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Abstract— Paraoxonase 1 (PON 1) is an enzyme synthesized in the liver and is associated with 
high density lipoprotein (HDL) in the systemic circulation. It is an antioxidant in which prevents 
oxidative stress and inflammation.Since oxidative stress had been proven to be the complication 
of hyperthyroidism due to increase metabolic rate, this study is trying to look for the association 
between PON1 activities and phenotype in untreated hyperthyroid Malay patients. A total of 107 
Malays subjects consisting of 55 untreated hyperthyroid patients (TSH<0.01 mU/L) and 52 
healthy subjects were included.. The phenotype of the serum was determined by using the ratio 
of salt stimulation PON 1 activity to the arylesterase activity. The median difference of basal 
PON 1 activities level between untreated hyperthyroid compared to the healthy control was not 
statistically significant (p=0.23). There is no correlation between PON 1 activity and TSH 
(r=0.18, p=0.899) and free T4 (p=0.130). The most common PON 1 phenotype was AB followed 
by BB and then AA phenotype in Malay population. There is no significant correlation between 
free T4 and TSH with PON 1 activity in untreated hyperthyroid hence, PON 1 activity is not 
affected by thyroid status. AB is the most common phenotype in Malay population followed by 
BB phenotype in Malay population in Kelantan.   
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1.Introduction 

Hyperthyroidism is one of the commonest endocrine diseases in Malaysia and worldwide. In 
general, prevalence of overt hyperthyroidism ranges from 0.2% to 1.3% in iodine-sufficient parts 
of the world [1]. Based on the Endocrine Disorders in Malaysia: Thyroid (MyENDO:Thyroid) 
Study’ initiated by the Malaysian Endocrine Metabolic Society (MEMS) in 2014 which was 
completed in 2016, the prevalence of overt and subclinical hyperthyroidism being 0.6% and 
2.8% respectively in Malaysia[2]. Overproduction of thyroid hormones in hyperthyroidism leads 



Ibrahim, Sirajudeen   SMJ 

to hyper metabolic states and increased in oxygen consumption leading to increase in production 
of superoxide and free radical production with consumption of antioxidants to neutralise this 
effect. Thus, the balance between free radicals and antioxidantswill be disrupted as the disease 
progress, resulting in oxidative stress andincrease in lipid peroxidation[3-6]. 

Paraoxonase or aryldialkylphosphatase is a family of three enzymes namely PON 1, PON2 and 
PON 3.The genes encoding this proteinare in the long arm of chromosome 7. They are located 
next to each other and share extensive structural homology[7]. Paraoxonaseis synthesized in the 
liver and once in serum, it will bind to the high-density lipoprotein(HDL) molecules and the 
activity depends on presence of calcium ion. It was initially discovered due to its ability to 
detoxify organophosphate toxic metabolite paraoxon and hence the name paraoxonase[8,9]. PON 
1 is the most studied among the threebecause of the finding by Macknesset al. that describe the 
role of HDL associated PON1in reducing lipid peroxidation on LDL, inhibiting LDL oxidation 
and protecting against atherosclerosis and cardiovascular disease[10-15]. 

PON1 activity in plasma can be affected by genetic and environmental factors[14]. 
Environmental factors such as lifestyle, nutritionand drugs (for instance, statins, fats and fatty 
acids, antioxidant vitamins, nutrients rich in polyphenols content) can affect the circulatory level. 
In addition, cigarette smoking, acute phase proteins, pregnancy and diet may affect serum PON1 
activity aswell [15]. Serum PON 1 activity in proatherogenic diet showed a significant 
decreasewhile flavonoid antioxidants seem to elevate enzyme activity by as much as 20% 
[16].To date, PON1 activities has been shown to be reducedin many diseases such as ulcerative 
colitis, Crohn’s disease, chronic renal failure, SLE, Behcet’s disease, cancer, Hepatitis B, 
obesity, metabolic syndrome, Alzheimer’s and dementia [17]. 

