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Studies on Erythropoietin Bioassay Method

Kyoung-Sam !Cho, M.D., Heung Kyu Ro, M.D. and Munho Lee, M.D.

Department of Internal Medicine, College of Medicine Seoul National University

It is the purpose of this paper to design the mogt preferable method of erythropoietin bioassay
ia Korea.

Bioassay utilizing polycythemic mice are currently in general use for the indirect determina-
tion of erythropoietin. Assay animals are usually prepared either by transfusion or by exposure
to reduced oxygen tension in specially constructed chamber.

We prepared the polycythemic, mice by the specially constructed hypobaric chamber. We
observed weights and hematocrits of the mice in the hypobaric chamber, then hematocrits and
72 hours 5%Fe red cell upatke ratio of the polycythemic mice induced by hypoxia after removal
from the hypobaric chamber. ; .

We designed the method of erythropoietin bioassay -according to the results obtained by
above experiments. Then we measured the 72 haurs 5Fe red cell uptake ratio {of the polycyt-
hemic mice with normal saline, normal plasma and anemic plasma according to the method we
designed.

The results are followed:

1. The hematocrits of the mice in hypobaric chamber increased to 74% in 14 days It is
preferable to maintain the pressure of the chamber to 400mmHg for first 4 days then 300mm
Hg for last 10 days to reduce the death rate and time consuming in"hypobaric chamber.

2. After removal from the hypobaric chamber, the 72hours 5Fe red cell uptake ratio
decreased rapidly and maintained the lowest level from the fourth day to tenth day.

3. We design the method of erythropoietin bioassay according to the results of above
experiment and to the half life of erythropoietin. '

4, The Korean product 5Fe is mixture of 5%Fe and $5Fe. And the 5°Fe red cell uptake ratio
in normal mice was far less with Korean product 5Fe than with pure ®Fe of foreign product.
So it is desirable to use pure 5Fe in this method of erythropoietin bioassay. .

5. Considering the cost, the technique, the time consuming and the sensitivity it is the most
preferable method of erythropoietin bioassay in Korea using hypobaric chamber to induce the
polycythemia.
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Fig. 1. Total schedule of erythropoietin bioassay.
S : Sample inject. S.C. 0. 5ml
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Fig. 2. Hematocrit and weight changes of mice
in hypobaric chamber.
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Fig. 2. Hematocrit and %%Fe uptake of mice

after removal from the hypobaric cham-
ber.
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Table 1. The Results of Erythropoietin Bioassay with Saline, Normal and Anemic Patients

Name Hb(gm/dD Sample % 5°Fe Uptake
Saline, 0.5ml X2 L5
Saline, 0.5ml X2 1.3
Saline, 0.5ml x2 1.8
KS. CHO Normal 13.0 Plasma, 0,5ml x2 2.0
J.Y. KANG Normal 13.5 Plasma, 0.5ml x2 2.3
K.S. LEE Iron Def. Anemia 6.3 Plasma, 0.5ml X2 2.9
H.O. OH Iron Def. Anemia 4.2 Plasma, 0.5ml X2 3.3
W.J. LEE Iron Def. Anemia 4.5 Plasma, 0.5ml %2 4.4
K.A. LEE CML 2.2 -Plasma, 0.5ml %2 3.8
K.W. KIM SLE 6.5 Plasma, 0.5ml x2 3.4
J.S. WON ALL 5.6 Plasma, 0.5ml X2 3.5
T.Y. SHIM ALL 8.9 Plasma, 0.5ml x2 6.6
W.K. KIM M.M. 6.8 Plasma, 0.5ml X2 3.3
D.C. KIM- HMR 6.3 Plasma, 0,5ml x2 2.4
B.S. HAN Nephrotic Syndrome 15.8 Plasma, 0.5ml x2 1.2
Y.T. KIM Nephritis 10.8 Plasma, 0.5ml X2 2.4
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Fig. 4. % %Fe uptake in normal mice.

