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Abstract : Background: Zinc(Zn) and copper (Cu)
areamong the most important trace mineralsthat are
required for proper growth and health. Malaria still
clamsthelivesof many Nigerian children. Toaidin
proper management of these children, thereisaneed
tofind out theeffect theseimportant traceminerdshave
on each other inchildrenwithmaaria. Objective: To
determinetheeffect Zn and Cu have on each other in
children with malariain order to deduce whether the
serum level sof zinc and copper could play aroleinthe
pathogenesisof malaria. Hypothesis: Therewill bea
sgnificant negative rel ationshi p between zinc and cop-
per in children with malaria. Method: The blood
samples of 600 children aged 1 day to18years from
varioushospitasin Joswereandyzed for; mdaiapara
gte(MP) usng Giemsastaining techniqueand zincand
copper using colorimetric method. Result: Therewas
anon-sgnificant positiverelationship between zincand
copper inchildrenwithmdaria(p=0.607). Thestrength

INTRODUCTION

Zinc (Zn) and copper (Cu) areamongthemost im-
portant trace elements that are required for proper

of therelationship was beta=0.030. Therewasasig-
nificant negativerel ationship between zinc and copper
inthecontrol children (p=0.003). The strength of the
relationship wasbeta=-0.159. Using thebetafunction
of themode to comparethe strength of the effect of the
micronutrientson each other, it wasdiscovered that zinc
and copper have astronger effect inthe control sub-
jects (beta=-0.159) than in the parasitaemic children
(beta=0.030). Therewasasignificant podtiverdation-
ship between parasite density and serum zinc and cop-
per levels (p=0.000). Conclusion: Serum zinc and
copper do not have significant effect on each other in
the pathogenesisof madariain children. However, it may
be necessary to monitor thelevelsof theseminerasin
suchpatients.  © Global Scientificlnc.

Keywor ds: Zinc; Copper; Relationship; Maaria;
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growth and hedth. They areinvolvedin numerousas-
pectsof cellular metabolism and immunefunctions?.
They arerequired for the catal ytic function of severa
enzymes and act asantioxidants?®. Znand Cuplay a
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critica rolein host-pathogeninteractiond. Zndsoplays
aroleinwound heaing®, protein synthesis, DNA syn-
thesisand cdll division’®. Znisrequired for each step of
cdl cyclein microorganismg?. Copper isessentia dso
for maintaining the strength of the skin, blood vessels,
epithelia and connectivetissues. Itisan essentia com-
ponent of cuprozinc superoxidedismutase, an enzyme
intheerythrocytesessentia for host defenseaswell as
parasite growth™. It playsarolein production of hae-
moglobin, myelin, and melanin®. However, copper is
well documented to induce several toxic effectsinthe
body, when elevated. Because copper isapro-oxidant
when free and unbound, it can quickly generatefree
radicas.

Roleof zincin cases of acuterespiratory tract in-
fections, chronic diarrheaand severe protein energy
mal nutrition hasbeen repeatedly proveninmultiplestud-
ied¥ but there are only very few studies on zinc and
copper statusin casesof maariain children.

Themetabolic pathwaysof plasmodium requiresev-
eral enzyme cofactorssuch asiron-sul phur clusterg®
and possibly zinc and copper, this may lead to defi-
ciency of these nutrientsin the host. Zn and Cu defi-
cienciesare associated with changesin cellular func-
tion, changesingrowth motor devel opment, behaviour
and cognitivefunctions. Thesedterationsin cdlular
and humora functionsmay increase host susceptibility
to P. falciparum213,

Maintaining aproper ba ance of copper and zinc
isimportant as excess Zn impairs Cu absorption(®,
They areantagonists. Copper and zinclevelsareregu-
lated by metallothionein, ashort linear protein com-
posed of 61 amino acid unitssynthesized intheliver.
When thisprotein failsto performitsnecessary func-
tions, abnormal levelsof nutrient metal ssuch aszinc,
copper can result.

