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vest iga ted. IVhether t hyniectomy at hirt h 
achieves this altered immunological stat(& 
through humoral or ct4lul;ir mcchaiiisiiis re- 
quires further study. 

Whatever the final explanation, it seems 
clear that a t  least in certain donor-host strain 
combinations of mice isogenic with regard to 
the H-2 histoconipatibility locus but honiolo- 
gous with respect to other histocompatibility 
genes: thyniectoniy of the host performed 
either at  birth or at an early age produces a 
marked prolongation of the skin homograft 
survival. 

Suminary. The effect of thymectomy per- 
formed in mice either a t  birth or a t  30 days 
of age on survival time of homologous skin 
grafts was studied. The results demonstrate 
that in certain donor-host strain combinations 
isogenic a t  the H-2 locus such as DBA/2 
with (BalbjC I>BA;’2)F1 and Z(C,,H) 
with (‘e,, previous thymectoniy of the host re- 
sulted in prolonged survival of the skin ho- 
mografts. However, in other strain combina- 
tions differing at  the H-2 locus such as 
Z(C::H) with ( A  :< Z)F1 hybrid, thymec- 
tomy of the recipient resulted in a slight and 
perhaps unsignificant prolongation of skin 
homograft survival. 

While this manuscript was in press similar oliscr- 
vations were reported by Miller(2 1) .  
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Independence of Water Content and Respiration in Rabbit Erythrocytes.” 
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Previous studies on the effects of changing control of substrates. Hunter (1) demon- 
strated irreversible depression of respiration 
of chicken erythrocytes in markedly hyper- 
tonic solutions and little or no effect in hypo- 

cant change in respiratory activity of chicken 

extracellular osmolarity on erythrocyte res- 
piration have shown varying results depend- 
ing on the animal investigated, degree of es- 

*Supported by U. S. Public Health Service grant. 

tracellular and hYPermmolaritY, and tonic solutions. Tipton (2) found no signifi- 
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erythrocytes in hypotonic and slightly hyper- 
tonic solutions of NaCl. Ray(3) found that 
both hypertonic and hypotonic solutions de- 
creased O2 consumption of dog erythrocytes. 
The respiration rate of erythrocytes studied 
in many species by Tipton(2) showed a maxi- 
mum rate usually a t  that osmolarity isotonic 
with the erythrocytes studied although the 
differences were small, and i t  appeared that 
reslpiration of erythrocytes were generally un- 
influenced by wide variations in the osmolar- 
ity of the suspending media. Hunter(4) 
found no change in O2 consumption of 
chicken erythrocytes nor change in anaerobic 
glycolysis of beef erythrocytes upon swelling 
in aqueous solutions. Olmstead(5) found a 
decrease in respiration af rabbit erythrocytes 
suspended in hypertonic solutions containing 
glucose and methylene blue; however, some 
of the fall in O2 uptake could have been due 
to dilution of substrate and methylene blue 
during the experimental procedure. 

The purpose of the present study was to 
determine the effect of increase and decrease 
of erythrocyte water on the accelerated res- 
piration of rabbit erythrocytes in presence of 
methylene blue. The changes in erythrocyte 
water were accomplished by suspension of 
erythrocytes in hypertonic and hypotonic so- 
lutions without changing the extracellular 
concentrations of substrate (glucose) or me- 
thylene blue. 

Method. Blood, drawn by cardiac punc- 
ture from female rabbits weighing between 
1.5 and 2.5 kg, was placed in heparinized 
tubes and centrifuged for 30 minutes at 1400 
g. The supernatant and buffy coat were 
withdrawn and the cells suspended in phos- 
phate buffered NaCl pH 7.4, 6.8, or 8.0 with 
a freezing point depression of 300 mos which 
approximates the freezing point depression of 
the serum of adult rabbits. Centrifugation 
was continued for 15 minutes a t  14001 g, the 
supernatant again withdrawn, the cells 
washed in buffered NaCl as above, and cen- 
trifuged a t  1400 g for 30 minutes. The su- 
pernatant was withdrawn and the cell surface 
gently blotted with a cotton applicator. 

One ml of erythlrocytes was added to 3 ml 
of a buffered NaCl solution in Warburg 
flasks. These solutions were adjusted to pH 

6.8, 7.4 or 8.0, 300 mos, and contained 5.6 
pM glucose/ml and 1 W M  methylene blue. 
One ml of various solutions containing the 
same concentrations of glucose and methyl- 
ene blue but differing concentrations sf buf- 
fered NaCl were placed in the sidearms to 
change or maintain the wmolarity of the ex- 
tracellular solution when tipped into the main 
compartment. Standard Warburg technics 
were used throughout. Twenty percent 
KoH was placed in the center well of the 
flasks which were then gassed with 0 2  for 5 
minutes and eqdibrated at  the desired water 
bath temperature for 10 minutes before clos- 
ing stopcocks. Manometers were read at  30- 
minute intervals. Qo2 in this study refers to 
microliters sf Oa consumed by one ml rbc. 

Results. Fig. 1 shows the effect on 0 2  up- 
take of decreasing the intracellular water by 
increasing osmdarity of the extracellular 
phase. There are no significant differ- 
ences in rates of cumulative oxygen uptake 
in the hypertonic solutions when compared 
with erythrocytes in solutions isotonic with 
mammalian plasma (300 mos) . Reduction of 
available substrate to 1.4 @/ml reduces the 
mean cumulative Qoa independently of the 
cell water content. Fig. 2 demonstrates the 
effect on O2 uptake of increasing the intracel- 
lular water by suspension of red cells in hy- 
potonic solutions (240 mos) . No significant 
change occurred in the mean cumulative Qoz 
in the presence of increased intracellular 
water a t  either glucose concentration, al- 
though decrease in the latter reduced 402. 

