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Abstract 
The thermodynamic constanting of “crude and partially purified” Paraxonase(PON) was evaluated in 

the sera of “healthy and ectopic” pregnant women in order to characterize the reaction of PON with diethyl 

para-nitro phenyl phosphate as substrate.This study was performed on (17) women with ectopic pregnancy 

(EP) whose age between (25-55) years  and (25) normal pregnant women with  a mean age of (25 -55) years 

as  a control group . Samples were collected from the Medical City, AL-Yarmook and Fatema AL-Zahraa 

hospitals during the period from Sep.2011 to April 2012.The study included the evaluation  of “paraxonase 

activity, specific activity and total protein” in the (crude and partially purified) sera of EP patients & healthy 

subjects. The results demonstrated that there was significant decline (p≤0.05) in the activity and specific 

activity of PON and significant increase (p≤0.05) in the protein concentration. The study also included the 

evaluation of the energetic parameters: the Gibb`s free energy (ΔG) enthalpy change (ΔH), heat of 

activation,(ΔH*), entropy change(ΔS), temperature coefficient (Q10) and activation energy (Ea) with respect 

to human PON. The results indicated that there was a dramatic increase in each of the thermodynamic 

parameters (ΔG,Ea,ΔH,ΔS,ΔH*,Pz,Q10) for purified PON compared with enzyme in crude sera. The results 

indicated also that there was a dramatic increase in each of the thermodynamic parameters (ΔG, Ea, 

ΔH,ΔS,ΔH*,Pz,Q10) for purified PON compared with enzyme in crude sera which indicated that the purified 

PON suffered from the lack metals or substances that help enzyme to over come energy barrier, at the same 

time the purified PON(the freedom enzyme) had the greatest chance to collide and create of the favorable 

orientation with substrate.  
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Introduction:  
        Paraoxonase (PON)“aryl di alkyl phosphatase”  

(EC 3.1.8.1) is an ester hydrolase which work on 

some xenobiotics, such as” organo phosphorates, 

unsaturated aliphatic esters, aromatic carboxylic 

esters & possibly, carbamates” (1). Paraxonase has 

anti-inflammatory and antioxidant properties
 

(2). 

Paraxonases are a family of three enzymes known as 

“PON1, PON2 and PON3”, they are synthesized in 

liver, capable of hydrolysis paraoxone, active 

metabolite of parathion which is an insecticide in 

organophosphate (3,4,5,6). PON has many roles 

including “antoxidant, contribution to “innate 

immunity, detoxification of reactive molecules, bio 

activation of drugs, and modulation of endoplasmic 

reticulum stress and regulation of cell 

proliferation/apoptosis”(7).  
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Paraxonase is a Calcium –dependent 

esterase, is widely distributed among organs such as 

“liver, kidney and intestine” (8,9,10). 

Serum PON activity has been demonstrated 

to be modified in many diseases including “diabetes 

mellitus, familial hypercholesterolemia and 

metabolic syndrome” (11,12). Human serum PON 

have a molecular weight of  43- 45”kD and bounds 

with three carbohydrate chains accounting for 

“15.8”% of its weight (13), and the amino acids 

sequence was highly conserved among animal 

species which indicates the important metabolic 

roles of PON(14).  

  Emer et al.(15),demonstrated hyperlipdimia 

and oxidative  stress in normal pregnancy, however, 

did not show any effects of PON1 on lipoprotein 

metabolism or oxidative –antioxidative system 

parameters in pregnancy. Harun et.al.(16), showed 

that women with early pregnancy failure have a 

decreased  PON activity and increased lipid 

peroxidation level. Normally, metabolic and 

physiological changes usually occurre during 
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pregnancy (17).  Ectopic (EP) is considered one of 

the most common complications of early pregnancy, 

implies that the fertilized egg is embeded outside the 

uterus, usually in the fallopian tube and rarely, it 

may be implanted in the women's abdomen,on an 

ovary or in the cervix (18).This study aimed to 

evaluate the thermodynamic constants of “crude and 

partially purified” PON in the sera of “healthy and 

ectopic” pregnant women. 

