mnterpart ,  Ft/Fh, and b. the complementary ratio of t] 
:s higher limit, AF/F~,, the sum of which equals I .  A COl 
the differences of Z2ph uptake by  both blood samples in i 
o elucidate any intrinsic blood factors which influence a21 
aalization. The data on 32ph uptake, taken from previo 
~d in Table I I I  and compared with Ft/Fh and its compleme 
)ns can be made about functional relations between speci 
(Table II) and of a2ph uptake  (Table I I I )  by  approximatil 

agnitudes. These deductions are discussed and simplifi 
ble IV. I ts  conclusion is tha t  a factor exists in plasma whi 

Db '-'r o.115 o.125 o.915 
Dip 0.433 0.227 0.524 
D"b 0.687 0.466 0.678 
Dr'-" o.177 o.194 o.909 

Results 
demons 
to the 
the successive contributions 
decrease in dense blood. In 
dilutions by additions of plasma 
both blood samples, two ex  
of a function to its higher counter 
increment of a function to its 
parison of these ratios with the 
several stages may  be used to 
uptake after hematocrit  equalizat 
experiments I, are summarized 
in Table IV. Certain deductions 
expressions of blood dilution 
all expressions of similar ma 
in the text  accompanying Table 
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by the cell. Metabolic accumulat 
t relatively lower rate, as discuss 
lular plants 2. 

ized hematocrits 

., s tatement  that  blood samples 
exhibit a phosphate uptake inde] 

rill be examined in the light of 1 
ould mean the existence of a p 

TABLE II 
S A M P L E S  O 

Derivation of Fu 

of whole bl( 
of blood dil 

inal blood saI 
,; AVp=Vb {[(~ 
= addition of 

(H3a~PO 4 
)lasma in origina 

yp + Ayp 
ml (Haa~PO 4 

o.441 
o.279 (V"b--Vb)/Vb 
0.085 (V%--V'b) /V'~, 
0.476 (V'p--Vp)/Vp 
0.322 (v;)-vp)/ve, 
O , O 9 I  ( V ~ - - V t p ) / V  p 
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in-protein sites]aS+SZph ion 
ph ion 
molecules/Sl+SSph ion 

of 8X+mph adsorption complex 
with lecithin 
L of complex of cell volume 
ium 8x+SSph at complete uptake 
+SSph at complete uptake 
moles/ml fluid x/ra# 
moles/ml cells x/mcs 
ium sx+SSph at complete adsorption 
e sl+ZSph absorption, 
moles/ml cells x/mcs" 
ions/cell interior 
t of adsorption of uptake 
L of absorption of uptake 

concentration of 
sx+SSph in fluid at complete 
adsorption C/s" 

adsorption by antisphering fihn K e' 
adsorption by cell membrane Ke" 
adsorption by cell interior Ke"" 
uptake Ke 

l~/I. lO -8 i.IOO 1.ioo 
M. lO -3 5.975 26.41 
M. lO -s 1.348 5.525 
M. lO -4 2.98 77.0 

23-93 
2.09 

0.o22 o.147 
0.270 7.34 ° 

under  the condi t ions  of this exper iment  1. This  inhibi t ior  
rva t ion  by  REID AND RYAN 3 tha t  h u m a n  blood serum in 
nical ly inact ive  principle which inhibi ts  phosphate  meta l  
,~d inh ib i t ion  is most  apparen t  in absorpt ion and  less so 
n t i spher ing  layer  of the cell. But  there is no marked  eft, 
d ly  present  Slph and  newly added 8*ph on the calcium-Ill 
. the an t i spher ing  layer  4. The phosphate  which was pres* 
exper iment  appa ren t ly  exists in a re la t ively stable form 
tion is propor t ional  to the concent ra t ion  of exchangea 

the inh ib i tor  mus t  ei ther  compete with them or ret~ 
r a t i on  of s imul taneous  inhib i t ions  of adsorpt ion of ad( 
>oints to the second possibili ty,  because reduced absorpt  
format ion  of phosphoesters and  release of organic anio 

SZph in antisphering layer 
Sl+SSph in lecithin complex 
Sl+mph in cell volume 

Apparent equilibrium constants for 

inhib i t s  the up take  of mph 
perhaps similar  to the observat ion  
con ta in  a dialyzable and  ionicalb 
lism, The present ly  observed 
adsorpt ion of 32ph on the antis  
on the adsorpt ion of originall 
prote in  complex in te rna l  to 
in this complex before the 

Assuming  tha t  adsorpt ion 
negat ive  surface charges 1, 5, 
their  format ion.  The observat ion  
32ph and  of i ts  absorpt ion  points  
can be a sequel to reduced 
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TABLE III 

