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Paraoxonase and Arylesterase Levels in Behget’s
Disease

Lipid hydroperoxides (LOOHSs) are by product of lipid peroxidation. Paraoxonase (PON),
arylesterase (ARE), free sulphydryl (SH) groups and ceruloplasmin (CP) are enzymes
or proteins with antioxidant characteristics. This study aims to determine the levels of
LOOHs, the levels of SH, the activities of PON1, ARE and CP in active and inactive
Behget's disease (BD) patients.

The study included 21 BD cases (10 active and 11 inactive) and 23 healthy volunteers.
The levels of LOOHs and SH and the activities of PON1, ARE and CP were determined.

The level of LOOHs was found to be significantly high, while level of SH and activities of
PON1, ARE and CP were observed as significantly low in the BD group, when
compared with the control group (p<0.001, for each). There was a significant negative
correlation between the level of LOOHs and the activity of ARE in the BD group (r=-
0.46, p<0.05). An increase in the level of LOOHs and a decrease in the activities of
PON1, ARE and CP were observed in the active BD group when compared with the
inactive BD group, but differences were not statistical significant (p>0.05, for each).

Results of the study indicate the impaired oxidant/antioxidant balance in BD. PON1 and
ARE possess anti-atherosclerotic characteristics in addition to antioxidant ones.
Accordingly, development of atherosclerosis in addition to tissue injury in BD seems to
be inevitable due to the decrease in antioxidant levels resulting from increased oxidative
stress.

Key Words:. Arylesterase, Behget's Disease, Ceruloplasmin, Lipid Hydroperoxide, Paraoxonase.

Behget Hastaligi’'nda Paraoksonaz ve Arilesteraz Diizeyleri

Lipit hidroperoksitler (LOOHSs), lipid peroksidasyon ara Urinudirler. Paraoksonaz
(PON), arilesteraz (ARE), serbest sulfidril (SH) gruplari ve seruloplazmin (CP)
antioksidan 6zellikleri olan enzim veya proteinlerdir. Bu ¢alismanin amaci, aktif ve inaktif
BD gruplarinda LOOHs ve SH duzeyleri ile PON1, ARE ve CP aktivitelerini belirlemektir.

Calismaya 21 BD olgusu (10 aktif, 11 inaktif) ile yas ve cinsiyetleri uyumlu 23 saglikli
gondlli alindi. Hasta ve kontrol gruplarinda LOOHs ve SH diizeyleri ile PON1, ARE ve
CP aktiviteleri uygun yontemler ile belirlendi.

BD grubunda, kontrol grubu ile karsilastirildiginda, LOOHs diizeyinde anlamh artma
(p<0.001); SH dizeyi ile PON1, ARE, CP aktivitelerinde anlamli azalma vardi (herbirisi
icin, p<0.001). BD grubunda, LOOHs duizeyi ile ARE aktivitesi arasinda anlamli negatif
korelasyon vardi (r=-0.46, p<0.05). Aktif BD grubunda, inaktif BD grubu ile
karsilastirildiginda, LOOHs dlzeyinde artma, PON1, ARE ve CP aktivitelerinde azalma
bulunmasina karsin, gruplar arasinda anlamli farklilik yoktu (herbirisi igin, p>0.05).

Calisma  sonuglari, BD'nda  oksidan/antioksidan  dengesinin bozuldugunu
gostermektedir. PON1 ve ARE, antioksidan ozelliklerine ek olarak anti-aterosklerotik
Ozelliklere de sahiptir. Bu dogrultuda, BD’'nda artmig oksidatif stres sonucu
antioksidanlarin azalmasi nedeniyle, doku hasarina ek olarak ateroskleroz gelisimi de
kaciniimaz gibi gérinmektedir.

Anahtar Kelimeler: Arilesteraz, Behget Hastalig, Seruloplazmin, Lipit Hidroperoksit, Paraoksonaz.
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Introduction

Behcet's Disease (BD) is a chronic, inflammatory and
multisystemic autoimmune disease. It is characterized by
recurrent oral aphthous ulcers, genital ulcer/scar, ocular
inflammation, skin and joint signs (1). Although the exact
etiology and pathogenesis of BD is not known yet,
genetic, environmental and autoimmune factors are
thought to be involved (2). In recent years increasingly
more attention has been attracted for reactive oxygen
species (ROS), which are formed as a result of normal
aerobic metabolism and whose production is increased
by active neutrophils during inflammation (3).

