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Methods: A cross-sectional observational investigation was performed on a sample
of 168 elderly. The blood sample was collected for a micronuclei assay and to assess
oxidative and antioxidant biomarkers, such as plasma lipid peroxidation (using
thiobarbituric acid-reactive substances (TBARS), protein carbonylation, catalase;
superoxide dismutase (SOD) and glutathione peroxidase activity; and hematological,
lipid, glycemic, renal and hepatic markers. Muscle mass, lifestyle and health status
were also evaluated. The sample was categorized in two groups: lower micronucleus
frequency (LM, <5 micronuclei/1000 nuclei) and higher micronucleus frequency (HM,
> 5 micronuclei/1000 nuclei).

Results: The analysis of blood oxidative metabolism variables showed higher TBARS
levels in the HM group than in the LM group (p=0.048). For another hand, SOD levels
were lower in the HM group than in the LM group (p<0.0001). Only smoking habit
(p<0.002) and low muscle mass (p<0.007) were significantly associated with HM.
Conclusion: HM is associated with low muscle mass, independent of age and smoking
habit in an elderly sample.
Keywords: Frequency of Micronucleus; Oxidation/Oxidative Stress; Antioxidant;
Muscle Mass; Elderly

Abbreviations: RBCs: Red Blood Cells; AST: Aspartate Transaminase; ALT: Alanine
Transaminase; GSH-Px: Gluthatione Peroxidase; TBARS: Thiobarbituric Acid-Reactive
Substances

Introduction
There is a lot of evidence of an association between DNA damage,
age [1-3] and chronic degenerative diseases [4-7]. However, most of
these studies used case-control samples submitted with a lifestyle
profile and very similar health statuses [5,6,8]. One of the most
neglected health conditions in the elderly population is sarcopenia,

which is strongly linked to falls, fractures, hospitalization and high
mortality. In this regard, several studies have shown that loss of
muscle mass and sarcopenia are related to oxidative stress and
inflammation, causing damage to mitochondria and nuclear DNA.
Such damage triggers the release of apoptotic factors, promoting the
loss and / or atrophy of muscle fibers and leading to the development
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of sarcopenia in elderly people [9-11]. In addition, oxidative
stress causes damage to mitochondrial DNA (including damage
to the electron transport chain and mitochondrial dysfunction),
resulting in reduced uptake of Ca2+ by the sarcoplasmic reticulum,
ultimately leading to the death of the myofibrils [12]. On the other
hand, several studies have shown the important role of antioxidant
machinery in controlling the generation of reactive oxygen species
(ROS) in skeletal muscle atrophy and preventing rapid loss of
muscle mass and function [13-15]. The micronucleus (MN) test is
easily performed, has a low cost and is widely used in studies on
the impact of environmental factors and genotoxicity. This test has
been widely used for both in vivo [16] and in vitro [17] experiments.

MN is an intracellular structure that contains chromatin that was
excluded during cellular mitosis, and together with others nuclear
abnormalities (NA), MN is considered an important biomarker
to monitor the health of individuals or populations exposed to
different biological and environmental stressors [18,19]. The
Human Micronucleus consortium (HUMN) has shown advancing
age to be consistently associated with a spontaneous increase of MN
frequency [20]. This set of evidence suggests that the mechanisms
that lead to sarcopenia (e.g., sedentary lifestyle, body composition,
genetics, metabolism, and diet) are multifactorial and likely
connected [3,21], but this has yet to be elucidated. Based on this
context, the present study selected a sample of elderly residents in a
free-living community; in this sample, DNA damage was determined
by MN assay to determine if the frequency of micronuclei lesions
is associated with biochemical and physiological biomarkers,
anthropometric measurements, lifestyle, health status and muscle
mass.

