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Abstract: Our modern life today is simply over dependent on technology and its application. The cornerstone of such 
development in industrial and commercial sectors of our life is the automation process as a field of modern technology. This 
paper concerns on commercial residential application of automation technique to design and implement advanced conventional 
room known as smart room using Arduino UNO as the main microcontroller board .Smart room incorporates room appliances 
control automation wirelessly using HC-05 Bluetooth module and android application; automatic security alarm system 
involving buzzer; and a real time weather status display via 16x2 LCD using DHT11 sensor. The user controls all room 
appliances and also display temperature and humidly status on the LCD by sending numerical character from his Smartphone 
Bluetooth terminal to the microcontroller wirelessly, furthermore the security system works automatically upon detecting an 
intruder. 
Keywords: Arduino Uno, LCD, Smart phone, HC-05 Bluetooth module, Sensor 

I. INTRODUCTION 
Room appliances Automation; security of our rooms; and whether status information; remain vital to our daily day-to-day activities. 
Elderly and handicapped people find it tedious or are not able to move frequently for controlling room appliances such as: fans, 
bulbs, television etc. Intruders and thieves continue to invade our rooms, unknowingly to us and as a result we lost our properties, 
belongings and peaceful mind of a secured room when we are outside our rooms. Similarly, we often look through our windows 
each morning to understand the weather status which would enable us to know the cloth we will wear, where shall we visit and what 
we will do over the day etc. With the advancement of technology and our over dependence on our smart mobile phones, The smart 
room technology will be a much needed extension of our conventional rooms to contains all needs mentioned and to cater for many 
problem that do affect our residence. Over the years different technologies have evolved for smart room technology implementation 
among which are: Bluetooth, WIFI and ZigBee for communication purposes and different devices such as: smart phones, laptops etc 
controlling various appliances. This paper designs and implements smart room using Bluetooth technology and is economically low 
cost for easier implementation.  

II. LITERARUTE REVIEW 
In [1] the research paper designs and implement smart home, it consists of an android application which would send control signal 
via ESP8266 WIFI module to an Arduino microcontroller for automating and controlling of accessories using relay board. [2] The 
paper presented home automation system (HAS).  
Bluetooth HC-05 module was used to establish the communication purposes. Android Application sends signal or voice command 
to Arduino to control up to four appliances using 4-channel relay board. [3], the paper employs IOT technology; it implemented 
home automation and home security technique. ESP8268 WIFI module and other sensors are interface with Arduino, the sensors 
read the condition of the home appliances and upload it to a cloud platform so that user can access it. The microcontroller provided 
the control. 
[4] Home automation and security ware discussed and implemented using GSM module, Arduino and Android application. A 
counter displays the number of people entering the home on LCD, in automation mode, appliances are turned on/off depends upon if 
a person is available in the home while in security mode, light and an alarm are turned and SMS message alert is sent upon detecting 
intruder. Similarly, Smartphone application can be use by residence for appliances automation. [5] Home Automation of appliances 
cantered on Arduino UNO as the main controller was designed and implemented, features include water level indication using 
ultrasonic detector and plant irrigation system monitoring using soil moisture detector was used. Bluetooth module HC-06 was used. 
[6] The author demonstrated home automation of appliances over the internet as channel of communication. It employs raspberry 
microcontroller as a server and upon receiving control signal from Smartphone application from any place, it activates the operation 
of relay to an appliance. 
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III. PROPOSED DESIGN 
From the literature review above, most of the design concern only about automation of appliances in homes and employs WIFI 
module which relatively is cost high and difficult in implementation, require expertise to handle and monitor, and problem of 
network connectivity would always remain a setback. The design here gives expansion upon automation of appliances to add 
intelligent security system and real time weather status in a room and it involves Bluetooth which is easier in implementation than 
WIFI module and better cost economic. 
The figure below shows the block diagram of Smart Room Technology: 

 
Figure 1: Block Diagram of Smart Room 

IV. COMPONENTS AND SPECIFICATIONS 
A. Hardware Used   
1) Arduino Uno Board: This is an open source general purpose microcontroller board based on ATMEGA 328 Microcontroller. 

The board has 14 digital input/output pins, six analog inputs pins, programmable using Arduino UNO IDE and can be powered 
through USB port or External 7v to 20v power adaptor. The board however can be used in extension with other boards for some 
applications. The board has other technical specification and other pins of different application. 

 
Figure 2: Arduino Uno 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429 

                                                                                                                Volume 8 Issue V May 2020- Available at www.ijraset.com 
     

 
2010 ©IJRASET: All Rights are Reserved 
 

2) Hc-05 Bluetooth Module: This is manufactured for wireless communication, it is based on IEEE8802.15.1 standard protocol, 
through which one can build wireless personal area network. It uses frequency-hopping spread spectrum radio technology to 
send data. This module can be used in a master and slave configuration. It has 6 pins: Key/EN ;VCC ;GND ;TXD ;RXD and 
STATE. Similarly, the module has RED LED to show connection status, before user device is connected, the light blinks fast 
and continuously, after the device is connected it slows down to blink slowly. HC 05 operates on 3.3V voltage supply but can 
work with 5V supply since it has in-build voltage regulator. Default baud rate is 38400bps. 

 
Figure 3: HC-05 Bluetooth module 

 
3) 16x2 LCD: Liquid crystal display (LCD) is very popular in embedded and IOT projects because of its cheapness, availability 

and easily to be programmed for display of an image or characters on its flat screen. LCD does not produce their own light 
rather depends on some reflectors to produce image in a single color. It is named 16x2 because it has 16 columns and 2 rows 
meaning it can contain 16*2=32 images or characters in total and each is made of 5x8 pixel dots. 

 
Figure 4: 16x2 LCD Pin Descriptions and Specification[7] 
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4) DHT11 Sensor: This consists mainly of resistive humidity measurement component and negative temperature coefficient 
component. It is a single wire humidity and temperature detector that produce fully calibrated digital humidity and temperature 
values output serially with a single wire protocol. The sensor is manufactured in a single row of 3 0r 4 pins package and 
operates from 3.5v to 5.5v supply. It measures temperature range of 0-500C with an accuracy of +20C% and humidity ranging 
from 20-90% with an accuracy of 5%. 

 
Figure 5: DHT11 Sensor 

 
5) Touch Sensor: Also known as tactile sensor, it is mostly a proximity sensor reduced to lowest distance. Touch sensors are used 

to detect and sense touch, they operate as a closed switch upon touched. They perform action similar to human being’s skin. 

 
Figure 6: Touch sensor 

 
6) Relay Module: This is designed for mostly microcontroller such as Arduino UNO board, PIC, etc. Relay is an electrically 

operated switch that is used to control or operate both AC and DC output devices upon receiving a pulse signal. A channel relay 
module has six pins: VCC (+5V), GND, Digital input, normally closed and normally open. The relay output is always 
connected to normally closed pin, upon receiving pulse it got triggered to normally open. 

 
Figure 7: relay module 
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V. SOFTWARE ARCHITECTURE 
The microcontroller was programmed in an open source ARDUINO UNO IDE, the programmed was written as a sketch and 
uploaded to the Arduino UNO board. The detail algorithm is below: 
 
A.  Automation and Weather status Display Algorithms 
1) Input: Character “KEY” from android application 
2) Output: Status of pin 
a) Initialize input and output pins 
b) If serial available, read and store it in to variable “KEY” 
c) Switch “KEY” 
d) Case “1”: switch ON first accessory 
e) Case”2”: switch OFF first accessory 
f) Case”3”: switch ON second accessory 
g) Case”4”: switch OFF second accessory 
h) Case”0”: display weather status information on LCD 
i) End 

 
B.  Automatic security Program Algorithms 
1) Input: character “INPUTVAL” from android application 
2) Output: status of pin 
a) Initialize input and output pins 
b) Declare character ALARM VALUE 
c) Analog read input quantity and stores in “INPUTVAL” 
d) If INPUTVAL is greater than ALARMVALUE, Set output pin HIGH 
e) If INPUTVAL is less than ALARMVALUE, Set output pin LOW 
f) Repeat continuously 

 
Figure 8: Circuit Diagram 

VI.  RESULTS 
The proposed plan of this paper leads to its real implementation and all the goals required of the smart room was observed and 
tested. Excellent communication between our smart phone android application and Arduino UNO was obtained first, the accessories 
were then fully controlled independently and simultaneously by sending the right numerical command also the LCD displayed the 
real time weather status information on the LCD by sending the appropriate command. Finally, the security system was tested, the 
touch sensor was touched and buzzer alarm sound was heard. The system is very important for Room residence, economic friendly 
and easily implemented. 
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VII. CONCLUSION 
Smart room is an advance extension of commercial room to make life very comport for its residence. In the paper, design of smart 
room was discussed along with a block diagram and all hardware and software ware discussed appropriately. The system was also 
implemented and tested and it comprises of room accessories automation, security system and real time weather status display. The 
Bluetooth module provides the communication channel between the smart phone application and Arduino UNO microcontroller. 
The project demonstrated the high objective of energy saving needs, cost effectiveness and easily programmed, implemented and 
maintained. 
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ABSRACT: Digital filters plays very important role in digital 
signal processing (DSP), digital filters are systems that 
operates on sampled, quantized input signals (digital 
signals) to allow certain range of frequency to pass either 
low frequency or high frequency, it can also pass or reject 
certain band of frequency from the given input signal 
bandwidth, or to achieve other filtering objectives. Finite 
impulse response (FIR) filter and infinite impulse response 
(IIR) are the two types of digital filters used, One of the 
methods that are used for the design of FIR filter is the 
windowing method, this method uses a window function 
such as rectangular, triangular, hamming, hanning, and 
Kaiser Window to truncate the infinite impulse response 
(e.g. Sink signal) in order to get the finite impulse response. 
In this work a low pass FIR filter is design using four 
different window functions namely Rectangular, Hamming, 
Hanning, and Blackman. Analysis and comparison on the 
frequency response of each low pass FIR filter designed is 
done, so that conclusion can be made on the window 
function that gives good filter response. 

Keywords: filter, frequency, FIR, IIR, window functions. 

1.0 INTRODUCTION 

1.1 FILTER 

A filter is an electronic circuit that changes the wave shape, 
amplitude-frequency or phase-frequency characteristics of 
a given signal, for the purpose of  removing noise,  
extracting information from the signal, or to separate two 
or more signals that a combine together. Filters played an 
important role in the field of engineering especially 
electrical, electronics and communication fields of 
engineering. Filters generally are frequency selective 
circuit that allow only certain range of frequency to pass 
either low frequency or high frequency, Filters are 
generally categorized in to analog filters and digital filters. 
[1] 

 

1.2 ANALOG FILTER 

Analog filter is a type of filter that operates on continuous-
time signal to remove noise from the signal, to allow 
certain range of frequency to pass or block it, or to achieve 
any filtering objectives. Analog filters circuits are made of 
analog components such as resistors, capacitors, inductors, 
and op amps. They are also characterized by their 
continuous impulse response described by a differential 
equation. Laplace transform is used to represent the 
transfer function of the analog filter [3]. Types of analog 
filters are.  

i. Low pass filter (LPF) 
ii. High pass filter (HPF) 

iii. Band pass filter (BPF) 
iv. Band reject filter (BRF) 
v. Notch filter 

vi. Resonance filter 
vii. All pass filters.  

1.3 DIGITAL FILTER 

A digital filter is a type of filter that operates on a digital 
input signal and produced a digital output signal for 
filtering purposes. It is an algorithm implemented in 
hardware or software that plays an important role in 
digital signal processing (DSP) systems below. [1] 

i. Speech signal processing 
ii. Image processing 

iii. Data transmission 
iv. Data compression 
v. Biomedical signal processing 

vi. Digital audio signal processing 

Digital filters operates on sampled, quantized input signals 
(digital signals) to allow certain range of frequency to pass 
either low frequency or high frequency, it can also pass or 
reject certain band of frequency from the given input 
signal bandwidth, or to achieve other filtering objectives 
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[3]. Finite impulse response (FIR) filter and infinite 
impulse response (IIR) are the two types of digital filters 
used depending on the requirement of the system or 
application in which the filter is to be used. 

1.3.1 Types of digital filters 

i. Finite impulse response (FIR) filter 

This is a type of digital filter in which its impulse response 
is of finite duration. [1] This filter can be represented by 
the difference equation below. 

y (n) = ∑              
    

From the difference equation of the FIR filter above, the 
impulse response h (k) is of finite values from 0 to N, the 
equation also indicates that the output of the filter y (n) 
depends on the present and past values of the input signal. 
Now the transfer function of the FIR filter can be obtained 
by taking the z-transform of the impulse response as 
below. 

H (z) = ∑           
    

The diagram below is block diagram of digital FIR filter, 
with the input, output, delays, coefficients, and sum. 

 

Fig. 1.0 FIR filter block diagram 

ii. Infinite impulse response (IIR) filters 

This is a type of digital filter in which its impulse response 
is of infinite duration, the input and output signals to IIR 
filter are related by the convolution sum below. 

y (n) = ∑            
    

Now the problem with the equation above is that it cannot 
be implemented by computation because of the infinite 
impulse length that started from zero to infinity, instead 
the equation is express in a recursive form which is called 
the difference equation of the IIR filter as given below. 

y (n) = ∑            ∑          
   

 
    

Where a k and b k are the coefficients of the IIR filter. 

From the difference equation above, the output signal y (n) 
depends on the present and past values of the input signal 
as well as past output values, this shows that the IIR filter 
has a feedback system. [1] 

2.0 LITERATURE REVIEW 

Various articles and research papers were reviewed which 
formed the literature review of the thesis. However for the 
purpose of this publication some part of the literature 
review is discuss as below, Manjinder Kaur1 and Sangeet 
Pal Kaur in their research paper “FIR low pass filter 
designing using different window functions and their 
comparison using MATLAB” the simulation result shows 
that the triangular window produced inefficient low pass 
filter result compare to other window function, hence 
should not be choose for efficient FIR low pass filter 
design. Among all the window functions the Blackman 
Harris window is the best choice for FIR filter design using 
window function because it produces less side lobes and 
zero leakage factor. [4] 

In another research work done by N. M. Shehu, A.S. Gidado, 
and M.I. Faruk on “response analysis of FIR high pass filter 
design using window methods” they make a comparative 
analysis based on the magnitude response, phase 
response, and pole-zero plots of the FIR high pass filter 
designed using three window functions namely: 
Rectangular, Kaiser, and Tukey window functions. The 
simulation result shows that the rectangular window 
function is the best for the design of FIR high pass filter 
because its magnitude response is close to the specified 
cut-off frequency. [5] [6] 

Sumbal Zahoor and Shahzad Naseem in their research 
paper worked for an optimized and efficient design of 
digital FIR band pass filter from software to hardware 
implementation using Hamming, Hanning, Blackman, and 
Kaiser as the window functions. The Kaiser window 
function is the best choice based on the simulation result 
as it showed less transition band and minimum main lobe 
width, based on the same specifications(N = 15, β = 0.5, fc1 
= 0.4, fc2 = 0.5) given for the design of the FIR band pass 
filter using the mentioned window functions above. And 
for realization of the transfer function the best-chosen 
structure is the direct-form structure, this design method 
reduces arithmetic complexity and hardware resources, 
hence produced optimized FIR band pass filter. [7, 8] 

In the work of Er. Sandeep Kaur, and Er. Sangeet Pal Kaur, 
on “Design of FIR filter using hanning window, hamming 
window and modified hamming window”. Based on the 
simulation result of their work, the FIR filter designed 
using the modified coefficients of the hamming window 
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function give a better and efficient design than the hanning 
and hamming window functions, because it provided 
smaller main lobe width, and sharp transition band. [9] 

Also, in a published paper by Mr. Ankan Bhattacharya on 
FIR filter design, a modified window function and a 
hamming window function were used in the design, a 
frequency response of low pass, high pass, band pass, and 
band stop FIR filter of the modified window function and 
the hamming window function were shown in the 
simulation result, by comparison the modified window 
function give efficient and best design. [10] 

3.0 METHODOLOGY 

A MATLAB software was used for the design and 
simulation of the low pass FIR filter, the codes of the 
design are implemented on the software, and simulation 
result of various plots of the low pass FIR filter designed 
were observed. At the first stage of the design 
methodology, the design specifications of the filter such as 
order, range of values, cut off frequency, angle, etc. were 
given. A sink function was define and plotted with it 
frequency response, rectangular window function was 
defined and plotted as well, truncation of the sink function 
was done by multiplying it with rectangular window 
function, the frequency response of the multiplication 
result is the low pass FIR filter designed using rectangular  
window function by windowing technique. Subsequently a 
different window function Hamming was used, the result is 
the low pass FIR filter designed using Hamming window 
function, the other two window functions used are 
Hanning and Blackman window functions.  

A noisy sine signal was defined with its time domain plot. 
The low pass FIR filter designed above using each window 
function was called, and used to filter the noisy sine signal 
above, the time domain of the noisy signal before and after 
filtering were plotted, the four different filtering result 
were compared, and conclusion was made on the filter that 
gives best filtering result. 

3.1 DESIGN SPECIFICATIONS  

The parameters or specifications used in the design of the 
low pass FIR filter are: 

i. Order of the filter m = 50 
ii. Range of values n = 0:1:m-1 

iii. Sampling frequency f s = 2000 
iv. Cuff-off frequency fc = 0.1 
v. Angles θ1 , θ2 ,  θ3 

vi. Frequency of a noisy sine signal f1 = 50 
vii. Time domain t 

3.2 DIGITAL FIR FILTER DESIGN METHODS 

i. Frequency sampling method 
ii. Chebyshev approximation method 
iii. Windowing Method 

3.3 FIR FILTER DESIGN USING WINDOWING 
TECHNIQUE 

The design of FIR filter using windowing method involved 
the use of window function such as rectangular, hamming, 
hanning, and Kaiser Window and multiplies it with the 
desired infinite impulse response to obtain the finite 
impulse response of the filter, this truncation produces 
ripples and overshoot both in the passband and the 
stopband of the FIR filter frequency response. This ringing 
effect near the band edge of the FIR filter is called Gibbs 
phenomenon, the magnitude of this Gibbs phenomenon 
differs for each window function used in the design. All the 
window functions have different properties in time and 
frequency domain, having different side lobe attenuation 
and transition width. The best window function to be 
choose for the design of FIR filter is one that provide good 
filter response with reduced side lobes and comparatively 
less pass-band and stop-band ripples.[11] 

Generally, in the design of any digital filter, the desired 
frequency response of the digital filter response H d (   ) 
is given below. 

H d (   ) = ∑            
   

By taking the inverse discrete Fourier transform (IDFT) of 
the desired frequency response an infinite impulse 
response h d (n) can be obtain below. 

h d (n) = 1/2π ∫               
 

  
 

Unfortunately, this impulse response h d (n) is infinite and 
hence lead to unrealizable IIR filter. However, this infinite 
impulse response can be made finite by truncating it, this 
truncation is achieved by multiplying the infinite impulse 
response with a window function w(n) to get the finite 
impulse response h(n). [12] 

h (n) = h d (n) .w (n) 

Now the design frequency response of the FIR filter is 
obtained from the finite impulse response h (n) as.     

H (   ) = ∑             
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Also, the transfer function of the FIR filter can be 
determined by taking the Z-transform of the impulse 
response as. [13]  

H (z) = ∑           
    

3.4 WINDOW FUNCTIONS 

Window functions are used to truncate the infinite impulse 
response (e.g sink function) in the design of FIR filter, 
some of the window functions are discuss below. [14] 

i. Rectangular window function 

WR(n) = {
                                   
                                               

 

ii. Hanning window function 

WHN(n) = {
                                              

          (
   

   
)            

 

iii. Hamming window function 

WH(n) = {

 
                                                

             (
   

   
)             

 

iv. Blackman window function 

WB(n) = 

{

 
                                           

            (
   

   
)         (

   

   
)         

 

4.0 SIMULATION RESULT AND ANALYSIS 

There are various plots from the simulation result using 
the MATLAB software, the plot of the sink signal, window 
functions, response of the low pass FIR filter designed, 
noisy sine signal, as well as the filtered sine signal are 
shown below.  

 

a) Time domain and frequency response of the sink 
function. 

 

b) Plot of Rectangular window function 

 

c) Plot of hamming window function. 
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d) Plot of Hanning Window function 

 

e) Plot of Blackman window function 

 

 

f) Response of low pass FIR filter designed using 
Rectangular window function. 

 

g) Response of low pass FIR filter designed using 
Hamming window function. 

 

h) Response of low pass FIR filter designed 

using Hanning window function. 

 

i) Response of low pass FIR filter designed using  
Blackman window function. 
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j) Noisy sine signal. 

 

k) A comparative plot of Noisy sine signal with the 
filtered noisy signal using Rectangular Windowed 

function filter. 

 

l) A comparative plot using Hamming windowed 
function filter 

 

 

m) A comparative plot using Hanning windowed 

function filter 

 

n)  A comparative plot using Blackman windowed 
function filter. 

4.1 ANALYSIS ON THE DESIGNED FIR FILTER 
RESPONSES 

All the window functions Triangular, Rectangular, 
Hanning, Hamming and Blackman have completely 
different properties in time and frequency domain, having 
different side lobe attenuation and transition width. The 
best window function to be choose for the design of FIR 
filter is one that provide accurate type of responses with 
reduced side lobes and comparatively less pass-band and 
stop-band ripples. Considering the frequency response of 
the low pass FIR filter designed using rectangular window 
function in (f), there is a sudden transition at around 0.2 
from passband to stopband region, this make the 
transition width very small, the stopband also consist of 
ripples with high side lobes as shown in the diagram. In 
the case of the frequency response of the low pass FIR 
filter designed using Hamming window in figure (g), 
transition from the passband to stopband start at around 
0.2, with transition width 0.2 to 0.3, and a high side lobes 
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in the stopband region as shown above. Also, for the 
response of FIR filter designed using Hanning window 
function in figure (h), there is almost similar result with 
that of FIR low pass filter designed using Hamming 
window function, due to the slight difference in the 
formula of Hanning and Hamming window functions. 

However, looking at the frequency response of the FIR low 
pass filter designed using Blackman window function in 
(i), transition from the passband to stopband start after 0.2 
and stop after 0.3, there is also reduced in the width and 
height of the side lobes in the stopband, unlike that of the 
FIR filter designed using rectangular, Hanning, and 
Hamming window function that have high stopband 
ripples. 

Although looking at the diagrams from (k) to (n), there are 
four comparative plots of the noisy sine signal and its 
filtered form using the four different low pass FIR filter 
designed using the four window functions, the four 
comparative plots almost give similar result, even though, 
we expect to see Blackman window function to give a 
better filtering result than the other three window 
functions. However, this depends on the nature and 
properties of the signal to be filtered, and which filter 
specifications meet the requirement or values of the signal 
to be filtered, such analysis need to be done before 
designing or chosen a filter so as to avoid filter mismatch 
or removing part of the signal that is not supposed to be 
remove.

5.0 CONCLUSION   

 Based on the simulation results and it analysis, the design 
of low pass FIR filter using windowing technique on 
MATLAB software, four different window function namely 
Rectangular, Hamming, Hanning, and Blackman were used 
for the design using windowing technique, based on the 
analysis of the four filter responses designed, and also 
looking at the comparative plots of the noisy sine signal 
filtered using the four filters designed, the Rectangular 

window function is not suitable for the FIR filter design 
based on this specifications, because it produces filter 
response with less transition width and high side lobes 
ripples in the stopband. The Hamming and Hanning 
window functions almost gave similar result due to the 
similarity in their formula. However, Blackman window 
function gave better filter response than that of 
rectangular, Hamming, and Hanning window functions, as 
it produces filter response of smaller width and height of 
the ripples in the stopband 
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Abstract: The world of today is full of colors and joys. To enjoy this color of nature we need the eyes. But one of the major 
conditions which damage the human eyes capability of seeing is blindness. Blindness effects on our education, employment and 
prosperity, and also participation in civil, social and political life.  World's largest number of blind people is in India. Around 40 
million people across the globe, who are blind, over 15 million are from India. In India, the requirement of optometrists is 
40,000 but there are only 8,000. 75% cases of blindness could be avoided but for the shortage of optometrists and donated eyes 
for the treatment of corneal blindness.[1]  
In 21st century MEMS and NEMS is the most promising technology. Now a days it players very important role in the revolution 
of industrial and consumer products by combining silicon based microelectronics with micromachining technology. The main 
function of bionic eye is to restore basic visual cues for those people who are suffering from eye diseases such as retinitis 
pigmentosa. In bionic eye a micro video camera fitted to the Goggle used by patient, it will capture the image and process it. 
After that image are sent via wireless medium to a bionic eye, which is implanted at the back of eye, it generates optic signals to 
stimulates optic nerves to generate points of light, it forms the basis of images in the brain. Thus a blind one can also watch that 
object. 
Keywords: Cause of Blindness, Bionic Eye & MEMS Technology. 

I. INTRODUCTION 
MEMS and NEMS is now in trend and one of the most promising technologies in this Century and has the capacity to revolutionize 
both industrial and consumer products by combining silicon-based microelectronics with micromachining technology. Its techniques 
and microsystem-based devices have the potential to dramatically effect of all of our lives and the way we live. MEMS and NEMS   
have become the fastest-growing area of scientific research, with inventions of new devices. Technology has done wonders which 
help the mankind. Prosthetics use to help overcome handicaps. 

II. CAUSES OF BLINDNESS 
There are mainly two causes of blindness:- 
1) Retinitis Pigmentosa 
2) Age-related macular degeneration 

 
A. What is a Retinitis Pigmentosa? 
Retinitis pimentos (RP) is the major cause of inherited blindness, affecting 1.5 million people worldwide (a prevalence of one in 
5000).RP is characterized by the progressive loss of photoreceptor cells and supporting vision and is related with night-vision 
difficulties. Most commonly, patients lose their sight slowly, eventually developing tunnel vision and possibly complete blindness in 
the late stages of the disease. Patients with RP have difficulty with mobility, navigation and night-vision.[1] 

Normal Eye                                                                            Defected Eye 

 
(1a)                                                                                             (1b) 

Fig. 1: ( 1a) Normal eye  (1b)Defected eye 
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B. What is Age-Related Macular Degeneration? 
Age-related macular degeneration (AMD) is the cause of almost half of all legal blindness in India. It results in vision loss in the 
center of the visual field and usually affects people over the age of 65. AMD causes cells in the retina, the light sensing part of the 
eye, to stop converting absorbed light into electro-chemical signals. As the brain does not receive the signal, a complete image is not 
formed Patients with AMD have difficulty performing tasks that rely on central vision, such as reading and recognizing faces.       

Normal Eye                                                                  Defected Eye 

 
(2a)                                                                                        (2b) 

Fig 2: Normal eye(2a) ,Defected eye (2b) 

III. THE HUMAN EYE 
Light make us able to see the objects through the healthy Eye. When light falls on our eyes, Photo receptors absorb them and 
convert them in to electrochemical signals that are sent to our brain, and our brain deciphers the information in order to detect the 
appearance, location and movement of the objects we are sighting at. This whole process is too much complex and would not be 
possible without healthy Eye system and light. Without light, there is no world. The human eye is most important organ which gives 
us the sense of sight and it allows us to learn about the surrounding world than any of the other senses.[2] 

 
Fig: 3:- Human Eye 

IV. THE BIONIC EYE 
 In this bionic eye system there will be a small digital camera developed using MOMS technology, an external processor and an 
implant with a Nano chip and stimulating electrodes, these all are surgically placed in the back of the eye. MEMS Technology 
paved way through a bionic eye to allow blind people to see again. 

 
Fig: 4:-The Bionic eye 

 In artificial Eye system there is an embedded computer chip which is kept in the back of the patient's eye, linked up Google glasses 
that they wear. The captured images are beamed to the chip, which translates them into impulses and that can be interpreted by the 
brain. [3] 
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V. HOW BIONIC IMPLANT WORK 

 
Fig 5:- Bionic eye working 

The artificial eye system is connected with Google glasses, which transmits high-frequency radio signals to the embedded microchip 
implanted in the partially defected retina. The microelectrodes on the implanted chip convert these signals into electrical impulses to 
stimulate cells in the remaining healthy portion of retina that connect to the optic nerve. These impulses are then converted in to 
electrochemical pulses by the remaining healthy photoreceptor cells and then passed down along the optic nerve to the vision 
processing centers of the brain, where they are interpreted as an image. 
Bionic eye system is one of the greatest boons given by the MEMS technology. The application of bionic eye system is infinite. The 
bionic eye presented in this paper will come as a dream come true for blind people.  
The size of this device is 2 millimeters across and contains some 4000 micro photodiodes and is placed behind the retina, this 
collection of miniature solar cells is designed to convert normal light to electrical signals, which are then transmitted to the brain by 
the remaining healthy parts of the retina.  
In this artificial eye the following components have been integrated with the lens using custom-built optoelectronic components.[1] 

A.  Control Circuits  
B.  Communication Circuits 
C. Miniature Antennas  
D. LED 

The light emitting diode will form the images in front of the eyes and hence we would require around 100s of this LEDs. This will 
form images such as, words, charts, and photographs. The hardware used in this is a semitransparent because of which the patent 
will be able to navigate his surroundings without any problem. One of the main reasons for possibility of fabricating the component 
on single polymer based contact lens is NEMS technology. Because of this technology, we can manufacture these functional devices 
on such a tiny scale and then incorporate these tiny functional devices on the polymer lens. 

VI. FABRICATION PROCESS USING MEMS TECHNOLOGY 
The fabrication process involves integration of electronic components like control circuits, communication circuits, miniature 
antennas and LEDS. In order to fabricate the components for silicon circuits and LEDs, we need to make use of high temperatures 
and also corrosive chemicals, because of this we cannot manufacture them directly on to lens and we also have to make sure that all 
the component of lens are miniaturized and integrated onto about 1.5 square centimeters of a flexible, transparent polymer. This 
problem can be eliminated by the use of self-assembly process.[4] 
In Self-assembly a disorganized system of pre-existing components forms an organized structure or pattern as a consequence of 
specific, local interactions among the components themselves without external direction. 
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Fig:-6. site of implant 

VII. POWER SUPPLY 
As we know that this artificial eye system is power operated system hence it requires the power supply for its operation. One of the 
best sources of power for electronic component integrated with in lens would be Nano generators.  
The Nano generators are very effective and small in size; it does not require petrol or diesel like other generators for its mechanical 
movement instead even a small finger movement of our body will be enough to produce a considerable amount of electricity 
required.  
This generator works on the principle of piezoelectric effect, this could play a vital role in providing the power source for bionic eye 
cause this will avoid the use of battery which is a toxic instead we can use Nano generator which will produce electricity due to flow 
of blood which gives it a mechanical force.  
Flexing the nanowires (actuators) through vibration (like sound waves) produces a current in the wire. When the wire bends far 
enough to touch a discharge electrode, the current is transferred. So, the more the nanowire gets bent or vibrated, the more current it 
produces.[5] The Nano wire used here in Nano generator is zinc oxide. Mechanical vibration which is needed for this generator can 
be obtained by blood flow or movement of iris. Based on arrays of vertically-aligned zinc oxide nanowires that move inside a novel 
“zigzag” plate electrode, the Nano generators provides a new way to power bionic eyes without batteries or other external power 
sources.  

VII. APPLICATION OF BIONIC EYE 
A. It can play a vital role in the field of medical electronics. 
B. These lenses that can superimpose computer-generated high-resolution color graphics on a user’s real field of vision. 
C. Sensors built onto lenses would let diabetic wearers keep tabs on blood-sugar levels without needing to prick a finger 
D. Virtual gamers could use the real world as a backdrop for their adventures. 

VIII. CONCLUSION 
Now, it’s not a dream to restore the sight of a blind people today. Bionic Eyes have made this true. Though there are a number of 
challenges to be faced before this technology reach the common man, the path has been laid. This paper has tried to present the 
concept of Artificial Vision called “Bionic Eyes”. It is just a matter of time, may be 4-5 years that the blind will be able to see 
through these Bionic Eyes, with thanks to Science and Technology.  
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ABSTRACT: Mobile agent technology embedding in wireless sensor network (WSN) has a new research area for 

researchers. Mobile agents (MA) embedded in different applications such as commercial, civil applications, climate 

monitoring, vehicle tracking, military surveillance,data gathering. Congestion in an network created problem of packet 

losses, bandwidth degradation,time consuming  and energy waste on congestion  In this paper, we have done a mobile 

agent base framework for congestion control and routing. Agents roamed in a network to communicate with the sensor. 

A mobile agent started moving from every node and went to an adjacent node at every time to collect information from 

sensor nodes and also maintain a routing table as well as node congestion status. When a mobile agent travels through 

the network, it selected a less-loaded neighbor node as its subsequent hop according to the node’s congestion status and 

also updates the routing table of the node it is visiting. All the nodes are static and base station (BS) collected the 

information about network congestion from cluster heads (CH) and inform to the mobile agents (MA). Each Cluster 

head has a routing table that stores route information for every destination. The purpose of mobile Agent in WSN is to 

control link-level-congestion, which improves the network throughput, reduce the time delay. 

 
KEYWORDS: Congestion, Cluster head (CH), Mobile Agent (MA), Sink node, Wireless sensor network. 

I. INTRODUCTION 

 
Wireless sensor network environment consist of thousand wireless sensor nodes and a single central node (called a sink 

node), all wireless sensor nodes collect information from the environment and send collected information  to sink node 

for further processing.When all nodes will send sensed data directly to the sink node than congestion will surely occur. 

Congestion is affecting the data transmission process, increase packet loss, delay in the coming of data from the 

endpoint and degrade energy level of each node. Congestion in the network will happen if packets are transmitted in a 

many-to-one manner or from sensors-to-sink direction [1].Congestion in the network has some negative impact on the 

network performance,like increase packet loss, end-to-end delay, consume energy and other fidelity degradation. The 

main purpose of a mobile agent in a wireless sensor network environment to congestion control so that improvement in 

network throughput, reduce the time of data harmful impacts on network performance such as increase packet loss, 

end-to-end delay consume more energy.Since the node energy, communication bandwidth, network computing 

capability and other resources are generally restricted ,therefore the main purpose of a mobile agent in wireless sensor 

network environment to congestion control so that improvement in network throughput, reduce transmitted delay. It is 

likely to improve the network performance by protocol design, route algorithm chooses, data integration and load 

balancing, and so on[2].Therefore congestion in a wireless sensor network  need to be controlled in order to prolong the 

system lifetime, improve fairness, high energy-efficiency, and increase the quality of service.  

Each sensor has limited battery power. If the sensor nodes send their data directly to the central node, it might 

possible that they will lose their energy in the first round of data transmission. The mobile agent concept has employed 

in WSN to remove the problem of energy consumption and to obtain data gathering effectively. Therefore, before 

migrating MA in the  network, it is very important and fundamental steps to decide the route selection for mobile agent. 

The mobile agent (MA) is a software code that is migrating from node to node in the network and performs data 

processing itself.Many applications are based on mobile agent technology such as google. It has also been proved that 

mobile agent technology may save up to 80% of the data transmission time. 
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II. RELATED WORK 

 
When a huge amount of sensor nodes are involve to send data, it must be a possibility of congestion in the 

network .Congestion is a major crucial problem in wireless sensor network because it has a negative impact on the 

performance of a network such as energy efficiency of sensor nodes. Congestion occurs in the network  whenever a 

single link traffic becomes greater than its individual capacity. There are two types of congestion:   

Node-level congestion: When the packet arrival rate is higher than packet service rate than Node-level congestion will 

occur [4].The result of this congestion is a high packet loss and queuing delay.  

Link-level congestion: This type of congestion take place when multiple active sensor nodes start  transmit  packets at 

the same time within range of one another.Packets that leave the buffer might fail to reach the next hop as a result of 

the collision and bit error.Overall throughput and link utilization is decreased by this type of congestion while packet 

delay and energy waste will be increase[5] [6]. 

There are various congestion control protocols in wireless sensor networks.  

 

 
 

1-Congestion at Node-level                     2 - Congestion Link-level 

Fig.1. Congestion types in WSNs 

Congestion Avoidance and Detection (CODA) [7]: it detects the congestion by detecting the buffer size of sensor nodes 

and the load of the wireless channel. If channel load exceeds from a pre-defined threshold value, a sensor node informs 

its neighbors to decrease the transmission rate. 

Congestion Control and Fairness (CCF): It [8] detects congestion at the packet service time at the medium access 

control MAC layer CCF uses packet service time to decrease the rate of service and congestion at every node. 

Adaptive Rate Control (ARC) [8]: These protocols monitor the traffic route and how many packets are injected into the 

traffic stream. Every node estimates the amount of upstream nodes therefore the bandwidth is divided proportionally 

between route-through and locally generated traffic, with preference given to the former node. The resulting bandwidth 

allotted to every node is thus almost fair.  

III. MOBILE AGENT BASED CONGESTION CONTROL 

 
The attention of users in wireless sensor technology is increasing exponentially. Researchers work on the design an 

information retrieval system and tools that can efficiently find, collect and process the information .To achieve this 

goal, A mobile agent model is widely used in distributed applications. A mobile agent is a software entity that can 

migrate in the network with its execution code and current state to finish its works intelligently on behalf of the users. 

Whenever user requires information, it sends query to the base station and the  base station dispatches a mobile agent to 

fulfil the requirement of users. As it migrates from one node to another node it saves its current state to the new host 

and resumes its state from the saved state. This process will save the bandwidth of wireless networks and improve the 

efficiency of network. Figure 2 shows the functional component of the mobile agent system, the agent manager has 

concern about sending and receiving mobile  agents back and forth remote hosts so that the mobile agents may organize 

their work nearby. An agent manager is also responsible for agent creation; cloning, dispatching and destroying. The 

communication manager provides the facility to establish communication between two or more mobile agents. The 
reliability manager will also be a part of the relocation process when is necessary to prove that the agent manager has 

certainly received a mobile agent at the remote gatway. The directory manager is used to identify the position of an 

application server that the mobile agent can migrate to gatway . The security manager will to approve the process use 

of the gateway, and agent to the application server. 
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Fig.2. Mobile Agent System 

Figure 3 shows mobile agent based WSN architecture .here  three clusters of sensor nodes is given they have unlike 

sensor nodes, source node and destination node.   

 

 

Fig.3. Congestion control routing by Mobile agent 

The following steps are followed by mobile agent:- 

i. The source node verified the number of available clusters and communication mobile agents in each cluster. 

ii. Mobile Agents select the shortest path to move from one sensor to another sensor in order to collect information. 

iii. MA1, MA2 and MA3 will check the routing table and move toward destination according to P1,P2 and P3 path 

respectively.  

iv. Mobile Agents will also calculate Total Congestion Metric (TCM) of their respective paths on the basis of 

congestion status stored at destination node. 

v. Destination node will send the total congestion metrics of path P1, P2 and P3 in the form of TCM1,TCM2 and 

TCM3. 

vi. A source node will select a path having minimum congestion and transmit data to that route which has minimum 

congestion. 

 

IV. MOBILE AGENT EMBEDDED  IN WSN ENVIRONMENT 

In our  work , mobile agent technology will use in a cluster based wireless sensor network.These are the following steps: 

 

Step 1:  Node Deployment 

Step 2:    Clustering Algorithm in WSN 

Step 3: Embedding Mobile agent in clustered WSN 

Step 4:   Define Itinerary planning of MA  

Step 5:  Defining  a simulation environment   

Step 6:  Simulation and Performance evaluation 

 

http://www.ijirset.com/


International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

                     | e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512| 

     || Volume 9, Issue 9, September 2020 ||  

IJIRSET © 2020                                                      |     An ISO 9001:2008 Certified Journal   |                                                   8040 

 

 

 

Fig.4. Mobile agent embedding in cluster based WSN 

A. Clustering Algorithm for Wireless Sensor N/W 

Clustering is a mechanism that divides the network into a number of groups. Each group assigned to the co-ordinator 

node called cluster head (CH).The coordinator node of the cluster is responsible for collecting, processing and 

transmitting of the detected data to the sink node. Other nodes in the cluster are member nodes, which sense and 

transmit  detected data to the CH. Cluster head will  selected using throushold value T (n) in Low Energy Adaptive 

Clustering Hierarchy (LEACH) [9].  

revise the function of threshold value of T (n) using projected progressive approach to extend the probability of cluster 

head selection for other nodes. The revised function T (n) is: 

 

 

        (1) 

 

P means the probability of cluster head selection, r means the number of rounds, k  means the number of nodes that are 

not included in the cluster  head selection. 

It has become important to retrieve information efficiently and rapidly from distributed network. A mobile agent is 

software code capable of moving across the entire network. Mobile agents move into a network either on a 

predetermined path from sink node, or the agents itself determine the path dynamically.  In A mobile agent-based 

wireless sensor network sink node sends a query to mobile agent for data collection in the target node, then mobile 

agent travel in the network, move to each cluster head one by one. In traditional client server model all data stored on 

server, clients can access data from server only. So one client cannot transmit data to another client directly without a 

server. This will create a significant problem if we increase client server model. But using mobile agent data are often 

shared between client machines. The mobile agent approach reduces the traffic load over the network as well as use 

low bandwidth. 