Activated neutrophils lead to the production of ROS
like hydrogen peroxide (H20.), hydroxyl radical (OH’),
superoxide radical (O;") through Fenton reaction, and of
nitrogen-involving radicals like peroxynitrite (3-7).
Polymorphonuclear leukocytes increase the production
of hypochlorous acid (HOCI) from H;O, Vvia
myeloperoxidase enzyme (5-8). HOCI, which leads to
sulphydryl oxidation and protein decarboxylation, takes
part in tissue injury through oxidative modification of
macromolecules in tissues (7,8). ROS which cause
peroxidation of double-chain fatty acids found in the cell
membrane, and thus cellular injury, also increase
oxidative stress (3,4,7). Oxidants damage the antioxidant
system, and decrease antioxidant levels. Antioxidant
defense system can protect the cell against potentially
detrimental effects of oxidant agents (5,7).

Increase in ROS production and decrease the level of
antioxidants due to oxidative stress in BD have been
demonstrated in previous publications (3,6,9,10). It has
been reported that the impaired oxidant/antioxidant
balance has been responsible for tissue injury in BD
(11,12). Moreover, the products of lipid peroxidation
(LPO) take active parts in endothelial dysfunction and the
pathogenesis of atherosclerosis (13,14). Chambers et al.
(4) have pointed out to the presence of endothelial
dysfunction in BD and have stated that endothelial
dysfunction, a precursor of atherosclerosis, has been
associated with oxidative stress and LPO products.
Increase in ROS, LPO products and oxidative stress,
together with the decrease in antioxidants may play roles
in the development of atherosclerosis, beside be
responsible for tissue injury (9-12). Moreover, it is well
known that increased cytokines and oxidative stress
trigger atherosclerosis by causing oxidative modification
of LDL (15), and oxidative stress markers increase and
antioxidants decrease in atherosclerosis and antioxidant
treatments have protective effects on atherosclerosis
(16,17).

Paraoxonase (PON) and arylesterase (ARE) which
are located on HDL are antioxidant and calcium
dependent esterase enzymes (18). They can hydrolyze
LPO products, as well as, organophosphates (18). It has
been shown both experimentally and clinically that the
levels of these enzymes decrease in many diseases
associated with atherosclerosis (18-21). Glutathione, one
of the main components of the antioxidant system,
detoxifies oxidants using sulphydryl (SH) groups. Levels
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of SH have been shown to decrease in BD (7,22,23).
Ceruloplasmin (CP), which is produced by hepatocytes
and associated with copper metabolism has antioxidant
characteristics, is an acute phase protein (24-26). It has
been reported that the level and the activity of CP
increase in inflammatory diseases like BD (11,23,27) and
contrary this activity of CP is inhibited via ROS (28).

The aim of this study is to investigate the changes in
the level of lipid hydroperoxides (LOOHSs), which are
oxidative stress marker and the activities of PON1, ARE
and CP and the level of SH, which have antioxidant
characteristics in BD.

Materials and Methods

The study included 21 BD cases who applied to
outpatient clinic of Rheumatology Department of Internal
Medicine of Medical Center of Firat University and 23
healthy individuals who age and sex matched. The
diagnosis of BD was made according to the International
Study Group’s criteria for BD (29). The patients were
divided into two groups, as active and inactive,
depending on the activity of their disease identified in the
light of clinical and laboratory findings. The patients were
interpreted as active if the patients with oral ulcer had at
least two of below pathologies; genital ulcer, skin lesion,
recent eye involvement, recent vascular involvement,
recent neurological involvement, active arthritis, positive
pathergy test and with high erythrocyte sedimentation
rate (ESR) and/or C-reactive protein (CRP) (7,22).
Histories of all individuals in the study were obtained,
and systemic and rheumatological physical examinations
were performed. Pathergy test was applied to all the BD
groups, and 24-48 hours later, the patients were
evaluated in terms of papulopustular lesions. All patients
were assessed by an ophthalmologist for eye
involvement.

Approval of the local ethics committee and informed
consent of the patients and healty individuals were
obtained. Patients with dyslipidemia, cardiovascular
diseases, diabetes mellitus, renal failure, chronic
infection, alcohol abuse, and who used antilipidemic and
antioxidant drugs were excluded from the study.

