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ABSTRACT

INTRODUCTION  Poor metabolic control of type 1 diabetes is one of the most important factors accelerating
the development of late diabetic complications. Several other factors that might contribute to this process
are currently being investigated. Low paraoxonase 1 (PON1) activity and high lipid peroxide (LPO) levels
contribute to endothelial damage, but it remains unclear whether they are critical for the development
of late diabetic complications.

0BJECTIVES  The aim of the study was to evaluate PON1 arylesterase activity and LPO levels in patients
with type 1 diabetes and to investigate whether these parameters are associated with metabolic control
and late complications. Moreover, we aimed to establish whether PON1 activity and LPO levels differ
between women and men with type 1 diabetes.

PATIENTS AND METHODS  The study involved 80 patients with type 1 diabetes and 24 healthy subjects.
PON1 activity was measured by a spectrophotometric method. LPO levels were measured by a com-
mercial assay kit.

RESULTS Diabetic patients had lower PON1 activity and higher LPO levels than healthy people. We ob-
served a negative correlation between PON1 activity and LPO levels in diabetic patients. There was no
association between PON1 activity or LPO levels and metabolic parameters or late diabetic complica-
tions. There was a positive correlation between LPO levels and the body mass index (BMI) in women
with type 1 diabetes.

concLusions  Our study showed that low PON1 activity and high LPO levels are not the most critical
factors involved in late diabetic complications in type 1 diabetes. Increased LPO levels in women with
type 1 diabetes may result from enhanced lipogenesis in this subgroup compared with diabetic men.

INTRODUCTION Type 1 diabetes is associated
with the development of late diabetic complica-
tions."? High long-term levels of hemoglobin A,
(HbA,) and diabetes duration are the most im-
portant (but not the only) independent risk fac-
tors for late diabetic complications.?* This ex-
plains the search for other factors that may affect
the progression of this harmful process.
Recently, it has been observed that lipid dis-
orders can play a significant role in the devel-
opment of late diabetic complications.® Clinical

results show that patients with type 1 diabetes
have impaired lipid profile.” However, contrary
to type 2, in type 1 diabetes the changes are subtle
and more often associated with qualitative rather
than quantitative lipid abnormality.® It has been
established that high-density lipoprotein (HDL)
shows decreased capacity to protect against lipid
oxidation in patients with type 1 diabetes com-
pared with healthy people.? It is partially relat-
ed to the low activity of HDL-associated antiox-
idant enzyme - paraoxonase 1 (PON1)." PON1 is
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a calcium-dependent esterase exclusively bound
to the apolipoprotein Al-containing HDL frac-
tion in plasma."" This enzyme has a vasculopro-
tective function by hydrolyzing preformed LPO
and the capacity to inhibit the oxidation of lipo-
protein process.'? The best explained mechanism
through which PON1 shows protective role is hy-
drolysis of homocysteine-thiolactone (Hcy-thi-
olactone). This molecule, by binding with pro-
tein lysine residues, generates N-Hcy-protein
with autoimmunogenic and prothrombotic prop-
erties. Therefore, hydrolysis of Hcy-thiolactone
mediated by PON1 decreases harmful modifica-
tion of endothelial proteins and protects against
atherosclerosis."

Low PON1 activity increases lipid oxidation
in patients with type 1 diabetes,'*' the process
that is postulated to play a central role in en-
dothelial cell damage.'® Therefore, low activity
of PON1 could contribute to vascular dysfunc-
tion and late diabetic complications in patients
with type 1 diabetes.

The aim of the study was to evaluate PON1 ac-
tivity and LPO levels in patients with type 1 di-
abetes and to investigate whether these para-
meters are associated with metabolic control and
late diabetic complications. Moreover, we aimed
to establish whether PON1 activity and LPO lev-
els differ between women and men with type 1
diabetes.

