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Hemorheology and acute lung injury
XING Junrjie, ZHAO Jin-yuan
(Research Center of Occupational Medicine,  Peking University Thind Hospital, Beijing 100083, China)

Abstract  Acute lung injury CALD and its most severe types acute respiratory distress syndriome (ARDS) are quite frequent com-
plications in critically ill patients with various etiological agents such as severe infection trauma, shock, poisoning etc., its severe
ype: ARDS, s especially responsible for the high mortality which has been around 50%. Studies have shown that ALI/ ARDS is pait of
a acute systemic inflammatory process involving varous organs including heart kidneys gut liver, muscle, brain etc. manifested as
multrorgan dysfunction. The recent study revealed that main pathological basis of ALl is pulmonary microcirculation dysfunction, while
oxidative siress plays an important role in initiating the process of AL/ ARDS. Hemorheology is a newly developed scientific field and has
achieved much progress in recent years both in theory and technique with the development of bio-physics  the modern hemotheology has
already entered subcellular or molecular level  thereby offers more new measures for the exploration on circulation function. The paper
will focus on the research progress of the relationship between hemotheology and ALV ARDS  which should be quite useful in the further
study on the molecular mechanism of ALI/ ARDS.

Key words: Hemotheology; Acute lung injury (ATI); Acute respiratory distress syndrome (ARDS); Deformation; Adhesion

molecules
i, . 48 : (D
. H ( 3) 1)

(macro-hemorheology ) (micro- Y

hemotheology) s
, Cacute lung injury, ALD s
1
1.1 (cellular-hemorheology ) (molecular-
hemotheology). .
: 2005—02—02; : 2006 05— 23 '
(190—), . ) '



° 34 - 2006 19 1 Chinese J Ind Med Feb 2006, Vol. 19 No. 1
1.2 AL/ ARDS (68
AL/ ARDS .
, AL/ ARDS
. , 21 AL/ARDS
s (hematocrits
He, Het , , s s
( )
1) pH
[3Je ,
, Ay . Mo, ALl/ ARDS ,
2 . ARDS
AH .’ [9]0
’ H AR%
; ARDS ALI
, . ARDS ,
50% (3 , ,
( ’ ’ ’
~ ) b b b
. ARDS
, ARDS ,
. ARDS
, . , ARDS
. . ALI (a
. . ARDS \
ALV ARDS 4, , , ALV ARDS
ARDS ARDS 2 2 AILI/ARDS
. AL/ ARDS 2 21 ALVARDS
, (deform ability)
, , ALI/ARDS , o
( o ) .
/ , 7, ALY
ARDS ’ H
AL/ ARDS . ’
, AL/ ARDS ,



2006 2 19 1 Chinese J Ind Med Feb 2006 Vol. 19 No. 1 °© 35 -
1, Q) ca’ ( calmodulin )
s , spectrin actin-band 4
. el (3) Ca® Cal-
R pain , band 3
s D (4) ca®" spectrin , « 02
. (5) ca” 12, (o
. ; . Ca®" (Hbm) .
[23
. | . e .
(D 24,
. . s/ . .
19) 1 44 ; () (23, ,
NG)) 90';
[ 4] . R ,
. ARDS
08~009, . .
. . . ARDS
. . . ARDS
, (spectiin) « Cankyin) « ol
(actin) 4 1 (band 4 1) s s
. 21 (band 2 D 3 222 AI/ARDS
(band 3) . (24, A,
. . . TXA .
. (ATP) 2 3 .
(2, 3-DPG) Ca®" . .
L5 Kuypers ,
s 2221 (polymorphonudlear leukocyte,
; . PMN) PN
s 18 Marik s
spectiin . s H s s
spectrin , PMN
17 Takakuwa . 401 , PMN
. . 121, Kitagawa
[ 18] 5 s s
CDI8. CDI1b .
Ca " , . PMN (28
ca’ 15~ 18 *mol/ cell Ca®" 30 ~ 120 ALl PMN .
tmol/cell ; cat, .
Cca" 4~5  , 0% gactin ,
: (1D Gardos — f-actin PMN s s
ionophone23187 Ca" K" . K, ca? , PMN
, . . (2, PMN
[19 [ 0] )

