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An investigation of hematological variations in dog blood by storage
time using the ProCyte Dx analyzer
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2 o ARE FH A% Hwio] WAsH] dite] FER AELHALE A= Bt Azhof| whE ot @459
H3to]| izt HFol A= ofof girh 2 A= A5TEA7](ProCyte Dx)E E-&5to] 7S] EH ME A% A7t
w2 AR HSLE RASHY A FRAIREE AA6] Qo] F6tth. @ A= 109 HZolA] st
qod, AE T AFAZE AIEQ, 2, 4, 8, 24, 48, 72, 96AIZHE WA, AF1A|, 4TA Y 4 ARE 24
St AE & A7 AzPE 4 AR HEkE AT 2d WETA EolAE 96AIIMA] Al At whE A%
WiHo] Bztw|x] oottt A9 A g A 2] HCT (hematocrit)?F MCV (mean corpuscular volume)= SA|7HLE]
95t Z7F5F¥al, MCHC (mean corpuscular hemoglobin concentration):= 4A|7FEE, RDW (red cell

distribution witdh)x 72AI7HEE fo8 02 Z4asttt. ES PLT (platelet)?] sk+ SAIZHLE Fogt #H4E
Bt o]A9 AE FIEd, 7 N U EFL2AF9 Fst JAAE AoiA= AE F 2412 ool EANstE
Zlo] A3toH, WA 9] Loz 96AITTA] A7t o] w2 HBtglo] YAl £A0] THedt AR wHH

Abstract To arrive at an accurate complete blood cell count (CBC), it is necessary to verify the changes
in blood cells with time because stored blood results in storage lesions. This study was performed to
determine the effective time for an accurate and optimum CBC analysis by analyzing the changes in the
CBC of a dog blood sample at various storage intervals using an automatic hematocytometer (ProCyte
Dx). Blood samples were collected from 10 healthy beagles, and the leukocytes, erythrocytes, and
platelets in the blood were analyzed at different storage time intervals (0, 2, 4, 8, 24, 48, 72, and 96
hours) after blood collection. As a result of the analysis, no storage lesions were observed in the
leukocytes until 96 hours of storage. However, hematocrit (HCT) and mean corpuscular volume (MCV)
of the erythrocytes significantly increased from 8 hours onwards, and the mean corpuscular hemoglobin
concentration (MCHC) and red cell distribution width (RDW) significantly decreased from 4 hours and
72 hours, respectively. Also, the concentration of PLT (platelets) decreased from 8 hours onwards. In
summary, it is suitable to analyze CBC within 2 hours of blood collection for an accurate analysis of the
blood cells, and stable analysis of leukocytes is possible up to 96 hours.
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A7) dA B4 71A9 dE2 Ad9E 27
A Bt ot IS ©edt 2 Apsdlste] 2
I A 9] T ofet, AHoRE A Y Al
ZAcH1l. E3L 249 el B4 18 Foll HAaT
Qe WAl 0B E Fasiglo g BA Ayl o
S Y] 9 A=VES FIAIFTH2]. ol2gt ek X
Bl AE F shHRl A58 +E4]7](automated blood
cell analyzer)= N W JE1A, WA, 40A
A7 5 ot ol disf g Aeo R AFslet
1 g 712 @ A ®E Atste] =215 & 4= Qi
HHsHA AEo = ARl A7 Y] mkef, Ao
A, AAS HIl 53 &2 & = QlojA HEALAA
(CBC: Complete Blood Cell Count, °]3} CBC)S] &
Hog PN HAp| 9 ol-&=1 UtH3-5]. SHA|T
CBC £49] AA53lole Estal 4 A ME9 HE
I, BAES Qg MEY Axe o, 4 A AEY

A upg W A% 3 5o wet 24 duo] 9%
Z % Uk W4t o8] ollrHe). 193 BARE
WK Ao} S B0 744 olo] uE
A7), A F BAU= 0|53l |7HA0] X7k Aok
8] 5 @A AR g FAgBe] 54 X7 A
QAE= AL WHsITHO,10). o AF B4 A7) X|<o]
FE3 A9, AE 5 D el HBT7e WY[l1],
wg 7o) ul3gA BA12) 2L A FHe oA 4
2o Wste 2SI B4 ARolE 4% 4 9
THI3-15]. 44719 22 o] 92 EAHE Bejr|2e &

7) 9180 cheket A7Eol A9 Foltt. HiEAoR WA
golst #Est YUS|(ICSH: International Council
for Standardization in Hematology)ollAl A%} -#2]
of gt ofe] 71 A1Ee Agela ol 24 e A1
242 R0l 919 A%H 0T HA R o] 2
WotA 218 FoltH16,17]. SHAITE Al oA 22
ATET A Ho] HYUHT Yolx] Ao Folr}
Ue ATEES 2N o E 5ECIA ICSH 7182 &
2ol AL BAHol At

