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SUMMARY 

I. Some aspects of Na +, K +, C1- and macromolecular transport  have been 
studied in isolated rabbit  alveolar macrophages. Steady-state intracellular concen- 
trations in Ringer's solution (pH 7.4) were as follows: Na +, 83 ± 7.1 (S.E.); K +, 
75 -]z 13.2 ; C1, 59 ~ 4 -I mequiv/kg cell water, e l -  is rapidly and completely lost from 
the cell in Cl--free media suggesting rapid thermodynamic equilibrium between 
intracellular and extracellular phases. 

2. Na + efflux has two rate constants (rapid phase 636 ± 3o2 (S.D.) ; slow phase 
329 ± 125 mequiv/kg cell water per h). I t  appears that  this cell has high permeability 
for Na + and the high leak down the electrochemical gradient requires a high rate of 
active transport. Thermodynamic considerations suggest that  the major energy source 
for active Na + transport  is derived from oxidative phosphorylation. 

3- Classical relatively high molecular weight extracellular markers are excluded 
from cell water. However, ferritin (mol. wt. 465ooo) influx is rapid with intracellu- 
lar/extracellular concentrations greater than I.O within 3 min. Ferritin effiux is 
exceedingly slow so that  there is essentially unidirectional transport. Simultaneous 
exposure of cells to both ferritin and dextran leads to no measurable increase in 
cellular dextran uptake suggesting high specificity for ferritin uptake. 

INTRODUCTION 

The alveolar macrophage is an important  cell involved in pulmonary defense 
mechanisms. Several considerations suggest that  it represents an unusually appro- 
priate cell for the study of transport  mechanisms. I t  can be obtained in isolated 
fashion as a more or less pure cell type in a relatively simple fashion. In the case of 
the erythrocyte, the ability to obtain isolated viable cells has led to substantial  
information concerning transport  in general. I t  might be expected that  this would 
be true with respect to the alveolar macrophage. Pinocytosis and phagocytosis 

* Requests for reprints should be sent to Dr. Eugene D. Robin, Department of Medicine, 
Stanford University Medical Center, Stanford, Calif. 943o5, U.S.A. 
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represent important  segments of normal macrophage function which can be quanti- 
tatively investigated in isolated cellular preparations. 

In the present studies, some aspects of Na +, K +, and C1 transport have been 
investigated. In addition, the mechanisms for tile transport  of several macromolecular 
species in solution have been studied. 

M A T E R I A L S  AND M E T H O D S  

Rabbit  alveolar macrophages were obtained by pulmonary lavagO. The rabbits 
were anaesthetized and quickly killed by exsanguination. This minimized red cell 
contamination. After removal of the lungs, the trachea was intubated and the lungs 
were distended with 4 ° ml of a modified Ringer's solution buffered with phosphate 
(pH 7.4). (NaC1, IiO mM; Na2HPO 4, 4.22 mM; KH2PO 4, 3-53 mM; Na2SO4, 19. 5 mM; 
K2S04, 2.57 mM; CaC12-2H20, 2.50 raM; MgSO4.7H20, o.81 mM; glucose, io mM 
when appropriate.) The lungs were manipulated so that  they were evenly distended 
and the fluid was then drained. This was repeated 5 times. Approx. IOO mg of cellular 
material was obtained from each individual animal from the washing fluid by cen- 
trifugation. It  consisted mainly of macrophages. There were less than 2 % poly- 
morphonuclear leukocytes or other white cells and a small number of red cells. As 
judged by the eosin viability test 2, 98 % of the macrophages were viable at the end 
of 60 rain at 4 o°. 

Separation into intracellular and extracellular phase 
Since alveolar macrophages are capable of taking up high molecular weight 

substances and even particulates, it was necessary to demonstrate that  classical 
extracellular markers could be used to define the extracellular phase of tissue samples. 
This was particularly important  because of the relatively small size of cellular pellet 
available and because of the large amount of adsorbed and trapped liquid in cellular 
samples. 