’



° 36 ° 2006 19 1 Chinese J Ind Med Feb 2006, Vol. 19 No. 1
PMN s PMN
PMN s s , PMN
PMN, 7 ~ 10 min CD11/CD18 s PMN
; PMN, s PMN
s PMN s , ,
> (metalloproteinases, MMPs) A2 (phosphdlipase A2
B, PLA2) , 49, pMN
s AL/ ARDS. s II ,
2222 : ALI s ,
s Na® ,
PMN Na " . ; 11
) (41
PMN s ,
, PMN s .
; PMN- ; 43, PMN
, , . AL/ ARDS
, B3, Al 43,
PMN , PMN s 2 2 3 AILI/ARDS
; PMN .
1) [ 3] o
All , PMN ARDS ,
s 3 s N A2.
, v 44, Eichhorn
. PMN s All
(selectin) ; , I (Irselectin) s
PMN s PMN , s
I- (slzselectin); L,
slzselectin (3]
sl selectin s s P- ,
, ARDS (platelet activating factor,
B, B2 PAF) , PAF .
(CD11/ CD18) s PMN s ,
s CD11/ CD18 ; PMN , D4. C4 s
CD11l/ CD18 , , 44
PMN CD11b/CD18 , E-
(38, ¢D1I/CD18 s (von Willebrand factor, vWF).
1 2 (ICAM-1. ICAM-2), (fibronectin, FN) . ,
ICAM- 1 PMN CD11lv CDI8 (81, P-
(37 ATl ) , , 147
s AL/ ARDS -
0, Al ALL 2 3 ALIV/ARDS
; Anthony ,
PMN . pH . (43,
CD11b 1, ATl ALY/ ARDS
. pH s PMN ALl ARDS ,
PMN s , ALl ARDS s s



