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AL FRRAIE H O, R E (+SD) L (25%1E, 75%fF)
SRR R R M/ VEE R R B A D SR [ B 1107/ W R R 1. A

T 1t$ +£SD  HpRfii  ( 25.0, 75%fE ) EHZELE £SD PofE (25.0,  T5%E )
ALP 0.0 1.62 0.0 ( -1.1, 1.0 ) -0.2 1.39 -0.6 ( -1.2, 1.0 )
ALT -0.1 1.23 0.0 ( 0.0, 0.0 ) -1.2 4.27 0.0 ( -2.3, 0.0 )
UA 0.11.18 0.0 ( 0.0, 0.0 ) -0.3 0.91 0.0 ( -1.1, 0.0 )
CRE 0.11.25 0.0 ( -1.1, 1.2 ) -0.5 0.86 0.0 ( -1.4, 0.0 )
AST 0.13.13 0.0 ( 0.0, 2.1 ) -0.9 6. 44 0.0 ( -2.1, 0.0 )
Ca -0.2 0.79 0.0 ( 0.0, 0.0 ) 0.10.57 0.0 ( 0.0, 0.0 )
P-AMY -0.3 2.53 0.0 ( -1.2, 1.9 ) -0.4 2.28 0.0 ( 0.0, 0.0 )
Na 0.4 0.66 0.4 ( 0.0, 0.7 ) -0.4 0.58 -0.4 ( -0.7, 0.0 )
TP -0.5 1.59 0.0 ( -1.3, 1.0 ) -1.0 0.95 -1.3 ( -1.4, -1.3 )
Zn -0.5 2.05 0.0 ( -1.4, 1.2 ) -1.10.81 -1.4 ( -1.4, -0.3 )
TG -0.5 1.56 0.0 ( -1.5, 0.0 ) -0.5 1.10 0.0 ( -1.0, 0.0 )
Mg 0.5 4.04 0.0 ( -3.4, 4.8 ) -0.1 3.17 0.0 ( 0.0, 0.0 )
UN 0.6 0.67 0.7 ( 0.1, 0.9 ) 0.3 0.83 0.0 ( 0.0, 0.8 )
cl -0.7 0.44 -0.9 ( -1.0, -0.2 ) -0.5 0.49 -0.5 ( -1.0, 0.0 )
LDL-C -0.7 1.91 -1.1 ( -1.9, 1.1 ) -0.8 1.25 -1.1 ( -1.6, 0.0 )
ALB -0.8 2.07 0.0 ( -2.1, 0.0 ) -1.0 1.40 -1.9 ( -2.1, 0.0 )
Fe 0.8 1.82 0.7 ( 0.0, 2.2 ) -0.8 1.18 -0.5 ( -1.8, 0.0 )
Cys—C 0.9 1.74 1.1 ( -0.8, 2.2 ) -0.9 1.37 -1.1 ( -1.4, -0.3 )
ChE -1.0 1.59 -1.0 ( -2.0, -0.2 ) -0.8 0.86 -0.7 ( -1.2, -0.4 )
v -GT -1.0 3.81 0.0 ( -2.8, 0.0 ) 0.8 3.13 0.0 ( 0.0, 0.0 )
HDL-C -1.11.83 -0.9 ( -2.6, 0.0 ) -1.10.88 -1.5 ( -1.8, 0.0 )
T-CHO -1.11.77 -0.6 ( -2.4, 0.0 ) -1.0 0.95 -0.9 ( -1.6, 0.1 )
G-Alb 1.10.81 0.8 ( 0.8, 1.6 ) 0.6 0.63 0.4 ( 0.0, 0.9 )
AMY -1.1 1.45 -0.9 ( -2.1, 0.0 ) -0.7 0.93 -0.9 ( -1.1, 0.0 )
LAP -1.21.73 -0.8 ( -2.1, 0.0 ) -1.1 1.64 -1.6 ( -1.9, 0.0 )
LD -1.2 4. 41 -0.8 ( -5.4, 2.5 ) -0.6 11.11 -3.7 ( -6.9, -1.0 )
UIBC -1.2 1.58 -1.6 ( -2.6, 0.4 ) -1.8 1.75 -1.7 ( -3.0, -1.0 )
CK -1.32.19 -1.8 ( -2.9, -1.0 ) -1.5 1. 14 -1.3 ( -2.7, -1.1 )
P 1.6 1.92 2.4 ( 0.0, 2.7 ) 1.8 1.18 2.4 ( 0.6, 2.6 )
T-Bil -2.1 4.57 0.0 ( 0.0, 0.0 ) -1.4 4.29 0.0 ( 0.0, 0.0 )
K 3.11.85 2.7 (2.6, 2.8 ) 2.7 1.18 2.7 (2.6, 2.8 )
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72, SRS RIS IR E B L %0
727> 72 NT-proBNP, ProGRP, CPR (¥, 2UuH
BEE BRI 12 50 T2 NEN-27.6%, —40.3%,
—447% DAL & D 7= (Figure 1).

