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of 3-hydroxyanthranilic acid, formed in the 
metabolism of tryptophan (Fig. 1 ) . 

Additional evidence for this pathway has 
been obtained in this laboratory in studies of 
the metabolism of some impure 3-hydroxyan- 
thranilic acid-l-C14 in mammary tumor mice. 
The urines of such mice receiving impure 3- 
hydroxyanthranilic acid-l-C1 * has been 
shown to contain approximately O.ISc/r of 
the administered dose in the form of o-amino- 
phenol. 

Suinmarcz). The metabolic fate of DL- 
Tryptophan-7a-C" in a human with multiple 
myeloma was studied. Only Sv of the ad- 
ministered was excreted as respired P402 

and 14c/I; in the urine in the first 24 hours. 
O-aminophenol-2-C1 was isolated from the 
urine. 
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Alpen and Crsnmore( 1 ) and Erslev( 2 ) 
have concluded that erythropoietin increases 
red cell output by accelerating the rate of stem 
cell differentiation into erythroid precursors. 
Observations on erythropoiesis in polycythe- 
mic mice by Gurney, et QZ. ( 3  ) have supported 
this conclusion. However, observations by 
several investigators (4-7) seem to indicate 
that the action of the erythropoietic humoral 
factor(s) is not limited to regulation of stem 
cell differentiation. Experiments reported 
here tested the effect of erythropoietin on 
later phases of erythroid formation and the 
results suggest an action here as well as in 
the early stem cell phase. 

Methods. Female Sprague-Dawley rats, 
weighing 180 to 200 g, were made polycythe- 

*Supported in part by U.  S. Public Health Serv- 

t Present address: Division of Hematology, Dept. 
ice grant. 

of Medicine, Medical College of Georgia, Augusta. 

mic by one or several transfusions of packed 
homologous red blood cells. Each transfusion 
equaled SOY, of the animal's original red cell 
mass. At various intervals following the ini- 
tial transfusion the polycythemic rats were 
given a single injection of human urine eryth- 
ropoietin (8) or purified sheep erythropoietin 
(9)  .$ Subsequent changes in erythropoiesis 
were assessed by reticulocyte counts( 10) and 
measurement of the 1 &hour erythrocyte ra- 
dio-iron incorporation( 8 ) .  Erythroid ele- 
ments per loo0 nucleated cells were enumer- 
ated in smears of marrow from control poly- 
cythemic animals. 

In 3 experiments, polycythemic rats were 
given single intraperitoneal injections of 2 ml 
of urine concentrate on either the Sth, 15th 
or 31st day after their first transfusion. Con- 

$ Prepared by Armour and Co. Research Div. 
and supplied through Hematology Study Section, 
Division of Research Grants, Dept. of H.E.W. 
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TABLE I. Red Cell Baclio-Iron Incorporation, Reticulocyte Count a id  Heiiiatocrit of Noriiial 
and Polycythemic Rats. 

Days after No. of 18-hr red cell Few Reticulocyte 
Type trailsfusion rats incorporation count Packed cell vol 

25 10.6 & 5.33t 2.2 21 .33t  44.4 2.06t 
I % > 

Normal - 

Traiisfusecl 1 
2 
3 
4 
5 
5- 

6-8 
6-9 

10-12 
14-19 

10 
14 
19 
12 
12 

4" 
11 
12* 
12* 
10* 

14.5 2 4.32 
14.3 t 4.34 
11.1 2 3.27 
5.5 & 1.10 
3.3 & .76 
2.4 & .50 
3.7 2 5 9  
2.8 & .60 
3.9 2 1.50 
3.3 & .13 

.84 2 .33 
1.03 & .51 

.49 k .30 

.21 +- 3 8  

.12 2 .12 

.13 k .16 

.13 2 .lo 

.09 2 .09 

.03 2 .05 

.07 t .08 

54.4 & 3.13 
55.8 2 2.12 
56.3 ? 2.37 
52.9 +- 2.96 
54.0 2 2.52 
63.5 k 2.22 
55.1 & 3.50 
59.1 & 2.48 
56.4 2 1.86 
55.6 2 1.97 

* Rats transfused on 1st and 4th day. t Stand. dev. of mean. 

trol polycythemic rats were injected with sa- occur. The percentage of marrow erythroid 
line. At the end of each successive 24-hour precursors likewise decreased (Table 11) but 
period following erythropoietin or saline in- erythroid cells did not entirely disappear from 
jection, representative animals from each the marrow. Injection of erythropoietin pro- 
group were killed and the reticulocyte counts, duced a temporary increase in erythropoiesis 
hematocrits and erythrocyte radio-iron in- in all the polycythemic rats. 
corporation were determined. The radio-iron The response of transfused rats to erythro- 
was injected 18 hours before the rats were poietin is shown in the figures. When urine 
killed. All groups given urine concentrate in- concentrate was administered 15 or 31 days 
cluded at least 5 rats. after the production of polycythemia (Fig. 1 

Subsequently, rats were given a single and 2) no increases in either reticulocyte 
transfusion and in contrast to the foregoing counts or erythrocyte radio-iron incorpora- 
experiments, the time between production of tion were noted during the first 24 hours after 
polycythemia and erythropoietin injection 
was shortened to one day. On the day fol- 
lowing transfusion, control polycythemic rats 
were injected intraperitoneally with saline 
while the test animals received either 2 ml of 
urine concentrate or 18 units( 11) of sheep 
erythropoietin. All groups given erythro- 
poietin included at least 5 rats and serial as- 
sessment of erythropoiesis was undertaken 
as described above. 

