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Evidence suggests that free oxygen radicals are in- 
volved in the destruction of islet t-cells in insulin- 
dependent diabetes mellitus (IDDM). Therefore, we 
determined the plasma antioxidant activity in 51 
healthy unaffected children and adolescents randomly 
chosen from a study of t-cell autoimmunity in school- 
children in northern Finland. Twenty-two subjects 
tested positive for one or more IDDM-associated 
autoantibodies and 9 subjects had at least two of the 
three antibodies tested (antibodies against islet cells, 
ICA; glutamic acid decarboxylase, GADA; insulin, 
IAA). There was no significant association of total 
plasma antioxidant potential, plasma concentrations 
of a-tocopherol, ascorbic acid, protein thiols, or uric acid 
with the presence of ICA, GADA, or IAA. A reduced 
first-phase insulin response to intravenous glucose was 
also not associated with reduced plasma antioxidant 
activity. These results indicate that the plasma antiox- 
idant activity is not decreased in subjects at increased 
risk for IDDM. Furthermore, the results suggest that the 
clinical onset of IDDM is not preceded by signs of 
increased systemic oxidative stress in plasma. 
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Abbreviations: IDDM, insulin-dependent diabetes mellitus; 
TRAP, total peroxyl radical-trapping potential; TAS, total 
antioxidant status; IAA, insulin autoantibody; ICA, islet cell 
autoantibody; GADA, glutamic acid decarboxylase autoanti- 
body; IVGTF, intravenous glucose tolerance test; FPIR, first- 
phase insulin response 

I N T R O D U C T I O N  

Evidence  sugges t s  tha t  free o x y g e n  radicals  

med i a t e  cy tok ine - i nduced  islet t - ce l l  des t ruc-  
t ion [1"2] a n d  that  t -ce l l s  are  suscept ib le  to oxida-  

tive insult,  t33 L o w  s e r u m  c~-tocopherol m a y  be  

associa ted  wi th  an  increased  inc idence  of  insul in-  
d e p e n d e n t  d iabetes  mel l i tus  ( IDDM),  141 a n d  the  

p l a s m a  concen t ra t ion  and  act ivi ty  of  an t iox idan ts  
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160 J. S. LEINONEN et al. 

is decreased in patients with overt 1DDM. I5--71 It is 
not known, however, whether the plasma anti- 
oxidant activity decreases before the clinical 
onset of IDDM. Therefore, we determined the 
total antioxidant activity and the concentrations 
of four chain-breaking antioxidants in plasma 
from 51 unaffected children and adolescents, 22 
of whom were at increased risk for clinical onset 
of the disease, having one or more autoantibody 
specificities associated with IDDM. I81 

SUBJECTS AND METHODS 

Subjects 

The study population, derived from a s tudy on 
/3-cell autoimmunity in schoolchildren in north- 
ern Finland, [9] was comprised of 51 healthy 
children and adolescents (25 males, mean age 
13.8 years, range 9.5--18.1 years). In 1994, 3661 
unaffected schoolchildren from the original s tudy 
population were screened for islet cell antibodies 
(ICA) and for antibodies to the 65 kD isoform of 
glutamic acid decarboxylase (GADA). All chil- 
dren who initially tested positive for ICA and /o r  
GADA (n = 109) were invited for retesting in 
1996, and for each individual an initially-auto- 
antibody-negative control was matched for sex, 
age, and school. Out of 218 invited subjects, 210 
were given a clinical examination combined with 
blood sampling for autoantibody analyses and a 
short intravenous glucose tolerance test (WGTT). 
Fifty-one individuals were studied at random for 
plasma antioxidant activity. The blood samples 
were obtained after overnight fasting. The sam- 
ples for the analyses of antioxidant activity were 
drawn into tubes containing EDTA, and plasma 
was separated immediately. Sera for the quanti- 
fication of IDDM-associated autoantibodies and 
insulin were stored at -20°C until analyzed. The 
research design was approved by the ethics 
committees of the Medical School, University of 
Oulu, and Tampere University Hospital, and 
informed consent was obtained from the partici- 
pating subjects and /o r  their parents. 

Methods 

IDDM-Associated Autoantibodies 

ICA levels were determined by  a standard 
immunofluorescence method using sections of 
frozen human group O pancreas. II°l End point 
dilution titers were examined for positive sam- 
ples and the results were expressed in Juvenile 
Diabetes Foundation (JDF) units relative to an 
international reference standard. II~J The detec- 
tion limit was 2.5 JDF units. 

