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ABSTRACT 
 

Developing countries are in immense need of portable and easy-to-use diagnostic tools because of the lack of access 

to sophisticated diagnostic centres in the villages and underdeveloped areas. Hypertensive Heart Disease is a serious 

health ailment, which results in various cardiac disorders, stroke and other severe cases that may result in the damage 

of the kidney, brain, liver, thereby, causing multiple organ damage. A few biomarkers related to the Hypertensive 

Heart Disease are easily found in the blood and urine. The detection techniques used at present are expensive, and 

detect the prevalence of the disease only after the occurrence of a few signs and symptoms. We thereby, present a 

review on biosensors that would be cost-effective for detection of the disease. Electrochemical biosensors detect the 

concentrations of the biomarkers that are present in the biological fluids to confirm the prevalence of the disease. 

Once the biomarker concentrations cross the threshold value, the disease is confirmed, which then needs to be treated. 

The treatment for the disease could employ Transdermal Drug Delivery System, which serves to be one of the most 

convenient methods of drug administration. We hence present a review of Electrochemical Biosensors that could 

detect Hypertensive Heart Disease and the Transdermal Drug Delivery System, which could be used for the treatment 

of the disease. 
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I. INTRODUCTION 
 

Rapid on-site detection techniques and point-of-care 

diagnostics are a basic necessity in the underdeveloped 

countries so that an untrained and unskilled person can 

easily use the devices for detecting the biomarkers [1]. 

Early diagnosis of cardiovascular diseases has 

consequently become highly important to decrease the 

mortality rate and it is believed that hypertension and 

cardiovascular diseases account for 80% of global deaths 

and contribute to >85% deaths in India [2,3]. 

Hypertensive Heart Disease is a serious cardiac ailment 

that is mainly caused due to hypertension. It further leads 

to stroke and cardiac arrest and eventually may have 

serious effects on the other vital organs of the body such 

as liver, kidney, lungs and also the brain. The 

development of cost-effective sensors for easy detection 

of the disease and simple drug delivery systems will 

hence, be a boon to the population. 

Presently, numerous methods are being used for the 

detection of the biomarkers such as ELISA [4], 

chemiluminescence and fluorescence techniques [5] and 

radioimmunoassay [6]. However, these are complicated 

and time-consuming methods and most importantly, 

require a skilled person to perform them [7,8]. The 

simplest way is to develop a cost-effective biosensor for 

detecting the relevant biomarkers and eventually come up 

with a drug delivery method for the administration of the 

required drugs into the diseased person. Electrochemical 

methods of detection provide many advantages such as 

sensitivity, selectivity, rapid-detection, portability, low 

price, and simplicity and have a common use for the 

detection of biological substances, metabolites, and drugs 

[9]. The most convenient and accessible site for drug 

administration is the skin [10] and hence, Transdermal 

Drug Delivery System (TDDS) turns out to be the most 

effective approach for delivering a required amount of 

drug onto healthy skin. [11,12]. 

 
 

II. HYPERTENSIVE HEART DISEASE 

(HHD) 
 

Alteration in the coronary arteries and left ventricular 

arteries leads to an elevation in the blood pressure (BP) 

of a human being. These contributing factors result in an 

ailment called hypertensive heart disease. Chronic 

Hypertension serves to be the starting point of 

Hypertensive Heart Disease [13]. 

Table 1: Representing the range of blood pressure that draws 

concomitance with various stages of hypertension [14]. 

 

Category Opti 

mal 

Prehypert 

ension 

Stage 

I 

Stage 

II 

Systolic 

BP, 

mm Hg 

< 120 120-139 140- 

159 

>160 

Diastolic 

BP, 

mm Hg 

< 80 80-89 90-99 >100 

 
 

Hypertensive heart disease is inclusive of various 

conditions, namely heart failure, thickening of the heart 

muscle (left ventricular hypertrophy or LVH), narrowing 

of the arteries (coronary heart disease or CHD) and so on 

[15]. Complications in LVH and CHD can lead to heart 

failure, ischemic heart disease, arrhythmia, and sudden 

cardiac arrest. The propensity of individuals perceiving 

congestive heart failure, arrhythmias, myocardial 

infarction, and sudden cardiac death is not meagre. So, 

the first step in recognition of HHD forms an 

indispensable part in this whole cumbersome process of 

treatment. 

The very inception of Heart Failure (HF) is Left 

Ventricular Dysfunctionalism (LVD). Eventually, there is 

an increase in the volume of the Left Atria (LA) and the 

walls of the LV begin to thicken, thereby leading to the 

diastolic dysfunction of the Left Ventricle (LV) [16,17]. 

