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Present studies of the humoral regulation 
of erythropoiesis are based on diverse in vivo 
bio-assay technics, described by Gordon ( 1 ) . 
Gordon also noted that methodology influ- 
enced results. F'ew specific attempts have 
been made to compare results obtained by 
different assay procedures ( 2 :3) .  

This report details results of assays carried 
out using starved rats or rats rendered poly- 
cythemic by hypertransfusion. Reticulocyte 
counts and red cell FeS9 incorporation were 
measured ; erythropoietic response of both 
types of assay animal to human and rabbit 
erythropoietin was assessed. Serially graded 
doses of erythropoietin were assayed and the 
relationship between response in red cell iron 
incorporation or reticulocyte production and 
dose of erythropoietin was determined. 

Methods  and materials. Erythropoietin 
was prepared from rabbit plasma and human 
urine: a )  Hemolytic anemia was produced in 
albino rabbits by daily subcutaneous injec- 
tions of 1 ml of 2.5% phenylhydrazine solu- 
tion. When the hematocrits were 15% or 
less the rabbits were exsanguinated into he- 
parinized flasks. The separated plasma was 
pooled, and extracted by the method of Bor- 
sook (4) .  This extract was concentrated 10- 
fold, dialyzed for 12 hours against distilled 
water a t  4°C and stored frolzen. The eryth- 
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ropoietic stimulating activity of such extracts 
had been previously demonstrated (4,s). 1 ) )  
Urine was obtained from a patient with se- 
vere anemia due to erythroid failure. H:is 
hematocrit ranged between 17 and 207;; 
there was persistent, absolute reticulocyto- 
penia, and marrow was devoid of red cell pre- 
cursors. Urine was dialyzed against running 
tap water for 18 hours, concentrated by flash 
evaporation to one-twentieth of the original 
volume and stored at  -18°C. 

Two types of bio-assay were used. On the 
first day of a +day assay period, female 
Sprague-Dawley rats weighing 180 to 200 g 
were started on starvation (6)  or rendered 
polycythemic by a single transfusioln of ho- 
mologous packed red cells equivalent to 50% 
of the animals' original predicted red cell 
mass ( 7).  Starvation was continued for the 
entire 96 hour assay period; the polycytheniic 
animals were fed a regular rat chow diet. 
The remainder of the assay technic was 
standard. Plasma extract or urine concen- 
trate was injected intravenously 30 and 54 
hours after transfusion or institution of 
starvation. Although the dose of plasma ex- 
tract or urine concentrate varied, volume of 
injection was kept constant by dilution with 
saline. 

Eighteen hours prior to completion of Ihe 
assay, each rat was given an intravenous in- 
jection of approximately 1 pc of FeZ9 citrxte 
in saline. An appropriate standard was also 
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TABLE I. Hciuatocrit, Red Cell FeGB Incorporation, Reticulocyte Count and Total Red Cell 
Xass of Normal Rats and Assay Rats 96 Hours after Transfusion or Initiation of Starvation. 

RBC F P  in- Reticulocyte Hematocrit, Red cell mass, t 
No. of rats corporation, 70 count, yo % cc/100 g 

~ ~~ _ _ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~ ~ ~ ~  ~ ~ 

28 Norm:il 27.72 2 6.19" 2.83 -+ 1.15 44.28 2 1.73 2.21 
2 1  Rtal.rec1 (i.05 t_ 1.77 2 2  +- .08 52.85 1.52 2.64 
2 i 1'01~ c y t 1 1  ei I iic 5.00 +- I.(il .:$S -I .08 54.53 2 2.59 2.83 

prepared. The assay rvas completed by deter- 
mining red cell radio-iron incorporation, reti- 
culocyte count and hematocrit of tilood ob- 
tained from each rat by cardiac puncture at  
96 hours. 

