
J. Environ. Nanotechnol. 
Volume 3, No.3 pp. 88-95 

ISSN (Print): 2279-0748 
ISSN (Online): 2319-5541 

doi: 10.13074/jent.2014.09.143107 

* V. N. Janakarajan Tel.: +919442264509
E-mail: britain07@yahoo.com 

Depletion of Antioxidants Vitamins and Oxidation of Low Density 
Lipoproteins observed among different workers with NIDDM Exposed 

to Vehicle Exhaust in the congested part of the CHENNAI city 

V. N. Janakarajan1*,    M. Rajendran2, Saravana balaji 3, A. Ambika4, P. Sasikumar5 and 
Radhakrishnan6* 

1,2 IRT Perundurai medical college, TN, India 
3 RVS Dental college, Sulur, Coimbatore, TN, India 

4,5 Department of Biochemistry, Bharathiar university,Coimbatore, TN, India 
*6Former Biochemist, Madras medical college (MMC)

Received:20.05.2014      Accepted:05.08.2014 

Abstract 

This study was carried out among NIDDM patients who were exposed to traffic smoke more 

than 10hrs/day. We have measured the level of Vitamins, Vitamin C, Superoxide dismutase (SOD), 

Catalase, Oxidised LDL, Total thiols, Total cholesterol, plasma blood glucose, Urea, Creatinine and 

Urine sugar. It was found that the level of vitamin E, C, Catalase, total thiols was found to be depleted 

but the level of Oxidised LDL, LPO, LOH was found to be elevated. SOD was found to be slightly 

elevated, Common biochemical parameters plasma blood glucose, urea, creatinine was found to be 

increased. Most of the persons who participated in our study were NIDDM patients with varying degrees 

of severity of complications. The patients case histories were recorded which consist of the age, the hours 

of exposure to traffic smoke, the duration of diabetes in years. Sixty non-smoking males also participated 

as control. No Gross variation was observed in Lipid profile samples. 

Keywords: NIDDM-Noninsulin dependent diabetes mellitus; SOD-Superoxide dismutase; LPO-Lipid 

peroxidation; LOH-Lipid hydro peroxides; TC-Total cholesterol; HDL-High density lipoprotein; LDL-

Low density lipoprotein; VLDL-Very low density lipoprotein; Tgl-Triglycerides; ROS-Reactive oxygen 

species. 

1. INTRODUCTION

Diesel engine, petrol engine exhaust contains 

a variety of toxic materials, they are Gaseous metallic 

chemical aggregates, Poly cyclic organic matter and 

particulates (Santo donato et al. 1978).  The 

particulate fraction in automobile exhaust are 

carbonaceous in nature and cause major public health 

problems. The carbon particles from the diesel smoke 

get deposited and retained in the lungs, they are 

carriers of other mutagenic and carcinogenic emission 

products. The lead particle which is present in the 

diesel exhaust enters the blood by active smoking 

interfere with porphyrin synthesis and raises the level 

of Aminoleuvilinic acid (Luckey et al. 1975). Free 

radical and oxidant toxicity: Oxides of 

Nitrogen,Sulphur, Carbon monoxide,enters the living 

system and could produce active free radicals. 

Particulate matter which enters the living system 

enhances the development of macrophages resulting in 

an oxidative burst in the neutrophils releasing free 

radicals ( Krinsky, 1982). 

2. MATERIALS AND METHODS

The total number of persons enrolled in our 

study were 140 with NIDDM they were all males, 

their age group was between forty two to fifty two 

years, and their exposure to automobile emission was 

between 10-12 hours/day. The participants were traffic 
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police constables, government workers, platform shop 

keepers, road side workers, with diabetic 

complications their fasting blood glucose was 

172±8mg/dl and postprandial blood glucose was 

found to be 228±4mg/dl. Sixty non-smoking healthy 

males in the age group of thirty two to fifty two years 

participated as control, their exposure to diesel and 

auto mobile exhaust was within ninety minutes /day 

during their travel to the office. The patients case 

histories were recorded which consist of the age, the 

hours of exposure to traffic smoke, the duration of 

diabetes in years. The criteria adopted for diagnosis of 

diabetes was based on the recommendation of WHO 

study group on diabetes. 

2.1 Blood Sampling 

Blood sampling was carried out after 12 

hours of overnight fasting by vein puncture. The blood 

thus obtained was discharged into two tubes. The tube 

which contain sodium fluoride as anticoagulant was 

used for the assay of glucose, urea, Creatinine. The 

tube which contained EDTA disodium salt 1mg/ml as 

anticoagulant was used for the remaining test ,Red 

cells were lysed  their membranes were separated  by 

the method of Dodge et al.,(1963). The red cell 

membrane were used for the assay of antioxidant 

enzymes Catalase and Superoxide dismutase (SOD). 