For this purpose, studies were performed using sucrose (tool. wt. 324) and dex- 
tran of various molecular weights (38000, 75000 and 500000). Cells were washed 
twice with Ringer's solution containing 1% or 2 % (m/v) of the given compound 
and incubated (IOO mg cells in 8 ml Ringer's containing the given marker) in a Dubnoff 
metabolic shaker at 4 o°. At varying time intervals, aliquots were obtained and super- 
natant  and cells were separated by centrifugation. Both phases were analyzed for 
sucrose or dextran by the anthrone method 3. Analysis of cells was also performed after 
exposure to these compounds followed by washing the cell samples twice with Ringer's 
solution containing none of the presumed extracellular marker. The results of these 
experiments will be reported in detail below (see RESITLTS) but it was concluded 
that  there is no substantial penetration of cell water by these compounds for the 
following reasons : (a) There was no progressive increase in concentrations in the cel- 
lular mixture of all four markers with time; (b) the magnitude of tissue content did 
not increase progressively with decreasing molecular weight; (c) tile magnitude of 
calculated trap varied from 17 to 56 %, values consistent with adsorbed and trapped 
liquid in other systems; (d) washing the cells with Ringer's solution containing no 
marker  resulted in sharp reductions of the concentrations of the marker in tile cel- 
lular mixture. 

In all subsequent studies, dextran was used as an extracellular marker. 

13iochim. 14iophys..4eta, 24I  (1971) ~I 7 I28  
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Steady state !Na+], [K +] and !Cl-] 
The cells were washed twice with 2 % dextran (mol. wt. 5ooooo) in Ringer's 

solution, and packed by centrifugation. A weighed portion of the packed cells was 
analyzed for dextran in order to estimate the volume of adsorbed and trapped super- 
natant. The remainder of the cells were weighed and dried at IOO ° for 24 h to determine 
the water content. The weight of cell water was obtained by subtracting the weight 
of trapped supernatant from the value for total water. The dried cells were extracted 
with 0.75 M nitric acid. Appropriate dilutions were analyzed for sodium and pot- 
assium with a Coleman flame photometer, and for chloride by electrometric titration 4. 
The supernatant was analyzed and the results corrected for the anaount of super- 
natant trapped. 

Simi-fuantitative estimate of Cl- e~ux 
In six experiments, approx. Ioo mg alveolar macrophages were added to 2o ml 

of 0.29 M sucrose containing no C1-. The cells were rapidly mixed with the suspending 
solution, rapidly centrifuged and the supernatant removed. This process required less 
than I rain. The cells were then analyzed for Cl-, as described above. 

.~r a + e~UX 

Measurements of Na- efflux from alveolar macrophages are difficult because the 
supernatant trapped in packed cells contributes about 30 % of the total radioactivity 
measured. Preliminary experiments showed that 50 7 ° %.. of the internal Na + diffuses 
very rapidly so that the accuracy of the determination cannot be improved by washing 
the cells free of contaminating supernatant with non-labelled Ringer's solution. 

Approx. 200 mg of cells were resuspended in IO ml of rabit Ringer's solution 
(with glucose) and placed in a 25 ml erlenmeyer flask and 5 #C 22Na were added to 
the suspension. The erlenmeyer flask was then placed in a Dubnoff metabolic shaker 
and incubated for I 11 at 4 o°. This allowed sufficient time for "labelling" of the al- 
veolar macrophages. At the end of I h, the suspension was centrifuged and the "hot"  
supernatant discarded. At zero time, the cells were resuspended in "cold" Ringer's 

o/ solution containing I ,o dextran (mol. wt. 5ooooo) without glucose. The cell suspension 
was then divided into two equal aliquots, which were placed into separate 25-ml 
erlenmeyer flasks. One flask (control) contained macrophages suspended in rabbit 
Ringer's dextran while the other flask contained macrophages, rabbit Ringer's dex- 
tran and ouabain octahydrate lO .3 3I. These 2 flasks were then incubated at 4 °° 
as before. At i, 5 and 3o min, aliquots were removed and rapidly centrifuged. The 
supernatant was decanted and used for radioactive counting, Na - analysis and dex- 
tran analysis. From the cells, an aliquot was removed and placed in a pre-weighed 
tube for dextran analysis. The remainder of the cells was placed into another pre- 
weighed tube, and used for radioactive counting and determination of 2aNa. 