Methods

A cross-sectional observational investigation was performed
with a sample of 168 elderly (> 60 years old) residents in a freeliving community in Uruguaiana city, Rio Grande do Sul State,
Brazil. The study was approved by the Ethics Committee of
Pontifícia Universidade Católica do Rio Grande do Sul (PUCRS,
protocol nº312.127), and all subjects signed a consent form.
Data were collected in the Basic Health Units (BHUs) in the city
of Uruguaiana (Rio Grande do Sul state, Brazil) from July 2013 to
June 2014. Subjects were assessed and social demographics, selfreported previous diseases, lifestyle variables and anthropometric
measures. The anthropometric variables measured included
the circumferences of the arm, thigh and calf, (measured with
an inelastic tape measure) and the skinfold thickness of the
brachial triceps, medial thigh and calf (measured with a Top Tec
Cescorf® caliper with sensitivity of 0.1 mm, 85 mm reading range
and pressure ± 10 g/mm2). Muscle mass was measured using a
calibrated anthropometric balance with capacity of 150 kilograms
(kg) and minimum increments of 100 g. Height was measured with
a stadiometer and recorded in meters (m). For muscle mass index
(MMI) evaluation was performed by Lee´s criteria [22] were used:
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The calculation of muscle mass (MM) was obtained by Lee’s equation:

MM
= height 2 × (0.00744 × armcircumference 2 + 0.00088 × thighcircumference 2 + 0.00441× calfcircumference 2) + 2.4 × sex − 0.048 × age + race + 7.8

Sex is defined as male = 1 and female = 0; race is defined as Asiatic
= -2.0, Black = 1.1, and Caucasian = 0.
In addition, the following formula was used for subtraction of
subcutaneous fat [22]:
Cm = Climb- πS,

Cm is the circumference including bone, Climb is the circumference
of the limb to be corrected by subcutaneous adipose tissue (S), as
measured with a caliper.
The cutoff points adopted in the present study for diagnosing low
muscle mass were a skeletal muscle mass ≤ 10.75kg/m2 for men
and ≤ 6.75kg/m2 for women.

MN Assay

Leucocytes obtained from elderly blood samples by venipuncture
were used to perform an MN assay. Blood samples were placed on
the surface of the blade to make a smear, and the blood was spread
over the surface of the blade. After 24 hours, the slides were fixed
in 96% ethanol for 30 min. The slides were stained with Panoptic
dye, washed in water and allowed to dry. After drying, the cells
analyzed were considered as micronuclei if their sizes did not
exceed 1/3 of the size of the nuclei in the main core and if they were
clearly separated with discernible edges and the same color and
refringence as the core [23].

Hematological Parameters

Samples of venous blood were collected in tubes containing EDTA
(Vacutainer - Becton, Dickinson and Company - New Jersey - USA)
and analyzed immediately after collection. The complete blood
count was performed in a Hematology Analyzer Cell-Dyn automatic
counter (Abbott Diagnostics, Santa Clara, CA, USA). Blood smears
were prepared and stained with a Panótico kit (Renylab Chemicals
& Pharmaceuticals, Barbacena - Minas Gerais, Brazil).

Biochemical Parameters

Part of the blood collected was packaged in tubes without
anticoagulant (Vacutainer - Becton, Dickinson and Company - New

Jersey - USA). Markers of hepatic function were evaluated using
an A25 Biosystems automatic analyzer (AS Biosystems, Barcelona,
Spain), including aspartate transaminase (AST) and alanine
transaminase (ALT) and for renal function, urea and creatinine, and
total serum protein. All assays were performed in triplicate.

Oxidative Metabolism Biomarkers

The following blood oxidative and antioxidant biomarkers
were determined in elderly subjects by spectrophotometric
assays: plasma lipid peroxidation (through indirect measure of
thiobarbituric acid-reactive substances (TBARS) [24], protein
carbonylation [25] and catalase (CAT) activity [26]. Superoxide
dismutase (SOD) activity and glutathione peroxidase (GPX) activity
were determined using RANSOD and RANSEL kits (RANDOX Co,
Brasil) according to the manufacturer’s instructions.
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Statistical Analysis
The data were analyzed using SPSS software (version 17.0). The
quantitative variables were presented as mean ± standard deviation
(SD), and categorical variables were presented as frequency (%).
The distribution of micronucleus frequency was determined by
the best cutoff point in the results of roc curve, and the sample
was categorized using two groups: lower micronucleus frequency
(LM) and higher micronucleus frequency (HM). The two groups’
quantitative variables were compared using a student t test, and
their categorical variables were compared using a chi-square test. A
multivariate Poisson regression analysis was performed to observe
the potential intervening variables in the significant associations
determined by the univariate test. Prevalence Ratio (PR) and 95%
confidence intervals (95%CI; lower-upper) were calculated using
variables that presented a significant association with higher
micronucleus frequency. All tests were bicaudal and had p < 0.05
significance.

