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Impact of Aerobic Training and Vitamin D Supplementation on
Hunger Rate and Serum Ghrelin and Insulin in Middle Aged

Females with Metabolic Syndrome

Karim Azali Alamdari'®, Roghieh SatarZadeh

Received: 2021/11/11
Abstract

The aim was to investigate the impact of aerobic training with
and without vitamin D supplementation on hunger rate and
serum ghrelin and insulin in middle aged females with metabolic
syndrome. Forty-one subjects (age: 53.19 + 4.4 yrs, BMI: 32.68 +
4.45 kg/m2) were randomized into Aerobic Training+Placebo,
Aerobic Training+Vitamin D, Vitamin D and Placebo groups.
Vitamin D was consumed 50000 units/week in a double-blind
order for eight weeks and aerobic training program was
conducted 50 to 60 min/session, three sessions/week at 50 to
60% of MHR. One-way ANOVA, two-way factorial ANOVA for
repeated measurements and paired samples t test were used to
analyze the data .

Both of aerobic training and vitamin D supplementation could
decrease all of the metabolic risk factors and insulin level
(p<0.05), however; perceived hunger rate and blood ghrelin had
no changes throughout the intervention period (p>0.05). More
decreases were noted for waist circumference and also blood
glucose with Aerobic Training+ Vitamin D supplementation
compared to vitamin D alone(p<0.05) .

Aerobic Training and Vitamin D supplementation are safe and
efficient in improving cardiometabolic health, however; addition
of Vitamin D to the training program has more benefits for
weight loss and blood control which makes it as a good
prescription for patient with metabolic syndrome .

Keywords: Aerobic Training, Vitamin D, Metabolic Control,
Appetite
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Abstract

The aim of this study was to investigate the effect of B-Hydroxy-p-methylbutyrate
(HMB) supplementation on anti-inflammatory cytokines including IL-4, IL-10
and TGF-B during an acute bout of resistance exercise (RE) in young resistance
trained men. Ten resistance-trained men in a randomized, double-blind, placebo-
controlled and crossover study, were administered a 7-day HMB supplementation
(3x1 g.d?! of HMB) and placebo (3x1 g.d? of Maltodextrin) with a 7 days
washout period. After supplementation periods, subjects performed three sets of
bench press, lat pull down, leg extension, leg curl, biceps curl, triceps curl and
shoulder press to failure with 85% of one repetition to maximum (1RM). Blood
samples were obtained before- (Pre), immediately post- (IP) and 1 hour-post RE
(1h P) to assess serum concentrations of IL-4, IL-10 and TGF-B1. The data were
analyzed using 2 (treatment: HMB and Placebo (PL)) x 3 (time points: Pre, IP
and 1hP) repeated measures analysis of variance (ANOVA) followed by the
Bonferroni post hoc test with a significant level of p<0.05. Serum IL-4 was
significantly higher at IP resistance exercise in HMB compared to placebo.
Circulating I1L-4 and TGF-B1 were significantly raised at IP compared to Pre in
both HMB and placebo treatments. No significant differences between treatments
were observed for IL-10 and TGF-Blat any time points. In conclusion, HMB
supplementation increased the circulating level of IL-4 during RE in resistance-
trained men, which may attenuate inflammatory markers and facilitate adaptation
to RE.

Keywords: B-Hydroxy-B-Methylbutyrate, anti-inflamatory cytokines, resistance
exercise
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1. Introduction

It is generally accepted that chronic resistance
exercise (RE) is associated with reduced risk of
low grade  systemic inflammation in
atherosclerosis, obesity and insulin resistance [1],
paradoxically, a single bout of RE appears to
promote inflammation [2, 3]. Tumor necrosis
factor-o (TNF-a), interleukin-6 (IL-6), IL-1 and C
reactive protein (CRP) are considered as low grade
systemic inflammatory cytokines [4]. Studies
examining the acute effect of RE on inflammatory
markers revealed significant elevations [5, 6] and
no changes [2, 7] in inflammatory cytokines. The
inflammatory responses to a single bout of RE may
be due to RE-induced muscle damage [8]. In
addition to muscle damage, RE may trigger

Citation:

cytokine production by other physiological factors
such as neuroendocrinological factors (i.e.
adrenaline, noradrenaline, growth hormone and
cortisol), ROS production, acidosis and the rise in
muscle temperature [9-11].

Recently, the concept of anti-inflammatory
effects of exercise has attracted particular attention
in sport science community [12]. The anti-
inflammatory cytokines including IL-4, IL-10 and
TGF-B1 are able to attenuate inflammation by
limiting inflammatory cytokine production, up-
regulating their soluble antagonist binding
proteins, and suppressing inflammatory cell
activity [13, 14]. IL-4 and IL-10 are produced
largely by the Tw, subset of lymphocyte and TGF-
B1 is produced mainly by regulatory T cells [14].
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The anti-inflammatory cytokines (I11-4 and 1L-10)
responses to acute RE are equivocal [3]. However,
there are no studies reporting TGF-B1 response to
an acute RE in athletes. Recently, it was
demonstrated TGF-B1 increased immediately after
acute RE at low intensity (50% of 1 RM; 2x18
rps) in Coronary Artery Disease patients [15]. In
addition to the effect of exercise on the immune
system, previous studies have shown that diet and
nutritional supplements can reinforce the immune
system in athletes [6, 16-18].

B-Hydroxy-B-methylbutyrate (HMB) is a
metabolite of the amino acid leucine that has
previously been shown to increase protein
synthesis, strength and power, and decrease
circulating markers of muscle damage [19]. To
date, three studies only have been evaluated the
effect of HMB on immune function during RE in
humans [6, 17, 18]. Recently, it was proposed that
HMB may exerts immunoregulatory effects
including increased the anti-inflammatory cytokine
IL-10 and decreased pro-inflammatory cytokine
IFN-y and IL-1p after resistance training [17]. In
addition, it was reported that HMB could reduced
TNF-a and monocyte TNF-o receptor 1 expression
after strenuous RE [6]. In a vitro study, a decrease
in inflammatory cytokine IFN-y in T-lymphocytes
demonstrated which was incubated with varying
concentrations of HMB [20]. Due to the lack of
information regarding to the effect of HMB
supplementation on anti-inflammatory cytokines
during RE in athletes, the purpose of this study was
to investigate the effects of HMB on IL-4, IL-10
and TGF-B1 during intense RE in athletes.

2. Methods

2.1. Participants

Ten resistance-trained men voluntarily participated
in this randomized, double-blind, placebo-
controlled and crossover study (Table 1). The
study protocol was conducted according to the
guidelines of the Declaration of Helsinki, and
approved by the Institutional Review Board for the
human participants. All procedures, risks and
benefits of this study were explained to
participants, and then participants provided written
informed consent. Participants had at least 2 years
of resistance-training  experience. Exclusion
criteria were smoking, taking supplements (i.e.,
creatine, HMB, lucine, or other amino acids),
anabolic and catabolic hormones, and anti-
inflammatory agents. The participants were asked
to refrain from engaging in any exercise for 48 h
before each resistance exercise bout as well as to
complete 2-day food diary before the first RE bout
and repeat it before the subsequent RE bout.

https://www.researchinexercisenutrition.com/
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Table 1. Baseline anthropometrics of subjects

Variable Mean+SD
Age (yr) 22+1.32
Weight (kg) 76.45+9.13
Height (cm) 179.331£4.33
Body mass index (kg/m?) 23.7+1.99
Body fat mass (%0) 12.5+4.08

