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PREWORDS

Welcome to the International Symposium on Physiology for Health (INSPIRE), which
revolves around the central theme of " The Role of Physiology for Better Health and Quality
of Life." We humbly express our appreciation for the opportunity bestowed upon us to
organize the symposium. In the course of this event, we have chosen the theme "The Role of
Physiology for Better Health and Quality of Life," reflecting the significance of physiology in
safeguarding and enhancing human life's quality. The themes addressed in this symposium
include Neurophysiology, Exercise Physiology and Nutrition, Stem Cell and Regenerative
Medicine, Teaching Physiology, Plant and Animal Physiology, Cardiovascular Physiology,
Physiology in Elderly, Ergonomics, Functional Medicine, Miscellaneous (Others).

Physiology, as a rapidly evolving branch of biomedical science, stands as a paramount
pillar in the advancement of scientific research and practical application worldwide. In this
era of strengthening globalization, physiology serves not only as a foundation for scientific
inquiry but also as a vital key in discovering medical breakthroughs that can uplift human life

comprehensively.

We fully understand the vital role of physiology in bridging the gap between research
and clinical practice across various fields, from medicine to sports. We feel compelled to
organize this symposium as part of our commitment to enhancing understanding and
knowledge of physiology, both among medical practitioners and students of medical and
related sciences. By bringing experienced speakers from various parts of the world, we hope
this symposium will serve as a platform for inspiration and education for all participants,
contributing to the introduction and application of global medical advancements within our

society.

We extend sincere appreciation to all parties who have contributed to the organization
of this event in efforts to advance research and internationally standardized publications. May
this symposium bring significant benefits for the development of scientific knowledge and

public health on a broad scale.

dr. Budi Santoso, M.Kes
Chairman of the Committee

International Symposium on Physiology for Health (INSPIRE)
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Literature review

The role of weight training in improving cardiovascular
function and prevention of metabolic syndrome

Abi Bakring Balyas *, Nisa Kartika Komara Donna, Novina Kahanjak and Farah Fauziyah
Radhiyatulqalbi Ahmad

University of Palangka Raya, Palangka Raya, Indonesia
*Correspondence: abibakringb@med.upr.ac.id

Abstract: Weight training is a resistance training method using weights as a tool
to improve physical condition, including physical fitness and general health. So
far, weight training has been believed to only be beneficial in increasing muscle
mass. Weight training is also beneficial for cardiovascular function and the
prevention of metabolic syndrome diseases such as dyslipidemia and diabetes
mellitus. The purpose of this literature review is to determine the effect of weight
training on cardiovascular function and metabolic syndrome. Weight training is
not only beneficial for increasing muscle mass but also preventing loss of muscle
mass when there is a decrease in body mass. In the cardiovascular system, weight
training can increase endothelial-dependent flow-mediated dilation which affects
blood vessel diameter. Weight training combined with aerobic exercise has been
shown to reduce systolic, diastolic, and mean arterial pressure. A decrease in
HbAIC levels and body fat percentage by weight training also shows that weight
training plays a role in the prevention of diabetes mellitus. Other studies have
also shown weight training to have to affect on decreasing abdominal fat levels,
increasing insulin sensitivity, and increasing glucose tolerance. Weight training
has also been shown to reduce inflammatory biomarkers such as C-reactive
protein and Tumor Necrosis factor alpha. In conclusion, weight training plays a
role in improving cardiovascular function and the prevention metabolic
syndrome which can be seen from its effect on blood pressure, fat content, insulin
sensitivity, glucose tolerance, and reduction of inflammatory biomarkers.

