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SUMMARY

The measurements of the fluorescence polarization of perylene embedded in
erythrocyte membranes were carried out with normal and reticulocyte-rich blood,
and the microviscosity of exythrocyte membranes was calculated from the polar-~
ization degree. 1In intact cells, reticulocyte membranes had a significantly
lower microviscosity than normal erythrocyte membranes, while in ghosts no sig-
nificant difference in membrane microviscosity was observed between reticulo-
cytes and mature erythrocytes.

INTRODUCTION

It is well known that phenylhydrazine treatment induces severe anemia in
mammals followed by the release of reticulocytes from the bone marrow (1-3).
By using this procedure, the reticulocyte-rich blood can easily be obtained.
The reticulocyte is considered to be released prematurely from the bone mar-
row (4) and has a volume of almost double that of the mature cell. It under-
goes normal maturation during circulation (5). Therefore, the system has been
used in the various studies on cell maturation (6-10).

Since the fluidity of plasma membranes in chick embryo heart has been
shown to change during development (11), we intended to investigate the change
in the fluidity of erythrocyte membranes during maturation. In the present
study, the membrane microviscosity of erythrocytes of phenylhydrazine-treated

rabbits was measured with fluorescence polarization technique (12-16). Pery-

lene was adopted as a fluorescent probe.

MATERIALS AND METHODS
Albino rabbits weighing approximately 2 kg were made anemic by the injec-

tion of phenylhydrazine as described by Koch et al. (7). Blood samples were
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collected into heparinized glass tubes (100 units/ml of blood) by ear vein
puncture. Erythrocytes were washed 3 times with cold isotonic saline. The
buffy coat was carefully removed by aspiration. The cells were resuspended

in a medium containing 0.15 M NaCl, 10 mM Tris-HCl (pH 7.4) and 10 mM glucose
(1 x 107 cells/ml). Erythrocytes were counted in a Toa microcell counter type
CC-1002, and the mean corpuscular volume was determined in the same instrument
equipped with a Toa hematocounter type HT-310. Reticulocytes were counted by
the standard hematological method using Brilliant Cresyl Blue. At least 1,000
cells were counted per sample. —y

Thirty Ul of ethanol solution of perylene (4 X 10 M) was introduced into
4 ml of the cell suspension, and the medium was incubated at 37°C for 30 min.
The labelled cells were washed twice with cold isotonic saline to remove excess
perylene, resuspended in a medium containing 0.15 M NaCl and 10 mM Tris-HC1
(pH 7.4) to be 3-5 X 10°% cells/ml and subjected to fluorescence measurement.

To obtain the lysed cell preparation (ghosts), the labelled cells were first
lysed in 10 mM Tris-HCl1 (pH 7.4) and, after 5 min of incubation at 0°C, the
medium was made isotonic by the addition of concentrated NaCl solution. In
some experiments, ghosts were washed twice with 10 mM Tris-HCl (pH 7.4) and
resuspended in 3 ml of a medium containing 0.15 M NaCl and 10 mM Tris-HC1l (pH
7.4). This preparation was used as hemoglobin-free ghosts.

Erythrocytes of reticulocyte-rich blood were separated into age groups
according to Walls et al. (17) except that the specific gravities of three
albumin solutions (from bovine serum, Sigma) were adjusted to 1.085, 1.090 and
1.096. After centrifugation, the cells separated into four bands including the
bottom sediment. The top and the bottom band were taken, washed 4 times with
a medium containing 0.15 M NaCl and 10 mM Tris-HCl (pH 7.4) and used for fluo-
rescence analysis. The top band corresponded to the younger cells, whereas the
bottom band to the older ones.

The degree of polarization was measured at 25°C with a Shimadzu spectro-
fluorophotometer RF-502 equipped with Polacoat polarized filters as described
previously (18). Perylene was excited at 435 nm and the emission was monitored
at 475 nm. The membrane mic{oviscosity, a, was calculated from the following
formula: ry/r = 1 + kTT/V(r)n, where r is a degree of fluorescence anisotropy
obtained from polarization degree, ry a limiting anisotropy for perylene
(0.370) (Ref. 19), k a Boltzman's constant and V(x) the effective rotational
molecular volume (12). The values of k/V(r) were taken from the data (19)
obtained with reference oil. T is the absolute temperature and T the mean
Fluorescence lifetime. Fluorescence lifetime was measured with a monophoton
counting technique.

RESULTS AND DISCUSSION

Polarization degrees of perylene fluorescence embedded in erythrocytes
obtained from normal and reticulocyte-rich blood are shown in Table 1. The
polarization degree of perylene fluorescence in reticulocyte-rich cells is
significantly lower than that in normal cells, while in lysed cells or in hemo-—
globin-free ghosts the difference in polarization degree between the two is
not significant. Since it has been shown that the hemoglobin-free ghosts of
reticulocyte-rich cells contained a minimal amount of ribosomes and no mito-

chondria (7), the present data indicate that the possible contribution of the
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Table 1 Membrane microviscosity of erythrocytes obtained from normal

and reticulocyte-rich blood

Polarization Membrane microviscosity
Sample = )
degree n (poise)

Normal blood*

Intact cells 0.141 6.1

Lysed cells 0.123 4.6

Hemoglobin-free ghosts 0.123 4.6
Reticulocyte-rich blood**

Intact cells 0.105 3.5

Lysed cells 0.123 4.6

Hemoglobin-free ghosts 0.126 4.8

* This sample contained 3.2% reticulocytes.

