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ABSTRACT:
It is to be noted that membrane capacitance changes with diabetes, which is one of the fatal
diseases in the world nowadays. Long term diabetes affects the immunity resulting to various
disorders of the body. Fibrosis in the pancreas as well as myocardium is one of the major
problems related with long term diabetes. Once fibrosis starts the capacitance of the cell linked
to fibrosis will vary at different stages. The variation of the capacitance has been linked with the
capacitance relaxation phenomena through simulation in MEMS. It is now well established that
MEMS is diagnostic instrumentation for assessment of the status of diseases. The authors tried
to measure the concentration of glucose with the help of Bio MEMS for establishing the fact that
the capacitance of the living cell changes with the change in glucose in the body. The cellular
transduction linked to capacitance relaxation phenomena has been focused through simulation
in MEMS. The cellular transduction is also linked with growth of fibrosis in diabetic mellitus.
Keywords: Fibrosis, Diabetic Mellitus, Mems, Capacitance Relaxation, Diseases, Cellular
Transduction.

Introduction:
Diabetes is a severe health problem that is increasing rapidly nowadays and is classified in two
types, which are: type 1 diabetes also called juvenile onset diabetes, and type 2 diabetes, called
non-insulin dependent diabetes [1]. Diabetes is distinguished by a very high level of glucose in
the body that causes deregulation of the metabolism. Diabetes is the leading fatal disorder with
severe consequences. With diabetes the body cannot regulate the level of insulin in the blood [25].Diabetes can change the status of blood vessels, and this can lead to cardiovascular disease.
The lining of the blood vessels may become thicker, and this in turn can impair blood flow
associated with heart problems [6]. Diabetes results to induce changes in cardiac structure with
fat droplet deposition [7]. Myocardial fibrosis leads to extracellular matrix remodeling with the
heart transplantation for survival. Reactive fibrosis is increasing in a variety of conditions
though in the absence of ischemia [8-10]. Regardless of the etiology, fibrosis leads to increased
myocardial stiffness therefore promoting cardiac dysfunction [11,12]. Various imaging
modalities and collagen biomarkers have been used as surrogate markers to assess the
presence, extent, and turnover of myocardial fibrosis. Techniques using echocardiography,
cardiac magnetic resonance, and nuclear imaging have been developed to detect early
features of systolic and diastolic left ventricular dysfunction and impaired contractile reserve
[13,14]. Further identification of diffuse reactive fibrosis may be possible with evolving cardiac
magnetic resonance and molecular techniques [15,16]. The goal of these approaches is to enable
targeted therapy to be instituted earlier, leading to prevention of disease progression and
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fibrosis accumulation. In addition, effects of type 1 diabetes are complicated by the concurrence
of hyperglycaemia and insulin deficiency. Lack of cardiac insulin receptors reduces cell size,
indicating the trophic effects of insulin. The insulin deficiency may thus be a major contributor
to the LV mass and cell size. The use of appropriate diagnostic strategies for irreversible
diabetic cardiomyopathy, which may help correctly identify the disease at early stages and
implement suitable corrective therapies is imperative [17].

Brief Focus On The Change Of Membrane Capacitance with Glucose
content:
Body capacitance is the absolute amount of energy storage of the body due to intact cellular
membranes [18]. Capacitance measurements have revolutionized the study of exocytosis. In
electrical terms, the lipid bilayer of cell membrane corresponds to a capacitor. The capacitance
of the membrane can be measured fairly easily at high temporal resolution. Importantly, the
capacitance (C) of the membrane is proportionally related to the membrane area (A) . The
increase in cell surface area that results from fusion of secretory granules with the plasma
membrane can therefore be monitored as an increase in cell capacitance. In cells the cell
membrane is a leaky dielectric. This means that any condition, illness or change in dietary
intake that affects the composition of the cell membranes and their associated minerals can
affect and alter cellular capacitance [19].With diabetes the capacitance reduces in living cells.
Changes in cell dimensions in the context of diabetes are a complex issue. In general, diabetes
leads to apoptosis and a reduction in LV mass. . Body weight also decreases (or increases at a
slower than normal rate). The LV mass/body weight ratio is often used as an index of cardiac
pathology.

A Typical Simulation Of Cellular Transduction In Mems:
With the increasing use of MEMS (Micro-Electro Mechanical System) devices, the need to
monitor the position of a moving MEMS component with high sensitivity is becoming more and
more important. Not only in sensor applications, where the position of a moving part may be the
variable to measure a certain physical property (like in acceleration sensors), but also in precise
positioning systems [20-23].
The MEMS can be used to measure the capacitance of a living cell. The dielectric property of the
living cell changes as the glucose content varies. The MEMS comprises capacitive electrode. The
sample under test is sandwiched between the electrodes. With the glucose, the permittivity of
the cell fluid changes with the capacitance of the cell. The capacitance is then measured which
is proportional to the glucose content. The output of the MEMS is in terms of voltages [2426].Different living cell with different dielectric constant (K1, K2, K3) have been taken and their
capacitance is measured using MEMS where K1<K2<K3. The curve in Figure1 shows the
relation between sensor output and concentration of glucose in the cell [27-32]. It is noticed
from figure 1 that sensitivity increases with increase in dielectric constant. The experiment is
done at a constant frequency (200Hz) and at room temperature.
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Figure: 1 Sensor output at 200 kHz plotted as a function of Glucose concentration.
The MEMS voltage output decreases consistently with increasing glucose concentration. The
voltage at the output of the MEMS is proportional to the capacitance. This indicates that the
permittivity of the cell decreases due to the increase in concentration of glucose. The relation
between the change of capacitance with the permittivity is as shown in figure 2.

Figure: 2 Relation Of capacitance with permittivity
The curves have been simulated in Matlab Simulink 7.0. In this we have simulated capacitance
of the cell of diabetic patients and this simulation is in agreement with the clinical values. We
have simulated the curves in normalized way for projecting the status of the subject suffering
from diabetes. There is a possibility of fibrosis with long diabetes [33-35]. A typical block
diagram involved in simulink 7.0 is shown below in fig 3.

Figure: 3 Block Diagram in Simulink 7.0
The input is a step function, G(S) is a second order function in the forward path, H(S) is a first
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order function in feedback path.

Discussion And Conclusion
The cellular transduction with the change of membrane capacitance of diabetic patient is very
interesting and it is to be focused accurately for health care. The present paper in this respect
has simulated the change of capacitance with cellular transduction concomitant with the change
of glucose concentration of the cellular fluid. It is to further notice that with the increase of
glucose concentration the permittivity of cell membrane decreases. The cellular transduction is
linked with growth of fibrosis in the pancreas with capacitance relaxation phenomena. This
growth is dependent on the insulin intake by the patient in long run. It is observed that in long
run there is little effect of insulin consumed by the subject.
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