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and 7 in the band contrasts with the low lev- 
els in the rest of the plates and in the control 
plate. Note in Fig. 2 that the largest increase 
of Cr51 occurred between days 3 and 5 ,  after 
which there was little further increase. 

The use of nitrogen as the basis for meas- 
uring changes of hemin and Cr.-)l is not en- 
tirely valid in view of the fact that the red 
cells being moved contain an appreciable 
amount of nitrogen. However, this fact 
would tend to decrease the difference between 
the hemin and chromium per mg nitrogen in 
the band and that outside the band. There- 
fore any difference found between the two 
would be the more significant. 

Discussion. The chromium studies pro- 
vide evidence to support the thesis that red 
blood cells are actually attracted through agar 
toward a substance which diffuses from the 
growth of S. aureus. There is a true increase 
of hemin and Cr.:', which presumably measure 
red blood cells, in the region of the red band. 
over that in any other par! of the S. aureus 
plates or in the control plate. This is espe- 
cially evident when the hemin and Cr." are 
calculated per mg total nitrogen to correct for 
drying of the plate. 

Our hypothesis is that the substance at- 
tracting red cells diffuses from the S. aureus 
growth on agar into a well-defined area of 
0.6 to 1 cm width. This diffusable substance 
draws red cells singly and in clumps to this 
area from the 0.2- to 0.4-cm wide region 

around it. The chemical data appear to sup- 
port the hypothesis. Visually it appears that 
the band develops quite quickly after 4 to 5 
clays of incubation. Data here show that the 
effect develops over the course of one day, 
and that there is little change thereafter. The 
red cells seem to pack into the area of the 
band until there is no more room for them. 
In some specimens, indeed, the agar in the 
band bulges upward as though swollen with 
red cells. 

Szirtimary. S .  aureus grown on whole blood 
agar produced a diffusible material which 
caused changes in the nitrogen, hemin and 
red cell content of the agar. Experiments 
using blood cells tagged with Cr51 indicated 
that the dense red band around the growth 
of the organism was due to a concentration of 
red blood cells which had been moved into 
the area of the band from the area just out- 
side it. 

The authors wish to acknowledge the technical 
assistance of Mrs. Dora Sternberg, Mrs. Sibilla Her- 
shey, and Mrs. Violet Scharf. 
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Immunologic Studies on the Mechanism of Action of Erythropoietin." 
(27602) 

JOHN C. SCHOOLEI. A N D  JOSEPH F. GARCIA 
Donncr Laboratory,  I ' n i w r s i t  y o f  California, Berkeley 

The ability of serum obtained from rabbit< normal 24-hour incorporation of Fe"" into cir- 
previously immunized with human urinary culating red blood cells and their peripheral 
erythropoietin to neutralize the erythropoietic reticulocyte count. This neutralization was 
activity of human urinary erythropoietin has considered to be the result of an antigen-anti- 
been demonstrated ( 1 ) . Injection of such sera body reaction directed against either the 
into normal mice markedly decreased their erythropoietically active molecule or the gen- 

*This work was supported by U. S. Atomic era1 class of molecules to which erythropoie- 
Energy Commission. tin belongs. The present experiments are 
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concerned with the temporal changes in the 
relative numbers of different types of bone 
marrow cells and their proliferative capacities 
following injection of such immune sera into 
normal mice. Data are also presented which 
further support the concept that the observed 
changes in the marrow are the result of neu- 
t raliza tion of endogenous erythropoietin. 

Materials and methods. Serum obtained 
from 2 rabbits previously immunized with 
alum precipitates of human urinary erythro- 
poietin according to the schedule given by 
Kabat and Mayer(2) was pooled and termed 
anti-E. The human urinary erythropoietin 
was prepared by ultrafiltration on colloidion 
as previously described (3 ) . The potency of 
this serum was such that 4 daily injections of 
0.25 ml depressed the 24-hour FeS9 incorpora- 
tion into circulating red blood cells of 10 nor- 
mal mice to 1.5 t 0.2% compared to 26.9 t 
2.1 76 following similar injections of normal 
rabbit serum. 

Twenty male Swiss mice weighing about 
25 g were injected subcutaneously with 0.25 
ml of anti-E on 4 consecutive days. A second 
group was injected similarly with normal rab- 
bit serum. On the day following the first in- 
jection and for the next 9 days 2 animals were 
sacrificed from each group and smears made 
of the bone marrow contained in one femur. 
The other femur, sternum, spleen, kidney and 
liver were fixed in buffered formalin. After 
decalcification of the femur and sternum the 
tissues were dehydrated, embedded in paraf- 
fin, sectioned and stained with hematoxylin 
and eosin. 

