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Abstract: Early and accurate diagnosis of Parkinson’s disease is essential for effective neuroprotection.
Modern and advanced neuroimaging technique such as Single Photon Emission Computed Tomography
imaging using [123I] FP-CIT from Parkinson’s Progression Markers Initiative database is used even in the early
stage of detection. In the present work, Striatal Binding Ratio (SBR) values are calculated from SPECT images
obtained from the Parkinson’s Progression Markers Initiative (PPMI) database. We measure Gamma-amino
butyric acid (GABA) concentration level from SBR values in Parkinson’s diseased. Thus the three parameters
such as Caudate, Putamen and Age have been selected to measure the GABA concentration level. Central
Composite Design (CCD) using Response Surface Methodology (RSM) is used to develop a mathematical
model for GABA concentration level. Graphs were obtained to study the effect of these parameters. An ANOVA
analysis was also performed to obtain significant parameters influencing GABA concentration level. 
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INTRODUCTION Parkinson’s disease patients to discriminate PD patients

PD is a slowly progressive and complex disorder of the [123I] FP-CIT specific uptake on the putamen and
the central nervous system, involving primarily a loss of caudate results PD [4-6].
dopamine nerve terminal (neurochemical messengers) in Early and accurate diagnosis of PD is critical for the
the midbrain called substantia nigra and the results are reasons of early management, avoidance of unnecessary
impairment of movement with tremor, Gait problem, medical examinations and therapies and their economic
slowness, stiffness, or balance problems and impairment status, side effects and safety risks [7]. Recently, early
of posture. The rate of progression will vary from person detection of PD plays a vital role, but it is critical too. SBR
to person [1]. The advanced stage of the disease is values of caudate and putamen is the main features of
trouble-free to diagnosis. However, in its early symptoms diagnosis of early PD. It plays a major role in early
are mild, an accurate diagnosis becomes very difficult [2]. management of PD. This reduces the complexity of the

PPMI is a longitudinal observational study that aims feature extraction method. The extraction of regional
to identify one or more markers of progression for count densities in the caudate and putamen are calculated
Parkinson’s disease, points out that the  early  diagnosis using occipital lobe region as the reference [8].
of PD  subjects,  like  those  being  recruited  for  PPMI, is Gamma-aminobutyric acid was first known only as a
difficult as characteristic  signs  and  symptoms  have  not plant and microbe metabolic product. Later, it is
yet fully emerged and patients may present atypical signs discovered that GABA is primary part of the central
and symptoms [3]. nervous system [9]. It is an inhibitory transmitter in the

[123I] FP-CIT using SPECT Imaging is the most matured human brain; its actions are primarily excitatory
widely used nuclear medicine technique for continuous in the developing brain [10, 11]. Alzheimer's disease, late
assessment of dopamine transporters in suspected cortical cerebellar atrophy, Neuro Behcet’s syndrome,

from healthy controls. The confirmation of reduction of
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olivopontocerebellar atrophy, Huntington's chorea,
Parkinson's disease and cerebral haemorrhage patients
have quite low Gamma-amino butyric acid (GABA)
concentration levels. GABA concentration levels were
measured using a radio receptor assay technique [12, 13].
Hence the Parkinson’s disease is detected by measuring
the level of GABA concentration.

The purposes of the current work are 1. To
investigate the level GABA concentration of Parkinson’s
disease using SBR values. 2. To develop a mathematical
model for GABA concentration using Caudate, Putamen
and Age of PD patients by CCD design. 3. Analyse the
influence of the parameters like Caudate, Putamen and
Age with GABA concentration level to diagnose the
Parkinson’s disease. 4. Analysis of variance is employed
to carry out the effects of various parameters on the
GABA concentration.

Design of Experiment Based on Response Surface
Methodology: The response surface methodology was
applied for modeling and analyzing the input parameters
such as Caudate (X ), Putamen (X ) and Age (X ) so as to1 2 3

obtain the concentration level of GABA in early
Parkinson’s disease. The quantitative form of relationship
between the desired output (Y) and independent input
variables(X , X  and X ) is represented in RSM as follows:1 2 3

Y=F(X , X , X ) (1)1 2 3

where Y is the desired output and F is the function of
response. In the procedure of analysis, the approximation
of Y was proposed using the fitted second-order
polynomial regression model, which is called the quadratic
model. The quadratic model of Y can be written as follows:

