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Blood Analysis for Indirect Doping Control of Erythropoietin in Sports
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Abstract — The use of recombinant human erythropoietin (ttEPQ), a stimulator of erythropoiesis, banned in sports
because of the medical risk associated with thrombosis. Due to aralytical difficulties to differentiate between natural human
EPO (hEPO) and rhEPO, blood parameters of erythropoiesis such as contents of hemoglobin (cut-off value <17.5 g/d [ for
man, and < 16.0 g/d! for women), hematocrit and reticulocytes (cut-off value <2.0%) were measured to focus the misuse
of thEPO. We conducted anti-doping test for 122 blood samples of the World Cup athletes. The mean values of key param-
eters are as follows; 14.5+1.0 g/d! for hemoglobin, 41.7+2.8% for hematocrit, and 1.3+0.4% for reticulocyte. Blood sample
was found to be stable up to 8 hours for the reticulocyte measurement. In addition, the soluble transferrin receptor and fer-
ritin levels were measured by immunoassay methods using plasma samples (n=28) in which the mean value was
0.8+0.5 ug/m/ and 54.6+33.7 ng/ml, respectively. The results indicate that all samples tested were negative for the blood
parameters of indirect anti-doping test for hEPO misuse. The statistical evaluation suggest that several other parameters
such as red blood cell, mean corpuscular hemoglobin concentration, mean corpuscular volume, mean corpuscular hemo-
globin and white blood cell could be considered as factors influencing hEPO function in addition to five parameters men-

tioned.
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Hematology system(ADVIA 120; Bayer Diagnostics,
Bayer Co., Tarrytown, NY, U.S.A.)2} Ajof

A 5ol gt Auk AZHAR= hematology Z4 7171
ADVIA 1205 o]&3to] SA43tt. o] 7171l ARg3he A2k
calibrator, control, AR} e EPA|FE7 717]A1- Aok
= 14d=lo Utk Controke 3 level2 TAJHo] glon, 27
d% S matrix® AHE-SFITE AALEE ) ME SYA G2
complete blood cell ZAMAF, differential cell ZAAJ2E,
reticulocyte ZAMAFC R T3 E]o] it

Soluble Transferrin Receptor Immunoenzymometric
assay Kit(IDeA® sTfR IEMA Kit; Orion Diagnostica,
Orion Co., Espoo, Finland)B} Al2}

o] ZIEX A2 FRI} microtiter plate®} &A% |
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=oAL 6 level(0, 04, 1.5, 2.8, 5.4, 9ug/m)EA IZFEHS AL
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Ferritin Microparticle Enzyme Immunoassay Kit(IMx
Ferritin MEIA Kit; Abbott Labs., Abbott Park, IL,
U.S.A)3} Al9F

o] A= 7)171A%3H v ALE A S EAH (microparticle
enzyme immunoassay; MEIAYS ©|-&3}3it}, 4745, 1
HAHEEAT A F ferritind} ¥Hg-38te] MEHXP4]]
A EZAE FSHE ©IF glass fiber matrixell AT &
BAZ|AE WRAIA eh e §3E4e] 448 SYEY
Em=359~371 nm/450~455 nm)3t 3 248 <= Qi) o]
ZIE &= 6 level?] calibrator(0, 10, 50, 250, 500, 1000 ng/mi),
reagent pack, 3 level®] controlZ A5} o], Fgol} &
& AEE A Reagent packs AN, alkaline
phosphatase A 33A|, &4 7] (4-methylumbelliferyl phos-
phatate), A| 53X A o7 FA=|o] gtk

EHoAIR, ETIAIR
A2+ 3mif vacutainer(K3E 7.5% 0.072 ml; BD, U.S.A.)
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Fig. 1 - Stability of blood parameters in ADVIA 120 hematology
system. A: with vacuum state, B: without vacuum state.

