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Abstract

Sulfur mustard, a chemical warfare agent, has short- and long-term effects on various organs including respiratory
system. Its late toxic effects on biological macromolecules among exposed veterans have not been well studied. We
performed a study to determine paraoxonase-1 (PON1) activity and phenotype distribution as well as its correlation
with albumin level in 289 male veterans with severe pulmonary complications who had exposure to sulfur mustard
20 years ago and in 66 age and ethnic matched healthy male subjects as controls. Serum albumin levels were lower in
the veterans compared to controls (P<0.001). Mean basal PON1 activity was 91.61+44.80 U/mL in the veteran group
versus 110.27 £50.23U/mL in controls (P=0.005). Arylesterase activity was not significantly different between the
two groups. Paraoxonase to arylesterase activity ratio was significantly lower in the veterans as compared to controls
(P=0.005), mainly indicative of decreased PON1 activity rather the enzyme level. Significant reduction was found in
serum albumin and PON1 activity with disease severity. Moreover, decreased high active BB (high activity) phenotype
and increased intermediate active AB (moderate activity) phenotype were found in the veterans. This condition may
lead to long-term accumulation of reactive oxygen metabolites resulting in a pro-oxidation milieu, which in turn can
lead to increased peroxide levels and decreased antioxidant PON1 activity. In conclusion, lower serum PON1 activity
and albumin might contribute to morbidity and occurrence of other complications such as atherosclerosis and rapid
aging in the veterans suffering from late toxic effects of sulfur mustard.
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Introduction SM and its derivatives are known to react with cysteine
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Sulfur mustard (SM) is an alkylating agent that was used
extensively as a chemical warfare during World War I and
the Irag-Iran War. Eyes, skin, and in particular, respira-
tory system are three primary target organs affected
by mustard gas. Injuries in these organs may persist
for 20 years after exposure.V) The reported late respira-
tory complications of SM include chronic bronchitis,
bronchiectasis and fibrosis. Bronchiolitis obliterans has
also been reported as the main late complication of SM
exposure.®

residues in proteins, as well as with histidine, glutamic
acid and aspartic acid. It has been shown that albumin
is effectively alkylated by SM and that the Cys* residue
is an important site for alkylation.®) In the case of SM
toxicity, inactivation and depletion of the antioxidant
enzymes results in oxidative stress and activation of
the immune system in the lungs. It is not clear whether
oxidative stress is a direct effect of mustard gas toxicity
or a consequence of the inflammation.”) In any case,
the oxidant/antioxidant imbalance may cause a variety
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of respiratory diseases such as bronchiolitis obliterans,
chronic obstructive pulmonary disease (COPD), pulmo-
nary fibrosis and asthma.®

Paraoxonase-1 (PON1, E.C.3.1.8.1) is a 44kDa Ca*-
dependent glycoprotein. It is synthesized mainly in the
liver and circulates on the surface of high-density lipo-
protein (HDL). It is a multifunctional antioxidant enzyme
which hydrolyzes a variety of organic compounds includ-
ing organophosphates, arylesters, lactones and specific
oxidized lipids. Oxidative stress, by increasing lipid and
protein oxidation or decreasing vitamins and antioxidant
enzymes, has also negative effects on the PON1 expres-
sion and activity; therefore, dietary antioxidants would
preserve PONI activity.) PON1 possesses peroxidase-
like activity, which confers a protective effect against
lipoprotein oxidation and homocysteine thiolactonase
activity involved in its antiatherogenic properties.”