2006 2 19 1 Chinese J Ind Med Feb 2006 Vol. 19 No. 1 ° 37 -
ALl ARDS N 140.
ALl/ ARDS s s (9 ’ ’ ’
, (91 [J. , 2000, 13 (3):
, 129-131.
[ 10] s , , ARDS
s (sa, ’ . ALY [ , 2000, 4 (3): 175176.
ARDS (1 [ 1] WenZY, YanZY, GaoT, etal. A study of the biophysical meanings of
orientation and deformation of RBC in shear flow field of low viscosity with
ALl/ ARDS . .
new ektacytometry [ J] . Science China (Sex C), 199, 41. 195
’ ’ ’ 202.
N > [ 12] s s , . [J].
o, , 19%, 13 (2). 97-103.
> [ 13] Meyburg Jo Bohler T, Lindetkamp O. Decreased mechanical stability of
, ALV ARDS o neonatal red cell membrane quantified by measurement of the elastic area
3 compressibility modulus [ J]. Clin Hemorheol Microcire 2000, 22
, ALI/ARDS (D: 67-73.
s R [ 14 s . [J]. s
AL/ ARDS , 2001, 17 (10). 912-913.
ALV ARDS [ 15] Fischer DJ, Torrence NJ, Sprung RJ, et al. Determination of erythro-
20 . ARDS ) cyte deformability and its correlation to cellular ATP release using micro-
bore tubing with diameters that approximate resistance vessek in vivo [ ]| .
| Amalyst, 2003 128 (9). 1163-1168.
’ ’ [ 16] Kuypers FA, Roebfsen B Op den Kanp JA, et al. The membrane of
» ALV ARDS intact human erythrocytes tolerentes only limited changes in the fatty and
; composition of its phosphatidylleholine [ J] . Biochim Biophys Acta,
’ AL/ ARDS 1984, 769. 337-347.
, ALI/ ARDS . [ 17] Marik T Plasek J, Brabec V. Rheological evaluation of patholgical,
5 perturtbed nomal and reconsituted red cell membranes [ J]. Biomed
ALV ARDS — Biochim Acta 1990 49 (2-3). 334-339.
s s ALl ARDS [ 18] Takakuwa Y, Mohanda N. Moduhtion of erythrocyte membrane material prop-
B erties by Ca® " and calmodulin [J] . J Clin Invest 1983 82 (2). 394-400.
[19 Noji S; Taniguchi S, Kon H. An EPR sudy on erythrogyte deformability
[1] . [A]. : , [J]. Prog Biophys Mol Biol, 191, 55 (2). &5-105.
[M]. . , 1997. 118301 [20 Whatmore JL, Tang EK, Hickman JA. Cytoskeletal proteolysis during calci-
2 , . 0. unrinduced morphobgical trarsitions of human erythogytes [ J]. Exp Cel
. 2004 14 (D 13-137. Res, 192 200 (2): 316-325.
[3] Baskurt OK, Gelmont D, Meiselman HJ. Red blood cell deformability in [21] Wallis CJ, Bébitch JA, Wenegieme EF. Divalent cation binding to erythro-
sepsis [ J] . Am J Respir Crit Care Med 1998, 157 421-427. g'te spedrin [ J]. Biochemistry, 1993, 32 (19): 5045-5050.
[4] s R R [2] LinS, Yang E, Huestis WH. Relationship of phospholipid disribution to
7. , 2004 14 shape change in Ca® -crenated and recovered human ey throgtes [J]. Bio-
(1): 61-64 chemisty, 1994 33 (23). 7337-734.
[5] Hanley ME, Repine JE. Pathogenetic aspects of the adult respiratory dis- [ 23 Friederichs i Farley RA, Meiselman HJ. Influence of calcium pemmeabiliza-
tress syndiome,  seminars in respiratory and critical care medicine [ J] . tion and membrane-attadied hanogbbin on eryhrocyte deformébility [J]. Am
Am J Respir Crit Care Med 194, 15 (4. 260-267. J Hematol, 1992 41 (3): 170-177.
G , : 24 , , : .
[J]- , 199, 14 (4). , 2001, 2 (6): 330334
193-19. (29 ] . (.
[7] Khadaro RG, Marshall JC. ARDS and the multiple organ dysfunction syn- . 1994, 16 (D: 263265
drome  Common mechani sms of a common systemic process [ J] . Crit Care [26 Rogowski O, Zeltser D, Rotstein Re et al. Comrehted expression of adhesive
Clin, 2002, 18 (1). 127-141. properties for both white and red blood cells during inf lammation [J] . Biorhe-
(8 R olgy, 2000 37 (56): 361-370.
| . 2003, 21 (1), 137 [27, Sung KL, Schmid-Schonbein GW, Skalak R, et al. Influence of physico-



° 38 2006 2 19 1 Chinese J Ind Med  Feb 2006, Vol. 19 No. 1
chemi el factors on theobgy of human neutrophils [J] . Biophys J, 1982 39 2004 19 (@) 471-472.
(D: 101-106. [4] Noda M, Swzuki S, Tsubochi H, et al. Single dexamethasone injection in-

[28] Kitagawa, Yuko, Stephan F, et al. Effed of medanical deformation on creases alveolar flud clearance in adult rats [ J] . Crit Care Med, 2003 31
sructure and function of polymorphonuclear leukocytes [ J]. J Appl Physiol (. 118311&.

1997, 8 (5. 1397-1405. [42 Epire JE Beechler CJ. Neutrophils and adult respiratory disress syndrame:

[29 Doerschuk CM, Mizgerd JP, Kubo H, et al. Adhesion molecules and cellu- two interlocking perspectives in 191 [ J] . Am Rev Respir Dis, 191 144
lar bianechanical changes in acute lung injury: Giles F. Filley ledure [ J] . (2. 251-252
Chest, 199 166 (1 suppl 1): 37-43. [43 Bemard GR Artigas A, Brghan KL, et al. Report of the AmericanEuro-

[30] Drost EM, KassdianG, Meiselman HJ, etal. Increased Rigidity and Prim- pean consensus conference on ARDS;  definitions, mechanisms, relevant out-
ing of Polymorphonuckar Leukocytes in Sepsis [ J] . Am J Respir Crit Care canes and clinical trial coordination. The Comsensus Conmittee [ J]. Intenr
Med, 199 159 (6): 1696-1702 sive Care Medicing 1994 20 (3). 225232

[31] Downey GP, Fialkow I, Fukushima T. Initial interaction of leukocytes within [44] Piccardoni P, Evangelista V, Piccoli A, et al. Thranbinractivated human
the microvasculture;  deformability, adhesion and transmigration [J]. New phtekets release two NAP-2 variants that stimulate polymorphonuckar lkeuko-
Horiz, 1995, 3 (2). 219228 otes [J] . Thromb Haemost, 1996, 76 (5. 780785.

