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ABSTRACT

Ghrelin and obestatin are orexigenic and anorexiggreptides, respectively, which are believed tinfygortant in
energy homeostasis regulation and body weight obnfihe purpose of the present study was to conmpareffects
of aerobic and anaerobic exercises on ghrelin testhtin ratio of plasma in healthy women. Twenty-fsubjects
were randomly divided into three groups: two expemtal and one control group. Experimental grouygetformed
circuit resistance exercises (CRE) (9 exercisess&fonds per exercise, at 60% of 1RM), experimartaip 2
completed 1.5 miles running and the control grogmained sedentary during this time. Blood samplesew
collected before and immediately after performihg exercise protocol. Plasma ghrelin, obestatin &tdl levels
were measured using the enzyme-linked immunosodssaly (ELISA) method. The data were analysed tgrl.e
Kolmogorov-Smirnov and Repeated measure.. Resudtgexl a significant increase in the growth hormagteelin,
and ghrelin to obestatin ratio, following both egime protocols, however no significant increase whserved in
plasma obestatin levels. It seems that both aerabitresistancexercise decrease energy reservoirs and increase
ghrelin secretion and ghrelin to obestatin ratio, iesponse to energy deficit, in order to provitie tequired
amount of energy in the most efficient way.

Keywords: Aerobic Exercise, Circuit- resistance Exercise, GHrelin to obestatin ratio, Females.

INTRODUCTION

Obesity and its related disorders are among thdifgacauses of illness and mortality in the devetbprorld [1].
Additionally, chronic imbalance between energy keteand energy expenditure leads to obesity [2,EBEprgy
homeostasis is a complex and tightly regulated gg®@ontrolled by neural and endocrine inputs. IBhig a 28-
aminoacid peptide discovered by Kojima et al. i84 @], produced mainly in the X/A cells of the stach and, to
a lesser extent, by the intestines, pancreas, hgfawhus and pituitary. Initial studies on rodergk fpllowed by
humans studies revealed that ghrelin stimulates EH and prolactin release, and increases appatitefood
intake [6, 7] by stimulating the hypothalamus ateuaucleus and increasing secretion of neuropeptiff¢PY) and
agouti-related peptide (AgRP). Circulating ghrdiwels rise during fasting and hypoglycemia, andlide upon
refeeding [8] and oral or IV administration of ghse [9]. Circulating ghrelin increases in indivitbugith anorexia
nervosa [7] and decreases in case of obesity [GBfelin is also involved in body weight regulatighl].
Continuous or repeated ghrelin administration immats increases food intake and decreases enepgndiure,
leading to weight gain [12, 13]. In addition to thkrelin mature peptide, Zhang et al. [14] ideatfia 23—amino
acid peptide with a flanking conserved glycine dasi at the C-terminus. This compound was namedlighre
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associated peptide, or obestatin, and it has atimegaffect on appetite. However, the anorexigepmaperties of
obestatin are still controversial [14-16]. It igdresting that obestatin, although derived from shene peptide
precursor, suppressed food intake, inhibited jejoomtraction, decreased body-weight gain, and aniagd the
actions of ghrelin when both peptides were coadsténed [14]. These facts may suggest that thec@iribalance
of ghrelin and obestatin is important in the retjala of energy homeostasis and body weight corjtt@]. The

distribution and synthesis of obestatin as welitegole in energy balance has been studied inntsd@.8-20].

While physical exercise and its effect on plasmaeljh and obestatin levels has been reported [31-%

information about the effects of physical exeraiseghrelin to obestatin ratio is lacking [17, 25).2t might be

speculated that the exercise-induced suppressi@iasia ghrelin [21, 27] also results in a sigaific change in
plasma obestatin concentratiofhus, this study was conducted to investigate ffects of one bout of circuit
resistance and one session of aerobic exerciséHoan@ plasma ghrelin to obestatin ratio.

MATERIALS AND METHODS

Before administrating this study, the researchdssined approval from the ethical committee of Bersi
University of Mashhad, Iran.

Study population

Written consent was obtained from 24 female, cellstuident athletes (Table 1). Subjects were randdiaided
into three groups of eight participants: (1) cohfrm exercise); (2) Circuit resistance group [s&mice training at
60% of a one-repetition maximum (1-RM)]; (3) Aerokgroup (1.5 miles run at 70% of ¥@ax). Subjects
completed a medical examination and a medical guesdire to ensure that they were not taking angioation,
were free of disease and were not using steroidlsgraups were completely familiarized with expeental
procedures and had their 1-RM determined for ed¢heonine exercises used in the CRE protocol. &ubjwere
all tested in the luteal phase of their menstryelec

Table 1. Anthropometric characteristics of participants

Variables | Control group (N=8)| Circuit resistance group (N=8) Aerobic group ()38
Age (years 21.3+1.7¢ 21.87+3.0 21.1242.3
Height (m) 161.694.85 160.5 + 3.99 163.1245.20
Weight (kg) 59.6847.65 56.35 + 9.31 58.2547.80
BMI (kg/n?) 22.8843.49 21.8+3.01 21.824.92
Body fat (%) 19.67+1.65 18.29 +3.14 19.6745.51

Values are means + SEM.

