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Abstract

There is controversy as to whether there are clinical
subgroups in Parkinson’s disease (PD). Six tremor-dom-
inant and six bradykinesia-dominant patients identified
among 29 cases with PD were compared in terms of ery-
throcyte superoxide dismutase (SOD) activity and sever-
al clinical variables. Erythrocyte SOD activity in
tremor-dominant patients was higher than in bradykine-
sia-dominant patients. According to our preliminary
results obtained from small number of patients, the dif-
ference of SOD activity in clinically distinct subgroups
suggests there may be separate clinical subgroups of PD
which can be differentiated by a biological marker.
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Introduction

Parkinson’s disease (PD) is a progressive neu-
rodegenerative disease with preferential loss of the
dopaminergic neurons of the substantia nigra pars
compacta (SNc), presenting with resting tremor,
bradykinesia, rigidity, and postural instability as
the major clinical manifestations (Jankovic et al.,
1990).

Despite an enormous amount of research, the eti-
ology of PD is unknown. There is substantial evi-
dence that antioxidant defence mechanisms
(ADM) are aberrant, based on the abnormal activi-
ties of related enzymes and increased levels of
lipid peroxidation products (Jenner et al., 1992). 
Superoxide dismutase (SOD) is a metalloenzyme
that exists in cytosolic (Cu, Zn-SOD) and mito-
chondrial (Mn-SOD) forms, and erythrocyte SOD
activity is exclusively due to Cu, Zn SOD
(Kushleika et al., 1996). It converts superoxide rad-
ical (O2

•) to hydrogen peroxide (H2O2), which is
than converted to water by catalase or glutathione
peroxidase. With insufficient activity of latter
enzyme systems or with the increased activity of
SOD and with the presence of iron, which is abun-
dant in parkinsonian SNc, H2O2 leads to generation
of highly reactive hydroxyl radical (OH•) (Jenner et

al., 1992). The activity of SOD havs uniformly
been found high in parkinsonian SNc (Olanow et
al., 1998). While this might be the reflection of the
primary pathology, it may be an epiphenomenon
due to cellular degeneration or inefficient mito-
chondrial respiration.

The clinical expression of PD is highly variable,
and this variability suggests that there may be dif-
ferent subgroups within PD with distinct clinical
patterns and perhaps different pathogenic mecha-
nisms (Jankovic et al., 1990; Graham and Sagar
1999). Zetusky et al. (1985) and Graham and Sagar
(1999) reviewed studies that distinguished sub-
groups of patients with PD by patterns of motor
symptoms (tremor dominant vs. akinetic-rigid),
age at onset (early vs. late-onset), presence or
absence of dementia, or family history of PD.

We previously compared erythrocyte SOD activ-
ity of PD patients with a control group and found a
higher activity level in the patients with PD
(Kocaturk et al., 2000). In an attempt to identify
further evidence for the presence of subgroups
within PD, we reanalysed our previously  published
data to compare different clinical subgroups of PD
in terms of erythrocyte SOD activity.

Methods and Materials

There were 29 cases (13 females, 16 males) with
PD with a mean age of 62.1 ± 9.9 (range 40-78).
Subjects with other diagnoses or on drug therapy
(other than the drugs that are used in the treatment
of PD) that may affect the ADM were excluded
(like vitamins, coenzyme Q10 or ginko biloba
extract). The patients were considered to have PD
when at least two of the following were detected:
levodopa responsive and asymmetrical bradykine-
sia, rigidity, and resting tremor. Special care was
given to uncover the signs that might indicate
another cause for parkinsonism (like gaze paresis,
levodopa unresponsiveness, apparent autonomic,
cognitive, pyramidal or cerebellar dysfunction).
Patients with dementia and a family history of
parkinsonism were excluded.
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Parkinsonian signs were rated by the Unified
Parkinson’s Disease Rating Scale (UPDRS), which
enables the quantification of type, number, and
severity of extrapyramidal symptoms and signs and
is widely used for the clinical evaluation of PD. For
each sign or symptom, a five-step severity grada-
tion is employed, with 0 representing absence and
4 representing the maximum severity (Fahn et al.,
1987). In order to evaluate different manifestations
of PD the subscore for bradykinesia is obtained by
adding the scores of the items 23, 24, 25, 26, and
31 ; for tremor 20 and 21; for postural instability 28
and 30, and the score of item 22 for rigidity.

Cases with tremor subscore higher than the
median tremor subscore and with bradykinesia sub-
score lower than the median bradykinesia subscore
formed the tremor-dominant group (TG), and cases
with bradykinesia subscore higher than the median
bradykinesia subscore and with tremor subscore
lower than the median tremor subscore formed the
bradykinesia-dominant group (BG). Cases with
both high bradykinesia and tremor subscores, and
cases with both low bradykinesia and tremor sub-
scores were included neither in TG nor in BG
(Table 1). Other signs of PD were also processed to
compose clinical subgroups (like BG versus rigidi-
ty dominant group, postural instability dominant
group versus rigidity dominant group, etc.) with the
same method. A similar method was used by
Jankovic et al. (1990) to divide PD patients into
clinical subgroups. Early-onset patients were
defined as the patients who noticed their first symp-
tom before or at age 40.