Increasing extracellular pH to 8.0 reduces 
the 402 in rabbit erythrocytes (Fig. 3 )  when 
compared with cells respiring at  pH 7.4. 
However, this reduction in Qo2 is independent 
of the cell water content occurring in cells 
with increased water (240 mos) and de- 
creased water (360 mos) as well as with cells 
respiring in solutions of 300 mw. Red cell 
respiration was not significantly affected by 
reducing pH to 6.8. 

Increase in temperature regularly de- 
creased the mean cumulative Qo2 with cessa- 
tion of oxygen uptake after 90 minutes (Fig. 
4). This decrease in cumulative Qo2 as a 
function of temperature is again of similar 
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FIG. 1. Effcvt of clccrc1:ise in ~ i i t r w e l I ~ i l : ~ r  i 1 2 0  or1 c*ii~nulntivc Qo2 cif RRC. Each point rep- 
rcscnts :I ) i~e;i~i of t i  11ctc~r1iiin:itioiis. Arrow i ti(1iv;itw time osiiiolarity of estrac*clliilar soliitioii 
W : I ~  ~~Ii:111gwl froni 300 iiios I1.v tipping siclr~;irni i n t c ~  Iii:iiii c*onip:irtnient, of Warbiirg flask. 

FJC;. 2 .  Effevt of  ~ I I ~ ~ I ~ I ~ : I S P  iii j~~t,ravclliil:~i~ 1 1 2 0  O I I  c*iitiiiiI;rtivc Qo, of RBC. Each point rep- 
wwnts  :i I I I C ; I I ~  of t i  clctc~~niiii;~tio~is. Arrow i t i l l i c + : i t t ~ s  t imv osniolarity of extracellular solutioa 
was change11 froni 3 1 0  inos 11y tipping sit1e:iriii iiito niaiii c*onipartment of Warburg flask. 

FIG. 3 .  Effect of p H  011 QaJ of RBC'. Notr that illcreasing p H  reduces Qo, of RBC indo- 
pendently of cell water content. Each point represents a mean of 6 determinations. Arrow in- 
dicates time osmolarity of extracellular solutioii was eliaiigecl froni 300 mos by tipping sidearm 
into main compartment of Warburg flask. 

FIG.  4. Effect of temperature 011 Qo2 of RRC. Note that raising tcniperature to 42OC re- 
sults i n  cessation of Qo2 at 90 illin. iiiclcpentlcnt.ly of cell w:tt,cr content. Eacli point represonts 
:I iiie~.n of 6 detcrniinatioiis. Arrow iiidic.:i tes timc osiiiolarit,y of cxtr:Leellul:tr sohit,ioii w:w 
c.h:inged froni 300 iiios by tipping sidearm iirto iwin compttrtniciit of Warburg flask. 
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TAHTX I. Magnitudes of Water Exchange by 
R:ibbit Erythrocytes as Function of Extrace1liil;w 

Osmolarity at pH 7.4, 38°C. 
~~ 

~s i i io~ar i ty  (2 H Z ~ H ~ I ~  H,O influx 
vs t racellu1:r r 

solution nil / lOO nil BHC 

240 2ti.8 
300 .o .o 
400 9.9 
500 20.3 
600 24.9 
700 29.4 

- I-_ -_ 

magnitude in cells suspended in solutions of 
240 mos as well as those suspended in solu- 
tions of 700 mos. 

The actual changes in erythrocyte water in 
hypo- and hypertonic solutions measured by 
methods previously described ( 5,9,10) are 
listed in Table I. The rabbit erythrocyte 
contains about 70 ml H20!100 ml erythro- 
cytes. Removal of 29.4 ml (42%) from or 
addition of 26.8 ml (38%) to this intracellu- 
lar water may be accomplished without af- 
fecting erythrocyte respiration in presence of 
methylene blue. 

Harrop and Barron ( 6) first demonstrated 
the accelerating effect of methylene blue on 
erythrocyte Os uptake. Recent studies by 
Brin and Yolnemoto(7) and Huennekens et 
al. (8) showed that mammalian erythrocytes 
in presence of methylene blue metabolize glu- 
cose largely via the hexose monophosphate 
shunt. 

Metabolism of glucose via the hexose 
monophosphate shunt being an overall or- 
dered chemical reaction should vary in rate 
as concentrations of enzymes and substrates 
vary with changes in intracellular water con- 
tent. However, i t  is clear from the above 
data that accelerated erythrocyte respiration 
in the presence of methylene blue, while de- 
pendent on the substrate concentration, pH 
and temperature, is independent of intracel- 
lular water content within rather wide limits. 

I t  is possible that concentrations of intra- 
cellular enzymes are of such large magnitude 
that their concentration and dilution within 
the cells do not affect the velocity af the over- 
all metabolic reaction. This explanation 
would be in agreement with the generally ac- 
cepted fact that in the normal living animal 
enzymes are not the limiting factors in the 
velocity of metabolic activity. Another ex- 
planation suggests that the intracellular en- 
zymes and substrates are active in that frac- 
tion of the erythrocyte water which is 
“bound” i.e., not available for transfer across 
the erythrocyte membrane in response to in- 
creasing osmostic gradients. It has been dem- 
onstrated that as much as 43% of the rabbit 
erythrocyte water is “bound” in this mmner 
(9) 

Szmmary. Accelerated O2 uptake of rab- 
bit erythrocytes was measured in the presence 
of methylene blue and glucose during changes 
in erythrocyte water content. Although de- 
pendent upon su’bsrtrate concentration, tem- 
perature, and pH, 0 2  uptake was independent 
of rather large changes in cell water content. 
~~ 
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