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ABSTRACT

The effects of various anticoagulants on the sedimentation tendency of erythrocytes have been
determined by observing their sedimentation profiles at various points along the height and width
of a glass chamber by vanation of the transmitted intensity of laser hight. In the initial phase, the
effects of hepann and sodium citrate are alike, but with the increase of sedimentation duration the
erthyrocytes in the sample get mixed with hepann, at various levels below the plasma layer and
move slower than that of sodium citrate. After prolonged duration of sedimentation for 22 hr, the
effects of sodium citrate and heparin are comparable, whereas for ACD sample, the cellular
movement is slower and forms distinct sedimentation profiles compared to others. The role of
various mechanisms associated during sedimentation with different anticoagulants are discussed.

INTRODUCTION

HE erythrocytes sedimentation rate {ESR) is
generally measured by the formation of the cell-
free layer of plasma in the blood sample, kept in a
vertical tube, during a fixed interval of time. These
measurements depend on the clintcal status of the
blood and the type of anticoagulant used!s2, which
interacts with the coagulation mechanism of blood to
prevent its clotting. Generally, these studies have been
confined to the formation of the upper layer, and the
details of the sedimentation behaviour of the erythro-
cytes in the presence of the various anticoagulants are
not known. This analysis can play an importantrole to
differentiate the interaction mechansim of these anti-
coagulants with various types of blood samples.
Recently we have devised a new technique to study
the erythrocytes sedimentation profiles (ESP), which
provides poin-to-point variation of the erythrocyte
concentrations below the cell-free plasma layer?, and
have used it to compare the sedimentation behaviour
of the eryvthracytes with that of solid spheres?, and to
determine the influence of erythrocytes shape’and the
influence of various diseases® on the erythrocyte sedi-
mentation. As the mechanism of action of various
anticoagulants on blood clotting differs from each
other 7-12, the aim of the present work is to determine
the ESP of normal blood mixed with various
anticoagulants.

METHOD

The fresh blood samples from healthy subjects, on
three consecutive days, were obtained by venepunc-
ture, in the test tubes containing the anticoagulants.
On the first day, 5 ml of blood were drawn in sodium

citrate (3.8%) in the proportion of 5:1, on the second
day in heparin (41U/ml), and on the third day in
acid-citraté-dextrose {ACD} solution (10:1.3). The
slight adjustment 1n the hematocrit for sodium citrate
and ACD were made by allowing the blood to settle
and then by removing a part of plasma from the
sample. All hematocrit values were adjusted at 33%.
Each blood sample was filled in a sample holder,
made of optically flat glass plates, upto a height of 30
mm (chamber dimenstons: height: 30 mm; 16 mm;
depth: 1.5 mm). The focussed laser radiations froma 2
mW He-Ne laser were used to scan the blood sample,
mounted on the specially designed platform of an
aptical bench, and was scanned horizontally (from
x=0 to x=16 mm) and vertically (from A=0 to
A =30 mm (bottom of the chamber) at various inter-
vals of time. The changes in the transmitted intensity
(TI), depending on the cellular concentrations at var-
ious points in the blood column, were recorded by a
photodetector assembly. From these values the ESP at
various heights and widths were determined. The
details of this technique are given elsewheres,

RESULTS

Figure 1 shows the ESP of blood samples mixed
with heparin at various intervals of time. The blood
cells tend to settle faster with increase of time. The
distinctness of the profiles along the width observed at
t — 0 hr changes with the increase of duration. Similar
pattern of sedimentation was also observed with
sodium citrate,

The ESP of blood sample mixed with ACD (figure
2) are significantly different from that of other two.
The erythrocytes tend to make distinct sedimentation
profiles with the increase of sedimentation duration
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which 1s in contrast with that of heparinized blood.
As shown in these figures, the erythrocytes with
ACD are still in a process to sediment along the height
and are slower compared to that of hepanin sample.
The distnibution of the erythrocytes along the height
(at x = 8 mm) for these anticoagulants after 22 hr s
shown in figure 3. These shows that the separation of
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Figure I, Photometer rcading versus width of the
sample holder at vanious heights of the blood column
mixed with heparin at sedimentation durations 0, 2.5
and 22 hr.
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plasma and erythrocytes has been completed for
heparin and sodium ciirate, whereas for ACD blood
the erythrocytes are still in a process to settle down.

The results presented here aré the mean values of the
three observations made with blood samples of the
same subject (coefficient of variation less than 10%).
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Figure 2. Photometer reading versus width of the
sample holder at vanious heights of the blood column
mixed with ACD at sedimentation durations 0, 2.5
and 22 br.
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Figure 3. Photometer reading versus height of the
sample holder for blood samples treated with various
anticoagulants, at x = 8 mm, at different time
intervals.

DISCUSSION

The interactions of the anticoagulants with the clot-
ting mechanism differ from each other. Sodium citrate
interact with the calcium content of the blood, whe-
reas ACD, which also interacts with the calcium con-
tent, helps to maintain the normal functioning of the
erythrocytes for a longer duration by the presence of
glucose. On the other hand, heparin inhibit the coagu-
lation by a different mechanism—by acting at the
several sites it the coagulation sequence: (i) inhibition
of factor Xla; (31) inhibition of thrombin: {iil) inhibi-
tion of factor Xa; (iv) inhibition of factor Xlla!!,

The distribution of the erythrocytes at various
points in the blood column depends on the rouleaux
[ormation tendency of erythrocytes!?, plasma viscos-
ity'*, and the interaction with the various constituents
of plasma and finally their packing towards the bot-
tom¢. OQur observations show that the distributions of
the erythrocytes at all levels, even for the same blood
sample, at constant haematocnt, are affected by the
anticoagulants, Initially (at t= 0 hr), due to the
decrease In plasma viscosity by sodium citrate the
erythracytes tend to settle faster than that of the oth-
ers. The distribution of the erythrocytes after 2.5 hr s
shown by the gradual increase in the packing of the
erythrocytes towards the bottom. After 22hr, the
packing (as observed by the present experimental
technique) of erythrocytes for ACD is not complete,
whereas for heparin and sodium citrate the packing
has attained 1t maximum,

The three-stage sedimentation process, as proposed
by Cutler'#, explains the salient features of the ESR
studies, whereas tn the case of ESP, specially for slow
moving rouleaux chains as in ACD solution, the
sedimentation process may be described in the
following four stages:

(1) Formation of the rouleaux.

(2) Sinking of rouleaux downward to form a cell-free
layer of plasma and their interaction with plasma
constituents.

(3) The existence of a transition zone and the forma-
tion of distinct sedimentation profiles.

(4) Uniform packing at the bottom and a clear cell-
free layer.

In conclusion, the application of the sodium citrate
as ananticoagulant isideal for short-lerm applications
as the time required for the Initial sedimentation pro-
cess 1s considerably less. To elaborate the role of var-
ious blood constituent, requiring longer time
durations, it 1s preferable to use ACD due to its anti-
coagulant and nutritive characteristics.
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