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Investigation of the Mechanical Properties Change of RBCs in
Different Storage Stages

Xiong Yanlian', Yu Zhenhai', Zhao Yajin?, Xiong Yanlei', Chen Dong?, Zhao Dongmei'*, Wang Xiang?*

("Department of Human Anatomy, College of Basic Medicine, Binzhou Medical University, Yantai 264000, China;
*Key Laboratory of Biorheology and Technology, College of Bioengineering, Chongqing University, Chongqing 400044, China)

Abstract The aim of the present study is to explore the mechanical properties change of red blood cells
(RBCs) in different storage stages. Atomic force microscopy (AFM) were applied to detect the viscoelasticity
of RBCs of different storage times to obtain the force-distance curve and Young’s modulus. The level of lipid
peroxidation and membrane protein thiol content were detected. Erythrocyte membrane skeleton protein
distribution, content and interaction were detected by SDS-PAGE and immunofluorescence staining to explore the
underline molecular mechanism of mechanical properties changes. The results showed that the Young’s modulus
of RBCs increased significantly after three weeks blood preservation which were 0.54+0.27 kPa in early phase (the
first day), 0.71+£0.57 kPa in metaphase (the 21th day) and 1.3340.70 kPa in telophase (the 42th day) respectively.
As the lipid peroxidation degree increased, membrane protein thiol crosslinked with each other and formed high
molecular polymer (high molecular weight, HMW), which resulted in a decreased amount in membrane protein
thiol. The results suggested that the mechanical properties of RBCs were decreased gradually with the increasing of
the storage time, and this change could be an important factor affecting the quality of blood transfusion.
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FEARE IR L JE ORAF S5 T, 204112 (red blood
cells, RBCs) &4 JJj— ZR A1 nl W (R RUAS o] 33 (1) A2 4K,
XA RN ARG M 200 M AP B
KECAT Ly b = AN BRI AR A4 )R
TaREF o LLAN AP FE T AR AL T AL R B
A0 o e FACEIAN DG, {045 2,3-DPGRIATPI FE . fiE
A BRI IR 25 R FIAZ . AR D) 2 U T 1)
B AT AT AR BB MR
N EETE. BT B ) AR 3~8 um, 4T
) R A ek AN G S S e L6 A X R B K
W st . SR, 2090 & AR A m )
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BAT LB e I IERTE 20 41 .

ZLA0 M “AEAE BT 10 ] g AL DL e T
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Zallen%5 R I, T NORAFEEIL 14 dIJRBCH S8 £
7% B T RE %5 35 (multiple organ failure, MOF) 1] XU [
2R T IXAEER, AR BB R 17
i 18] 4 Y RBCs 2 5 B MOF ) — /N BT F 5% 1) [A]
2. WolfeZ5 5V 3L T RBCSTE ML it A7 2 v s 2k
FAEBT IS, UEBIAE 6 A R AFIF 1k F 1 RBCs
JE 11 4% 120 W b 52 B S AR B 0, 1T FOX AN 45 5
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B ARG . 140 M g 2 1 T I 4 R 2 A SR
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PRI

1 MR 5H%
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I, FEE N s 2 Bt B e = e e it . 10 A4 ACD-B#it
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KHAY ML, N MAPZL G % Iy il 46 8 v 40 41
Wi, G508k 25Gy 4 IR S SR 0 B4 VRO g
PLIFEF 532 SOy o SEER I TRIIRON 4 CUKAR TR ORAT

720, 14, 21, 35, 42 d43 HIEFEDAE .
1.2 NE5RF

2K 6 5 (phenylmethanesulfonyl fluoride,
PMSF) [ Sigma-Aldrich/A #] . 5 5E A MDA
E0 A wE R AR TRETILT, HA o B AR
FI(OrHrat). i ABand 3(ab11012)% T IgGHiiA
35 E Abcam A Al . 3R L-Z2 B IR (poly-
L-lysine, 231 70 000~150 000)¥1 [ 3¢ [H Sigma
AFl. AFME% TR400PSAIA H H A Olympus
Al. frid DyLight 488111112 P4 % v IgGHUL A
DyLight549F5c i) th =F 470 B 2 ve B 1gGHi iR B b
SR A YR A R A F . HLK R & KA K
FEM T 22 [ Bio-Rad A Wl o 43 606 oH I T 52 [
Thermo ScientificZy ]

1.3 BILMERAYNE

F pHUHI s pHAE . HOA VR 32 pH AR A H HLA
TEAN R P B A 1) YU, AR A A 5 v pHAE
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20 pL, PRAEE INIALALH FARMER20 L. T IR R
HIIA 1.0 mL 0.2%48 FHBER s, T 1.0 mL
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14 [EFHEMENERBCs HZF MR