PATIENTS AND METHODS ~ Study groups The study
group consisted of 80 patients with type 1 diabe-
tes, aged 34.4 +6.3 years. Diabetes was diagnosed
on the basis of typical symptoms, blood glucose
levels higher than 11.1 mmol/l, and C-peptide lev-
els lower than 0.5 pg/1." All patients were treated
with intensive insulin therapy (IIT) from the on-
set of the disease. For IIT, fast- and long-acting
insulin has been used. Patients presented for
follow-up every year at the Department of Inter-
nal Medicine and Diabetology at the Poznan Uni-
versity of Medical Sciences, Poznan, Poland.'

The measurement of PON1 activity and LPO
levels was performed after 10.0 +2.0 years since
diagnosis. Lipid profile parameters were within
the reference range. Glycemic control in most cas-
es was not satisfactory (HbA, 8.1 +1.6%) to main-
tain good metabolic control. The body mass index
(BMI) of the patients was 23.5 +3.5 kg/m?.

The study group was divided according to sex
(28 women, 52 men) and according to the ab-
sence (n = 44) or presence (n = 36) of late diabet-
ic complications including retinopathy (n = 25),
nephropathy (n = 27), and neuropathy (n = 11).
In 21 patients, more than one type of late diabet-
ic complications have been diagnosed.

Diabetic retinopathy was established by direct
ophthalmoscopy through dilated pupils followed
in all patients by fundus photography.

Diabetic nephropathy was detected at the stage
of albuminuria (urinary albumin excretion rate
between 30 and 300 mg/24 h in 2 samples col-
lected over a 3-month period after exclusion
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of secondary causes of microproteinuria). Di-
abetic kidney disease was defined as the pres-
ence of albuminuria associated with diabetes of
over 10-year duration, or with diagnosed diabet-
ic retinopathy.

Diabetic neuropathy was diagnosed in pa-
tients with 2 or more of the following compo-
nents: the presence of symptoms of neuropa-
thy, the absence of ankle tendon reflexes, and/
or abnormal scores for pressure and/or vibra-
tion perception.'

The control subjects were 24 blood donors
(12 women, 12 men), aged 31.1 +10.8 years, who
underwent a medical check-up before having
blood taken in the fasting state. They were char-
acterized by the reference levels of lipid pro-
file and glucose levels, and were not overweight
(BMI 21.5 +1.0 kg/m?).

The study protocol was approved by the Ethics
Committee of the Poznan University of Medical
Sciences (No 871/08) and written informed con-
sent was obtained from all participants.

Blood samples were collected in tubes with-
out anticoagulant. The samples were allowed to
clot at room temperature and then centrifuged
at 2000 g for 15 minutes to obtain serum. All
the serum samples were stored at —80° C until
analysis.

Metabolic parameters The levels of triglycer-
ides (TG), total cholesterol (TC), HDL cholester-
ol (HDL-C), and glucose were determined using
the commercially available assay kits (Roche, CH)
with an analyzer (Cobas6000, Roche, CH). LDL
cholesterol (LDL-C) was obtained using the fol-
lowing formula: LDL-C = TC — HDL-C - TG/5.
HbA, was measured using high-performance lig-
uid chromatography with the Variant Hemoglo-
bin Alc Program (Bio-Rad Laboratories, Hercu-
les, CA, United States)."®

Determination of lipid peroxide concentration LPO
was quantified with an LPO assay kit (Cayman
Chemical, Ann Arbor, United States), which mea-
sures LPO directly utilizing the redox reactions
with ferrous ions.?? Briefly, 500 ul of serum was
added to 2 ml of chloroform and 1 ml of metha-
nol. The solution was mixed thoroughly and then
centrifuged at 1500 x g for 5 minutes in 4°C to ex-
tract LPO to the chloroform layer. Then, 500 pl
of extract was mixed with 450 ul of chloroform-
-methanol solvent and 50 pl of freshly prepared
chromogen (4.5 mM ferrous sulfate in 0.2 M hy-
drochloric acid) in a glass tube. Absorbance was
measured at 500 nm after 5-minute incubation.
LPO levels in the samples were calculated from
a standard curve of LPO. Each serum was ana-
lyzed in duplicate, and LPO levels were expressed
as pmol/ml.