Exercise testing procedures

Before the main trial, participants were takenhe teight training room three times. On the fivgo tvisits, all of
the participants performed strength tests to deterntheir 1-RM for each of the nine free-weightistance
exercises (arm curl, triceps extension, back eitansquat, leg curl, bench press, overhead pdess] lift, seated
row). On the third visit, the subjects completegractice session to make sure that each particiwastable to
complete the entire exercise session. Subjects asled to perform 3 sets of 9 non-stop circuitex@cises with
60% of one- repetition maximum for each exercistheir maximum speed) with a 5-minute rest betwibensets.
The aerobic group was asked to run for 1.5 mile&ét of their VQmax. The employed procedure was the same as
the previously reported one [21, 28, 29]. The frajrsession for both the aerobic and anaerobicpgroonsisted of
a 10-minute warm-up, followed by the main exergisesl a-10 minute cool-down period in the end. @heation
of the entire session was 35-45 minutes, and the@agroup remained sedentary during this timee fbart rate of
the subjects was constantly checked (70-85% ofitheimum heart rate) using the polar device (F1ltmlaRd).
The exercise sessions were held in the morningd®1v8:30 and 11:00, to avoid the effects of cievadhythms.
Subjects were instructed to follow normal lifesthigbits, avoid medications, refrain from exerctae¢ days before
the study,12 hours of fasting and visit the I&braa 12-hour fast (only allowed to drink pure @itfor the blood
sampling.

Controlling nutrition

In order to control the effects of nutrition oretphrelin levels, all of the subject they were |ued with specially-
designed diaries and were asked to write down tlaatify and the time of what they ate, for thregsdaefore the
administration of blood sampling. After dietary essment to determine the total amount of caloraesefch
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subject, a dietician prescribed each participantinaividualized diet based on the 3-day diary forfinis diet
included the prescribed quantity and type of trelfto be consumed in the meal before the blood kagnp

Anthropometric measurements
The subjects were weighted using a digital scath ®i01 kg accuracy. Fat percentage of the subyeassmeasured
with a caliper, applying the three skinfold thicksenethod (subscapular, abdominal, and tricep$) [30

Blood sampling and Laboratory measurements

Blood samples (5 cc from brachial vein) were caéddetween 8:00 and 9:00 AM (following an overtifgst), 24
hours before and immediately after completing tRerase protocol. Blood samples were then drawa atpre
cooled tube containing EDTA. The collected samplese immediately centrifuged at 3000 g for 10 m@sutThe
plasma was stored at -80°C before the analysisnilaghrelin, obestatin and growth hormone (GH) lteweere
measured using special kits.

The total level of plasma ghrelin was measuredyapplsandwich ELISA method, using American made aam
kits ELISA phoenix, pharmaceuticals, Belmont.USAthathe sensitivity of 6/25 pg ml. The coefficignercent of
variation within a test was determined 4/7%. Plasimastatin levels were measured using sandwich AbtSthod
and American made human kits. The sensitivity @& thentioned method was 78 pg ml. Coefficient Peroén
variation within a test was determined 9/6%. Grotvinmone (ELISA kit dbc Canada) in the obtained gasmwas
measured according to manufacturer’s instructidhse. Sensitivity of the mentioned method was 20 phg m

Statistical analysis

Normality of the data was tested using K-S test tredequality of the variances of the groups ifiedént factors
was tested using levene test. Variance analystswits repeated measure and LSD were used to exathia
difference between the groups. Statistical cal@atof this study were done using the SPSS soft\(\&er.16).

RESULTS AND DISCUSSION
Results showed that plasma ghrelin, GH and gho#dastatin ratio increased significantly after a@ramd circuit
resistant exercises in the experimental groups.(®®ut plasma obestatin ,despite a minor increatiee aerobic

group, did not change significantly in three groiable 2 and 3).

Table 2: Comparison of hormone levels in the partipants’ plasma (repeated measure)

; Group - . . P-Value
Variables Time Control group| Circuit resistance grouJ) Aerobic group Factor | Factor'group
Before
. protocol 0.71+0.03 0.70 +0.41 0.75 + 0.03
Ghrelin (ng/ml) Aftor 0.001 0.001
protoco 8.30+0.16 8.15+0.19 1.30 + 0.21]
Bfofgfol 435%0.73 3.65+0.71 420+ 1.08
Obestatin (ng/ml) ther 0.693 0.537
protocol 4.32+0.49 3.62+0.44 4.32 +0.83
Bfofgfol 0.67 +0.46 0.65 +0.41 070 + 0.43
GH (ng/m) ther 0.001 0.001
protocol 0.70+0.43 430+1.35 8.17 + 1.35
Bfggfol 0.16 +0.02 0.19+0.04 0.18 + 0.08
Plasma ghrelin to obestatin rat| Uﬁfter 0,002 0.002
protoco 1.93+0.2 2.27+0.32 1.97 +0.36

