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Abstract [ Effects of brazilin on the blood viscosity and erythrocyte deformability were
investigated in alloxan induced diabetic rats. By the treatment of brazilin to alloxan induced
diabetic rats, enhancement of erythrocyte deformabhility was observed. In the in vitro study
on the erythrocyte deformability, brazilin showed statistically significant improving effects
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on the erythrocyte deformability. At the concentrations of 10

of brazilin, erythrocyte

deformability was compared with those of hematoxylin, pentoxifylline and prednisolone.
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The rheological properties of blood play the im-
portant roles in governing flow dynamics and cir-
culatory transport in healthy and disease states'™.
They are based mainly on rheological terms such as
blood viscosity, erythrocyte deformability and ery-
throcyte aggregation®. Blood viscosity is mainly in-
fluenced by the specific factors such as the blood
flow velocity, hematocrit, degree of platelet and
erythrocyte aggregation, plasma viscosity, intrinsic
viscosity of the erythrocytes, and flexibility of the
erythrocyte membrane®. Impaired erythrocyte de-
formability is especially considered to play an im-
portant role in microcirculatory disturbances®”®.
An enhanced blood viscosity and a reduced ery-
throcyte deformability are generally recognized as
microrheological complications in diabetic sub-
jects. In diabetic state, blood viscosity and erythro-
cyte deformability have been reported to be chan-
ged when stimulated by a variety of pharmaco-
logical agents in vivo and in vitro. In our previous
works brazilin has been proved to have some posi-
tive biologial activities for the prevention and treat-
ment of diabetic complications, such as lens aldose
reductase inhibitory effects, hypolipidemic effects
and anti-lipidperoxidation effect™'?. In this experi-
ment we started to investigate the possible effects of
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brazilin on the blood viscosity and erythrocyte
deformability in normal and diabetic states.

EXPERIMENTAL METHODS

Induction of diabetes

Diabetes was induced in male Spraque-Dawley
rats (180-3250 gm) fasted previously for 12 hours by
the intraperitoneal injection of alloxan (175 mg/kg
body weight). Animals with fasting blood glucose
levels of about 350 mg/100m/ blood were used in
this experiment.

Blood viscosity changes by the treatment of brazilin
in vivo

Animals were divided in four groups such as
normal control group, normal brazilin treated
group, diabetic control group and diabetic brazilin
treated group. Dose of brazilin was 100 mg/kg
body weight. All animals were injected intraperi-
toneally for 10 days. Blood was obtained from
heart with heparinized syringe. The time required
for a heparinized blood sample to pass between two
points of 2 m/ volumetric pipette glass bulb was
compared with that for distilled water at 37 +
0.5°C.
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Erythrocyte deformability changes by the treatment
of brazilin in vivo

Experimental animals were grouped and admini-
stered as described in the determination of blood
viscosity. And blood was collected by cardiac punc-
ture with heparinized syringe. The number of ery-
throcyte was counted in a hemocytometer of known
dimensions by the conventional method. Each
blood sample was diluted 10 fold with Tris-buffer
solution (in NaCl, pH 7.4, 0.25% albumin). Ery-
throcyte deformability was measured using blood
suspension by the filtration technique!”. Memb-
rane filter (Nucleopore Corp.) from a single batch
(Lot; 54F3B27) were used for all filtration opera-
tions. Erythrocyte deformability was expressed as
whele blood-filtration rate.

Time course of erythrocyte deformability changes
in vitro by the treatment of brazilin

Relationship between erythrocyte deformability
and incubation time was examined by the following
procedure. Blood samples were divided in three
groups such as normal group, diabetic control, and
diabetic brazilin treated group (7.2 x 10> mmol/
ml blood). Each blood sample was incubated at
37 +0.5°C. After 5, 45, 90 and 180 minutes’ incuba-
tions, blood samples were diluted 10 fold with tris-
buffer solution. Erythrocyte deformability was
measured using blood suspension by filtration tech-

nique'".