Heart failure can be defined as a pathophysiological state 

in which heart dysfunction gives incompetence to pump 

blood in a needful amount to meet the metabolic 

requirements of the organism [18]. HF may arise due to 

functional and structural defects in the myocardium [15]. 
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A. Prevalence 
 

India as a country with almost 1/4th of world population 

offers a very grim picture. Hypertension accounts for 

24% of Coronary Heart Disease (CHD) deaths and 57% 

of stroke deaths in India. However, the death associated 

with hypertension is not just conformed to India but most 

of the developed and developing Nations. [18]. 

The global systemized incidence of hypertension was 

about 25.9% in adults, aged above 20 years in 2000. And 

there was an increase in hypertension incidence by 5.2% 

from 2000 to 2010. In 2010, 31.1% of people suffered 

from hypertension [19]. The discrepancy is evident in 

terms of age and gender of individuals. The hypertension 

incidence spikes with the increase in age and are 

prevalent more among men than women until the age of 

55 years. In India, according to 2000 data, 20.6% of 

women and 20.9% of men were suffering from 

hypertension. The World Health statistics of 2012 has 

estimated that 29.2% of males and 24.8% of females were 

gripped by this aliment [20]. Women have a higher risk 

of having CHD when the triglycerides level is greater. 

Smoking and family history are also the factors that have 

an impact on CHD in females than in males [21]. 

Table 2: Depicting the risks of cardiovascular disease with different 

age groups [13]. 

 

Age Female Male 

45-54 33.2% 36.1% 

55-64 55.5% 57.6% 

65-74 65.8% 63.6% 

> 75 81.2% 73.4% 

 

 
B. Cause & Risk factors 

 

The rudimentary reason for the occurrence of the disease 

in the adult population is because of the systolic blood 

pressure, which goes on a surge with incremental age. 

However, factors like lifestyle, inactivity, poor eating 

habits and diets including, an abundance of fats, and 

consumption of alcohol aggravate the menace [22]. Also, 

people suffering from pre-conditional diseases like type- 

2 diabetes are 1.5-2 times more prone to having 

hypertension [23]. Any change in DNA sequence due to 

sequence repeats, deletion/insertion or single nucleotide 

polymorphism leads to genetic polymorphism, which 

may lead to Cardiovascular Disease. So, one must take 

genetic polymorphism into consideration for the risk 

prediction of CVD [24]. Even environmental factors like 

migration to a different place, change in lifestyle and 

others have an important impact on health and in 

developing cardiovascular disease (CVD) [25]. 

According to WHO, 80% of deaths occur due to air 

pollution which results in heart disease and stroke. Even 

metals like cadmium, arsenic, and lead are a concern for 

the development of CVD [26]. Lack of social support, the 

stress in family life or at work, depression and low socio- 

economic status are also factors that may pose a risk to 

develop the disease [27]. 

C. Treatment 
 

Antihypertensive medications are prescribed to lower 

elevated BP: 

• Thiazide diuretics like chlorthalidone, 

indapamide are the first-line therapy for the 

treatment of hypertension and congestive heart 

failure as well as the accumulation of fluid and 

edema of the body caused by a condition such as 

heart failure, cirrhosis, and chronic kidney 

failure. 

• Angiotensin receptor blockers (ABR) or 

angiotensin-converting enzyme (ACE) inhibitors 

also serve to be the first-line treatment for 

hypertension. They are used to treat several heart- 

related conditions, including hypertension, heart 

failure, heart attack and preventing kidney 

damage associated with hypertension and 

diabetes. Examples: Capoten, Vasotec, Tritace. 

• Calcium channel blockers (CCB) like Norvasc, 

Plendil, Cardene slow down the calcium ion 

movements into the blood vessels walls and cells 

of heart, and thereby, help to widen the blood 

vessels and so, the heart can easily pump blood. 

• Nitrates and hydralazine are vasodilators that 

help in improving tissue perfusion in heart 

failure. However, they are not used as first-line 
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therapy. Other drugs, like diuretics or ACE 

inhibitors, are usually combined with these 

vasodilators. 

• It is beneficial to administer beta-blockers in 

patients with pectoris atrial fibrillation, angina 

and HF. They are, however, not used as initial 

treatment. 

Beta-blockers and ACE inhibitors/ARB are preferred 

in younger patients (<55 years), CCB and diuretics 

are preferred in older patients (>55years). It is 

recommended that no two medications from the same 

class should be used for treatment, for example, using 

an ARB and ACE simultaneously [13,28]. 

D. Diagnosis 

 
Table 3: Showing the different tests done to diagnose the 

disease, the methods used [16] and their average prices. 

 

Tests Method Price 

Electro-cardiogram Monitors $50 
 and (Rs.3,000- 
 records the 4,000) 
 heart’s  

 electrical  

 activity.  

Echo-cardiogram Using $60 
 ultrasound, (Rs.4,000- 
 detailed 4,500) 
 picture of  

 the heart is  

 taken.  

Coronary The flow $100 
angiography of blood (Rs.7,000- 

 through 8,000) 
 coronary  

 arteries is  

 examined.  

Nuclear stress To $170 
 examine (Rs.12,000- 
 the flow of 13,000) 
 blood into  

 the heart.  