J. Pharm. Soc. Korea



RS T

Erythropoietin 7V =424} 425

Table I - Intra-assay precision for controls of hemoglobin, hemat-
ocrit and reticulocyte

HGB (g/d)) HCT (%) Retic (%)
Cl* Cc2® ¢ (€1 C2 C3 C1 C2 C3
N 23 23 23 23 23 23 23 23 23
Mean 59 125 174 169 354 475 81 40 1.1
SD 005 0.07 009 023 054 053 061 034 012
% CV 082 055 055 138 152 1.12 7.46 843 11.28
3C1: Abnormal 1.
°C2: Normal.

°C3: Abnormal 2.

E7HA AR 215 Ve wlEb A8 F 847 ol
o S4slok ahe, WFANE7|2) HFdEE T TS A
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71719 AAEY 317] 913l controlzh P A
Yo R ARAES FAsISITh HASYE=E A ez
M, A0 F F98 4= 2l automated closed tube(AC)SF 5=
52] © 2 manual open tube(MO), manual closed tubeMC)E
AR = AT A AT s, Alrbdel B8 a1
&t g A7, controleld ACH MC2 A} Exlo)7} §)
orng AoA ACE MEsigict. AN oM E T
U2 #te] Zpol7h Aol MCE Agglon, AF s ddzko] 4
2 79 FS5olg MO Wl oz sl 43 Jar g
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slem, & k& VehE hEPO ko] gaieisrg 44
Aoz RS 3T

Hematology system®] A =& 93] 3 level?] controle
AMEEISATE. el whE 23 batch assaye] HGB 5%, % HCT,
% Retic 749 variation® TAF S ZE #413}9] intra-assay
precision® % HA|E2Ath. HGBY 7% control®] 4+ 5.9,
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O
o 05 | y=0.5796x - 0.2622
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Table II - Range of each blood parameter for athletes

Normal Total population (t.fjer

Parameter

mean+SD  Range® n Min Max P
WBC (><103/|Jl) 93+34 26~159 122 29 195 0.8
RBC (x10%u) 48+04 42~53 122 34 59 57
HGB (gd) 14.5+10 128~161 122 108 178 4.1
HCT (%) 41728 373~462 122 297 496 5.7
MCV @) 876+32 81.7~-934 122 801 961 3.3
MCH (pg) 304+14 282~329 122 265 332 49
MCHC (gid) 34.7+09 331~363 122 322 376 49
PLT (><103/ul) 231.0+45.0 148.7~3088 122 133.0 3930 3.3
Retic (%) 1.3+04 0.6~1.9 122 06 31 33
sTfR (ug/mi) 0.8+0.5 01~14 28 03 25 36
Ferritin (ng/mf) 54.6+33.7 -104~1143 28 9.7 1271 36

“Range: 95% confidence limit.

12,5, 17.4 g/dlelA] WHelAE(CVYT 0.55~0.82%0) 1, HCT= &
3] 16.9, 35.4, 47.5%14 CV7} 1.12~1.52%%] 2., Retic
H72) 8.1, 4.0, 1.1504 CV7} 7.46~11.28%°|tH Table D).

ol Mo JMNEE 5% A, FIHAE AR
& 7Fs4d0] Q= A 5709001, hEPO ¥3o] oAx= g
£ Ul(Retic 3.1%)3ich. WbA, & 544 12399 A8 5
QA== VY ARE A3 122719 FarEE A8 A
= Table 19} 20}, wlepx], FAAE F dHE U Algeg
Aelg 122702 A AR E BME A}, BE A8} A7)
& MLl ghs el =R SAdog whyydnt

& X|=0|| chgt Soluble Transferrin Receptor2}l Ferritin
=4

Yolr|golx] PHeHA
o} Hort 2|71 2w

EESM Y B#ESY

FApE B &, 948 2alslo] sTR
sl Faog gaksigict 1219
Hel - Aerit) Zkzke] BFEEAS A}

tlo

2310 BAS calibrator® AME30™ TR IEMA kitt> 0~10
ug/mi®] FEIAW 2 AL23191 11, Ferritin MEIA kits 0~
B 4

3 -
g
5
Q
g 2t
x
2 y=0.8576x+ 0.5712
= 1| r=0.9988

0 1 1 I )