Dose-response of erythrocyte deformability by the
treatment of brazilin

Blood samples were divided in seven groups such
as normal group, diabetic control group, and diabe-
tic treated groups (from 107 to 107" mmol/ml of
blood, respectively) for the determination of dose
dependency of brazilin on erythrocyte deformabi-
lity. Each group was incubated for 5 minutes at
37 £0.5°C. After the incubation all groups were
diluted 10 fold with tris-buffer solution and ery-
throcyte deformability was measured by the filtra-
tion technique.

Comparison of effects of brazilin and hematoxylin
on erythrocyte deformability with those of pentox-
ifylline and prednisolone in vitro

Each blood samples were incubated with the
substances tested of 10 mmol/ml blood for 5 minu-
tes at 37 + 0.5°C. After the incubation, blood sam-
ples were diluted 10 fold with tris-buffer solution
and erythrocyte deformability was determined us-
ing blood suspension by the filtration technique.

RESULTS AND DISCUSSION

In the diabetic subjects, platelet-aggregation,
-adhesion to vessel and -turn over rate, and the
viscosity of plasma are increased and erythrocyte-
deformability is decreased. These haematological
abnormalities may be directly involved in the
pathogenesis of small vessel disease. Microvascular
disease is one of the important complications in
diabetes mellitus. Altered blood viscosity and
erythorocyte deformability have been regarded as
very important negative factors for the microcir-
culation. In search of the effective substances to im-
prove haematological abnormalities, we already ex-
amined brazilin, an active princle of Caesalpinia
sappan for its effects on the platelet aggregation
and MDA-formation in platelet, which resulted in
positive responses. As an continuing study on bra-
zilin we started to investigate the effects of brazilin
on blood viscosity and erythrocyte deformability in
streptozotocin induced diabetic rats.

Effects of brazilin on blood viscosity and erythro-
cyte deformability in vivo

In order to assess the effect of brazilin on hae-
matological disturbances, blood viscosity and fil-
tration rate were determined in vivo. As shown in
Table I, blood viscosity was significantly increased
(p< 0.01) in diabetic control group compared to
that of normal control group. Although no statis-
tical difference of blood viscosity was found be-
tween normal control and normal brazilin treated
group, blood viscosity-lowering tendency was ob-
served in diabetic rats treated with the dose of 100
mg brazilin/ kg body weight for 10 days but it was
not statistically significant under the experimental
condition tested. Another parameter, blood filtra-
tion rate, was usually used to evaluate the ery-
throcyte deformability. Blood filtration rate in

Table I. Changes in blood viscosity and filtration rate of
normal and diabetic rats treated with brazilin

Blood viscosity Blood filtration

Group (centi poise) rate (ml/min.)
Normal control 1.45 + 0.08 229103
Normal brazilin treated 1.40 +0.06 23.1+03
Diabetic control 1.62 + 0.099 17.4 £ 0.19
Diabetic brazilin treated 1.52 + 0.07 19.6 + 0.49

Normal and diabetic rats were administered brazilin (100
mg/kg) intraperitoneally for 10 days. Values represent
the mean + S.D. of six measurements; a) p< 0.01 vs. nor-
mal control, b) p<0.01 vs. diabetic control
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diabetic animal was decreased significantly com-
pared to those of normal animal. However, brazi-
lin-treatment increased the blood filtration rate
significantly in diabetic animal. It was, therefore,
suggested that brazilin might have an improving ef-
fect on blood viscosity and filtration rate of ery-
throyte as well.

Time coures observation of erythrocyte defor-
mability by the treatment of brazilin.

