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Assay of “Hemopoietine” in Starved Animals ; Properties of Urinary 
Hemopoietine. (24274) 

G .  E~ODGSON, M. PERRETA, D. YUDILEVICH, AND I. ESKUCHE 
(Introduced by A. S. Gordon) 

Laboratorio de Fisica Nuclear Pura y Bplicada, Universidad de Chile, Santiago 

The effects of plasma from anemic rabbits 
on plasma iron turnover of normal rabbits 
have been described ( 1 ) . A clear increase in 
plasma iron turnover was produced by native 
and boiled plasma from phenylhydrazine 
treated rabbits; bled rabbits’ pIasma pro- 
duced a slighter effect and only after dialysis. 
Although rich in Hemopoietine, plasma from 
phenylhydrazine treated animals is not an 
economic source for abundant material neces- 
sary for chemical fractionation studies. In 
view therefore of our previous findings that 
“Hemopoietine” appears in urine( 2 ,3 ) ,  it 
was decided to use urine from anemic animals, 
as a source of “Hemopoietine” for chemical 
studies. Before doing this i t  was necessary, 
however, to work out a satisfactory method 
for Hemopoietine concentration, and also have 
available an adequate test for assaying the 
various fractions quantitatively. Use of 
plasma iron turnover studies in normal rab- 
bits as a routine assay is impractical, because 
of large amounts of material required. Pre- 
liminary experiments with normal rats, meas- 
uring Fe59 uptake in erythrocytes, indicated 
that this was not a satisfactory bio-assay ani- 
mal either. It was with great interest there- 
fore that we read of the experiments which 
demonstrated that animals with depressed 
erythropoiesis, presumably a consequence of 
low endogenous hemopoietine titers, were very 
sensitive to extracts from plasma of anemic 
animals (4,s). 

This communication presents results of ex- 
periments in which starved rats with depressed 

erythropoiesis( 5 )  , were used as assay animals 
to develop a method for Hernopietine con- 
centration, and to describe the application of 
this method to the study of sume properties 
of urinary Hernopietine. 

Rabbits of both 
sexes, average weight 2 kg, were used. Treat- 
ment of these animals has been described (1). 
For urine collection the rabbits were main- 
tained in metabolic cages, and urine collected 
in sterile glass flasks kept in an ice-salt mix- 
ture. The urine obtained was centrifuged and 
then kept frozen until further treatment. 

A. Receptor rabbits. To test the effect of 
Hemopoietine on Hb synthesis in starved 
animals, extract of boiled plasma from phe- 
nylhydrazine treated rabbits prepared accord- 
ing to Borsook ( 6 ) ,  were injected intravenously 
( 10 ml/kg), twice a day for 2 days, in fasted 
male rabbits (2  kg). Animals were fasted 2 
days before and during injection period. Fe6g 
was injected on morning of 5th day of fasting, 
and plasma iron turnover and F@g incorpora- 
tion into red cells studied by methods previ- 
ously described (1). The results of this ex- 
periment are summarized in Table I. 

In preliminary 
tests for adequate method of concentration for 
Hemopoietine, starved male albino rats, of 
weights indicated in Table 11, were used. 
These rats were fasted 2 days previous to 
Hemopoietine injections and for 3 days there- 
after. Hemopoietine preparations were in- 
jected intravenously (tail vein) twice a day on 
third and fourth day of fasting. FeSD, 0.2 

Method donor animals. 

B .  Receptor albino rats. 
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TABLE I. Plasma Iron Turnover and PeEb in Erythrocytes of: Normal Rabbits (N.R.), Starved 
Rabbits Injected with: Saline (S.R.S.), Normal Rabbits’ Boiled Plasma (S.R.N.R.P.) and 

Phenylhydrazine Treated Rabbits’ Boiled Plasma (S.R.Ph.R.P.) . 
No. turnover time Plasma iron, Plasma iron % dose 