Inthis study, we determined the effect of zincand
copper on each other in childrenwith maariain order
to deduce whether the serum level sof zinc and copper
could play aroleinthe pathogenesisof malaria

MATERIALSAND METHODS

Sudy design and setting

Thiswasanandytical case- control sudy conducted
between August and November 2011 in various hospi-

talsin Jos, North Centra Nigeria. The hospitalswere:
JosUniversity Teaching Hospital (JUTH) whichisa
reference hospital, Bukuru Centra (BC), Bukuru Ex-
press (BE) and Rayfield (RF) Primary Health Care
Centersall intheurban areas of the state.

Sudy population

The study was conducted among children attend-
ing the Emergency Paeditaric Unit, Specid Care Baby
Unit, Paediatric Outpatient Department including the
immunization unit of JUTH and theprimary hedth care
centers (PHCs) including thosewho cameto the PHCs
solely for the purpose of the study.

Childrenwhomet thestudy’s inclusion criteria were
recruited for thestudy. Theinclusion criteriawere: (1)
children who cameto the health centersfor the pur-
pose of receiving treatment or solely to participatein
the study. (2) Consent of children or parent/ caregiver.
(3) Presenceor absence of clinica signsg/symptoms of
maariasuch as. fever, cough, diarrheg, pdlor, jaundice,
vomiting, chill and others. (4) Childrenwithout any his-
tory of treetment with anti-malariadrugsinthepast 1 to
2 weeksand (5) Children aged 0 to18yearsold. The
coverage of thetotal age range (0-18 years) for bio-
logicd definition of achild (UNESCO)™ givesthisstudy
areativeedgeover severd sudiesthat limit amilar sud-
iestounder -fiveyears. Children with positive blood
didesfor maariaparasitewere grouped ascasewhile
the negative oneswerethe controls.

Childrenwithany other diagnosedillnessapart from
malaria, children receiving zinc or copper supplements,
children older than 18years, preterm babiesand non-
consentingindividua Sparents/caregiverswereexd uded
fromthestudy.

Children or Parents/guardiansof eigiblechildren
gavewritteninformed consent toalow their childrento
participateinthestudy. Participantswere consecutively
recruitedinto the study until thesamplesizeof 600 was
reached. Qualified health personnel used apre-tested
English questionnaireto collect patient’s demographic
information and thereasonswhy he/shewasbrought to
the health center. The axillary body temperature was
measured usngadigitd clinicd thermometer. Fever was
defined asbody temperature > 37.5°C.

Ethical consderations
The University of Jos Teaching Hospital Ethical
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Clearance Committee (Reference Number JUTH/DCY
ADM/127/X1X/4688) and the Director of Primary
Health Care Bukuru gavethe approval for thisstudy.

M ethodology

Taking aseptic precautions, 2ml of blood fromveni-
puncture using 23 guage sterile needle, was collected
both from case and control groupsinto metal-freeplain
tubesand EDTA anti-coagul ated tubesfor analysis of
the biochemical parametersand malariadiagnosisre-
spectively. Thesamples collected in plain tubeswere
centrifuged for 5Sminutes at 3000rpm using bench cen-
trifuge, serumwasobtained and preserved at -20°Cin
deriledeionised plainvids Andysisof thebiochemica
parameters was carried out within 7 days of sample
collection by experienced clinical biochemigts.

Malariadiagnosis

Doubleslides of thick and thin blood filmsof re-
spective subject were made from EDTA anti-coagu-
lated blood lessthan 1 hour after the blood wasdrawn.
Blood filmswereair-dried without convectionfor one
hour and stained with 30% freshly prepared Giemsa
dan.

Thin blood filmswerefixed with 100% methanol
prior to staining. Quality controlled Giemsastain; dust-
freemicroscopy glassdidesand phosphate buffer pH
7.2 were used.