2.2. Study design

To investigate the effect of one week HMB
supplementation on anti-inflammatory cytokines
during heavy RE, participants ingested HMB (3
capsules of 1 g per day) or placebo (3 capsules of 1
g Maltodextrin per day) three times a day for one
week prior to intense resistance exercise in a
randomized, double-blind, placebo-controlled and
crossover study. Participants were called to the
Exercise Physiology Laboratory on three different
sessions. In the first session, maximal strength tests
based on one repetition maximum for bench press,
lat pull down, leg extension, leg curl, biceps curl,
triceps curl and shoulder press test were performed
using methods described previously (Table 2) [21].
During the second and third sessions, participants
performed intense resistance exercise that included
of three sets of bench press, lat pull down, leg
extension, leg curl, biceps curl, triceps curl and
shoulder press to failure with 85% of 1RM and 2
min of rest between sets and exercises. During two
supplementation  periods, participants in a
randomized, double-blind, placebo-controlled and
crossover design received one week HMB (Olimp,
Poland ) and placebo that separated by a one week
washout period. Both HMB and placebo (PL)
capsules were identical in shape, size and color. At
the end of each period, the participants performed
heavy RE with 85% of 1RM. Prior to resistance
exercise protocols, all participants performed
warm-up, which consisted of 3 min running, 5-10
repetitions at 50% of perceived maximum and
stretching.

Table 2. Baseline 1RM in resistance exercises

1RM (kg) Mean+SD
Bench Press 80+18.5
Lat Pull Down 71.5+15.6
Leg Extension 43+12.29
Leg Press 169+62.97
Biceps Curl 35.5+7.97
Triceps Curl 69+25.65
Shoulder Press 44+10.21

2.3. Blood sampling

Blood samples were obtained from a forearm vein
at Pre, IP and 1h P into serum vacutainer tubes that
allowed clotting at room temperature for 30 min
and afterward centrifuged at 3000 g for 15 min at
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4°C. Serum tubes were stored at — 80 °C for later
analysis. IL-4, IL-10 and TGF-B1 were measured
using enzyme-linked immunosorbant assays
(ELISA kits with Catalogue No.: abx050119;
abx050094 and abx252257, United States), with
sensitivities of 1.5 pg/mL, 0.5 pg/mL and 18.75
pg/mL.

2.4. Statistical analysis

Statistical analysis of the data was performed using
IBM SPSS Statistics 20.0 software for windows
(SPSS Inc., Chicago, lllinois). P value less than
0.05 were considered statistically significant. The
Shapiro-Wilk test confirmed the normal
distribution of the data. The data were analyzed
using 2 (treatment: HMB and PL) x 3 (time points:
Pre, IP and 1hP) repeated measures analysis of
variance (ANOVA). A Bonferroni post hoc test
was used for pairwise comparisons when the F-
statistic revealed a significant p-value. Data are
reported as mean + standard deviations (SD) for all
values.

3. Results

Figure 1 illustrates serum concentration of I1L-4 at
pre-, immediately post (IP)- and 1h post (1h P)-
resistance exercise in resistance-trained men for
both HMB and PL conditions. Repeated measures
of ANOVA demonstrated a significant time effect
for treatment (F(, 32- 16.82, P=0.0001, n>=0.51),
time x treatments interaction (F, 32= 3.31, P=0.04,
n?=0.17) and between treatments (Fu, 16- 1.98,
P=0.0001, 1°=0.29). Serum IL-4 significantly
increased at immediately post RE in HMB
supplementation compared to placebo; with no
significant difference at 1h post RE between both
conditions.

35 5 ——HMB
. —-®-PLACEBO

Pre ™ ihP

Figure 1. Effects of HMB supplmentation on serum
concentration of IL-4 at pre-, immediately post- and 1h
post-resistance exercise in resistance-trained men

* siginficant  difference
corresponding pre-RE value.
1 siginficant difference (P<0.05) between HMB
and placebo at corresponding time point.

(P<0.05) from
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Figure 2 shows serum concentration of IL-10 at
pre-, immediately post- and 1h post-resistance
exercise in resistance-trained men for both HMB
and placebo conditions. Repeated measures of
ANOVA demonstrated no significant time effect
for treatments (Fe, 3= 0.99, P=0.38, 1>=0.058),
time x treatments interaction (F, 2= 0.23, P=0.79,
n%=0.014) and between treatments (F, 16- 0.098,
P=0.75, 1?=0.006). However, greater increase
(4.5%) in IL-10 immediately post RE was
observed after HMB supplementation compared to
placebo.

250 4
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Figure 2. Effects of HMB supplmentation on serum
concentration of 1L-10 at pre-, immediately post- and 1h
post-resistance exercise in resistance-trained men.

Figure 3 indicates serum concentration of TGF-
Blat pre-, immediately post- and 1h post-resistance
exercise in resistance-trained men for both HMB
and placebo conditions. Repeated measures of
ANOVA demonstrated a significant time effect for
treatments (Fe, 32= 6.46, P=0.004, n?=0.28), with
no significant time x treatments interaction (Fe,
3= 0.103, P=0.90, n?=0.006) and between
treatments (Fa, 16- 0.115, P=0.73, 1>=0.007).
Serum TGF-B1 significantly increased in both
HMB (14.25%) and placebo (11.94%) condition at
immediately post RE compared to pre RE in
resistance trained men.

—-—HMB
T00 —m PLACEBO

TGF-p1 (pg/mL)
n

300

Figure 3. Effects of HMB supplmentation on serum
concentration of TGF-B1 at pre-, immediately post- and 1h
post-resistance exercise in resistance-trained men.

* siginficant difference (P<0.05) from
corresponding pre-RE value.
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4. Discussion

The primary aim of the present study was to
evaluate the effect of HMB supplementation in a
randomized, double-blind, placebo-controlled and
crossover design in resistance-trained men on anti-
inflammatory cytokines during intense RE. The
main finding of the present study was that short-
term HMB supplementation (3 g.d* for 7 days)
significantly raised circulating IL-4 at immediately
post RE in resistance-trained men. IL-4 is an
important anti-inflammatory cytokine which leads
to polarization of T helper (Th) cell differentiation
toward Th2-like cells [14]. These cells are able to
secretes anti-inflammatory cytokines of IL-4 and
IL-10 that cause to suppression of Thl responses
as well as block the secretion of inflammatory
cytokines including IL-1, TNF-a, IL-6 and IL-8
produced by monocytes [14, 22]. Furthermore, it
has been demonstrated that IL-4 can directly
stimulate myogenesis, which is due to enhance
myoblast fusion [23].

HMB supplementation increased circulating IL-
4 by 19.75% immediately after heavy RE in
resistance-trained men, which may be attributed to
anti-inflammatory effect of HMB that supported by
previous studies [6, 24, 25]. Consistent with our
findings, previous study has shown that HMB
exerts anti-inflammatory effect by attenuating
elevations in circulating TNF-a immediately after
acute bout of heavy RE and as well as reducing
TNFR1 expression on human monocytes at 30 min
post RE [6]. In another study, a single dose of 3
g.d? prior to RE attenuated C-reactive protein
(CRP) 24 h post-RE in resistance-trained men [24].
In addition, HMB-free acid administration can
attenuate complement receptor type 3 (CR3) at 30
min post heavy RE with 70-80% of 1RM in
resistance-trained men  [25].  Inflammatory
cytokine responses to 23 days of HMB
supplementation during heavy military training
with sleep deprivation revealed decreases in
circulating IL-6, IL-8, IL-10, IL-1ra, CX3CL1 and
G-CSF [26]. In contrast, 7 weeks of HMB
supplementation in elite volleyball players had no
significant effect on inflammatory markers of IL-6
and IL-1 after the first 7 weeks of the volleyball
season [27].

