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Abstract

Objective: Exhaustive endurance exercise can induce reactive oxygen species; ROS. It was
important for sedentary to adaptation in regular exercise. We aimed to determine the effect of
acute and trained exercise on antioxidant levels and nutritional status in sedentary people
performing low intensity endurance exercise.

Methods: Nutritional status was assessed by body mass index (BMI), body fat, lean body
mass, and waist to hip ration (WHR). The C-reactive protein (CRP), creatinine
phosphokinase (CPK), lactic acid, and serum vitamin E and retinol levels were determined.
Results: Twenty healthy sedentary volunteers with age range, 19-23 years old were enrolled.
They were compared among pre-exercise, acute exercise, trained exercise at 4, and 8 weeks.
There was significantly increased in vitamin E level after acute exercise (p < 0.001), trained
exercise at 4weeks (p < 0.001) and 8 weeks (p < 0.001). Vitamin E level higher in trained
exercise at 4 weeks than in acute exercise (p = 0.004). BMI was significantly lowered in
acute exercise (p < 0.001) and trained exercise at 4 weeks (p = 0.025) compared to pre-
exercise. Lean body mass was significantly declined in acute exercise (p < 0.001), trained
exercise at 4 (p = 0.001) and 8 (p = 0.002) weeks compared to pre-exercise. There was
significantly reduced in weight to hip ration in trained exercise at 8 weeks than in pre-
exercise (p =0.013).

Conclusion: Significant higher in vitamin E level were found in sedentary who performed
low intensity exercise compared to pre-exercise. Levels of nutritional status was differed
among acute and trained exercise bout. Thus, vitamin E might be the sensitive biomarker
affected after sedentary attended in low intensity endurance training exercise. The protein
supplementation should be taken into consideration.
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1. Introduction

Exercise was believed to have benefit for patients in rehabilitation program. It had

remained recommendation for improving muscle mass, muscle strength, and muscle
endurance in people with chronic disease (1, 2). During exercise session, there was an
increase in consumption of oxygen, especially in endurance exercise. Exhaustive exercise can
lead to muscle cell damage and inflammation reaction, demonstrated by the augmentation of
sarcolemma disruption (3). Nevertheless, regular exercise can improve defense against ROS
by influence adaptive effect in antioxidant and repair mechanism (4). Moreover, non-
enzymatic antioxidants such as vitamin E (a-tocopherol) lives in membrane of mammalian
cells, is the most potent scavenger of radical in phospholipid bilayers (5). Another is vitamin
A, the mostly precursor of vitamin A is B-carotene. Vitamin A, in the retinol form, may act as
a chain-breaking antioxidant with the consider_ mechanism like carotenoids that may
interpose in lipid peroxidation phenomenon (6, 7).

Chronic exercise have been repbrted to expand life span in rodents (8, 9). Muscles
cell have adaptation response to free radical during contraction in ROS exercising production,
by increasing antioxidant protection mechanism. Then, the cells have capably organized with
the regular ROS results (10). On the other hand, it is very crucial for sedentary people to
acclimatize to exercise-induced detrimental effect from ROS during exercise. Thus, the
intensity, time and the type of exercises must be considerable for these particular people.

The aim of our study was to determine the effect of acute and trained exercise on
antioxidant levels (vitamin E and retinol), and nutritional status in sedentary people by low

intensity endurance exercise. Additionally, the relationship between nutritional status, and

antioxidant level were also assessed.




2. Materials and methods
Participants

Twenty healthy sedentary volunteers (seventeen females and three males with an age
range of 19-23 years old) were enrolled in this study. They were not did regularly exercise, 1
time/ day, 3 times/ week, for a least 3 months before participated. All of them were
undergraduate students in Burapha University, Bangsean, Chonburi province. They were not
tobacco smoking and alcohol drinking. Inclusion criteria were: (1) age range 18-25 years old
and (2) healthy and sedentary lifestyle. Exclusion criteria were: (1) had been supplemented
with retinol, o-tocopherol, B-carotene, lycopene, (2) had underlying diseases which were not
safety for exercise, (3) tobacco smoking and alcohol drinking and (4) could not continue
exercising untilled 8 weeks. The body weight, height, body fat, lean body mass, water levels
and waist to hip ration of all sﬁbjects were recorded. The general characteristics of subjects

were shown in Table 1.

