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ABSTRACT

ARTICLE INFO Background: Growth hormone (GH), Insulin-like growth factor 1 (IGF-
Keywords: 1), and exercise play a crucial role in female reproductive function. At the
Growth hormone, perimenopausal age, there is a decrease in GH, estrogen, and testosterone
:;i;clﬁng levels. In previous studies, the impact of physical activity on serum IGF-1
IGF-1, ’ levels in geriatric was inconsistent and needed further investigation.
perimenopausal Wistar rats Objective: The purpose of this study was to look into the effect of GH and
*Corresponding author: exercise on serum IGF-1 levels in perimenopausal Wistar rats.
luhputu_ratnafk@unud.ac.id Methods: It is an experimental study with a randomized posttest-only
DOI: 10.20885/JKKI.Vol14.Iss1.art9 control group design using 24 perimenopausal Wistar rats aged 14 months
History: as the sample. The control rats (C) were given 0.1 ml of distilled water
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Copyright ®@2023 Authors. This is given 0.016 1U/0.1ml GH daily injection subcutaneously only for 30 days

an open access article distributed and T3 were given combination both of GH injection in same dose and swam
under the terms of the Creative for 30 minutes at a time 5 times a week for 30 days Data analysis used One-
Commons  Attribution-NonCom- Way ANOVA.

mercial 4.0 International Licence
(http://creativecommons.org/li- Results: The finding revealed that the mean serum IGF-1 levels in the T3

cences/by-nc/4.0/). (588.50 84.04 ng/mL) were significantly higher than the control (242.03
+46.08 ng/mL), T1 (334.23 = 75.90 ng/mL) and T2 (428.69 = 95.10 ng/
mL).
Conclusion: Our study shows that GH administration and exercise
combinationincreaseslevels of IGF-1serumhigherthan only administrated
GH or exercise.
Latar Belakang: Hormon pertumbuhan (GH), insulin-like growth factor 1 (IGF-1) dan olahraga memiliki peran
penting dalam fungsi reproduksi wanita. Pada tahap sebelum terjadi keluhan penuaan, terjadi penurunan
kadar GH, dan hormon-hormon seks seperti estrogen dan testosteron. Pada riset terdahulu, pengaruh olahraga
pada kadar IGF-1 serum pada lansia menunjukkan hasil bervariasi yang memerlukan riset lebih lanjut.
Tujuan: Penelitian ini bertujuan untuk mengetahui pengaruh kombinasi GH dan latihan terhadap kadar IGF-1
serum tikus wistar perimenopause.
Metode: Studi ini merupakan uji eksperimental dengan rancangan randomized posttest only control group
menggunakan 24 ekor tikus wistar perimenopause umur 14 bulan sebagai sampel. Tikus kontrol (C) disuntik
secara subkutan dengan akuabides 0,1 ml/hari selama 30 hari. Tikus kelompok intervensi 1 (T1) diberi
perlakuan berenang secara bersamaan selama 30 menit, 5 kali/minggu selama 30 hari. Sementara itu, tikus
T2 disuntik dengan GH 0,016 1U/0,1 ml subkutan saja, sedangkan tikus T3 diberi kombinasi injeksi GH dengan
dosis yang sama dan aktivitas berenang 30 menit, 5 kali/minggu selama 30 hari. Data dianalisis dengan uji
One-Way ANOVA
Hasil: Hasil penelitian menunjukkan bahwa rerata kadar IGF-1 serum pada kelompok T3 (588,50 + 84,04
ng/mlL) secara bermakna lebih tinggi dibandingkan dengan kelompok kontrol (242,03 *+ 46,08 ng/mL), T1
(334,23 + 75,90 ng/mL) dan T2 (428,69 + 95,10 ng/mL).
Kesimpulan: Dari studi ini dapat disimpulkan kombinasi injeksi GH dan aktivitas berenang meningkatkan
level IGF-1 serum lebih tinggi daripada pemberian GH saja maupun latihan saja.