IL-10 known as an important anti-inflammatory
cytokine which is a potent inhibitor of
Thlcytokines, including IL-2 and IFN-y [14] as
well as inhibits nuclear factor KB (NF-KB), cell
surface expression of major histocompatibility
complex class 1l molecules, B7 accessory
molecules and signal molecule CD14 [14, 28]. In
addition, it appears that the anti-inflammatory
effects of exercise is mediated by elevations in
circulating IL-10 and to be beneficial for recovery
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[4]. Thus, it has been shown that circulating I1L-10
can attenuate adaptive immune response and
reduced the damage to tissue caused by
inflammation in response to exercise [29]. In the
present study greater increase (4.5%) in IL-10
immediately post RE was observed after HMB
supplementation compared to placebo but this
change did not reach statistically significant. Few
studies have evaluated HMB supplementation on
IL-10 and their results are conflicting [24, 26].
Similar to our results, HMB supplementation in
resistance-trained men did not alter IL-10 post
lower body RE [24]. In contrast, HMB
supplementation was shown to attenuate
circulating IL-10 response to military training with
sleep deprivation [26]. Also, regarding other
nutritional supplements have been demonstrated
that carbohydrate beverage intake reduces
exercise-induced increases in circulating IL-10
compared to placebo [30-32]. In addition,
carbohydrate supplementation during hypoxia
condition didn’t change serum IL-10 concentration
in healthy male who exercised for 60 min at an
intensity of 50% VOzpeak [33]. Quercetin ingestion
(1000 mg/day for 24 days) in trained male cyclists
significantly reduced blood leukocyte IL-10
MRNA expression but without effect on plasma
IL-10 after prolonged cycling [31]. However, it
was demonstrated that caffeine ingestion (6 mg.kg"
! body weight) lead to higher increases in
circulating IL-10 after 15-km run competition.

Few studies observed raises in IL-10 levels after
following resistance training [5, 34]. Moreover, 12
weeks of isokentic training significantly increased
the protein expression of I1L-10 in skeletal muscle
[35]. In contrast, Peake et al., [36] reported no
change in IL-10, IL-1ra, TNF-o after submaximal
and maximal RE protocols. In addition, a single
bench press exercise with different intensities
ranging from 50 to 110 % of 1RM didn’t alter IL-
10, IL-1p and IL-6 [7].

TGF-B1 like IL-4 and IL-10 is an important anti-
inflammatory cytokine which suppresses the
proliferation and differentiation of T and B
lymphocyte cells and reduces IL-2, IFN-y and
TNF-a secretion [14, 37]. Higher circulating levels
of TGF-B1 after exercise contribute to mediating
anti-inflammatory effects of exercise. Our findings
show that circulating TGF-B1 significantly
increased in both HMB (14.25%) and placebo
(11.94%) condition at immediately post RE in
resistance trained men, with no differences
between conditions. We observed a trend towards a
greater increase in TGF-B1 (2.31%) following
HMB intake compared to placebo at immediately
post RE in resistance trained men. To our
knowledge there are no data on TGF-B1 response
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to HMB supplementation during RE in athletes. In
addition, little research has examined the effect of
acute RE on TGF-Blin humans [38]. Our findings
are in line with a previous study showing an
increase in serum TGF-B1 following an acute bout
of RE with 50% of 1RM in coronary artery dieses
patients [38]. It has been reported a rise in
circulating TGF-B1 level after chronic resistance
training in healthy adults [39] and in patients with
type 2 diabetes [40, 41]. However, other studies
reported no change in TGF-B1 level following
resistance training in the elderly [42] and in older
adults [43]. Our results indicate that intense RE
with 85% of ~ 1RM lead to a rise in serum TGF-
B1 in resistance-trained men, which may indicate a
protective effect leading to prevention or reduction
of atherosclerosis progression [38, 44].

5. Conclusion

In conclusion, to the best of our knowledge this is
the first study to investigate the effect of HMB
supplementation on anti-inflammatory cytokines
during strenuous RE in resistance-trained men in a
randomized, double-blind, placebo-controlled and
crossover design. Our findings revealed that short-
term HMB supplementation lead to significant
increment in IL-4 level after acute strenuous RE in
resistance-trained men, which can directly
stimulate myogenesis [23]. Moreover, a trend
towards greater increase in circulating IL-10
(4.5%) and TGF-B1(2.31%) were observed in
HMB supplementation compared to placebo at
immediately after RE in resistance-trained men.
Taken together, our results show that short-term
HMB supplementation during RE can amplify anti-
inflammatory effects of exercise as shown by
significant increase in IL-4 and non-significant
increase in TGF-Bland IL-10. Additional study is
needed to directly investigate how HMB exert anti-
inflammatory effects during acute strenuous RE in
resistance-trained men.
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Abstract

Background: Various nutritional supplements may play a role in reducing cell
stress to intense exercise. In the present study, the effect of salvia officinalis
extract on serum levels of p53 and CK after a downhill running was investigated
Methods: 14 healthy men (age, 24.4+3.5 yr; body mass index, 22.46+1.5 kg/m?)

were randomly placed in two conditions of sage and placebo. Subjects took 500

mg capsules of sage extract (two daily) or placebo for two weeks. After 14 days,
subjects performed downhill running at 12% downhill grade at about 70% of the
maximum heart rate until volitional exhaustion (30 minutes). Blood sampling was
performed before and immediately after the running workout for the measurement
of the serum p53 and CK concentrations.

Results: The results showed that in the sage condition, the changes in p53 levels
in the before exercise compared to the after running were not statistically
significant (p > 0.14). In the placebo condition, p53 levels in the post- running
increased significantly compared to the pre- running (p < 0.001). Also, CK levels
in the post-running only in the placebo condition increased significantly compared
to the pre- running (p < 0.007).

Conclusion: The findings of the present study showed that downhill running as
eccentric contraction may lead to cell apoptosis and muscle damage by increasing
p53 and CK levels, but short-term sage supplementation is likely inhibiting
increased apoptosis and muscle damage marker in serum induced by acute
exercise.
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Sage

Accepted: 2022/03/09

T Assistant Professor of Exercise
Physiology, Department of
Physical Education and Sports
Science, Marivan Branch,
Islamic Azad University,
Marivan, Iran.

™= Corresponding author:
farajienator@gmail.com

2 Associate Professor of Exercise
Physiology, Department of
Exercise Physiology, University
of Kurdistan, Sanandaj, Iran.

3 MSc. of Exercise Physiology,
Department of Exercise
Physiology, University of
Kurdistan, Sanandaj, Iran.

All rights of this article are reserved
for the University of Kurdistan.

1. Introduction

Acute and progressive exercise is inevitable in order to
adapt to training in many sports. Exercise is a type of
physiological stress that affects the concentration of
various cytokines, hormones, growth factors and
oxidative status. It was previously thought that these
disorders were mainly due to inflammatory processes
and necrosis, but some studies have shown that
apoptosis plays an important role in different types of
tissues (1). Intense exercise can lead to apoptosis by
increasing factors such as glucocorticoids, reactive
oxygen species (ROS), intracellular calcium, and
inflammatory factors (2). Apoptotic signaling induces
apoptosis through cytokines/Fas-driven, mitochondrial-

Citation:

driven and endoplasmic/sarcoplasmic reticulum /Ca?*-
driven pathways (1). Although the exact mechanisms of
exercise-induced apoptosis are unclear, exercise
increases in mitochondrial-mediated apoptotic pathways
including pro-apoptotic protein levels such as Bax,
Bax/Bcl-2 ratio, initiator caspases (i.e., caspase-8,
caspase-9, and caspase-12), leads to the activation of
effector caspases (i.e., caspase-3, caspase-6, and
caspase-7) responsible for DNA fragmentation (3, 4).
DNA damage leads to the accumulation of p53 protein,
the specific biological roles attributed to p53 are very
complex, but p53 physiological levels eventually
improves the DNA status (5). However, if this process
is not performed properly or the DNA defects level is
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high, the p53 protein initiate the transcription of
apoptotic contributing factors (6). p53, is a general
sensor for detecting DNA damage (7) and transcribing
genes to stop cell cycle (p21, GADDA45) and apoptosis
(eg, Bax, Fas, IGF-bp3, APAF-1, Bad) (6). p53 is the
major cellular responder for intrinsic stress signals that
can impair telomere function by suppressing factors
affecting telomere composition, thereby indirectly
leading to the development of cell apoptosis (5, 8).

