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ABSTRACT

Gout is a king of disease in which occurs because of defective metabolism uric acid.
High concentration of uric acid also known as hyperuricemia. Based on reported
cases it shows 90 % gout patient is referred to men and usually it will attack within
the age above 40.While for women it can begin afier the age of menopause.
Maintaining healthy uric acid concentration is advantageous to prevent gout or
kidney failure. Thus, a simple and portable of non —invasive for uric acid
monitoring has been developed for early warning sign for gout disease .While, it
also can give awareness to people about danéer of high uric acid. In addition, by
using non- invasive device, the patient can cuf their cost to buy needle and sirips.
Furthermore, this project using infrared sensor with the wavelength 1700nm for
detection of uric acid concentration through finger. While, photodiode sensor was
used to receive and calculate the light absorption and scatiering. Then, the signal
was amplified and in this project, microcontroller of Arduino Uno is used for
programming . Next, the concentration of uric acid will be displayed on LCD and
the data can be sent to the phone by using Bluetooth device. The accuracy of non-
invasive device of uric acid is tested by using invasive method. The proposed

device is compatible and friendly user.

Keyword- Uric acid , microcontroller, infrared sensor, non-invasive method.
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1.1

Chapter 1

Introduction

Overview:

Uric acid is the primary end-product of purine metabolism and
excreted in the urine. Furthermore, it is a chemical compound which is
including of carbon, oxygen, hydrogen and nitrogen. The level of uric acid n
body fluids such as serum and urine is a clinically valuable diagnostic
indicator. Normally, uric acid is present in the blood in concentration range
0.15- 0.45 mmol/L and excreted in urine in 1.19-2.98 mmol/day.[1]

The presence high level of uric acid is a sign of gout and it also called
as hyperuricemia, Otherwise, increase in 16% of hyperuricemia increase all

causes of mortality and 39% of total cardiovascular disease.




Uric acid 1s formed by the liver and mainly excreted by the kidneys
(65-75%) and intestines (25-35%) .

Similarly, the high level of uric acid are related to other conditions
including increased alcohol consumption, obesity, diabetes, high cholesterol,

kidney disease, and heart diseases.

Many researcher have suggested that serum uric acid is also a risk
factor for cardiovascular disease .[2] Although, hyperuricemta also can cause
gout where it is a kind of arthritis where it happen at part of joint and gout
also can be happen because of genetics. Many people with gout have a
family history of the disease where estimates range from 20 to 80 percent

and gout is more common in men than women until around age 60.{3]

In addition, gout sign can be detected when the patient feels
tenderness, redness, swelling, heat at part of joint. The concentration of uric
acid can be check through serum, or urine. The concentration of uric acid in
urine can be check by using spectrophotometric method. Where, it is the
quantitative measurement of the reflection or transmission properties of a

&

material as a function of wavelength.

It is more specific than the general terms of electromagnetic
spectroscopy in that spectrophotometry deals with visible light, near-
ultraviolet, and near-infrared, but does not cover time-resolved spectroscopic
techniques. While through serum ,usually the patient check by using invasive
method . Being invasive means that a needle has to penetrate the skin in order

to collect the sample.




Invasive procedures are usually painful, but when using invasive
device the patient need to spends a lot of their money to buy strips and
needle .Therefore, it is necessarily to develop a non-invasive uric acid
monitor without using strips and needle which is more friendly user.
Development of non-invasive uric acid need to use infrared sensor with the

range of wavelength 1500nm to 1700nm.

Then, the value of uric acid can be achieve based on measurements of
the absorption of light through the finger where the analysis of absorption
ratios is performed for various sets of these wavelengths. In this project, the
near infrared is use as emitter while photodiode use as receiver. The
concentration unit of uric acid can measured in mg/dL, mmol/dL, and
pumol/dL. While, non-invasive device it will be measured in mg/dL. Normal

vatue for uric acid is 3.4-7.0 mg/dL for men and 2.4-6.0 mg/dL for women.

Successful implementation and verification of the prototype carries
major significance in the portable, non-invasive, and cost-effective nature of
this project will potentially be a major benefit to patients who are either at

risk for, or suffer from, and complications associated with hyperuricemia,
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Figure 1.1: Electromagnetic Spectrum




1.2 Problems Statement:

1.4

The high level of uric acid can cause gout or kidney failure. Normally
the patients are tested by drawing the blood and test it on the strip. The
method is inconvenient for some patient. Based on statistics obtained from
survey analysis, most of the measurement for uric acid in blood test is done
manually by using the invasive method like blood drop and test. Moreover, to
test the blood drop must be using the strip and it himited, costly and has
expired date. Although, it also can make patient feel pain and also fear to

check. Therefore, to overcome this problem non-invasive device are invented.

Objectives

i. To design non- invasive uric acid monitoring by using detector of
infrared sensor (IR),

il.  To develop a device without causing pain or {raumatic the patient.

iii.  To build a device with friendly user.

Project scope and lhnitation:

There are two part of the project. The first part 1s sofiware in which is
consists of microconiroller and computer. The processing is done by using
Arduino Uno where it function as microcontroller and it also used to develop

a coding for concentration of uric acid. Although, in this project using
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1.5

bluetooth device, where the patient can directly transfer their reading of uric

acid to the mobile phone.