Physical exercise

Twenty healthy sedentary people were asked to conduct exercise by cycling. The
subjects were warmed up for 2-3 minutes prior to exercise period, then increased the work
load untilled the target heat rate is 40% heart rate reserve (HRR) for 20 minutes. During
exercise, heart rate was recorded three times. Target heart rate was calculated based on
Karvonen equation, {Target heart rate = (intensity fraction) x (maximal heart rate-resting

heart rate) + resting heart rate] (11). The exercise was done for 1 time/ day, 3 days/ week for

8 weeks.




Laboratory analysis

The blood samples were collected 4 times; before exercise, immediately after first
time of exercise (acute exercise), after trained exercise at 4 weeks, and after trained exercise
at 8 weeks. The samples were transferred to sodium fluoride and clot blood tube. Then, they
were separated by centrifugation. Plasma and serum were measured for lactic acid and
biochemical data, respectively. Samples were obtained at Burapha University, transferred on
ice and immediately measured by National Healthcare system (Samitivej Sriracha Hospital)
and Chonburi Hospital. The blood serum were kept at -20 °C. Then, retinol and E were
measured.

High-sensitivity C-reactive protein; hs CRP) (Olympus Automate chemistry analyzer
SOP AU 400), creatinine phosphokinase; CPK (Olympus Automate chemistry analyzer SOP
AU 400), Cholesterol, high density lipoprotein; HDL-C (Olympus Automate chemistry
analyzer SOP AU 400), and triglyceride; TG (Olympus Automate chemistry analyzer SOP
AU 400) levels were measured, and low-density lipoprotein (LDL-C) was calculated by

Friedwald equation (12), lactic acid (Roche Cobas 6000 c501 module).

Determination of vitamin E and retinol levels
Serum retinol and E were determined by using reverse-phase high-performance

liquid chromatography as modified from Boonsiri et al. (13) They were extracted into
heptane layer by the following procedure. In a glass tube (75 x 100 mm), 120 pl of serum
sample was added with 0.1% (w/v) of butylated hydroxytoluene (BHT) in ethanol containing
0.01 mg/ml of tocopherol acetate as internal standard. Then the mixture was mixed for 1 min.
One hundred and twenty microliters of 10 mM sodium dodecyl sulfate (SDS) was added to
the mixture and mixed briefly. Afterthat 3 ml of n-heptane was added, vortexed vigorously

for 2 min and centrifuged at 3,000 rpm for 15 min at room temperature. The 2.8 ml of




supernatant in n-heptane layer were transferred to a 10 x 0.75 cm glass tube and evaporated
under nitrogen gas at 45 °C. The residue was reconstituted with 120 pl of freshly prepare
mobile phase and injected into a reverse phase C-18 Spherisorb ODS2 column (diameter 5
um, 100 x 4.6 mm, Waters), protected by a 50-mm guard column with a frit (diameter 5 uM).
Mobile phase was consisted of methanol/acetonitrile /dichloromethane at a ratio of 4:4:1 with
flow rate 1 ml/min. A dual wavelength UV-visible detector (model 2847, Waters) was set at
wavelength, 325 and 292 nm for the detection of retinol and E. Quantification was based on

peak-height measurement by using a Clarity program.

Nutritional status assessment

Weight and height were measured and calculated as body mass index (BMI), weight
(kilograms) is divided by the square of height in meters. BMI was classified according to the
World Health Organization (WHO) criteria for Asian and Pacific populations (underweight
<18.5, healthy 18.5-22.9, at risk 23-24.9, obese I 25-29.9, and obese II >30 kg/m?) (14).

Body fat was evaluated by bioelectric impedance analysis (Tanita UMO0S51, Tanita
Corporation, Japan). Then, they were calculated to kilogram unit by proportion of body
weight. Lean body mass was as protein, water, mineral. Lean body mass was received by
body weight minus body fat (kgs).

Waist to hip ration (WHR) was used to a central obesity assessment. | Waist
circumference was measured by the measuring tape at the midpoint between the lower rib
cage and the iliac crest in the centimeters. Hip circumference was measured at the widest
level around the buttocks. The WHR was calculated by the waist circumference divided by

hip circumference (15).




