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EFFECT OF HUMAN RECOMBINANT ERYTHROPOIETIN ON BLOOD RHEOLOGY IN RAT 
N. Maeda and T. Shigal~. Dept. Physiol., Sch. Med., Ehime Univ., Onsen­
gun, Ehime, JAPAN and l~Dept. Physio!., Sch. Med., Osaka Uni v., Sui ta, 
Osaka, JAPAN. 

Rheological properties of blood upon intravenous administration of 
human recombinant erythropoietin (rh-EPOj 180 or 1800 IV/kg) daily for 7 
days to Sprague-Dawley rats (6 weeks-old, male) were investigated. 

The following findings were resulted upon rh-EPO administration: 
Rheologically, (1) drastic increase of blood viscosity (measured with a 
cone-plate viscometer) was entirely dependent on the hematocrit (plasma 
viscosity and composition of plasma proteins were not altered). (2) Red 
ce11 deformability (a "deformation index", measured with a high shear 
rheoscope) was not altered, in spite that the length of deformed red 
ce11s were longer than that in control rats. (3) The velocity of 
rouleau formation (measured with a low shear rheoscope) decreased. 
Hematologically, (4) red cell (and reticulocyte) count and hematocrit 
increased in a dose-dependent manner remarkably. MCV increased and MCHC 
inversely decreased, without alteration of MCH. Furthermore, the 
individual red cells became light and inhomogeneous in their specific 
gravity (determined using phthalate esters). Metabolically, (5) ATP and 
GTP concentrations in red cells (and the energy charge of adenylates) 
slightly increased, but 2,3-DPG concentration was not altered. 

Conclusively, rh-EPO-induced alterations in blood rheology in rat is 
exclusively derived from the increment of young red cells (and/or 
reticulocytes) in circulation. Hematocrit is an essential index of 
rheological impairment for the use of rh-EPO in clinical medicine. 
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TESTS IMPLEMENTING BLOOD AND PLASMA VlSCOSITI 
M.R. Boisseau and M.F. Roudaut H6pital Cardiologique & INSERM 
Unite 8. Bordeaux. FRANCE. 

Fascinating developments have been performed in the field of 
blood viscosity since the early observations of Fahraeus in the 1950s, 
related to the thyxotropic properties of whole blood. Is there 
strongly established that plasma viscosity (PV) associates with driving 
pressure and vasomotricity of arteriolae in order to fix the resistance 
and the hindrance of vessels. Besides red cell aggregates dramatically 
increase the viscosity in areas where flow output is very low, Le. in 
venulae. Therefore two methods have to be settled in a 
Haemorheological Laboratory: the checking of PV and the study of the 
Rheogramm of whole blood viscosity (WBV). These technics have to 
be compared with connected levels of haematocrit, fibrinogen, CR 
protein, albumin and gamma globulins. Two situations are to be 
analysed : open states, as in Haematology where increment of blood 
mass leads to acute events and covert states mainly in vascular 
diseases. Cardiovascular risk factors (HTA, tabagism, diabetes) induce 
a plasma volume contraction through a defect in microvessels 
permeability. and/or a chronic phase of inflammation. CR protein and 
cytokin measurements distinguish between the two mechanisms. 
Aging also play an important role when increasing fibrinogen. Finally 
PV is of value in epic!emiology of vascular thrombosis. PV and the 
Rheogram of WBV also yield results of treatment aiming at external 
or internal (drugs-induced) haemodilution in such patients. 

ERYTHROCYlE AGGREGATION: METHODOLOGY, STANDARDISATION 
AND CLINICAL RELEVANCE. 
G.M. Potron. P.V. Nguyen. B.A. Pignon. M. Guenounou. Laboratoirecentral d'Hemato­
logie, CHU Robert-Debre 51092 REIMS (FRANCE). 

Beside classical erythrocyte sedimentation rate or whole blood viscosimetry, erythro­
cyte aggregation (E.A.) can nowadays be measured by specific apparatus (Myrenne -
Germany; Erythragregometre -France) which can give kinetics parameters and aggrega­
tion/deaggregation thresholds. Standardization should be done in order to allow epide­
miological studies. Interindividual variations remain however large on aggregation and 
deaggregation thresholds. Plasmatic influence on E.A. is well known whereas erythro­
cyte parameters are more difficult to interprete, as shown by the analysis of in vitro mo­
dels. Contrast media inhibit erythrocyte aggregation by erythrocyte membrane altera­
tion. Abnormal E.A. are observed during inflammatory process and in elderly. On the 
contrary, activated polymorphonuclear supernatant do not modify the results whereas 
agents such as platelet activating factor disturbs erythrocyte membrane. The influence of 
fibrinolytic drugs on red blood cell- plasmatic proteins molecular equilibrium will also 
be presented. They appear to improve microcirculation and decrease thrombotic risk. 
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MOLECULAR RHEOLOGY OF BLOOD CELLS IN PRACTICE 
M. Donner, S. Muller, C. Szczepaniak, J.F. Stoltz - U.284 INSERM - CO 10 
Plateau de Brabois - 54511 Vandoeuvre-las-Nancy c§dex, France 
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Blood cells are complex media and their rheological properties partly 
control the interactions of cells with the surroundings. These properties' 
are related to molecular motions occuring within the plane of the membra­
ne. Therefore, the understanding Qf these motions could allow to approach 
the role of microrheological properties in cell functions. 

The methods used for approaching membrane motions which result in 
"cell fluidity" are spectroscopic techniques: NMR, EPR, Fluorescence, 
Fluorescence polarization. 

For the Hemorheology laboratory, fluorescence techniques have become 
c~rrently.u~e~ in preclinical studies because of their practibility and 
hIgh sensItIvIty. These methods (steady-state, time-resolvpd, at single 
c~ll level) involve the use of fluorescent probes either embedded in lipi­
dIC compartments of cells or bound on surface proteins. 

Nevertheless, using various fluorescent markers labelling different 
areas of cells previously require both the study of the behaviour of pro­
bes in isotropic media and the modelization of probe interactions with 
organized assemblies. Examples of specific probes which could provide use­
ful tools in clinical Hemorheology are discussed. 

LEUKOCYTE ADHESION AND LEUKOCYTE ADHESIONS RECEPTORS IN 
CLINICAL INVESTIGATION 
J.L. Wautier. B. Boval. F. Liote. D. Weill. CHU Lariboisiere, 2 rue A. Pare, 75010 Paris, 
FRANCE. 

Leukocyte adhesion to vascular wall components is a crucial step in the genesis of vas­
cular lesion in inflammation and atherosclerosis. The better knowledge of the molecular 
structures involved in the adhesion permit to establish relationships between adhesion 
molecules suh as the CDll CD 18 complex or the CD49d (VL A4) CD4ge (VLAS) 
CD49f (VLA6) receptors have been shown to be involved in adhesion. The adhesion re­
ceptors can be easily determined using specific monoclonal antibodies and flow cytome­
try analysis. The adhesion of monocytes and polymorphonuclear can be measured by op­
tical method or by determining the myeloperoxydase activity using a colorimetric techni­
que. The adhesion can be measured on protein coated surfaces and on endothelial cell cul­
tures. Since some endothelial cell adhesion are only expressed on cytokine activated en­
dothelial cells we also measured the adhesion to activated endothelial cells which expres­
sed Endothelial cell Adhesion molecule. Using this system we found that monocytes 
from diabetic patients and monocytes from patients with rheumatoid arthritis have and 
enhanced expression of leukocyte adhesion receptor and an increase in adhesion. These 
techniques could be also applied to evaluate the activity of drug on leukocyte vascular 
wall interactions. 
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Hemorheoiogical measurements on the blood coagulation and 
their clinical significance 
Y. Isogai and S. Ikemoto. Third Department of Internal Medicine, Jikei 
University School of Medicine, Minato-ku, Tokyo, JAPAN. 

There have been reported many rheological measurements of blood 
(plasma) clot including the thromboelastography (TEG), viscoelastorecorder 
(VER) and damped oscillation type rheometer. In our laboratory, we have 
investigated changes in the viscoelasticity of blood clotting process 
obtained from the healthy controls and the patients with various disorders. 
As the indices of viscoelasticity of blood clot, we employed dynamic 
rigidity (elasticity) modulus, Gr, and rigidity loss (viscosity) modulus, Gil. 
In hypercoagulable state the maximum value of Gr, Grm, was increased. 
Especially, in diabetics with advanced microangiopathy, the prominent 
increase of Grm was observed. The high values of Grm was correlated with 
high plasma fibrinogen level, high plasma viscosity, high erythrocyte 
sedimentation rate (ESR), and low hematocrit level in the blood samples 
obtained from various diseases. The blood clot viscoelasticity also gives 
us information about the fibrinolytic system. The degree of decrease in G' 
after its maximum value was attained, indicates the fibrinolysis of the clot 
and the fibrin-network relaxation resulting from the dissipation of platelet­
contractile energy. 

NEW TRENDS IN ISOVOLEMIC HEMODILUTION AS A THERAPY OF DEGENERATIVE 
VASCULAR DISEASES IN OPTHAIHOLOGY *" IN ANGIOLOGY AND NEUROLOGY. 
H.Schmid-SchOnbein a~d H.Goslinga. Department of Physiology RWTH Aachen, 
Aachen, Germany and St.Lucas Hospital, Amsterdam, Netherlands. 

