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Influence of cholesterol enrichment under in vivo
and in vitro conditions on aggregation and
deformability of erythrocytes — A comparative

study
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Aggregation and deformability of cholesterol-
enriched erythrocytes obtained from hyperchole-
sterolaemic rabbits and prepared by incubating hau-
man erythrocytes in cholesterol-enriched plasma for
2 h at 37°C are determined. The aggregation process
is described in terms of parameters determined by
sequentially recording and analysing the He—Ne laser
light transmission data through erythrocytes sus-
pension by a PC-AT computer-based system. The
deformability of erythrocytes is determined by meas-
uring the passage time of erythrocytes through mi-
cropores of cellulose membranes. The results show
that the aggregation of human erythrocytes is en-
hanced due to the cholesterol enrichment process.
The formed aggregates are of larger size and these
sediment faster. In contrast to this, the rabbit eryth-
rocytes do not show this phenomenon as these
sediment similar to monodisperse cells. The deform-
ability of cholesterol-enriched erythrocytes is signifi-
cantly reduced.

THE phospholipids and cholesterol, constituting an inte-
gral part of the erythrocyte membrane, are exchangeable
between plasma and erythrocytes™ 2. The equilibrium of
cholesterol between plasma and erythrocytes is dis-
rupted under certain pathological conditions as well as
by artificial means. In response to a diet containing ex-
cess cholesterol fed to experimental animals, the choles-
terol levels in plasma and erythrocytes are increased,
resulting in the formation of spur cells and leading to
haemolytic anemia®>. A similar increase in these liJJidS
In plasma and erythrocytes has been reported® in
patients with liver cirrhosis and hyperlipaemia. The
erythrocytes from hyperlipaemic rabbits fed a high-
cholesterol diet show a behaviour similar to that ob-
served in hyperlipaemic elderly patients’.

The cholesterol enrichment of erythrocytes under in
vitro  conditions also induces morphological and
rheological changes in erythrocytes, but the mechanism
of these changes may be different from that under in
vivo conditions, as the cells are incubated in cholesterol-
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enriched plasma for a short duration®. Due to the brief
exposure to cholesterol-enriched plasma, the changes
induced could either be due to cholesterol accumulation
in the membrane or a combined effect of alteration in
lipid and protein constituents of the membrane, which
lead to a reduction in erythrocyte deformability’. This is
contributed by the decrease in the mobility of the pro-
teins'” and morphological changes in erythrocytes® !
As the normal functioning of the erythrocyte is essential
for its survival and oxygen ftransport in capillaries,
the wvariation in the above parameters increases the
blood viscosity, especially under low-shear flow condi-
tions'?.

Another important parameter which changes the blood
viscosity significantly is the aggregation of erythrocytes.
This is a dynamic reversible process attributed to the
formation of chain-like structures under stasis and slow
flow conditions. These structures disaggregate with
increasing flow. The parameters responsible for the for-
mation of aggregates are the negative charge of the
erythrocyte membrane, the levels of fibrinogen and
globulin in plasma and the applied shear force. In hy-
percholesterolaemia the negative surface charge con-
tributed by the carboxyl group of sialic acid and partly
by that of amino acid residues In sialoglycoproteins is
decreased'®. This reduction in sialic acid content may
increase the aggregation of erythrocytes even at the
same levels of fibrinogen and globulin and thus con-
tribute in increasing the blood viscosity".