Blood samples were obtained at 08%°-09% a.m. after
8-12 hours of fasting. The samples were centrifuged at
3000 rpm for 10 minutes to obtain serum samples.
Ordinary biochemical assays were made in an Olympus
AU 600 Autoanalyzer using Olympus kits (Olympus
Corp., Tokyo-Japan). Erythrocyte sedimentation rate was
determined by classical Westergren method immediately
in whole blood with 1 mg/mL ethylene diamine tetraacetic
acid (EDTA). The level of CRP was determined by
immunoturbidimetric technique (Schiapparelli
Biosystems, the Netherlands). The levels of LOOHs and
SH, and the activities of PON1, ARE and CP, as the
specific parameters, were measured using appropriate
methods. Serums were stored at -20 °C until the day of
analysis.
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Measurement of sulphydryl groups: Free SH of
sera were assayed according to the method of Elman
(30) as modified by Hu et al. (31). Briefly, 1 ml of buffer
containing 0.1 M Tris, 10 mM EDTA, pH 8.2, and 50 pl
serum was added to cuvettes, followed by 50 yl 10 mM
DTNB in methanol. Blanks were run for each sample as
a test, but there was no 55'-dithiobis-(2-nitrobenzoic
acid) (DTNB) in the methanol. Following incubation for
15 min at room temperature, sample absorbance was
read at 412 nm on a Cecil 3000 spectrophotometer.
Sample and reagent blanks were subtracted. The
concentration of SH was calculated using reduced
glutathione as free SH standard.

Measurement of the activities of PON1 and ARE:
PON1 activity was determined using paraoxon as a
substrate and measured by increases in the absorbance
at 412 nm due to the formation of 4-nitrophenol, as
already described (32). Briefly, the activity was
measured, at 25 °C, by adding 50 yl of serum to 1 ml
Tris/HCI buffer (100 mM, pH 8.0) containing 2 mM CaCl,
and 5.5 mM of paraoxon. The rate of generation of 4-
nitrophenol was determined at 412 nm. Enzymatic
activity was calculated usmg the molar extinction
coefficient 17 100 M~" cm™

ARE activity was measured spectrophotometrically.
The assay contained 1 mM phenylacetate in 20 mM
Tris/HCI, pH 8. The reaction was started by the addition
of serum and the increase in absorbency was recorded
at 270 nm, as already described (32). Blanks were
included to correct for the spontaneous hydrolysis of
phenylacetate. Enzyme activity was calculated using the
molar extinction coefficient of 1310 M~ cm™.

Measurement of ceruloplasmin activity: Serum
ceruloplasmin activity was assessed by measuring its
oxidase activity using p-phenylenediamine as substrate
(33,34).

Measurement of lipid hydroperoxides: Triiodide
complex formed as a result of the reaction between lipid
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hydroperoxide and iodine was evaluated by
spectrophotometry at 365 nm wavelength. The results
were calculated u3|n4g the extlnctlon coefficient of
triiodide (€ = 2,46 x 10*.M™".cm™) (35).

Statistics: All results were expressed as means+SD.
Student's t-test and Spearman’s correlation analysis
were performed using SPSS for Windows Release 11.0
(SPSS Inc. Chicago, lllinois, USA). The P value less than
0.05 was considered to be significant.

Results

Twenty-one BD patients (8 female, 13 male; mean
age, 34,4 + 7,4 years; mean duration of disease, 3,7 +
2,9 years) and 23 healthy controls (9 female, 14 male;
mean age, 36,7 + 4,2 years) were enrolled to the present
study. Demographical characteristics and laboratory data
of the BD and the control groups are presented in Table
1.

There was no significant difference between the BD
and control groups in terms of age, sex, hemoglobin,
white blood cell count (WBC), fasting blood glucose, total
cholesterol, LDL, HDL and triglyceride values (p>0.05,
for each, Table 1). Although ESR was higher in the BD
group, the difference from the control group was not
significant (p>0.05); and the level of CRP was
significantly higher in the former (p<0.05).