PON1 varies in its hydrolyzing capacity due to several
polymorphisms in the coding and non-coding regions of
its gene.® The capacity of PON1 alloenzymes to protect
LDL from oxidation is the inverse of that of paraoxon
hydrolytic activity.”) Several studies have revealed the
relationship between PON1 and pulmonary diseases,”
the presence or extent of coronary artery diseases (CAD)
and cardiovascular diseases."Y An epidemiologic study
has shown that, in middle-aged men, low paraoxo-
nase activity is an independent risk factor for coronary
events.(?Itisalso proposed thathypoalbuminemiamaybe
a causal risk factor for lung injury"® and atherosclerosis.®*
Furthermore, conditions with high oxidative stress such
as coronary heart disease, dyslipidemias (low-HDL syn-
drome, hypertriglyceridemia), inflammatory processes,
diabetes mellitus and certain neuropathies result in
decreased PONT1 activity.'» Low serum PON1 activity was
reported independent of genotype in diseases associated
with accelerated atherogenesis such as type 2 diabetes
mellitus, hypercholesterolemia, iron-deficiency anemia
and renal failure.'"'® Furthermore, exposure to environ-
mental chemicals such as organophosphate pesticide and
nerve gas also result in PON1 inhibition.0” A decreased
capacity to detoxify nerve gas due to low serum PON1
activity was reported to be contributed to the develop-
ment of Gulf War Syndrome.!®

The possible role of oxidative stress in the pathogene-
sis of SM toxicity in conjunction with the antioxidant role
of PON1 is the rational for investigating PON1 activity
and phenotype distribution in pulmonary incapacitated
veterans with history of SM exposure. To our knowledge,
there has been no comprehensive study on the PON1
activity and phenotype distribution in this regard. It
can also be speculated that PON1 activity could help to
further identification of subjects with an elevated risk of
other diseases such as atherosclerosis.

Materials and methods

The study was performed on 289 SM-exposed male veter-
ans with clinically significant pulmonary complications
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and 66 healthy male from victims' family members
with the same age as controls. An informed consent
was obtained from all subjects before measurements.
Patients’ history of hypercholesterolemia, hyperten-
sion, diabetes, and current smoking habits was obtained
from their medical records. Baseline data were col-
lected by trained research assistants during face-to-face
interviews. Pulmonary function test was performed
in all participants according to the American Thoracic
Society Criteria using spirometry device (Chest 801
Spirometry).

Blood samples

A venous blood sample after overnight fasting was
obtained from all participants. The blood samples were
collected in tubes with K,EDTA. The samples were cen-
trifuged, aliquoted and immediately frozen at —-70°C for
later assessment. Serum was used for the determination
of biochemical parameters.

Biochemical analyses

Serum levels of glucose, urea, creatinine, uric acid,
total protein, triglyceride (TG), total cholesterol (TC),
low-density lipoprotein (LDL)-cholesterol, and HDL-
cholesterol were measured by available assay kits (Pars
Azmoon-Co, Tehran, Iran). Serum albumin level was
measured colorimetrically (Pars Azmoon-Co, Tehran,
Iran), serum lipoprotein(a) (LP(a)), apoA-I and apoB lev-
els were determined using commercial assay kits (Alpha
Laboratories, Eastleigh, UK) on an ELISA reader (Biotek
Power wave XS2, USA).

Assay of paraoxonase activity

PON1 baseline activity (without NaCl) and salt-stimulated
activity (with 1 mol/L NaCl) were assayed according to
absorbance at 405nm for 5min following the formation
of p-nitrophenol. The assay buffer contained 0.125 mol/L
Tris-HCI, 1.25 mmol/L CaCl,, and 1mol/L NaCl (pH
8.5). For each set of assays, 6 mmol/L of paraoxon (0,0
diethyl- O-p-nitrophenylphosphate; Sigma Chemical
Co., USA) substrate solution was freshly prepared from a
stock solution of 120 mmol/L paraoxon in acetone diluted
with 0.125 mmol/L Tris-HCI. Paraoxon stock solution
was handled very cautiously with protective measures.
The assay tube contained 790 pL of Tris buffer, 10 pL of
serum and 200 pL of 6 mmol/L paraoxon. The reaction
was initiated at 37°C with adding the substrate solution;
absorbance was continuously monitored at 405nm. The
PONT1 unit was defined as the enzyme quantity that dis-
integrates 1 pmol of paraoxon substrate per min. [(PON1
activity with 1 mol/L NaCl) - (basal PON1 activity)/basal
PONI activity] x 100,09

