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Abstract
The purpose of this study is to establish a simptirlel and use the clinical data to predict therfaten
efficacy. This model is a combination of Featurdo&i Selection and the Classifier using a Suppedtdf
Machine (SVM). The study indicates that when figattires have been selected, the identificatiom®&ByVM is
as follows: the identification rate for the effe&tigroup is 85%, and the ineffective group 83%.8etrace
elements concentrations and their ratios are fratyueeported to be a good marker for diagnosingoues
diseases; one of these diseases is chronic ligeases. This study undertaken to simultaneousndate of
CU?*, and Cd" concentrations in sera from viral hepatitis (B @)cbatients by adsorptive stripping voltammetry
using 3-aminophthalhydrazide (luminol) as a compdgent and classification with support vector maehi
SVM. Donor's hepatitis patients and healthy persesie selected from different environmental ar@aduding
Arar, Al-auigilh and Rafha as unpolluted areas, @dlouf , Tarif and Al- Qurayyat as a polluted ase
Hepatitis patients from polluted areas exhibiteghei Cd* and Cd'concentrations in their serum than those
from the other areas. Patients with hepatitis Bashiher levels of Cti, and Cd" in their serum than those
with hepatitis C. Copper and cadmium presentedgiten level in patient serum than in healthy orasthis
study the optimum reaction parameters and conditstndies are investigated. The calibration grapbse
linear in the concentration range of 0.3— 142.5@0&5-60.0 ng/mL for copper and cadmium, respelstivi he
limit of detection of the method was 0.038ng/mL &uf* and 0.013 ng/mL for Gd The interference of some
common ions was studied and it was concluded thyalication of this method for the determination@f* and
Cd?'in the healthy control and hepatitis patient's seted to satisfactory results.
Keywords. Support Vector Machine; adsorptive stripping vaitaetry; chronic hepatitis; heavy metal.

1. Introduction

In this study, a simple model was established ¢aligt the efficacy of interferon therapy for Chrohepatitis C
(CHC) patients. The first step for the model is $héection of clinical markers (feature subsetj #ra the key to
the classification task and then assessed by FiShtarion to determine the feature significancle Tsecond
step is to classify and identify the two (effectimeffective) groups by means of the Support Veditachine
(SVM) using selected clinical markers. SVM is a&hlin machine that is trained to find the optimatdisination
hyperplane of a given data set, Basically it woskth two groups of problems [1]. In the last fewcddes the
analytical study of concentrations the main anderalements in biological and human samples hagerhe
very important [2]. Occupational diseases, poispnand environmental diseases are accurately dsaginby
using trace elemental analysis of human biologieahples and the state of health can be charaatesiitle the
analytical results [3]. The importance of thesenaixations is attested to by the fact that theresereral trace
elements in the human body that are important @& liochemical processes. An excess or absenceesé th
essential trace elements causes serious probleitie iphysiology of the body. Thus, it is very imamt to
check regularly trace element concentrations inktbdy. Trace element analysis of biological samjdea
considerable challenge to analytical chemists. Beeaf the large amount of organic substanceseirsdémples,
digestion or ashing is required prior to analysid éhe low concentrations of the measured elendstsand
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well-organized, special sample pretreatment andsitbed analytical methods and equipment. Thus, etrac
elements comprise metals in biological fluids ahaantrations<1l pg/g of wet weight [4]. Among the trace
elementsiron, copper, and zinc are involved in the functidrseveraknzymes and are essential for maintaining
health throughouife; lead and cadmium are non-essential toxic led&6].

Copper is essential for a variety of biochemicaligaisses [7] and is needed for certain critical ew@zsyto
function in the body [8]. Copper is also involvedthe functioning of the nervous system, in mairitej the
balance of other useful metals in the body suchrasand molybdenum, and other body functions. @o@bso
causes the ischaemic heart disease, anaemia, somdadls [9]. The maximum tolerable daily intake éopper

is 0.5 mg/kg body weight [10].

Serum concentration of copper plays an importalg o the interrelation among immunoglobulin's 1glM
and IgG (Immunolobulins are antibodies in immunsteyn and some of types IgA, IgM and IgG) in sulsiect
with various forms of liver diseases [11]. Coppecwamulation in fibro tic livers caused by chronicC¥
infection may contribute to hepatic injury. The h#p copper contents increased with the progressidrepatic
fibrosis and concluded that the presence of coppey enhance HCV infection [12]. Serum trace element
including copper in sera of patients with viral bgfis (A, B, C, D, E) cases and the controls. Thaye shown
elevation in copper levels and have suggestedhisaprobably resulted from defense strategiesgémism and
induced by hormone-like substances [13].

Cadmium is considered as one of the most toxic etésrfor living organisms. The environmental peesise of
the metal in concert with their intensive use byderm society has, over the years, created a caatientin the
biosphere, and continuous exposure to low levelsadfnium may result in bioaccumulation and healfibces,

by both occupational and environmental expositibd].[ Human biomonitoring is a useful tool in enviroental
medicine to assess and evaluate the backgrounts lef/énternal dose of environmental pollutantsgeneral
population, population groups and individuals tlgloumeasurements of those chemicals, or their mitiadm
human specimens, such as blood and urine [15]. ddiermination of copper and cadmium in biological
materials poses several problems mainly due tdothheconcentrations of these metals, the great tranaf the
matrix from sample to sample and contamination[16].

Chronic exposure to cadmium can result in chrofistructive lung disease, renal disease, and fragifees.
Protect children by carefully storing products @ming cadmium, especially nickel-cadmium batteries
Symptoms of chronic exposure could include alopemigemia, arthritis, learning disorders, migrairgg®wth
impairment, emphysema, osteoporosis, loss of tagtesmell, poor appetite, and cardiovascular dis§ag].