The level of LOOHs was found significantly higher
(p<0.001, Figure 1), while the level of SH and the
activities of PON1, ARE and CP were significantly lower
in the BD group vs. the control one (p<0.001, for each,
Table 1, Figure 2). The activity of ARE negatively
correlated with the level of LOOHs and positively
correlated with the level of HDL (r=-0.46, p<0.05 and
r=0.51, p<0.05, respectively) and the activity of CP
positively correlated with the level of SH and negatively
correlated with the level of CRP (r=0.46, p<0.05, r=-0.47,
p<0.05, respectively and Figure 3) in the BD group.

Table 1: Demographical characteristics and laboratory findings of the patient group and the control group

BD (n:21) Controls (n:23) P
Age (years) 34,4474 36,7+4,2 0.202
Sex (M/F) 13/8 14/9 0.892
Disease Duration (years) 3,7£2,9 - -
BMI (Kg/m?) 24,2+3,4 24,1431 0.941
Hemoglobin (gr/dL) 14,2+1,1 15,1£1,8 0.854
WBC (mm’) 837613497 789014215 0.675
ESR (mm/h) 19,7+11,4 12,5489 0.452
CRP (mg/L) 21,5+23,2 3,2+2,3 0.022
Fasting blood glucose (mg/dL) 91,949,6 91,6+9,7 0.892
Total cholesterol (mg/dL) 175,8+38,9 170,3+31,4 0.810
LDL (mg/dL) 100,5+35,3 106,7+£31,4 0.473
HDL (mg/dL) 44,7+11,3 47,9+9,2 0.390
Triglyceride (mg/dL) 134,5+69,6 145,6177,8 0.320
PON1 activity (U/L) 91,83+20,11 149,05+21,32 0.000
ARE activity (U/L) 337,8+48,8 393,55+42,27 0.000
SH (mmol/L) 0,332+0,017 0,433+0,012 0.000
CP activity (U/L) 172427,2 211,1£29,7 0.000
LOOHs (umol H,0, Eqg/L) 9,9343,25 5,99+1,01 0.000

M; male, F; female, BMI; body mass index, WBC; white blood cell count, ESR; erythrocyte sedimentation rate, CRP; C-reactive protein,

PON1; Paraoxonase 1, ARE; arylesterase, SH; sulphydryl groups, CP; ceruloplasmin, LOOHS; lipid hydroperoxide.

309



ISIK A ve USTUNDAG B. Paraoxonase and Arylesterase F.0.Sag.Bil.Der.

20

17 p<0.001
154

LOOHSs (micromol H202 Eq/L)
S

54
t 005 I
0 L] L]
< e}
% e/
", G %
e e %
N2

Figure 1. The levels of LOOHSs in the control and the BD groups.
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Figure 2: Activities of PON1, ARE and CP and level of SH, which are all antioxidants, exhibit a statistically significant decrease in the active and
inactive BD groups, relative to the control group. The same antioxidants show decreased in the active BD group, versus the in active one, without a
statistically significant difference.
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Figure 3. The result of correlation analysis in the BD group. The activity of ARE is negatively correlated with the level of LOOHs and positively
correlated with the level of HDL, whereas the activity of CP is positively correlated with the level of SH and negatively correlated with the level of

CRP.

Of the BD cases, 100% (n:21) had oral ulcer, 57,1%
(n:12) genital ulcer or scar, 90,4% (n:19) skin lesion,
28,5% (n:6) ocular involvement, 9,5% (n:2) vascular
involvement, 4,7% (n:1) neurological involvement and
42.8% (n:9) positive pathergy test (Table 2).
Comparisons between the patients with and without
positive pathergy test and patients with and without
ocular lesions in the BD group did not show a significant
difference in terms of the parameters concerned (p>0.05,
for each).

In seven cases in the BD group (33,3%) diagnosis
were recently made in our department and they did not
use any drugs. The rest 14 cases (66,7%) had been
diagnosed previously and among these patients were
using colchicine (6 cases), azothioprine, corticosteroid

and colchicine combination (4 cases), infliximab and
methotrexate (2 cases), salazopyrin and colchicine (1
case) and interferon (1 case). There was not any
significant difference between recently diagnosed BD
cases and BD cases previously diagnosed in terms of
the parameters involved (p>0.05, for each).