Despite of many factors affecting PON 1, the biggest effect on PON 1 activities levels is the 
genetic polymorphism[14]. Since the discoveries, there were various outcomesobserved between 
individual with the same duration of exposure to organophosphate. This led to the finding of 
different polymorphisms in PON1gene betweendifferent individuals. Over 160 polymorphisms 
have been described so far and one of the polymorphismsis in the codon 192 involving 
substitution of alanine, (Q or A allele) and glutamine, (R or B allele) where Q allele is more 
efficient in reducing lipid peroxidation content, thus showing higher antioxidant properties 
[18].As a result, three phenotypes exist which areAA/QQ, AB/ QR and BB/RR. The Q192R 
polymorphism is regarded as the chief biomarker of oxidant status, where LDL oxidation is 
prevented the most in AA/QQ, homozygous patients and the least in BB/RR patients [19]. 

To date, the exact role of PON1 is still not established and various research have been carried out 
to explore this promising antioxidant in various clinical conditions associated with oxidative 
stress. This study was carried out to investigate for the possible association between PON1 
activity and in patient with untreated hyperthyroidism. Since PON 1 activity varies between 
different population, race or ethnic, therefore we decided to observe the activity in Malay 
population one of the major races in Kelantan. 
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2. Materials and Methods 

2.1 Subjects 

This was a case control study which was conducted in Hospital Universiti Sains Malaysia 
(HUSM), Health Campus, Kelantan to compare PON 1 activity and phenotype between Malay 
untreated hyperthyroid patient and healthy control. 55 untreated hyperthyroid patients and 52 
healthy controls were recruited as subjects.Any Malay patientswho were biochemically 
hyperthyroiddefined as thyroid stimulating hormone (TSH) less than 0.01 mU/L according to the 
American Thyroid Association guidelines in 2016, not on any thyroid treatment or defaulted 
treatment for more than two months, aged above 18 years old that attended outpatient clinic, 
accident and emergency or admitted in HUSM were recruited as subjects in this study. If the 
patient was already on treatment for hyperthyroid, pregnant or taking oral contraceptives, 
smoker, alcoholics, has other medical condition that affect PON 1 activity such as dyslipidaemia, 
diabetes mellitus (DM), ischaemic heart disease or cerebrovascular accident, and taking 
medication such as statin or fibrates, were excluded from this study. For healthy control, any 
voluntarily healthy adults aged 18 years or above, clinically euthyroid, were recruited. Those 
who smoked, drinks alcohol, obese (BMI>35) and has mixed ethnicity (three previous generation 
had mixed ethnicity marriage) were excluded. Fivemls of fasting blood sample were drawn once 
patient has consented. The sample were separated immediately and analysed in batches forfree 
T4, TSH, PON 1 activity, salt stimulated PON 1, arylesterase and phenotype.  

 

2.2 Biochemical Measurements 

Serum thyroxine (fT4) were determined using Cobas analyser e601 using the principle of 
sandwich immunoassay and serum TSH was determined using the same analyser with the 
principle of competitive immunoassay.  

PON1activities were measured using method described by Eckerson et al. in 1983[20]. The rate 
of hydrolysis of paraoxon or the rate of formation of p-nitrophenol product of hydrolysis of 
paraoxon was directly related to the increased in absorbance and paraoxonase activity and 
measured using spectrophotometer (Shimadzu UV 1800). 

Basal activity was determined by mixing calcium chloride, glycine buffer, distilled water, diluted 
serum (enzyme) and paraoxon (substrate, Sigma Chemical). Nonenzymatic hydrolysis was 
determined by replacing the enzyme with distilled water. Following the addition of serum, assays 
were mixed well and the absorbance of p-nitrophenol at 25 degrees Celsius were read at 412 nm 
wavelength using spectrophotometer and further increased in absorbance were monitored every 1 
minute for 4 minutes and the average absorbance per minute will be calculated (A/min).One unit 
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(U) of PON 1 activity was equal to one micromol of p-nitrophenol formed per minute. Enzyme 
activity was calculated from the molar absorptivity coefficient, 18290 M-1cm-1 (20). 