Results

A total of 168 subjects (60 males, 108 females) with age 68.41
± 6.13 were included in this study. Tables 1 & 2 present the blood

marker levels (hemogram; lipid profile; glycemic, renal and
hepatic function; and oxidative metabolism) and the prevalence
of lifestyle and noncommunicable chronic diseases. Similar levels
of hematological, lipid, glycemic, renal and hepatic markers were
found in the LM and HM groups Table 1. The analysis of other blood
oxidative metabolism variables showed higher lipoperoxidation
levels in the HM group than in the LM group (using TBARS; LM:
65.73 ± 18.91 and HM: 72.18 ± 21.04 nmol MDA/mL plasma;
p = 0.048). On the other hand, SOD levels were lower in the HM
group than in the LM group (LM: 0.16 ± 0.62; HM: 0.12 ± 0.60, p
< 0.001), as shown in Tables 1 & 2. The micronucleus evaluation
was completed on 153 subjects. The micronucleus mean frequency
(in micronuclei/1000 nuclei) was 5.87 ± 2.75, (minimum = 1;
maximum = 16). According to the best cutoff point showed by roc
curve, was 5, who demonstrated sensitivity 0.818 and specificity
0.598. From these results, the sample was categorized into the LM
(< 5 micronuclei / 1000 nuclei) and HM (> 5 micronuclei / 1000
nuclei) groups. In the Figure 1 is demonstrated the micronuclei
frequency (Figure 1). Age was similar between groups, but a higher
number of males were found in the HM group (62.5%, n = 35) than
in the LM group (37.5%, n = 21; p = 0.008).

Table 1: General characteristics of blood marker levels (hemogram; lipid profile; glycemic, renal and hepatic function; and oxidative metabolism)
for the total sample and the LM and HM groups in a free-living elderly community (Uruguaiana-RS, Brazil).
Variables
RBCs

Hemoglobin g/dL
Hematocrit %

Leukocytes K/UL

Total sample (n=168)

LM (n=79)

HM (n=74)

Mean ± SD

Mean ± SD

Mean ± SD

4.39 ± 0.55

4.33 ± 0.48

4.44 ± 0.64

0.250

39.99 ± 5.49

0.171
0.394

13.27 ± 1.52

39.64 ± 4.83

6351.29 ± 2181.89

13.06 ± 1.38

39.06 ± 4.50

6556.34 ± 2571.07

13.44 ± 1.76

6095.31 ± 2081.24

Platelets K/UL

237860.00 ± 92976.94

232267.61 ± 89112.76

246562.50 ± 104964.07

Total cholesterol mg/dL

191.94 ± 43.27

191.62 ± 46.41

191.83 ± 38.87

Glucose mg/dl
HDL mg/dL

106.94 ± 48.76
47.23 ± 6.00

101.90 ± 45.16
47.48 ± 6.17

p

0.166

0.246

106.84 ± 46.97

0.534

46.73 ± 5.90

0.476

27.84 ± 16.26

0.734

0.978

Triglycerides mg/dL

150.09 ± 92.92

150.32 ± 102.68

156.67 ± 92.45

ALT U/L

24.36 ± 9.94

25.00 ± 10.73

24.19 ± 9.93

0.650

1.00 ± 0.34

0.671

1.90 ± 0.47

0.223

AST U/L

28.29 ± 14.08

27.03 ± 11.37

Urea mg/dL

35.09 ± 11.78

35.25 ± 12.90

Total protein

7.24 ± 1.00

7.24 ± 0.98

Creatinine mg/dL
Protein carbonylation nmol
carbonyl/mg protein

1.03 ± 0.32

1.85 ± 0.44

1.02 ± 0.30

1.82 ± 0.41

34.80 ± 9.91
7.18 ± 1.13

0.708

0.820

0.730

TBARS nmol MDA/mL
plasma

68.58 ± 20.06

65.73 ± 18.91

72.18 ± 21.04

0.048*

SOD U/mg protein

0.14 ± 0.06

0.16 ± 0.06

0.12 ± 0.06

0.001*

Catalase U/mg protein
GSH-Px U/mg protein

2.19 ± 0.16

2.19 ± 0.16

Note: *p < 0.05 significance using the student t test.