Intentional exchange hemodilution, i.e. the exchange of RBC against 
plasma, artifical or natural colloidal solutions with the aim of lowering 
the hematocrit level (while maintaining blood volume, and thence filling 
pressure of the heart) is gaining rapid acceptance in clincial practice. 
Note that we are not assuming that generalized hyperviscosity were a 
prominent feature of perfusion defects in the retina, the peripheral and 
the cerebral microvasculature. Instead, we have always postulated that 
clinically occurring low flow state were deteriorated by the complex 
sequelae of rbc-aggregate formation, which curtail blood fluidity only if 
associated with normal or high, but not with therapeutically reduced 
hematocrit. Clinical success of this concept is now available from studies 
documenting concomitant rheological, cardiovascular and functional benefit. 
WOLF et al. (1) have correlated improved retinal microcirculation (dynamic 
videofluorescence angiography) to functional improvement. FRIEBE et al. (2) 
have compared marked increase painfree walking distance under therapy (Hct 
0.33): primarily due to better compliance of hemodiluted patients to 
physical exercise programs. In stroke patients (3), the extremely variable 
tolerance of different patients to aggressive hemodilution was recognized 
by monitoring the cardiovascular performance (pulmonary wedge pressure): 
the procedure therefore no longer be paraphrased as "normovolemic" 
hemodilution, but rather as "custom tailored hemodilution" to warn the 
clinician against the hazards of hyper- and hypovolemia. <1> Wolf et al.: 
Klin. Mb1. Augenheilkunde 1990 <2> Friebe et a1. Munchn.Med.Wschr.1992 , <3> 
Goslinga et al. Stroke 1992 (in press). 
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TREATMENT OF BLOOD HYPERVISCOSITY AND IMPAIRED OXYGEN 
UPTAKE 

H.R.D. Wolf and S. witte 
Dept. of Medicine, niakonissenkrankenhaus, Akademischas 
Lehrkrankenhaus der Univ. Freiburg, 0-7500 Karlsruhe FRG 

Increasing oxygen uptake and C02 exhalation during 
constant moderate work exercise (50 - 80watt) over 1Smin 
proved to be a sensitive method to characterize impaired 
microcirculatory performance in individuals with eleva­
ted blood viscosity parameters, due to persistent con­
tribution of anaerobic glycolysis during steady state 
exercise far below expected "anaerobic threshold" (1) • 
Acute improvement of viscosity parameters by PGEl (al­
prostadil 40 ~g i.v.), naftidrofurylhydrogenoxalat (400mg 
i. v.) or hemodilution '{lith hydroxymethylamylum (6%, MW 
40000, SOOml i.v.) reduced oxygen gradient between min.S 
and min.lS during constant exercise significantly. Long 
term treatment (4 - 6 months) with EGB (teboninG, 40mg 
tid p.o.) reduced the elevated blood viscosity parameters 
as well as oxygen gradient in 35 out of 42 patients. 
Non responders can be identified clinically and alternate 
treatment approaches to lower viscosity can be tested. 
(1) H.ft.D. Wolf and S. witte, BIORHEOLOGY, 27;913-919;~990 

MIXTURES OF A BLOOD SUBSTI'lUI'E AND ERYTHROCYTES 
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L. C. Cerny and E. L. Cerny. Utica College of Syracuse University,Utica, 
NY 13502 U.S.A. 

An accelular resuscitative fluid has been synthesized from a Tetronic 
Polyol and a hemoglobin stabilized with glutaric acid. This compound has 
been successfully used in exchange-transfusion experiments in rats. 1he 
present investigation explores the in vitro biophysical measurements in 
mixtures of the blood substitute an~red blood cells. Included in this 
presentation are the following: 

1) OXygen transport using biotonometry; 
2) lIemorheology as a function of shear rate and concentration; 
3) Erythrocyte sedimentation rates; 
4) Hemolysis by malonamide induced kinetics. 

The results indicate that this accelular compound has adequate oxygen 
transport properties as indicated by the P50 value and Hill constant. It 
also is a hemodiluent with its non-Newtonian viscosity follO\ling Casson's 
equation. This compound tends to protect the erythrocyte membrane during 
hemolysis. Therefore it can be tentatively concluded that a Tetronic 
Polyol Hemoglobin Complex may be a viable candidate as a blood substitute. 
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MODIFlCATIONS OF HEMOLYTIC PARAMETERS DURING A 20 KM 
RUNNING RACE WITH AND WITHOUT HYDRATATION. 
F.Durand *,M. Delamaire *, F.Carre **, JF Dezier ***. P.Rochcongar **, B.Gtnetet * 
* C.R.T.S. - Rue P-J Gineste 35000 RENNES -France ** Explorations Fonctionnelles 
et Mcdecine du Sport (Prof Le Bars) * * * Laboratoire de Biochimie B - CHU 
Pontchaillou -35033 RENNES -France. 

Long-distance runners often have hematological disorders whose etiology is 
controversial. An attempt was made at explaining this phenomen by studying the 
following parameters in 10 athletes running for 20 km with (H) and without (NH) 
hydratatioll : Hematocrit (Ht), Hemoglobin (IIb), MCV, Haptoglobin (IIp), 
Hemorheological work-up including erythrocyte rigidity index measurement, blood and 
plasma viscosities, erythrocyte aggregation before (TI), immediately after (T2) , three 
(T3) and 24 hours (T4) after exercise. At T1 in both groups, blood cell counts did not 
reflect any anemia, hemorheological parameters were normal, whereas haptoglobin was 
significantly decreased. Erythrocyte defonnability and erythrocyte aggregation time were 
reduced in both groups at TI, and haptoglobin stillmore decreased. Only the NH group 
had hemoconcentration at that time (Ht), in parallel, blood viscosity was increased. In 
the H goup, the effects of hydratation probably compensated those of 
hemoconcentration. Recuperation was quicker in the H group. On the whole, after a 20 
km race, we could evidence a fragility of erythrocytes, which was correlated to a sharp 
decrease in haptoglobin, reflecting hemolysis; these disorders were not as marked in the 
H group. 

EFFECT OF VENOUS OCCLUSION (VO) ON IIEMORlIEOLOGICAL AND 
MICROCIRCULATORY PROPERTIES IN NORMAL SUBJECTS 
T. Khodabandehlou, C. Le Devehat, N. Testu, Unite de Recherches 
d'Hemorheologie clinique, Service de Diabetologie-Nutrition, Centre 
Hospitalier 58000 NEVERS, France. 

The effect of VO (during 10 min. at 100 mmIIg by a cuff), on red 
blood cell (RBC) aggregation, deformability and microcirculatory 
properties is evaluated in healthy subjects (5 men). RBC aggregation 
and deformability were evaluated by Sefam aggregometer and Hanss 
hemorheometer respectively. Blood samples for hemorheological 
measurements were obtained from a foot vein either before and at the 
end of a 10 minutes VO just before removing the cuff. Microcirculatory 
studies consisted of the transcutaneous oxygen pressure (TcP02) 
measurements at IIII·C by an Oxymonitor SM 361 (llellige, France) and the 
cutaneous blood flow (BF) at IIII·C by a laser doppler fluxmeter (PF3 
Perimed, Sweden). Both TcP02 and BF were recorded continuously before, 
during and after VO on the dorsum of the foot. Results can be 
summarized as follows RBC aggregation and deformability remained 
unchanged at the end of VO when compared to before VO. BF and TcP02 
during a 10 minutes VO were found to be decreased respectively by 67% 
and 36% of preocclusion values. After VO, the BF raised significantly 
by 112% of preocclusion flow whereas the TcP02 reached only to its 
preocclusion value. These data suggest the presence of a possible 
relationship between the TcP02 and BF decreases as a deleterious effect 
of VO in healthy subjects whilst the RBC rheologic properties remained 
unchanged. 
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STUDY ON PATHOGENETIC ROLE OF TllE BLOOD VISCOSITY, 

VISCO-ELASTICITY AND THIXOTROPY IN LOWER EXTREMITY 

DEEP VENOUS TllROMBOSIS 

Yang Ching-wen, et al. 

Department of Internal Medicine, Shanghai Ninth Hosipital, 

Shanghai Institute of Hemotology 

Shanghai Second Nedical University, Shanghai 

Hemorheology including blood viscosity, visco-elasticity and 

thixotropy, has been studied in 71 patients with deep thrombosis in 

lower extremity. All the cases were confirmed by phlebography. The 

results showed high blood viscosity, decreased red blood cells 

elasticity and increase value on every point of thixotroyp-llystersis 

Loop in all. As compared with the control group, there is significant 

difference (p.( 0.01). However, the area of the lIystersis Loop and the 

energy consumption have no remarkable difference (p? 0.05) between the 

two groups. It reveals that the blood viscosity, red blood cell 

visco-elasticity and thixotropy take part in the formation of 

thrombosis. 

ImMORlmOLOGICAL DISORDERS AND STAGES OF VENOUS INSUFFICIENCY 
F. Zuccarelli (Department of Phlebology and Angiology, 

Saint-Michel Hospital, Paris). A. CIIABJ\NEL - A. TACCOEN. 
For about ten years numerous studies have confirmed ex vivo the 

hemorheological disturbances in venous insufficiency. These troubles 
can be well understood from theorical data allowing to attribute a 
main role to blood rheology on the venous side within the circulation. 
There:fore in vivo, physiopathological signi:fication of rheological 
abnormal.ities in venous insufficiency remain unclear and their delay 
of appearance are still misunderstood. 
In order to bring more informations about these conditions, we 
conducted a rheological study in 57 patients suffuring from venous 
insu:fficiency without any clinical and therapeutic confusing factors. 
Venous insufficiency was divided into 3 stages : stage 1 : only pain, 
heaviness or oedema ; stage 2 : no complicated main trunk varicosis 
stage 3 : varicosis with skin changes. 
Fibrinogene levels and erythrocyte aggregation were assessed by 
laboratory examinations. 
Results showed a significant di:fference between the three stages for 
fibrinogene and erythrocyte aggregation. The markest was the 
rheological deficit, the most severe was the stage. 
This data suggest that erythrocyte aggregation has the same evolution 
than the venous disease and could play an importan t role in venous 
aggravation by incrensing the viscous resistance. 
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EFFECT OF TROXERUTIN ON CLINICAL, FUNCTIONAL AND RHEOLOGICAL 
PARAMETERS IN VENOUS INSUFFICIENCY: A DOUBLE BLIND STUDY 
A Chabanel. F Yin" J. Ducros J Gruffaz B. Hutinel P Nizard P MaUlet* A 
Taccoen and M. Samama. Hopitals Hotel Dieu and Bon Secours*, Paris, France. 

Several studies have suggested the presence of rheological abnormalities in venous 
insufficiency (VI). Troxerutin is used in VI treatment and seems to act by reducing 
capillary permeability and red cell aggregability (RCA). The aim of this study was 
to investigate those effects in a randomized, double blind, placebo-controlled study. 
Functional venous status was assessed by photo-plethysmography (PPG) and by a 
venous functional score including sensation of heaviness, pain and edema. RCA was 
measured with the SEFAM erythroaggregameter on blood drawn from the varicose 
vein (37°C, 40% hematocrit). After a 15 days placebo-treatment period, 34 
patients received troxerutin (3.5 g) and 35 the placebo. Statistical evolution of the 
variables at 2 months in the 2 groups was compared with the t -test. The 2 groups 
were well matched with respect to baseline characteristics. Mean follow-up data 
showed improved clinical state (P < 0.0003), Significantly increased PPG 
half-refilling time (P < 0.05) and decreased RCA (P < 0.005) in the troxerutin 
group when compared to the placebo group. Fibrinogen rose in the placebo group 
but remained stable in the treated group and the variation difference was significant 
(P < 0.05). Values and evolution of the rheological parameters were significantly 
related to the ankle perimeter, but there was no significant correlation between 
rheological parameters and clinical symptoms. This aspect of the study needs 
further clinical investigation. However, this work seems to confirm both actions of 
troxerutin: an effect on the venous tone as well as a rheological effect. 

