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Abstract Dependence of plasma total homocysteine
(tHcy) and DNA damage profiles on melanodialdehyde
(MDA), oxidative stress, liver function tests (LFT), and
lipids was studied in non-obese and obese subjects in the
Pakistani population. Development of obesity is influenced
by both genetic, biochemical and environmental factors.
Plasma homocysteine (Hcy) and DNA damage profiles
play a pivotal role in its progression. We studied 160
obesity patients and 160 lean subjects. Leukocytes were
evaluated for DNA damage by comet assay and blood
plasma for biochemical properties using commercial kits.
Plasma Hcy level and DNA damage were strongly corre-
lated with triglycerides (P < 0.000), LDL-cholesterol (P <
0.001), systolic blood pressure (P < 0.001), cholesterol
(P < 0.004), MDA (P < 0.004) and total oxygen stress
(P < 0.004) in obese individuals. Both Hyc and DNA
damage were negatively associated with total anti-oxidant
response and globulin. Both Hcy profile and DNA damage
may have a role in the endothelium damage even in the
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normal range and are related to triglycerides, ALT,
MDA, TOS, HDL- and LDL-cholesterol in the Pakistani
population.
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Introduction

Obesity is wide-spread in both developed and developing
countries and is due to deposition of fat in the fat com-
partments of body [1, 2]. It is due to the growing trend
of sedentary lifestyle and increased consumption of high
caloric diet [3, 4]. It is linked with metabolic complica-
tions, namely, hypercholesterolemia, hyper-insulinemia
and dyslipidemia [5]. A BMI cut-off point for overweight
and obesity is 25 and 30 kg/m? [5, 6]. High lipid profile of
the blood serum is considered as one of the factors that may
develop obesity in diabetes mellitus and thus the progres-
sion of diabetes in a population. Knowledge of adipocyte
biology is essential for understanding the patho-physio-
logical basis of obesity and metabolic disorders. High
levels of homocysteine are linked with obesity and the
early development of heart and blood vessel disease. Its
high level is considered an independent risk factor for heart
disease. There is a link between high homocysteine level
and damage to the arteries, causing atherosclerosis and the
formation of blood clots [6, 7].

The possible risk factors for elevated levels of tHcy may
include BMI, excessive use of pesticide, low consumption
of folate and vitamins [7], which lower down recycling of
homocysteine and methionine in blood plasma. A man’s
risk of having higher tHcy level (hyperhomocysteinemia)
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is influenced by genetic, metabolic errors and environ-
mental factors [8—10].

Excess homocysteine (>12 pmol/l) has a toxic effect on
the endothelium, promotes thrombosis via platelet activa-
tion, causes oxidation of LDL-cholesterol and increases
smooth muscle proliferation [11]. Oxidative stress causes
oxidation of membrane lipoproteins and oxidation of DNA
leading to tissue damage [12—15]. The liver function test
may be a marker in monitoring the development and pro-
gression of the disease and documentation of the clinical
evidence of this disease [16], since abnormal serum levels
of hepatic enzymes are frequently found in subjects with
obesity or hyperlipidemia [16]. In this investigation, we
have observed the plasma levels of tHcy, and DNA damage
and to establish their correlation with total oxidants, anti-
oxidants, MDA, LFT, and lipids (triglycerides and cho-
lesterols) in obese subjects and control individuals.

Materials and methods
Subjects

This case-controlled investigation included a total of 320
subjects, consisting 160 obese patients and 160 healthy
volunteers as controls, who visited Government hospital.
All cases and controls were recruited in this study under
informed consent. University ethical committee approved
the study and work was performed in accordance with the
Declaration of Helsinki.

A complete physical examination of each individual was
performed by one of the physicians attending the controls
and patients. Following factors were recorded: (1) Hyper-
tension indicated by a systolic blood pressure >140 mm
Hg, a diastolic blood pressure of >90 mm Hg or anti-
hypertensive medication; (2) diabetes requiring medical or
dietary treatment; (3) body mass index (BMI; kg/mz) was
calculated by using the following formula: BMI = weight
(kg)/height (m)z; (4) body temperature (°F) was recorded
by using thermometer; (5) HDL-cholesterol; (6) triglycer-
ides; (7) blood glucose; and (8) low LDL-cholesterol were
measured in the analytical laboratory using commercial
kits.