Adsorptive stripping voltammetry (AdSV) is an extrely sensitive electrochemical technique for meagur
trace metal concentrations in whole blood [18-ZIhe method is based on the formation and interfacia
accumulation of a metal complex on the working megrcelectrode and subsequent measurement of the
reduction peak of the accumulated complex. Numesgaikors have used this technique in order to measu
trace element concentrations in different matribesnan hair [22], and human blood [23].

3-aminophthalhydrazide (Luminol) behavior in aquedlaOH and E50, solutions has been studied by steady-
state fluorescence and time-resolved single-phaounting techniques [24]. Also, a selective mettisd
presented for the simultaneous determination opeomnd cadmium in food samples by adsorptive [strgp
voltammetry. In preliminary studies, it has beeavan that the copper and cadmium react with lumigiving
rise to the formation of these complexes. Theseptexas have adsorptive characteristics on hangiegumy
drop electrode (HMDE) and can be reduced in a riglustep.

The objective of this work is to propose a sensitidsorptive stripping voltammetric method thatedeped for
the simultaneous determination of low levels of@Epand cadmium in serum of patients with chrompétitis
C and B, and compared the results with those dfthegroup. In addition, the effect of environmdraaeas on
serum metal levels was studied. The procedurededyan the reduction of the complexes of those Inta
with luminol after accumulation at the surface dfaaging mercury drop electrode.
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2. Materialsand methods
Study areas

Locations with industrial activities and other stes that emit various metals to the environmentkaoevn to
contribute a great deal of metals to the inhabitémtough a variety of routes. In our study, chasenfollowing
six sites from two different environmental locason

1- Unpolluted areas include Arar, Al-auigilh and Rafh€&ities located north of the kingdom, which lies
about 1,100 km from the city of Riyadh near thejitzorder.

2- Polluted areas include Al-Jouf , Tarif and Al- Quyat, where some pollution activities were preseénte
Population samples were divided into two differgrdups to assess the degree of exposure of selected
metals. The groups were based on gender, donadiidnsaand types of hepatitis. These were normal
(healthy) and exposed (patients) male and femalepgr of population. Consent was obtained for all
patients and healthy donors.

Patients and healthy donors

In all sixty patients with viral hepatitis (30 fahes sand 30 males) aged between 25 and 74 ysangllaas
sixty healthy individuals (30 females, 30 malesgddetween 25 and 75 years were chosen for ouy.stud
Patients were classified as 40 hepatitis C(HCV) 2@chepatitis B(HBV). All sufferings of patientsofn the
disease were mild. Diagnosis of hepatitis is basedymptoms, physical findings, as well as bloatstéor liver
enzymes and viral antibodies. Hepatitis C (HCV) &dHBV) were determined in clinical laboratorie§ o
hospitals by third generation micro-particle (EL)SAhe following markers were used: 1-hepatitis usface
antigen (HBsAQ) by ELISA assay using Merux HBsAgsien 3 kit and 2-hepatitis C antibodies (Anti-HCV
Ab) by ELISA assay using Merux Anti-HCV version #.k

Blood sample collection and preparation

Blood samples (5ml each) of patients were coltédtg venous puncture from hospital pathogenesig\rar
educational, Prince Abdul Aziz bin mosaed, CenRafhaa, Prince Abdul Rahman Al-Sudairi Jouf and Al
Qurayyat hospital. Blood samples of healthy domwegse collected from the same areas of patientsdédiors
were not administered by antiviral treatment befiie study. The donor puncture site was cleaneckitaove
any expected contamination before sampling. Sepanad disposable sterilized plastic syringes wee tfor
blood collection. The blood sample was left stagdior 1h to coagulate; serum was separated at p&OOr
centrifugation for 10 min, transferred to 5SmLpolysine tube, and stored at °C8until analysis.

Reagents

All chemical reagents were of analytical grade amde purchased from Merck (Germany). All solutiovere
prepared with double distilled water. Stock staddsslutions of Ct and Cd* (100Qug/mL) were prepared by
dissolving 0.3802 and 0.2740 g of Cu(jand Cd(NQ), salts in water and diluting to 100 ml in a volurieet
flask every week. A 1.0x1DM solution of luminol (Sigma) was prepared by dising the appropriate amount
of luminol in NaOH (Merck) 1.0 M. Borate buffer sitilbns were used for fixing the pH in the rang&&-10.0.

Instrumentation differential pulse adsorptive stripping voltammetry (DPA SV) technique

For the voltammetric measurements, a fully compzeer Electrochemical Trace Analyzer Model 273 APAR
(EG&G) was used interfaced with an electrode assemimdel 303A (EG&G) of a static mercury drop
electrode (SMDE) in the hanging mercury drop etsbér (HMDE) mode A=2.6x10° cnf). Stirring was
performed with a Teflon coated bar at about 400 gsing a magnetic stirrer (KIKA Labortechinik, Geny),
Ag/AgCI (in saturated KCI) reference electrode, andiliary electrode of a platinum wire. At the Iegng of
the experiment, the solutions were deoxygenatet high purity nitrogen for 10min, whereas beforetea
analysis step the solution was deoxygenated fomn2 m
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Sample preparation for analysis

One milliliter serum sample was wet digested inared Teflon beaker containing a 10mL (1:3) HNECIO,
acid mixture [25]. The digest was transferred imtb5ml pre-cleaned measuring flask, diluted tontfaek with
double distilled water, and stored in glass bottt#sanalysis. Blank solution was treated and preghan the
same way as the samples. Each sample and eachwaamlprepared in triplicate.

Recommended procedure

A sample solution (10 mL), containing 0.10 M Boraieffer (pH 7.5), 1.0x1¢M luminol, and different
concentrations of CGiiand Cd" were transferred to the voltammetric cell and pdraith nitrogen for 10 min.
The accumulation potential (-0.01 V) was appliec@tivesh mercury drop for 60s while the solutiors\gtirred.
Following the accumulation period, the stirring veaspped, and after 10s the voltammograms werededdyy
applying a negative going potential. Each scan wegeated four times with a new drop for each amalyz
solution and the mean of the voltammograms wasimdda The currents of Gliand Cd* were used as a
measure of ion concentrations. All data were olethiat ambient temperature. The experimental camditfor
the simultaneous determination of‘Guand Cd* by DPASV are presented in Table 1.