Determination of paraoxonase 1 activity PON1 ary-
lesterase activity was measured by a spectropho-
tometric method.?! Briefly, the assay was run in
a cuvette in 20 mM Tris-HCI buffer containing
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TABLE 1 Characteristics of patients with type 1 diabetes and the control group
Patients (n = 80) Control group (n = 24) P
sex, (female/male) 28/52 12/12 0.001
age, y 344 +6.3 31.1 +=10.8 NS
diabetes duration, y 10.0 £2.0 - -
functional insulin therapy, % 100 - -
insulin dose, units/kg body weight/day 0.63 +0.19 - -
ACEI, % 31 - -
BMI, kg/m? 235 +35 215 +1.0 NS
FPG, mmol/I 9.3+28 45 +0.5 0.0001
PPG, mmol/l 8.9 +2.1 - -
HbA, , % 8.1 1.6 - -
TG, mmol/l 0.9 (0.6-1.3) 1.0(0.9-1.2) NS
TC, mmol/I 4.5(4.1-5.3) 4.0 (3.6-4.6) 0.0005
LDL-C, mmol/l 2.8(2.3-3.4) 2.2 (2.0-2.6) 0.001
HDL-C, mmol/I 1.7 (1.4-2.0) 1.3(1.2-1.4) 0.0001
late diabetic complications, n (%) 36 (45) - -
retinopathy 25 (31.25) - -
nephropathy 27 (33.75) - -
neuropathy 11 (13.75) - -

Data are given as mean = SD or median (interquartile range).

Abbreviations: ACEI - angiotensin-converting enzyme inhibitors, BMI — body mass index, FPG — fasting plasma glucose, HbA,  — glycated hemoglobin
A,.. HDL-C — high-density lipoprotein cholesterol, LDL-C — low-density lipoprotein cholesterol, NS — nonsignificant, PPG — postprandial plasma glucose,
SD - standard deviation, TG — triglycerides, TC — total cholesterol

FIGURE 1
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1.0 mM CaCl2 and 1.0 mM phenyl acetate. The re-
action was initiated by the addition of the enzy-
me (5 pl of serum), and the increase in absor-
bance at 270 nm was recorded. To correct the re-
sults of absorbation caused by spontaneous hy-
drolysis of phenyl acetate, blank sample witho-
ut enzyme was used. Arylesterase activity was
calculated using the molar extinction coefficient
(e = 1310 M-1 cm-1) of phenol produced. A unit
of arylesterase activity was defined as 1 pmol
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Paraoxonase 1 (PON1) activity in patients with type 1 diabetes and in

P =0.001

of phenyl acetate hydrolyzed per minute under
the above assay conditions.

Statistical analysis Data are expressed as means
+ standard deviation or median with the lower—
upper quartile, depending on the type of distri-
bution. For comparing clinical parameters with
normal distribution, the t test was used. For para-
meters without normal distribution the Mann—
Whitney test was applied. The Spearman corre-
lation coefficient was used to test whether PON1
activity and LPO levels are associated with meta-
bolic control and late diabetic complications.
The level of P <0.05 was considered statistical-
ly significant.

RESULTS Clinical and metabolic characteristics
of the patients are presented in TABLE 1. Patients
with type 1 diabetes had higher fasting plasma
glucose, TC, and LDL-C than the control group
(9.3 £2.8 vs. 4.5 0.5 mmol/], P = 0.0001; 4.5
[4.1-5.3] vs. 4.0 [3.6-4.6] mmol/], P = 0.0005;
2.8[2.3-3.4] vs. 2.2 [2.0-2.6] mmol/1, P = 0.001,
respectively). HDL-C levels were also higher in
diabetic patients than in the control group (1.7
[1.4-2.0] vs. 1.3 [1.2 - 1.4], P = 0.0001) (TABLE 1).

The arylesterse activity of PON1 was lower in
diabetic patients than in the control group (61.4
[48.1-69.9] vs. 77.6 [61.4-95.8] U/ml, P = 0.0001]
(FIGURE 1).