The blood glucose estimation in plasma was 

done by the method of (Varley et al. 1984). Urea 

estimation in plasma was done by the method of 

(Marsh et al. 1965). Creatinine in plasma was 

estimated by the method of (Larson, 1972). Protein 

was measured by the method of (Lowry et al. 1951).

2.2 Assesment of traffic density 

The number of fuel driven vehicles such as 

diesel engine vehicles and petrol engine vehicles 

passing at a point /hour were counted and classified 

accordingly as two stroke engines,four stroke engines, 

bikes, buses, Jeeps, Auto rickshaws, large trucks and 

vans. 

2.3 Antioxidant enzymes assays4: 

The enzyme superoxide dismutase (SOD) 

was assayed in the haemolysate by the method of 

(Misra and Fridovich, 1972). Catalase was assayed in 

the red cell membrane by the method of (Sinha, 1972). 

Vitamin C was assayed by the method of (Tsan et al. 

1982). Vitamin E was measured by the HPLC method 

of (McCormick et al. 1980). Oxidised LDL was 

measured by the commercially available competitive 

sandwich ELISA method as described by (Holvoet et 

al. 1998). Total thiols was measured by the method of 

(Koster et al. 1986).Vitamin E was assayed at 

Trivandrum fisheries institute by HPLC method. All 

other biochemical experiments were carried at 

Ramanas clinic at venkatramana road near turn bull’s 

road under the supervision of Mr Radhakrishnan 

former biochemist MMC 

2.4 Assay of Oxidative damage: 

The lipid hydroperoxides in the plasma was 

measured with the FOX II reagent as described by 

Zhen–Yue Jiang (1990). The lipid peroxidation 

product in the plasma was measured by the TBARS 

method as described by Buege and Aust (1978). 

2.5 Lipid Profile: 

 Blood plasma total cholesterol was estimated 

by the enzymatic method as described by Tarbutton 

and Gunter (1974). HDL cholesterol was measured by 

enzymatic method as described by Lang and Schettler 

(1985).VLDL cholesterol was measured by using 

friedwald equation (1972), VLDL Cholesterol (mg/dl) 

= TGL/5 = VLDLcholesterol 

LDL Cholesterol = Total cholesterol minus 

VLDLcholesterol+HDL cholesterol = LDLcholesterol.         

All the biochemical kits were bought from 

Accurex India Limited. Throughout the experiment 

double distilled water was used  

Table 1. General data on the subjects investigated 

S.

No. 

Parameters Control NIDDM 

1 Number Analysed 60(males) 140(males) 

2 Age(Years) 32-52 42-52 

3 Height(cm) 161±7 163±7 

4 Weight(kgs) 64±7 65±9 

5 BMI (kg/m2) 24±3 25±3 

6 NIDDM(Years) NIL 4.5±1.5 

7 Fasting plasma 

glucose(mg/dl) 

82±6 172±8mg/dl

* 

8 Post prandial 

plasma 

Glucose(mg/dl) 

142±8 228±4 

9 Urea(mg/dl) 24±6 30±2 

10 Creatinine(mg/dl) 0.6±0.2 1.0±0.2 

11 Urine sugar (%) NIL 100% 

12 Urine Albumin (%) NIL 80% 

13 HbA1c (%) NIL 10.5±1.4 

14 Protein( g/L) 6.0±0.8 7.0±1.4 

15 Exposure to 

vehicle Exhaust(hrs) 

90 

minutes/d

ay 

10-

12hours/day 

Statistically different values among NIIDM From 

normal (healthy) volunteers at p<0.001 is denoted 

as * 
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Table 2. Status of Antioxidants, Vitamins, Oxidised LDL, Lipid peroxidation, Lipid hydro peroxides 

Statistically different values among NIIDM From normal (healthy) volunteers at p<0.001 is denoted as * 

Table 3. Assesment of vehicle density at busy road junctions 

S. No. Vehicles Between 8am-1pm 2pm-7pm 

1 Two wheelers+Three wheelers 1600 2000 

2 Petrol driven vehicles with 

four stroke engine 

600 820 

3 Diesel driven vehicles with 

four stroke engine 

810 1020 

4 Large four wheelers,buses 

trucks and tankers 

920 1100 

Table 4. Distribution of Totalcholesterol,Lipoprotein(mg/dl) in NIDDM and in Normals 