0 1 2 3 4

Log ferritin conc (ug/mL)

Fig. 2 —Typical calibration curves for soluble transferrin receptor and ferritin. A: sTfR IEMA kit, B: Ferritin MEIA kit.
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1000 ng/ml H= AHg3EAC). Calibratorel] AME3F matrixs 2}
Z} gebd sTR IEMA kit A37H84-&, Ferritin MEIA kite
eIz H#¥l-S buffer matrixell &&ste] ARESIT) BE
AL Jog FEE xFOF log TS yEHOE plogle W 2
Ale] Hglom, o] AXae] o3 MRS FEE HA 78 T
UATHFig. 2).
ZEIMo| X344 U intra-assay precision — EF412] A

HAL BT XM 2l(log y=a log x+b)llA2] Wl a2l

o] MEAEE FAAYEI At} BEFHL Fa e
sTfR IEMA kit2] 72-$ log y=0.6076 log x-0.2653(r=0.9973,
n=3) Qo9 ferritin MEIA kit 7% log y=0.8577 log
x+0.5715(r=0.9988, n=7)= WERTh 2449 AT
7% CV7} 0.1% ©J3k2 JeFto =2 o] Aol ojs BatA]
Z 44 7g + AUTh sTR [EMA kit®] 75 o batchwirt
EEFME Ao, control 3 o Hrisle] AnE
At

B AL 5 E o) TR Kit BF 3854 ¢ <
A o7 Ve oH, control #o] A FE el A it A
838 Frksln ala o] BEEFAAN 42 AETE S
control #t2] W3}E EA|x2ldte] intra-assay precision FLOE
gt 1 Ay, 2R 24149 718719} v& intercept
2] WMok (coefficient of variation)’} wi-$- Rol 42| A
HAdo] 53S & 4= It 3 intra-assay precisions &
7] 9)&l low, medium, high range® controlx ¥ & &
A2 stg S o %CV7t sTR7} 2.1~4.9%, ferritin®] 2.7~
49%= VT 2 B ) gado] uig- 9t Aow v
W}, AESAE AR 2J3h sTIR IEMA kit 734
0.1 pg/mio]™, ferritin MEIA kit®] 7% 1 ng/me|3{c}. 28]}
o, 287 EHARE EA% o= Table 119} 2t

A2l oJft HTE 21| A3 P

At FA7A}L E-S) sTIR 3, ferritin Zkoll tidt 1171 &
F2 EBAE Bl BFENY F97 AAE AR
WA 7)1EEA A H i (mean), TEHXHSD), A X (min),
=] (max) 5-& & 5 A= 29K 7| (univariate)s AAISHIATH
HGBS 7% 95%2) A12|%2] M= 12.8~16.1 g/diolw, Bt
A= 14.51 1.0 gdin=122), #FAA]9} Hofx= 242 10.8% 17.8
g/dio]giTh HCTS] W& 37.3~46.2%¢|1, H A& 41.7+
2.8%(n=122), A\ ¢} Hhx)= 2}z 29.72 49.6%1H, Retic
9] M= 0.6~1.9%°1H, BFX = 1.3104%n=122), HAA|
9} A= 22t 069 3.1%2 Jebdth 712 A8t &
£ sTiRY 7-¢ BAX|7} 0.8E50.5 pg/min=28)Z LIEFRLT, o]
o 95% AF L9 HYE 0.1~14 ngmigew, HAx¢k Ho)
2= 247} 039 2.5 ug/miE JERT Ferriting] -9 B34

Table III - Correlation between blood parameters for athietes

Correlation parameters r p-value

RBC (x10%i) 0.113 0.216

HGB (g/d) 0.160 0.078

HCT (%) 0.153 0.092

MCV () 0.058 0.524

3 MCH (pg) 0.057 0.530

WBC (10D vieHC (g 0.012 0.899
PLT (x10%u) 0.240 0.008

Retic (%) 0.273 0.002

STR (ug/ml) 0.300 0.121

Ferritin (ng/mi) 0.229 0.241

HGB (g/d)) 0.801 0.0001
HCT (%) 0.875 0.0001
MCV () -0.430 0.0001
MCH (pg) -0.480 0.0001