EVALUATION OF FUNCTIONAL CAPACITY OF RED BLOOD CELL AGGREGATION OF 
FIBRINOGEN DURING DIABETES MELLITUS 
T. Khodabandehlou*, C. Le Devehat*, M. Ba**, M. Boynard***, M. 
Razavian*** j*Unite de Recherches d'lIemorheologie clinique, Service 
Diabetologie-Nutrition, Centre ilospitalier 58000 NEVERS, France. 
**INSERM U91, CNRS UA 607, H6pital Henri Mondor, 9'1000 CRETEIL France, 
***UFR Biomedicale, Universite PARIS V, France. 

The aim of the present work is to elucidate if fibrinogen 
undergoes any qualitative modification during diabetes which may affect 
its red blood cell (RBe) aggregative capacity. The study is performed 
on purified fibrinogen of 15 type 1 diabetics and 7 healthy subjects. 
The fibrinogen was purified and its aggregative effect at various 
concentration and in the presence of normal RBC was compared betweE;ln 
diabetics and healthy subjects. Aggregation has been studied with a new 
ultrasonic interferometry method, which allows to measure the 
sedimentation rate of REC aggregates. Results, expressed in terms of a 
mean size of sedimented aggregates, showed differences in REC 
aggregation in the presence of only 7 diabetic fibrinogens when 
compared to the normals among them, 3 exhibited a significant more 
important aggregative effect and 4 had a significant less important 
aggregative effect. The 8 other diabetic fibrinogens showed similar 
aggregative capacity as the normals. Today, from our data, differences 
in aggregative effect of the studied fibrinogens can not be totally 
explained. Differences may probably be due to qualitative modifications 
and/or modifications in the structure of fibrinogen leading to 
functional abnormalities. Nevertheless, it seems from our findings that 
there may be different sorts of fibrinogen in diabetic patients which 
lead to different RBC aggregative effects. 
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STUDY OF BLOOD CELL DEFORMABILITY IN DIABEl'FS MELLITUS 
T.Yokose, H.Tanaka, J.Yamamoto, K.Kuchiba. T.Maeda, S.Ikemoto, Y.Isogai 
3rd Dept. of Int. Med., Jikei Univ. School of Med. ; Minato-ku 1'olqo JAPAN 

It seems very important in diabetes mellitus and hemorheology to, 
clarify the relationship between blood cell deformability and the' 
development of diabetic microangiopathy. The purpose of the present pape~ 
is to determine the cell deformabili ty related to diabetic 
microangiopathy. We used St.Georgels filtrometer(Carri-Med Ltd) which ~ 
measure erythrocy4te and leukocyte deformability. We measured red cel~ 
suspension(100x10 /)11) and white cell suspension (1000/pl) with this 
device and studied the relationship between hemorheological abnormalities: 
and diabetic microangiopathy. Venous blood was drawn and anticoagulated 
with EDTA from normal subjects and non insulin dependent diabetiC! 
patients. After each measurement, the computer gives immediately a: 
result of the red cell transit time (RCTT). Red cell deformability was: 
expressed as RCTT. Granulocytes suspension was measured by samel 
apparatus. Fractionation of leukocytes subpopulation was carried out by 
layering anticoagulated whole blood on a two-step density gradient. 
White blood cell deformability was expressed as clogging rate (CR) whic~ 
was calculated and printed out by the computer. A significantincreasel 

in red cell transit time was observed in the diabetic patients, 
especially in diabetics with nephropathy. The degrees of increase'in RCTT 
was correlated with the duration of diabetes mellitus.The clogging rate 
(CR)in diabetic patients were significantly higher than those of normal 
subjects. We suggest that deformability of red and white blood cell in 
microcirculation are closely related to the tissue hypoxia and the! 
pathogenesis in diabetic microangiopathy. 

RED CELL RIGIDITY (Tk) - THE IMPORTANT FACTOR TO AFFECT THE 
CAPILLARY BLOOD FLOW RATE IN RETINA OF DIABETES MELLITUS 
- PRELIMINARY RESULTS 

T. W. Chung*, A. G. Liu* and J. H. Yu. *Dept. of Biomedical Engineering, 
Chung-Yuan Christian University, Chung-Li, 32023 Taiwan. Dept. of 
Ophthalmology, Chung-Hsio Hospital, Taipei, Taiwan. 

Diabetes mellitus (OM) is associated with impaired nutritive per­
fusion of the microvasculature. To investigate the issue, blood flow 
rates in a capillary of retina and the hemorheological factors are 
measured for OM group (n-8) and normal subjects (n-8). Both groups are 
age matched. Capillary blood flow rates (mm/sec) in retina are measured 
by Scanning Laser Ophthalmoscope (SLO). The results show that the blood 
flow rate in the capillary of retina for the OM group (3.05 ± 0.39 
mm/sec) is significantly lower (P<0.005) than that for the normal group 
(3.80:t 0.40 mm/sec). The red cell rigidity (Tk) measured by viscometric 
method at r - 225 sec-I and r - 450 sec-I for the OM group (Tk-0.863=C 
0.053, and 0.840 ± 0.050* , respectively) are also significantly higher 
(P<O.Ol and P<0.005) than that for normal subjects (Tk-O. 798 + 0.049, 
and 0.759 + 0.059, respectively). However, other hemorheological factors 
such as hematocrit (Hct) , mean corpuscular volume (MCV) , plasma 
viscosity and whole blood viscosity in different shear rates, do not 
show statistical significance (P>0.05) between the two groups. The 
preliminary results suggest that the higher value of red cell rigidity 
(Tk) may play a key factor to affect the blood flow rates of capillaries 
in retina of OM patients. *Note : n=7 
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PLATELET MEMBRANE FLUIDITY AND PLATELET METABOLIC PARAMETERS IN 

DIABETES MELLITUS 

Caimi G., Serra A •• Montana M., D'Asaro S •• Catania A •• Romano A •• Sarno 

A. Istituto di C1inica Medica e Malattie Cardiovasco1ari. Universita di 

Palermo. Italy. 
The aim of this research was the evaluation of the platelet membrane 

fluidity. the membrane lipid composition and the CaZ+ cytosolic concen­

tration in diabetics subdivided for type. In 1Z type 1 diabetics (range 

1Z-30 yrs), in 1Z type Z diabetics (range 44-67 yrs) and in 1Z normal 

controls (range 22-44 yrs) we evaluated the platelet membrane fluidity 

(marking the platelets with TMA-DPII) • the membrane cholesterol/ 

phospholipid ratio (using the column chromatography). the membrane 

individual phospholipids (using the two-dimensional thin layer 

chromatography) and the Ca2+ cytosolic concentration (marking the 

platelets with Fura 2-AM). From the obtained results, it is evident that 

the platelet membrane fluidity differentiates normals from type 2 

diabetics but not normals from type 1 diabetics. The membrane CL/PL 

ratio does not discriminate normals from diabetics of type 1 and 2. The 

membrane individual phospholipids do not distinguish normals from type 1 

diabetics; in type 2 diabetics. instead. a slight difference regarding 

the phosphatidylserine is present. The Ca2+ platelet concentration does 

not differentiate normals from diabetics of type 1 and 2. In normals and 

in diabetics of type 1 and 2 no significant correlation is evident 

between platelet membrane fluidity and platelet metabolic parameters. 

EFFECT OF THE PLASMINOGEN ACTIVATION ON ERYTHROCYTE AGGREGATION 
CHARACTERISTICS. APPLICATION TO DIABETICS 
T. Khodabandehlou, C. Le Devehat, Unite de Recherches d'lIemorheologie 
clinique, Service de Diabetologie-Nutrition, Centre Hospitalier 58000 
NEVERS, France. 

To better understand the problem of red blood cell (RBC) 
hyperaggregation tendency which occurs during diabetes, we have studied 
the effect of the plasminogen activation on RBC aggregation 
characteristics of diabetic blood suspensions. The plasminogen was 
activated in vitro by Streptokinase (SK). Patients, consisting of 14 
type 1 diabetics and 12 type 2 diabetics with good and poor glycemic 
control, are compared with 11 healthy subjects. RBC aggregation 
measurements were performed with Sefam aggregometer. Results showed a 
significant decrease of RBC aggregation in healthy subjects as a result 
of the plasminogen activating by SK. In diabetic patients, the RBC 
aggregation changes, induced by the in vitro plasminogen activating, 
were found to be less important in regard to those obtained in healthy 
subjects. These findings would indicate that the plasminogen activating 
by SK leads to a less important fibrinogen degradation in diabetics 
than in healthy subjects. Furthermore, the fibrinogen degradation in 
diabetic patients seems to be associated with the type and the glycemic 
equilibrium of diabetes. These data might explain elevation tendency 
and thus the RBC hyperaggregation tendency in diabetics in relation 
with a decrease of fibrinolysis. 
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EFFECTS OF BtlFuw:DILIt ON CUTANEOUS BLOOD FLOW. VASOMOTION AND 
TRANSCUTANEOUS OXYGEN PRESStmE IN DIABETIC PATIENTS IN AN OPEN STUDY 
C. La D~v~hat. T. Khodabandehlou, N. Testu, Unit~ de Recherches 
d'Hemorh~ologie clinique. Service de diabetologie-nutrition, Centre 
Hospitelier 58000 NEVERS, FRANCE. 

We investigated the scute effect of Buflomedil on cutaneous blood 
flow, vasomotion characteristics and also transcutaneous oxygen 
pressure (TcP02) in 10 diabetic patients. Cutaneous blood flow and 
vasomotion measurements, performed by a laser doppler fluxmeter (PF3 
Perimea. Sweden), were carried out on the fingertip at rest and after a 
reactive hyperhemin. 'rcP02 was measured on the dorsum of the foot by an 
Oxymonitor 8M 361 (Hellige, France) with arterialization at 44"C. The 
trial consisted of one intravenous perfusion of 400 mg of Buflomedil 
during 90 minutes. Patients showed before perfusion significant 
decreases of blood flow either at rest and after hyperhemia and also 
decreases in vasomotion frequency and amplitude in regard to control 
subjects. They had also decreases in TcP02 values in relation to the 
controls. In this study. BUflomedil is showed to improve the 
microcirculatory parameters '- an increase in cutaneous blood flow 
particularly after hyperhemla : -increases in vasomotion frequency and 
amplitude ; normalization of TcP02 values. Improvements in cutaneous 
blood flow and TcP02 may probably be secondary to those of vasomotion 
mechanism as a result of Buflomedil perfusion. 