Mol A= Al v A2 E BAS B6) =&
A®EY] FXE BASt WE, Al A, % 9
B 59 A gt ofyzet, 71EAl A% A
< 98] CBC: g AMEE T YrH18-20]. sFA|9t, &
HIEO] kst B4 At Aolus A97t o7l

A

% 93 ol ATl Uit HRES gAAY 5
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[21]. o2bA] FEgotar SHE XthE {4 7ol EH
AEo|| AN A5BEA7] Ao tigt f84 B7ket A
A B3 Ak izt W At 2 esit) oeket A
FFEA7]E &, ProCyte Dx (IDEXX laboratories
Inc., USA)= 588 AsEHEA7IE HAF, 1Yo,
A, T 5 ohFet FolA A, A9 £4 g AkE
H31 QJrH22-25]. ProCyte Dxt BT A|ZE & A
22 ZHEY Fo|AE 7HsiA
9] @75 £ I Aol Ea

=
=

S Asle] ofe] 7 WP AXS B4 Hulolet
wetd 2 A7 Aol AETAM BT 4 9

L 9RE HAoP] U5 AFFTRAT] ProCyte
Dx 4 12719 Bl ) 878 BAsto] 7] Ao
9 ProCyte Dx®] 4L 9l ¥, A AE A%
Az Aol WE FTES] Mot el I B A
23 BB S AR e Susta

Al
=

2.

—_

oo

3=

2 3 10719 B]2(2.94£0.059; 3 5
ute], AA 5N FAIFER W5 BE hE
° Z47+o] =H B(ZFE 170 cm X AIZ 210 cm)oll
(2241 02 F=(50+10 %)7F LA GAE
7oA B8 ARSI AFEEE dFAI T
Z&3= AJ®AlE(skhan All-life 33, Daehan,
Korea)& ol-&sto] Zt FAIEES AFol 71%3% 1Y
FHE oFF 230 Uiro] Fofsiilon, S4= A+
=55 AASIh

=
=

to e > |
et o 1y

2.2 NZAF L 2AY

FANRE A2 A 12402 o WAL AN o],
AR QEuAol 1 mid Agsigon, e dore
K>-EDTA(dipotassium ethylene- diaminetetraacetic
acid7} A2 Fuo) §71 , ABdFRA|Z 24
WA 4 Col nBBISt. AR T AFEFRAI]
2 24 A7) 283 AR 108 ol fRos, 24
A WEZ ASAS(coefficient of variation, CV)E
bS] Ak Wf ZiAITe] Apolet B4 QHgAE Bt
SEQILE. o]%, B4 JHA] ARHE 710 & 4 Tofl Hudt
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AMES 2, 4, 8, 24, 48, 72, 96AI17+ T ZZo] EF
o] WglE BAsle] 2y Byt A7He BrIEHY
F7H 08 A7t ZATte] wet FAH R FoA7t Q=
T AREC] HkE FRIsH] Yol 24 7HA] AE
A BAE 2 @3 AREQ] FF FAE 7[E0E 51

2.3 MM

AELe EAL AEIFLEAY] ProCyte Dx
(IDEXX laboratories incoperation, USA)S ©|-835
of BAsIGith. ofd] 71A] B A& F, @Y W AFL
2 EXsto] HETEO o) to] 028 E&H AFE=
B4 AQettt. & 1539 485 E4ot9eH,
W& LA (leukocyte)ol Al BHEHWBC: White Blood
Cell, ©]3} WBC), ®%7(NEU: Neutrophil, °Js}
NEU), ¥XF (LYM: Lymphocyte, ©|3} LYM), T3t
7 (MONO: Monocyte, ©]5} MONO), SAH* (EOS:
Eosinophil, 3t EOS7HA] & 5% 4519ttt @4
A (thrombocytes)o| A= EATHPLT: Platelet, 013}
PLT) 15 B4tk AE3A (erythrocyte)= &
FFRBC: Red Blood Cell, °J3t RBC), dZZ=R]
(HGB: Hemoglobin, °]3} HGB), A&+ |4-&(HCT:

corpuscular hemoglobin concentration, ©]5} MCHC),
HET 77] EX(RDW: Red cell distribution width,
o5} RDW), WAZET BL(RETIC: Reticulocyte,
ofs} RETIC), GAAEF S FFHRETIC-HGB:
Reticulocyte hemoglobin, RETIC-HGB)7HA] & 9%
< 24519t