For determining such changes in the aggregation
process a very sensitive technique is required. The
techniques based on forward and backward scattering of
light are found to be very sensitive for detecting these
changes'®'®. For better analysis 1t is essential to main-
tain the slow flow condition, which allows a prolonged
interaction of plasma proteins and erythrocytes. This
condition could be achieved by allowing the erythro-
cytes to sediment in plasma under the gravitational field
and the associated changes could be detected by passing
He-Ne laser light through the centre of the specimen

P, . . . .
chamber’>?*. Based on this principle, we have intro-
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duced a PC-AT-computer-based technique to collect
data sequentially and to analyse these to present the data
in terms of various aggregation parameters®; this tech-
nique has recently been applied to detect the changes in
aggregation in blood samples of patients suffering from
jaundice?’. The objectives of the present study are to
analyse by this technique the changes in aggregation of
erythrocytes obtained from hypercholesterolaemic rab-
bits and human cholesterol-enriched erythrocytes. The
deformability of erythrocytes, which plays an important
role in the formation of aggregates®, is also determined
by measuring the passage time of these cells through
cellulose micropore membranes. To the best of the
authors’ knowledge, such a study on the aggregation
process of hypercholesterolaemic erythrocytes has not
been reported to date.

Materials and methods

Experimental techniques

On-line He—Ne laser light erythrocyte aggregometer

This technique is based on the attenuation of laser light
after passing it through the observation volume (OV)
located at the centre of the specimen chamber containing
erythrocytes suspension in plasma at 5% haematocrit.
Initially, the erythrocytes are monadisperse, but tend to
form aggregates, depending upon the level of plasma
proteins, even during the gravitational sedimentation
conditions”! . Depending upon the size of the aggregates
and erythrocytes, while passing through the OV, the
transmitted light signal contains the mean intensity su-
perimposed on the fluctuations. By sequential analysis
of this signal, the aggregation process is represented in
terms of the following parameters:

(a) Aggregate size index (ASI) - instantaneous change
In the size of the aggregate, represented in terms of
the number of cells.

(b) Aggregate sedimentation time index (ASTI) -
measured as the time taken by aggregates to cross
the observation volume and represented as the corre-
sponding number of time fluctuations.

(¢} Time required for completion of process (TRCP) —
measured as the time taken for attaining the maxi-
mum intensity J, (as determined by plasma alone in
the chamber).

(d) Total number of fluctuations (TNF) — observed as
superimposed on the mean intensity.

For comparison of the aggregation process the data on
the ASI and ASTI variation are used further to obtain
the following parameters:

(a) Effective number of cells (ENC) present in the beam
at any instant of time. This is obtained by substi-
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tuting the number of cells (AN) responsible for the
ASI variation from the corresponding number of

cells N, and is given by

where

n, = number of fluctuations in the ith category of
amplitude (i = 1-4),

N, = average number of cells in the same category,

ENC = N, - AN.

(b) Effective cellular sedimentation duration (ECSD) 1s
obtained from the ASTI variation as the effective
time duration taken by the formed aggregates and

erythrocytes to sediment through the OV, and is
given by

where

n, = number of fluctuations in the ith category of time
(I = ]_4):

T, = mean sedimentation time for the same category.

Figure 1 shows a schematic diagram of the system
used for sequential analysis of the aggregation process
of erythrocytes. He—Ne laser beam (power —2 mW,
Spectra Physics, USA) of wavelength 632.8 nm and di-
ameter 1.0 mm was passed through the observation vol-
ume Jocated at the centre of the chamber. The.

STFPPER
MOTOR
DRIVE

AMMPA IHFII
UM
HIIFH‘H

Figure 1. Schematic diagram of the system for analysis of aggrega-
tion mechamsm of ¢rythrocytes
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transmitted intensity was detected by a photodiode
amphifier HAD 1000A (EG&G, USA). This output was
fed to a 12-bit analog-to-digital converter which was
interfaced to a PC-AT.

The specimen chamber, made of optically flat glass
plates, of internal dimensions 70.0 x 8.0 X 1.6 mm was
filled with erythrocytes suspension in plasma at 5%
haematocrit. The chamber width was kept sufficiently
large to allow interaction between cells and plasma
proteins for uninhibited growth of aggregates” and their
movement away from the chamber wall®®. Further details
of computational and experimental procedure are given
in ref. 23.

