RESEARCH PAPER

Ion Channels and its Relevenace in Disease
Diagnosis
Nnodim John kennedy1, Anyanwu Christian2

Department of Medical Laboratory Science. Imo State University Owerri, Nigeria

1,2

ABSTRACT
Ion channels are protein complexes that help ions pass through the hydrophobic center of cell membranes by generating
pores. All cells contain them in the plasma membrane and the membranes of intracellular organelles, where they carry out
crucial physiological tasks such as establishing and forming the electrical signals that underlie muscle contraction and
relaxation, neuronal signaling, neurotransmitter release, cognition, hormone secretion, sensory transduction, and maintaining
electrolyte balance and blood pressure. Ion channels are in fact frequently categorized by their gating. It is very important
for diagnosing illnesses in medical labs.
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INTRODUCTION

I

ons are charged substances that exhibit their valency as
a cation or an anion. The positively charged ions known
as cations include Na+, H+, and K+. Anions are ions that
have a negative charge, such as chlorine, etc. Ions can, for
instance, exist in a compound state. ion of bicarbonate (Hco3).
By enabling the flow of ions along their electrochemical
gradient, ion channels are pore-forming proteins that assist in
establishing and controlling the tiny voltage gradient across
the plasma membrane of cells [1].
They are membrane proteins that are fundamental to learning
memory, sensory transduction, and adaptability, electrical and
chemical signaling, and excitability. The flow of ions into and
out of the cells is controlled by this channel. Every biological
cell’s surroundings contain them. Ions are charged particles
with either a cation or an anion as their valency. A live cell
contains more than 300 different types of ion channels [2].
Through a pore that is controlled by a gate, ions enter the cell
one at a time. The stimulus it receives, such as an electrical or
chemical signal, a temperature change, or a mechanical force,
determines whether this gate opens and closes [3].

Physiologic Role of Ion Channels
Ion channels play different roles depending on their nature and
the cell they are found in. Voltage-gated ion channels are a. An
integral protein called a voltage-gated ion channel is one that is
triggered by changes in the electrical potential difference close
to the channel. By enabling fast and coordinated depolarization
in response to a charge in the gate, they play a crucial part in
the stimulation of neurons and muscle tissue. The majority of
the channels in this group are ion-specific. Examples include
hyperpolarization-activated cyclic nucleotide gated channels,
voltage-gated sodium channels, voltage-gated calcium
channels, voltage-gated potassium channels, cation channels
in sperm, and voltage-gated proton channels. An example
of a Tran’s membrane protein that responds to chemical
stimulation by binding to a particular chemical messenger,
such as neurotransmitters, is the ligand-gated ion channel
(GABA, Serotonin etc). The Ligard controls the ion channel,
which is often highly selective to one or more of the ions
Na+, K+, Ca+, or Cl-. Such synaptic receptors convert the
pre-synaptically produced neurotransmitter’s chemical signal
directly and fast into a postsynaptic electrical signal [4].
Skeletal Muscle
An impulse that comes from the central nervous system
(CNS) controls the voluntary contraction of skeletal muscle.
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The spinal cord transmits brain impulses to the skeletal fibers,
where they join to form a neuro-muscular junction. The
neurotransmitter acetylcholine is present near the somatic
motor fibers’ termination (ACH). When ACH is released
into the neuromuscular synapses, it interacts with nicotinic
nicotinicreceptor type 11 (N11) cholinergic receptors to cause
depolarization. Muscle contraction is caused by the actin and
myosin contractile components of the muscle fibers. Other
tasks include controlling cell excitability, transporting ions,
controlling pH and cytoplasmic or vesicular ion concentration,
and controlling cell volume [5].
Role of Ion Channels in Disease Diagnosis
Ion channel dysfunction has been shown to be a sign of the
general symptoms of the majority of diseases, including
hypertension, endocrine problems, kidney stones, and genetic
mutation. Loss of channel function as a result of improper
signaling or signal interpretation is one of this disorder’s
characteristics. This results in an incomplete delivery of
information. For instance, depression is characterized by a
shift in attitude and behavior as well as a sense of frustration
and helplessness. The reduction of neurotransmitters like
serotonin and norepinephrine, which is the endogenous cause
of depression [6],

depolarized (in early development).When K+ or Cl-channels
stop functioning, it serves as a second messenger, causing
Na+ to depolarize. It results in hyperexcitability, which leads
to epilepsy, which is characterized by recurrent seizures that
can become convulsions due to aberrant electrical activity in
the brain, particularly in the cerebral cortex [7].
Neonatal convulsions, primarily infantile epilepsy, are
genetically caused by mutations in the KCNQ2 and KCNQs
genes. Parkinson’s disease is another possible neurological
condition.
Cardiac Disorders
After the neuron that spreads depolarization, the heart is next
in line. Through the pacemakers, they carry out this action.
When compared to a neuron, the action potential extends
more due to the presence of a plateau, a phase that facilitates
Ca2+ influx. ARRHYTHAMIAS is brought on by a change in
the usual impulse conduction. Disorders in the heart rhythm
are known as arrhythmias. Congestive heart failure, coronary
artery disease, or a myocardial infarction can all cause this
[8]. The type of the long-QT syndrome, a serious cardiac
arrhythmia associated with a prolonged QT interval on an
electrocardiogram, is caused by a mutation in SCNSA.