Y =a + a X + a X + a X X (2)0 i i ii i ij i j
2

where a is constant, a , a  and a  represent the0 i ii ij

coefficients of linear, quadratic and cross product terms,
respectively. X  reveals the coded variables thati

correspond to the studied input parameters.
The necessary data for building the response models

are generally collected by the experimental design. In this
study, the collections of experimental data were adopted
using Central Composite Design (CCD). The factorial
portion of CCD is a full factorial design with all
combinations of the factors at two levels (high, +1 and
low, -1) and composed of the eight cube points, six axial
points and six central points (coded level 0) which is the
midpoint between the high and low levels. The star points
are at the face of the cubic  portion  on  the  design  which

Table 1: Input parameters and their levels 
Levels
---------------------------------------------------

Parameters -1 0 +2
CAUDATE_L (X ) 0.75 1.45 2.151

PUTAMEN_L (X ) 0.25 0.60 0.952

AGE (X ) 35 55 753

Table 2: Uncoded Designs (Randomized)
Sl. CAUDATE_L PUTAMEN_L AGE GABA
No. (X ) (X ) (X ) Concentration level1 2 3

1 0.75 0.25 35 0.213
2 2.15 0.25 35 0.231
3 0.75 0.95 35 0.103
4 2.15 0.95 35 0.175
5 0.75 0.25 75 0.207
6 2.15 0.25 75 0.209
7 0.75 0.95 75 0.095
8 2.15 0.95 75 0.119
9 0.75 0.60 55 0.132
10 2.15 0.60 55 0.173
11 1.45 0.25 55 0.219
12 1.45 0.95 55 0.123
13 1.45 0.60 35 0.142
14 1.45 0.60 75 0.117
15 1.45 0.60 55 0.146
16 1.45 0.60 55 0.146
17 1.45 0.60 55 0.145
18 1.45 0.60 55 0.144
19 1.45 0.60 55 0.145
20 1.45 0.60 55 0.146

corresponds to a value of 1 and this type of design is
commonly called the face-centered CCD. Table 1 shows
the  levels  of  three  PD  parameters  and   their  levels.
The experimental plans were carried out using the
stipulated conditions based on the face-centered CCD
involving 20 runs in the coded form as shown in Table 2.
The design was generated and analyzed using MINITAB
statistical package [16].

RESULTS AND DISCUSSION

Development of Mathematical Model: The mathematical
relations between responses (i.e., GABA) and PD input
parameters ware established using the investigation
results shown in Table 2. The coefficients of regression
analysis for GABA concentration level are shown in
Tables 3 along with the P value of the input parameters,
higher order and interactions. The P value of regression
analysis  of GABA    concentration    level   indicates
that linear, square and interactions of puttamen and age
are significant, whereas linear of caudate is not so
significant.
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Table 3: Regression analysis of GABA concentration level

Term Coefficient P value

Constant 0.207267 <0.000
X -0.023481 0.3011

X -0.424162 <0.0002

X 0.004442 <0.0013

X 0.018646 <0.0191
2

X 0.225603 <0.0002
2

X -0.000035 <0.0023
2

X X 0.038776 <0.0011 2

X X -0.000571 <0.0021 3

X X -0.000643 <0.0422 3

Table 4: Summary of Regression analysis

Response S Value R  (%) Adjusted R  (%)2 2

GABA 0.00545194 99.03 98.16

Table 5: Analysis of variance for GABA

Source of Degree of Sum of Mean sum
variation freedom squares of squares F- value P- value

Regression 9 0.030413 0.003379 113.69 0.000
Linear 3 0.025363 0.001399 47.06 0.000
Square 3 0.003653 0.001218 40.97 0.000
Interaction 3 0.001396 0.000465 15.66 0.000
Residual Error 10 0.000297 0.000030
Lack of fit 5 0.000237 0.000047 3.95
Pure Error 5 0.000060 0.000012

Total 19 0.030710

Equations 3 represent the regression equation for
GABA concentration level. Regression equation for
GABA concentration level:

GABA= 0.207267– 0.023481 X – 0.424162 X +0.004442 X1 2 3

+0.018646 X  + 0.225603X1 2
2 2

– 0.000035 X  +0.038776 X X – 0.000571 X X  – 0.0006432
3 1 2 1 3

X X (3)2 3

where GABA is the response (Gamma-amino butyric acid)
and X , X  and X  represent the decoded values of1 2 3

Caudate (X ), Putamen (X ) and Age (X ) respectively.1 2 3

Single variable terms have the main effect on the response
and interaction, square effect also considered. The
developed mathematical model can be used to analyze the
effects of input parameters on GABA concentration level
for diagnosing the PD. 