GADA levels were measured with a radio- 
ligand assay, as previously described. I12'13| The 
cut-off limit for antibody positivity was set at the 
99th percentile in 372 non-diabetic children and 
adolescents, i.e., 6.6 RU. 

Insulin autoantibody (IAA) levels were ana- 
lyzed with a radiobinding assay modified from 
that described by Palmer et al. [14] A subject was 
considered to be positive for IAA when the 
specific binding exceeded 68nU/ml  (99th per- 
centile in 105 non-diabetic subjects). 

Intravenous Glucose Tolerance Tests 

WGTTs were performed following a fast of 10- 
16h according to an international standardized 
protocol. Ilsl Blood samples were taken twice 
before the infusion of glucose ( - 5  and 0rain), 
and 1, 3, 6, and 10rain after glucose infusion had 
been completed. Serum insulin concentrations 
were determined with an enzyme-linked im- 
munosorbent assay. El61 The first-phase insulin 
response (FPIR) was defined as the sum of the 
1- and 3-min serum insulin concentrations. FPIR 
levels < 46 mU/1, which correspond to the fifth 
percentile of FPIR levels measured in 100 healthy 
subjects of similar age, were considered as 
abnormal. 

Total Plasma Ant iox idan t  Ac t i v i t y  

The total plasma antioxidant activity was as- 
sessed by two separate methods, i.e., the total 
peroxyl radical-trapping potential (TRAP) and 
the total antioxidant status (TAS). TRAP was 
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measured using a chemiluminescence-enhanced 
modification [17] of the method described by 
Wayner et al. I18] Thermal decomposition of 2,2'- 
azobis [2-amidinopropane]hydrochloride (ABAP, 
Polysciences, Warrington, PA) generated peroxyl 
radicals at a constant rate at 37°C. Peroxyl 
radicals were detected using luminol (Sigma 
Chemical Co., St. Louis, MO) -enhanced chemilu- 
minescence with a luminometer. Plasma samples 
inhibited chemiluminescence for a time that was 

d i rec t ly  proportional to the TRAP values. The 
extinction time of each sample was compared to 
that of I mol of the water soluble tocopherol 
analog Trolox C (6-hydroxy-2,5,7,8-tetramethyl- 
chroman-2-carboxylic acid, a gift from 
F. Hoffman-La Roche Ltd, Basel, Switzerland), 
capable of trapping 2tool of peroxyl radicals. 
TRAP was expressed as ~mol of peroxyl radicals 
trapped by one liter of the sample (vM). A 
theoretical TRAP (TRAPcaic) was derived from 
concentrations of individual antioxidants based 
on their stoichiometric peroxyl radical-trapping 
factors as follows: TRAPcalc = [uric acid] • 2.0 + 
[c~-tocopherol] • 2.0 + [ascorbic acid] • 0.7 + 
[sulfhydryl groups, -SH] * 0.4. I19] Provision was 
made for an unidentified fraction of measured 
TRAP (TRAPu~id), which was the difference 
between the measured TRAP and TRAPcalc 
(TRAPu~a=TRAP-TRAPcalc). The intra-assay 
coefficient of variation for TRAP was 2%. Plasma 
TAS t2°l was measured using a commercial rea- 
gent kit (Total Antioxidant Status, NX 2332, 
Randox Laboratories, Cromwell, UK) according 
to the manufacturer's application instructions for 
the Hitachi 704 automated analyzer. Briefly, a 
peroxidase/H202 system was used for oxidation 
of ABTS (2,2'-azinobis[3-ethylbenzthiazoline-6- 
sulfonic acid]) chromogen to produce colored 
ABTS + radical cations. Antioxidants suppressed 
the formation of ABTS + to an extent that was 
proportional to the total plasma antioxidant 
potential. The intra-assay coefficient of variation 
was 2.7% for TAS (n = 7). 