The cell sample and I ml of the supernatant were counted for radioactivity 
on a gamma spectrometer. The cells were then dried at IOO ° to a constant weight 
and the tube was then again reweighed. From this, the amount of preparation water 
was calculated, o.75 M HNO 3 was added to the cell mixture and digested for 48 h. 
Sodium determinations were carried out on the liquid phase using a flame photo- 
meter. Dextran analyses were performed and from this, the amount of trapped ex- 
tracellular fluid was calculated. Cell radioactive counts and ~Na+]l were then calcu- 

Biochim. Biophys. Acta, 241 (I97 t) I I 7 - 1 2 ~  
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lated and corrected for the amount of trapped counts and extracellular 2aNa. All 
radioactive counts were expressed as counts/min per g cell water and plotted against 
time on semi-log paper. From this plot, the to. 5 (the time for loss of 5o % of the cell 
radioactivity) was calculated. Na + efltux was calculated in a conventional fashion 
assuming uniform distribution of intracellular Na + without correction for back 
diffusion and expressed as mequiv/kg cell water per h. There was considerable random 
variation in the calculated [Na+~i values and the results are presented as both to. ~ 
(independent of Na+Ji determinations) and as absolute Na + efflux. 

Ferritin transport 
Ferritin influx was determined on washed macrophages prepared in tile usual 

wax'. Approx. 2oo mg of cells were suspended in 20 ml of rabbit Ringer's. 2 nil of 
the suspension were removed and used for determination of quench. The remaining 
18 ml were transferred to a 25-ml flask and approx. 25 #C of !3H]ferritin* added and 
incubated at 4 o°. 2-ml aliquots were removed at 3, 5, 30, 6o, 12o and r8o rain and 
the cells and supernatant separated by centrifugation. Measured volumes of the super- 
natant and a weighed cell sample were added to 5 ml of (POPOP) and radioactivity 
determined in a Tricarb liquid scintillation counter. Quench corrections were obtained 
in standard fashion. Cell water was determined by drying to a constant weight 
on separate aliquots. Radioactivity was expressed as counts/rain per g supernatant 
and cell water, respectively. Ferritin efflux was determined on cells that were pre- 
labelled bv exposing 2oo mg of macrophages to approx. 25 ml of Ringer's for approx. 
75 min. Following this, the cells were separated and washed 3 times in non-isotope 
containing rabbit Ringer's to remove extracellular radioactivity. The cells were 
then resuspended in 2o ml of Ringer's and aliquots obtained at 3, 5, 30, 60, I2O 
and 18o rain intervals. Each aliquot was processed as described above and cell and 
supernatant radioactivity determined. 

Effec! of ferritin uptake on dextran uptake 
To determine whether intracellular uptake of ferritin leads to a corresponding 

uptake of dextran, five studies were performed as follows: Approx. Ioo-mg aliquots 
of cells were exposed to io ml of Ringer's containing I ° o (w/v) of dextran (tool. wt. 
75ooo). 25/~C of [13HJferritin were added to one flask and the other served as a control. 
The suspensions were incubated at 4 °° for 6o rain. Cells and supernatant were sep- 
arated and the cell mixture rapidly washed twice with Ringer's solution containing 
no dextran. The cells were analyzed for radioactivity (to insure that cellular uptake 
of ferritin had occurred) and analyzed for dextran. Uptake of dextran during ferritin 
exposure would have been indicated by significant increases in intracellular dextran 
concentration. 

RESULTS 

Extracellular markers 
The results concerning cellular uptake of sucrose and the various dextrans are 

smnmarized in Table I. Calculated ratios between the cellular phase and extracellular 

* [aH]Fer r i t in  wi th  a specific a c t i v i t y  of 17 / tC /mg  was used. This ma te r i a l  was d ia lyzed 
for 4 s h (Visking tubing)  to  r emove  a ny  loosely  bound tag.  