Design

Risk factors for obesity include age, total cholesterol, HDL,
BMI, glucose and cholesterol. Subjects were considered
to have high cholesterol level if they had a value of
5.69 mmol/l (220 mg/dl) or more. Subjects were considered
to be diabetic if they had a fasting blood glucose level of
7.77 mmol/l (140 mg/dl) or more. BP (cutoff values for
systolic and diasystolic BP: >130 mm Hg or >85 mm Hg,
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respectively) was measured using manual sphygmoma-
nometers after the controls and subjects had rested for
10 min in a quite room. Cut-off values of all risk factors
were from published clinical values.

A total of 320 blood samples were collected from nor-
mal (n = 160) and obese (n = 160) patients. All subjects
were asked to complete a questionnaire, which included
standard demographic data (Table 1) as well as questions
on their immunization status, history, fever, vomiting or
medication as well as nutritional status. Normal and obese
patients were not on any medication and were consuming
routine diet. Efforts were made to match the patients and
the controls for any potential confounding factors, namely
age, gender, and socioeconomic condition. All of them
belonged to urban area and were not exposed to any pes-
ticide through out the study.

A sample of 10 ml of blood was collected from each
individual using sterile disposable syringes and transferred
to sterile heparin tubes. The tubes were kept cold and
centrifuged to separate serum at 800g for 10 min. Later
they were stored at —20°C till analysis.

Analytical methods

Serum glucose test was carried by commercially available
kit (Biocon) through spectrophotometer. Total cholesterol
(TC) and triglycerides (TG) were determined by using
routine enzymatic methods. HDL- and LDL-cholesterols
were determined by using commercially available kits per
instructions of the manufacturers. Serum proteins, albumin
and glubolin were also determined by using commercially
available kit (Bio Rays). Plasma homocysteine (Hcy) was
measured by homocysteine microtiter plate assay using
enzyme-based kit (Diazyme). Plasma total oxidant status
(TOS) and total antioxidants response (TAR) were mea-
sured colorimetrically as described previously [17, 18,
respectively]. Malondialdehyde (MAD) levels were quan-
tified by using thiobarbituric acid reactive species using
spectrophotometer at 532 nm [19]. DNA damage was
measured by performing comet assay by adopting the
methods of Martin et al. [20]. Cells without DNA damage
had an intact nucleus without a tail, whereas those cells
having DNA damage had a comet-like look. The length of
DNA migration in the comet tail was taken as an estimate
of DNA damage and was measured with an ocular
micrometer (um). The laboratory performed strict external
and internal quality control tests. Reagents for calibration
of instruments were supplied by their manufacturers.

Statistical and sensitivity analyses

Data collected were subjected to calculations of mean £
SE. To calculate the differences between normal and obese
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sl % o (young male and female; old male and female subjects),
°|‘|’ ST data were analyzed by two way analysis of variance [21].
=l HHAH To evaluate the relationship between blood characteristics
2 § i o[l:o and DNA damage or homocysteine profile (uUM/I), com-
sl arc parison of the correlation coefficients provided a feasible
- estimate of the strength of the association between differ-
CHEN N ent anthropometric data, and biochemical profiles.
TEEE:
Sl H H +
2 TU wvi o0 o
E; E 2 g g Results
S ‘[‘3 <%, :%] General and anthropometric characteristics of the subjects
Nl S & are shown in Table 1. In male and female, BMI was sig-
% ﬁ j j nificantly higher in obese subjects as compared with their
8 % § % lean counterparts (16.75-22.98 kg/m?) and was an inde-
o - pendent variable in both males and females, young and old
Sla = o (P < 0.01). Overall mean systolic blood pressure increased
I g g E significantly in old male and female while overall mean
El 4 4+ diastolic blood pressure was increased in female and
o E g = 8 decreased in males.
g § E & a = Mean serum glucose concentration was significantly
low in old and in female obese cases (P < 0.01) as com-
2 % U{: % pared to their control counterparts (young and male)
i : ; : respectively. However, young and the old obese individ-
?ﬁj 2 a9 uals showed significantly higher value (P < 0.01) in their
2la g9 serum glucose concentration. Mean serum cholesterol and
© - triglyceride were significantly higher in old female and
3 =) SR male obese cases than young male and female obese cases
g [ IR as compared to their normal individuals (Table 2). HDL-
= . f’ H H H cholesterol was significantly higher in both old normal and
i E é 5 E § obese males, followed by normal female and obese
§ glz|l- o~ (P < 0.01) cases (old ones). They were followed by nor-
= ~l< 2o u mal male and female (young group). Young obese group
% 2 i § E (both male and female) had significantly lower values of
E \g HHH| this variable. However, LDL-cholesterol was significantly
g 2 & 83 i higher in old obese male and female, young obese females
é o) a S S Y followed by normal individuals. Total proteins were sig-
g ~| = & nificantly higher in normal male and female (both old and
= 2 § % f_cg z*: young), followed by obese cases. Almost similar trend was
2 l S =« |3 observed in the case of serum glubolin but albumin was
20 - et i i ﬁ gﬁ non-significantly different in obese and normal cases.
g 52 § § § g o In the present study, alanine aminotransferase (ALT) and
ke =1z - “:; AST were significantly (P < 0.01) higher in obese indi-
ﬁ @ go 3 viduals (male and female). In the present study, we deter-
g ”;\5 % R mined serum antioxidant response (TAR) to be significantly
% 2 £ E S low while oxidant status was high in obese patients (young
5 E 2 Q‘é o and old). Serum homocysteine was significantly high in
& % g g E obese patients as compared to healthy individuals. DNA
% § = = _cg damage level in ol?ese patients was significantly higher
£l ; é = £ (P < 0.01) than their lean cognterparts..
- |8 g0 8|s We performed the correlation analysis between Hey and
= g i g % cé all studied parameters (Table 3) in obese and normal
El& 8 %Al subjects. Serum homocysteine was positively correlated
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with all parameters (Table 3) in obese patients (P <
0.000-0.006), except diastolic blood pressure, total pro-
teins and AST. It was also observed that Hey concentration
in normal individuals was independent of BMI, triglycer-
ides, glucose and cholesterol level, total proteins, glubolin,
and AST. It was negatively correlated with glubolin and
TOS in obese patients.

