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ORIGINAL ARTICLE

Oxidative protein modification and chromosomal instability among type 2 
diabetics in Osogbo, Nigeria
O.O. Olaniyan a, O.O Odewusi b and H.B Osadolor c

aDepartment of Chemical Pathology, Osun State University, Osogbo, Nigeria; bDepartment of Med. Lab. Science, Afe Babalola University, 
Ado-Ekiti, Nigeria; cDepartment of Med. Lab. Science, University of Benin, Benin City, Nigeria

ABSTRACT
Background: The abundance of proteins in human system has made it a major target for 
glucose auto-oxidation. Likewise, chromosomal instability, describes an oxidative DNA damage 
that can be accelerated by chronic hyperglycemia. This work investigates the extent and 
contribution of diabetes oxidation/stress on protein carbonylation and chromosomal instabil
ity among 120 type 2 diabetics (60 with vascular complications and 60 without any vascular 
complications) and 50 apparently healthy control subjects. Anthropometric data and fasting 
venous blood specimen was collected from each participant for glyceamic control, antioxi
dants, protein oxidation, oxidative DNA damage parameters and chromosomal aberration 
assay using standard methods.
Results: Diabetics without vascular complications shows a significant (p = 0.0000) difference in 
all measured parameters except 8-OHdG (p = 0.0764) as compared to control subjects. 
However, diabetics with vascular complications show significant (p = 0.0000) difference of all 
measured parameters than those without vascular complications.
Conclusion: Our study findings indicate an increased formation of protein carbonyl contents, 
and chromosomal aberration in diabetics especially among those with vascular complications, 
likewise, diabetes with vascular complications is associated with increased DM disease activity. 
Thus, protein oxidative biomarker can serve as a therapeutic tool in the management of 
diabetes cases while increased chromosomal aberration may indicate an increased risk for 
cancer among diabetics.
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1. Background

Type 2 diabetes mellitus is the commonest metabolic 
and endocrine disorder in Nigeria and it is character
ized by chronic hyperglycemia resulting from defect in 
insulin metabolism [1]. Chronic hyperglycemia if not 
properly managed has been fingered as a source of 
body oxidation and the root cause of long term vas
cular micro and or macro vascular disease/complica
tions that leads to dysfunction of various organs [2]. 
Likewise, an increased oxidative stress (which might 
be due to either increase in oxidant production pro
cesses or decrease in antioxidant defense mechanism 
or both) has been observed and canvased as an accel
erated cause of these complications along with chronic 
hyperglycemia in diabetics [3]. These complications 
have however, imposed a heavy economic, financial 
and health burden on the fragile Nigeria health system 
and the society at large [4].

Due to its abundance and high constant reaction 
rate, proteins are major target for oxidation from free 
radicals and two-electron oxidants in biological sys
tem [5]. In a nutshell, protein oxidation can be defined 
as an induced covalent modification of protein amino 

acid side chains or protein backbone either directly 
(by reactive oxygen species-ROS/reactive nitrogen 
species-RNS) or indirectly (by secondary by-products 
of oxidative stress) resulting in fragmentation of pro
tein/protein-protein cross linkages [6]. In diabetics, 
hyperglycemia has been reported to promote ROS 
and RNS accumulation through mechanisms that 
increase the formation of advanced glycation end- 
products (AGEs). AGEs formation ultimately leads 
to bio-molecular oxidation which promotes irreversi
ble tissue damage therefore, protein glycation is basi
cally an end product of glucose auto-oxidation, and it 
is a process initiated majorly through ROS and RNS 
build up [7].