Red cell radio-iron incorporation was de- 
termined by the following formula: 

C'oullts/llll IJloocl x total 
hloocl volllllrl~ 

Total counts iiij. 
- _  'i; incorporation = - 

One ml of blood was counted in a well scin- 
tillation counter. Blood \wlume determina- 
tions by Fe'l!' tagged homologous cells (8) on 
representative groups of assaj- rats revealed 
that the starved rats had a blood volume of 
4.87 -t 0.19% (SD) of final body weight and 
the polycythemic animals 5.23 t 0.26c/, 
(SD) of body weight. Hematocrits were de- 
termined by the micro technic. Reticulo- 
cyte counts were determined by the methyl- 
ene blue technic(9). Number of reticulo- 
cytes per 1000 red blood cells were enumer- 
ated by 2 observers. 

In  all assays each dose of estract or con- 
centrate was tested in 5 animals to obviate 
differences due to individual \lariation. Con- 
trol values for iron incorporation. reticulo- 
cyte count and hematocrit were obtained for 
assay animals injected with saline. Results 
are recorded by plotting response in FeS9 
incorporation or reticulocyte level against the 
log of the dose of urine concentrate or plasma 
estract in milliliters. Regression lines ( 10) 
have been drawn for all sets of data and cor- 
relation coefficients( 10) for the relation be- 
tween dose and response have been deter- 
mined. 

Results. Table T records the hematocrit, 
reticulocyte count and red cell iron incor- 
poration for both normal rats and saline in- 
jected control rats 96 hours after transfusion 

or commencement of starvation. Both pro- 
cedures produced elevation of hematocrit and 
a concomitant partial arrest of erythropoie- 
sis. manifested by a fall in circulating reticu- 
locyte count and iron incorporation. 

The erythropoietic response of transfused 
assay rats to graded doses of erythropoietin 
obtained from both human urine and rabbit 
plasma is depicted in Fig. 1 and 2 respec- 
tively. In each instance iron incorporation 
increased as dose was raised; the log dose re- 
sponse relationships were linear and both 
showed high degrees of correlation. In  con- 
trast the changes in reticulocytes were more 
irregular. especially a t  lower dose levels; cor- 
relation was less than that seen for dose and 
response measured by FeS9 incorporation. 

The response of starved rats to1 rabbit 
plasma erythropoietin is shown in Fig. 3.  
The extract injected was prepared from a 
different pool of anemic rabbit plasma. The  
relationship between dose of rabbit erythro- 
poietjn and both iron incorporation and re- 
ticulocyte response was linear and high de- 
qrees of correlation were noted. 

Finally, comparable doses of urine concen- 
trate were assayed in starved rats or trans- 
fused rats to test the relative sensitivity of 
these 2 types of assay animals. Red cell ra- 
dio-iron incorporation alone was measured 
and results are recorded in Table 11. Regres- 

'FA 1CLE 11. Conipari 8011 of Erytliropoietic Re- 
'ponse of Polycpthcmic and  Starved Rats Iiijecteil 

with H imiaii ErFth rolmirtin. 

Xed cell Fd8 iiicorporatioii, YO 
1 ) o w  in in1 Starved Polycythemic 

.05@ 9.3 2 2.85" 10.2 & 1.65 

. l oo  10.9 2 3.51 12.6 ? 2.31 

.?(I0 15.9 & 4.61 14.7 2 1.43 

..xKl 23.9 2 1.18 '74.0 rf: 2.58 
1.000 22.9 +- .96 28.1 f 1.56 
2.000 31.1 & 2.87 31.2 2 3.48 
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FIG. 1. Response of transfused rats t o  human erythropoietin. Each point represents mean 
( f one S.D.) response of 5 assag animals. Correlation coefkients : dose-iron incorporation, 
.986 ; dose-reticulocytes, 384.  

FIG. 2. Response of traiisfuscd rats to rabbit erythropoietin. Each point rcpresentx mean 
( +- one S.U.) response of 5 assay animals. Correlation coefficients : dosc-iron incorporation, 
.983 ; dosc-reticulocytes, .942. 

