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Assessment of Hemorheological Deformability of Human Red Cells Exposed to tert-Butyl

Hydroperoxide, Verapamil and Ascorbate by Ektacytometer

Dong Hyun Kim, M.S.!, Yu Kyung Kim, M.D.", Dong Il Won, M.D.}, Sehyun Shin, Ph.D.2, and Jang Soo Suh, M.D.’

Department of Clinical Pathology', School of Medicine, Kyungpook National University, Daegu; Department of Mechanical Engineering?,

School of Engineering, Korea University, Seoul, Korea

Background : Normal erythrocyte is deformable and this facilitates blood flow in the capillaries.
Oxidative stress reduces the deformability of erythrocytes, and influences on blood flow in microcir-
culation. The objective of this study was to investigate the deformability of erythrocytes exposed to
oxidative stress, the protective effects of verapamil and ascorbic acid against oxidative damages
in erythrocytes, and the value of the microfluidic ektacytometer, RheoScan-D (RheoMeditech, Korea)
in clinical application.

Methods : Effects of oxidative stress on erythrocytes were investigated using tert-butyl hydroper-
oxide (tBHP). Before exposure to tBHP, the erythrocytes were pretreated with verapamil and ascor-
bic acid to examine their protective effect against oxidative damages. The deformability of erythro-
cytes was measured by the microfluidic ektacytometer, RheoScan-D.

Results : When treated with tBHP, the deformability of erythrocytes was decreased (P<0.01) and
methemoglobin (metHb) formation and mean corpuscular volume (MCV) of erythrocytes were increas-
ed (P<0.01, P<0.05) compared to those of the untreated control cells. Compared to the tBHP treated
cells, pretreatment with verapamil increased the deformability of erythrocytes (P<0.01) and decreased
metHb formation (P<0.01) and MCV (P<0.05). Likewise, pretreatment with ascorbic acid increased
the deformability of erythrocytes (P<0.01) and decreased metHb formation (P<0.01).

Conclusions : Oxidative stress reduces the deformability of erythrocytes and the deformability
could be one of markers for oxidative damage. Verapamil and ascorbic acid have protective role
against tBHP induced oxidative stress. The ektacytometer, RheoScan-D used in this study is con-
venient for clinical measurement and could be used in various fields of clinical medicine. (Korean J
Lab Med 2008,;28:325-31)
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Fig. 1. Schematic diagram of RheoScan-D ektacytometer.
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Fig. 2. Changes in red blood cell images as differential pressure.
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Table 1. Red cell deformability among non-treated control group,
tBHP treated group, verapamil+tBHP treated group, and ascor-
bic acid+tBHP treated group (N=13 in each group)

Group RBC Deformability (EI)
Control 0.31+0.01

tBHP treated 0.19+0.02*
Verapamil+tBHP 0.30+0.02
Ascorbic acid+tBHP 0.31+0.02

*P<0.01 as compared with the control.
Abbreviation: tBHP, tert-butyl hydroperoxide.
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Table 2. Hematologic changes among non-treated control group,
tBHP treated group, verapamil+tBHP treated group, and ascor-
bic acid+tBHP treated group (N=13 in each group)

Group MCV (fL) MetHb (%)
Control 86.25+1.34 4.16+0.97
tBHP treated 88.55+2.31* 43.45+4.52'
Verapamil+tBHP 85.55+1.78 3.64+0.66
Ascorbic acid+tBHP 88.54+2.44* 357+0.71

*P<0.05; 'P<0.01 as compared with the control.
Abbreviations: tBHP, tert-butyl hydroperoxide; MCV, mean corpuscular
volume; metHb, methemoglobin.
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