The comparison between active (n:10) and inactive
(n:11) BD groups revealed significantly higher ESR and
CRP values in the former (p<0.01 and p<0.05,
respectively). An increase in the level of LOOHs and
decrease in activities of PON1, ARE and CP were
observed in the active BD group when compared with the
inactive BD group, but differences were not statistical
significant (p>0.05, for each, Table 3, Figures 1 and 2).
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Table 2. Clinical characteristic of patients with BD

Pl St sexwe) Dumten O Sl Skh oo Pabogy
(Years)

1 38 F 5 + + +

2 44 M 6 + + + +

3 34 M 3 + + +
4° 40 M 1 + + +

5 41 F 1 + + +
6 40 F 3 + + +

7 28 F 2 + + +

8 32 M 9 + + + +
9° 26 M 1 + + +
10 23 M 2 + + +

11 35 M 2 + + + +

12 45 M 5 + + +
13 31 F 1 + + +
14 27 F 1 + + +

15 29 F 1 + + +

16 22 M 3 + + + +°

17 25 M 1 + + +
18 41 M 15 + + +
19 45 M 8 + + +

20 37 M 4 + + +

21 34 F 3 + + +

M=male, F=female. *acneiform and erythema nodosum-like lesions. °pathergy test, which is the examination of the injury caused by the
tip of a needle in the forearm, 24-48 hours later with respect to papulopustular lesions. °cases who had vascular involvement in the
form of venous thrombosis. doptic atrophy was found in addition to sequel of uveitis in ophthalmologic examination.

Table 3: Laboratory data of active BD and inactive BD groups

Active BD (n:10)

Inactive BD (n:11)

P

ESR (mm/h) 28,3225 7,245.4 0.007
CRP (mglL) 40,3+23,6 42415 0.013
PON1 activity (U/L) 85,06:20,4 97,47+18,7 0.174
ARE activity (U/L) 329,7455,5 346,3+53,2 0.504
CP activity (U/L) 162,2+36,3 180,1+16,5 0.160
SH (mmol/L) 0,33+0,02 0,33+0,01 0.668
LOOHSs (umol H,0, Eq/L) 10,4843,97 9,49+2,82 0.526

ESR; erythrocyte sedimentation rate, CRP; C-reactive protein, PON1;

ceruloplasmin, LOOHs; lipid hydroperoxide.

Discussion

It is known that activated inflammatory cells lead to
ROS production in BD an autoimmune disease (3-7).
Increased ROS production, in turn, enhances LPO
products and causes tissue injury (3-7). It has been
reported that serum levels of malondialdehyde (MDA)
(5,10,36), and LOOHs (6), which are LPO products,
increase in BD, and high serum MDA levels negatively
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correlated with antioxidants (10) and treatment with
vitamin E, which is an antioxidant, significantly reduces
MDA level (5). Similarly, it has been established that
plasma and erythrocyte levels of thiobarbituric acid
reactive substance (TBARS), an LPO product, are high
in BD and there has been no significant difference
between active and inactive BD groups in terms of
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TBARS levels (37). However, Orem et al. (3) have
reported that LPO products in the active BD group are
higher than those in the inactive BD group. In the present
study, the level of LOOHs which are byproducts of LPO
have been found higher in the BD group, too. Although
when compared with inactive BD group, the level of
LOOHSs has been found slightly higher in the active BD
group, this difference has been not statistically
significant. This result we obtained is consistent with the
study of Akar et al. (37). The inconsistency of the results
about LPO products in active and inactive BD groups
might be related with the differences in the methods of
measurement used and/or in the methods used to
determine the disease activity. It is known that currently
there is no agreed activity criterias for BD.

CP, which is synthesized by hepatocytes and which
carries 90-95% of copper, is a protein with antioxidant
characteristics (24). Oxidation of increased amounts of
plasma homocysteine restores CP’s redox state, leading
to decreased copper transport into the cells (25).
Previous studies have shown that CP is a powerful
plasma antioxidant, when iron-stimulated reactions are
involved and this has mainly been ascribed to its
ferroxidase activity. The conversion of Fe?* into Fe** can
decrease oxidation by blocking the Fenton reaction
through a decrease in the quantity of oxidant Fe®* or
sequestration of iron from apotransferrin (26). Human CP
has recently been ascribed a thiol-linked peroxidase
activity which can remove H,O, and LOOHSs (24). On the
other hand, it has also been reported that ROS inhibit CP
activity (28). It is noted that CP activity increases in BD
and this is related with the acute phase response of CP
(7,22,23). In the present study, however, it has been
found that CP activity is reduced in BD and that CP
negatively correlates with CRP, a marker of acute phase
response, and positively correlates with SH which is
known as antioxidant. CP has also antioxidant properties
(24-26). The decrease in CP activity along with other
antioxidants in BD supports this claim and it seems to be
an expected result. However, it is also possible that
increased oxidants may be responsible for the decrease
in CP activity, as stated by Gutteridge et al. (28).