Results. Production of polycythemia re- 
eulted in diminished red cell radio-iron incor- 

erythropoietin injection. Maximum increases 
in iron incorporation and reticulocyte lev- 
els did not occur until 48 hours or more 
after injection; both had returned to control 
levels by 144 hours. 

Urine concentrate injected on the 5th day 
after production of polycythemia (Fig. 3) 
produced a somewhat different effect in that 
iron incorporation and reticulocytes appeared 
to be increased slightly 24 hours after eryth- 
ropoietin injection. Further shortening of the 
interval between transfusion and injection of 

poration and reticulocyte counts (Table I) 
although absolute reticulocytopenia did not 

urine concentrate or purified sheep erythro- 
poietin (Fig. 4 and 5 )  resulted in definite in- 

TABLE 11. Erythroid Cells in Marrow of Normal and Polycythemic Rats. 

Day after No. of erythroid 
Type transfusion rat,s marrow cells Comment 

~ ~~ 

Noriiial - 16 15.0 & 1.10 t Erythroblasts mid iioririoblavts preseiit, 
'l'riiiisf used 1 9 9.1 & 3.89 I d m  

5 1 1  5.6 2 1.86 0ec:isioiid ery tli rot) 1;i s t 
10" 10 3.2 2 1.56 hTormoblasts oiily 

* Rate transfused on 1st and 4th day. t Stand. dev. of mean. 
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creases in both reticulocyte counts and red 
cell radio-iron incorporation 24 hours after 

ery t hropoie tin injection. 
Discussion. Jacobson, et aE. ( 12) demon- 
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k;iicali I ~ i r  rcpresciits mean value for  5 or more m i -  
iti:tls in test group or 3 or more saline inj. control 

rats. 

FIG. 1. Response of polycythemic rats t o  human 
i i  ri na ry erythropoietin. These rats were transfused 
o t ~ c c  meekly and the polycythemic state maintained 
f o r  14 days prior to inj. of 2 ml of urine concen- 
t txte 011 15th day. 

FIG. 2. Response of polycythemic rats to human 
iii-iuary erythropoietin. These rats were transfused 
oiire weekly and the polycythemic state maintained 
for 30 days prior to inj. of 2 ml of urine concen- 
trate on 31st day. 
FIG. 3. Response of polycythemic rats to human 

urinary erythropoietin. These rats were transfused 
twice during a 4-day period. Two ml of urine coii- 
cwitr:itc were iiij. 011 5th day. 

P I G .  4. Rcsponse of polycythemic rats to hunla.cn 
iiri1i;ir-y cyvtliropoietin. These rats were given a 
siiiglc trmsfusioii and on tlic following clay 2 ml of 
iiriiic concentrate were in j. 

Il'IG. 5.  Rjcsl)oiiw of Iwlycytlicinic rats to 1)iirificatI shccp erytliropoict,iii. Thcsc rats were givcii 
Aiigle traiisfrrsioii aiid oii tlic following day 18 uiiits of crytliropoietiii wcrc inj. 
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strated a reduction in erythropoiesis and an 
enhanced responsiveness to exogenous eryth- 
ropoietin in animals made polycythemic by 
hypertransfusion. They postulated that 
these changes resulted from a decreased elab- 
oration of endogenous erythropoietin. In the 
present experiments production of polycy- 
themia in rats was followed by a decreased 
rate of red cell erythrocyte radio-iron incor- 
poration and percentage of reticulocytes in 
the peripheral blood (Table I) of the hyper- 
transfused animals. This diminution in 
erythropoiesis persisted while the polycy- 
themic state was maintained. 

Injection of erythropoietin produced a tem- 
porary increase in erythropoiesis which ter- 
minated in all experiments by 120 to 144 
hours, when reticulocyte counts and erythro- 
cyte radio-iron incorporation were the same 
in the test and saline injected control animals. 
However, the changes in the peripheral blood 
indicating enhanced erythropoiesis differed in 
time of onset in the various groups. This dif- 
ference appeared to be related to the interval 
between production of polycythemia and in- 
jection of erythropoietin. 

When polycythemia had been sustained for 
2 or more weeks (Fig. 1 and 2 )  increases in 
radio-iron incorporation and reticulocytes re- 
sulting from stimulation by erythropoietin did 
not occur until a t  least 24 hours had elapsed 
following injection. The marrows of these 
rats appeared to be devoid of erythroblasts 
(Table 11) at  the time erythropoietin was in- 
jected. Thus this delayed change in erythro- 
poiesis suggested that the new erythroid cells 
which entered the peripheral blood may have 
resulted from the stem cell effect of erythro- 
poietin as proposed by Erslev(2), and by 
Alpen and Cranmore( 1). 