DNA damage in obese patients was strongly dependent
(P <0.01) on all parameters studied (Table 4) except
glubolin and TAR where it was negatively correlated.
Correlation between Hcy and BMI, blood pressure, cho-
lesterol, LDL-cholesterol, albumin, glubolin, TAR and

TOS was not detected in normal subjects. In these subjects,
it was strongly correlated to triglycerides, ALT and MDA
(P < 0.0D).

Discussion

Homocysteine (Hcy) is an independent risk factor for
development and progression of obesity. It may be related
with several different anthropometric data, and biochemi-
cal profiles. Systolic and diastolic blood pressure were
significantly and positively related to body mass index in

Table 3 Correlation coefficients of homocysteine with biochemical characteristics’ profile in normal (n = 160) and obese (n = 160) individuals

Parameters

Coefficient of homocysteine P
(umol/l) in normal

Coefficient of homocysteine P
(umol/l) of obese

Body mass index (BMI; kg/m?) - 0.882 0.004
Systolic blood pressure (mm/Hg) - 0.928 0.001
Glucose (mg/dl) - 0.829 0.011
Cholesterol (mg/dl) - 0.879 0.004
Triglycerides (mg/dl) 0.917 0.083 0.976 0.000
HDL-cholesterol (mg/dl) 0.958 0.042 - NS

LDL-cholesterol (mg/dl) 0.995 0.005 0.925 0.001
Total proteins (g/dl) - NS - NS

Albumin (g/dl) 0.973 0.027 0.748 0.003
Globulin (g/dl) - NS -0.945 0.000
Alanine aminotransferase (ALT; U/1) 0.956 0.044 0.859 0.006
Total antioxidant status (AOS; mmol/Trolox Equiv./l) - NS -0.980 0.000
Total oxidants status (TOS; pmol H,O, Equvi./l) 0.960 (0.040) 0.872 0.005
Melanodialdehyde (MDA; pmol/l) 0.993 (0.007) 0.883 0.004
Each value is a mean of n = 160. SD among replicates was too small and was omitted. Values under P-values are for significance. “~" stands for

values, which were statistically non-significant (NS)

Table 4 Correlation coefficients of DNA damage of lymphocyte in relation with biochemical characteristics’ profiles of normal and obese
individuals

Parameters Coefficient of P Coefficient of P
normal DNA (%) obese DNA (%)

Body mass index (BMI; kg/m?) - NS 0.837 0.010
Systolic blood pressure (mm/Hg) - NS 0.830 0.011
Cholesterol (mg/dl) - NS 0.978 0.000
Triglycerides (mg/dl) 0.983 0.017 0.956 0.000
LDL-cholesterol (mg/dl) - NS 0.926 0.001
Albumin (g/dl) - NS 0.823 0.012
Globulin (g/dl) - NS —0.844 0.008
Alanine aminotransferase (ALT; U/l) 0.977 0.023 0.848 0.008
Total antioxidant response (TAR); mmol/Trolox Equiv./l) - NS —0.897 0.003
Total oxidants status (TOS; pmol H,O, Equiv./1) - NS 0.886 0.003
Melanodialdehyde (MDA; pmol/l) 0.992 0.008 0.917 0.001
Each value is a mean of n = 160. SD among replicates was too small and was omitted. Values under P-values are for significance. “~" stands for

values which were statistically non-significant (NS)
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obese and non-obese groups as also reported earlier [22]. In
men and women both the prevalence of overweight and
obesity increased with age and was evident between 30 and
40 years [23]. Previously, Grundy [7] used large samples
of gender, a wide age range subjects and confirmed the
notion that overweight and obese adolescents have higher
glucose and insulin level as well as abnormal lipid profile
relative to their lean peers. These results further elaborate
that metabolic alteration caused by excess body fat are
expressed in obesity and are of clinical importance [3, 4].