Statistical analysis

Data were shown as Mean + standard deviation; SD, and frequencies (%) were used
to describe subjects' characteristics. Paired ¢ test or Wilcoxon was used to compare
categorical variables or continuous variables between before and after exercise groups (acute
exercise, trained exercise at 4 and 8 weeks) respectively. Pearson’ correlation was used to
calculate the relationship between groups.

A p-value < 0.05 was considered statistically significance. All statistical analyses
were performed using 16.0 version of SPSS program (SPSS Inc., Chicago, IL). The study

was reviewed and approved by the Burapha University institute review board.




3. Results

Twenty healthy sedentary volunteers were enrolled in the present study. Their age
mean was 19;9 (range, 19-23) years old. They were not tobacco smoking and alcohol
consumption. Most of them were students who were in undergraduate level, 17 (85%) were
female and 3 (15%) were male. Their BMI was 20.90 = 4.11 kg/ m% Their body fat and lean
body mass were 13.76 + 6.10 and 40.57 + 7.50 kilograms. They had waist and hip ration
which was 0.79 + 0.052. The general characteristic of them was shown in Table 1.

Biochemical levels and biomarkers of antioxidants (vitamin E and retinol) were
compared before and after exercise (acute exercise, trained exercise at 4 and 8 weeks) (Figure
1 and 2).

Acute exercise group was the most highest in lactic level when compared with pre-
exercise (p < 0.001), trained exercise at 4 weeks (p < 0.001) and 8 (p < 0.001) weeks. After
sedentary subjects were proceeded in exercising, there was a significantly decreased in lactic
acid level at trained exercise at 4 (p = 0.001) and 8 (p = 0.001) weeks compared to acute
exercise.

The CPK level showed the significantly lowered in acute exercise (p = 0.003), trained
exercise at 4 (p < 0.001) and 8 (p = 0.007) weeks than in pre-exercise. There was no
significant difference among group in CRP level.

The comparable with pre-exercise, there was a dramatic significantly increased in
vitamin E level after acute exercise (p < 0.001), trained exercise at 4weeks (p < 0.001) and 8
weeks (p <0.001). There was also a higher vitamin E level in trained exercise at 4 weeks than
in acute exercise (p = 0.004). In contrast to retinol level, there was no significant different in
retinol level among stage of exercises. But retinol level trended to drop in acute exercise, then

returned to pre-exercise level after trained exercise at 4 and 8 weeks.




Lipid profile levels among stage of exercise were shown in Figure 3. There was no
significantly differed in cholesterol, HDL-C, LDL-C among group. TG level was
significantly higher in acute exercise (p = 0.001), trained at 4 (p = 0.009) and 8 (p = 0.003)
weeks than in pre-exercise.

Nutritional parameters assessment were compared before and after exercise (acute
exercise, trained exercise at 4 and 8 weeks), shown in Figure 4. BMI was significantly
lowered in acute exercise (p < 0.001) and trained exercise at 4 weeks (p = 0.025) compared to
pre-exercise. But BMI level was significantly increased in trained exercise at 4 weeks when
compared to acute exercise (p = 0.049). When compared to pre-exercise, weight was
significantly decreased in acute exercise (p < 0.001) and trained exercise at 4 weeks (p =
0.022). Lean body mass was signiﬁcantiy declined in acute exercise (p < 0.001), trained
exercise at 4 (p = 0.001) and 8 (p = 0.002) weeks compared to pre-exercise. There was
significantly reduced in weight to hip ration in trained exercise at 8 weeks than in pre-
exercise (p =0.013).

We assessed the relationship among vitamin E, retinol, lipid profiles, and nutritional
parameter. We found not only the significant positively related between vitamin E in each
stage and other parameters but also negatively correlation as shown in Table 2.

Positive and negative relationship between retinol and other parameters were

expressed in Table 3.