3. RESULTS

Table 1 shows the General data on the 

subjects investigated, all the subjects investigated 

were males both in the control as well as in the 

NIDDM. The fasting blood glucose in NIDDM who 

were exposed to traffic pollution was found to be 

172±8mg/dl in plasma and in post prandial state it was 

found to be 228±4mg/dl in plasma, further their 

HbA1c levels were elevated above 10%, this shows 

that the patients were in poor glycaemic control. The 

urea level was found to be 24±6mg/dl in control and 

in NIDDM it was found to be 30±2mg/dl. The level 

of Creatinine in control was found to be 0.8±0.2mg/dl 

and in NIDDM it was found to be 1.0±0.2mg/dl in 

plasma. 

The presence of urine albumin  among 

NIDDM  subjects exposed to traffic exhaust was 

found to be 80%  and urine sugar was found to be 

100% ,the presence of urine albumin and urine sugar 

among NIDDM indicates the patients have developed 

renal complications due to oxidative stress.There was 

a little increase in body mass index(BMI) when 

S. No. Parameters Normal NIDDM 
1. SOD,  IU/mg Hb 2.9±0.5 3.2±0.5 

2. Catalase,amount of H2O2 consumed/mg 

protein in the membrane 

6.4±0.50 4.0±0.60* 

3. Total thiols,  µ moleS/L 670±60.01 592±5.0* 

4. Vitamin E, µ moleS/L 27±2      20±2* 

5. Vitamin C, µ moles/L 64±6      40±6* 

6. Oxidised LDL U/L 93 U/L 118 U/L* 

7. (LPO)Lipid peroxidation, µmoles/L 1.9±0.3   7.4±0.5* 

8. (LOH)Lipid hydroperoxides µ moles/L 3.1±1.0 5.2±1.1 

S.No Contents 

Total 

cholesterol 

(Tc)(mg/dl) 

HDL 

cholesterol 

(mg/dl) 

LDL 

cholesterol 

(mg/dl) 

VLDL 

cholesterol 

(mg/dl) 

1 

Controls 210+19 55+5 105+12 48+12 

2 NIDDM 206±6 39±1.5 120±3 60±10 
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compared to normals.The level of protein was found 

to be increased among NIDDM (7.0±1.4g/L) when 

compared to normals ( 6.0±0.8g/L),this increase in 

protein level indicates that there is a derangement in 

protein metabolism among NIDDM. There is no gross 

variation observed in height and weight 

measurements. 

Table 2 Shows the oxidative stress 

parameters in terms of Superoxide Dismutase (SOD), 

Catalase, Total thiols, Vitamin E, Vitamin C, Oxidised 

LDL, Lipid peroxidation (LPO) and Lipid hydro 

peroxides (LOH) in both normal and in NIDDM 

subjects exposed to traffic smoke. From the table it 

can be seen that the level of SOD was found to be 

slightly increased (3.2±0.5 IU/mgHb) among 

NIDDM when compared to healthy normal (2.9±0.5 

IU/mgHb). But the level of Vitamin E and C was 

found to depleted significantly among NIDDM 

subjects  exposed to  traffic smoke when compared to 

healthy normals.The level of Vitamin E  in NIDDM 

was found to be depleted(20±2µmoles/L) when 

compared to normals (27±2µ moles/L).The level of 

vitamin C  in NIDDM was found to 

be(40±6µmoles/L) when compared to healthy 

controls(64±6µmoles/L),this is ahown in Figure 2.n 

There is also a depletion in catalase activity was noted 

among NIDDM  subjects exposed to traffic smokes 

(4.0±0.6 mmoles of H2O2 consumed/mg protein in 

the membrane)and in normals it was found to 

be(6.4±0.50 mmoles of H2O2 consumed/mg protein 

in the membrane),this is shown in Figure 1. 

From table 2 it can be observed that the level 

of lipid peroxidation was found to be increased to six 

fold   among NIDDM exposed to traffic 

smoke(7.4±0.5µmoles/L)when compared to normals 

(1.9±0.3µ moles/L) and also the level of lipid hydro 

peroxides was found to be increased  to a greater 

extent among NIDDM exposed to traffic 

smoke(5.2±1.1µmoles /L),the comparison is shown in 

Fig. 4. The level of Oxidised LDL was found to be 

elevated among NIDDM workers  exposed to traffic 

exhaust 118 U/L when compared to normals 93U/L. 