[32] Mariscalco MM. Leukocytes and the inflanmatory respone [ J]. Crt Care [45 FEichhomME, Ney L, Massherg S, etal. Platelet kinetics in the pulmonary
Med, 193 21 (9 suppD): S347-S348. microciralation in vivo assessed by intravital microscopy [ J] . J Vasc Res,

[33] Kubo H Doyl NA, Graham L, et al. IrandP-selectin and CD11/CDI18in 2002 39 (4). 330-33%9.
mtracapillry neutrophil sequestration in rabbit lungs [ J] . Am J Respir Crit [46] Goggel R, Hoffnan S, Nusing R, et al. Platelet activating facior-induced
Care Med, 1999 159: 267-274. pulmonary edema is partly mediated by prostaglandin E2, E prostanoid 3-re-

[34 Ferri LE, Swartz D, Chrisiou NV. Soluble l-sekdin at lkevek present in ceptors, and potassiim chamnels [ J]. Am J Respir Git Care Med, 2002
septi ¢ patients diminishes leukocyte-endothelial ell interactions in mice in vi- 166 (2). 657-602.
vo: amecanism for deaeased leukogite delivery to remote sites in sepsis [47 Geng JG ChenM, Chou KC. P-selectin cell adhesion molecule in inflanma-
[J]. Crit Care Med, 200l 29. 1652-1653. tion thromboss, ancer growth and metastasis [ J] . Curr Med Chem 2004

[33 s . [J. 11 (16). 2153-2160.

2004, 17 D). 245248 [48] Bamnerman DD, Sathyamoorthy M,  Goldblum SE. Bacterial lipopolysacchar-

[36] Dianond MS, Staunton DE, MarlinSD, et al. Binding of the integrin Mac-1 ide disrupts endothelial monolayer integrity and survival signaling events through
(CD11L/ CD18) to the third immunoglobulin-like danain of ICAM-1 (CD54) aspase cleavage of adherens junction proteins [ J]. J Biol Chem, 1998 273
and its regulation by glyosylation [J] . Cell 191, 65 (6). 961-971. (52); 35371-35380.

[37] Wang Q. Doerschuk CM. P®MAPKkinase mediates ctoskelktal remodeling in [49 lormine BWare Mark D Eisner, B Taylor Thanpson et al. Signifi ance of
pulmonary microvascular endothelial cells upon ICAM-1 ligation [ J]. Im- vonwillebrand factor in septic and nonseptic patients with aate lung injury
munol 200k 166 (11). 6877-6834. [J] . AmJ Respir Crit Care Med, 2004, 170 (7). 766-772

[38] EiermannGJ, Dickey BF, Thrall RS. Polymorphonuclear leukogyte parti dpa- [ 0] Luscher TF, Noll G. Endothelial function as an endpointin int erve ntional
tion in acute okic acid-induced lung injury [ J]. Am Rev Repir Dis, 1983 trials concepts methods and cument data [ J] . J Hypertens 1996,
128 (5). 845-850. 14 (2). 11-121.

[39] Mastrangelo AM, Jeitner TM, Eaon JW. Oleic add increases cell surface [ 51] Zimmeman GA, Albettine KH, Carveth HJ, et al. Endothelial activa-
expression and activity of CDI1b on human neutrophils [ J]. J Immunol tion in ARDS [ J] . Chest 1999, 116 (1 suppD): 185-24S.

1998 161 (8): 4268-4275. [52) . , .
[4Q ’ . (. , [J. , 2000, 34 (6): 369-370.
s s s
2006 5 .
N (O ; (2 ;o (3 i (4 3

(&) 3 (6 .

. . (D { » s 1 , peesin @ gmail.

com. (2) . . . ) s . (D

. 89 250062, 0531—82919539.
. : 2006 4 15

é\

i e e a2 ol A