Keywords: cardiovascular function; metabolic syndrome; weight training;

1. Introduction

Weight training is a resistance training method using weights as a tool to improve physical
condition, including physical fitness and general health. So far, weight training has been believed
to only be beneficial in increasing muscle mass. Aerobic training is more frequently studied and
found to have an influence on cardiovascular function and prevent the occurrence of metabolic
syndrome. Weight training is also beneficial for cardiovascular function and prevention of
metabolic syndrome diseases such as dyslipidemia and diabetes mellitus. The purpose of this
review is to determine the effect of weight training on cardiovascular function and metabolic

syndrome.
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2. Methods

This is a review article, we will highlight the effect of weight training or resistance training in
increasing muscle, enhancing cardiovascular function, and preventing metabolic syndrome.
3. Effect of weight training/ resistance training

3.1. Increase in muscle mass
A study by Houbet, et al found that resistance exercise training increases muscle mass and strength

in Prostate cancer patients. The result is shown in Table 1.

Table 1. Changes in physical performance tests and cardiopulmonary exercise tests over time

EX+PLAEX+PRO (n=EX+PLA EX+PRO EX+PLA EX+PRO

(n =28a) 30a) (n=28a) (n=30a) (n=28a) (n=30a)
CON (n =34a) CON (n=
34a)

Baseline 20 wk Baseline 20 wk Baseline 20 wk
Habitual dietary intake
Energy intake (MJ-d™') 92+20 93+22 9.0+19 8.6+18 94+18  91x17
Protein intake (g-kg body weight-d-1) 11+03 1.1+02 1.0+£03 1.0+03 11+03 1103
Protein intake (% of energy) 16+2 16+3 16+3 16+3 16+3 17+3
Carbohydrate intake (% of energy) 38+9 39+8 42+6 40+7 40+8 39+6
Fat intake (% of energy) 38+7 38+7 36+5 38+6 36+7 36+6
Habitual physical activity
Average steps per day (steps per day)’ 6212 +2901 5708 + 2451 5586 £2774 5246 +2914 7008 +2216 5807 +1709
% Time sedentary per day (%) 77+7 77+6 79+ 7 78+9 73+7 747
% Time in light activity per day (%) 19+6 19+5 18+6 18+6 216 21+6
% Time in moderate activity per day (%) 5+3 4+2 4+ 3¢ 4+3 6+3 5+2
% Time in vigorous and very vigorous activity per ~ 0+0 0+0 0+0 0+0 0+0 0+0
day (%)

Table 1 shows that weight training or resistance training with or without supplementation with
31 g whey protein can increase the cross-sectional area of the thigh in 20 prostate cancer patients
who received androgen deprivation therapy (ADT) compared to patients who did not receive
resistance training treatment. This research also shows that there is no effect of using whey protein
after weight training on increasing muscle mass, but there is an effect of using whey protein after
weight training on increasing muscle mass. This shows that resistance training can increase muscle
mass. Resistance training increases muscle mass by causing damage to the muscle being trained
or worked. Muscle damage then limits the ability of the muscles to work. However, after a few
days, there will be repairs and an increase in damaged muscle mass. This process of repairing and
increasing muscle mass requires protein in the process. Several factors affect the increase in muscle
mass in resistance training. The first is Practice Habits. Research shows that there is a smaller
increase in muscle mass in people who are trained to do resistance training than people who rarely

do resistance training. It is suspected that people who have often done resistance training need
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more protein supplements to increase muscle mass. The second is age. Research shows an increase
in metabolic protein synthesis at an older age requires more protein intake to be able to increase

the Cross-sectional Area after doing resistance training.[1]

3.2. Decrease in blood pressure

The effect of resistance training on blood pressure is believed to be through its effect on Nitric
Oxide (NO). A previous study found that resistance exercise training (2 days per week) for 18
weeks did not effect on endothelial function in healthy post-menopausal women, while another
study has found improvements in endothelial function after 16 weeks of resistance exercise when
combined with other lifestyle interventions of aerobic exercise and calorie reduction. Acute
resistance exercise increases blood flow intermittently, yields increased shear stress, and improves
NO-mediated vasodilation. NO is the main vasodilator produced by vascular endothelial cells.
NO functions are also in modulating smooth muscle tone and promoting inflammatory processes.
In addition, NO also has an anti-proliferative effect on the walls of blood vessels. NO also
stimulates the production of reactive oxygen species (ROS) but this ROS is usually reduced by
vascular antioxidant enzymes. Exercise including resistance training can increase blood flow and
it is proven to increase NO-mediated vasodilation so that it can lower blood pressure. However,
exercise that is too strenuous can increase vascular ROS production which ultimately reduces NO
levels and reduces Flow Mediated Dilation (FMD). The effect of exercise on increasing FMD differs
between obese and non-obese. From the results of the study, the response of FMD to increased NO