One hour before sacrificing, the animals re- 
ceived an intravenous injection of 2 pc per g 
body weight of tritiated thymidine (360 pcJ 
pM7 Schwarz BioResearch, Inc.) . Autoradio- 
graphs of the bone marrow smears were made 
using Kodak AR-10 stripping film. The auto- 
radiographs were exposed 2 weeks, developed, 
fixed and stained with Giemsa. Bone marrow 
smears not used for autoradiographs were 
stained with Ralph’s stain (4) followed by 
Giemsa in order more readily to identify 
erythroid cells. The percentage of erythroid 
cells, mature neutrophils, “small round cells” 
or lymphocyte-like cells and disrupted or un- 
identified cells was determined for each mar- 

row smear. A total of at least 1000 cells was 
counted. Bone marrow smears of hypertrans- 
fused mice were also examined at various 
times after hypertransfusion. 

Female Swiss mice weighing about 23 g 
were hypertransfused by intraperitoneal in- 
jection of 1 ml of 80% donor red blood cells 
on 2 consecutive days. The donor red blood 
cells were washed 3 times in heparinized sa- 
line and the buffy coat removed before injec- 
tion into the recipient animals. Five days 
after the last transfusion a wave of erythro- 
poiesis was initiated by intravenous injection 
of 50 pgt of human urinary erythropoietin in 
0.1 ml of saline. At various times before and 
after injection of erythropoietin groups of 10 
mice were injected intravenously with 0.1 ml 
of anti-E. Control groups consisted of 10 sa- 
line injected mice and 10 mice that received 
only erythropoietin. Two days after the 
erythropoietin injection 0.5 pc of FeS9 in 0.2 
ml saline was injected intraperitoneally. 
Three days later the percent of the injected 
Fes9 in the total circulating red blood cells 
was determined assuming that blood volume 
was 5 %  of total body weight. The hema- 
tocrits of the assay animals a t  time of sacri- 
fice averaged 65%. These and other aspects 
of this assay have been presented by 
DeGowin et al. ( 5 ) .  

Results and discussion. The temporal 
changes in percentage of erythroid cells in 
marrow of normal mice injected with anti-E 
are shown in Fig. 1. Values shown for each 
day are the average of 2 animals. The per- 
centage of erythroid cells present in marrow 
of normal mice injected with normal rabbit 
serum was not significantly different during 
the 10 days following the first injection; 
therefore the mean value for all animals is in- 
dicated with the corresponding standard er- 
ror. Following injection of anti-E there was 
a progressive daily decrease in percentage of 
marrow erythroid cells which became maxi- 
mal on the 5th and 6th day after the first in- 
jection of anti-E or the 2nd and 3rd day after 
the last injection. The few erythroid cells ob- 

t Direct comparison of the human urinary eryth- 
ropoietin with Armour Lot No. K103-124 sheep 
erythropoietin in the starved rat assay indicates that 
this dose contains approximately 1.2 cobalt units. 
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served in the marrow at  this time were p i -  
marily the more mature erythroid cells, al- 
though cells representing all stages of eryth- 
roid maturation could be found. The per- 
centage of erythroid cells found in 5 mice on 
the 5th day after initiation of transfusion in- 
duced polycythemia is also indicated in Fig. 
1 (hypertransfused mice). The cytologic and 
histologic appearance of the bone marrow of 
anti-E injected normal mice and polycythemic 
mice are, at this time of maximal erythroid 
suppression, indistinguishable, except that 
more mature red blood cells are observed in 
the polycytheniic marrow. 

A progressive daily increase in percentage 
of erythroid cells occurs after the 6th day 
and by the 9th day the percentage of eryth- 
roid cells has returned to that found in mice 
injected with normal rabbit serum. Presum- 
ably this increase in erythroid cells is due to 
the presence of endogenous erythropoietin. 
This erythropoietin may result from an in- 
creased rate of production by the mouse and/ 
or, more likely, a decreased level of neutraliz- 
ing antibody as a result of elimination of he- 
terologous rabbit serum and stoppage of anti- 
E injections. 