Response to human urinary erythropoietin 
administered on the fifth day (Fig. 3 )  after 
production of polycythemia did not differ 
markedly from that following erythropoietin 
injection either on the 15th (Fig. 1) or 31st 
(Fig. 2 )  post-transfusion day. Nevertheless, 
in the animals that had been polycythemic for 
the shorter period, slight increases in reticu- 
locytes and iron incorporation were noted 
during the first 24 hours after stimulation. 
This early increase in erythropoiesis, although 

not striking, suggested a possible extra stem 
cell effect of erythropoietin which required 
appraisal. 

If this limited early increase in erythro- 
poiesis had been related to the shorter dura- 
tion of polycythemia which obtained prior to 
stimulation, then this early effect should have 
been potentiated by further decreasing the 
interval between production of polycythemia 
and stimulation with erythropoietin. This 
conjecture was substantiated by the increase 
in reticulocytes and radio-iron incorporation 
seen within the first 24 hours in rats that were 
polycythemic for only one day prior to in- 
jection of erythropoietin (Fig. 4, 5 ) .  

The early augmentation of erythropoiesis 
during the first 24 hours after erythropoietin 
injection does not appear to be directly re- 
lated to its action on stem cells. As shown 
in the first 2 experiments in this series and 
by Gurney, et aL(3 )  in their studies in poly- 
cythemic mice, peripheral blood changes re- 
sulting from a stem cell action by erythro- 
poietin do not occur until at least 24 or more 
hours after injection. The nature of the 
earlier response to erythropoietin is not clear 
but presumably is related to some effect on 
the later phases of erythroid cell formation. 
Gordon, et al., (6)  recently reported that puri- 
fied sheep erythropoietin effected a prompt 
release of reticulocytes and also normoblasts 
from the marrow of isolated, perfused rat fe- 
mur. Such an action presupposes the exis- 
tence of later marrow erythroid precursors 
which were shown to be present in the mar- 
row of the acutely transfused rat. Further 
assessment of the action of erythropoietin is 
under way. 
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Metcalf( 1 )  has described a factor which 
can be isolated from the thymus of normal 
mice and is able to induce lymphocytosis 
when injected into newborn mice. In leuke- 
mic mice, a factor is found in the plasma 
which has the same effect as the thymic fac- 
tor. The first has been named the lympho- 
cytosis stimulating factor (L.S.F.) : the sec- 
ond, the lymphocytosis stimulating hormone 
(L.S.H.) : but there is no clear evidence that 
they differ from one another. 

The main interest in this problem is the 
possible function of LSF and LSH in either 
spontaneous or radiation-induced leukemo- 
genesis. I t  could be that endogenous leuke- 
mia-inducing viruses are able to promote leu- 
kemia only if LSF is present in excess. On 
the other hand, it is likely that injection of a 
large excess of virus can induce leukemia even 
in animals in which LSF is limited, In many 
respects the mechanism of leukemogenesis 
would therefore be similar to the one admit- 
ted for carcinogenesis of the mammary gland. 

I t  seems necessary then to repeat the ex- 
periment of Metcalf which seems to deal with 
the most fundamental aspects of leukemo- 
genesis. 

Materials and methods. Extracts were 
tested by being injected into newborn TC‘R 
mice: they belong to the \Vistar breeding col- 
ony and are not inbred. The (‘57B1, DBAl’2, 

I’Institut du Radium, Paris, France (1959-1960). 

- _ _  
* Visiting scientist from Laboratoire Pasteur de 

BRVK and AkR mice used were from inbred 
lines. Lewis rats were also used as a source 
of material. Tissue culture. Two strains of 
cells grown in vitro have been used: mouse 
fibroblast, strain L;  and mouse lymphoblast, 
strain L-5 178Y ( 2 ) .  Preparation of extract. 
Extracts were made according to Metcalf’s 
procedure. Organs or cells grown in oitro were 
ground in the cold in a mortar with sterile 
rand, phosphate buffered saline (PBS) with 
penicillin added to obtain a 10% suspension 
(instead of a 5% suspension as used by Met- 
calf). The suspension was centrifuged in 
cold for 1 5  minutes (3000 rpm), the superna- 
tant fluid harvested and stored at -60°C. 

Heparinized plasma was prepared from 
blood obtained by heart or eye puncture. The 
plasma obtained after centrifugation was in- 
jected undiluted. 

Testing of extract. Newborn ICR less than 
48 hours old were injected intracerebrally 
with 0.03 ml of extract or plasma. Six days 
later the tail was cut and the first drop of 
blood used to make a smear. After staining 
by May-Grunwald-Giesma the ratio of 
lymphocyte to polymorphonuclear leucocyte 
(L/P) was determined. In our first experi- 
ments control smears had been obtained from 
untreated litters of the same age; later we 
thought it more accurate to split each litter, 
inject one-half with the extract and keep the 
other half either untreated or injected with 
I’B S . 




