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CON: Control  

CV: Chlorella Vulgaris  

CVIRT: Chlorella Vulgaris + interval resistance training  

EDTA: Ethylenediaminetetraacetic acid 

effect size (ES). 

ELISA: Enzyme-linked immunosorbent assay  

Fe2+: Ferrous  

Fe3+: Ferric  

FRAP: Ferric-reducing antioxidant power  

GPx: Glutathione peroxidase  

GR: Glutathione reductase 

GSH: Reduced glutathione  

HDL: High-density lipoprotein  

HOMA-IR: Homeostatic model assessment index 

IRT: Interval resistance training  

LDL: Low-density lipoprotein 

MDA: Malondialdehyde 

Metrnl: Meteorin-like protein  

SOD: Superoxide dismutase 

TAC: Total antioxidant capacity 

TBARS: Thiobarbituric acid reactive substances 

TC: Total cholesterol  

TG: Triglyceride  

TPTZ: 2,4,6-tripyridyl-s-triazine 
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Abstract  1 

Background and Aim: Dysregulation of adipocyte function occurs in obesity. Meteorin-like protein 2 

(metrnl) is a newly discovered modulator of inflammation, metabolism, and differentiation of human 3 

adipocytes. The dietary supplement Chlorella Vulgaris (CV) reduces hyperlipidemia, hyperglycemia, 4 

and oxidative stress in clinical trials. We explored the impact of 12 weeks of interval resistance 5 

training (IRT) and supplementation with CV on plasma levels of metrnl and oxidative stress in males 6 

with obesity. 7 

Methods: Forty-four obese men (BMI: 32.0 ± 1.5 kg/m2, weight: 101.1 ± 2.2 kg, age: 23-35 years) 8 

were randomized into four groups (n = 11/group): Control (CON), CV supplement (CV), IRT, and 9 

CV + IRT (CVIRT). The IRT was performed for 12 weeks (three sessions per week). The treatment 10 

consisted of a daily intake of CV (1800 mg capsule) or placebo capsules. Blood samples were 11 

collected 48 hours before and after the interventions to analyze biomedical measurements. 12 

Results: The IRT and CVIRT had elevations in plasma metrnl, superoxide dismutase (SOD), and total 13 

antioxidant capacity (TAC) levels (all p<0.0001), and reductions in malondialdehyde (MDA) 14 

(p<0.0001). Supplementation with CV significantly reduced MDA (p<0.001) and increased TAC 15 

(p<0.0001) but failed to alter SOD or metrnl (p>0.05).  16 

Conclusion: Although IRT and its combination with CV hold promise for improving metrnl levels 17 

and oxidative status in obesity, combining IRT and CV do not yield greater benefits than IRT alone. 18 

While standalone CV supplementation could favorably impact certain markers of oxidative stress, the 19 

effectiveness of CV supplementation appears to have a relatively limited effect across assessed 20 

biomarkers and requires further investigation. 21 

 22 

Key Words: obesity, exercise training, Algomed, oxidative stress, adipo-myokine, Meteorin-like 23 

protein, insulin resistance 24 

 25 

  26 
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  27 

Introduction 28 

The global prevalence of obesity and its complications continues to increase and leads to greater rates 29 

of morbidity and mortality (1). Abnormal or excessive fat accumulation and metabolic disturbances 30 

resulting from obesity are closely correlated with the burden of non-communicable diseases such as 31 

type II diabetes, hypertension, dyslipidemia, atherosclerosis, cardiovascular diseases, and coronary 32 

heart disease (2). 33 

Obesity is marked by chronic low-grade inflammation, which is associated with elevated levels of 34 

pro-inflammatory mediators that induce oxidative stress by promoting the overproduction of reactive 35 

oxygen species (ROS) and suppressing antioxidant defense mechanisms (3). Increased levels of fatty 36 

acids lead to elevated oxidative stress, which in turn can result in dysregulation of adipose tissue (4) 37 

and cause detrimental endocrine and immune responses to further aggravate metabolic diseases (5). 38 

Oxidative stress in fat depots is an early initiator of metabolic syndrome, highlighting the importance 39 

of regulating the redox state for managing obesity-related disorders (6). 40 

The detrimental effects of inflammation-related oxidative stress can be mitigated by supporting 41 

antioxidant defenses, including glutathione peroxidase (GPx), catalase (CAT), glutathione reductase 42 

(GR), reduced glutathione (GSH), and superoxide dismutase (SOD) (7). Both enzymatic (e.g., GPx, 43 