55



JKKI2023;14(1): 55-60

INTRODUCTION

Atthe perimenopausal age, there is a decrease
in GH, estrogen, and testosterone levels. GH
production is cut in half every seven years from
the age of eighteen to twenty-five. Therefore,
an increase in age leads to a reduction in the
amplitude of GH impulse. At the transition stage of
the aging process, age thirty-five to forty-five years,
hormone levels decrease by 25%. Meanwhile,
at a later stage of the age of forty-five years and
above or clinical stage, the hormone levels steadily
decrease, which includes Dehydroepiandrosterone
(DHEA), melatonin, growth hormone, testosterone,
estrogen, and thyroid hormone. Every three years,
there is a decrease in bone density which leads to
adecline in muscle mass by one kilogram resulting
in the inability to burn calories. These cause an
increase in body fat and weight, which eventually
trigger chronic illness.!

Growth hormone, a vital modulator of female
reproduction, works both directly through its
receptors and indirectly through the stimulation
of insulin-like growth factor-1 (IGF-1).2 Previous
studies reported that GH is a survival factor for
primary ovarian follicles that regulates granulosa
cell differentiation and inhibits follicular apoptosis
and atresia.? Furthermore, GH is reported to
modulate follicle-stimulating hormone's (FSH)
work on granulosa cells by increasing local
synthesis of IGF-1. This IGF-1 increases the working
effect of gonadotropin at the level of granulosa
cells and theca cells' IGF-1 synergism with FSH.
Luteinizing hormone (LH) stimulates estrogen
and progesterone production by granulosa cells,
thereby functioning as a follicular survival factor:*
In addition to using chemical drugs, physical
exercise has been regarded and supported by the
community as the crucial and inseparable factor
that contributes to maintaining good physical
and psychological health. However, the problem
is whether the exercise is correct and sufficient
to maintain the body’s health.

The goal of exercise in health maintenance is
to do enough physical activity that is beneficial to
health but not too much that causes stress on the
body and mind.> Physical activity is a powerful
stimulator of GH secretion. However, the exact
mechanism of the types of exercise that improve
GH secretion still needs to be clarified further.®
Hypothalamus hormones and neurotransmitters
regulate the GH secretion, especially the circulating
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IGF-1 as the primary mediator downstream for
GH activity. It is a strong reason why studies
explore the connection between IGF-1 and GH
with physical exercise.®

Several studies on the advantages of physical
exercise on plasma IGF-1 levels showed
inconsistent results. A study reports an increase
in IGF-1 levels due to physical exercise but another
showed no change in IGF-1 levels.”*° The effect
of exercise on IGF-1 production is affected by
supplementation of energy as well as the intensity,
type, and duration. However, this required further
investigation.

The population of women approaching the
age of menopause and its health problems posed
a challenge for the world of health. If the rapid
decline in follicle numbers during pre-menopause
does not occur, the proposed mathematical model
estimates that the ovaries will remain functional
until the age of seventy-one years.'? Therefore,
studies need to be carried out on factors that
maintain or improve ovarian function before the
ovarian follicle expires at menopause. Judging
from some advantages of physical exercise on GH
and IGF-1 levels and GH and IGF-1 as important
modulators for female reproduction, studies will
investigate the GH administration and physical
in increasing serum IGF-1 levels. In addition, a
combination of GH administration and physical
exercise is proposed to have more benefits than
GH or exercise alone.

METHODS
Research design

[t was an experimental study with a
randomized post-test-only control group design
using 24 perimenopausal Wistar rats aged 14
months as a sample. This study was in the
Biomedical Integrated Laboratory of the Faculty
of Medicine, Udayana University. Furthermore,
it has been reviewed by the Health Research
Ethics Commission of the Faculty of Medicine,
Udayana University/RSUP Sanglah No. 285 /
UN.14.2/KEP/2016

Subject

Fourteen months-old rats with similar
calculations with women entering the menopause
period were chosen. The inclusion criteria are
body weight between 180-200 grams and healthy
condition. Using Federer Formula for sample
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calculation, minimally 24 rats with six rats in
each group. The sample amount is added up to
8 rats per group to prevent sample shortages
due to dropout.