Plasma iron Erythrocytes Fern, 

Group rabbits constant, %/hr ,g/ml turnover, bg/hr 24 hr 48 hr 

K.R. 5 13.3 f l . f i  2.93 k 31 106 & 5.2 49.7 -t- 5.0 60.9 & 4.0 
S.R.S. 5 32 f 3.15 2.76 _+ .83 51.2 _+ 4.5 12.8 .+- 1.6 36.9 -+- 6.9 
S.R.K.R.P. 6 18 f 3.85 3 . M  f .-I2 56.7 -t- 6.2 15.1 & 3.1 38.1 .+- 8.1 
S.R.Pl1.R.P. 9 5ti.4 1.53 1.97 & .31 137.4 +- 8.4 48.1 2 4.6 74 2 4.1 

pc;’rat was injected on morning of 5th day 
of fasting, approximately 18 hr after last 
Hemopoietine injection. Fe:!’ was injected in- 
travenously (femoral vein) under light ether 
anesthesia, as iron-ascorbate. incubated in 
normal rat serum. An aliquot of dose diluted 
to 10 ml was kept as standard, 20 hr after 
Fe59 injection, the animals were anesthetized 
with ether and essanguinated by aortic punc- 
ture using a heparinized syringe. Blood ra- 
dioactivity was determined in 2 nil sample 
using a scintillation counter. Heniatocrits 
were done using standard technics. Tn a 
small group of starved rats. total circulating 
red cell volume was determined after 5 days 
of starving using Fe50 tagged red cell method. 
The average value obtained: 2.29 -i: 0.13 
ml!100 g (pre-fasting weight) was used for 
calculation of Fe”) uptake in erythrocytes. 
C .  Starved grey rats. The studies described 
above were continued using male grey rats 
obtained from stock of Tnstituto de Biologia 
Juan Xoe. Cniversity of Chile. I t  was neces- 
sary to vary the technic a little. The receptor 
rats were fasted for 4 days. received subcu- 
taneous injections of Hemopoietine, twice a 
day on 2nd or 3rd day and again in morning 
of 4th day of fasting, 1 hour prior to Fej9 in- 

jection. Doses given are shown in Table I11 
24 hr after FeS9 injection, the animals 
were anesthetized with ether, exsanguinated 
by aortic puncture, and liver removed 
for radioactivity measurements. In preli- 
minary experiments, measuring femurs and 
spleen as well, most valuable informa- 
tion could be obtained from counting only 
liver and blood. In  some of these starved rats 
total red cell volume was determined by the 
FeS9 tagged red cell method, on morning of 
5th day of fasting. Advantage was taken of 
this experiment to determine amount of blood 
radioactivity remaining in liver after exsan- 
Ruination. The mean circulating red cell vol- 
ume in these animals was 2.42 -L: 0.14 ml/lOO 
g (pre-fasting weight) and 2.13% of total 
blood radioactivity was present in the liver 
corresponding to 100 g rat (pre-fasting 
weight). These values were used for calcu- 
lation of Fe59 in erythrocytes and liver. 

Results. A .  E,fect of boiled plasma from 
phenylhydrazine treated rabbits on plasma 
iron turnover and FeSg incorporation into red 
cells in fusted rabbits. The results sum- 
marized in Table I show that fasting lowers 
plasma iron turnover to about 50% of its 
normal value. Fe59 incorporation into eryth- 

TABLE 11. FeZU in Eytliroegtcs of Stiirrtvt Jliile Albino Rats. Rats of groups 1 t o  3 weighed 
from 180-220 g;  tliosc of groups 4-9 betwwi 250-320 g. Abbreviations: R.P., extract of boiled 
plasma; R., rabbit; K., iiorinal ; Ph., p l ~ e ~ ~ ~ l l ~ ~ d r a z i n e  treated; Al. ext., alcoholic extract; Bl., 

bled; U., urine. 

No. 7% Fe59 
Group :iniin:ils cr~t1 i roc~t t . s  Dose of material inj./rat 

~~ 

( 1 S:iliiicl x 4.7 5 1.37 x 1111 9 “ / o o  NaCl sol. 