Where S is the estimated standard deviation about
the regression line, R  also called the coefficient of2

determination which is calculated as R  = (SS Regression)2

– (SS Total), where SS stands for sums of squares. R2

(Adj) is an approximately unbiased estimate of the
population R . The S value being measurement of error  it2

is smaller the better. So, from Table 4 it is clear that the
mathematical model for GABA concentration level is less
deviated from the regression line. 

The higher value of R  is better to determine the2

coefficients of regression equation. So the coefficient in
the regression equation for GABA concentration level has
been determined  more  effectively.  The  closeness of
the adjusted R  with R  determines the fitness of model2 2

[14, 15]. In both cases, the adjusted R  value is closer to2

the R  value [16].2

Analysis of the Developed Mathematical Models: The
ANOVA and F ratio test have been performed to validate
the goodness of fit of the developed mathematical models.
The F ratios are calculated for lack-of-fit have been
compared to standard values of F ratios corresponding to
their degrees of freedom to find the adequacy of the
developed mathematical models. The F ratio calculated
from ratio of Mean Sum of Square of source to Mean Sum
of experimental error [16].

The ANOVA tables are shown in Table 5 for GABA.
The standard percentage point of F distribution for 95%
confidence limit is 4.06. As shown in Tables 5, the F value

Fig. 1: Normal probability plot for GABA



Middle-East J. Sci. Res., 24 (4): 1033-1037, 2016

1036

Fig. 2: Residual Vs fitted values for GABA

Fig. 3: Effect of Caudate with GABA Figure 2 shows the residual values with fitted values for

Fig. 4: Effect of Puttamen with GABA at caudate of 0.75, 1.45 and 2.15. GABA concentration

Fig. 5: Effect of Age with GABA 0.60.

is 3.95 for  lack-of-fit  is  smaller  than  the standard value
of  95%   confidence   limit.   Thus,   the   model is
adequate in  95%  confidence limit. It is also seen that
from the P values, GABA model linear, square and
interaction effects of caudate, putamen and age are
significant.

The normal probability plot is presented in Fig. 1. It
is observed that the residuals fall on a straight line, which
indicates that the errors are distributed normally and the
regression model is well fitted with the observed values.

GABA concentration level. Figure 2 indicates that the
maximum variation of -0.005 to 0.010, which confirms the
high correlation presented between fitted values and
observed values.

Figs. 3, 4 and 5 shows the relationship of GABA
concentration level at different SBR values that are
calculated from SPECT images obtained from the
Parkinson’s Progression Markers Initiative (PPMI)
database and age. 

In  Fig.   3,  GABA  concentration  level  is  examined

level  increases by  4.1%  with  the increase of caudate
from  0.75  to  2.15  at  putamen  of  0.60   and   age  of 55.
In   Fig.    4,    GABA   concentration   level   is  examined
at  putamen  of  0.25,  0.60  and   0.95.  GABA
concentration  level  decreases  by   9.6%  with the
increase  of  putamen  from  0.25  to  0.95 at  caudate of
1.45  and age  of  55.  In  Fig.  5, GABA  concentration
level is examined at age of 35, 55 and 75. GABA
concentration level decreases by 2.5% with the increase
of age from 35 to 75 at caudate of 1.45 and putamen of
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 CONCLUSIONS 7. Cummings, J.L., C. Henchcliffe, S. Schaier, T. Simuni,

The main results that can be deduced from the dopaminergic imaging in patients with symptoms of
present study concerning the GABA concentration level dopaminergic  system  neurodegeneration.  Brain,
for Diagnosis of Parkinson’s disease are summarized here: 134: 3146-3166.

The developed RSM based mathematical modeling 8. Automatic classification and prediction models for
has the possible to evaluate GABA concentration early Parkinson’s disease diagnosis from SPECT
level under various Input parameter settings. imaging R. Prashanth, Sumantra Dutta Roy a Pravat
The developed model is also employed to analyze the K. Mandal, Shantanu Ghosh, Expert Systems with
influence of these process parameters on GABA Applications 41; 3333-3342 ; 2014
concentration level for diagnosing of Parkinson’s 9. Roth, R.J., J.R. Cooper and F.E. Bloom, 2003. The
disease. Biochemical Basis of Neuropharmacology. Oxford
GABA concentration level increases with increasing [Oxfordshire]: Oxford University Press. pp: 106. ISBN
the Caudate. But it decreases with increasing the 0-19-514008-7.
Putamen and Age. From the analysis it is clearly 10. Li, K. and E. Xu, 2008. The role and the mechanism of
evident that Putamen has more influence on GABA -aminobutyric acid during central nervous system
concentration followed by Caudate and Age. development. Neurosci Bull 24(3): 195-
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