An increased number of mature marrow 
neutrophils was observed following injection 
of both anti-E and normal rabbit serum. 
There was some suggestion that increased 
percentages of "small round cells" which re- 
semble lymphocytes occurred in the anti-E in- 
jected animals prior to reinstitution of eryth- 
ropoiesis; however, too few mice were studied 

to evaluate this suggestive difference. It is 
our impression that a similar increase in these 
cells occurs in polycythemic mice. Quantita- 
t ive measurements of these relative changes in 
the marrow population are in progress. In- 
jections of anti-E did not affect the relative 
numbers of megakaryocytes in sections of the 
femur or sternum when compared to animals 
injected with normal rabbit serum, nor was 
there any obvious difference in the histological 
appearance of the kidneys, spleens and livers. 

Autoradiographs made of bone marrow 
smears one hour after injection of tritiated 
thymidine were examined as an adjunct to 
the previous study. Injection of anti-E did 
not obviously affect the endogenous DNA 
synthetic capacity of individual marrow cells. 
Even at  the time of maximal decrease in the 
percent erythroid cells following anti-E injec- 
tions the few immature erythroid cells found 
in the marrow were labeled and therefore pre- 
sumably able to synthesize DNA. Similar 
observations have been made in polycythemic 
mice. Cells of the granulocytic series nor- 
mally capable of DNA synthesis were labeled 
after anti-E injection or polycythemia. The 
subsequent ability of the labeled erythroid 
cells to divide could not be determined in the 
present experiments ; however, granulocytic 
cells were apparently capable of division since 
no particular decrease in their relative num- 
bers was observed. 

Erythropoietin is believed to control eryth- 
ropoiesis by regulating the differentiation of 
stem cells into the erythroid series. It has 
been postulated that this regulation is the re- 
sult of an enzyme induction in the stem cells 
( 6 ) .  The temporal changes seen in the 
erythroid population, the similarity of these 
changes to those observed after hyper- 
transfusion, and the ability of imma- 
ture erythroid cells to synthesize DNA 
after injection of anti-E support the concept 
that anti-E exerts its effects on erythropoiesis 
by neutralizing erythropoietin. The fact that 
anti-E injections into normal mice decrease 
the erythroid population also supports the 
concept that erythropoietin is involved in the 
normal control of erythropoiesis. Cytotoxic 
effects of anti-E on erythroid cells might also 
result in a decrease in erythroid cells. Several 
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observations argue against extensive cytotoxic 
effects. The orderly gradual decrease in 
erythroid cells which was observed would not 
be expected if anti-E simply non-discrimi- 
nately lysed ery throid cells. Hemoglobinuria 
or hemoglobinemia which might be expected 
if extensive cytolysis of hemoglobin contain- 
ing cells occurred, was not observed. 

Support for the concept that anti-E neu- 
tralizes erythropoietin and evidence against a 
cytotoxic effect was obtained by determining 
the effect of anti-E injections on erythro- 
poiesis in polycythemic mice. Filmanowicz 
and Gurney(7) have observed an orderly 
wave of erythropoiesis in the spleen of hyper- 
transfused mice after injection of purified 
sheep plasma erythropoietin. We have ob- 
served a similar wave in the bone marrow fol- 
lowing injections of human urinary erythro- 
poietin. During the first 1.2 to 18 hours the 
marrow of polycythemic erythropoietin stimu- 
lated mice appears cytologically little differ- 
ent from non-stimulated animals, although it 
is our impression that an increase in the rela- 
tive numbers of reticulum cells or hemocyto- 
blasts occurs. One day after erythropoietin 
stimulation a peak percentage increase in pro- 
erythroblasts is observed. This is followed on 
the 2nd day by a peak in the percentage of 
basophilic erythroblasts, and on the 3rd day 
the peak percentage of reticulocytes is found 
in the peripheral blood. A day or two later 
the marrow is again devoid of erythroid cells. 

The effect of anti-E injections on the eryth- 
ropoietic response of polycythemic mice to 
exogenous erythropoietin as a function of the 
time of anti-E administration (hours) after 
erythropoietin stimulation is shown in Fig. 2. 
The amount of anti-E injected was calcu- 
lated to be in excess of that required com- 
pletely to neutralize all the exogenous erythro- 
poietin injected. Fi'hen this amount of anti- 
E was injected one hour before or at the same 
time as the erythropoietin no stimulation of 
erythropoiesis occurred ; i.e., Fe6g incorpora- 
tion in the calculated blood volume of 0.10 t 
0.01% was not different from the saline in- 
jected value of 0.13 t 0.02%. The Fe69 in- 
corporation observed when erythropoietin was 
injected alone is indicated in Fig. 2. 

