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Abstract: 

Diabetes Mellitus comprises a group of heterogenous metabolic disorders that share a phenotype of hyperglycemia.  Due to 

hyperglycemia, the metabolic disorders are progressed to lead into a endothelial dysfunction, atherosclerosis and alterations 

in the large blood vessels. Dyslipidemia is one of the important pathogenic factor for micro (nephropathy)  and macro 

vascular diseases (Cardiac complications).   Hyperglycemia is widely known  cause of enhanced plasma free radical 

concentrations of  oxidative stress.   Malondialdehyde (MDA) is the important marker for the oxidative stress.      

In the present study, an attempt was made to  study the influence of dyslipidemia during the complications of Diabetis 

Mellitus and how the lipid peroxidation will induce the damage to various organs in diabetics.   During the study, 120 Type-

2 Diabetic patients were selected under test group and estimated the parameters  like  Fasting Plasma Glucose, Urea, 

Creatinine, Triglycerides, Total Cholesterol, HDL, LDL, VLDL fractions of Cholesterol by standard kit methods and 

Malondialdehyde by TBA reaction using  spectrophotometer and compared the values with age, sex matched controls 

number 50.    It was observed that a significant increase in the TG (P>0.001) and Total Cholesterol  (P>0.001), VLDL (P> 

0.001) during all the three complications due to Diabetes Mellitus and lower levels of HDL cholesterol was observed. LDL 

Cholesterol was elevated significantly during the complications of Dermatological, Ophthlmic and Nephrological diseases. 

Malondialdehyde elevation seen in above disease conditions indicating the increased free radical production. Enhanced 

MDA has been proposed to be one of the mechanism that influenced the rapid progression of diabetic vasculopathy. The 

peroxidative lipid damage can increase coagulability, alter phospholipid organisation and reduce the survival of cell, due to 

the formation of advanced glycation end products (AGEs), which might generate toxic reactive  oxygen species.  
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Introduction:  

Diabetes Mellitus is defined by the American 

Diabetes Association (ADA) expert committee in 

their 1997 recommendations as  “a group of metab-

olic diseases charecterised by hyperglycemia 

resulting from defects in insulin production or 

action or both . The chronic  hyperglycemia is 

associated with long term damage , dysfunction and 

failure of various organs, especially the eyes, 

kidney, nerves, heart and blood vessels.”[1]. 
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Diabetes from the Greek word for a siphon, 

because the fluid does not remain in the body, but 

uses the man’s body as a channel wherby to leave 

it.  The Hindu physician, Charak and Sushrut, who 

wrote between 400 and 500 BC, were probably the 

first to recognise the sweetness of diabetic urine. 

Indeed, the diagnosis was made by testing the urine 

or noting that ants congregated round it [2].   The 

Edinburgh trained surgeon, John Rollo(1809) was 

the first to apply the adjective “Mellitus”   ( Rome  

Greek and Latin words meaning Honey [3]  .  

Diabetes Mellitus is of three types  Type I  (IDDM) 

and Type II (NIDDM),  and Type 3,  Gestational 

Diabetes. By  2025 , 300 million people are 

expected to be diabetic [4]. This will be greatly 

increased by 19 to 57 million people. Due to the 

metabolic derangements several metabolisms are 

severely affected , like lipid metabolism , lipid 

peroxidation leading to free radical generation  

(ROS) triggers the  complications like cardiac 

(atherosclerosis) , neurological ( Diabetic Foot 

Ulcer), Nephrological( Nephropathy), Vascular ( 

Micro and Macro)  etc.,  Chronic Diabetes Mellitus  

leads to the impairment of microcirculation[5, 6]. 