BEAA Y BIE] R A A et

EBEWKE Fe dHatalel HHT ES BHEBG
BolA £ “Fe fmRFEHmEC] HED 28 volx o
ket

% 3

ERFME 3 )7k Bk o Mol A eryth-
ropoietin 8 ok ko] fEEATh. ol M
erythropoietin o] 3] FmAS el (LES T
MFIE ST i 4 9 HpB4, Gordon B2 Hi

A2 B Bl A KB MmE e 2 erythropoietin
o] HwE - AL PR oY HoRsEirAe) W
fuigin7t erythropoietin Zrjiiok Baliol 2= AL &
Bl E Feb01?, 15 ERERBES 5 994
= EREE FASER R0 LE%e) silicon JES
R AgE 9,

FRBEAA = EREORE ERRBIIREE HEA7 #H
BEANA FMBELEARE 5. #HEZIY
KBS @ 00mmHg 2 #EAA RS ®EdS
W RIMERATAE T0%L Lo 2 A 7] ds 208
HES HiRle] LBEH R ARY FErEL 10% AR
et 300mmbg 2 FEEL S ERARE det
RMFRAERS @7 gebd A 10H~128e " 70% 1/
oz #@AE & ol zeld olwlE wWHIY 1y
BIEwAe] FMs ®Wmsle) 20%73 Bgech &K
oA A 400 BB 400mmHg = sta [
% 10HL 300mmHg AR ojde GRE
AL 105D 4B 7T4% 2 FmEREe] 8
ot ek, EEE AAAY AmERAERY Bt K3
H Ligse veldod § 6~8B7x+= #BE\EY M
M7t R givh ol o gk ALY HRifkk
ARRE I KRmERAEEM 2 BWERDY T EE
fEBshs Aoz Al zelvd LgdE 4B
2] o] A WinstmE 4B Ao ARmERR
SiEdl = BERDY AL mHEE 4 A5

METEE OERslA Y Bigo 2 HWREE R



—#5 4z 5+ 2 A : Erythropoletin #%& 50 B3 W — 137

AL A0 e EREEF] Sl TRY RMERIES
fifo] HEE Al TH BESETAA erythrop-
oietin & ZIirt WAL RimER4:pE) KT 3%
B, FEBAA BEY EHREAETY AmBEL5EH
fﬁ«l 7205H] Fe JRMBREFIA-& &s) Hibste] &

Fe 0H7AR & RERES s 2 ¢ +
_°‘ ‘:‘r iz} AbebEol ¢lal RES erythropoietin 9] 4
BREE A URNHAEE guA e, & 9
J2HEl erythropoietin & 3~4HR] 7ERIE 4 g o]
S AERAA o.& FRel AR, HEL

Aol A 5islginl erythropoietin o] 453 H7bx) &
JAslal 55 4 BY-e) 10B Ato) ol PiBLEEES) erythro-
poietin & {Ef-E shx] ekx givh. AFEelA KBk
FEE ROe F2 8¥e Jebdeh RfuERERe) R
Lete ARL ROORGHA BESA A A
e+ vk 1AL RmEREH] BOGAL 7K
TERG K o) ‘/}Er‘* dfo] oI EERKETAA
B BRERNE QoA ZdEe] #instsl wlfelcl.
5628 RS AIRLE (EAE BEEmY BERE B
#Hebel RMBRARS WMOE 21442 5 54 Aol
2 AERA A= RMIRERC] WI0H AR 54%LL
ke fi35sl 2 o] #4{trl erythropoietin & 5l
= BEE WA e

AEWA A B3R erythropoiein 8] BIEHEL
A4 & FHREE HERE gt F s ARY ery
thropoietine] BfK= =7 A A3 % 4 H3l 5H ol B
#e M-S HTE HEHst 6 Bl ®Fed fHIER
2 iEftelg el RMEREGES @@k FrRe digh
g Mif4] erythropoietin o] fEME 4 = B AHIM
s Etatel e BlY RimERkg el Wi
o] o= HIES BB s s g2 el
9 Hell 1RY k& HIEkL =

iRy MmiFe] ervthropoietin -§ ‘Edsdipho
2 EEstd ERANAL WEe] =17 g3 fufakivt
8gm%LITE Hoial 7-golut Mind A& ??Ef@‘ -

Adupio. REBAAE AMAEEKSE EHAL mi
L7 PEek 72RR SFe sRmIREERAL HET £
nejx g€ B 4 dreh AmBKmi g3 72
e ®Fe RMBMAUEEL EHARcIE Binslg o
2 ZRE TYhR GUrh old HEE AR AR
2 ERE EETo] HAE PFert BAKLNLE A
Winsl el HFEsl=l XA RMERTEE ] B ol =] )
wo] ohd st A=), B o] i o] EEE 4G
3] Al A Fig 4o 4 ] upol o] 72830} =