Enzyme activity =        A/min  X   1 ml (assay volume) 
                               18290 M-1cm-1  X 10-6  X 0.005 ml (sample volume) 

                           = A/min   X 10935 nmol/ml 

PON 1 phenotype was determined using the ratio of salt stimulated PON 1 activity to the 
arylesterase activity based on a method described by Eckerson et al. 1983b[21]. Salt stimulated 
PON 1 activity was determined by adding sodium chloride before adding serum and PON 1. 
Arylesterase activity was determined by adding calcium chloride, Tris/HCL buffer, distilled 
water, serumfollowed by phenylacetate. The rate of hydrolysis of phenylacetate was determine at 
270 nm, 25 degrees Celsius, using spectrophotometer and further readings were recorded 
continuously for 2 minutes at one-minute interval. The average of absorbance per minute 
(A/min) was calculated. The nonezymatic hydrolysis was determined using the same steps but 
without the addition of serum. One unit (u) of arylesterase activity was defined as one umol of 
phenylacetate hydrolysed per minute and arylesterase activity was normally expressed as units 
per ml of serum (U/ml). Enzyme activity was calculated from the molar extinction coefficient, 
1310 M-1cm-1[21]. 

Enzyme activity = A/min  X 3 ml (assay volume) 
1310 M-1  X 10 -3  X 0.005 ml (sample volume) 

= A/min   X 458 µmol/ml 

The phenotype of the serum was determined by using the ratio of salt stimulationparaoxonase 
activity to the arylesterase activity. Based on the ratio calculated, the phenotypes were 
determined according to the ranges 0.9 -2.5 for AA phenotype, 2.6-7.5 for AB phenotype and 7.6 
-12 for BB phenotype published by Adkins et al. , 1993[22].   

Ratio =  Paraoxonase activity with 1 M Nacl 
Arylesterase activity 

 

2.3 Statistical Analysis 

Data analysis was performed using Statistical Package for Social Science (SPSS) version 24. 
Descriptive statistics was used to summarise the socio-demographic characteristics of subjects 
and to check for distribution of the data. Numerical data were expressed as median + 
interquartile range(IQR) for skewed data. Categorical data were expressed as frequency and 
percentage.  

The study was conducted with the approval of the Human Research Ethics Committee USM 
(HREC: USM/JEPeM/17120730). 
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3. Results 

A total of 107 Malay adult were recruited consisting of 55untreated hyperthyroid patientsand 52 
healthy controls. In the untreated hyperthyroid patients, there were 29 female and 26 males while 
in the healthy control, 24 were male and the remaining 28 subjects were female. For untreated 
hyperthyroid patients, the age ranged was from eighteen to seventy years old with mean 
(±standard deviation, SD) age of 41.16(±14.73). In healthy controls, the age ranged from 
eighteen to fifty-nine years old with mean (±standard deviation, SD) age of 32.77 (±9.80). 
General characteristic of study subjects and the descriptive statistics of the findings were 
summarized in Table 1. 

 
Table1: General characteristic and summary of findings. 

 Untreated hyperthyroid 
Patients (n=55) 

Healthy Control 
(n=52) 

Age (years) 41.16(±14.73) 32.77 (±9.8) 
Sex Male  26(47.4%) 24(46.2%) 

Female 29 (52.7%) 28 (53.8%) 
Basal Paraoxonase 
(U/ml) 

290.13(±72.65)  278.84 (±80.9) 

Salt stimulated (U/ml) 426.32(±114.66)  384.53 (±112.72) 
Arylesteraseactivity 
(U/ml) 

78.06(±24.05)  72.64 (±14.73) 

 
 

The median (±interquartile range) basal PON1 activity in the healthy controls was 
247.13(±86.39) U/ml and was slightly lower than the untreated hyperthyroid patients, 
274.47(±94.594) U/ml. Salt stimulated PON1 activity shows similar findings where the median 
(±interquartile range) was higher in the untreated hyperthyroid patient 441.77 (±191.91) U/ml 
compared with the healthy controls365.83(±221.80) U/ml. The median (±interquartile range)  for 
arylesterase activity, 78.06(±24.05)U/ml was also slightly higher than the healthy subjects 72.64 
(±14.73) U/ml.  