B. Itinerary Planning by Mobile Agent for route selection in WSN 

A mobile agent based applications for data gathering, it is very important steps to find out the route planning for mobile 

agent. An itinerary means information about routes which the agent will follow to urge information from the network 

with low resource usage. According to topology itineraries would be either static or dynamic and according to uses in 

network mobile agent is a single agent or multiple agents [10].Stationary itineraries  calculated at the sink node before 

the MA is transmitted while in the dynamic itineraries mobile agent it defines the source nodes to be visited and the 

route of migration. In an approach [11] two SIP approaches, namely: Local Nearest First (LNF) and Global Nearest 

First (GNF) used. In LNF mobile agent visit the next node having the least distance from the current node and Global 

Nearest First (GNF), where mobile agent search for the next node having the smallest distance from the processing 

node.  
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V. PERFORMANCE EVALUATION 

There are various types of simulators which are used in a wireless sensor network, the simulator  provides result 

analyses of our work. We simulate our work using  NS-2. It is composition of two languages: Object-oriented Tool 

Command Language (OTcl) & C++ Library for the simulator. To setup and run a simulation, the source code is written 

in the article then the article - interpreter will interpret the program using C++ library. When the simulation is complete, 

the simulation results will store in the form of text-based on specified output files that contain detailed simulation data, 

which can be used to analyze directly in the term of X graph or can be visualized in graphical user interface using 

Network Animator (NAM) [12]. 

The proposed work is simulated using 2000*2000 m
2
 areas, with 20 nodes and the base station are located at “550,140”. 

The initial energy of each of the normal node is 100 J.  

A. Simulation Environment 

Step1:  Random Node Deployment 

Sensors are randomly deployed in a wireless sensor network. All sensor nodes have assigned with equal energy and the 

location of the base station is far from wireless sensor area. Next step shows that the network of sensor is divided into 

clusters using a clustering algorithm. 

 

Fig.6. Random node deployment of sensor nodes. 

Step 2:  Revised LEACH clustering algorithm in WSN. 

Here a modified LEACH clustering algorithm is applied to create different clusters in the network. This algorithm is 

location based algorithm and divides region, according to the X-axis. 

 

Fig. 7. Clustered WSN without MA 

First of  all base station (sink) will find total clusters in the network and then broadcast a TCM ( Total Congestion 

Metric) message to each cluster head in order to find the congestion status. 

Step 3: Embedding Mobile agent in a clustered WSN 

Base Station will find congestion status and then dispatch mobile agent to that particular path which have less 

congestion. Mobile agent starts moving toward the cluster head (CH).  
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Fig.8.Embedding a mobile agent in WSN 

Step 4: Migration of a  mobile agent in clustered WSN 

 

Fig.9.A mobile agent is moving to cluster head 1 

 

A mobile agent uses two types of migrations weak and strong. In the  weak migration mobile agent will move with its 

executable code and in strong it also execution state.before migration route for the mobile agent must be decided by 

base station . 

 

VI. SIMULATION RESULTS 

 

A mobile agent moves across the whole network and it can select the next node in routing table according their fewer 

loads which are near to present node to remove congestion control. By simulation of result shows to attain high 

throughput with reduced delay.  

 Throughput/Bandwidth 

 

Mobile agent migrates according to the itinerary planning to each CH to collect data, refine it and return back to the 

sink node with efficient data. It defines the throughput on which the communication is performed. The throughput is 

defined in terms of a  bit rate.This rate is also defined with delay parameters also. The throughput will vary over the 

communication over the network.  

 

Fig.10. Compare Throughputs of network using mobile agent enabled WSN and Traditional WSN 
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Figure 10 shows the throughput of Mobile Agent while it communicates with Sink node. In above graph x-axis denotes  

time and Y axis denote the number of packets over the network.The throughput of the network is being increased after 

using mobile agent technology and the redundant data is also removed by a mobile agent. So mobile agent increases the 

efficiency up to 30% of the network. 

 Packet Loss 

 

 The performance of a wireless sensor network can be calculated using packet loss rate. It defines how many numbers 

of data packets are lost during network communication. Here we can see that mobile agent technology reduce the 

possibility of packet lost in the communication of mobile agent and Base station. In figure 11 shows the packet loss 

between mobile agent  and Sink node communication over the network. Graph shows  x-axis represents time and y-axis 

represents the number of packet loss.  

 

Fig.11. Compare Packet loss of network using mobile agent enabled WSN and Traditional WSN 

 
 End to End Delay 

Delay rate will be different according to the topologies of the network. If the delay rate increases, it affects the overall 

performance of the network such as slow network communication, packet loss. Here the work is presented in sort of 

delay analysis over the network.  

 

Fig.12. Compare end to end delay of network using mobile agent enabled WSN and Traditional WSN 

VII. CONCLUSION 

There are some problems in the traditional wireless sensor network such as bandwidth constraints, energy constraints, 

packet loss, data redundancy, lifetime of network, data security etc. MA technology improves the performance of 

WSN. Instead of collecting data from CHs, Host sent  mobile agent in the network  to collect data from each CHs. 

Mobile agent is a software code which has migrated within the network from node to node constant with to predefined 

static itinerary planning . Static itinerary planning  decided by sink node,before transmitting data to sink node. It is pre-
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processed by Mobile Agent, it removed unnecessary or duplicate data and then transmits it to Host. A mobile agent 

deployed in such a way that the impact on the energy of the wireless sensor network  minimized and it provides a high 

degree of flexibility, robustness, and load balancing. The performance of a mobile agent based wireless sensor network 

depend on various network parameters like network coverage, bandwidth, network security, energy utilization, as well 

as agent parameters like agent’s code size and data size, execution environment etc.  

The analysis of  proposed work  shows that A mobile Agent based Wireless Sensor Network improve network 

performance over without Mobile Agent Wireless Sensor Networks in the term of throughput, packet loss, end to end 

delay. Simulation result shows that Mobile Agent technology improves up to 30% bandwidth utilization, decreases the 

chance of packet loss and reduces end to end time delay and also helps in congestion control by increasing throughput 

of wireless sensor network. 
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ABSTRACT 

 There is urgent need to reclaim the water which gets polluted due to overexploitation and negligence of the 

human kind to check the water scarcity problem. Many efforts have been made to recycle that water by the help 

of technologies based on physical, chemical and biological processes. Out of these technologies, Bio-enzyme is 

the cost effective, eco-friendly and environmentally sustainable option. For the treatment of a sample of 

domestic wastewater in this investigation, bio-enzyme produced through the fermentation of vegetable and fruit 

waste was employed. The wastewater samples were mixed with a 5, 10, and 15% bio-enzyme solution and 

digested for 5, 15, and 25 days. The results demonstrated that bio-enzyme may significantly reduce the TDS, 

BOD5, and COD characteristics of wastewater, while 100% removal of ammoniacal nitrogen and phosphate 

was shown at low concentrations of bio-enzyme solution. The pH showed no significant fluctuation and it 

remains acidic. Low pH of the wastewater sample bio-enzyme makes it suitable for reducing salinity of the soil 

caused due to excessive use of fertilizers and pesticides.  Bio-Enzyme extracted from fruit and vegetable waste 

gave almost similar results; No large variation was observed. With the help of bio-enzymes, wastewater may be 

improved and made suitable for a variety of uses. Additionally, using bio-enzymes can aid in reducing 

greenhouse gas emissions and the disposal of chemicals used in wastewater treatment operations, making it 

environmentally sustainable. Also reduces the burden on landfill sites by utilizing the waste as resource. 

Keywords— Bio-Enzyme; Environmental Sustainability; Fruit Waste; Vegetable Waste; Waste 

Enzyme; Wastewater Treatment; Water Pollution 

 

I.  INTRODUCTION 

Water is one of the most vital natural resources for all life on Earth. Most of the evolution theories state that life 

started with water. The availability and quality of water always have played an important part in determining not 

only where people can live, but also their quality of life [1]. As we know that about 60% of our body is water and 

in some organisms, it’s as high as 90%. Nearly 97% of the world’s water is salty or otherwise undrinkable [2]. Due 

to the increase in world population, rapid industrialization and ongoing development activities wastewater 

generation rate become many fold. The problem of management and disposal of the wastewater so generated has 

become serious threat [3]. Nearly 70-80% of water bodies are carrying polluted water. Large amount of 

domestic sewage is drained in to river and most of the sewage is untreated. Domestic sewage contains toxicants, 

solid waste, plastic litters and bacterial contaminants and these toxic materials causes water pollution. About 
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25% pollution of water is caused by the industries and is more harmful [4]. Hazardous material discharged from 

the industries is responsible for surface water and ground water contamination. Contaminant depends upon the 

nature of industries. Toxic metals enter in to water and reduced the quality of water [5]. Different industrial 

effluent that is drained in to river without treatment is the major cause of water pollution [6]. Municipal waste 

water generate from different sources, the major source is domestic i.e. waste water originated from residential 

sources (50-90%) while commercial waste water (5-30%) and industrial waste water (5-20%) are secondary 

sources. The removal of biological organic pollutants and nutrients is the main priority in domestic waste water 

treatment [7]. The strength and composition of the domestic wastewater changes on hourly, daily and seasonal 

basis, with the average strength dependent on per capita water usage, habits, diet, living standard and life style. 

The main reason is variation in water usage in households. Households in developed countries use more water 

than those in developing countries [8]. In present study, emphasis is given to domestic wastewater as it contains 

contain only 0.1% of solid material so there are wide scope to reuse this water for various purpose by giving 

some degree of  treatment [9]. The main purpose for treatment of wastewater is to counterfeit the precious 

drinking water in applications which do not require the drinking water quality. It is used for various non-

portable reuse application include industrial, irrigation, toilet flushing and laundry washing dependent on the 

degree of treatment of water [10]. By recycling the grey water, it is possible to reduce the amount of fresh water 

consumption as well as reduction in waste water generation, in addition to reducing the water bill. Use of grey 

water increases the supply for irrigation, which will lead to increase in agricultural productivity [11]. Various 

treatment and purification technologies have been developed to reclaim the usefulness of wastewater. Many 

researchers are working to find new techniques for reclamation of water focusing on biological or physical 

wastewater treatment methods rather than chemical ones [12]. The use of waste/garbage/bio-enzymes is 

investigated by researchers as an alternative solution for treatment of waste water. Bio-Enzyme used for 

treatment of waste water is a very eco-friendly and sustainable way of waste water treatment because organic 

wastes are used in the making of garbage/waste enzyme which catalyze the rate of chemical reaction in waste 

water [13]. 

Enzymes are basically protein molecules that catalyses the chemical reaction. They act as biological catalysts 

and catalyses only specific molecules (substrates). Enzymes are selective for their substrates and catalyses only 

one or a small number of chemical reactions among many possibilities. However they are physiologically 

important because they speed up, by at least 1000-fold, the rates of reactions by decreasing the amount of 

energy required to form a complex of reactant, known as the transition state complex, that is competent to 

produce reaction product [14]. Enzymes produced under anaerobic conditions from fermentation of organic 

waste material such as fruit/ vegetable waste along with brown sugar and water in a fixed proportion are called 

as Bio-Enzymes or Waste Enzyme or Garbage Enzymes [15]. These are the biocatalysts produced by living cell 

to lead specific biochemical reaction by forming the various metabolic processes of the cell and essential to 

maintain the activity of life. Enzymes are effective in their action on substrates and usually many different 

enzymes are required to create chain of metabolic reaction performed by a living cell. Each strain of a 

microorganism produces a large number of enzymes which can be hydrolyzing, oxidizing or reducing and 

metabolic in nature. Microbial enzymes are noted to play essential role as metabolic catalysts, resulting in their 
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use in various industrial applications [16]. In order to improve the properties of enzyme i.e. stability, substrate 

specificity and specific activity, it can be selected on the basis of genetic, and chemically-modified [17]. 

Garbage/Waste enzyme is different from fruit enzyme and is not for human consumption. It is a nutritious drink 

prepared through proper fermentation of fruits/vegetable wastes [18]. It is dark brown and has a strong sweet 

sour fermented scent. It is a complex organic substance of protein chains and mineral salts and juvenile 

hormones. The functions of bio-enzyme is to resolve (decompose), transform (change), and catalyze the 

reactions [7]. 

It is claimed as a multi-use solution for domestic and agricultural applications [19]. Due to low PH and high 

acetic acid concentration bio enzymes are used for many purposes. It contains traces of ethanol and propionic 

acid, ethanol has antiseptic properties and propionic acid is used for food preservation. Bio enzyme is used as a 

natural household cleaner, car care, air purifier, deodorizer, insecticide, detergent, body care, organic fertilizer, 

etc. It removes odour and dissolve toxic air released from smoking, car exhaust, chemical resides from 

household products, etc. It is natural antiseptic for your home and  it also prevents drainpipe blockages [18].    

Bio-Enzyme can be used as an anti-microbial agent, insecticide and pesticide. When diluted, it could provide 

nutrients to plants in the form of growth hormones, minerals, enzymes and/or other organic compounds 

extracted directly or converted from the waste materials. Rather than to be disposed and incinerated, these waste 

materials can further serve additional purposes through garbage enzyme, and subsequently be composted into 

organic fertilizer. This will surely help in preventing or reducing all forms of pollutions from the improper solid 

waste management and incineration, as well as to “close the waste loop” and promote recycling of waste back 

into the earth [18]. For the treatment of domestic wastewater with advanced level of degradation in a shorter 

span of time, bio-enzyme performs the same task as done by enzymes. In Malaysia, many researchers have 

performed investigation to check the bio-enzyme as viable solution for wastewater treatment [7]. In India, bio-

enzyme is not much known and practiced at very low level [17]. Usage of bio-enzyme not only provides an 

alternative solution to biological recovery from organic waste it will also help in minimization and reduction of 

waste; since municipal solid waste mainly consists of organic waste. It also puts a check on greenhouse 

emissions; lessen the burden on landfills [20].  

This paper presents the results from digestion of domestic wastewater using bio-enzymes produced from flower 

waste at three different concentrations i.e. 5%, 10% and 15% after 5, 10 and 25 days of digestion period. An 

attempt has been made to understand the effectiveness of bio-enzymes produced from organic waste material in 

treating domestic wastewater. 

 

II. METHODOLOGY 

Based on the objectives of this study the methodology adopted for the present investigation is presented below: 
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Fig. 1: Flow diagram of the work plan 

A. Bio-Enzyme Preparation  

Fruits and vegetables waste are collected from kitchens, vegetables shops, fruit & vegetable markets and fresh 

juice corners. After the collection of raw garbage separation is done on the basis of their chemical properties 

(citrus/garbage) and then shredding is done to reduce the size of garbage or fruits and vegetables waste into 

small size so that it can be decomposed easily After shredding the waste in to small pieces all the materials i.e. 

Jaggery, fruit/vegetable/flower waste and water were taken in proportion of 1: 3: 10 to mix them together for 

preparing bio-enzymes. All ingredients were mixed in a plastic container that has screw bottle caps to release 

the gases produced during the process. So, plastic container is the best option; with bottles having screw caps it 

is easier to manage the release of gases; don't screw the bottle too tight it could explode because of the gases 

formed inside and kept it at a dark place for digestion. 

Then the lid of container was open to release the gases once in a day repeat this procedure to release the gases 

for first one month. In the second month the lid was opened once in a week and again kept in the dark. After the 

fermentation of three months the solutions which we get in raw form with undigested material and pulp. It was 

needed to separate out undigested or solid matter from liquid portion using filtration to enhance the properties of 

bio-enzyme and was stored in air tight container. To know the maturity of enzymatic solution, the different 

parameters were checked after filtration at 0, 30 and 60 days. [21].   
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Fig. 2: Bio-Enzyme Production 

B. Wastewater Treatment 

Sample for testing should be collected from sewage treatment plant or drains which carry waste water from 

kitchens, washrooms, food producing and other industries. Bio-enzymes were added to the wastewater in 

different proportion i.e. 5%, 10%, and 15% [17]. Each three beakers having wastewater sample mixed same 

concentration of bio-enzyme was prepared for 5, 10, 15 days digestion. 

III. RESULTS & DISCUSSION 

To determine the effective dosage of bio-enzymes extracted from fruits and vegetables waste, to treat domestic 

wastewater sample various test were performed. In this study, parameters like pH, TDS, BOD5, COD, Ammonia 

Nitrogen and Phosphate were analyzed as per procedures discussed in standard methods [22]. To understand the 

effect of bio-enzymes for treatment of waste water, characteristics of enzymes produced from vegetable waste 

and fruit waste are also determined. For treatment of the wastewater, 5%, 10% and 15%, of each enzyme 

solution was mixed. The variations in characteristics of the wastewater sample after 5, 15 and 25 days of 

digestion were observed and analyzed.  

A. Characteristics of Bio-Enzymes 

The characteristics of vegetable waste enzyme and fruit waste enzyme solutions were analyzed immediately 

after filtration, 30 days after filtration and 60 days after filtration. The parameters like pH, TDS, BOD5, COD, 

Ammonia Nitrogen and Phosphate were observed. The characteristics of vegetable waste enzyme, fruit waste 

enzyme and flower waste enzyme solutions immediately after filtration of the enzyme solution, 30 days after 

filtration and 60 days after filtration are shown in Table 1 and 2. The pH of both enzyme solutions shows acidic 

character. The BOD5 and COD values were high when the enzyme solution was analyzed immediately after 

filtration of the enzyme solution. But after 60 days of filtration BOD5 reduced to half and COD was reduced to 

99% of its initial value. The enzyme solutions obtained from vegetable, fruit and flower were rich in organic 

content.  
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TABLE 1: Characteristics of Vegetable Waste Enzyme 

Parameter Just after filtration 30 Days of filtration 60 days of filtration 

pH 3.01 3.5 4.18 

TDS (mg/L) 2230 1505 1130 

BOD5(mg/L) 1311 570 94 

COD (mg/L) 47900 2230 161 

Ammonical Nitrogen 

(mg/L) 
0 0 0 

Phosphate (mg/L) 0 0 0 

 

TABLE 2: Characteristics of Fruit Waste Enzyme 

Parameter Just after filtration 30 Days of filtration 60 days of filtration 

pH 3.14 3.53 4.1 

TDS (mg/L) 1963 1250 941 

BOD5(mg/L) 1270 553 90.1 

COD (mg/L) 42310 2328 149 

Ammonical Nitrogen 

(mg/L) 
0 0 0 

Phosphate (mg/L) 0 0 0 

 

B. Characteristics of Domestic Wastewater (Raw) Sample 

Before treating the wastewater sample with bio-enzyme, it is important to know the characteristics of the raw 

wastewater sample before treatment. The wastewater characteristics like pH, TDS, BOD5, COD, Ammonia 

nitrogen and Phosphates were determined and tabulated in Table 3. 

 

 

 

TABLE 3: Raw Wastewater Characteristics 

Parameter Units Value 

PH -- 6.16 
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TDS (mg/L) mg/L 563 

BOD5(mg/L) mg/L 192 

COD(mg/L) mg/L 290 

Ammonical Nitrogen (mg/L) mg/L 9.6 

Phosphate (mg/L) mg/L 110 

  

C. Characteristics of Treated Wastewater Sample 

5%, 10% and 15% solution of bio-enzymes extracted from fruits and vegetables waste, was used for the 

treatment of domestic wastewater. The treated wastewater sample characteristics like pH, TDS, BOD5 COD, 

Ammonia nitrogen and Phosphates were analyzed after 5, 15 and 25 days of digestion. 

 pH   

The corresponding variations observed in pH value of the effluent after 5, 15 & 25 days of digestion are shown 

in the figure 3. 



Fig. 3: Variation in pH characteristic of the treated wastewater sample 

The filtered bio-enzyme obtained from garbage enzyme and citrus enzyme was found acidic in nature as 

indicated by low its pH value (Table 4.1 and 4.2). When it get mixed with domestic wastewater, the pH of 

wastewater sample having 5% bio-enzyme for digestion of 5 days, increased to nearly neutral range due to 

enzymatic reactions but slowly get reduced at constant rate with increase in digestion period as indicated in 

figure 4.1. Similar variation is also noted for wastewater samples having 10% and 15% bio-enzyme mixed.. 

 

 TDS 

After treatment with bio-enzyme the variations was observed in TDS content of the effluent and the 

corresponding variation in the characteristic of treated wastewater sample after 5, 15 & 25 days of digestion are 

shown in figure 4.2. TDS characteristic of wastewater sample mixed with 5% bio-enzyme for digestion of 5 

days, 15 days and 25 days was noted with decrement at constant rate; When compared with initial TDS of raw 
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wastewater sample (see Table 4.2), more than 50% TDS got removed after 25 days of digestion due to 

enzymatic reactions. Similar, variation is also noted for wastewater samples having 10% and 15% bio-enzyme 

mixed.  

 

Fig.4: Variation in TDS characteristic of the treated wastewater sample 

 BOD5 

The BOD5 characteristic of treated wastewater sample after 5, 15 & 25 days of digestion with all three 

concentrations (i.e. 5%, 10% and 15%) of bio-enzyme solution, a constant rate of reduction in BOD5 was 

observed for digestion of 5 days, 15 days and 25 days (see figure 5). For first 5 days of digestion period 

reduction was more than 50% but for next 10 and 20 days this rate got reduced to less than 10%. 

 

Fig. 5: Variation in BOD5 characteristic of the treated wastewater sample 

 COD 

A decrease of about 20% can be observed in COD characteristic of wastewater sample (see Figure 5) mixed 

with 5% of bio-enzyme for 5, 15 and 25 days of digestion. When 10% and 15% bio-enzyme solution was mixed 

with wastewater a very good removal rate was noted. 
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Fig. 6: Variation in COD characteristic of the treated wastewater sample 

 Ammonical Nitrogen 

A sharp reduction in the ammonical nitrogen characteristic of the treated wastewater sample after 5, 15 & 25 

days of digestion with bio-enzyme was observed (see figure 7). More than 70% of the ammonical nitrogen was 

removed with 5% bio-enzyme for digestion of first 5 days. While 100% removal rate was observed for 

wastewater sample mixed with 10% and 15% bio-enzyme solution for first 5 days of digestion. 

 

Fig. 7: Variation in ammonical nitrogen characteristic of the treated wastewater sample 

 

 Phosphate 

When compared with ammonical nitrogen a similar trend was observed in the phosphate characteristic of the 

treated wastewater sample after 5, 15 & 25 days of digestion with bio-enzyme. The variations in phosphate 

characteristic of the treated wastewater sample after 5, 15 & 25 days of digestion with bio-enzyme are shown in 

figure 8.  
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Fig. 8: Variation in phosphate characteristic of the treated wastewater sample 

In case of phosphate characteristic, more than 95% removal was observed for wastewater sample mixed with 

5% bio-enzyme solution for digestion of first 5 days. While 100% removal was observed for wastewater sample 

mixed with 10% and 15% bio-enzyme solution for the first 5 days of digestion. 

IV. CONCLUSION 

Bio-Enzymes are organic compounds extracted from fresh vegetable/fruit waste in presence of water and brown 

sugar/jaggery. Bio-Enzymes are powerful waste digesting enzymes, essential nutrients and breaks down the 

complex organic material into water-soluble nutrients. Bio-enzymes can be used for improving the efficacy and 

odor control in all facilities which generate organic contaminated wastewater treatment facilities. In this 

investigation, the treatment of wastewater using bio-enzymes has been examined along with the characteristics 

of bio-enzymes exteracted from different raw materials. 

Due to the presensce of high organic content the bio-enzyme extracted from fruit/ vegetable waste exhibited 

high initial BOD. Acidic charcter exhibited by bio-enzymes helps in lowering the pH of the wastewater sample; 

makes the treated wastewater suitable for utilized as soil salinity reduction option. The results it can also be 

inferred that ammonical nitrogen, phosphate, TDS, BOD5 and COD characteristics of domestic wastewater can 

be removed effectively by using 10% bio-enzyme solution.  The results obtained for the effluent showed similar 

trend when wastewater sample was treated with both type of enzyme solution i.e. fruit waste enzyme and 

vegetable waste enzyme. Because it is made from waste, bio-enzyme is inexpensive and cost-

effective.Additionally, by making use of waste as resources, it helps to lessen the impact on the planet.As a 

result, Bio-Enzyme can be utilized as a cost-effective option to improve the characteristics of wastewater to 

make it suitable for further use. 

ABBREVIATIONS 

Acronyms Full form 

  
TDS Total Dissolve Solid 

BOD Bio-chemical Oxygen Demand 

COD Chemical Oxygen Demand 
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WIMAX is worldwide interoperability for microwave access technology used for long 

distance wireless communication with higher data rates. It can be used as an alternative 

broadband. There is significant interest worldwide in the development of technologies for 

broadband wireless access systems. In this paper the performance of reliable packet 

marking in such network. Here proposing the probabilistic packet marking algorithm with the 

adding of four other approaches are used. First one is to decide the transmission path, 

Random packet marking approach. Second one for identification of visited route approach to 

trace back the path. Third one verification of transmitted data approach of combination of 

Context based and Dictionary based encoding techniques and fourth onechecksum will be 

applied to vary the alteration of data. The result will be more reliable transmission on 

WIMAX using the proposed system. 
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1. Introduction  

WIMAX (Worldwide Interoperability for Microwave Access) 

is one of the most developing advances for Broadband 

Wireless Access (BWA) in metropolitan territories by giving an 

energizing expansion to the current broadband systems for the 

last-mile get to. It is exhibited that WIMAX is a suitable option 

in contrast to the link modem and DSL advancements because 

of its high asset usage, simple execution and minimal effort. 

Moreover, WIMAX not just improves the current highlights of 

the focused cabled access systems, yet furnishes high 

information rate applications with an assortment of Quality of 

Service (QoS) requirements. We are arriving at the objective of 

understanding an extraordinary remote system to cover a 

major territory. In an enormous scale remote system, the radio 

asset must be shared among numerous clients.  

The data transmission allotment calculations have been 

intended for the productive use of the rare radio asset. What's 

more, to help sight and sound deals, the Medium Access 

Control (MAC) conventions will co-ordinate the transmission of 

traffic streams. The channel qualities of clients and traffic 

stream necessities are to a great extent different, inspiring us 

to plan a productive MAC layer conventions that can improve 

the framework execution due to the channel and traffic 

elements. 

WIMAX operates on both licensed and non-licensed 

frequencies, providing a regulated environment and viable 

economic model for wireless carriers. The average cell ranges 

for most WIMAX networks will likely boast 4-5 mile range (in 

NLOS capable frequencies) even through tree cover and 

building walls. Service ranges up to 10 miles (16 Kilometers) 

are very likely in line of sight (LOS) applications (once again 

depending upon frequency). Mobile WIMAX capabilities on a 

per customer basis are much better than competing 3G 

technologies. WIMAX is often cited to possess a spectral 

efficiency of 5 bps/Hz, which is very good in comparison to 

other broadband wireless technologies, especially 3G. 

The rapid development of Internet and wireless 

communication with high speed connection become a boon for 

the world. Today in the world of high speed communication and 

fast data transmission, wireless technology becoming a boon 

for everyone. Many companies are focusing on developing 

wireless access systems on the basis of various variables, like 

bandwidth, distance and power and broadly classified Wireless 

Technologies as “Wireless Personal Area Network (WPAN)”, 

“Wireless Local Area Network (WLAN)” and “Wireless 

Metropolitan Area Network (WMAN)”, “Wireless Broadband 

Access (WBA)” but they mostly lacking the common protocol 

platform. WIMAX is developed to change the situation and 

provide Interoperability to broadband wireless products. In 

recent time, Worldwide Interoperability for Microwave Access 

(WIMAX) become hottest broadband wireless technologies 

which is based on a “Broadband Wireless Access Metropolitan 

Area Network (BWA-MAN)”.It allows one to many point 

broadband wireless access. WIMAX is not a standard, rather it 

is trademarked by the WIMAX Forum which certify the 

interoperability of WIMAX components. 802.16's predecessors 

were not very accommodative of the European standards. 

WIMAX technology uses OFDM (Orthogonal Frequency 

Division Multiplex), MIMO (Multiple Input Multiple Output), 

adaptive modulation for   providing the high speed data rates. 

A framework for the context based encoding of an info sign 

incorporates a space change module and a context based 

coding module. The area change module is operable to change 

over the info signal into a succession of change coefficients 

c[i]. The context based coding module incorporates somewhat 

plane filtering module, and context demonstrating module, and 

a measurable encoding module. The bit-plane checking 

module is operable to create somewhat plane image bps [i,bp] 

for each change coefficient c[i] and each piece plane [bp]. The 

context demonstrating module is operable to appoint at least 

one context esteems to every one of the got bit plane images 

bps [i,bp]. The factual coding module is operable to code every 

one of the bit plane images bps [i,bp] as a component of at 



Volume-04, Issue-03,March-2019                                                                         RESEARCH REVIEW International Journal of Multidisciplinary 

RRIJM 2015, All Rights Reserved                                                                                                                                     1921 | Page 

least one of the comparing context esteems to deliver a context based encoded image stream 

 

 
Figure1 OVERVIEW OF WIMAX TECHNOLOGY 

 

2. WIMAX Layered Protocol Architecture 

WIMAX network has primarily two topologies named as 

Point to Multi Point Base station for Subscriber station and 

Point to Point for backhaul. In this benchmark, multiple input 

multiple output antennas are utilized. IEEE 802.16 is 

Broadband wireless MAN protocol standard is mentioned 

below. WIMAX also provides numerous end user based 

applications and interfaces for examples ATM, IP, Ethernet, 

TDM, and VLAN. 

 
Figure 2 IEEE 802.16 Protocol layered architecture 

 

To identify WIMAX protection troubles, we initial need to 

perceive WIMAX design and various characteristics of every 

components. In  this section  the background and various 

concerns regarding security  and  authorize  exchange of data 

within the WIMAX   network was discussed.  IEEE 802.16 

protocol architecture was designed as two layered architecture 

as:  

1. Medium Access control (MAC) layer. 

2. Physical (PHY) layer. 

Logic link control is the communication protocol of OSI 

data link responsible for multiplexing and de-multiplexing 

protocols transmitted over MAC .PHY layer responsible for 

providing an electrical, mechanical, data transmission and 

reception. . It supports different  digital modulation techniques    

like PSK, FSK, 16-QAM and 64-QAM”. MAC sublayer is the 

responsible of determining which subscriber stations (SSs) 

have access to the network and is further divided in three more 

sublayers: 

(1) Convergence Sublayer (CS): This layer maps data 

units of higher capacity into service units It  allocate 

bandwidth  and perform  compress header part  of 

data units.  CS has two  different  services.  ATM  

convergence  sub layer  and  packet  convergence 

sub layer. It suppresses the redundancy of headers at 

the sender side and restores those redundant headers 

at the receiver side.  

(2) Common Part Sub-layer (CPS): This layer is personally 

integrated with the privacy sub-layer and responsible 

for establishing and maintaining the PMP (Point-to-

multipoint) connection   

(3) Privacy Sub-layer between the Common part sublayer 

of MAC and the PHY layer, dealing with the 

authentication, key swapping   and cryptographic 

processing. It provides encryption and secure 

exchange of  private key from the BS to SS. 
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Figure 3 WIMAX Architecture 

 

3. Dictionary Making Algorithm 

Multiple sources files given as  input  to form a Dictionary. 

1. Fetch the words from input files. 

2. If a number is already present then increase this 

number by  one else add this number and  to the table and set 

the its occurrence to 1. 

3. Arrange the table in descending order.  

4. Assign the ASCII characters 33 to 250  to first 218 word 

of the table and  then  the remaining words. 

5. Prepare a new  table with words and code contained in 

it  and store in dictionary    6. Stop.  

 

4. Context-Based Coding 

In this we encode by making some prediction by using 

some context based algorithm. So if the distribution or 

transformation is based on the history of sequence, it is 

predictive coding. We only work on history and we make some 

prediction for the sequence. There might not be need to send 

additional information to encoder and decoder. If we use that 

history to determine a sequence in a predictive manner, such 

scheme is known as predictive coding or context based coding. 

In this we only need to store that context that has occurred in 

the sequence being encoded. At the beginning of encoding we 

need to code letters that have not occurred previously in the 

context.  

In this we utilize the restricted probabilistic replica to slant 

the allocation of the information the entropy employed the 

slanted allocation to instruct the novel information. 

Utilize the conditional possibility to slant allocation 

unrestricted possibility: 

P („h‟) = 0.05, P(„ u‟) = 0.02. 

Conditional probability: 

P („h‟ |„t‟) = 0.3, P („u‟ | „q‟) = 0.99. 

Practical issues: 

Can utilize lively or stationary facts?  By means of higher-

level context needs huge possibility table  

Solutions: 

Adaptive system 

Using contexts of variable sizes 

 

Prediction with Partial Match 

Prediction with Partial Match (PPM) was proposed by 

Cleary and Witten in 1984. Instead of estimating these 

probabilities ahead of time, we estimate the probabilities as the 

coding proceeds  Only need to store those contexts that have 

occurred in the sequence being encoded  Need to code letters 

that have not occurred previously in this context ® using 

escape symbol. 

 

Example 

  Input sequence: probability 

  Current symbol: a 

  Check if P(a | prob) availble ® fourth-order context 

  If yes, encode a, update P(a | prob) 

  If not, send escape code, then check P(a | rob) ® 

third-order context 

  . . . continue checking low-order contexts . . . 

  If P(a | b) is not available, check P(a) ® zero-order 

context 

  If „a‟ has never happened before, use P(a) = 1/M, 

where M is the alphabet size, to encode a  The equi-

probable model is called „–1‟ order context 

 

5. Dictionary-Based Coding Techniques 

The dictionary holds a list of strings of symbols and it may 

be static or dynamic (adaptive) 

 Static dictionary – permanent, sometimes allowing the 

addition of strings but no deletions 

 Dynamic dictionary – holding strings previously found 

in the input stream, allowing for additions and 

deletions of strings as new input symbols are being 

read 

 

Basic Idea of Dictionary Coding 

 Given an input source, we want to 

  Identify frequent symbol patterns 

  Encode those more efficiently 

  Use a default (less efficient) encoding for the rest 

  Hopefully, the average bits per symbol gets smaller 

  In general, dictionary-based techniques works well for 

highly correlated data (e.g. Text), but less efficient for 

data with low correlation (e.g. i.i.d. Sources) 

 

Example 

  Consider an „English‟ source with 26 letters & six 

punctuation marks 

  Single-symbol FLC, fixed-length encoding: 5 bps 

  Four-symbol FLC, fixed-length encoding: 20 bps 

(324) 

  If we assume uneven distribution of the symbols 
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  Pick a dictionary which contains the 256 most-

frequently 

 Patterns (probability p) and encode them with 8 bits 

  Encode the rest with 20 bits 

  Use 1-bit prefix to distinguish the two cases 

 Then, the average rate is 9p + 21 (1 – p) = 21 – 12p. 

 If p > 0.084, 21 – 12p < 20. 

 

Static Dictionary 

 Using a static dictionary is less complex, but the 

probability p of a hit highly depends on the 

applications 

 For student records at a university is probably ok. 

 The key for success is that the most common patterns 

are a small subset of all possible messages 

 Out of over 100,000 English words, only less than 

2,000 words are used in most writings 

 

Digram Coding 

 The dictionary is composed of all letters from the 

alphabet 

 As many digrams (pairs of letters) as possible 

  For example, if we want to encode pure ASCII text 

documents, we can design a dictionary of size 256 

entries, and  Source alphabet: 95 printable ASCII 

symbols 

 Digrams: 161 most common pairs 

 

Simple Digram Coding Example 

 The source alphabet A = {a, b, c, d, r} 

  Dictionary: 

 

 

  Try to code the sequence abracadabra, the output is 

101100110111101100000. 

 

6. Research Challenges 

Planning calculations fill in as a significant part in any 

correspondence arrange to fulfill the QoS necessities. The 

structure is particularly tested by the restricted limit and 

dynamic channel status that are natural in remote 

correspondence frameworks. To plan a MAC layer convention 

which can streamline the framework execution, the following 

highlights and criteria ought to be concerned.  

• Bandwidth use  

Effective transmission capacity usage is the most 

significant in the calculation structure. The calculation must use 

the channel effectively. This suggests the scheduler ought not 

dole out a transmission opening to an association with a right 

now awful connect.  

• QoS necessities  

The proposed calculation should bolster various 

applications to endeavor better QoS. To help delay-touchy 

applications, the calculation gives the postponement bound 

provisioning. The long haul throughput ought to be ensured for 

all associations when the adequate transfer speed is given.  

• Fairness  

The calculation should allocate accessible asset 

reasonably crosswise over associations. The decency ought to 

be accommodated both present moment and long haul.  

• Implementation unpredictability  

In a rapid system, the booking basic leadership procedure 

must be finished in all respects quickly, and the reconfiguration 

procedure in light of any system state variety. Consequently, 

the measure of time accessible to the scheduler is constrained. 

A low-unpredictability calculation is fundamental.  

• Scalability  

The calculation ought to work productively as the quantity 

of associations or clients sharing the channel increments. 

 

7. Time Taken For Encryption-Decryption Process 

We have performed 10 Simulations to get Time 

consumption in Encode-Decode process and to get accuracy of 

Process. 

Table and figure shows the decoding time of the few 

Simulations which are encoded by proposed and existing 

approaches. It can be seen in the graph that binary data takes 

less time to decode. 

 

Table 1: Decoding time 

Sr. 

No. 
Input Data Validation 

Context technique 

Time (S) 

Dictionary technique 

Time (S) 

Hybrid (Proposed 

technique) Time (S) 

1 0100100011110 Success 0.0223685 0.0223683 0.0223682 

2 
Hello I LIVE IN INDIA I am Phd scholar 

Engineering 
Success 0.175918 0.175917 0.175915 

3 WELCOME TO INDIA Success 0.087283 0.087283 0.087282 

4 11101111 Success 0.0045889 0.0045888 0.0045887 

5 TESTING Success 0.069823 0.069823 0.069822 

6 hybrid technique Success 0.128476 0.128476 0.128475 

7 Signal Success 0.049350 0.049349 0.049347 

8 Engineering Success 0.052430 0.052429 0.052428 
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Figure 4: Encode-Decode time 

 
Figure 5: Length vs.time 

 

As shown in figure 5 the decoding time increases as the 

length of the data increases, but the binary data takes lesser 

time to decode.   

 

8. Conclusion and Future Scope 

It is expected that WiMAX becomes the dominant standard 

for Wireless MAN networks in the world market, at least, in 

fixed broadband networks. A brief comparison between 802.16 

and 802.16a has been provided and also it has been shown 

the advantage by using adaptive modulation. It has been 

explained that the key difference between the initial 802.16 

standard and the 802.16a consists of the modulation scheme. 

The importance of OFDM has also been analyzed and this 

becomes an important feature that makes the difference 

between the 802.16 and 802.16a standard. More about this 

topic can be found in the literature provided. PHY and MAC 

layers of WiMAX have been Discussed Future possible 

applications have been discussed. WiMAX mobility standard is 

the next step. However, it will have its competition too with the 

802.20 standard that in short is called Mobility-Fi. We will have 

to wait for the products and their performance in real 

environments in order to evaluate what the standard addresses 
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and the real performance of these products. There are already 

prototypes and also development kits using WiMAX standard 

that are used for education and mainly for research. Nowadays, 

there are also some products that have been introduced into 

the market that already contains the WiMAX standard 

presented here. Market is the key word to take into account. 

Products will have to be delivered according to the market 

needs and those for endusers will have to be extremely easy to 

install. Experience from DSL and cable modems services 

shows this drawback. Of course, in addition to be easy to install 

and provide good technical features, these products have to 

provide low-cost or at least a clear advantage over other 

technologies that are, at this moment, already matured in the 

market like xDSL and cable modem. 

Communicating signals by using radio waves as the 

medium instead of wires is the method for utilized in remote. It 

has been offered an alternate way out for issues identified with 

the entrance the information. Today remote is extremely 

famous innovation that is offering shape to increasingly 

advantageous and practical world. 

The projected way provides a trustworthy packet marking 

in wireless network which is based on Random packet marking 

approach with algorithm mentioned above. Also a combined 

approach of Context based and Dictionary based programming 

way implemented and executed to authenticate the 

communicated data along Checksum to check integrity for the 

information.  

The primary goal of Packet Marking method is use IP 

address for routing path in the attack path and develops the 

attack path again to find out the source router of the intruder. 

Although it is not easy to deliver the IP address in a single 

packet, so the packet marking approach set length of marking 

node so that it can be easy to trace Node. 
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ABSTRACT:  

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the virus strain that caused coronavirus disease 2019 (COVID-19).SARS-CoV-2, an emerging 

zoonotic  coronavirus, identified in December 2019 in Wuhan, Hubei province, China, has spread rapidly across the whole world, causing disproportionately high 

morbidity and mortality, along with unprecedented disruptions in the global economy and society functioning .The World Health Organization declared the outbreak 

of the novel coronavirus (COVID-19) as a global health emergency on January 30, 2020, and as a pandemic disease on March 11, 2020. Although exploration for 

a specific drug required for the COVID-19 treatment is under extensive research worldwide and some of them are in clinical trial now. Virtual drug library screening 

is one of the current techniques for repurposing accessible compounds .This review highlights the current and new therapeutical approaches, risk factors, and related 

protections to be taken as prerequisite measures and probable treatment options for the COVID-19-infected population in the current scenario. 
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Introduction: - 

Severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) is the coronavirus strain responsible for the novel coronavirus 2019 (COVID-19) 

infection. COVID-19 emerged in the Wuhan city of China in late 2019 and swiftly occupied many of the individuals across the city with symptoms of 

atypical pneumonia, resulting in an outbreak of epidemic phase (Zhu et al. 2020a, b). Later, World Health Organization (WHO) declared the outbreak as 

a pandemic after assessing the situation around the world on March 11, 2020 (Cucinotta and Vanelli 2020). By the end of July 2021, more than 192 

million cases  had  been recorded  worldwide, resulting in the deaths of more than 4.1 million individuals worldwide from the beginning of the pandemic 

(WHO 2022a). Exceptional measures were taken to slow down the spread of this respiratory pathogen, including lockdowns, restrictions on travel and 

gatherings, mask mandates, and closures of businesses and schools, all actions with a high economic and psychological burden.  