% 4ER 2 2E Joh. EARS PFed KmIRE
o] "eolal: AL BEY #Fe g Hilt %Fent
o} ehigl 5Fe o} #Fe &) BAHAHES Aol & KA
o] ohd stiel. of e, HEAHE= miFY £& B
AAAY BEY miER4 BEAl RE LSS
SFe rlEkEEAEHEY 2EE #mAd 4 dokx &
£}16,26, 40,

FERANAE & BES erythropoietin & HiEs}
71 98 47t KmERESEARE #Astgc.
AR HERP F9BAR FMIRBERe] 52%LEL A
B8 st os BE 4ntelch 3utEl s} 52% Ll
FRMRERE iAol

Erythropoietin & £4fizrike] 2744 FHikeldl
o A2 Ll whet o AERI gol BRE
RMEES HAdY BE 1089 erythropoietin JIE
o o % 50029 MEsF BB BT MNEI 2
RS 239 Ax7 el Bims St FRmEELE
€ doswy ZRIEME] 119 A= Fgolxl &= FIB
o] ot olule M HMHY olel o] g
1049 Bel #s) 250vte] 9 BEsE MEseRL,
Bas FlRsHE A ARELY UM g3 g8
e MRS #BE 2R oA BRIV REBRA
AT Atk EMsA gobx x5 g oliss® g
TEREBORMS BHRENE HEe ERES 9494 ¥
ohet Hilffyon dds ek

EEEEY, BRRERY 2 BlRvel RS M £ %
At 2 o vl BEes
BlsgEel & A o] EAERATEL #HsE £
MfEEe] AY F& A 2ok a8y £ o] EHL &
£E A7 JHAE 4 Fed] MEES ¥ KM
BRBWA-S BnA 7 T ol fte] HE4tste mige £
T2l A Mg Alel ®iEAR BEY RE ERse
ks EEsto okt = BE AN Y=
BEW: erythropoietin & {Hfjsled MRS Rshd
erythropoietin &) EE&REL FIpEs o

erythropoietin ¢}

] S

HHEL ERETA @Fste ZREROERBEE
<+ FBAA Ghe EEARK, ERAY o ¥ A
mBE#S miFS Earshs 7280 SFe RMBMBME L
fipetel ohesh 2 HARE A=k

1. EEEETENA 4BHE EEFsld RORER
& 74%712 BmAZ 5 dadsh PIRY RS &

—_—4 3 —



138 —The Korean Journal of Nuclear Medicine : Vol. 9, No. 2, 1975—

pr Foli FHmIRIBEHIES FFPol LEIL BHE &2
#BA7 71 fARAE A5 48HL FEEY FKES 400
mmHg 2, & 10ARL 300mmHg 2 #&EA7€
Rel Frh

2. EEFETAA ARl SiEAFER erythrop-
otetin o] ¥ E 4 HEe 10H Alo]d] FER KT
= o] Keffld] MEMmiFS erythropoietin & JIE
el 7t BETE € F A9

3. EBAMmMES HHT %Y 72R SFe RfUMREE
WE-S 4HABAKE EHIE o 2ok

4. AERAA HAT “Fe AR ¥Fe o} %Fe
9 EAMe T, RMIRFNE] "ol 22 erythrop-
oietin FiEdll & 1w} MiFT *Fe g FAsAY SR
85 ¥Fe & A ok &t

5. #EpEAg, FrRIRY D EfERY P} erythropoietin
BEY SRS EEYA S99 RE== ABWRS
3 2o EFEATESS At Ao A4 F&4
2= 47}

REFERENCES

1) Fried, W., Plzak, L.F., Jacobson, L.O. and
Goldwasser, E.: Studies on erythropoiesis. I11.
Factors controlling erythropoietin production.
P.S.E.BM. 94:287, 1957.

2) Schooley, J.C.: Responsiveness of hematopoietic
tissue to erythropoietin in relation to the time
of administration and duration of action of
the hormone. Blood 25:795, 1965.

3) Kretchmar, A.L.: Erythropoictin: Hypothesis
of action tested by analogue computer. Science
152:867, 1966.

4) Lajtha, L.G:: Recent studies in erythroid di-
fferentiation and proliferation. Medicine 43:
625, 1964.