The level of   plasma total thiols was found to 

be severely depleted among NIDDM when compared 

to normal, the comparison of plasma total Thiols with 

Oxidised LDL is clearly shown in Fig. 3 

Table 3 shows the Assesment of vehicle 

density at busy road junctions it was found that ,two 

wheelers,three wheelers, petrol and diesel driven four 

stroke engines , large four wheelers and buses were 

found to be drastically increased at traffic junctions 

during peak hours and also between 2pm and 7pm.  

Table 4  shows the distribution of cholesterol and 

lipoprotein among NIDDM and controls. The total 

cholesterol, LDL and VLDL distribution in NIDDM 

subjects is increased when compared to controls. But 

the level of HDL cholesterol is decreased. 

Fig. 1:  Comparison of Catalase and SOD among 

NIDDM and Normal 

Fig. 2: Comparison of Vitamin E and C among 

NIDDM  and Normals. 

Fig. 3: Comparison of Total Thiols and Oxidized 

LDL among NIDDM  and Normals. 
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Fig. 4: Comparison of LOH and LPO among 

NIDDM  and Normals. 

4. DISCUSSION

The level of fasting and postprandial glucose was 

increased to a greater extent among NIDDM subjects 

when compared to normals,the glycosylated 

haemoglobin was above 10%this indicates the patients 

were left in poor glycaemic control.There is also 

excretion of urine albumin, urine sugar was noted 

among NIDDM exposed to vehicle exhaust,this 

indicates the patients might develop renal 

complications. The depletion of Antioxidants and 

vitamins among NIDDM Exposed to traffic smoke 

can be discussed  under the following 

Antioxidants are compounds that protects the living 

system against the potentially harmful  processes or 

reactions  that can cause excessive oxidations. 

(Halliwell and Gutteridge, 1989). In our study we 

have observed there is a slight elevation in SOD 

(super oxide dismutase) activity combined with a 

decrease in catalase activity.High SOD activity was 

reported in chronic and acute leukemia(Schwaiger et 

al.,1989).The SOD catalyses the following reactions 

H2O +  2O2
-  + 2H+ SOD   2H2O2 + O2 

There is an increase in antioxidant activity 

was noted, when the tissue is damaged,the antioxidant 

enzymes are abnormally elevated.(Kokoglu 

etal.,1989). Methyl viologen  and invivo oxygen free 

radical generator caused a strong increase in 

manganese super oxide dismutase(MnSOD) in 

anaerobic cultures(Hassan, Fridovich 1977). SOD is 

an inducible enzyme and  it is induced in cells and 

tissues to fight against superoxide concentrations .  In 

our study the slight increase in SOD activity might be 

due to exposure of patients to superoxide 

radicals,which are present in petrol and diesel 

exhaust.Increase in SOD activity along with decrease 

in catalase activity was reported by( Rister and 

Baehner,1976). Catalase is everywhere distributed in 

tissues of all species it is a haem protein,it acts on a 

substrate hydrogen peroxide(H2O2).The activity of 

catalase was controlled by the concentration of 

hydrogen peroxide.Catalase catalyses the following 

reactions. 

 H2O2 + H2O   +    O2x    xxxxxxxxxxxxxxxxxx

In our present observation there is a decrease 

in the activity of catalase was observed in the red cell 

membrane.(Rister and Baehner,1976) have reported 

the catalase inactivation in the bovine liver by oxygen 

free radical and hydrogen and hydrogen peroxide. 

In the presence of SOD the catalase was 

inactivated to a lower extent but when the 

concentration of SOD falls, the catalase was 

inactivated to a greater extent this was proved in a 

biphasic experiment by (Kono and Frido Vich, 

1982).In our study the slight increase in SOD level 

and decrease in catalase activity might be due to 

exposure of NIDDM subjects to vehicle exhaust.In 

our study oxidative stress parameters both lipid 

peroxidation and lipid hydroperoxides was elevated to 

a greater extent.The level of lipid peroxidation was 

increased to six fold when compared to normals but 

the level of lipid hydroperoxides was increased to 

double fold , this indicates the severity of 

complications. 

We would like to discuss the elevation in 

lipidperoxidation and lipidhydroperoxides under the 

following,Reactive oxygen species results due to 

uncontrolled hyperglycaemia. (Brown 

Lee,2001).(Wolff and Dean ,1987) and (Mullarkey et 

al.,1990) stated the theories of oxidation and glycation 

relationship ,in the presence of trace of metal ions 

simple monosaccharides like glucose and fructose 

autooxidise and generate superoxide radicals,hydrogen 

peroxide and hydroxyl radicals. In uncontrolled 

hyperglycaemia a different situation arises,the excess 

glucose activates several major biochemical 

pathways,these include Advanced glycation end 

products (AGEs) and receptors for advanced glycation 

end products(AGE) (RAGE)(Brown 

Lee,1995),Protein kinase C(PKC)( Koya et 

al.,1998),and polyol pathway(Stevens  et al.,2000). 

