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ABSTRACT
Objectives: This study aims to evaluate the possible roles of paraoxonase (PON), arylesterase (ARE), ischemia-modified albumin
(IMA) and albumin-adjusted IMA levels in patients with Bell palsy.
Patients and Methods: Thirty patients with Bell palsy and 30 healthy control subjects were included in the study. Serum PON, ARE,
IMA, albumin-adjusted IMA and lipid profiles were measured.
Results: Paraoxonase and ARE levels of the patient group were significantly lower than controls (p<0.001, p<0.001, respectively) and
IMA, albumin-adjusted IMA levels were significantly higher than controls (p<0.001, p=0.002, respectively).
Conclusion: This study suggests that oxidative stress may have a role in the pathophysiology of Bell palsy.
Keywords: Arylesterase; Bell palsy; ischemia-modified albumin; oxidative stress; paraoxonase.

The most common type of peripheral facial
paralysis is idiopathic facial paralysis or Bell
palsy (BP), which accounts for 60-70% of all
facial paralyses.[1] Bell palsy is an idiopathic,
acute, unilateral paralysis of the facial nerve.[2]
The incidence is 15-40/100,000. It is seen most
frequently between the ages of 15-40 with
equal frequency among men and women.[1] The
cause of BP is not fully known, but vascular
ischemia, autoimmune diseases, genetic and
viral inflammation have been proposed.[3]

Oxidative stress involves an imbalance between
the production of free radicals and the ability
of the body to neutralize their harmful effects
by antioxidant mechanisms.[4] Paraoxonase 1
(PON1) is an enzyme with a glycoprotein structure
having both PON and arylesterase (ARE) activity.[5]
Paraoxonase 1 is an antioxidant enzyme linked to
plasma high-density lipoprotein (HDL) and it has
shown to protect low-density lipoprotein (LDL)
from oxidation by free radicals and to reduce
oxidative stress.[6]
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Systemic markers of oxidative stress include
ischemia-modified albumin (IMA).[7] When
tissue ischemia occurs, the circulating albumin
is structurally altered. As a result of this change,
the cobalt binding property of albumin decreases
and it cannot bind with this metal. This newly
formed albumin is called IMA.[8]
To our knowledge, there are no studies
conducted to date on BP that evaluate levels of
PON, ARE and IMA. Therefore, we aimed to
investigate the combined relationship of PON,
ARE and IMA concentrations in the evaluation
of patients diagnosed with BP.

PATIENTS AND METHODS
This study was a collaboration between
Ankara Numune Training and Research
Hospital Medical Biochemical clinic and
Otorhinolaryngology clinic. It was performed
prospectively in November 2017. Thirty adult
BP patients and 30 adult controls without any
systemic disease were included in this study.
The diagnoses of the patients were made by an
otolaryngologist.
all

Blood samples were collected from
participants after overnight fasting.

All samples were centrifuged at 1200 g for
15 minutes and separated sera were stored at
-80°C until the time of analysis. Serum total
cholesterol, high density lipoprotein (HDL)
cholesterol, Low density lipoprotein (LDL)
cholestrol, triglycerides (TG) and albumin were
analyzed by routine biochemical procedures.
Measurements were performed by using
Beckmann Coulter AU5800 (Beckmann Coulter
Inc., Brea, CA, USA) analyzer. Paraoxonase 1 and
ARE activity were measured by photometric
assay. Paraoxonase 1 and ARE activities were
expressed as U/L.[9,10] Paraoxonase and ARE kit
(Rel Assay Diagnostics, Turkey) measurements
were performed using Beckmann Coulter AU
680 (Beckmann Coulter, Inc., Brea, CA, USA)
analyzer. Ischemia-modified albümin was
measured by a colorimetric assay developed
by Bar-Or et al.[11] based on measurement
of unbound cobalt after incubation with
patient serum. Ischemia-modified albumin
was measured by using a spectrophotometer
(Metertech Inc., Nangang, Taipei, Taiwan).
The results were reported as absorbance unit
(ABSU). All tests were performed on the same
day. Albumin-adjusted IMA was calculated
according to the following formula: (Individual

Table 1. Mean ages, gender distribution, PON, ARE, IMA, albumin, HDL, LDL, cholesterol, TG, albumin-adjusted IMA
levels of patient and control groups
Bell palsy group (n=30)
n
Age (year)
Gender
Male
Female

Mean±SD

IMA (ABSU)

Min-Max

n

33.6±8.3

Mean±SD

Median

Min-Max

31.1±6.4

14
16
71.10

p*
0.189
0.609

16
14

PON (U/L)
ARE (U/L)

Median

Control group (n=30)

30-162

109.47

38-189

<0.001

1131.6±255.2

1412.1±264.2

<0.001

0.6±0.1

0.5±0.1

<0.001

Albumin (g/dL)

4.9±0.5

4.1±0.3

<0.001

HDL (mg/dL)

54.3±9.1

49.2±9.5

0.035

LDL (mg/dL)

157.2±46.7

90.8±19.1

<0.001

Cholesterol (mg/dL)

