
EACA without interfering with fibrinogeno- 
lyt ic activity ; ovomucoid inhibited fihrino- 
gcnolytic activit!. hut did not appreciably in- 
hibit I;A. Hopkins, ’I’erner and I’incus( 1 1 ) ,  
by use of an activator prepared from human 
blood, converted plasminogen to an enzyme 
possessing ACTH-inac t ivat ing activity but 
without FA. Thus, it seems reasonable to as- 
sume that the enzyme activity of activated 
plasminogen might be determined by the in- 
hibitors and,.’or activator employed. 

EACA above .06 11 concentration has been 
reported competitively to inhibit FA of SK- 
activated plasminogen, whereas, below .06 JI 
it enhances fibrinolytic activity( 12). In our 
experiments, the failure of EACA effectively 
to inhibit FA at 0.26 11 (50.0 mg, Table I) 
could be due to the excessive amount of acti- 
vator employed in the system (2000 U SK) .  

Summary. Ovine prolactin (0.5 mg) was 
incubated for 2 hours a t  37.5”C with human 
plasminogen with and without e-aminocaproic 
acid (EACA). Fibrinolytic activity (FA) 
and prolactin-inactivating activity (PIA) 
were increased by streptokinase (SK).  EACA 
at  0.026 31 (5.0 mg) and 0.26 31 (50.0 mg) 
increased F A  but did not increase PIA. Anti- 

fibrinolysin ( 100 U )  completely inhibited 
both activities. 

- ~~ - 

1. Keiss. M., Badrick. R .  E., Halkcraton, 1. I ) .  K.* 

2 .  Pincus, G., Hopkins, T .  F . ,  Hechter, O., i l r r h .  

3. Mirsky, I .  A., Perisutti, G., Davis, N. n., J .  

4. Meakin, J .  \V., Selson, D. H., Endocrinology, 

5. Hopkins, T .  F., Meites, J., Ratner, A., PRor. 

6. White, 1%’. F., Gross, A. M., J .  A n i .  Chenr. So(.., 

7 .  Reece, R. P., Turner, C. W., M o .  i l g r .  E x p .  Re.$. 

8. Lassen, M.,  Acta Physiol. Scand.,  1952, v27, 371. 
9. Astrup, T. ,  Mullertz, S., Arch. Biocheni. Hio-  

phys., 1952, v40, 346. 
10. Sakar, S. K., Activators and Inhibitors of Fi- 

brinolysis, in Fourth Internat. Cong. Biochem., Per- 
gamon Press, 1961, v10, p165-171. 

1 1 .  Hopkins, T. F., Terner, C., Pincus, G., En-  
docrinology, 1961, v69, 728. 

1 2 .  Alkjaersig, N., Fletcher, .S. P.,  Skerry, S., J .  
Biol. ChPm., 1959, ~ 2 3 4 ,  832. 

Plaice, C., IVattire, 19.51, v168, 206. 

Riochent. and Biophys., 1952, v37, 408. 

C‘lin. Znve.\t., 1939, v.38, 14. 

1960, v66, 73. 

Soc. EXP. BIOL. AND MED., 1961, v106, 140. 

1957, v79, 1141. 

m i .  so. 266, 1937. 

Received Octoller 1.5, 1962. P.S.K.H.M., 196.1, ~ 1 1 2 .  

Relation Between Erythropoietin Plasma Level and Oxygen 
R eq u i reine n t s . * ( 28 182 ) 

JEAN-PIERRE NAETS~ (Introduced by J. H. Lawrence) 
/ )onner  Luhorcit or)! of hf edical Phy.\irs, Lawrence Radiatiotr Lnhorii tory,  l?nivPrsity of (‘alifornitl, 

H e r k d e y  

It  has been postulated that red cell produc- 
tion is regulated by the plasma level of 
erythropoietin and that production of this 
hormone is regulated by the balance between 
tissue oxygen supply and demand ( 1,2). The 
titer of erythropoietin in plasma increases 
when oxygen supply is reduced. I t  has been 
shown that in starved(3) and in hypophysec- 
tomized (4,s) animals the oxygen requirement 
is reduced. I’ery little information is avail- 

.-  

:!: Supported in part by V. S .  Atomic Energy Com- 

t Present address: Rrugmann Hospital, Brussels, 
mission. 