2.20±0.17

1581.92±319.63
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Table 2: Lifestyle and disease frequency in the total sample and in the LM and HM groups in a free-living elderly community (Uruguaiana-RS,
Brazil).
Variables
Diabetes

Total sample (n=168)

LM (n=79)

HM (n=74)

N (%)

N (%)

N (%)

41 (23.7)

20 (50)

20 (50)

0.581

11 40.7)

0.404

p

Hypertension

113 (67.3)

55 (53.4)

48 (46.6)

Low muscle mass Smoke
habit

49 (29.2)

15 (34.1%)

29 (65.9)

0.007*

91 (54.2)

33 (40.2)

49 (59.8)

0.002*

56 (33.3)

25 (50)

25 (50)

0.863

Obesity

Nonsmoker

Former smoker
Smoker

Physical activity

29 (17.3)
47 (28.0)
30 (17.8)

*p < 0.05 significance using the student t test.

16 (59.3)
31(73.8)

15 (51.7)

11 (26.2)
14 (43.8)

0.606

Figure 1: Observation of the presence of micronuclei in the cells.

Figure 2
Only smoking habit and low muscle mass, as determined by Lee’s
equation, were significantly associated with higher micronucleus
frequency (Figure 2). The Poisson regression analysis showed
an association between higher micronucleus frequency and
male smokers. However, the logistic regression showed that the
association between low muscle mass and higher micronucleus
frequency was independent of age and smoking habit. The odds ratio
for low muscle mass presenting a higher frequency of micronucleus

was calculated to be 2.10 (CI 95% = 1.05 to 4.24; p=0.037). From
these results, a complementary analysis was performed to evaluate
whether other oxidative metabolism variables investigated here
could be associated with sarcopenia Table 3. Compared to other
subjects, sarcopenic subjects presented higher levels of TBARS and
protein carbonylation and lower levels of SOD and GPX enzymes,
confirming the association between sarcopenia and oxidative
metabolism imbalance Table 3.
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Table 3: Comparison of oxidative metabolism variables in elderly with and without low muscle mass determined by Lee equation.
Variables

Without Low Muscle Mass

With Low Muscle Mass

Mean ± SD

Mean ± SD

5.50 ± 2.66

6.79± 2.84

0.009*

1.9506±0.67

0.014*

Micronucleus frequency (%)

TBARS nmol MDA / mL plasma

62.4983 ±16.07

83.2139 ± 21.50

SOD U/mg protein

0.1670 ± 0.05877

0.0916 ± 0.04585

GPX U/mg protein

1655.57± 191.61

1463.02 ± 228.11

Protein carbonylation

nmol carbonyl/mg protein
Catalase U/mg protein

*p <0.05 significance using the student t test.

1.7019± 0 .52

2.0960 ± 0.48434

Discussion
In the present investigation, we tested the possible association
between the frequencies of micronucleus and dysfunctions/
morbidities in a sample from a free-living elderly community. The
results showed a significant and independent association between
higher micronucleus frequency and low muscle mass, independent
of age and smoking habit. To our knowledge, this is the first

investigation to report the association between DNA damage and
sarcopenia. A complementary analysis was performed, considering
sarcopenia as a dependent variable, and the results confirmed
previous investigations that found an association between
morbidity and oxidative metabolism variables [9,12,27]. We also
found an association between higher levels of micronuclei and
male smokers. This association was expected, as smoking results in
high levels of pro-oxidants and can impair mitochondrial function
by decreasing the supply of oxygen, which can result in a loss of
muscle mass [28]. In this study, by analyzing the smoking habit,
the highest prevalence was in males, which may explain the great
loss of muscle mass they displayed. Several studies have shown
that an increase in micronucleus frequency may be associated with
smoking [19,29,30,31]. Ishikawa and collaborators [31] analyzed
both genders and found a higher prevalence of smoking and higher
frequency of micronuclei in males than in females. The same
pattern occurred in the present study.