For analysis the system was tested with erythrocyte
suspension in saline at the same concentration. No fluc-
tuations were observed in the transmitted intensity till
the completion of the process. The pattern of fluctua-
tions in the transmitted intensity varied depending upon

the concentrations of dextrans of various molecular

welghts in the erythrocyte suspensionsm.

F 4

Erythrocyte deformability measurement

Figure 2 shows a schematic diagram of the system used
for the measurement of erythrocyte deformability. This
instrument, based on initial flow rate method?’, consists
of a glass syringe of 10 mm dia and 50 mm height with a
constant light intensity source on one side and photode-
tector opposite to this, and measures the transmitted
licht. The detector output is interpreted as the duration
elapsed to cross the observation volume and is read on
the display panel of the instrument. The sample is al-
ways filled up to a level of 3.0 mm below the top of the
syringe. The volume of erythrocyte suspension con-
tained between the source and the detector is 0.6 ml.
Over this height (8.5 mm) the change due to variation In
the gravitational field is considered to be negligible. The
lower end of the syringe is connected to a pop-top mem-
brane holder (Nucleopore Corporation, USA) which is
further connected to a three-way valve. The holder con-
tained one disc of cellulose membrane of thickness
400 £ 25 um consisting of curved slits of diameter
20+ 5 um (Grade 589, Schleicher and Schull, Ger-
many).

These membranes for erythrocytes filtration were first
introduced by Teitel et al.?® as these were effective in
detecting the changes in erythrocytes which pass
through these slits by tank-tread motion and these were
not getting blocked by white cells and other blood prod-
ucts’®. In our earlier studies we have used the same
membranes to detect changes in erythrocyte deform-
ability in hypercholesterolaemia'®, myocardial infarc-
tion?” and ‘diabetes mellitus®’. These observations show
that the erythrocytes with reduced deformability take a
longer duration to pass through the membranes and vice
versa,
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Figure 2. Schematic diagram of the system for measurement of
erythrocyte deformability.

Prior to the measurement, the air bubbles trapped In
the membrane and its holder were removed by flushing
with a buffered saline solution from the central opening
of the valve. The erythrocyte suspension was then filled
up to the mark in the syringe. Due to this the transmitted
light falling on the photodetector is reduced. When there
is no blood sample under fully filtered condition, the
amplifier output changes to maximum.

The software routine determines the number of sam-
ples N lying between these two limits, and calculates
and displays the passage time (s). Two such measure-
ments are taken with each membrane and their averaged
passage time is determined. From the known volume of
suspension the filtration rate (pl/s) (directly propor-
tional to the erythrocytes’ deformability) is calculated.
Further details of the experimental procedure are given

in ref. 12.

Sample preparations

In vivo cholesterol enrichment of erythrocytes
(’

White albino rabbits of same age, sex and body weight
(1.8-2.0 kg) were divided into two groups. Group I
(n = 6) was fed with a normal diet (carrot, cabbage and
creens) while greup 11 (n=6) was fed with a normal
diet +0.5% cholesterol per day. The lipid levels were
measured regularly. After the desired cholesterol level
was reached, cholesterol feeding was regulated to
maintain the same level. Blood samples were collected
by ear vein puncture in tubes containing citrate phos-
phate dextrose (CPD) (10:1.4) as an anticoagulant.
Blood was centrifuged at 2000 g for 15 min. Plasma was
separated and the buffy cust on top of the cells was re-
moved and discarded. The cells were mixed with buff-
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Table 1. Cholestero] and phospholip:ds in human plasma and erythrocytes before and

after cholesterol enrichment
'_—__-__'_-—-—__'-"__-——-_———_—__—._____________________—

Cholesterol Phospholipid
Medium Group (mg %) (mg %) C/P
Plasma Normal 145.0 + 8 62* 1772+ 8 4 081 +002
CEP 2480124 1715+ 85 145+ 0.09
Erythrocytes  Normal 66579 675178 098 +0.01
CEE 85.73 £ 10.2 652+31 1.31+0.12

W_m_*

*Mean S D.