Due to increased relative risk of morbidity and 
mortality among individuals with diabetes as com
pared with apparently healthy non-diabetes controls, 
diabetes can be viewed as a premature aging syndrome 
that affects the overall metabolic shift leading to geno
toxic stress and loss of chromosomal integrity [8]. 
Alterations in genomic system occur when the process 
of oxidative DNA lesions/damage overwhelms the 
DNA repair mechanism, leading to accumulation of 
unrepaired damaged DNA in the system. Thus, 
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chromosomal aberration can be described as the 
microscopically visible part of a wide spectrum of 
DNA changes generated by different repair mechan
isms of DNA double strand breaks and it represents 
the biological consequences of human exposure to 
either ionizing or genotoxic agents or both [9]. 
Chromosomal aberrations can either be a numerical 
abnormalities (missing of whole chromosome or addi
tion of extra chromosome to the normal pair) or 
structural abnormalities (when part of an individual 
chromosome is missing/extra switched to another 
chromosome/turned upside down) [10]. Structural 
chromosomal aberration (sCA) is a product of break
age and incorrect rejoining of chromosomal segments 
that resulting in varieties of disease conditions. 
Structural chromosomal aberration can either be 
balanced (the complete chromosomal set is still pre
sent after being rearranged, e.g. inversions, transloca
tions) or unbalanced (after the rearrangement the 
complete chromosomal set is either missing or having 
an addition, e.g. deletions, duplications, inser
tions) [11].

Dicentric chromosome is a product of genomic 
rearrangement leading to placement of two centro
meres on the same chromosomes and substantially 
occurs naturally in humans [12]. It has been identi
fied as an agent of genomic instability associated with 
evolution of cancer in humans [13]. Ring chromo
somes (RCs) are circular DNA molecules that can be 
formed in both meiosis and mitosis. It occurs as 
a result of end joining of two double stranded DNA 
breaks, telomere-subtelomere junction or inv dup del 
arrangement. The presence of RCs has been attribu
ted to some developmental (both physical and intel
lectual) delay [14]. Chromosomal breaks are breaks 
within a chromosome and occurs as a result of DNA 
damage (by either radiations or chemicals) or as part 
of chromosomal recombination mechanism. If the 
break occurs during the G1 phase of cell cycle it’s 
known as chromosome breaks while, chromatid 
breaks occurs at G2 phase of cell cycle. 
Chromosomal brakes have been documented to dis
rupt or affect the expression of an important gene 
causing several syndromes [15]. Acentric fragments 
chromosome are commonly formed when a cell 
enters and exits metaphase with an improperly or 
unrepaired double-stranded DNA break. The unre
paired break however, generates two chromosome 
fragments (one with a telomere, a centromere, and 
a broken end, and the other with only a telomere and 
a broken end). Acentrics can also be generated 
through translocations between acro-centric chromo
somes (robertsonian translocations), or through gene 
amplification [16]. Chromosome gap is a visible non- 
staining region (achromatic lesion) at the same locus 
in both chromatids of a single chromosome and there 
is minimal misalignment of the chromatid [17,18]. 

With recent scientific advances, different sCA has 
been categorized as an unstable karyotypes and 
a major indicator of cancer evolution [10,19]. With 
recent scientific advances, sCA has been categorized 
as an unstable karyotypes and a major indicator of 
cancer evolution [10,19]. This study therefore inves
tigates the extent and contribution of diabetes oxida
tion/stress on protein carbonylation and 
chromosomal instability (structural chromosomal 
aberration) in type 2 diabetics and possibly explore 
whether they play a role in the disease progression/ 
development of its associated vascular complications.

2. Materials and methods

2.1. Subjects

One hundred and twenty (120) type 2 diabetes mel
litus patients (aged between 30 and 65 years), diag
nosed according to the WHO [20] criteria, were 
recruited from the outpatient department (diabetes 
clinic) of the State Specialist Hospital, Osogbo. 
Vascular complication was defined as any documen
ted vascular complications (both macro and micro) 
that developed at least a year after the diagnosis of 
diabetes mellitus [21]., fourteen neuropathic subjects 
diagnosed based on the presence of two or more 
signs of paresthesia, absent pinprick, light touch sen
sation, sense of position and absent tendon reflexes 
or muscular atrophy [22], three coronary heart dis
ease subjects based on the standard 12 lead electro
cardiogram with the presence of Q wave or of left 
bundle [23,24], two nephropathic subjects based on 
the criteria that a patient repeatedly had either 
a urinary albumin excretion rate of >200 µg/min or 
a positive urinalysis for protein using a reagent strip 
[25,26] and 2 diabetic foot patients diagnosed based 
on exhibition of any pathological features of the foot 
resulting directly from foot ulcer which took 2 or 
more weeks to heal [23]. Exclusion criteria were 
type 1diabetics or secondary diabetics, smokers, 
recent surgery and acute or chronic infection or 
undergoing isotope diagnostic or irradiation therapy 
in previous 3 months, development of vascular com
plications prior diabetes diagnosis. The control sub
jects were fifty apparently healthy subjects recruited 
among the staff of Osun State University but with 
similar age and sex distribution to those of the dia
betes patients. They were subjected to complete med
ical examination to exclude the presence of any 
medical problems. Informed consent was obtained 
from all the participants before the commencement 
of the study while, a structured research question
naire was administered on each subjects to collect 
relevant demographic diabetes information. In addi
tion, anthropometric data to calculate body mass 
index (BMI) and blood pressure were collected 
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using standardized methods. The clinical character
istics of the diabetics and control subjects were as 
indicated in Table 1.