5) Kuratowska, Z., Lewartowski, B. and Michals-
ki, E.: Studies on the production of erythropo
ietin by isolated perfused organ. Blood 18:5-
27, 1961.

6) Pavlovic-Kentera, V,, Hall, D.P., Brogassa, C.
and Lange, R.D.: Unilateral renal hypoxia and
production of erythropoietin. J. Lab. Clin.
Med. 65:577, 1965.

7) Zangheri, E.O., Campana, H., Ponce, F,, Silva,
J.C., Fernandez, F.Q. and Suarez, F.R.E.: Pr-

oduction of erythropoietin by anoxic perfusion
of the isolated kidney of a dog. Nature 199:
572, 1963.

8) Fisher, J.W. and Birdwell, B.J.: The product-
ion of an erythropoictic factor by the in situ
perfused kidney. Acta. 26:224,
196 1.

9) Fisher, J.W., Schofield, R. and Porteous,D.D.:
Effect of renal hypoxia on erythropoietin pr-
oduction. Brit. J. Haemat. 11:382, 1965

10) Hirashima, K. and Takaku, F.:. Experimental
studies on erythropoietin. II. The relationship

Haemat.

between juxtaglomerular cells and erythropoi-
etin. Blood 20:1, 1962.

11) Oliver, W.J. and Brody, G.L.: Effect of prolo-
nged hypoxia upon granularity of renal juxt-
aglomerular cells. Circulation Res 16:83,
1965.

12) Goldfarb, B. and Tobian, L.: The interrelati-
onship of hypozia, erythropoietin and the ren-
al juxtaglomerular cell. P.S.E.B.M.111:510,
1962,

13) Takaku, F., Hirashima, K. and Nakao, X.
Studies on the mechanism of erythropoictin
production. I.: Effect of unilateral constrict-
ion of the renal artery. J. Lab. Clin. Med.
59:815, 1962.

14) Katz, R., Cooper, G.W., Gordon, A.S. and Z-

anjani, E.D.. Studies on the site of production
of erythropoietin. Ann. N.Y. Acad. Sci. 149
1120, 1968.

15) Goldwasser, E. and Kung, C.K.H.. Progress
in the purification of erythropoietin. Ann.
N.Y. Acad. Sci. 149:49, 1968.

16) Lowy, P.H. and Keighley, G.. The fractionai-
ion of eryth'r:opoietin Sfrom anemic and normal
human urine. Ann. N.Y. Acad. Sci. 149:54,
1968.

17) Painter, R.H., Bruce, W.R. and Goldwasser,
E.: The commercial production of erythropoi-
etin from anemic sheep plasma. Ann. N.Y.
Acad. Sci. 149:71, 1968.

18) Schooley, J.C.. Garcia, J.F., Cantor; L.N. and

Haveus, V.W.: A summary of some studies on



—K.S. Cho, et al.: Studies oa Erythropoietin Bioassay Method— 139

erythropoiesis using anti-erythropoietin immune
serum. Ann. N.Y. Acad. Sci. 149:266,1968.

19) Frenkel, E.B,, Suki, W. and Baum, J.: Invest-
igations on an Immunoassay of erythropoiztin.
Ann. N.Y. Acad. Sci. 149:294, 1968.

20) Bangham, D.R.: Biological assay and a standa-
rd for erythropoietin. In Erythropeciesis. p.
28, N.Y.

21) Gordon, A.S. and Weintraub, A.H.: Assay of
the erythropoictic stimulating factor (ESF).
In Erythropeissis. p. 1, N.Y.

22) Cotes, P.M. and Bangham, D.R.: An Interna-
tional ‘Reference Preparation for bioassay of
erythropoietin. Bull. W.H.O. 85:751, 1966.

23) Cotes, P.M.: Quantitative estimation of erythr
opoietin Ann. N.Y. Acad. Sci. 149:12,1968.

24) Keighley, G.: Further experiences with assays,
units and standards of erythropoietin. Ann.
N.Y. Acad. Sci. 149:18, 1968.

26) Gallagher, N.J., Hagan, D.Q., McCarthy, J.M.
and Lange, R.D.: Response of starved rats and
polycythemic rats to graded doses of erythrop
otetin. P.S.E.B.M. 106:127, 1961.