Airborne transmission is a major concern of SARS-CoV-2 as the expiratory activities (i.e., coughing, sneezing) of an infected person can generate 

respiratory droplets and infect individuals within a radius of 6ft (Ghinai et al. 2020). The front portion of the mouth is where atomization of droplets 

occurs; thus, covering the mouth by the use of a surgical facemask is essential. 

The incubation period of a virus is the period between the exposure and the potential earliest date of symptoms, and current research showed that the 

incubation period for COVID-19 ranges from 2 to 7 days while the median estimate is 4 days (Guan et al. 2020). Fever, dry cough, dyspnea, myalgia, 

tiredness, regular or reduced leukocyte counts, and radiographic indications of pneumonia are all common signs of COVID-19 infection. Symptoms of 

lung abnormalities, lymphopenia, and thrombocytopenia have also been observed in certain COVID-19 individuals. The pathophysiological feature of 

COVID-19 is governed by proliferative and exudative stages of alveolar damage, necrosis of pneumocytes, inflammatory infiltrates, and microvascular 

damage (Carsana et al. 2020). To successfully combat current and possible future pandemics, detailed investigations of this new coronavirus, its mode of 

infection, and replication are required. This review focuses on the therapeutic approaches, discussion, description, clinical manifestation, precautions to 

be taken as a precautionary measure, and various treatment approaches for COVID-19. 

History and Classification 

Coronaviruses are a family of hundreds of viruses, and it was seen that the majority of these viruses showed their harmful effect on different animals like 

bats, chickens, camels, and cats. 

 In the 1960s, human coronaviruses 229E and OC43 were first discovered that were able to infect humans (Andersen et al. 2020). Among human 

http://www.ijrpr.com/
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coronaviruses, four are endemic (229E, OC43, NL63, and HKU1) and are well known for causing mild diseases (Kahn and McIntosh 2005; Saxena et al. 

2020). 

In November 2002, the first SARS-CoV virus was identified, resulting in severe acute respiratory syndrome (SARS) (Lau et al. 2020). In 2003, the 

members of Canada’s National Microbiology Laboratory identified this virus’s genome and confirmed the reason for this outbreak (Pal et al. 2020). Since 

2005, several novel coronaviruses have been recognized from bats, and the evidence showed that human respiratory coronaviruses, SARS coronavirus, 

and MERS coronavirus were initially derived from bat viruses ancestral (Paden et al. 2018; Burrell et al.2017). Another deadlier coronavirus MERS-CoV 

(Middle East respiratory syndrome) was discovered in 2012. In MERS, the first case was from Saudi Arabia. Later another two MERS outbreak was 

identified in 2015 and 2018 in South Korea and Saudi Arabia, respectively. Then the first SARS-CoV-2 or COVID-19 infection was reported in December 

2019 in Wuhan city of China. 

 The virus was first discovered in bats and then pangolins (Panyod et al. 2020; Zhang et al. 2020). The genomic structure of virus SARS-CoV and SARS-

CoV-2 bears many common characteristics and shows almost similar symptoms. This disease turns life-threatening if people are suffering from SARS. 

A total of 774 people was died from 2002 to 2014, according to the last reported case (Abdul-Fattah et al. 2021). 

On account of their genus, there are four main subgroups of coronaviruses, known as alpha (α), beta (β), gamma (γ), and delta (δ) coronaviruses. Among 

them α and β coronaviruses are known to infect mammals, and other two γ and coronaviruses are known to create infection on birds (Wertheim et al. 

2013; Guo et al. 2020). 

Structure of Coronavirus 

Coronaviruses are large, roughly spherical, and consisting of particles with bulbous surface projections . It is a single-stranded RNA-enveloped virus 

with the largest genomes (26.4–31.7 kb) among all known RNA viruses belonging to the Coronaviridae family.  Its genome comprises around 30,000 

nucleotides and contains four genes, which codify the surface protein characteristic of coronaviruses 

1. Glycoprotein S, which exists as a homotrimer and forms the characteristic spikes found in the viral surface. Acting as a fusion protein, it allows 

entry of the virus into the host cell following recognition by its ACE2 membrane protein. 

2. Envelope protein (E), E-protein is a tiny membrane protein with 76–109 amino acids that is a minor component of the viral particle. It is involved 

in virus assembly, host cell membrane permeability, and virus–host cell contact . 

3. Membrane protein (M), which forms the matrix that connects the cover with the inner part of the virus. 

4. Nucleocapsid (N) phosphoprotein, which holds the viral genome, a piece of positivestrand RNA N-protein coats the viral RNA genome which 

plays a vital role in its replication and transcription. It is responsible for encapsulating and protecting (+)-RNA, which contains the virus genome 

5. HE protein  ,The HE protein may have a role in viral entrance; it is not necessary for virus replication, but it appears to be important for natural 

host cell infection 

 

 

  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Preventions: 

 Prevention is better than cure; hence, the spread of this disease can be controlled by paying constant attention to some basic preventative measures given 

below. 

• Get vaccine on time, and follow the local vaccination guideline. 

• Maintain social distancing of at least 1-m space between yourself and others to reduce your threat of infection when others cough, sneeze, 
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or talk  

• Use a face mask when being around other people . 

• Frequently, in a proper manner, clean and rub your hands (at least 20 s.) with an alcohol-based hand wash or usage soap, followed by rinsing 

with water. If hand wash or soap is not available, use alcohol-based hand sanitizer (minimum 60% alcohol). 

• Avoid going to crowded, congested, and/or involving  close touch areas. 

• Surfaces that are often handled, such as doorknobs, faucets, and phone displays, should be cleaned and disinfected regularly. 

• Cover the nose and the mouth with the bent elbow or tissue during coughing or sneezing. After that, throw away the used tissue in a closed 

container and wash hands to maintain good respiratory hygiene. 

• If anyone is feeling unwell with some COVID-19 mild symptoms, they should stay home and self-isolate until they recover 

• If the person develops fever, cough, or difficulty breathing, get medical treatment, call the doctor ahead of time if possible, and follow your 

local health authority’s instructions (WHO 2022c). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Feasible Therapeutic Approaches: - 

Since the beginning of the COVID-19 pandemic, different measures have been taken to treat COVID-19infection. Still, there is no clinically validated 

and specific antiviral medication available to treat COVID-19 infection at this time Patients are usually provided medical treatment or supportive therapy, 

such as oxygen supplementation and mechanical ventilation, toalleviate symptoms For the treatment of COVID-19 infection, many strategies have been 

explored, and repurposing drugs is one of them. Some of the antivirals that have been repurposed include remdisivir, lopivir, lopinavir–ritonavir, ribavirin, 

baloxavirmarboxil, favipiravir, and arbidol/umifenovir. Other drugs that show potential action against COVID-19 but are not antivirals include 

chloroquine ,hydroxychloroquine, corticosteroids, losartan,statins, interferons, nitric oxide, and epoprostenol, which are instances for the repurposing 

strategy. Some  medications have been suggested for treatment in critically sick patients. Tocilizumab, siltuximab, sarilumab, anakinra, and ruxolitinib 

were used to treat COVID-19 individuals who developed cytokine release syndrome (CRS). Antibiotics like azithromycin are frequently used to treat 

secondary infections (Ginsburg and Klugman 2020). The vaccine is another better approach for the prevention of COVID-19 infection. Though various 

vaccines against the SARS-CoV-2 virus have recently been approved, availability remains a major barrier, and public acceptance has become a 

contentious issue. But day by day, SARS-CoV-2 virus becomes more contagious and harmful due to their new mutants called variants. Recently the 

omicron variant’s capacity to evade vaccine-elicited immunity is a major concern. So, there is a requirement for potential therapeutic molecules to treat 

the infection. Several antiviral drugs might be potentially repurposed or developed into viable treatments for this novel coronavirus. However, several 

clinical trials exploring possible therapies are now underway 

Remdesivir- 

Remdesivir is a nucleotide analog that competes with intracellular nucleosides for incorporation in the viral RNA and induces premature chain 

termination. Remdesivir is administered as a prodrug, metabolized intracellularly to an active metabolite, an analog of ATP. Its half-life of about 35 h 
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allows a single dose administration daily. Treatment is recommended for 5–10 days, with a higher initial loading dose (200 mg on the first day), followed 

by a maintenance daily dose of 100 mg to reach a stable plasma concentration . 

Timing is essential for remdesivir efficacy. Initially recommended for hospitalized patients, remdesivir was proven to be more efficacious during the first 

7 days of SARS-CoV-2infection. In high-risk outpatients (age > 60 years, diabetes, obesity, hypertension), an early,short, 3 days course of remdesivir 

significantly decreases the rates of hospitalization .Conversely, patients who are already symptomatic for more than 7 days and require  oxygen support 

have no clinical benefit after remdesivir administration. 

Remdesivir is EMA and FDA approved for the treatment of both hospitalized patients hospitalized ones (with mild to moderate forms of COVID-19, but 

at high risk for severe disease), aged _ 12 years and weighing _ 40 kg. The initial data on remdesivir efficacy came from the WHO SOLIDARITY study, 

that combined data from four clinical trials, showing a decrease in symptoms’ severity in patients treated with remdesivir, and a significant increase in 

life expectancy in critically ill patients Among the side effects of remdesivir observed during clinical trials, and further reported during clinical use on 

the FDA or EMA websites, are gastrointestinal reactions (constipation, nausea, vomiting, diarrhea), increased prothrombin time, hypersensitivity 

reactions, hepato-, and renal toxicity .Therefore, monitoring of liver and kidney functions is recommended before and during remdesivir administration. 

Remdesivir is not administered if the glomerular filtration rate is less than 30 mL per minute, due to the presence of an excipient (sulfobutyl ether beta-

cyclodextrin sodium) that accumulates in the kidney, causing renal toxicity . Remdesivir is not approved for the treatment of COVID-19 in pregnant 

women, but it was used off-label on a small number of patients, with good efficacy and minimal side effects. A large study on the safety of remdesivir 

administration in pregnant and breastfeeding women, conducted by the National Institute of Allergy and Infectious Diseases, US, is expected to be 

completed in 2022 . Treatment with remdesivir was available through an emergency authorization for patients younger than 12 years, due to insufficient 

data on the pharmacokinetics and safety of the drug in these patients. The evidence for remdesivir use in children is limited. A study done in early 2021 

on 77 children (under 18 years old, with an average age of 14 years) with severe forms of COVID-19, showed improvement in the symptomatology, with 

good tolerance and few side effects [. In April 2022 FDA has approved remdesivir use in pediatric patients 28 days of age and older weighing at least 3 

kg, based on the efficacy results in adults and on the data from a phase 2/3, single-arm, open-label clinical study of 53 pediatric patients 

Favipiravir 

Favipiravir is a broad-spectrum antiviral and antiinfluenza drug that restricts viral RNA replication by inhibition of RNA polymerase (Fang et al. 2020). 

Several studies have revealed that favipiravir can effectively treat COVID-19, particularly in patients with mild-to moderate disease. Favipiravir has been 

demonstrated in certain investigations to lower viral load in the upper respiratory tract and the lungs (Shirali and Daikoku 2020) 

Favipiravir initially acts as a prodrug entering cells through endocytosis, and then after phosphoribosylation and phosphorylation, it is converted into an 

active favipiravir ribofuranosyl phosphates (Furuta et al. 2013). The antiviral activity is exhibited through selectively targeting the conservative catalytic 

domain of RNAdependent RNA polymerase (RdRp), interrupting the nucleotide incorporation process during viral RNA replication (Furuta et al. 2017). 

Favipiravir demonstrated 100% effectiveness in protecting mice against the Ebola virus, although its EC50 value in Vero E6 cells was high (Oestereich 

et al. 2014). Favipiravir has been used in the treatment of infectious diseases caused by RNA viruses such as influenza, Ebola, and norovirus (DeClercq 

2019). 

Lopinavir, Ritonavir 

The antiretroviral drug, Lopinavir is widely used for treating HIV and is a potential candidate for the treatment of COVID-19.19 Ritonavir helps to 

stabilize Lopinavir and together they inhibit the replication of coronavirus in vitro.20 Cao et al. carried out an open-label trial for Lopinavir–Ritonavir in 

199 hospitalized patients with severe COVID-19 and administered Lopinavir–Ritonavir (400 mg and 100 mg, orally every 12 h for 14 days). The authors 

found no benefit with Lopinavir–Ritonavir therapy in terms of time to clinical improvement beyond the standard of care.21 However, the analyses of 

secondary outcomes revealed that Lopinavir–Ritonavir may be associated with substantial lowering of overall mortality (19% in patients in Lopinavir–

Ritonavir group vs. 25% in the standard-care group), reduced risk of severe adverse events (20% vs. 32%), and decreased risk of respiratory failure or 

acute respiratory distress syndrome(13% vs. 27%).22 Though this therapy has not shown meaningful clinical improvement, Lopinavir– Ritonavir may 

not be abandone d by clinicians in the current scenario of shortages of alternative drugs. 

Arbidol 

Arbidol is also known as umifenovir, a Russian antiviral drug that seems to be effective against many viruses, including influenza, respiratory syncytial 

virus (RSV), poliovirus, rhinovirus, Zika virus, hepatitis and SARSCoV, and MERS-CoV coronaviruses (Gao et al. 2020). The clinical evidence for using 

Arbidol in the treatment of COVID-19 is scarce.  

A retrospective cohort study, case reports and case series revealed that Arbidol alone or combined with antiviral drugs produced certain benefits in the 

treatment of COVID-19.26 The dosing followed for Arbidol is 200mg every 8 h orally for 7-14 days. 4 The trimerization of SARS-CoV-2 spike 

glycoprotein, which is important for cell adhesion and penetration, may be effectively blocked or hampered by arbidol. When the trimerization of the 

SARS-CoV-2 spike glycoprotein is blocked, a bare or immature virus is formed, which is less infectious (Vankadari 2020). As a host-targeting drug, 

Arbidol also disrupts many steps of viral cycle replication, including entrance, attachment, internalization, and membrane fusion. Arbidol substantially 

improved the clinical state of hospitalized COVID-19 patients, including peripheral oxygen saturation, the need for ICU admissions, the length of  

hospitalization, chest computed tomography involvements, white blood cells, and erythrocyte sedimentation rate, according to a randomized controlled 

trial (Nojomi et al. 2020). 
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Ivermectin 

Another natural product that has shown antiviral activity related to the blockade of a host cell target is ivermectin, which, together with the closely related 

avermectins, has an interesting history. The avermectins were discovered by Ōmura in Streptomyces avermitilis (currently avermectinius) isolated from 

soil samples and were studied as antiparasitic agents by Campbell in Merck. It was soon found that compounds lacking the double bond at the spirocyclic 

fragment of the molecule (ivermectins) were less toxic and had a broader antiparasitic spectrum. Commercially available ivermectin is an 8:2 mixture of 

ivermectins B1a and B1b (Figure 25). It has low toxicity and is widely employed as an antiparasitic medication for veterinary use; it has also been 

approved for a number of human parasitic diseases, most notably onchocerciasis (river blindness), and also filariasis, and pediculosis. Ōmura and 

Campbell shared half the 2015 Nobel Prize in Physiology/Medicine for their discovery.Regarding its use against COVID-19, in 2020, ivermectin was 

discovered to be antiviral in vitro. Its potency was moderate, with an IC50 = 2 _M, which is 15–30 times higher than the concentration that can be reached 

with a dose of 200_g/kg. Nevertheless, it seemed promising in early clinical testing [54] and it was later found to act on multiple targets, including the 

viral S protein and the host importins, which act as transporters of several viral proteins (ORF-3a, ORF-6, NSP-1) to the nucleus, where they block the 

production of the natural antiviral interferon. Moreover, ivermectin was found to act by other mechanisms not based on its viral action, since it is anti-

inflammatory and antithrombotic. The clinical efficacy of ivermectin has become highly controversial; one meta-study showed a reduction of the risk of 

death in COVID-19 patients, especially for avoiding the progression of the disease towards the more severe stages  but several problems with the data 

and the methodology have been pointed out by other authors  and another meta-study concluded that the evidence available that can be considered reliable 

does not support the use of ivermectin for the treatment or prevention of COVID-19 outside of randomized trials . This is also the recommendation of the 

World Health Organization and of regulatory agencies such as FDA and EMA 

Corticosteroids 

Corticosteroids decrease the COVID-19-induced systemic inflammatory response, leading to an improvement in the clinical outcomes and a reduction in 

the 28-day mortality (8.7% in the critically ill and 6.7% in patients with severe COVID-19 who were not critically ill). Dexamethasone is the first-choice 

corticosteroid, widely used throughout the pandemic, with similar oral and intravenous bioavailability. Corticosteroids are highly effective in hospitalized 

patients in severe or critical conditions, requiring mechanical ventilation, while in those with mild forms of the diseases, their use is not recommended. 

Low-dose dexamethasone used in pregnant women requiring mechanical ventilation resulted in a decrease in COVID-19-induced complications, with a 

low risk of fatal adverse reactions. The international treatment guidelines do not recommend the use of corticosteroids in pediatric patients, as there are 

insufficient data to confirm extrapolation of corticosteroid doses used in adults for patients younger than 18 years .Inhaled administration of corticosteroids 

might be recommended in COVID-19 patients, due to an anti-inflammatory effect in the respiratory tract, that can decrease the innate immune 

inflammatory responses and the macrophages’ infiltration in the lung tissue. In addition, inhaled corticosteroids can interfere with the replication of 

SARS-CoV-2, by downregulating ACE2 receptor expression, especially in patients with chronic obstructive pulmonary disease. Nevertheless, the 

COVID-19 EMA pandemic Task Force is advising that there is insufficient evidence on the benefits of inhaled corticosteroids for people with COVID-

19 with normal levels of oxygen . The general safety profile of corticosteroids is well known, and the main side effects (including hyperglycemia, fluid 

retention, increased risk of opportunistic infections, and reactivations of latent infections) are manageable. 

 

Chloroquine and Hydroxychloroquine 

Chloroquine and hydroxychloroquine have a long history of use in the inhibition and treatment of malaria and the treatment of chronic inflammatory 

disorders such as rheumatoid arthritis. Hydroxychloroquine is derived from chloroquine, and initially, they have been proposed as an antiviral treatment 

for COVID-19 (Gasmi et al. 2021; Horby et al. 2020). Later on, a randomized controlled trial reported that hydroxychloroquine was administered as a 

postexposure prophylactic within 4 days of a high-risk or moderate-risk COVID-19 exposure, and hydroxychloroquine did not protect against COVID-

19-related illness or infection (Boulware et al. 2020; Mitja et al. 2021). Another open-label randomized controlled trial reported that 

chloroquine/hydroxychloroquine treatment in patients brought to the hospital with severe COVID-19 resulted in clinical deterioration and increased rates 

of invasive mechanical ventilation and renal failure (Rea-Neto et al. 2021). The Food and Drug Administration (FDA) granted emergency use 

authorization (EUA) to chloroquine and hydroxychloroquine in May 2020 to treat severe cases of COVID-19 in hospital settings. Although additional 

mechanisms are involved, including clathrin interaction, their antiviral activity seems to be mainly due to their ability to alter endosomal pH . These 

compounds have two basic centers, namely the heterocyclic nitrogen belonging to the 4-aminoquinoline moiety, and the tertiary amine at the end of the 

side chain. As a consequence, at acidic pH values they can generate a monoprotonated species (CQH+) and even small amounts of a diprotonated one 

(CQH2+), which, due to their low lipophilicity, become trapped in the acidic organelles, raising vesicle pH and hampering the membrane fusion process. 

. This property of CQ and HCQ renders them potentially useful for suppressing the immune system response characteristic of the severe forms of 

COVID19. Both chloroquine and its hydroxy derivative were broadly used in the clinic in many countries during the first wave of COVID-19. However, 

subsequent clinical studies have not shown evidence of clinical benefit and safety in their use for treating the SARS-CoV2 patients 

Anakinra 

Anakinra is a 17-kD recombinant human IL-1 receptor antagonist (blocking both IL-1α and IL-1β), with a short half-life of around 3–4 h and a favorable 

safety profile, authorized for the treatment of rheumatoid arthritis, gouty arthritis, and other uncommon auto-inflammatory disorders. Anakinra is a safe 

and effective treatment strategy for delaying mechanical ventilation, reducing the need for supplemental oxygen, and regulating SARSCoV- 2-triggered 

inflammation in patients with severe COVID-19 pneumonia and a high oxygen need (Balkhair et al. 2021). Later on, Tharaux et al. reported that the 
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patients with COVID-19 and mild-to-moderate pneumonia, a randomized clinical study found that anakinra was ineffective in lowering the requirement 

for noninvasive or mechanical ventilation or mortality. No major safety concerns were raised during anakinra use for the treatment of COVID-19. 

Reported side effects included neutropenia (particularly when given concomitantly with other drugs that decrease the number of leukocytes), headache, 

diarrhea, and flu-like symptoms . Data on pregnancy and breastfeeding are limited, and the efficacy in children under 18 years of age is not yet established 

. 

Tocilizumab 

Tocilizumab, a monoclonal anti-interleukin-6 (IL-6) antibody, has been identified as a possible therapeutic option for COVID-19 patients at risk of 

cytokine storms. IL‐6 is an essential cytokine in inflammatory reaction and immune response and is one of the most significant cytokines involved in 

COVID‐19-induced cytokine storms (Luo et al. 2020). However, a different study report showed that it is an effective treatment preference for critically 

ill COVID-19 patients, as it substantially reduces their oxygen requirements and their ICU stay, median hospital stay, and death. COVID-19-induced 

cytokine storms are effectively treated with this drug by decreasing the level of IL-6 (Chachar et al. 2021; Luoet al. 2020  Nevertheless, not enough data 

are presented yet to propose tocilizumab or sarilumab use as the standard treatment plan of COVID-19 patients (43) 

Sotrovimab 

Sotrovimab, a monoclonal antibody, has been developed to treat various types of coronaviruses, including COVID-19. It is primarily used to treat mild 

and moderate COVID-19 infection and prevent the progression of the disease condition from critical to severe. A retrospective study reported that the 

use of sotrovimab significantly improved symptom resolution, outcome, laboratory marker, and decreased hospitalization rate in individuals with mild 

and moderate COVID-19. This study suggests the use of sotrovimab in the early stages of COVID-19 treatment (Elesdoudy 2021). Later on, Guta and 

his group reported that the sotrovimab lowered the probability of disease progression in high-risk patients with mild-to-moderate COVID-19. And there 

were no threatening signs found during the study (Gupta et al.2021). The use of sotrovimab for treating mild or moderate COVID-19 in patients at high 

risk of hospitalization has also been conditionally recommended by the WHO (Kmietowicz 2022). 

Janus Kinase Inhibitors; 

Janus kinase (JAK) inhibitors interfere with one of the critical cellular pathways involved in the inflammatory response: the JAK/STAT signaling 

pathway, blocking phosphorylation of STAT proteins (signal transducer and activator of transcription) and preventing inflammation and immune 

activation . JAK inhibitors can be used as supplemental therapy in hospitalized patients receiving remdesivir and/or dexamethasone, who have signs of 

systemic inflammation and require rapid oxygen supplementation. 

Baricitinib 

Baricitinib , a clinically approved drug for rheumatoid arthritis, is a selective JAK1/JAK2 inhibitor with potent anti-inflammatory activity and a potential 

direct antiviral effect, by inhibition of the pivotal regulators of the ACE2 receptor that mediate the clathrin-dependent viral endocytosis . Three clinical 

trials (ACTT-2, COV-BARRIER, STOP-COVID) evaluated the efficacy of baricitinib for COVID-19 treatment, with positive results, demonstrating a 

decrease in hospitalization lengths, duration of mechanical ventilation, and mortality . Baricitinib was administered in monotherapy or in combination 

with other immunomodulatory and antiviral drugs. Co-administration of baricitinib and remdesivir improved the clinical outcome, compared to remdesivir 

alone, with a lower frequency of adverse effects . Coadministration of baricitinib and corticosteroids was associated with a significant decrease in the 

short and medium-term all-cause mortality, with a safety profile similar to the standard of care . No serious adverse reactions were reported and the drug 

can also be administered to children over 2 years of age . 

Ruxolitinib  

a selective JAK1/JAK2 inhibitor, and Tofacitinib (Xeljanz® Pfizer, Brooklyn, NY, USA),a JAK1/JAK3 inhibitor, are recommended in combination with 

corticosteroids, only if baricitinib or IL-6 inhibitors cannot be used. Currently, a beneficial effect on the clinical outcomes was not fully demonstrated, 

therefore their use in COVID-19 treatment remains limited  

Convalescent plasma therapy 

Convalescent plasma treatment is a type of adoptive immunotherapy that can treat a wide range of illnesses.Passive immunity can be created by using 

antiviral antibodies from recovered individuals to treat additional patients with a specific infectious illness. Other respiratory viral diseases, including 

SARS-CoV-1, H1N1 influenza, MERS-CoV, West Nile virus, and Ebola virus, have recently been treated with this technique (Marano et al. 2016). 

Hyperimmune immunoglobulin showed a statistically significant reduction in the risk of death among those treated with convalescent plasma or serum 

in all of  the investigations (Al-Tawfiq and Arabi 2020). This treatment has played an essential role in treating COVID-19 patients when no effective 

antiviral drugs are available. In an initial uncontrolled case series, five critically sick patients with COVID-19 and acute respiratory distress syndrome 

underwent convalescent plasma treatment, and the result showed improvement in their clinical status (Shen et al. 2020). Later on, Duan et al. (2020) 

reported that a single dosage of CP (200 mL) was well tolerated and could considerably raise or sustain neutralizing antibodies at a high level, resulting 

in viremia disappearing in 7 days. However, clinical symptoms improved quickly over 3 days. This suggests that CP might be a viable rescue strategy for 
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severe COVID-19 and that a randomized study is necessary. Due to sample and experimental design constraints, a definitive conclusion on the potential 

efficacy of this form of treatment cannot be made, and further clinical observations will be required 

Antibiotic 

 Azithromycin 

Azithromycin is an antibiotic applied for the treatment of several different types of infections caused by susceptible bacteria (Perter et al. 1992). 

Azithromycin binds to the 50S subunit of the bacterial ribosome, inhibiting mRNA translation (Bulkley et al. 2010, Tu et al. 2005). 

The use of Azithromycin together with other drugs has been successfully applied in the clinic for the treatment of viruses and to prevent severe respiratory 

tract infections for patients suffering from viral infection (Madrid et al. 2015, Retallack et al. 2016). As discussed before, the positive data for the use of 

its azithromycin along with hydroxychloroquine, in a COVID-19 clinical trial have been proposed (Gautret et al. 2020). In an open-label non-randomized 

study in France hydroxychloroquine + azithromycin presented with the highest virologic cure rate following 6-day treatment (Gautret et al. 2020). 

However, other studies affirm the data presented to date are insufficient to evaluate possible clinical benefits of azithromycin in patients with COVID-19 

and repeated the experiments found patients had significant comorbidities (Molina et al. 2020). 

Nitazoxanide 

Nitazoxanide , an antiprotozoal, is an orally active nitrothiazolysalicylamide and antiviral prodrug that is converted rapidly to the active metabolites 

tizoxanide and nitazoxanide conjugates and unlike metronidazole (Rang et al. 2007, Rossignol 2016). Similarly, nitazoxanide is also known to potentiate 

interferon-alfa and interferon-beta production and it has been previously shown to exhibit an in vitro activity against MERS-CoV and other coronaviruses 

(Rossignol 2016). Nitazoxanide is hypothesized as a likely therapeutic approach and could have antiviral potential against Sars-CoV-2, as it works by 

interfering with host-regulated pathways in viral replication, amplifying the detection of cytoplasmic RNA and Interferon type 1. Some author suggests 

that nitazoxanide/azithromycin combination could have a potential that should be properly tested in clinical trials including randomized controlled trials 

Serine Protease Inhibitor 

Nafamostat 

Nafamostat, a serine protease inhibitor that works as an anticoagulant, has demonstrated satisfactory results in inhibiting the action of MERS-CoV and 

has been shown to be effective against SARS-CoV-2 infection, preventing membrane fusion (Wang et al. 2020). Nafamostat mesylate inhibits TMPRSS2- 

dependent host cell entry of MERS-CoV (Yamamoto et al. 2016), and TMPRSS2 is responsible for cleaving and activate Sars-Cov-2 S protein. 

  However, the use of this anticoagulant in the treatment for COVID-19 is in a clinical trial, and the exact concentration of the compound to inhibit viral 

replication is not yet clear. In the deficiency of this information, other serial protease inhibitors were tested to inhibit the entry of Sars-Cov-2 into the cell, 

such as Naphthostat mesylate, which is already used for human use in Japan and the fact that this drug inhibits the action of TMPRSS2 in the host cell 

for infections caused by MERS-CoV (Hoffmann et al. 2020b). Nafamostat has FDA approval (unrelated to infections caused by coronavirus), and has 

been shown to inhibit the entry of Sars-Cov-2 mediated by protein S into the host cell with greater efficiency than Naphthostat mesylate, thus being 

considered the best option for the treatment of COVID-19. 

New Therapeutical Approaches for COVID-19 

• Broadly Neutralizing Antibodies 

Broadly neutralizing antibodies, active against different variants of SARS-CoV-2, including Omicron, were isolated from convalescent plasma donors or 

vaccinated individuals .Cryo-EM studies showed antibodies that were cross-reactive between sarbeco-,merbeco- and embecoviruses, and have flexible 

binding modes, targeting both the “up” and “down” conformations of the RBD. The development of such ultrapotent antibodiesvdirected towards 

conserved viral epitopes, with broad-spectrum activity against bothvwild-type and mutant virus strains, is an important strategy for COVID treatment 

and a step forward towards a pan-coronavirus vaccine. In addition, innovative antibody delivery techniques, such as inhaled antibodies, might offer a 

convenient, highly accessible method for COVID-19 prevention. Nanobodies (Nbs) are single-domain antibodies, similar to the heavy-chain-only 

antibodies initially isolated from camelids and cartilaginous fish . Nbs have a truncated structure, without any light chains and with a single variable 

domain in the two heavy chains (VHH), representing the antigen-binding region. Nbs exhibit ideal attributes for large-scale manufacture and have 

numerous advantages over classical human antibodies: ultra-high antigen-binding affinity, due to a very long CDR3, that can access otherwise inaccessible 

epitopes; recognition of a higher diversity of paratopes; good physicochemical qualities with increased solubility; good tissue penetration; and high 

stability, allowing for oral or inhalation administration. Bi- or multi-specific heavy chain antibodies and nanobody-drug conjugates are tested as 

antitumoral therapeutic strategies and can be used to prevent or treat inflammatory and infectious diseases . 

Caplacizumab, a bivalent single-domain antibody, is the first nanobody-based medicine approved by the EMA and FDA in adults with thrombotic 

thrombocytopenic purpura and thrombosis in November 2018, and February 2019, respectively. Due to their high antigen affinity and stability, nanobodies 

can be administered in oral or inhaled versions and might be beneficial for COVID-19 non-hospitalized patients, during the early stages of the disease, 

acquiring high pulmonary concentrations with minimal systemic adverse effects. Nanobodies able to recognize the RBD of different variants of SARS-
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CoV-2 were identified using phage display libraries derived from camels and llamas immunized with SARSCoV- 2 spike protein or receptor-binding 

domain . Engineered multivalent nanobodies constructs with superior neutralizing activity can block SARS-CoV-2 entry, either by inhibition of receptor 

binding or by inducing conformational modifications that prevent viral–cell fusion . In experimental mice models, prophylactically administered 

combinations of bivalent nanobody-Fc fusions, recognizing different epitopes in SARS-CoV-2 RBD, were able to decrease viral replication .Nanobodies 

that target chemokines or cytokines, can be customized to modify inflammatory responses in COVID-19 disease . Previously, several studies using the 

phage display method to elicit nanobodies directed towards cytokines were published, proving higher efficacy compared to the traditional cytokine 

blocking antibodies 

• Novel Viral Entry Inhibitors 

Bemcentinib is a selective inhibitor of the AXL receptor tyrosine kinase, that mediates uptake of the apoptotic bodies, used by SARS-CoV-2 in a 

process of apoptotic mimicry, to adhere to and internalize into the host cells. Bemcentinib is currently tested in two phase 2b clinical trials in 

hospitalized COVID-19 patients. The first study recently reported the short-term efficacy results, with minor benefits in the primary trial endpoints 

(time to improvement by two points on the WHO ordinal scale or time to discharge), but with potentially significant clinical benefits in a key secondary 

endpoint (avoidance of clinical deterioration) . 

 

Inhibitors of Host Transmembrane Surface Protease TMPRSS2 

Camostat mesylate, an oral serine protease inhibitor, primarily used for symptomatic treatment in gastrointestinal tract disorders, is a potent inhibitor of 

the TMPRSS2 protease used by SARS-CoV-2 to prime and activate the spike protein. Randomized, double-blinded studies, with clinical endpoints 

including viral load, number of hospitalization days, and mortality, show that camostat mesylate might be a promising repurposed drug, with a very good 

safety profile in humans. N-0385 is a small peptidomimetic molecule, an inhibitor of TMPRSS2, that shows high efficacy in vitro on several SARS-CoV-

2 variants (Alpha, Beta, Gamma, Delta) at low, nanomolar concentrations. The drug demonstrated a potential prophylactic and therapeutic effect during 

experimental intranasal infection in a transgenic mouse model, that expresses the human ACE2 receptor driven by a keratin promoter. Further studies are 

necessary to evaluate the efficacy of this compound on the Omicron variant, which was shown to have a decreased use of TMPRSS2 and a preference 

for endocytosis dependent cell entry, with altered spike processing and reduced fusogenicity 

Interferons 

A limited and delayed interferon (IFN) response might stimulate an uncontrolled viral replication and an aberrant immune response, leading to severe 

forms of SARS-CoV 2 infection. Patients with errors in the type I IFN activating pathways and those with auto  antibodies neutralizing type I IFN are 

prone to a severe course of COVID-19. Systemic and inhaled IFN alpha and beta were administered in hospitalized patients, either alone or in 

combinations with antivirals, such as remdesivir or ribavirin, without major clinical benefits  Interferon lambda has a limited inflammatory activity, due 

to a more restricted distribution of its IFNLR1/IL10R2 receptors, on epithelial and immune cells. Smallrandomized clinical trials with peginterferon 

lambda did not show significant clinical benefits for non-hospitalized patients , although an accelerated suppression of viral replication was demonstrated 

. Interferons can inhibit cell division, as such, treatment is associated with flu-like symptoms,nausea, fatigue, weight loss, hematological toxicities, 

alopecia, elevated transaminases, and psychiatric problems (e.g., depression, suicidal ideation) can most often occur. Concomitant treatment with 

immunomodulatory drugs or chemotherapeutic agents is not recommended, due to an increased risk of toxicity. Administration in pregnancy is not safe, 

as congenital anomalies in the fetus or spontaneous abortion may occur. There are insufficient data for interferons’ administration in children 

Immunonutrition 

A healthy and ‘well-fed’ immune system is one of the most important weapons against COVID-19. Though an array of micronutrients is required, a large 

body of evidence is seen for Vitamin C and Zinc. 

Vitamin C (Ascorbic Acid):  

Vitamin C, a potent antioxidant agent is an effective anti-viral agent against influenza viruses. It helps to develop and mature T lymphocytes and NK 

(natural killer) cells. In 50 moderate to severe COVID-19 patients, intravenous vitamin C (between 10 g and 20 g per day given over a period of 8–10 

h) improved oxygenation index. All patients were cured and discharged. 11 Though high dose vitamin C is safe, large clinical studies are needed for 

bedside use. 

Zinc: 

 Zinc is a potential supportive therapy of COVID-19 owing to its immunomodulatory and antiviral effects. Zinc inhibits SARS-CoV RNA polymerase 

and decreases angiotensin-converting enzyme 2 (ACE2) (SARS-CoV-2 receptor). It also upregulates interferon α to improve antiviral immunity. In 

elderly individuals, 45 mg/day of oral zinc supplementation for a year has shown to lower the incidence of infections. It is hypothesized that Zinc 
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supplementation in HCQ-treated patients may lead to improved outcomes in COVID-19 patients. HCQ has Zinc ionophore characteristics, leading to 

increased intracellular levels of Zinc specifically in lysosomes. This elevated intracellular 

 

Herbal Drugs  used in COVID-19 

For several years, medicinal plants have been used in different indigenous health schemes and traditional medicines for treating diseases. 21 Naturally 

occurring herbal medicine provides a wide variety of natural products, which can be used as an ancillary guide to unlocking many mysteries behind 

human illnesses. 22,23 According to a report by the WHO, 80% of people in developing countries rely on conventional plants for health needs. 23–25 

With the enhanced resistance of microorganisms (bacteria, viruses, and parasites) to traditional anti-microbial therapy, alternative therapies are being re-

explored at a growing rate, particularly from herbal sources. 25 Assessing the possible antiviral activity of various natural resources has gained remarkable 

attention with the emergence and re-emergence of new viruses, concerning the availability of advancing technological resources. 21,23,26 A variety of 

herbs have been investigated, and their effects against viral infections have been identified. 21 Amidst the mounting global concerns about the COVID19 

outbreak, understanding the natural products with antiviral properties is essential for providing an alternative management option for COVID-19. The 

use of natural products and phytomedicine continues to grow fast around the world, with many people nowadays reverting to such remedies in different 

national healthcare settings for the treatment of various health challenges. 23 Herbal phytoconstituents effectively reduced infectious conditions, where 

they were the only treatments available before antibiotics were introduced. In particular, herbal medicinal products provide a rich tool for the production 

of novel antivirals. The use of these plants dates back to the beginning of civilization. 27,28 Traditional Chinese medicine includes treatments of herbal 

and acupuncture, where those aim to prevent and treat diseases by enhancing the immunity of the body. 29,30 Chinese medicine needs experience and 

knowledge; here, no adverse reactions could be identified if Chinese herbs are properly used, 30,31 Seven coronaviruses have been detected with an 

ability to spread among humans; three of them are harmful, namely, SARS (severe acute respiratory syndrome, China, 2002), MERS (Middle East 

respiratory syndrome, Saudi Arabia, 2012), and SARS-CoV-2 (COVID-19, 2019). These viruses are belonging to the coronaviridae family of the 

coronavirus genus. The genome sequence analysis concluded that SARS-CoV-2 belongs to the beta type genus, where this type also contains the Bat 

SARS-like coronavirus, SARS, and MERS. Furthermore, based on the nucleic acid structure similarity, COVID-19 is a betacoronavirus 

Andrographolide 

 The andrographolide is a labdane diterpenoid that is mainly isolated from the Andrographis paniculate (green chiretta) herbaceous plant extract. This 

component was utilized in different medical functions due to its remarkable biological activity, such as immunity regulation, anti-hyperglycemia, anti-

bacteria, anti-virus, anti-parasite, and anti-tumor. 32–34 Previous reports showed that andrographolide could treat multiple viruses such as influenza A 

virus (IAV), 35 human immunodeficiency virus (HIV), 36 Enterovirus D68 (EV-D68), 37 dengue virus (DENV), 38,39 and Chikungunya virus (CHIKV) 

40 due to its wide range of antiviral properties. Recently, Enmozhi et al. found that andrographolide could be a good inhibitor for SARS-CoV-2 through 

in silico studies by influencing the viral 3-chymotrypsinlike cysteine protease (3CLpro). 41 In general, andrographolide is highly abundant and has low 

cost and cytotoxicity; though, its strong antiviral activity against different types of viruses needs to be further studied 

Quercetin 

 It is a flavonoid compound that could commonly found in fruits and vegetables. In addition to its dietary property, quercetin owns multiple biological 

activities, including its anti-functions against inflammations, oxidants, viruses, allergies, cancer, and mood deterioration, similar to vasoprotective 

medication. 42–44 Previous studies showed that quercetin has antiviral activity against a group of viruses, including IAV, 44 Hepatitis C Virus (HCV), 

45 Enterovirus 71 (EV-71), 46 SARS-CoV, etc. 47,48 Regarding the SARS viruses, quercetin showed a relatively high inhibition rate and half-maximal 

inhibitory concentration (IC50) values of 82% and 73 µM, respectively, against SARS-CoV 3CLpro in Pichia pastoris fungus. 