LR LRI IT R AR S
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Table 3 #EEEEEERME 2 % & L7-md L OVBGREEEBRILE (281 5
S PR A HIwﬁmﬁ,ﬁﬁﬁ%(+ﬂn HOLE (25%fHE, 75%fE)
R SR 1. A/ B I (2 TR 1 A o SR [ £ ./ VB [ R R .
SR £SD g 25.0, T75%fE ) S £SD gviE ( 25.0 T5%fE )
CA15-3 -0.2 4.02 .9 ( -2.3, 2.8 ) 0.2 1.75 0.0 ( -0.7 0.9 )
FT4 -0.3 1.24 -0.7 ( -0.8, 0.5 ) -0.3 1.73 -1.5 ( -1.7 1.5 )
Sce -0.3 4.80 0.0 ( 0.0, 0.0 ) 0.12.36 0.0 ( 0.0 0.0 )
MMP-3 0.39.03 -1.6 ( -6.4, 2.2 ) 1.3 8.52 0.2 ( -4.8 4.0 )
sIL2R -0.4 4.28 0.4 ( -4.1, 2.6 ) 0.4 3.49 0.4 ( -1.3 3.3 )
RBP -0.5 1.03 0.0 ( 0.0, 0.0 ) -0.5 1.03 0.0 ( 0.0 0.0 )
AFP -0.6 6.62 0.0 ( -3.6, 0.0 ) 0.8 2.92 0.0 ( 0.0 2.1 )
FT3 -0.8 1.91 -1.2 ( -1.7, 0.7 ) -0.1 1.96 0.3 ( -0.5 0.5 )
C4 0.8 3.98 0.0 ( -2.7, 3.6 ) 0.15.74 0.0 ( -3.9 5.0 )
LH -0.8 1.93 -0.4 ( -2.5, 1.0 ) -2.2 1.56 -2.3 ( -3.3 1.7 )
C3 0.8 3.14 0.5 ( -1.8, 4.0 ) -0.6 2.63 0.0 ( -2.8 0.0 )
v77 -0.8 5.88 0.0 ( -4.7, 4.2 ) -0.7 3.23 0.0 ( 0.0 0.0 )
HBs-Ab 1.0 3.81 0.5 ( -2.0, 2.4 ) -2.4 3.55 -3.4 ( -4.4 0.0 )
1gG -1.0 2.04 -0.8 ( -2.1, 0.1 ) -0.8 1.07 0.6 ( -1.4 0.1 )
KL-6 -1.0 2.84 -0.7 ( -3.6, 1.5 ) -0.8 2.46 -0.9 ( -1.8 0.2 )
Tf -1.1 1.57 -1.0 ( -1.5, 0.1 ) -0.8 1.25 -0.8 ( -1.8 0.3 )
apF) = -1.2 2.44 -2.3 ( -2.9, 0.0 ) -1.3 1.84 -2.3 ( -2.9 0.0 )
CEA -1.2 1.89 0.0 ( -2.5, 0.0 ) -3.7 4.99 0.0 ( -7.7 0.0 )
VELN ¥ -1.3 1.79 -1.5 ( -1.9, 0.0 ) -1.5 2.29 -1.2 ( -3.5 0.3 )
IgM -1.3 1.36 -1.0 ( -2.1, 0.0 ) -0.9 1.12 -1.0 ( -1.9 0.0 )
PreAlb -1.3 3.40 0.0 ( -4.8, 0.0 ) -1.0 4.13 0.0 ( -3.9 0.0 )
FSH -1.4 3.93 -0.8 ( -3.3, 0.7 ) -1.2 3.53 -1.0 ( -1.9 -0.5 )
CH50 1.6 10.06 -0.4 ( -3.3, 1.6 ) -0.5 1.89 -0.4 ( -1.5 1.2 )
TSH -1.7 1.31 -1.7 ( -2.1, -0.8 ) -1.6 0.60 -1.5 (  -2.0 -1.2 )
TgA -1.8 1.74 -1.8 ( -2.4, -0.6 ) -1.30.83 -1.4 ( -2.1 -0.8 )
CA125 -2.22.99 -1.9 ( -4.0, -0.1 ) -1.2 1.66 -1.2 ( -2.7 0.4 )
IgE -2.22.20 -2.2 ( -3.6, -1.0 ) -2.21.32 -2.4 (  -3.0 -1.6 )
IRI -4.9 5.53 -4.4 ( -9.5, 0.3 ) 2.0 6.28 .2 ( -1.0 2.8 )
NSE 6.1 14.79 4.5 ( -9.4, 20.1 ) -7.8 6.94 -10.0 ( -13.6 4.4 )
NT-proBNP -27.6 7.01 -25.0 ( -33.3, -23.8 ) 0.2 6.16 0.0 ( -1.1 0.0 )
ProGRP -40.3 12. 16 -42.9 ( -49.0, -32.2 ) 1.0 1.96 0.9 ( 0.3 2.5 )
CPR -44.7 14.20 -47.6 ( -54.7, -36.4 ) 0.6 1.86 0.2 ( -0.7 0.9 )
TARC 54.7 59.95 56.6 ( 7.0, T74.0 ) 52.3 56. 42 50.6 ( 4.5 66.1 )
PIVKA I -84.6 3.18 -84.4 ( -87.5, -83.3 ) -15.3 17.99 -8.9 ( -13.1 -5.0 )
) S el S I
vV E%& L, ARERELRPTVEEZLND,
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T5%fE) 1BV TH IR LEL TE Y,