The association of the erythrocyte SOD activity
with age at the time of study, sex, duration of dis-
ease, age at disease onset, and the type of drugs
patients were using for PD was also evaluated.

For the determination of erythrocyte SOD activ-
ity the blood samples of the patients were always
drawn in the morning at the same time and were
put in heparinised tubes. The plasma was kept in
polypropylene tubes and each sample was studied
within an hour. The activities of red-cell SOD were
determined by spectrophotometry (Winterbouin et
al., 1975). Principle of method was based on per-
cent inhibition of nitro blue tetrazolium reduction
in the presence of SOD activity. 

Results

Among the clinical subgroups of PD patients,
the only significant association was found between
TG and BG. The erythrocyte SOD activity of TG
was found to be higher than BG (Mann Whitney U,
p = 0.04) (Table 2). Both TG and BG consisted of
six patients. Seventeen patients were included nei-
ther in TG nor in BG.
Among the analyses we conducted to see whether
there were any other differences besides SOD
activity between TG and BG, Fisher’s exact test
revealed, but only in trend level, that the number of
patients within BG is higher in the early-onset
patients (p = 0.07). There were no patients below
age 40 in TG, while there were four patients below
age 40 in BG.

There was not a significant association between
erythrocyte SOD activity and age at the time of
study, sex, duration of disease, age at disease onset,
or the type of drugs patients were using for the
treatment of PD. We also could not find a signifi-
cant correlation between drug doses and SOD
activity.

Discussion

Even in the landmark clinical studies about the
natural history of PD, Schwab et al. (1959) and
Hoehn and Yahr (1967) observed that PD patients

Table 1

Classification of patients into tremor- and bradykinesia-dominant subtypes

Bradykinesia Subscore Tremor Subscore Clinical Subgroup No of Patients

Lower than median BS Higher than median TS TG 6
Higher than median BS Lower than median TS BG 6
Higher than median BS Higher than median TS None 6
Lower than median BS Lower than median TS None 7
Either BS or TS at median value 4

Total 29

BG : Bradykinesia-dominant group, BS : Bradykinesia score, TG : Tremor-dominant group,
TS : Tremor score.

Table 2

Erythrocyte superoxide dismutase activities of patients,
controls, and clinical subgroups.

The activity difference both between patient and control
groups, and between tremor-dominant and

bradykinesia-dominant groups are statistically significant.

Number Mean SOD Activity ± SD
of Cases

Controls 24 4983.1 ± 544.4
Patients 29 5344.6 ± 758.8
Tremor-dominant
Group 6 5586.8 ± 720.8
Bradykinesia-
dominant Group 6 4688.8 ± 797.7

SD: Standard deviation, SOD: Superoxide dismutase.



with tremor as the dominant symptom had less
functional impairment and more benign progres-
sion than their bradykinesia-dominant counter-
parts. Later studies associated tremor-dominant
patients, when compared with bradykinesia-domi-
nant patients, with infrequent and less severe cog-
nitive impairment, frequent family history of PD,
less disability, slower progression of disease, better
levodopa response, and longer survival (Zetusky et
al., 1985 ; Bernheimer et al., 1973 ; Barbeau and
Porcher, 1982 ; Mortimer et al., 1982 ; Roy et al.,
1983 ; Goetz et al., 1988 ; Hershey et al., 1991 ;
Rajput et al., 1993 ; Roos et al., 1996 ; Gomez et
al., 1997). Jankovic et al. (1990) analysed the
DATATOP database including clinical information
on 800 patients so as to evaluate clinical hetero-
geneity of PD. Their results suggested that older
age at onset and presentation with postural instabil-
ity and gait disorder (PIGD) and with bradykinesia
were predictive of a more aggressive course than
the early-onset of symptoms and presentation with
tremor. They stated the need for new studies corre-
lating the clinical characteristics and neurobiologic
markers to understand whether tremor-dominant
PD is pathogenically different from the PD with
PIGD and bradykinesia (Jankovic et al., 1990).
Average erythrocyte SOD activity of our tremor-
dominant subgroup of patients was higher than
bradykinesia-dominant subgroup. The only histo-
pathologic correlation of clinical subtypes of PD
came from Rajput et al. (1993) who reported diag-
noses other than PD more frequently in PIGD than
in tremor-dominant patients. Depending on this
finding, we suggest that the reason for difference in
SOD activity revealed in this study, and in other
clinical variables reported before, between TG and
BG is that the bradykinesia-dominant patients
might constitute a heterogeneous diagnostic group.
This suggestion might be supported by Ihara et al.
(1999) who reported similar levels of plasma SOD
activity between patients with multisystem atrophy
and controls, while the activity in PD was found to
be increased.

High frequency of patients in BG among early-
onset patients is one finding that does not reach sta-
tistical significance which emphasises the impor-
tance of performing studies with greater number of
patients that might better delineate different clini-
cal subgroups of PD.