Belgium. 

able concerning the erythropoietin production 
in conditions where a reduced oxygen supply 
is associated with a reduced oxygen need. 

‘This is a study of the effects of hypoxia, 
cobalt, or anemia on the titer of erythropoie- 
tin in plasma of normal, hypertransfused, 
starved, or hypophysectomized rats. 

Groups of 5 to 12 
hypophysec tomized, starved, or pol ycy themic 
male rats of the Sprague-Dawley strain 
(weighing between 170 and 220 g) were sub- 
jected to 3 known stimuli of erythropoietin 
production: hypoxia, cobalt, or anemia. In 
each experiment a group of normal animals 

Material and methods. 
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was subjected at  the same time to the same 
stimulus and their plasma assayed simultane- 
ously for erythropoietin, except for Experi- 
ment 3 where all the control animals exposed 
to a simulated altitude of 24,000 feet died. 
Therefore the hypophysectomized rats ex- 
posed to 24,000 feet were compared to a 
group of normal rats submitted during the 
same time to 20,000 feet. 

To evaluate the effect of degree of plethora 
on erythropoietic response, 2 different degrees 
of polycythemia were achieved. In one ex- 
periment rats were made polycythemic by 
transfusing intraperitoneally 5 ml of packed 
red cells (hematocrit approximately 705)) 
and in another experiment 5 ml of packed red 
cells were given on 2 consecutive days. Poly- 
cythemic rats were subjected to various 
erythropoietic stimuli 24 hours after the last 
injection. Erythropoietin production was 
stimulated in the starved groups after 3 days 
of starvation. Hypophysectomy was per- 
formed through the parapharyngeal approach 
and the erythropoietic stimuli were applied 7 
days after surgery. Before pooling the blood 
samples from a group of hypophysectomized 
rats, the completeness of the operation was 
confirmed at  autopsy by examination of the 
pituitary site under a binocular dissecting mi- 
croscope and samples from incompletely hy- 
pophysectomized rats were discarded. 

Animals were made hypoxic for 20 hours 
by an atmospheric pressure equivalent to alti- 
tude of 20,000 feet (p02  60 mm Hg).  In one 
experiment a 24,000 feet (PO? 50 mm Hg) si- 
mulated altitude was used. The rats were 
exsanguinated by puncture of the abdominal 
aorta immediately upon being taken from the 
low pressure chamber. 

According to Goldwasser ct d ( 6 )  25 p;ZI 
of Co C1, + C O " ~  per 100 g body weight 
were injected subcutaneously. The rats were 
bled 12 hours later, and plasma radioactivity 
was counted to determine the cobalt plasma 
level. 

Anemia was induced by bleeding the rats 
from tail vein puncture ( 2 %  of body weight) 
10 minutes after intraperitoneal injection of 
100 units of heparin. Five ml of saline were 
injected in traperi toneally immediately after 
bleeding. Blood was withdrawn for the 

erythropoietin assay 24 hours after bleeding. 
Heparinized plasma samples were kept frozen 
until assayed. 

Plasma level of erythropoietin was deter- 
mined by the polycythemic mouse assay 
method recently described by DeGowin et al. 
( 7 ) .  Six mice were used for each assay. Vir- 
gin female Swiss mice (20-25 g) were trans- 
fused intraperitoneally with 1 ml packed red 
cells on 2 consecutive days. Five days after 
the second transfusion, 1 ml of the plasma to 
be tested was injected subcutaneously; 2 days 
later 0.5 pc Fe5W3 was injected intravenously 
via the tail vein and 3 days later blood was 
collected by heart puncture and counted in a 
scintillation counter. The radioactive iron 
uptake into red cells was calculated, assuming 
a blood volume of 7 %  of the body weight. 
Hematocrits were determined by a micro- 
method. The metabolic rate of the starved 
rats was determined after a starvation period 
of 3 days with a closed circuit respiration 
apparatus as described by Kleiber (8) .: 

Results are summarized in Tables I and 11. 
1. Efects  of hypophysectomy on ervthro- 
poietin response. In all experiments the he- 
matocrits of hypophysectomized rats were 
higher than those of normal rats. This post 
operative rise previously observed by others 
(9,lO) is probably due to hemoconcentration. 