Table 2 : Basal PON 1, Salt stimulated PON 1 and arylesterase activity between untreated 
hyperthyroid patients and the healthy controls 

 Median ( IQR) Z statistic P value 
Untreated 
hyperthyroid  

Healthy control 

Basal (U/ml) 274.47(±94.59) 247.13(±86.39) -1.199 0.230 
Salt-stimulated 
(U/ml) 

441.77 
(±191.91) 

365.83(±221.80) -1.749 0.080 
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Arylesterase  
(U/ml) 

68.24 (±39.79) 70.30 (±40.42) -1.193 0.233 

IQR: interquartile range, p < 0.05 considered as significant 
 

There was no significance difference between the median (interquartile range) basal PON 
activities, 274.47(±94.594)U/ml in untreated hyperthyroid compared to the healthy control, 
247.13(±86.39)U/ml since the p value was0.23. The median (±interquartile range) difference 
between untreated hyperthyroid patients, 441.77 (±191.91)U/ml and normal subjects in salt 
stimulated PON1 activity, 365.83(±221.80) U/ml also showed no significance statistically since 
the p value was 0.08.There is also no significance difference between the median arylesterase 
activities between both groups.  

In both groups, spearman rank correlation showed weakpositive correlation between serum TSH 
and basal PON 1 activity, however this was statistically not significant (r= 0.18, p=0.899). 
Between serum TSH and salt stimulated PON1 activity, there was also weak positive correlation 
and statistically not significant (r=0.061, p= 0.660). Free T4 and basal PON1 shows weak 
negative correlation and statistically not significant(r=-0.207, p=0.130). While between free T4 
and salt stimulated PON1 activity, there was weak positive correlation with no significance 
statistically. (r= 0.022, p= 0.873).  

Table 3: Correlation of basal PON1, Salt stimulated PON1 activity and arylesterase 
activity between the hyperthyroid subjects and the healthy subjects. 

Variables Basal (U/ml) Salt stimulated (U/ml) Arylestrase (U/ml) 
r p r p r p 

TSH (mU/L) 0.018 0.899 0.061 0.660 -0.272 0.045 
T4 (mU/L) -0.207 0.130 0.022 0.873 0.129 0.350 

TSH: Thyroid Stimulating Hormone, T4 : free thyroxine T4, p < 0.05 considered as significant 
 

Based on this study, AB phenotype is the most common polymorphism in Malay population in 
Kubang Kerian, Kelantan with 67.9 percent in hyperthyroid patient and 73.1 percent in healthy 
subjects. A phenotype is uncommon in Malay population with only 7.1 percent in hyperthyroid 
patient and 5.8 percent out of healthy subjects.  

Table 4: Proportion of PON 1 Phenotype inuntreated hyperthyroid patient and healthy 
control 

PON1 Phenotype Untreated hyperthyroid patient Healthy control 
A 4(7.3%) 3(5.8%) 
AB 37 (67.3%) 38 (73.1%) 
B 14 (25.5%) 11 (21.2%) 
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Since the majority of the patient and the healthy subjects were AB phenotype, Mann-Whitney 
test was carried out between the untreated hyperthyroid and healthy control within AB 
phenotype group to look for the association. However, there is also no significant median 
difference in basal PON1, salt stimulated and arylesterase activities between these two groups in 
the AB phenotype patients since the p > 0.05.  

Table 5: Basal PON 1, Salt stimulated PON 1 and arylesterase activity among the AB 
phenotype subjects. 