Table 1 Experimental condition for the simultanedesermination of copper and cadmium in blood seaunth
reference material (WMP8435) by differential pudgisorptive stripping voltammetry (DR8V) and differential
pulse anodic stripping voltammetry (DPASV).

Conditions of Methods Reference material: Whole Milk Powder

Metals Method WMP8435
Dp(mV) Fp(mV) Dt(s) Sc(mV/s) Certified (ppm) ldeured
+ DPASV -150 -0. 90 10 0.4587
v DPAGSV -520 -0.90 60 100 0.46 0.460
+ DPASV -600 +0.05 150 10 0.00019
Cd DPASSV -690 -0.90 60 100 0.0002 0.0002

Supporting electrolyte: HMDE (Hanging mercury drelectrode); Dp, deposition potential; Fp, final gratal;
Dt, deposition time; Sc, potential scan rate.

Quality assurance

The reliability of the procedure for determinintirai trace C&" and Cd* in blood serum by DP#&V and
DPASV has been checked by analyzing standard referenaterials. The standard reference material &/hol
Milk Powder 8435(WMP8435) from the National Instéwf Standard and Technology in Canada was aralyze
for copper, and cadmium. The results agree withith certified values (Table 1). The validity ofettmethod
was further determined by cross-method check, spgikevery, and replicate analysis.

3. Resultsand discussion
Presumptive test for blood

Sodium perborate (3.5 g of Aldrich product numbé422-0) is added to 500 mL distilled water and-dighly
dissolved. Sodium carbonate (25 g) and luminol ¢).&re then added and dissolved. The solutioiids/ed to
stand for five minutes to allow any undissolvedmluals to settle. The solution is then decanted amplastic
spray bottle and is ready to use. It should beiegs a fine mist on the surface to be testede Bfaodstains
will luminesce with an even glow that will last feeveral seconds; for better viewing, the sceneldhoe as
dark as possible [26]. It is significant to notattlthis test is only presumptive, since it is tfeniin the heme
which catalyzes the oxidation and subsequent leghission. The presence of copper as a contamingint w
accelerate oxidation. Try the spray on a freshdackd copper penny.
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Scheme 1 Synthesis, analysis and oxidation of Lahtigand in basic solution

Luminol can act as a bidentate chelating agent;dinating with both a metal ion at the amino graumal one of
the hydrazide carbonyls to form a 6-membered rifite divalent metals of Gliand Cd* can form stable 1:2
complexes with schiff bases such as luminol (S&héh) [27].

Luminol has some drawbacks that may limit its usa icrime scene investigation, such as, chemilwsoemce
can also be triggered by a number of substancels asiccopper or copper-containing alloys, and aertai
bleaches; and, as a result, if a crime scene iwtighly cleaned with a bleach solution or horsesfadiesidual
cleaner will cause the entire crime scene to predhe typical blue glow, effectively camouflagingyaorganic
evidence, such as blood. It will also detect thalsamounts of blood present in urine, and it cardistorted if
animal blood is present in the room that is beesied. And also reacts with fecal matter, caugiegsame glow
as if it were blood.

According to our knowledge, simultaneous deternmimabf trace elements in blood serum has been ibestcr
with other methods. Table 2 shows some advantaga®sent work compared with previous studies.

Adsor ptive and Voltammetric Characteristics of the Cu*? and Cd*%Luminol Complexes

Preliminary experiments were carried out to idgntiife general features which characterize the hehat the
metal ions—luminol systems on a hanging mercurypdetectrode. Fig.(1a) displays adsorptive stripping
voltammograms of mixture of metal ions Cwand Cd") and luminol system between -0.3 and -0.9 V in a
solution containing different concentrations ofsanetals under optimum conditions. Two separagadkpfor
the reduction of cadmium and copper complexes Withinol were observed that was due to the diffeeeimc
the thermodynamic stability of their complexes. @amison of the voltammograms revealed that thehthedfy
the copper and cadmium peaks depends not onlyeodutation of the pre-concentration step, alscsthipping
initial potential, which revealed the adsorptivéuna of the response [28].
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Fig. (LA-C). Adsorptive stripping voltammetry fou& and Cd*-luminol system:; (a) 0, 0 ng/mL,

Effect of pH on the peak current
of 50 ng/ml Cu*"and 30 ng/ml cd?™

Concentration Lumiol (10'4I\I)

(b) 10, 10

ng/mL, (c) 20, 15 ng/mL, (d) 25, 20 ng/mL, (e) 25, ng/mL, respectively, at optimal conditions: OMorate
buffer solution, pH 7.5, luminol concentration of10* M, E, of -100 mV, .. = 60 s and scan rate of 100

mV/s.

The influence of pH (Fig.1B) by using borate media the cathodic stripping peak currents of coppet a
cadmium was studied in the pH range of 5.5-10.@ak found that at pH 7.5 the peak currents of dainand

copper were at their maximum values. Thus, pH 7a wdopted for further studies. An optimum luminol
concentration of 1xI®M was selected for further experiments (Fig. 1C).