On the other hand, evidence suggests that taking
some herbal remedies may play a role in reducing stress
and cell damage (9). Recent research has focused on the
polyphenolic antioxidants found in some spices and
herbs, such as salvia officinalis (sage), rosemary, and
thyme. Replacement of synthetic antioxidants with
natural compounds, if effective, may have a positive
effect on the treatment of various human injuries (9).
Sage is one of the largest species of the mint family,
which has more than 900 species in the world and is
widely used in traditional medicine around the world
due to its biological activities, including antibacterial,
antispasmodic, hemostatic, cytotoxic and anti-cancer
(10). In addition, sage are used to treat of various
disorders such as tuberculosis, psoriasis and eczema
(11). Sage contains several active compounds such as
toyon, cineole, borneol, pinene, flavonoids, saponins,
glycosides, resins, vitamin C, vitamin E, tannins, gums
and diterpene (10, 12). Among the components of sage,
carnosol, rosmanol, epipresmanol, isorosmanol,
galdosol, and carnosic acid have remarkably strong anti-
inflammatory and antioxidant activity similar to a-
tocopherol (12, 13). Rosmarinic acid and carnosol are
the main constituents of all phenolic antioxidant extracts
isolated from sage (14). In addition, a study by Jantova
et al. (2014) showed that sage extract in culture medium
leads to increased apoptosis (caspase 3, caspase 8 and
caspase 9) in cancer cells (15).

Although not always obvious, eccentric muscle
contractions are an integral part of most movements
during sport activities (16). Acute eccentric exercise
reduced muscle function, induce soreness, mechanical
tearing, metabolic stress, the local and systemic
inflammatory and elevate muscle Bax protein levels
(17) and caspase-3 serum (18). Furthermore, eccentric
exercise research indicates that ROS is evident
following muscle damaging exercise (19). Eccentric
exercise result in significantly greater muscle damage.
When muscle is damaged by intense and unaccustomed
exercise including muscle-group targeted eccentric
resistance exercise, downhill running and plyometric
jumping, there is disruption of the sarcolema allowing
muscle proteins such as creatine kinas (CK) and
myoglobin to be released from the cell into the blood
stream (20).

To the best of our knowledge, however, the effects of
sage extract on exercise-induced apoptosis and muscle
damage have not been studied following an acute
exercise session. Therefore, the aim of the present study
was to investigate the effect of sage extract on serum
levels of p53 and kinase CK following a downhill
running session in young recreational athletes. We
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tested the hypothesis that sage extract can modify
exercise-induced apoptosis and damage.

Methods

Subjects

Fourteen healthy untrained males volunteered to
participate in the study. Following an explanation of all
procedures, possible risks, and benefits, each volunteer
gave his informed consent before participation in this
research. The inclusion criteria for this study were as
follows: (1) men aged 20 to 30 years; (2) normal,
defined as a BMI 18.5 to 25, kg/m?; (3) lack of regular
exercise training in the previous year. As per the self-
reported physical activity data based on the
International Physical Activity Questionnaire (IPAQ),
(21) subjects were recreationally active (i.e. performed
physical activity 1-2 days per week) but non-trained
(i.e. no regular training for at least 1 year). Exclusion
criteria for this study were as follows: (1) use of
androgens/drugs or nutritional supplements within the
previous 6 months; (2) any disease or other condition
that restricts ability to exercise safely; (3) taking
medicine, cigarettes and tobacco. We excluded females'
subjects because of gender differences in exercise-
induced apoptosis due to eccentric exercise (17). Table
1 shows the physical characteristics of the participants.
The Institutional Review Board of the University
approved the research protocol.

Table 1. Physical characteristic of the subjects

Variables Meanz SD
Age (y) 24.4+3.5
Weight (kg) 70.1+7.9

Height (cm) 176.7+6.7
Body Fat (%0) 18.945.1
BMI (kg.m™ 22.46+1.5

Experimental design

This trial was a randomized, double-blind, placebo-
controlled, crossover. The subjects were completed two
familiarization sessions. During these sessions, the
subjects were introduced to the research protocol and
how to perform the tests, and the physiological
characteristics of the subjects were also measured. The
subjects were randomly assigned into one of two
exercise condition: sage extract (SA) or placebo (PL).
Subjects ingested 2 x 500 mg capsules (total 1000 mg of
sage extract) of concentrated GOLDARU SALVIGOL
extract or a visually identical placebo for 14 days. Each
500 mg SALVIGOL capsule contained dry extract of
young shoots of sage (Goldaru Company, Health Ltd.,

Isfahan, Iran). Each placebo capsule contained 500 mg

the combination of maltodextrin and dark flour. Two
capsules were consumed after lunch and dinner. The
two experimental conditions (sage extract and placebo)
were separated by a 3-week washout period (22).
Consumption of beverages such as green tea and/or any
supplements that included polyphenols were prohibited
throughout the study. Prior to downhill running tests,
subjects walked on the treadmill at a starting speed of
1.5 km/h at 0° gradient for 5 min (as warm-up), this
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speed was then gradually increased to the determined
running speed. Subjects ran at 12% downhill grade; this
speed was then gradually increased until reaching about
70% of each subject’s maximum heart rate (calculated
as 220 — age). This speed was then maintained to 30 min
continuous until volitional exhaustion. Heart rate was
recorded using a pulse oximeter connected to a
treadmill. Park et al. (23) reported an increase in
exercise-induced apoptotic markers with a similar
protocol. The duration of the downhill continuous until

volitional exhaustion (24). The subjects were

encouraged to adhere to their normal dietary patterns
throughout the study. Subjects were instructed to abstain
from drinking alcohol and caffeine for 24 hours before
the assessment. Twenty-four-hour diet recall were used
to assess diet and subjects were instructed not to change
their eating. Dietary intake is shown in Table 2.

Table 2: Comparison of dietary intake variables
between sage extract and placebo condition.

Variable mean * SD P-values
Sage extract Placebo
E”ez&%;‘)take 2696144167  2719.3x6127  0.234
Protein (g) 78.2+42.7 82.5+61.7 0.326
Carbo(gg’d ratt 40124035 382.2496.4 0.176
Fat (g) 86.5£73.8 95.6481.1 0.204
(P < 0/05).

Blood samples
Blood samples (about 7 ml of blood from an antecubital
vein) were collected from all subjects before and after
the running. Samples were centrifuged at 3000 rpm for
15 minutes and serum was separated from blood cells
and stored at -20 °C until analyzed. p53 protein was
measured using Bioassay Technology laboratory Kits by
ELISA method. The intra- and interassay coefficients of
variance was less than 10%. CK levels were measured
using Pars Azmoun Company kits (Tehran, Iran) with a
unit sensitivity and an auto-analyzer.
Statistical analysis

The assumption of a normal distribution for all data
was verified using the Shapiro—Wilk test, and all data
were normally distributed. Data were analyzed using
two-way analysis of variance (2 time x 2 condition)
with repeated measures. When the main effect or
interaction was significant, the paired t-test with
Bonferroni correction was used to identify significant
differences among the mean values. All data were
reported as mean + SD. All statistical analyses were
conducted using the statistical package for Social
Sciences (SPSS, Version 22.0).