13iochim. Biophys. Ac/a, 241 (i97 I) I I7 -12S  
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T A B L E  i 

P E R C E N T A G E  O F  " E X T R A C E L L U L A R  S P A C E "  I N  M A C R O P H A G E  S A M P L E S  ~VITH V A R I O U S  E X T R A C E L L U -  

LA R M A R K E R S  

( n l g  i n a r k e r / g  cel l  w a t e r  ) 
V a l u e s  c a l c u l a t e d  as  m g  m a r k e r / g  s u p e r n a t a n t  w a t e r  × i o o .  

l ' .  u n w a s h e d  ce l l s ;  W .  -- ce l ls  w a s h e d  t w i c e  in R i n g e r s  c o n t a i n i n g  n o n e  of  t h e  m a r k e r .  

l- xpt. Substance Biol. wt. T ime (rain) 
N O .  

3 30 60 

Sucrose 324 

t U .  

W .  
2 U. 
3 \V. 

U.  

Dexlran 38 ooo  

i U .  

W .  
2 U. 

W.  
3 U. 

\V. 

Dextran 75 o o o  

t U .  

W .  
2 U. 

W .  
3 U. 

\V. 

4 U. 
~V.  

5 W .  
6 \V. 

Dextran 500  ooo  

i U .  

2 U.  

3 U. 
\W.  

4 U.  
5 U. 

46  44 56 
I o o 

36 36 
2 5 

24 23 

35 35 
3 5 

33 36 
3 4 

32 29 
2 4 

33 34 
5 5 

24 29 
3 3 

29 35 
3 4 

20 31 
o o 

4 4 
6 5 

22 3 ° 3 ° 
o 3 o 

3 t I7 29 
o o o 

47 27 5 I 
3 3 3 

27 44 34 
3 ° 32 3 ° 

phase varied from o.17 to o.56 in cells in which the final cell mixture was not washed 
in Ringer's without marker. This variation occurred in a random fashion with re- 
spect to time. It  may be noted that following washing, cellular ratios fall to levels 
ranging from o to o.o5. There appears to be no significant penetration of cell water 
by any of these compounds. 

Steady-state electrolyte concentrations 
Values for alveolar macrophages and extracellular [Na ~, [K+I, [CI-] and intra- 

,cellular/extracellular ratios and calculated percentage of cell water are listed in 

Biochim. Biophys . .4c ta ,  241 (1971) i I 7 - r 2 , ~  
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Table II.  Tile alveolar macrophages may be classified as an " intermediate  Na ~, 
in termediate  K+ cell" resembling the electrolyte pa t te rn  found in leukocvtes a and 
glial cells 6. Assuming thern lodynamic  equil ibrium for CI- (see below) the trans- 
inembrane  potent ia l  calculated from the Nernst  relationship averaged 16 mV, the 
inside of the cell being electrically negative with respect to the outside. Tile distribu- 
tion ratio for Na+ is too high and the d is t r ibut ion  ratio of K~ is too low to fit a Donnan  
dis t r ibut ion,  suggesting active t ranspor t  of these ions. 

TABLE II 

INTRACELLULAR ION CONCENTRATIONS IN ALVEOLAR MACROPHAGES 

Internal ion expressed as mequiv/kg cell water; external ion expressed as mequiv/k~ medium 
water. /?[cI-! ratio of intracellular to extracellular ion concentration; R[Na-; : ratio of extra- 
cellular to intracellular ion concentration; R:I,:,~ - ratio of extracellular to intracellular ion con- 
centration. 

Number of studies 7 
( ;1  "]internal 59 ~: 4.I (S.t'~.} 

C ] -  ]external I 16 

R[C[ ] o . 5 I  
[ N a  ~jinternal hi; } .  7.1 (S.I~.) 
Na + ]external I 5 I') 
/QNa+[ l. ,~ ,'q 
I< + n - - internal /.,) +: 13.2 (~.l~.)  

' t~  ~ Jexternal 5 . 9  
l~i i.;+~ <).o,S 
", Cell water ~o.o i 0.46 (S.E.) 