CAT, SOD, etc.) and non-enzymatic (e.g., carotenoids, vitamins E and C, flavonoids, etc.) antioxidants 44 

neutralize oxidative reactions and protect cells from the destructive effects of ROS and delay the 45 

progression of chronic diseases (8).  46 

Numerous studies have investigated the roles of the Meteorin-like protein, (also known Metrnl, 47 

Subfatin, Cometin, and Meteorin-β) as an adipo-myokine (9, 10). Metrnl improves lipid oxidation and 48 

glucose metabolism in skeletal muscle through the autocrine/paracrine signaling pathways (11), and 49 

protects against doxorubicin-induced oxidative stress and apoptosis through autocrine actions (12). In 50 

addition, adipocyte-derived metrnl counteracts obesity-related insulin resistance by improving adipose 51 

tissue function by stimulation of metabolism and suppression of inflammation (13). 52 

Metrnl expression is upregulated in response to physiological stimuli, particularly by exercise in 53 

skeletal muscles and exposure to cold in white adipose tissue (14). However, the association between 54 

obesity and circulating levels of metrnl is unclear, as some studies reported increases in metrnl levels 55 

in type 2 diabetes and obesity (15-17), while others reported decreases in metrnl levels (18-21).  56 

 The most widely recognized approaches for managing obesity are based on lifestyle modification 57 

programs (e.g., healthy eating habits, regular exercise, and behavioral interventions), pharmacological 58 

interventions, and surgical treatment (22). Interest in dietary supplementation and adjunctive therapy 59 

has recently increased (23). Natural marine sources, such as microalgae, are a promising source for the 60 

management of various diseases (24). Microalgae are a source of macro- and micronutrients and are 61 
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rich in a range of bioactive compounds, including lipids, proteins, carbohydrates, vitamins, carotenoids, 62 

dietary fiber, polyunsaturated fatty acids (PUFAs), nucleic acids, essential amino acids, pigments, 63 

antioxidants, and other substances (23, 25). Chlorella Vulgaris (CV) is a unicellular freshwater 64 

microalga belonging to the Chlorellaceae family and is used as a nutritional supplement with 65 

multifaceted health benefits (26), as shown by clinical studies indicating that supplementation with CV 66 

improves hyperlipidemia and blood glucose levels and protects against cancer and oxidative stress 67 

damage (26). 68 

The traditional strategy for exercise in obese individuals focuses on endurance aerobic exercise 69 

training (27). Recent research indicates that resistance training, in addition to developing muscle mass 70 

and strength, can enhance resting energy expenditure (REE) and fat metabolism, and optimize the 71 

weight loss process in obese people (28). Physiological adaptations to resistance training and alterations 72 

in body composition can be influenced by the number of sets, reps, intensity (% of one-repetition 73 

maximum, 1RM), volume, inter-set rest interval, and training frequency (29). As an intermittent form 74 

of exercise, interval training, which comprises repeated bouts of effort interrupted with rest intervals or 75 

low-intensity activity for recovery, is also gaining popularity as participants find it more enjoyable than 76 

continuous exercise, making it a key strategy for long-term adherence to exercise programs (30, 31).  77 

While CV supplementation and resistance training offer individual benefits (23, 32), their combined 78 

effects on oxidative stress, antioxidant status, and adipo-myokine levels are not well-understood. We 79 

investigated the effects of IRT and CV supplementation, alone and in combination, on plasma levels of 80 

SOD, MDA, TAC, and metrnl in obese men.  81 

Methods 82 

Participants and Research Design 83 

The study was performed as a double-blind randomized trial using a pre-test and post-test design by 84 

enrolling obese men (n=95, aged 23-35 years). The inclusion criteria were: a body mass index (BMI) 85 

of 30 kg/m2 or higher, lack of regular exercise participation, abstinence from smoking and alcohol 86 

consumption, and absence of pre-existing medical conditions such as hypertension, diabetes, 87 

cardiovascular disease, chronic kidney disease, or any other health issues. Based on these criteria, 60 88 

participants were randomly allocated into four groups: Control placebo (CON), Chlorella Vulgaris 89 

supplement (CV), Interval resistance training group plus placebo (IRT), and CV supplement plus 90 

interval resistance training group (CVIRT). The participants were provided with a detailed explanation 91 

of the protocols and guidelines, and written informed consent was obtained before their participation. 92 

After completing a medical history questionnaire, cardiologists and clinical exercise physiologists 93 

confirmed the eligibility of all participants. Participants who used drugs or other supplements did not 94 

follow daily supplement regimens, did not follow exercise training programs, or encountered new health 95 
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concerns (n=16) were excluded from the study. These exclusions resulted in a final enrollment of 44 96 

participants (n=11 for each group) (Figure 1). 97 

Ethical Considerations: 98 

The trial followed the ethical guidelines of the Helsinki Declaration and was approved by the Ethics 99 