Laboratory treatment

Before the study, researchers observed the
number of times rats swam. It turned out that
rats could swim for 40 minutes until exhausted.
In this research, rats were given swimming
exercises for 30 minutes (3/4 x 40 minute=30
minutes) with frequency, intensity, time, and type
(FITT) principles.14 Growth Hormone (GH) in
this research used Genotropin® and contains
recombinant somatropin 16 IU per 1 ml.

The dose adjustment to rat from human dose
was 0.018x0.9 1U/day=0.016 1U/day. Growth
hormone daily at 1.6 IU/0.1 ml, was diluted
with 9.9 ml aquabidest to get a 0.016 IU/0.1 ml
dose. . The control rats (C) were given 0.1 ml of
distilled water subcutaneously every day for 30
days. Treatment group 1 (T1) rats swam for 30
minutes at a time five times per week. Meanwhile,
rats of T2 were given 0.016 IU/0.1ml GH daily
injection subcutaneously only for 30 days and T3
were given combination both of GH injection in
same dose and swam for 30 minutes at a time 5
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times a week for 30 days. After intervention for
30 days, blood was drawn in the periorbita area
of rats about 1 ml per day. Then, serum IGF-1
concentration in ng/mL was tested with the
ELISA technique (Enzym-Linked Immunosorbent
Assay) in double replication using Rat IGF-1 Elisa
Kit from Elabscience.

Data analysis

The data were explored for normality using
the Shapiro-Wilk test, homogeneity by the Levene
test, and comparison test was analyzed by the
One-Way ANOVA test. We also checked for post
hoc analysis by LSD (least significant difference)
on significance (p<0.05).

RESULTS
Serum IGF-1 levels in various treatments
and control

The results showed normal distribution and
homogeneity. The results of the significance
analysis with the One Way Anova test are
presented in Table 1 below. Table 1 showed
that the average serum IGF-1 levels in the four
groups after treatment were differed significantly
(p<0.05). The Least Significant Difference-test
(LSD) results are shown in Table 2.

Table 1. Mean difference of serum IGF-1 levels between groups

IGF-1 level

Treatment SD -value
(ng/mL) P
Control (C) 6 242.03 46.08
Exercise (T1) 6 334.23 75.90
0.000
GH (T2) 6 428.69 95.10
GH and exercise (T3) 6 588.50 84.04

p significance: p<0.05, SD: Standard Deviation

Table 2. Comparison of serum IGF-1 levels after treatment between groups

Mean difference

Treatment (ng/mL) p-value
Cand T1 92.20 0.052
Cand T2 186.67 0.000*
Cand T3 364.48 0.000*
T1and T2 94.46 0.047*
T1and T3 254.27 0.000*
T2 and T3 159.81 0.002*

p* significance: p<0.05, C:
only, T3: GH and exercise
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Table 2 showed that the comparison of Cand T1
was not significantly different, but the other group
was. It showed that group exercise only did not
get a significant result when compared with group
GH only or combination exercise and GH. It means
higher serum IGF-1 levels in combination with GH
and exercise reinforces the theory that exercise
stimulates GH production physiologically and
enhances GH action through increased circulating
IGF-1 secretion.’™

DISCUSSION

The results showed that the GH group rats'
serum IGF-1 levels were significantly higher
than the control group (Table 1). It is in line with
Kraemer et al. that the administration of GH may
increase IGF-1 serum levels of old female mice to
reach the level of IGF-1 at a young age.'®

Various tissue-specific stimulatory factors can
increase the production of IGF-1 in a specific tissue.
As described, gonadotropin and sex hormone
stimulate the production of IGF-1 in reproduction
organs, such as the testis, ovarium, and uterus in
humans.'’

Growth hormone works physiologically both
directly and indirectly through its receptors,
stimulating the formation of IGF-1, a vital mediator
of GH activity, produced in the liver and peripheral
tissues. Analysis and interpretation of IGF-1 levels
is a beneficial and essential diagnostic tool for
follow-up in growth hormone deficiency (GHD)
and GH-related disorders. Growth hormone
administration generally aims to address clinical
complaints with appropriate GH doses and within
safe limits.?

