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Scanning electron microscopy studies of erythrocytes
in spinocerebellar degeneration
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SUMMARY Spinocerebellar degeneration is a heredofamilial disease of unknown aetiology. The
shape of erythrocytes as revealed by scanning electron microscopy was studied in this disease.
Echinocytes I, as defined by Bessis, were seen more frequently in spinocerebellar degeneration
than in age and sex matched controls (7-2 + 1.5% in spinocerebellar degeneration, 3-4 + 1-2% in
controls, p < 0.001), Parkinson's disease, motor neuron disease, myopathy, and Huntington's
chorea. Erythrocyte deformability was impaired to a greater extent in spinocerebellar degenera-
tion than in the controls when the pH was raised from 7*2 to 8*0; Echinocytes I in spinocerebellar
degeneration increased from 8-4 + 0-6 to 15-4 + 2-4%, in the control group from 2-8 + 1P2 to
13-3 + 2 1 %. In spinocerebellar degeneration no significant correlation was found between the
level of serum low density lipoprotein and the number of Echinocytes I. In both groups there was
a significant correlation between the occurrence of Echinocytes I and age, and the difference of
Echinocytes I was greater in aged subjects in spinocerebellar degeneration. The data suggest that
membrane abnormality in erythrocytes exists in spinocerebellar degeneration and may be accel-
erated with the advance of age.

Membrane abnormalities have recently been
reported in heredo-familial disorders.' 2
Stomatocytosis3 and abnormal electron spin-
resonance4 of erythrocytes in Huntington's chorea
indicate that the physical state of membrane pro-
teins is altered. An abnormal electron spin-
resonance of erythrocytes was also detected in
myotonic dystrophy56 and Duchenne dystrophy.7 A
marked depletion of intramembranous particles of
erythrocytes in Duchenne dystrophy,8 which was
detected by freeze-fracture studies, indicated that
the intemal molecular architecture was abnormal.

Spinocerebellar degeneration is a heredofamilial
disorder of unknown aetiology,9"l' containing many
subtypes which suggests that the aetiology may be
quite complex. Spinocerebellar degeneration is
characterised clinically by a disturbance of motor
regulation such as ataxia, incoordination, dysmetria,
asynergia, and intention tremor, and pathologically
by atrophy and degeneration of the cerebellum,
olive, pons, spinal cord, and other regions.
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Recently the abnormality of serum high density
lipoprotein in Friedreich's ataxia has been found in
one study,'2 but not in another.'3 As there is a rela-
tionship between lipid and membrane, membrane
abnormality may exist in Friedreich's ataxia. Since
no investigation of erythrocyte shape in
spinocerebellar degeneration has been reported, we
attempted to study the erythrocyte morphology in
that disease, using scanning electron microscopy.
However the study of erythrocytes in neurological
diseases by scanning electron microscopy is one of
poor reproducibility from laboratory to labora-
tory.'4-'9 The procedures before fixation greatly
affect the shape of erythrocytes. Therefore we fixed
the erythrocytes immediately after drawing blood,
not using centrifugation, and carried out critical
point drying. To ascertain the reproducibility, we
reexamined some controls and patients after an
interval of more than one month.

Methods

Control subjects consisted of normal healthy individuals
and patients with no neurological disorders or inherited
diseases (male: 10, female: 12, mean age 57 3 years, range
29 to 73). Patients with spinocerebellar degeneration con-
sisted of 13 males and nine females with a mean age of
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Table 1 The percentage ofEchinocyte I in controls and
neurological diseases*

Echinocyte I Number of Mean age,
cases yr

Controls 3-4 + 1-2 (%) 22 (M1O F12) 57-3
SCD 7-2 ± 1-5t 22 ( 13 9) 53-7
Parkinson's disease 3 9 + 2-0 7 4 3) 56-1
Motor neuron disease 4-1 + 1-0 5 3 2 39-4
Myopathy 2-7 ± 0-3 2 1 1) 37 0
Huntington's chorea 3-7 ± 0-1 2 1 1) 49-0
Others 4.3 + 1-4 7 3 4 43-5

*Values are Mean + SD.
tDifferent from the other (p < 0-001).