Injection of anti-E one or 2 days after ini- 
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tiation of erythropoiesis, when identifiable 
erythroid cells are present in the marrow, had 
no significant effect upon the subsequent abil- 
ity of these erythroid cells to develop into ma- 
ture red blood cells as measured by FeGg in- 
corporation. This indicates that anti-E did 
not exert a cytotoxic effect on these erythroid 
cells and that anti-E did not alter the ability 
of these erythroid cells to synthesize DNA, 
to divide, or to utilize Fe59 for hemoglobin 
synthesis. We have found that the iron levels 
and iron-combining capacities of plasma ob- 
tained from normal mice injected with anti-E 
are within normal limits and that absorption 
of anti-E with transferrin (Cohn Fraction IV- 
4, human) does not alter its neutralizing abil- 
ity suggesting that anti-E does not disturb 
the transport of iron to the marrow. These 
observations support the concept that eryth- 
ropoietin is not concerned with the matura- 
tion of erythroid cells, but only with the dif- 
ferentiation of stem cells into the erythroid 
series. 

Any interpretation of the effects of anti-E 
on the wave of erythropoiesis during the first 
12 to 18 hours after injection of erythropoie- 
tin must be speculative. It seems reasonable 
to assume, although direct experimental evi- 
dence is lacking, that during these times a 
certain amount of the erythropoietin has 
acted in some fashion on receptive bone mar- 
row stem cells, some may be destroyed in a 
non-selective manner without exerting any 
erythropoietic stimulation, and some free 
erythropoietin remains to stimulate stem cells 
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or be destroyed at a later time. Injection of 
anti-E apparently neutralizes the free eryth- 
ropoietin which remains in the animal and 
further erythropoiet ic stimulation by this 
erythropoietin cannot occur. The fact that 
the erythropoietin-stimulated cells continue 
to differentiate and mature in the presence of 
anti-E provides further evidence that anti-E: 
does not exert a cytotoxic effect even at  earli- 
est stages of erythroid maturation, The ab- 
sence of any effect on these early stimulated 
erythroid cells suggests that the combining 
sites on the erythropoietin molecule are no 
longer available for an antigen-antibody reac- 
tion once erythropoietin has stimulated the 
cell. Possibly erythropoietin exerts its stimu- 
latory effect within the stem cell rather than 
on the cell surface. 

\Vhen erythropoietin is allowed to act for 
12 hours before injection of anti-E, a sufi- 
cient number of stem cells have been stimu- 
lated so that their subsequent proliferation 
results in formation of enough red cells to 
give an Fe.’!’ incorporation approximately 
equal to half of what would have been ob- 
tained if the erythropoietin had been allowed 
to act for 2 4  hours or if no anti-E had been 
injected. Reference to a dose response curve 
for human urinary erythropoietin obtained by 
using this same assay indicates that less than 
half the injected erythropoietin had stimu- 
lated erythropoiesis at this time. Thus, the 
rate of disappearance of erythropoietin in 
these hypertransfused mice is much slower 
than has been observed in rats(8). Erythro- 
poietic stimulation becomes less and less as 
the time between erythropoietin and anti-E 
injections decreases, but even 0.5 hour ex- 
posure of the animal to erythropoietin is suf- 
ficient to stimulate some stem cells. 

Why does erythropoietin require a t  least 24 
hours to stimulate erythropoiesis maximally 
in these animals? The ability of erythro- 
poietin to stimulate erythropoiesis and the 
magnitude oi this stimulation during any time 
interval may depend upon a variety of fac- 
tors, such as 1) size of the stem cell compart- 
ment, 2 )  availability of erythropoietin to cells 
within this compartment, 3 )  ability of a par- 
ticular stem cell to respond when exposed to 
erythropoietin, and 4) competition for stem 

cells between erythropoietin and factors stim- 
ulating the differentiation of stem cells into 
other types of marrow cells. I t  seems reason- 
able to  assume that within an hour or two 
after intravenous injection ery thropoietin is 
available to all potential stem cells. The gen- 
eration times of 8 to 12 hours generally found 
for rapidly dividing cells suggest that an in- 
crease in the stem cell compartment as the re- 
sult of cell proliferation could not occur be- 
fore 8 to 12 hours; however, after this time 
such a proliferation may be of importance. 
M’e are inclined, therefore, to attach more im- 
portance to the last two factors listed above 
in explaining the difference in the erythropoie- 
tic response observed when the same dose of 
erythropoietin is allowed to act for 2 and 8 
hours. 