Assay of arylesterase (AE) activity

AE activity was measured with phenylacetate substrate
as previously described.!® AE activity was manipulated
with salt. The assay tube contained 748 pL of 0.1 mol/L
Tris-HCI (pH 8.5), 1 mmol/L CaCl,, 125 pL of 12 mmol/L
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phenylacetate and 2 pL of serum. The absorbance was activities were significantly lower in the veterans com-
continuously monitored at 270 nm at 37°C. The units were pared with the controls. Mean basal PON1 activity was
expressed as milimoles of phenylacetate hydrolyzed per 110.27 £50.23 (range 44.3-289.9) U/mL in controls and
minute. 91.61+44.80 (range 28.6-253.9) U/mL in non-diabetic

veterans (P=0.005). Mean activity of PON1 in the pres-
Distribution of PON1 phenotypes ence of 1M NaCl (salt-stimulated paraoxonase activity)

PON1 phenotype was determined using double substrate was 257.25 +175.81 (range 60.02-605.3) U/mL in controls
method in each participant as follows: salt-stimulated vs. 191.70+124.02 (range 40.17-585.87) U/mL in non-

paraoxonase activity was divided by the arylesterase diabetic SM-exposed veterans (P=0.001). These features
activity.!” Based on this ratio, samples were divided into reveal up to a ten-fold variation in enzymatic activities
three phenotypes: ratios of 0.3-1.2 as AA (low activity); within the study groups. Arylesterase activity, indicative
1.21-3.25 as AB (moderate activity) and 3.26-6.7 as BB of PONI1 level, was not significantly reduced in non-dia-
(high activity). betic veterans as compared to controls.

Standardizing the PON1 activity based on serum lev-
Statistical analysis els of HDL-cholesterol (PON1/HDL) or apoA-I (PON1/
Statistical analyses were conducted using SPSS 18.0 soft- apoAl) revealed that the standardized enzyme activity
ware (SPSS Inc., Chicago, IL, USA). Data are expressed (PON1/HDL) was also significantly lower (P=0.006) in
as mean * standard deviation. Normality of the sample veterans comparingto controls (Table 3). However, there
distribution of each continuous variable was tested with was no significant difference between veterans and con-
the Kolmogorov-Smirnov test. Differences of continuous trols in term of PON1/apoA-I ratio. Furthermore, posi-
variables were evaluated by the Student’s-t or Mann- tive but not significant correlation was found between
Whitney U-tests, based on the shape of the distribution serum PONI1 activity and HDL-cholesterol level in
curves. veterans (r=0.006, P=0.929). Arylesterase activity

was not significantly different between the two groups
(Table 2). PON1 arylesterase activity was also standard-

Results ized based on HDL-cholesterol level (Arylesterase/
The basic values of biochemical serum parameters of the HDL) and ApoA-I (Arylesterase/apoA-I), but no signifi-
two study groups are shown in Table 1. There were no cant differences were found between the study groups
significant differences between the two groups in terms (Table 3). There were no significant differences in
of blood glucose, uric acid, cholesterol (LDL and HDL), term of TC/HDL-cholesterol and apoB/apoA-I ratios
triglyceride and creatinine levels. However, a signifi- between the two study groups.
cantly higher serum urea level and lower serum albumin Theratio of salt-stimulated paraoxonase to arylesterase
level and albumin to globulin ratio were found in the activity showed a trimodal PON1 frequency distribution
SM-exposed veterans as compared to controls. in both SM-exposed subjects and controls (Table 4). The
Table 2 summarizes paraoxonase activities in the relative PON1 phenotype distribution appeared to be sig-
study groups. Serum basal and salt-stimulated PON1 nificantly different between controls and veterans.

Table 1. Comparison of biochemical finding between SM-exposed patients and controls.