RBC (x10%u) MCHC (g/dl) -0.227 0.012
PLT (x10%uw) -0.016 0.859

Retic (%) 0.236 0.609

STR (ug/mi) 0.333 0.083

Ferritin (ng/mi) 0.169 0.390

HCT (%) 0.922 0.0001

MCV () 0.064 0.486

MCH (pg) 0.138 0.129

MCHC (g/d) 0.147 0.106

HGB (g/d) PLT (x10%) 0006  0.948
Retic (%) 0.254 0.005

sTIR (ug/ml) 0.261 0.179

Ferritin (ng/mf) 0.175 0.373

MCV (fl) 0.059 0.519

MCH (pg) -0.097 0.287

MCHC (g/di) -0.245 0.006

HCT (%) PLT (x10%/w) 0.026 0.772
Retic (%) 0.227 0.012

sTR (ug/mi) 0.314 0.104

Ferritin (ng/mi) 0.265 0.173

MCH (pg) 0.807 0.0001

MCHC (g/dl) 0.002 0.986

PLT (x10%ul) 0.082 0.369

MCV @) Retic (%) 0058 0524
sTR (ug/mi) 0.002 0.991

Ferritin (ng/mi) 0.186 0.344

MCHC (g/d) 0.591 0.0001

PLT (x10%ul) 0.032 0.728

MCH (pg) Retic (%) -0.015 0.868
STR (ug/ml) -0.109 0.582

Ferritin (ng/m/)) 0.031 0.879

PLT (x10%ul) -0.054 0.553

Retic (%) 0.063 0.492

MCHC (g/d)) sTR (ug/mi) -0.147 0.455
Ferritin (ng/ml) -0.214 0.275

Retic (%) 0.130 0.154

PLT (x10%) sTfR (ug/ml) 0.427 0.023
Ferritin (ng/ml) 0.424 0.025

. STR (jg/mi) 0.442 0.019
Retic (%) Ferritin (ng/m))  0.432 0.022
sTiR (ug/ml) Ferritin (ng/ml) 0.236 0.228

r: correlation coefficient.

n=122, except sTiR & Ferritin (n=28).

J. Pharm. Soc. Korea
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Fig. 3 - Correlation and distribution of blood parameters for athletes.
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Table IV —Close correlationship between two blood parameters

X y Correlation equation Correlation

(Y=aX+b) coefficient (r)
o HGB (d)  Y=2161X+4173 08007
RBC (x107u) Het (9 Y=6.843X+0.105  0.8752
HGB (@d)  HCT (%) Y=2670X+3077 09217
MCV (&) MCH (pg)  Y=0.348X-0.078 0.8070
MCH (o9  MCHC (gd) Y=0.402X+22483 05907

= 54.6%33.7 ng/mi(n=28)°| 3L W+ -10.4~114.3 ng/mi©}
Qon, HAx e} HhA= 22 9.7 12.7.1 ng/mio| ATk, 3L
7t Wso| tiatel A 9lel 95% AlEE el &3k out-
lier= Table II$} Zt}. Out-lier A5 HGB”} 574, HCT:= 7
78, Retic® 4712 yEbsiT).

7} W4=E7k0) AlgaA st EFE T = SAS programe o83k
o] AHZ ¥9loH, scatter plotof] e AFEd=) Bl 7o
sl B o2 A Avb= Fig 33 Zr} olu F Hr3ky
ABAGF @Y p-value: Table Tz 2ok 7 A3}, HGB vs.
HCT@=0.922)7} 7F¢ d3dst 4auAIE 2o 7312, RBC
vs. HCT(r=0.875), RBC vs. HGB(r=0.801)7} 1 t}20& &
#4do] 9lgles, MCV vs. MCH(r=0.807), MCH vs. MCHC
(r=0.591) =AYE & & AT ol wisle, A QIxjel] dig
W29l sTIRY ferritingte] A2BAE r=0.236, p=0.228
n=28)24 4% BEH Au|S 24 ZFrt 7 9] oA |
FE ZRIE uigls ARIAE #FE  sdth