260.7±54.4

TG (mg/dL)
Albumin-adjusted
IMA (ABSU)

159.4±26.2
255.10

79-636

0.6±0.1

<0.001
107.6

0.5±0.1

40-326

<0.001
0.002

PON: Paraoxonase; ARE: Arylesterase; IMA: Ischemia modified albumin; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; SD: Standard
deviation; Min: Minimum; Max: Maximum; ABSU: Absorbans unit; * Student t test and Mann-Whitney U tests.
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serum albumin concentration/median albumin
concentration of the population) ¥ IMA value.[12]
This study was conducted at Ankara Numune
Teaching and Research Hospital with approval
of the local Ethics Committee (E-17-1632).
Informed consent for participation in the study
was obtained from all participants. The study
was conducted in accordance with the principles
of the Declaration of Helsinki.
Statistical analysis
Data were analyzed with PASW version
18.0 for Windows (SPSS Inc., Chicago, IL, USA).
Distributions of the groups were analyzed
using the Kolmogorov-Smirnov test. Numerical

PON

Thirty patients with BP (14 males, 16 females;
aged 33.6±8.2 years; range 20 to 49 years) and
30 controls (16 males, 14 females; aged 31.1±6.4
years; range 20 to 47 years) were included in this
study. Differences between age and sex were not
statistically significant (p>0.05).

Paraoxonase and ARE levels in the patient
group were significantly lower than those in the
control group (p<0.001). Paraoxonase and ARE
levels of control and patient groups are shown
in Figures 1 and 2 respectively.

150.00

100.00

50.00

0.00
Patient

Groups

Control

Figure 1. Box and whisker plot showing the distribution of
serum PON levels in patient and control groups.
PON: Paraoxonase.

Patient group IMA and albumin-adjusted
IMA levels were significantly higher than
control group levels (p<0.001, p= 0.002,
respectively). Ischemia-modified albumin and
albumin-adjusted IMA levels of control and
patient groups are shown in a Box-Whisker plot
in Figure 3, Figure 4, respectively.
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RESULTS

Paraoxonase, ARE, IMA, albumin, HDL, LDL,
cholestrol, TG, albumin-adjusted IMA levels of
patient and control groups are listed in Table 1.
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variables were expressed as mean ± standard
deviation or median (minimum-maximum)
values. Additionally, parametric variables were
compared using the Student t-test, whereas nonparametric continuous variables were compared
with the Mann-Whitney U test. A p value of less
than 0.05 was considered significant.
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Figure 2. Box and whisker plot showing the distribution of
serum ARE levels in patient and control groups.
ARE: Arylesterase.
		

Figure 3. Box and whisker plot showing the distribution of
serum IMA levels in patient and control groups.
IMA: Ischemia modified albumin.
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Figure 4. Box and whisker plot showing the distribution of
serum albumin adjusted IMA levels in patient and
control groups.
		

IMA: Ischemia modified albumin.

Albumin, HDL, LDL, cholestrol, and TG
levels of patients were significantly higher than
controls (p<0.001, p=0.035, p<0.001, p<0.001,
p<0.001, respectively).

DISCUSSION
Bell palsy is an idiopathic, acute peripheral
facial nerve paralysis (PFP) usually affecting only
one side of the face. The cause of BP is unclear,
but viral infections, vascular ischemia and
autoimmune disorders have all been postulated
as possible mechanisms.[3]
Oxidative stress is defined as the
accumulation of reactive oxygen species in
the body when the antioxidant capacity is
not enough. One of the most common side
effects of oxidative stress is DNA damage and
endothelial dysfunction, which may underlie
various diseases.[13]
Paraoxonase 1 is an antioxidant and antiinflammatory enzyme associated with HDL.
Paraoxonase 1 has PON and ARE activities. The
enzyme prevents oxidation of serum lipoproteins
and its activity is sensitive to oxidative stress.
An oxidative medium causes a decrease in the
enzyme activity of PON.[14,15] Our data showed
that serum PON and ARE activities were
significantly lower in patients with BP compared
with controls.

remains unclear. This decrease could be
related to enhanced lipid peroxidation, since
an increased number of lipid and protein
oxidation products and decreased number
of antioxidant enzymes has been reported
to affect the expression and activities of
PON1.[9,16] It was also seen that LDL, TG and
total cholesterol levels in the patient group
were significantly higher than in the control
group. This may also support the fact that
higher levels of lipids cause an increase in
oxidative stress. The mean age of the patient
group was 33, and the patients were known
not to have any cardiovascular risks for an
increased lipid profile, so this increase in blood
lipid levels may be evaluated in conjunction
with decreased PON activity in BP patients as
markers of oxidative stress.
Excess of ROS may produce a chemical
modification of serum albumin resulting in
increased IMA. For this reason, IMA appears to
serve as an effective oxidative stress biomarker.
Serum IMA levels have a close relationship with
oxidative balance. An inadequate antioxidant
level may lead to increased IMA levels.[17,18] Our
results showed that IMA and albumin-adjusted
IMA in the patient group were significantly
higher than the control group which also
supports our findings of increased oxidative
stress in BP patients.
The present study is novel in that it
investigates serum PON, ARE, IMA and
albumin-adjusted IMA levels and lipid profile
in patients with BP.
A major limitation of our study is its crosssectional design. The data were obtained from
only a single center, and patient selection bias was
not completely avoided. This can be considered a
pioneer study for larger-scale clinical trials that
may be planned in the future.
In conclusion, the decrease in PON1 and ARE
activity and the increase in IMA and albuminadjusted IMA levels in patients with BP suggest
that oxidative stress may play a role in the
pathophysiology of BP.
Acknowledgements

The mechanism of the observed decrease in
serum PON and ARE activities in BP patients

The authors thank Hanım Serdaroglu for technical
assistance.