Committee of Sport Sciences Research Institute Tehran, Iran (IR.SSRI.REC.1400.1352). All 100 

participants were provided written informed permission following a thorough explanation of the study's 101 

procedures and guidelines.  102 

Dietary Adherence Monitoring: 103 

Dietary adherence of participants was monitored during the 12-week intervention study. The 104 

participants were provided with dietary recommendations and were required to adhere to their 105 

customary dietary patterns throughout the study.  106 

One-repetition Maximum (1RM) Test 107 

Participants in the IRT and CVIRT groups performed a one-repetition maximum (1RM) test did not eat 108 

for two hours before the test, abstained from alcohol for 48 hours, and avoided caffeine for 12 hours 109 

before the test. The 1RM was determined using the Brzycki Equation (1RM = weight lifted ÷ [1.0278 110 

− (0.0278×repetitions to exhaustion)]) (33). After a brief light-weight warm-up, participants were asked 111 

to select a weight that could be lifted for a maximum of 10 repetitions. The 1RM was calculated by 112 

incorporating the maximum weight lifted and the number of repetitions for each exercise (32). 113 

Interval Resistance Training Program 114 

Subjects in the IRT and CVIRT groups participated in a 12-week interval resistance training (IRT) 115 

program that was monitored by exercise physiologists. The IRT protocol was implemented three 116 

times/week for 12 weeks. Each session was 70 minutes, consisting of a 10-minute warm-up, 50 minutes 117 

of core exercises, and 10 minutes of cool-down. The IRT protocol included eight exercises, including 118 

seated leg extension, lying leg curl, leg press, back squats, chest press, barbell shoulder press, rowing, 119 

and front pulldown. The weight for lifting was 60% 1RM and was used for three sets that were separated 120 

by active rest intervals during which they did 15 repetitions at 20% of their 1RM (34). 121 

Chlorella Vulgaris Supplementation  122 

Participants in the CV and CVIRT groups were given six capsules of Chlorella Vulgaris (Algomed, 123 

Fardaye Sabz, Iran) containing two 300 mg capsules three times per day after meals so that the total 124 

consumption was 1800 mg /day (35-37). Placebo capsules containing flour were given to the CON and 125 

IRT groups, at the same dosage as CV (two 300 mg capsules three times a day). Commitment to the 126 

supplementation schedule was tracked through regular check-ins during follow-up visits. 127 

Anthropometric Assessment 128 
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  Anthropometric characteristics were measured both prior to and 48 hours after the 12-week 129 

intervention. A digital scale with 0.1-kg precision was used to assess body weight without shoes and 130 

with little clothing (Seca, Germany), and a stadiometer with a 0.1-cm accuracy was used to measure 131 

body height (Seca, Germany). A bioelectrical impedance analyzer (Seca mBCA 555, Germany) was 132 

used to calculate the percentage of body fat. The Body Mass Index (BMI) was calculated by dividing 133 

body weight by height squared (kg/m2). 134 

Blood Sampling 135 

  Blood samples were taken from the antecubital vein of participants 48 hours before and after the 136 

intervention, while they had an overnight fast (Figure 2). The collection took place between 8 to 10 137 

a.m. The samples were then transferred into tubes containing EDTA (ethylenediaminetetraacetic acid). 138 

After that, the plasma was separated by centrifugation at 3000 rpm for 10 minutes and stored at -20 °C 139 

for later biomedical measurements. 140 

 141 

Biochemical Parameter Assessments 142 

Plasma lipid profiles including triglyceride (TG), total cholesterol (TC), high-density lipoprotein 143 

(HDL), and low-density lipoprotein (LDL) were assessed by a photometric method using commercial 144 

kits (Pars Azmun, Iran). Plasma glucose concentrations were evaluated by enzymatic colorimetric 145 

method using kits (Pars Azmun, Iran). Plasma insulin levels were measured by an enzyme-linked 146 

immunosorbent assay (ELISA) method using an ELISA kit (Mercodia, Sweden). The insulin resistance 147 

index was evaluated according to the homeostatic model assessment index (HOMA-IR) using the 148 

following formula: fasting plasma glucose (mmol/L) × fasting plasma insulin (μU/mL) / 22.5.  149 

Plasma levels of metrnl were assessed with an ELISA kit (ZellBio GmbH, Germany). This assay had a 150 

sensitivity of 0.05 ng/ml with inter- and intra-assay variation of 16% and 8%, respectively. Plasma 151 

activities of the SOD were assessed using a Ransod kit (RANDOX, UK) according to Arthur and Boyne 152 