Parameters Control (n=63) Exposed (n=258) Pvalue
FBS (mg/dL) 96.36+17.73 102.76 +29.87 0.105
Cholesterol (mg/dL) 201.97+39.53 204.23+44.46 0.712
TG (mg/dL) 203.14+124.2 205.14+151.75 0.923
LDL (mg/dL) 126.58+36.90 126.27+37.85 0.953
HDL (mg/dL) 36.08+10.95 37.18+12.09 0.509
Urea (mg/dL) 34.52+9.48 42.02+12.76 <0.001
Creatinine (mg/dL) 0.95+0.18 0.94+0.17 0.544
Urea/creatinine 37.15+11.95 45.09+12.42 <0.001
Uric acid (mg/dL) 6.26+1.16 6.13+1.32 0.469
ApoB (g/L) 0.813+0.298 0.713 +.299 0.017
ApoA-1(g/L) 0.821+0.485 0.786+0.462 0.590
Lpa (mg/dL) 11.54+7.63 11.76+7.83 0.845
Total protein (g/dL) 7.84+0.54 7.67+0.82 0.112
Albumin (g/dL) 5.238+0.426 4.953+0.439 <0.001
Globulin (g/dL) 2.606+0.344 2.717+0.585 0.150
Albumin/globulin 2.04+0.30 1.89+0.37 0.002

Values are expressed as mean + S.D.
ApoB, apolipoprotein B; ApoA-I, apolipoprotein A-I; FBS, fasting blood sugar; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; TG, triglyceride.
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Table 2. PONI activities in SM-exposed patients and controls.

Parameters Control (n=66) Exposed (n=250) Pvalue
Paraoxonase (U/mL) 110.27+£50.23 92.18+45.05 0.005
Arylesterase (kU/L) 113.71+23.01 108.42+29.83 0.182
Salt-stimulated paraoxonase (U/mL) 257.25+175.81 191.70+124.02 0.001
Percentage of activation by 1 M NaCl 118.94+98.21 99.23+65.02 0.052
Paraoxonase/arylesterase activity 2.19+1.37 1.77+0.99 0.005
Values are expressed as mean + SD.
Table 3. Lipoproteins effects on PON1 activities in SM-exposed patients and controls.

Control Exposed Pvalue
Parameters n Mean + SD n Mean + SD M-N
Paraoxonase/HDL 63 3.53+2.51 242 2.77+1.84 0.006
Paraoxonase/ApoA-I 63 192.13+208.01 258 203.43+265.74 0.131
Paraoxonase/LDL 62 0.99+0.60 238 0.76+0.43 0.004
Arylesterase/ApoA-I1 63 200.49+183.10 258 237.67+289.61 0.728
Arylesterase/HDL 63 3.54+1.74 242 3.28+1.59 0.202
TC/HDL 63 6.27+2.85 257 6.18+2.95 0.740
LDL/HDL 62 3.86+1.93 252 3.70+1.52 0.676
ApoB/ApoA-I 62 1.46+1.32 249 1.52+2.01 0.169

ApoB, apolipoprotein B; ApoA-I, apolipoprotein A-I; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TC, total cholesterol.

Table 4. Paraoxonase phenotypes distribution in SM-exposed
patients and controls.

Pvalue
Parameters Controln (%) Exposedn (%) (x-square)
AA 25 (37.9) 97 (35.8)
Phenotypes AB 29 (43.9) 155 (57.2) 0.011
BB 12(18.2) 19 (7.0)

AA, low activity paraoxonase; AB, intermediate activity
paraoxonase; BB, high activity paraoxonase.

Basal and salt-stimulated paraoxonase activities showed
significant increase with the order of the AA<AB<BB phe-
notypes in both controls and veterans. No significant dif-
ferences were observed in serum PONI activity towards
phenylacetate among the AA, AB and BB phenotypes
(Table 5). Basal paraoxonase activity in serum from vet-
erans with phenotypes AA and AB was significantly lower
than that of the corresponding phenotypes in controls.
Salt-stimulated paraoxonase activity in serum from veter-
ans was significantly lower than that of controls only for AB
phenotype.

Among lipid profile parameters, only TG levels in the
BB phenotype group were significantly lower in veterans
compared to controls (data not shown).