Table 2. Cholesterol, phospholipids and C/P ratio in plasma and erythrocytes of
control and cholesterol-fed (hycholest) rabbits

M

Cholesterol Phospholipid
Medium Group (mg %) (mg %) C/P
Plasma Control 96.3 £ 22.4* 96.5 £ 37.6 1.05+023
Hycholest 626.3+768 323 01+283 1.95+0.27
Erythrocytes Control 67.2 1205 63.5 +4 07 0972022
Hycholest 1700 £ 139 [100+£4 08 153+0.10
*Mean + S.D.

ered saline (pH 7.4) and centrifuged at 2000 ¢ for
10 min, The supernatant was removed. This process was
repeated thrice. For measuring the aggregation of eryth-
rocytes these cells were suspendéd in plasma at 5%
haematocrit, whereas for deformability these were sus-
pended in buffered saline containing 0.5% albumin to
prevent their crenation'” at 6% haematocrit.

In vitro cholesterol enrichment of erythrocytes

Fresh blood samples collected from healthy donors
(n=12) in test tubes containing CPD (10:1.4) were
centrituged at 2000 g for 10 min. The plasma was sepa-
rated by aspiration. The buffy coat on top of the cells
was removed and discarded.

Preparation of cholesterol-enriched plasma
(CEP)

In the previously reported techniques®®®' to inactivate
the enzyme LCAT plasma was heated to 56°C. Thus, the
conversion of cholesterol to cholesterol ester was pre-
vented. The excess of free cholestero} in plasma resulted
in cholesterol enrichment of erythrocytes. In the present
method™® cholesterol was added to unheated normal
plasma depending upon the availability of phospholipids
in the plasma. This suspension was sonicated (Sonitron
model ISM, Bombay) at a power level of 50 W at 4°C
for 2 h. Thereafter, this was centrifuged at 2000 ¢ for
L5 min. The supernatant, cholesterol-enriched plasma,
was separated and the sediment discarded.
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Preparation of cholesterol-enriched erythrocytes
(CEE)

Washed erythrocytes were suspended in the CEP at a
haematocrit 40% and incubated for 2 h in a water bath
maintained at 37°C. To obtain uniform exchange, the
suspension was gently mixed at intervals of 15 min.
Further details of this procedure are given in ref, 32.

After incubation, the erythrocyte suspension was cen-
trifuged at 2000 g for 15 min to separate the erythro-
cytes and plasma. From these the suspensions for
aggregation and deformability measurements were pre-
pared by the procedures outlined above.

Lipid estimations

The erythrocyte lipids were extracted with chloroform
methano)} (2:1) mixture by the method of Folch et al”>
and the total lipids of plasma and erythrocytes were de-
termined by the method of Fringes et al.**

The levels of cholesterol and phospholipids of plasma
and erythrocytes were determined by the methods of
Baginski and Zak™’ and Naito’®, respectively.

Data collection

For collection of data on aggregation mechanism, the
erythrocyte suspensions were placed between the light
source and the detector, The recording of the transmitted
intensity was carried out throughout the process till the
observation volume was clear of aggregates, as observed
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Figure 3, Varation in transmistted intensity at vartous time intervals
of human nermdl crythrocyvte suspensions at 3% hacematocrit The
sequential recording 1s presented as four segments 1 [, 111 and IV

1Q0

|
E
|
?
:
‘|
i
|
BOJf
I
f
|
i

60 ! _

Size index

40 -

20

Y, T
L s

12- 16 16- 20 20- 24

8 - 12
Time (min)

4 -8B

Figure 4. The vanation in aggregate size ndex, presented as the
number of fluctuations 1a each catcgory at various time ntervals,
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by the absence of fluctuation. For each set of observa-
tions a new glass chamber was used. This was a precau-
tronary measure to avoid the artefacts caused by the
sticking of vartous blood products on the walls of the
specimen chamber.