(1985) using a spectrophotometer at a wavelength of 505 nm. Plasma MDA levels used to measure lipid 153 

peroxidation were determined using a thiobarbituric acid reactive substances (TBARS) assay with a 154 

spectrophotometer at a wavelength of 532 nm. Plasma TAC levels were measured by the ferric-reducing 155 

antioxidant power (FRAP) assay based on the ability of pH (3.6) to reduce ferric (Fe3+) to ferrous (Fe2+) 156 

ions in the presence of 2,4,6-tripyridyl-s-triazine (TPTZ) using a spectrophotometer at a wavelength of 157 

593 nm.  158 

Statistical Analysis 159 

The normality of data was assessed using the Kolmogorov-Smirnov test, and the homogeneity of 160 

variances was determined with Levene's test. The data were analyzed with a repeated measures two-161 

way ANOVA followed by a Tukey's post hoc test. Partial Eta Squared (η2) was used to estimate effect 162 

size (ES). The partial eta squared for main effects was calculated from the ANOVA (η2p) and was 163 
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interpreted as follows: 0.01 = small effect, 0.06 = medium effect, and 0.14 = large effect (38). GraphPad 164 

Prism software (GraphPad Software, USA) and SPSS 27 (SPSS Inc., Chicago, IL, USA) were used for 165 

statistical analysis. Data are reported as mean ± SD, and p < 0.05 was considered statistically significant. 166 

Results 167 

Baseline values of study variables, including body weight, BMI, fat percentage, blood glucose, plasma 168 

insulin, HOMA-IR, HDL, LDL, TC, TG, metrnl, SOD, MDA, TAC levels were similar between the 169 

study groups (p>0.05) (Table 1). 170 

Body Composition  171 

Details of the body-composition data including body mass, BMI, and body fat percentage of the 172 

participants prior to and after the intervention of study groups are presented in Table 1. An intergroup 173 

analysis indicated that post-test body weights and BMI (but not body fat percent) were lower in IRT 174 

(%5.2 for body weight, %7.9 for BMI) and CVIRT (%4.8 for body weight, %6.3 for BMI) compared 175 

to the CON group (p<0.05). The intragroup analysis showed that post-test values of body weight and 176 

fat percent in the CVIRT group were lower than pre-test values (%3.5 for body weight, %15 for fat 177 

percent; p<0.05), also body fat percent in the IRT group were lower than pre-test value (%14; p<0.05). 178 

Further, differences in post-pre changes in body weight, BMI, and body fat percent in the IRT and 179 

CVIRT groups were lower than in the CON group (p<0.05) (Table 1). The consumption of CV alone 180 

did not lead to a significant impact on body mass, BMI or body fat percent (p>0.05). 181 

Lipid-Profiles  182 

Details of the lipid profile data including TG, TC, LDL, and HDL of each group at the pre-test and post-183 

test are summarized in Table 1. A between-group analysis of TG showed that post-test TG levels of all 184 

groups were similar to the CON group (p>0.05). However, within-group analysis indicated that post-185 

test levels of TG in CV, IRT, and CVIRT groups were lower than pre-test values (p<0.05). Changes in 186 

post-pre values of TG in IRT and CVIRT groups were lower compared to changes in the CON and CV 187 

groups (p<0.05). Between-group analysis of TC indicates that post-test TC levels of all groups were 188 

similar to CON group (p>0.05), and within-group analysis showed that post-test TC levels in the CV, 189 

IRT, and CVIRT groups were lower than pre-test values (p<0.05). Changes in post-pre in TC in CV, 190 

IRT, and CVIRT groups were lower than in the CON group (p<0.05). Between-group analysis showed 191 

that post-test LDL levels in the IRT and CVIRT groups were lower than in CON group (p<0.05), while 192 

within-group analysis showed that post-test LDL levels in the CV, IRT, and CVIRT groups were lower 193 

than pre-test values (p<0.05). Changes in post-pre values for LDL in the CV, IRT, and CVIRT groups 194 

were lower than in the CON group (p<0.05), and the post-pre differences of LDL in the IRT and CVIRT 195 

groups were lower than in the CV group (p<0.05). A between-group analysis showed that post-test HDL 196 

levels in the IRT and CVIRT groups were greater than in CON group (p<0.05), and within-group 197 

analysis showed that post-test HDL levels in CV, IRT, and CVIRT groups were higher than pre-test 198 
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values (p<0.05). Changes in post-pre values for HDL in IRT and CVIRT groups were higher than in 199 