Table 2 Results of the comparison of the meriheffiresent work with the other studies

Method Real samples LOD (ug'L) LR (g/b) Interferences References
Cu Cd Cu Cd
Square wave cathodic stripping Water river Nile . Ahmed F.Al-
voltammetry (Egypt) 0.017 0.4-50 Fe, Cdf Hossainy (2010) [29]
Square wave cathodic stripping 0.05- 0.12- . . Beltagi and Ghoneim
voltammetry Water 0.012 0.028 10 40 Ascorbic acid (2009) [30]
Differential pulse cathodic Water river Nile . Ahmed F.Al-
adsorptive stripping voltammetry (Egypt) 0.04 ) 0.6-30 i Fe, Cdf Hossainy (2010) [29]
D|fferen.t|al pu.lse. cathodic Blood serum s 0038 0014 0.5- 0.8-70 cN Present work
adsorptive stripping voltammetry 97:_ 110
Differential pulse cathodic =3 0.5- Shahryar et al.
« -
adsorptive stripping voltammetry Food @ 0.04 002 105 0.8-70 CN (2011) [24]
. . . . . (1]
Differential pulse anodic stripping Sugar beet Q 02 05 0.1ug/l to few ) Sancho et al. (2005)
voltammetry 8 mg/ml [31]
. . . . . )

Differential pulse anodic stripping Blood serum T 02 05 0.1ug/l to few ) Rashed et al. (2010)
voltammetry % mg/ml [1]
Adsorptive stripping voltammetry tap water and M 04 0o %5 1100 Zn*, B&', Mn*, Babaei et al. (2007)

synthetic samples ’ : 100 ca' [32]
Adsorptive voltammetry Zn*, Organic  lliadou et al. (1997)

Natural water 0.87 0.96 - - Matters [33]
(TritonX-100)

Anodic stripping voltammetry Glazed ceramic 27 025 0200 0-200 - ﬁgggrgj] et al
Adsorptive cathodic stripping Food ) 1180 1-50 10- NiZ* CP* CF* Ensafi et al. (2006)
voltammetry 200 [35]

According to Table 2, it was shown that the caliedadetection limits of some of these methods epented in
comparison with proposed method not to be good.diven detection limits of the elements under itigagion
revealed that the proposed scheme of analysis uhdeptimal conditions is very sensitive and ulséfu ultra

6
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trace determination of copper and cadmium elemértte. detection limits LOD yg/L) of the investigated
metals, defined as the metal concentration yieldingnalytical peak equal to the minimum detectabks can
be calculated as; LOD=5¢%1), where, gis the standard deviation of the blank and m & slope of the
calibration line [36].

The pre-concentration time is short (60 s), thdtliofi detection and linear dynamic range of metlimdery
good. The most of cations and anions do not interfy determination of copper and cadmium. It wamé
that there was not any inter-metallic effect betweepper and cadmium ions in this system.

The advantageous sensitivity and selectivity mattés proposed method a favorable competitor to the
previously published methods for the determinatbrcopper and cadmium. In this work, a new sereitnd
rapid adsorptive voltammetric method for the deteation of ultra trace levels of copper and cadmium
serum of patients with chronic hepatitis C and B waveloped based on adsorptive stripping voltamynudt
copper and cadmium complexes with luminol.

Environmental results

Human health is directly related to the environmdihie number and amount of environmentally damatprig

substances entering the environment has increagédly due to the expansion in industrial and tpamtation
related activities in the last few decades. Sonthede substances are trace elements and theioconig They
are widely distributed in air, water, and soils dahdrefore, human exposure is important eitherctlireor via

vegetables and animals.

Relationships of ultra Cu® and Cd®* concentrationsin serum of hepatitis patients and healthy control

The results of Cti and Cd" concentrations in blood serum of healthy and ligpateople as determined by
adsorptive stripping voltammetry are presentedahld@ 3.
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Table 3. Cu** and Cd*concentrationspgpm) in blood serum of healthy and hepatitis patiemesasured by
differential pulse cathodic adsorptive strippindtammetry.

Case and a)dpdn?)d Found (ppm)
lr\tAeeTm . o o CUP*+SD Cd'%SD
Healthy n=60 (HCV) n=40 (HBV) n=20 Healthy n=60 HGQV) n=40 (HBV) n=20
) Unpolluted areas
=
Arar City @ 0 0 0..946+0.381 1.1921+0.572 1..320423.4 0.0019+0.0007 0.0025+0.0012 0.0037+0.0034
g 5 5 5..973+0.412 6..2079+0.308 6..2793+0.207 516020004 5.0023+0.0016 5.0036+0.0021
g. 10 10 11.021+0.207 11.203+0.279 11.267+0.333 1&H0.0006 10.0027+0.0027 10.004+0.0057
Al-auigih 2
City & 0.798+0.291 0..9563+0.424 1.089+0.402 0.001006aR 0.0026+0.00023 0.0029+0.00102
2 5 5 5.803+0.302 5..9831+0.503 6.103+0.364 5.002¢15 5.0023+0.00030 5.0033+0.00143
Q 10 10 10.83+0.628 11.042+0.409 11.088+0.73 10.60001 10.0031+0.0056 10.0032+0.0024
>
Rafhaa 8_ N N . " "
City 5 0.828+0.178 1.0642+0.469 1.193+0.391 0.00170ax0 0.0023+0.00145 0.0033+0.0026
g_ 5 5 5.810+0.208 6.1108+0.692 6.189+0.372 5.001B¥18 5.0028+0.00396 5.0029+0.0031
0 10 10 10.806+0.372 11.079+0.849 11.064+0.79 1@H0D011 10.0028+0.0044 10.003+0.00544
= Polluted areas
=
N <
élit‘;/OUf g 0 0 1.029+0.189 1.2631+0.3732 1..3838+0.362  0.0010094 0.0025+0.00051 0.00317+0.00072
=3 5 5 6.052+0.2791 6.2183+0.2964 6..3379+0.489 BHODOO7 5.0029+0.00073 5.00353+0.00142
% 10 10 11.163+0.381 11.316+0.5788 11.401+0.708 (QEDH0.0011 10.0023+0.001 10.0035+0.00262
=4
Tarif City < 0 0 1.257+0.367 1.4125+0.4463 1.727+642 0.0023+0.0006 0.00319+0.0008 0.0041+0.00043
E 5 5 6..302+0.281 6.3798+0.4762 6. 809+0.3752 56000084 5.0037+0.00104 5.00407+0.00063
3 10 10 11.31+0.409 11.439+0.9319 11.779+0.593 ®26€0.00104 10.0035+0.0016 10.0039+0.00101
@
Al- S
Qurayyat 0 0 0.842+0.154 1.234+0.3428 1..5792+0.413  0.00100a2 0.0023+0.00094 0.0057+0.00062
City
5 5 5.860+0.205 6.609+0.2963 6.6860+0.5922 5.00100605 5.0026+0.00106 5.0061+0.00071
10 10 10.831+0.721 11.25+0.7392 11.5894+0.739 (Qu®&H0.0008 10.002+0.00138 10.006+0.00102
Mean * SD of
Total 0..9504+0.173 1.187040.159 1..3821+0.238  0.0007&¥03 0.00257+0.00033 0.00381+0.00102
Standard error of the 0.02234 0.02521 0.05321 0.000038 0.00005 0.00022
mean (SE)
Minimum 0.7986 0..9563 1.0890 0.00140 0.00230 00290
Maximum 1.2570 1.4125 1.7270 0.00230 0.00319 0%X¥.0

