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ABSTRACT 

Thi s  st udy i nvesti gat ed l evels  of  t he trace el e ments;  zi nc,  copper  and magnesi um and vit a mi ns  C 

and E i n di abetic patients  at  t he Obafe mi  Awol owo Uni versit y Teaching Hospit al  Co mpl ex 

( OAUTHC),  Ile-  Ife.  This  was  wit h a vi ew t o understandi ng t he rel ati onship bet ween t he l evels 

of t hese para met ers and the presence of di abet es and its compli cati ons.  

One  hundred and fifteen subj ects,  comprisi ng si xt y fi ve di abetic patients  and fift y healt hy 

controls  were i nvol ved in t his  st udy.  Et hi cal  clearance was  obt ai ned fro m t he Et hi cal  and 

Research Co mmittee of  OAUTHC,  Il e-Ife.  All  subj ects  si gned i nfor med consent  f or ms.  Fasti ng 

bl ood sa mpl es  of  t he patients  and controls  were collected asepticall y and t he pl as ma  was 

collected aft er  centrifugation at  4000 revol uti ons  per  mi nut e (rpm)  f or  20 mi nut es.  Fasti ng bl ood 

gl ucose was  det er mi ned usi ng Randox kit  while gl ycosyl at ed hae moglobi n was  det er mi ned 

usi ng Cl over  A1c kit.  Plas ma ali quots  were frozen at  - 80o C and used to anal yse vit a mi n C,  

vita mi n E,  zi nc,  copper  and magnesi um.  Vit a mi n C was  det er mi ned by redox titrati on wit h 2,  6-

di chl orophenoli ndophenol  agai nst  pl as ma  ali quots  aci dified by t richl oracetic aci d.  Vit a mi n E 

was  det er mi ned by a  modified spectrophot ometric met hod.  Pl as ma  l evels  of  zi nc,  copper  and 

magnesi um were det er mi ned usi ng standard procedures.  

The mean val ues  of  fasting bl ood gl ucose,  gl ycosyl ated he mogl obi n ( HbA1c),  zi nc,  copper, 

magnesi um,  vita mi n C and E f or  di abetic patients  i n t his  st udy were 9. 12±3. 86 mmol/ L, 

8. 83±2. 34 %,  6. 61±4. 11 µmol/ L,  19. 07±8. 96 µmol/ L,  0. 64±0. 07 mmol/ L,  77. 79±24. 98 µmol/ L 

and 1. 47±1. 10 µmol/ L respecti vel y whil e t hose for  t he healt hy control  subj ects  were 4. 77±0. 45 

mmol/ L,  15. 01±4. 26 µmol/ L,  16. 89±6. 25 µmol/ L,  0. 77±0. 03 mmol/ L,  72.68±15. 33 µmol/ L and 

4. 79±1. 38 µmol/ L respectivel y.   Fasti ng bl ood gl ucose l evel  was  si gnificantly hi gher  ( p<0. 05)  i n 

the di abetic gr oup co mpared t o t he control  group whil e l evels  of  zi nc,  magnesi um and vit a mi n E 
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were si gnificantl y l ower i n t he di abetic gr oup compared wit h t he controls.  When t he mean 

val ues  of  t he bi oche mi cal  para met ers  of  di abetic patients  wit h no co mpli cati ons,  t hose wit h one 

mi crovascul ar  co mpli cation,  t hose wit h t wo mi crovascul ar  co mpli cati ons and t hose wit h t hree 

mi crovascul ar  compli cations  were co mpared,  si gnificant  differences  were found i n t he l evels  of 

vita mi n E and zi nc.  No si gnificant  differences  were f ound i n t he para meters  when t he di abetic 

patients were grouped on the basis of gl yce mi c control (good, fair and poor gl yce mi c control).  