 

 
By cardiac imaging, the function and structure of the heart 

are visualized. Tests like echocardiography are useful to 

contribute instant information of chamber size, valve 

abnormalities, wall thickness, the function of LV and RV 

[29,30]. 

E. Prognosis 
 

Cerebrovascular diseases like CHD, congestive HF, and 

chronic kidney disease are caused due to hypertension. 

Mortality rate increase when it is left untreated. Moderate 

hypertension is allied with atherosclerosis in 30% of 

people and organ damage in 50% of the people if it is left 

untreated. HHD depends on a varied range of components 

such as the prevalence of concurrent CVD and other 

manifestations [13,28]. 

F. Complications 
 

Left undetected, high blood pressure can lead to a lot 

of complications. The occurrence of irregular 

hypertrophy may lead to a rise in oxygen demand by 

the myocardium, which is called Angina. High BP 

can also damage blood vessels in the retina, resulting 

in loss of vision and this condition is called 

Retinopathy. An irregular heartbeat can even lead to 

sudden death. In certain cases, blocked or narrow 

arteries limit the flow of blood to the brain and cause 

Dementia. An increase in blood pressure can also 

cause blood vessels to weaken and bulge, and this is 

called Aneurysm. The walls of arteries sometimes 

become hardened and thickened, which leads to 

stroke and heart attack. This condition is known as 

Atherosclerosis. In many cases, Brain stroke might 

occur, which causes reduction of the blood supply to 

the brain and that leads to loss of functionality of the 

brain. Also, high blood pressure might lead to kidney 

failure, in which blood vessels in the kidney are 

damaged, leading to the accumulation of toxic fluids 

and wastes. The calcium concentration in the urine is 

may also increase, leading to bone loss. The loss of 

bone density may thereby occur due to excessive 

elimination of calcium (osteoporosis) [13]. 

G. Biomarker and its importance 
 

A biomarker is a biological parameter that draws an 

affinity towards various elements of disease, both 

quantitatively and qualitatively. Generally, an ideal 

biomarker must possess a myriad of features like [30-32] 
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 It should be readily available in a given 

sample so that the detection of the disease 

can be done immediately without any delay. 

 It should have a degree of explicitness. It 

must be highly specific and must be of great 

importance pertaining to the disease. 

 A quantifiable amount of the biomarker must 

be present in the sample so that it is easily 

detected. 

Applicability of biomarkers is not limited but extended 

over to a much wider area. In heart failure (HF), 

biomarkers ideally verify the presence or absence of HF 

syndromes and approximate the rigor of HF and the risk 

of disease advancement [33]. 

Proteins such as ALT, AST, CK, LDH, and troponin have 

been an indicator of the diagnosis of acute myocardial 

infarction [33]. Depending on the severity of the 

condition it can determine, the biomarkers are classified 

as: 

• Troponin – Most determined cardiac marker. 

During a heart injury, it is seen to elevate in 

a few hours and the elevation remains up to 

two weeks. 

• Creatine Kinase – It helps to determine the 

second heart attack which occurs concisely 

after the first. 

• Myoglobin – Along with troponin, it is used 

to detect a heart attack. 

Other tests use biomarkers like BNP and hs-CRP [34]. 
 

H. Troponin as an important biomarker 
 

For patients affected by acute coronary syndrome (ACS), 

cardiac troponins have become the first preference over 

other cardiac markers. Cardiac injury can be indicated by 

a biomarker called troponin which discharges into the 

bloodstream during a heart attack. Natriuretic peptide and 

cardiac troponin have engendered a stature in the sea of 

biomarkers in dealing with cardiac diseases such as heart 

failure, acute myocardial infarction and acute coronary 

syndrome [35]. For the diagnosis of ACS, measurement 

of cardiac troponin is the prime requisite [36]. Troponin 

has demonstrated its capability for the diagnosis and 

eventually the risk of patients with acute chest pain or 

angina [37]. 

Troponin is a protein specifically found in the heart 

muscle cells of the body. The troponin complex is made 

up of three subunits: (a) Troponin I- impede actin-myosin 

interaction; (b) Troponin C- binds calcium; (c) Troponin 

T- attaches the troponin complex to tropomyosin for 

facilitating contraction [38]. Tropomyosin along with 

troponin I, T and C is present on the actin filament [39]. 

In a normal person, the troponin level is non-detectable. 

So, elevation in the level of troponin indicates 

myocardium [40]. Troponin levels peaks at 12-48 hours 

and remains elevated for 4-10 days [41]. The regulatory 

proteins, cardiac troponin I and T are present in cardiac 

tissue. The low levels of troponin T can be detected by 

high sensitivity cardiac troponin test (hs-cTnT) for 

diagnosing heart attack more quickly. The normal range 

for hs-cTnT is 14 ng/l. Heart attack or heart damage is 

most likely when the hs-cTnT test detects the level above 

14 ng/l. The normal range for cTnI is below 0.04 ng/ml. 