Values are means *standard Deviatiorp<0.05

The present study focused on the adaptations madbei concentration of ghrelin, obestatin and GHe do
training. The results showed that plasma ghrelingased after one session of exercise in botheoéxperimental
groups. Short-term aerobic exercise does not apgpestfect total ghrelin [31]. Erdmann and colleagy32] found
that total ghrelin levels rose after low-intenséyercise but did not change after high-intensitgreise. Total
ghrelin levels were not affected by the durationegércise. Broonet al. [21] found that acylated ghrelin levels
decreased after 1 hour of treadmill running. Ghridivels were lower in the exercise group, compé&oatie control
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group, for at least 9 hours after exercise. In i acylated ghrelin levels were directly relatedself-reported
hunger. The authors suggested that inconsistenttseis past research might be due to measurirg gitrelin
instead of acylated ghrelin. Consistent with thation, Marzullo et al [33] found that acute aerobic exercise
reduced acylated ghrelin but did not affect totalein. However, discrepancies still exist; Uedaal. [34] reported
that acute aerobic exercise did not produce siganifi changes in acylated ghrelin. Ghanbari-Nia%] fBund that a
single episode of resistance exercise decreasediman®active ghrelin, immediately after exercise amdeased
ghrelin 24 hours after exercise. Balleet al. [36] reported that one session of resistanceceseireduced total
ghrelin as well as food intake. Further research] [Bivestigating resistance exercise differentiatetween
concentric (lifting weights) and eccentric (loweagiveights) muscle contractions. There were no obsinig total
ghrelin after eccentric contraction exercises; tot@l ghrelin decreased after concentric exerci€es.the other
hand, Takano and colleagues [38] found no changeaghielin within 30 minutes after short-term, lomdnsity
resistance exercise. The results of the presenty sndicating the increase in plasma GH concemnatiafter
exercise is in agreement with the findings of thevipus studies [4, 35, 37, 38]. According to poes studies,
performing resistance exercises with high intensitbuld probably cause muscle damage (and decrehgd G
protein content) and as a result of a delay iroresy muscle glycogen stores bring about negatiegy balance in
the body. In response to this possible energy afertthe obestatin levels decrease and the glhoetibestatin ratio
levels increase in order to restore the lost ensrgplies of body.Kojima in 2001 [5] indicated ttgtrelin and
GHs-R stimulate growth hormone release by increp$évels of intercellular calcium through activatithe
phospholypase IP3 pathway. Among the researcheieadarut in a single session, Ghanbari-Niaki [3icated
that despite the increase in GH after resistan@rcese, Ghrelin levels decreased. He claimed tthate was
probably a reverse pattern in GH and ghrelin semretSome studies have reported that plasma ghleliels
increase approximately twofold in fasting [39], Afating is one of the factors creating a negagivergy balance
which can lead to stimulating peptides such aslghf28, 29, 40]. The present data indicate thairmle bout of
circuit-resistance and aerobic exercise had nateffe plasma obestatin which has been introducea stsmach
anorexignic peptide. This change in the level adsthtin has also been reported in other previadiest [18, 21].
Some studies have shown that ghrelin and obediatie an important role in energy balance and weightrol.
Survey findings show that ghrelin is sensitivelte hegative energy balance and plays a significdetin the short
and long term energy balance and glucose homesdq#@]. Vicennati et al. [26] observed that obesmdles
compared to their normal weighted counterpartsetamhigher obestatin, and a lower ghrelin levekyTalso have
lower ghrelin to obestatin ratio. It was also obserthat the ghrelin to obestatin ratio has a negabrrelation with
body mass and abdominal fat distribution. In gahetlecrease of ghrelin to obestatin ratio in ob&senen
supports the hypothesis that ghrelin and obestati@lance may be involved in pathophysiology ofsitye

Table3: LSD test for comparing variables changes i8 groups

Variables group Mean diffemce | P value
1 6.86 0.001
) 2 6.96 0.001
Ghrelin 1 6.86 0.001
2 0.09 0.545
1 0.001 1.00
) 2 0.15 0.59
Obestatin 1 0.001 1.00
2 0.1 0.5¢
1 3.64 0.001
2 7.47 0.001
GH 1 3.64 0.001
2 3.83 0.001
1 1.94 0.001
) ) ) 2 1.64 0.001
Ghrelin/Obestatin ratio 1 1.94 0.00T
2 0.30 0.034

*-

o
A
o
o)
a

The results of the present study demonstratedotiisession of aerobic exercise and a sessiomcoitadiesistance
exercise lead to stability of the resting plasmasbétin levels and increase ghrelin and GH levasording to the
obtained results, it can be concluded that perfogmesistance and aerobic exercise with the irtten$§i60% of 1-
RM and 70% V@ max may result in negative energy balance in tiayland as a result increase ghrelin levels and
gherlin to plasma obestatin ratio. The results taf present study showed that exercise will probablyse a
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negative energy balance in the body stimulatinglghisecretion, which in turn increases ghrelirob@statin ratio
levels to stimulate food intake behavior, restost sources of energy, and re-establish energnbtala
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