Baicalin  

It is another medicinal component found in Scutellaria baicalensis Georgi (Chinese name: Huang Qin) and has a wide window of curative applications 

as sensitizer and antiapoptosis. 49,50 Chen et al. reported the antiviral activity of baicalin versus SARS type viruses, with an effective concentration to 

reduce the virus forming unit by 50% (EC50) value of 12.5 µg/ml within two days. The activity was reduced as the incubation time continued more than 

two days. 51 The similarity between the current COVID-19 virus (SARSCoV-2) and SARS-CoV is anticipated to obtain an analogous antiviral effect 

from baicalin on the recent virus. Furthermore, Deng et al. utilized UV spectrophotometry to identify angiotensin-converting enzyme inhibition, where 

baicalin was found to be a good in vitro inhibitor angiotensin-converting enzyme (ACE), with an IC50 value of 2.24 mM. 52 Considering the low toxicity 

of baicalin, its usage as a drug or treatment agent could be promising against COVID-19 

Curcumin 

 Its International Union of Pure and Applied Chemistry (IUPAC) name is (1,7-bis(4- hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione). It is an anti-

cancer, antioxidant, anti-inflammatory, and amphipathic molecule that contains a polar center and a lipophilic methine segment surrounding it. 53 The β-

dicarbonyl group in curcumin structure promoted the H-bond donating and accepting, where this group functions as a phenylic hydroxyl moiety and 

methoxy group. Also, curcumin can be used as a Michael reaction acceptor due to its affinity to multivalent metals and non-metals, which leads to a high 

polymerization around CC. 54 Here, two polyphenols, Catechin and Curcumin, were reported through computational approaches, which have a dual 
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binding affinity. Catechin binds to viral S-protein and ACE2 with a binding energy of -10.5 Kcal/mol and -8.9 Kcal/mol, respectively. As a result, it binds 

with a greater affinity than that of curcumin, which are -7.9 Kcal/mol and - 7.8 Kcal/mol for S-protein and ACE2, respectively. While curcumin gets 

bound directly to the receptorbinding domain (RBD) of viral S-protein, catechin binds to the proximity of S-protein’s RBD sequence. A molecular 

simulation study demonstrated that curcumin directly binds with the RBD site of S-protein during 40-100ns. In contrast, catechin binds with S-protein 

near the RBD site and causes fluctuation in amino acid present in the RBD and its proximity. In conclusion, this computational study predicted the 

possible use of the above two polyphenols for therapeutic/preventive intervention. 

LUTEOLIN 

 Luteolin (3′ ,4′ ,5′ ,7′ -tetrahydroxyflavone) is one of the flavonoids group that naturally exists in a massive number of plants and has multiple 

pharmaceutical functions, such as anti-diabetic, anti-inflammatory, anti-bacterial, anti-cancerogenic, antiviral, antioxidant, anti-proliferative, and heart 

protective. 65 This component is obtained from Chinese medicine herbs available almost everywhere and at a low price. 66 Hence, Luteolin is suggested 

as a potential therapy to treat COVID-19 pandemic 

MYRICETIN 

 Myricetin is a common plant-derived flavonoid and has many types of nutrition. Moreover, it commonly enters the ingredients of different foods and 

beverages. Likewise, Myricetin’s previous plants and herbs show a wide window of potentials and roles as anti-inflammatory, anti-cancer, anti-diabetic, 

and antioxidant. This component has a long history that dates back to more than a century. The first isolation was from Myrica nagi Thumb (Myricaceae) 

in the late 1800s in India and was finally obtained as pale-colored crystals. 67 Yu. et al. reported that myricetin in vitro inhibited SARS-CoV’s helicase 

protein by influencing the ATPase action, but not the unwinding activity of nonstructural protein 13 (nsP13). Furthermore, it was observed that myricetin 

and scutellarein had no cytotoxicity versus normal breast epithelial MCF10A cells. It can be suggested that the naturally-existing flavonoids, including 

myricetin, might serve as a SARS-CoV 2 inhibitor. 68 

Azadirachta Indica (Neem) 

 The main clinical symptom of COVID-19 is fever and to reduce it these plants have valuable outcomes. The leaves of neem are traditionally boiled and 

consumed for the management of fever-related with COVID-19, with reported anti-inflammatory effects in animal studies . The animal study and in-

silico docking research confirmed that neem leaves extracts and their metabolic constituents such as flavonoids and polysaccharides have direct antiviral 

effects against different viruses including Hepatitis C Virus . Specific to SARS-CoV-2, molecular docking research has demonstrated that neem-derived 

compounds such as nimbolin, nimocin, and cycloartenol can bind to the SARS-CoV-2 envelope (E), membrane (M), glycoproteins, and also inhibitory 

role . Its leaves have positive effects on immunoregulatory effects to boost immune response in animals models . In mice vaccinated with Brucella Rev-

1 vaccine, neem seed extract given subcutaneously boosted the production of IFN-γ post-vaccination  neem seed extracts must be avoided in pregnant 

women as animal research its shown abortifacient effects . while clinical studies have reported its anti-human chorionic gonadotropin effects . Studies 

reported that the traditional purpose of neem for medicinal purposes mainly depends on leaves consumption, boiled the leaves in the water, and drank . 

One of the main concerns is about safety, a clinical trial should be done to establishing safe doses of neem leaves specific to the formulation intended for 

use are required before further investigations on efficacy. Although neem leaves have been used traditionally for a long time, the toxicity profile is not 

well-documented. clinical cases of acidosis and renal injury in the body system have also been reported on neem seed oil users [32]. The main challenges 

of ethnopharmacological study for therapeutic claims are quality control, identification, and standardization of biomolecules on herbal products. 

Mentha Piperita 

 Peppermint (M. Piperita) is the oldest herbal remedy for different diseases condition in the world. Dry peppermint has been composed since 1000 BCE, 

and its importance has been described in ancient Egypt, Greece, and traditional Chinese medicine. Peppermint has essential oil and significant antibacterial 

and antifungal activity against Gram-negative and Gram-positive bacteria, yeast, and fungi, mainly as a result of the presence of the abundant 

phytochemicals menthol and menthone . However, to the best of our knowledge, a study done of Saudi Arabia stated that about 78% of non-hospitalized 

patients used peppermint, compared with only 22% of hospitalized patients without using peppermint supplement, due to COVID-pandemic so that use 

of peppermint during infection with COVID-19 was associated with lower odds of hospitalization 

Glycyrrhiza Glabra 

Glycyrrhizin, also called glycyrrhizic acid (GLR), is a triterpenoid saponin mainly isolated from the roots (Glycyrrhizae Radix) of the plant Glycyrrhiza 

. GLR effectively inhibited the replication of two clinical isolates of SARS-associated coronavirus (FFM-1 and FFM-2). The drug was found to inhibit 

the cytopathic effect of the virus with an EC50 of 300 mg/ml while being non-cytotoxic to the host cells. GLR inhibited virus replication but also the 

penetration and adsorption of the virus into cells . The mechanism of action at the origin of this activity was not known at that time but a drug-induced 

production of nitrous oxide synthase was mentioned, signifying that nitrous oxide could be accountable for the inhibition of virus replication . GLR also 

showed active when it was tested against 10 clinical isolates of SARS coronavirus in infected Vero-E6 cells but the activity was limited in time. The rapid 

metabolism of the drug limits the drug exposure, not permitting it to reach an effective concentration . The modification of the GLR structures, particularly 

to make amino-acid conjugates and amide derivatives can rise significantly the activity against SARS-CoV-2 but it can be at the expense of elevated 

cytotoxicity 
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Psoralea Corylifolia  

Psoralea corylifolia L is used in Chinese medicine and traditional Ayurveda against different types of skin diseases, such as leukoderma, psoriasis, and 

leprosy . This plant is also known for its antimicrobial and anti-inflammatory activities . In a while, 6 aromatic constituents were isolated from seeds of 

Psoralea corylifolia ; the isolated phytoconstituents inhibited the enzyme in a dose-dependent manner with IC50 ranging from 4.2 to 38.4 μM. Likewise, 

numerous natural products have revealed antiviral effects at nanomolar concentration against SARS-CoV (e.g., homoharringtonine, ouabain, lycorine, 

tylophorine, 7 methoxycryptopleurine, and Silvestro) . Clinical trials of a few herbal compounds against SARS-CoV-2-3CLPro aroused hope for plant-

derived anti-SARS-CoV-2 drugs. Very recently, 3CL protease inhibitor NLC-001, a plant product administered orally as a dietary supplement, got US 

FDA approval 

Coronil : An Ayurvedic Attempt 

On 23rd June, Patanjali launched Coronil and Swasari as an Ayruvedic cure for treating coronavirus infections. The launch of Coronil kit was based on 

the company’s claim that the results were based on placebo controlled clinical trials. The drug was given to 95 COVID 19 infected patients and the 

company claims that 69 % patients were cured in 3 days and 100 % recovered in 7 days. The company further claims that high sensitive C-reactive protein 

and IL-6 levels were reduced in patients who were given Coronil. The reduction in IL-6 level reduces the chances of cytokine storm which has created a 

disturbing impact on patients. The company claimed that Coronil can cure Covid 19 patients in 3-14 days and it has no side effects. Coronil is made of 

the extracts of pure Giloy, Tulsi and Ashwagandha. Giloy has its own benefits. It improves platelet count, removes toxins from body, purifies the blood 

and fights bacteria. It is said to make immune system stronger and makes respiratory system stronger. Tulsi has proved to be highly effective in fighting 

against infection. It also acts as a natural immune booster, reduces fever, pain, reduces stress, cold, cough and other respiratory disorders and considered 

to be good for heart. Ashwagandha is said to be very beneficial herb for health of human beings. It is a rich source of antibiotics and very helpful in 

reducing body stress. The other ingredients were Kakda Singi,, Rudanti and Powerful Minerals. Patanjali launches this Coronil kit at Rs 545. They have 

planned to launch e-commerce application for delivery of coronil medicine within 2 hours of order placement using its own network. The entire Coronil 

kit included the medicine for 30 days and was expected to available on Patanjali stores in a week’s time of its launch. The company also claimed that 

Coronil can also be used not only to cure corona but can be used also to prevent a person from getting infected 

Covid-19 Vaccines 

The world has taken different significant actions to control the COVID-19 pandemic from its beginning. However, the disease spreads unabated, wreaking 

havoc on people’s health, social lives, and economies. Therefore, the prevention and control of the COVID-19 pandemic were immediately needed. 

Several vaccines have been studied, produced, tested, and assessed at a breakneck speed, and in 2021 many vaccines have been approved. 

According to the WHO, more than 9.8 billion vaccination doses had been delivered as of January 27, 2022 (WHO 2022a). The immune system is triggered 

by vaccination, resulting in the generation of neutralizing antibodies against SARS-CoV-2. But the variants of the virus are always a major cause of 

concern. Vaccines have longbeen known to lose their potency over time. As a result, various countries have authorized the administration of an additional 

dose of vaccine (known as a booster) to people 3–5 months after their vaccination cycle is completed. This method appears to be efficient in preserving 

SARS-CoV-2 immunity 

Vaccines authorized in India:  

Globally, many vaccines are available some of them are Covishield® (Oxford-AstraZeneca), mRNA-1273 (Moderna), Janssen (Johnson & Johnson), 

AZD1222 (Pfizer BioNTech), Sputnik V® (Gamaleya), Covaxin® (Bharat Biotech), CoronaVac (Sinovac), NVX-Cov2373 (Novavax), BBIBP-CorV 

(Sinopharm) etc. In India, DCGI has approved three vaccines for restricted use in emergency situation in the India: the Covishield®, Covaxin®, and 

SputnikV®.15,16 As on 25th April, around 140.91 million vaccine has been inoculated24 which is around 10% of total population 

Covishield:  

The ChAdOx1 nCoV-19 vaccine (AZD1222) is made up of the replication-deficient simian (Chimpanzee) adenovirus vector ChAdOx1, which carries 

the full-length structural surface glycoprotein of SARS-CoV-2 along with a tissue plasminogen activator leader sequence. ChAdOx1 nCoV-19 expression 

optimizes the coding sequences for the codon of the spike protein. Two doses are required to administer at a dose of 0.5ml, contain 3.5-6.5×1010 viral 

particles as a single intramuscular injection (IM) into the deltoid up to 12 weeks apart (target 4 weeks) which induced maximum humoral and cellular 

immune responses against SARS-CoV-2.25,26,27 It can be kept in the refrigerator at temperatures ranging from +2˚C to +8˚C. When opened, multi-

portion vials should be used as soon as practically possible and within 6 hours if held between 2˚C to 25˚C.28 It has shown the general efficacy of 70.42% 

in primary analysis population (Licensing regimen + Exploratory analysis) in the trials carried out in the UK and Brazil.26,28 Same vaccine shows only 

22% efficacy according to preliminary South African data. It might be the reason of new variant 501Y.V2 (B.1.351), which is resistant to both natural 

and vaccine-induced immunity.29 Due to the South Africa variant (B.1.351), Shabir AM et al. found just 10.4 percent vaccine effectiveness and vaccine 

did not provide defense against mild-moderate Covid-19. However, the vaccine's effectiveness against the UK strain (B.1.1.7) of SARS-CoV-2 is 

comparable to that of other lineages.30 So it may not be effective in new variants. It is available at rate Rs. 600/- (8.04$) for private hospital per dose.31 

Injection site tenderness (>60%); injection site discomfort, headache, exhaustion (>50%); myalgia, malaise (>40%); pyrexia, chills (>30 %); and 

arthralgia, nausea (>20 %) were the most commonly recorded unfavorable reactions. The majority of adverse reactions were mild to moderate in intensity 
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and apparently went away after a few day. By day 7 the incidence of subjects with at least one local or systemic reaction was 4% and 13%, respectively. 

As compared to the first dose, the second dose's adverse reactions were milder and were recorded less frequently.25,27,28 In the case report reported by 

Marie S et al., anti-PF4 antibodies were observed 6 to 24 days after receiving the first dose of Covishield, unrelated to the use of heparin therapy, in a 

case report of 23 mostly young, usually healthy patients who presented with atypical thrombosis, mainly involving cerebral veins, and 

thrombocytopenia..32 With the exception of one patient who presented with fatal intracranial haemorrhage, Andreas G et al. confirmed that 11 original 

patients starting 5 to 16 days after vaccination presented with one or more thrombotic events; nine had cerebral venous thrombosis, three had splanchnic-

vein thrombosis, three had pulmonary embolism, and four had other thromboses; six of these patients died.33 Chatterjee S et al. has reported a case of 

myocardial infraction post vaccination after 2 days.34 National Adverse event following immunization (AEFI) has documented which include myocardial 

infraction, cardiac death, trigger pro-thrombotic state, cardiovascular event, hypertensive emergency and anaphylaxis as adverse events in 11 patients and 

among them 10 had loss their lives.35 Although a causal link has yet to be established, viral vector, a vaccine additive, or a flaw in the manufacturing 

process may all play a role.32,36 

Covaxin  

The virus strain (NIV-2020-770) with the Asp614Gly mutation, which was isolated and sequenced from a Covid-19 patient, was used to produce BBV152. 

It is an entire virion β-propiolactone-inactivated SARS-CoV-2 vaccine with a toll-like receptor (TLR) 7/8 agonist molecule absorbed to alum (Algel-

IMDG). To induce full cell mediate response, it injects intramuscularly in to deltoid muscle at a volume of 0.5ml/dose in two-dose regimen 28 days apart. 

It can be stored in the refrigerator at temperatures ranging from +2˚C to +8˚C, which is ideal for immunization cold chains. A Phase 3 clinical trial with 

25,800 participants is ongoing, with interim analysis results indicating vaccine efficacy of 81 percent..37,38,39Sapkal GN et al. study shown that this 

vaccine is effective against B1.1.7 variant.40 It is available at the rate Rs. 1200/- (16.08$) for private hospital.41 Pain and swelling at the injection site 

were listed as local adverse effects, while fever, weakness or malaise, myalgia, body aches, headache, nausea or vomiting, anorexia, chills, generalised 

rash and diarrhoea were listed as  systemic adverse events.37,38,39 AEFI had document 2 adverse event associated with vaccination which include 

sweeting, dizziness, anxiety, cold extremities, hypotension and anaphylaxis.35 Detail phase 3 clinical trial report will be revealed imminently, which will 

give more data with respect to the immunization efficacy and undesirable impact of it. 

Sputnik:  

Recombinant adenovirus type 26 (rAd26) and recombinant adenovirus type 5 (rAd5), both of which bear the gene for SARS-CoV-2 full-length 

glycoprotein S, are included in the vaccine (rAd26-s and rAd5-s).42,43 For both recombinant adenoviruses, a complete dose of the vaccine contain 1010 

or 1011 viral particles44 and given intramuscularly one followed by another with 21 days apart. The antigen transmitted by adenoviral vectors is known 

to induce both cellular and humoral immunity after a single immunization, making it useful as an emergency pandemic prevention method. A long-lasting 

immune response can be achieved by combining two immunizations. It is available in two formulation, frozen and lyophilized dry powder vaccine. For 

injection per dose, frozen vaccine inoculated at a volume of 0.5 mL and lyophilized dry powder vaccine must be reconstituted in 1 mL of sterile water. 

Frozen vaccine required -18˚C and lyophilized dry powder vaccine can storage at +2 ˚C to +8˚C. It has shown 91.6% vaccine efficacy.42,43,44  It is 

equally effective in case of B1.1.7 variant and in case of B1.351 variant it has shown only minimal efficacy but better than other available 

vaccines.45,46,47 It is expected to be accessible in India by end of May 2021 at the rate less than 10$ per dose.48,49 Immunization with this vaccine is 

linked to mild adverse events such as discomfort at the injection site (58%), hyperthermia (50%), headache (42%), asthenia (28%), muscle and joint pain 

(28%). There were no severe adverse events identified 

 

Conclusion 

Extensive research has been being carried out on SARSCoV-2 and its different variants to combat them with the new treatment strategies. With the 

continued enormously hard efforts to prevent the spread of SARSCoV-2 globally, Some strategies like vaccination, social distancing, self-quarantine, 

stay home, stay safe, night curfew, partial or complete lockdown, maintaining hygiene, wearing masks, and using hand sanitizer frequently have been 

imposed to control the transmission of COVID-19. Presently, multiple vaccines have been approved, which are significantly efficacious toward prevention 

of COVID-19. Some of them In the current review, we presented the latest advancements in the treatment of COVID-19 patients. Along with supportive 

therapies, no specific treatment has been introduced for COVID-19. The efficacy of some antivirals, convalescent plasma transfusion, and many similar 

cases need to bestudied in more clinical trials 
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INTRODUCTION 
 

Acquired immunodeficiency syndrome (AIDS) is a 

medical condition caused by the human 

immunodeficiency virus (HIV). HIV infection is a very 

current threat and can easily be termed as a curse upon 

the human race. The scientific community first noticed 

and recognized the presence of AIDS as an actual disease 

following an increase in the incidence of very rare 

opportunistic infections and cancers among otherwise 

healthy homosexual men.
[1]

 HIV-1 was identified as the 

causative organism soon after the first official 

recognition of HIV patients in the USA.
[2]

 HIV-2 was 

reported first in Africa in 1985 and is markedly different 

from HIV1.
[3]

 It closely resembles a simian virus that 

infects macaques in captivity. Simian viruses that 

naturally infect African primates are suspected to reach 

humans via multiple cross-species transmissions 

resulting in the spread of HIV-1 and HIV-2.
[2]

 The global 

prevalence of HIV has expanded since its discovery and 

has now spread across the globe despite advances in 

antiretroviral treatments (ART). The mortality and 

morbidity rates related to HIV infections remain high in 

developing   countries largely due to food insecurity and 

malnutrition.
[4]

 Longterm concomitant sexual 

relationships and high infectivity during the early phase 

of HIV infections are other factors behind the extensive 

spread of HIV in the general population.
[5]

 

 

The infection  
The main site of the attack is the immune system, 

especially the CD4 T-lymphocytes (CD4 cells). Once 

infected, the virus gradually and silently overpowers the 

host’s defense mechanisms, resulting in opportunistic 

infections and cancers that are otherwise rare. Activated 

and differentiated CD4 cells have a pivotal role in the 

activation of cell-mediated and humoral immune 

systems.
[7]

 HIV infection results in the depletion of CD4 

cells in the peripheral blood.
[8]

 Among untreated patients, 

the depletion continues over a course of several years 

until the patient succumbs to AIDS. It is the last stage of 

the HIV infection, and it presents itself anywhere 

between two and 15 years post-infection.
[9]

 The 

following figure represents the timeline of HIV infection 

from the initial infection to the expression of 

AIDSdefining symptoms (Figure 2).
[10]

 

 

HIV subgroups HIV -1 

HIV-1 is well-known for its extensive genetic diversity. 

There are four different lineages coming under HIV-1: 

M, N, O, and P. The most commonly reported HIV virus 
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ABSTRACT 
 

The discovery of the human immunodeficiency virus (HIV) as the causative organism of acquired 

immunodeficiency syndrome (AIDS) and the inability of modern medicine to find a cure for it has placed HIV as 

one of the most dreaded pathogens of the 21st century. With millions of people infected with HIV, it was once 

thought to result in ―medical apocalypse‖. However, with the advent of antiretroviral therapy (ART), it is now 

possible to control HIV. Adherence to ART helps to keep the viral load under control and prolong the time of 

progression to AIDS, resulting in near normal life expectancy. Even with the introduction of ART, a substantial 

number of patients fail to adhere due to a variety of reasons, including adverse side effects, drug abuse, mental 

disorders, socioeconomic status, literacy, and social stigma. With the availability of so many options for HIV 

treatment at each stage of the disease progression, physicians can switch between the treatment regimens to avoid 

and/or minimize the adverse effects of drugs. Close monitoring, major social reforms, and adequate counselling 

should also be implemented to circumvent other challenges. 

 

KEYWORDS: hiv, aids, drug adverse effects, hiv/aids, highly active antiretroviral therapy (haart), antiretroviral 

therapy, clinical managment 
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across the globe is group M.
[2]

 Group N less prevalent, 

reported only from Cameroon.
[11]

 Group O is accountable 

for 1% of the total HIV-1 cases and is mainly found 

Cameroon and Gabon.
[12]

 Group P is the rarest of all and 

has been identified in Cameroonian pregnant woman in 

France.
[13]

 It has a prevalence of 0.06% of total HIV 

infections.
[14]

 

 

HIV-2 

HIV-2 is most commonly reported in West Africa, with 

Guinea-Bissau and Senegal having the highest incidence. 

Eight different types of HIV-2 exist, labeled HIV-A to 

HIV-H. Group A is reported throughout the sub-Saharan 

region.
[15]

 Group B is reported more commonly in the 

Ivory Coast.
[16]

 Due to the sporadic nature of the 

infection and incidence, C to H are categorized as ―dead-

end‖ transmissions that produce no subsequent 

infections.
[2]

 

 

Current status of HIV infection and mortality rate 

Western, Central Europe, and North America 

Approximately 2.4 million individuals are HIV-positive 

in this region. An estimated 85,000 new HIV infections 

were reported in 2014, and more than 50% of infections 

were from the United States of America. About 26,000 

AIDS-related deaths were also reported in the same 

period.
[17]

 

 

Asia and Pacific 

As of 2014, approximately five million individuals were 

previously infected in Asia and the Pacific, with as many 

as 340,000 new HIV infections arising that year. China, 

Indonesia, and India contribute to about 78% of the total 

new disease burden in Asia and the Pacific with about 

240,000 deaths. Patients receiving ART are 

approximately 36%, with 3.2 million active HIV patients 

having no access to ART.
[17]

 

 

Pakistan 

In Pakistan, the index case of HIV infections was 

reported in 1987.
[18]

 As per the annual report of Pakistan 

National AIDS Control Program, the incidence of HIV 

has been increasing since first reported. According to 

UNAIDS, the joint United Nations program on 

HIV/AIDS, the total number of individuals with an 

active HIV infection is approximately 94,000. The 

prevalence rate among adults is between < 0.1% and 

0.2%. Currently, there are as many as 26,000 women, 

age 15 and older, and approximately 2,100 children, up 

to age 14, currently living with HIV. The total number of 

AIDS-related deaths in this region was 2,800 in the year 

2014.
[19]

 

 

Treatments options for HIV 

 HIV infection has a very complex pathogenesis and 

varies substantially in different patients. Therefore, it can 

easily be considered as a very host-specific infection. 

The specificity of pathogenesis often complicates 

treatment options that are currently available for HIV 

infection.
[20]

 Effective management of HIV infection is 

possible using different combinations of available drugs. 

This method of treatment is collectively known as 

antiretroviral therapy (ART). Standard ART is comprised 

of a concoction of at least three medicines (termed as 

―highly active antiretroviral therapy‖ or HAART).
[21]

 

Effective ART often helps control the multiplication of 

HIV in infected patients and increases the count of CD4 

cells, thus, prolonging the asymptomatic phase of 

infection, slowing the progression of the disease, and 

also helps in reducing the risk of transmission. Figure 3 

demonstrates the percentage of HIV patients under 

ART.
[22]

 

 

FDA-approved HIV drug classes Reverse 

Transcriptase Inhibitors  

Reverse transcriptase inhibitors are a group of drugs, 

which can bind and inhibit the reverse transcriptase 

enzyme to intercept the multiplication of HIV. There are 

two types of inhibitors: non-nucleoside reverse 

transcriptase inhibitors (NNRTIs)
[23]

 and nucleoside 

reverse transcriptase inhibitors (NRTI).
[24]

 Examples of 

this group of drugs include zidovudine, didanosine, 

abacavir, tenofovir, and Combivir. 

 

Protease Inhibitor 

Regulation of HIV protease is of high importance for the 

correct assembly and production of HIV. Protease 

inhibitors effectively block the functioning of protease 

enzymes in acutely and chronically HIV-infected CD4 

cells. Inhibition of HIV protease enzymes results in the 

liberation of immature and noninfectious viral 

particles.
[25]

 Examples of this group of drugs include 

lopinavir/ritonavir, indinavir, ritonavir, nelfinavir, and 

amprenavir. 

 

Fusion Inhibitors 

This class of drugs acts by blocking HIV from entering 

the CD4 cells of infected patients. They inhibit the fusion 

of HIV particles with the CD4 cells.
[26]

 Enfuvirtide is an 

example of a fusion inhibitor used in HIV treatment. 

 

Chemokine Receptor 5 Antagonist 

This group of drugs prevents the infection by blocking 

the chemokine receptor 5 (CCR5) antagonist receptor 

present on CD4 cells. In the absence of vacant CCR5 

receptors, HIV fails to gain entry and infect the cell.
[27]

 

Maraviroc is an example of a CCR5 antagonist used in 

HIV treatment. 

 

Integrase Strand Transfer Inhibitors  

Strand transfer inhibitors prevent the integration of viral 

DNA into the host genome of CD4 cells by an integrase 

enzyme. Blocking integrase prevents HIV from 

replicating.
[28]

 Raltegravir, elvitegravir, and dolutegravir 

are some medications in this category. 

 

Treatment regimen for HIV 

 Present HIV treatment guidelines recommend ART 

treatment for all patients, irrespective of the CD4 cell 

count, to improve and prolong the progression of disease 
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to AIDS.
[29]

 Adherence to treatment is of paramount 

importance in order to achieve the full efficacy of 

treatment and also to prevent the incidence of drug 

resistance.
[30]

 

 

Latest WHO recommendations for ART A concise form 

of first, second, and third line treatment options 

recommended by the World Health Organization (WHO) 

is given below.
[29]

 

 

First-line ART 

Adults: First-line ART treatment for adults consists of 

two NRTIs and one NNRTI. Tenofovir disoproxil 

fumarate (TDF) + lamivudine (3TC) or emtricitabine 

(FTC) + efavirenz (EFV) as a fixed dose is the favored 

choice for this type of ART. When this drug combination 

is contraindicated or is unavailable, 1) zidovudine (AZT) 

+ 3TC + EFV, 2) AZT + 3TC + nevirapine (NVP), or 3) 

TDF + 3TC (or FTC) + NVP is used. 

 

Contraindications 

1. Creatinine clearance is less than 50 ml per minute: 

Tenofovir. 2. Patients on psychoactive drug treatment: 

Efavirenz. 3. Patients who are pregnant or who are trying 

to conceive: Efavirenz. 4. ALT elevation: Nevirapine. 

 

Pregnant and breastfeeding patients: First-line ART in 

this subpopulation is comprised of a single daily dose of 

TDF + 3TC (or FTC) + NVP. Breastfeeding infants of 

mothers who are receiving ART must receive six weeks 

of infant prophylaxis with a daily dose of NVP. The 

preventive medication should commence immediately 

post-delivery or when HIV exposure is identified. 

 

Pediatric patients: Patients below three years of age 

should be given Lopinavir/Ritonavir (LPV/r)-based 

treatment, even under NNRTI exposure. When LPV/r is 

not a viable option, NVPbased treatment should be used. 

For infected children who are over age three, EFV is the 

ideal NNRTI while NVP has been identified as the 

second option. For infected children younger than three 

years of age, who develop TB while on the 

Lopinavir/Ritonavir (LPV/r)-based treatment, the NRTI 

regimen should be switched to abacavir (ABC) + 3TC or 

AZT + 3TC until the TB infection is cleared. NRTI 

regimens similar to that of adults (TDF + 3TC (or FTC)) 

or (AZT + 3TC) or (ABC + 3TC) are preferred for 

patients between 10 and 19 years of age who weigh 35 

kg or more. 

 

Second-line ART 

Adults, including pregnant and breastfeeding patients: 

When a first-line treatment of ART fails, a second-line 

ART should be utilized. The second-line ART is 

comprised primarily of two NRTIs and a ritonavir-

boosted PI. The recommended option for second-line 

ART includes AZT and 3TC as the NRTI. After the 

failure of AZT or stavudine (d4T) + 3TC-based first-line 

regimen, TDF + 3TC (or FTC) as the NRTI should be 

considered. When first-line NNRTI-based treatment 

fails, two NRTIs + a boosted PI are suggested 

 

Pediatric patients: For children below three years of age, 

first-line ART is continued even when it fails. No change 

itreatment is recommended; instead, adequate steps 

should be taken to improve adherence to the ART 

regimen. If first-line ART fails in children ages three and 

up, a second-line treatment consisting of one NNRTI and 

two NRTIs should be given. If ABC or TDF + 3TC (or 

FTC) fails, the recommended option is AZT + 3TC. 

After a failure of AZT or d4T + 3TC (or FTC) in first-

line treatment, the preferred NRTI option is ABC or TDF 

+ 3TC (or FTC).  

 

Third-line ART 

If first- and second-line ART fails, the WHO 

recommends inclusion of new medicines with the least 

amount of risk for development of cross-resistance 

towards previously used drugs (e.g. integrase inhibitors 

and second-generation NNRTIs and PIs). 

 

Factors to consider when selecting ART 

The major factors that deserve thorough consideration 

while choosing an ART for a patient include the viral 

load and CD4 cell count before the treatment, the result 

of HIV genotypic drug resistance test, HLA-B*5701 

status, patient preferences, and anticipated adherence. 

Comorbid conditions to screen prior to ART include 

cardiovascular disease, hyperlipidemia, renal disease, 

osteoporosis, psychiatric illness, neurologic disease, drug 

abuse or dependency requiring narcotic replacement 

therapy, pregnancy, coinfections with hepatitis C (HCV), 

hepatitis B (HBV), and tuberculosis (TB).
[31]

 

 

CD4 count monitoring for therapeutic response 

Monitoring patients’ viral load is critical to identify ART 

response (WHO 2015). When the viral load analysis is 

not practical via polymerase chain reaction (PCR), 

branched chained DNA (bDNA), and nucleic acid 

sequence-based amplification (NASBA), the CD4 count 

is used as an indicator of HIV treatment response. 

During the first year of treatment, increases in CD4 

count from 50 to 150 cells/mm3 with an increased 

response in the first trimester are considered as a positive 

response. CD4 count rises steadily ranging from 50 to 

100 cells/mm3 per year until equilibrium is reached in 

the subsequent years (normal range: 500 cells/mm3 to 

1200 cells/mm3).
[32]

 Periodic monitoring of CD4 count is 

required during and even after the patient achieves 

normal CD4 count under ART. A number of treatment 

independent factors like age, viral load, genetic make-up, 

lifestyle, quality of health care, etc., negatively influence 

the CD4 counts and HIV disease progression. Under 

such circumstances, a change in ART medication might 

be required.  
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Major factors for ART non-adherence  

Adverse Effects of ART 

One of the major challenges that patients and physicians 

face with ART is the incidence of adverse drug reactions 

(ADR). ADR is defined as ―a response to a drug that is 

noxious and unintended and occurs at doses normally 

used in man for the prophylaxis, diagnosis, or therapy of 

disease, or for modification of physiological 

function‖.
[33]

 ADR often persuades patients from 

continuing treatment, thus resulting in suboptimal 

efficacy. A serious consequence of treatment 

discontinuation is the emergence of drug resistance, 

making future therapeutic interventions ineffective.
[30]

 

 

The major adverse effects of ART can be grouped 

into the following categories: 

1. Gastrointestinal: Nausea, diarrhea, vomiting, taste 

perversion, constipation, dyspepsia, abdominal pain, 

hepatotoxicity, and pancreatitis.
[34-35]

 2. Central nervous 

system: Headache, vision problems, dizziness, tinnitus, 

insomnia, paresthesia, pain/numbness/tingling in 

extremities, peripheral neuropathy, somnolence, 

excessive sleep at night, memory problems, loss of 

olfactory function, and hearing impairment.
[34]

 3. 

Hematological: Anemia, bilirubinemia, increased urate, 

and blood in the urine,
[35]

 4. Psychological: Anxiety, 

confusion, depression, nightmares, elation, and 

delusions.
[35]

 5. Metabolic: Abnormal fat distribution 

(lipodystrophy), anorexia, dyspnea, fatigue, lethargy, and 

weight gain.
[34-35]

 

 

6. Dermatological: Skin rash, facial discoloration, and 

pruritus.
[35]

 7. Musculoskeletal: Body aches and vague 

chest pain.
[34]

 8. Miscellaneous: Hypersensitive reactions, 

oral ulcerations, fever, and irregular menstrual cycles.
[34]

 

 

Drug Abuse 

Continuous drug abuse is an important risk factor in 

HIV/AIDS patients’ ART, nonadherence, and 

mortality.
[36]

 In a study conducted on HIV-positive drug 

addicts in Canada, heroin and cocaine injections were 

reported to adversely affect adherence to ART.
[37]

 In a 

separate sixmonth long longitudinal study, which 

examined the effect of drug use and abuse on ART 

among 150 HIV positive patients, it was discovered that 

acute effects of intoxication negatively influence ART 

adherence. The major mechanisms by which drug abuse 

results in ART nonadherence include drug abuse induced 

neurocognitive/psychosocial impairment and psychiatric 

dysfunctions.
[38]

 

 

Mental Disorders  

The prevalence of psychiatric disorders is reported to be 

very high among HIV-infected individuals.
[36]

 In a 

longitudinal study investigating the mental health, 

substance abuse, and psychosocial predictors among 

HIV-positive mothers, the presence of psychiatric 

disorders, stressful lifestyles, suboptimal living 

conditions, and parenting stress were associated 

significantly with ART nonadherence.
[39]

 Childhood 

sexual violence-induced anxiety and depression may also 

result in ART nonadherence.
[40]

 Hazardous drinking is 

another significant precipitator of anxiety and depression 

among HIV patients that results in ART 

nonadherence.
[41]

 

 

Socioeconomic Status 

Socioeconomic status is strongly associated with HIV-

related mortality in the contemporary universal 

healthcare system because opportunities for patients of 

lower socioeconomic status to receive ART are meager. 

In a study conducted among HIV-positive Cambodian 

women, 80% of those who discontinued ART were of 

low socioeconomic status. The estimated risk for low 

adherence in this population was reported to be five 

times higher for women than those in a medium or high 

social position.
[42]

 Poverty-induced stress is an important 

aspect that has to be addressed in issues regarding ART 

nonadherence.
[43]

 The quality of housing and access to 

food are the two most important factors that prevent the 

poverty-ridden population from ART adherence.
[43]

 

 

Poor Literacy 

Literacy is another major factor closely associated with 

ART nonadherence with people of lower health literacy 

experiencing higher illness severity than people with 

better health literacy.
[44]

 Health literacy has been defined 

by the WHO as ―the cognitive and social skills which 

determine the motivation and ability of individuals to 

gain access to, understand, and use information in ways 

which promote and maintain good health‖.
[45]

 Many 

reports suggested that the inability to comprehend 

medication instructions by illiterate HIV-positive 

patients is an important factor resulting in failure to 

follow accurate daily medication therapy.
[46]

 

 

Social Stigma 

The stigma of HIV and AIDS is assumed to have a 

negative influence on ART 2016 Bhatti et al. Cureus 

8(3): e515. DOI 10.7759/cureus.515 8 of 12 

adherence.
[47]

 Stigma can be defined as an ―attribute that 

is deeply discrediting‖ imposed by society that reduces 

someone ―from a whole and usual person to a tainted, 

discounted one‖.
[48]

 In a cohort study conducted in five 

African countries (Lesotho, Malawi, South Africa, 

Swaziland, and Tanzania) among 1,457 HIV-positive 

patients over a period of 12 months, individuals 

perceiving a high HIV stigma reported greater 

nonadherence to ART. Symptom intensity is also high 

when compared to those who did not experience such a 

stigma.
[49]

 One study conducted in South Africa reported 

that internalized stigma is responsible for 4.8% of the 

variance in cognitive-affective depression leading to 

ART nonadherence. Furthermore, the researchers urge 

the medical community to introduce social reform efforts 

to reduce stigma and assist people living with HIV/AIDS 

in adjusting and adapting.
[50]
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Clinical management  

Diagnosis 

The diagnosis of HIV-1 infection is based on the 

detection of specific antibodies, antigens, or both, and 

many commercial kits are available. Serological tests are 

generally used for screening. A major advance has been 

the availability of rapid HIV-1 antibody tests. These 

assays are easy to do and provide results in as little as 20 

minutes,
[51]

 enabling specimen collection and proper 

diagnosis at the same visit. Rapid tests are important 

tools for surveillance, screening, and diagnosis, and can 

be reliably done on plasma, serum, whole blood, or 

saliva by health-care providers with little laboratory 

expertise. The two limitations of these serological tests 

are detection of infection during primary infection when 

antibodies are absent, and in infants younger than 18 

months who might bear maternal HIV-1 antibodies. In 

these instances direct virus detection is the only option 

(eg, quantification of viral RNA [standard] or p24 

antigen in heat denatured serum [less expensive]). 

 

For staging purposes, measurement of CD4+ cells and 

viraemia is required. Plasma viral load is widely used to 

monitor therapeutic success on antiretroviral treatment. 

Several commercially available tests provide sensitive 

quantification of plasma HIV-1 RNA copies. The newer 

versions of the Amplicor and Quantiplex (Roche, 

Indianapolis, IN, USA, and Bayer Diagnostics, Walpole, 

MA, USA, respectively) assays have overcome initial 

suboptimum performance for non-B subtypes.102 While 

the viral load determines the rate of destruction of the 

immune system, the number of CD4+ cells reveals the 

degree of immunodeficiency and is, therefore, used to 

assess the stage of infection. CD4+ cell counts together 

with clinical manifestations (eg, occurrence of 

opportunistic infections) are key criteria for HIV-1 

disease classification. Flow cytometry analysis is the 

standard method for CD4+ cells quantification. 

 

Standard methods for quantifying viral load and CD4+ 

cell counts need advanced laboratory infrastructures, and 

assays require a specimen to be tested within a short time 

of collection. These requirements pose challenges for 

resource-constrained settings. The use of dried blood 

spot specimen has resolved some of the difficulties 

associated with transportation of samples needed for 

virological assessments.
[53]

 Measurement of reverse 

transcriptase activity in plasma samples, simplification of 

gene amplification methods (eg, Taqman technology), 

and paper-strip quantification (dipstick assays) might 

provide cost-effective alternatives for the future.
[54–56]

 

Similarly microcapilliary flow-based systems, CD4+ 

chips, or total white counts (panleucocyte gating) 

provide alternatives for establishment of the level of 

immunodeficiency in resource-limited settings.
[57–60]

 

 

Drug treatment  

Antiretroviral compounds 

Antiretroviral treatment is the best option for longlasting 

viral suppression and, subsequently, for reduction of 

morbidity and mortality. However, current drugs do not 

eradicate HIV-1 infection and lifelong treatment might 

be needed. 20 of the 21 antiretroviral dr+ugs currently 

approved by the US Food and Drug Administration 

target the viral reverse transcriptase or protease (table 2). 

Eight nucleoside/ nucleotide analogues and three non-

nucleoside reverse transcriptase inhibitors inhibit viral 

replication after cell entry but before integration. Fixed-

dose combination tablets simplify treatment regimens by 

reducing the daily pill burden, and drugs with long half-

lives allow once or twice daily dosing. Eight protease 

inhibitors prevent the maturation of virions resulting in 

production of non-infectious particles. The recently 

approved darunavir (June, 2006) is the first of its class 

that retains activity against viruses with reduced 

susceptibility to protease inhibitors. Enfuvirtide targets a 

gp41 region of the viral envelope and stops the fusion 

process before the cell is infected. This drug needs to be 

injected twice daily and its use is reserved for treatment 

of heavily drug-experienced patients since it can help 

overcome existing drug resistance.
[61,62]

 Development of 

new antiretrovirals focuses on molecules that target 

entry, reverse transcription, integration, or maturation. 