When the level increases above 0.04 ng/ml, a person is 

more likely to have heart attack [42-44]. 

Table 4: Representing the range of cTnT and cTnI, that can indicate 

problems with the heart [34]. 

 

Troponin T Troponin I 

99th percentile limits-0.01 

ng/ml 

99th percentile 

0.04 ng/ml 

 limits- 

Assay 

25ng/ml 

range – 0.01- Assay range 

40ng/ml 

– 0.04- 

 

 
After MI, elevation in Troponin T and I can persist for up 

to 10 days. Hence, it has a positive utility for diagnosing 

MI. Troponin discharge can also be triggered by other 

conditions that cause myocardial damage [39,45,46]. 

Troponin C doesn't have any cardiac specificity. 

Therefore, it is not used in the diagnosis of MI. Compare 

to CK-MB, Troponin I and T assays are more specific and 

sensitive. [47,48]. 
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I. Creatine kinase-MB as a cardiac biomarker 
 

Creatine Kinase is an enzyme composed of M or/and B 

subunit. Three different isoenzymes are CK-BB, CK-MB, 

CK-BB. CK-MM is an isoenzyme specific to the muscles, 

CK-BB is an isoenzyme specific to the brain and CK-MB 

is an isoenzyme specific to the heart. The testimonial 

range for CK is approximately 60-140 IU/L for women 

and 80-200IU/L for men. There are various other reasons 

for the elevation of the CK-MB range. So, CK-MB is not 

a very specific biomarker for myocardial infarction [49], 

however, it is used in the confirmatory tests, to confirm 

the prevalence of the disease. 

The level of serum and uric acid elucidate to be an 

independent indicator of evolving hypertension [50]. 

Table 5: Showing the summary of cardiac biomarkers 

 

Test Onset Peak Duration 

CK/CK-MB 4-8 hours 18-24 

hours 

36-48 hours 

Troponin 3-12 

hours 

18-24 

hours 

Up to 10 

days 

Myoglobin 1-4 hours 6-7 hours 24 hours 

LDH 6-12 

hours 

24-48 

hours 

6-8 days 

 

 
The diagnosis of HHD is usually done after the patient 

suffers from one of the symptoms of the disease. 

However, in many cases, lack of early diagnosis and 

treatment causes extreme complications and eventually, 

leads to death. Hence, there is a necessity for the early 

diagnosis and treatment of the disease. Biosensors now 

have major applications in the diagnosis of the disease. 

Therefore, we present a review on cost-effective 

biosensors that would be useful for the detection of the 

biomarkers for HHD. 

III. ELECTROCHEMICAL BIOSENSOR 
 

The biosensors responsible for transforming any form of 

biochemical information into a signal that can be analysed 

are called electrochemical biosensors. The biochemical 

information is generally in forms of analyte 

concentrations, like antibody or enzyme concentration 

and the analytical signal is in the form of current, voltage 

or resistance signal. They allow detecting the lower levels 

of specific analytes in body fluids namely blood, urine or 

saliva and provide a sensitive approach for direct 

measurement and analysis. In a typical electrochemical 

biosensor system, three key components are integrated to 

design the biosensor. These components include (i) a 

recognition element that interacts with the analyte (ii) a 

transducer that generates a signal due to the interaction, 

this signal can be directly measured (iii) an electronic 

system that is used to display, analyse and manage the 

data derived [51]. 

Many techniques can be used for electrochemical 

biosensing: 

i) Impedimetric: the surface of the electrodes is 

immobilized by different biolayers and the 

impedance of the system is measured. 

ii) Potentiometric: the biolayers immobilized in the 

electrode surface help in the measurement of the 

potential variations in the circuit. 

iii) Voltammetric: the current-potential relationship in 

the system is directly measured. 

iv) Amperometric: the redox reactions at the 

immobilized electrode surfaces help to measure the 

currents. 

Relative simplicity is the main advantage of the 

electrochemical biosensors and they, therefore, find 

applications in numerous fields like disease diagnosis, 

environmental monitoring of hazards, telemedicine, food 

quality, and safety and drug formulation and discovery 

[52]. Clark and Lyons invented the glucose meter in 1962, 

which began the era of biosensors and from then onwards, 

the advancement in this field accelerated at an 

uncontrollable pace [53]. 

A. Mechanism of action of Electrochemical 

Biosensors for Detection of Disease 

The biomarkers of the disease are taken as analytes and 

their respective receptor molecules are immobilised on 

the surface of the electrodes. Generally, different 
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components are used for attaching the receptor molecules 

to the electrode surface. These components help in 

surface modification and cross-linking [1]. Examples 

include polymeric molecules like DSP, nanohybrids and 

other linkers like APTES. Nanohybrids are known to 

have very good conducting properties and hence, they can 

be used as mediators. The enhancement of the electron 

flow by these nano-hybrids increases the efficiency of the 

biosensors [54-57]. 