 

Materials and Methods: 
        Study included selected pregnant women 

divided into (healthy & ectopic) pregnancy who 

were admitted to the units in the medical city”AL-

Yarmook & Fatima AL-Zahra hospital” /Baghdad 

/Iraq during the period from Sep.2011 to April 2012. 

The samples were divided mainly to 2 groups: 

(17) women with ectopic pregnancy (EP) whose age 

ranged between (25-55) years G1 and (25) normal 

pregnant women with a mean age of (25 -55) years 

as acontrol group G2 (crude & partially 

purified).Samples were selected based on β-human 

Chronic Gonadotropin ˃ (1000 Units / ml) and 

ultrasound findings of EP.  Specimens collection 

were done by withdrawing about “5 ml” of venous 

blood using plastic disposable syringes, left for(20 

min) at room temperature ,then centrifuged at 

“1500” xg for (10 min), then stored at ( -20
o
C) until 

analysis. 

   
Paraoxonase activity assay 

         Paraoxonase activity of the enzyme was 

determined at 37C
o
 with (1.2 mM) paraoxon 

(diethyl para-nitro phenyl phosphate) as substrate in 

0.1M glycine/NaOH, pH=11.2 buffer and 10 mM 

EDTA solution. PON assay involved estimation of 

para –nitro phenol formation which has been 

followed spectrophotometrically at 412 nm. Enzyme 

activity  is calculated by using molar extension 

coefficient of para – nitro phenol equal to 33300 M
-
 

.cm
- 
at pH 11.2) (19). 

 

Purification methods 

Paraoxonase was purified partially from 

serum of human with (normal and ectopic) 

pregnancy using the following steps: 

 

A mmonium sulfate precipitation 

Human crude serum was precipitated with 

(60-80%) ammonium sulfate as mentioned by Dixon 

and Webb (20). The precipitate was obtained after 

centrifugation at 10000  xg for 15 min and re 

dissolved in 1 ml of 0.1 M glycine- Na glycinate 

buffer at pH 11.2. Both enzyme activity and protein 

content were determined for each separate fraction . 

 

Dialysis against buffer  

The obtained ammonium sulfate precipitate 

was dialyzed in the presence of 0.1 M glycine-Na 

glycinate buffer at pH 11.2 overnight at 4ºC. 

Fractions were checked in terms of both protein 

amount (280 nm) and enzyme activity. 

 

Gel Filtration chromatography 
Enzyme solution, which was dialyzed, was 

loaded on to the Sephacryl S-200 column after 

dilution to reach protein concentration (5-10 m 

gm/ml) then loaded onto the glass column bed 

(48×1.6) cm pre equilibrated with 0.1M glycine-Na 

glycinate buffer, pH 11.2 

The column was washed with 250 ml 

buffer. Fractions of. ml/3min were collected and the 

protein level was monitored by scanning elutes at 

280 nm. Enzyme activity and protein concentration 

of the partially purified samples were checked (21). 

Tubes having enzyme activity were collected for the 

kinetic studies. 

 

Estimation of serum total protein      

      The serum total protein was estimated by Lowry 

et al. method (22),
 
using bovine serum albumin as 

standard protein. 

 

Studying the thermodynamic parameters  

Paraoxonase activity was measured using two 

temperatures [high (50°C) & moderate (37°C)] for 

the studied group’s samples to determine the 

following parameters:   

Equilibrium constant (Keq), Gibb’s energy (ΔG), 

enthalpy change (ΔH), entropy change (ΔS), 

activation energy (Ea), stereo-frequency collision 

factor (PZ), heat of activation (ΔH)٭ and 

temperature coefficient (Q10). 

Keq value was calculated at [(M=37°C) & 

(H=50°C)] as follows (23): 

"Keq= 1/Km" 

Energetic parameters were determined by applying 

the equation below: 

"ΔG= -2.303 RT log Keq" 

The ΔH was calculated from the integral Van΄t Hoff 

equation between the limits of Keq at (H and M) 

temperatures: 

"ΔH= 2.3 R ( log KeqH /log KeqM )(TH*TM/TH-

TM)" 

The Gibb΄s Helmholtz equation was used to 

calculate the ΔS as below:  

"ΔG = ΔH –T ΔS" 

The activation energy (Ea) for the reaction was 

calculated by Arrhenius equation: 

"Log KH /logKM= Ea /2.303 R *(TH-TM/TH*TM)" 