26) Hodgson, G., Perreta, M., Yudilevich, D. and
Eskuche, I.: Assay of “hemopoietin® in starved
animals; properties of urinary hemopoietin.
P.S.E.B.M. 103:483, 1960.

27) Gurney, W.G. and Pan, C.: Studies on eryth-

ropoiesis. X111. A comparision of methods of
bioassay of erythropoietin in human plasma. J.
Lab. Clin. Med. 55:67, 1960.

28) Jacobson, L.O., Goldwasser, E., Plzak, L.F.
and Fried, W.: Studies on erythropoiesis. Part
IV. Reticulocyte response of hypopysectomsiz-
ed and polycythemic rodents to erythropoietin.
P.S.E.B.M. 94:243, 1957.

29) Cotes, P.M. and Bangham, D.R.. Bioassay of
erythropoietin in mice made polycythemic by
exposure to air at a reduced pressure. Nature
1961:1065, 1961.

30) DeGowin, R.L., Hofstra, D. and Gurney,C.W.:
The mouse with hypoxia induced erythremia,
an erythropoietin bioassay animal. J.Lab. Clin.
Med. 60:846, 1962.

31) Weintraub, A.H., Gordon, A.S. and Camiscoli,
J.F.: Use of the hypozia-induced polycythemic
mouse in the assay and standardization of er-
ythropoietin. J. Lab. Clin. Med. 62:7483,
1963.

32) Monette, F.C., LoBue, J., Gordon, A.S. and
Chau, P.: Erythropoiesis in transfusion-induc-
ed polycythemic rats studied with 3H-thymid-
ine autoradiography. P.S.E.B.M. 119:445,
19665.

33) Lange, R.D., Simmons, M.L. and Dibelius, N.
R.: Polycythemic mice produced by hypozia
in silicone rubber membrane enclosures: a
new technique. P.S.E.B.M. 122:761, 1966.

34) Lange, R.D., Simmons, M.L. and McDonald,
T.P.: Use of silicone rubber membrane enclos-
ure for preparation of erythropoietin assay.
Ann. N.Y. Acad. Sci. 149:34, 1968.

35) DeGowin, R.L., Hofstra, D. and Gurney, C.
W.: A comparision of erythropoietin bioassay.
P.S.E.B.M. 110:48, 1962.

36) Gurney, C.W., Wackman, N. and Filmanowicz,
E.: Studies on erythropoiesis. XVII. Some qu
antitative aspects of the erythropoietic response
to erythropoietin. Blood 17:531, 1961.

37) Fimanowicz, E. and Gurney, C.W.: Studies on
erythropoiesis XVI. Response to a single dose
of erythropoietin in polycythemic mouse. J.
Lab. Clin. Med. 57:65, 1961.

38) Seip, M., Halvorsen, S., Andersen, P. and Ka-
ada, B.R.: Effects of hypothalamic stimulation

on erythropoiesis in rabbit. Scand. J. Clin.
Lab. Invest. 13:5583, 1961.

39) Reynafarje, C., Ramos, J., Faura, J. and Vill-
avicencio, D.: Humoral control of erythropoie-
tic actiuity in man during and afier altitude
exposure. P.S.E.B.M. 116:649, 1964.

40) Crafts, R.C. and Meineke, H.A.: The anemia
of hypophysectomized animals. Ann. N.Y. Ac-
ad. Sci. 77:501, 1959.

41) Fogh, J.:. The increased doses response of
ESF after ESF s:timulation. Ann. N.Y. Acad.
Sci. 149:217, 1968.

42) Hodgson, G.: Effects of plasma erythropoiesis



140 , —REEREEIL B % B2W EE B1668 1975

and Finch, C.A.. Erythropoietin excretion in
normal man. Blood 28:854, 1866.

45) Hammond, D., Shore, N, and Movassaghi, N.:
Production, utilization and excretion of ery-

stimulating factor (ESF) at different time
interval: after ‘ingle injection. P.S.E.B.M.
. 106:766, 1961.

43) Camiscoli, J.E., Weintraub, A.t. and Gordon,
A.S.: Comparative assay of erythropoietin .ta-
ndards. Ann. N.Y. Acad. Sci.;149:40,1968.

44) Adamson, J.W., Alexanian, R., Martinez, C.

thropeoietin: I. chronic anemia, I1I. aplastic
crisis, II1. erythrepeictic effects of normal
Pplasma. Ann. N.Y. Acad. Sci.149:516,1968.