HEMORUEOLOGICAL STUDIES ON THE EFFECTS OF HYPER­
GLYCEMITA ON MICROANGIOPATHY 
F.Y.Ztmang, T.L.Wang, Z.S.Ma, Q.H.Hu And H.Zhao.* China-Japan 
Friendship Hospital; Beijing Heart, Lung and Blood Vessel Medical 
Center, Beijing, China. 

Observation of diabetic retinopathy and measurements of 
hemorheological parameters in 27 diabetics showed that blood and 
plasma viscosity, pIt aggregation increased more significantly in 
diabetics with retinopathy than without retinopathy, and hemorheo­
logical parameters were most deteriorated in preproliferative 
retinopathy of most active microangiopathy state. For further 
exploring the pathogenetic mechanism of microangiopathy, long term 
diabetic rabbits with normal plasma lipid and high blood sugar of 400 
to 500 mg/dl were made. Results showed that in three months 
duration the abnormalities of hemorheology (blood and plasma 
viscosity, plt aggregation, RBC electrophoresis mobility) was obvious, 
where as microangiopathy was not obvious until nine months later of 
the models made. Transmission electron micrograph of glomerular of 9 
months duration showed the thickening of the basement and the 
platelet adhesion on vessel. Conclusion: 1. Hemorheological distur­
bance could be caused by hyperglycemia and preceded. microangiopa­
thy in diabetes. 2. Hemorheological disturbance worse, the 
retinopathy (microangiopalhy) was more serious. 
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MACRORlIEOWGICAL DETERMINANTS. RED CELL MEMBRANE DYNAMIC PROPERTIES 

AND ERYTHROCYTE Ca2+ CONTENT (TOTAL AND CYTOSOLIC) IN VAn SUBJECTS WITII 

AND WITliOUT NIDDM 

Caimi G., Serra A., Lo Presti R., Grifo G., Francavilla G., Sarno A. 

Istituto di Clinica Medica e Malattie Cardiovascolari, Universita di 

Palenno, Italy. 

In a group of subjects with vascular atherosclerotic disease (VAn) 

and in a group of VAD subjects with non-insulin-dependent diabetes mel­

litus (NIDDM), we evaluated the mean erythrocyte aggregation (employing 

the aggregometer MAl of Myrenne), the whole-blood filtrlltion (according 

to the Reid and Dormandy method). the erythrocyte membrane fluidity 

(mark.ing intact red blood cells with pyrene), the red cell membrane 

protein lateral mobility (marking intact red blood cells with 3-PM) , the 

total red cell Ca2+ content (using an atomic absorption spectrophoto­

meter), and the cytosolic red cell Ca2+ content (employing Fura 2-AM). 

In both groups, compared to controls, it is evident that there is a 
significant difference in macro- and microrheological determinants. As 

regards the red cell Ca2+ content we observed that, in both groups, the 

total red cell Ca2+ content is not different from controls, while only 

in VAD subjects with NIDDM, compared to controls, a significant differ­

ence in cytosolic red cell Ca2+ content is evident. In normals and in 

VAn subjects with and without NIDDM, the mean erythrocyte aggregation 

and the whole-blood filtration are not related to the parameters re­

flecting the membrane dynamic properties and the red cell Ca2+ content. 

ELEVATION OF BLOOD VISCOELASTICITY INCREASES THE 
INCIDENCE OF AGGRAVATION OF DIABETIC MICROANGIOPATHY 
S. Ikemoto. H. Tanaka, J. Yamamoto, M. Akiyama, K. Kuchiba, 
T. Maeda, T. Yokose. and Y. Isogai. Third Department of 
Internal Medicine, Jikei University School of Medicine, 
Minato-ku, Tokyo 105 Japan 

We observed the progression of diabetic microangiopathy 
after the cross-sectional determination of hemorheological 
factors and testified the pathological roles of these 
factors. The subjects were 34 diabetics (NIDDM). 
Hemorheological parameters, such as blood and plasma 
viscosity, blood viscoelasticity, red cell filterability, 
platelet aggregation, were determined between 1978 and 1988. 
The follow-up periods were from 3 years to 10 years. The 
definition on aggravation of microangiopathy was the 
progression from no or simple retinopathy to prolifera ti ve 
retinopathy, or the progression from no or simple 
proteinuria to massive proteinuria or renal failure. As 
results, the microangiopathy was aggravated in 12 patients, 
it was not changed in 18 patients, and the macroangiopathy 
was aggravated in 4 patients. When we compared the 
progression of microangiopathy between the group of normal 
blood-viscoelasticity and the group of elevated 
viscoelasticity, the incidence of aggravation was 
significantly higher in the group of elevated 
viscoelasticity. In conclusion, the elevation of blood 
viscoelstici ty was considered to be a risk factor for the 
diabetic microangiopathy. 
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BLOOD HYPERFIBRINOGEN IN THE ELDERLY 
Zou Qi-Jun, Sheng Feng, Liu Yan-Ying, Dept. of Internal Medicine 
Shenzhen People's Hospital & Shenzhen Institute of Geriatrics 
Shenzhen, China 
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Increased fibrinogen in blood is a risk factor for the 
developing thrombotic diseases. We report 404 elderly patients 
with a high level of fibrinogen. Among them were 43 cerebral 
thrombosis, 30 coronary heart diseases, 140 hypertensions, 85 
acute and 50 old myocardial infarction and 16 simple obesity. 
The control was 40 healthy adults. Fibrinogen was measured by 
heat coagulation.The results were control 275±37 mg%, cerebral 
thrombosis 420 ±A6 mg%, coronary disease 413 ± 92 mg%, 
hypertension 431 ± 53 mg%, acute myocardiaol infarction 526 
± 170 mg%. Snake venom antithrombotic enzyme (Svate) 0.5 U 
in 250 ml of 10% glucose was used to decrease the fibrinogen 
daily for 10 days. The level of fibrinogen in 17 cases was decrease 
from 534 ± 185 mg% to 267 ± 102 mg% (P<O.OI). We suggest 
that Svate is an effective drug to reduce the increased fibrinogen 
in the elderly. 

EFFECT OF FIBRINOGEN AND HIGH DENSITY LIPOPROTEIN SUBFRACTION ON 
ERYTHROCYTE AGGREGTAION IN NORMOTENSIVE HYPERCHOLESTEROLEMIC SUBJECTS 
S M Razavjan·, V AlgerO M CambjllauO M Del-Pino· A Simon· N. Moaltl" ,J 
Levenson· and PCV-METRA group. ·Centre de M8decine Preventive Cardlovasculaire. 
INSERM U2B. °Laboraloire de Biochimie. Hopital Broussais. Paris. France. 

Erythrocyte aggregation (EA) is known to be increased in cardiovascular 
disease including coronary heart disease (CHD). To investigate the role of 
lipoproteins on EA we studied in 57 normotensive hypercholesterolemic male (age 
47 ± B) EA by a laser reflectometry technique (EA. mean ± SD. 19.7 ± 3.5). Total 
cholesterol (TC. 6.64 ± 0.B4 mmol/I). HDL-Cholesterol (C-HDL. 1.3B ± 0.33 mmol/I). 
Triglycerides (TG. 1.33 ± 0.37 mmolll) were measured by classical methods. C­
HDL2 (0.44 ± 0.25 mmolll) and C-HDL3 (0.94 ± 0.15 mmol/I) were evaluated by a 
direct electrophoretic method. Lipoparticle AI (LpAI. 0.52 ± 0.21 g/l) was assayed 
by immuno-electrophoresis. Fibrinogen (Fib. 3.4B ± 0.9 g/l) was also determined by 
a thrombin clotting method. In this population we found that EA was positively 
related to Fib (r=0.72. p<0.001) while among lipoproteins. EA was negatively 
correlated with C-HDL (r=0.32. p<0.05). C-HDL2 (r=0.40. p<0.002) and LpAI (r=0.32. 
p<0.02). No correlation appeared with TC. TG. C-LDL and C-HDL3. The significant 
negative correlation between EA and C-HDL2 and LpAI is confirmed by a multiple 
stepwise regression analysis (p<0.001) and suggests that they were indepei1d~nt of 
the fibrinogen effect. Thus. EA which occurs with macromolecules bridging the 
membranes of erythrocytes is strongly influenced by Fib. The negative relation 
between EA and HDL2. containing mainly LpAI. suggests a possible role of this 
lipoprotein subfraction in inhibition of red blood cell aggregation induced by Fib or 
others macromolecules. 
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STUDY 01' IIEMORIIEOLOGY OF TilE AGED HYPERTENSIVE & TilE AMI PATIENTS 
Zhllng J ing, Li Li!lg7.h i / Ta i~~-.f£!l~!!.LJ.I.o~p_il!!L 
030009 Taiyuan, Shanxi Province, P.R.China 

The article shows t.he determanation, by the use of Type NXE-I 
Cone-plate viscometer made in Cheng Du Instrument Factory, Chilla, of 6 
hemorheological indexes of 110 aged hypertensive and 19 AMI patients 
WIIO ar(' up to the WIIO standard, and gives comparision with 82 heathy 
people over the age of 60. The results show that 6 hemorheologicIII 
indexes of hypertensive group <Ire generally higher than that of the 
healthy group ( 1'(0.01 ). The whole blood viscosity (11 b), reduction 
viscosity (~n), ESR (mm/h), K value of the ESR equation ( ESRK ) of 
AMT group at di ff('rent shear rates arc all obviously higher than that 
of healthy group (1'<0.01), IICT (%) and aggregation indexes of red cell 
( VAT) has no difference with the healthy people (1')0.05). The above 
results indicate that both aged hypertensive and AMI p<ltients have 
higher blood viscosity. So we think it's very important for the 
hypertensive and AM[ patients wit.h hypercoagulation, hyperaggrer,ation 
and hyperviscosity to cut down the blood viscosity. And the variation 
and severity of hemorh~ology of hypertensive and AMI patients are the 
important factor for prognoses. So a further study of its variable 
regulation can make great sense for cuttinr, down of the denth rate. 