The PZ factor was calculated from the following 

equation: 

"Ln PZ= (Ea/RT) + lnKeq" 
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Heat of activation (ΔH*) was determined using the 

following equation: 

"Ea= ΔH٭ + RT" 

The temperature coefficient Q10 was determined 

using the following equation: 

"Ea= (2.3 RTM *TH log Q10)/10" 

 

Statistical analysis: 

         Statistical analysis was done by SPSS statistical 

software version 10.00. Values were expressed as 

a(mean±SD). The level of significance was 

determined by student’s t-test when the P value was 

equal to or less than 0.05 the difference between the 

two groups is considered statistically significant, 

less than 0.01 and 0.001 is highly significant. 

 

Results and Discussion: 
Table 1 represents the PON[ “activity & 

specific activity” and total protein (mean ± SD)] in 

[ectopic pregnant women compared to 

healthypregnant subjects: 

 

Table 1. Serum PON activity, specific activity and total protein concentration in ectopic pregnant 

women compared to healthy subjects. 

Groups  o.  No.  PON activity 

Mean ± SD 

U/ ml 

Total protein 

Mean ± SD 

mg/ ml 

Specific activity 

U/mg 

Ectopic pregnancy G1 17 102.44±24.50 86 1.2 

Healthy subjects G2 25 235.30±85.37 80.6 2.9 

P value   p≤0.05 p≤0.05 p≤0.05 
*Results with (p≤0.05) considered significant. 

 

        The results indicate that there was significant 

decrease (p ≤ 0.05) in the [paraxonase activity, 

specific activity] and significant increase (p ≤ 0.05) 

in the total protein concentration in patients 

compared to healthy subjects. The family of PONs 

is protecting cells from damage by organophosphate 

toxins. Paraxonase activity was inhibited during the 

acute phase response in animals and also in human 

(24). Pregnancy is a physiological state related with 

elevated reactive oxygen species and enhances body 

oxygen requirements (25). Lower PON activity may 

be associated with early pregnancy failure due to 

raised lipid peroxidation levels
 
(26). Muge et.al.(27),

 

cleared that patients with complete molar pregnancy 

are exposed to reactive oxygen species that cause a 

disease. Many studies investigated the activity of 

serum PON in “normal and preeclampsia” 

pregnancy but according to our knowledge present 

work represents the first study reporting the PON 

activity in ectopic pregnant women. Roy et.al.(28),
 

concluded that PON1 activity was high during (28 

to 32) weeks of normal pregnancy compared with 

non-pregnant women. Free et.al.(29), reported that 

PON activity is changing in pregnant women and 

found the activity of PON in serum was decreased 

during  32 weeks of pregnancy and at labor. The 

results of the present study agree with Meera 

et.al.(30), who showed a reduced in  PON activity in 

preeclampsia and other diseases(31). Aksoy 

et.al.(32), in the same line, concluded that serum 

“PON1 and aryl esterase” activity reduced  in 

preeclampsia which may  be attributed to elevated 

lipid peroxidation in these patients. Reduced PON1 

activity was reported also in normal pregnancy, 

pregnancy failure, anemia during pregnancy by 

Emer et.al.(33) , Harun et.al. (34) and Hakun et.al. 

(35). In addition, yaghmaei et.al.(36) and Baker 

et.al. (37), 873anagemented an increase in PON 

activity in preeclampsia patients and consider PON1 

allele 192R is a risk factor for preeclampsia 

The activation energy (Ea) of enzyme is a 

useful parameter for the quantitative measurements 

of the thermodynamic barrier to be overcome in the 

cores of catalysis. The present work used Ea to 

compare PON changes in (ectopic and normal) 

pregnant women, (Crude & partially purified) sera 

samples. Although the purified PON has been 

studied extensively in vitro from various sources, 

there are no known reports on the energetic 

parameters of PON catalyzed reactions, to the best 

of researchers’ knowldgement. In the present study, 

equilibrium constant (Keq) and the following 

energetic parameters of human PON: The Gibb`s 

free energy (ΔG) enthalpy change(ΔH), heat of 

activation ,(ΔH*), entropy change(ΔS) , temperature 

coefficient (Q10) , Ea, and number of collisions Pz 

with respect to human PON have been studied. 