The plasma concentrations of uric acid and 
ascorbic acid were measured by high-perfor- 

mance liquid chromatography (HPLC) with an 
electrochemical detector. I211 The concentration of 
c~-tocopherol was measured by the modified 
HPLC method, I22] in which an ultraviolet detec- 
tor is replaced with an LC-amperometric detector 
(Bioanalytical Systems Inc., West Lafayette, IN). 
The protein thiol groups were determined as 
previously described. I23] 

Statistics 

Student's t-test and analysis of variance were 
used to compare continuous variables between 
groups. Pearson's correlation matrix was used for 
the correlation analysis. Calculations were per- 
formed using the Statistica/Win 5.0 software 
(Statsoft Inc., Tulsa, OK). Data are expressed as 
mean + SD. 

RESULTS 

Among the 51 children and adolescents studied, 9 
tested positive for at least two of the three IDDM- 
associated autoantibody specificities out of the 
three analyzed, whereas 13 had only one detect- 
able autoantibody and 29 tested negative for all 
three autoantibodies. There were eight subjects 
with a decreased FPIR. Subjects with at least one 
autoantibody specificity or with a decreased FPIR 
were considered at increased risk for IDDM. 

There were no significant differences in plasma 
TRAP, TAS, or in the concentrations of antiox- 
idants between subjects with IDDM-associated 
autoantibodies and the controls (Table I). Subjects 
with a reduced FPIR had a higher plasma TAS 
than subjects with a normal insulin response, but 
there were no other significant differences be- 
tween these two groups (Table II). There was no 
correlation between plasma TRAP, TAS, or con- 
centrations of antioxidants and the levels of 
1DDM-associated antibodies or FPIR. There was, 
however, a significant correlation between age 
and plasma uric acid (r = 0.41, p = 0.003), and also 
consequently between age and TRAP (r = 0.31, 
p = 0.03) and TAS (r = 0.33, p = 0.02). There was 
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162 J.S. LEINONEN et al. 

TABLE I Plasma TRAP, TAS, and antioxidants in subjects with at least two IDDM-associated autoantibodies, in those with 
o n e  antibody specificity, and in antibody negative control subjects. There were no significant differences between the groups 

_>2 AB (n = 9) 1 AB (n = 13) Control subjects (n = 29) p 

Age (years) 13.4 4- 2.7 13.8 4- 2.4 13.9 4- 2.4 0.84 
TRAP (pM) 952 + 83 998 4-114 975 4-140 0.70 
TRAPc,a¢ (~M) 711 + 86 717 4- 92 682 4-123 0.59 
TRAPumd (girl) 2414-21 281 4-103 293 4-118 0.50 
TAS (mM) 1.43 4- 0.09 1.43 4- 0.06 1.47 4- 0.11 0.41 
a-Tocopherol (~uM) 18.9 + 6.2 18.2 4- 3.4 20.1 4- 5.4 0.51 
Ascorbic acid (~tM) 59.3 4-15.2 46.5 4-14.0 50.8 4-18.1 0.21 
Protein thiols (gM) 666 4- 57.7 667 4-161 641 + 66.5 0.65 
Uric acid (~M) 183 4- 40.8 191 4- 60.8 175 4- 58.1 0.71 

p-Values by analysis of variance. 

TABLE II Plasma TRAP, TAS, and concentrations of antioxidants in unaffected children with a reduced first-phase insulin 
response (FPIR) to intravenous glucose and in those with normal FPIR 

Reduced FPIR (n=8) Normal FPIR (n =39) p 

TRAP (pM) 996 & 137 964 4-117 0.51 
TRAPca~c (~M) 705 + 97 685 4-108 0.63 
TRAPu~ad (~Vl) 290 4-116 279 4-118 0.81 
TAS (raM) 1.52 4- 0.09 1.44 4- 0.10 0.02 
a-Tocopheml (~M) 20.2 4- 4.9 19.1 4- 5.4 0.62 
Ascorbic acid (p.M) 48.1 4-14.7 51.8 4-18.1 0.59 
Protein thiols (~M) 625 4- 82.6 662 4-102 0.35 
Uric acid (pM) 191 + 57.5 173 + 51.6 0.39 

p-Values by Student's t-test. 

also a fair ly s t rong  corre la t ion b e t w e e n  p l a s m a  

T R A P  a n d  TAS va lues  (r = 0.43, p = 0.001). 