due to exercise is impaired in obese people compared to normal people.[2]

3.3. Decrease in body fat

Research shows that when compared to aerobic training, resistance training only slightly
reduces body fat percentage. However, other studies have shown that aerobic training combined
with resistance training can increase the reduction of fat mass in people with type II diabetes. It's
just that resistance training does not provide more benefits when combined with aerobic training
in people who do not have diabetes, are overweight, and are middle-aged.[3] Other research shows
that resistance training significantly lowers Subcutaneous Abdominal Adipose Tissue (SAT) if
combined with aerobic training than Resistance training alone or Aerobic Training alone.
Abdominal fat which consists of subcutaneous and visceral fat is one of the risk factors for chronic
disease and metabolic syndrome. Compared to peripheral subcutaneous fat, abdominal fat has a
more role in triggering metabolic syndrome but whether abdominal visceral fat or abdominal

subcutaneous fat has a more role in metabolic syndrome is still being debated. This is because
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abdominal subcutaneous fat has a greater mass so it should contribute more. Several studies have
explained the mechanism of exercise in reducing body fat. Exercise is believed to trigger the
secretion of growth hormone which then triggers hormone-sensitive lipase to break down fat in

adipose tissue.[4]

34. Control inflammatory cytokines

There are only a few studies that investigate the effect of weight training or resistance training
on immune function. Most of the study shows resistance training in 8-12 weeks had minimal effect
on resting inflammatory, innate, or acquired immune parameters. Studies by Rall et al. tell us that
3 months of progressive resistance training did not induce changes in leukocyte subsets, cytokine
production, and lymphocyte proliferation. But E-Kader and Al-Shreefs research demonstrates that
both aerobic and resistance training cause a decrease in TNF-a, IL-6, and CRP levels. On other
hand, both of them increase IL-10 levels. However aerobic training is far more effective than
resistance training in controlling inflammatory factors. Training or exercise possibly affect
inflammatory factors by three mechanisms. They are a reduction in visceral fat mass, a reduction
in the circulating numbers of pro-inflammatory monocytes, and an increase in the circulating

numbers of regulatory T cells.[5]

3.5. Preventing diabetes melitus

Hemoglobin is the iron-containing oxygen-transport protein present in erythrocytes. Normal
adult haemoglobin (HbA) comprises a haem moiety and two globin chains, the a and {3 chains
(a2f32), making up approximately 97% of adult hemoglobin.4,5 Within HbA, approximately 6% is
glycated, of which the main component is HbAlc (5%), with minor components of HbAla and
HbA1b (1%).4 HbAlc results from the covalent attachment of glucose to the N-terminal valine of
the hemoglobin B-chain in a nonenzymatic process known as glycation. HbAlc is dependent on
the interaction between the concentration of blood glucose and the lifespan of the erythrocyte.
HbA1c 248 mmol/mol (26.5%) in a laboratory using a validated method is diagnostic of diabetes.
Resistance training plays a role in preventing diabetes. The results showed that resistance training
was proven to reduce HbA1C levels in people with Type 2 Diabetes Mellistus. The research also
stated that the higher the increase in muscle strength resulting from resistance training, the greater
the decrease in HbA1C levels. The research results also show an inverse relationship between
increased muscle strength after resistance training and mortality rates in several chronic diseases,
especially those related to diabetes such as kidney disease and metabolic syndrome. The length of

intervention or training did not affect HbA1C levels. When compared to aerobic training, the effect
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of resistance training in lowering HbA1C levels is lower, although several studies have shown no

difference between aerobic training and resistance training.[6]