MECIIANTCAL ~ml·ml~ANF. PROPERTIES OF RED BLOOD CELLS IN CIIILDREN WITII 
END· STAGg RI~NAL ngSEASg AND ITS ALTERATIONS AS A CONSgQUENCE OF ERYTHRO­
POIETIN THERAPY 
W. Neier, D. Lerche and H. Paulitschke. Inst. Nedical Physics and Biophy­
sics. School of Medicine. Humboldt-University. Berlin. GERHANY 

ErythropoieLin is the major hormonal regulator of red blood cell 
(RUC) production. Besides a disturbed erythropoiesis. an impaired RB~ de­
formability has been discussed as a determinant of renal anaemia. In 
contrast 1:0 a healthy l"eference group 01- /1.0110.71 pN/m) we have found a 
signifi.cant highel· value of the mean apparanl: elastic shear modulus p in 
children wil.h chl.'Ollic renal failures undergoing haellIodialys:l.s 
(p'"9.0511,61 PN/m) by means of a micropipette aspil"at:l.on technique. 
Add.itlonally. a statislically signifjcant larger cell volume jn uremic 
chi1,iren could be detected than that in healthy donors (91.716.9 fl 
versus 86. 5j:5 .'1 f1. ill control cells). whereas the mean RBC membrane area 
was unchallged. Under administration of recombinant human erythropojetin 
the deformability parameter p was decreased and in the maintenance 
period (30th week of therapy with recombinant human erythropoietin. 
p .. ]. 7810.31 pN/IIl) P d itl not differ significantly from the reference 
group. In I:he course of therapy. t:he mean cell volume was found to 
increase further and consequently caused significant changes of lhe 
criUcal diamel.(!l". Considering this results and other evidences we would 
argue that lhe dislurbed mechanical membrane properties in uremic RllC are 
l.he djrect: resull: of a disturbed erythropoiesis and not the result of 
direct effecls of uremic toxins alone. We suggest that: in the course of 
l.he erythropo:i.etin therapy an increasing number of cells with normal 
el.astic pl"Opel:l.i.es is produced and the cells with disturbed prope['ties 
are d.i.minished from the circulation. 
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THE CHANGES OF ERYTHROCYTE DEFORMABILITY IN CHRONIC RENAL 
FAILURE WITH AND WITHOUT HEMODIALYSIS TREATMENT 
Hu Ji.ulinJ Li Xianghong, Tian Niu, Jiang GongHei, Zho Meihua 
Zheng Zhiyong, Li Leishi and Dong Wei. Microcirculation 
Research Center, Chinese Great Wall Hospital, Beijing 
100853, China. 

The erythrocyte deformability Has compared betHeen the 
healthy control group (n=17), patients group Hith chronic 
renal failure (CRF,n=17) and treated group Hith hemodialysis 
(n=28). The long axis of the erythrocyte diffraction ring in 
CRF group Has singnificantly shorter than that in controls 
(p<O.OOl), Hhile the short axis Has significantly Hider 
(p<O.OOl). The diffraction figure in CRF group looked like a 
olive. After a period of hemodislysis treatment, the diff­
raction figure became better (P<O.OOI) and close to the 
normal shape. The results indicated that the number of 
sclerous erythrocyte Has increased in CRF group, the deform­
ability and membrane stability of erythrocyte in CRF Here 
significantly 10Her than those in controls. These changes 
Here possibly attributed to the condition of acidosis, 
Hater-electrolyte imbalance and the increase of endotoxin 
and SOD. The abnormality of the hemorheological properties 
of the erythrocyte Hill lead to and exacerbate the renal 
microcirculatory disturbance. Hemodislysis Hould improve the 
erythrocyte deformability effectively. 

THE EXPERIMENTAL STUDY OF MYOCARDIAL ISCHEMIA AND 
REPERFUSION INJURY ON ERYTHROCYTE DEFORMABILITY AND ITS 
PROTECTION IN RABBITS 
J.L.Hu, G.Y.Rong, F.Y.Liu and N.Tian 
Microcirculation Research Center, Chinese Great Wall 
Hospital, Beijing 100853, China. 

In the present study, forty New Zealand white rabbits 
(both sexes, 2.0 - 2.5kg) were used to study the changes of 
erythrocyte deformability when the circumflex coronary 
artery of the rabbits was occluded for a time period and 
then released to allow the reperfusion. We used the laser 
diffraction methods to study the erythrocyte deformability. 
The results were as follows: erythrocyte deformability were 
decreased more significantly in reperfusion group than in 
ischemia group, those results suggest that reperfusion could 
cause more injury to the erythrocyte deformability, and lead 
to the microcirculation disturbance and the further ischemia 
and cell death. Anisodamine and Anisodine could prevent the 
reduced erythrocyte deformability when they were given 
before reperfusion. The results suggested that it might have 
contributed to prevent the reperfusion injury to the 
erythrocyte deformability when the Anisodamine and Anisodine 
were given timely to the myocardial infarction patients. 
Clinical trials are needed to confirm their beneficial 
effects on patients. 
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TilE RESEARC'II ON RED CEl.L OErORMAllll.lTY (RCD> or TilE CASES WITH 
CORONARY HEART DISEASE (CHD> 

Mao X Lu.ya, Xu Liqang, Zhang Ya.! i, c t a I. 
The CVO Spec ill I Exan. Dept. LuoyallB No. I lI"spi till uf TOI. Luoyang. 

IIcnan. P. R. uf Chinll 
Zhnng Yue Ii 

"uoYllng Municipal Publ ic Health llurellu 
The pnper introduced TK value formula on stickness engineering put 

forward by ointenfass. at temperature 25·C. tu measure red cell deformabll i Iy 
LRCD> TK vnlue for the normal range of red cell hematocrit (lIct) and plasma 
viscosity among!J2 ClIO cases and 80 healthy persuns(control group). so as to 
confirm the transfurmatiun uf RCD in CliO cases. The rcults shuwed that TK 
value (X±S) In CliO male group was O. !JO±O. O~. and that In the control 
gruup was O. 8!J±0. O~. t test. 3.23. P<O. 01. TK value (X±S) in the female 
gruup was O. !J~±O. 03. O. !JI±O. 03. respectively' t test 16.96. P< O. 01. there 
was a signi ficant di fference. Amung the CHD gruups. mnle X±S was 0.90± O. O~ 
and female. O. !J:l±O. 03, t test 6. I~' P<O.OI. The males and females (X±S) in 
the control groups were O. 8!J±0. O~. O. 91±0. 03. respectively' t test. 3.38' 
P<O.OI.The difference was So greatly significant. The result indicatcd that 
there were an increllse uf RDC rigid I ty and a decrese of RCD in the CliO Cllses. 
females lire significantly higher than males. And also there was a remarkable 
s igni f icnnde in d i ffercnce. 

It has bccn discussed In this paper that the decrease uf RCD brings about 
the increase of blood viscosi ty at high shear rate. terminates in or makes 
worse microcirculatory disturbance. and directly gines rise to CHD incidence. 
There is a differcnce of RCo in sex. which comes form the difference of 
hematocri t in sex. rinally. the measured method appl ied in this paper has 
been discussed and we think that the combined methud of TK value calculation 
nnd whule blood dilution (llct and PV in the normal rangc) 
and convenient to be appl ied cl inically. 

is more porfoct. 

A STUDY ON RED CEI.L AGGREGATION < RCA) IN TilE CASES WITH CORONARY HEART 
DISEASE (elm) 

Mau Xiuya, Xu I.iqillg, Zhang Yali, et al. 
The CVD .special Exam Dept. l.uoynll!! ri rst 1I0spi tal of TCM. Luoyang. lIean. 

P. R. "f Ch ina. 
In this pape. We have used the cumbine methud of Plasma adjusting ESR 

(oinlonfr..s) and ESR' S l'quati,'r. coefticient ~:K \'l\lu,,) ( Prof Liang etal. 
Shanghai). and investigated erythrocyte aggregation <RCA) for 138 CliO cases. 
10~ clln compt iCllted wi th hypertension cases. and 139 heal thy persons( control 
gruup). at the temperature of 25C in order to confirm the correlation 
between CliO nnd RCA. tllld the correlation between the risk factors of CliO 
cumpl icated wi th hypertension. lind RCA. 

The results shuwed that in the male' ClIO group ESR equation coefficient K 
value <X±S) was 131. ~6±78. 28. that In the cuntrol gruup 105. ~~±63. 81. t 
test 2. ~I' P<0.05. the difference was significant. And females (X±S) were 
I!IS. 17~.l:6'1. 36. 1~8. 27±53. 3!J. respectively' t test~. 77. p < O. 0), the 
difference was of much significl\nce. Males <X±S) in the ClIO complicated with 
hypertension group wns 146. 4!J±87. 20. t test wno 5.38. P<O.OI. as compared 
with the Cllngroup. and there wns a great significance. Males (X±S) in the 
elm cumpl icated wi th bypertension group was 146. '19±87. 20. t test was 5.38. 
1'<0.01 as compared wi th the CliO gro up. and there was a great signi ficance in 
di fference. And those '(X:I:S) in female groups were 206. 51±7!J. 85. t test 5.38 
P<ll. lli. as compared wi th the CliO gruup. The di fference was remarkably 
signi fiean!. The resul ts demunstrated that as the CliO group was cumpared wi th 
the cuntrol gruup. and the CliO group compared wi th the CliO compl icated wi th 
hypertensiun group. male and female TK value Were both higher. The difference 
had an ubviuus significnllccl. It's proved that clln cases' RCA went up. RCA in 
the Cases wi th CliO cumpl icated wi th hypertension was signi ficantly higher 
thlln :hat in CIID Cllses uncompl iCllted wi th hypertension. 

subs tances. 
As a risky 

The RCA incidence is dependent upon large mulecular plasmn 
The increase of RCA can cnuse the increase of blood vicosi ty. 
factor of cardiovascular disease. rigid RnC aggregative masses 
Ilutllulugical COlllli tilJI1S ~s microva~cular bbckadc. danlilsillS 
cardiovascular system. alHl also can make blood pressure gu up. 

can cause such 
a II pa rt s 0 f 
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INFLUENCE OF PREOPERATIVE BLOOD VISCOSlTI ON POSTOPERATIVE 
BLEEDING IN CARDIAC SURGERY 

615 

B. Liu, N. Hosseini, A. Belboul. G. Radberg, D. Roberts, Z. Liang, O. Christensen and G. 
William-Olsson. Dept. of Thoracic and Cardiovascular Surgery, Sahlgrenska Hospital and 
Scandinavian Heart Center, Gothenburg University, Gothenburg, Sweden. 