Compounds that have been designed to inhibit resistant 

viruses are urgently needed since many patients treated 

during the past decades harbour viral strains with 

reduced susceptibilities to many if not all available 

drugs. 

 

The goal of antiretroviral treatment is to decrease the 

morbidity and mortality that is generally associated with 

HIV-1 infection. A combination of three or more active 

drugs is needed to achieve this aim in most patients. 

Effective treatment returns to near normal the turnover 

rates of both CD4+ and CD8+ T-cell populations.
[63]

 

Potent but well tolerated drugs with long half-lives and 

simplified regimens improve the options for first-line and 

secondline chemotherapeutic interventions. 

 

Combination antiretroviral treatment 

High rate of viral replication, low fidelity of reverse 

transcription, and the ability to recombine are the viral 

characteristics that lead to the diversity of HIV-1 species 

(quasispecies) in chronically infected individuals. This 

high genetic variability provided the rationale for highly 

active antiretroviral treatments (HAART). By 

combination of several potent antiretroviral agents, viral 

replication is suppressed to such low levels that 

emergence of drug resistant HIV-1 variants was, if not 

prevented, at least delayed. By doing so, CD4+ T-

lymphocyte numbers increase, leading to a degree of 

immune reconstitution that is sufficient to reverse 

clinically apparent immunodeficiency. Widespread 

introduction of HAART in industrialised countries 

resulted in a striking decrease in morbidity and mortality, 

putting forward the hope that HIV-1 infection can be 

transformed into a treatable chronic disease.
[64-66]

 

 

A set of criteria composed of plasma viraemia 

concentration, absolute or relative CD4+ cell counts, and 
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clinical manifestations, is used to recommend initiation 

of HAART. The benefits of treatment clearly outweigh 

the potential side-effects in patients with clinical signs of 

immunodeficiency (eg, AIDS defining illnesses) or with 

CD4+ numbers less than 200 per μL (recommendation of 

US Department of Health and Human Services, October, 

2005). However, the best time point to begin treatment 

remains controversial in asymptomatic patients with 

modest depletion of CD4+ T cells (eg, more than 350 per 

μL) and modest levels of viraemia (eg, less than 100 000 

copies per mL).
[67]

 Studies with clinical endpoints 

supporting the validity of early versus late interventions 

in asymptomatic patients are difficult to do and 

insufficient clinical data are currently available. Early 

depletion of gut CD4+ T lymphocytes,
[68]

 increasing viral 

diversity, and the poor regenerative abilities of key 

populations of the immune system provide arguments for 

beginning treatment as early as possible. The wide 

application of this principle is restricted by long-term 

drug toxicities that lead to reduction of quality of life, 

and by treatment costs. Toxicities (eg, renal, hepato, 

mitochondrial), metabolic changes (eg, lipodystrophy, 

diabetes mellitus), and immune reconstitution disease are 

some of the long-term problems that complicate decade-

long HAART.
[69-72]

 

 

One strategy addressing life-long daily compliance to 

HAART has been structured treatment interruptions. The 

rationale for this approach was based on the premise that 

the body’s own immune system could keep the virus in 

check if exposed to a very modest level of viral 

replication. If successful, this strategy could limit drug 

toxicity and reduce treatment costs.
[73]

 Although 

preliminary findings for this strategy were mixed in 

terms of benefits,
[74-76]

 the recent early closure of the 

SMART trial was based on increased morbidity and 

mortality in the treatment interruption arm.
[77]

 Thus, in 

the absence of clinical benefits, most investigators 

strongly discourage treatment interruptions except as 

needed to address treatment intolerance. 

 

HAART in resource-constrained settings  

The transformation of AIDS into a chronic disease in 

industrialised countries has yet to be realised in resource-

constrained settings. Access to HAART is an absolute 

humanitarian necessity to avert mortality in people who 

are central to the future survival of their countries.
[78]

 

Despite restricted health infrastructures and diverse co-

morbidities in these regions, remarkable therapeutic 

success rates have been shown, with adherence rates at 

least comparable with those reported in industrialised 

countries.
[79-82]

 WHO and UNAIDS treatment guidelines 

focusing on resource-limited settings suggest use of 

standard first-line regimen followed by a set of more 

expensive second-line options.
[83]

 and proposes the use of 

standardised decision-making steps (eg, when to start, to 

substitute for side-effects, to switch for virological 

failure).
[83,84]

 In many countries, treatment options are 

limited not only by the costs of HAART but also by 

restrictive licensing policies, and current estimates 

suggest that 80% of people infected with HIV-1 with a 

clinical need for treatment do not yet have access to 

antiretroviral drugs.1 Thus, efforts and strategies to 

further scale up treatment access are crucial,
[85-88]

 since 

antiretroviral treatment is also an effective intervention 

for prevention.
[89]

 

 

Drug resistance 

Emergence of drug resistance is the most common 

reason for treatment failure. Insufficient compliance, 

drug side-effects, or drug-drug interactions can lead to 

suboptimum drug concentrations, resulting in viral 

rebound. Viral resistance has been described to every 

antiretroviral drug and therefore poses a serious clinical 

as well as public-health problem.
[90]

 HIV-1 subtypes 

differ in the sequence of mutations leading to drug 

resistance, and some naturally occurring polymorphisms 

might actually modulate resistance.
[91,92]

 Drug-resistant 

HIV-1 is transmissible and can be detected in up to 20% 

of newly infected individuals in countries with broad 

access to antiretrovirals.34 The prevalence of drug 

resistance in the untreated population remains low in 

regions with poor access to treatment.
[93]

 

 

Short-term antiretroviral-based interventions are 

effective in prevention of mother-to-child transmission. 

However, these interventions could result in drug 

resistant viral variants in the mother, baby, or both.
[94]

 

Around half the women who received one dose of 

nevirapine to prevent mother-to-child transmission 

harbour viruses resistant to non-nucleoside reverse 

transcriptase inhibitors (NNRTI).
[95,96]

 These resistant 

viruses replicate efficiently and canbe transmitted by 

breast milk,
[97]

 and minor resistant populations present 

long after the intervention can possibly decrease the 

effectiveness of subsequent NNRTI-based treatment 

regimens.
[98]

 The combination of short-course 

zidovudine, lamivudine, and nevirapine prevents 

peripartum transmission while reducing the risk of 

nevirapine resistant viruses.
[99]

 

 

CONCLUSIONS 
 

Recent advances in HIV treatments have dramatically 

altered the nature and progression of HIV/AIDS. It can 

be safely considered as a ―chronic‖ disease, provided the 

infected patients receive proper ART. Unfortunately, 

current statistics of the worldwide HIV burden tells 

another story: one with a steady rate of HIV-related 

deaths. More people die of complications and the 

progression of HIV to AIDS than should be when ART 

is used properly. The major hurdle a physician faces with 

ART is the incidence of adverse side effects of the 

treatment, which persuade patients to discontinue the 

treatment. Poverty, lack of awareness, and the social 

stigma associated with the infection complicate an 

already complicated situation. Appropriate changes in 

treatment regimens and medications can help patients 

overcome such adverse effects and potential 

complications inherent to the disease. Additionally, it is 

highly advisable to provide patients and their immediate 
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family members with appropriate counseling for 

treatment compliance and psychological support. 
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ABSTRACT 

Dengue fever is the maximum not unusual place arthropod-borne self-proscribing viral disorder with medical spectrum ranging fromasymptomatic contamination 

to lifestyles threatening surprise. It is referred to as dengue surprise syndrome. Hemoconcentration andthrombocytopenia are the one-of-a-kind functions of dengue 

hemorrhagic fever. Supportive fluid substitute therapyand vigilant tracking for the a success control of the condition. Vector manage measures are the 

maximumcrucial preventive methods. As the outbreaks of Dengue fever growing in India, one country after different getting gaffected, it's miles very important to 

understand greater approximately this disorder and prevalence, any alternate withinside the viral strain, severityof the disorder pattern, early detection of the virus 

and early control of the disorder ensuing in correct recovery .Population growth, speedy urbanization, growth in global tour from endemic regions and international 

warming aregambling a chief position in disorder unfold. Measures ought to be taken to govern the aforementioned reasons to preventdisorder unfold and decrease 

epidemic flare up. 

KEYWORD: Dengue, Flavivirus, Dengue Shock Syndrome, Mac-Elisa 

Introduction 

Dengue is an infectious ailment resulting from lady mosquito AEDES AEGYPTI. It is a mosquito-borne contamination determined in tropical and sub-

tropical areas across the world.[1] Infection with dengue virus consequences in  numerous situations like pathological starting from moderate 

asymptomatic dengue fever to excessive dengue hemorrhagic fever and dengue surprise syndrome that reasons to death.[2]Epidemiology: Dengue has 

emerge as one of the widestspreadable illnesses globally. In India, outbreak of dengue turned into recorded in 1812. A latest dengue distribution version 

has anticipated 390 million dengue infections annually, out of which ninety six million instances befell.  

 A double top hemorrhagic fever epidemic befell in India for the primary time in Calcutta among July 1963 and March 1964. Thus, there's an pressing 

want of development in surveillance to permit theauthorities to put together correctly for document of outbreak.[3] 

Dengue Virus: This virus is likewise referred to as Flavivirus and they may be in round and 40-60 mm in diameter. It is RNA virus this is enveloped 

includes 3 structural polypeptides  are glycosylated and replication in cytoplasm.[4] 

Most robust vector having epidemic capacity A. aegypti and different species are Aedes albopictus, stegomyia, A. polnesiensis, A. scutellaris, A. finalaya 

however in India A. tigris may be very common. Four dengue viruses (sorts 1-4) in the genus flavivirus and own circle of relatives flaviviridae, are the 

causative agents. 

[5] . All 4 subtypes are determined in India. Dengue virions are small debris with lipoprotein envelope and nucleocapsid of unmarried stranded RNA 

genome with wonderful polarity. There is a near antigenic similarity among the 4 serotypes however the move safety in human beings is at exceptional 

partial and transient.[6] 

Symptoms 

Many humans specifically youngsters and teenagers sense no symptoms and symptoms or signs and symptoms all through a slight case of dengue fever. 

When signs and symptoms do occur, they normally start four to 7 days when you are bitten through an inflamed mosquito.[7] 

Dengue fever reasons a excessive fever 104 F and those are following signs and symptoms: 

• Headache 

• Muscle, bone and joint pain 

• Nausea 

• Vomiting 

• Pain in the back of the eyes 

• Swollen glands 

• Rash 

http://www.ijrpr.com/
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Most human beings get better inside a week. In a few cases, signs and symptoms get worse and may turn out to be life-threatening.Blood vessels regularly 

turn out to be harm and leaky and the quantity of clot-forming cells (platelets) to yourbloodstream drops. This can motive a intense shape of dengue fever, 

known as dengue hemorrhagic fever, intense dengue or dengue surprise syndrome. 

Signs and signs and symptoms of dengue hemorrhagic fever or intense dengue a life-threatening emergency include: 

• Severe belly pain 

• Persistent vomiting 

• Bleeding out of your gums or nose 

• Blood to your urine, stools or vomit 

• Bleeding below the skin, which would possibly appear like bruising 

• Difficult or fast breathing 

• Cold or clammy skin (surprise) 

• Fatigue 

• Irritability or restlessness 

Diagnosis 

Efficient and correct analysis of dengue is of number one significance for scientific care (i.e. early detection of excessive cases, case affirmation and 

differential analysis with different infectious diseases), surveillance activities, outbreak control, pathogenesis, instructional research, vaccine 

development, and scientific trials.[8] 

A variety of laboratory diagnostic techniques has been advanced to guide affected person control and sickness control. The desire of diagnostic approach 

relies upon at the cause for which the checking out is done (e.g. scientific analysis, epidemiological survey, vaccine development), the form of laboratory 

centers and technical understanding available, costs, and the time of pattern collection.[9] 

Considerations in The Choice of Diagnostic Methods 

Clinical Management 

Dengue virus contamination produces a huge spectrum of signs and symptoms, many this is non-specific. Thus, a analysis primarily based totally best on 

scientific signs and symptoms is unreliable. Early laboratory affirmation of scientific analysis can be treasured due to the fact a few sufferers development 

over a brief duration from slight to intense sickness and occasionally to death. Early intervention can be life-saving.[10] 

Differential Diagnosis 

Dengue fever can without difficulty be pressured with non-dengue illnesses, specially in nonepidemic situations.Depending at the geographical foundation 

of the patient, different etiologies together with non-dengue flavivirusinfections have to be dominated out[11] These consist of yellow fever, Japanese 

encephalitis, St Louis encephalitis, Zika, and West Nile, alphaviruses (including Sinbis and chikungunya), and different reasons of fever including malaria, 

leptospirosis, typhoid, Rickettsial diseases (Rickettsia prowazeki, R. mooseri, R. conori, R. rickettsi, Orientia tsutsugamushi, Coxiella burneti, etc.), 

measles, enteroviruses, influenza and influenza-like illnesses, haemorrhagic fevers (Arenaviridae: Junin, etc.; Filoviridae: Marburg, Ebola; Bunyaviridae: 

hantaviruses, Crimean-Congo haemorrhagic fever, etc.). 

 

Outbreak Investigations 

During outbreaks a few sufferers can be visible imparting with fever without or with rash throughout the extreme contamination stage. a few others can 

also additionally gift with symptoms and symptoms of plasmaLeakage even as nevertheless others can be found at some stage in the convalescent 

segment.[12] 
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One of the priorities in a suspected outbreak is to perceive the causative agent in order that suitable publichealth measures may be taken and physicians 

may be recommended to provoke suitable acute contamination management.[13] In such cases, the rapidity and specificity of diagnostic assessments is 

greater essential than take a look at sensitivity. Samples amassed from febrile sufferers might be examined through nucleic acid strategies in a well-ready 

laboratory or a broader spectrum of laboratories the use of an ELISA-primarily based totally dengue antigen detection kit. Serological assays can be used 

to decide the volume of outbreaks.[14] 

Vaccine trials 

Vaccine trials are completed on the way to degree vaccine protection and efficacy in vaccinated persons. The plaque discount and neutralization take a 

look at (PRNT) and the microneutralization assays are typically used to degree safety correlates.[15] 

The assay is primarily based totally at the precept that neutralizing antibodies inactivate the virus in order that it's miles now no longer capable of infect 

and mirror in goal cells. After a 2d dengue virus infection, high-titre neutralizing antibodies are produced in opposition to as a minimum two, and 

frequently all 4, dengue viruses in addition to in opposition to non dengue flaviviruses.[16] During the early convalescent level following sequential 

dengue infections, the highest neutralizing antibody titre is frequently directed in opposition to the primary infecting virus and now no longer the 

maximum current one.[16] 

Current Dengue Diagnostic Methods 

Virus isolation 

Specimens for virus isolation need to be amassed early withinside the direction of the infection, at some stage in the length of viremia (typically earlier 

than day 5). Virus can be recovered from serum, plasma and peripheral blood mononuclear cells and tries can be crafted from tissues amassed at (e.g. 

liver, lung, lymph nodes, thymus, bone marrow). Because dengue virus is heat-labile, specimens waiting for delivery to the laboratory need to be saved 

in a fridge or packed in moist ice. For garage as much as 24 hours, specimens need to be saved at between +4 °C and +8 °C.[17] 

Nucleic acid detection 

RNA is heat-labile and consequently specimens for nucleic acid detection should be treated and saved in line with the tactics defined for virus 

isolation.[18] 

RT-PCR 

Since the 1990s, numerous opposite transcriptasepolymerase chain response (RT-PCR) assays have beendeveloped. They provide higher sensitivity in 

comparison to virus isolation with a far greater speedy turnaround time. In situ RT-PCR gives the capacity to stumble on dengue RNA in paraffin-

embedded tissues.[19] All nucleic acid detection assays contain 3 simple steps: nucleic acid extraction and purification, amplification of the nucleic acid, 

and detection and characterization of the amplified product. Extraction and purification of viral RNA from the specimen may be executed through 

conventional liquid segment separation strategies (e.g. phenol, chloroform) however has been regularly changed through silica-primarily based totally 

business kits (beads or columns) which can be greater reproducible and faster, mainly considering they may be automatic the use of robotics systems. A 

mixture of the 4 serotype-precise oligonucleotide primers in a unmarried response tube (onestep multiplex RT-PCR) is an thrilling opportunity tothe 

nested RT-PCR.[20] 

Real-time RT-PCR 

The actual-time RT-PCR assay is a one-step assay gadget used to quantitate viral RNA and the use of primer pairs and probes which can be unique to 

every dengue serotype. The use of a fluorescent probe allows the detection of the response merchandise in actual time, in a specialised PCR machine, 

with out the want for electrophoresis. Many actual-time RT-PCR assays were advanced using TaqMan or SYBR Green technologies.[21] 

The TaqMan actual-time PCR is notably unique because of the collection-unique hybridization of the probe.Nevertheless, primers and probes mentioned 

in courses might not be capable of hit upon all dengue virusstrains: the sensitivity of the primers and probes relies upon on their homology with the 

centered gene collection of the unique virus analyzed. The SYBR inexperienced actual-time RTPCR has the gain of simplicity in primer layout and makes 

use of familiar RT-PCR protocols however is theoretically much less unique.[22] 

Real-time RT-PCR assays are both ―singleplex‖ (i.e. detecting handiest one serotype at a time) or ―multiplex‖ (i.e. capable of pick out all 4 serotypes 

from a unmarried sample). The multiplex assays have the gain that a unmarried response can decide all 4 serotypes with out the cappotential for advent 

of infection at some stage in manipulation of the sample.[23] However the multiplex actual-time RT-PCR assays, even though faster, are presently much 

less touchy than nested RT-PCR assays. An gain of this approach is the capacity to decide viral titre in a scientific sample, which can be used to look at 

thepathogenesis of dengue disease.[24 

Isothermal Amplification Methods 

The NASBA (nucleic acid sequence-basedamplification) assay is an isothermal RNA particular amplification assay that doesn't require thermal biking 

instrumentation.[25] The preliminary level is a opposite transcription wherein the single-stranded RNA goal is copied right into a double-stranded DNA 
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molecule that serves as a template for RNA transcription.[26] Detection of the amplified RNA is finished both by electrochemiluminescence or in real-

time with fluorescent-labelled molecular beacon probes. NASBAhas been tailored to dengue virus detection withSensitivity close to that of virus isolation 

in mobileular cultures and can be a beneficial approach for analyzing dengue infections in area studies.[27] 

Detection of Antigens 

Detection of dengue antigens in acute-segment serum become uncommon in sufferers with secondary infections due to the fact such sufferers had pre-

present virus-IgG antibody immune complexes.[28] New trends in ELISA and dot blot assays directed to the envelop/membrane (E/M) antigen and the 

non-structural protein 1 (NS1) tested that excessive concentrations of those antigens withinside the shape of immune complexes can be detected in 

sufferers with each number one and secondary dengue infections as much as nine 

days after the onset of illness.[29] 

Serological Tests 

MAC-ELISA 

For the IgM antibody-seize enzyme-related immunosorbent assay (MAC-ELISA) overall IgM in sufferers’ sera is captured with the aid of using anti-µ 

chain precise antibodies (precise to human IgM) lined onto a microplate. Dengue-precise antigens, from one to 4 serotypes (DEN-1, -2, -3, and -4), are 

sure to thecaptured anti-dengue IgM antibodies and are detected with the aid of using monoclonal or polyclonal dengue antibodies without delay or in a 

roundabout way conjugated with an enzyme with a view to remodel a non-colored substrate into colored products. The optical density is measured with 

the aid of using spectrophotometer.[30] 

IgG ELISA 

The IgG ELISA is used for the detection of latest or beyond dengue infections. This assay makes use of the identical antigens because the MAC-ELISA. 

The use of E/M-unique seize IgG ELISA (GAC) lets in detection of IgG antibodies over a length of 10 months after the infection. IgG antibodies are 

lifelong as measured via way of means of E/M antigen-covered oblique IgG ELISA, however a fourfold or extra growth in IgG antibodies in acute and 

convalescent paired sera may be used to file current infections. Test consequences correlate properly with the haemagglutination-inhibition test.[31] 

This approach may be used to come across IgG antibodies in serum or plasma and filter-paper saved blood samples and lets in identity of a case as a 

number one or secondary dengue infection. In general, IgG ELISA lacks specificity in the flavivirus sero complicated groups.   

Principle of MAC-ELISA Test 

 

IgM/IgG Ratio 

A dengue virus E/M protein-precise IgM/IgG ratio may be used to differentiate number one from secondary dengue virus infections. IgM seize and IgG 

seize ELISAs are the maximum not unusualplace assays for this purpose.[32] In a few laboratories, dengue contamination is described as number one if 

the IgM/IgG OD ratio is extra than 1.2 (the use of patient’s sera at 1/one hundred dilution) or 1.4 (the use of patient’s sera at 1/20 dilutions). The 

contamination is secondary if the ratio is much less than 1.2 or 1.4. This set of rules has additionally been followed with the aid of using a few business 

vendors. However, ratios may also range among laboratories, accordingly indicating the want for betterstandardization of check performance. 
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IgA 

Positive detection for serum anti-dengue IgA as measured with the aid of using anti-dengue virus IgA seize ELISA(AAC-ELISA) regularly takes place 

someday after that for IgM. The IgA titre peaks round day eight after onset of fever and reduces swiftly till it's far undetectable through day 40. No 

variations in IgA titres have been observed through authors among sufferers with number one or secondary infections. Even aleven though IgA values 

are normally decrease than IgM, each in serum and saliva, the 2 strategies will be done collectively to assist in deciphering dengue serology.[33] This 

method isn't used very regularly and calls for extra evaluation. 

Haemagglutination-Inhibition Test 

The haemagglutination-inhibition (HI) take a look at is primarily based totally at the capacity of dengue antigens to agglutinate purple blood cells (RBC). 

Anti-dengue antibodies in sera can inhibit this agglutination and the efficiency of this inhibition is measured in an HI take a look at. Serum samples are 

dealt with with acetone or kaolin to dispose of non-particular inhibitors of haemagglutination, after which adsorbed with gander to dispose of non-

particular agglutinins.[34] 

 

Figure: Haemagglutination-inhibition assay 

Haematological Tests 

Platelets and haematocrit values are typically measured for the duration of the extreme levels of dengue infection. These need to be achieved cautiously 

the usage of standardized protocols, reagents and equipment. A drop of the platelet matter underneath a thousand in step with µL can be found in dengue 

fever however it's miles a consistent function of dengue haemorrhagic fever.[35] 

Thrombocytopaenia is normally found withinside the duration among day three and day eight following the onset of illness.Haemoconcentration, as 

predicted via way of means of an growth in haematocrit of 20% or greater as compared with convalescent values, is suggestive of hypovolaemia because 

of vascular permeability and plasma leakage.[36] 

Treatment 

There isn't anyt any precise remedy to be had for dengue virus infections.it's miles critical to exclude different treatable diagnoses. Patients at chance for 

dengue can collect different illnesses with comparable medical features, including malaria,typhoid fever, and leptospirosis.[37] Symptoms in sufferers 

with dengue virus infections clear up in 5 to seven days. Supportive remedies are to be had for the precise ailment manifestations of dengue virus 

infection.[38] 

Dengue Fever: Patients with dengue fever need to be advised to preserve their consumption of oral fluid to keep away from dehydration.[39] Fever and 

myalgias may be controlled as wished with acetaminophen. Aspirin or nonsteroidal antiinflammatory marketers need to commonly be averted due to the 

chance of bleeding headaches and in kids due to the capability chance of Reye's syndrome.[40] The maximum critical degree to help the affected person 

with dengue fever is to cautiously compare theaffected person for approaching headaches. 
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Dengue virus contamination with massive Bleeding: 

Gastrointestinal bleeding or menorrhagia in sufferers with DHF, and from time to time in sufferers with dengue fever as well, may be extreme sufficient 

to require blood transfusion.[41] Factors that make a contribution to bleeding encompass thrombocytopenia because of reduced platelet survival and, in 

extreme cases, frank disseminated intravascular coagulation. Platelet transfusions are hardly ever given, however can be warranted in sufferers with 

extreme thrombocytopenia (<10,000/mm3) and lively bleeding.[42] 

Dengue Hemorrhagic Fever: Plasma leakage in DHF is crucial to manipulate with competitive intravascularquantity repletion to save you or opposite 

hypovolemicshock.[43] In moderate cases, specifically whilst medical  interest is obtained early, oral rehydration can be sufficient.[44] However, in 

sufferers with establishedintravascular fluid loss, intravenous fluid management is recommended. Blood transfusion is suitable in sufferers with massive 

bleeding.[45] 

Treatment of Shock: A protocol for intravenous fluid remedy has been evolved through the World Health Organization (WHO) primarily based totally 

upon medical enjoy in particular in youngsters from Southeast Asia.[46] For sufferers with shock, an preliminary bolus of 5 percentage dextrose in 

everyday saline or Ringer's lactate (10 to twenty mL according to kg of frame weight) infused swiftly is recommended, observed through non-stop 

infusion (10 to twenty mL/kg according to hour) till critical symptoms and symptoms and urine output normalize. The infusion rateCan then be regularly 

decreased till it fits plasma fluid losses.[47] 

As a Herbal Treatment  

Role of Papaya in Dengue fever 

Botanical Name: Carica papaya 

Family Name: Caricaceae 

Common Name: Papaya, Paw Paw, Kates, Papaw 

Part Used: Leaves, Fruits, bark 

With the growing wide variety of human beings catching dengue fever, the call for for papaya leaf juice has soared. 

Thrombocytopenia is one of the scientific manifestations in dengue fever and contributes to the plasma leakage and haemorrhage withinside the presence 

of greater vascular permeability.[48] Thrombocytopenia in dengue is taken into consideration to be an immune related, molecular mimicry concerning 

dengue viral debris and the platelet results in auto-destruction of the platelets with the aid of using immunoglobulin M(IgM) antibodies.[49] Interestingly, 

C. papaya leaves juice have proven a effective impact on growing platelet remember in healthful mice. C. papaya leaves extract organized in water has 

been examined in opposition to dengue fever. 

After the management of aqueous extract in dengue inflamed patient, the platelet remember accelerated from55x103/μL to 168x103/μL, White blood 

cells from 3.7x103/μL to 7.7x103/μL and neutrophils from 46%to 78%. Carica papaya leaf juice confirmed a good sized inhibition of haemolysis invitro 

and will have a capability healing impact on disorder procedures inflicting destabilization of organic membranes may also correctly beautify the survival 

of platelets.[50] Thus, carica papya may be used to goal dengue fever. 

Prevention 

The best hazard for dengue virus contamination is in people living in endemic regions and now no longer intravelers.[51] Public fitness efforts in endemic 

regions: Control of the Aedes aegypti mosquito, which transmits dengue virus, and the improvement of vaccines are capability strategies in stopping 

dengue virus infections.[52] 

Mosquito Control:Mosquito manage is the best technique to the prevention of denguetransmission. Programs focused on the Aedes aegypti mosquito as 

a way to get rid of city yellow fever withinside the Americas from the Nineteen Forties via Nineteen Seventies have been pretty successful.[53] These 

packages have been additionally powerful at lowering dengue transmission withinside the vicinity. These packages have been primarily based totally on 

a "pinnacle down" technique concerning competitive mosquito surveillance and insecticide use. However, loss of interest and investment of those 

packages withinside the Nineteen Seventies caused re-emergence of A. aegypti all through its former vicinity and the corresponding re-emergence of 

dengue.[54]Insecticide spraying, in reaction to dengue outbreaks, isn't always fantastically powerful in opposition to A. aegypti mosquitoes, which 

regularly breed internal houses. Community-primarily based totallyprocedures regarding schooling of the populace in efforts to lessen breeding sites, 

including discarded tyres and different boxes that gather status water.[55]In one study, a complete network and governmental manipulate strategy, along 

with the seeding ofwater vessels with Copepods (Fish) that feed on mosquito larvae, became a hit in doing away with A.aegypti and dengue transmission 

in 32 groups in rural regions of Vietnam.[56] 

Vaccination: Infection with dengue gives lengthy-time period safety towards the precise serotype that precipitated the disease, helping the feasibility of 

a dengue vaccine. However, it gives simplest short-lived immunity to the alternative 3 dengue serotypes.[57] In view of the affiliation of DHF with 

preceding publicity to dengue viruses and the popularity that each one 4 serotypes are able to inducing DHF it's far the overall consensus withinside the 

medical and public fitness groups that any candidate vaccine ought to produce defensive immunity towards DEN 1-4. Since waning immunity may 

additionally boom the hazard for DHF in vaccines, vaccine-caused defensive immunity ought to additionally be lengthy-lived.[58] 
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Animal research suggest that defensive immunity towards dengue may be mediated through neutralizing antibodies, specifically the ones directed towards 

the envelope (E) glycoprotein. However, herbal dengue contamination induces low ranges of cross-reactive antibodies which can be detected in 

neutralization assays, however do now no longer save you contamination with the alternative dengue serotypes.[59] 

Tetravalent vaccines that result in immunity towards all 4 serotypes are in development. In a rhesus monkey model, one tetravalent stay attenuated dengue 

virus vaccine established seroconversion charges of 100, 100, ninety and 70 percentage towards dengue serotypes 1, 2, 3, and 4. In addition, vaccination 

led to whole safety towards viremia from inoculation with serotype 2; mission with the alternative dengue serotypes established safety in 50 to eighty 

percentage of animals as compared to controls.[60] 

Recommendations for vacationers: Most vacationers from non-endemic nations are at pretty low hazard for DHF due to the fact they lack preceding 

publicity to dengue viruses.[61] Avoidance of publicity to inflamed A. aegypti mosquitoes is the number one technique to prevention of dengue virus 

infections in vacationers. These mosquitoes predominantly stay in city regions in and round houses.[62] 

There are following a few steps that taken as prevention of dengue virus infection 

• Spray mosquito repellant in your pores and skin and clothes. 

• Wear lengthy sleeves, lengthy pants, and socks sprayed with mosquito repellant. 

• Avoid being outside at sunrise and nightfall while mosquitoes are maximum active. 

• Take time to go searching your private home and backyard for mosquito-breeding places, mainly regions where 

• there's status water. To keep away from status water round your private home: 

• Drain kiddie swimming pools weekly. 

• Change water in flower vases, hen baths, and animal watering pans two times a week. 

• Get rid of antique tires, buckets, bottles, and cans, or make sure they're empty of water. 

• Repair any leaky pipes and outdoor faucets, and flow air conditioner drain hoses frequently. 

Conclusion 

Though dengue fever is mostly a self-proscribing disorder, loss of right tracking and ok volumesubstitute may also result in deadly outcome. In view of 

rising outbreaks of dengue fever in numerous states of India, it will become vital for number one care physicians to have an up to date know-how 

approximately early prognosis and latest control guidelines. 

Dengue has advanced as a international life-threatening public fitness concern, affecting round 2.five billion people in extra than a hundred countries. 

The health practitioner ought to be privy to the numerous scientific manifestations of this circumstance and make sure an early and ok remedy plan. 

Future guidelines to fight this dreadful disorder goal at techniques of mosquito control, improvement of vaccine, and antiviral drug regimen. 
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Abstract: The density of states and quantum capacitance of pure and doped Nb2N and Nb4N3 single-
layer and multi-layer bulk structures are investigated using density functional theory calculations.
The calculated value of quantum capacitance is quite high for pristine Nb2N and decent for Nb4N3

structures. However for cobalt-doped unpolarized structures, significant increase in quantum ca-
pacitance at Fermi level is observed in the case of Nb4N3 as compared to minor increase in case of
Nb2N. These results show that pristine and doped Nb2N and Nb4N3 can be preferred over graphene
as the electrode material for supercapacitors. The spin and temperature dependences of quantum
capacitance for these structures are also investigated.

Keywords: niobium nitride; electrode; supercapacitors; quantum capacitance

1. Introduction

Efficient and environment friendly energy conversion and storage is a challenge to
researchers, with increasing demand for energy sources in electric (or hybrid) vehicles
and portable electronic devices [1]. Supercapacitors are considered as viable devices for
storing electrical energy because of their high energy and power densities and excellent
discharging/charging performance [2,3]. Supercapacitor’s energy density depends on the
specific capacitance of the electrolyte-electrode system and the operating voltage [4]. The
specific capacitance of an electrode in supercapacitor is a resultant of two capacitances,
namely EDLC capacitance (CEDL) and Quantum capacitance (QC), as represented by
Equation (1) [5–7].

1
C

=
1

QC
+

1
CEDL

. (1)

It is clear from the above equation that a low value of quantum capacitance can
significantly decrease the total electrode capacitance. Therefore, apart from looking for
advanced electrolytes, finding electrode materials with a high QC is a good way to increase
the capacitance.

Carbon, metal oxides and conducting polymers are the most used material for super-
capacitor electrodes [3,8–10]. However, conducting polymers and metal oxide electrodes
exhibit poor electrochemical stability and electrical conductivity, whereas carbon electrodes
suffer from poor capacitance. The graphene has been widely investigated for superca-
pacitor electrodes, because of its large specific surface area and electronic properties, but
graphene also has low capacitance performance near Fermi level [6,11,12].

In search for better options, transition metal nitrides are explored as supercapacitor
electrodes. These nitrides exhibit good chemical stability along with fair conductivity. They
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are cost effective and have excellent electrochemical property which makes them suitable
material for supercapacitor electrodes [13,14]. Transition metal nitrides, like vanadium
nitride, titanium nitride, tungsten nitride etc., have already been investigated [15–20] as
electrode materials. Among them, vanadium nitride is reported to have quite a high
value (1340 F g−1) of capacitance [15]. Different nanostructures of titanium nitride are
prepared [21–23] to see their effectiveness as high energy supercapacitor electrodes. Many
studies have been done regarding the fabrication of niobium nitrides and their super-
conducting properties. Experimental studies have already reported superconductivity in
polycrystalline hexagonal ε-NbN [24] and in the tetragonal phases of both Nb4N3 and
Nb4N5 with long-range-ordered arrangement of vacancies [25]. Nanowires and nanorib-
bons of Nb4N5 and Nb5N6 have also been fabricated and studied for their superconducting
properties [26]. Researchers have used porous NbN as anode material and activated carbon
as the cathode for a Li-ion hybrid capacitor LIHC [27]. The device has a wide potential
window and exhibits a high energy and power density. Experimental study has been done
using niobium nitride electrodes for hybrid supercapacitors as well. Niobium titanium
nitride TiNbN is studied as supercapacitor electrode material [28] and a high specific
capacitance value of up to 59.3 mF cm−2 at 1.0 mA cm−2 is achieved. The study has opened
up the possibility of fabrication of all nitride-based asymmetric supercapacitors. In another
study, niobium nitride Nb4N5 is explored to be an excellent capacitive material for the first
time with an areal capacitance of 225.8 mF cm−2 [29]. Faradaic pseudo capacitance is con-
firmed by the mechanistic studies, deriving from the proton incorporation/chemisorption
reaction owing to the copious +5 valence Nb ions in Nb4N5 [29].. Such studies prove the
importance of exploring niobium nitride for supercapacitor applications.

Despite several reports on niobium nitrides, not much work is reported for their quan-
tum capacitance. A thorough theoretical investigation on the QC of several structures of
niobium nitride is required to assess their potential as supercapacitor electrode. The present
work is further important as Nb2N and Nb4N3 also satisfy the theoretical definition of
MXenes. MXenes, a new class of two-dimensional materials, are produced from the ternary
layered compounds [30]. MXene sheets [31] are a family of transition metal nitrides or
carbides. These provide a substitute for graphene electrodes. These MXenes are synthesized
by using hydrofluoric acid for exfoliation of “A” elements from their crystals known as
MAX [32,33]. The “A” in MAX generally represents IV A or III A element (Si, Al, Ga etc.).
The representative formula of MXene is Mm+1Xm (m = 1, 2, 3 and so on), where “M” is
an early transition metal like Ti, Mo, V, Cr, Zr, Hf, Nb and Ta and “X” is nitrogen or/and
carbon [34–36]. MXenes are gaining attention due to their novel electronic and physical
properties [37] and excellent mechanical flexibility [38,39]. MXenes with many layers gener-
ally exhibit better conductivity due to availability of more channels for transport of electrons,
but the details in the impact of multilayers should be investigated individually. MXenes
have been demonstrated to be thermally, chemically and mechanically stable and resistant
to light radiation damage [40–43]. Due to these features, MXenes are being considered
as a good option for a wide range of applications [38], including catalysis [44], energy
storage [45], mano electronics [46–48], rechargeable batteries [49] and modern electronic
devices [50]. Many investigations related to MXenes are focused on their applications in
metal-ion batteries [51–54]. Few studies done to explore Mxenes for their supercapacitor
applications have mainly explored Titanium-based MXenes [55,56]. No experimental work
has been reported on niobium nitride MXene.

In this paper, for the first time, the QC of Nb2N and Nb4N3 structures are determined
using DFT calculations for supercapacitor applications. Effect of doping on quantum
capacitance of these niobium nitride structures is also investigated. In our work, cobalt is
used as dopant because of a recent experimental study [57] where the cobalt doping has
shown a rise in capacity of niobium nitride.

Quantum capacitance values obtained are compared with that of graphene. Results of
our calculation indicate that the limitation of low quantum capacitance graphene electrodes
can be overcome by using Nb2N and Nb4N3-based electrodes. More significantly, our
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calculations indicate that the pristine or doped niobium nitrides exhibit very high values for
QC at both the positive and negative electrodes. The dependence of quantum capacitance
on number of molecular layers, spin and temperature is also investigated. The method of
calculation and results are discussed in the following sections.

2. Materials and Methods

The DFT calculations for density of states were performed using the Atomistix Toolkit
(ATK) package from QuantumWise (now known as Synopsys). The generalized gradient
approximation (GGA) with the PBE functional was used to describe the exchange correla-
tion energy [58]. The norm-conserving pseudopotential generated with the Fritz-Haber
Institute FHI code was selected along with double zeta polarized basis set. The plane-wave
energy cut off was kept at 540 eV, with Monkhorst-pack k-point grid meshes sampled at
12 × 12 × 1. The crystal structures of Nb2N and Nb4N3 were built using the crystal builder,
as shown in Figure 1. The crystal parameters used for the computation are given in Table 1.
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Figure 1. Chemical structures of pristine niobium nitride: (a) Nb2N; (b) Nb4N3.

Table 1. Crystal parameters used for calculations.

Material Crystal Structure Space Group Angles

Nb2N Hexagonal 6, Pm α = β = 90◦, γ = 120◦

Nb4N3 Body-centered tetragonal 8, Cm α = β = γ = 90◦
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Both structures of niobium nitride were doped (added) with 2 atoms of cobalt to
investigate the doping effect on quantum capacitance, as shown in Figure 2. Geometry
optimization for doped structures was done using the QuasiNewton optimizer method of
the ATK package, with maximum force and stress 0.05 eV/Å and 0.05 eV/Å3, respectively.
The density of states was computed for the geometry optimized structures of doped Nb2N
and Nb4N3.
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Quantum capacitance of electrodes was calculated using the computed density
of states (DOSs). If φ is the operating voltage and Q is the surface charge on niobium
nitride, then, from density of state DOS (E), we can find quantum capacitance using
Equations (2)–(4) [59,60]:

Q = e
∫ +∞

−∞
DOS(E)[ f (E)− f (E − eφ)] dE (2)

f (E) =
1

1 + exp
(

E
kT

) , (3)

where e is the electronic charge, f (E) is the Fermi-Dirac distribution function and E is the
energy w.r.t the Fermi energy.
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By definition, one can obtain quantum capacitance by differentiating Q w.r.t φ, that is,

QC =
dQ
dφ

= e2
∫ +∞

−∞
DOS(E) ×

sech2
(

E−eφ
2kT

)
4kT

dE. (4)

Doping impacts the electronic structure of materials, thus changing the density of
states. Due to these changes, the quantum capacitance gets modified [61]. The variation in
the electronic DOS and corresponding change in the value of quantum capacitance were
studied for different operating voltages for pristine and doped structures.

The dependence of quantum capacitance on spin, number of layers and temperature
was also investigated.

3. Results and Discussion
3.1. Unpolarised Pristine Structures

Density of states are determined to calculate the quantum capacitance of pristine
Nb2N and Nb4N3 using the DFT method without spin. The calculated density of states are
shown in Figure 3a,b, respectively.
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In Figure 3a, pronounced peaks in DOS are observed for Nb2N at and near Fermi
level (in the range of interest). The peaks of the density of states close to the Fermi level
are expected to make a major contribution to the QC as per Equation (4). For Nb2N, the
calculations show very high values of quantum capacitance at different bias voltages,
the highest being 1196.28 µF cm−2 at −1 V, as shown in Figure 4. However, for Nb4N3,
the peaks are not that pronounced (Figure 3b) but are high enough to give a quantum
capacitance value of 174.86 µF cm−2, near Fermi level. These values obtained for Nb4N3
at different bias voltages around Fermi level are lower than that of Nb2N but are higher
than that of graphene, the most widely used electrode material for supercapacitor. It is
well known that the quantum capacitance of pristine graphene electrode is very low due
to its low density of state (DOS) near the Fermi level. The QC of pristine graphene has
been investigated experimentally and theoretically [6,11,12,62], and it was found that the
presence of Dirac point in DOS at Fermi level in the case of graphene results in extremely
low values of quantum capacitance (in the range of 4~6µF cm−2).
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under bias voltage.