D I S C U S S I O N  

There  is one  earlier r epo r t  that  p l a s m a  TAS is 

r e d u c e d  in ICA-pos i t ive  f i rs t -degree relat ives  of  
I D D M  pat ients .  I241 A f i rs t -degree  relat ive tes t ing  

pos i t ive  for  I C A  has  an  a p p r o x i m a t e l y  35-40% 

risk of  p r o g r e s s i n g  to clinical I D D M  over  the  next  
f ive years ,  [25"261 whe re a s  the r isk has  b e e n  esti- 

m a t e d  to be  a p p r o x i m a t e l y  6 -10% in ICA-pos i -  

t ive subjects  f r o m  the  genera l  popu la t ion .  Is] O n  

the  o ther  h a n d ,  the r isk increases  subs tant ia l ly  in 
t h e  genera l  p o p u l a t i o n  (up to a p p r o x i m a t e l y  

30%) if an  i nd iv idua l  tests posi t ive  for  at  least 

t w o  IDDM-assoc i a t ed  au toant ibodies .  The  h igh-  

est  r isk is confe r red  b y  a r e d u c e d  FPIR in 

c o m b i n a t i o n  wi th  one  or  m o r e  autoantibodies.[271 

In  the  p resen t  s tudy,  w e  u s e d  a c o m b i n a t i o n  of  

three  au toan t ibod ie s  a n d  FPIR as indices  of  the  

r isk for  I D D M ,  a n d  mul t ip le  p a r a m e t e r s  to assess  

p l a s m a  an t iox idan t  activity. N o  di f ference  cou ld  

be  obse rved ,  however ,  in  a n y  of  the  ind ica tors  of  

p l a s m a  an t iox idan t  act ivi ty  b e t w e e n  the  ch i ld ren  

w i t h  t w o  or  m o r e  d isease-assoc ia ted  af i t ibodies  

a n d  those  wi th  no  detec table  au toan t ibodies .  The  

subjects  w i th  a dec reased  FPIR h a d  an  even  

h ighe r  TAS level  t han  those  wi th  a n o r m a l  insul in  
response .  The  n u m b e r  of  a u t o a n t i b o d y - p o s i t i v e  

ch i ld ren  wi th  a r e d u c e d  FPIR was  so l o w  in this 

s t u d y  (n = 4) tha t  c o m p a r i s o n  wi th  the  r e m a i n i n g  

subjects  w a s  no t  mean ingfu l .  

S o m e  ant ioxidants ,  e.g., f lavonoids ,  be ta-car-  

otene,  a n d  bi l i rubin,  m i g h t  a c c o u n t  for  s o m e  of  

the TRAPunia.  There  were ,  however ,  no  differ- 

ences  b e t w e e n  our  s t u d y  g r o u p s  in TRAPu,ad.  It 

m u s t  be  e m p h a s i z e d  tha t  the  major  an t iox idan t  

de fense  is p r o b a b l y  b a s e d  on  the  ac t ions  of  
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t rans i t ion  meta l  b i n d i n g  proteins ,  such  as h e m o -  

g lob in  a n d  ce ru lop lasmin ,  [28] no t  m e a s u r e d  b y  

the  assays  used  for  the p resen t  s tudy.  O n  the  o ther  

hand ,  if increased  free radical  gene ra t ion  and  
ox ida t ive  stress occur  o n l y  local ly a r o u n d  the 

pancrea t ic  islet cells, this w o u l d  p r o b a b l y  no t  be  

ref lected in the an t iox idan t  act ivi ty  in the pe r iph -  

eral  circulat ion.  O u r  s t u d y  p rov ides  no  ind ica t ion  

of  r e d u c e d  p l a s m a  an t iox idan t  act ivi ty  in ind iv id-  

ua l s  at  inc reased  r isk for  IDDM,  howeve r ,  a n d  the  
benef i t  of  an t iox idan t  s u p p l e m e n t a t i o n  for pre-  

ven t i on  of  I D D M  is thus  called into ques t ion.  

In  conclus ion ,  w e  obse rved  no  major  changes  

in the p l a sma  an t iox idan t  act ivi ty in unaf fec ted  
ch i ld ren  and  adolescen ts  wi th  IDDM-assoc i a t ed  

au toan t ibod ie s  a n d / o r  a r e d u c e d  insu l in  re- 

s p o n s e  to i n t r a ve nous  glucose.  These  da ta  sug-  

ges t  tha t  there  is no  increased sys temic  ox ida t ive  

stress in  subjects at increased  risk for  IDDM.  
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