Results

All subjects completed 30-minute exercise test. Changes
of means and standard deviations for p53 and CK
responses to running exercise after PL or SA condition
are presented in Table 3.
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Table 3: Serum level responses of p53 and CK to
downhill running.

Time Condition
SA PL

Before running 43'27%4(')i 487.02 + 78.09
P53 (ng/l) . 514.09 + 590.88 +

After running 87.39 56,48

Before running 65+ 13.91 56.70 + 14.81
CK (U/L) -

After running 68.20 +12.53  74.10 £ 19.68*

. #: SA versus PL (p< 0.05); *: After versus Before (p<
0.05). SA, sage; PL, placebo.

Regarding p53, statistically significant time effects

(F=30.11, p =.0001, n2 =.59) and interaction (F=8.40,
p=.008, n2 =.57) were found, however condition effect
did not reach statistical significance (F= 3.13, p = .08,
n2 =.41). Changes in serum p53 did not reach statistical
significance for SA condition (482.04 + 47.90 vs.
514.09 + 87.39 ng/l by 6.64 + 3.82%; p = 0.14). p53
increased (487.02 + 78.09 vs. 590.88 * 56.48 ng/l by
21.32 = 4.07%; p = 0.001) after downhill running
protocol in the PL condition, compared to before
exercise. Immediately after running, there was
significant differences between the PL and the SA in
p53 (p = 0.01) concentrations.
Regarding CK, statistically significant time effects (F=
10.42, p = .0005, n2 =.63) and interaction (F=5.58,
p=0.02, n2 =.51) were found, however condition effect
did not reach statistical significance (F=0.58, p=.45, 2
=.27). In the SA condition, CK levels were slightly
higher (not significantly) compared to before downhill
running exercise (65.01 + 13.91 vs. 68.20 £ 12.53 U/L
by 4.9 + 2.3%; p = 0.39). CK increased (56.70 + 14.81
vs. 74.10 + 19.68 U/L by 30.68 + 13.74%; p = 0.007)
after downhill running protocol in the PL condition,
compared to before exercise. Immediately after running,
there was no significant differences between the PL and
the SA in CK (p = 0.43) concentrations.

Discussion

Herbal remedies have been used for thousands of years
to treat various ailments and offer many health benefits,
as well as the healing and restorative abilities of various
types of herbs. One of the major reasons for the increase
is the ease of using plants and ensuring an absolute
result.  Increased levels of oxidative stress and
inflammatory factors are major causes of apoptosis and
cellular damage during acute exercise, and athletes are
looking for a substance that minimizes cell damage.
Several clinical and experimental studies indicate that
sage has anti-oxidant and anti-inflammatory properties
(12). Therefore, we tested the possible effect of sage on
the marker of exercise-induced apoptosis and cell
damage in a severe eccentric exercise. The results
showed that sage reduced exercise-induced apoptosis
and damage muscle markers in serum induced by a
single bout of eccentric exercise.

It is been well established that acute exercise may
increase apoptosis markers and damaging muscle. Our
results agree with those recently reported in the
literature (20, 25). The downhill running exercise
proposed in the current study was able to increase serum
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p53 and CK. The possible mechanisms of the effect of
eccentric exercise on apoptosis are not fully understood.
However, the present study found that 30 minutes of
eccentric exercise was sufficient to stimulate apoptosis
signaling (increased p53 levels). Eccentric exercise has
been shown to increase 3-muscle caspase (2) and Bax
concentration (23). In addition, serum caspase-9 and
p53 increased immediately after intense resistance
activity in young men (26). Also, the results of our
study are consistent with the study of Rahimi et al.
(2015), which was performed on young athletes using
progressive endurance exercise to fatigue, in which
acute exercise increased blood p53 compared to before
exercise (27). Sheikholeslami-Vatani et al. (2018)
showed that the concentrations of caspase-9 and
caspase-3 increased significantly after a downhill
session in the placebo condition (18). The increase in
p53 in this study is also consistent with the results of
another study that showed elevated serum levels of p53
and caspase-9 after resistance activity in young men
(28). Another study reported that p53 concentration
increased in young men immediately and three hours
after a session of resistance exercise (25).

Another result of the present study was that a
21.32% increase in p53 was significant only in the PL
condition, while in the SA this increase was only 6.64%.
When a cell is exposed to severe stress, p53 can activate
numerous genes which increase ROS generation, thus
leading to apoptosis (5, 29). ROS generated by severe
stress can further activate p53 in a positive feedback
loop (5). Salvia seems to have prevented an increase in
p53 during eccentric exercise. To our knowledge, no
studies to date have examined the effects of sage
supplementation on the levels of markers of apoptosis
after eccentric exercise. Previous studies have shown
the anti-cancer, antioxidant and anti-inflammatory
effects of sage (15, 30, 31). Salvia extract showed anti-
apoptotic and growth inhibitory effects on cancer cell
lines (32). Salvia extract also increases the release of
TNF-o and nitric oxide from macrophages, thus
increasing its cytotoxic effect (33). These effects may
be due to the presence of several cytotoxic and anti-
cancer compounds in sage (12). Among terpenes and
terpenoids isolated from sage, caryophyllene and a-
homolen have been shown to inhibit the growth of
tumor cells in breast and colon cancer (34). The anti-
cancer effects of sage appear to be due to inhibition of
mitogen-activated protein kinase, suppression of ROS
and nuclear transcription factor-kappa B (NF-«B), and
decreased expression of the anti-inflammatory gene
cyclooxygenase-2 (35). It also inhibits several stages of
angiogenesis (proliferation, migration, adhesion, and
tube formation) in endothelial cells (30). In addition,
evidence from several studies shows that sage has
strong antioxidant activity. Horvatova et al. (2016)
showed that consumption of sage extract has a positive
effect on the resistance of rat liver cells to oxidative
stress and may have potential for liver protection (36).
This protects hepatocytes against oxidative stress and
DNA damage caused by hydrogen peroxide by
increasing glutathione peroxidase activity (37). The
most effective antioxidant compounds are sage
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carnosol, rosmarinic acid and carnosic acid (38). In
addition to rosmarinic acid, other sage flavonoids,
especially quercetin and rutin, have potent antioxidant
activity (39).

On the other hand, flavonoids and terpenes are
compounds that probably contribute to the anti-
inflammatory action of this plant. Mansourabadi et al.
(2015) reported that flavonoids extracted from sage
reduce inflammation in mice and have a dose-dependent
analgesic effect (40). Osakabe et al. (2004) showed the
topical application of rosmarinic acid in inhibiting
epidermal inflammation (41). Also, Mannol, carnosol
and ursolic acid are terpenes that have anti-
inflammatory potential (42). The original contribution
of the present study is the protective effect of sage
shown in vivo against apoptosis induced by acute
exercise. Although the present study was not designed
to investigate the possible mechanism of sage effect, but
overall, it seems that due to the direct antioxidant/anti-
inflammatory role of sage, this herbal medicine may
reduce ROS production and DNA damage, which
prevented the increase of p53 levels. Indeed, p53 can
activate numerous genes which increase ROS
generation, thus leading to apoptosis (5, 29). ROS
generated by severe stress can further activate p53 in a
positive feedback loop (5). Additionally, pro-
inflammatory signals upon stress could establish self-
perpetuating pro-inflammatory cycles leading to DNA
damage (43). Due to the limited number of studies in
this field, more research is needed to investigate the
effect of sage on apoptotic markers.