Deformability of the control, hypercholesterolaemic
and cholesterol-enriched erythrocytes was measured in
terms of the first and second passage times through the
ceflulose membranes, as discussed above. All the sam-
ples were analysed within 2-3 h after blood collection at
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Figure 5. The vanation 1n aggregate sedimentation time index pre-
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vation volume for normal human erythrocyte suspension These cate-

sortes are | 10-015s, NN 0 15-03 s, %74 03-045s.
A 0 45-06s

100 —_— i —— - —

30 e et ——

801 —

Size index
_.*

b
<

20

L

16- 20 20- 24

12- 16

8 - 12
Time (min}

0-4 4 -8
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room temperature (25°C). The Student’s f-test was used
(o compare the data for vartous groups. 1 ;

Results ) | )

The cholesterol and phospholipids levels in plasma and
erythrocytes before and after the cholesterof-enrichment
process are shown in Table 1. The cholesterol content is
significantly Incyeased by adding cholesterol 1o this
medium. The normal erythrocytes show an increase in
cholesterol-to-phospholipid (C/P) ratio. There is no
change 1n phospholipid composition after incubation.

Table 2 shows the levels of cholesterol and phospho-
lipids and the C/P ratio in the plasma and erythrocytes
of rabbifs. Due to cholestero] feeding. the cholesterol
and phospholipids levels angd the C/P ratio in blood "
samples of these rabbits are increased.

Figure 3 shows an example of the varigtion of the
trapspuitted intensity (TI) of the erythrocyte suspension
of a human control sample. As evident from the figure, ap'f |
there are no significant fluctyations in the TI for about O-4 4-8 8-12 12-18
5 min. Thereafter, these tend to appear in the output Time (min)
signal. With the increase of sedimentation duration, the Figure 7. Aggregate sedimentation time 1ndex variation presented

Change in aggregate size, Finalfy} there are no fluctua- fime titetvals required o cross the observation volume, for the CEE

. o ample sategories are | 58, Fan T 5~
tions in the TI, indicating that all the formed aggreoates EW%D;LSW};}%%L;;ZU;:; sm “,1312;2]3;333, oy 037
have crossed the observation volume in about 22 min. e

Figure 4 shows the nomogram of the aggregate size
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index as obtained from the amplitude of the fluctuations :

: 600000 - |
in the erythrocyte suspenstons of human control sub- :
jects. Initially, the amplitude of the fluctuations is less. s oo ] \\ ;
Which tends 10 increase with increasing time duration. & wenco | \ +
The change in the number of cells clearly indicates that, & :
wnitially, the observation volume consists of aggregales § mi \Nm ﬂ

- ] \

of large size, but tf}wards the end of the process aggre- @ 200000 \ ;
gates of various sizes are ohserved. The formation of oo0t0 - \
aggregates of various sizes is further supported by the j \
observed variation in the ASTI of a human coniro] 04 T ﬁ"%ﬁm“ﬁi}s
sample (Figure 5). The occurrence of fluctuations with a Time (min)

smaller time interval indicates the formatign of large
aggregates, which take less time to cross the pbservation
volume.

The variation in the AS! in 3 suspension of the human
CEE is shown in Figure 6. The pattern of the ageregate  time for the CEE is less than that of normal erythro-
size varialion 1s altered. The aggregation process is inj-  Cytes. Figure 9 shows the variation of the ECSD of the
tiated earlier and is completed faster thap for the contrg]  normal and the CELE. An jncreased value of this for the
sample. The dominance of small-amplitude fluctuations CEE samples shows the presence of a large number of
indicates the formation of large aggregates throughout  fluctuations throughout the process compared to that of
the process. Figure 7 shows the variation of the ASTI in  normal erythrocytes,