Thi s  st udy concl uded t hat  t he pattern of  alterations  i n anti oxi dant  trace el ement s  and vit a mi ns  of 

di abetic patients  appeared t o be a consequence of  di abet es  itself,  and were not  predi ct ed by 

gl yce mi c stat us or t he presence of mi crovascul ar compli cati ons.  
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CHAPTER ONE 

I NTRODUCTI ON 

1. 1 Overvi ew 

Di abet es  mellit us  i s  t he most  preval ent  di sease worl dwi de ( Sha w et  al.,  2010).  It  i s  a gr oup of 

met abolic di seases  charact erized by hi gh bl ood gl ucose l evels  resulti ng from eit her  defects  i n 

insuli n secreti on or  acti on ( Praveeena et  al.,  2013).  These hi gh bl ood gl ucose l evels  ot her wi se 

known as  hypergl yce mi a,  is  associ ated wit h l ong t er m da mage,  dysfuncti on and fail ure of 

vari ous  or gans  such as  t he eyes,  ki dneys,  nerves, heart  and bl ood vessels  ( Tayl or  et  al.,  1995), 

and sy mpt oms  i ncl ude pol yuria,  pol ydi psi a,  wei ght  l oss,  pol yphagi a and bl urred visi on.  There 

are several  pat hogeni c pr ocesses  i nvol ved i n t he devel opment  of  diabet es  rangi ng from 

aut oi mmune destructi on of  β-cells of  t he pancreas  wit h consequent  insuli n defici ency t o 

abnor malities  t hat  result  i n resistance t o i nsuli n acti on.  The basis of  abnor malities  i n 

carbohydrat e,  fat  and prot ei n met abolis m i n di abet es  i s  deficient  acti on of  i nsuli n on t arget 

tissues  whi ch result  from i nadequat e i nsuli n secretion or  di mi nished tissue responses  t o i nsuli n at 

one or more poi nts i n t he compl ex pat hways of hor mone acti on ( Gavi n et al., 2003).  

Maj orit y of  cases  of  di abet es  fall  i nt o t wo br oad eti opat hogenetic cat egories.  In one cat egor y, 

type 1 di abet es,  t he cause i s  an absol ut e deficiency of  i nsuli n secreti on.  I n t he ot her,  t ype 2 

di abet es,  t he cause i s  a co mbi nati on of  resistance t o i nsuli n acti on and an i nadequat e 

compensat ory i nsuli n secret ory response.  Type 2 Di abet es  mellit us  affects  a vast  nu mber  of 

persons  worl dwi de and accordi ng t o t he Worl d Healt h Or gani zation ( WHO)  and t he 

Internati onal  Di abet es  Federati on (I DF),  t his  type of  di abet es  has  reached an epi de mi c 

pr oporti on and has  become  one of  t he most  challengi ng healt h pr obl e ms of  t he 21st  cent ury 

( Unwi n et  al.,  2010).  The nu mber  of  peopl e wit h type 2 di abet es  i n t he year  2010 i s  esti mat ed t o 

be 285 milli on,  representi ng 7 % of  t he adult  worl d popul ati on and by t he year  2030,  an 

esti mat ed 439 milli on indi vi duals worl dwi de will  have t his  di sorder  with t he most  mar ked 

increase pr oj ect ed f or  t he popul ati on great er  t han 65 years  of  age  ( Sha w et  al.,  2010;  Un wi n et 

al.,  2010).  The African conti nent  counts  appr oximat el y 100 milli on people wit h t ype 2 di abet es 

wi t h Ni geria havi ng t he hi ghest  proporti on (approxi mat el y 12, 180, 000 peopl e affect ed).  Ni geri a 

also has  t he hi ghest  number  of  peopl e wit h i mpaired gl ucose t ol erance wit h an esti mat ed 4. 85 

mi lli on peopl e (Sha w et al., 2010). 

Di abet es  i s  also associ ated wit h an i ncreased risk of  l ong t er m co mpli cations  ( Fel dman,  2003). 

Long t er m co mpli cati ons i ncl ude reti nopat hy wit h pot ential  l oss  of  vi si on;  nephr opat hy l eadi ng 

to renal  fail ure;  peri pheral  neur opat hy wit h risk of  foot  ul cers  et c.  Co mplicati ons  however,  have 

been associ ated wit h t he presence of  oxi dati ve stress  ( Si ncl air  et  al.,  1990).  Oxi dati ve stress  i s 

defi ned as  a  di st urbance in t he bal ance bet ween t he pr oducti on of  reacti ve oxygen speci es  (free 

radi cal)  and anti oxi dant defenses.  Fact ors  responsi bl e f or  oxi dati ve stress  i ncl ude  pol yol 

pat hway,  pr ost anoi d synt hesis and pr ot ei n gl ycati on whi ch dist urbs  the anti oxi dant  defense 

syste m of  t he cell  by i ncreasi ng t he f uncti onal  activities  of  free radi cals such as  super oxi de ani on 
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( O2- ),  t he hydr oxyl  radi cal  ( OH- )  and hydr ogen peroxi de ( H2 O2),  ot hers  are hypochl orous  aci d 