 Median ( IQR) Z statistic P value 
 Untreated 

hyperthyroid patient 
Healthy 
control 

Basal (U/ml) 271.19 (±98.41) 231.82 
(±100.60) 

-1.035 0.301 

Salt-stimulated 
(U/ml) 

403.83 
(±231.28) 

315.45 
(±208.11) 

-1.480 0.138 

Arylesterase (U/ml) 86.22 (±49.64) 71.68 (±30.11) -1.691 0.091 
IQR; Interquartile range, p< 0.05 
 
4.  Discussion 

In the newly diagnosed hyperthyroid patient, the number of female patients was more than the 
male patients. This is consistent with the prevalence of hyperthyroidism in women worldwide 
which is between 0.5 and 2% and is ten times more common in women than in men in iodine-
replete communities [23]. The demographic data showed that the mean age in healthy groups 
was younger compared with the hyperthyroid subjects.All the hyperthyroid patients were 
randomly selected from the hyperthyroid patient list and were included once the inclusion and 
exclusion criteria were met.  

PON 1 activity showed cardioprotective effect which can prevent atherosclerosis and showed 
significant association with the dyslipidaemia and cardiovascular mortality [24]. Increase in 
thyroid hormone showed an association with the alteration in the cardiovascular system 
including alteration in heart rhythm and arterial wall structure [25-27]. Hyperthyroidism has 
been linked to an increase in free radicals and cellular metabolic rate [3-5]. Findings from a 
variety of studies showed that antioxidant enzymes are debatable as it can be increase or 
decrease [28,29]. 

The present findings in this study demonstrate that the basal PON 1, salt stimulated PON1 and 
arylesterase activity wereslightly higher in hyperthyroid patient than in control. However, the 
median difference was small and statistically not significant. This finding does not coincide with 
most of previous studies. The differences in finding might be due to racial or ethnicity 
influences. This is the first study conducted in Malaysia which measure PON 1 activity in 
untreated hyperthyroid among Malay population. Almost all previous studies were carried out in 
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Iran and India. This variability of our study subjects is explained by different PON1 gene 
polymorphism, lifestyle, exercise and diet of Malaysian population [30]. 

The contradictory finding in this study might also be due to the small number of study subjects. 
Due to limited time frame and the number of hyperthyroid cases, the number of subjects and the 
healthy subjects can only fulfil the minimum number required based on the sample size 
calculation. In addition, some of the subjects had to be rejected due to multiple factors that can 
affect PON1 activity such as hyperlipidaemia and other comorbidities. Therefore, the small 
sample size reduces the power of the study and increases the margin of error and it would be 
appropriate to repeat this study in a larger population-based study.  

PON1 activity was believed to be reduced in hyperthyroid patients due to increase in free radical 
production as a result ofhyper metabolic state which will disrupt the balance between antioxidant 
and free radical production[3-5]. However, in a newly diagnosed hyperthyroid, there is 
possibility that the hyper metabolic phase is still in the early phase and the oxidative stress is still 
not yet establish since there is still balance between free radical production and antioxidant 
activity. Therefore, during this phase, PON 1 activity might still be in the normal range to 
counteract or slows down the free radical production.In addition, it is also possible that there is 
increased in PON 1 expression and production in early phase of hyperthyroid to detoxify the free 
radical production. To date, there is yet no studies done to show the relationship between the 
duration of hyperthyroid and severity of oxidative stress. It is difficult to identify and classify the 
newly diagnosed hyperthyroid patients based on the chronicity. However, such study is 
requiredin the future to establish and understand the pathophysiology of PON 1 activity in 
hyperthyroid and when PON 1 activity will be affected during the course of hyperthyroid.  