a)  Hypoxia. The hypophysectomized rats 
submitted to a simulated altitude of 20,000 
feet had no detectable erythropoietin in their 
plasma (Exp. 1 and 2).  However, after a 
more severe stimulation (24,000 feet, Exp. 3)  
a good response was obtained: 8% Fe59 up- 
take into the red cells of recipient mice. 

b) Cobalt. As shown in Table I (Exp. S ) ,  
the erythropoietic response of the injected 
mice could not be attributed to the small 
amount of cobalt present in the injected plas- 
ma (0.10 to 0.26 pM/ml). Response to co- 
balt was not appreciably affected by hypo- 
physectomy as shown in Exp. 1 and 2. Fez!' 
uptake in the recipient animals was 16.5% 
and 25.lF as compared to the values ob- 
tained in plasma of normal rats injected with 

4 Dr. E. S. Evans, Ikpt.  o f  Anatomy, Univ. of 
California, Berkeley, kindly performed the metabolic 
rate determinations and provided hypophysectomized 
rats. 
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on evythropaietin vesponsy t o :  a )  Hypoxia. ,4 
slight degree of polycythemia had no effect on 
erythropoietin response to hypoxia ; plasma of 
hypoxic rats whose hematocrit was S1v in- 
duced an iron uptake of 22.8c/( into red cells 
(Exp. 4).  A more marked polycythemia 
(hematocrit 6 3 y  against 3 7 v  for the control 
group) inhibited the response to hypoxia, Fee-’!’ 
uptake 2.5% (Exp. 5 ) .  

b) Cobalt. The plasma of polycythemic 
rats injected with cobalt was also less active 
than that of normal rats. Uptake into red 
cells of recipient mice averaged 1 1.3% in Exp. 
4 and 19.0% in Exp. 5, while values obtained 
after injection of “normal cobalt” plasma were 
respectively 23.3 and 28%. 

Discussion. These results show that hypo- 
physectomy and starvation reduce erythro- 
poietin response to hypoxia. This is com- 
patible with the hypothesis that erythropoie- 
tin production is related to the proportion of 
oxygen supply to demand. There seems to 
be a correlation between the depression of the 
metabolism and reduction of the response to 
hypoxia. When the oxygen requirement was 
mildly reduced by starvation to 70% of the 
normal (Table 11) , erythropoietin titer was 
still increased by hypoxia. When a more pro- 
nounced depression of metabolism was in- 
duced by hypophysectomy ( 1 1 ), no appreci- 
able response was obtained after using the 
same degree of hypoxia (20,000 feet). When 
a more severe hypoxic stimulus was applied 
to hypophysectomized rats (24,000 feet in- 
stead of 20,000) a measurable increase in 
erythropoietin titer occurred: 8% FeS9 uptake 
into red cells of the recipient mice. These 
results are not unexpected in view of results 
reported previously that exposure of hypo- 
physectomized rats to 16,000 feet was not fol- 
lowed by increase of the red cell mass, al- 
though such an increase was obtained after 
exposure to higher altitude ( 12,13). Jacob- 
son and co-workers( 1)  have pointed out that 
rats with reduced metabolism and a normal 
red cell mass are comparable to polycythemic 
animals. If this view is correct, polycythemic 
rats with normal oxygen requirement will re- 
spond poorly to hypoxia. In agreement with 
this hypothesis, a reduced erythropoietin re- 
sponse was found in these conditions, at least 

when the degree of polycythemia was signifi- 
cant. I t  has been suggested that an erythro- 
poietin inhibitor appears in the plasma of 
polycythemic sheep( 14) .  The presence of 
such an antagonist factor in the plasma of 
polycythemic rodents is very unlikely since 
polycythemic rats are as sensitive to erythro- 
poietin as starved rats( 15). Moreover it is 
well established that the polycythemic mouse 
is the most sensitive preparation used for 
erythropoietin assay ( 7 ) .  