( 3 )  ZC.P.Pl1.K. 1.7 :;i.i _t: ; { . I f )  I d 1  tI1 
( 2 )  R.P.S.H.  (i 7.4 2 . 9 i  H ” c>xtr:ict f roiii 6 nil  lmiletl plasiiia 

(1) Haliiiti I 1 11.; 2 2.O.7 H 1111 Y”/,, NaCl SOL 
(5 )  B.P.Ph.K., nT 42.4 & 4.20 10 nig Riurct pnsitive material 
(6)  Al. ext. B.P.Ph.X.., 7 43.7 -+- 3.42 Zdeni 
( 7 )  Al.ext.B.P.Ph.R.,, 6 32.0 2 3.60 
(8) Al. ext. U.Pl1.R. ,, li 43.6 & 4.20 9 .  

, I  (9) Al. ext. U.H.R. 4 24.3 +- 5.85 
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TABLE 111. Fe5g (% of Iiijected Dose) in Erythrocytes and Liver of Starved Rats, Average 
Weight 160 g, Injected with Crude Alcoholic Extract of: Normal Rabbits’ Urine (C.N.R.U.), 
Phenylhydrazine Treated Babbits’ Urine (C.Ph.R.17.) and Alcoholic, ( Al.) Extracts of t.he 

Latter. 

Group 

Erythrocyte Relative 
No. Erythrocyte liver ratio, specific 

animals Fese, Liver %’@, % E/L activity, % 
(1) Saline 
(2) C.N.R.U. 10 mg 
(3) C.Ph.R.U. 10 mg 
(4) 50% Al., pH 7, Ph.R.U. 10 mg 
(5)  50% Al., pH 4, Ph.R.U. 4 mg 
(6)  C.Ph.R.U. 16 mg 
(7) 50% Al., pH 4.5, C.Ph.R.U. 

16 mg 

C.Ph.R.U. 16 mg 
(8) 50%-80% Al., pH 4.5, 

13 10 & .79 17 & 1.22 .59 .07 
6 11.5 k 2.48 16.7 2 1.91 .75 k .22 
6 50.7 & 1.83 7.2 2 1.25 8.0 e 1.23 100 
6 32.5 t 2.6 10.3 2 .93 3.27 2 .46 36 
6 30.7 1.89 8.5 & .75 3.7 2 .39 105 
4 41.8 k 2.82 5.8 2 .44 7.4 -+ .96 100 
6 19.7 f 3.5 9.9 2 1.3 2.2 2 .18 24 

6 60.2 ~f-l 5.14 4.9 2 -18 13.7 2 2.48 193* 

E/L/dose x * Relative specific activities are calculated as ratio -- , where n E / L  is in- 
A EjL/dose crude 

crease of E/L ratio ; dose x, dose of purified material, anci dose crude, starting material. 

rocytes, especially a t  24 hr, is also notably 
diminished. Extracts of boiled plasma from 
phenylhydrazine treated rabbits increase 
plasma iron turnover and FeZ9 uptake in 
erythrocytes significantly. Extracts of boiled 
normal rabbit plasma do not affect these in- 
dexes. 

B. Efect  of various “Hemopoietine” prepa- 
rations on Fe50 uptake by red cells in starved 
albino rats. Table I1 summarizes results on 
effect of Hemopoietine on FeS9 uptake by 
erythrocytes of starved male albino rats. Ex- 
tracts of boiled plasma from phenylhydrazine 
treated rabbits, notably increases the per- 
centage of Fe59 appearing in red cells a t  20 
hr. (11-3). Extract of boiled normal plasma 
produces a slight increase of Fe59 incorpora- 
tion, when compared with control and experi- 
mental series run simultaneously (11-1-2). 
The factor responsible for the effect of ex- 
tracts of lboiled anemic plasma is non-dialyza- 
ble. It flocculates on treatment with saturated 
(NH4)2S04 at  pH 4.5. On treatment of 
water extracts obtained from boiled plasma of 
phenylhydrazine treated rabbits with 4 vol. 
ethanol at pH 4.5 an abundant precipitate 
formed, which was easily separated from su- 
pernatant by centrifuging. The precipitate 
obtained was extracted with 9O/Oo NaCl solu- 
tion, and the soluble fraction was tested for 
activity. Table TI ( 5 , 6 )  shows results of 
assay of this type of crude alcoholic fraction 
of boiled plasma, which has the same activity 