©2018 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.

Open Access

172

Tr-ENT

1. Lalwani AK. Current Diagnosis & Treatment in
Otolaryngology-Head & Neck Surgery. New York:
McGraw-Hill; 2008. p. 885-930.
2. Gilden DH. Clinical practice. Bell’s Palsy. N Engl J Med
2004;351:1323-31.
3. Kucur C, Baştürk A, Gürsel AO. Bell paralizisi: Tanı,
tedavi ve klinik takibi. Bakırköy Tıp Dergisi 2011;7:569.
4. Yadav AS, Saini M. Evaluation of systemic antioxidant
level and oxidative stress in relation to lifestyle and
disease progression in asthmatic patients. J Med
Biochem 2016;35:55-62.
5. Durrington PN, Mackness B, Mackness MI.
Paraoxonase and atherosclerosis. Arterioscler Thromb
Vasc Biol 2001;21:473-80.
6. Mackness MI, Arrol S, Durrington PN. Paraoxonase
prevents accumulation of lipoperoxides in low-density
lipoprotein. FEBS Lett 1991;286:152-4.
7. Awadallah SM, Atoum MF, Nimer NA, Saleh SA.
Ischemia modified albumin: an oxidative stress
marker in b-thalassemia major. Clin Chim Acta
2012;41:907-10.
8. Liyan C, Jie Z, Yonghua W, Xiaozhou H. Assay of
ischemia-modified albumin and C-reactive protein for
early diagnosis of acute coronary syndromes. J Clin
Lab Anal 2008;22:45-9.
9. Eckerson HW, Wyte CM, La Du BN. The human serum
paraoxonase/arylesterase polymorphism. Am J Hum
Genet 1983;35:1126-38.

10. Haagen L, Brock A. A new automated method for
phenotyping arylesterase (EC 3.1.1.2) based upon
inhibition of enzymatic hydrolysis of 4-nitrophenyl
acetate by phenyl acetate. Eur J Clin Chem Clin
Biochem 1992;30:391-5.
11. Bar-Or D, Lau E, Winkler JV. A novel assay for cobaltalbumin binding and its potential as a marker for
myocardial ischemia-a preliminary report. J Emerg
Med 2000;19:311-5.
12. Lippi G, Montagnana M, Salvagno GL, Guidi GC.
Standardization of ischemia-modified albumin
testing: adjustment for serum albumin. Clin Chem
Lab Med 2007;45:261-2.
13. Cokluk E, Sekeroglu MR, Aslan M, Balahoroglu
R, Bilgili SG, Huyut Z. Determining oxidant and
antioxidant status in patients with genital warts.
Redox Rep 2015;20:210-4.
14. Canales A, Sánchez-Muniz FJ. Paraoxonase, something
more than an enzyme?. Med Clin (Barc) 2003;121:53748. [Abstract]
15. Watson AD, Berliner JA, Hama SY, La Du BN, Faull KF,
Fogelman AM, et al. Protective effect of high density
lipoprotein associated paraoxonase. Inhibition of the
biological activity of minimally oxidized low density
lipoprotein. J Clin Invest 1995;96:2881-91.
16. Aviram M, Rosenblat M, Billecke S, Erogul J, Sorenson
R, Bisgaier CL, et al. Human serum paraoxonase (PON
1) is inactivated by oxidized low density lipoprotein
and preserved by antioxidants. Free Radic Biol Med
1999;26:892-904.
17. Roy D, Quiles J, Gaze DC, Collinson P, Kaski JC, Baxter
GF. Role of reactive oxygen species on the formation
of the novel diagnostic marker ischaemia modified
albumin. Heart 2006;92:113-4.
18. Türedi S, Karahan SC, Menteşe A, Gündüz A, Topbaş
M, Koşucu P, et al. Investigation of relationship
between the D-dimer and ischemia-modified albumin
levels with the radiological imaging-based pulmonary
embolism severity score in acute pulmonary embolism.
Anadolu Kardiyol Derg 2010;10:346-52.

©2018 Behbut Cevanşir Otorhinolaryngology-Head and Neck Surgery Society. All rights reserved.

Open Access

Declaration of conflicting interests
The authors declared no conflicts of interest with
respect to the authorship and/or publication of this
article.
Funding
The authors received no financial support for the
research and/or authorship of this article.

REFERENCES