Moreover, patients with diabetes had higher
LPO levels than control subjects (4.1 [1.6-6.0]
vs. 1.0 [0.3-2.2] umol/], P = 0.0001] (FIGURE 2).
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FIGURE 2 Lipid peroxide levels (LPO) in patients with type 1 diabetes and in controls;
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FIGURE 3 A negative correlation between lipid peroxide levels (LPO) and paraoxonase
1 (PONT1) activity in patients with type 1 diabetes (n = 80, r = -0.52, P <0.05)

Neither the LPO levels nor the PON1 ary-
lesterase activity correlated with serum levels of
metabolic variables. However, a negative corre-
lation between LPO levels and PON1 activity was
observed in diabetic patients (n = 80, r = -0.52,
P <0.05), as shown in FIGURE 3. Such correlation
was not observed in the control group (FIGURE 3).

Late diabetic complications are the main causes
of mortality and morbidity in type 1 diabetes pa-
tients."" Therefore, the metabolic parameters were
compared between the groups with and without
late diabetic complications. It has been shown
that TG levels, postprandial glucose, and HbA
were higher in patients with complications than
in those without late diabetic complications (1.0
[0.7-1.1] vs. 1.2 [0.9-1.3] mmol/l, P = 0.003; 7.2
+0.9vs. 9.7 £1.5 mmol/l, P = 0.003, 7.5 +1.6 vs. 8.2

+1.5%, P = 0.002, respectively), as shown in TABLE 2.
However, the expected difference for PON1 ary-
lesterase activity and LPO levels was not found.

To establish whether PON1 activity and LPO
concentration may be influenced in women by dif-
ferent factors than in men, we compared the para-
meters measured in patients (TABLE 3) and controls
between women and men of the study group. It
has been observed that diabetic men had high-
er TG levels than diabetic women (1.2 [0.8-1.1]
vs. 0.7 [0.6-1.1] mmol/], P = 0.001) (TABLE 3).

However, we did not observe any difference
between diabetic women and diabetic men for
PON1 arylesterase activity and LPO levels. In-
terestingly, in the subgroup of women a positi-
ve correlation between BMI and LPO concentra-
tion was observed (n = 28, r = 0.65, P <0.05), as
shown in FIGURE 4. This correlation was not obse-
rved for diabetic men.

DISCUSSION  Although high HDL-C levels ob-
served in the study group brings us to the con-
clusion that type 1 diabetic patients should be
protected against vascular damage,?? low PON1
activity and high LPO levels found in the study
group raise the question of whether this is in-
deed a fair judgment.

A clinical study proved that low PON1 activity
contributes to LPO formation.?32* Therefore, it is
not surprising that a negative correlation between
PONI1 activity and LPO levels was observed in
the study group. Moreover, low activity of PON1
in the study group suggests that HDL could show
functional deficiency in type 1 diabetic patients,
despite high HDL-C concentration.?26

However, decreased PON1 activity in patients
with type 1 diabetes observed in our study had al-
ready been established by other investigators,?’28
the reason for the enzyme’s decreased activity in
this patient group is still not fully understood.
A possible explanation could be modification of
the enzyme’s active center resulting from gly-
cation process.?® Although we did not establish
a negative correlation between HbA, _value or glu-
cose levels and PON1 activity, we speculated that
lower PONT1 activity in type 1 diabetic patients
could be the result of chronic hyperglycemia, be-
cause most of the patients in the study group
had poor metabolic control (HbA, 8.1 +1.6%).
The study by Mastorikou et al.3’ may indicate
that our assumption is valid. They found that
isolated HDL from patients with type 2 diabe-
tes showed dramatically lower PON1 activity af-
ter in vitro nonenzymatic glycation vs. HDL that
was not treated in this process. However, in order
to prove that our assumption is correct, an addi-
tional study should be conducted that would in-
volve a larger group of patients subdivided into
a group with HbA, <7% and >7%.