In order to find out if preoperative blood viscosity influences postoperative bleeding in 
cardiac surgery, 104 healthy blood donors and 62 patients undergoing heart operation with 
cardiopulmonary bypass (CPB) were studied. Blood cell count and blood viscosity was 
analyzed by a Sysmex F-800 cell counter and a computerized, muILiple shear-rate, capillary 
viscometer at shear rates of 20, 30, 40, 60 and 80 5-1 respectively. Patients' samples were 
taken one to two days before the operation. Chest drainage from the end of operation to the 
removal of the drainage was defined as postoperative bleeding. Whole blood and plasma 
viscosities were both significantly higher in the patients when compared to the healthy 
donors. Postoperative bleeding in those (30.65%) whose whole blood viscosity was less than 
the mean value of blood donors was 774.53 ± 71.40 ml which was significantly lower when 
compared to 1191.98 ± 75.11 ml (p = 0.0012) in those (69.35%) whose whole blood viscosity was 
higher than the blood donors . Relative blood viscosity (whole blood viscosity per 
hematocrit per plasma viscosity) was positively correlated to postoperative bleeding at all 
the five shear rates. TIle r values at 20, 30, 40, 60 and 80 5-1 shear rates were 0.617, 0.59, 0.562, 
0.535 and 0.495 respectively (p = 0.0001). Preoperative RBC count had a weak negative 
correlation to postoperative bleeding (r = 0.286, P=0.023) while the preoperative platelet 
count was not related to postoperative bleeding. The results of this study shoWed that 
significant increased viscosity values were related to postoperative bleeding in the cardiac 
surgical patients which raises the question of possible preoperative correction in the future in 
order to improve surgical morbidity and results. 

IlEMORHEOLOGlCAL ABNORMALITIES IN ISOLA'l'ED OBESITY 
C. Le D~v~hat, T. Khodabandehlou, M. Dougny, M. Vimeux. Unit~ de 
Recherches dtHemorh~ologie clinique, Service de Diab~tologieMNutrition, 
Centre Hospitalier ; 58000 NEVERS, FRANCE. 

Excess weight as obeSity is often evoked as a major risk for 
thrombosis and vascular diseases. The present study concerns the effect 
of obesity on microrheological properties of blood and without other 
concomitant pnthology in 37 female obese pntients with BMI of 36.2+-4.9. 
mean age of 33.42+-12.7 years. TIley are non smoker and have 8 normal 
tolerance of glucose, cholesterol, tr1g1ycerides, Apo Al. Apo B, 
without arterial hypertension, These patients which present no vascular 
disease are compared with 32 normal females with a BMI of 22.4+-1.2, 
mean age of 32.46+-0.9 years. Results showed a significant more 
important red cell aggregation in obese subjects in relation to the 
normals. In the same way. the red cell deformability is found to be 
Significantly decreased. The red cell hyperaggregation 1s found to be 
accompanied by significant increases of plasma viscosity and fibrinogen 
level. By contrast, albumin level is significantly decreased, The red 
cell aggregation differences between the obese subjects and the normals 
could be explained in terms of fibrinogen and albumin level changes. It 
can be therefore concluded that the plasma protein metabolism and 
consequently the red cell aggregation can be altered as a result of an 
over~weight. TIteBe results might explain why obesity is considered as 
an important vascular risk factor. 
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LATE ill1!EC'l'S OF RADIATION ON HEHOrulffJIIXHCAL & HIC~lCnCllLA'IURY 

PARAHF.TERS 
R.R. Puniyani. M.M Khan. N.G. H.uilg.QL School of Biomedical 
Engineering, Indian Institute of Tecnology Bombay,INDIA 

Blood samples from 25 Head & Neck tumour caSElS of age group 35-70 
years were analysed at three levels viz. before radiotherapy (group 
1),5-7 days after radiotherapy (group II) and 10-12 months after the 
completion of radiotherapy (group III). Blood samples were 
wlalysed for Whole blood viscosity (WBV), Plasma viscosity (PV), Red 
cl~ll aggregation (RCA), Hematocrit (Hct), Red cell rigidit!, (00), ESR 
and Fibrinogen (FBR) & Cholesterol(CIlL) levels in plasma lin all the 
three groups. Group III data was compared with normals, group I and 
group II. Laser Doppler Perfusion Monitor PF 3 was used to study 
skin microcirculation over the tunlour area in all the three groups and 
was compared. Student's 't' test was used for the statistical analysis 
of the data and 'p' values were calculated. The results show that 
radiation causes a change in the rheological parameters of systemic 
blood though it is administered locally.~IBV, PV, HCA and FBR levels are 
raised in group I subjects which goes down following radiation in 
group II, but do not come down to normal range.It was interesting to 
observe that these values approach normal range in group III. 
Results of the skin perfusion studies ShOH that in group I subjects 
skin perfusion is high, which is further raised in group II. This 
elevated perfusion comes down to the normal range in group III. 
H. is concluded that fibrinogen is the main contributing factor in 
helflorheologicul as well as microcirculatory changes in the present 
st.udy. 

MODULATIVE EFFECTS OF CELL ADHESION PEPTIDE (RGDS) 
ON THE AGGREGATION OF STIMULATED PLATELETS FROM 
OPHTHALMIC PATIENTS 
M. Babizhayev.N!oscow Helmholtz Research Institute of 
Eye Diseases, Moscow, RUSSIA 

Adhesion proteins are cofactors in the aggregation of 
human platelets, and can mediate the ADP-induced response 
of these cells. It was shown that the synthetic cell adhe­
sion peptide, RGDS inhibits the aggregation of platelets 
from normal donors and ophthalmic patients with diabetic 
retinopathy, glaucoma and retinal vein occlusion. This 
effect increases in the relative order of activity retinal 
vein occlusion q glaucomaqdiabetic retinopathy,) control. 
Deaggregation due to the peptide appeared to be diminished 
in the order control (normal) diabetic retinopathy".,. glau­
coma> retinal vein occlusion after its addition at ihe ma­
ximum of aggregation curve. It is concluded that there are 
differences in the ability of RGD peptide to block the 
fibronectin adhesion receptor on ADP stimulated platelets 
from different clinical groups. 
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LEUCOCYTE FILTERABILITY AND PLASMA ELASTASE CONCENTRATION 
IN OBSTETRICS AND GYNECOLOGY 
M. Kaibara, Y. Marumoto and Y. Kaneko Department of Obstet. 
and Gynecol., Ichihara Hospital, Teikyo University School of 
Medicine, Ichihara City, Chiba, Japan 

Leucocyte filterability and plasma neutrophil elastase con­
centration were measured in several obstetrical and gynecolo­
gical conditions where thrombosis were frequently complicated. 
Leucocyte filterability was measured with st. George's filtro­
meter using leucocyte-PBS suspension (1,000 / mm 3 ) and clogg­
ing rate (CR) and initial relative filtration rate were deter­
mined. Elastase concentration was measured immuno-enzymatical­
ly with GEL kit (E. Merk, Germany). CR's were significantly 
increased in late pregnancy, during delivery and in puerperal 
period compared to non-pregnant control. Patients with ad­
vanced cancer, with inflammatory pelvic disease and after 
gynecological operations showed also significantly increased 
CR values. Initial relative filtration rates were not signifi­
cantly different in these conditions. Plasma elastase concen­
trations were significantly increased after delivery (183.9 ± 
20.2 pg / 1), after surgery (177.0 ± 55.7) and in the end 
stage of gynecological cancer (197.0 ± 12.0) as compared to 
control (105.8 ± 35.6). 
From these results it was suggested that the decrease of 
leucocyte filterability and increase of plasma elastase was 
closely related to thrombus formation. 

EVALUATION OF HIClUIVASCUI.ATURE STATUS AND BLOOD VISaJSI'l'Y FACTORS 
IN HIGH RISK AND SnOKE CASES 

R.R. Puniyani and Md. Asjf Hussajn 
School of Biomedical Engineering, 1.1.T. ,Bombay,INDIA 

Aim of this study was to analyse the peripheral microvasculature status non-invasively in high risk 
!. e, hypertensi ve can tro Is, normal [on trol sand recen t stroke cases hav lng his tory of hypertension, using a 
combination of Laser Doppler Flowmetry and reactive hyperemia (RHI. And also to evaluate significant blood 
viscosity factors which may be involved in altered microcirculation in high risk and recent stroke cases 
not lore than 24 hours old. Blood viscosity factors Here routinely evaluated in our laboratory. Reactive 
hyperemia (RHI was induced by arterial occlusion of 3.5 min. duration in the forearm of all the three 
groups. Basal skin perfusion (NPI before inducing RH, increased skin perfusion (HPI after inducing RH and 
recovery time ITrhl I.e. time laken for HP to return to NP, Here almost same in hypertensive controls and 
stroke cases despite of significant difference in systemic blood pressure, but Nere less as compared to NP , 
HP & T rh va lues in norma I contro Is. High fibrinogen concen tra tion can tribu ted to increased pI aSia v iscosily 
in stroke cases Hhil e low red ce II regidity (RG I and hema tocri t (fIet I va I ues in these cases brought whol e 
blood viscosity down to normal range, thereby reflecting RG and Hct to be the principal determinants of 
whole blood viscosity. Cholesterol level came down in stroke cases with simultaneous decrease in RG which 
leans that cholesterol is an obvius contributer to red cell regidification. In the follow up study of 
stroke cases on 4th day all blood viscosity factors Here found elevated. Low NP I MP values and a reduced 
Trh in hypertensive controls and stroke cases irrespective of blood pressure difference and significant 
difference in blood viscosity factors lead us to conclude that with persistent hypertension there is a 
decrease in the effective vasomotor tone of arterioles which in turn is determined by the state of elastic 
tissues and smooth muscles. 
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STUDY (ll,' IIE~10RIIEOIOGY OF TilE AGED IIYPI':RTI~NS I VE & TilE ACUTE 
CEREBRAl. INfARCTION 
I.i I.inr,zhi, Zhanr, .Jinl'u.J:l~0 __ Y.2 . .c~<Lj.!lj_.1'<l..ix.~Hln.Cenl.ra.1 J~ospilal 
030009 Taiyuan, Shanxi Province, P.R.China 