When a sample containing the analyte is fed into the 

biosensor, the receptor molecules interact with the 

analytes, which causes a biochemical transformation. 

This results in the generation of an analytical signal and 

the transducer sends this signal to an electronic system. 

Amplifiers are also used in certain cases to amplify a 

given signal This electronic system records the data and 

further helps in the analysis and management of the data. 

B. Biosensors employed for HHD Markers 
 

Relevant biomarkers such as Troponin T and I and 

Creatine Kinase MB can be detected by using 

electrochemical biosensors. The respective receptor 

molecules can be immobilized onto the surface of the 

electrode, and the interactions of the biocomponents can 

help for analyzing the concentration present in the given 

sample, thereby helping in early detection of the disease. 

The biosensors are usually fabricated using various types 

of nanomaterials namely, nanowires, various metal 

nanoparticles, and nanotubes. However, various polymer- 

based fabrications of sensors are presently being done. 

Modifications are done using polymers to increase the 

efficiency of the biosensors to a great extent mainly by 

improving the specificity and selectivity properties, 

increasing the sensitivity and also providing a greater 

surface area [58-62]. 

The performance of the biosensors is solely dependent on 

the materials used for the making and fabrication of the 

electrodes. Various factors like mechanical properties, 

electrical conductivity, potential range, toxicity, surface 

reproducibility, and cost must be taken into consideration 

while selecting the material. Solid, noble metal electrodes 

are the most preferred ones, like gold, platinum, and 

carbon. Several studies have used Gold screen-printed 

electrodes (Au-SPE) for detecting the biomarkers of 

different cardiovascular diseases [63,64]. 

Metal nanoparticles-based fabrications of sensors are 

presently being extensively researched in the various 

domains of science, mainly because of their excellent 

features [65]. 

Table 6: Representing the electrode potential of different elements at 

25oC (77oF). Silver, carbon, platinum and gold have 

positive electrode potential and hence, they serve to be 

highly stable and conductive materials for constructing the 

biosensors [74]. 

 

Element Standard electrode 

potential [V] 

Anodic end (+), active (this is where the 
corrosion occurs) 

Lithium -3.045 

Potassium -2.920 

Sodium -2.712 

Magnesium -2.340 

Beryllium -1.700 

Aluminium -1.670 

Manganese -1.050 

Zinc -0.762 

Chromium -0.744 

Iron; mild steel -0.440 

Cadmium -0.402 

Yellow Brass -0.350 

50-50 Tin-Lead 
solder 

-0.325 

Cobalt -0.277 

Copper +0.340 

Mercury +0.789 

Silver +0.799 

Carbon +0.810 

Platinum +1.200 

Gold +1.420 

Cathodic end (-), passive (no corrosion 
here) 

 

 
i) Noble nanomaterials: Platinum, silver, and gold 

are commonly used for drug delivery, 

therapeutics, biomolecule recognition, molecular 

diagnostics and imaging. They have good 

optoelectronics features which make them highly 

useful in the biomedical field. 
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ii) Carbon nanomaterials: they are chemically 

stable, have a high surface area-to-volume ratio, 

greater electrical conductivity, highly sensitive, 

very good biocompatibility and have robust 

mechanical strength [66,67]. Carbon nanotubes 

can easily detect a very low concentration of 

analytes [68,69]. Graphene has unique properties 

of 2D-material [70] and proves to be a novel 

material for biosensor fabrication. 

iii) Gold nanomaterials: They are noble metals 

having very high stability and surface-to-volume 

ratio, very good biocompatibility and can be 

easily synthesized. They are extensively used in 

the biomedical field because of their low toxicity 

properties and most importantly, they do not 

interact with the biocomponents (e.g., 

biomarkers) [71]. 

iv) Silver nanomaterials: These are very important 

materials in biosensing technology. They have 

potential applications in diagnostic platforms for 

detecting biomarkers, infectious organisms and 

other physiological threats [72,73]. 

 
C. Detection Techniques 

 

Electrochemical transducers are connected to biosensors 

to provide analytical information. The main principle is 

that the oxidation-reduction reactions of the analyte cause 

changes in the properties of the solution by the 

consumption or production of electron species. This 

change is measured by the working electrode after 

referring to the reference electrode, where no change is 

seen and the solution properties are stable. However, not 

all sensors make use of redox reactions and electron flow. 

Such sensors measure the parameters like impedance, 

capacitance or resistance. Biosensors mainly focus on the 

analysis due to changes on the surface of the electrodes 

deriving from molecular interactions and 

biofunctionalization of the surface. A few examples of 

such interactions include enzyme-substrate, antigen- 

antibody, ligand-receptor reactions and others. [62] 

i) Impedimetric detection: Electrodes are surface 

modified by biological components and the 

structure and function of the electrodes are 

analyzed by a method called EIS or 

Electrochemical Impedance Spectroscopy [75]. 