CON group (p<0.05), and post-pre data levels of HDL in the CVIRT group were higher than the CV 200 

group (p<0.05) (Table 1).  201 

Glucose Hemostasis  202 

Pre-test and post-test values for fasting glucose, insulin levels, and HOMA-IR levels are presented 203 

in Table 1. Between groups, analysis showed that post-test values of blood glucose, plasma insulin and 204 

HOMA were lower in the IRT and CVIRT groups compared to CON group (p<0.001), and that the 205 

post-test levels of insulin and HOMA-IR in the CVIRT group were lower than in the CV group (p<0.05). 206 

The within group analysis showed that the post-test levels of glucose, plasma insulin and HOMA-IR 207 

were lower as compared to the pre-test in CV, IRT, and CVIRT groups. Differences in post-pre levels 208 

of blood glucose, plasma insulin, and HOMA in the IRT and CVIRT groups were lower than in CON 209 

group (p<0.001) and the post-pre differences in plasma insulin and HOMA (but not blood glucose) in 210 

the CVIRT group were lower than in the CV group (p<0.05) (Table 1). 211 

Plasma levels of Metrnl  212 

The two-way repeated measures ANOVA indicated an interaction between group × time (η2=0.87, 213 

p<0.0001). Additionally, there were significant main effects of time (η2=0.83, p<0.0001) and group 214 

(η2=0.85, p<0.0001). An intragroup comparison demonstrated that both IRT alone and IRT plus CV 215 

increased the plasma levels of metrnl in obese men (p<0.0001). However, CV alone did not change 216 

plasma levels of metrnl (p=0.091). Accordingly, an intergroup comparison indicated that both the IRT 217 

and CVIRT groups had increased levels of metrnl compared to CON (p<0.0001) and CV groups 218 

(p<0.05). However, there was no difference in metrnl levels between the CVIRT and the IRT groups 219 

(p>0.05) (Figure 3).  220 

Antioxidant Status  221 

Malondialdehyde:  222 

Two-way repeated measures ANOVA indicated a group × time interaction (η2=0.33, p=0.0004). There 223 

were significant main effects of time (η2=0.44, p<0.0001) and group (F (η2=0.46, p<0.0001). The 224 

intragroup comparison indicated that IRT, CV, and IRT + CV have all led to a significant reduction in 225 

MDA levels (p<0.01). The intergroup comparison showed that the CV, IRT, and CVIRT groups all 226 

showed a significant decrease in MDA levels compared to the CON group (p<0.001) (Figure 4A).  227 

Superoxide Dismutase: 228 

The two-way repeated measures ANOVA showed that there were significant group × time interactions 229 

for SOD levels (η2=0.67, p<0.0001), with significant effects of time (η2=0.66, p<0.0001) and group 230 

(η2=0.78, p<0.0001). An intragroup comparison showed that both IRT alone and IRT + CV increased 231 

SOD levels (p<0.0001). However, CV alone did not affect SOD plasma levels in obese men (p>0.05). 232 

A comparison between the groups, both the IRT and the CVIRT groups showed a significant increase 233 
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in SOD levels compared to the CON and the CV groups (p<0.0001). No significant difference was 234 

observed between the CVIRT group and the IRT groups (p=0.225) (Figure 4B).   235 

Total Antioxidant Capacity:  236 

The two-way repeated measures ANOVA indicated a significant group × time interaction (η2=0.55, 237 

p<0.0001), with significant main effects of time (η2=0.73, p<0.0001) and group (η2=0.43, p<0.0001). 238 

An intragroup comparison showed increased plasma TAC levels in IRT, CV, and CVIRT groups 239 

(p<0.0001). When comparing the groups, the CV, IRT, and CVIRT groups exhibited increases in TAC 240 

compared to CON group (p<0.01), with no differences between the CV, IRT, and CVIRT groups 241 

(p=0.95) (Figure 4 C).  242 

 243 

 244 

Discussion 245 

This study examined the effects of interval resistance training (IRT) and Chlorella Vulgaris 246 

supplementation (CV), both independently and in combination, on metrnl, MDA, SOD, and TAC in 247 

obese men. The main findings of this study are that (i) IRT alone or in combination with the CV 248 

increased plasma levels of TAC, SOD, and metrnl and reduced plasma MDA levels, and (ii) CV alone 249 

reduced plasma levels of MDA and increased plasma TAC levels, without affecting levels of SOD and 250 

metrnl. The combination of IRT and CV supplementation does not provide greater benefits compared 251 

to the execution of IRT alone. 252 

Our study demonstrates that IRT, either alone or in combination with CV, reduced body weight and 253 

BMI. However, supplementation with CV alone did not affect body weight or BMI. Furthermore, CV, 254 