NIEDFHE /NS W LB LN 2D
Z &b, AfLAIE H B L g E R i

X3 BE IR chHrEEEZLNSE., —/T,
— D IERREIEH T 5% E oz LR
TR, T DR TH £50%LL O TEE LA E &
RO BLEHD H o7, X 5HIT, CPR, ProGRP,

NSE, PIVKA-II, TARC @ 5IHH Tl¥ SD 28K
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Rk VA rrvyevici, bavey
BYEPBHENTE Y, XY 2B E G
EE, LarLl, ZowfEcte ey U
e v VEMERE T S e T T — X
KXY, —ED X v o7 ER T F N Yk
EVE%ZT B REED B % FRICESr T & v o3
78 Td % CPR % NT-proBNP, ProGRP (I
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THEHLAEMIET 2R L 7.
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L, BRERE 2R T 2 720 1T I3 BIEH o Rk
S U CEY) 2 fRIME 28I 2 2 L B EE
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Effects of Rapid- and Fast-Clotting Serum Tubes on Biochemical and
Immunological Test Results

Akari Ushimaru " Hidekazu Ishida Masaya Tachikawa D Ayumu Kanbe " Yuta Yokobori b
Tomo Nishimura " Yohei Shirakami 2 Ryosuke Kikuchi b

1) Division of Clinical Laboratory, Gifu University Hospital (1-1 Yanagido, Gifu-city, 501-1194)
2) Department of Gastroenterology, Graduate School of Medicine, Gifu University (1-1 Yanagido, Gifu city,
501-1194)

Summary

This study investigated how different coagulation accelerators in serum collection tubes
influence laboratory test results, with the aim of optimizing turnaround time (TAT) in clinical
settings. Although rapid-clotting tubes are used widely to shorten pre-analytical processing
time, the effects of their clot activators on biochemical and immunological assays have not
been fully evaluated. Blood samples from ten healthy volunteers were collected using three
tube types: a standard coagulation tube, a fast-clotting tube, and a rapid-clotting tube. After
uniform resting times and centrifugation, 31 biochemical and 34 immunological parameters
were measured and compared with values from the standard tube.

Biochemical tests showed minimal differences, with all mean changes remaining within £5%
across tube types. In contrast, several immunological markers demonstrated notable alterations.
In the fast-clotting tube, decreases in NSE and PIVKA-II and an increase in TARC were
observed. The rapid-clotting tube produced larger decreases in NSE, PIVKA-II, NT-proBNP,
ProGRP, and C-peptide, along with significant elevation of TARC. PIVKA-II showed marked
loss of detectability, and low-molecular-weight peptides were particularly affected. Similar trends
were observed in the evaluation based on median values for each item.

These findings suggest that thrombin and thrombin-like substances in rapid-clotting tubes may
cause proteolytic degradation of specific analytes. While useful for reducing TAT, rapid-clotting
tubes are not suitable for all test items. Careful selection of tube type and reconsideration of

measurement methods are essential to ensure analytical accuracy.

Key words:

Rapid-clotting tube, Fast-clotting tube, Coagulation accelerator, Immunoassay, Analytical variability
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(E2 = SR (AR VT I~ DI S - R 5 2 W < F/ N /Y R A
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1) I RPRERRE RS PRIERFEEE BRI 2R

®E

APFEIE, 1EMEENRE (CKD) FIEd X OHET &R RIEEIROBER 2 5 2213 2 HFYCH)
WREZ21T-o 7. BRICIE, HARANOECEEHIE L, 2hicfE ) CKD BEBEME 5 2. &
fEE R ClE B REAER A HICC K, BRESEFE LK TLTrbRAINE Z 3%z, B
W2 FE MLy B R ETH 5.

FERITHE SD 7 v b 20 PEERRE L, RHIEREREGEORE L, FIED & o Bl o i o
J, B TR GRE L KGR EZRE L. 7 v M 30 HEGE O, EEES g%
KL, MESICRILL 721, K3 X OB O MARAREHE 2 & 2l U<, B~ oRE 2 S
AR L 72.