Semi-quantitative aspects of CI- movemcnt 
The results of all six experiments  in which macrophages were placed in Cl--free 

medium and  separated in less than  I rain were similar. In each experiment,  'C1 ~i 
fell to levels of less than  2 mequiv/kg cell water per h. In four of the experiments,  
C1-]i was too low to measure. These studies indicate tha t  C1- movements  are ex- 

ceedingly rapid and that  essentially all of intracellular  C1- is available for diffusion. 

.\T a~ d~UX 
Na + efflux involves at least 2 constants  as shown in Fig. i ,  which pools all of 

the values obtained in 13 experiments.  There is a rapid component  with a t0.s* of 
IO.2 :~ 6. 4 (S.D.) min and a slow component  with a t0. a of 24.3 ± 9.2 min. The ab- 
solute efflux of the rapid phase averaged 636 ~ 3o2 mequiv/kg cell water per h, 
and tile slow phase averaged 329 ± 125 mequiv/kg cell water per h. 

As indicated in Table I I I ,  there was no significant difference in the rapid phase 
between unt rea ted  cells and those treated with IO -~ M ouabain.  However, during 
the slow phase, efflux was significantly slower in ouabain- t rea ted  as compared with 
control cells. The percent reduction in efflux with ouabain  inhibi t ion averaged 6o °o 
and in terms of absolute reduction amounted  to I33 mequiv/kg cell water per h. 
This finding is consistent with the high act ivi ty  of (Na ~ K ~!-dependent ATPase 
which has been reported in this celF. 

* to. 5, time required for 5 ° o equilibrium between extra- and intracellular phase~. 

Biochim. l~iopkys..4cta, 24I (I971) x17 I2~ 
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Ferritin influx and e~ux 
Ferritin influx is rapid and within 3 rain intracellular ferritin concentrations 

greatly exceed extracellular concentrations. Following this initial phase, intracellular 
concentrations rise at a slower rate (Fig. 2). Ferritin efflux from pre-labelled cells is 
exceedingly slow (Fig. 3). The to. s (four studies) averaged 40.o +__ lO. 4 h. 

Data relevant to the effect of ferritin uptake on dextran (tool. wt. 75 ooo) uptake 
are summarized in Table IX'. Intracellular/extracellular ratios of ferritin are greater 

46 

o. 

9 
× 

.c_ 

E 
vl 

••m 
CELL H ~  

ECF H2t) 
ii 

F 

TIME ( h ) 

L 

,m 
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[l':k I~LI~ IV 

qFI{E EFFECT OF FERRITIN INFLUX ON UPTAKE OF DEXTRAN (nlo]. \vt. 75000) BY ALVEOLAR MACRO- 
I)ItAGES 

mg d e x t r a n / g  cell wa te r  
l~dexlran 

m K d e x t r a n / g  ex t r ace l lu l a r  fluid w a t e r  

counts / ra in  per  g cell wa te r  
/t~rerritin counts f in in  per-~ ex t r ace l lu i a r  lhfid wat~er 

E x p t. R de.r t ra n [IJfe rri t ~ n 
NO. 

IV i thou t  f e r r i t i n  W i t h  f e r r i t i n  

I 0.050 0.055 
2 0.034 0.034 
3 0.038 0.038 
4 0"029 0"025 
5 0.039 0.029 

Mean o.o38 o.o36 
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8 
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than i.o in all studies. Dextran concentrations in the cellular mixture are essentially 
the same in cells not exposed to ferritin as in the exposed cells. Moreover, the ratio 
[dextran]i/~dextranie are all below o.o6, suggesting no penetration. 

I ) ISCUSSION 

Data concerning ion transport in alveolar macrophages are lacking. However, 
there have been a number of studies in leukocytes. In the early I9OO'S , HAMBURGER 
AN1) VAN DER SCHROEFF 8, using pus cells from septic abscesses and lymphocytes from 
minced lymph nodes, were able to demonstrate rapid exchanges of intracellular CI- 
for bicarbonate, sulfate or nitrate from the medium. Mixed horse leukocytes were 
reported by FLEISCHMANN 9 to be permeable to the anion iodide, thiocyanate and 
salicylate but not to tile cations barium and calcium. Tile high permeability of tile 
leukocyte to water was emphasized by several workersl°, n who pointed out that 
the distensible, gelatinous wall of this cell (in contrast to tile relatively inelastic 
erythrocyte plasma membrane) permitted extensive swelling in water, without rup- 
ture, thus demonstrating osmometer-like qualities. 