The results of this study showed that the
average serum IGF-1 levels in the exercise group
were greater than in the control group, but the
difference was not statistically significant (Table
2. However, results from previous studies on the
effects of physical exercise on IGF-1 levels are not
consistent on whether physical exercise increases
IGF-1 levels. Serum IGF-1 levels elevated during
resistive and endurance exercise.!® Moreover, a
report shows that physical exercise increases
serum IGF-1 levels in transgenic mice with initially
low serum IGF-1 levels.' Similarly, the study by
Cetinkaya et al. in mice given aerobic exercise, also
reported an increase in serum IGF-1 levels.?’ This
is consistent with the study in older rats given
continuous resistance training that reported an
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increase in IGF-1 levels.?!

Insulin-like Growth Factor-1 secretion due to
physical exercise appears to be more correlated
to the duration of the given physical exercise and
the session of a single activity.?? Acute physical
exercise causes a temporary increase in serum
IGF1 levels for the first 10 minutes before
returning to baseline. Stein et al. also stated that
the results from the different studies on the effects
of physical exercise on IGF-1 levels seem to depend
on the type and intensity of physical exercise.?®
Furthermore, it has been reported that continuous
mild physical exercise raises serum IGF-1 levels
while strength training lowers them.!*?*

The physical exercise provided in this study
is high-intensity training sub maximal type
according to the FITT principle, such as 75%
from maximum swam ability. This study used
maximum swam duration from the mice based
on preliminary research (40 minutes). It resulted
in no significant increase in serum IGF-1 levels
between the two groups (C and T1) due to the
relatively short duration of physical exercise (30
days). Several studies found that IGF-1 levels are
related to exercise length and intensity.?3%

Aside from physical activity, serum IGF-1 levels
are influenced by nutrition, age, chronic disease,
insulin, and growth hormone.?® Physical exercise
affects IGF-1 levels through mechanisms that
are still incompletely understood.*® It became a
limitation of this study because there are numerous
variables to investigate in order to determine the
effect of physical exercise on IGF-1 secretions.

This study showed that the mean serum IGF-1
levels in the group of rats with a combination of
GH injection and swimming (T3) were significantly
higher compared to the mean serum IGF-1 levels
of the control group (C), T1, and T2.

Physical activity is also a powerful physiological
stimulant for GH secretion.’® After 15 minutes,
aerobic exercise stimulates GH secretion, with
the peak level occurring after or near the end of
the exercise. Furthermore, the GH response to
exercise is affected by the intensity and duration
of aerobic training, fitness level, sex, and age.?”*
Following the study about the effect of aerobic
exercise may increase GH levels in a group of
middle-aged women and geriatrics. Exercise
stimulates GH secretion less in older people than
in younger people. Meanwhile, GH secretion in
postmenopausal women is 5.7-7.3 times lower
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than in premenopausal women.?

The neuroendocrine mechanism in the
induction of GH by exercise is still obscure. It
is because this naturally involves a complex
mechanism, probably due to the input on the
hypothalamus. This mechanism could involve the
release of Growth hormone-releasing hormone
(GHRH) and/or somatostatin withdrawal, as well as
the natural release of a Growth hormone releasing
peptide (GHRP)-like ligand (such as ghrelin), or
some combination of these mechanisms.*®

In addition, Exercise-induced GH secretion
appeared to involve multiple neuroregulatory
responses in the GH axis and varied in peripheral
feedback signals. A number chemical messenger
were played arole, but the typical pathway appeared
to involve stimulation of GHRH secretion and/or
inhibition of somatostatin release. Furthermore,
sympathetic activity may be a crucial mediator
of GH response to acute exercise via activation
of central a2-adrenergic neurons. One study has
reported that increased levels of adrenaline and
noradrenaline plasma concentrations lead to an
elevated GH concentration due to exercise.?”’

CONCLUSION

This study concluded that serum IGF-1 levels
are increased by GH administration and the
combination of GH and exercise. Therefore, it
will overcome the problems caused by a decline
in GH and IGF-1 levels in old age.

Furthermore, higher serum IGF-1 levels
obtained from the combination of GH
administration and exercise compared to the levels
from the use of GH and exercise alone reinforced
the theory that exercise was a physiologic stimulus
of GH secretion and increased its activity by
increasing the secretion of IGF-1 in circulation.
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