Giemsastained thick and thin blood filmswere ex-
aminedfor maariaparasteusing x 100 (oil immersion)
objective by an experienced medica microbiologistin
the Paediatrics Research Laboratory of the University
whowasinvolved inthe study. Thisserved astheinter-
nal quality control. Thedlideswerea so cross-read by
an experienced microscopist who was not otherwise
involved inthe study (independent reader) thisserved
astheexternal quality control. Thedegree of variation
intheresultswas determined and subjected to statisti-
ca analysisat 95% confidencelimit totest for signifi-
canceusing SPSSversion 17, 2008(www.Spss.com).
Malariadiagnos swasbased onidentification of asexud
stages of Plasmodiumfal ciparumon thethick blood
smears. Filmwasreported as ‘malaria parasite not seen’
I.e negativedfter examining about 100fidds Thinfilms
were used to identify species and stages of Plasmo-
dium or other blood -borne pathogens®.. Parasite den-
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sity was by the number of parasites per microlitre of
blood (thick film) method™®. The number of asexua
parasitic forms (trophozoitesand schizonts) presentin
asmany microscopic fields as possible necessary to
count 200 |leucocyteswasrecorded. Thestandard va ue
of 8000WBC/ul was assumed asamultiplier in the
paraditaemiaexpression below:

Parasite/pl of blood _ N xtotal WBC counts/ul (8000)

(parasitedensity) — L eucocytecount (200)

Where N=number of asexual parasitic formspresent
inas many microscopic fiel dsas possibleto count 200

leucocytes.
Determination of serum zinc and copper

Serum zinc and copper were colorimetrically de-
termined using 5-Br-PAPS* and Didrom PAESA™
methods respectively. Centronic GmbH Germany
(www.centronic-gmbh.com) manufactured test kits.

Quality control

Duplicate tubes of sample, control and standard
solution were used for analysis of Zn and Cu. High,
norma andlow level squality control serafrom Randox
Laboratories Company United Kingdom
(www.randox.com) were used both asintra-batch and
inter-batch controls.

Satistical analysis

All statistical analysisweredoneusing SPSSver-
sion 17, 2008 (www.spss.com). A p-valueof 5% asa
test of significancewasadopted. Theresultswere ex-
pressed as means, standard deviation and percentages.

RESULTS

TABLE 1 showsthe serum zinc and copper levels
by age of the case and control subjects. Serum zinc
level wasrelaively higher inthe parasitaemic children
aged zero to 9.9yearsthanin thecontrol. Thereverse
wasthecasein children aged 10to 18.9years.

Theeffect of zinc and copper on each other in chil-
drenwithmaariausing Pearson correlaionisshownin
TABLE 2. Therewasanon-significant positiverela-
tionship between zinc and copper in children with ma-
laria(p=0.607).

TABLE 2b showsthe effect of zincand copper on
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TABLE 1: Serum zincand copper levelsby ageof the case and control subjects

Case-Zinc (ng/dl)

Subjects Copper (ng/dl)

Control-Zinc (ng/dl)  Subjects Copper (ng/dl)

Agerange  No. ) aniSD) (Mean+SD) (M eanSD) (Mean+SD)
O-4years 402 249.68+ 131.668 13144+ 90.152 220,39+ 122.45 132,10+ 116.489
59years 134 22476+ 144.412 123.91 £77.341 203.72 + 113.893 144,55+ 68.023
10-14years 38 25593+ 91.794 177.32 £129.156 258.33+ 150.965 106.24+ 42.110
1419years 26 21850+ 73.832 144.68 + 56.250 206,72+ 109.938 115,12+ 85.883
Total 600  237.08+134.239 133.46:91.784 207.93+133.908 129.09+91.533

TABLE 2: Theeffect of zinc and copper on each other in
children with malaria using Pear son correlation

Pearson correlation  Zn (ng/dl) Cu (png/dl) p-value

Zn (ug/dl) 1 0030  0.607
Cu (ug/dl) 0.03 1
No. 306 306

TABLE 2b: Theeffect zincand copper on each other in chil-
dren with malariausingalinear regression

M odel B Std. Error  Beta z Sig.
(Constant) 128.677  10.675 12.054 .000
Zn .020 .039 .030 515 .607
Dependent variable: Cu
(Constant) 231.317  13.574 17.041 .000
Cu .043 .084 .030 515 .607

Dependent Variable: Zn
B: coefficient; z: calculated z

TABLE 3: Theeffect of zincand copper on each other inthe
control subjectsusing correation