\VILsON AND MANERV 5 performed careful nleasurements of inorganic ion com- 
position and ionic permeability of rabbit leukocytes obtained from sterile peritoneal 
exudates. In particular, they employed dye tests to insure the viability of the prep- 
aration. After 45 min in an aerated, phosphate buffered, Ringer Dale solution (pH 
7.5) containing glucose; Na ~, 167 mequiv; ('1% 145 nlequiv" and K ~, 4.0 mequiv 
per 1, the leukocyte contained 79.2 water, 8o mequiv Na ~, lO6 mequiv of K+ and 
93 mequiv of CI- per 1 of cell water. These values do not differ substantially from the 
values for alveolar macrophages found in the present stud},. Moreover, iCl-li bore 
a linear relationship to CI-]z, ('1 appearing to exchange for sulfate. The loss of Na * 
and K ~ in low Na : or K + medium and the rapid uptake of radioactive Na -* or K ~ 
suggested high permeability to these ions. In spite of this, rabbit leukocytes main- 
tained substantial ionic gradients between cell water and the external nledium. 

The present studies indicate that ion transport in the alveolar macrophage 
resembles that in leukocytes generally. As described above, the steady-state composi- 
tion of this type of cell can be classified as "intermediate Na +, intermediate K *'', 
with concentration values of these ions in cell water falling between the Na*-K * 
e(mcentrations in low Na ¢ erythrocytes like those of rabbit 12 or human ''~ and the 
high Na¢- erythrocyte like that of the cat ~a, dog 1~ and seal t6. 

N a  permeability* in the macrophage is impressively high as compared to tile 
erythrocyte and the macrophage demonstates an impressive rate of active Na '  
transport as shown by the ouabain inhibition studies. The ouabain sensitive efflux 
averaged i33 mequiv/kg cell water per h as compared with a value of 1.6 mequiv/l 
cells per h in the human erythrocyte ~'~. In a nmnber of systems the absolute rate 
of active Na= transport correlates with intracellular (Na ~-K~)-ATPase activity and 
this is true of the alveolar macrophages, high ATPase activities in the alveolar 
macrophages having been reported v. 

It  may be visualized that the high permeability leads to a large inward leak 

• T h e  t e r m ,  " p e r m e a b i l i t y " ,  is u s e d  s i n c e  s t u d i e s  o n  l e u k o c v t e s  a a n d  p r e l i m i n a r y  s t u d i e s  in 
o u r  1 M ) o r a t o r y  on  t h e  a l v e o l a r  m a c r o p h a g e s  sl g g c s t  t h a t  '2aNa i n o v c n l e n t  is e x c e e d i n g l y  r a p i d .  
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of Na~ down its electrochemical gradient requiring a high rate of active transport  to 
maintain constant intracellular Na + activity and prevent intracellular edema. 

The energetic aspects of active Na + transport  in this cell are of considerable 
interest. The minimal work of active Na+ transport may be calculated on the basis 
of relatively simple thermodynamic considerations as followsl7: 

[Na*]i  
= .  in  + F( i - 

where IV = work in cal/kg water per 11; n = moles of Na+ activity transported/kg 
water per h; R universal gas constant in cal/degrees; T -- absolute temperature;  
F = Faraday in cal/V; ~0i - ~ o  0 = transmembrane potential. Assuming that  C1- is 
in thermodynamic equilibrium, (~oi- ~Vo) can be calculated from [C1-]i /[Cl-!0.  If 
n --  moles of Na + that  are inhibited by ouabain and thus represents the fraction of 
transport  that  is endergonic, it may  be calculated that  approx. 56 cal/kg water per h 
represents the minimal work cost. Similar calculation of minimal work cost of Na + 
transport  in human erythrocytes indicate that  approx. 6 cal/kg water per h are 
required for Na + transport. The high energy requirement of Na + transport in the 
macrophage suggests that  Na + transport  should be quite sensitive to ATP limitation. 