3.6. Preventing dyslipidemia

Research shows that giving resistance training with an intensity of 85% maximum repetitions for 14
weeks in premenopausal women has a significant effect on reducing total cholesterol (from 4.6 to 4.26
mmol/L) and LDL cholesterol (from 2.99 to 2.57 mmol/L). Another study in untrained men who were
given resistance training also reduced triglyceride levels and increased HDL cholesterol levels at low
to moderate intensity.[7] The mechanism of reducing total cholesterol and raising HDL-Cholesterol can

be explained in Figure 1.
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Figure 1. The reverse cholesterol transport pathway delivers free cholesterol from macrophages or other cells

to the liver or intestine for excretion

Figure 1 explains that the decrease in cholesterol is thought to be due to the exchange of cholesterol
esters between tissue and lipoproteins via HDL cholesterol. On the other hand, although resistance
training reduces lipid profiles, it turns out that resistance training does not effect on lipoprotein lipase

activity which is believed to be one of the factors affecting lipoprotein levels.[7]

4. Conclusion

Weight Training or resistance training can increase muscle mass and reduce blood pressure by
increasing NO in non-obese people. Resistance training can also reduce body fat mass when combined
with aerobic training. Besides that resistance training can also reduce HbA1C levels which are an
indicator of diabetes mellitus, reducing LDL-cholesterol, reducing total cholesterol and raising HDL

which are proof that weight training can prevent dyslipidemia.
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Abstract: Laryngopharyngeal reflux occurred when gastric or duodenal refluxate
came intocontact with mucosa of laryngopharyngeal region. Activated pepsin,
bile salts, and gastric acid may come into contact with laryngopharyngeal mucosa
and may cause chronic inflammation. Unfortunately, majority of animal studies
are related to gastrIn regards of lackof studies in animal models, we aimed to
review histopathological changes of laryngopharyngeal mucosa in animal
models. We found no standardized animal models for laryngopharyngeal models.
Animal models can be created with direct application of artificialgastric juice
containing activated pepsin and hydrochloric acid or natural gastric juice to
laryngopharyngeal mucosa. Expression of genes related to inflammation,
including tumor necrosis factor-a (TNF-av), interleukin-13 (IL-1f3), and interferon-
v (IFN-y), were found to beincreased after chronic exposure of laryngopharyngeal
mucosa to artificial or natural gastricjuice. In all animal studies reviewed,
microscopic epithelial damage on laryngopharyngeal epithelial tissue can be
found. Studies also showed dysplasia and metaplastic changes to mucosa. Lack
of standardized animal models hindered comparison of different studies; in this
regard, suitable standardized animal models should be developed in the future.

Keywords: laryngopharyngeal reflux; epithelial damage; animal model

1. Introduction

Laryngopharyngeal reflux is a duodenogastric content reflux resulting in upper aerodigestive tract
mucosal damage, mucus hypersecretion, and inflammatory reaction.[1-3] Unlike gastroesophageal
reflux, laryngopharyngeal reflux lacks characteristic regurgitation and heartburn due to the fact that
laryngopharyngeal reflux commonly occurs as gaseous reflux during daytime.[2] Laryngopharyngeal
reflux risk factors include consumption of certain food and drinks, lifestyle, and anatomical
anomalies.[4]

Laryngopharyngeal reflux may present as globus sensation, hoarseness, mucus hypersecretion,
postnasal drip, chronic laryngitis and pharyngitis, laryngeal erythema, posterior commissure
hypertrophy, and diffuse laryngeal edema, with various degree of damage in subglottic and vocal cord
mucosal layer.[1,2,4] In some patients, asthma exacerbation may occur due to pepsin in refluxate.[2]