SD= Standar deviation, HCV= hepatitis C virus, HB@patitis B virus

The mean Cii and Cd* concentrations in blood serum of patients withoaiz C are 1.187 and 0.00257 ppm,
respectively, while in patients with chronic B iere 1.3821 and 0.00381 ppm for’Cdnd Cd"*, respectively.
Healthy control donors from the studied areas axbifferent concentrations of the studied ultrace C&" and
Cd** in their serum (0.9504 and 0.00178 ppm, respelglivThe results of the studied €and Cd? in patient's
serum and healthy control are discussed as follows.

Cadmium

Table 3 describes the levels of blood*at the total samples. The results show signifiaifferences of Ctf
concentration between the blood serum of healtllyh@patitis patients. The mean serunf'@wncentration of
patients with chronic C (0.00257 ppm) and patiewitsr chronic B (0.00381ppm) are significantly (p&D)
higher than C#in healthy control (0.00178 ppm).
The level of Cd'in the human body has a great toxicological sigaifce being responsible for a number of
health impairments. In particular, €ty binding metallothioneins accumulates mainly idnley and liver, but
also in muscle, bones and skin. It causes renakimy dysfunction, and negative effects on theletbn and
on hemopoietic and cardiovascular systems [37,atso considered as a carcinogenic and genoégent [38].
Cadmium emissions to the environment from minind aon-ferrous smelters are considerable, and additi
amounts of Cd pollute the soil from the use of Qd{bntaining sewage sludge and phosphate femdif29]. In
addition, Cd" is contained in cigarettes at level of 2 pg and approximately the 10% of which is inhaded
the 5% is absorbed [40- 42] . The food categorieiglvmostly account for Cd intake are vegetablesaareals
[43-45]. Lead is able to adversely affect the hdmesynthesis, and gastrointestinal, nervous andi@aascular
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systems [46]. The reference values (RVs) for bl@of'of 215 adult subjects non-occupationally exposetewe
assessed. Age, sex, smoking, alcohol drinking mmthlarea were used to stratify the reference gid]. The
RVs expressed as 5t95th percentiles (geometric mean, GM) were 6.2482 pg/l (0.53ug/L) for blood Gt
Females had GM levels of €d0.58ug/L) higher than males (0.49ug/L); subjeged < 40 years had less*Cd
(0.44pg/L) than old subjects (>60 years; 0.56ugftd*'in smokers (1.23pg/L) was 3-times higher than in-no
smokers (0.42ug/L) and correlated with the numbeigarettes per day. The alcohol intake and ptfdéving
did not influence blood Cd

Copper

The mean serum copper level of patients with cler@hi1.187 ppm) and patients with chronic B (1.3@pin)
are significantly (p<0.01) higher than in healtrgntrol (0.950 ppm) as shown in Table 3. The elaVaerum
copper levels might results from inflammatory resges, it had reported by Kalkan et al. [48] whoodigtd
serum trace elements, including copper in seraatiepts with viral hepatitis (A, B, C, D, E) casasd the
controls. They have shown elevation in copper Ewmid have suggested that this probably resulm fr
defense strategies of organism and induced by hwemdike substances. Copper accumulation in fibloters
caused chronic HCV infection may contribute to Higpanjury [49]. Their results shown that the meserum
copper is significantly increased (P < 0.01) inigrats hepatitis. This elevated may be caused freanasis of
liver parenchyma, leading to an important releddsepatic copper, or decreased hepatobiliary execretwhere
copper is principally excreted into the bile. Hadoat al. [11] have shown that the hepatic copperterds
increased with the progression of hepatic fibresid concluded that the presence of copper may eahld@V
infection. Cesur et al. [50] also reported différerend than in our study, they found that serunppes
concentration was 103.1% 20.8 pg/dl in patients with chronic hepatitis C and 9@.84.3 ug/dl in healthy
subjects. Serum copper concentration was not fatatistically different in patients with chronic geditis C
compared with those of healthy individuals (P >5).0The authors suggested that changes in livérwese
associated with the functional impairment, whichynadter the metabolism of trace elements, in paldic
copper. Copper is heavily involved in the productimf hemoglobin. It is also involved in the prodant of
collagen, the protein responsible for the integofybone, catilege, skin and tendon, and elastimagor
component of large blood vessels.