As Crafts and co-workers( 16) and Jacobson 
and co-workers( 1)  have shown, an increase in 
erythropoietin titer can be obtained by 
bleeding hypophysectomized rats. Starved or 
hypophysectomized rats responded better to 
anemia than to hypoxia. Starved rats, made 
anemic, disclosed the same plasma erythro- 
poietin titer as did well fed anemic rats. 
After hypophysectomy, anemia induced a 
higher titer than hypoxia (20,000 feet) despite 
the fact that normal rats exhibited a lower re- 
sponse to anemia than to hypoxia. In the 
absence of knowledge concerning the intimate 
mechanism of erythropoietin production, it is 
difficult to explain why the hypophysecto- 
mized rats are more sensitive to anemia than 
to hypoxia. 

There is experimental evidence that cobalt 
is a toxic agent that interferes with oxidative 
enzymes( 17,18). I t  seems that the stimulat- 
ing action of cobalt, like the action of hy- 
poxia, is related to the proportion of oxygen 
demand to supply. Erythropoietin response 
to cobalt was reduced in polycythemic or hy- 
pophysectomized rats. Nevertheless, as has 
been shown by McCarthy et al., erythropoie- 
tin response to cobalt was not affected by 
starvation(l9) and only to a small extent by 
hypophysectomy, but it must be pointed out 
that the cobalt plasma level was higher in 
these animals than in the other groups (Table 
I ) ,  probably because the urinary excretion of 
cobalt was reduced in these conditions. For 
this reason these rats have been probably sub- 
mitted to a more potent stimulation by cobalt 
than rats from other groups. This could ex- 
plain why the hypophysectomized or starved 
rats responded better to cobalt than to hy- 
poxia despite their low oxygen requirement. 

Summary. The level of erythropoietin has 
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been measured in the plasma of starved or 
hypophysectomized rats with lowered oxygen 
requirement after stimulation by hypoxia, co- 
balt, or anemia. Also, polycythemic rats 
have been submitted to hypoxia or cobalt. A 
reduced erythropoietin response was observed 
in hypophysectomized and starved rats after 
stimulation by hypoxia. The diminished re- 
sponse was not so striking after stimulation 
by cobalt, probably because the concentration 
of the cobalt in the plasma was higher in 
these groups. Response to cobalt and hy- 
poxia was also reduced in polycythemic rats. 
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Multiple Congenital Abnormalities in the 'Rat Resulting froiii Acute 
Maternal Niacin Deficiency During Pregnancy.* (28183) 

JACK G. CHAMBERLAIN AND MARJORIE JI.  NELSON^ 
I)r.partrnPnt of .1 natorny, L'nivursity of California, Hrrkuley arid San Francisco 

Deficiencies of riboflavin, pan tot henic acid, 
or pteroylglutamic acid, induced by antime- 
tabolites of these vitamins during pregnancy, 
result in multiple congenital malformations 
in the offspring(l,2). This study reports the 
effects of a purified niacin-deficient diet con- 
taining the niacinamide antimetabolite, 6- 
aminonicotinamide (6-AN),  on embryonic de- 
velopment. As niacinamide can be synthe- 
sized from dietary tryptophan( 3,4), deletion 
of the vitamin from the diet may not affect 
significantly embryonic development in rats 
and certain other species( 5,6,7). 

Methods and materials. Rats (Long- 
Evans) averaging 100 days of age and 2 2 5  g 

* Supported by N.I.H. grants. 
t Deceased November, 1962. 

in weight were bred with normal males. All 
rats were given a stock diet of natural food 
stuffs3 and distilled water for drinking; let- 
tuce was furnished twice weekly. Rats were 
weighed regularly and vaginal smears were ex- 
amined daily. The morning of finding sper- 
matozoa in the vaginal smear was considered 
day zero of pregnancy. Rats were transferred 
to individual cages and given a purified nia- 
cin-deficient diet containing 100 mg of 6-AN/ 
kg of diet on days 7-9, 8-10, 9-11 or 10-13 of 
pregnancy. The animals were then trans- 

$ Ground whole wheat 67.5%, casein IS%, skim 
milk powder 7.5741, sodium chloride 0.75%, calcium 
carbonate 1.50/0, hydrogenated vegetable oil 6.75%, 
1.0% fish oil (vit. A and D concentrate) and suffi- 
cient KI to furnish 0.9 pug iodine/g of diet. 