The basal rate of lactate generation in the alveolar macrophages may  be es- 
t imated as approx. 3-0 mmoles/kg water per h (see ref. i8). Assuming an energy yield 
of 14 cal/mole per h in ATP equivalents, it would appear that  anaerobic glycolysis 
would provide only 42 cal/kg water per h, suggesting that  a substantial portion of 
the energy for Na ~ transport  must be derived from oxidative phosphorylation. 

C1- pernleability appears to be substantially higher than Na + permeability. 
Tile data  are consistent with (although not rigorously establishing) rapid thermo- 
dynamic equilibrium between intra- and extracellular phases of this ion. 

An important aspect of macrophage function involves transport  of relatively 
large molecules. On one band, the cell membrane appears to resemble tile plasma 
membrane of most cells since a wide variety of uncharged molecular species like 
sucrose and dextran are excluded from cell water. In addition, high molecular anionic 
dyes like eosin y (tool. wt. 691ooo) are excluded from the cytoplasm of most living 
cells including the macrophage but rapidly penetrate the cytoplasm after cell death. 

On tile other hand, unlike most cells, specific mechanisms are available in the 
macrophage for the transport ol other macromolecular species. In the present studies, 
the transport  of ferritin (mol. wt. 465 ooo) has been investigated. 

The uptake of maeromolecular species present in solution is usually classified 
as pinocytosis and this term may be used to describe the uptake of ferritin by macro- 
phages. This is not entirely satisfactory since there are no precise physiological 
criteria for describing the process of pinocytosis. 

The uptake of ferritin involves at least 2 rate constants, one of them being 
rapid, so that  even by 3 rain intracellular/extracellular concentration ratios are 
greatly in excess of I. Anatomically, uptake seems to involve 2 components: (a) 
diffuse cytoplasmic deposition, and (b) sequestration by membrane-bound intra- 
cellular (? lysozomal) vacuoles. Sequential studies suggest that  with time most of 
the cytoplasmic ferritin becomes incorporated into membrane-bound vesicles xg. Intra-  
cellular sequestration is quite tight, leading to very slow efflux. Once having entered 
the cell, ferritin is essentially unavailable to the extraeellular phase. Aside from 

Biochi~n. Biophys. Acta, 24I (xO7 l) ~I7-I28 
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t h e  r a p i d i t y  a n d  l a rge ly  u n i d i r e c t i o n a l  n a t u r e  of t h e  t r a n s p o r t  process ,  t h e  degree  

of c h e m i c a l  spec i f i c i ty  is su rp r i s ing .  U p t a k e  of f e r r i t i n  occurs  w i t h o u t  s u b s t a n t i a l  

i n c r e a s e  in  d e x t r a n  space .  T h i s  f i nd i ng  impl i e s  a h i g h l y  d i s c r e t e  a n d  specif ic  p roce s s  

c a p a b l e  of d i s t i n g u i s h i n g  b e t w e e n  f e r r i t i n  a n d  d e x t r a n .  Moreover ,  e l ec t ron  micro-  

s c o p y  sugges t s  t h a t  f e r r i t i n  u p t a k e  r e q u i r e s  a l iv ing  cell, f e r r i t i n  b e i n g  la rge ly  ex- 

c l u d e d  f r o m  a p p a r e n t l y  d e a d  macrophages~-L T h u s ,  t h e  l i v ing  cell e x c l u d e s  eosin  a n d  

t a k e s  u p  f e r r i t i n  ( c h e m i c a l  species  of a p p r o x i m a t e l y  t h e  s a m e  m o l e c u l a r  we igh t )  

w h e r e a s  d e a d  cells t a k e  u p  eosin  a n d  e x c l u d e  f e r r i t i n .  T h i s  a lso  sugges t s  g r e a t  spe- 

c i f ic i ty  for  t h e  t r a n s p o r t  p rocesses  inw) Ived .  
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