Metal concentrationsin hepatitisand healthy blood serum related to areas

Environmental ecosystem may affect the heavy metakents in blood serum of hepatitis patients, ahd
healthy ones. Living site is one of environmentdsystem components that affect the heavy metaentmin
their blood. The following results represented taktionship between blood serum heavy metals patits
patients, and healthy controls in the differentdgtareas ( Arar, Al-auigilh, Rafhaa Al-Jouf , Taaind Al-

Qurayyat).
Copper:

Significantly (p<0.01) high concentration (1.7274251 ppm) of copper is seen in serum of hepatatsepts
from Tarif city than in the other areas, while filcontrol from the same city (1.257+0.367 ppnyeads
significantly (p<0.01) highest serum €uevel (Table 3). The increase of Ciconcentration in patients from
Tarif city may be related to excess%in agriculture food which surrounding the Fertliactory in Tarif or
food contamination with Ciito the residents. The presence of‘Gat the highest level in healthy control blood
serum of Tarif city may be related to air and watellution input from industrial activities in tharea. Cesur et
al. [50] found that serum copper concentration Ww@3.17+20.8ng/dl in patients with chronic hepatisand
90.8+14.3ng/dl in healthy subjects. Serum coppeicentration was not found statistically differentpatients
with chronic hepatitis C compared with those oflthgaindividuals (P > 0.05).

Copper is essential for a variety of biochemicagesses and is needed for certain critical enzgmésction
in the body. It is also involved in the functioning the nervous system, in maintaining the balamicether
useful metals in the body such as zinc and molybierand other body functions. The main source ppeo is
through diet and is present in mineral-rich fooite lvegetables, legumes, nuts, grains, fruits, eimotolate.
Although normally bound to proteins, copper mayrbkeased and become free to catalyze the formation
highly reactive hydroxyl radicals that have a célyao initiate oxidative damage and interfere wiithportant
cellular events. Zinc removes copper from its bigdsite, where it may cause free radical by Gaetks [51].
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Copper deficiency caused anemia, growth retardataefective keratinization and pigmentation of hair
hypothermia, scurvy-like changes in skeleton. Symst and diseases of copper toxicity is acne, édsyg
alopecia, insomnia, nausea, tooth decay, strolesstyinfections, urinary tract infections, moodraysi, kidney
disorders, depression, cystic fibrosis, arthriéisxiety, anorexia, multiple sclerosis, inflammatigrancreatic
dysfunction, vitamin deficiencies, paranoia, miges, libido decreased, nervousness, osteoporasiditys
stuttering, phobias, diabetes, autism, autism symplevation [52].

Cadmium:

The highest cadmium concentration (0.0057+0.00068ppas presented in the serum of hepatitis patieois
Al-Qurayyat City (polluted area), while for healtbgntrol, the highest level (0.0023+0.0006 ppm) whserved
in those from Tarif city (polluted area). The pmese of Cd” significantly (p<0.01) in higher concentrations in
donor’s serum from Al-Qurayyat and Tarif areas thathose from the other studied areas may berasut of
pollution input from the industrial activities ofelergent factory at Al-Qurayyat, as well as fromtiliger and
cement factories at Tarif (Table 3). Rashed [53joreed that among the different hepatitis, patiemith
hepatitis C virus (HCV) show the highest level af, Cu and Mn in their blood serum, while hepatBivirus
(HBV) show the highest for Co and Pb. Serum trdeenents, especially Fe, Zn and Cu, are good mddter
diagnosing of liver disease. Hepatitis virus (HAVBV and HCV) activities were influenced by the ieased or
decreased of trace elements.

In conclusion overall results, hepatitis patiemtsf Tarif and Al-Qurayyat cities exhibited signéiutly (p<0.01)
higher values of Cii and Cd? in their blood serum than in those from the otheras. Healthy control from
Tarif city exhibited higher values of €uand Cd? in their blood serum than in those from the othezas.
Hepatitis patients and healthy control from Arae a exhibited the lowest values of studied heavyalne
(expect Cadmium Rafahaa City) in their blood serwnich reveals that Arar environment is free froatlygion
with heavy metals. Gii and Cd* contaminations may be included in food. Blood serbeavy metal
concentrations differ according to several factorg of them is the living location of the subjeghich differs
from one country to another and from one city tothar in the same country.

Concentration of Ci?* and Cd?in blood serum of hepatitis patientsrelated to virustypes

Trace elements copper, manganese, selenium andacings cofactors of antioxidant enzymes to proteet
body from oxygen free radicals that are producednduoxidative stress. It is necessary to maintaipalance
between the harmful pro-oxidant components prodecetithe antioxidant compounds that counter thésete
[54]. A delicate balance also exists for the rettexe elements such as copper, which can initiete fadical
reactions but is also a cofactor of copper/zincesoxide dismutase, a free radical scavenging enzyme
Abundant evidence demonstrates the antioxidantafod®pper [55].

Results of Ct and Cd? concentrations in the serum of different hepatitises (C and B) differed from one
virus type to another (Table 3). Patients withdtijs B virus showed higher levels of €and Cd* (1.187 and
0.0038 ppm , respectively) in their serum thanehwih hepatitis C (1.187and 0.0.0025 ppm, respalg). Lin
et.al [56] examined the status of trace elemerdeifgum, iron, copper, and zinc) in the serum digods having
hepatocellular carcinoma. They observed significetminges in the selenium, iron, copper, and zinelde
relative to those of healthy controls (p<0.05).alddition, their finding simply that the levels afrse trace
elements, such as selenium, iron, copper, and might serve as biomarkers for the increased ggvefiviral
hepatic damage.

Analytical results

For the analysis of trace amount of heavy metalsstnof the analytical multi-element techniques useel
inductively coupled plasma-atomic emission specétoyn(ICP-AES), atomic absorption spectrometry (AAS
and stripping voltammetry (SV). For ultra trace Igsis, ppb and sub-ppb concentration adsorptivipstrg
voltammetries (ASV) were applied, which make use of electrolyticlanulation of the metal at the stationary
electrode surface, mainly hanging mercury droptetdes (HMDE) on solid electrodes, e.g., glassyaaris
based on adsorptive accumulation of the specigh@rlectrode. This technique has been developediftious
cations, anions, and organic molecules [57].