2.2. Blood samples and laboratory analysis

Fasting blood sample was obtained by venipuncture 
(as all subjects were counseled and encouraged on 
overnight fasting of 10–12 hours and to take no med
ication on the morning before sample collection), into 
heparinzed tube for the estimation of the following 
biomarkers:

Glycosylated hemoglobin (HbA1c) and fasting 
plasma glucose (FPG) were estimated using ion- 
exchange resin method of Spectrum© kit (Egypt) and 
enzymatic glucose oxidase/peroxidase method of 
Randox© kit (UK) respectively.

Plasma total antioxidant capacity (pTAC), was also 
measured on the basis of the ability of plasma antiox
idants plasma to reduce Fe3+-TPTZ to a blue Fe2+- 
TPTZ. by a reductant at low pH. and monitored at 
593 nm [27].

Protein carbonyl (PCO) content of plasma samples 
was quantified, as a marker of protein oxidation, using 
the method of Mesquita et al. [28]. Briefly, plasma 
samples (400 µl) was added to equal volume of 
10 mM DNPH (prepared in 0.5 M H3PO4) solution 
to produce dinitrophenylhydrazones (in alkaline med
ium), which was measured at 450 nm.

Protein thiol (–SH) group estimation: Plasma – SH 
group was estimated according to modified Ellman’s 
method [29], based on the ability of the – SH group to 
reduce 5, 5′-dithiobis, 2-nitrobenzoic acid (DTNB) 
and form a yellow anionic colored product whose 
absorbance was measured at 412 nm.

Plasma 8-Oxo-2ʹ-deoxyguanosine (8-OHdG) was 
estimated as an index of DNA damage according to 
manufacturers direction using an enzyme linked 
immunosorbent assay (ELISA) detection kit 
(Northwest Life Science Specialties, Vancouver, USA).

Chromosomal aberration (CA) assay: 0.5 ml 
whole heparinized blood sample was added to 
a culture medium (5 ml) containing RPMI 1640 
medium (pH 6.8–7.2), 15% fetal bovine serum 
(15%) and 10 µg/ml phytohemagglutinin (PHA) 
for 72 hours at 37°C (for each subject, the cultures 
were set up in triplicates).CA assay was performed 
for the entire incubation period of 72 hours. 
Colchicine (50 µg/ml) was added 4 hours before 
harvesting of the cell cultures (i.e. at 68 hr). The 
cells were harvested and processed through treat
ments of hypotonic solution (0.075 M KCl) and 
fixatives (3:1 methanol:glacial acetic acid). Blind 
coded chromosome slides were stained with 
Giemsa solution (5%, pH 6.8) and scored for struc
tural aberration in first division metaphases through 

an oil immersion objective of a light microscope 
(Olympus, Japan) [17,30–32].

2.3. Statistical analysis

Data were expressed as mean ± standard deviation 
(SD) and assessed by the Student’s t-test. The correla
tion coefficients were determined by Pearson’s simple 
linear regression analysis. For CA test, the percentage 
aberration for each group was calculated and result 
expressed as mean ± standard error. Statistical signifi
cance was accepted at p < 0.05. All statistical analyses 
were performed with Graphad prism 8.