SEIG R L-2 B IR (poly-L-lysine) [i] 72 21
. B HLEC Y 500 ug/mL A L- 22 B8 s I v v 1)
AU AT TR AR 3.5 e SR LR HE, A1,
R o ARIAMRAT B BUEVR 2040 L 28 PBSZE i 1% 14
FULL 1 VRGBS, A1y G R A 0 400 PRl ot 5% e 1 P [ s 7
7 1E HU L- 22 SR8 IR A0 e () B R LGS . B i
(P9I ) IR 510 A T L- 2 R s IR A M 15 9%
IMLJEE 8, JACE 30 min. FPBSZEMR s B v 7% I
JECHB 3K, LA B 7 oA [l 52 1) 440 e«

R o A5 3R A5 AS [R] OR A7 B B 2140 i g i
ek, J1BR/NEEFE0.1~0.5 nNZ 0], HEEF T35 4
1.0 prn/s A FHFRAERAGATERYE, TL3E 24600 0.03 N/m.
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B BEATLIZEEL 1042040 M, BN 2140 J AT o7
BT 107K, NI B R e =R N AT, Aol
J I 524205 7 PBSHY . £1 41 il F ) s i T DA
bR 7 77 AT - 1 2 AT e A
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13 & 1k (thiobarbituric acid-reactive substances,
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T 2120 H 24 AR P N 4 AR FR 265 I TE 7K £
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MCAT L SODYE .

o HER ) 4 VR U A, RS ERILLE S, I
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JELAR100 pL A IIFE B, 25 AL U INTBA R N,
PA532 nmAk (35O GE SR EEMDAKEE, 5 46 LA =2
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1.6 RBRERIHI &

RBCZ VLR IG , BT HARFA 3045 2o 47 R B 2%
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132 RBCIEL, BT RUER ] R RIB i,
JE T LU FHAS I PMSF RIS 2 M. T F i
FFIIN KL EAARRRA1% 1112% SDSHEI 241, FHIBCATL

I Jo i 11 o, P A 7T T80 CCHA R o
1.7 SDS-PAGE
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FES ng, HLUKAAFAEL10 °CAE AT AT, LATEE30 VIFLR
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4, Quantity One X fREAT 457 73 HT
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PBSZEMWE Y, MCR G TR S UM ST
Bk 60 pLLL A . ERKCE 40 minji5 700 vmins
5 min, PBSYEHR 31K HX0.5% Triton X-100 60 pL
JIAZ] 1 mL PBSHY, K a8 21 ] 52 4 (1 21 4
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F21:20008 5 MBI 40 i, =il K I 54 he Uk
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IX7198 6 B 3BE (AR %K 492 nm, 100xi%5% ) T
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B B I = 2 sk =20 DL b SR S a AR
i, PLIAME bR ZE (meantS.D) I UK R . 4 [H]
givl 24 22 it Origin 7.5 1] One-way ANOVA
I3HT. P<0.05FR78 25703, P<0.018 )2 7l H

T E P

2 #Z#R
2.1 HEEREBFEEHLT L
1 R Bl AR AE N i) B ZE K, RV 20 40 e i pH

F1 FEMRTER BRI ZOMAK . Na' iiFEHbRE RpHAY L
Table 1 The concentrations of K*, Na*, free Hb and pH of RBCs in different storage times

FRAE I i) pH B 7 (mmol/L) A 7 (mmol/L) B Hb(g/L)

Storage time pH Na" (mmol/L) K" (mmol/L) Free hemoglobin (g/L)
1d 7.42 135.33 26.54 0.05

14d 7.36 122.96 36.57 0.06

21d 7.38 120.59 42.23 0.09

35d 7.10 116.89 48.45 0.20

42d 7.07 114.56 49.56 0.26
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A: early phase of blood preservation (the 1st day); B: metaphase of blood preservation (the 21th day); C: telophase of blood preservation (the 42th day).
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Fig.1 AFM force-distance curves of RBCs in different storage times
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A: early phase of blood preservation (the 1st day); B: metaphase of blood preservation (the 21th day); C: telophase of blood preservation (the 42th day).
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Fig.2 Histograms of the Young’s modulus of RBCs in different storage times
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Time (d)
A LA IR STTBARS /K B: B ER SR HE Ko *P<0.05, ##P<0.01.
A: the levels of TBARS of RBCs in different storage times; B: the levels of thiol groups of RBCs in different storage times. *P<0.05, **P<0.01.
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Fig.3 Erythrocyte oxidant stress parameters of RBCs in different storage times
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A: SDS-PAGE analysis of erythrocyte membrane proteins. The arrows indicate protein clusters or degradation in different storage time; B: the

densitometric analysis of electrophoretic bands of RBCs membrane protein at different storage time, *P< 0.05 vs 1 d group.
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Fig.4 SDS-PAGE analysis of RBCs membrane proteins
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(A)

(B)

Band 3

A YU R A4ILT 400, B: Band 385 (P GhRic S AL g, #73F W BIZ250 FHUBand 3R EIE . Fr =10 um.

A: bright field micrographs of stained RBCs; B: fluorescent micrographs for control and exercised RBCs after immunostaining with monoclonal

antibodies to Band 3. The arrows indicated protein clusters after exercise-induced oxidative stress. Scale bar=10 um.
E5 LIZHREBand 3% A S & KK BN
Fig.5 Band 3 of RBCs detected by fluorescent micrograph
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