53-7 years (range 28 to 78). Table 1 includes findings from
other neurological patients. Patients with diabetes mellitus
or liver diseases were excluded from the analysis, because
of possible red cell abnormality. The classification of
spinocerebellar degeneration was carried out according to
the clinical course of the disease, neurological findings, and
laboratory examinations including computed tomography.
Fifteen patients with olivopontocerebellar atrophy, five
with late cortical cerebellar atrophy, and two with Marie-
Sanger-Brown type were included. Two out of 15 with
olivopontocerebellar atrophy and three with late cortical
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cerebellar atrophy were familial forms of the disease. None
of the controls was taking drugs which could affect eryth-
rocyte shape. Only two patients with olivopontocerebellar
atrophy were taking such drugs: one salicylate, and
another thiazide diuretics. Blood was collected before
breakfast. No anticoagulant was used. Three drops of
blood were dripped directly from the syringe into 2%
glutaraldehyde solution in 0-05 M phosphate buffer (pH
7-2, 340 mOsm). The test tube was inverted gently three
times and the blood cells were fixed for 1 hour. The eryth-
rocytes settled by gravity. One drop from the erythrocyte
layer was then mounted on a piece of glass (3 x 3 mm) in a
moist Petri dish, and was then immersed for 10 minutes in
0-1 M sucrose solution (pH 7-2, 0-1 M phosphate buffer,
320 mOsm). It was not necessary to cover the glass with
collagen etc., as erythrocytes can adhere to the glass after
about 5 minutes with the remnants of the serum protein.
By moving a piece of glass gently by pincette from one
small Petri dish filled with solution to another, cells were
dehydrated through ethanol in ascending concentrations
(50, 60, 70, 80, 90, and 100%), and immersed for 20
minutes in isoamylacetate solution. Critical point drying
procedure was employed (Hitachi, HCP-1) and cells were
coated with gold vapour (Eiko 1B3 Ion Coater). The cells
were photographed at a magnification of 1000 to 10000
with a Hitachi HFS-2S, and Mini SEM MSM 5. A mean of
665 erythrocytes per sample was analysed according to
Bessis20 and Hattori.2' Cells which bound together were
excluded from analysis. The studies were done blind. To
ascertain the reproducibility of the methods we examined
the erythrocytes of three controls and four patients with
spinocerebellar degeneration using the same procedures
after a more than one month interval. The occurrence of
the echinocytes in these cases were substantially reproduc-
ible (fig 1).

Results

There was no difference among controls, patients
with spinocerebellar degeneration, Parkinson's dis-
ease, motor neuron disease, myopathy, and Hun-
tington' s chorea as far as the percentage of stomato-
cytes, elliptocytes, and knizocytes, except for
stomatocytosis in Huntington's chorea. One patient
with Huntington's chorea had stomatocytosis of
18&7%. Only Echinocytes I were more frequently
seen in spinocerebellar degeneration than in age and
sex matched controls (7.2 ± 1. 5% in spinocerebellar
degeneration, 3-4 + 1.2% in controls, p < 0-001),
Parkinson's disease, motor neuron disease,
myopathy, and Huntington's chorea (tables 1, 2).

If the cell had even a little crenation, we classified
it as Echinocyte I. Figure 2B shows a normal dis-
cocytic shape of erythrocyte.

In neither group were there any sex-related dif-
ferences. The percentage of Echinocytes I was 7-3 +
1-8% in olivopontocerebellar atrophy, 7-7 ± 1-1%
in late cortical cerebellar atrophy, and 6-0 ± 0-8%
in Marie-Sanger-Brown type. There were no
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Fig 1 The erythrocytes ofthree controls and four patients
with spinocerebellar degeneration were investigated using
the same methods after a more than one month interval. The
occurrence ofthe echinocytes in these cases were
substantially unchanged.
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10?Table 2 Erythrocyte shape in spinocerebellar degeneration
and controls*

Spinocerebellar Controls
degeneration

Discocyte 84-5 + 3-8 (%) 87-1 3-6 (%)
Echinocyte I 7-2 + 1-5t 3-4 ± 1-2t
Stomatocyte 3-9 ± 2-6 4-1 ± 3 0
Elliptocyte 0 4 + 0 4 0-7 ± 0-9
Knizocyte 1-7 ± 1-3 1-3 + 1-0

*Values are Mean + SD.
tp < 0.001.

significant differences among the types of
spinocerebellar degeneration, but these values were
significantly different from the controls (p < 0*001
in olivopontocerebellar atrophy and late cortical
cerebellar atrophy, p < 0-02 in Marie-Sanger-
Brown type) (fig 3).

It is well known that the erythrocyte tends to be
echinocytic in an alkaline medium. Therefore the
effect of pH on erythrocyte shape was also
examined. Specimens were taken from five persons
from each group. When the pH was raised from 7 2
to 8&0, Echinocyte I in spinocerebellar degeneration
increased from 8-4 + 0-6 to 15-4 + 2-4%, in control
group from 2-8 + 1-2 to 13-3 + 2d1 % (p < 0.02) (fig
4).
A correlation between age and Echinocyte I was

found in both groups, and the difference of Echino-
cyte I was greater in aged subjects with
spinocerebellar degeneration (fig 5).
No correlation between the number of Echinocyte

I and the concentration of serum low density lipo-
protein or the ratio between high and low density
lipoprotein was found in spinocerebellar degenera-
tion (fig 6).
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OPCA LCCA SC Control
Fig 3 There is no significant difference in the occurrence of
echinocytes among olivopontocerebellar atrophy, late
cortical cerebellar atrophy, and the Marie-Sanger-Brown
type (spinocerebellar form: SC).
Significant difference was found between patients and
normal controls.