3. Results

One hundred and twenty (120) type 2 diabetics were 
divided into two groups of sixty (60) (25 males and 35 
females) without vascular complications DM-VC 
(mean age 53.97 ± 9.71) and sixty (60) (20 males and 
40 females) with vascular complications DM+VC 
(mean age 53.35 ± 8.41) diagnosed with different vas
cular complications. Age (54.16 ± 9.61) and sex (20 
males and 30 females) matched fifty (50) apparently 
healthy individuals served as control group. None of 
our subjects smoked tobacco or associated substance 
within the last 6 months. Other clinical/anthropo
metric and subject characteristics were as shown in 
Table 1.

Table 2 shows the mean levels of FPG, HbA1c level, 
PCO level and SH level among the study population 
where there were significant (p < 0.05) differences 
between the studied parameters in type 2 diabetics 
and control subjects and also between the diabetics 
with and without vascular complications. However, 
there is an inverse relationship between PCO and SH 
among the test population (Figure 1).

Table 3 represents the frequencies of total aberra
tions seen among the study populations. Type 2 dia
betics with vascular complications showed 
a significantly (p < 0.001) higher value of CA 
(0.16 ± 0.003) than diabetics without vascular compli
cations (0.09 ± 0.002) and the controls (0.04 ± 0.002) 
groups. Dicentric type of chromosomal aberration was 
also the most prevalent aberration seen in our study 
populations.

Table 4 shows the relationship between different 
disease activity variables (HbA1c and diabetes dura
tion) and the measured parameters among the test 
population. PCO, 8-OHdG and CA were significantly 
(p < 0.05) increased while SH and pTAC were signifi
cantly (p < 0.05) reduced among diabetics having 
HbA1c values ≥8% than those with HbA1c values 
<8%. SH was statistically (p < 0.05) lower while, CA 
was statistically (p < 0.05) higher in diabetics with 
disease duration ≥5 years than individuals with 
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<5 years disease duration. The difference observed in 
other parameters were of no statistical significance 
(p > 0.05) when using disease duration as a yardstick.

4. Discussion

In this study, it is clear that there exists a multifactorial 
involvement of low educational status, increased inci
dence of obesity and hypertension with development 
of diabetes in the study population. Although a strong 
inverse relationship has been established between edu
cational level and incidence of diabetes in North 
American, Europe and some part of Asia [30,31], 
there was no available information on any longitudi
nal study in Nigeria showing an association of 

educational level with incidence of type-2 diabetes. 
However, low educational status has been documen
ted to influence an individual’s diet quality, physical 
inactivity and other unhealthy behavior(s) which are 
possibly co-clusters promoting diabetes in an indivi
dual [32,33].

Various studies have also reported an increased 
prevalence of obesity and hypertension among type 2 
diabetics in Nigeria [34–36]. Increased obesity among 
Nigeria has been attributed to increased urbanization/ 
westernization with decreased individual physical 
activity energy expenditure (PAEE) and thus, an inde
pendent risk factor for metabolic syndrome [37]. 
Likewise hypertension, a common feature among dia
betics has been shown as an independent risk factor 
for development of either microvascular or macrovas
cular complications in diabetes [38]. There is also an 
increase incidence of diabetes among the young adults 
(30–49 years) of this study population, a feature also 
reported by Edo, et al. [34], among his study popula
tion and attributed it to increased westernization cum 
increased sedentary lifestyle among this group of 
individuals.

Different biochemical factors which are not only 
involved in the pathogenesis, but also in predicting 
and preventing the consequences arising out of com
plications in diabetes mellitus have also been identi
fied. However, this study noted a long standing poor 
glyceamic control (measured by HbA1c–glycated 
hemoglobin) as a prominent feature among diabetics 
especially among those with vascular complications 
and this goes a long way in accessing the effectiveness 
of compliance to therapy by patients. Evidently, in- 
vitro and in-vivo studies have shown that chronic 
hyperglycemic conditions (as observed in type 2 

Table 2. Oxidative indices and DNA damage biomarker of the study population.