Second part is about hardware development where the main
component use is infrared sensor and photodiode. The infrared sensor act as
transmitier and it wavelength to penetrate the human finger is about 1500nm
and above. While photodiode 1s component which as receiver where it used to
calculate the absorption of light. The signal form the sensor are being amplify
to produce high signal to noise ratio (SNR ). Then, in this project will use few
sample to test the accuracy of uric acid value between invasive device and

non-invasive device.

Significant of Project:

Development of the non-invasive uric acid monitor is use o focusing
on awareness of the people about dangerous of high level uric acid which is
called as hyperuricemia. Mosily the people , did not know the effect of
hyperuricemia as instant, it can cause kidney failure, gout, and diabetes
mellitus. Although, by using invasive method people feels pain when fo
check the reading, so to overcome this problem the detector of Infrared will

be used at the same time, it also can helps to cut cost for strips and needles.

This project can be used by anyone especially for gout patient,
because by using this non-invasive method , the people can control their
reading of uric acid frequently and easily at home. Besides that, the accuracy
by using invasive method (needle, strips) and non-invasive method will be

test after this project completed.




References:

[

(2]

[31

[4]

[6]

18]

[9]

[10]

X. Chen, J. Chen, F. Wang, X, Xiang, M. Luo, X Ji, and Z. He,
“Determination of glucose and uric acid with bienzyme colorimetry on
microfluidic paper-based analysis devices,” Biosens. Bioelectron., vol. 35, no.
1, pp. 363-368, 2012.
“Luo YC, Do JS, Liu CC. An amperometric uric acid biosensor based on
modified Ir--C electrode. Biosens Bioelectron. 2006;22:482-488.”
“ Dehghan, M. Van Hoek, E. J. G. Sijbrands, A. Hofman, and J. C. M.
Witteman, “High serum uric acid as a novel risk factor for type 2 diabetes,”
Diabetes Care, vol. 31, no. 2, pp. 361-362, 2008.” .
M. Akmal and B. 1. N. Raimee, Development of Portable Fluorescence
Spectrophotometer for Uric Acid Detection Universiti Teknologi Malaysia
Declaration of Thesis / Undergraduate Project Paper and. .
K.-S. Dai, D.-Y. Tai, P. Ho, C.-C. Chen, W.-C. Peng, S.-T. Chen, C.-C. Hsuy,
Y -P. Liu, H.-C. Hsieh, and 8. J. T. Mao, “An evaluation of clinical accuracy
of the EasyTouch blood uric acid self-monitoring system,” Clin. Biochem.,
vol. 38, no. 3, pp. 278-281, 2005.
“Waring WS, Webb DJ, and Maxwell SR (2000a) Uric acid as a visk factor
Jor cardiovascular disease. Q J Med 93: 707-713.
J. Kim, “Noninvasive Uric acid Monitoring Device using Near-Infrared
Spectroscopy,” J. Biosens. Bioelectron., vol. 06, no. 04, 2015,
C.-K. Lee, C. T.-S. Ching, T.-P. Sun, C.-L. Tsai, W. Huang, H.-H. Huang, J.-
F. Kuo, L.-H. Lai, M.-Y. Chien, H-H. Tseng, H.-T. Pan, §.-Y. Huang, H.-L.
Shieh, W.-H. Lin, C.-M. Liu, and H-W. Huang, “Non-invasive and
transdermal measurement of blood uric acid level in human by electroporation
and reverse iontophoresis.,” International journal of nanomedicine, vol. 5. pp.
991-7, 2010.
L.-T. Liao, C.-C. Liao, C.-C. Liy, T.-Y. Yang, and G.-C. Wang, “Evaluation
of an electrochemical biosensor for uric acid measurement in human whole
blood samples.,” Clin. Chim. Acta., vol. 436, pp. 72-7, 2014
“A Role for Uric Acid in the Progression of Renal Disease.” December 1, 2002
vol, 13 no. 12 2888-2897 .




[11] “Patent US5222495 -"Non-invasive blood analysis by near infrared absorption
measurements using two closely spaced wavelegth” Jun 29, 1993 2

[12] 1. Hode, “Penectration of light into living tissue,” 1977.

[13] D.V.P.Lathaand5. Devabhaktuni, Soil moisture and temperature sensor infelligent
sensor by using Arduino” vol. 1, no. 3, 2014,

[14] “Y. Tanaka and M. Kawashima, “The Biological Effects of Near-Infrared,”
Aesthetic Dermatology, Vol. 22, 2012, pp. 100-109

[15] “Urate testing in gout _why, when and how - New Zealand Medical Journal ™.

{16] S. U AL, N. UL, H Alvi, Z. H. Thupoto, and Q. Nur, “Linkoping University
Post Print Selective potentiometric determination of uric acid with uricase
immobilized on ZnO nanowires Selective Potentiometric Determination of
Uric Acid with Uricase Immobilized on ZnO Nanowires,” 10. 152, pp. 241-
247, 2011.

[17] D. Press, “A new approach for noninvasive tranfdermai determination of
blood uric acid levels.” pp. 3069-3076, 2014.

[18] “Specification sheet: TSOP200 Silicon Photodiode Specifications and
Documentation, www.thorlabs.com, September 2013.7.

[19] <“Association between Serum Uric Acid Levels and Diabetes Mellitus.”
Volume 2011 (2011).