Low PON1 activity contributes to endotheli-
al cell damage,’' but it is still unknown whether
it is one of the critical factors promoting late di-
abetic complications in type 1 diabetic patients
or not. Some clinical data indicate that low PON1
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TABLE 2 Characteristics of patients with type 1 diabetes with and without late diabetic complications

Patients without complications (n = 44) Patients with complications (n = 36)
age, y 31.2 5.1 34.0 4.2 NS
diabetes duration, y 99+15 10.2 £1.6 NS
BMI, kg/m? 22.2 £4.0 23.6 £3.0 NS
FPG, mmol/I 8.5 =*27 9.05+2.8 NS
PPG, mmol/l 7.2 +0.9 9.7+15 0.003
HbA,, % 7516 8215 0.002
TG, mmol/l 1.0 (0.7-1.1) 1.2(0.9-1.3) 0.003
TC, mmol/l 4.2 (3.0-5.2) 4.7 (3.1-5.6) NS
LDL-C, mmol/l 2.8(1.9-3.2) 2.9(2.1-3.3) NS
HDL-C, mmol/I 1.6 (1.2-2.0) 1.5 (1.2-1.6) NS
LPO, umol/ml 4.5 (1.6-5.5) 4.1(1.2-5.3) NS
PON1, U/ml 52.6 (46.0-59.2) 59.3 (42.0-70.0) NS

Data are given as mean = SD or median (interquartile range).

Abbreviations: LPO — lipid peroxide, PON1 — paraoxonase 1, others — see TABLE 1

TABLE 3 Characteristics of women and men with type 1 diabetes

Women (n = 27) Men (n = 52) P
age, y 349 7.1 34.1 =59 NS
diabetes duration, y 10.2 £1.5 99+15 NS
BMI, kg/m? 23.7 £35 232 +1.2 NS
FPG, mmol/I 8.3 £25 9.0 £2.0 NS
PPG, mmol/l 8.8 24 9.0 2.1 NS
HbA,, % 82=16 8315 NS
TG, mmol/l 0.7 (0.6-1.1) 1.2 (0.8-1.5) 0.001
TC, mmol/l 4.7 (3.0-6.0) 4.7 (4.0-5.2) NS
LDL-C, mmol/l 2.7(2.1-3.6) 2.8(2.3-3.4) NS
HDL-C, mmol/l 1.8 (1.6-2.1) 1.5 (1.3-1.8) NS
LPO, umol/ml 5.2 (2.8-6.7) 3.8(1.4-5.8) NS
PON1, U/ml 57.0 (46.1-70.6) 60.0 (52.6-69.3) NS

Data are given as mean = SD or median (interquartile range).

Abbreviations: see TABLES 1 and 2

contributes to the development of microvascu-
lar complications,?3% other do not." In addition,
there is not much evidence on the association
between low PON1 activity and macroangiopa-
thy in patients with type 1 diabetes,?” although
the effect of low PON1 activity on the develop-
ment of atherosclerosis is better established.3* In
our study, PON1 activity was similar in diabetic
patients regardless of the presence or absence of
late diabetic complications. Moreover, we found
that diabetic patients with and without late dia-
betic complications did not differ in LPO levels.
Therefore, we conclude that low PON1 activity
and high LPO levels are not the most critical fac-
tors for the development of late diabetic compli-
cations in patients with type 1 diabetes.
T T T T T T 1 The analysis of the results concerning LPO lev-
16 18 20 22 24 26 28 30 32 els suggests that enhanced formation of LPO in
BMI (kg/m?) diabetic patients is related to epidemiological
factors. We found that LPO levels are positive-
FIGURE 4  Positive correlation between lipid peroxide levels (LPO) and the body mass index ly associated with high BMI in women with
(BMI) in women with type 1 diabetes (n = 28, r = 0.65, P <0.05) type 1 diabetes, but not in men. However, it has

12

LPO (nmol/ml)
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been established that increased BMI is associat-
ed with higher levels of biomarkers of oxidative
stress.®® To our knowledge, the correlation be-
tween the BMI and LPO levels had not been ob-
served previously in the subgroup of women with
type 1 diabetes. We speculate that it could be as-
sociated with different distribution of fat mass in
women and men. In men, fat accumulates mainly
in the central region, while in women it accumu-
lates in the lower-body/peripheral region. Inter-
estingly, even though both central and peripheral
fat deposits are associated with oxidative stress,
lower-body fat deposits seem to be more critical
for high oxidative stress. Lower-body fat is asso-
ciated with higher lipoprotein lipase (LPL) activ-
ity. It has been established that high LPL activi-
ty can contribute to lipid peroxidation.’ There-
fore, our results suggest that enhanced LPO for-
mation in type 1 diabetic women with higher BMI
could be associated with oxidative stress. Our
assumption is supported by the study of Aslan
et al.,3” who observed a negative correlation be-
tween LPO levels and arylesterase PON1 activity
and a negative correlation between the BMI and
arylesterase PON1 activity in obese patients. It
strongly suggests that decreased PON1 activity
may be at least partially related to the consump-
tion of PON1 caused by lipid peroxidation pro-
cess enhanced by obesity.?’