Parameters
Controls 
(n=50)

DM - VC 
(n=60)

DM + VC 
(n=60) p-value

Glyceamic Control
FPG (mmol/L) 4.69 ± 0.71 5.38 ± 0.38 8.46 ± 0.45 0.00001,2,3

HbA1c (%) 4.93 ± 0.68 6.16 ± 0.53 8.69 ± 0.69 0.00001,2,3

Antioxidant Biomarker
pTAC (mmol/L) 1.48 ± 0.33 0.89 ± 0.18 0.64 ± 0.22 0.00001,2,3

SH group (µmol/L) 465.12 ± 9.20 442.92 ± 19.92 344.63 ± 41.23 0.00001,2,3

Protein Oxidative Markers
PCO (nmol/L) 66.69 ± 2.97 84.62 ± 8.54 88.03 ± 3.19 0.00001,a 0.0045b

Oxidative DNA Damage
8-OHdG (ng/mL) 1.54 ± 0.27 1.65 ± 0.38 2.54 ± 0.24 0.07641 0.0000a,b

Result expressed as mean ± SDDM+VC: diabetics with vascular complications 
FPG:Fasting plasma glucoseDM-VC: diabetics without vascular complications 
PCO:Protein carbonyl group 
SH:Protein thiol group 
pTAC:Plasma total antioxidant capacity 
8-OHdG: 8-hydroxy-2ʹ-deoxyguanosine 
p < 0.05 is significant1Control and DM-VC 
2Control and DM+VC 
3DM-VC and DM+VC

Figure 1. Association between plasma SH and PCO among the 
test population.
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diabetes) is associated with decreased antioxidants and 
increase production of reactive oxygen (RO) and reac
tive nitrogen (RN) species which leads to nitro- 
oxidative stress affecting biomolecules thereby 
adversely affecting the vascular (micro and or macro) 
body system and functioning [6,39,40] and also affect
ing genomic stability of an organism [41,42].

This study however, investigates the role of free 
radicals production on protein carbonylation, DNA 
damage and genomic instability among type 2 diabetes 
and its associated vascular complications. To assess 
this we demonstrated the plasma levels of antioxi
dant/reducing substances (pTAC & SH), level of oxi
dant (PCO) and genomic instability (8-OHdG & 
sCA), among type 2 diabetics and to this end, our 
study revealed a significantly high protein carbonyl 
contents, DNA damage and frequency of structural 
chromosomal aberration while antioxidants were sig
nificantly lower as compared with non-diabetes 
subjects.

The increased protein carbonylation however, has 
been attributed to chronic increase in RO/RN species 
which has the capacity to react directly (in an irrever
sible non-enzymatic manner) with proteins to form 
a highly reactive carbonyl species-PCO (a pre-cursor 
biomarker in AGEs formation) [43]. Likewise, the 

increased free radicals have been implicated to induce 
and increase the varieties of DNA lesions/damage 
(oxidized bases, abasic sites, DNA strand breaks and 
formation of cross-links between DNA and proteins) 
causing various form of chromosomal aberration 
within the body system [44] as evident in our study

So far there was insufficient literature about the 
presence of sCA (dicentrics, acentric fragments, 
breaks, rings and gaps) in type 2 diabetes individuals 
in our locality. In this present investigation we 
observe an increased rate of sCA in diabetics with 
vascular complications as compared to diabetics 
without vascular complications and normal control 
individuals. This increased rate can be attributed to 
increased oxidative stress [41,42] as evidently shown 
in our study. The significantly high frequency of 
chromosomal aberrations among type 2 diabetics 
may therefore indicate that diabetes individuals can 
be at a higher risk of developing cancers than the 
control subjects (apparently healthy individuals). 
Though, some studies have documented an increased 
risk in cancer development among diabetes indivi
duals [41], but the underlying mechanism is not 
clearly understood and the development of sCA 
may therefore be a pointer to increased cancer devel
opment among diabetes. Moreover, some anti 

Table 4. Oxidative indices and DNA damage biomarker of the test population in different disease activity variables.
Oxidative/DNA damage biomarkers