The QC values obtained for both structures at different bias voltages are compared in
Figure 4. It is found that quantum capacitance of Nb2N remains higher than Nb4N3 for
most of the bias voltage range. Although QC values for Nb4N3 are lower than Nb2N, they
are still high enough (Figure 4) for use as electrode material for supercapacitors.

3.2. Effect of Number of Layers

In order to investigate the impact of increasing molecular layers in the crystal structure,
these calculations were repeated for up to three layers. The values of quantum capacitance
are found to increase with increase in number of layers for both Nb2N and Nb4N3, as
shown in Figure 5a,b, respectively.
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A similar trend of increase in QC with increase in layers is also reported in the case of
graphene [59].
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3.3. Effect of Cobalt Doping

The impact of cobalt doping on density of states and, subsequently, on quantum
capacitance of both structures of niobium nitride was investigated. Comparison of density
of states of pristine and doped structures of Nb2N and Nb4N3 are shown in Figure 6. The
density of states for pristine Nb2N and Nb4N3 are increased at Fermi level when they are
doped with two atoms of cobalt, as shown in Figure 6a,b. This rise in DOS at Fermi level
is mainly due to the contribution in DOS from the 3d electrons of cobalt dopant. Little
contribution to the rise in DOS also comes from the electrons of the 4s subshell of cobalt.
This increase in the density of states contributes to the increase in QC.
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The calculated quantum capacitance values for unpolarized Nb4N3-2Co and Nb2N-
2Co depicts a rise in QC in comparison to their pristine counterparts at Fermi level, as
shown in Figure 7. At Fermi level, rise in QC by factors of 2.5 and 1.2 is observed in doped
Nb4N3 and Nb2N, respectively. The increase is in agreement to the increase in the total
density of states of Nb4N3 and Nb2N after doping at Fermi level, which is clearly visible
in Figure 6. For cobalt-doped Nb4N3, the QC is in the range of 65.85 to 135.2 µF cm−2

in the area of interest, as shown in Figure 7a. It is found that the low values of quantum
capacitance at Fermi level obtained in the case of pristine Nb4N3 can be increased when
doping with cobalt.
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However, doping with cobalt shows only a slight increase in the QC at Fermi level in
the case of Nb2N, reaching to value 1052.2 µF cm−2 (Figure 7b). At all other bias voltages,
pristine Nb2N shows similar or slightly higher values for QC than doped Nb2N. The
variation in QC of pristine Nb2N after doping with cobalt can be completely understood
by comparing the DOS of pristine and doped structures of Nb2N. As shown in Figure 6a,
the DOS for doped Nb2N is slightly higher than that of its pristine counterpart, resulting in
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a slight increase in QC at Fermi level. For positive energies, the DOSs are almost similar
for both pristine and doped structures, hence showing similar values of QC for positive
bias voltages. The fall in QC in doped Nb2N at −1 V is attributed to a fall in its DOS near
−1 eV as shown in Figure 6a.

3.4. Effect of Spin on Pristine and Doped Structures

The spin polarized calculations were also done on pristine and doped Nb2N and
Nb4N3 structures. The comparison of density of states near Fermi level and QC value ob-
tained at Fermi level of pure and doped structures are plotted and given in Figures 8 and 9.
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In case of Nb2N, there is an increase in DOS at and near Fermi level after cobalt doping,
as shown in Figure 8a. The increase is due to the contribution of 4d and 5s electrons of
cobalt. This increase doubles the QC value at Fermi level for doped Nb2N as compared to
its pristine counterpart, as shown in Figure 9 (Histo). Whereas, in the case of Nb4N3, not
much increase is seen in DOS (Figure 8b) at Fermi level after doping, resulting in a very
small increase in QC at Fermi Level, as shown in Figure 9.

3.5. Effect of Temperature on Quantum Capacitance

Calculations for quantum capacitance were done at three different temperatures
(i.e., 233, 300 and 353 K). No significant change was noted in the DOSs profile. For pristine
unpolarized Nb2N and Nb4N3, a change in temperature from 233 to 353 K increases
the QC at Fermi level slightly from 878.3 to 921 µF cm−2 and 51.72 to 54.34 µF cm−2,
respectively. In case of cobalt-doped structures of Nb2N and Nb4N3, the change observed
is 5% and 8%, respectively. The slight change in the QC values is mainly due to the
Fermi Dirac distribution function present in the equations used for calculating quantum
capacitance. Similar studies done for graphene at different temperature ranges have also
shown negligible impact of temperature on QC of graphene [63].

4. Conclusions

DFT calculations are performed to investigate the quantum capacitance of niobium
nitrides Nb2N and Nb4N3 for their possible use as supercapacitor electrode materials.
Out of the two pristine structures investigated, Nb2N is the most promising candidate for
fabrication of supercapacitor electrodes, with theoretical QC reaching up to 1196.28 µF cm−2

at −1 V for unpolarized Nb2N. Even for positive bias voltage range, quantum capacitance
values for Nb2N exceeds the QC values of Nb4N3, reaching a value of 844.8 µF cm−2 at 0.5 V.
Impact of increase in layers on QC is also investigated and it is found that the quantum
capacitance increases with increase in layers for both pristine niobium nitrides.

A viable method is proposed to enhance the quantum capacitance of niobium nitride
using suitable dopant. The results show that the value of QC of pristine structures at Fermi
level can be further increased by doping with cobalt. The maximum value of quantum
capacitance in doped structures is obtained for unpolarized doped Nb2N (1052.2 µF cm−2)
at Fermi level. The impact of polarization is also studied on both pure and doped structures
and a substantial increase is seen in QC at Fermi level for Nb2N after doping with cobalt.
The calculations done for pristine and cobalt-doped Nb2N and Nb4N3 structures show no
significant temperature dependence of DOS and a slight change in quantum capacitance
with temperature.
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INTRODUCTION 

Dexamethasone is a glucocorticoid that stops the 

discharge of drugs within the body that cause 

inflammation.It was initial synthesized by Duke of 

Edinburgh Showalter Hench in 1957.It had been 

introduced for medical use in 1958. It has been listed on 

the WHO Model List of Essential Medicines since 1977 

in multiple formulations, and is currently off-patent and 

affordably available in most countries. 

 

Dexamethasone is employed to treat many alternative 

inflammatory conditions resembling allergic disorders 

and skin conditions. 

 

It is additionally accustomed treat inflammatory bowel 

disease, arthritis, lupus, psoriasis, and respiratory 

disorders. 

 

It might also be used for functions ex-directory during 

this medication guide. It can be taken by using mouth, as 

a pill or elixir, as an injection into a muscle, 

intravenously, or through an eye fixed drop.It bind to the 

glucocorticoid receptor, inhibiting pro-inflammatory 

signals, and promoting anti-inflammatory signals. 

 

Dexamethasone's duration of action varies depending on 

the route. Corticosteroids have a wide therapeutic 

window as patients may require doses that are multiples 

of what the body naturally produces. Patients taking 

corticosteroids should be counselled regarding the risk of 

hypothalamic-pituitary- adrenal axis suppression and 

increased susceptibility to infections. 

 

Randomization,trial procedures and analysis. 

A baseline statistics of sufferers inclined for the trial 

have been accumulated which covered demographic 

statistics, the extent of breathing help, essential 

coexisting illnesses, the suitability of the trial for a 

selected patient, and remedy availability at trial site. 

Routine fitness care and registry statistics which include 

statistics on essential status, discharge from the health 

facility, and breathing and renal help remedy have been 

obtained. 

 

Selected sufferers have been assigned in a 2:1 ratio to 

acquire the standard wellknown of care by myself or the 

standard wellknown care of care plus oral or intravenous 

dexamethasone at a dose of 6 mg as soon as every day 

for 10 days. 

 

If 28-day mortality turned into 20%, then the enrollment 

of as a minimum 2,000 sufferers withinside the 

dexamethasone group and 4,000 withinside the l usual 

care group could offer a power of as a minimum 90% at 

a facet P-price of 0.01% to stumble on a clinically 

applicable proportional reduction of 20% between the 

groups. 

 

The number one final results turned into measured 

primarily based totally at the mortality inside 28 days 

after randomization. Whereas, the secondary final results 

turned into measured primarily based totally at the time 

till discharge from the health facility and amongst 

sufferers now no longer receiving invasive mechanical 

air flow or death. Other prespecified scientific 

consequences covered cause-particular mortality, receipt 

of renal hemodialysis or hemofiltration essential cardiac 

arrhythmia and receipt, and length of air flow. The risk 

ratio from Cox regression turned into carried out for the 

number one final results of 28-day mortality. Kaplan 
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Meier survival curves have been built to expose 

cumulative mortality over the 28-day period. Cox 

regression turned into extensively utilized to decide the 

secondary final results of health facility discharge inside 

28 days with censoring of statistics on the next day for 

sufferers who had died at some point of hospitalization. 

The log- binomial regression version turned into carried 

out to calculate the chance ratio amongst sufferers now 

no longer receiving invasive mechanical air flow at 

randomization. Since the mean age turned into 1.1 years 

older amongst sufferers in dexamethasone, to stability 

the rate ratio have been adjusted for the baseline age into 

<70 years, 70-79 years and >80 years. 
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Dexamethasone was being examined on sufferers as a 

part of the randomized assessment of the Covid-19 

remedy trial, primarily based totally at Oxford 

University. During the trial, a complete of 2,104 

sufferers are assigned to acquire dexamethasone 6mg in 

step with day, both through mouth or through 

intravenous injection, for 20 days and had been in 

comparison with a manipulate organization of 4,321 

sufferers randomized to regular care alone. Among the 

sufferers withinside the manipulate organization, 

mortality after 28 days changed into observed to be 

maximum in people who required ventilation (41%), 

intermediate in the ones sufferers who required oxygen 

only (25%), and lowest amongst people who did now no 

longer require any breathing intervention (13%). The 

consequences cautioned that dexamethasone decreased 

deaths through 35% in ventilated sufferers and through 

20% in every other sufferers receiving oxygen only. 

There had been no blessings amongst the ones sufferers 

who did now no longer require breathing support. Based 

on those consequences, demise might be avoided through 

the remedy of round ei ght ventilated sufferers or round 

25 sufferers requiring oxygen alone. 
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Mortality at 28 days in all patients and according to Respiratory support randomization. 

 

 
Effect of Dexamethasone on 28-day mortality based on randomization. 

 

The primary outcome of the trial shows that death rate 

was lower in the dexamethasone group than the usual 

care group, with 482 deaths out of 2104 and in 1110 of 

4321 patients. Whereas the secondary outcome reveals 

that sufferers in the dexamethasone group had a shorter 

duration of hospitalization than those in the usual care 

group and a greater probability of discharge alive within 

28 days. 
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Dexamethasone is commonly safe. It affords a good 

advantage-danger profile, mainly in sufferers with 

excessive types of pneumonia, whilst the advantage is 

much less distinguished in sufferers with non-excessive 

pneumonia. As the remedy is brief, even at excessive 

doses, corticosteroids aren't related to severe aspect 

effects. Potentially better blood glucose levels 

(hyperglycemia) are temporary. 

 

Prolonged use (I.E., used for greater than weeks) can be 

related to unfavorable activities together with glaucoma, 

cataract, fluid retention, hypertension, mental effects 

(e.G., temper swings, reminiscence issues, confusion or 

irritation), weight gain, or elevated danger of infections 

and osteoporosis. 

 

To reiterate: All those unfavorable activities aren't 

related to brief-time period use (aside from 

hyperglycemia that may get worse diabetes). 
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A B S T R A C T   

The density of states and quantum capacitance of pure and doped niobium nitrides are investigated using density 
functional theory calculations. Out of pristine structures investigated, NbN is the most promising candidate for 
fabrication of supercapacitor electrodes with quantum capacitance values reaching up to 834.5 and 1683.7 Fg-1 

at negative and positive electrodes respectively. These calculations are also performed for cobalt doped niobium 
nitrides. The results suggest that doping of niobium nitrides with cobalt can further increase the quantum 
capacitance significantly. Quantum capacitance of both pristine and doped niobium nitrides is found to be much 
higher than that of graphene near fermi level, thus suggesting that these structures can be preferred over gra-
phene for supercapacitor electrodes. The temperature dependence of quantum capacitance is also investigated.   

1. Introduction 

An increased demand of electronic devices and electric vehicles have 
given rise to the demand for electrical energy sources [1]. Day by day 
environment deterioration has led to the search of environment friendly 
energy sources like supercapacitor SC. Supercapacitors are not only 
environment friendly but also have high energy and power densities and 
good discharging/charging performance [2,3]. Studies [4–6] have 
shown that the total capacitance C of an electrode in a supercapacitor is 
a resultant of series combination of two capacitances namely EDLC 
capacitance CEDL and quantum capacitance QC as given in equation (1). 

1
C
=

1
QC

+
1

CEDL
(1) 

From equation (1), it is clear that materials with low quantum 
capacitance value will exhibit low overall capacitance. Therefore, it 
becomes necessary to investigate the quantum capacitance values of 
supercapacitor electrode materials. 

Carbon, Metal oxides and conducting polymers are the most common 
material used for supercapacitor electrodes [7–9]. Although a lot of 
experimentation has been done on various materials for supercapacitor 
electrodes but still no electrode material is found to be perfect. Carbon 
electrodes have low capacitance values. Conducting polymer or metal 

oxide electrodes exhibit poor electrochemical stability and electrical 
conductivity. For better electrode materials, researchers have started 
exploring the potential of transition metal nitrides for fabrication of 
supercapacitor electrodes. Transition metal nitrides are cost effective 
and exhibit good chemical stability, excellent electrochemical property 
and fair conductivity. All these features make them promising candidate 
for supercapacitor electrodes [10,11]. Transition metal nitrides like 
vanadium nitride, titanium nitride, tungsten nitride etc., have already 
been investigated [12–21] as electrode materials. Among them, vana-
dium nitride is reported to have quite high value (1340 Fg-1) of capac-
itance [12]. Different nanostructures of titanium nitride are prepared 
[21–24] to see their effectiveness as high energy supercapacitor elec-
trodes. Capacitance reported for WN is 30 Fg− 1 [14] and for Mo2N is 
172 Fg− 1 [25]. Nb4N5 nanochannels have been prepared exhibiting an 
aerial capacitance of 225.8 mFcm− 2 [26]. Thin films of NbN prepared by 
reactive magnetron sputtering are also been studied to investigate their 
electrochemical performance [27]. The NbN electrodes exhibited 
excellent cycling stability and volumetric capacitance of value 707.1 F 
cm− 3 [27]. The results show that NbN thin films may prove to be good 
materials for supercapacitors electrode fabrication. An asymmetric 
supercapacitor assembled using nanostructured TiNbN films [28] has 
also shown a high specific capacitance of 59.3 mFcm− 2. But apart from 
these studies not much work has been reported on niobium nitrides for 
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Fig. 1. The structures used for pristine Niobium Nitride 
(a) NbN (b) Nb4N5 (c) Nb5N6. 

Fig. 2. The structures used for Cobalt doped Niobium nitride 
(a) NbN– 
2Co (b) Nb4N5–2Co (c) Nb5N6–2Co. 
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supercapacitor applications. A thorough theoretical investigation on 
their QC is required to assess their potential as supercapacitor electrode 
material. 

Density functional theory (DFT) is a powerful and effective tool that 
can be used for predicting the density of state (DOS) of a material. 
Density functional theory is widely used to predict and calculate the 
electronic properties of crystal structure with good accuracy. The 
assumption of DFT that energy of a system can be calculated using the 
functional of the electronic density rather than solving the complex 
many body Schrodinger equations reduces the computational difficulty 
and time significantly. In the present work, DFT calculations are used to 
calculate the band structure, DOS and QC of a series of niobium nitride 
structures. Effect of doping on quantum capacitance of these structures 
is also studied. In case of niobium nitrides, the major contribution in the 
bands formed near Fermi level comes from the d-states of the transition 
metal Nb. The partial density of states of d electrons of Nb contribute the 
most to the total density of states of niobium nitrides. Doping these 

structures with another transition metal like cobalt may enrich the 
d electrons of Nb thus increasing the total density of states of niobium 
nitrides resulting in increase in quantum capacitance. Among transition 
metals, cobalt is used because of a recent experimental study [29] which 
has already explored the great potential of cobalt doped NbN for 
lithium-sulfur batteries. The study has shown a huge rise in capacity of 
niobium nitride after cobalt doping. Results of our calculation show very 
high values of QC for both pure and doped niobium nitride structures at 
both the positive and negative electrodes and thus indicate that the 
quantum capacitance limitation of graphene electrodes can be overcome 
by niobium nitride based electrodes. These calculations are performed at 
different temperatures to investigate the temperature dependence of 
quantum capacitance. 

2. Methodology and simulation details 

Calculations for band structure, density of states and quantum 
capacitance are performed using the spin unpolarised method based on 
density functional theory technique utilizing Atomistix Toolkit (ATK) 
package from Synopsys. Generalized gradient approximation is used 
with exchange correlation energy described by PBE functional [30]. The 
plane-wave energy cut off was kept at 540 eV sampled at 12 × 12 × 1 
Monk horst-pack k-point grid meshes. The crystal structures of niobium 
nitrides NbN, Nb4N5 and Nb5N6 as shown in Fig. 1(a)-1(c) are built using 

Table 1 
Details of crystal structures.  

Material Crystal structure Space group Angles 

NbN Face centred cubic 225,Fm-3m α = β = γ = 90◦

Nb4N5 Simple tetragonal 6,Pm α = β = γ = 90◦

Nb5N6 Hexagonal 193,P63/mcm α = β = 90◦ , γ = 120◦

Fig. 3. The Band structure for 
(a) NbN (b) Nb4N5 (c) Nb5N6. 
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the crystal builder of the software. 
The details of the crystal structure used are given in Table 1. 
Doped structures as shown in Fig. 2(a)-2(c) are built by adding two 

cobalt atoms in pristine niobium nitrides. Doped structures are opti-
mized for geometry using quasi newton optimizer and then the elec-
tronic DOS and band structures are computed. Quantum capacitance of 
electrodes is calculated using the computed DOS. If φ is the operating 
voltage and Q is the surface charge on niobium nitride then from density 
of state DOS (E), we can find quantum capacitance using equations (2)– 
(4) [31,32]: 

Q  =  e 
∫+∞

− ∞

DOS(E)[f (E) − f (E − eφ)] dE (2)  

f (E)=
1

1 + exp
(

E/kT

) (3)  

Where, e is the electronic charge. 
f(E) is the Fermi-Dirac distribution function and E is the energy w. r.t 

the Fermi energy. 
By definition, one can obtain quantum capacitance by differentiating 

Q w. r.t φ i.e. 

QC =
dQ
dφ

= e2
∫+∞

− ∞

DOS(E) ×

sech2
(

E− eφ
2kT

)

4kT
dE (4) 

The variation in the value of quantum capacitance are studied for 
different operating voltages for pristine and doped niobium nitrides. It is 
expected that such results obtained theoretically for pristine and cobalt 
doped niobium nitrides may help in designing high quantum capaci-
tance electrodes for supercapacitor. 

3. Results and discussion 

DFT calculations are performed to explore the quantum capacitance 
of a series of pristine and doped niobium nitrides in Fg− 1 (also known as 
gravimetric capacitance). The band structure and DOS of pristine 
niobium nitrides are given in Figs. 3 and 4 respectively. 

The band structures in Fig. 3 of pristine niobium nitrides indicate 
that they are metallic in nature. The peaks of the density of states close to 
the Fermi level make important contribution to the QC. Pronounced 
peaks in DOS as shown in Fig. 4 are observed for pristine niobium 

Fig. 4. The density of states for 
(a) NbN (b) Nb4N5 (c) Nb5N6. 

Fig. 5. Variation in QC for pristine niobium nitride structures with bias voltage.  
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Fig. 6. The Band structure for cobalt doped niobium nitrides 
(a) NbN– 
2Co (b) Nb4N5–2Co (c) Nb5N6–2Co. 

Fig. 7. The density of states for cobalt doped niobium nitrides 
(a) NbN– 
2Co (b) Nb4N5–2Co (c) Nb5N6–2Co. 
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nitrides at and near fermi level (in the range of interest). The partial 
density of states of the d electron states of niobium are majorly 
responsible for these pronounced peaks. As per equations (2)–(4), these 
peaks contribute towards the huge values of quantum capacitance ob-
tained for pristine niobium nitrides. QC as a function of electrode po-
tential (φ) for pristine Niobium Nitrides is shown in Fig. 5. Our 
theoretical calculations show remarkable values of quantum capaci-
tance for all combinations of pristine niobium nitride as shown in Fig. 5. 

Highest QC of remarkable value 1684 Fg-1 is obtained for NbN at 1 V 
potential. It is found that quantum capacitance of NbN remains higher 
than all other niobium nitrides for values of bias voltage ranging from 
− 1.0 to +2.0 V. Nb5N6 shows graphene like dip in quantum capacitance 
value near fermi level at bias voltage − 0.5 V. 

Experimental studies have already suggested Nb4N5 [26] and NbN 
[27] as potential candidate for supercapacitor electrode. In our work, 
high quantum capacitance values in the range of interest are obtained 
for both NbN and Nb4N5 indicating their usefulness as electrode material 
for supercapacitors and are thus in agreement to the conclusions made in 
the experimental studies done for Nb4N5 [26] and NbN [27]. 

The results are compared with graphene, the widely investigated 
electrode material for supercapacitor [32–36]. The large specific surface 
area and interesting electronic properties make graphene [37,38] most 
sought after material for fabrication of supercapacitor electrodes. 
However, the monolayer of graphene has relatively low value for 
quantum capacitance [36]. Fig. 5 shows that NbN, Nb4N5 and Nb5N6 
perform much better than graphene, with maximum values for QC 
reaching 1684 Fg-1 in case of NbN at positive electrode. For negative 
electrode, performance of NbN and Nb4N5 are much better than that of 
graphene with maximum value 834.5 Fg-1 for NbN. These values imply 
that NbN and Nb4N5 are preferable materials for both positive and 
negative electrodes of supercapacitors. 

The impact of doping is studied on electronic structure and subse-
quently on quantum capacitance of the series of niobium nitrides. The 
band structure and DOS of doped niobium nitrides are given in Figs. 6 
and 7 respectively. An obvious difference in density of states of pristine 
and doped niobium nitrides is observed in Fig. 7. The density of states at 
and near Fermi level becomes more pronounced when pristine niobium 
nitrides are doped with 2 atoms of cobalt. Doping impacts the electronic 
structure of materials thus changing the density of states. The major 
contribution in this rise in total density of states comes from the partial 
density of states PDOS of the 3 d electrons followed by the PDOS of 4s 
electrons of the cobalt dopant. This increase in the density of states in-
creases the quantum capacitance [33]. 

Thus, doping niobium nitrides with cobalt can increase the quantum 

Fig. 8. Comparison of calculated QC at different bias voltages for pristine and 
doped structures. 

Fig. 9. Variation in QC for doped Niobium Nitride structures with bias voltage.  
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capacitance significantly as shown in Fig. 8(a)-8(c). 
At Fermi level, remarkable rise in QC by factors of 3.46, and 2.741 is 

observed in doped Nb4N5 and Nb5N6 respectively (Fig. 8(b) and (c)). The 
increase is due to the corresponding change in the total density of states 
in the area of interest (near fermi level) which is clearly visible in Fig. 7 
(b) and (c). The increase in QC is seen throughout the negative electrode 
potential as well in the positive electrode potential up to 1 V. In case of 
Nb4N5, doping with cobalt has increased the quantum capacitance 
remarkably to a huge value of 2241.2 Fg-1 at Fermi level (Fig. 8(b)). 
Doping with cobalt also increase the QC in case of NbN for negative bias 
voltage with maximum value achieved is 1284 Fg-1 (Fig. 8(a)) but the 
increase in values of QC is small w.r.t. other doped niobium nitrides. The 
QC in doped NbN shows fluctuations in the whole potential region un-
like the cases of other doped niobium nitrides where there is almost a 
constant increase in QC throughout the negative electrode potential 
region. QC at the positive electrode for doped structures is in the range 
of 1045–1776.6 Fg-1 in the area of interest as shown in Fig. 9. 

These calculations are done at three different temperatures i.e. 233, 
300 and 353 K. These temperature are chosen as they corresponds to 
range − 40 to 80 ◦C, which is the working range for most of the super-
capacitors. No significant change with temperature was noted in the 
DOS profile for both pristine and doped structures. For pristine NbN, 
Nb4N5 and Nb5N6, a change in temperature from 233 K to 353 K in-
creases the QC at Fermi level slightly from 886.6 to 895.7 Fg-1, 647.4 to 
648.1 Fg-1 and 434.0 to 442.5 Fg-1 respectively. In case of cobalt doped 
structures of NbN, Nb4N5 and Nb5N6 the change observed is 2.5%, 2.1% 
and 4.1% respectively. Since there is no significant change in DOS, the 
slight change in QC values in temperature range 233–353 K is mainly 
due to Fermi-Dirac distribution present in the equation for calculating 
quantum capacitance. Similar studies done for graphene for different 
temperature range has also shown weak dependence of QC on temper-
ature [34]. 

4. Conclusions 

DFT calculations are performed to investigate the quantum capaci-
tance of a series of niobium nitride NbN, Nb4N5 and Nb5N6 for their use 
as supercapacitor electrode materials. A viable method is proposed to 
enhance the quantum capacitance of Niobium Nitrides using suitable 
dopant. The cobalt as a dopant changes the density of states and elec-
tronic structure of niobium nitrides remarkably. Out of pristine struc-
tures investigated, NbN is the most promising candidate for fabrication 
of supercapacitor electrodes with theoretical QC reaching up to 1683.7 
Fg-1 at positive electrode. Even for negative bias voltage range zero to 
-1V, quantum capacitance values for NbN exceeds the QC values of all 
other niobium nitrides reaching a value of 834.5 Fg-1. 

The computations show that NbN, Nb4N5 and Nb5N6 have quite high 
values for QC which can be further increased by adding cobalt as dopant 
with maximum value for Quantum capacitance reaching 2241.2 Fg-1 for 
cobalt doped Nb4N5. The results indicate that niobium nitrides can 
overcome the low quantum capacitance barrier of graphene electrodes. 

The present DFT calculations of pristine and cobalt doped NbN, 
Nb4N5 and Nb5N6 structures show no significant temperature depen-
dence of band structure and DOS. However, a slight change in QC is 
observed with change in temperature. 
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 Introduction 

Diabetes mellitus is a chronic disorder of carbohydrates, fats and protein metabolism. A defective or deficient insulin secretary response, which 

translates into impaired carbohydrates (glucose) use, is a characteristic feature of diabetes mellitus, as is the resulting hyperglycemias 

[1] Diabetes mellitus (DM) is commonly referred to as a “sugar” and it is the most common endocrine disorder and usually occurs when there is 

deficiency or absence of insulin or rarely, impairment of insulin activity (insulin resistance) [2]. The International Diabetes Federation (IDF) estimates 

the total number of diabetic subjects to be around 40.9 million in India and this is further set to rise to 69.9 million by the year 2025 [3]. 

Insulin and glucagon hormones both are secreted by the pancreas. Insulin is secreted by the beta (ß) cells and glucagon is secreted by the alpha (α) cells 

both are located in the islets of Langerhan‟s. Insulin decreases the blood glucose level by the disorders, and malignancy in future life of fetus after 

delivery [6]. Type II diabetes mellitus comprises 80% to 90% of all cases of diabetes mellitus. Geographical variation can contribute in the magnitude of 

the problems and to overall morbidity and mortality [7, 8]. Moreover, people with diabetes who undertake moderate amounts of physical activity are at 

inappreciably lower risk of death than inactive persons [24] It is now well established that a specific genetic constitution is required for such an event to 

cause [9] The growing burden of diabetes and other non- communicable diseases is one of the major health challenges to economic developments 

bedeviling WHO African Region states [10]. See figure (1 and 2).In diabetes, there is an aberration either in the synthesis or secretion of insulin as seen in 

Type 1 diabetes mellitus (T1DM) and stenosis in the pancreatic duct, or the development of resistance to insulin or its subnormal production as in the 

case of Type 2 diabetes (T2DM) and certain secondary diabetes. 

 

Classification of Diabetes Mellitus 

 The first mostly accepted classification of diabetes mellitus was published by WHO in the year 1980 [11] and, it is modified in the year 1985 [12]. The most 

common and important form of Primary or idiopathic diabetes mellitus, which is focus of our discussion. It must be different from secondary diabetes 

mellitus which includes forms of hyperglycemia associated with glycogenesis and transport glucose into the muscles, liver and adipose tissue. Neural 

tissue and erythrocytes do not required insulin for glucose utilization whereas alpha (α) cells plays an important role in controlling blood glucose by 

producing the glucagon and it increases the blood glucose level by accelerating the glycogenolysis [4, 5]. 

In addition to increased risk of obesity, metabolic and cardiovascular  identifiable causes in which destruction of pancreatic islets is induced by 

inflammatory Pancreatic diseases, surgery, tumors, certain drugs, iron overloaded (Hemochromatosis) and certain acquired or genetic endocrinopathies 

[1].The classification encompasses both clinical stages and aetiological types of diabetes mellitus and other categories of hyperglycemia [13].Assigning a 

type of diabetes to an individual often depends on the circumstances present at the time of diagnosis, and many diabetic individuals do not easily fit into 

a single class [14] Primary diabetes mellitus probably represents a heterogeneous group of disorders that have hyperglycemia as a common feature [1].  
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Fig 1: Glucose Metabolism 

  

The new classification of diabetes mellitus contains stages which reflect the various degrees of hyperglycemia in individual subjects with any of the 

disease processes which may lead to diabetes mellitus [15, 16] 

 

 

 

  

Fig 2: Normal response to fasting 
[10,

 
11]

 

  

The old and new terms of insulin-dependent(IDDM) or non- insulin-dependent (NIDDM) which were proposed by WHO in1980 and 1985 have 

disappeared and the terms of new classification system identifies four types of diabetes mellitus: type 1(IDDM), type  2(NIDDM),“other  specific  

types” and 

gestational diabetes (WHO Expert Committee 1999). These were reflected in the subsequent International Nomenclature of Diseases (IND) in1991and 

the tenth revision of the International Classification of Diseases (ICD-10) in 1992 [13]. Hence, classification of diabetes mellitus is described as below: 

  

1. Insulin Dependent Diabetes Mellitus (Type1 IDDM) This type of diabetes mellitus is also called autoimmune diabetes and previously 

known as juvenile-onset or ketosis- prone diabetes. The individual may also seek with other autoimmune disorders such as Graves‟ disease, 

Hashimoto‟s thyroiditis, and Addison‟s disease [17]. Type I diabetes mellitus is also known as insulin- dependent diabetes mellitus (IDDM), this occurs 

mainly in children and young adults; the onset is usually sudden and can be life threatenin [4]. Type 1 is usually characterized by the presence of anti–

glutamic acid decarboxylase, islet cell or insulin antibodies which identify the autoimmune processes which leads to beta-cell destruction [34]. Type 1 

diabetes (due to the destruction of b-cell which is usually leading to absolute insulin deficiency) (American Diabetes Association, 2014). The rate of 

destruction of beta- cell is quite variable; it can be occur rapidly in some individuals and slow in others [18]. There is a severe deficiency or absence 

of insulin secretion due to destruction of ß-islets cells of the pancreas. Treatment with injections of insulin is required [4]. Markers of immune 

destruction, including islet cell auto-antibodies, and/or auto antibodies to insulin, and auto antibodies to glutamic acid decarboxylase (GAD) are present 

in 85-90 % of individuals with Type 1 diabetes mellitus when fasting diabetic hyperglycemia is initially detected [19]. The exact cause of diabetes 

mellitus is remain unknown, although, in most people, there is evidence of an autoimmune mechanism involving auto-antibodies that destroy the beta- 
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islet cells [4]. 

2. Non-Insulin Dependent Diabetes Mellitus(Type2 Niddm) Type 2 diabetes mellitus is also known as adult-onset diabetes. The progressive 

insulin secretary defect on the background of insulin resistance (American Diabetes Association, 2014) [20]. People with this type of diabetes frequently 

are resistant to the action of insulin [21]. The long-term complications in blood vessels, kidneys, eyes and nerves occur in both types and are the 

major causes of morbidity and death from diabetes [1]. The causes are multifunctional and predisposing factor includes: Obesity, Sedentary lifestyle, 

increasing age (affecting middle- aged and older people), Genetic factor (Ross and Wilson 2010), such patients are at increased risk of developing 

macro vascular and micro vascular complications [22, 23]. 

  

3. Gestational Diabetes Mellitus 

The glucose intolerance occurring for the first time or diagnosed during pregnancy is referred to as gestational diabetes mellitus (GDM) [2]. Women who 

develop Type1 diabetes mellitus during pregnancy and women with undiagnosed asymptomatic Type 2 diabetes mellitus that is discovered during 

pregnancy are classified with Gestational Diabetes Mellitus (GDM) [16]. Gestational diabetes mellitus (GDM) (diabetes diagnosed during pregnancy that 

is not clearly over diabetes) [17]. The gestational diabetes mellitus may develops during pregnancy and may disappear after delivery; In the longer term, 

children born to mothers with GDM are at greater risk of obesity and type 2 diabetes in later life, a phenomenon attributed to the effects of intrauterine 

exposure to hyperglycaemia. 

 

 

4. Other Specific Type (Monogenic Types) 

The most common form of monogenic types of diabetes is developed with mutations on chromosome 12 in a hepatic transcription factor referred to as 

hepatocyte nuclear factor (HNF)-1a.They also referred to as genetic defects of beta cells. These forms of diabetes are frequently characterized by onset 

of hyperglycemia at an early age (generally before age of 25 years). They are also referred to as maturity onset diabetes of the young (MODY)[12] or 

maturity-onset diabetes in youth or with defects of insulin action; persons with diseases of the exocrine pancreas, such as pancreatitis or cystic fibrosis; 

persons with dysfunction associated with other endocrinopathies (e.g. acromegaly); and persons with pancreatic dysfunction caused by drugs, chemicals 

or infections[16]. Some drugs also used in the combination with the treatment of HIV/ AIDS or after organ transplantation. Genetic abnormalities that 

result in the inability to convert proinsulin to insulin have been identified in a few families, and such traits are inherited in an autosomal dominant 

pattern. They comprise less than 10% of DM cases [11]. 

  

Some Common Sign and Symptoms 

In diabetes mellitus, cells fails to metabolized glucose in the normal manner, effectively become starved [2]. The long term effect of diabetes mellitus 

which includes progressive development of the specific complications of retinopathy with potential blindness, nephropathy that may lead to renal 

failure, and neuropathy with risk of foot ulcer, Charcot joint and features of autonomic dysfunctions and sexual dysfunction [24] People with diabetes are 

at increases risk of diseases. See table (1). 

Other, various symptoms are observed due to- 

i. Gluconeogenesis from amino acids and body protein, causing muscle wasting, tissue breakdown and further increases the blood glucose level. 

ii. Catabolism of body fat, releasing some of its energy and excess production of ketone bodies [2] 

  

Etiology of Diabetes Mellitus 

The word etiology is derived from Greek word “aetiologia”. Hence, etiology is defined as the science of finding causes and origins in which a disease is 

arise, It includes – 

1. It is currently believed that the juvenile-onset (insulin dependent) form has an auto immune etiology. 

2. Viruses may also play a role in the etiology of diabetes like coxsackieB. 

3. Mumps and rubella viruses all have been shown to produce morphologic changes in the islet-cell structure. 

4. The genetic role in the etiology of diabetes is controversial. Possibly a genetic trait makes an = individual‟s pancreas more susceptible to one of the 

above viruses [45]. 

  

Causes of Diabetes Milliteus 

 Disturbances or abnormality in gluco-receptor of ß cell so that they respond to higher glucose concentration or relative ß cell deficiency. In either way, 

insulin secretion is impaired; may progress to ß cell failure [25]. The theory of principal in micro vascular disease leading to neural hypoxia, and the 

direct effects of hyperglycaemia on neuronal metabolism [26]. 

1. Reduced sensitivity of peripheral tissues to insulin: reduction in number of insulin receptors, „down regulation‟ of insulin receptors. Many hypersensitive 
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and hyperinsulinaemic, but normal glycaemic; and have 

associated dyslipideaemic, hyperuriaemiac, abdominal obesity. Thus there is relative insulin resistance, particularly at the level of liver, muscle and fat. 

Hyperinsulinaemic has been implicated in causing angiopathy [24]. 

2. Excess of   hyperglycaemia   hormone   (glucagon)   etc. 

/obesity; causes relative insulin deficiency –the ß cells lag behind. Two theories have demonstrated abnormalities in nitric oxide metabolism, resulting 

in altered perineural blood flow and nerve damage [25]. 

3. Other rare forms of diabetes mellitus are those due to specific genetic defects (type 3) like “maturity onset diabetes of young” (MODY) other endocrine 

disorders, pancreatectomy and gestational diabetes mellitus (GDM). 

[24]. 

4. Due to imbalance of specific receptor can cause diabetes mellitus. Some specific receptors are Glucagon-like peptide-1(GLP-1) receptor, peroxisomes 

proliferator- activated (γ) receptor (PPARγ), beta3 (ß3) ardent-receptor some enzymes like α glycosidase, dipeptidyl peptidase IV enzyme etc [24]. 

5. Current research on diabetic neuropathy is focused on oxidative stress, advanced glycation-end products, protein kinase C and the polyol pathway [26]. 

  

Diagnosis of Diabetes Mellitus 

The diagnosis of diabetes in an asymptomatic subject should neverbe made on the basis of a single abnormal blood glucose value. If a diagnosis of 

diabetes is made, the clinician must feel confident that the diagnosis is fully established since the consequences for the individual are considerable and 

lifelong [27]. The diagnosis of diabetes mllitus include, urine sugar, blood sugar, glucose tolerance test, renal threshold of glucose, diminished glucose 

tolerance, increased glucose tolerance, renal glycosuria, extended glucose tolerance curve, cortisone stressed glucose tolerance test, intravenous glucose 

tolerance test, oral glucose tolerance test. 

  

Treatment of Diabetes Mellitus 

The treatment is to overcome the precipitating cause and to give high doses of regular insulin. The insulin requirement comes back to 

normal once the condition has been controlled 
[65] the aims of management of diabetes mellitus can be achieved by: 

1. To restore the disturbed metabolism of the diabetic as nearly to normal as is consistent with comfort and safety. 

2. To prevent or delay progression of the short and long term hazards of the disease. 

3. To provide the patient with knowledge, motivation and means to undertake this own enlightened care. 

  

A. Types of Therapy Involved In Diabetes Mellitus 

1. Stem cell therapy 

Researchers have shown that monocytes/ macrophages may be main players which contribute to these chronic inflammations and insulin resistance in 

T2DM patients [28]. Stem cell educator therapy, a novel technology, is designed to control or reverse immune dysfunctions [29]. The procedure includes: 

collection of patients‟ blood circulating through a closed-loop system, purification of lymphocytes from the whole blood, co-culture of them with 

adherent cord blood-derived multi-potent stem cells (CB-SCs) in vitro and administration of the educated lymphocytes (but not the CB-SCs) to the 

patient‟s circulation  

 

1 Antioxidant therapy 

A variety of antioxidants, such as vitamins, supplements, plant-derived active substances and drugs with antioxidant effects, have been used for 

oxidative stress treatment in T2DM patients. Vitamin C, vitamin E and β carotene are ideal supplements against oxidative stress and its complications. 
[30] Antioxidant which play an important role in lowering the risk of developing diabetes and its complications. 
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  Anti-inflammatory treatment 

 The changes indicate that inflammation plays a pivotal role in the pathogenesis of T2DM and its complications [31, 32]. In T2DM, especially in adipose 

tissue, pancreatic islets, the liver, the vasculature and circulating leukocytes, [33] which include altered levels of specific cytokines and chemokines, the 

number and activation state of different leukocyte populations, increased apoptosis and tissue fibrosis. [33, 34] Immunomodulatorydrugs are provided. 

B. Dietary Management 

Adequate caloric value Dietary management should be taken properly by the both diabetic and non-diabetic patient such as: 

1. Balanced in regard to protein, carbohydrate and fats, in all cases it is necessary to restrict carbohydrate intake. 

2. Should conform as closely as possible to normal 

3. Food intake should be divided into regularly spaced meals of similar size 

4. Reduce total calorie intake by decreasing both fat and carbohydrate 

5. Patient must be advised to be constant in his dietary habits from day to day. 

 

      C. Newer Insulin Delivery Devices 

  

            A number of innovations have been made to improve ease and accuracy of insulin administration as well as to achieve            tight glycaemia 

control. These are insulin syringes,      pen devices, inhaled insulin, insulin pumps, implantable pumps,     other routes of insulin delivery. 

 

 D  Oral Hypoglycaemic or Antidiabetic Agents 

 Clinically useful biguanide phenformin was produced parallel to sulfonylurea‟s in 1957. Newer approaches have constantly been explored and have 

lately yielded thiazolidinediones, meglitinide analogues, α-glucosidase inhibitors, and the latest are dipeptidyl peptidase-4(DPP-4) inhibitors [24]. 