Label-free interactions and biorecognition of the 

immobilized biomolecules on the sensor surface 

are detected by EIS [76]. Impedance 

Construction of EIS sensors is by using a 

conducting polymer as a base layer or by SAM 

(self-assembled monolayer) [77]. However, the 

main disadvantage is that false-positive results 

can be obtained, which can be rectified by 

making the non-specific binding sites of the 

sensor unavailable, using components like BSA 

protein [78]. 

ii) Potentiometric detection: The two electrodes in 

the system have a potential difference or 

electromotive force (EMF), which is measured at 

a zero-current value [78]. This potential 

difference arises due to the interactions of the 

biomolecules and the Nernst equation can be 

used for describing the reaction. Detection of 

minute changes is possible as the response of the 

concentration is logarithmic [76,79]. 

iii) Voltammetric detection: This is extensively used 

by researchers for biosensing analysis and it 

measures the relationship between the potential 

and the current in the system. The measurement 

of the potential takes place in a condition where 

no current is applied [77]. Voltammetric 

detection can be done using AC voltammetry, 

Cyclic voltammetry (CV), Linear Sweep 

voltammetry (LSV) and Differential Pulse 

voltammetry (DPV) methods. The only 

difference between these methods lies in the way 

the potential is applied [79]. 

iv) Amperometric detection: Redox reaction of the 

biolayers produces a current which is directly 

measured. The product here must, therefore, 

undergo the redox process and hence, be 

electroactive [77]. The glucose meter is the best 

example of a successful amperometric biosensor, 

which has a rapid analysis feature. This portable 

and effective biosensor helps diabetic patients to 

easily check their glucose levels in the blood 

[53,80]. 

With the advent of these methodologies, researchers aim 

to apply these rapid detection techniques to combat this 
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life-threatening disease. However, the aim is not only to 

diagnose the disease at an early stage but also to deliver 

and administer immediate therapeutics, so that the disease 

can be treated effectively. Transdermal Drug Delivery 

System proves to be one of the finest and easiest methods 

for drug administration and researchers are now trying to 

use the Transdermal Patch, to treat numerous diseases. 

IV. TRANSDERMAL DRUG DELIVERY 

SYSTEM 
 

Transdermal Drug Delivery System (TDDS) is a novel 

drug delivery system that has the potential to improve the 

safety and efficacy of old drugs and to rectify the 

problems of conventional drug delivery systems such as 

oral, intravenous and intramuscular [81]. Oral drug 

delivery (ODD) is one of the most commonly preferred 

methods for drug administration, but the main 

disadvantages of this method include drug degeneration, 

poor bioaccumulation of the drug, first-pass metabolism, 

etc in the gastrointestinal tract. For drug administration, 

the transdermal system is one of the approaching methods 

used in the current scenario [82]. Also known as 

“medicated adhesive patches”, it aims to deliver a 

relevant concentration or amount of drug through the skin 

at a very controlled rate into the systemic circulation [83]. 

The major benefits include improving bioavailability, 

painless and non-invasive drug delivery, providing a 

controlled release of the medication, reduced side effects, 

reducing first-pass effect and drug degradation, reduction 

in the frequency of the dosage, reduced fluctuation in 

circulating drug levels and more uniform effect of the 

drug [84,85]. The traditional drug delivery system 

implicates the absorption of the drug across a biological 

membrane. In the Transdermal Drug Delivery System, on 

the other hand, the drug is released in a dosage form. This 

system helps in preventing any damage to the healthy 

tissue by maintaining the required drug levels in plasma 

and tissue into the body.[86]. 

The patch is incorporated with a porous membrane which 

in turn serves as a mask for a reservoir of drug solution 

which is further enclosed by the adhesive. When the 

patches are directly applied to the skin, the drug in the 

reservoir is released into the systemic circulation at a 

controlled rate via a diffusion process. Use of 

microneedles, suitable formulations, nanoparticles, 

carriers, penetration enhancers, and others further 

enhance the drug administration and these systems are 

now being used for treating neurological disorders 

namely, Parkinson’s disease and certain skin diseases 

[87-89]. 

Skin act as a protective barrier for the and transdermal 

delivery requires to overcome the skin barrier to deliver 

the drug. This can be attained by utilizing the following 

two technologies: Passive and Active. Passive 

technologies make use of systems such as 

microemulsions, electrospun nanofiber, liposomes as 

carriers for steroids and vaccines or nanoparticles. On the 

other hand, active technologies use electroporation, 

microneedles, iontophoresis or magnetospheres [90,91]. 