4. Discussion

The present study shows that there was a inclining in vitamin E level after acute and
trained exercise than pre-exercise group. After trained at 4 weeks was also expressed the
increasing of these vitamin E than acute exercise group. Retinol level was shown trend to
lower after acute exercise and trended to increase after trained exercise. However, no
significant different were found in retinol level during each period of exercises. These results
were contrast to Sacheck et al. (16) in associated with o-tocopherol level, but showed the
similar to retinol level, which reported the lower in a-tocopherol and retinol level after
trained exercise in eccentric exercise with 75% VO2 max for 12 weeks. Thus, the intensity of
exercise in Sacheck et al.’s study was stronger than present study. These suggest that this low
intensity endurance exercise was appropriated for the first time sedentary people who was the
first started to exercise. The results of the present study was similar to the study of Recep et
al. (17), showed the increasing in enzymatic antioxidant levels after performing run
submaximal trained exercise for 5 weeks. These might be the adaptive mechanism response
to regular exercise training in ameliorated antioxidant effect and reduced the detrimental
collapse from oxidative stress (4). Some reports also revealed that plasma vitamin E was
higher during exercise (18, 19). Slattery et al. reported that swimmers who were during the
training period consumed adequate dietary balance such as vitamin A, vitamin E»and vitamin
C, they rﬁight be performed excellent physical performance (20).

The study was showed the significant lowering in lactic acid after trained exercise
when compared to acute exercise. The shift of using fatty acids instead of carbohydrate
might be for conservation in muscle glycogen during exercise, resulting in reduction of lactic
acid (21). Slow oxidative, type I muscle fiber worked at low intensity endurance exercise had

high fat oxidation (22). In the pre-exercise group, retinol had negative correlation with lactic




acid production (r = -0.501, p-= 0.025). Kinnunen et al. reported antioxidant supplementation
(a-lipoic acid) decreased lactate level in blood during exercise the exercise in horses (23).
The muscle damage marker as CPK level was decreased after acute and trained
exercise when compared to pre-exercise. Muscle cell damaging exercise has released a
various types of skeletal muscle protein to the blood, it has been used CPK activity level as a
marker of cell disruption which involved with increasing membrane permeability (24).
Antioxidant has been associated with prevent membrane rupture. There was also I\lad positive
relationship between retinol in acute exercise and CPK level in acute exercise (r = 0.448, p =
0.047). Retinol level may response to the various level of the change in CPK. The protocols,
intensity and level of training exercise might be influenced on the level of CPK (25, 26).
There was no different of CRP level among the pre-exercise, acute exercise, and
trained exercises. This result was consistent with Marcell et al. (27) and Fairey et al. (28)
which reported no significant difference in CRP level between baseline and after trained
exercise. Previous study showed high intensity exercise training had lowered CRP level (29).
On the other hand, immediately after an ultramarathon race showed the increasing in CRP
level (30, 31). These evidences suggested that trained exercise with high intensify had anti-
inflammation effect (29) but the prolonged, strenuous bout exercise may be associated with
inflammation process, muscle damage and myocardial infarction (30). Therefore, the low
intensity of exercise in the present study may be not evoked the inflammation process which
could be observed from no alteration in the CRP level after trained exercise. Additional, we
also found the positive relationship between retinol in acute exercise and CRP levels in acute
exercise period (r =0.448, p = 0.047), and vitamin E in acute exercise and CRP in acute
exercise (r =0.489, p = 0.029). Both of the positive correlation was found in acute exercise

bout. The acute exercise was followed by instant raise in producing ROS, which associated




with pro-inflammation response (32). According to the protection of balance in cells, it had
induction to yielded antioxidant response opposed to ROS destruction.

Nutritional status assessment was indicated that BMI was decreased after participation
in acute and trained exercise. Compared to pre-exercise, weight was declined after acute and
trained exercise at 4 weeks, but not trained exercise at 8 weeks. No change in body fat was
found after acute and trained exercise. Lean body mass was lowered after acute and trained
exercise. This results were consistent with Melanie J. Bopp et al. (33) and Dumortier M et al.
(34), which first authors reported lean body mass was declined in overweight and obese
postmenopausal women with hypocaloric diet plus low-intensity exercise, therefore they also
showed less lean body mass lost when higher protein intake (33). Another showed slightly
decreased in lean body mass but not significantly on metabolic syndrome patients after
exercise training for 2 months. On the other hand, Kemmler et al. (35) expressed the rise in
lean body mass level on elderly women after conducting exercise program for 18 months.
The proteolysis during exercise was showed the drop in whole-body protein synthesis and the
increase in whole-body protein breakdown. After exercise, it appeared to have raised in the
whole-protein synthesis (36). However, the rise in protein breakdown during fasting was
through the degradation of contractile protein in skeletal muscle (37, 38). Our data suggest
that the normal sedentary people who intended to start the first time in training exercise
should consume adequate dietary protein. More protein in diets maintained lean body mass
than less protein in diets in less protein diets (39). Feeding sufficient dietary protein, lower
weight loss related lean body mass loss (40). Waist to hip ration was dropped after trained
exercise at 8 weeks, when compared to pre-exercise group. Moreover, there was negatively
correlation between vitamin E in trained exercise at 8 weeks and waist to hip ration in trained
exercise at 4 weeks (r = -0.477, p = 0.033). These would imply that trained exercise at 8