MR, BHKZS 7 v P CRERLRIUKEOIMZRD, B 7 v F TIlEER BRI
JEEADHEE I Nz, 72, MEBRE CIRARMREe~~< 2V v & (HCT), M/MxEoHnz
R, WK RR T e, BB CHERCRERIFIEEE (eGFR) 13K T L, EFHREERETE
DEYITEE L L CoBMEEMREL 72, & O ICBYREMHEL IR, SEERSHIC BV ORERMALE
JEDREIE 2 23 A 7 $RZAL 75 EIRIVZEAL 2 R 72 T & 2> & @ FH 7 S5 48 U B g oh L BSRERY -
Mg aHz b 2oL, BREEQHETY R 27250 5 2 LRI n, 7, CRkoREHEH
TIRZE R 21T  WHIHIERFEIC BT h, eGFR DHIEDBREEZ{LOfEEL L THMTH %

AIRETEDS N S e,

F—U—F HEEREIR, 2V,

I.F &

LA, AETEE RO A FEE E T 5.

ATEEERICE YT 2 EE L L CHEIRECE
B ER(CKD), MILE, WGk &% bh
TEY, HTH CKD 2SUERNERTH 5.
X5, EAEOENTEERIIHE 34 T A%
Bz, FELABMLTWE D, 20k, EEROH
FREFFAILIC 1%, R cBRE AL,
CKD ICE 2 ¥ Tl nigE stk 2 2 &
DHEHETHLLEZ S,

CKD IIRHBEARZRIET 2720 T, L

Z v b, HERMAE, eGFR

MEEE (CVD) FIECHT Y X7 D KIC
bORDY, EERRIEHRD FRICK X s
Kigs 7z, HRMICHDFH I T3, 72,
JeiEE T I mEn L 25 HE T I eV CKD B 03
MARAEND Z &0, FrCEE R RE
TH3 Y. HARAD CKD BEHIIH 1,480 /7
NEHERFE L, A TIERI 7-8 NI 1 ANe&d
20, 20FERDO—>2L LT, HAATIZ1H
O RIFBHCE 2R 10 g & fthlE & ik L <
LW ERETHND Y, T IITEIE R
D HARDIEHHIFRSE O I 2, I &

(2025 4F 10 A 7 H3ZAF - 2025 4 10 H 15 H5ZH)
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DERGEIN L BHOWKHEL T3 9,
B Z X7 — A v 1 MO IZH 6 g Hitk T
HY, 1 BT 1 HoHERHESBINEICELCTL
¥ 9. AHLAFIERCIIBMTH M) Y LD
MR IC X O R A3 % © & T RE DL
SRUIME X A3 2 (REKEEEIITE)®. L
2> L7 A3 6 B o & B EE OB D
AR IC S LTk v, Z & TS o BRI
DSE N 2 D DFENEER IC & D X D e E

KIETDH, THic, ZhbHDEFEE LB FEL
FRT 5= OKREFRIIMBEHTH
20h% 7 v BIERFEIE T LR EEL
TR L 72,

L. 75 ¥

8 M Slc: SD 7 v b (Japan SLC Ink.,
Shizuoka, Japan) ff (n=20, {KH ;244+65g :
SE) % 12 R R0 BAREERIE D 7 Y — v L —
2 (B 23+1°C, /% 55-57%) < 7 HIEFIME
L7, Z0OFg, fEEHRHT LabDiet®5053 (Japan
SLC Ink., Shizuoka, Japan) % F\>, 7KIZ7KEK

ZEEIEE L 72 b o % B EIE ¢ 72 FILE,

7 v M RERBECOBEEE OB LML 2
7o, FiHMEIC T, AR FRIc L VB %
bR L, BAEEIERBEORL L (RN #).
—77, BRBRIC X 2 FilioREBHZE L ZIES
%728, FE % bR U e WHHEAIE © & o xR
Zi%\J72 (SH#). o RN BB X O SH #F
D2RECONT, & S ICEEKEBILX ¢ 31
(SRN BB X U'SSH ) B L Kk ZEIE 3
B (WRN #B5 X O WSH #f) oz iz 4 B
43 30 HIEERE L 7=, FERG, B2t
DERZWI AN TELE LTZznZh 2 Holg
W a— %KL 2. 30 Hf@Ek, mii iR
T, MEERREE T I CRIMEB X IR 2T il
W AL ERIRRE A S L 72, RS X0 S
L 7= Bl & OOl B AR FiE e <
INENEREORE 2 b CICIFEREE I
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WCRRET L 72,

1. FH
1-1. 3 R AR

Fov 3 43 8 ®10 mg (Maruishi
Pharmaceutical Co. Ltd., Osaka, Japan), A7 b 3
v ®iE [Meiji) 1mg (Meiji Seika Pharma Co. Ltd.,
Tokyo, Japan) 38 X X b L7 7 —L® 5 mg
(Meiji Seika Pharma Co. Ltd., Tokyo, Japan) % 7
v P OREY GHE L CEHE T % LIRS
Eix, P Ih L% EHRE 0.125 mL (2 mg/kg),
AT b1 v® FHE 0.047 mL (0.15 mg/kg)F &
PR P77 —=1%0.156 mL (2.5 mgkg) &7
D BHEFN 2 BRAE L THERL 7.