Pearson Correlation Cu Zn Sig
Cu 1.000 -159  -0.003
Zn -159  1.000
N 294

TABLE 3b: Theeffect zincand copper on each other inthe
control subjectsusing alinear regression

M odel B Std. Error  Beta z Sig.
(Congtant) 258.011  13.367 19.301 .000
Cu -.233 .085 -159 -2.757 .006
Dependent Variable: Zn
(Constant) 153.907  10.435 14.749 .000
Zn -.109 .039 -159 -2.757 .006

Dependent Variable: Cu
B: coefficient; z: calculated z

each other in children with malariausing aregression
modd. Thestrength of therd ationship wasbeta=0.030.

Theeffect of zinc and copper on each other inthe
control subjectsusing Pearson corrdationisshownin

TABLE 3. Therewasasgnificant negativere ationship
between zinc and copper in the control children (p=-
0.003). Thus, in gpparently hedthy childrenanincrease
inoneof theelements|eadsto adecreaseinthe other.

TABLE 3b showstheeffect of zinc and copper on
each other inthe control subjectsusingalinear regres-
sionmodel. The strength of therelationship was beta
=-0.159.

Using the betafunction of themodel to compare
thestrength of the effect of the micronutrientson each
other, it was discovered that zinc and copper havea
stronger effect in the control subjects (beta=0.159) than
inthe parasitaemic children (beta=0.030).

TABLE 4 showsserumzinclevelsby parasite den-
Sty usng corrdation. Thehighest parasitedensity (901-
1000) wasat zinclevel 101-200 pug/dl whilethe para-
site count range with the highest frequency (101-
200parasites/ul) wasat zinclevel 101-300ug/dl. There
wasas gnificant positive relationship between parasite
density and serumzinclevel (p=0.000).

For Cuthehighest parasite density (801-900) was
at copper level 0-100ug/dl while the parasite count
range with the highest frequency (101-200parasites/ul)
wasat Cu concentration 0-200ug/dl. Therewasasig-
nificant positiverelationship between parasite density
and serum copper level (p=0.000) (TABLED5).

DISCUSSION

Zinc and copper arefundamental anti-oxidant ele-
ments ableto reduce reactive oxidant factors gener-
atedinthecourseof infectioninanorganism. Theresult
of thisstudy showed that zincin control subjectshad a
negative correlation with copper. In other words, in-
creaseinoneleadsto adecreaseintheother. Thisisin
conformity with an aready established fact by multiple
researcherd>®, Thisnegativere ationship may bedue
to the antagoni stic nature of copper to zinc absorption



ChemXpress6(4), 2014

105

ORIGINAL ARTICLE

TABLE 4: Thereationship between serum zinc level and parasitedensity using correlation

Zinc Level (ng/dl)

ParaiteDensity  —55 700 101200 201300 301400 401500 501600 601700 ' O&
1-100 6 18 18 10 0 4 2 58
103%  31.0%  310%  17.2% 0% 6.9% 34%  100.0%
101-200 26 58 53 31 0 10 2 180
144%  322%  294%  17.2% 0% 5.6% 11%  100.0%
201-300 2 2 10 6 2 0 0 22
9.1% 9.1% 455%  27.3% 9.1% 0% 0%  100.0%
301-400 2 4 4 2 0 0 0 12
16.7%  333%  333%  16.7% 0% 0% 0%  100.0%
401-500 0 2 2 0 0 0 0 4
0% 500%  50.0% 0% 0% 0% 0%  100.0%
501-600 0 2 2 6 0 4 0 14
0% 143%  143%  42.9% 0% 28.6% 0%  100.0%
601-700 0 0 2 0 0 0 0 2
0% 0% 100.0% 0% 0% 0% 0%  100.0%
801-900 0 0 0 0 0 2 0 2
0% 0% 0% 0% 0% 100.0% 0%  100.0%
901-1000 0 4 0 0 0 0 0 4
0% 100.0% 0% 0% 0% 0% 0%  100.0%
Total 36 90 o1 55 2 20 4 298
121%  302%  305%  185% 7% 6.7% 13%  100.0%
p-value =0.000