 
 
 

Fig-1: Representing application of transdermal patch onto the skin [84] 

 

A. Skin 
 

Skin is divided into three zones: (a) Hypodermis, the 

innermost layer, (b) Dermis, the middle layer, and (c) 

Epidermis, the outermost layer [92]. 

i) Hypodermis: Also called the subcutaneous layer, it is 

the innermost layer beneath the dermis, consisting of fat 

cells along with the sensory neurons, blood vessels, and 

hair follicles. It helps in providing mechanical protection 

and nutritional support and also regulating temperature. 

ii) Dermis: The middle layer, composed of two 

connective tissue layers- (i) Papillary layer- upper 

sublayer which consists of large number of nerve fibres, 

capillaries, water, cells and loosely connected tissue (ii) 
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Reticular layer- lower sublayer, dense and thicker 

networks of connective tissue 

iii) Epidermis: This is the skin’s outermost layer and is 

composed of keratinocytes (which account for 95% of 

cells), Merkel cells, Langerhans, and melanocytes [91]. 

The epidermis is sub-divided into 5 layers i.e. stratum 

granulosum, stratum spinosum, stratum lucidum, stratum 

corneum and stratum basal [93-99]. 

 

 

 
Fig-2: Illustration of various layer of skin structure of human namely: 

Epidermis, Dermis and Hypodermis [96]. 

 
 

 
B. Route of drug penetration through the skin 

 

To reach systemic circulation, the drug must penetrate 

through all three layers of skin. There are two main 

routes, the Transappendageal route and the 

Transepidermal route [100]. 

In the Transepidermal route, the drug passes across the 

stratum corneum layer of the skin via: (a) Transcellular 

pathway: that involves drug transport through 

corneocytes, which are differentiated keratinocytes, as 

well as the phospholipid membranes. Firstly, the drug has 

to pass through each cell of lipophilic layers and then 

through the dead keratinocytes. (b) Intercellular pathway: 

that involves the delivery of drugs through the small 

intercellular spaces of the skin thus, making the route 

more complex [101-103]. 

The Transappendageal route mainly involves diffusion of 

drugs via the sweat glands and hair follicle and 

researchers have reported that it is an efficient pathway 

for transportation of large and water-soluble drugs 

[104,105]. 

The Transfollicular route has also gained a lot of attention 

and it is being focussed upon for drug administration via 

nanocarriers, which can penetrate through the hair follicle 

openings and reach the depth of the tissues of the skin 

[105-107]. 

 
 

Fig-3: Representing routes of drug penetration across SC layer of skin namely 

transappendageal, intercellular and intracellular routes [107] 

 

C. Transdermal permeation 
 

Passive diffusion is the main principle for the permeation 

of drugs. The mechanism involves drug diffusion through 

the transepidermal layer and absorption by the 

transappendageal layer (sebaceous glands and follicular 

epithelium) and finally, it enters the stratum corneum. 

Steps involved in the passing of the drug [81,108,109]: 
 

• Passing of drug to rate-controlling membrane from the 

patch. 

• The disintegration of the drug within the formulation 

and release from it. 

• Segregation occurs in the skin's outmost layer, the 

stratum corneum. 

• Dispersion of the drug via a lipidic intercellular pathway 

in the stratum corneum. 

• Penetration of drug through the viable epidermis layer 

and in the upper dermis layer- papillary layer. 
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D. Components of Transdermal Patch [110-113] 
 

i) Polymer matrix: Controls the release of the drug from 

the system thus, serving as a backbone for TDDS. The 

drug is dispersed in solid or liquid state polymer and the 

matrix is made. The polymer for patch should be 

biocompatible, non-reactive with the drug and other 

components of the system, provide effective release of 

drug and its degradation products must be non-antigenic 

and non-toxic to the host. Natural polymers (Gelatin, 

starch, cellulose, etc.) or Synthetic polymers 

(polyacrylate, polyethylene, polyvinyl chloride, etc.) can 

be used. 

ii) Drug: It should be potent with lower molecular weight 

(>1000 dalton), and have an affinity for both hydrophilic 

and lipophilic layers. 

iii) Permeation enhancer: By altering the proteins and 

lipid layer, they promote permeability. Solvents like 

alcohol and pyrrolidone, Chemicals like urea and 

Surfactants (both anionic and cationic) like Sodium 

Lauryl Sulphate are used. 

iv) Pressure Sensitive Adhesives (PSA): It helps to 

maintain contact between the surface of the skin and 

transdermal patch. Polysiloxanes, polyacrylate, 

polyisobutylene-based adhesives, etc. are extensively 

used. The PSAs should aggressively adhere to the skin, 

compatible with drugs, enhancers, and excipients of the 

device. Drug penetration should not be affected while 

removing the PSAs. During the removal procedure, it 

should not leave any unwashable residue and sensitize the 

skin. 

v) Backing membrane: This membrane protects the 

product from the outer environment as they are flexible 

and impermeable. Examples for backing membranes: 

adhesive foam pad with occlusive base plate, metallic 

plastic laminate, plastic baking with an absorbent pad, 

etc. 

vi) Release Liner: The liner protects the product during 

storage, which is removed before use. It is generally 

composed of Teflon or silicone coating and a base layer. 

vii) Other excipients depending upon the drug and the 

disease to be treated. 