Copper and cadmium concentrations were deterniyedifferential pulse adsorptive stripping voltaetny
(DPAGSV) after complexing with luminol concentration bf10* M. Fig. 1 shows the DP/&V voltammograms
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for determination of Cii and Cd? simultaneously by addition of standard copper eamimium nitrate solutions
to the sample in the same electrolysis cell usifgyopipettes.

Linearity Test of Calibration Plots

Linearity between metal concentration and curreas wested for Cii and Cd? by the standard addition
methods, and under their optimal conditions. Figh@ws the plots of peak current against concéntraf Cif*
and Cd? The current of the metal peak increased lineaitly standard additions, with a slope similar tattbf
the supporting electrolyte. Linearity is valid filne studied metals through long periods withindbacentration
levels normally found in blood serum. The formatafrintermetallic compounds between the investidatetal
ions may cause an error in their determination. $tamdard addition method was chosen here bechese t
matrix effects were less influenced by this procedu

( A

y=1.1733x+ 1.6067
¢ Cuss _-R2=0.9996
=Cu29 T
cd29 7 Ly=0.9902x+ 1.3027
= 7 e 2 =
Cd33 < P R2 =0.9994
P e y=05525x+0.9911
o N _ =~ R2=0.9993
5 T -
=} T el
R g e y=0.1417x+ 0.5672
=0.9996
Conc. ppm [Cu(ll) and Cd(l1)]

\_ _rum) at
accumulation potential -0.30V using DFV

Comparison of the analytical methods

A comparative study was carried out between thaltesf Cd* and Cd? concentrations in both patient and
healthy blood serums obtained using inductivelypted plasma-atomic emission spectrometry (ICP-A&SR)
differential pulse adsorptive stripping voltammeBRA;SV (Table 4).
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Table 4 Heavy metal concentrations (ppm) in bloerdis of patients related to hepatitis types.

Item Metal HCV (n=20) HBV (n=40) Healthy(n=60)
ICP-AES DPASV ICP-AES DPASV ICP-AES
Cu(ll) Mean 1.1262 1.0994 1.0105 0.9980 Mean * S Total =
0.9527+0.208
SD 0.7432 0.7252 0.6108 0.6412 Standard errorthef mean
(SE)=0.02685
SE 0.1661 0.1621 0.0965 0.1013 Minimum = 0.7886p
Cd(n Mean 0.002 0.0019 0.0028 0.0026 Maximum2709ppm
SD 0.0022 0.0021 0.0064 0.0062
SE 0.0005 0.0004 0.0010 0.0009

It was proved that the results obtained using itidely coupled plasma-atomic emission spectroméi@pP-
AES) for Cd* (1.126 and 1.0105 ppm) and 0,002, and 0.0028ppm, respectively) in blood wenf
hepatitis patient virus C and B are nearly in agrest with those obtained using stripping voltamsneti the
same elements (1.0994 and 0,9980ppm) f&f @nd (0.0019 and 0.0026ppm, fordespectively).

For healthy control the results obtained using atigely coupled plasma-atomic emission spectrom@p-
AES) indicate for Cu, and Cd (1.00349+0.2178, arfiD0936+0.000275ppm, respectively) in blood seruen a
relatively in agreement with those obtained usitmgpging voltammetry of the same elements (0.9504#81,
and 0.00178+0.00030 ppm, respectively).Generallg, data obtained by inductively coupled plasma-a&tom
emission spectrometry (ICP-AES) are in close agesgwith those obtained by stripping voltammetny$ome
metals and slight differences for the others.

However, the slight differences that may be founthatimes between both techniques are mainly dubeto
manipulation of the analyst and metal interferenicesases of inductively coupled plasma-atomic siois
spectrometry (ICP-AES) while the standard additinathod is used to perform the stripping voltammetry
technique. The standard addition method is morerrate than the calibration curves, since additiohshe
standard analyst to the sample give precise reaottsminimize or even avoid the interferences Uguaherent
with the matrix analysis [58].

Effects of Foreign lons

In the determination of 1x10molL™ of copper (Il) and cadmium (Il) at the optimum geat concentrations
studied, foreign ions could be tolerated (less th&% change in peak current) at the levels ginmehable 2.
The great selectivity of the method should be ersijzied because only cyanide interferes seriously.

Several metals have been reported to be presesetum samples; cyanide is the most abundant orezefine,
the effect that this metal produces over the compet cadmium determination were studied. To detteet
possible interference from cyanide, samples of Txh@l.L™* of (Cu(ll) an Cd(Il)) and with different amount$ o
cyanide were prepared. Ratio (w/w) Cu:CN and Cd:v&Ne varied from 1:1 to 1:10. The voltammetricnsig
obtained for Cu(ll) and Cd(ll) were compared witlatt corresponding to a sample of this ion, withGuanide.
Signals were considered affected by the cyanideeifdifference (1:10) was 5% at least, and it veamd that
CN did not interfere in the concentration rangetetgs The determination of copper and cadmium were
performed, following the method proposed in thipgra On the other hand, serum samples were aldgzada
by inductively coupled plasma-atomic emission speoetry (ICP-AES). In conclusion, the method of jgep
and cadmium determination by differential pulsehodic adsorptive stripping voltammetry this paperivery
low-cost method because reagents and techniquestexpensive. Another advantage is that the teneired
to carry out the analysis is shorter than otheamgraphic methods in which determination of copped
cadmium in serum samples was made. It should b@qubbut that with this method it is possible tdedmine
very low quantities of copper and cadmium becahealetection limits are 0.038 and 0.014 ng.ml

Application

The proposed method was successfully applied feeraénation of ultra trace concentration of copped
cadmium in several serum samples. Thé*Gnd Cd* concentrations of serum were determined using the
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recommended procedure under optimum conditionagubie standard addition method. The results pteden
Table 2, show the high sensitivity of the proposezthod.