And there is an alteration in structures of  

glycosaminoglycans , advanced glycation end 

products (AGEs), Glycoproteins ,  collagen, polyol 

pathways which ultimately brings the change  in 

the blood vessels  leads to the hardening of vessels 

.  Alteration in the carbohydrate and lipid 

metabolism leads to the decreased antioxidants and 

increased generation of free radicals and oxidative 

stress.  Finally,  increased coagulability of the 

endothelial surface lead to micro thrombus 

formation and luminal occlusion with 

atherosclerotic plaques[7].  There are multiple 

causes for diabetic neuropathies, including 

metabolic, vascular, autoimmune, oxidative stress 

and neuro hormonal growth factor deficiency.  

Free radicals are constantly being generated in the 

body, as a result of the normal metabolic process. 

Under physiological conditions, damage due to free 

radicals is countered by antioxidants. Sometimes 

excessive free radical formation occurs in the body, 

and the anti oxidant  system in the body cannot 

cope with the situations, ie., the pro oxidants 

overwhelm the antioxidants. This situation is 

known as oxidative stress.  MDA is the product 

formed from free radicals as a marker for oxidative 

stress. In Diabetics antioxidant systems like GSH, 

vitamin- C, Magnesium, Vitamin- E are lowered 

which aggrevates the lipid peroxidation[8].  

Materials  and  methods: 

In the present study 120 diabetic patients of both 

sexes aged 45yrs to 60 yrs were included under test 

group (DM no – 50,  DM with skin problems no- 

24 , DM with optthalmicical no -9, and DM with 

nephrological no- 11) , who are admitted to 

Rangaraya Medical college and Hospital , 

Kakinada, A.P India.  All are Type 2 Diabetes 

mellitus with the duration of 10 ± 5 yrs.  5o Age, 

Sex matched healthy individuals were selected 

under control group. All the subjects are informed 

for consent. Other systemic illness, Alcoholics, 

tobacco chewers, Patients on insulin were excluded 

from this study. Experiments were done according 

to Helsinki declaration of 1975.  

Biochemical Analysis: Fasting venous blood 

samples were collected from both the groups and 

separated the serum after appropriate time and 

Glucose (GOD-POD Method) [9,10, 11], Urea        

(Urease- GLDH Method)[12,13] , Creatinine 

(Jaffe’s Method)[14,15]  , Lipid profile- HDL-

c(Phosphotungstic Acid Method)[16], LDL-

c,VLDL-c(by Friedewald’s Formula) [17], TG 

(GPO-Trinder Method)[18,19]and Total 

Cholesterol(CHOD-PAP Method)[20,21]were 

measured by KEMWELL fully automated analyser 

by standard kits. MDA (Malondialdehyde) is 
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estimated Spectrophotometrically by TBA Reaction 

(THIOBARBITURIC  ACID, MAHALOUZ  et.al., 

1978) [22]. 

Measurement of MDA: 1 ml of of serum is pipette 

into a test tube and 1 ml of 0.9% saline and 2 ml of 

20% TCA are added to the serum. Mix well. And 

centrifuged at 3000 rpm for 30 mins. 2 ml of 

supernatant was collected into another new test 

tube, 0.5 ml of 0.67% TBA is added.  Tubes are 

kept in boiling waterbath for 45 mins and cooled 

immediately. Absorbance is measured at 530 nm 

and values are calculated from the standard curve.  

Data are expressed as mean ± SD, p<0.05 was 

considered as statistically significant. Statistical 

analysis was performed using SPSS software. 

Results:  

When Diabetes mellitus  patients are compared 

with the healthy individuals ( Table -1) we 

observed a significant elvation in the levels of 

Glucose, (p value ,0.001 ), Triglycerides             

(p>0.001), Total cholesterol (p>0.001), VLDL 

cholesterol (p>0.001),  and MDA (p> ,0.001) in test 

group. There is no significance in the Urea, 

Creatinine , LDL and HDL cholesterol.  

When Diabetes mellitus patients with 

Dermatological complications are compared with 

healthy individuals, we observed the significant 

elevation of glucose levels (p>0.001), urea 

(p>0.001), Triglycerides (p>0.001), Total 

cholesterol (p>0.001), HDL cholesterol (p>0.001), 

VLDL cholesterol (p>0.001) and MDA (p>0.001) 

in the test group.  No significant difference is 

observed in creatinine and LDL cholesterol(Table-

2). 