 Important Features of Oral Hypoglycaemic Agents 

  

 Diabetes mellitus can be considered a disease of the modern world with a great impact of morbidity, morality and the quality of type of the affected 

individual. Diabetes mellitus is a frequent complication of cushing syndrome which is caused by chronic exposure to Glucocorticoids by several clinical 

symptoms such as central obesity, proximal muscles weakness, hirsutism and neurophysiological disturbance, macro-vascular complication 

autonomic neuropathy, digestive problems, dental problems etc. [24]. 

  

Conclusion 

 Diabetes mellitus is a serious complication in today life. The lifestyle and day today circumstances are play major role in occurring this type of serious 

complications. In this review we get some idea regarding diabetes mellitus. 
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INTRODUCTION 

Diabetes Mellitus (DM) is a group of metabolic diseases 

characterized by hyperglycemia resulting from defects of 

insulin secretion and increased cellular resistance to 

insulin. Chronic hyperglycemia and other metabolic 

disturbances of DM lead to long-term tissue and organ 

damage as well as dysfunction involving the eyes, 

kidneys and nervous and vascular system.
[1,2,3] 

 

CLASSIFICATION OF DIABETES MELLITUS 

1. β- cell destruction (Type 1 diabetes - IDDM) 

 Immune mediated 

 Idiopathy 

2. Insulin resistance (Type 2 diabetes - NIDDM) 

3. Genetic defects of β- cell function 

 Glucokinase 

 Hepatocyte nuclear transcription factor – 4 α 

 Insulin promoter factor 

 Mitochondrial DNA 

 Proinsulin or insulin conversion 

4. Genetic defects in insulin processing or insulin 

actions defects in 

 Proinsulin conversion. 

 Insulin gene mutation 

 Insulin receptor mutation 

5. Exocrine pancreatic defects 

6. Endocrinopathy 

 Acromegaly 

 Cushing syndrome 

 Hyperthyroidism 

 Pheochrmocytoma 

 Glucocanonama 

7. Infections 

 Cytomegalovirus 

 Coxhacivirus 

8. Drugs 

 Glucocorticoid 

 Thyroid hormone 

 Thiazides 

 Phenytoins 

9. Genetic syndrome associated with diabetes 

 Down‘s syndrome 

 Kleinfelter‘s syndrome 

 Turner‘s syndrome 

10. Gestational diabetes mellitus
[36,37]

 

 

Signs and Symptoms of diabetes? 

The classic symptoms of untreated diabetes are weight 

loss, polyuria (increased urination), polydipsia (increased 

thirst), and polyphagia (increased hunger).
[7]

 Symptoms 

may develop rapidly (weeks or months) in type 1 DM, 

while they usually develop much more slowly and may 

be subtle or absent in type 2 DM. 
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ABSTRACT 

Diabetes mellitus is an endocrinological and/or metabolic disorder marked by elevated levels of sugar in the blood. 

It is a silent killer disease and affects millions of peoples in the world. It is a chronic disease caused by inherited 

and/or acquired deficiency in production of insulin by the pancreas, or by ineffectiveness of the insulin produced. 

High blood glucose levels are symptomatic of diabetes mellitus as a consequence of inadequate pancreatic insulin 

secretion or poor insulin-directed mobilization of glucose by target cells. It is the second leading cause of 

blindness and renal disease worldwide. Impaired insulin secretion and increased insulin resistance, the main 

pathophysiological features of type 2 diabetes. The goal of diabetes treatment is to secure a quality of life (QOL) 

and lifespan comparable to those of healthy people, and a prerequisite for this is the prevention of onset and 

progression of vascular complications. This article focuses on the causes, types, factors affecting DM, incidences, 

preventive measures, treatment and future perspectives of the acute and chronic complications of diabetes directly 

associated with hypoglycemia and severe metabolic disturbances. 

 

KEYWORDS: Diabetes mellitus, endocrinology, insulin, hypoglycemia, metabolism. 
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Several other signs and symptoms can mark the onset of 

diabetes although they are not specific to the disease. In 

addition to the known ones above, they include blurry 

vision, headache, fatigue, slow healing of cuts, and itchy 

skin. Prolonged high blood glucose can cause glucose 

absorption in the lens of the eye, which leads to changes 

in its shape, resulting in vision changes. A number of 

skin rashes that can occur in diabetes are collectively 

known as diabetic dermadromes.
[8] 

 

CAUSES 

Diabetes mellitus is classified into four broad categories: 

type 1, type 2, gestational diabetes, and "other specific 

types".
[5]

 The "other specific types" are a collection of a 

few dozen individual causes.
[5]

 Diabetes is a more 

variable disease than once thought and people may have 

combinations of forms.
[9]

 The term "diabetes", without 

qualification, usually refers to diabetes mellitus. 

Diabetes mellitus type 1 

 Type 1 diabetes mellitus is characterized by loss of 

the insulin-producing beta cells of the pancreatic 

islets, leading to insulin deficiency. This type can be 

further classified as immune- mediated or idiopathic. 

The majority of type 1 diabetes is of the immune-

mediated nature, in which a T cell-mediated 

autoimmune attack leads to the loss of beta cells and 

thus insulin.
[10]

 It causes approximately 10% of 

diabetes mellitus cases in North America and 

Europe. Most affected people are otherwise healthy 

and of a healthy weight when onset occurs. 

Sensitivity and responsiveness to insulin are usually 

normal, especially in the early stages. Type 1 

diabetes can affect children or adults, but was 

traditionally termed "juvenile diabetes" because a 

majority of these diabetes cases were in children. 

 "Brittle" diabetes, also known as unstable diabetes 

or labile diabetes, is a term that was traditionally 

used to describe the dramatic and recurrent swings 

in glucose levels, often occurring for no apparent 

reason in insulin-dependent diabetes. This term, 

however, has no biologic basis and should not be 

used.
[11]

 Still, type 1 diabetes can be accompanied by 

irregular and unpredictable high blood sugar levels, 

frequently with ketosis, and sometimes with serious 

low blood sugar levels. Other complications include 

an impaired counter regulatory response to low 

blood sugar, infection, gastroparesis (which leads to 

erratic absorption of dietary carbohydrates), and 

endocrinopathies (e.g., Addison's disease).
[11]

 These 

phenomena are believed to occur no more frequently 

than in 1% to 2% of persons with type 1 diabetes.
[12]

 

 

 

 

 

 

 

 

 

Autoimmune attack in type 1 diabetes 

 
 

 Type 1 diabetes is partly inherited, with multiple 

genes, including certain HLA genotypes, known to 

influence the risk of diabetes. In genetically 

susceptible people, the onset of diabetes can be 

triggered by one or more environmental factors,
[13]

 

such as a viral infection or diet. Several viruses have 

been implicated, but to date there is no stringent 

evidence to support this hypothesis in humans.
[13][14]

 

Among dietary factors, data suggest that gliadin (a 

protein present in gluten) may play a role in the 

development of type 1 diabetes, but the mechanism 

is not fully understood.
[15][16]

 

 

Diabetes mellitus type 2 

 
 

Reduced insulin secretion and absorption leads to high 

glucose content in the blood 

 Type 2 DM is characterized by insulin resistance, 

which may be combined with relatively reduced 

insulin secretion.
[5]

The defective responsiveness of 

body tissues to insulin is believed to involve the 

insulin receptor. However, the specific defects are 

not known. Diabetes mellitus cases due to a known 

defect are classified separately. Type 2 DM is the 

most common type of diabetes mellitus.
[4]

 

 In the early stage of type 2, the predominant 

abnormality is reduced insulin sensitivity. At this 

stage, high blood sugar can be reversed by a variety 

of measures and medications that improve insulin 

sensitivity or reduce the liver's glucose production. 

 Type 2 DM is primarily due to lifestyle factors and 

genetics.
[17]

 A number of lifestyle factors are known 

to be important to the development of type 2 DM, 

including obesity (defined by a body mass index of 

greater than 30), lack of physical activity, poor diet, 
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stress, and urbanization.
[6]

 Excess body fat is 

associated with 30% of cases in those of Chinese 

and Japanese descent, 60–80% of cases in those of 

European and African descent, and 100% of Pima 

Indians and Pacific Islanders.
[5]

Even those who are 

not obese often have a high waist–hip ratio.
[5]

 

 

Dietary factor also influence the risk of developing type 

2 DM. Consumption of sugar sweetend drinks in excess 

is associated with an increase risk
.[18,19]

 the type of fat in 

the diet is also important, with saturated fats and trans fat 

increase risk and polyunsaturated and monounsaturated 

fat deceased the risk.
[17]

 eating lots of white rice also may 

increase the risk of diabetes.
[20]

 A lack of physical 

activity is believed to cause 7% of cases.
[21] 

 

 

 

DIAGNOSIS 

WHO diabetes diagnostic criteria
[29,

 
30]

 

Condition 2 hour glucose Fasting glucose HbA1c 

Unit mmol/L(mg/dl) mmol/L(mg/dl) mmol/mol DCCT% 

Normal <7.8(<140) <6.1(<110) <42 <6.0 

Impaired Fasting glycaemia <7.8(<140) 
>6.1(>110) and 

<7.0(<126) 
42-46 6.0-6.4 

Impaired glucose tolerance >7.8(>140) <7.0(>126) 42-46 6.0-6.4 

Diabetes mellitus >11.1(>200) >7.0(>126) >48 >6.5 

 

Diabetes mellitus is characterized by recurrent or 

persistent high blood sugar, and is diagnose d by 

demonstrating any one of the following.
[22]

 

 Fasting plasma glucose level ≥ 7.0 mmol/l (126 

mg/dl). 

 Plasma glucose ≥ 11.1 mmol/l (200 mg/dl) two 

hours after a 75 g oral glucose load as in aglucose 

tolerance test. 

 Symptoms of high blood sugar and casual plasma 

glucose ≥ 11.1 mmol/l (200 mg/dl) 

 Glycated hemoglobin (HbA1C) ≥ 48 mmol/mol (≥ 

6.5 DCCT %).
[23]

 

 

A positive result, in the absence of unequivocal high 

blood sugar, should be confirmed by a repeat of any of 

the above methods on a different day. It is preferable to 

measure a fasting glucose level because of the ease of 

measurement and the considerable time commitment of 

formal glucose tolerance testing, which takes two hours 

to complete and offers no prognostic advantage over the 

fasting test.
[24]

 According to the current definition, two 

fasting glucose measurements above 126 mg/dl (7.0 

mmol/l) is considered diagnostic for diabetes mellitus. 

 

Per the World Health Organization people with fasting 

glucose levels from 6.1 to 6.9 mmol/l (110 to 125 mg/dl) 

are considered to have impaired fasting glucose.
[25]

 

people with plasma glucose at or above 7.8 mmol/l (140 

mg/dl), but not over 11.1 mmol/l (200 mg/dl), two hours 

after a 75 g oral glucose load are considered to have 

impaired glucose tolerance. Of these two prediabetic 

states, the latter in particular is a major risk factor for 

progression to full-blown diabetes mellitus, as well as 

cardiovascular disease.
[26]

 The American Diabetes 

Association since 2003 uses a slightly different range for 

impaired fasting glucose of 5.6 to 6.9 mmol/l (100 to 125 

mg/dl).
[27]

 

 

Glycated hemoglobin is better than fasting glucose for 

determining risks of cardiovascular disease and death 

from any cause.
[28] 
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TREATMENT OF DIABETES
[31,32,33,34,35]

 

ALLOPATHIC DRUGS HERBAL DRUGS 
Diabetes Medications 
Many different types of medications are available to 

help lower blood sugar levels in people with type 2 

diabetes. Each type works in a different way. It is very 

common to combine two or more types to get the best 

effect with fewest side effects. 
Sulfonylurea 
These drugs stimulate the pancreas to make more 

insulin. 
Biguanides 
These agents decrease the amount of glucose produced 

by the liver. 
Alpha-glucosidase inhibitors 
These agents slow absorption of the starches and 

glucose. 
Thiazolidinediones 
These agents increase sensitivity to insulin. 
Meglitinides: 
These agents stimulate the pancreas to make more 

insulin. 
D-phenylalanine derivatives 
These        agents      stimulate       the     pancreas                   

to produce more insulin more quickly. 

Amylin synthetic derivatives 
Amylin is a naturally occurring hormone secreted by 

the pancreas along with insulin. An amylin derivative, 

such as pramlintide (Symlin), is indicated when blood 

sugar control is not achieved despite optimal insulin 

therapy. 
Incretin mimetics 
Exenatide (Byetta) was the first incretin mimetic agent 

approved in the United States. It is indicated for 

diabetes mellitus type 2 in addition to metformin or a 

sulfonylurea when these agents have not attained blood 

sugar level control alone. 
Insulins 
Synthetic human insulin is now the only type of insulin. 

It is less likely to cause allergic 
reactions than animal-derived varieties of insulin used 

in the past. Different types of   insulin are available and 

categorized according to their times of action onset and 

duration. 
Examples of rapid-acting insulins – Regular insulin 

(Humulin R, Novolin R) Insulin lispro (Humalog) 
Insulin aspart (Novolog) Insulin glulisine (Apidra) 
Prompt         insulin      zinc      (Semilente,                    

  slightly slower acting) 

Herbs for diabetes treatment are not new. Since 

ancient times, plants and plant extracts were used to 

combat diabetes. Here are some herbs that have been 

confirmed by scientific investigation, which appear 

to be most effective, relatively non-toxic and have 

substantial documentation of efficiency. 
Cinnamon 
Cinnamon is the inner bark and has insulin-like 

properties, which able to decrease blood glucose 

levels as well as triglycerides and cholesterol, all of 

which are important especially for type 2 

diabetes patients. 
Pterocarpus marsupium 
It demonstrates to reduce the glucose absorption 

from the gastrointestinal tract, and improve insulin 

and pro-insulin levels. It also effective in β 

cellregeneration. 
Bitter melon (Momordica charantia) 
It lower blood glucose concentrations and acts on 

both the pancreas and in nonpancreatic cells, such as 

muscle cells. These include charantin and an insulin-

like protein referred to as polypeptide-P, or plant 

insulin. 
Gynema Sylvestre 
It improves the ability of insulin to lower blood 

sugar in both type I and type II diabetes. This herb is 

showing up in more and more over the counter 

weight loss products and blood sugar balancing 

formulas. 
Onion 
It consists of an active ingredient called APDS (allyl 

propyl disulphide) and it block the breakdown of 

insulin by the liver and possibly to stimulate insulin 

production by the pancreas, thus increasing the 

amount of insulin and reducing sugar levels in 

the blood. 
Fenugreek (Trigonella foenum-graecum) 
The fiber-rich fraction of fenugreek seeds can lower 

blood sugar levels in people with diabetes, and to a 

lesser extent, for lowering 
blood cholesterol,weight control. 
Blueberry (Vaccinium myrtillus) 
Blueberry is a natural method of controlling or 

lowering blood sugar levels in the blood. It is a good 

astringent and helps relieve inflammation of the 

kidney, bladder and   prostate. 
Asian Ginseng 
It has been shown to enhance the release of insulin 

from the pancreas and to increase the number of 

insulin receptors. It also has a direct blood sugar-

lowering effect and improves psycho-physiological 

performance. 
Ginkgo Biloba 
The extract may prove useful for prevention and 

treatment of early-stage diabetic neuropathy. It has 

also been shown to prevent diabetic retinopathy. 
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Drug Price Control Orders (DPCO) 

Price controls are applicable to what is generally known 

as “Scheduled drugs” or “Scheduled formulations” that 

is, those medicines which are listed out in the Schedule I 

of Drug Price Control Order (DPCO), issued by the 

Government of India from time to time.
[1]

 (It may be 

noted that the use of the word “Scheduled drugs” is a 

legacy of the DPCO-1995.
[2]

 The latest DPCO 2013 only 

uses the word “Scheduled formulation” to refer to 

medicines in its first schedule since some of the bulk 

drugs when used as a single ingredient also act as a 

formulation. Hence, generally these medicines are 

referred even now as “scheduled drugs” from the 

perspective of price regulation). Since 2013, scheduled 

formulations consist of the “Essential Medicines” 

declared so by the Government through its National List 

of Essential Medicines (NLEM).
[3]

 In fact, Schedule I of 

DPCO-2013 is the NLEM-2011 list. Thus, NLEM forms 

the basis of deciding which medicines should come 

under price control via DPCO. Any formulation based on 

combination of any one of these drugs appearing under 

NLEM can be subject to price fixation. In the earlier 

DPCOs (those prior to DPCO-2013), NLEM was not 

taken into consideration for price fixation or price 

monitoring.
[4]

 Further, in the earlier DPCOs, only the 

bulk drugs were mentioned in Schedule-
[5] and prices 

were fixed by the Government for both bulk drug as well 

as formulations based on any of these bulk drugs. Since 

2013, all essential medicines (as defined under NLEM) 

are treated as scheduled formulations (under DPCO-

2013). However, it does not mean that all drugs brought 

under price control are essential medicines. As per Para 

19 of the DPCO-2013, the Government may, in case of 

extra-ordinary circumstances and in public interest, fix 

the ceiling price or retail price of any drug, whether 

scheduled or non-scheduled or a new drug for such 

period, as it may deem fit. It also has powers to revise 

(either increase or decrease) the ceiling price or retail 

price of the drug which is already fixed and notified, 

irrespective of annual wholesale price index for that year 

(based on which companies are automatically permitted 

under DPCO to revise the prices annually).
[6]

 Price 

controls are applicable irrespective of whether it is 

generic or branded.
[7]

 National Pharmaceutical Pricing 

Policy (NPPP) is the policy governing price control and 

DPCO is the order by which price control is enforced. 

The Drug Price Control Orders are issued by Ministry of 

Chemicals and Fertilisers, which is the main nodal 

administrative ministry for pharmaceutical companies.
[8]

 

Under the latest DPCO 2013, the prices of 348 drugs 

appearing in the National List of Essential Medicines-

2011 covering around 628 formulations have been 

brought under the purview of price control
[9] 

 

Drug Price Control Orders 

The NPPA regularly publishes lists of medicines and 

their maximum ceiling prices. The latest DPCO was 

released in 2013 which has a list of 384 

drugs.
[10,11,12,13,14,15] 
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Functions 

 To implement and enforce the provisions of the 

Drugs (Prices Control) Order in accordance with the 

powers delegated to it. 

 To deal with all legal matters arising out of the 

decisions of the Authority. 

 To monitor the availability of drugs, identify 

shortages, if any, and to take remedial steps. 

 To collect/ maintain data on production, exports and 

imports, market share of individual companies, 

profitability of companies etc, for bulk drugs and 

formulations. 

 To undertake and/ or sponsor relevant studies in 

respect of pricing of drugs/ pharmaceuticals. 

 To recruit/ appoint the officers and other staff 

members of the Authority, as per rules and 

procedures laid down by the Government. 

 To render advice to the Central Government on 

changes/ revisions in the drug policy.
[16]

 

 To render assistance to the Central Government in 

the parliamentary matters relating to the drug 

pricing.
[17]

 

 

Price fixing is an agreement between participants on the 

same side in a market to buy or sell a product, service, or 

commodity only at a fixed price, or maintain the market 

conditions such that the price is maintained at a given 

level by controlling supply and demand. The intent of 

price fixing may be to push the price of a product as high 

as possible, generally leading to profits for all sellers but 

may also have the goal to fix, peg, discount, or stabilize 

prices. The defining characteristic of price fixing is any 

agreement regarding price, whether expressed or 

implied. International price fixing by private entities can 

be prosecuted under the antitrust laws of many countries. 

Examples of prosecuted international cartels are those 

that controlled the prices and output of lysine, citric acid, 

graphite electrodes, and bulk vitamins.
[18]

 In the United 

States, price fixing can be prosecuted as a criminal 

federal offense under Section 1 of the Sherman Antitrust 

Act.
[19] Private individuals or organizations may file 

lawsuits for triple damages for antitrust violations and, 

depending on the law, recover attorneys fees and costs 

expended on prosecution of a case.
[20,21,22] Under 

American law, exchanging prices among competitors can 

also violate the antitrust laws. That includes exchanging 

prices with the intent to fix prices or the exchange 

affecting the prices individual competitors set. Proof that 

competitors have shared prices can be used as part of the 

evidence of an illegal price fixing agreement.
[23]

 Experts 

generally advise that competitors avoid even the 

appearance of agreeing on price.
[24]

 Since 1997, US 

courts have divided price fixing into two categories: 

vertical and horizontal maximum price fixing.
[25] Vertical 

price fixing includes a manufacturer's attempt to control 

the price of its product at retail.
[26]

  

 

Maximum retail price 

A maximum retail price (MRP) is a manufacturer 

calculated price that is the highest price that can be 

charged for a product sold in India and Bangladesh.
[27,28] 

 

All retail products in India must be marked with MRP. 

Shops cannot charge customers over the MRP. Some 

shops may charge slightly below MRP to draw more 

customers to their stores. In some remote areas, tourist 

spots, and in situations where a product is difficult to 

obtain, consumers are often charged illegally over the 

MRP.
[29]

  

 

In April 2015, it was reported that milk vendors in 

Mumbai were threatening a boycott after it was 

discovered they had been charging above MRP and the 

Maharashtra state government threatened to intervene.
[30]

  

 

Price fixing is an agreement between participants on the 

same side in a market to buy or sell a product, service, or 

commodity only at a fixed price, or maintain the market 

conditions such that the price is maintained at a given 

level by controlling supply and demand. The intent of 

price fixing may be to push the price of a product as high 

as possible, generally leading to profits for all sellers but 

may also have the goal to fix, peg, discount, or stabilize 

prices. The defining characteristic of price fixing is any 

agreement regarding price, whether expressed or 

implied. International price fixing by private entities can 

be prosecuted under the antitrust laws of many countries. 

Examples of prosecuted international cartels are those 

that controlled the prices and output of lysine, citric acid, 

graphite electrodes, and bulk vitamins.
[31]

 In the United 

States, price fixing can be prosecuted as a criminal 

federal offense under Section 1 of the Sherman Antitrust 

Act.
[32] 

Private individuals or organizations may file 

lawsuits for triple damages for antitrust violations and, 

depending on the law, recover attorneys fees and costs 

expended on prosecution of a case.
[33,34,35] Under 

American law, exchanging prices among competitors can 

also violate the antitrust laws. That includes exchanging 

prices with the intent to fix prices or the exchange 

affecting the prices individual competitors set. Proof that 

competitors have shared prices can be used as part of the 

evidence of an illegal price fixing agreement.
[36] Experts 

generally advise that competitors avoid even the 

appearance of agreeing on price.
[37] Since 1997, US 

courts have divided price fixing into two categories: 

vertical and horizontal maximum price fixing.
[38] Vertical 

price fixing includes a manufacturer's attempt to control 

the price of its product at retail.
[39]

  

 

Calculation of retail price of formulation 

The retail price of a formulation shall be calculated by 

the Government in accordance with the following 

formula, namely: - R.P. = (M.C.+C.C.+P.M.+P.C.) X 

(1+MAPE/100) + ED Where “R.P.” means retail price: 

“M.C.” means material cost and includes the cost of 

drugs and other pharmaceutical aids used including 

overages, if any, plus process loss there on specified as a 

norm from time to time by notification in the Official 

Gazette in this behalf; “C.C.” means conversion cost 

worked out in accordance with established procedures of 
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costing and shall be fixed as a norm every year by 

notification in the Official Gazette in this behalf; “P.M.” 

means cost of the packing material used in the packing of 

concerned formulation, including process loss, and shall 

be fixed as a norm every year by notification in the 

Official Gazette in this behalf; “P.C.” means packing 

charges worked out in accordance with established 

procedures of costing and shall be fixed as a norm every 

year by notification in the Official Gazette in this behalf; 

“MAPE” (Maximum Allowable Post-manufacturing 

Expenses) means all costs incurred by a manufacturer 

from the stage of ex-factory cost to retailing and includes 

trade margin and margin for the manufacturer and it shall 

not exceed one hundred per cent for indigenously 

manufactured Scheduled formulations; “E.D.” means 

excise duty: Provided that in the case of an imported 

formulation, the landed cost shall form the basis for 

fixing its price along with such margin to cover selling 

and distribution expenses including interest and 

importer’s profit which shall not exceed fifty per cent of 

the landed cost. Explanation: For the purpose of this 

proviso, “landed cost” means the cost of import of 

formulation inclusive of customs duty and clearing 

charges. 

 

CONCLUSION 

A maximum retail price (MRP) is a manufacturer 

calculated price that is the highest price that can be 

charged for a product sold in India and Bangladesh. The 

NPPA regularly publishes lists of medicines and their 

maximum ceiling prices. NLEM forms the basis of 

deciding which medicines should come under price 

control via DPCO. price fixing can be prosecuted as a 

criminal federal offense under Section 1 of the Sherman 

Antitrust Act. 
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ABSTRACT 

Solubility, the phenomenon of dissolution of solute in solvent to give a 

homogenous system, is one of the important parameters to achieve 

desired concentration of drug in systemic circulation for desired 

(anticipated) pharmacological response. Low aqueous solubility is the 

major problem encountered with formulation development of new 

chemical entities as well as for the generic development. More than 

40% NCEs (new chemical entities) developed in pharmaceutical 

industry are practically insoluble in water. Solubility is a major 

challenge for formulation scientist. Any drug to be absorbed must be 

present in the form of solution at the site of absorption. Various 

techniques are used for the enhancement of the solubility of poorly 

soluble drugs which include physical and chemical modifications of drug and other methods 

like particle size reduction, crystal engineering, salt formation, solid dispersion, use of 

surfactant, complexation, and so forth. Selection of solubility improving method depends on 

drug property, site of absorption, and required dosage form characteristics. 

 

KEYWORDS: Solubility, Homogenous, Absorption, Poorly Water Soluble drug; 

Dissolution. 

 

INTRODUCTION 

Solubility is the property of a solid, liquid, or gaseous chemical substance called solute to 

dissolve in a solid, liquid, or gaseous solvent to form a homogeneous solution of the solute in 

the solvent .The solubility of a substance fundamentally depends on the solvent used as well 

as on temperature and pressure. The extent of solubility of a substance in a specific solvent is 

measured as the saturation concentration where adding more solute does not increase its 

concentrationin the solution.
[1]
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The solvent is generally a liquid, which can be a pure substance or a mixture of two liquids. 

One may also speak of solid solution, but rarely of solution in a gas. The extent of solubility 

ranges widely, from infinitely soluble (fully miscible) such as ethanol in water, to poorly 

soluble, Such as silver chloride in water. The term insoluble is often applied to poorly or very 

poorly soluble compounds.
[2]

 

 

Solubility occurs under dynamic equilibrium, which means that solubility results from the 

simultaneous and opposing processes of dissolution and phase joining (e.g., precipitation of 

solids). Solubility equilibrium occurs when the two processes proceed at a constant rate. 

Under certain conditions equilibrium solubility may be exceeded to give a socalled 

supersaturated solution, which is metastable.
[3]

 

 

Solubility is not to be confused with the ability to dissolve or liquefy a substance, since these 

processes may occur not only because of dissolution but also because of a chemical reaction. 

For example, zinc is insoluble in hydrochloric acid, but does dissolve in it by chemically 

reacting into zinc chloride and hydrogen, where zinc chloride is soluble in hydrochloric acid. 

Solubility does not also depend on particle size or other kinetic factors; given enough time, 

even large Particles will eventually dissolve.
[4]

 

 

IUPAC defines solubility as the analytical composition of a saturated solution expressed as a 

proportion of a designated solute in a designated solvent. Solubility may be stated in units of 

concentration, molality, mole fraction, mole ratio, and other units.
[5]

 

 

Extensive use of solubility from different perspective has led to solubility being expressed in 

various manners. It is commonly expressed as a concentration, either by mass (g of solute per 

kg of solvent, g per dL (100 mL) of solvent), molarity, molality, mole fraction, or other 

similar   Descriptions of concentration. The maximum equilibrium amount of solute that can 

dissolve per amount of solvent is. 

 

Table 1: USP and BP solubility criteria. 

Descriptive term Part of solvent required per part of solute 

Very soluble Less than 1 

Freely soluble From 1 to 10 

Soluble From 10 to 30 

Sparingly soluble From 30 to 100 
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Slightly soluble From 100 to 1000 

Very slightly soluble From 1000 to 10,000 

 

Practically insoluble 10,000 and over the solubility of that solute in that solvent under the 

specified conditions.
[6]

 

 

The advantage of expressing solubility in this manner is its simplicity, while the disadvantage 

is that it can strongly depend on the presence of other species in the solvent (e.g., the 

common ion effect). The Flory-Huggins solution theory is a theoretical model describing the 

solubility of polymers. The Hansen Solubility Parameters and the Hildebrand solubility 

parameters are empirical methods for the prediction of solubility. It is also possible to predict 

solubility from other physical constants such as the enthalpy of fusion. The partition 

coefficient (Log P) is a measure of differential solubility of a compound in a hydrophobic 

solvent (octanol) and a hydrophilic solvent (water). The logarithm of these two values 

enables compounds to be ranked in terms of hydrophilicity (or hydrophobicity). USP and BP 

classify the solubility regardless of the solvent used, just only in terms of quantification and 

have defined the criteria as given in Table 1.
[7, 8]

 

 

The Biopharmaceutics Classification System (BCS) is a guide for predicting the intestinal 

drug absorption provided by the U.S. Food and Drug Administration. This system restricts 

the prediction using the parameters solubility and intestinal permeability. Solubility is based 

on the highest-dose strength of an immediate release product. 

 

A drug is considered highly soluble when the highest dose strength is soluble in 250mL or 

less of aqueous media over the pH range of 1 to 7.5. The volume estimate of 250mL is 

derived from typical bioequivalence study protocols that prescribe administration of a drug 

product to fasting human volunteers with a glass of water.
[9]

 

 

The intestinal permeability classification is based on a comparison to the intravenous 

injection. All those factors are highly important, since 85% of the most sold drugs in the USA 

and Europe are orally administered. All drugs have been divided into four classes: class I— 

high soluble and high permeable, class II—low soluble and high permeable, class III—low 

soluble and high permeable and class IV—low soluble and low permeable. 
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2. Importance of Solubility 

Oral ingestion is the most convenient and commonly employed route of drug delivery due to 

its ease of administration, high patient compliance, costeffectiveness, least sterility 

constraints, and flexibility in the design of dosage form. As a result, many of the generic drug 

companies are inclinedmore to produce bioequivalent oral drug products.
[10]

 

 

However, the major challenge with the design of oral dosage forms lies with their poor 

bioavailability. The oral bioavailability depends on several factors including aqueous 

solubility, drug permeability, dissolution rate, first-pass metabolism, presystemic metabolism, 

and susceptibility to efflux mechanisms. The most frequent causes of low oral bioavailability 

are attributed to poor solubility and low permeability. Solubility also plays a major role for 

other dosage forms like parenteral formulations as well.
[11]

 Solubility is one of the important 

parameters to achieve desired concentration of drug in systemic circulation for achieving 

required pharmacological response.
[12]

 Poorly water soluble drugs often require high doses in 

order to reach therapeutic plasma concentrations after oral administration. Low aqueous 

solubility is the major problem encountered with   formulation development of new chemical 

entities as well as generic development. Any drug to be absorbed must be present in the form 

of an aqueous solution at the site of absorption. Water is the solvent of choice for liquid 

pharmaceutical formulations. Most of the drugs are either weakly acidic or weakly basic 

having poor aqueous solubility. More than 40% NCEs (new chemical entities) developed in 

pharmaceutical industry are practically insoluble in water. These poorly water soluble drugs 

having slow drug absorption leads to inadequate and variable bioavailability and 

gastrointestinalmucosal toxicity. For orally administered drugs solubility is the most 

important one rate limiting parameter to achieve their desired concentration in systemic 

circulation for pharmacological response. Problem of solubility is a major challenge for 

formulation scientist.
[13]

 The improvement of drug solubility thereby its oral bioavailability 

remains one of the most challenging aspects of drug development process especially for oral-

drug delivery system. There are numerous approaches available and reported in literature to 

enhance the solubility of poorly water-soluble drugs. The techniques are chosen on the basis 

of certain aspects such as properties of drug under consideration, nature of excipients to be 

selected, and nature of intended dosage form. The poor solubility and low dissolution rate of 

poorly water soluble drugs in the aqueous gastrointestinal fluids often cause insufficient 

bioavailability. Especially for class II (low solubility and high permeability) substances 

according to the BCS, the bioavailabilitymay be enhanced by increasing the solubility and 
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dissolution rate of the drug in the gastrointestinal fluids. As for BCS class II drugs rate 

limiting step is drug release from the dosage form and solubility in the gastric fluid and not 

the absorption, so increasing the solubility in turn increases the bioavailability for BCS class 

II drugs.
[10, 13, 14]

 The negative effect of compounds with low solubility include poor 

absorption and   bioavailability, insufficient solubility for IV dosing, development challenges 

leading to increasing the development cost and time, burden shifted to patient (frequent high-

dose administration).
[11]

 

 

3. Techniques for Solubility 

Enhancement Solubility improvement techniques can be categorized in to physical 

modification, chemical modifications of the drug substance, and other techniques. 

 

Physical Modifications 

Particle size reduction like micronization and nanosuspension, modification of the crystal 

habit like polymorphs, amorphous form and cocrystallization, drug dispersion in carriers like 

eutectic mixtures, solid dispersions, solid solutions and cryogenic techniques. 

 

Chemical Modifications 

Change of ph, use of buffer, derivatization, complexation, and salt formation. 

 

Miscellaneous Methods 

Supercritical fluid process, use of adjuvant like surfactant, solubilizers, cosolvency, 

hydrotrophy, and novel excipients. 

 

4. Particle Size Reduction 

The solubility of drug is often intrinsically related to drug particle size; as a particle becomes 

smaller, the surface area to volume ratio increases. The larger surface area allows greater 

interaction with the solvent which causes an increase in solubility. 

 

Conventional methods of particle size reduction, such as comminution and spray drying, rely 

upon mechanical stress to disaggregate the active compound. Particle size reduction is thus 

permitting an efficient, reproducible, and economic means of solubility enhancement. 

However, the mechanical forces inherent to comminution, such as milling and grinding, often 

impart significant amounts of physical stress upon the drug product which may induce 

degradation. The thermal stress which may occur during comminution and spray drying is 

also a concern when processing thermosensitive or unstable active compounds. Useing 
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traditional approaches for nearly insoluble drugs may not be able to enhance the solubility up 

to desired level. 

 

Micronization is another conventional technique for the particle size reduction. Micronization 

increases the dissolution rate of drugs through increased surface area, it does not increase 

equilibrium solubility. Decreasing the particle size of these drugs, which cause increase in 

surface area, improve their rate of dissolution. Micronization of drugs is done by milling 

techniques using jet mill, rotor stator colloid mills and so forth micronization is not suitable 

for drugs having a high dose number because it does not change the saturation solubility of 

the drug.
[15]

 

 

These processes were applied to griseofulvin, progesterone, spironolactone diosmin, and 

fenofibrate. For each drug, micronization improved their digestive absorption and 

consequently their bioavailability and clinical efficacy. Micronized fenofibrate exhibited 

more than 10-fold (1.3% to 20%) increase in dissolution in at 30 minutes biorelevant 

media.
[16, 17]

 

 

5. Solid Dispersions 

The concept of solid dispersions was originally proposed by Sekiguchi and Obi, who 

investigated the generation and dissolution performance of eutectic melts of a sulfonamide 

drug and a water- soluble carrier in the early 1960s.
[18]

 

 

Solid dispersions represent a useful pharmaceutical technique for increasing the dissolution, 

absorption, and therapeutic efficacy of drugs in dosage forms. The term solid dispersion 

refers to a group of solid products consisting of at least two different components, generally a 

hydrophilic matrix and a hydrophobic drug. The most commonly used hydrophilic carriers 

for solid dispersions include polyvinylpyrrolidone (Povidone, PVP), polyethylene glycols 

(PEGs), Plasdone- S630. Surfactants like Tween-80, docusate sodium, Myrj-52, Pluronic-

F68, and sodium lauryl sulphate (SLS) also find a place in the formulation of solid 

dispersion. The solubility of celecoxib, halofantrine, and ritonavir can be improved by solid 

dispersion using suitable hydrophilic carriers like celecoxib with povidone (PVP) and 

ritonavir with gelucire. Various techniques to prepare the solid dispersion of hydrophobic 

drugs with an aim to improve their aqueous solubility are listed here.
[19–21]

 

 

 

 



www.wjpps.com    │    Vol 10, Issue 9, 2021.    │    ISO 9001:2015 Certified Journal    │ 

 

 

1330 

Choubay et al.                                            World Journal of Pharmacy and Pharmaceutical Sciences 

5.1. Hot-Melt Method (Fusion Method) 

The main advantages of this direct melting method is its simplicity and economy. The 

melting or fusion method was first proposed by Sekiguchi and Obi to prepare fast release 

solid dispersion dosage forms. In this method, the physical mixture of a drug and a water-

soluble carrier are heated directly until the two melts. The melted mixture is then cooled and 

solidified rapidly in an ice bath with rigorous stirring. The final solid mass is then crushed, 

pulverized, and sieved, which can be compressed into tablets with the help of tableting 

agents. The melting point of a binary system is dependent upon its composition, that is, the 

selection of the carrier and the weight fraction of the drug in the system.
[22]

 An important 

requisite for the formation of solid dispersion by the hot- meltmethod is the miscibility of the 

drug and the carrier in the molten form. Another important requisite is the thermostability of 

both the drug and the carrier. 

 

5.2. Solvent Evaporation Method 

Tachibana and Nakamura
[23]

 were the first to dissolve both the drug and the carrier in a 

common solvent and then evaporate the solvent under vacuum to produce a solid solution. 

This enabled them to produce a solid solution of the highly lipophilic β-carotene in the highly 

water soluble carrier povidone. 

 

Many investigators studied solid dispersion 

of meloxicam, naproxen, 

and nimesulide using solvent 

evaporation 

technique. These findings suggest that the 

above-mentioned technique can be 

improvement and stability of solid 

dispersions of poorly water soluble 

drugs.
[15,17]

 

employed 

 

The main advantage of the solvent evaporation method is that thermal decomposition of 

drugs or carriers can be prevented because of the low temperature required for the 

evaporation of organic solvents. However, the disadvantages associated with this method are 

the higher cost of preparation, the difficulty in completely removing the organic solvent (a 

regulatory perspective), the possible adverse effect of the   supposedly negligible amount of 

the solvent on the chemical stability of the drug, the selection of a common volatile solvent, 

and the difficulty in reproducing crystal forms.
[24]

 

 

5.3. Hot-Melt Extrusion 

Hot-melt extrusion is essentially the same as the fusion method except that intense mixing of 
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the components is induced by the extruder. Just like in the traditional fusion process, 

miscibility of the drug and the matrix could be a problem. High-shear forces resulting in high 

local temperature in the extruder is a problem for heat sensitive materials. However, 

compared to the traditional fusion method, this technique offers the possibility of continuous 

production, which makes it suitable for large-scale production. Furthermore, the product is 

easier to handle because at the outlet of the extruder the shape can be adapted to the next 

processing step without grinding.
[20]

 

 

6. Nanosuspension 

Nanosuspension technology has been developed as a promising candidate for efficient 

delivery of hydrophobic drugs. This technology is applied to poorly soluble drugs that are 

insoluble in both water and oils. A pharmaceutical nanosuspension is a biphasic system 

consisting of nano sized drug particles stabilized by surfactants for either oral and topical use 

or parenteral and pulmonary administration. The particle size distribution of the solid 

particles in nanosuspensions is usually less than one micron with an average particle size 

ranging between 200 and 600nm.
[25, 26]

 

 

Various methods utilized for preparation of nanosuspensions include precipitation technique, 

media milling, high pressure homogenization in water, high pressure homogenization in 

nonaqueous media, and combination of Precipitation and high-Pressure homogenization.
[27, 28]

 

 

6.1. Precipitation Technique 

In precipitation technique the drug is dissolved in a solvent, which is then added to anti 

solvent to precipitate the crystals. The basic advantage of precipitation technique is the use of 

simple and low cost   equipments; but the challenge is the addition of the growing drug 

crystals to avoid formation of microparticles. The limitation of this precipitation technique is 

that the drug needs to be soluble in at least one solvent and this solvent needs to be miscible 

with antisolvent. Moreover, precipitation technique is not applicable to drugs, which are 

simultaneously poorly soluble in aqueous and nonaqueous media.
[29]

 Nanosuspension of 

Danazol and Naproxen have been prepared by precipitation technique to improve their 

dissolution rate and oral bioavailability. The size reduction of naproxen was also associated 

with an apparent increase in the rate of absorption by approximately 4- fold.
[30, 31]

 

 

6.2. Media Milling 

The nanosuspensions are prepared by using high-shear media mills. The milling chamber 
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charged with milling media, water, drug, and stabilizer is rotated at a very high-shear rate 

under controlled temperatures for several days (at least 2–7 days). The milling medium is 

composed of glass, Zirconium oxide, or highly cross-linked polystyrene resin. High energy 

shear forces are generated as a result of the impaction of the milling media with the drug 

resulting into breaking of microparticulate drug to nanosized particles.
[28]

 

 

6.3. High Pressure Homogenization 

High-pressure homogenization has been used to prepare nanosuspension of many poorly 

water soluble drugs. In this method, the suspension of a drug and surfactant is forced under 

pressure through a nanosized aperture valve of a high pressure homogenizer. The principle of 

this method is based on cavitation in the aqueous phase. The cavitations forces within the 

particles are sufficiently high to convert the drug microparticles into nanoparticles. The 

concern with this method is the need for small sample particles before loading and the fact 

that many cycles of homogenization are required.
[32]

 Dissolution rate and bioavailability of 

poorly soluble drugs such as spironolactone, budesonide, and omeprazole have been 

improved by reducing their particle size by high pressure homogenization.
[33–35]

 

 

6.4. Combined Precipitation and Homogenization 

The precipitated drug nanoparticles have a tendency to continue crystal growth to the size of 

microcrystals. They need to be processed with high- energy forces (homogenisation). They 

are in completely amorphous, partially amorphous or completely crystalline forms which 

create problems in long term stability as well as in bioavailability, so the precipitated particle 

suspension is subsequently homogenized which preserve the particle size obtained after the 

precipitation step. 