2.4 SAEN

£ AN 248 HE BAEAL SPSS version
17.0 (IBM SPSS Statistics, USA, 2009)& ©l-&5to] &
Asiqltt. £ AFolxe 7t Fo] TAIES dEs
QS FHFOE Sfof, A7t Ao e AFo| HF
BTEE MRS 7180 R ARHE o disto] gt
E=4 FHFEAREL(R-ANCOVA: Repeated-Analysis
of Covariance) 22 FAEAE AA5Ith A
o482 p #ol 0.050181R1 Aol 1o,
tukey’s HSD (HSD: Honest significant difference)
test®2 AFEHAE AAISHATH

3. g4zZn I

Hematocrit, ©|3} HCT), ¥+ ZEF {ZMCV:
Mean corpuscular volume, °©]3} MCV), B+ 8+
GAAFHMCH: Mean corpuscular hemoglobin, ©]

3} MCH),

Hg A

ovw 1

g3 FrF2H S (MCHC: Mean

3.1 TG

RN EO] A% Al7tof| T2 E4 A E HIE &l
sp7] Aol ZF 3 A} FRIE0] A4 WY 1A Elst
3, A o] BAAHEE HESAHTable 1, 2).

Table 1. Leukocytes and thrombocytes parameters in blood of ten beagles

o Leukocytes (x10°/ul) Thrombocytes (x 10°/ul)
WBC NEU LYM MONO EOS PLT
Normal range 5.05-16.76 2.95-11.64 1.05-5.1 0.16-1.12 0.06-1.23 148-484
1 9.74 6.31 2.78 0.39 0.26 338
2 6.98 3.93 2.54 0.29 0.22 320
3 10.36 7.04 2.7 0.29 0.32 318
4 7.94 4.74 2.6 0.34 0.23 296
5 8.57 5.05 2.79 0.27 0.46 324
6 8.04 4.53 3.04 0.36 0.11 322
7 8.53 5.32 2.55 0.31 0.34 318
8 6.32 3.35 2.56 0.24 0.16 327
9 8.87 6.03 2.44 0.23 0.17 350
10 6.77 3.57 2.80 0.3 0.04 314
SEM 0.41 0.38 0.06 0.02 0.04 19.95
CV (%) 16 24 7 17 53 21

WBC, white blood cell; NEU, netrophil; LYM, lymphocyte; MONO, monocyte; EOS, eosinophil: PLT, platelet; SEM, standard error

mean; CV, coefficient of variation

516



AEEFLEAY] ProCyte DxZ 83t 7] &

gl QA7) hE E7 Am W} 24

Table 2. Erythrocyte parameters in blood of ten beagles

No. RBGC HGB HCT MCV MCH MCHC RDW RETIaC RETIC-HGB
(x10°/ul) (g/dL) (%) (fL) (pg) (g/dL) (%) (x10°) (pg)
Normal | 565- 13.1- 37.3- 61.6- 212 32 13.6- 10- 223
range 8.87 20.5 61.7 73.5 25.9 37.9 21.7 110 29.6
1 8.18 18.2 49.7 60.8 22.2 36.6 20.4 20.5 22.1
2 7.76 17.7 49.4 63.7 22.8 35.8 19.7 17.1 23.2
3 8.26 18.7 54 65.4 22.6 34.6 20 114 24
4 8.52 19.2 54 63.4 22.5 35.6 20.8 46 24.9
5 7.73 18.2 51.5 66.6 23.5 35.3 19.6 27.1 24.3
6 8.42 19.3 55.5 65.9 22.9 34.8 20.5 20.2 24.7
7 7.53 17.9 50.4 66.9 23.8 35.5 19.1 42.9 24.2
8 8.62 20.5 57.8 67.1 23.8 35.5 20.6 74.1 24.4
9 8.47 20.1 56.5 66.7 23.7 35.6 20.1 31.3 24.7
10 7.02 16.5 47.3 67.4 23.5 34.9 19.1 13.3 23.5
SEM 0.16 0.38 1.09 0.67 0.19 0.18 0.19 9.96 0.27
CV (%) 6 6 7 3 3 2 3 77 4

RBC, red blood cell; HGB, hemoglobin, HCT, hematocrit, MCV, mean corpuscular hemoglobin; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration: RDW, red cell distribution width: RETIC, reticulocyte: RETIC-HGB, reticulocyte
hemoglobin: SEM, standard error mean: CV, coefficient of variation

WP LACIA WBCE 6.77x10°/ul¥E 10.36x10°/ul
2 H=Ech EOSE 0.04x10°/ul®E 0.46x10°/ul
7HA gt Wl A vwE & xjolg Bk Eawo A
42 2331 PLTY 749 296x10°/ulH 350x10°/ulE

BEEh Ao B xS HEASR ERIg 4
I}, BOSE 53 %2 Fet WollM A7kl o7t &
$E2 HAAN o2 I3 ABEY CVE /A 2
017} AT £ 9l wet FoR AZH 53,
LYMO] CV7F 7 %2 7HA] 7ke] o)zt 7 H9ick
(Table 1).