This investigation described the association between sarcopenia
and some oxidative stress biomarkers, including DNA damage
evaluated by micronucleus assay. As is well known, aging causes
a progressive deterioration of skeletal muscle mass, decreasing
its strength and functionality. Several investigations suggest that
sarcopenia is an important geriatric syndrome related to chronic
disease, malnutrition and physical inactivity. Reactive oxygen
species overproduction could that contribute to the progression of
age-related sarcopenia [32] since the uncontrolled increase of these
molecules is associated with age and with chronic degenerative
diseases that are prevalent in the elderly population [4,8,7,33,34].
Reactive oxygen species is a byproduct of mitochondrial oxidative
phosphorylation; in high levels, it causes damage to the genome
of skeletal muscles due to high oxygen consumption [35]. For this
reason, we compared three pro-oxidative metabolism biomarkers

1.9720 ± 0.68767

p

0.001*
0.001*
0.178

0.001*

(protein carbonylation, lipoperoxidation and DNA damage)
and three antioxidant enzymes (SOD, GPX and CAT) between
the sarcopenic and control elderly subjects. The pro-oxidative
biomarkers were higher in the sarcopenic subjects, independent
of important biological variables such as age, sex, daily medicine
intake and some chronic degenerative diseases.

High protein carbonylation levels were found in sarcopenic
elderly individuals in a previous investigation performed by [36];
this study found an important association between oxidative
damage to proteins and decreases in walking speed that progress
to a severe walking disability among older women in a free-living
community. The present study also observed a decrease in the
levels of SOD and GPX antioxidant enzymes in sarcopenic subjects.
These results are in accordance with previous investigations that
used Sod1 knockout mice (Sod1-/-) as experimental models.
These animals exhibit high oxidative stress and acceleration in
loss of muscle mass. [13] showed that Sod1 (-/-) mice were around
20% smaller and had lower muscle mass than the wild-type mice.
Skeletal muscle tissue from young adult Sod1 (-/-) mice also showed
elevated oxidative damage to proteins, lipids and DNA. A recent
investigation performed by [37] using the same experimental
model showed that knockout mice presented with a reduction in
hind-limb skeletal muscle mass and strength as well as alterations
in neuromuscular junction morphology. Another study performed
with female Balb/c mice of different ages showed a decline in
GPX and CAT levels associated with sarcopenia [38]. Pansarasa
and collaborators [39,40] investigated the relationship between
oxidative damage and human skeletal muscle aging. They separated
the volunteers into age groups—young (17-40 years), adult (41-65
years) and aged (66-91 years)—and then measured the volunteers’
antioxidant activity. They found that total SOD activity was lower in
the age 66-91 group than in. the age 17-40 group, but GPX activity
was constant between the groups. They concluded that oxidative
damage may play a crucial role in the contraction of functional
activity in human skeletal muscle with normal aging in both sexes
and that men seem to be more susceptible than women to oxidative
stress, which may explain the results of the present study, which
found more men than women with sarcopenia. In a recent study
performed by Sanchez-Flores and colleagues, they evaluated the
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micronucleus frequency in a group of older adults over 65, and
their results showed that frail individuals had significantly higher
frequencies of micronucleus in lymphocytes (19.16 ± 0.66 vs.
13.07 ± 0.78, p < .001). However, they not evaluated muscle mass.
Therefore, the results of this study suggest that the balance between
oxidative and antioxidant biomarkers is critical to sarcopenia and
the DNA damage that occurs in other dysfunctions and chronic
diseases among elderly subjects.

Conclusion

This is the first study to report the associations between higher
frequency of micronucleus and low muscle mass and oxidative and
antioxidant biomarkers, independent of age and smoking habit, in
a sample from an elderly free-living community.

Limitations

The present study has some limitations. First, it is a cross-sectional
study, so there is a low number of subjects with sarcopenia. The
study also did not carry out examinations using imaging techniques
such as CT or dual-energy X-ray absorptiometry to better diagnose
the low muscle mass. While the association between the high
micronuclei frequency and low muscle mass was significant,
complementary case-control and longitudinal investigations need
to be performed to reproduce and confirm the results described
here.
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