A quarter of the population of Pakistan would be clas-
sified as overweight or obese with the use of Indo-Asian
specific BMI cutoff values [23]. Total cholesterol, LDL-
cholesterol, triglycerides and HDL were significantly
(P < 0.01) higher in obese than in their lean counterparts.
Increasing body fat will lead to significant changes in
physiological function. It contributes towards the develop-
ment of hypertension, increase in plasma insulin and insulin
resistance, diabetes mellitus and hyper-lipidemia [6, 7]. In
women with BMI of 25, 30 and 35, risk of diabetes
increased 5-, 28- and 23-fold or greater as compared to
women with BMI of 21 or less. ALT and AST were sig-
nificantly (P < 0.0000) higher in obese subjects than their
normal leans. Burns et al. [24] reported that BMI is strongly
associated with increased serum activities of ALT, AST and
y-glutamyl transferase (GGT). A significant change in
serum ALT, AST and GGT has been linked with increased
BMI [1-3]. Choi [25] also demonstrated that high body
fatness exhibited significantly higher AST in men and GGT
concentration in women compared to normal subjects with
low fatness.

Again homocysteine was higher in obese subjects and
was gender dependent. It was significantly high in old
obese patients, followed by young obese patients. Its for-
mation is regulated by mutations in its genes for related
enzymes and by folic acid, B, and Bg [7]. Serum homo-
cysteine showed a positive correlation with glucose, cho-
lesterol, triglycerides and LDL-cholesterol (Table 4) in
obese individuals and corroborated the work of previous
workers [10, 12]. Homocysteine is also known to mediate
LDL-auto-oxidation in the presence of copper [20]. Higher
homocysteine concentration was also observed in the
hyperinsulinemic obese subjects and it is suggested to have
its role in the high risk cardiovascular disease in obese
patients [10]. Oxidative stress present in insulin resistant
obese subjects may worsen the angiotoxicity of homocys-
teine thus increasing the risk of arteriosclerosis [8, 9].

Low plasma antioxidant status as observed in the present
study have been linked to oxidative modification of LDL-
cholesterol [9, 10]. It has been reported that aging develops
reduced ability to response to stress as level of three critical
repair proteins decrease as a result of oxidative stress
response.
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Obesity is the central and causal component in meta-
bolic syndrome and adipocytes produce a variety of bio-
logically active molecules [9]. These compounds are called
adipocytokines or adipokines, part of total plasma proteins.
Dys-regulation of these adipokines participates in the
pathogenesis of obesity. A decrease in plasma adiponectin
is causative for insulin resistance and atherosclerosis in
obese subjects [2—4].

Conclusion

This study provides a positive correlation of homocyste-
ine with triglycerides (P < 0.000), LDL-cholesterol (P <
0.001), BMI (P < 0.004), systolic blood pressure (P <
0.001, cholesterol (P < 0.004), ALT (P < 0.004), MDA
(P <0.004) and TOS (P < 0.004) in obese individuals.
Correlation coefficient of Hyc and DNA damage indicated
that both of them were negatively associated with TAR and
globulin.

DNA damage was positively correlated with BMI, cho-
lesterol, triglyceride, LDL-cholesterol, albumin, ALT, total
oxidant status and MDA but negatively correlated with
glubolin and TAR in obese subjects. In normal participants,
it was not related to BMI, blood pressure, cholesterol, LDL-
cholesterol, albumin, glubolin, TAR and TOS but was pos-
itively correlated to triglycerides, ALT and MDA. More
comprehensive study for understanding the relationships
between ROS in obesity to cause cell damage may greatly
improve our ability to develop interventions in decreasing
oxidative stress in obese individuals [19]. Nutritional strat-
egies to improve total antioxidant response (TAR) may be
effective in lowering risk of the toxic effect of ROS. Increase
in homocysteine and DNA damage may lead to hypergly-
ceremia, hyperlipidemia, and hyper liver enzyme levels. We
need to eradicate these adverse effects in our population in
order to have healthy nation.
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