According to genetic studies, long QT syndrome is caused
Results in biochemical changes and disruptions in the brain. by mutations in the K+ channel genes, which have a loss
There are more conditions associated with ion channel of function, the Na+ channel genes, which have a gain of
defects (channelopathies). This flaw makes illness diagnosis function, and an unidentified gene on chromosome 4 [9].
more accurate. They consist of the following: • Neurological
Disorders: Ion channels are mostly found in the neurological SKELETAL MUSCLE
system. Action potential is generated, released, suppressed,
and propagated at this location. Generally speaking, the Voltage-dependent CL- channels regulate both the
nervous system contains voltage-gated channels for Na+, concentration of CL- in the extracellular media and the size of
K+, Cl-, and Ca2+. When their channels open, the Na+ and the cell. Over excitation and aberrant spontaneous oscillation
K+ channels, respectively, depolarize and hyperlize. Adults in membrane potential are caused by abnormality in this
who have Ca2+ channels may become hyperpolarized or function.
These result in aberrant relaxation following noticeably prolonged voluntary concentration (myotonia).
Other

Disease

Causes

Inner ear

Autosomal dominant deafness

Mutation in KvlQTI subvert

Lung

Cystic fibrosis

CFTR a Cl- channel

Kidney

Barlter’s syndrome

Mutation as a result of loss of function in apices Kt channel and
basolaeral voltage dependent Cl- channels

Liddle’s syndrome

Mutation in proline-rich (PY) motif

Diabetes

Dysfunction of cell insulin

Pancreatic B-cells
[10].
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Ion channels regulate specific ion concentrations and mediate
electrical currents, which are both necessary for cell excitation.
They are also found in non-excitable cells.
They are an important tool for identifying diseases.
Because ions have a broad part in the bodies physiologic
processes.
Almost every aspect of the body is affected when its mobility
is altered.
Ion channel importance in diagnosis.
Ion channel malfunction is connected to a number of
diseases.
Cardiac arrhythmias are prominent among these.
Finding this malfunction improves the accuracy of the
diagnosis.

CONCLUSION
In conclusion, ion channels are vital for life and are key to
physiological functions like nutrition transport and muscle
contraction. The alteration of regular ion channel function
causes a wide range of illnesses. Channelopathies are diseases
caused by mutations in the genes encoding ion channel
regulatory proteins or the ion channel itself. These disorders
in ion channels are relevant in disease diagnosis.

REFERENCES
1.
2.

Hille B (1992) Ionic channels of excitable membranes (2nd ed.)
sunderland, MA, Sinaver Associates Inc.
Hummler E, Horisberger JD (1999) Genetic disorders of menline
transport V. the epithelial sodium channel and its implication

in human diseases. Am J Physical Gastrointenstilvepysiol 276:
G567- G471.
3. Lehmann-Horn F, Grezechik K14, Jentsch TJ (1992) The
skeletal muscle chloride channel in dominant and recessive
human myotonai, science. 257:797-800.
4. Dubé GR, Elagoz A, Mangat H (2009). Acid sensing ion channels
and acid nociception. Curr Pharm Des15: 1750–1766.
5. Gründer S, Chen X (2010). Structure, function, and
pharmacology of acid-sensing ion channels (ASICs): focus on
ASIC1a. Int J PhysiolPathophysiol Pharmacol2: 73–94.
6. Biervert C., Schroder, B.C, Kubisch, C. Berkovie, S.F Propping
P, Jentsch, T. J and Steinlem, Oye (1989). A potassium channel
mutation in neonatal human epilepsy science.
7. Payandeh J, Scheuer T, Zheng N, Catterall WA (2011). The
crystal structure of a voltage-gated sodium channel. Nature475:
353–358.
8. Gabasheli IS, Sokolowski BH, Mortin CC, Giersch AB. (2007).
Ion channel gene expression in the inner ear. J. Associates
Ontolarynyol.
9. Jentsch TJ, Fredrich T, ScrieverA,Yamada H (1994)CLC
Chloride channel family. Pfigers Arch 437:783-795.
10. Chen X, Orser BA, MacDonald JF (2010). Design and screening
of ASIC inhibitors based on aromatic diamidines for combating
neurological disorders. Eur J Pharmacol648: 15–23.
11. Deval E, Gasull X, Noël J, Salinas M, Baron A, Diochot S,
Lingueglia E (2010). Acid-sensing ion channels (ASICs):
pharmacology and implication in pain. Pharmacol Ther128:
549–558.

How to cite this article: Nnodim JK and Anyanwu C.
Ion Channels and its Relevenace in Disease Diagnosis.
Asclepius Med Case Rep 2022;4(1):06-08.
DOI: 10.33309/2638-7654.040102

Asclepius Medical Case Reports • Vol 4 • Issue 1 • 2022

8