Erythrocyte deformabilty was examined in vitro
by filtration method (using blood suspension) at
5, 45, 90 and 180 minutes of the incubation. As
shown in figure 1, all three groups basically showed
the similiar pattern depending upon incubation
time. Although no significant differences in filtra-
tion rate of erythrocyte were observed until 45
minutes incubation, the filtration rate was decreas-
ed significantly thereafter. Nevertheless, the extent
of reduction in filtration rate throughout the incuba-
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Fig. 1. Time-course effects of filtration rate of erythro-
cytes by treatment of brazilin.
Blood from diabetic rats were incubated with bra-
zilin (7.2 x 10~5 mmol/ml) at 37°C for S5, 45,
90 and 180 minutes. Groups are normal control
(&----2), diabetic control (@ --- @), and diabetic
animals with brazilin-treated ((1---0).
*represent significant differences from the filtra-
tion rates at 5 minutes (p< 0.05).

Table II. Dose-response effects on filtration rate of
blood from diabetic rats treated with brazilin

Group Blood filtration rate (ml/min.)

Normal control 228+04

Diabetic control 16.1 +£0.8

Diabetic brazilin treated
(103mmol / m}) 21.6 + 0.4*
(10~*mmol / m}) 20.3 £ 0.6*
(10-3mmol / ml) 17.8 £ 0.4*
(10%mmol / m}) 16.7 £ 0.3
(10-"mmol / mi) 16.8 + 0.4

Values are the mean + S.D. of six measurements. *repre-
sent significant differences from diabetic control
(p<0.01).

tion time appears to be minimal. These data sug-
gested that 5 minutes incubation might be adequate
enought to perform the following experiments.

Dose-response effects of brazilin on erythrocyte de-
Sformability in vitro

Next approach was to determine the dose-res-
ponse effects of brazilin on filtration rate of blood
from diabetic rats in vitro (Table II). Blood from
diabetic rats reduced the filtration rate significantly
compared to normal rats. Treatment with brazilin
in diabetic animals increased the filtration rate in
dose-dependent fashion. Blood filtration was ap-
proached almost those of normal animals at the
highest concentrations of brazilin used (107
mmol/ml). It was concluded that the effects of bra-

Table 1II. Comparisons of effect of brazilin on blood fil-
tration rate to hematoxylin, pentoxifyiline and

prednisolon
Group Bloo? n:‘ :l/trma;ox; rate
Normal control 22.8+0.4
Diabetic control 16.8 £ 0.8
Diabetic brazilin treated 21.6 + 0.4*
Diabetic hematoxylin treated 18.9 £ 0.5*
Diabetic pentoxifylline treated 20.2 £ 0.2*
Diabetic prednisolone treated 18.4 £ 0.3

Blood from diabetic rats were incubated in vitro with bra-
zilin, hematoxylin, pentoxifylline, or prednisolone at the
concentration of 10-3 mmol/m! for 5 minutes at 37°C.
Filtration rate was determined right after incubation.
Values are the mean + S.D. of six measurements. *repre-
sent significant differences from diabetic control
(p 0.01).
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zilin on erythrocyte deformability changed in a dose-
dependent manner.

Comparisons of effect of brazilin on erythrocyte
deformalility to hematoxylin, pentoxifyllin and
prednisolon

In other to compare the effect of brazilin on
blood filtration rate, bloods from diabetic animals
were incubated with equimolar of brazilin, hema-
toxylin, pentoxifylline, and prednisolon for 5 minu-
tes at 37 °C. Pentoxifylline and prednisolon would
serve as a positive control. Blood filtration rate was
significantly improved by treatment of all test sub-
stances compared to those of the diabetic control
animals. The most significant effect was observed
in brazilin treated group. This result suggests a
possibility that brazilin could be utilized in impro-
ving the diabetic hematorheological complications.

In conclusion, a remarkable improvement of the
haematorheological complication could be achieved
in alloxan diabetic rats by the treatment of brazilin.
Biochemical researches are in progress in our labo-
ratory; such as roles of ATP, 2,3-diphosphoglyce-
rate and Ca*" etc. in erythrocyte deformability.
The action mechanism of brazillin on the ery-
throcyte deformability is now under the inves-
tigation.
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