The transdermal drug delivery system has become a 

recent trend for incorporating the drug into the body via 

the skin, without rupturing the skin membrane and 

transdermal route. The drugs showing unstable GI 

conditions and hepatic first-pass metabolism are suitable 

candidates for TDDS. 

E. Current Applications of Transdermal Patch 
 

i) Nicotine patches: Nicotine patches are used to deliver 

nicotine through the skin to reduce the tendency of an 

individual to consume tobacco. Tobacco contains 

nicotine, which is addictive. When these patches are 

applied to the skin, nicotine is released and absorbed 

through the skin. The released nicotine binds to the 

receptors of nicotine in the body due to which nicotine 

cravings and withdrawal symptoms like anger, 

irritability, anxiety, depression, etc, are reduced, leading 

to smoking cessation. Patches are available in various 

dosage range, allowing the user to use it following their 

addiction, strongest patches to be used by the higher 

dependent smokers and lower to be used by the lower 

dependent smokers [114]. 

ii) Ortho Evra (Estrogen patches): Menopause, as well as 

post-menopausal, are treated by using estrogen patches. 

The patch has three layers: the inner release liner- must 

be removed before applying, a layer consisting of 

hormones, and an outer protective layer. when the patch 

is applied on the skin, hormones are released and 

absorbed to provide a continuous flow of hormones 

during menstrual cycles [115]. 

iii) Nitroglycerine patches: People with coronary artery 

disease (narrowing of the blood vessels) may forbid 

episodes of angina (chest pain) using these patches. 

Nitroglycerine belongs to a class of drugs known as 

nitrates. Angina occurs when the heart muscle does not 

receive enough blood. When the heart muscle does not 

receive enough blood, angina occurs. When the patch is 

applied on the skin, nitroglycerine is released, which is 

absorbed by the body. The drug allows the blood to flow 

easily to the heart by relaxing and widening the blood 

vessels [116]. 

iv) Microneedles: Microneedles are micro-scale needles 

used to deliver vaccines or other drugs through the skin 
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using the transdermal application. This can be formulated 

through various methods that involve photolithography or 

micro-molding. When the transdermal patch containing 

microneedles is applied to the skin of the patients, drugs 

are released on the target site. Microneedles can be 

categorized into four: solid microneedles, drug-coated 

microneedles, dissolving microneedles and hollow 

microneedles. 

• Solid microneedles are used to create pores in the 

skin surface, the drug is delivered by applying on 

the skin which diffuses through the pores into the 

body. 

• Drug-coated microneedles refer to microneedles 

coated by a drug using water-soluble 

formulation. When the patch containing this type 

of microneedles is applied on the skin, the drug 

coating is dissolved into the body, after which 

microneedles are released. 

• Dissolving microneedles encloses the drug. The 

microneedles are made up of water-soluble or 

biodegradable polymer. When the patch 

containing these microneedles is applied into the 

skin, the microneedles dissolve completely 

which in turn releases the drug into the body. 

• Hollow microneedles are used for the delivery of 

liquid drugs into the body through the skin [117]. 

 
 

Fig-4: Representation of different types of microneedles(MN) such as solid 

MN, coated MN, dissolving MN and hollow MN and their mechanism 

[117] 

 

Effective drug delivery method is very important for the 

treatment of the disease and TDDS serves to be an 

effective method because it is convenient, user-friendly 

and painless [118]. Rapid and easier drug administration 

procedures not only help in effectively treating the 

disease but also plays an important role in preventing 

complications that are associated with the disease. 

V. CONCLUSION 
 

Hypertensive Heart Disease involves a lot of risks and 

complications, which if untreated, may cost a person's 

life. Such a life-threatening disease requires early, 

accurate and rapid diagnosis and treatment. The 

prevalence of cardiac damage is confirmed using 

Troponin T and I and Creatine kinase-MB biomarkers. 

The detection of these cardiac-specific biomarkers with 

the help of biosensors electrochemically helps in the rapid 

diagnosis of the disease. The biosensors are user-friendly 

and portable and such point-of-care devices are a boon to 

the rural population, who lack access to good medical 

facilities and sophisticated laboratories. The aim, 

however, does not only focus on the rapid detection of the 

disease but also an effective treatment for the disease. 

Transdermal Drug Delivery System proves to be one of 

the best methods to administer the relevant concentration 

of the drug in a controlled fashion. The user-friendly, 

portable and painless drug delivery patch can give 

immediate relief to the diseased person in one stroke and 

therefore, help in increasing the survival rate of the 

diseased person, especially in cases of complications such 

as heart attack and stroke. Soon, POC and lab-on-a-chip 

devices, as well as Transdermal Patches, will be used for 

the treatment of different cardiovascular diseases, 

including HHD. However, adequate funding and 

investment are necessary for supporting the mechanism 

that is needed for the commercialization of these devices. 
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