** This sample was taken from the rabbit 3 days after the daily injec-
tions of phenylhydrazine (6 mg/kg) for 5 days. It contained 55.5%
reticulocytes. Data represent the mean of triplicate measurements.

dye associated with the residual intracellular membrane system of reticulocyte
to the value of membrane microviscosity is negligible.

Fluorescence intensity was weak in the presence of hemoglobin. This is
probably due to the reabsorption of the fluorescence by hemoglobin which has
strong absorbance in the wavelength region of the measurement. Because of the
weak fluorescence, the scattering of the exciting light was carefully corrected
using an unlabelled sample, as was done by Aloni et al. (14).

Membrane microviscosity was calculated from the polarization degree of the
fluorescence and the excited state lifetime of the perylene. The lifetime of
perylene embedded in hemoglobin-free ghosts was measured to be 9.2 nsec. The
same value was also obtained with perylene embedded in liposomes prepared from
the lipids extracted from the ghosts (20). As to the intact cells, however,
we could not obtain its reliable value owing to the weakness of the fluores-
cence mentioned above. Accordingly, we assumed that the lifetime of the dye
embedded in the intact cells is the same as that in the ghosts, since the re-
ported result (21) indicates that the excited state lifetime of perylene in the
membranes of polymorphonuclear leucocyte is not different from that in the

liposomes prepared from their lipids.
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Table 2 Membrane microviscosity of erythrocytes obtained from phenylhydrazine-

treated rabbit at various stages of anemia

Membrane microviscosity

Sample Mean corpusgular Reticulocy te N (poise)
volume (L7) (%)
Intact cells Ghosts

Control 60.7 2.3 5.8l * 0.65 (6) 4.50 £ 0.13 (6)
Day 1 55.8 23.5 4.23 £ 0.51 (4)** 4.49 * 0.27 (4)
Day 3 101.0 63.2 3.44 £ 0.15 (6)** 4.57 ¥ 0.15 (6)
Day 6 77.4 30.0 4,10 £ 0.13 (5)** 4.51 * 0.25 (5)
Day 11 70.5 13.9 4.65 * 0.21 (5)* 4.60 * 0.33 (5)
Day 42 60.0 4.1 5.95 £ 0.28 (5) 4.59 t 0.39 (5)

Day 1 répresents the sample taken one day after the last injection of phe-
nylhydrazine, Day 3 that taken 3 days after the last injection and so on. The
means * $.D. of membrane microviscosity are shown. The number of experiments
is given in parenthesis.

Table 2 shows the membrane microviscosity of the intact cells and the
ghosts containing various amounts of reticulocytes. Blood was taken from a
phenylhydrazine-treated rabbit at the various stages of anemia. Hematological
data obtained with phenylhydrazine-treated rabbit are similar to those reported
by Seno (2). The membrane microviscosity of the intact cells showed a minimum
in Day 3 sample containing a maximal amount of reticulocytes, while in the
ghosts, the membrane microviscosity was not proportional to the amount of re-
ticulocytes contained. When phenylhydrazine was added to the suspension of
the mature cells up to 5 X lO_5 M, the membrane microviscosity did not change
significantly. Therefore, the direct effect of phenylhydrazine on membrane
microviscosity seems to be negligible.

Table 3 shows the membrane microviscosity of the reticulocytes in com-
parison with that of the mature cells. The top fraction containing a larger
amount of reticulocytes (85.2%) has a lower membrane microviscosity (2.9 poise)
than the unseparated sample (3.5 poise), while the membrane microviscosity of
the bottom fraction containing a minimal amount of reticulocytes (3.1%) is much
higher (5.0 poise) than that of the unseparated sample. These data clearly

indicate that the low value of the membrane microviscosity of the intact cells
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Table 3 Membrane microviscosity of young and old erythrocytes separated

from reticulocyte-rich blood

Membrane microviscosity
Mean corpuscular

R . = v
sample volume etliriocyte n (poise)
3 °
W Intact cells Ghosts
Unseparated 97.6 65.9 3.5 4.6
Top 107.0 85.2 2.9 4.5
Bottom 38.5%* 3.1 5.0 4.2

Half milliliter of washed erythrocytes from one of Day 3 samples was
centrifuged on 3 layers of specific gravity (top to bottom) 1.085, 1.090 and
1.096 in 12 ml polyallomer tube at 160,000 x g for 1 h. After centrifugation,
the top and the bottom fraction were taken, washed 4 times with a medium
containing 0.15 M NaCl and 10 mM Tris-HCl (pH 7.4) and were subjected to the
hematological and the fluorescence analysis. Data represent the means of
triplicate measurements.

* This small volume might be ascribed to the shrinkage of the cell caused
by phenylhydrazine.

in Day 3 sample is due to the increase of reticulocytes in the sample.

The above results indicate that the fluidity of the reticulocyte membranes
decreases with cell maturation. Since the change in membrane fluidity was not
observed in the ghosts during cell maturation (see Tables 2 and 3), it is sug-
gested that some fine structure of the cell membranes, which can be easily

damaged by hypotonic lysis, may regulate the membrane fluidity of erythrocytes.
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