Energetic indexes were calculated by using suitable 

equations above. Basic step of method was to assay 

the enzyme activity at different temperatures 

(moderate 37ºC and high 50ºC) and at different 

substrate concentrations (0.5, 0.75, 1,1.25,1.5,1.75) 

mM. The values of the equilibrium constant Keq, 

ΔG, Ea, ΔH, ΔS, Pz, ΔH*, Q10 are presented in 

Table 2. 
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Table 2. Energetic parameters of PON reaction in the “purified & crude sera” samples of ectopic 

pregnancy women compared to healthy subjects. 

Samples 
Keq 

mM 

∆G 

(Kcal/mM) 

Ea 

(Kcal/ 

mM) 

∆H 

(Kcal/ 

mM) 

∆S 

(Kcal/ mM) 

Pz 

mM 

∆H
* 

(Kcal/ mM) 
Q10 

Crude sera of 

NP 
0.62 2.88 136 -164.85 -0.541 2.6X10

4 
192.922 0.298 

Purified sera of 

NP 
0.62 2.88 193.707 -164.85 -0.541 3.17X10

13 
187.569 0.428 

Crude sera of 

EP 
0.62 2.88 110.98 -78.601 -0.262 4.4X10

7 
104.842 0.243 

Purified sera of 

EP 
0.4 5.625 258.398 -266.29 -0.877 7.67X10

17 
252.26 0.566 

 

        

Table (2) shows that there was a increase in the Ea 

of PON in the “partially purified compared to 

crude” sera samples in “normal and ectopic” 

pregnancy, and the ectopic purified sample had Ea 

higher than normal purified sample and this 

indicated the presence of change that increased the 

thermodynamic barrier in patients samples leading 

to delay in the breakdown [ES] complex and the 

formation of the products. The data also reflect that 

there were increase in the energy barrier in purified 

sample compared to crude sera due to the absence of 

cofactor or substances essential for PON activity. 

Table (1) also shows that the Keq values were the 

same in healthy subjects samples (0.62), while in 

ectopic the purified sample was decreased (0.4). The 

results point out that the direction of enzymatic 

reaction from right to left is more favored in this 

group than others, which refers that very little [ES]  

is present at equilibrium(38): 

 
ΔG was determined based on the Keq determined, 

ΔG has positive values in both EC and healthy 

subjects which indicates the formation of activated 

complex [ES] is a nonspontaneous process. ΔG 

value of this reaction is independent from the 

molecular pathway of mechanism of transformation 

(39). ΔH values of PON in both EC and healthy 

subject were negative and this indicates that the 

enzymatic reaction is exothermic and these state 

may be attributed to the breakdown of phosphoester 

linkage and produce the high energy compound 

(phosphate ion) as clear in the equation below (39): 

 

 
 

         ΔS values of PON in EC and healthy subjects 

were negative. This indicates that the activated 

complex (ES) involved in the binding process had a 

more arranged structure than the starting reactant 

(substrate and enzyme). Negative value of entropy 

indicates the randomness in the structure of PON. 

Because ΔS is the measure of inherent probability of 

the occurrence of the transition state, apart from 

energetic considerations, the negative value of ΔS 

indicates the formation of a transition state of PON 

molecules with the substrate molecules. Moreover 

the differences in the value of ΔS among the studied 

groups are an indication of variation in their 

conformational stability, molecular flexibility, 

complexity and structure rigidity (38). 

           However, the number of collisions Pz factor 

for PON indicated that the number of energetically 

and sterically favorable collision was done between 

paraoxon and PON enzyme in partially purified 

sample more than in crude sera for both ectopic and 

healthy pregnancy, which means that the main 

factor controlling the collision potency of the 

partially purified enzyme was the creation of 

favorable orientation and a distribution of potential 

energy of colliding molecules.The values of Pz 

agree favorably with the Q10 value, it is found to be 

(0.428, 0.566) in purified enzyme when compared to 

that in crude sera (0.298, 0.248) for ectopic and 

healthy pregnancy respectively. The rate constant of 

purified enzyme was increased by raising the 

temperature 10ºC compared with that found in crude 

sera enzyme. 