Uncontrolled hyper glycaemia also leads to activation 

of additional biochemical pathway including the stress 

activated signalling pathways of nuclear factor-
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kB(NF-kB)NH2-TERMINAL Jun kinases/stress 

activated protein kinases(JNK/SAPK), p38 mitogen 

activated protein kinases and hexoseamine.(Barnes et 

al.,1997),(Kyriakis and Avruch,1996),(Marshall et 

al.,1991). Due to increased Reactive oxygen species 

or Reactive Nitrogen species oxidative stress 

results.The reactive oxygen species (ROS) include 

superoxide and hydroxyl radicals,uncharged species 

H2O2(Hydrogen peroxide).(Rosen et al.,2001).  

Reactive oxygen species (ROS) directly oxidise  lipids 

, membranes and causes lipid peroxidation , lipid 

hydroperoxides formation,it also affect DNA and 

protein. ROS are responsible  to play a major role in 

the pathogenesis of late diabetic complications 

(Nishikawa et al.,2000). 

 In our study the elevation in Reactive 

oxygen species (ROS) among NIDDM patients might 

be due to  chronic  exposure to diesel and petrol 

exhaust which can trigger the elevation in lipid 

peroxidation and lipid hydroperoxide formation. We 

have also observed elevation in oxidised LDL 

levels.Oxidised LDL is elevated under the following 

conditions a)Uncontrolled hyperglycaemia b)Obesity. 

(Wolff and Dean ,1989 ) stated the theories of 

oxidation and glycation relationship.In the presence of 

trace of metal ions simple monosaccharides like 

glucose and fructose Autooxidise and generate 

superoxide radicals,hydrogen peroxide and hydroxyl 

radicals.Thus when lipoproteins in high glucose 

medium undergoes oxidation,which could affect both 

the apolipoproteins and the lipid core of the 

particle.Glycoxidised lipoproteins have greater 

atherogenic potential. Elevation  of Oxidised LDL is 

also seen in a)Atherogenesis b)endothelial injury 

c)Expression of Adhesion  molecules d)Leukocyte

retention and recruitment as well as foam cell and 

thrombus formation (Stein Berg etal.,1989). The level 

of vitamins E and C was significantly reduced among 

NIDDM exposed to diesel and vehicle exhaust.The 

depletion of vitamin E and C is accompanied with the 

depletion of catalase activity. Ascorbic acid or vitamin 

C undergoes oxidation and reduction. Ascorbic acid 

protects the cell from cellular damage, oxygen 

toxicity,and also lipid peroxidation caused by free 

radicals.(Procter and Reynold, 1984) 

Tocopherol or Vitamin E effectively inhibits 

lipid peroxidation (Burton and Ingold, 1981).     

Alpha tocopherol catalyses the following reactions 

Alpha tocopherol+ LOO®(Peroxyl radical)

Alpha tocopherol®(Alpha tocopherol radical)+LOOH 

Alpha tocopherol®+ LOO®(Peroxyl radical)      

LOO Alpha tocopherol 

The alphatocopherol radical thus formed 

reacts with another peroxyl radical to form a stable 

adduct(Matsumoto et al.,1986) 

In our studyt the elevation in lipid peroxide 

and lipid hydroperoxide radical might be the cause of 

depletion of vitamin E among NIDDM subjects 

exposed to diesel and petrol vehicle exhaust. 

The anti-atherogenic mechanism of vitamin E 

and C on LDL oxidation was discussed very clearly 

by (Anita et al. 2000). It was proved in their 

observation that the positive synergistic action of 

Vitamin E and C in protecting LDL on oxidation.In 

our observation, both Vitamin E and C was found to 

be very much depleted among NIDDM subjects when 

compared to healthy controls.This depletion in 

Vitamin E and C level might due to chronic exposure 

of NIDDM subjects to  petrol and diesel exhaust 

which contain more free radicals. 

4. CONCLUSION

Depletion in Vitamins and antioxidants still 

worsens the NIDDM subjects on exposure to vehicle 

exhaust and smoking.The NIDDM subjects should be 

administered with antioxidants and vitamins to combat 

the free radicals damage.The administration of vitamin 

E and C to a certain extent lower oxidised LDL levels. 
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