IRT, and their combination improved the lipid profile by a reduction in LDL, TC, and TG levels, and 255 

also increased HDL levels. Additionally, insulin resistance index (HOMA-IR) was improved by the 256 

effects of IRT, CV, and the combination of IRT and CV. 257 

Metrnl is a hormone (secretory protein) that can be selectively activated in tissues by specific 258 

physiological stimuli (14). For example, thermogenic triggers, particularly acute and chronic exposure 259 

to cold, upregulate metrnl expression in adipose tissues, whereas muscle contraction promotes metrnl 260 

production in skeletal muscle (9). Metrnl enhances the browning process of white adipose tissue, 261 

thermogenesis and energy expenditure, and also improves glucose intolerance (39). Levels of metrnl 262 

proteins are increased in individuals diagnosed with type 2 diabetes and obesity (15-17), with a positive 263 

correlation between serum levels of metrnl and metabolic indicators such as BMI, waist circumference, 264 

fasting blood glucose (FBG), HbA1C, and HOMA-IR (17). On the contrary, other studies have reported 265 

lower levels of metrnl in individuals with prediabetes, diabetes, or obesity (18-21) and suggested that 266 

metrnl levels negatively correlate with FBG, fasting insulin, HOMA-IR, and HbA1c (19, 20).  267 
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Plasma levels of metrnl increased in response to both IRT and IRT plus CV in our study. Electrical 268 

stimulation-induced resistance exercise in rats increases serum metrnl (40), while 8 weeks of circuit 269 

resistance training increases plasma metrnl levels in T2DM patients (41). However, a study by Saeedi 270 

et al. (2023) reported that 12 weeks of resistance training failed to increase plasma metrnl levels in 271 

obese men (42). The possible reason for this difference in results between our study and that of the 272 

Saeedi et al. study may be related to differences in subject characteristics: the participants of our study 273 

were younger and had lower BMI, and also Saeedi et al. study used traditional resistance training 274 

whereas our study used an interval protocol of resistance training. It is possible that interval resistance 275 

training has more effect on metrnl production compared to traditional resistance training. This 276 

possibility is supported by a previous study showing that interval resistance training had a superior 277 

effect on adipokine than traditional one (43).  278 

Metrnl has a protective role in inflammation, insulin resistance, and lipid metabolism (39). 279 

Improvements in lipid profiles and insulin resistance in the RT and CVIRT groups in our study were 280 

related to increases in plasma metrnl levels, suggesting a negative relation between metrnl and these 281 

variables, indicating that increases in metrnl induced by resistance training could mediate the benefits 282 

of resistance training against obesity-related complications such as insulin resistance. The source of 283 

metrnl released into circulation by resistance training is unclear, with some studies indicating that 284 

exercise increases metrnl mRNA expression levels in skeletal muscle (44-46) and also in gastrocnemius 285 

muscles of rats following 4 weeks of resistance training (40).  286 

Several studies have highlighted the role of oxidative stress at the onset and progression of obesity-287 

related inflammation (47). Protection against the harms of oxidative stress is provided by antioxidant 288 

defenses, including GPX, SOD, and CAT (48). A surge in lipid peroxidation is a hallmark of oxidative 289 

stress (49), as monitored by increases in MDA levels (6). Our findings show that IRT and CV, both 290 

independently and in combination, reduced MDA levels. Administering CV reduced DNA damage and 291 

MDA levels in diabetic rats (50).  292 

Our study also demonstrates that IRT and CV, whether undertaken separately or in combination, 293 

increase TAC levels in obese men. The antioxidant activity of CV and its ability to regulate antioxidant 294 

status has been reported in several studies (12, 51, 52). CV decreases lipid membrane peroxidation by 295 

suppressing the production of ROS, primarily by scavenging free radicals or by augmenting cellular 296 

antioxidant defenses (12, 51). The anti-inflammatory effect of CV is due to having polyphenolic 297 

compounds such as carotenoids, polysaccharides, chlorophyll, polyphenols, and (26). The decreases in 298 

MDA levels in our study are likely mediated, at least in part, by the polyphenols contained in CV.  299 

Our study did not show increases in SOD levels in obese men treated with CV, but SOD levels were 300 

increased by resistance training alone or in combination with CV. Trace minerals such as zinc, copper, 301 

selenium, iron, and manganese are cofactors in the functioning of antioxidant enzymes such as GPX, 302 
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SOD, and CAT (53). The presence of these components in CV can promote health by modulating the 303 

signaling pathway to combat oxidative stress (12). The lack of effect of CV on SOD levels could be due 304 

to the insufficient dose/treatment time used.  305 

Our findings are supported by several studies reporting that exercise increases SOD and reduces 306 