FIG. 3. Response of starved rats to rabbit erythropoietin. Each point represents meail 
( f one S.D.) response of 5 assay animals. Correlation coefficients : dose-iron incorporation, 
.964 : dose-reticulocytes, .994. 

FIG. 4. Rcsporise of starved rats and transfused rats t o  human erythropoictin. Each point 
represents mean response (S.D. recorded in Table 11) of 5 assay animals. Correlation coeffi- 
cients: starved rats, .974; transfused rats, .985. 

sion lines for both dose-response relationships 
were constructed (Fig. 4) .  Results were 
similar for both types of assay animal. 

Discu.~sioln. Few attempts have been 
made to compare the response of the starved 
rat to an erythropoietic stimulus with the 
response of rats in which erythropoiesis has 
been arrested by other means. Gurney and 
Pan(2) found that starved rats were more 
sensitive than hypophysectomized rats, 
whereas Garcia and Van Dyke(3) found hy- 
pophysectomized rats and starved rats of 
equal sensitivity. In the present study meas- 

urement of red cell radio-iron incorporation 
indicated that erythropoietic responsiveness 
of acutely starved rats was essentially the 
same as that of animals with erythropoiesis 
arrested by transfusion induced polycythe- 
mia (Fig. 4, Table 11). The latter observa- 
tion supports the thesis ( 11) that diminished 
erythropoiesis in the acutely starved rat is 
due to the relative plethora associated with 
starvation and hernoconcentration and not to 
the effect of food deprivation on the rat's 
ability to synthesize erythropoietin. 

Comparison of dose-response relationship 
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for reticulocyte levels and red cell FeS9 in- 
corporation showed that both increased as 
the dose was augmented, h i t  reticulocyte re- 
sponse gave more variable results especially 
a t  lower dose levels in the transfused rats. 
This variability, thought to result from the 
method of reticulocyte counting, restricts use 
of this parameter to assay of relatively high 
doses of erythropoietin. Although measure- 
ment of red cell iron incorporation provided 
a simple and reliable means of measuring 
both high and low doses of erythropoietin. the 
amount of blood required for determination 
of Fe.5!) incorporation a t  the dose of radio- 
iron employed precluded the use of a single 
animal for serial determinations. 

The dose-response analyses in these es- 
periments were similar to those of Garcia and 
Yan Dyke(3) and Hodgson ct ul .(  5 )  in that 
the relationship between the log of the dose 
of urine concentrate or plasma extract in niil- 
liliters and the erythropoietic response was 
linear. Schleuter r t  oZ.( 1 2 )  found a sigmoid 
relationship between Fe;!' incorporation in 
erythrocytes of starved rats and the log dose 
of purified erythropoietin obtained from ane- 
mic sheep plasma. Within the range tested 

in the present study a sigmoid dose-response 
relationship was not noted. 
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In a digital computer program for auto- 
matic analysis of electrocardiograms (ECG) 
a screening procedure for separation of nor- 
mal arid abnormal records appears an essen- 
tial preliminary step. A more detailed 
analysis of pathological tracings may then 
follow. Since the ECG consists of several 
distinct wave forms (P, QRS and T waves) 
with different electrophysiological signifi- 
cance a single screening procedure should 
preferably encompass analysis of all electri- 

*This work was supported in part by a grant 
from ,4m. Heart Assn. 

cal processes which accompany each heart 

beat. The  spatial ventricular gradient (SVC) 
appeared as the most comprehensive single 
parameter known for this purpose. 

Wilson e t  aZ.( 1) developed the concept of 
V 8 .  It has been defined as the net electrical 
effect of the differences in time course of ven- 
tricular depolarization and repolarization. As 
predicted by simple theory, the time integral 

(A) of depolarization potentials of a muscle 
should be equal to those of repolarization but 
with opposite sign. For the ECG, the sum 
of the time integrals of QRS and T should be 