Serum SH groups act as important cellular
scavengers of peroxides and so help to protect cells from
damage by these molecules. Decrease in SH level not
only impairs cells’ response to oxidants, but also
changes the functions of inflammatory cells (38). It has
been reported that in BD there is a decrease in SH level
(7,22,23), which negatively correlates with MDA and
CRP levels (22), and which is more marked in active BD,
than in inactive BD (7). In our study, SH level has been
found to be lower in the BD group, in comparison to the
healthy controls, but there was no statistical difference
between the SH levels of active and inactive BD groups.
The positive correlation between the SH level and the
activity of CP, another antioxidant, seems to support the
claim that LPO products, together with other
antioxidants, reduce SH levels. Lack of a significant
difference between active and inactive BD groups with
regard to SH levels may have resulted from the
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inadequacy of criteria used to determine the disease
activity.

It has been reported that PON1 activity decrease in
BD (36) and RA (39,40) cases, when compared with the
healthy individuals, and activity of ARE also decreased
along with PON1 in RA cases with amyloidosis
complication (41). Activities of PON1 and ARE enzymes
have been found to be lower in the BD in the present
study, too. It has been shown that PON1 hydrolyzes LPO
products and H;O, (42). LPO products are not only
formed via lipoprotein oxidation, but also lipids in the cell
structure which undergo peroxidation in oxidative stress
(18). It is known that LPO products increase in BD
(3,5,6,10,36,37). In our study, a negative correlation has
been found between ARE activity and LOOHSs levels. We
think that the decrease in the activities of PON1 and ARE
enzymes may be important in terms of the progression of
BD.

PON1, which is a part of HDL cholesterol, is a strong
antioxidant enzyme that is believed to have a protective
role in the atherosclerotic process, by both contributing to
HDL’s protective effect against atherosclerosis and
preventing lipoprotein peroxidation and oxidation of LDL
cholesterol (18-20). Shih et al. (21) have demonstrated
that rats with genetically PON1 deficiency are prone to
atherosclerosis. It has been established that the activities
of PON1 and ARE decline in atherosclerosis (18-20).
Endothelial dysfunction and accelerated atherosclerosis
have been emphasized in BD (4). In the light of this data,
besides its contribution to disease progression, the
decrease in PON1 and ARE enzyme activities suggest a
possible increase in atherosclerosis incidence, in BD.

It is known that PON1 structure includes three
cysteine residues carrying sulphydryl groups. Of these,
cysteinyl residues on the position 41% and 352" are
involved in the formation of intramolecular disulphide
bonds, while cysteinyl residue on the position 283" is
free and responsible for activity (18-20,43). Aviram et al.
(43) have demonstrated that LPO products are bound to
cysteine residues found on the 283" position of PON1,
thereby inactivating PON1 and ARE activities. The
negative correlation found between LOOHs level and
ARE activity in our study supports the idea that LPO
products are responsible for the decrease in the activities
of PON and ARE in BD.

Experimental studies have shown that cytokines like
IL-1 and TNF-a reduce the production and the activity of
PON1 (44,45). It is known that the serum levels of many
cytokines like IL-1, IL-6, IL-8 and TNF-a increase in BD
(46-48). One probable reason of the decrease in
activities of PON1 and ARE in BD might be the increase
in these cytokines as pointed out by Feingold et al. (44)
and Kumon et al. (45). Not finding significant correlation
in PON1 and ARE activities with ESR, CRP and WBC
values in our study seems to decrease the above
probability. Activities of PON1 and ARE are known to be
affected from HDL level (18-20). Although we have
observed a positive correlation between HDL level and
activity of ARE, not finding significant difference in HDL
level between BD and healthy control reduces the
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probability of only HDL to be responsible from the
decrease in activities of PON1 and ARE in BD.

In conclusion, it has been established in the present
study that the level of LOOHs, LPO product, have
increased, and various antioxidants have decreased in
the BD group, relative to the healthy control group. PON1
and ARE, which have antioxidant characteristics, are
also known to possess protective effects against
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