1-2. RII7iE

7 v b REE» O FECEERFFL 1, &
L HICELR LT 3R A MEZ 2 T IEENIC 26
G TS THEPENT S (1.0mL/kg) L7-. %
H&IL, 7 FOVIEKRED 300g RETH -
724, 03mL %5 L7-. 2058 7TiL, BS
SRR D R BCIRERE 23 20-30 403 X VHEE &
TOKEDY 60-100 77 & 72 5. REH% 5%, W
B DI\ T L HHER T E R, BB I
& 72 2 [ E o B & BEER IE H o HiPH 1< 5> 1 C
NY AV ERCTREL 2. 20k, REIET
FHiD 7z oSy b IS EE L CTIEVAL T
TERTE & DU A = A CES|EE L 7.

1-3. GEWERFN

BB T I3 No.ll @ A 2 THEERIEhY)
B % F# I > TR 3 em VIBAL, IRFHUHIE
3 1 ClEREZ YR U BAIE ., 4B & PE o NEH
RIEEL, AEEER X OREE 6-0 74
1 vk TR L, B A i 3 TR
YR L, AR L 72, ik ok i E
L CHERMEN IRV 7z i 1 AR B i T
HO LA — i E o CRAME L 7. FiliiE
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BIREEZED 10 7 UNTH - 7=,

2. itk ORIk E ik

P59 2 AEKEEIRHAN 1 HoFEE
HENE? M 10g THE L2 BT AT, %
D3f5E 30g) ICHYTE2EE T v MicEH
OREG L7, 5REELLTL, O
RE%Z 60kg & L7285, 7 v MEE300g T
2 0.15gIcHY T2, ®ETEIT23ETD
% 0.1 g % 500 uL DZEEIKICIE D LIESER T
SRFRE G L7z, RO D 13D 0.05g 137
vy 1 H®720 OfUKERY 40mL L HH L
0.05 g/40 mL IZ 72 % X 5 ICFRRE L CTHEZKIRT
HEBIE 272, ABEHOKSEIEDH
HD 7= 1 HEE O BFENC RN o i B
ARl %2 AT 5 7=,

3. REEH

3-1. R E A

it 11 B X 25 HHIC 4 B % IERERE: T
ICCHEKZKEEE  GE Healthcare LOGIQe
(GE Healthcare Japan Co. Ltd., Tokyo, Japan) £
fih -2 ) =787 v —7 (6.0-14.0 MHz) % F
W C B O MERE PR & MIE L7z, Nz IR
Al & L C B EERBINR IC B 1T 2 IR S
TR (Vmax) 5 L O IR A B M it
(Ved) ZHIE L, MERHT RI) 28HL 7.
X BT HEER R BRI HA ML S = B (Ao
Vmax) ZHIE L7z, R H 720 EF T a—
DORTHRIZ B O KRB T W B A7iE
R L, ZOHLX Y 90°miL X & 72
framme LCRREIL 7. A<, RIIE,
(Vmax-Ved) / Vmax TR 7z,

3-2. HEYMER AT

PRI BRI T 1 ChRE R, RREIR X 0 %
MU 7z~-%Y vinaino—ik % % HEH B #)li
BROTHTEEE XN-L450 (Sysmex Co. Ltd., Osaka,

-11-

Japan) THIMEKEL (WBC), #RIMEREL (RBC),
~EZ O ViEE (HGB), ~~F2Z Uy M &
(HCT), “FHERIMIRERE (MCV), “FEFRIMEK G
FE  (MCH), ‘F¥HRIMIREFEE (MCHC),
M/NREL (PLT) 35 X UHEJRIMEREL (RET) D 9
THH ZHE L 72,

3-3. LB

FRIMFFIC~ %Y v Na F 5 THA/SmL [
¥ & | (MOCHIDA PHARMACEUTICAL Co. Ltd.,
Tokyo, Japan) % FRIMAFTHEENIC T —T 4 ~
ZUTERIML, ~%Y v A D EINE I L 72,
HODEEL, o E T 4 22 ) — )T
X B HEB DL Accute RX TBA-
400FR (Canon Medical Systems Co. Ltd., Tochigi,
Japan) ZHWT, S PV YL Na), 7Y VL
K), Z7a—n (Cl), TASTFXVEF T VR
7x7—% (AST), 7 7=VYT7 /) 7 VAT
=7 —% (ALT), TVHAV 7+ RT 7 X —%
(ALP), JRFEEF (BUN), K& (UA), 2L T F
= Y(CRE), #8&EH (TP) & X ' EHENT (TG)
D 11 HH, JKIZBUN B XU CRE ®2HH%
HIE L7z, 73, 7 v MiCET 5 eGFR IZETT
geic L7zps witRicca L 72 7.

3-4. EHEEME

M4Es X CIREZNR L L CHBNRETHE
#£iE OSMO STATION OM-6060 (Arkray factory
Co. Ltd., Kyoto, Japan) CTii&EEHE % 1T > 7=.