CK is often used as a clinical marker of muscle
damage (44). In the present study, CK levels in the SA
condition did not increase significantly compared to the
before exercise, but in the PL condition there was a
significant increase. The sage appears to attenuate
muscle damage by inhibiting CK in the acute exercise.
Previous studies supports the role of the skeletal muscle
intermediate filaments as a stress-transmitting and
stress-signaling network (16). Cytoskeletal proteins help
mitochondria not only in their movement and proper
cellular positioning, but also to maintain their
biogenesis, morphology, function, and regulation of
energy fluxes (16). The functionality of these
cytoskeletal proteins may thus influence the
mitochondria functions, including the regulation of Ca?*
signals and apoptosis (45). Eccentric exercise-induced
muscle damage can lead to calcium imbalance in and
around muscle cells, resulting in activation of calcium-
dependent calpains (46). Through this pathway,
caspase-12 is activated, causing a caspase cascade,
resulting in activation of caspase-3, independent of
cytochrome C and Apaf-1 (47), which ultimately causes
DNA damage and an increase in p53. Furthermore,
activation of inflammatory cells such as neutrophils and
lymphocytes during exercise due to muscle tissue
damage can increase the production of superoxide,
which can cause direct damage to DNA (48). Although
more study is needed, our results suggest that cell
protection by sage is associated with attenuate of p53
and CK.
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Only one study in rodents examined the effect of sage
consumption on CK levels (31). In this study, it was
shown that mice that consumed sage extract for six
weeks (daily 100 mg / kg) had a significant reduction in
CK compared to the control condition, while receiving a
daily dose of 150 mg / kg of sage extract did not cause a
significant change in serum concentration of CK. These
results suggest that the dose of sage may affect CK
levels. It will be of interest to do additional studies on
different dose sage in combination with acute eccentric
exercise at human studies.

This study was not without limitations. In this study
markers of oxidative stress and inflammatory were not
measured. Although, traces from cellular apoptosis can
be detected from the circulation by measuring serum
markers (49, 50), tissue biopsies were not obtained.
Finally, we only considered p53, as a general sensor for
detecting DNA damage and apoptosis. Thus, future
studies, should address the effect sage on different
tissues, extrinsic and intrinsic cell factors/pathways
affecting exercise-induced apoptosis and apoptosis
inhibitor.

Conclusion

Although more work is warranted to describe accurately
the effects of sage on the assessed factors in this study,
our data suggest that two weeks of sage extract
supplementation inhibited increased p53 (as apoptosis
marker) and CK (as muscle damage) induced by
downhill running. The exact mechanism/s by which the
sage extract exerts its cellular protection effect against
exercise-induced apoptosis is unknown, however our
results suggest that cell protection by sage is possibly
due to the direct antioxidant/anti-inflammatory role of
sage. Further experiments are necessary to determine
the protective effect and possible mechanisms of sage
supplementation after eccentric exercise.
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Abstract

After an eccentric resistance exercise, athletes experience some degree
of muscle soreness such as delayed muscle soreness. Following this
damage, inflammatory factors are released into the bloodstream. The
aim of current study was to find out the effect of ZMA supplementation
on inflammatory factors of muscle injury (CK and LDH) following a bout
of eccentric resistance exercise in non-athlete women. For this purpose,
young and healthy women aged 18 to 28 years with a body mass index
of 20 to 25 were used. Individuals were randomly divided into three
groups of ten, including: 1- eccentric resistance exercise and ZMA
supplementation, 2- eccentric resistance exercise and placebo, and 3-
eccentric resistance exercise without supplementation and placebo. All
three groups participated in an eccentric resistance exercise (lying leg
curl muscles training hamstring yo-life supreme) the day before the
test. Individuals underwent group-specific supplementation for two
weeks. Then, the groups participated in the same eccentric resistance
exercise as before. Blood samples were collected before and after
physical activity and CK and LDH levels were assessed. The results
showed that CK and LDH levels increased after eccentric resistance
exercise in each group, although it was not significant for all studied
groups and no significant difference was observed between the three
groups after supplementation (P> 0.05). Eccentric resistance exercise
seems to increase muscle injury as an indicator of muscle contusion in
non-athlete women, and 14 days of supplementation with ZMA does
not significantly reduce muscle injury.
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Abstract

Purpose: In recent years, the use of carbohydrates to improve
athletic performance among sports communities has attracted
the attention of researchers. Maintaining carbohydrate stores is
essential for strenuous or prolonged physical activity. Therefore,
based on nutritional guidelines, it has been determined that
carbohydrates should be consumed in liquid form, considering
the intensity and duration of sports activities. Therefore, by
reviewing previous articles, the present study offers suggestions
for consuming carbohydrates during sports competitions.

Materials and methods: To review articles from search engines
Direct, PubMed, Scopus, Web of Science, Springer, Google
Scholar and SID, articles from 1990 to 2020 were searched and
entered using related keywords. In addition, the sources of the
extracted articles were searched manually.

Results: Loading carbohydrates per kilogram of body weight
before exercise can improve performance. It seems that for
physical activity, less than 1 hour, 15 to 60 grams of
carbohydrates per kilogram of body weight, and physical activity,
more than 2 hours, 30 to 60 grams of carbohydrates per kilogram
of body weight.

Conclusion: Finally, in this study, it was found that carbohydrate
strategies are very useful during competition, but it is
recommended to consume carbohydrates in accordance with
individual principles and the nature of sports competition.
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Introduction: The aim of this study was to investigate the interactive
effects of saffron extract supplementation with high-intensity interval
training (HIIT) on serum levels of stress-inflammatory markers in obese
women with type 2 diabetes.

Method: Thirty-two obese women with type 2 diabetes were randomly
divided into 4 intervention groups: supplement, HIT +Supplement,
placebo and placebo + HIIT. The anthropometric and blood characteristics
of subjects were evaluated in pre-test and post-test. The method of
supplementation was that the supplement group received 100 mg of
saffron extract daily. The subjects in the training group also did running on
the treadmill in 4 bouts with intensity of 85 to 95% of the maximum heart
rate along with 4 periods of active rest at the intensity of 50 to 60% of the
maximum heart rate.

Results: Data analysis showed that the effect of time was a significant
decrease in serum levels of IL-6, NT-proBNP, and GDF-15 in the
supplement, supplement + HIIT +, and placebo + HIIT groups (P<0.05).
The results of time x group interaction also showed a significant
difference between the groups (P<0.05). So that the decrease in the levels
of stress-inflammatory markers in the supplement + HIT group had a
greater decrease.

Conclusion According to the results, it can be reported that HIIT and
saffron supplementation (combination of both) probably reduces the levels
of stress-inflammatory markers such as GDF-15, NT-proBNP, and 1L-6 by
reducing fat mass, as well as also improve glucose metabolism and insulin
resistance in obese women with diabetes.

Keywords: Growth differentiation factor-15, interleukin-6, NT-proBNP,
inflammation, type 2 diabetes.
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Type 2 diabetes (T2DM) is a metabolic disease that

causes hyperglycemia (hyperglycemia) by impairing
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insulin secretion, reducing insulin sensitivity, or
increasing insulin resistance(1), which can cause a
reaction. Inflammatory, metabolic, and cardiovascular
diseases, followed by an increased risk of disease and
mortality(2). Therefore, blood glucose control is one of
the cornerstones of treatment in people with type 2
diabetes(3). In addition, diabetes is one of the main risk
factors for heart failure (HF), which is associated with
an increased risk of more than 50% and has substantial
adverse effects on HF prognosis (4). Heart failure is also
the second most common symptom of cardiovascular
disease (CVD) in patients with type 2 diabetes and is
more common than myocardial infarction (5). However,
insufficient emphasis has been placed on the prevention
and treatment of heart failure in the clinical control of
diabetes (6).