Granuloma, polyps, and cysts can be observed in vocal cord, in addition to chronic dry cough caused
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by laryngeal irritation. Further down, esophageal stricture and dysplasia can be found. Although
inconclusive, sinusitis and chronic otitis media may be related with laryngopharyngeal reflux.[4]
Pepsin infiltration in vocal cord can be observed in some studies, suggesting DNA damage observed
may be related with pepsin in refluxate.[5] In human gastric juice, hydrochloric acid, pepsin, bile acid,
and bilirubin has been observed.[6] With regards to significant comorbidities observed in human
laryngopharyngeal reflux, compounding with relative lack of animal studies, we reviewed relevant

animal studies related to laryngopharyngeal reflux and discuss relevant findings.

2. Gastric juice and upper GI tract protection

In a study, Wistar rat secretes gastric juice at 12 + 6 mL each 24 hours and containing 0.72 + 0.3 mEq
HCI in addition to 280 + 155 mg pepsin.[7] Gastric juice secretion in Wistar rat in 45 minutes after
feeding amounted to 1.3 mL, with pH of 3.0; it was estimated that acid secreted in postprandial period
equaled to 50 puEq with 60 U pepsin.[8] Fasting period increased gastric pH of rat (3.90 + 1.0 vs. 3.20 =
1.0).[9] Some gastric segments had higher pH than other segments: in Lister hooded rats, fasting
forestomach pH was 4.3 + 0.5 (vs. 5.1 £ 0.2 after feeding); while glandular stomach showed lower pH
(4.0 £ 0.4 in fasting vs. 3.1 + 0.3 after feeding).[10] In four months-old rats, gastric pepsin secretion was
approximately 1.3 mg per 3 hours, while 14 months-old rats had higher pepsin secretion(1.8 mg per 3
hours), and decreased again in 21 months-old rats (0.9 mg per 3 hours).[11] Corroborating previous
research, decreased gastric secretion was observed in elder rats (6.3 + 2.3 pEq/15 minutes/kg in 3
months-old vs. 1.3 + 0.5 pEq/15 minutes/kg in 32 months-old rats; p < 0.05).[12] On the opposite side of
spectrum, gastric pH decreased when rats grew older (1 day, 14 days, 21 days, 28 days, and adults: 5.8,
5.8, 5.7, 5.7, and 4.6 respectively). In rats 28 days-old and older, peak protease activity was observed in
pH 2.2.[13]

First-line of defense in esophageal tissues including mucus layer to prevent direct contact between
refluxate and epithelial tissue. Second layer of defense including stratified non-keratinized squamous
epithelial layer consisting of granulosum, spinosum, and germinativum. Third-line of defense exist as
ion transporter in cellular membrane to prevent hydrogen ion damage, acting as chloride-bicarbonate
ion exchanger.[14] Epithelial apical junctions consisted from tight and adherent junctions, with tight
junctions acting as physical barrier limiting paracellular permeability and apical junction limits
epithelial growth and prevents leukocyte and solutes permeability to deeper layers. Claudins,
occludins, junctional adhesion molecules, and scaffold proteins can be found in tight junctions, while

cadherin, catenin, and nectin can be observed in adherent junctions.[2]

3. Laryngopharyngeal reflux in animals
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Induction of laryngopharyngeal reflux in rats can be done through gastric nerve vagotomy. As an
alternative, laryngopharyngeal reflux induction may be inducted through laryngeal nerve stimulation
in recurrent laryngeal nerve (500 pA AC, with 100 us pulse width and repetition after each 500 ps).[15]
Further alternative for laryngeal damage including direct application of artificial gastric juice in
laryngeal and hypopharyngeal tissue (200 pL repeated for 15-45 days). Artificial gastric juice used
should contain pepsin (pH 2) or pepsin (at pH 2) with 2-deoxyglucose (10 mg/L).[16]