There was still limited number of large population-based study that explore the relationship 
between untreated hyperthyroid and PON1 activities. In 2004, Raiszadeh et al.showed that PON1 
activity was low before treatment and after six-monthtreatment the activity increased. This study 
used twenty-four hyperthyroid patients and twenty-three age matched controlsubject [31]. D.G 
Yazuz et el. in 2004 showed that serum paraoxonase activity was significantly lower in the 
hyperthyroid group before treatment with Propylthiouracil (PTU) and PON 1 activity increased 
after restoration of the euthyroid which was conducted in twenty patients only[32]. While Baskol 
et al. in 2012 conducted the study in 30 patients with primary hyperthyroidism found that serum 
PON 1 activity was lower in patients group compared with control [33]. Another studyby Kale 
Bhagwat in 2013 used thirtynewly diagnosed hyperthyroid patient and thirty normal subjects 
showed than PON 1 activity was significantly reduced in hyperthyroid compared to health 
control and suggested the use of PON 1 as a marker for hyperthyroidism [34]. Other studies 
conducted in 2014 used thirty-five hyperthyroid patients and thirty-five healthy subjects found 
that PON 1 activity was decreased and increased the cardiovascular risk in hyperthyroid 
subjects[35].Another study was carried out in 2017 by Shafeeq N. K to determine the vistafin 
and PON 1 level in Iraqi hyperthyroid patients with dyslipidaemia. The finding showed that PON 
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1 activity is reduced in hyperthyroid patients, however the concurrent dyslipidaemia problem in 
the subjects may contribute the reduction of PON 1 activity [36].  

The finding in the study was probably due to the fact that PON1 enzyme is known for its 
promiscuity meaning that various factors can affect its activity. In this study, the exclusion 
criteria were met only by a simple questionnaire to the subjects. Since PON 1 function is not 
fully understood yet, therefore there is possibility that some undiscovered confounding factors 
exist in our samples that might affect the finding.  

Despite of contradictory findings from majority of the studies, there was one study with almost 
similar findings. The Prevention of Renal and Vascular End Stage Disease, PREVEND Cohort 
Study conducted in 2017 using 2206 euthyroid subjects discovered that PON 1 activity is 
positively related to TSH(β = −0.045, P = .036) and negatively related to free T4 (β = −0.042, 
P = .050). However, after adjustment of result for lipids and other confounding factor, TSH lost 
the significant association [37]. This is the only large cohort study done to investigate PON 1 
activity in euthyroid patients. Similarly with this study,our findings also shows a weak positive 
correlation between PON 1 activity and TSH and weak negative correlation to free T4, however 
this is not statistically significant.  

Majority of the Malay population in this study has heterozygote AB phenotype followed by 
homozygote BB phenotype. Homozygote AA phenotype is rare in Malay population in Kubang 
Kerian. This finding is consistent with Poh et al, in 2007 which shown that in Malaysia, Malays 
and Chinese had a higher frequency of the R or B allele, which is considered a risk factor for 
cardiovascular disease in a number of populations from previous studies [38].Another study in 
2008 which was conducted in National University of Singapore to observe for the distribution of 
PON 1 polymorphism and possible susceptibility to organophosphate exposure showed similar 
distribution in PON 1 polymorphism where among Chinese and Malays, the AB phenotype was 
more prevalent than BB, followed by AA which was present in low numbers[39]. Malays and 
Chinese therefore have a higher paraoxon activity. Therefore, Malays will be more protected 
against organophosphate exposure but will have an increased risk of developing atherosclerosis 
related disease.  
There were few limitations in this study that needs to be reviewed and might influence the 
findings. The small number of participantswas the main limitation in this study. Even though the 
number for both groupsfulfil the minimum requirement based on sample size calculation, the 
findings will be more significant with larger sample size. More participants mean that the results 
will be representative of the population. In addition,to recruit a newly diagnosed hyperthyroid 
was quite difficult and challenging. This is due to limited number of newly diagnosed 
hyperthyroid patient from the low prevalence.Since many factors can affect PON1 activities such 
as DM, overweight, hyperlipidaemia, smoking and etc [40], this will reduce the number of 
available untreated hyperthyroidpatients available. In addition, the prevalence of 
hyperthyroidism is higher with increasing age which makes it difficult to recruit subjects as 
elderly people tend to have hyperlipidaemia, DM and heart disease.  
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Conclusion 

As a conclusion, this study shows no significant difference in PON1 activities between Malay 
untreated hyperthyroid patients and the healthy controls. There is also no significance correlation 
between PON1 activities and free T4 and TSH in both untreated hyperthyroid patients and 
healthy control. This study also shows that phenotype AB is the most common in Malay 
population.  

Conflicts of interest: There is no conflict of interest 
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