When diabetes with ophthalmic complications are 

compared with healthy individuals, we observed 

significant elevation of plasma glucose (p>0.001), 

Triglycerides (p>0.001), Total cholesterol 

(p>0.001), HDL cholesterol (p>0.001), VLDL 

(p>0.001), MDA (p>0.001) in the test group. There 

is no significant difference in Urea, creatinine and 

LDL cholesterol in the test group(Table-3). 

When diabetes with Nephrological complications 

are compared with healthy individuals, we 

observed significant elevation in the plasma 

glucose (p>0.001), urea (p>0.001), creatinine 

(p>0.001), Triglycerides (p>0.001), Total 

cholesterol (p>0.001),  LDL (p>0.001), VLDL 

(p>0.001), MDA (p>0.001). No significant 

difference is found in HDL cholesterol level in the 

test group(Table-4). 

Late complications of Diabetes Mellitus is 

ulceration of foot. Commonly occur in both Type-I 

and Type-II DM. Peripheral vascular disease and 

minor trauma leads to ulceration, infection and 

gangrene. Patients with retinopathy and 

nephropathy are at increased risk of foot ulceration. 
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Table-1  

 

Parameters 

 

Controls 

n = 50 

 

Diabetes Mellitus 

n = 50 

 

‘t’-value 

 

‘p’-value 

 

 

Age                          years 45 + 10 49 + 10 -2.37 <0.01 

Glucose                    mg%   82 + 12 150 + 57 -8.34 <0.001 

Urea                         mg% 25 + 5.4 31 + 12 -0.08 NS 

Creatinine                mg% 0.9 + 0.15 1.1 + 0.7 -2.00 NS 

Triglycerides           mg% 108 + 21 181 + 104 -4.899 <0.001 

T.Cholesterol           mg% 175 + 19 220 + 56 -5.54 <0.001 

HDL Cholesterol     mg% 37 + 4.5 47 + 15 -2.134 NS 

LDL Cholesterol     mg% 117 + 16 133 + 55 -2.018 NS 

VLDL Cholesterol   mg% 22 + 4.2 38 + 22 -5.095 <0.001 

MDA                      nmol/dl                     222 + 44 464 + 238 -7.127 <0.001 

 

 

 

Table -2 

 

Parameters 

 

Controls 

n= 50 

 

Dermatological 

Complications due to DM. 

n=24 

 

‘t’-value 

 

‘p’-value 

        Age                      years 45+10 48+13 -1.094 NS 

  Glucose                mg% 82+12 141+41 -9.238 >0.001 

        Urea                     mg% 25+5.4 29+7 -2.7 <0.005 

        Creatinine            mg% 0.9+0.15 0.9+0.2 0 NS 

        Triglycerides       mg% 108+21 169+94 -5.328 >0.001 

        T. cholesterol      mg% 175+19 199+49 -4.92 >0.001 

HDL cholesterol  mg% 37+4.5 51+14 -6.45 >0.001 

LDL cholesterol   mg% 117+16 114+40 -0.46 NS 

VLDL cholesterol  mg% 22+4.2 34+19 -4.284 >0.001 

MDA                 nmol/dl 222+44 508+245 -8.045 >0.001 
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Table-3 

Parameters Controls    

n=50 

Ophthalmic 

complications due to 

DM n=9 

 

‘t’-value 

 