MDA levels. Resistance training for 12 weeks total increased antioxidant capacity, which persisted even 307 

after 3 months of detraining, in older women with an average BMI of 28.3 kg/m² (54). Furthermore, 6 308 

months of resistance exercise lowered exercise-induced oxidative stress, regardless of adiposity, in 309 

overweight older individuals (55).  310 

Supplement prescriptions for health promotion entail the consideration of various factors such as 311 

dosage, individual differences, health status, treatment plans, and the quality and absorption of 312 

supplements, all of which impact results (56, 57). Although antioxidant supplementation can regulate 313 

exercise-induced oxidative stress, administering antioxidants may have negative effects on individuals 314 

with an already optimal redox state. Furthermore, prolonged excessive antioxidant intake can interfere 315 

with physiological adaptation to exercise by suppressing redox-sensitive signaling pathways and 316 

mitochondrial biogenesis (58). Additionally, overloading the cell with high doses of antioxidants 317 

diminishes the beneficial effects of exercise training and interferes with crucial ROS-mediated 318 

physiological processes (59). Research on CV as a plant-derived supplement has investigated dosages 319 

ranging from 500 mg to 8 g per day across different purposes and demographic groups, highlighting the 320 

necessity for personalized, condition-specific trials to identify the most effective doses (35, 60). We 321 

found no adverse effects of CV supplementation on exercise benefits in our study group, although 322 

combining CV with exercise did not significantly improve parameters when compared with exercise 323 

alone. Their combination showed a positive trend without statistical significance, suggesting 324 

adjustments in duration or dosage might alter results, which requires further investigation. 325 

Study Limitations 326 

There are several limitations in our study: (1) the exclusive focus on relatively young obese men 327 

limits applicability to other demographic groups, warranting caution in generalizing the results; (2) the 328 

outcomes most certainly could  be affected by individuals' dietary intake and activity levels, which were 329 

not controlled in the study; (3) although bioelectrical impedance analyzers provide a valuable and 330 

noninvasive method for estimating body composition, they have limitations in terms of accuracy and 331 

applicability to individual characteristics (61). Therefore, it is best to use them in conjunction with other 332 

more precise analysis methods’ and, (4) it is recognized that the within-group sample size was small 333 

thereby limiting the statistical power of our outcomes. 334 
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Conclusion 335 

This study demonstrates the promising effects of IRT in combination with CV supplementation on 336 

ameliorating oxidative stress and enhancing beneficial adipo-myokine levels in young adult obese men. 337 

While the combined approach showed favorable results, it did not demonstrate superior effects 338 

compared to IRT alone. Furthermore, while standalone CV supplementation may lead to an 339 

improvement in some oxidative stress markers, further research is necessary to fully evaluate the 340 

efficacy of CV supplementation or its synergistic effect with exercise training. 341 
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Figures legends 
 

Figure 1. Flow diagram from enrolment to analysis of research participants 
Con, the Control group with placebo; CV, Chlorella vulgaris group; IRT, interval resistance training group with placebo, CVRT, Chlorella vulgaris 

plus interval resistance training group. 

Figure 2. Schematic illustration of study methods 
Con, the Control group with placebo; CV, Chlorella Vulgaris group; IRT, interval resistance training group with placebo, CVIRT, 

Chlorella Vulgaris plus interval resistance training group 

 

Figure 3. Plasma levels of metrnl  
Data are presented as the mean ± SD. Con, the Control group with placebo, CV, Chlorella Vulgaris group; IRT, 

interval resistance training with placebo, CVIRT, Chlorella Vulgaris plus interval resistance training group. **** 

indicate p<0.00001 from pre-test; ‡‡‡ indicate p<0.0001 from post-test of Con group; # indicate p<0.05 from post-

test of CV group. 

 

Figure 4. Serum levels of MDA (A), SOD (B) and TAC (C)  
Data are presented as the mean ± SD. Con, Control group with placebo, CV, Chlorella Vulgaris group; IRT, interval 

resistance training with placebo, CVIRT, Chlorella Vulgaris plus interval resistance training group; MDA, 

Malondialdehyde, SOD; Superoxide dismutase; TAC, antioxidant capacity. **,*** indicate p<0.001 and p<0.0001 from 

pre-test; ‡‡ , ‡‡‡ indicate p<0.001 and p<0.0001 from post-test of Con group. 