Mice model of laryngopharyngeal reflux damage can be conducted with similar method as above,
with direct application of bile (10 mmol/L, pH 3.0) through feeding tube thrice a day for ten days.[17]
Similar model has been employed in another studies, but the application was limited to seven days.[18]
Similar variation was conducted in another study, using mixture of bile salts with HCI at pH 3.0 twice
a day for 45 days (150-200 uL) directly applied to laryngeal epithelia.[19] In larger animal, indwelling
catheter has been used to model laryngopharyngeal reflux. Newborn lamb model has been created,
with supraglottic catheter insertion used to directly apply pepsin 300 U/mL (at pH 7 or pH 2) to
posterior larynx, thrice a day for six days.[20] In a Bama minipig model aged 4-6 months (average
weight: 10 kg), laryngopharyngeal reflux model was created by stenting distal esophagus. After three
days, removal of stent was conducted and the minipig model was sacrificed after 14 days.[21] Another
study utilized direct, endoscopic acidic pepsin application (1.5 mL pepsin, 1.5 mg/mL, pH 3-4) thrice a

day for 4 weeks was studied as laryngopharyngeal reflux model. [22]

4. Outcome of laryngopharyngeal reflux in animals

Laryngeal damage in laryngopharyngeal reflux is thought to occur from pepsin. A study in mice
found that pepsin-mediated hyperplasia occurred by increased Glut-1 and H*/K*-ATPase expression.
Increased Glut-1 expression after pepsin-mediated tissue damage and inflammation caused increased
H*/K*-ATPase expression, reducing mice laryngeal pH. Pepsin-mediated inflammation itself
upregulated Glut-1 through proinflammatory cytokines, including HIF-2a.[16]

Sudden decrease of laryngeal pH after reflux episode may cause laryngeal spasm and apnea.
Seizures allowed for relaxation of upper and lower esophageal sphincters, creating reflux and laryngeal
spasm followed by apnea and death in animal model.[23] Chronic exposure to acidic pepsin may also
increase apnea risk in animal model. A study in rat found that increased response to direct ammonia
application to larynx was observed (apnea index: 787 + 107% vs. 1,227 + 142%; p < 0.05). laryngeal
epithelial damage was also observed after application of acidic pepsin (pH 2.0) when compared to
denatured pepsin (5.8 £ 0.5 vs. 3.5+ 0.3; p <0.05).[24] In lamb model, esophageal stimulation may inhibit
cardiorespiratory reflexes, including airway protection, laryngeal closure, swallowing, coughing,

arterial pressure, and awareness reflexes. The most observed reflex changes were observed in preterm
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lamb, further providing evidence of laryngeal reflux-laryngeal spasm relationship.[25] Laryngeal
hypersensitivity was also observed through the role of reactive oxygen species causing inflammation
after acidic pepsin exposure.[26]

In newborn lambs, reflux laryngitis cause hoarseness, chronic cough, and impaired weight gain (190
+ 18 g/day vs. 99 + 67 g/day; p = 0.05). macroscopically, epiglottic and vocal cord ulceration was
observed in laryngeal reflux. Moderate inflammatory changes were also observed (4 +2/15 vs. 0 + 1/15).
Further, longer apnea duration (9 +9 s vs. 5+ 4 s; p =0.01) and significant SpO: reduction was observed
(6 + 8% vs. 3 £ 3%; p = 0.04) after laryngeal reflux.[20] Reflux aspiration by itself may also damage
respiratory tract in rat model exposed to either gastric juice, HCI (pH 1.5-2.0), pepsin, or bile salts (0.5
mL/kg) after eight weeks of exposure.[27]