The arl..iclc shows the del.ermanal.ion, by I.he lise of Type NXE-l 
Cone-Plale visromeler made in Chenr, DII Inslrllment facl.ory, China,of 6 
hemorheologic:al indexes of 110 need hyp('rtensive and 87 ar,ed acule 
cerebrab infarrtion (ftCI) palienls and gives comparlSlon wilh 82 
heathy people ov('r the age of 60. Th(' aeed hyperlens ive palients are 
up to the WilD standard. ftCI pal.ients arc lhose confirmed by C1' 
scanninr, wil.hin one week of havinR the disease. The 6 hrmorheologiral 
indexes are: whole blood viscosity (1\ h), the viscosilY (rp) al 6 
different shear rates of 5.75/5, 9.60/s, 30.72/5, :18.40/5,115/5, 
230/s; redllcl.ion viscosity (II n): ESR (mm/h) and IICT (%};K value of 
lhe ESR equal.ion ( ESRK ) and ar,RrCI(al.ion indexes of red eel I ( VftT ). 
The results show lhal 6 hemorh(,olor,ical indes of hypertensive RrOllp 
arc gcnt'rally higher lhan thal of th(' hac1thy r,rOllp ( p(O.OI ). For 
ftC! I:roup, 'i oul of lhe 6 indexes arc obviously hir,her lhan that of 
h('athy I:roup (P(O.OI), IIC'!' is also hir.her than lhal of healthy r.roup, 
bul. nol obviolls (pIO.O'i). Comparision of hyperl.ensive and ftC] 
i n d i cat (. s I. It a l 1\ b 0 f ft C] r. r 0 u pal l h e she a r r ale 5 0 f 5. 7'i / s , I I 5/ sis 
hir,her lhan lhal of hypcrl.ensiv(· group (P(0.05), ESRK of hypertensive 
group is quicker lhan thai of ftC] r.roup (P(O.OI). The remainder l('rms 
of the lWo r,roup hllve no diffirence (p)O.05). The results show that 
lhe abnormal increase of all tht' h('morh(~olol\icld terms of hypertensive 
and ftC! is an indicalion of lhe palient's condilion, e.g. the 
unusualness of the hemorlieologi("al lerms is surely a dangerous sir.nal 
for the ftC]. 

nFl'llRIlEOLOGICAL CIIANGE OF CEREBRAL TIIRCllDOTlC PATIENTS TREATED wnn SVATE 
Xue Jia,iu', Zhang Jianbao', Fan Jia,jun·. 'The centre of prevention and treatment 
of thrombotic disease, Xi 'an hospital of General Compary of China Railway 
Construction, Xi'an, 710032. P.R.China .• Dept. of physics, The Fourth Hilitary 
~ledical Univ. Xi 'an, 710032. P .R.China 

During the past three years. 160 cases of cerebral thrombotic diseases have 
been treated with snake venom anti thrombus enzyme (SVATE). After the treatment for 
one 01' two courses (28 or 56 days), we find that the whole blood viscosity, plastna 
viscosity. fibrinogen, cholesterol, triglyceride, p-lipoprotein and platelet counts 
have all, but prothromin time, significantly decreased (p<O .01) • The results 
showed that the SVATE had effect of anticoagulation. thrombolysis, defibrillogen. 
decreased viscosity and platelet counts effectively. It should be considered to be 
a more satisfactory new drug for preventing and treating the cerebral thrombotic 
disease. SVATE is a preparation of enzyme which is extracted from the snake venom 
lived in Jiangsu and Zejiang provinces, south east China. Its main components are 
tbrombinoid, fibrinolysin and kallikrein. These enzymes belong to the serine 
proteinase, they are very specific to substrates and can only hydrolysis the 
argininine esterbond of the fibrinogen and kininogen. In vitro they can directly 
make the fibrin coagulate without blood coagulation factors as the thrombin does. In 
vivo they can continuously degrade fibrinogen and cause the fibrin clot unstable 
when formed, which is easily cleared out by the fibrinolytic system, thus-forming a 
low-coagulating state. The kallikrein can make the kininogen release the kinin 
which can dilate the capillary, reduce the blood pressure and make the snooth muscle 
contract. The experiments showed that the snake venom of 1 mg/ml is equal to the 
streptokinase of 50 IU/ml or the trypsin of 10 ~g/dl for the fibrinolysis. 
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TilE STlIDY or CORREI.ATION BETWEEN ERYTIIROCYTE 
SElHMENTIIlN RATE( ESR). ESR EQIIATlON K VALliE AND PLASMA VISCOSIOTY 

AMONO TilE CASES WITII IlLOOD-DErIC I ENT CEREBRAL APOPLEXY. 
Mao Xiuyn. Xu Ligillg. Zhllng Yn I i. eta I. 

Thc IIcmorhcolugy Rcsearch Dept. Luuyang No. I lIusp i tn I of 
Chillehe Ml"licille. IIl'flall Chilla. 

Lang lIungzhi 

619 

Trad it i olla I 

Neucology Teachillg And Research Dept. LuoY1lng Medical Cllege. 
lIellall. P. R. 0 f Ch i nil. 

Zhang Yuel i 
Luoyallg Municipal Publ ic lIenl th Ilureau. 
This paper represenls the determination of ESR. ESR' s equation k value 

IIIHI plasma viscosi ty among 560 cases wi th blood-deficient cerebral npoplexy. 
and researched un their correlatiun lind effects of age un it.The results show 
that ESR and ESR' s equat iUII K vlllue Wi II be increased ill the high pillsma 
viscosity group. Through the statistic disposal. P<O.OI.difference is quite 
significant. It is ubviuus thllt ESR lind ESR' s K vlllue increase with plasma 
viscosity. and illustrate very great pusitive currelatlon. Among the female 
(aged over 60) ESR group. p>O. 05.difference is nut significant. So the age 
uf the pat ients wi th cerebral apuplexy has some effect un the correlation 
between ESR and plasma viscosi ty. ESR wi II increase wi th the age and is not 
stable. And there is nu correlation between ESR and plasma viscosity. and 
prubably they have sumething tu du with lower sex hurmone level that makes 
IIct Increase in this gruup. Afterward. ESR has been converted into ESR' s 
equat ion K value. and excludes the effect from IIct on ESR. P <. O. 01. 
Consequellt Iy. ESR. especially ESR. espccially ESR equat iun K vlllue is a stllble. 
and reliable hemorhcolugical index which indiclltes RCA and blood viscosity. 

CLINICAL EVALUATION OF CEREBROVASCULAR DISEASE IN 
DIABETES 
S. Ikemoto, H. Tanaka, ,}, Yamamoto, K. Kuc.hiba, M. Akiyama, 
T. Maeda, T. Yokose, Y. Isogai. 
Thl rd Depar1~ment of Jnternal Medic.ine, J i l~ei Uni versi ty 
School of' Medicine, M:inuto-Ku, Tokyo lOG clapal1 

The purpose of this study is to investigate t~he 
pat.hophysiology of cerebrovascular disease (CVD) in djabetes 
melli tus both from t.he cl inical cllaracteristics of CVD in 
d i a be·t i cs c.ompa red wi ttl t.llose 0 f non -d j a bet. i es and r rom t lln 
llemorheologic.al abnormal i. U es in diabetics witll 
cerebrovascular disease. Tile subjec·ts of ttl i.s study were 
totally 128 patjents with CVD and 78 of those were 
diabe·Cics. In the diabeLic.s wi th CVD, 1'.he incidence of 
cerebral infarc·tion was slgnj.fieantly higher than 1'.hut. in 
t.l1e non-diabetics(81% vs 62%, p<. 0.05). Conc.erning the 
localization of lesions of infarction, there was no 
signif:icant difference bet.ween diabetics and nOlJ-d.i abet.i os. 
The significant increases of tlle concentration of bOUl 
pJasma fibrinogen and triglyceride were observed in the 
diabetic group, especinlly in the group wi tIl infarcUon. 
Hemorheologieal fac1~ors such as blood and plosma viscosit,y 
showed a tendency to inorease in tile (iiabet.ic group. The 
irmreuse of plasma fibrinogen in diabetics was considered .to 
be a risk factor for cerebra.1 infarction, because fibrinogen 
is one of t.he main determinants of plasma and blood 
vis('.osi ty. 



620 ABSTRACTS: 8TH ICBR YOKOHAMA 1992 Vol. 12, No.4 

ORAL ADHINISTRATION OF ASPIl\lN, TXA z SYNTIlETASE INHII31'j'Oll en TXA< REClIPTOIl 
ANTAGONIST DECREASE:'> LF.(]KOCYTE ADHESIVENESS 
C. Uotaui, H. Asakura, II. Jokaj i,~!. ~;:l.i t.o, 1. K umab,wh i r i , D:. Hil!" j S!ll ta., ~1. Yamazak i and 
T.Matsuda, 3rd Dept. of Internal Medicine, -Kanazawa Univ. School of Mi~dici;e, 
Kanazawti •. J APArt 

The adhesiveness of leukocyte to vascular endothelium has important roles 
in development of thrombosis. w(~ measured leulwryte i)(lhrsiVC':s:, La glass 
surface by novel method using plastic tubes containing fine glass beads which 
hav8 heen u~crl to as:wss the p l:J.telet ?Gbes iveness, itncl elw.min8d the changes 
in adhesiveness following oral administration of mini-dose aspirin(4.0me 
daily), TXA 2 synthetase inhibitor(TXSI; CV-4151 100mg daily) or TXA 2 receptor 
antagonist (TXf<A; Ail-2L1l4 20mg dui Iy) ill hoal th.\' voluuteurs. 

The following results were obtained. (1) The numbers of leukocytes which 
adhere to r;lasH heads t.enckd t.o iilCrf:'aS8 wi 1.11 time <lnd. rGciJnrj to a dei' ini te 
level after 60 min of incubation. (2) Tlte proportion of leukocytes adhered to 
glasf, br,ad~: Vias hi[~.h in i.h8 fol1o~'li!lt~ order; mOllocytc;~,nellt.rophil:~.8osinophils 

and lymphocytes. (3) After the ingestion of aspirin, TXSI or TXRA , a 
statistically significant. dec;rease i.iI ~ellko(;ylf~ cl(li!t':si\lone:,s I",IS Olbserved. 
(4) After the ingestion of aspirin and TX~l.a significant decrease in 
concentl'::lt..ion of TXBe Cmetabol iLe of TXA 2 ) in serum was observed, whi Ie no 
changes were observed after the illgestion of TXRA. 