  

Jo
urn

al 
Pre-

pro
of



 18 

Table 1.  Body composition and biochemical parameters of participants 

  Con  

(n=11) 

CV  

(n=11) 

IRT  

(n=11) 

CVIRT 

 (n=11) 

BM (kg) 

Before 100.9±2.6 102.3± 2.8 100.2±1.6 101.3±1.5 

After 102.6±3.1 100.2±3.6 97.2±3.2*** 97.7±3.4*** 

∆ 1.6±4.5 -2.0±4.7 -2.8±4.1* -3.6±4.0* 

PA 0.51 0.39 0.091 0.044 

BMI (kg/m2) 

Before 32.3±1.1 32.6±2.0 31.2±1.4 31.9±1.5 

After 32.9±1.9 32.0±2.7 30.3±1.0** 30.8±2.0* 

∆ 0.64±1.4 -0.66±1.5 -0.90±1.3* -1.1±1.2* 

PA 0.45 0.42 0.091 0.054 

BF (%) 

Before 34.0±3.8 32.7±3.3 35.2±3.4 36.6±2.2 

After 34.4±3.3 30.8±2.6 30.2±3.0 31.0±3.9 

∆ 0.44±4.4 -1.88±5.0 -5.01±2.3* -5.62±5.2* 

PA 0.99 0.51 0.04 0.01 

TG (mg/dl) 

Before 256.3±15.5 258.2±16.7 256.8±20.7 261.2±19.1 

After 254.3±12.8 255.1±13.8 253.5±14.1 245.6±19.1 

∆ -1.2±4.3 -4.7±4.2 -11.1±4.5***† -12.5±6.6***†† 

PA 0.48 0.016 0.0001 0.0001 

TC (mg/dl) 

Before 258.2±16.7 250.9±20.9 256.3±13.6 252.9±15.8 

After 257.0±17.2 239.4±18.5 239.4±15.5 234.0±11.1 

∆ -1.2±5.1 -11.4±7.4* -16.8±6.4** -18.9±16.1*** 

PA 0.90 0.016 0.0001 0.0001 

HDL (mg/dl) 

Before 30.4±6.4 31.5±4.6 31.9±10.6 28.8±16.8 

After 31.0±7.3 36.6±5.6 39.2±7.7* 38.9±6.9* 

∆ 0.64±4.9 5.09±3.8 7.2±4.0** -10.0±4.5***† 

PA 0.98 0.0016 0.0001 0.0001 

LDL (mg/dl) 

Before 172.0±13.7 170.7±13.9 172.3±10.6 174.4±16.8 

After 171.5±13.5 163.9±12.6 157.0±8.3* 155.5±16.3* 

∆ -0.5±5.5 -6.8±3.8* -15.3±6.7***†† -18.8±4.5***††† 

PA 0.99 0.001 0.0001 0.0001 

BG (mg/dl) 

Before 103.1±13.1 105.7±10.7 106.0±5.7 108.3±6.1 

After 97.4±6.4 91.4±4.5 87.8±5.4** 84.2±6.7** 

∆ -5.7±10.2 -14.2±12.9 -18.1±10.6 ** -24.1±9.8*** 

PA 0.25 0.0001 0.0001 0.0001 

Insulin (µU/L) 

Before 19.4±0.6 19.4±0.7 19.4±0.4 19.7±0.5 

After 19.7±0.5 18.4±0.4*** 17.9±0.5*** 17.4±0.8***†† 

∆ 0.31±1.0 -1.20±0.1** -1.41±0.5*** -2.62±0.7***†† 

PA 0.62 0.0001 0.0001 0.0001 

HOMA-IR 

Before 4.9±0.7 5.0±0.5 5.0±0.2 5.3±0.4 

After 4.7±0.3 4.1±0.2** 3.7±0.2*** 3.7±0.3***† 

∆ -0.21±0.6 -0.90±0.6* -1.3±0.3*** -1.6±0.3***† 

PA 0.0001 0.0001 0.0001 0.0001 

Data are presented as the mean ± SD. Con, Control group with placebo; CV, Chlorella Vulgaris group; IRT, 

interval resistance training group with placebo, CVIRT, Chlorella Vulgaris plus interval resistance training group; 

BM, body mass; BMI body mass index; BF, Body fat; BG, Fasting Blood Glucose; HOMA-IR homeostasis model 

assessment of insulin resistance; TG, Triglyceride; TC, Total Cholesterol; LDL, low-density lipoprotein; HDL, 

high-density lipoprotein; ∆: After – before trial; PA, P-value based on intragroup comparison (After vs. before); 

P∆, Adjusted P-value based on intergroup comparison of ∆;*,**,*** p<0.5, p<0.001, p<0.0001 compared to the 

control group, †, ††, ††† p<0.05, p<0.001, p<0.0001 compared to the Chlorella Vulgaris (CV) group. 
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