Figure 8. Vanapon i the effvclive number of cells {(ENC)Y for the
normal ard the CEL samples at vanious time mtervals

the human CEE suspensions. Fluctuations of short time Two more parameters are obtained from the above
itervats dare observed throughout the process, which figures for further comparison of the aggregation proc-
indicate that the agaregates move faster through the OV.  css. These are: (a) half-cells time (1WCTY - required 10

Figure 8 shows a comparison of the ENC at various  achieve 50% of the initial nunber of cells in the path of
Lime Intervals 1h the path of the 1a.er beam. The pattern  the beam (from Figuwie 8): (b) aggreaation fTuctuation
of sedimentation of the CEE is different from that of the  hime (AF)) - mdicating the tune taken by dgereralds
normal buman erylthrocytes, The pProcess completfion COI‘I‘ehpamling to this HCT1 (from Filgwre 9 {able 3
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Table 3. Comparison of the aggregation parameters of human normal and

cholesterot-enriched (CE) ervthrocytes
_-_—-.___—-_-.‘__—-__—-_-_-—-—‘—_—__—_--—-__-—h—__—___

TRCP (mn)
TNF

il

HCT (min)

AFT (s)

Normal

224 +35°
3012 £ 467
156+211
03L+006

CE p
185+194 <0 025
2719 + 281 <Q |
11.3+1 661 <0 005
056+0 103 <0 005

———— e ——
*Mean £ S D,

Table 4. Comparison of the aggregation parameters of erythrocytes of control

and cholesterol-fed rabbits
——

Erythrocytes
Parameter Control Hycholest p
TRCP (min) 277 X 43* 232 + 38 <0 03
BAmax (V0) 4 87 £ 0 88 §12%1 13 <0 0005

-—____—‘_-__——_———-'-"_——-—__—-————_——-————-._.—'________

*Mean+ S D.

Table 5. Comparison of the filtration time (FT) and filtration rate (FR) of erythrocytes
of control and cholesterol-fed (hycholest) rabbits

__-__'__—‘_—-——'—__—-_ﬁ__———-_—-_-—-—-__—__——_____._—___.

Cholesterol enrichment

g a—
"_-_‘u.-.l-

15
Time (min)

20

.
tn

Figure 9. Vanation in the effective cellular sedimentation duration
(ECSD) for the normal and the CEE samples at vartous time inter-

vals.

shows the variation in the above parameters along with
the total number of fluctuations and the time required

for completion of the aggregation process for human
normal and CEE. The changes in TRCP, HCT and AFT

624

Parameter Control Hycholest p
I FT* 497+ 0.87" 5.92 11 04 <0.1
Pass FR** 124 56 £ 21.63 10434 £16 87 <0.1
11 FT 6.32+1.13 813+134 <0 05
Pass FR 9512+17 84 7572+ 11.82 <0.05
Mean FT 574099 7.03+ 105 <} 05
FR 10779+ 1928 87 13+ 11.64 <0 05
*In s.
**In ul/s.
*Mean + S.D.

are highly significant in the CEE compared to those of
controls. This shows that the process of cholesterol en-
richment alters the aggregation process of erythrocytes
significantly.

In contrast to human subjects, the aggregation
mechanism of rabbit erythrocytes is different. These
cells do not show any significant fluctuation due to the
formed aggregates. Therefore, the fluctuation amplitude
(A) due to the change in transmitted intensity signal ob-
served towards the end of the process is presented as the
percentage of the maximum T (Adna) (%). The aggre-
gation parameters of erythrocytes of the control com-
pared to those of cholesterol-fed (hycholest) rabbits
show significant variation (Table 4). This indicates that
this process is responsible for the observed changes in
the aggregation process.