3-5. JREHAHRIL AR A

FREIRE I L 72 B idds & DN Ol o B i
TE AT o 7%, 10% PR AL~ Y v ClH
Etk, 774 vUIRRER L. &iF0 7
LoXZ — b X5 & LT Hematoxylin-Eosin
(HE) HtfifTe, MEZITV, T oIICqH X

Hi#E & L T Periodic acide-methenamine-silver



BHERIEIR T » b 2 BEE O BRI PR BRE

(PAM) Gt 2T WIS L 7=,

4. WREHENT

WEHRNTICIZ T 7 2 LHEEE Ver. 1.16 (SSRI
JAPAN Co. Ltd., Tokyo, Japan) % F\»T_JCHd
BT 21T, B E R s X O
wRBL, BEEPHEE T Tukey’s test IC
THExZIT- 7.

I #&R

HEHED 7 v b oKSEIEIL, BERS %
1> 7= SSH ¥ X UF SRN <l fthfif & ik L
THOKE TR TH - 7z (Figure 1).

% Average
41.0 mL/day

°
/35.2 mL/day

—a
33.1 mL/day

\ / \\o
250 \ / 31.2 mL/day
\

17 18 9 20 2 2 2n 2 35 2 21 % 29 30

Postoperative days

it & v 4 H WRN, SRN, WSH ¥ X UF SSH #E D flk
wmalHl R HEH L 72, BERS %#1T - 72 SSHEES X I'SRN
FEClI MR & el L <ok B I3 IEm < b - 7-.

Figure 1 %D 7 v +BOKEDOZAL

MRS A coffitt 11 sX U025 HHOD
B D AERRARE 12 WRN B X O WSH BE Tl
GELEERD o7, itk 11 BXU25
HH oS I T SRN HirEo A=
PRRZAL 258 7=, —J7C WRN #f, WSH £
B LU SSH #ETlE, BlEOAERIVERLE
R lh ol ¥ HIT SRN FECIHBEE & Hofi
LCEKED T a — i FAEED b7z, i
2T WRN FECIZBEHLE T 2 — 1o A
L3588 b 47z (Figure 2). MJREHMG ICBI L <
FRHOBEEICN T 2 HERITR %2R0 7%

-12-

2> 7z (Table 1).

MEECiE, 21IC SRN #E23E % R
L7=. [ABkIC WSH #ECiZ WBC 28 EfEZ /R L
7z (Table 2).

A < ld RN BEIC B W TS o BUN
F X O CRE TOBM A LR %589, JK¥ CRE
Hd SHEf &L Tl 7z, eGFR ICBIL
TiE, MIE L 7zIM%% CRE fl2% 52 pmol/L LA
& 72 b, Besseling & DFIRZ 7 <880 x {4 H 6%
x PRH CRE L0660 x JRAIRFEOFT > % Fus,

HICRFEMEIE “BUN x 10 /28.02” THHL
72& 2%, RNBHICE T2 eGFR fHi SH BE &
e U TR T 2528 72 (Table 3).

MmiEs X RIRZEEZIEL 2L 5,
WSH #iZ WRN fif & H L CHE & AEEE
JED ER %R 72, —J7 CIREEE TIEAH
WCHBEEZRD b > 7= (Figure 3).

RN T L 72 Bl X Ol o EE
FHHL7=& 2 A, RNH#ETIX SHEf & iz L <
BREBEOHMMEZRD . —HTLOERICOW
TREHEEE RO d o 72 (Figure 4).

il L 7= /2B o IR B¢ UE, RN #£ 13 SH
el Cza—MEERB L UCEERED
BhFER D L 5 BIROIEKEZRD 20D
Z Dt B AR FT R & 728 70 52 o 7. [FRRIC
&N O T R R E o JEHL B X B MIEE D
LR DD I h - 7= (Figure 5).
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L: 11.2 mm, W:20.9 mm L:9.9 mm, W: 19.1 mm L: 10.1 mm, W:21.0 mm L: 10.0 mm, W: 19.4 mm
Length: L, Width: W
M1 AL 25 A0 T v M GHEERRE Ci3 SRN #ik X ' SSH B CHE R BB OILIR 2380 /2.

Figure 2 T2 IEE0H S HMA I X 2 BHGZ RGN R

Table 1 fiiff% 11 & X 0 25 H B M #FAll Table 2 I EREEE BAAS R
Vmax Ved RI Ao Vmax WRN SRN WSH SSH
(cm/sec) (cm/sec) (cm/sec) (cm/sec)

WBC (10%2/uL) 43.8+67 54.0+44 589+87 56872
RBC (10%4/uL) 765.2 +52.6 860.3 +17.7 857.0 +23.4 814.2 £21.6