         ΔH* in the present investigation was 

calculated (187.569, 252.26) Kcal/mM for partially 

purified enzyme and (129.922, 104.842) Kcal/mM 

for crude sera enzyme in both ectopic and healthy 

pregnancy respectively. This demonstrated that 

partially purified enzyme increased the value of 
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ΔH* from crude sera enzyme. These large values of 

ΔH* indicated that a large amount of stretching , 

squeezing or even breaking of chemical bonds 

occurred during the formation of the transition 

state(40). The biological significance of the data 

shown in Table (1) can be explained as follows: 

         There was a dramatic increase in each of the 

thermodynamic parameters (ΔG, Ea, ΔH, ΔS, 

ΔH*,Pz,Q10) for purified PON compared with 

enzyme in crude sera, which indicated that the 

purified PON suffered from the lack metals or 

substances that help enzyme to overcome energy 

barrier, in the same time partially purified PON(the 

free form of enzyme) had the greatest chance for the 

collision and creation of favorable orientation with 

substrate. Additionally , when comparing the most 

obtained results (for partially purified enzyme) of 

ectopic and healthy pregnancy , noticed that in 

patients samples the thermodynamic barrier of PON 

reaction, increased and these large changes in ΔG, 

Ea, ΔH and ΔS confirm the effect of pathological 

case on enzyme mechanism and activity. On the 

other hand, in healthy pregnancy E and S interact is 

more favorable for facilitating conversion of 

substrate to product via weakly interacts not 

covalently bond to the active site through interaction 

like (Hydrogen bonding, Vander Waal`s 

interactions, ect…) All these interactions may 

produce stabilization to the whole structure of 

enzyme-substrate complex (41). 

 

Conclusions:  
The results of this study indicate that there 

is a dramatic increase in each of the above 

thermodynamic parameters for purified PON 

compared with enzyme of crude sera which 

indicates that the purified PON sufferes from the 

lack metals or substances that help enzyme to over 

come energy barrier, in same time purified PON(the 

freedom enzyme) has the greatest chance to 

collision and creation of favorable orientation with 

substrate. 
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 و الحمل خارج الرحم دراسة ثرموديناميكية لانزيم الباروكسنيز المنقى جزئيا في امصال الحوامل الاصحاء
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1
اباء زنيل            

2
اسراء زينل        

3  
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 الجامعة المستنصرية، بغداد، العراق.كلية العلوم،  ،قسم الكيمياء
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 مستشفى ازادي ،قسم النسائية
3 

 ، العراق.، جامعة كركوك ، كركوككلية العلوم ،قسم الكيمياء

 

 

 لخلاصةا
 امرأة  )حمل طبيعي( 25و ( سنة 6.99±26.14)ن مارهمتوسط اع،  )حمل خارج الرحم( إمرأةِ حبلى 17اجريت هذه الدراسةِ على  

اليرموك و فاطمة الزهراء للفنرة من  ( كمجموعة سيطرة، جمعت عينات الامصال من مستشفيات )مدينة الطب،5.99±25.16متوسط اعمار)ب

)الفعالية و الفعالية النوعية(لانزيم الباروكسنيز وتقدير تركيز البروتين في امصال)الخام تضمنت الدراسة تقييم  .2012الى نيسان  2011ايلول 

في تركيز البروتين في  و المنقاة جزئيا في دراسة سابقة( للحوامل )خارج الرحم( ومقارنتها بمجموعة السيطرة ولوحظ وجود نقصان معنوي

 ( (P≤0.05 والفعالية النوعية للانزيم وزيادة معنوية. في الفعالية(P≥0.05) امصال المرضى مقارنة بالاصحاء

  (ΔG, Ea, ΔH, ΔS, ΔH*, Pz, Q10)شملت الدراسة ايضا قياس الدوال الخاصة بالطاقة لتفاعل انزيم الباروكسنيز والتي تضمنت          

للانزيم المنقى جزئيا مقارنة بالانزيم الخام للمجاميع  للمجاميع اعلاه واظهرت النتائج وجود زياده ملحوظه في المتغيرات الحرارية الديناميكية

 المدروسة.

 
 ، الباراكسونيز و الثرموديناميك.، الحمل الطبيعي : الحمل خارج الرحمالكلمات المفتاحية

 

 

 
 