Qo] AdelA A Q= 7R B, AFEENE A1
A o= AE9] AHAA} s A5 simple linear regression
of) 2Jalo] ZALEIR oM, AMWF A (Y=aX+b) oA @)=
Table IVeF 2t} &3] HGB vs. HCTS) A4 AbstAl(r) 7
0.9217% 2v|Qle FTBAE Yepktt

hEPO E=337ARA, A3t 7|%0] He f22Ql ¥aE ot
Bzt 713 §8 3% 5709 W2l HGB, HCT, Retic, sTiR,
ferritinol] thal] ZE 1170 ¥ge}e] BAIE 3|4 F linear
regression®] 23] AAIEATEY WA ThFFAH-A (partial
correlationyS AABIAES W, Pr>Fe) =X)71 0.05 o2& Y
Eptor® fo)a n3S Mdysks] Zaigith wEk fo)F 7
olzgh= AAlslollA thA BA8lth? 1 Aw}, Table Vol
R k) Zo] F&nA4ql 57jle] tiste] Zhzh w4 QU3
t}, o] MFEL) 1242 Parameter estimate’} 3537, Pr>|t|
7} 0.052°c} W42, 7831 variance inflation 4°%]7} 0.1 ©}
o7 =SS E uglE A 0% vehdth®

L ZFZRIHGBIME AFFRBC7} 7 241 s
olgf, thgo® AHIYTEMAHTES(mean corposcular
hemoglobin concentration; MCHC), 2@ 7-4&H|(HCT), 4 &
33787 (mean corposcular volume; MCV) =03t} 28
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Fig. 4 — Day-to-day distribution for hemoglobin, hematocrit and
reticulocyte in whole blood of athletes.

gHu)2) A9 RBOT QvIgle WRgaL, slnasy, A8T
g8 M2 (mean corposcular hemoglobin; MCH), 284
743 AR oS vERch Reticd] 724 W (WBC7H
fro)Mdo] glom, sTIRY ferritin®] -9 Retico] &]7|8l= W
Z vehdth weba, hEPO %3 AAtelA HGB, HCT, Retic,
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Table V —Linear regression for each of hemoglobin, hematocrit, reticulocyte, soluble transferrin receptor and ferritin in whole blood

WBC RBC HGB HCT MCV

MCH MCHC PLT Retic  sTfR  Ferritin

b
(x10%u)  (x10%)  (@d) (%) ®  ep @) ) % (gm) agm) O

HGB 1.48° ] 018 0.08 0.42 ] ] ] 2164
(g/d) (488.10) (494.79)  (159.50) 1.27) :
HCT ) 4.44 141 047 065 ) ) 2106
(%) (398.49)  (409.00) B (2.38) (122.44) ) ) :
Retic 0.05 ) ) ) ) ) ) ) 0.74
(%) (1.00) B - .
sTiR 0.69
(ng/mi) ) i i i i i i (1.00) i i 0.1
Ferritin _ ) ) ) 50.44 ) 516
(ng/ml) ) (1.00) "

“Parameter estimate (Variance inflation).

bIntercept.

n=122, except sTfR & ferritin (n=28).

sTIR, ferritin®] 57 W= o] &)l f-2J&<Q) W42 A RBC,
MCHC, MCV, MCHSF WBCZ} AFAdo] 985 & <= gch

nEd dEE

2545 1222 IANEE Aol met 23919 batch® &
Mo 3 level? controld AETT] 02 ARSI 1 A¥
2 Agit}. dutd s HAR= hematology systems ©]-831]
gaNg AFg 5 srzlelUell e, HRIHmel gt sTR
9} ferritin®] ZAR= 28712] EAAEoNA BS Eelst] ¥
ARl o3| HEEAE AAEAT

