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RENAL PROTECTIVE EFFECTS OF ERYTHROPOIETIN
ON ISCHEMIC REPERFUSION INJURY

Manabu Morivama, Tatsuro Tanaka and Koji Suzukn
The Department of Urology, Knazawa Medical University

We reexamined the conditions of tissue disorders resulting from temporary ischemia of the organs as well
as changes in tissue function and the effects on the preservation of renal function over time by using rat
models in order to clinically utilize erythropoietin, which has inhibitory effects on ischemia-reperfusion
disorders.

In 8- to 9-week-old Wister male rats, after the right kidney had been resected under general anesthesia,
the left renal artery was clamped to inhibit the blood flow for 45 minutes. At 30 minutes before inhibiting
the blood flow and after releasing the inhibited blood flow, 100 U/kg of recombinant human erythropoietin
(rhEPO) was administered via the inferior vena cava and the abdominal cavity, and then the tissues and blood
samples were extracted at 6 hours and 24 hours after the release. The renal tissue specimens were evaluated
for apoptosis and renal function using hematoxylin eosin staining and TUNEL staining. Changes in the
emergence of active oxygen were investigated by using blood samples. The degree of renal dysfunction was
evaluated by measuring neutrophil gelatinase-associated lipocalin (NGAL) in the spot urine samples. The
changes in the serum creatinine level, showed that the renal function was preserved with a significant
difference in the thEPO administration group. The liver deviation enzymes clearly decreased in the thEPO
administration group. Active oxygen did not change before and after the ischemia-reperfusion nor was it
changed by rhEPO administration. No direct effects of
rhEPO administration on the emergence of active oxygen were observed. The administration of rhEPO,
was suggested to help preserve the renal function in marginal donors with a longer agonal stageby effectively.

(Hinyokika Kiyo 56 : 473-479, 2010)
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Apoptosis was inhibited by rhEPO administration.
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Jacobson 12 & O erythropoietin (£ TREEE I LTV 2
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1. Animal model

K5 250~300 g @ Wister/ST HEZ v b 320 % HA
SLC #0) (Shizuoka, Japan) & DAL 1 HRMIES LW
WOBREBRICHER L 72, EREFTICH 2o TR
Guidelines for Animal Experiments in Kanazawa Medical
University & 857 L7z, Y F A4 D07 )V — T2
7 (FRTO Ty MOEERHERETT). 1. AHA
WG X BMHmER L7 V=7 (K3~ b
O—)V#En=8), 2. MIMFHELE D AEE (Ischemic
reperfusion injury : IRI # n=8) 3. MIMFFH#EFLAT305
rhEPO #5-# (EPOpre 30# n=8), 4. MEIMFFHEGTRE
thEPO #% 5-# (EPOjust 0 n=8). I > Fa— )b
7, EPOpre 30%E% L C EPOjust 0 #EIZ1E 500 ul DA
HECIEIK, 100 TU/kg recombinant human erythropoietin
(Chugai-pharm, Tokyo, Japan) % E 3045 Hi & & OF
REIML & [FIFRE (T REIR & 0 AR 5- 2 AT o 72,

EPOpre 3012 (347 B4l 35 & OV Bl i IR BIE 11130 43
Hi, EPOjust 0 B IEBRIM & FREIZEFES L &
NXTODFv MIZxt L T Diethyl Ether (Wako Pure
Chemical Industries, Ltd Osaka, Japan) (2 CW AR
iTo 72 Sodium Pentbarbital (Kyoritsu Pharm, Ltd
Tokyo, Japan) 30 mg/kg % JEMEN# 512 CTiTo 72, /&
BEDERIRI AT 2 BRIMAAEIERY 72 7 70 — F I CTHER
7))y TERCEEFEIZZ ) v T LItk WA B E
DT DB AR L 722 & 2R L7z, BRIMFRE [
450 & L, MR - FHERIEEIRZ U v T2 13T
LB R b L2 2 L 2 WIRCORERR L 72, M
FRERAL O H I PR 6 RER & 24T 7 v b &4k
YEFE S 7z, MR R I REIR & D 2457 — i
BB % > CABAEIKE 15 ml THEG LALRR
MEDBENH L &2 175 72

2. MEAA LRI B & OIE TG R S O Bl

ML WmAEBIEZ LT 5= (Co), Ik
JRF & (BUN), Asparate aminotransferase (AST),
Alanine aminotransferase (ALT) & L REIMALER], I
PR ERBIRE) 6 R B X U4 M O 3 15T
W L7z