Variables PCO SH pTAC 8-OHdG sCA*

HbA1c (%)
<8 (n = 79) 85.49 ± 7.09 417.44 ± 52.14 0.82 ± 0.23 1.90 ± 0.51 10.19 ± 2.63
≥8 (n = 41) 87.92 ± 3.44 348.17 ± 42.39 0.65 ± 0.22 2.48 ± 0.38 16.61 ± 2.07
p-value 0.013 0.000 0.000 0.000 0.000
Diabetes Duration (yrs)
<5 (n = 51) 86.23 ± 5.91 401.57 ± 57.33 0.78 ± 0.25 2.03 ± 0.55 11.33 ± 3.81
≥5 (n = 69) 86.39 ± 7.17 388.01 ± 59.88 0.75 ± 0.23 2.15 ± 0.54 13.166 ± 3.83
p-value 0.894 0.039 0.503 0.236 0.011

Result expressed as mean ± SD except *expressed as SEM 
PCO: Protein carbonyl group 
SH: Protein thiol group 
pTAC Plasma total antioxidant content 
8-OHdG 8-hydroxy-2ʹ-deoxyguanosine 
sCA Structural Chromosomal aberration 
p < 0.05 is significant

Table 3. Chromosomal aberration indices of the study population.
Chromosome aberrations per spread scored

Group(s)
Total 

CA Dicentricsα Acentricα Fragments Breaksα Ringsα Gapsα
Total 

CA/cell
Mean 

CA/cell
% 

frequency

Control 213 0.23 (48) 0.21 [44] 0.16 [34] 0.21 [44] 0.20 [43] 2.13 0.04 ± 0.003a 4.26
DM – VC 537 0.20 (108) 0.20 (107) 0.22 (117) 0.19 (102) 0.19 (103) 5.37 0.09 ± 0.002b 8.95
DM + VC 949 0.23 (216) 0.22 (210) 0.18 (172) 0.20 (191) 0.17 (160) 9.49 0.16 ± 0.003 c 15.82

Result expressed as Mean ± SEM 
αNumbers in parentheses denote number of aberrations observed (100 metaphase lymphocytes were counted per subject) 
CA = Chromosomal aberration 
p < 0.05 is significant (values with different superscripts a, b, c along a column are significantly different from each other)
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diabetes medication has been implicated as 
a potential cytotoxic drug capable of eliciting chro
mosomal aberration among users [45].

The high protein carbonylation, DNA damage and 
genomic instability as observed in our study of type 2 
diabetes is however, attributed to chronic increase in 
RO/RN species as reported by earlier studies. To 
further authenticate this study hypothesis of chronic 
hyperglycemia advancing the course of diabetes dis
ease and formation of vascular complications follow
ing excessive ROS and RNS generation, we measure 
increased protein oxidation, DNA damage and geno
mic instability in plasma of type 2 diabetics with and 
without vascular complications with varying levels of 
disease activity markers including HbA1c and disease 
durations. Our study findings indicate that the forma
tion of protein carbonyl contents, DNA damage and 
chromosomal aberration are higher in diabetics with 
vascular complications and that diabetes with vascular 
complications is associated with increased DM disease 
activity. Likewise, we also found increased oxidation 
and reduced antioxidants among diabetics with higher 
glycosylated hemoglobin. The higher levels of protein 
carbonylation, DNA damage and chromosomal aber
ration observed in diabetics in the present study, 
together with HbA1C, disease durations provide 
strong evidence of the involvement of oxidative stress 
in the progression of type 2 diabetes disease.

5. Conclusion

This study evaluates protein oxidative biomarkers 
and chromosomal aberration in diabetics with and 
without vascular complications. Chronic hyperglyce
mia in diabetes leads to increased diabetes activities, 
protein carbonylation and DNA/chromosomal 
damage with subsequent vascular complications 
among diabetics. Evaluation of protein oxidative 
biomarkers can therefore, predict diabetes injury 
due to oxidation while chromosomal aberration 
can give an insight to DNA damage and repair 
system in type 2 diabetics. Large-scale longitudinal 
study (including invitro study to assess the relation
ship between drugs and chromosomal aberration) 
that will validate the result of this study in 
Nigerian population is hereby advocated.
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