as original boiled plasma extract. The dose 
was 10 mg Biuret reacting material/rat. All 
the Biuret reacting material in solution pre- 
cipitated on treatment with phosphotungstic 
acid, not as in the case of the aqueous extract 
of boiled plasma, in which only a part of the 
Biuret reacting material came down with 
phosphotungstic acid. In  view of the positive 
result of this assay, i t  was decided to test for 
activity in extracts obtained in a similar 
fashion from urine collected from rabbits after 
3 bleedings (once a day, 15 ml/kg) and urine 
from phenylhydrazine treated rabbits, col- 
lected after 5 injections of phenylhydrazine 
( 10 mg/kg) . The phenylhydrazine treated 
donors were exsanguinated after urine collec- 
tion and the alcohol extract of boiled plasma 
also tested for activity. Table I1 (7,8,9) 
shows clearly that the activity of extracts of 
urine from phenylhydrazine treated donors, 
is greater than that of boiled plasma of the 
same donors, and the latter is greater than 
that of the urine of bled rabbits. 

The crude urinary extract was tested for 
presence of phenylhydrazine using a Fiegel 
spot test, sensitive to 0.04 pg(7) and shown 
to give no color reaction. 

C. Bio-assay and properties of urinary He- 
mopoietine. Fig. 1 shows the results of a 
quantitative bio-assay, using crude alcoholic 
extract of urine of phenylhydrazine treated 
rabbits. In  Fig. l a  it can be seen that Fe6g 
of erythrocytes a t  24 hr is proportional 



1 40 URINARY HEMOPOIETINE 

dore in nithgraar 401. i rl l l~#renI  

FIG. 1. Starved ni:iIr rats inj. with diffcwnt doses of Biuret reacting material of urine of 
~ ~ l i ~ n ! . l l i ! . i l r w z i i i ~ ~  t rcatecl riihhits. 

(r>.994) to log2 of dose of urinary Hemo- 
poietine, expressed as mg Biuret reacting ma- 
terial. Fig. lb)  shows that the ratio FeS9 
of erythrocytes/Fe"!' of liver a t  24 hr is pro- 
portional to dose of urinary Hemopoietine 
( r >  .998). Table I11 shows results of other 
experiments with Hemopoietine in grey rats. 
The most active urinary fraction to date was 
obtained from the crude alcoholic precipitate 
of anemic urine, by the following procedure: 
the precipitate was extracted with 0.1 m ace- 
tate buffer pH 4.5 and the solution treated 
with one vol. ethanol. The precipitate which 
formed showed lower specific activity than 
the crude extract (Table 111-6-7) ; the super- 
natant however, on treatment with another 
3 vol. of alcohol gave a precipitate whose spe- 
cific activity is greater than that of the crude 
extract (Table 111-8). Table 111-2 shows 
that the extract of normal rabbit's urine has 
no effect. The precipitate which forms on 
treating the crude extract a t  pH 7 with 1 vol, 
alcohol has low activity, while that which 
forms on lowering pH to 4 has as high specific 
activity as the starting material (Table T11- 

Discussion. The observations on starved 
rabbits clearly show that there is a notable 
decrease in Hb synthesis as reflected by low 
plasma iron turnover and low incorporation of 
Fe59 in erythrocytes. The analysis of Fe;59 
uptake in red cells at 24 and 48 hr suggests 
that aside from a decrease in iron consumption 

3-4-5). 