LA E SO Al 2 A VR NOF- 351 A i
140 1l @ 0.1 M NaOAc #EEZ MR, KV THLRAE
ARSI L2 2 ik & LT 5ul, E72ME
FRVE R I B RAL R SRR 2 5 ul TN R 72 1%,
87°C, 54 ¥ FaN—h§ 2. RI* it & R*
B OB (125, FARFE) 1004 & &7 T2
WL, STEECEEL 7 L— ) =% — 1T I15H
A Fax=F L7, 505 nm \IZBTFHWE =15
WHFETI80R £ THIES 2. MIERIE60Fs 24 5180
B £ TOFUEM LH7 O E D 5K O total ROS
(Reactive oxygen species) il & S LS BETHE L 72,
3. JE B NGAL #ll % (Sandwich ELISA analysis of

NGAL expression in urine)

FRAGARN T IMEAR AR BREL & K] % & Ao & C R IfAL 1 i
B L ORMAELE (EREIRE) 6 Kb X U240k
Mo 3 TR 72, B d IRz 72 61230 L =
Ex —70°C T E TR L7z, NGAL & Strep-
toavidin % F \» 72 Sandwich ELISA analysis ¢ Rat
NGAL ELISA Kit (BioPorto Diagnosis A/S, Denmark)
IR OB RSB UClllsE L7z, SO L
T 72k 2 2R TR L5005 12 L 7z il g 12
L7z, §XRTOBREOR LT wiplicate 12 TPl
Rz IS X OBROBtEE~ (707
L— MV —%— (model 680 microplate reader, Bio-

* R1:0.1M NaOAc #% %, pH4.8 |2 N, N-diethyl-para-
phenylene-diamine, DEPPD) % 100 mg/ml {2 VA i EE
R2 : ¥ 4L # (Sigma Aldrich Co, MO, USA) % 0.1M
NaOAc FRMHIC 4.37 mM | E G
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Rad Laboratories, Inc CA, USA) % fiv>C 450 nm O
W £ Tl L Microplate Manager Software (ver. 5.2PC,
Japan Bio-Rad Laboratories, Inc Tokyo, Japan) |2 Tf#
W EAT-72.
4. Terminal Deoxynucleotidyltransferase-Mediated dUTP

Nick End-Labeling (TUNEL) Staining

F L 7B s A B 1A 2 5 L10% RV~ ) iR
WCREL/NT 74 YA, A0k —AI2T6~A
JUIZHYILATA F7 T AILHM L7 Fo Lo
TS 74 2 Ltk 28 7 —VIZTEEREORE
THUKILHE L et R & #2 2 72 TUNEL Zetald
Apoptosis in situ Detection Kit Wako (Wako Pure
Chemical Industries, Ltd Osaka, Japan) % F\iffto
BOEFRINE L TITo 7. ULy ) — VIS TH BB
DL TR L 72185 > L > TERILELZ T K
7w AK] (Biomeda Corporation, CA, USA) (2 CH
A L7z BEMEBIZE121E Olympus BX50 (OLYMPUS
Corporation, Tokyo, Japan) |2 TATV>, BHMEEA 7
% v 71 A DP7ISET-A (OLYMPUS Corporation,
Tokyo, Japan) THisg L7z WHEMATIZIZfEHT Y 7 b
DP2-BSW (OLYMPUS Corporation, Tokyo, Japan)
w7z
5. # &f

2 HEM O T AEMEIZIE unpaired student-t 1852 %
V0.0 LT R AR E L7

=} %

MEALEEAT L - A LA OG5, IR IR
fE3045 812 thEPO $%45- L 72 #E1% thEPO #4570 W,
BIMLEE RIS L2, BOBOIZB 2 RILE
HEUE 6 I T2 B X U1 N2 O R T L
BREICME 2 L7 T = AEEINAHIH S Cwiz &
72 BUN (2B L C & AR M ML S . 2 1 245 L 7B
THEZ LA S 7z (Table 1, Fig. 1).

i iEE SR (AST/ALT) (ZBE L Tid, ARZEIEHE
ENAho7zb 0Dl L7 F = BUN fi & [Hik
ZRIMERAEIE - $55- 70 L & TRl L 304 midk 5-#F 1%
REMARERT 2 5 OMEO _EFJ D70 T & SRR S L7z
(Table 1).

Table 1. The serum creatinine level, urea nitrogen,
reperfusion in each group
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Fig. 1. Changes in the serum creatinine levels at 6
hours and 24 hours after ischemia-
reperfusion in each group.

MEEESEE . ELFRE 2T o729 43 0 7
TOMLEHE RS = & M L7z

AN E L Tl E IR R AL H T d 100 unit 205
200 unit RO SNLDS, bILOLNOKETD T v Mil
W OIGMERRFERICE L T F0/EENIZH ), W
NOBFEL BEOZIIFIN 2 =42 E LD 2 Lldhro
7o, REIMIRVERT IS HE L 6 B R 2 o) i o O i PR
WIZWT IO L FETHAENIZSH o 72 (Fig. 2).