( HOCl ),  reacti ve nitrogen speci es  li ke nitric oxi de ( NO),  nitrogen di oxi de ( NO2)  as  well  as  non-

radicals  such as  peroxynitrite ( ONOO- ),  nitrous  oxi de ( HNO2)  and al kyl  peroxynitrat es 

( RONOO).  

Anti oxi dant  defense syste m of  t he body pl ay a  maj or  r ol e i n scavengi ng free radi cals  pr oduced 

in rel ati on t o t he pr ogressi on of  Di abet es  mellitus.  Anti oxi dants  are mol ecul es  t hat  i nhi bit  t he 

oxi dati on of  ot her  mol ecul es  by t er mi nati ng a chai n oxi dati ve reacti on via t he re moval  of  free 

radi cal  i nt er medi at es  ( Gavi n et  al.,  2003).  There are t wo t ypes  of  t his co mpl ex syst e m;  t he 

enzy mi c anti oxi dant  defense syst e m whi ch incl ude gl ut at hi one peroxi dase,  gl ut at hi one 

reductase,  cat alase,  superoxi de di s mut ase whil e vi tami ns  A,  C and E constitute t he non-enzy mi c 

anti oxi dant  syst e m.  Trace el e ments  whi ch are essential  nutrients wit h regul at ory,  i mmunol ogi c 

and anti oxi dant  functi ons  resulti ng from t heir  acti on as  essential  components  or  cofact ors  of 

enzy mes  t hroughout  met abolis m also exist.  Trace el e ments  i nfl uence t he pat hogenesis  of 

Di abet es  and its  complicati ons,  mai nl y t hrough t heir  i nvol ve ment  i n peroxi dati on and 

infla mmati on ( Bonnefont et al., 2000; Robertson, 2004).  

These anti oxi dant  defense agents  have been i nvestigated as  pot ential  preventi ve and t herapeutic 

agents  f or  t he co mpli cations  of  t ype 2 di abet es  (Kell y,  1998).  In particular,  t ype 2 di abet es  has 

been shown t o be associat ed wit h abnor malities  in t he met abolis m of  zi nc,  chromi um,  copper, 

magnesi um and manganese ( Bonnefont  et  al.,  2000).  These met als  serve as  cofact ors  f or  t he 

enzy mes;  superoxi de di s mut ase,  cat al ase,  gl ut athi one peroxi dase and glutat hi one reduct ase, 

whi ch are t he maj or  anti oxi dant  defense mechanis ms  of  t he body ( Pi dduck et  al.,  1970).  

Al t erations  i n t he met abolis m of  several  trace ele ments,  i ncl udi ng copper,  zi nc,  manganese and 

the macr o-ele ment  magnesi um,  have been associ ated wit h i mpaired i nsuli n rel ease,  i nsuli n 

resistance and gl ucose i ntolerance i n experi ment al ani mals  and hu mans  ( Fiel ds  et  al.,  1983;  Par k 

et  al.,  1986;  Paolisso et  al.,  1989).  Ot her  anti oxidant  agents  i ncl ude Vit ami ns  C and E.  These 

Vi t a mi ns  are di et  deri ved and det oxify free radicals  directl y.  Vit a mi n E has  been report ed t o 

pr ot ect  me mbranes  from l i pi d peroxi dati on and its  deficiency i s  concurrent  wit h i ncreased 

peroxi des  and al dehydes i n many tissues  ( Feher  et  al.,  1987).  Ascorbic aci d i s  known t o reduce 

or  neutralize reacti ve oxygen speci es  such as  hydr ogen peroxi de.  It  i s  also a substrate f or  t he 

redox enzyme; ascorbat e reductase (Padayatt y et al., 2003). 

1. 2 St ate ment of Research Probl e m 

Di abet es  and its  compli cati ons  constit ute a  public healt h i ssue i n Ni geria.  Dat a on anti oxi dant 

trace ele ment s and vita min stat us of diabetic patients i n Ile-Ife is not readily 