Correlation between arylesterase and paraoxonase
activity is shown in Table 6 and Figure 1A. Paraoxonase
activity showed a positive correlation with arylesterase
level in both groups (r=0.499, P<0.001 for controls;
r=0.431, P<0.001 for veterans). Paraoxonase activity did
not show any significant differences between the two
groups in the first and second quartiles of arylesterase
activity, but it was significantly lower in veterans for third
and forth quartiles as compared to controls (Table 6).
There was also a significant positive correlation between
serum albumin level and paraoxonase activity (Figure
1B) in both controls (r=0.254, P<0.045) and veterans
(r=0.135, P<0.035).
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Veterans were grouped based on disease severity in
order to verify the roles of PON1 activity and albumin lev-
els on pulmonary complications (Table 7). Arylesterase
activity was not significantly different between controls
and any of patient groups. However, albumin levels and
paraoxonase activity were significantly lower in veterans
with sever pulmonary diseases as compared to controls
and a gradual decrease in paraoxonase activity and albu-
min levels was found with increasing disease severity.

Veterans were also divided into two groups based on
serum albumin levels (data not shown). Paraoxonase
activity in veterans with albumin levels <4.75mg/dL was
significantly lower than in those with higher albumin
levels. Veterans with low albumin levels (<4.75) had also
low total protein levels. No significant difference was
found between the two groups of veterans in term of ary-
lesterase activity.

Discussion

Oxidative stress seems to be involved in SM toxicity®?
and may contribute to the pathogenesis of various dis-
eases and injuries. Based on the impact of oxidative
stress in respiratory and heart diseases and the lack of
studies on the role of antioxidants, including albumin
and PON], in the population suffering of late toxic effects
of SM, we evaluated serum levels of albumin and PON1
activity in these individuals. In a recent study, cardiac
symptoms and signs in mustard gas exposed patients
were evaluated by physical examination. The prevalence
of chest pain was higher in veterans than in controls, but
no difference was reported in term of cardiac signs.?
Several authors strongly emphasized on the importance
of serum PON1 concentrations and activities in rela-
tion with COPD' and ischemic stroke susceptibility.??
Accordingly, it is expected that the lower PON1 activity
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Table 5. Serum PONI1 activity in the AA, AB and BB phenotypes of SM-exposed patients and controls.

Control Exposed
Activities AA (n=25) AB (n=29) BB (n=12) AA (n=97) AB (n=155) BB (n=19)
Arylesterase (kU/L) 103.11+21.65 121.12+22.34* 117.88+20.38 107.29+24.99 108.78 +33.26 110.38+16.79
Paraoxonase (U/mL) 64.91+15.17  130.00+£36.89° 157.05+53.41"¢ 56.74+14.82¢ 104.02 +39.68"¢ 168.42+36.75"¢
Salt-stimulated 95.71+24.81  285.10+£85.44> 526.51+149.30>° 86.90+25.36 223.79+96.90¢  466.69 +130.77>¢

paraoxonase (U/mL)

Significant compared with AA (*P<0.01, > P<0.001, ANOVA tukey post hoc); Significant compared with AB (°P<0.001, ANOVA tukey post
hoc); Comparison between exposed and control (P<0.01, independent ¢-test).

Table 6. Correlation between arylesterase and paraoxonase activity.

Paraoxonase (U/mL)

Control Exposed
Pvalue Pvalue
Arylesterase level n Mean+SD  Median = ANOVA n Mean + SD Median ANOVA  Pvalue ¢-test
<91.7 11 61.11+18.69 54.48 75 69.73+25.96 63.71 0.293
91.7-107 17 88.26+32.90 79.87 67 88.69+38.67 84.03 0.967
107-125.2 18 117.37+40.00 11866  <0-001 65 91.29+37.96 87.72 <0.001 0.013
>125.2 20 149.61+50.94 142.20 64 120.64+57.82 115.19 0.048
A B %0
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Figure 1. Pearson correlation between (A) Arylesterase and salt-stimulated paraoxonase activity in controls (n=66, r=0.499, P<0.001) and
veterans (n=271, r=0.431, P<0.001). (B) Albumin and paraoxonase activity in controls (n=63, r=0.254, P=0.045) and veterans (n=243,

r=0.135, P=0.035).

in SM-exposed veterans may lead to these complications.
Furthermore, this could contribute to the known clinical
complications such as respiratory, ocular and skin prob-
lems in SM-exposed veterans.