REFERENCES

BARBEAU A., PORCHER E. New data on the genetics of
Parkinson’s disease. Can J Neurol Sci, 1982, 9 :
53-66.

BERNHEIMER H., BIRKMAYER W., HORNYKIEWICZ O.,
JELLINGER K., SEITELBERGER F. Brain dopamine
and the syndromes of Parkinson and Huntington:
clinical, morphological and neurochemical corre-
lations. J Neurol Sci, 1973, 20 : 415-455.

FAHN S., ELTON R.L., members of the UPDRS
Development  Committee. Unified  Parkinson’s
Disease Rating Scale. In: “Recent Developments
in Parkinson’s Disease”. Vol. 2. Fahn  S, Marsden
C.D., Goldstein  M., Calne  D.B. eds., New York,
Macmillan. 1987, 153-163.

GOETZ C.G., TANNER C.M., STEBBINS G.T., BUCHMAN A.S.
Risk factors for progression in Parkinson’s dis-
ease. Neurology, 1988, 38 : 1841-1844.

GOMEZ AREVELO G., JORGE R., GARCIA S., SCIPIONI O.,
GERSHANIK O. Clinical and pharmacological dif-
ferences in early - versus late-onset Parkinson’s
disease Mov Disord, 1997, 12 : 277-284.

GRAHAM J.M., SAGAR H.J. A data-driven approach to the
study of  heterogeneity  in   idiopathic Parkinson’s
disease: identification of three distinct subtypes.
Mov Disord, 1999, 14 : 10-20.

HERSHEY L.A., FELDMAN B.J., KIM K.Y., COMMICHAU C.,
LICHTER D.G. Tremor at onset. Predictor of  cog-
nitive and motor outcome in Parkinson’s disease.
Arch Neurol, 1991, 48 : 1049-1051.

HOEHN M.M., YAHR M.D. Parkinsonism: onset, progres-
sion and mortality. Neurology, 1967, 17 : 427-
442.

IHARA Y., CHUDA M., KURODA S., HAYABARA T. Hydroxyl
radical and superoxide dismutase in blood of
patients with Parkinson’s disease: relationship to
clinical data. J Neuro. Sci, 1999, 170 : 90-95.

JANKOVIC J., MCDERMOTT M., CARTER J., GAUTHIER S.,
GOETZ C et al. Variable  expression of Parkinson’s
disease : a base-line analysis of the DATATOP
cohort. Neurology, 1990, 40 : 1529-1534.

JENNER P., SIAN J., SCHAPIRA A.H.V., MARSDEN C.D.
Oxidative stress as a cause of  nigral  cell death in
Parkinson’s disease and incidental Lewy body
disease. Ann Neurol, 1992, 32 : S82-S87.

KOCATURK P.A., AKBOSTANCI M.C., TAN F., KAVAS G.O.
Superoxide dismutase activity and zinc and cop-
per concentrations in Parkinson’s disease.
Pathophysiology, 2000, 7 : 63-67.

KUSHLEIKA J., CHECKOWAY H., WOOD J.S., MOON J.D.,
SMITH-WELLER T., et al. Selegiline and lympho-
cyte superoxide dismutase activities in Parkin-
son’s disease. Ann Neurol, 1996, 39 : 378-381.

MORTIMER J.A., PIROZOLLO F.J., HANSCH E.C., WEBSTER

D.D. Relationship of motor symptoms to intellec-
tual deficits in Parkinson’s disease. Neurology,
1982, 32 : 133-137.

OLANOW W.C., JENNER P., TATTON N.A., TATTON G.T.
Neurodegeneration and Parkinson’s disease. In:
“Parkinson’s Disease and Movement Disorders
(Third Edition)”. Jankovic J., Tolosa E., eds.
Maryland, Williams & Wilkins, 1998 , 67-103.

RAJPUT A.H., PAHWA R., PAHWA P., RAJPUT A. Prognostic
significance of the onset mode in parkinsonism.
Neurology , 1993, 43 : 829-830.

ROOS R.A.C., JONGEN J.F.C., VAN DER VELDE E.A.
Clinical course of patients with idiopathic
Parkinson’s disease. Mov Disord, 1996, 11 : 239-
242.

ROY M., BOYER L., BARBEAU A. A prospective study of 50
cases of familial Parkinson’s disease. Can J Neur
Sci, 1983, 10 : 37-42.

SCHWAB R.S., ENGLAND A.C., PETERSON E. Akinesia in
Parkinson’s disease. Neurology, 1959, 9 : 65-74.

182 M. C. AKBOSTANCI ET AL.



WINTERBOUIN C., HAWKINS R.E., BRIAN M., CARRELL F.W.
Red cell superoxide dismutase activity. J La. Clin
Med, 1975 , 85 : 337-350.

ZETUSKY W.J., JANKOVIC J., PIROZZOLO F.J. The hetero-
geneity of Parkinson’s disease: clinical and prog-
nostic implications. Neurology, 1985, 35 : 522-
526.

M. Cenk AKBOSTANCı,
Ybni Sina Hastanesi,

Nöroloji Klinii, 6. Kat,
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