weeks decreased central obesity. Obesity was related to hypertension, type II diabetes and




dyslipidemia (41). A large amount of ROS production and lowering of antioxidant protection,
had revealed in many disease such as type II diabetes (42). Therefore, it could found that the
waist to hip ration increased at trained exercise at 4 weeks, it would suggest vitamin E level
would drop at trained exercise at 8 weeks.

Vitamin E and retinol were hydrophobic scavengers, they were established in
lipoprotein and membrane. Their action can interfere the propagation in lipid peroxidation
(5). Thus, there was the positively correlation between antioxidants (vitamin E and retinol)

and lipid profiles in each exercise session in the present study.

5. Conclusion

The exercise training in low intensity exercise, had significantly increased vitamin E
level. These low intensity exercise had decreased CPK level. No response in inflammation
process (no different in CRP level). There was improvement in lactic acid after trained
exercise. After exercise, there was a decreasing in lean body mass, but no different in body
fat. Therefore, protein supplementation should be further studied in sedentary people with

these low intensity exercise.
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Table 1 General characteristics

Characteristics N=20
Age (years) [median (IQR)] 20 (19-23)
Gender, N (%)
Male 3 (15%)
Female 17 (85%)
Occupation, N (%) Student (100%)
Education, N (%) Undergraduate (100%)
Tobacco smoking, N (%) None
Alcohol drinking, N (%) None
Body mass index (kg/m?) (mean + SD) 20.90 +£4.11
Weight (kgs) (mean + SD) 54.33+11.63
Body fat (kgs) (mean + SD) 13.76 £ 6.10
Lean body mass (kgs) (mean + SD) 40.57 +17.50
Waist to hip ration (mean + SD) 0.79 £0.052
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Figure 1 Biochemical levels among Pre-exercise, Acute exercise, Figure 2 Biomarkers of serum antioxidants among Pre-exercise
and Trained exercise at 4 and 8 weeks, (a) lactic acid level, Acute exercise, and Trained exercise at 4 and 8 weeks, (a) vitamin
(b) creatinine phosphokinase level, (c) C-reactive protein level E level, (b) retinol level, Value expressed as Mean + SD,

Value expressed as Mean + SD, calculated the different between calculated the different between before and after exercise by
before and after exercise by Paired s-test Paired t-test

£ = Significant different from Pre-exercise; p < 0.05 £ = Significant different from Pre-exercise; p <0.05

¥ = Significant different from acute exercise; p < 0.05 ¥ = Significant different from acute exercise; p < 0.05

* = Significant different from trained exercise at 4 weeks; p < 0.05 * = Significant different from trained exercise at 4 weeks; p <0.05
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Figure 3 Lipid profile levels among Pre-exercise, Acute exercise, and trained exercise at 4 and 8 weeks, (a) cholesterol level, (b) LDL level,

(c) HDL level, (d) triglyceride level, Value expressed as Mean + SD, calculated the different between before and after exercise by Paired ¢-
test, £ = Significant different from Pre-exercise; p < 0.05, ¥ = Significant different from acute exercise; p < 0.05, * = Significant different
from trained exercise at 4 weeks; p <0.05
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Figure 4 Nutritional parameter among Pre-exercise, Acute exercise, and trained exercise at 4 and 8§ wecks, (a) body mass index, (b) body

weight, (c) body fat, (d) lean body mass, (e) waist to hip ration, Value expressed as Mean + SD, calculated the different between before and
afier exercise by Paired ¢-test, £ = Significant different from Pre-exercise; p < 0.05, ¥ = Significant different from acute exercise; p <0.05, *

