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Abstract
Objective: Using a modified laser light scattering technigue to study the red blood
cells aggregation and sedimentation Kinetics in normal and diabetic patients.
Method: Clinical records of (40) normal volunteers and diabetic patients from
Educational Kadhimya Hospital were included in this study.
Results: In this method, the results of aggregation is presented in a time based graph.
from which the slope (rate of aggregation can be calculated). Diabetic sample
showed a shorter time of different aggregation and sedimentation stages. Samples
from diabetic patients showed a lot of variability in regard with different stages of
aggregation. These changes were correlated well with the abnormality in their
proteins.
Conclusion: In diabetes mellitus a lot of rheological abnormalities could occur, like
hyperglycemia. changes in lipid profiles and serum proteins and their sequel on the
viscosity of blood on one hand and the structural and functional abnormalities of
erythrocyte on the other hand. These modifications in the cellular properties and
medium composition of blood in diabetic patients will affect the aggregation kinetics -

of erythrocytes, which may play a role in the pathogenesis of diabetic complication.
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Introduction

Microangiopathy is a slowly progressive
vascular change in diabetic patients, which may
be pathological cause of many of the diabetic
complications like neuropathy. retinopathy and
nephropathy. Microangiopathy is related to the
rheologic changes in diabetes, like increased
red-cell increased plasma
viscosity.
The verification of the rheologic theory of
diabetic microangiopathy is renal most difticult
by the complex flow properties of human bleod.
and by the equally complicated. many factors
that affect the microcirculation in nermal and
pathological conditions, like plasma viscosity
and erythrocyte deformability (1).
Taking into consideration the plasma viscosity,
blood is a suspension of erythrocyte in plasma,
accordingly, the computed coefficient of
apparent blood viscosity primarily depend on the
true viscosity of the plasma and the effect of the
dispersed erythrocytes on the flow of plasma i.c.
hematocrite, red blood cell rigidity and
viscosity. Moreover, blood is anomalous fluid,
the viscosity of which (in vivo) can not be
defined. as it varies with flow conditions. In
vivo, when there is high shearing forces.
erythrocytes adapt to the flow of plasma, but in
the absence of such force, high molecular weight
plasma aggregates the erythrocytes in rouleaux

aggregation and

and three  dimensional  aggregate  and
sedimentation  will  occur.  Accordingly,

performing the test of aggregation in vitro will
exclude the shearing force as an effective factor
in the process (2).

There are evidences that there are plasma protein
changes in diabetics, basically disturbed
molecular shape of the protein rather than the
pure effect of protein concentration (3). These
protein changes will affect the process of
aggregation and sedimentation and hence play a
role in the progress of microangiopathy and
pathogencity of diabetic complication.

In this study we try to correlate protein changes
in diabetic patients with the changes that occur
in the process of aggregation and sedimentation.

The physical point of view

When a photon beam (laser light) is passed
through a material, the photon flux is reduced,
because photons are removed, or deflected from
the forward direction (4).
Figure (1) illustrates a flux incident on a sample
with thickness (dx), and photons with flux (N-
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dN) emerges from the absorbing species of
sample; where (dN) is the number of photons
removed from source beam:

=x&
N, (W N,-dN
Laser ‘
K

Figure.1: Monochromatic beam of light (N)
incident on a sample cuvate with thickness (dx),
photons with flux (N-dN) emerges from the
absorbing species of sample.

dN= -uNdx
u is the
coeflicient)

proportional  constant (absorbing

A

jdx

{

N j (dNIN)= —

In(N/N, )= -ux

or
N=N,e" ... .. /
Eq. (1) shows that the intensity  of

monochromatic electromagnetic radiation falls

off exponentially.