Sz4mrnary. Injections into normal mice of 
serum obtained from rabbits previously im- 
munized with human urinary erythropoietin 
results in a progressive daily decrease in the 
relative numbers of erythroid cells in the bone 
marrow. Injections of this serum into poly- 
cythemic mice 2 4  to 44 hours after initiation 
of a wave of erythropoiesis with erythropoie- 
tin has no effect on the magnitude of the 
erythropoietic response, although injections of 
the serum one hour before or a t  the same time 
that exogenous erythropoietin is administered 
completely abolish the erythropoietic re- 
sponse. These results support the concepts 
that erythropoietin is involved in normal 
regulation of red cell production and that this 
regulation is the result of the effect of erythro- 
poietin on the differentiation of stem cells. 
Some speculative interpretations of the effect 
of injections of the immune serum in polycy- 
themic mice during the first 18 hours after 
injection of exogenous erythropoietin are also 
presented. 
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Correction of Radiation-Induced Thrombocytopenia and Bleeding 
Tendency by Preserved Platelets." (27603) 

GIOVANNI RACCUGLIA AND CHRIS J. D. ZARAFONETIS 
S h p s o n  Memorial Institute, University of Michigan, Ann Arbor 

The hemorrhagic tendency associated with 
thrombocytopenia is susceptible to modifica- 
tion only by administration of freshly col- 
lected platelets in suitable amount ( 1,2 ) . 
Pharniaceu tical compounds with alleged he- 
mostatic properties have been found ineffec- 
tive in in vivo experiments with thrombocyto- 
penic animals (2). Processing of concentrated 
platelets by various methods for the purpose 
of storage has been associated with loss of the 
property of these blood elements to correct 
the hemorrhagic diathesis of thrombocyto- 
penic patients( 1) or animals( 2,3). On the 
other hand, long-term storage of glycerol-sus- 
pended frozen RBC is possible(4,S) and this 
technic has been applied to preservation of 
concentrated platelets which, recons ti tu ted 
and administered to dogs, remained present 
in the circulating blood in sizable number for 
at least 24 hours( 6,7). The activity of these 
platelets against a bleeding tendency, how- 
ever, has not been demonstrated(2,7). The 
practicality of preservation of blood elements 
by suspension in glycerol is also limited by 
the fact that the alcohol has to be separated 
from the cells by cumbersome technics before 
administration ( 5 ) .  The purpose of this re- 
port is to describe a technic by means of 
which platelets can be preserved indefinitely 
by quick freezing at liquid nitrogen tempera- 
ture. The suspension fluid described by 
Meryman (4) ,  which can be safely injected in 
the recipient, is used to minimize freezing in- 
jury to the cells. Sterility is maintained by 
processing the cellular suspension in a special 
receptacle. Platelets thus preserved, upon re- 

* Supported by U.S.P.H.S. grant and Office of Re- 
search Administration grant, Univ. of Michigan. 

constitution, maintain their morphologic in- 
tegr i ty and an tihemorrhagic activity . 

Materials and methods. The technics for 
quantitative estimation of bleeding tendency 
of irradiated thrombocytopenic rats have 
been described( 1,2) and have been used to 
evaluate the efficacy of allegedly hemostatic 
agents in thrombocytopznic patients (8) or 
animals ( 2 ) . 

Blood for platelet separation was collected 
from the abdominal aorta of ether-anesthe- 
tized 400 to 5 0 0  g rats (discarded breeders). 
The blood was mixed with 3.8% sodium cit- 
rate in proportion of 1 to 10 and centrifuged 
immediately in a refrigerated International 
Centrifuge, Model PR-11. Brief ( 2 5  to 120 
seconds) spurts of centrifugation at  3,000 
r.p.m. yield plasma containing more platelets 
with less WBC and RBC contamination than 
plasma obtained after the usual 10-minute 
centrifugation at  the moderate speed of 1OOO 
r.p.m. The platelet-rich plasma was sepa- 
rated from the RBC, transferred to graduate 
centrifuge tubes and spun down for 30 min- 
utes a t  3500 r.p.m. The clear supernatant 
plasma was removed and 2 volumes of it 
mixed with one volume of the Meryman fluid 
(dextrose 29.2c/, sodium citrate 1.28%,, cit- 
ric acid 0.4%) (4). An appropriate amount 
of this mixture was then added to the sedi- 
ment to obtain a 20% concentration (v/v) of 
platelets. A homogeneous suspension was 
made by gentle mixing with a waxed appli- 
cator. No clumping was noted. The suspen- 
sion was introduced into polyethylene tubing 
0.125 inch in internal diameter.+ The tub- 

t Intramedic Polyethylene Tubing P E  350, Clay- 
Adams, Inc., New York. 