‘p’-value 

         Age                   years 45+10 53+6.7 -2.299 <0.002 

Glucose              mg% 82+12 170+84 -7.281 >0.001 

Urea                   mg% 25+5.4 25+6.4 0 NS 

Creatinine         mg% 0.9+0.15 0.8+0.3 -1.538 NS 

Triglycerides     mg% 108+21 173+81 -4.977 >0.001 

T. cholesterol    mg% 175+19 229+36 -6.722 >0.001 

HDL cholesterol mg% 37+4.5 62+14 -10.301 >0.001 

LDL cholesterol mg% 117+16 133+33 -2.288 NS 

VLDL cholesterol mg% 22+4.2 35+16 -5.0 >0.001 

MDA                 nmol/dl 222+44 604+305 -8.696 >0.001 

 

 

Table-4 

Parameters Controls 

N=50 

Nephrological 

complications due to 

DM   n=11 

 

‘t’-value 

 

‘p’-value 

Age                years 45+10 49+8 -1.238 NS 

Glucose             mg% 82+12 161+73 -7.417 >0.001 

Urea                  mg% 25+5.4 51+20 -14.178 >0.001 

Creatinine        mg% 0.9+0.15 1.4+0.2 -9.404 >0.001 

Triglycerides    mg% 108+21 216+79 -8.592 >0.001 

T. cholesterol   mg% 175+19 241+55 -6.953 >0.001 

HDL cholesterol mg% 37+4.5 39+9 -1.086 NS 

LDL cholesterol mg% 117+16 158+58 -4.399 >0.001 

VLDLcholesterol mg% 22+4.2 44+20 -14.27 >0.001 

MDA                nmol/dl 222+44 556+140 -14.284 >0.001 

 

Discussion:   

In the present study an attempt is made to study the 

influence of dyslipidemia in the complications of 

diabetes mellitus and how the lipid peroxidation 

will induce the damage to various organs in the 

Diabetic Patients. The cause of Diabetic 

complications is not clearly known and may be 

Multifactorial. The major emphasis has been placed 

on polyol pathway, where in glucose is reduced to 

sorbitol by enzyme aldolase reductase. Sorbitol, 

which appears to function as a toxin, has been 

implicated in the pathogenesisof retinopath[29,30,] 

neuropathic cataract,  nephropathy and vascular 

diseases sorbitol accumulation is associated with a 

decrease in the myo inositol content, Abnormal 

phosphoinositide metabolism and a decrease in 

Na+,  K+, ATP ase activity. Hyperglycemia  Is a 

widely known cause of enhanced plasma Free 
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Radical concentrations. There are many ways by 

which hyperglycemia may increase the generation 

of free radicals. Development of atherosclerosis 

based on metabolic disorders is accompanied by a 

smoothened  response of morphologically unaltered 

blood vessels to endothelium dependant 

vasodilators such as acetylcholine and 

Bradykinin[23].If endothelial dysfunction promotes 

atherosclerosis, it may be a link between 

hyperglycemia and alterations of large blood 

vessels. In the present study HDL cholesterol levels 

were normal, no change was observed in 

nephrological cases[35]. The results are in 

agreement with those reported in some earlier 

studies by  Giri et al.,(1999)[24]and Vanizor et al., 

(2001)[25,34]. These cases were already 

established as complicated cases and were under 

treatment. This might be the reason to have a 

normal HDL cholesterol in some cases. Increased 

lipid peroxidation in DM has been reported in 

various studies Giri. et. Al.,(1999), Turk et .al., 

(2002) [26,31], and Kumar et al.,(2003)[27,32], 

increased enhanced production of MDA has been 

proposed as one of the mechanism that fosters rapid 

progression of diabetic vasculopathy (jenero, 

1990)[28,33]. Peroxidative lipid damage can 

increase coagulability alter , phospholipid 

organisation and reduce survival of cell, due to the 

formation of advanced glycation end  products 

(AGEs) which generate toxic reactive oxygen 

species(ROS). 

Conclusion: 

From the above study we can conclude that poor 

glycemic control and dyslipidemia  are the  major 

causes for the complications of the Diabete 

Mellitus. Serum MDA levels are significantly 

elevated which shows the key role of oxidative 

stress in the pathogenesis of Diabetic 

complications.  
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