TABLE5: Theréationship between serum copper levelsand
parasitedensity using correlation

Parasite Copper level (pg/dl) Total
Densty  001-100 101-200 201-300 301-400 401-500
1-100 22 30 4 0 2 58
37.9% 51.7% 6.9% .0% 3.4% 100.0%
101-200 63 93 16 2 10 184
34.2% 505% 87% 11% 54% 100.0%
201-300 16 2 4 0 0 22
727% 91% 182% .0% .0% 100.0%
301-400 4 6 0 2 0 12
33.3% 50.0% .0% 16.7% .0% 100.0%
401-500 0 4 0 0 0 4
.0% 100.0% .0% .0% .0% 100.0%
501-600 4 4 4 0 0 12
333% 33.3% 33.3% .0% .0% 100.0%
601-700 0 2 0 0 0 2
.0% 100.0% .0% .0% .0% 100.0%
801-900 2 0 0 0 0 2
100.0% .0% .0% .0% .0% 100.0%
901-1000 0 4 0 0 0 4
.0% 100.0% .0% .0% .0% 100.0%
Total 111 145 28 4 12 300
37.0% 483% 93% 13% 4.0% 100.0%
p-value=0.000

andviceversa. High zincin circulation lowers copper
bioavailability and viceversd™®. Thisimpliesthat main-
taining the proper dietary bal ance of copper dongwith
zincisimportant. Cu can act asan antioxidant and a
pro-oxidant. Asapro-oxidant, it can damagecel | walls,
interact with genetic materia sand contributeto devel -
opment of anumber of health problemsand di seases.
In childrenwith malaria, therewasnot anegative
rel ati onship between zinc and copper. Thisimpliesthat
an increasein serum Zn level does not lead to ade-
creaseinserum Culeve andviceversain childrenwith
maaria Bothminerdswered o, rdatively higherinthe
parasitaemic children. Thus, it isnecessary to monitor
theleve sof theseminerasin childrenwith malariabe-
cause, though, theseralevelshad no effect on the patho-
genesisof maaria; copper initspro-oxidant state could
lead to increased oxidative stress in these children
thereby worseningtheill hedth condition of the patients.
Our report issimilar to that of Baloch and colleagues,
201119, Theauthorsreported an increased serum cop-
per concentrationinmaarid patientswith comparison
tothenorma subjects. Our finding negetesthat of Mdaine
et a, 20102 who reported significantly decreased zinc
and increased copper levesin childrenwithmaariacom-
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paretotheir gparasitaemic counterpart.

Result from this study was actually contrary to our
hypothesis, bearing in mind the antagonistic nature of
thesetwo e ementson each other, asignificant negetive
rel ationship was hypothesi zed to occur between zinc
and copper in childrenwithmaaria. Presently, therea
son for thisresult may not be conclusively established.
However, theincreasein serum copper level may be
duetothehost cells’ bid to compensate for the low iron
leve evident inthisinfection. Copperisneedediniron
transport in haemol ogbin. So host cellspossibly used
more of the copper to offset theimbal ancein haemo-
globinlevel®.,

Furthermore, itisan aready established fact that
copper and zinclevel sareregul ated by metdlothionein,
ashort linear protein composed of 61 amino acid units.
When thisprotein failsto performitsnecessary func-
tions, abnormal levelsof nutrient metal ssuch aszinc,
copper canresult?, Metalotheoneinissynthesized in
theliver, thus, theinfection of theliver by themaaria
parasites, possi bly may havereduced thefunctionality
of theliver, aswell asthesynthesisof metallothionein.
Thispossibledeceasein the synthesisof thisprotein
that regul atestheleve sof thesemicronutrientsmay have
resulted to theincreased levels of serum zinc and cop-
per observedin childrenwith maaria.

CONCLUSION

Serum zinc and copper do not have significant ef-
fect on each other inthe pathogenesisof maariain chil-
dren. However, it may be necessary to monitor thelev-
elsof thesemineralsin such patients.
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