Moreover, the lack of a negative correlation be-
tween LPO levels and BMI in the control group
shows that accumulation of fat and enhanced
lipid peroxidation process is higher in diabetic
women than in healthy women. We think that it
could be related to IIT treatment because insu-
lin is an anabolic hormone enhancing lipogene-
sis,3® which could indirectly increase LPO forma-
tion in this patient group. However, further re-
search is much needed.

Conclusions Low PON1 arylesterase activity sug-
gests insufficient HDL capacity to protect against

lipid oxidation in patients with type 1 diabetes. It

seems that low PON1 activity and high LPO lev-
els are not the most critical factors for the devel-
opment of late diabetic complications in patients

with type 1 diabetes. Increased LPO formation ob-
served in women with type 1 diabetes seems to

be the result of higher lipogenesis, which is not

observed in men.
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STRESZCZENIE

WPROWADZENIE  Niewyréwnanie metaboliczne cukrzycy jest jedng z najwazniejszych przyczyn rozwoju
i progresji przewlektych powiktan cukrzycowych, ale bada sig tez inne istotne dla tego procesu czynniki.
Zmniejszona aktywno$¢ paraoksonazy 1 (PON1) oraz duze stezenie nadtlenkdw lipidowych (lipid peroxi-
dation — LPO) przyczyniajg sie do uszkodzenia $rédbtonka, natomiast nadal nie wyjasniono, czy istotnie
wptywajg na rozwéj péznych powiktan cukrzycowych.

ceLE  Celem badania byta ocena aktywno$ci aryloesterazowej PON1 i stezenia LPO u pacjentdw z cukrzyca
typu 1 oraz wyjasnienie, czy istnieje zwigzek migdzy tymi parametrami a wyréwnaniem metabolicznym
cukrzycy i rozwojem przewlektych powiktan cukrzycowych. Oceniali$my takze, czy warto$ci PON1 oraz
LPO sg rozne dla kobiet i mezczyzn chorych na cukrzyce typu 1.

PACJENCI I METODY Badaniem objeto 80 pacjentéw z cukrzyca typu 1 oraz 24 zdrowe osoby. Aktywno$¢
PON1 zmierzono metoda spektofotometryczna, a stezenie LPO oceniono za pomocg komercyjnego testu
biochemicznego.

wynIKI U pacjentéw z cukrzyca typu 1 zaobserwowano mniejszg aktywno$¢ PON1 oraz wigksze ste-
zenie LPO niz u oséb zdrowych. W grupie badanej wykazano ujemng korelacje pomigdzy aktywnoscig
PON1 a stezeniem LPO. Nie znaleziono zalezno$ci pomiedzy aktywnos$cig PON1 i stezeniem LPO a wy-
réwnaniem metabolicznym cukrzycy lub wystepowaniem przewlekiych powikfan cukrzycy. Natomiast
u kobiet z cukrzyca typu 1 wykazano dodatnig korelacje pomigdzy stezeniem LPO a warto$cig wskaznika
masy ciafa.

wnioski  Wyniki naszych badan wskazuja, ze zmniejszona aktywno$¢é PON1 oraz duze stezenie LPO
nie sg najwazniejszymi czynnikami wpiywajgcymi na rozwdj przewlektych powikian w cukrzycy typu 1.
Natomiast zaobserwowane duze stezenie LPO u kobiet z cukrzycg typu 1 moze byé wynikiem przyspie-
szonej lipogenezy w tej podgrupie w poréwnaniu z mezczyznami z cukrzyca typu 1.
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