Discussion

Scanning electron microscopy studies of erythro-
cytes have been done in Huntington's chorea3 and

I

Fig 2 A: Spinocerebellar degeneration (x 3000), B: controls (x 3000) Echinocytes were more frequently seen in
spinocerebellar degeneration than in controls. In A, small arrow indicates Echinocyte I, large arrow, Echinocyte II. A cell
with even a little crenation was classified as Echinocyte 1.

271

I

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.47.3.269 on 1 M
arch 1984. D

ow
nloaded from

 

http://jnnp.bmj.com/


Yasuda, Akiguchi, Shio, Kameyama

0

-4

0
C

Uw

0
-

-

w

.

lJ

S6

y=0-05x+4 36
r = 0-47

. .
SCD

.

* S

.

0

S

0 0

0.
0

Control

0
0

0
0

0
a0

40
Age (years)

Fig 4 When thepH was raised from 7-2 to 8-0, Echinocyte
I in spinocerebellar degeneration increased from 8-4 0-6
to 15 4 + 2-4% (p < 0.02), in controls group from 2-8 +

1-2 to 13 3 ± 2-1 % (Mean + SD).

Duchenne dystrophy'4 '9 but not in spinocerebellar
degeneration. The study of erythrocytes in
neurological diseases by scanning electron micros-
copy is one of poor reproducibility from laboratory
to laboratory, for example in Duchenne dystro-
phy.'4 '9 As the procedures before fixation greatly
affect the shape of erythrocytes, it is better to fix
erythrocytes immediately after drawing blood. Cen-
trifugation and drying procedures (air drying or crit-
ical point drying) may affect the shape of erythro-
cytes. Therefore we fixed erythrocytes immediately
after drawing, not using centrifugation, and carried
out critical point drying. We ascertained the repro-
ducibility of the method by examining some controls
and patients using the same procedure after a more
than one month interval.
Normal erythrocytes display biconcave discocytes.

Also, various factors can cause discocytes to become
echinocytes: that is, presence of an alkaline condi-
tion, Ca,22 fatty acid, salicylate, and so on.23-28

In this study Echinocytes I were increased in

Fig 5 A correlation between age and the occurrence of
Echinocyte I was found in both groups, and the echinocytic
tendency in spinocerebellar degeneration was much
exaggerated in the aged.

spinocerebellar degeneration compared to age and
sex matched controls. A smaller increase in Echino-
cytes I when the pH was raised from 7-2 to 8-0 indi-
cates that the erythrocyte membrane on
spinocerebellar degeneration has less deformability,
which is one of the characteristics of echinocytes. As
the procedure before fixation greatly affects the
shape of erythrocytes, we fixed erythrocytes
immediately after drawing blood. Therefore the
plasma of the patient was not found to induce
echinocyte transformation of normal erythrocytes,
nor was the change found to be reversible when
patient s cells were suspended in normal plasma.
The echinocytogenic factor may be in the erythro-
cyte membrane or plasma of the patients with
spinocerebellar degeneration.
Hui et al29 reported that low density lipoprotein

has an echinocytogenic effect and high density
lipoprotein has an inhibitive one. It seems possible
that low density lipoprotein dephosphorylates spec-
trin30-32 and high density lipoprotein inhibits low
density lipoprotein from attaching to the cell sur-
face. In this study the high density lipoprotein of
patients with spinocerebellar degeneration was
decreased but no clear correlation between Echino-
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Fig 6 No correlation between the number ofEchinocyte I
and the concentration ofserum low density lipoprotein or
high density lipoproteinllow density lipoprotein ratio was
found in spinocerebellar degeneration.

cyte I and low density lipoprotein or high density/
low density lipoprotein ratio was found, which may
be related to the difference in the concentration of
low density lipoprotein between Hu? s study and
ours.

It is well known that the cholesteroVphospholipid
ratio in the erythrocyte membrane increases with
age.3334 This means that an older person has more
echinocytes because the increase in the cholesteroV
phospholipid ratio in the erythrocyte membrane
changes discocytes into echinocytes.3536 We found
that Echinocytes I were increased with the advance
of age both in spinocerebellar degeneration and in
the controls. The difference of Echinocyte I was
greater in aged subjects in spinocerebellar degenera-
tion. Thus, ageing may affect the erythrocyte mor-
phology in spinocerebellar degeneration more,
which would indicate that an investigation of the
relationship between spinocerebellar degeneration
and ageing is needed.
The increase of Echinocytes I in spinocerebellar

degeneration presents the possibility that

spinocerebellar degeneration may be associated
with a generalised membrane abnormality like
stomatocytosis in Huntington's chorea and
echinocytosis in Duchenne dystrophy. Although
scanning electron microscopy study of erythrocytes
may not be diagnostic for spinocerebellar degenera-
tion and other degenerative diseases, these findings
should be extended to more biochemical and
biophysical investigations.
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