In the term of monochromatic light (laser) [5].
energy no.of photons

Intensityfa photorbeam=——-—-—
photon

areax<time

The last term in the right is the photon flux N, the
intensity of beam (1) is:

T The) N s socesuc

Where (h) is Blank’s constant and (v) is the laser
frequency. Using eq. (2), eq. (1) may be written
as:

I=le™

Subjects and method
Subjects

Thirty-one normal volunteer and thirty-one
diabetic patients were included in this study.
The volunteers were normal healthy subjects,
their ages range between 20 and 45 years, with
no past history of hematological or metabolic
disorder.
Most of them were either medical staff or student
of Saddam medical college of medicine. All were
exposed for complete blood picture examination,
total serum protein and serum albumin
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estimation, fasting blood sugar test as well as
ESR test. Any of them who showed abnormality
in any of these tests was excluded from the study.
The diabetic patients were with different duration
of the disease ranging from few months to more
than ten vears. They were of varying metabolic
status. Their ages range between 23 and 50 years.

Method
The method used is a modification of the

method suggested by Muraldinharan et al., 1994,
This method based on Laser light scattering

technique (6, 7).

Procedure
Ten milliliter of venous blood was aspirated

from each of the normal subject and diabetic

1: laser source 2: sample chamber

—_—

]

3: photo-diode
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patient. and was anticoagulated with 06 ml of
heparin. The blood sample was divided into two
parts. One part for measurement of fasting blood
sugar, total protein and  serum albumin
estimation. The other part was centrifuged at
3000rpm for 5 minutes to separate the red blood
cells from the plasma. Then the 10% PCV was
prepared by ‘adding 100 micro liter of packed
cells to 900 micro liter of plasma. This 10% PCV
suspension was then gently poured into the
sample cell that is fixed in between the laser
beam and the photocell that recorded the intensity
of the transmitted light. as it is shown in figure

(2):

4: X-Y recorder

Figure ( 2 ) : The system layout

The transmitted light is changed with the
progress in aggregation process. The test of
recording the aggregate process was repeated
again for normal and diabetic samples after
removing the macromolecules (protein) by using
high speed, cooling centrifuge at a rate of 15000

rpm, for 20 minutes.

Results

The pattern of aggregation of a sample
derived from a normal subject and a sample
derived from a diabetic subject (in the presence
of macromolecule) were presented in figure (3 a.
b.). It is clear that the diabetic sample showed a
shorter time of different aggregation and
sedimentation stage
Table (1, a.) presents the mean £ S.D. of the time
obtained from the study of aggregation and
sedimentation by Laser scattering technique at
different during the process of
sedimentation (in the presence of
macromolecule). Generally diabetics showed a
lower aggregation time. This decrease in
aggregation time was statistically significant in
rouleaux formation stage (AT), one dimensional
formation time and sedimentation

While the decrease in the three-

stages

aggregate
stage.

dimensional aggregation time was insignificant
statistically.

The estimated total serum protein in the diabetic
patients was higher than that of normal subjects
(7.22 mg/100 cc + 0.814, 6.59mg/100cc + 0.94
respectively), this difference was statistically
indifferent. While the serum albumin was slightly
decreased in diabetics in comparison to that of
the normal subjects (4.16 mg/100cc + 0.792, 4.69
mg/100cc + 0.472 respectively).

On removing the macromolecules from the
plasma of normal subjects and that of diabetic

patients, the latter showed similar or even
statistically  insignificant higher value of
aggregation and  sedimentation time in

comparison to that of the normal subjects (table
1.b.). although their fasting blood sugar was not
the same (189.45mg/100cc = 84.33,
92.72mg/100cc + 19.15) for diabetic and normal
subjects respectively).

A study of the correlation between protein level
and different stage of aggregation and
sedimentation were performed table (2) and
showed that the protein concentration is not the
only parameter affecting the process, but the type
of macromolecules also takes a significant role

(9).
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Table 1:

The mean+S.D.of aggregation time at different stages of aggregation,(AT= rouleaux
formation, 1D=one dimension aggregate time, 3D=three dimensional aggregate and S.D.=
sedimentation time)using : a. macromolecule rich plasma. b. macromolecule free plasma.
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Figer 3-a-b:Thy variation of transmitted laser
]U“a!t‘[] blood cell concentration.(b)diabetic samj

aggregation and sedimentation
dimensioal aggreation and ST= -sedimentation time).
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