AGFANA F 952 BATH 23, widsst A3+Ql
PARGLO] S ZA3 RETICE 13.3x10°/ulf
B 114x10°/uL@om, CVE 77 %& mj$ & 429

AGLE BAT, YA 852 IF 10 % uHoz
YERGTHTable 2). RETICZ A9t 2 E ARE
9] #=2|& B4 oA AAok= reference range®l
Basldch. RETICS] 4 gt wiele] ZRAoA 2o
reference range$l 110x10°/ulE Hold 114x10°/uLz
A7} Azto| mE R E Hst BEAoAE A Q5
th. RBCE 7.02x10°/ul®El 8.62x10°/ul7kA] Lrebst
om CV7t 6 %= Je W 7RAIZS] BAPI =T} A9l
AsETEA719 EAF A A& Al o EH o
A Aro] 3 AEE CV7F Ao R =ti26]. th
£ @ div] 25l I3 A 7 CV7E W2 o]
RE 22 U2 4T 4= qirt EOSe B4R 11
2 Z5olA] A= BT iy 1-3 % AsE aF
o= dN oA «3t gicH27]. mEkA EOSOlA Cv7}

=2 o= ZF A B4 Aol EH f Alsol
o3t A& A9l Ao g AREHTE Al w2 dT X
gt Ax, @A MCVeF MCH7H
Q1 Zfolg HTh AolA 4A9 HdF MCVE
63.98+2.2 fL, &AL 66.8+£0.57 fLo]%L, MCHE
AA T} AN 22 22.7240.49 pg, FAL 23.54+0.38
pgl & paired t-test 27, 1A 9 F AHE= JE
o Zjolg Eol: ZOo=E YERYTHp0.05) (Data not
shown).
FTHNEH £ 93—?011*1 0|83t ATETEAAH]
ProCyte Dx& <F om, #
A7) e %‘—TLX] HE9| HsHE BAstr]o A@st
RAoZ gerdct

it

3.2 M At ME H7X|E Het 24
A& A EDTAZE A2jd FHA| AR5 &, dH
A7 wgRio] 71 Aoty dEiFl 2291 4 Tof B
FATH28]. Al 7HA2 AHE FPol| SlofA9] A7t At
o 2 HIHIWHB)E T ¢ste], 2, 4, 8AIZF
o= 4 é%}% o, o]%oll= g Hajol| wE HHA
TS Yoto] 24417 HE 02 96Xt
AABHITHE]. AFAIZE EF ;9] Bzt
glst Ziks o33 ZtiTable 3).
WA &8 I+ XE 5% WBC, NEU,
LYM, MONO, EOSOlA A% A|7te] F7to) w2
g Higke glolth A AT Ao 2 Rjo|7t

QA R)HolA) RUAT, 37 FL Fashe 5 I

r
ofr
o

=
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Table 3. Changes of blood parameters by storage time in nine beagles

I Time ()| 2 4 8 24 48 72 96 | SEM | p-value
Leukocytes (x 10%/ul)

WBC 8.21 8.05 8.07 8.12 8.09 8.13 8.18 821 | 035 | 0.999
NEU 4.99 4.88 4.90 4.94 4.94 4.99 5.04 5.11 0.34 | 0.999
LYM 2.69 2.65 2.65 2.69 2.67 2.65 2.64 2.62 | 0.07 | 0.995
MONO 0.30 0.30 0.29 0.26 0.26 0.27 0.26 0.24 | 0.02 | 0.066
EOS 0.23 0.22 0.21 0.22 0.22 0.22 0.22 0.23 | 0.03 | 0.999
Thrombocytes

PLT (x10°/ul) 305.6° | 254.6® | 2303" | 2118 209.7° 208.6° 2123 | 207.6° | 18.0 | <0.01
Erythrocytes