Several circulating biomarkers have recently been
shown to be associated with CVD, such as C-reactive
protein (CRP), interleukin-6 (IL-6), and pro-BNP
natriuretic  peptide  (NTpro-BNP), and growth
differentiation factor-15 (GDF-15) (7). It has also been
suggested that these biomarkers help predict the risk of
heart failure. However, few studies have examined the
association between these biomarkers and the risk of
heart failure in diabetic patients, and it is unclear to
what extent these biomarkers can classify the risk of
heart failure in such patients.

In response, traditional and emerging medication
strategies and lifestyles such as physical activity and
diet continue to be considered to reduce the burden of
these metabolic disease conditions (8, 9). The American
Diabetes Association (ADA) recommends at least 150
minutes a week of moderate to vigorous physical
activity or 75 minutes a week of vigorous physical
activity for everyone (8, 9). However, inactivity and
lack of perceived time are the main reported reasons for
not exercising regularly(10, 11). Many people today use
new exercise training regimens such as high-intensity
interval training (HHT) with active intervals (30
seconds and 4 minutes) with active rest intervals. On the
other hand, the cost-effectiveness of this type of
exercise in terms of time, as well as similar metabolic
and physiological adaptations (12-14) and sometimes
superior (15, 16) of this type of exercise compared to
continuous moderate-intensity training (MICT) causes It
has become increasingly popular.

On the other hand, nowadays, they are active food
compounds or dietary supplements that have been
proven to have benefits beyond basic nutritional
functions, including health promotion through treatment
and prevention of diseases (17), which is a factor in
various components of plants such as flowers, There are
roots in plants and oils called "nutrients” (18). Saffron is
a short-lived plant that is found in various parts of the
Mediterranean, Europe, and Asia (19). Saffron is used
as a spice due to its coloring, flavoring, and aromatic
properties (20). Crocus sativus contains crocetin, crocin,
pyrocrocin, and safranal which are effective in
regulating inflammation and oxidative stress (21). In
line with the anti-inflammatory properties of saffron, it
can also be said that saffron prevents the activation and
release of kappa nuclear factor activated B-cell light
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chain (NF-kB) and prevents the transfer of NF-kB to the
nucleus following the transcription of inflammation-
related genes. However, it can be said that saffron exerts
its anti-inflammatory properties by reducing the
production of inflammatory proteins such as TNF-a,
interleukin-1b (IL-1b), and IL-6 (22). Contrary to the
generally favorable relationship between saffron
supplementation and subclinical inflammation indices
found in laboratory and animal studies, conflicting
results have been reported from clinical trials, although
some studies have reported a beneficial effect of saffron
consumption on inflammatory cytokines. But others
could not show a significant effect (23-26).

Therefore, while saffron supplementation seems to have
beneficial effects in preventing the complications of
diabetes, its role in factor with exercise training on some
indicators of stress and inflammation is unclear. The
present study aimed to investigate the interactive effect
of 8 weeks of high-intensity intermittent training with
saffron supplementation on cardiac stress markers and
glycemic control in obese women with type 2 diabetes.

2. Methods

The present research design is quasi-experimental. The
study population consisted of adult women aged 40 to
60 years, who after being summoned to the Diabetes
Clinic and Medical Centers of Urmia, 35 people
announced their presence. Criteria for inclusion in the
present study include no history of regular exercise
training, body mass index (BMI) of more than 30 kg
/m?, high body fasting blood sugar level above 130
mg/dl, no history of smoking, and no history of
cardiovascular disease. After evaluating the inclusion
criteria, 32 subjects were divided into 4 groups: 1.
Saffron, 2. Saffron + HIIT, 3. Placebo, and 4. Placebo +
HIIT.

In the initial evaluation session, the subjects were
introduced to how to implement and apply the research
interventions and then completed the questionnaires
related to medical health and voluntary participation in
the research. In the next session, pre-test anthropometric
indices, including weight, height, body mass index
(BMI), waist-to-hip ratio (WHR), and body fat
percentage, also cardiac stress markers including IL-6,
NT-proBNP, and GDF-15 were taken from the brachial
vein blood sample (5 cc).

Subjects consumed a powder capsule containing 100 mg
of saffron and starch daily under the interventions,
supplement + HIIT training, placebo, and placebo +
HIIT, respectively (27).

Bruce running test was used to measure maximum
oxygen consumption (VO2max). This test is consisting
of 7 steps three-minute and starts at a speed of 1.7 km/h
with a 10% slope on the treadmill. After 10 minutes of
warm-up, subjects started the test. After voluntary
fatigue (according to the pressure perception criterion),
the test was stopped, and their heart rate was recorded at
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the point of exhaustion (28). The primary training
protocol also included: 8 weeks, 3 sessions per week, 4
running bouts on a treadmill with an intensity of 85-
95% of maximum heart rate (MHR), and 4 rest interval
periods with an intensity of 50-60% (MHR) (29). 72
hours after the last training protocol session,
anthropometric characteristics and blood serum indices
(stress markers) were measured using the ELISA
method. Blood samples were taken immediately to
separate serum from blood plasma using a centrifuge for
15 minutes at a speed of 3 meters per minute.

The statistical
performed using descriptive

method of the present study was
statistics indicators,

including mean and standard deviation in the form of
tables and graphs using Excel software. The research
findings were analyzed using a two-way analysis of
variance (4 * 2) using SPSS software version 25 at the
level (P <0.05).

3. Results

Mean, and standard deviation of descriptive,
anthropometric characteristics including age, height,
weight, BMI, fasting glucose and insulin levels, and
glycosylated hemoglobin (HbA1c) are shown in Table
1.

Table (1): Mean and standard deviation (M = SD) of descriptive and anthropometric indices of the subjects

Groups Saffron Saffron + HIT Placebo Placebo + HIIT
'nti?;f:st'on pre- test Post-test pre-test  Posttest  pre-test  Posttest  pre-test  Post-test
Age (years) 47/48 + 7/68 49/18 + 7/34 47/36 + 8/29 45/.05 + 9/10
Height (cm) 162 + 8/84 161/12 +5/78 159/25 + 6/53 160/35 + 6/23

. 80/88 + 82/10+  78/52+  81/37+ 8150+  80/13+  79/52+
Weight (kg) w037 (A9 9/31 8/43 10/02 8/55 11/74 9/39
30/35 + 32023+  29/14+ 3271+ 32132+  31/78+  30/64+
BMI(Kg/m2) — “55g 29352045 2102 1/69 2115 2160 1/41 1/18
Fasé'ﬂ%:;g"d 165/25+  160/15 + 167/68 +  158/26+ 165/09+  164/11+  160/21+  157/90 +
4306 39/19 48/8 61/24 39/28 40/06 46/1 42125
(ml/dL)
Fasting Blood
insulin 160/34+  156/51 + 155/51+  149/13+ 161/28+  160/08+  153/59+  151/26+
23/38 18/36 18/65 19/41 28/12 26/19 21/34 20/78
(pmol/L)
7/54 + 6/67+  7/23+ 6/89 +
HbALc e 73104 TIBLE1ME Las 78118 CIOS 617127

The results of IL-6, NT-proBNP, and GDF-15 levels are shown in Table 2 and Figure 1, respectively.