1. JR™ NGAL #5%

ARy METHE L7 NGAL 0L TH 5 5,
BIMEEEZHEL TV away Fa—LEETH Vv A
OP ICX H2REIZL L EEZ LN LEH NGAL =D
WMz R 7278, JRIMFERE: Tl rhEPO FEF 54
THHE IR NGAL 34N S vz, — kI
#E305 A1 12 thEPO %2 4% 5 L 2B CTILIRHP T
NGAL S ¥mAsa >~ b a— VB X ) 3Bz 320
%5 Do, thEPO FE%5 o B MEEREL Y RD L
Tw7z (Fig. 3).

2. TUNEL %t + 3l

rhEPO & 5 Il 75 FE 3 8 2 20> © 00 R o SRR 2 1Y
IZHERR S % 72812 TUNEL Jef 2 47\, B IUF & i
74245 T TUNEL 4o b EMifa %% thEPO #25-

and liver deviation enzyme level before and after ischemia-

Pre IRI Post IRI 24 hr
Group
Cr (mg/dl) BUN (mg/dl) AST (U/L) ALT (U/L) Cr (mg/dl) BUN (mg/dl) AST (U/L) ALT (U/L)
Control (NS) 0.18 10.2 130.8 53.8 0.22 18.0 146.6 114
IRI (EPO —) 0.26 15.5 127.7 63.9 1.18 74.7 316.1 125.5
IRI (EPO +pre 30) 0.23 15.3 201.7 84.6 0.54 32.9 257 104.8
IRI (EPO +just 0) 0.33 17.7 123.5 92.5 1.02 36.9 392 143.8

IRI: Ischemic reperfusion injury, EPO : erythropoietin.
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Fig. 2. The serum active oxygen levels at 6 hours
before and after ischemia-reperfusion.
Serum active oxygen was measured with the
total ROS assay system by means of the
phenytoin reaction method using a 96-
multiwell plate.
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Fig. 3. The concentration of NGAL in spot urine
using ELISA.  Urine NGAL before and 6
hours and 24 hours after ischemia-
reperfusion between the group without EPO
administration and the group that received
administration 30 minutes before the
ischemia-reperfusion as compared to the
control group. *P <0.05 vs the group
without EPO administration.
REL IR GREE THOR L 72, 2B, RIS €

TV T OBFHRAEL apoptosis & 2 = L 72 Ml 28 IR AL

S HERR S e (Fig. 4). thEPO & 5-1Cl3 %
D apoptosis R A & M2 L T % O DR S
nr.
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Fig. 4.

TUNEL staining in the renal tissue at 24 hours after ischemia-reperfusion.
The group with only ischemia-reperfusion (EPO —

A The control group, B
), G: The group in which EPO was administered 30

minutes before ischemia-reperfusion (EPO + pre 30) and D : The group in which EPO was administered
concurrently with ischemia-reperfusion (EPO + just 0).
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The number of positive cells in TUNEL
staining at 6 hours and 24 hours after
ischemia-reperfusion. The number of posi-
tive nuclear staining cells in TUNEL stain-
ing was shown as the average value from
three viewpoints in the control group, the
group without ischemia-reperfusion and
EPO administration (EPO —), the group in
which EPO was administered 30 minutes
before ischemia-reperfusion (EPO + pre 30),
and the group in which EPO was admini-
stered concurrently with ischemia-reper-
fusion (EPO+ just 0).
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EZONTWEY . Lzdt CHRIMFER RS 584
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T O BT D rhEPO O 5 TIXEHEDH
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TUTE R D I i D #RET L 7225, thEPO D F%
G2 &) Z20ZEEIMER S NG oz ko,
thEPO OFR & L TIXIEMERFZEE 2 R S5 5T
V7% A S N R OB E 2 W3 2 1ICH D
ARBETRER TS €O JAFER S 7z,

thEPO D& 9 1 DOEH $ X & fUd apoptosis #1]
R TH L. B X S apoptosis ~DZEAL % #l] 5
%5 F120E Ba-2 2SEMTHY B2 b T AT =
= 73U ATHERME LML T apoptosis #1
HPHRSNTE DY, SROBASPHES T
W APIHERICHNI X ZZHEESE SN S, bhvbh
DAERTHIRL72L B Y thEPO #5-#: T apoptosis By
RN WA DI & AR S 7z, ARG T b B
HED G & MARRC 1T 0 IR IMFF#E I (21235 L 72T
(& apoptosis B IEAMMAEIZ F o 72 {5 LT wiE &
BEAEEDY 2 CHERR S 72, Apoptosis 13 #lu5E
DFRDOHTHEEAERL TH SR SN VDD
2707 TAINITH Y, MR HEE 2
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THEEZEEZEE LRI Y -3 Tw R
G o THFRICHEHGHERTH Y TR TL S
. BFAMRNTEEA S 172 erythropoietin (4 f Al
JaL N TOBRBBEIREIC L) Eig 2 b HIFl-«
(Hypoxia inducible facterl-a) 12 & o TIHEAL S 5 55
Fo—BE LT, &MERDINARERRE DS54 L 56
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