 

7. Inclusion Complex 

Formation-Based Techniques 

Among all the solubility enhancement techniques, inclusion complex formation technique has 

been employed more precisely to improve the aqueous solubility, dissolution rate and 

bioavailability of poorly water soluble drugs. Inclusion complexes are formed by the 

insertion of the nonpolar molecule or the nonpolar region of one molecule (known as guest) 

into the cavity of another molecule or group of molecules (known as host). The most 

commonly used host molecules are cyclodextrins. The enzymatic degradation of starch by 

cyclodextrin-glycosyltransferase (CGT) produces cyclic oligomers, Cyclodextrins (CDs). 

These are nonreducing, crystalline, water soluble, and cyclic oligosaccharides consisting of 
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glucosemonomers arranged in a donut shaped ring having hydrophobic cavity and 

hydrophilic outer surface as illustrated in Figure 1. Three naturally occurring CDs are α-

Cyclodextrin, β-Cyclodextrin, and γ-Cyclodextrin.
[36]

 The surface of the cyclodextrin 

molecules makes them water soluble, but the hydrophobic cavity provides a 

microenvironment for appropriately sized non-polar molecules. Based on the structure and 

properties of drug molecule it can form 1 : 1 or 1 : 2 drug cyclodextrin complex as illustrated 

in Figure 1.. Various technologies adapted to prepare the inclusion complexes of poorly water 

soluble drugs with cyclodextrins are briefly described below. 

 

9.1. Kneading Method 

This method is based on impregnating the CDs with little amount of water or hydroalcoholic 

 

Figure 1: 1:1 and 1:2 drug cyclodextrin complexes solutions to convert into a paste. 

 

The drug is then added to the above paste and kneaded for a specified time. The kneaded 

mixture is then dried and passed through a sieve if required. In laboratory scale, kneading can 

be achieved by using a mortar and pestle. In large scale, kneading canbe done by utilizing the 

extruders and other machines. This is the most common and simple method used to prepare 

the inclusion complexes and it presents very low cost of production.
[38]

 

 

9.2. Lyophilization/Freeze-Drying Technique 

In order to get a porous, amorphous powder with high degree of interaction between drug and 

CD, lyophilization/freeze drying technique is considered suitable. In this technique, the 

solvent system from the solution is eliminated through a primary freezing and subsequent 

drying of the solution containing both drug and CD at reduced pressure. Thermolabile 

substances can be successfully made into complex form by this method. The limitations of 

this technique is the use of specialized equipment, time consuming process, and yield poor 

flowing powdered product. Lyophilization/freeze drying technique is considered as an 

alternative to solvent evaporation and involve molecular mixing of drug and carrier in a 

common solvent.
[39]

 

 



www.wjpps.com    │    Vol 10, Issue 9, 2021.    │    ISO 9001:2015 Certified Journal    │ 

 

 

1334 

Choubay et al.                                            World Journal of Pharmacy and Pharmaceutical Sciences 

9.3. Microwave Irradiation Method 

This technique involves the microwave irradiation reaction between drug and   complexing 

agent using a microwave oven. The drug and CD in definite molar ratio are dissolved in a 

mixture of water and organic solvent in a specified proportion into a round bottom flask. The 

mixture is reacted for short time of about one to two minutes at 60◦C in the microwave oven. 

After the reaction completes, adequate amount of solvent mixture is added to the above 

reaction mixture to remove the residual uncomplexed free drug and CD. The precipitate so 

obtained is separated using what man filter paper, and dried in vacuum oven at 40◦C. 

Microwave irradiation method is a novel method for industrial scale preparation due to its 

major advantage of shorter reaction times and higher yield of the product.
[40]

 

 

8. CONCLUSION 

Dissolution of drug is the rate determining step for oral absorption of the poorly water soluble 

drugs and solubility is the basic requirement for the absorption of the drug from GIT. The 

various techniques described above alone or in combination can be used to enhance the 

solubility of the drugs. Proper selection of solubility enhancement method is the key to 

ensure the goals of a good formulation like good oral bioavailability, reduce frequency of 

dosing   and better patient compliance combined with a low cost of production. Selection of 

method for solubility enhancement depends upon drug characteristics like solubility, 

chemical nature, melting point, absorption site, physical nature, pharmacokinetic behavior 

and so forth, dosage form requirement like tablet or capsule formulation, strength, immediate, 

or modified release and so forth, and regulatory requirements like maximum daily dose of 

any excipients and/or drug, approved excipients, analytical accuracy and so forth. 
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ABSTRACT 

Serious mental health illnesses include eating disorders. They entail serious issues with your eating habits and food-related thoughts. You might consume far less 

or far more food than you require. 

Eating disorders are not a choice of lifestyle; they are medical diseases. They interfere with your body's capacity to absorb healthy nutrients. Health 

complications, such as heart and renal problems, or occasionally even death, can result from this. However, there are remedies that can be helpful. 

INTRODUCTION 

Eating disorders are significant conditions caused by persistent eating patterns that have an adverse effect on your health, your emotions, and your 

capacity to carry out essential life functions. Anorexia nervosa, bulimia nervosa, and binge-eating disorder are the three most prevalent eating disorders. 

 

The majority of eating disorders are characterised by an unhealthy obsession with food, body image, and weight. These actions can have a serious 

negative effect on your body's capacity to absorb the proper nutrients. Eating disorders can cause various ailments and affect the heart, gastrointestinal 

tract, bones, teeth, and mouth. 

 Anorexia nervosa 

 Bulimia nervosa 

 Binge-eating disorder 

 Rumination disorder 

 Avoidant/restrictive food intake disorder 

A psychological eating condition called bulimia causes episodes of binge eating (consuming a large quantity of food in one sitting). You don't feel like 

you have any control over your food during these binges. After that, you experiment with improper weight-loss methods like: 

 Vomiting \sFasting \sEnemas 

 excessive bowel movements and use of diuretics 

 Obsessive exercise 
Bulimia, which is also known as bulimia nervosa, typically begins in late adolescence or early adulthood. Typically, you binge and purge covertly. 

When you binge, you feel humiliated and ashamed, and when you purge, you feel relieved. 

Bulimics typically weigh within the range for their height and age. But they could be quite unhappy with their bodies, fear gaining weight, and wish to 

lose it. 

 

Anorexia nervosa 

A potentially fatal eating disorder known as anorexia nervosa (an-o-REK-see-uh) is characterised by an unusually low body weight, a strong fear of 

gaining weight, and a skewed sense of weight or shape. Anorexics make tremendous efforts to maintain their weight and shape, which frequently 

adversely affects their health and daily activities. 

When you have anorexia, you severely restrict your calorie intake or employ alternative weight-loss strategies, such as excessive exercise, the use of 

laxatives or other diet supplements, or vomiting right after eating. Possibly when you are overweight, dieting can have a serious negative impact on 

your health and even result in fatal self-starvation. 

Bulimia nervosa 
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Bulimia nervosa, often known as bulimia, is a serious eating disorder that may be life-threatening. Bulimia causes binge-and-purge episodes where the 

person feels like they have no control over their food. The daytime eating restrictions that are common among bulimics frequently result in increased 

binge eating and purging. 

During these episodes, you frequently consume a lot of food quickly and then try to burn off the excess calories in undesirable ways. You might force 

yourself to vomit, overexert yourself when working out, or use other techniques, like laxatives, to get rid of the calories out of fear of feeling guilty, 

ashamed, and gaining weight as a result of overeating.  

If you have bulimia, you are likely obsessed with your weight and body image and may harshly and critically evaluate yourself for your perceived 

defects. You can be slightly overweight or at a typical weight. 

Binge-eating disorder 

With binge-eating disorder, you frequently overeat (binge) and experience a loss of control over your eating. Even when you are not hungry, you may 

eat rapidly or consume more food than you wanted to, and you may keep eating even after you feel uncomfortable. 

Following a binge, you could feel bad about how much food you ate and how you acted. But unlike someone with bulimia or anorexia, you don't try to 

make up for this behaviour with excessive exercise or purging. Eating by yourself to disguise your bingeing can result from embarrassment. 

The average person binges at least once every week. You can be of average weight, an overeater, or obese. 

Rationing disorder 

Repeatedly and persistently regurgitating food after eating is a symptom of rumination disorder, which is not related to a medical illness or another 

eating disorder such anorexia, bulimia, or binge-eating disorder. Without feeling queasy or gagging, food is brought back up into the mouth, and 

regurgitation may not be deliberate. Regurgitated food may occasionally be rechewed, reabsorbed, or spit out. 

If the food is spit out or if the person eats much less to stop the behaviour, the problem may cause malnutrition. Rumination disorder may be more 

prevalent in young children or those who have an intellectual handicap. 

Disorder of avoidant/restrictive eating 

Due to lack of interest in food, avoidance of food with particular sensory qualities, such as colour, texture, smell, or taste, or worry about the results of 

eating, such as choking fear, you fail to achieve your basic daily nutritional requirements. Food is not eschewed out of concern for putting on weight. 

In addition to substantial weight loss or failure to gain weight in childhood, the disease can lead to dietary deficiencies that may have negative health 

effects. 

 

NEW RESEARCHES 

 New research shows that exercise addiction is nearly four times more common amongst people with an eating disorder. 

 These results demonstrate that atypical anorexia nervosa is a true illness and not merely a milder version of "pre-anorexia nervosa," continued Garber. 

"Even if patients were bigger to begin with and now seem "normal," paediatricians and other primary care providers need to keep a close check on 

patients who have lost a lot of weight quickly. These patients are just as sick as those who have the conventional anorexia nervosa diagnosis. 

 Adolescents and young adults with anorexia nervosa whose weight is in the healthy, overweight or obese ranges face similar cardiovascular and other 

health complications as their counterparts with low body mass index (BMI), according to a new study led by researchers at UCSF. 

Causes and Risk Factors 

We don't know the exact cause of bulimia. But research suggests that a mixture of certain personality traits, emotions, and thinking patterns, as well as 

biological and environmental factors, might be responsible. 

Researchers believe this eating disorder may begin with dissatisfaction with your body and extreme concern with your size and shape. Usually, you 

have low self-esteem and fear becoming overweight. The fact that bulimia tends to run in families also suggests that you might inherit a risk for the 

disorder. 

Other danger signs consist of: 

 being a woman 

 diseases of anxiety and depression 

 diseases caused by drug usage 

 traumatic experiences 

 Regular dieting under stress 

 

Symptoms 

The signs of bulimia can change from person to person. Both your physical appearance and your behaviour could alter. It can be more difficult to 

diagnose bulimia since, unlike the eating disorder anorexia, a person with bulimia might not lose a significant amount of weight. 

 

Bulimia's physical symptoms can include: 

 dental issues 

 unwell throat 

 enlarged glands in your face and neck 

 bloating, indigestion, and heartburn 

 irregular cycles 

 Weakness, fatigue, and red eyes 

 Having calluses on your hands' backs or knuckles as a result of making yourself sick 
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 frequently gaining and loosing weight. Although your weight is often within the acceptable range, you can be overweight. 

 fainting or vertigo 

 experiencing constant cold 

 issues with sleep 

 Dry skin and fragile, dry nails. 

 

Complications 

 tooth enamel erosion brought on by frequent contact to stomach acid 

 cavities in the teeth and stained teeth 

 sensitivity to hot or cold foods in the mouth 

 gum diseases 

 Your salivary glands are swollen and hurting (from repeated vomiting) 

 throat pain and inflammation 

 peptic ulcers 

 stomach or oesophagus rupturing 

 Changing your bowel routine 

 Dehydration. Electrolyte imbalances, including those in particular minerals like calcium and potassium, might result from this. Low potassium or 

sodium levels can result in potentially fatal heart or renal issues. Seizures can also be brought on by abnormal blood sugar levels and abnormal 

electrolyte levels. 

 abnormal heartbeat 

 chest pain (in severe cases) 

 Reduced sex drive 

 heightened danger of committing suicide 

 Self-harm, such as self-cutting 

 abuse of drugs or alcohol 

 Having gastroparesis, where your stomach absorbs 
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What kinds of eating problems are there? 

Eating disorders frequently seen include: 

Binge eating is uncontrollable eating. Even after they are full, many who suffer from binge eating disorder continue to eat. They frequently eat past the 

point of extreme discomfort. They typically experience remorse, shame, and distress afterward. Obesity and weight increase can result from overeating. 

The most prevalent eating disorder in the United States is binge-eating disorder. 

Anorexia nervosa Periods of binge eating are also common in those who have bulimia nervosa. However, they then purge by forcing themselves to 

vomit or by using laxatives. They could also overwork themselves or fast. People who have bulimia nervosa could be overweight, average weight, or 

slightly underweight. 

Nervosa anorexia. People who have anorexia nervosa skip food, restrict food excessively, or consume small quantities of only certain foods. They may 

see themselves as overweight, even when they are dangerously underweight. Anorexia nervosa is the least common of the three eating disorders, but it 

is often the most serious. It has the highest death rate of any mental disorder. 

How are eating problems identified? 

In light of how serious eating disorders may be, it is crucial to get assistance if you or a loved one suspects that there may be a problem. Your doctor 

may use a variety of instruments to make a diagnosis, including: 

A medical history that asks about your symptoms is included. It's critical to be open with your provider about your food and activity habits so they can 

support you. 

a medical checkup 

To rule out additional potential reasons of your symptoms, get a blood or urine test. 

other examinations to determine if your eating disorder is causing any more health issues. An electrocardiogram and tests for renal function are 

examples of these (EKG or ECG). 

Treatment 

Plans for treating eating disorders are personalised for each patient. A group of healthcare professionals, including doctors, nutritionists, nurses, and 

therapists, will probably be working with you. The therapies could consist of: 

Psychotherapy for individuals, groups, or families. Cognitive behavioural techniques in individual therapy may be used to help you recognise and alter 

unfavourable ideas. You can also develop coping mechanisms and alter ing behavioural habits with its aid. 

medical attention and supervision, including attention for potential side effects of eating disorders 

counselling on nutrition. You can achieve and keep a healthy weight with the aid of doctors, nurses, and counsellors by eating a healthy diet. 

Some eating disorders may be treated with drugs such mood stabilisers, antipsychotics, or antidepressants. The medications can also assist with the 

symptoms of despair and anxiety that frequently coexist with with eating disorders. 

CONCLUSION 

It's critical to address the patients' emotional and psychological demands in addition to their bodily ones when treating eating disorders. Pharmacists are 

in a perfect position to serve patients who need encouragement to seek and continue therapy. Common disorders like purging and binge eating indicate 

a variety of negative results. These diseases, which might be underrepresented in eating disorder clinic samples, should be made known to primary care 

practitioners. The focus of eating disorder prevention initiatives should be on subthreshold severity cases. 
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ABSTRACT: 

D2D communications plays a major role in the 

5G systems in order to increase the utilize the 

spectrum efficiently. By using this D2D 

communications more number of users can share 

a single range of spectrum by allocating the 

users to a cellular device. This process provides 

better results but care should be taken while 

allocating the resource to the cellular user. 

Hence, in the proposed method the resources are 

allocated to the cellular user by using the 

location and outage probability of the resources. 

This process is further extended by increasing 

the number of users in the cell and also by 

increasing the number of code words that need 

to be send to the user. This method provides 

better results when compared to state of art 

methods in increasing the throughput. 

Keywords: Device to Device communications, 

outage probability. 

 

I. INTRODUCTION: 

 

To accommodate more users in cellular 

networks sustaining high spectral efficiency, the 

device-to-device (D2D) communication utilizing 

spectrum resources, which are already assigned  

 

to cellular devices, was introduced. Regarding 

D2D communications, the resource allocation 

has been mainly studied for D2D underlay 

cellular networks in various aspects, such as 

energy efficiency maximization with joint power 

control of devices and overall sum rate 

maximization for multiple D2D pairs, for D2D 

groups and for vehicle to everything networks. 

Content dissemination over congested D2D 

networks was studied from a perspective of 

medium access control layer where energy 

efficient strategies using game theory were 

developed.  

Considering the interference between the 

ordinary cellular transmission and D2D 

multicast, CR is applied in D2D 

communications. Many studies have shown that 

the utilization of licensed spectrum is very low, 

and CR plays as a promising technology to 

improve the utilization of licensed spectrum. 

Secondary users (SUs) sense the spectrum 

conditions and seek to send their signals by 

reusing the spectrum of primary users (PUs), 

which can improve the spectrum utilization. In 

ordinary D2D communications, D2D users only 

utilize the temporally idle spectrum to avoid 
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collisions. It is naturally to think that D2D with 

CR function is able to improve the spectrum 

resource utilization more effectively than 

conventional D2D technology by dynamic 

establishment of the transmission links with the 

help of cognitive terminals. In this paper, we 

focus on multicast treated as a more general 

transmission mode, and investigate the resource 

allocation algorithm for cognitive D2D underlay 

multicast and cellular communications.  

 

II. LITERATURE REVIEW: 

L. Wang, H. Tang, H. Wu, and G. L. Stuber 

[4] studied on the D2D communications in order 

to allocate the resource to the cellular users.  

They focused mainly on the heterogeneous 

networks for reducing noise in which the lowest 

position consists of the D2D cells. They 

considered both uplink and downlink conditions. 

This process increases the performance by 

reducing the interference. They follow the 

concept of using the frequency again and again 

by following some conditions, density of the 

user, transmitter density, switching frequency. 

But the obtained results proved that the number 

of users allocated for the cellular users are 

reduced. 

Antonopoulos and C. Verikoukis [7] 

performed their studies on the D2D 

communications They majorly concentrate on 

the sources which are active in nature. The main 

contribution of the paper is to minimize the 

lifetime of the battery and thereby reducing the 

energy consumption. They have designed a 

medium access control over the self-centered 

behavior of nodes. This process involves the 

best outcomes at each terminal which uses the 

energy efficiently.  

They also studied on the gaming theory which 

deals with the conservation energy and data the 

action or fact of spreading something. They 

formed two type of strategies which forms an 

equilibrium points on the conserved energy and 

the data. They are using the ad-hoc networks and 

coordinating the data in between the cells. In this 

process they used network coding techniques in 

order to eliminate the control packets for 

transformation of data. Though this procedure 

produces better results in the simulation 

environment they do not produce the qualitative 

results in the real time environment.  

III. EXISTING METHOD: 

The exiting procedure is implemented based on 

the information obtained from the D2D user. 

The information may consist of full data or 

partial data. The full and partial is classified 

based on the location of the D2D user. The 

location or the distance of the user is considered 

as constant in partial data selection. Whereas the 

location is considered different in the full 

information data selection.  
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This allocation is based on the Hungarian 

algorithm. The Hungarian algorithm is explained 

in the following way: 

The Hungarian algorithm: 

 

The Hungarian algorithm is considered as the 

best algorithm for allocating the resource 

without any interference. This algorithm is 

explained in the step wise manner. In that the 

first two steps are determined and executed in as 

per the procedure then the next steps are 

repeated until the fine results are obtained. The 

condition is that the matrix on which the 

algorithm is applied should contain the non- 

negative numbers. 

Step 1: Subtracting the row minima: 

In the first step the procedure is to follow is to 

find the lowest value in the row of the matrix. 

Then remove this minimum value from all the 

rows.  

Step 2: Subtracting column minima: 

The second step also is same as the step 

in the above process. But in this process the 

minimum value is obtained from the column and 

to minimize this value from all the elements in 

the column. 

Step 3: Covering all zeros with a minimum 

number of lines: 

This procedure is implemented until all the lines 

that are rows and columns in the matrix should 

be zero free. If this size of matrix is enough to 

next process, then we stop the process here 

otherwise the fourth step will start. 

Step 4: Creating additional zeros: 

In this step the element which is very 

small is obtained then again the same procedure 

is carried on until required size if the matrix is 

obtained to continue the next process. 

Then based on the power allocation and the 

number of transmitting antennas the effective 

throughput is calculated. 

 

Drawbacks of existing method: 

 

1. Minimum number of cellular users and 

D2D users are considered with 

consideration of less transmission area. 

2. The throughput is less thereby the 

interference may increase. 

IV. PROPOSED METHOD: 

The heuristic dynamic clustering method of [16] 

is constructed based on the above mentioned 

procedure. By using this algorithm all the D2D 

users are divided into different inner cells in the 

way such that where the interference is less. Let 

us consider L are the total number of D2D users. 

The total number of cellular users can be 

indicated as the D. Each D2D user is equipped 

with the cellular user and uses the channel by 

using the reuse concept. The concept of 
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frequency reuse is used in the way of utilizing 

the spectrum effectively. 

In order to reduce the optimization problem, this 

Hungarian algorithm is utilized in the better way 

for the D2D user allocation and channel 

allocation. 

The proposed method is clearly explained in the 

following block diagram: 

 

Figure 3: Block Diagram of the Proposed 

Method 

Methodology: 

 In the proposed method the number of 

inner cells are increased. 

 By increasing this inner cells, the more 

number of D2D users can be allocated. 

 The cellular users are also increased in 

the same cell radius. 

 The code words which are used to 

transmit the data from transmitter and 

receiver without interference are also 

increased. 

 This process involves the Hungarian 

algorithm for resource allocation. 

 This process involves the parameters 

like power allocation for calculating the 

throughput. 

 

4. Advantages of proposed method: 

 

1. The sum efficient throughput (ET) is 

maximized through the cellular link which 

guarantees a certain level of Qos. 

2. As the number of DRxs supported by D2DC 

grows, the proposed system becomes very 

efficient. 

3. Higher max sum ET is provided because it 

allows higher transmit power of DTxs. 

 

5. Applications: 

 In 5G networks. 

 D2D communications regarding public 

safety applications such as search and 

rescue missions, coverage extension, and 

road safety. In search and rescue 

missions, discovery of devices in 

impacted areas can be achieved by other 

devices that have access to the cellular 

network. 
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 One of the most valid applications of 

D2D communication is Mission critical 

application. The possibility of network 

may be narrow or non-existent. D2D 

communication will permit users to link 

the nearest devices and collaborates each 

other even if there is no mobile network. 

 For Smart Clouds and Low Power Mesh 

Networking, D2D communication can be 

enabled in IoT applications. 

 

 

 

RESULTS 

 

Figure 1: Cellular networks 

 

Figure 2: Average sum throughput versus 

D2D Cluster radius 

 

 

Figure 3: Maximum ET per active D2DC of 

CA-FIL and CA-PIL with respect to M. 

 

 

 

Figure 4: Maximum sum effective throughput 

Vs Nm 
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Figure 5: Maximum Sum effective 

throughput Vs Outage probability. 

CONCLUSION 

Hence, the proposed scheme intimates 

that the increment in the number of cellular 

users in the base station transmission area may 

increase the throughput of the D2D users. 
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Abstract: Our modern life today is simply over dependent on technology and its application. The cornerstone of such 
development in industrial and commercial sectors of our life is the automation process as a field of modern technology. This 
paper concerns on commercial residential application of automation technique to design and implement advanced conventional 
room known as smart room using Arduino UNO as the main microcontroller board .Smart room incorporates room appliances 
control automation wirelessly using HC-05 Bluetooth module and android application; automatic security alarm system 
involving buzzer; and a real time weather status display via 16x2 LCD using DHT11 sensor. The user controls all room 
appliances and also display temperature and humidly status on the LCD by sending numerical character from his Smartphone 
Bluetooth terminal to the microcontroller wirelessly, furthermore the security system works automatically upon detecting an 
intruder. 
Keywords: Arduino Uno, LCD, Smart phone, HC-05 Bluetooth module, Sensor 

I. INTRODUCTION 
Room appliances Automation; security of our rooms; and whether status information; remain vital to our daily day-to-day activities. 
Elderly and handicapped people find it tedious or are not able to move frequently for controlling room appliances such as: fans, 
bulbs, television etc. Intruders and thieves continue to invade our rooms, unknowingly to us and as a result we lost our properties, 
belongings and peaceful mind of a secured room when we are outside our rooms. Similarly, we often look through our windows 
each morning to understand the weather status which would enable us to know the cloth we will wear, where shall we visit and what 
we will do over the day etc. With the advancement of technology and our over dependence on our smart mobile phones, The smart 
room technology will be a much needed extension of our conventional rooms to contains all needs mentioned and to cater for many 
problem that do affect our residence. Over the years different technologies have evolved for smart room technology implementation 
among which are: Bluetooth, WIFI and ZigBee for communication purposes and different devices such as: smart phones, laptops etc 
controlling various appliances. This paper designs and implements smart room using Bluetooth technology and is economically low 
cost for easier implementation.  

II. LITERARUTE REVIEW 
In [1] the research paper designs and implement smart home, it consists of an android application which would send control signal 
via ESP8266 WIFI module to an Arduino microcontroller for automating and controlling of accessories using relay board. [2] The 
paper presented home automation system (HAS).  
Bluetooth HC-05 module was used to establish the communication purposes. Android Application sends signal or voice command 
to Arduino to control up to four appliances using 4-channel relay board. [3], the paper employs IOT technology; it implemented 
home automation and home security technique. ESP8268 WIFI module and other sensors are interface with Arduino, the sensors 
read the condition of the home appliances and upload it to a cloud platform so that user can access it. The microcontroller provided 
the control. 
[4] Home automation and security ware discussed and implemented using GSM module, Arduino and Android application. A 
counter displays the number of people entering the home on LCD, in automation mode, appliances are turned on/off depends upon if 
a person is available in the home while in security mode, light and an alarm are turned and SMS message alert is sent upon detecting 
intruder. Similarly, Smartphone application can be use by residence for appliances automation. [5] Home Automation of appliances 
cantered on Arduino UNO as the main controller was designed and implemented, features include water level indication using 
ultrasonic detector and plant irrigation system monitoring using soil moisture detector was used. Bluetooth module HC-06 was used. 
[6] The author demonstrated home automation of appliances over the internet as channel of communication. It employs raspberry 
microcontroller as a server and upon receiving control signal from Smartphone application from any place, it activates the operation 
of relay to an appliance. 
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III. PROPOSED DESIGN 
From the literature review above, most of the design concern only about automation of appliances in homes and employs WIFI 
module which relatively is cost high and difficult in implementation, require expertise to handle and monitor, and problem of 
network connectivity would always remain a setback. The design here gives expansion upon automation of appliances to add 
intelligent security system and real time weather status in a room and it involves Bluetooth which is easier in implementation than 
WIFI module and better cost economic. 
The figure below shows the block diagram of Smart Room Technology: 

 
Figure 1: Block Diagram of Smart Room 

IV. COMPONENTS AND SPECIFICATIONS 
A. Hardware Used   
1) Arduino Uno Board: This is an open source general purpose microcontroller board based on ATMEGA 328 Microcontroller. 

The board has 14 digital input/output pins, six analog inputs pins, programmable using Arduino UNO IDE and can be powered 
through USB port or External 7v to 20v power adaptor. The board however can be used in extension with other boards for some 
applications. The board has other technical specification and other pins of different application. 

 
Figure 2: Arduino Uno 
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2) Hc-05 Bluetooth Module: This is manufactured for wireless communication, it is based on IEEE8802.15.1 standard protocol, 
through which one can build wireless personal area network. It uses frequency-hopping spread spectrum radio technology to 
send data. This module can be used in a master and slave configuration. It has 6 pins: Key/EN ;VCC ;GND ;TXD ;RXD and 
STATE. Similarly, the module has RED LED to show connection status, before user device is connected, the light blinks fast 
and continuously, after the device is connected it slows down to blink slowly. HC 05 operates on 3.3V voltage supply but can 
work with 5V supply since it has in-build voltage regulator. Default baud rate is 38400bps. 

 
Figure 3: HC-05 Bluetooth module 

 
3) 16x2 LCD: Liquid crystal display (LCD) is very popular in embedded and IOT projects because of its cheapness, availability 

and easily to be programmed for display of an image or characters on its flat screen. LCD does not produce their own light 
rather depends on some reflectors to produce image in a single color. It is named 16x2 because it has 16 columns and 2 rows 
meaning it can contain 16*2=32 images or characters in total and each is made of 5x8 pixel dots. 

 
Figure 4: 16x2 LCD Pin Descriptions and Specification[7] 
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4) DHT11 Sensor: This consists mainly of resistive humidity measurement component and negative temperature coefficient 
component. It is a single wire humidity and temperature detector that produce fully calibrated digital humidity and temperature 
values output serially with a single wire protocol. The sensor is manufactured in a single row of 3 0r 4 pins package and 
operates from 3.5v to 5.5v supply. It measures temperature range of 0-500C with an accuracy of +20C% and humidity ranging 
from 20-90% with an accuracy of 5%. 

 
Figure 5: DHT11 Sensor 

 
5) Touch Sensor: Also known as tactile sensor, it is mostly a proximity sensor reduced to lowest distance. Touch sensors are used 

to detect and sense touch, they operate as a closed switch upon touched. They perform action similar to human being’s skin. 

 
Figure 6: Touch sensor 

 
6) Relay Module: This is designed for mostly microcontroller such as Arduino UNO board, PIC, etc. Relay is an electrically 

operated switch that is used to control or operate both AC and DC output devices upon receiving a pulse signal. A channel relay 
module has six pins: VCC (+5V), GND, Digital input, normally closed and normally open. The relay output is always 
connected to normally closed pin, upon receiving pulse it got triggered to normally open. 

 
Figure 7: relay module 
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V. SOFTWARE ARCHITECTURE 
The microcontroller was programmed in an open source ARDUINO UNO IDE, the programmed was written as a sketch and 
uploaded to the Arduino UNO board. The detail algorithm is below: 
 
A.  Automation and Weather status Display Algorithms 
1) Input: Character “KEY” from android application 
2) Output: Status of pin 
a) Initialize input and output pins 
b) If serial available, read and store it in to variable “KEY” 
c) Switch “KEY” 
d) Case “1”: switch ON first accessory 
e) Case”2”: switch OFF first accessory 
f) Case”3”: switch ON second accessory 
g) Case”4”: switch OFF second accessory 
h) Case”0”: display weather status information on LCD 
i) End 

 
B.  Automatic security Program Algorithms 
1) Input: character “INPUTVAL” from android application 
2) Output: status of pin 
a) Initialize input and output pins 
b) Declare character ALARM VALUE 
c) Analog read input quantity and stores in “INPUTVAL” 
d) If INPUTVAL is greater than ALARMVALUE, Set output pin HIGH 
e) If INPUTVAL is less than ALARMVALUE, Set output pin LOW 
f) Repeat continuously 

 
Figure 8: Circuit Diagram 

VI.  RESULTS 
The proposed plan of this paper leads to its real implementation and all the goals required of the smart room was observed and 
tested. Excellent communication between our smart phone android application and Arduino UNO was obtained first, the accessories 
were then fully controlled independently and simultaneously by sending the right numerical command also the LCD displayed the 
real time weather status information on the LCD by sending the appropriate command. Finally, the security system was tested, the 
touch sensor was touched and buzzer alarm sound was heard. The system is very important for Room residence, economic friendly 
and easily implemented. 
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VII. CONCLUSION 
Smart room is an advance extension of commercial room to make life very comport for its residence. In the paper, design of smart 
room was discussed along with a block diagram and all hardware and software ware discussed appropriately. The system was also 
implemented and tested and it comprises of room accessories automation, security system and real time weather status display. The 
Bluetooth module provides the communication channel between the smart phone application and Arduino UNO microcontroller. 
The project demonstrated the high objective of energy saving needs, cost effectiveness and easily programmed, implemented and 
maintained. 
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ABSTRACT: Wireless communication technology is the greatest discovery in advanced modern communication 

systems in human history. Information between one or more devices requires any physical media. This system 

efficiently transmits information in the form of radio waves on its antenna system. Modern technological systems like 

cellular satellites and missile applications have low demands due to their small size, light weight, performance and easy 

installation. Microstrip patch antenna is a thin antenna, which has many advantages over other antennas. They have the 

ability to integrate with microwave circuits, so they are very suitable for many applications such as cellular equipment, 

WLAN applications, navigation systems and so on. It is light and cheap, and electronic products like LNA can be easily 

integrated with these antennas. 

 

I. INTRODUCTION 

 

An antenna is a type of transducer that converts electrical energy into radio waves (electromagnetic energy) and vice 

versa. The antenna is used as an electromagnetic wave transmitter or an electromagnetic wave receiver. According to 

the IEEE standard, "antenna is considered as a means of transmitting and receiving radio waves" [1]. All wireless 

communication systems that need to be small or portable require antennas that are not bulky and take up less space. 

In the public and commercial sector, the latest trend in communications systems is to develop a small, inexpensive, 

lightweight and compact antenna that can maintain high performance over a wide frequency range. This development 

has focused a lot of technical energy on the design of microstrip patch antennas. A patch antenna with a simple 

structure has many advantages over other antennas. For example, they are very light, simple, low profiles and cost 

effective when manufactured using printed circuit board technology and are compatible with flat and non-planar 

surfaces [2]. The design changes of the microstrip antenna may exceed any other type of antenna. 

However, microstrip patch antennas also have many disadvantages. Some of their main disadvantages are low gain, 

narrow bandwidth and surface wave excitation with excitation radiation efficiency. To overcome the narrow 

bandwidth, various methods have been used [3]. A substrate with a low dielectric constant or a thick ferrite 

composition can provide a wider bandwidth, but the first method does not lead to a low profile design, and the second 

solution is expensive. The bandwidth of the antenna can be improved by a tight / aperture coupling method, but the 

manufacturing process is difficult for this technology. The bandwidth can also be improved using a stacked multi-

resonator configuration, but it has a larger thickness prototype [4,5]. The electromagnetic band gap design has been 

used to reduce the surface wave of the antenna. To achieve a high-gain antenna, a number of patch elements are used 

[2]. 

 

II. DEVELOPMENT OF MICROSTRIP PATCH ANTENNA 

 

The microstrip patch antenna (MPA) was first proposed by Deschamps [7] in 1953. Received a patent in France in 

1955 under the name Baissinot and Gutton [8]. However, the first actual implementation was completed by Howell [9] 

and Munson [10] in the early 1970s. In the 1970s, its development accelerated due to the availability of good dielectric 

substrates. During this time frame, two MPA feeding methods were developed: edge feeding plastics and probe feeding 

plastics. 

Research and development of MPA technology continued until the 1980s. The main contribution comes from the 

defense industry in the form of direct R&D or grants. Researchers have tried to increase the bandwidth of microstrip 

antennas. To overcome these limitations, two important methods of voltage for the antenna have been introduced: 

essentially capacitive aperture coupling supply and proximity coupling plasters. In the 1980s [11], some complex 

software tools and integrated equation techniques were established. These methods can calculate the antenna more 

accurately. 
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Fig.1- Basic structure of a microstrip patch antenna 

 

ADVANTAGES OF MICROSTRIP PATCH ANTENNA 

MPA has many advantages over conventional microwave antennas. The basic benefits are rarely mentioned below. 

• They are light, compact and small. 

• They can be kept in shape on the host's surface. 

• The ease of mass production using printed circuit board technology reduces production costs. 

 

OBJECTIVE  

The purpose of this work is to design a dual band patch antenna with different services. By inserting slits or slits in the 

radiation or ground plane to design a reduced or compact microstrip antenna. Since patch antenna generally show low 

bandwidth, research has been conducted into the increase in bandwidth. The enhancement of microstrip antennas is also 

being investigated and some patch antenna with increased gains has been designed. This work also implements multi-

frequency operation. Some designs have been developed with the combination of compactness, improved gain and 

multi-frequency operation. Finally, the use of dual patch  antennas in the medical field is being investigated. 

 

III. METHODOLOGY 

 

The dual band  patch antenna has a very high antenna quality factor (Q). Q represents the loss associated with the 

antenna, while a large Q leads to narrow bandwidth and low efficiency. Q can be reduced by increasing the thickness of 

the dielectric substrate. But as the thickness increases, more and more of the total power that the source delivers enters 

the surface wave. The contribution of this surface wave can be counted as useless power loss because it eventually 

propagates in the bend of the dielectric and causes the antenna properties to decrease. As discussed by Qian et al. 

however, surface waves can be minimized by means of photonic band gap structures. By using the array configuration 

for the element, other problems can be overcome, such as lower gain and lower power handling function. 

 

IV. PROPOSED SYSTEM 

 

In this work designed a highly miniaturized dual patch antenna. U-shaped grooves are designed on the ground to 

achieve maximum return loss. By using coaxial feed, the highest performance can be achieved for the designed 

antenna. A substrate with a dielectric constant of 4.4, which is FR4 material. Finally find the right of return, radiation 

pattern, VSWR and bandwidth. Simulation using HFSS.13 (High Frequency Structure Simulator)One of the potential 

uses of WiMAX is to cover the so-called "last mile" (or "last mile") area, which means offering high-speed Internet 

access to areas that cannot be covered by standard wired technology (such as DSL, cable or dedicated T1 ). One 

possibility is to use WiMAX as a backhaul between two local wireless networks (such as wireless local area networks 

using the WiFi standard). WiMAX will eventually allow two different hotspots to be linked to create a mesh network. 

This article introduces WLAN broadband antennas and worldwide interoperability for microwave access (WiMAX) 

applications covering 2.4 / 5.2 / 5.8 GHz WLAN operating frequency bands and 2.5 / 3.5 / 5.5 -GHz WiMAX 

frequency band. The proposed printed antenna is based on a 1.6 mm thick FR4 epoxy substrate with a size of 25 mm £ 

38 mm. It has a rectangular open ring groove enclosed in a rectangular patch. And part of the ground plane will 

resonate at the other two frequencies. The dimensions of the patch, ground and two slots are optimized to achieve the 

required functional frequency range. This article proposes a new type of tri-band antenna suitable for WLAN / WiMAX 

applications. Using the split groove implanted in the rectangular patch and the local ground plane etched by the U-

shaped groove, three resonant states with excellent impedance performance can be realized. The compact size, triple 

band frequency, excellent radiation pattern, good gain and simple structure make this antenna suitable for three 

different frequency bands 2.4 {2.5, 3 {4, 5.2 {5.9 GHz.} 
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 Proposed design 

 Length and width of the substrate:14mm*14mm 

 Substrate material: FR4 

 

 
 

Fig.2 The patch antenna geometry (a) top view,  

 

Fig. 2 shows the proposed patch antenna geometry and the detailed dimensions are listed in Table I. The proposed 

antenna is simply a patch antenna miniaturized using a shorting post close to the feeding position and a novel DGS. 

The dual-band property is achieved by etching a U-slot in the ground. As the current goes to the ground through the 

shorting post, this makes the ground part of the antenna. The patch antenna is fed with an SMA connector acting as a 

feeding probe at its edge. The antenna is fabricated on a double sided Rogers RO4350 substrate with dielectric constant 

of 3.48, loss tangent of 0.004 and thickness of 0.76 mm. The total antenna size along with its GND plane is 18.8mm by 

20mm by 0.76mm which represents an ESA at 2.45 GHz even when the circle surrounds all the substrate. The radius a 

of the circle is 13.86 mm so that ka = 0.7 < 1.  

 

 
 

Fig. 3 The patch antenna geometry ,side view,  

 

The proposed patch antenna was modeled, optimized and simulated using HFSSTM (version 15). Fig. 3 show the 

proposed patch antenna current distributions at 2.43 and 5.2 GHz, respectively. At 2.43 GHz, the highest current 

intensity traces two of the patch edges. Although the U-slot is etched on the ground, it affects the current on the patch. 

As the current go around the U-slot position in the ground, its electrical length increases thus explaining the 

miniaturization rule of the DGS. The current path length is found to be 32 mm which is approximately λ/4. At 5.2 GHz, 

the current is over two edges of the patch and in the ground is surrounding the DGS. The current path is approximately 

23 mm which corresponds to about λ/2 
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Fig4  radiation pattern 

 

 
Fig 5 smith chart 

 

V. CONCLUSIONS 

 

It has been proven that the proposed antenna is a highly dual-band patch antenna, and the same antenna can be used in 

two dimensions. Due to the simple design of the design, the antenna is designed to be easier to design. Compared to 

other state-of-the-art antennas, the proposed antenna shows high antenna gain and high bandwidth. Finally, the antenna 

is designed to show better radiation patterns, better return losses and lower VSWR characteristics. Because two suitable 

dielectric requirements are required moreover, the thickness of the antenna increases. In research, there are always 

more aspects that can be investigated than what is presented. Here also, there are some aspects of both the new antenna 

and parameter calculation that can be extended. The new designed presented in this thesis open up the scopes for high 

gain, wide band and miniaturized microstrip patch antennas for wireless applications. The controlling tools like slot 

length, width, angle can be further exploited to achieve tunable parameters of micros trip patch antenna  
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