23 batch®] A5#] A9Z FAXHCE FA3E v, 3 control
levelol Al HGB X%, % HCT, % Retic kol i3k CVE 10%
Je)2A BAATAE skl AR, 174 el gt
AgAE At E38] F2 WAl HGB F%, % HCT,
% Reticoll theh ZF A8 2] 2k Fig. 49} Zt. 9 Ahasee] 2
TR © 24 hEPO £330l thgh 10C 7132 ARl g2 ok
53 2t} HGBY A%, 9*H= <175 g/dl, 9Ix= <16.0 g/dl
o)1, Retic®] A= <2.0%0Ith? wlhx, BE oz o]
g BAdIE 919 R S g veRile =2 hEPO
Arf) i 2402 BHET

9ol AAatelA L 1170 e gk A 4
AT A, 3709] F2% HgEA HGBE A 14511
g/dn=122)0)¢1 21, HCTE 41.7+2.8%(n=122), Retic 1.3
0.4%Mn=122)2 et} 3 sTRS HH A+ 0.810.5 ug/
ml(n=28), ferritine= 54.6=33.7 ng/mi(n=28)°|Ic}.

HEELRe] s vERlieE 212 7RIEA, HGB vs. HCT
r=0.922y} 7V HAS JABAIE eRIE, RBC vs. HCT
(r=0.875), RBC vs. HGB(r=0.801)7} 1 20 & #=Ajo] 3l
Qo MCV vs. MCH(r=0.807), MCH vs. MCHC(r=0.591)
o)t 12iut, A QA tist sTIRY ferritin?he] A

i 4%

i

e

+ =
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(r=0.236)= ZoHE F QUTE. o] 2ol ferritin ‘s sl
#ol sTIRY Retic L7J3HAl LR 2™, Retic T3 F5E
glol Bgle] BE WYL YASHA Yeldth &, & a7
FHol= 2e), 2 sTIRH ferritin® ThS W] AHBA S 2
2% = 9ok 1 9ol nEFAE E4 o MFE 319
AAAA S AR A, 5719 WE-(HGB, HCT, Retic, sTiR,
ferritine]$Jell RBC, MCHC, MCV, MCH, WBC7} 91491 %
Z2A A4 FE S AT 5 Uit

227 B wle]] 9J&bd, hEPO =39 A|#2M = hEPO
olglefl e} WiFEo] BEPTHE AL & F Y 1 Fof
A= £3] HGB, HCT, RBCY Retico] #&e Ho]11, 19]
sTIR¥} ferritin® 8 AAR Z-g3vh= Zo| F5E Q12|
k822 737 o]F Aol A ferritintto] rhEPO $o &
Taste AT Bolu, URE QAL Fvkhe YL 2
o35=91t}2%% Robinson et al?®& thEPO $o] & @ 7j2) ¥
ol thslo] AZPER ZARSIGIET, hEPO, Retic, sTIR, HCT
07 Z7MRS HojFElom 1 3 hEPOT H WiEsky|
7} oF 42/|7k0 2 ofx Wi ROME A& HAPE Haghs A
NS I3 Retico] 7P A F2 Zg3rhs Bl
£ 28t BE reticulocyte A5(# retic), RBC | Z 22113}
reticulocyte 3|F-Z2819] Bl&(rbcHb : retHb ratio), reticulocyte
2] haemoglobin %F(retHb), reticulocyte®] hematocrit(retHct)?]
HFER RUEsol & g Feaittn w3 ok o
9] gakeo] 9l= WMEE= MCV, percent macrocyte(% Macro),

reticulocyte?] 24 ¥=F(mean corposcular volume; MCVr),

¢

[ oo

percent hypochromic cells(% Hypo), reticulocyte 8 A~ &=
(cellular hemoglobin content of reticulocyte; CHr) 51 A%
o™ o] = MCVr# CHre Retic?t B3 E 1=} retHet
(=MCVrx # retic)2} retHb(=CHrx # reticyo] AA oA vl
F5o] o] 9SS 4T 4 YAk oleist ML thEPO

7k AT Hriat Alelo] Azio] o M o] o 1
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