Serum basal and especially salt-stimulated paraoxo-
nase activities were significantly lower in SM-exposed
veterans; however, arylesterase activity, an index of
enzyme concentrations, was not significantly reduced in
this group. The higher differences in paraoxonase activity
between veterans and controls in the presence of salt may
be partly due to the presence of enzymes with low activ-
ity and/or inactivated enzymes in the veterans. In vitro
experiments showed that high levels of urea, creatinine
and uric acid did not affect PON1 activity.®® Therefore,
the significant increased urealevel in our series may have
not affected the paraoxonase activity and the observed
reduced activity seemed to be due to other factors.

Can Demirdogen et al. reported that the paraoxonase/
arylesterase activity ratio may be a protective factor for
ischemic stroke.?” In our study, this ratio was significantly

© 2011 Informa Healthcare USA, Inc.

lower in veterans comparing to controls, indicative of
reduced PON1 activity rather than enzyme level. Both
Paraoxonase and arylesterase activities were lower in
subjects with significant CAD,®» lung cancer,® active pul-
monary tuberculosis,®® sepsis,®” -thalassemia minor,®®
and active Helicobacter pylori infections.?® Other studies
on patients with chronic liver impairment as well as in
HIV-infected subjects have shown decreased PON1 activ-
ity despite the increased PON1 concentration.®*V In this
study however, the paraoxonase activity and concentration
were not similar to those in the aforementioned studies.
In the present study, HDL-C and LDL-C levels were
not significantly different between veterans and con-
trols. However, paraoxonase/HDL-C and paraoxonase/
LDL-C ratios were significantly decreased in veterans as
compared to controls. It has also been shown that HDL-C
level, the carrier of PON1, is significantly low in major-
ity of studies as is the concentration of PON1, but in our
study neither HDL-C nor arylesterase activity were found
to be different in the study groups. This finding reveals
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Table 7. Comparison of albumin, arylesterase and paraoxonase activities according to severity of pulmonary complication.

Pulmonary assessment n Mean = SD Q1 Q3 Pvalue
Arylesterase (kU/L) Control 66 113.71+23.01 97.46 129.52
Mild 28 104.91+33.08 95.12 117.82 0.616
Moderate 37 108.23+37.40 81.98 128.07 0.868
Severe 162 106.80+26.00 89.62 121.73 0.423
Paraoxonase (U/mL) Control 66 110.27+50.23 67.41 137.58
Mild 28 97.89+50.55 54.94 126.73 0.755
Moderate 37 94.58 +55.00 52.63 115.42 0.459
Severe 162 91.12+41.56 59.10 111.27 0.037
Salt-stimulated paraoxonase  Control 66 257.25+175.81 94.18 359.19
(U/mL)
Mild 28 215.41+169.80 83.11 323.87 0.688
Moderate 37 200.22+142.29 95.57 259.00 0.291
Severe 162 188.10+122.62 93.72 238.23 0.009
Albumin g/dL Control 63 5.24+0.43 5.00 5.50
Mild 27 5.02+0.52 4.60 5.30 0.190
Moderate 37 4.98+0.35 4.80 5.20 0.037
Severe 153 4.94+0.44 4.70 5.20 <0.001

Pvalue: Comparison between groups with control (tukey post hoc).

that low paraoxonase activity in veterans is independent
of the serum levels of PON1, HDL-C and LDL-C. It has
been reported that decreased PONI activity could be
secondary to enzyme inactivation due to increased oxi-
dative stress or accompanying an acute phase response
that inhibits hepatic synthesis of PON1.(?3) The latter
mechanism was not the case in our study because ary-
lesterase activity, indicative of enzyme level and/or its
synthesis, was not significantly different between the two
groups. Therefore, factors reducing oxidative stress are
potentially capable of improving PON1 activity.