From thAse res\llts, it is concluded that TXA z plays an important role in 
adhesion of ieukoeyLes. 

SPONTANEOUS ACTIVATION OF GRANULOCYTES IN MYOCARDIAL 
AND CEREBRAL ISCHEMIA IN MAN. 
G. W. Schmid-Schonbein, A. Grau, R. Chang, N. Chien, K.-M. Jan, K.-L. P. Sung, S. 
Chien, Institute for Biomedical Engineering, University of Califomia in San Diego, La 
Jolla, Califomia, and Institute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan. 
An increasing body of evidence from experimental studies suggests that granulocytes and 
monocytes playa central role in the progressive organ dysfunction in different forms of 
ischemia. Manifestations of leukocyte mediated injury include entrapment of leukocytes in 
the microcirculation, occlusion of capillaries, oxygen free radical and enzymatically mediated 
injury of endothelial and parenchymal cells. In order to explore this situation in man, we 
investigated spontaneous granulocyte activation in venous blood samples of patients with 
myocardial and cerebral ischemic episodes early during hospitalization. Age matched 
individuals without symptoms served as controls. The blood samples were processed fresh 
and different forms of activation were explored. The results show evidence of spontaneous 
activation of the granulocytes in both groups of patients, although this was manifest only in 
form of pseudopod fonnation in the case of the heart patients and in fonn of adhesion in the 
stroke patients. The investigation brought to light several difficulties and limitations which 
accompany the investigation of venous blood sample in such patients. Venous blood from 
the ann contains only blood cells which can pass through the microcirculation and hence may 
not fully reflect the activation of leukocytes in ischemic regions of the circulation. Since fully 
activated leukocytes are trapped in the microcirculation, the leukocytes in the venous blood 
would exhibit a lower degree of activation compared with those accumulating in an ischemic 
region. Innovative techniques in addition to the investigation of venous blood samples are 
needed to further explore the degree of leukocyte activation in ischemia. 
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SHEAR-INDUCED PLATELET AGGREGATION AND ITS INlIIBITION BY ANTI PLATE­
LET AGENTS IN CEREBRAL ISCHENJ.A 
S. Uchiyama, M. Yamazaki, S. Maruyama and Y. Ikeda. Dept. of Neurology, 
Tokyo Women's Medical College and Dept. of Hematology, Keio Univ. 
Shinjuku-ku, Tokyo, JAPAN. ' 

Recent evidence suggests that shear-induced platelet aggregation 
(SIPA) is an important mechanism of thrombosis in arterial bifurcations 
or stenotic lesions. We measured SIPA using a newly-developed equipment 
(Y. Ikeda et al: J Clin Invest 87: 1234,1991) in 34 patients ,~ith cerebral 
infarction and 9 with transient ischemic attacks (TIA) as well as 2S 
controls. Platelet aggregation was induced by high shear stress at 108 
dyne/cm2 , which is known to be dependent on von Willebrand factor, glyco­
protein (GP) lIb/IlIa and GP lb. The extent of SIPA using platelet rich 
plasma was expressed as the maximum change in light transmission. SIPA 
was increased in 2S patients with cerebral infarct over 8 days after 
onset (SI±9Z, p<O.OS) and TIA patients (SS±6Z, p<O.OI) but not in 9 
pat~ents with cerebral infarct within 7 days after onset (1,7±12Z) in 
comparison with controls (46±IOZ). SIPA was reduced in 6 patients tieat­
ed with ticlopidine ()4±7Z, p<O.OI) but not in 10 patients treated with 
aspirin (SO±8Z). In in vitro studies, SIPA was completely inhibited by 
PGI2 analogues (TEI-9090 and TEI-716S), PGE 1 and forskolin, all of which 
increase platelet cAHP by activating adenylate cyclase, but not by cyclo­
oxygenase inhibitors, thromboxane synthetase or receptor inhibitors, 
lipoxygenase inhibitors or PAP inhi.bitors. The results suggest that 
measurement of SIPA is useful for evaluating abnormal rheology of plate­
lets and drug therapy to inhi.bit SIPA may be potentially valuable for 
treating cerebral ischemia, a platelet-dependent disease state. 

PLATELET-INDUCED GRANULOCYTE AGGREGATION AND 
PHARMACOLOGICAL AGENTS 
T.Maeda. *G.B.Nash, T.Yokose and Y.Isogai. 
Medicine, Jikei University School of Medicine, 
* Dept. of Haematology, The Medical School, 
Birmingham, Birmingham, U.K. 

3rd Dept. of 
Tokyo, Japan, 

University of 

Responsiveness of granulocytes to stimuli has shown to 
be enhanced by the presence of platelets. Using an assay 
based on counting aggregates with Coulter Counter, we found 
that heparinised or citrated platelet rich plasma (PRP) 
directly caused aggregation depend on the 
platelet:granulocyte ratio, and increased rapidly over a 
period of 2-5 minutes of mixing, follo\~ed by a slower 
increase with time. Aggregation was calcium dependent, and 
increased by stimulation of platelets with ADP or collagen. A 
range of pharmacological agents were tested for ability to 
inhibit the process. The surfactant Pluronic slightly 
increased aggregation, and the stable prostacyclin analog 
Iloprost had no significant effect, if they were added to the 
PRP or granulocytes. Ho\Vever, if Iloprost \Vas added to the 
whole blood immediately after withdrawal, then aggregation 
was inhibited at a dose of lO-lOg/ml and above. Praxilene 
slightly reduced aggregation at 10- 4 M. Trental (10- 3 M) and 
Nitrendipine (10-5M) showed a similar reduction in 
aggregation, but this did not reach statistical significance. 
Platelet:granulocyte interaction could occur at sites of 
vascular damage, so that inhibition of this phenomenon might 
be beneficial in ischaemic or thrombotic condition. 
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RHEOLOGICAL MECHANISMS IN THE PATHOLOGY OF MALARIA 
G.B. Nash. Department of Haematology, The Medical School, Birmingham, UK. 

Marked changes occur in the rheological properties of red blood cells after invasion 
and maturation of malarial parasites. Loss of cellular deformability, adhesion to 
endothelium, and rosetting with non-parasitised cells are all induced by parasites of the 
species Plasmodium falciparum, which causes the most severe form of human malaria. 
The abnormalities are mainly limited to the second half of the intracellular life-cycle, 
when the parasitised cells disappear from the peripheral circulation and become 

,_ sequestered in the microvasculature. Sequestration is thought to be the cause of the 
ischaemic, life-threatening complications of severe malaria. Adhesion to endothelium 
has been thought of as the major cause of sequestration, although recent attention has 
focused on the possibility that rosette formation could be an additional factor in 
promoting vascular occlusion. Changes in cellular deformability are thought to 
promote cell destruction in the spleen, and microvascular sequestration may be a 
parasite defence mechanism against splenic clearance. However, the relative 
circulatory influences of cytoadhesion, rosetting and cellular mechanical abnormalities 
remain to be fully evaluated. Comparisons of the properties of different strains and 
species of Plasmodium might clarify this question. Recent studies have used "wild" 
isolates of parasites from patients, to examine the correlation between adhesiveness or 
rosetting frequency and the clinical severity of disease. To date, these studies have not 
shown an unequivocal link between the properties of the different parasite isolates and 
the severity of disease, although rheological methods have rarely been used. 

TilE VALUE OF RIIEOLOGICAL PARAHETERS IN ASSESSING VASCULAR 
DISEASE 
A. H. Ehrly 
Div. of Angiology, Dept. of Internal Med., J.W.Goethe­
University Hospital, Frankfurt/Hain, Germany 

Ilaemorheological parameters have been found to be 
impaired in several types of vascular diseases. Some findings 
I~ere not supported by other authors and the discussion about 
the value was often controversely. Most of the data have been 
described .i.n patients l-rith chronic arter.i.al occlusive disease 
I~hereby the blood samples were obtained from l.he antecubital 
veill. Som", hint.s suggest". hOI~('vcr that". the flol" properties of 
blood as measured in situ in an ischemic tissue would be 
different. from the data as measured systemically. If we accept 
that therp is a pathophysiological link between the symptoms 
of the disease and such in situ findings measurements of 
rheologic::d parameter's should make sense uncler following 
circumstances a) diagnosis, b) therapy control, c) prognosis 
d) prevPllf.ion. 1\ look on t.he literature demonstrates one 
dilemma very clearly: single case results do not allow to 
draw 11. stat.i.stical conclusion and statist.i.cal results do not 
necessarily hold for nn individual patient. It seems possible 
to improve the value of haemorheological data (as measured ex 
vivo) for diagnostic purposes by so called exercise tests. 
With respect to drug studies it is necessary to verify 
rheological results with micro-circulatory methods like tissue 
oxygen pressure measurements. 
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EFFECT OF EXERCISE ON ERYTHROCYTE DEFORMABILITY IN ISCHEMIC HEART 
D [SEASE 
T.Fujino, 1I.1I0shii. T.Mori. T.Kuruma. R.Nagashima. T.Kaneko. J.Ejima. K.Ma 
kizumi. K.Ariyoshi. Y.Kaji, Y.Tsuda and S.Kanaya. 
1st Dept. Int. Med .. Kyushu Univ .. Fukuoka. JAPAN. 
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Exercise lest is useful method to assess cardiac function in ischemic 
heart disease ( [lID ). However. the mechanism of abnormal cardiac function 
induced by exercise has been rarely investigated in relationship with 
microcirculation. This study was done to clarify correlation between exer­
cise and erythrocyte deformability in [lID. Subjects consisted of 23 pa­
tients with old myocardial infarction ( mean age: 56 ys). Exercise test 
was performed stepwise from 25 W to 55 W on supine ergometer. In each 
stage of exercise test. erythrocyte filterability ( RCF). electrocardio­
graphy ( ECG). echocardiography( ECIIO) and blood sampling were also per­
formed. Mild exercise ( 25 W ) induced worsening of RCP ( 73 % ). decrease 
of ejection fraction( EF ) by ECIIO ( 62 % ). ST depression of ECG ( 26 % ) 

respectively. RCF was worsened in all the patients who showed the decrease 
of EF. while in 57 % of the patients accompanied wi th the increase of EF. 
ReF was improved. Blood norepinephrine during exercise was significantly 
higher in the patients showed worsening of ReF than in the patients who 
showed improvement of ReF. These data suggest that ReF is a sensitive 
indicator in exercise test and the change of Rep during exercise strongly 
correlates with catecholamine concentration. 