Table (2): Mean and standard deviation of IL-6 and NT-proBNP levels among research groups

Saffron Saffron + HIIT Placebo Placebo + HIIT
Variables Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test
IL-6 (pg/ml) 90.16 + 89.37 + 89.36 + 86.50 + 90.68 + 90.13 + 89.57 + 88.31 +
PY 15.04 16.18 13.08 14.04 ™ 14.11 16.68 15.28 17.14
NT-proBNP 65134+ 61887+ 64835+ 59864+ 67841+ 66916+  699.16+  686.73 +
(pg/ml) 119.18 121.23 " 100.44 115.29 * ¥ 100.12 95.14 106.13 116.35 "

* Significance relative to pre-test time (P<0.05). ¥ Significance relative to groups (P<0.05).

+ HIT groups in the post-test compared to pre-test (P
<0.000) so that their levels are significantly reduced.
However, this decrease was greater among the HIIT +
Saffron group than in the other groups (P <0.001).

https://www.researchinexercisenutrition.com/

The results of the analysis of variance (4 x 2) test
related to IL-6 and NT-proBNP variables in Table 2
show a significant difference between the levels of both
components in the Saffron, Saffron + HIIT, and placebo
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Figure (1): Changes in serum GDF-15 levels in the subjects of the present study
* Significance relative to pre-test time (P<0.05). ¥ Significance relative to groups (P<0.05).

According to the results (Figure 1) related to changes in
GDF-15 levels, it can be said that GDF-15 levels in the
Saffron, Saffron + HIIT, and placebo + HIIT groups in
the post-test decreased significantly compared to the
pre-test (P<0.000). However, this decrease is more
significant in the HIIT + Saffron group (P< 0.003).

4. Discussion

This study aimed to investigate the interactive effect of
8 weeks of HIIT training with saffron supplementation
on stress and inflammatory indices in obese women
with type 2 diabetes. The results showed that IL-6 and
NT-proBNP levels in the Saffron, Saffron + HIIT, and
placebo + HIT groups were significantly reduced in the
post-test compared to the pre-test (time effect). These
results were consistent with the findings of Silva et al.
(2022), Francois et al. (2015), Liu et al. (2019), and
Delfan et al. (2020) (30-33). In previous studies, stress
indicators in response to exercise have not been
specifically studied. However, the study of critical
cardiac markers in people with type 2 diabetes as one of
the predictors of heart failure was shown that higher
levels of IL-6, hs-CRP, hs- ¢TnT, and NT-proBNP were
significantly associated with an increased risk or
progression of heart failure in patients with type 2
diabetes (7). Type 2 diabetes is characterized by more
insulin resistance in skeletal muscle and a lack of
insulin secretion in the final stage. In general, T2DM
increases blood glucose levels and components of the
metabolic ~ syndrome, including  hypertension,
triglycerides, decreased high-density lipoprotein levels,
and abdominal obesity (34). Increased inflammatory
factors including tumor necrosis factor (TNF-a),
reactive protein C (CRP), and IL-6 due to increased
abdominal obesity, different signals to regulate various
factors including insulin sensitivity, stress Sends
oxidative, energy metabolism, blood clotting and
inflammatory responses (35). GDF-15 has recently been
identified as an important plasma marker associated
with cardiac metabolic syndrome. GDF-15 has been
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termed the macrophage inhibitor cytokine-1 (MIC-1)
due to its inhibition of TNF production in
lipopolysaccharide-stimulated macrophages(36).
Recently, GDF-15 has been shown to reduce food
intake, body weight, and obesity and improve glucose
tolerance in typical, high-fat diets (37). In a previous
study, it was found that acute exercise significantly
increased serum GDF-15 levels in obese men, possibly
improving glucose metabolism in them, whereas levels
decreased significantly after a few hours(38). In the
present study, it was also shown that eight weeks of
high-intensity interval training along with saffron
supplementation caused significant levels. However, it
can be said that HIIT training along with saffron
supplementation due to their anti-inflammatory
properties reduce serum GDF-15 levels in obese women
with type 2 diabetes, which these changes were
associated with improved anthropometric indices such
as Weight and BMI. Higher levels of GDF-15 and a
known cardiovascular risk factor such as NT-proBNP
have also been a predictor of cardiovascular mortality in
patients with diabetic nephropathy (39). However, there
are limited studies on the effect of exercise on GDF-15
and NT-proBNP marker levels. Ebadi et al. (2021)
reported that eight weeks of HIIT training with
astaxanthin supplementation significantly affected NT-
proBNP levels and insulin resistance in diabetic rats
(40). In another study, Galliera et al. (2014) showed that
GDF-15 and NT-proBNP levels significantly increased
in rugby players after strenuous exercise sessions (41).
This study emphasized the role of two essential factors,
GDF-15 and NTproBNP as markers for evaluating
cardiovascular function in players. However, Munk et
al. (2014) found that long-term exercise training did not
affect GDF-15 and NT-proBNP levels (42), which was
inconsistent with the present study results. One of the
reasons for this discrepancy was probably the type of
subjects, so they studied people with coronary artery
disease, while in the present study, the subjects were
obese women with type 2 diabetes.

https://www.researchinexercisenutrition.com
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The biologically active components of saffron have
been reported to exert responses to inflammatory and
anti-inflammatory agents through their effect on insulin
resistance. According to previous reports, crocin, as an
active ingredient in saffron, can inhibit the production
of IL-6 and TNF-a, thereby activating anti-
inflammatory signals in hyperglycemic conditions (43).
In addition, it is suggested that the anti-inflammatory
activity of saffron is due to its potent antioxidant
properties and its radical inhibition. Saffron may
suppress the increase in oxidative stress induced in type
2 diabetes and may begin by depleting reactive oxygen
species, strengthening the antioxidant defense system,
and regulating the immune response (44). In our study,
supplementation of saffron as a 100 mg capsule per day
for eight weeks reduced the inflammatory marker IL-6,
which was observed in both the supplement group and
the supplement group + HIIT training. However, these
changes were more significant in the combined group
(supplement + HIIT training), probably due to the anti-
inflammatory properties of saffron and HIT training.
One of the mechanisms through which exercise training
reduces the serum levels of inflammatory cytokines,
including IL-6, is the reduction of fat mass and the
expression of inflammatory mediators caused by that
(45), in the present study, these changes were associated
with a decrease in fat mass and BMI subjects.
Exercise volume and intensity as the basis of exercise
training protocol is another important factor in
controlling the risk of diabetes and its complications.
Although low- or moderate-intensity continuous aerobic
training is recommended for use in diabetics, high-
intensity intermittent training (HIIT) has been reported
to be more effective in rejuvenating the heart,
controlling blood glucose, and many other clinical
complications of diabetes (32). Although low- or
moderate-intensity continuous aerobic training is
recommended for use in diabetics, high-intensity
intermittent training (HIIT) has been reported to be
more effective in optimal heart function, blood glucose
control, and many other clinical complications diabetes
(32). Stea et al. (2017) found that the HIIT training
program with an intensity of 85-95% of maximum heart
rate significantly increased VOgzpeak and decreased
hemoglobin Alc (HbAlc), body wand eight in subjects
with T2D (46). Karstoft et al. (2013) observed the
effectiveness of  HIIT in further improvements in
VOqpeak, body weight, fat mass, and glycemic control
compared with continuous training in the form of
walking (47). Mitranun et al. (2014), also reported that
HIIT improved cardiovascular risk factors, including
HbAlc, glycemic control, and Vo2max, as well as other
cardiovascular risk factors in T2D patients compared to
traditional continuous training (48), which was
consistent with the results of the present study.
In conclusion, the results of the present study showed
that HIIT training and saffron supplementation
(combination of both) possibly improved glucose
metabolism through anti-inflammatory properties due to
the reduction of levels of stress-inflammatory markers
such as GDF-15, NT-proBNP, and IL-6 improving
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glucose metabolism and insulin resistance in obese
women with type 2 diabetes.
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