PON1 attached to HDL may block inflamma-
tory responses by preventing the oxidation of LDL.??
Decreased PONI1 activity during an acute phase reac-
tion is related to decreased apoA-I and missed contact of
PON1 with HDL. In this condition, HDL failed to protect
LDL from oxidation.®” The failure of HDL to protect LDL
from oxidation has been shown in patients with coronary
atherosclerosis as a result of low PON1 activity despite
relatively normal HDL levels.®¥

It is investigated whether changes in apoA-I level
were responsible for decreased PON1 activity and found
that the PON1/apoA-I ratio was not different in veterans
and controls. This result indicates that low apoA-I levels
may also play a role in lower paraoxonase activity in vet-
erans. Modification of apoA-I by reactive oxygen species
under systemic inflammation might be a possible cause
in the lack of apoA-I ability to play its normal function.®®
However, we did not find any relationship between
plasma HDL-C level and PON1 activity. It seemed that
inflammation did not proportionately reduce the HDL-C
and apoA-Ilevels and PON1 activity despite the fact that
apoA-I and PON1 were both bound to HDL particles.®®

Using two-substrate analysis to determine the PON1
phenotypes, we found different PON1 phenotypes dis-
tribution in the control and patient groups. Three phe-
notypes were postulated for PON1 based on the enzyme
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activity: low (AA), intermediate (AB), and high (BB). The
A and B isoforms are characterized by a low and high
paraoxonase activity respectively. PON1 phenotype dis-
tribution in the control group was the same as PON1 phe-
notypes in healthy Iranian population.'® In accordance
with previous study,'” the BB phenotype was associated
with increased serum TGs levels in controls. Considering
the discrepancy between different studies on PON1
polymorphisms and serum lipid levels,®”* further stud-
ies are required to clarify the actual influence of PON1
phenotypes on lipid profile.

Variability of PON1 status would impact the metabo-
lism of many drugs and environmental toxic agents
such as pesticides and various war gases. The capacity of
paraoxonase to hydrolyze lipid peroxides and some toxins
such as soman and sarin was reported to be the inverse of
paraoxon hydrolytic activity.*® The B polymorphism was
demonstrated as an independent cardiovascular risk fac-
tor and constitutes a better predictor of vascular disease
than PON1 gene polymorphisms.“? It has been reported
that PON1 polymorphisms and low PON1 activity might
be considered as an independent risk factor for COPD.“V
However, there is no comprehensive study regarding the
relation of PON1 phenotype distribution with various
pulmonary diseases. In our study, the intermediate activ-
ity (AB) phenotype was more frequent in the SM-exposed
veterans than in controls. Therefore, it can be claimed that
the high activity (BB) phenotype may also be inactivated
due to the metabolic condition in veterans’ body. This dif-
ference in PON1 activity phenotypes could be ascribed to
the observed complications in veterans.“?

In this study, a significant decrease was found in
serum albumin level and albumin to globulin ratio in
the SM-exposed veterans. Albumin is the most abundant
protein in the plasma and is known as an extracellular
antioxidant, because it binds redox active metals and
limits the production of metal-catalyzed free radicals.
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sulfur mustard victims of Sardasht, Iran. Toxin Reviews 2009, 28,
8-13.

2. Ghanei, M., Mokhtari, M., Mohammad, M.M., Aslani, J.
Bronchiolitis obliterans following exposure to sulfur mustard:

Decreased total thiol levels have been attributed to a
decrease in serum albumin levels and increased oxida-
tive stress in the elderly.“? PON1 is also inactivated due

to the interaction of its free sulthydryl group (Cys**) with chest high resolution computed tomography. Eur ] Radiol 2004,
oxidized lipids.*? Direct correlation between serum 52, 164-169.

albumin and PON1 activity was found in our study which 3. Noort, D., Hulst, A.G., de Jong, L.P., Benschop, H.P. Alkylation

is indicative of the possible role of albumin in paraoxo- of human serum albumin by sulfur mustard in vitro and in vivo:
. . Mass spectrometric analysis of a cysteine adduct as a sensitive
nase protection. However, lower correlation of albu-

. Kehe, K., Balszuweit, E, Steinritz, D., Thiermann, H. Molecular
may indicate that mustard gas causes albumin to fail in toxicology of sulfur mustard-induced cutaneous inflammation
paraoxonase protection.