by bone marrow, there is also in this case an 
increase of maturation time of red cell pre- 
cursors in bone marrow, which makes the es- 
timate of erythropoiesis, as measured by up- 
take at  24 hr alone, lower than it actually is. 
The plasma iron turnover in fasted rabbits is 
as low as the minimum value observed by 
Bothwell et d ( 8 )  in experiments in which X 
irradiation was used to suppress red cell for- 
mation. But in the case of starvation, the de- 
pression of erythropoiesis is not a consequence 
of marrow damage, but probably reflects low 
Hemopoietine titers ( 5 )  and can be reversed 
by administration of exogenous Hemopietine, 
in the form of extract of boiled plasma from 
phenylhydrazine treated rabbits. The effect 
of this plasma extract is probably specific, and 
not the consequence of administration of 
amino acids, glucose and a few milligrams of 
protein that are present in the extract, as ex- 
tract of boiled normal plasma, which conceiv- 
ably contains similar quantities of these com- 
ponents, has no significant effect. The quan- 
tities of Hemopoietine in normal plasma were 
probably in this case insufficient to obtain ef- 
fective blood concentration. 

The observations on starved rats confirm 
the finding of depressed erythropoiesis( 5 )  in 
these animals and show that they are practical 
assay animals for Hemopoietine. Simultane- 
ous study of Fe5g in red cells and liver shows 
that low erythrocyte Fe59 in starved rats is 
not only a consequence of delayed maturation 
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of bone marrow precursors, but reflects a 
change in iron distribution with smaller up- 
take by the erythroid marrow and a greater 
proportion of iron going to body stores, as 
represented by the liver. Hemopoietine in- 
jection increases iron uptake by marrow and 
diminishes that of the stores. The significant 
linear correlation between Erythrocyte Fe59 
and log2 dose, and Erythrocyte/liver Fe59 
ratio and dose of Hemopoietine, demonstrates 
the feasibility of carrying out quantitative 
bio-assays, using the criterion of specific ac- 
tivity in chemical fractionation studies of He- 
mopoietine. In comparing Fig. l-a and l-b, 
it can be seen that the measurement of E/1 
ratio permits detection of smaller amounts of 
Hemopoietine than does the measurement of 
Fe5g in erythrocytes alone; 2 mg and 4 mg 
of crude urine alcoholic extract respectively. 

Tf one analyzes that data obtained in nor- 
mal rats taking into account the dose response 
relationship shown in Fig. 1,  some interesting 
conclusions can be drawn with respect to as- 
say of Hemopoietine in normal animals. Thus 
Fe59 uptake in normal rats (32%) is seen to 
correspond to uptake of starved rats injected 
with 8 mg urinary extract. The increase of 
FeS9 uptake observed by us in normal animals, 
on receiving 10 mg of an extract of boiled 
plasma (32.8 to 44.9%) is in the range of 
what would have been predicted by the dose- 
response curve of Fig. 1 .  Thus a dose of 10 
mg given to a starved rat increases FS9 up- 
take 3 fold, while a similar dose given to nor- 
mal animal increases uptake in only 37%. 
The gain in sensitivity obtained by using 
starved animals is manifest. 

The presence of “Hemopoietine” activity 
in urine of bled and phenylhydrazine treated 
animals, confirms the results of previous ex- 
periments (2,3) and accords with the findings 
of Piliero et al. ( 9 ) ,  Van Dyke et at?. ( 10) and 
Winkert et a2. ( 1 1 )  in urine from anemic pa- 
tients. The fact that extracts of urine from 
phenylhydrazine treated rabbits are more ac- 
tive than those from bled rabbits is in agree- 
ment with the findings that plasma from 
phenylhydrazine treated animals has more 
erythropoietic activity than that of bled don- 
ors ( 1,lZ ). The abundance of Hemopoietine 

in phenylhydrazine treated animals’ urine 
presents a valuable source of material for 
study, as it is not difficult to maintain rab- 
bits for prolonged periods of time in a state 
of chronic hemolytic anemia, and obtain sev- 
eral liters of urine from them. 

The evidence so far presented by various 
laboratories points to the protein ( 13 ) or poly- 
peptide nature of Hemopoietine, and suggests 
that it may be classified as a mucoprotein 
(14,lS). The properties here described for He- 
mopoietine obtained from urine and plasma 
accord with the properties described for mu- 
coproteins, as chemical analysis of active frac- 
tions shows that they contain more than 10 
mg total neutral sugar (Orcinol) per 100 mg 
protein (Biuret) . 