RBC (x10°%/ul) 8.1 8.0 8.1 8.1 8.1 8.1 8.1 8.1 0.17 | 0.999
HGB (g/dL) 18.6 18.7 18.7 18.8 186 18.7 18.7 187 | 0.37 | 0.999
HCT (%) 52.6° 53.9% 54.8% 56.2%¢ | 57.4%% | 586 60.0% 61.1° | 1.09 | <.001
MCV (fL) 65.4" 67.0 67.9% 69.5" 70.8% 72.7% 74.2¢ 75.5' | 0.49 | <001
MCH (pg) 23.1 233 23.1 23.2 23.0 23.2 23.2 23.1 | 0.14 | 0.890
MCHC (g/dL) 35.4° 34.7% 34.1 33.4° 32.5¢ 31.9% 31.3 3060 | 0.17 | <001
RDW (%) 20.0° 20.0° 19.8% 19.6® 19.3% 18.9® 18.7° 18.7° | 0.23 | <001
RETIC (x10°/uL) 40.7 41.2 42.8 42.5 44.3 44.6 47.1 46.1 9.69 | 0.999
RETIC-HGB (pg) 24.0 23.6 23.6 23.6 23.5 23.8 23.5 23.4 | 0.26 | 0.804

WBC, white blood cell; NEU, neutrophil; LYM, lymphocyte; MONO, monocyte; EOS, eosinophil: PLT, platelets; RBC, red blood cell
HGB, hemoglobin, HCT, hematocrit, MCV, mean corpuscular hemoglobin; MCH, mean corpuscular hemoglobin: MCHC, mean
corpuscular hemoglobin concentration; RDW, red cell distribution width; RETIC, reticulocyte; RETIC-HGB, reticulocyte hemoglobin;

SEM, standard error mean
“"Means without same superscript significantly differ (p<0.05)

T2 TR gkt kAR PLTE A% AIZE
Z71SE AT, SAITHEE Fx7t S0
tt. FE{AME RBC, HGB, MCH, RETIC,
RETIC-HGBE A|¥Jgt HCTSF MCVOllA 8AIZHEE &
9J&Ql 37F MCHCE 4AIXH 24, RDW& 724
e fo5tA Frastrt

A% A7 Al wet §92t vehd @ ARE
S WEER 3Hiboto] W3t olE Rl g ZI= Fig.
1ol YEtigich. HCT+= @A JE+7t Aok &
Ao WiRgs HP 49 F7F 52 §4o] JHE
o, =27} Z7VHA "t SRR 4E49] =5 S
A7l RBCY| =20l #5l7t §i3l7] dide] A8+
|30o] ZVE AoE Azt FE7A W ot
FIE9 o] 7R AR HE F, OE dFEANE A
2 A7kl F7VE HCTVF 7R Zugich

[29,30]. o33t HCTY] &7H= ZHE+9] B3 32 &
o 7|1k 4= QJIrH30l. MCV= BHa AL 83L&

Uely= X1 %2 HCT/RBC X 1022 AAK 4= Qlth
5, HCT9] 37PF MCVe 3719l 932 & AS= A
zHt} £3H MCHCE B+ A8+ 222819 5%
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ol#, HGB/HCT X 10022 AAkgtc}. &, HGBY] W
Sh= WA g9k "iie] HCTY 3717 MCHCY
Faol| JFE & AC0E P4 vEIVIRE RDW=
AES Je 27] BExE & 5 U= AHE JEH9
WAool AEAY 471 E01EUS Aol AAagTh
RDW+ standard deviation of RBC size/MCV X
10022 Aito] 7Fstd MCVe] 571} RDWY] #ha
o I & ALE 5T 5 Sty 4w AuA
PLT= &4 714, MEY 57, A% 259 daglol]
A% 717ko] STl whet Faske Zeg dEA 9l
TH31). EFE, A0 A A2 Hs o] H Wobdl
= 237 t}32]. o+ 4w A% WH¥(platelet
storage lesions, PSL)2.& &&#A lon A} 250
A BN MES HotH BA BHoA AE &
A3E S0 A HHS A & AT A2 s
A da FeEje] Higo] dojdtH33]. PSL oF&7t
A HEsHA FPEA @kon, Ao 3, A7, B
o 5 ohRE 8Qlof] o5 I & 4= QITH34l WETE
A9 57HA] X Ha= AR ] met o 96AIZHA] §
37t IR, Et B4 Agulof] wheh WEro] Qg A
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Fig. 1. Percent of mean+SD change value on complete
blood cell result by storage time in canine
blood. (A) Parameters of HCT, MCV, MCHC
and RDW in erythrocytes. (B) Parameter of
PLT in thrombocytes. HCT, hematocrit; MCV,
mean corpuscular hemoglobin, MCHC, mean
corpuscular hemoglobin concentration; RDW,
red cell distribution; PLT, platelets; SD,

standard deviation.
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