The variation in passage time and filtration rate of
erythrocytes of normai and cholesterol-fed rabbits is
given in Table 5. The mean filtration time and filtration
rate show significant variation in hypercholesterolaemic
erythrocytes. The same pattern is observed tn the mean
values, which shows that the deformability of in vivo

CURRENT SCIENCE, VOL. 68, NO 6, 25 MARCH 1995



. il e i —

i

RESEARCH ARTICLE

il i,

Table 6. Comparison of the filtration time (FT) and filtration rate (FR) of human normal

— -, e e

and cholesterol-enriched (CE) erythrocytes

Parameter Normal CE p
I FT* 462+ 043" 5.65%0 53 <0 0025
Pass FR** 131 01 £11.48 107 17+ 10 85 <0 0025
| FT 65510525 802+ (884 <0 0025
Pass FR 92.19+7 32 7563 +842 <0 0025
Mcan FT 5358+ 0.38 6 83+070 <0 0025
FR [11.59 + 7 44 88 76 + 9 35 <0 0025
*In s
**In ul/s
*Mean £ S D.

cholesterol-enriched cells is decreased. By a similar
process, the variation in filtration time and filtration rate
of the human CEE is analysed (Table 6). The changes
produced in these parameters are highly significant, in-
dicating a decrease in erythrocyte deformability.

Discussion

T'he present techniques are aimed at detecting the
changes In the transmitted component of light for aggre-
gation process analysis and measurement of passage
time through a cellulose membrane. The variation in
parameters of the aggregation process provides details
about the interaction of cellular and plasma constituents
in terms of formed aggregates and their sedimentation
pattern at various time Intervals. Similarly, the passage
time indicates the change in erythrocytes membrane
structure and the interior while passing through the
curved slits of the cellulose membranes. The second
passage time Is longer than the first one, indicating a
reduced flow of erythrocytes, attributed to the presence
of erythrocytes in the slits. During the second passage,
these €rythrocytes interact with the incoming erythro-
cytes, thus delaying the overall flow through the mem-
brane. The alteration in the normal shape of erythrocytes
due to the hypercholesterolaemic process'' could partly
be responsible for the observed decrease in the deform-
ability.

The present observations show that the aggregation
mechanism, as analysed by various parameters, varies
stgnificantly in in vitro and in vivo cells. Without cho-
lesterol enrichment this directly shows a comparison
between human and rabbit erythrocytes. In human cells
the aggregation process, as analysed by the variation in
the T1, is completed in about 22 min, whereas, under
exactly identical conditions, the same process with
rabbit erythrocytes suspension takes around 4 h. This
variation could partly be attributed to the distribution of
membrane proteins, phospholipids and fatty acids pat-
tern of total lipids®’ and their interaction with plasma
proteins. Further details of the mechanism responsible
for this variation are not known. The cholesterol en-
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richment process is directly related to the transfer of
cholesterol from plasma to erythrocytes. A significant
decrease in the time required for completion of the
process, the formation of large aggregates and the dis-
tribution of fluctuations indicate that the sialic acid
content of the human erythrocyte membrane, which is
reduced during the process'*, could partly be responsi-
ble for the enhanced tendency of aggregate formation of
these cells.

The deformability of erythrocytes is significantly re-
duced due to the cholesterol enrichment process, which
1s directly attributed to the transfer of cholesterol from
plasma to the erythrocyte membrane, leading to its hard-
ening, which finally leads to discocyte—acanthocyte
transformation of these erythrocytes’'. These results are
further supported by the findings of others® ‘°. Despite
this change in erythrocyte deformability, the aggregation
of erythrocytes is not reduced, which means these cells
are still capable of adapting themselves to cell shape
variation required for aggregate formation.

In conclusion, the aggregation of cholesterol-enriched
erythrocytes obtained by in vitro (human) and in vive
processes is increased despite the fact that the rabbit
blood does not show any distinct variation in the aggre-
gation process over a long period compared to that of
human. The erythrocyte deformability of these choles-
terol-loaded cells 1s significantly reduced. The observed
changes in human blood viscosity could be due to the
aggregation and reduced deformability of the erythro-
cytes, whereas in rabbits this could be due to morpho-

logical changes in cells and alterations in the levels of
plasma constituents.
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