WRN 13.5+51 5.65+155 0.58+005 43.0=5.1
SRN 113108 4.82+040 0.57+001 47937

POD Il 110515 4105010 0.63-008 290+ 11 HGB @dy)  13.041.0 14.9+03 144204 13904
SSH 8719 3.65:035 0.58+005 64.1:17 HCT (%) 387+29 442=x08 43313 41.6=12
WRN 123+37 495165 0.60:002 67.2:24 MCV ) 50.5+05 514x05 50.6+04 51.1x06
POD 25 SRN 11712 5.60+024 0.52£004 66.2=103 MCH (pg) 17.0+01 173 +02 16701 17.1+02

WSH 122427 5451075 0.55:004 57.8:49
SSH 10.4x000 4.60£120 0.56=012 52.0£26

Postoperative day; POD, AVERAGE + SE

MCHC (g/dy  33.6x02 33.7x02 33.1x01 334=o01
PLT (10%4/uL)  59.7+85 71925 61.6=x126 67.8+19

RET (%) 4.1=05 4.1+02 4.0+03 4.0+03
% AVERAGE + SE

800
BN N vy ¥
Table 3 If1%E3H X UIR D AL ARRAE AL R
700
Biochemical @ Urine
parameters WRN SRN WSH SSH 6; 600 p=0.028 OPlasma
Na (mEq/L) 13904 13712 139=:08 138 +1.6 :ED
= 500
K (mEq/L) 3.7+0.1 3.5+0.1 4.0+0.1 3.6+0.1 g
Cl (mEq/L) 101 05 99=10 101 +0.6 99=+1s % 400
AST UL 76+73 77 +65 94 +63 70+4.6 ; 300
ALT (uL) 46 £32 48 +39 57 +32 50+39 Li 200
Plasma ALP (UL 200 +220 206=+232 255=+146 210126 g
BUN (mg/dL) 23+:24 21 09 21«16 18+20 10
UA (mg/dL) 0.59+02 0.39:00 0.6lx01 0.48=+0.1 0 T T T ]
WRN SRN WSH SSH

CRE (mg/dL) 0.39+002 0.38=001 0.31+x004 0.26=0.04
TP (g/dL) 6.52+02 6.71x01 6.73x02 63702
TG (mg/dL) 43 £10.1 37+74 54 +52 41 +68

BUN (mgsdr) 1131 +454 544 +154 542160 579 231

A3 X OIREEEICB L TR O E % R
9. WSH B3 WRN #f & iR L THE R RS

Urine = =53] S =M < - AR
CRE (mg/dL)  46.0180 47.8+231 19.7261 254:142 EHORS A e JiChRREE TR BRI A R

ZH -

eGFR (m/min) 2.37+0.19 2.42:006 3.00+0.31 3.49 <041 %%”‘D‘b&ﬁlo .

3 AVERAGE + SE

Figure 3 & HE DI S X O IRIEET
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3.00 1 p <0.01 DKidney
— ] OHeart
250 - —
_ .13 112 111
2200 1.08
5 il - Il mll
5 150
=
)
= 1.00
Qo
1.69
1.59 1.41 1.56
0.50
0.00
WRN SRN WSH SSH

T L2 BRe OO FEES* K 7 71 &
iz, BEEBEIIRNFFCII SHE L LKL THEEARE
HEOWMMZRD -, — A CLERRSHICEEEY
DI o T,

Figure 4 fiitli L 2% AF0EH L LHEE

L - B oSImNIRIT R clii R E o JEHE s
LB TEEDIER R D b o 7z,
Figure 5 &I D AIRAT R

Figure 6 E A%k D PAM FLtiffr i

FREEAB L AR T lE PAM % TV SRBRIR O REHEZE L % %400 12 THRET L 72.
WSH 3 X U8 WRN BEDRERKIZ X ¥ v F 7 LI 008E ICIETE LR ERMA LK 33— CIEE S —HELE
HEFRIIFED Rd o7z, —7, SSH M TIARIKFEIEKDOIEE %520 72, SRN FEO RERAMER M IC 1T 23
4 kORISR 7z,

7 v b BEFHA D PAM Bifaic 5> T WRN #f ¥
X ' WSH B D AR BRI 1T A 5 v 7 LM A58
ICFETE L, ARERIASEIEIE 1335 — LR &L 5
DEFEFTRIZFR® I o7z, —F, SSHEE T4
BRIRILEIROINE #3280 7. & 51 SRN #D %
ERIRIEREERIC IZ R A 7 oG % R0 7-
(Figure 6).