Summary. 1. Fasted rabbits and rats were 
used as assay animals for Hemopoietine prepa- 
rations. Depressed erythropoiesis manifests 
itself by low plasma iron turnover and uptake 
of Fe59 in erythrocytes in rabbits, and by low 
erythrocyte and high liver Fe59 in rats. 2. 
Injections of extracts of boiled plasma from 
phenylhydrazine-treated rabbits increases 
plasma iron turnover and Fe59 uptake by 
erythrocytes in rabbits, and produces an in- 
crease in erythrocyte FeS9, accompanied by a 
drop of liver Fe59 in rats. Uptake of Fg9 in 
erythrocytes is proportional to log dose of He- 
mopoietine administered, while Fe59 erythro- 
cyte/liver ratio is proportional to dose. Ac- 
tive fractions have been prepared from both 
urine and plasma of anemic rabbits by alcohol 
fractionation. The active material is non- 
dialyzable and contains more than 10 mg car- 
bohydrate per 100 mg protein. 
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Production of Diabetes Insipidus in the 'Rat." (24275) 

CARL S. ,ALEX.IXI)EH~ ( Introduced by Edmund B. Flink) 
I*eternns :1diiiin. Hospitcil, and Depart n i t w f  of Medicine, University of Minnesota 

Mpdicnl  School,  ;MinnPapolis 

Reports dealing with diabetes insipidus in 
partially hypophysectomized rats have seldom 
described operative technics ( 1-6) .  This re- 
port sets forth in detail the surgical technic 
of neurohypophysectomy as performed in over 
500 animals during the past 5 years. and also 
more recent experience with hypothalamic 
lesions produced with a stereotasic instru- 
ment. The water exchange in acute and 
chronic DI as well as other conditions result- 
ing from such lesions will also be discussed. 

Methods. Sprague-Dawley rats of either 
sex, weighing approximately 200 g. were sub- 
jected to neurohypophysectomy by the para- 
pharyngeal approach. Clean but not sterile 
technic was used. The procedure as described 
by Smith(7) and Thompson(8) has been 
modified in 2 important respects: 1 )  ether is 
used as the anesthetic because it avoids res- 
piratory depression often seen with barbitur- 
ates, and 2 )  after making a midline neck in- 
cision extending from lower jaw to sternal 
notch, the trachea is incised just below the 
thyroid cartilage parallel and between 2 rings 
of tracheal cartilage. A glass tube 4 mni in 
diameter, 5-6 cm long and tapered to 2 mm at 

* This investigation was supp.;rted in part b? 
Volker Grant, Am. Med. Assn.. and grant from Sat .  
Inst. oi' Arthritis and Metabolic Iliseases, X.I.H., 
C.S.P.H.S. 

t Veterans Admin. Clinical Investigatcr. 

the end serves as a tracheal cannula thru 
which ether may )be administered. Except 
during actual administration of the anesthetic, 
it is important to remove ether bottle to avoid 
C 0 2  accumulation and hypoxia. A bloodless 
plane of dissection between deep strap mus- 
cles on the right side of neck can be found by 
gently retracting with 2 pairs of curved for- 
ceps. The digastric muscle is not cut as by 
Thompson (3) because retraction of the tra- 
chea permits adequate exposure of the basi- 
sphenoid area of skull. Two curved paper 
clip retractors are now placed in the plane 
separating the deep neck muscles dissected on 
the right side. The exposed basisphenoid 
area, which can be recognized by the V-shaped 
muscles inserting along the midline, is freed 
of its muscle attachment. An important land- 
mark can now be seen-intersection of a 
longitudinal ridge (crista occipitalis) with the 
blue transverse cartilage (occipito-sphenoid 
synchondrosis) . Approximately 1 mm rostral 
to this intersection a hole is drilled and en- 
larged with a No. 9 dental burr ( a  smaller 
size burr may be used to start the hole). Two 
precautions should be observed during drill- 
ing; occasionally a blood sinus in the bone 
located in rostral portion of hole may be en- 
tered, resulting in a brisk oozing of blood 
which can be stopped only by sustained pres- 
sure best applied using #3 round dental pel- 