ORIGINAL PHOSPHATE (SZph) AND ADDEI 

D W I T H I N  R A B B I T  E R Y T H R O C Y T E S  

P 

Symbols Units 
A 

H o.43~ 
1 C~ m/ml/" 1 0  - 6  I.IO( 

x/m/s' m/ml/ .  IO -s 1.62~ 
x/rues' m/ml c" IO -s 3.58~ 

ions. io e 1.32 
ions. lO 7 1.2o 4 

11.24 
5.33 
5.33 

ml. IO -12 1.57] 
% 2.32 

Cfs m/ml/" IO -e 1.53: 

m/ml/ ,  lO -7 3.37 (. 
m/ml c. IO -7 6.19; 

Cls" m/ml/ .  1o -8 o.43~ 

m/ml c" IO -7 2.9I~ 
ions. lO 7 I.O5; 

~o by cells 52.9 
~o by cells 47.1 

5.43 
2.25 

(SSph) 

Difference 

solute % of max. 

8.18 
< i  

78.1 
78.o 
77.9 
74.9 
74.8 
75.1 
75.1 

74.8 
.89 74.8 

93.2 

91.6 
93.0 
98.0 

96.1 
96.2 

.2 72.2 

.2 44.8 

< i .o  
77.4 
75.6 
96.1 

77.3 
7.14 

84.9 
96.3 

fibit ion is 
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Ax/mfs t-', ~1-"-', ~ 
~.  - = o.9~I to o.918 (al+3~P h) 

x/mfsB t h e  perce 
blood, an  
sample  A 
add i t ion  
increase 
u p t a k e  c 

~sion: Sepa ra t ed  p l a s m a  con ta ins  a factor  which  inh ib i t s  t he  
n blood. 

V"f,B ,~xlmcs A C.t The  ratio~ 
"~ __,V",---~ ~ xlmcs'-----B ~ C/sB also of fit 

to an  incr 
= 0.922 to 0.932 u p t a k e  

31+a2ph 

~sion: The  add i t ion  of 32ph to a s ample  of blood containin~ 
h ib i t ing  factor.  P e r h a p s  it  is even  intensif ied.  And,  becaus,  
Lor t ake s  up  less phospha t e ,  t he  re la ted  final equ i l ib r ium ph 
nplete  u p t a k e  is reduced  propor t iona l ly .  

The  ra t io  

of 3Zph of B to  t h a t  of A. TI 
equ i l ib r ium concen t r a t ions  

a t  comple te  u p t a k e  change  pr  

Lg added  p l a s m a  does no t  remo, 
because  blood which  ha s  received m o  

p h o s p h a t e  concen t r a t ion  in the  flu 

of t he  original  p l a s m a  vo lume  
d to t h a t  of B cor responds  to an  increa  
of t he  same  propor t ion  of p h o s p h a t e  upta]  
f rom blood A to  B, caused  pa r t i cu la r ly  t 
adsorp t ion .  The  equ i l ib r ium concen t ra t io  
of p h o s p h a t e  a t  comple te  u p t a k e  and  a 
sorp t ion  change  accordingly.  

r m a y  poss ib ly  be m o s t  inf luent ia l  on the  abso rp t ion  process.  U 
ons  a t  comple te  adso rp t ion  of al+S*ph and  on ly  a s l ight  change  
orp t ion  by  t he  l ipoprote in  layer  of t he  cell s u p p o r t  th is  a r g u m e r  

adsorbed/cel l  t he  final pe rcen tages  
Ldsorbed/cell v o l u m e  increase  of blood B to  t h a t  of 

and  of fluid B to t h a t  of A cor respond 
n p l e x  of cell vo lume)  an  increase  of the  same  propor t ion  of t 
.~x of cell v o l u m e  of B n u m b e r  of 31+a2ph ions adsorbed  per  ce 

Conclusion : 
t h e  inhib i t in  
inh ib i to r  
a t  com 

Vt, A A x l m d '  ACI~ 
VpB xlmcsB xlmcsB" CfsB 

o.93 o too .96~  - -+  ACts" 
C]~B" 

Conclusion: T h e  inh ib i t ing  fac tor  
c h a n g e d  equ i l ib r ium c oncen t r a t i ons  
t h e  equ i l ib r ium c o n s t a n t  for adsor  

JDP~bB ~ --D"yB ~ A31+32ph ions. adso rbed  
D"cA D"fA 31+~ph ions adso rbed  

A (% 3x+32ph adso rp t ion  com]~ 
% al +32ph adso rp t ion  complex  

lfe/erences p. ,532. 
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