Iv. E%

T EIGES Clkih NaiBEA EF 35 C
Do, MPREZ —EITRD 72D ICRIET
Mg A U, K EIE & TR B~ DRt

-14-

FIGDSELT 5. L L 7S b 7 Aok 13 75
RIMGESHML, MEZRI Lo LT3R
WMANDIENARPEL L EBbroT W05
Y, 2070, BIEKG AR Z{T 57 SRN ifE
L U SSH #if CHUKE 2 IR T H - 72 D (3,
INLOMIGICE2bDEEZLNS, —/T
WSH #f# X U8 WRN #Ecla 85 am %
Lol B E il L THUKE
AR D T v OFOKBHYLTH - 72 &
Ez25 0, W, BEEOEARAEICETE ST
s\ ORERIFHIIAELRS <%, IR o
PR~ D fEHEE D {2 3 2 & FRE DB (BEEK)
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BELDZZEBHMONTNWS O L7=2-oT,
B G AR % AT o 728 IR BOKERIN S 18
¥ o T, RIEVIERDITEL 72HRIREETH
ST-AREMD D B, ChEEMNMITEHERE L
<, IMEREEMAEICH T SRNTTE L DIF
Hc kA%, Frcfhoffe ikl T HCT
ER L7 ed, 8L 7285 7 Na HR i
£ 5 HEPRTTHE D> & WK 23 A, MR AT 23 28
Ut ang. o ickititicsnT
bEEN B, 7 v+ DR NafEit 2 i L,
JRIZIBIEZET &, KOBIELIREDOH
IcBdEd 2 2 eARINTnad D I Hic
HE &R AR S T R c o BT L L L < SRN BT
BoHEBERIEZREDE L2, ABiCk
2722 L TET L 2 I LB BE 2 #i V>, Na
DM Z e 3 72 0 FikRE 2 (e T 2 720 DR
EERER (VETYV v 7)) BELCLEEXS.
Sl BEMBENKD Vmax I X O Ved % HIE
LRIZEHLZ2A, 7y boBMEZe b &
Feii U <k od TRl 72 0 TE R o $H 15 A3 TR
THY, Mz CEOIMEES X CIME % #lE
TEChAWI b, EHEEHERER T
TEHEBRANTEZWV/EZYVET Y v ZITfES
A 7 AR 2 $0fi & L CaZEEd 3 ICidE - T
W7R\y, —J7C SRN #f TIHE B A 2 IR
Mmoo 1 2Ch 2 BERED T a3 —HE
F+ 19, WRN BT B .08 2 — o A HHE
xR, BEABERYETY
v 7T X B AR D ZEE A AR U T 72 Al RE
Hd b5,
BAeciRb 7 Ar N 2T v R ERT 2
13-16) S@H, 7R A58 Y O5UIC X 5T Na
FLXWKOFRINE K FEt23 fTb 2 28, B
BEAEAC T IC X b Na HREEBES 233 HKRIC Na
DEET 2GR, IRMERFREEICL Y Na &
K DI EE 2> & IR I PR & 2 55403
HYH B BLRETEHLRFHEERET S 5
[m], A L EREIC B> R B AR R >
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THOR S HMEHPANTH H, AEGTICE T
2 N Tl M B R E RS O B 2k &
TILE->TWhaWEE X 52, 18-24 FFfH] Dt
BICX Y, Na L OKofEM2HENT 2 &
DRATHFE TR O N TWBE T b 19 20,
EERATHOMBEORELRETET R\, —J7
T, Il CRE & X OF BUN #2213 SH #f & i
LC RN HEZEHEHIPHZ @2 < T o B %
Rz, T HICRY CRE EEAEETH % C
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Clinical and Laboratory Assessment of Renal Injury in Salt-Overloaded Rats

Momoka Ito?” Ogawa Kei" Shunichirou Yoshikawa" Yoshihito Noro? Teito Matsubara®
Ryota Matsuoka" Hitomi Tanaka" Yasuhisa Nakagawa!’

1) Department of Medical Technology School of Health Sciences Gifu University of Science
(795-1 Nagamine Ichihiraga, Seki, Gifu, 501-3892, Japan.)

Summary

This study used a rat model to investigate the effects of excessive salt intake on the onset and
progression of chronic kidney disease (CKD). The research was motivated by Japan’s high salt
consumption and the growing number of patients with CKD. Since renal impairment often develops
asymptomatically and is usually detected after significant functional decline, the establishment of early
reliable diagnostic methods remains critical.

Twenty male SD rats were divided into two groups: unilateral right nephrectomy and control
(laparotomy only). Each group was split into subgroups receiving either physiological saline or water.
Thirty days after initiation of the experiment, abdominal ultrasound, necropsy, blood and urine
analyses, and histological evaluation of kidney tissue were performed to assess renal function and
systemic effects.

Rats administered saline showed a significant increase in water intake. In the single-kidney group,
kidney enlargement and increased echogenicity were confirmed by ultrasound. Blood tests revealed
elevated red blood cell counts, hematocrits, and platelet counts, indicating dehydration and blood
concentration. The estimated glomerular filtration rate (¢GFR) was markedly reduced in the
nephrectomized group. Histological findings in salt-treated rats included glomerular basement
membrane thickening and spiked alterations, demonstrating structural damage.

These results suggest that excessive salt intake imposes both functional and structural burdens on the
kidneys, thereby accelerating progression of CKD. The eGFR may be a sensitive measure for the
detection of early renal dysfunction. The findings emphasize the importance of dietary salt restriction

and the need for early detection and intervention in CKD.

Key words:

Excessive salt intake, Chronic kidney disease, Rats, Clinical laboratory tests, eGFR
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