= Significant different from trained exercise at 4 weeks; p <0.05




Table 2 Correlation between vitamin E level in each stage of exercise and parameters

Correlations r P
Vitamin E in acute exercise and cholesterol in pre-exercise 0.462 0.040
Vitamin E in acute exercise and cholesterol in acute exercise 0.667 0.001
Vitamin E in acute exercise and cholesterol in trained at 4 weeks 0.463 0.040
Vitamin E in acute exercise and CRP in acute exercise 0.489 0.029
Vitamin E in acute exercise and LDL in acute exercise 0.622 0.003
Vitamin E in acute exercise and LDL in trained at 4 weeks 0.500 0.025
Vitamin E in trained at 4 weeks and cholesterol in trained at 4 weeks 0.548 0.012
Vitamin E in trained at 4 weeks and cholesterol in trained at 8 weeks 0.488 0.029
Vitamin E in trained at 4 weeks and LDL in trained at 4 weeks 0.476 0.034
Vitamin E in trained at 4 weeks and LDL in trained at 8 weeks 0.456 0.043
Vitamin E in trained at 4 weeks and triglyceride in trained at 4 weeks 0.464 0.039
Vitamin E in trained at 4 weeks and retinol in trained at 4 weeks 0.527 0.017
Vitamin E in trained at 8 weeks and cholesterol in trained at 8 weeks 0.567 0.009
Vitamin E in trained at 8 weeks and HDL in trained at 8 weeks 0.451 0.046

Vitamin E in trained at 8 weeks and waist to hip ration in trained at 4 weeks -0.477 0.033

Based on Pearson’s correlation
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Table 3 Correlation between retinol level in each stage of exercise and parameters

Correlations r p
Retinol in pre-exercise and lactic acid in pre-exercise -0.501 0.025
Retinol in pre-exercise and cholesterol in pre-exercise 0.488 0.029
Retinol in pre-exercise and cholesterol in trained at 4 weeks 0.515 0.020
Retinol in pre-exercise and cholesterol in trained at 8 weeks 0.485 0.030
Retinol in pre-exercise and HDL in acute exercise -0.467 0.038
Retinol in pre-exercise and LDL in pre-exercise 0.589 0.006 .
Retinol in pre-exercise and LDL in trained at 4 weeks 0.539 0.014
Retinol in pre-exercise and LDL in trained at 8 weeks 0.539 0.014 ..
Retinol in pre-exercise and triglyceride in pre-exercise 0.537 0.015
Retinol in pre-exercise and triglyceride in acute exercise 0.464 0.039
Retinol in pre-exercise and triglyceride in trained at 4 weeks 0.650 0.002
Retinol in pre-exercise and triglyceride in trained at 8 weeks 0.616 0.004
Retinol in pre-exercise and BMI in pre-exercise 0.448 0.048
Retinol in acute exercise and lactic acid in pre-exercise -0.652 0.002
Retinol in acute exercise and CPK in acute exercise 0.448 0.047
Retinol in acute exercise and cholesterol in acute exercise 0.492 0.028
Retinol in acute exercise and cholesterol in trained at 8 weeks 0.461 0.041
Retinol in acute exercise and CRP in trained at 8 weeks 0.596 0.006
Retinol in acute exercise and LDL in pre-exercise 0.491 0.028
Retinol in acute exercise and LDL in acute exercise 0.544 0.013
Retinol in acute exercise and LDL in trained at 8 weeks 0.496 0.026
Retinol in acute exercise and triglyceride in acute exercise 0.520 0.019
Retinol in acute exercise and triglyceride in trained at 4 weeks 0.547 0.013
Retinol in acute exercise and triglyceride in trained at 8 weeks 0.684 0.001
Retinol in acute exercise and waist to hip ration in trained at 8 weeks 0.472 0.036
Retinol in trained at 4 weeks and lactic acid in pre-exercise -0.491 0.028
Retinol in trained at 4 weeks and triglyceride in trained at 4 weeks 0.527 0.017
Retinol in trained at 4 weeks and triglyceride in trained at 8 weeks 0.546 0.013
Retinol in trained at 8 weeks and lactic acid in pre-exercise -0.519 0.019
Retinol in trained at 8 weeks and triglyceride in trained at 4 weeks 0.548 0.012

Based on Pearson’s correlation
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