5. Mallol, J., Aguirre, V., Espinosa, V. Increased oxidative stress in

o . . . children with post infectious Bronchiolitis Obliterans. Allergol
paraoxonase activity with disease severity was observed. P 8
Thus, both decreased albumin levels and decreased 6. Aviram, M., Kaplan, M., Rosenblat, M., Fuhrman, B. Dietary

antioxidants and paraoxonases against LDL oxidation and
tion following sulfur mustard exposure.
Low albumin levelis associated with decreased plasma 263-300. , .

7. Rozenberg, O., Rosenblat, M., Coleman, R., Shih, D.M., Aviram,
edema and heart disease as well as increased mortality macrophage oxidative stress: Studies in PON1-knockout mice.
in these patients.*” Therefore, albumin level can serve Free Radic Biol Med 2003, 34, 774-784.

SM-intoxicated veterans modulators of paraoxonase 1 (PON1) activity and expression: The
hunt goes on. Biochem Pharmacol 2011, 81, 337-344.
Conclusions of the paraoxonase gene (PON1) in Euro- and Afro-Brazilians.
Toxicol Appl Pharmacol 2002, 180, 151-156.
metabolites in SM-eXposed veterans may result in a stress in chronic obstructive pulmonary disease. Saudi Med J 2005,
. . . . . . . 26, 1882-1885.
pro-oxidation environment in their body, which in turn
Celik, H., Erel, O. Association of paraoxonase activity and coronary
antioxidant PON1 activity and albumin level. However, blood flow. Atherosclerosis 2008, 197, 257-263.
ment and other antioxidant is required to verify our Watt, M.,Mackness, M Lowparao?(onase activ.itypre.dicts coronary
. . . . . events in the caerphilly prospective study. Circulation 2003, 107,
conclusion and to provide more information regarding
. Maskara, S., Sen, N., Raj, ].P., Korah, I., Antonisamy, B. Correlation
sion, it is predicted that PON1 activity and albumin level between lung injury score and serum albumin levels in patients at
will be varied with the progress of pulmonary complica-
14. Folsom, A.R., Ma, J., Eckfeldt, ]J.H., Nieto, EJ., Metcalf, P.A.,
. o1 Barnes, R.W. Low serum albumin. Association with diabetes
SM-exposed veterans have increased susceptibility to
cardiovascular disease and rapid aging.

. . T biomarker of exposure. Chem Res Toxicol 1999, 12, 715-721.
min with paraoxonase activity in SM-exposed veterans 4
and blistering. Toxicology 2009, 263, 12-19.
Moreover, a decreasing trend in albumin level and
Immunopathol (Madr) 2011, 39, 253-258.
PONT1 activity may contribute in pulmonary complica-
atherosclerosis development. Handb Exp Pharmacol 2005, 170,
oncotic pressure, which in turn can result in pulmonary M. Paraoxonase (PON1) deficiency is associated with increased
as a Simple prognostic biomarker for heart failure in 8. Costa, L.G., Giordano, G., Furlong, C.E. Pharmacological and dietary
9. Allebrandt, KV,, Souza, R.L., Chautard-Freire-Maia, E.A. Variability
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R L. 2775-2779.
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risk for developing acute lung injury. Nutrition 2000, 16, 91-94.
tions in SM-intoxicated veterans. We also speculate that
mellitus and other cardiovascular risk factors but not with

prevalent cardiovascular disease or carotid artery intima-media
thickness. The Atherosclerosis Risk in Communities (ARIC) Study
Investigators. Ann Epidemiol 1995, 5, 186-191.
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