Chronic hepatitis classification

An input Chronic hepatitis features vector x getesaa scalar outpu{x)whose polarity — sign of(x)
determines class membership. The magnitilfif)|| can usually be interpreted as a measure of belief
certainty in the decision made. Nearly all binatgssifiers can be viewed in these terms; for dgnsésed
classifiers (Linear, Quadratic and Fisher) the oufpnction f(x) is a log likelihood ratio, where&sr kernel
based classifiers (Nearest-Neighbor, RBFs and SMkis)output is a “potential field” related to thistednce
from the separating boundary. We will now brieywiew the details of the various classifiers usedur study.

Fisher Linear Discriminant

Fisher Linear Discriminant (FLD) is an example aflass specific subspace method that finds thenatinear
projection for classification. Rather than findirgg projection that maximizes the projected variaasein
principal component analysis, FLD determines aemiipn,y = Wgx, that maximizes the ratio between the
between class scatter and the within-class scabensequently, classification is simplified in theojected
space. Consider a c-class problem, with the betwksess scatter matrix given by

Sp = Z N; (s — ) (g — )™

and the within-class scatter matrix by
&

Sw = Z Z X — ) (X — )’

i=1 Xk EXE'

wherep is the mean of all samplgs, is the mean of class i, arld; is the number of samples in class i. The
optimal projectioriWVy is the projection matrix which maximizes the raifdhe determinant of the between-class
scatter to the determinant of the within-classtecaif the projections

[WTsw|
Wp = argn&gxm = [WyWyWy ... Wy, ]

wherefw;li = 1,2, ..., m} is the set of generalized eigenvector$pf andSy,, corresponding to the m largest
generalized eigenvalud#;|i = 1,2,...,m}. However, the rank &8z is ¢ - 1 or less since it is the sum of ¢
matrices of rank one or less. Thus, the upper baumch is ¢ -1. To avoid the singularity, one caplaPCA
first to reduce the dimension of the feature spgacH - ¢, and then use FLD to reduce the dimengion - 1.
This two-step procedure is used in computing “Ristaces” [60].

Linear and Quadratic Classifiers

The decision boundary of a quadratic classifietléfined by a quadratic form in X, derived throughy8sian
error minimization. Assuming that the distributioheach class is Gaussian, the classifier outpgitvesn by

-1
flx)=0.5(x— .ul)T . (x —pq) —

-1 124
0.5(x — uz)” | (r—m)+05 mﬁl

wherepy; andYi (i = 1; 2) are the mean and covariance matrix of the resge@aussian distributions. A linear
classifier is a special case of the quadratic fdrased on the assumption thdt= 2 = >, which simplifies the
discriminant for both classifiers, the sign fifx) determines class membership and is also equivatemt
likelihood ratio test.

fO)= (uz —p)E7 2+ 0.5(uIE ™ i — #3237 102
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Gender Classification by SVM

Support vector machines (SVMs) are classifiers tlmaistruct a maximal separating hyper plane betwaen
classes so that the classification error is mingédiz=or linearly no separable data the input ispedpo high-
dimensional feature space where they can be segabgta hyper plane. This projection into high-dasienal
feature space is efficiently performed by usingkés. For instance-label pd;, ;) with x;eR®, y;e{1 —,1] for

1 =i = n where n is the number of instances, the follovdptimization problem needs to be solved for SVMs

. - iy - C N
ﬁﬂéi”’ w+ Zn‘;
i=
Subject to
viwTp(x)+b0=1-% , §=0

In the above equatiolf; is the penalty parameter for error term andanaps training Instancg to higher
dimensional space. The kerrtels defined as:

K= [:xz'ij] = G(xf)rﬂ[xj]
In this paper, a Radial Basis Function (RBF) kem&$ used which is defined as:
2
K= (xi!xj) = exp(—y/||x; —xj” ,¥=0
The parametey controls the spread of a Gaussian cluster. Therdafothe above formulation there are two

parameters, C angto control the performance of the classifier. EaB$how the comparison between SVM and
other classifiers techniques

Table5: comparison between SVM and other classifierstechniques

Classifier Error Rate HVB Error Rate HVC
Overall Male Female Overall Male Female
SVM 9.49 % 9.04 % 11.43% | 10.19% | 8.29% 8.43 %
FLD 60.35% | 49.38% | 52.24% | 50.69% | 46.35% | 39.13 %
Quadratic | 42.85% | 36.72% | 44.83% | 40.89% | 32.11% | 46.87 %

Conclusion

This study clearly showed that a simple model iimgj of clinical data with SVM could identify CHgatients
with interferon treatment efficacy (effective groapd ineffective group) with a higher degree ofumacy. Thus,
the application of this model can be a useful exiee for doctors when making decisions regarditeyfieron
treatment. And also this studied demonstrated tti&tadsorptive stripping analysis of copper andrganh in
the presence of luminol is an excellent method the determination of ultra trace concentrationsthefse
cations. In conclusion, the above system offeregractical potential for the simultaneous deternamatof
copper and cadmium; especially having advantagdsghf sensitivity, high selectivity, simplicity argpeed.
Thus, this study showed that concentration of bleedum for both hepatitis patients differ accordiogvirus
type and living sites. Copper and cadmium preseatdudgher level in patient serum than in healthgs and
also Cu(ll) and Cd(Il) concentration presentedbater levels in patient virus C serum than in patieirus B
serum ones, indicating that these metals haveeaimolirus activity. Therefore, the importance ohsidering,
identifying, and removing metals, if present in @ssive amounts, is essential for maximizing hdpabt
treatments. The results obtained for the blood $sripy (DPASV) and (ICP-AES) are in very good agreement,
and show that both are suitable for the determanatif Cu(ll), and Cd(ll) in blood samples at midevels.
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