In minipig model, intercellular junction was widened (0.429 + 0.261 pm vs. 0.960 + 0.183 um; p =
0.001) while desmosomes decreased (17.8 + 1.7 vs 9.5 + 2.08; p = 0.001) after esophageal stenting.[21]
Mice model also showed preneoplastic and dysplastic changes in laryngeal mucosa after chronic reflux.
Both pH 7.0 and pH 3.0 bile increased thickness of laryngeal mucosa by 2.1-3.8 times, while exposure
to acid (pH 1.5) increased mucosal thickness by factor of 2.9-5.1 times (p < 0.05). immunohistochemistry
also showed increased NF-kB and ANp63 expression after exposure to bile in comparison to acid
exposure (p < 0.005). Suprabasal layer and basal layer of neoplastic mucosa showed increased Ki67
expression (p < 0.005) and reduction of E-cadherin expression (p < 0.05).[19]

Metaplastic changes (GMEM, glandulo-metaplastic esophageal mucosa) were also observed in
baboon, and thought to be related with reflux exposure. The GMEM changes included glandular-
metaplastic epithelial substitution and with no serous-secreting cells. Chronic regurgitation and
gastroesophageal refluxes were thought as underlying mechanism of metaplastic changes observed in

baboon.[28]

5. Conclusion

In conclusion, no standardized animal model of laryngopharyngeal reflux exists. Rat, mice, lamb,
and pig has been utilized so far to model laryngeal damage after exposure to gastric juice, pepsin, and
bile. Variable methods, including direct application of substances in question, hindered comparison
between different studies. Epithelial damage could be found and thought to occur due to exposure to

acid and pepsin, causing inflammation.
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Abstract: Low Back Pain (LBP) is a musculoskeletal problem that is experienced by
almost everyone, especially for heavy workers who often do not pay attention to
ergonomic positions while working. Muscles that receive static loads repeatedly
and for a long time can cause complaints in the form of muscle injuries, cramps,
damage of ligaments, and tendons. Exercise therapy is recommended as first-line
treatment and an effective non-pharmacological therapy to lower intensity of low
back pain caused by musculoskeletal disorders. Knowing exercises that can have
an effect on preventing and reducing LBP, such as stretching and weight training
is very important to improve work quality, prevent disability, long treatment and
high costs which are one of country's most important burdens. This review aims to
explore the types of stretching and weight training that affect the reduction of
LBP due to musculoskeletal problems. Stretching can help reduce lactic acid
levels in the muscles and increase blood circulation, so that it can help reduce
fatigue and pain in the muscles, increase flexibility and range of motion.
Meanwhile, weights training can increase bone density and the quality of
connective tissue around the spine. This can help maintain the integrity of the
spinal structure and prevent injuries or damage that can cause low back pain.

Keywords: exercise; low back pain; physical therapy

1. Introduction

Low back pain (LBP) is currently the leading cause of disability worldwide. It reduces work
performance, limits daily activities and increases health care costs.[1-6] Largest increase in
disability due to low back pain in decades has occurred in low- and middle-income countries,
particularly in Asia, Africa and the Middle East, where health and social systems are ill-equipped
to cope with the growing burden of this increase as well as a lack of education regarding health
issues and the application of ergonomic work and mismanagement in pain relief, this especially
for heavy workers who use a lot of extra physical energy, repetitive movements and a lot of
bending and lifting but do not pay attention to ergonomic postures while working.[1, 7, 8] Low
back pain has a significant impact on functional capacity because the pain can restrict occupational
activities.[9] Exercise therapy is recommended as first-line treatment and an effective non-
pharmacological therapy to lower intensity of low back pain caused by musculoskeletal

disorders.[3, 6-8, 10-12] Exercise therapy aims to increase muscle and joint strength, and improve
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muscle function and range of motion. This should recovery and also bring emotional and
psychological benefits leading to decreased pain and disability.[3, 4] Stretching and weight
training are exercises that have been shown to reduce low back pain caused by musculoskeletal
disorders and can be performed regularly at home and at work so as not to limit the unavailability
of exercise center thus it can help improving circulation, improving work posture, improving
coordination, relieving stress, increasing flexibility, wiggle room, and preventing injury.[3, 12, 13]
The aim of this study is to explore the types of stretching and weight training that affect the

reduction of LBP due to musculoskeletal problems and its limitations to reduce pain intensity.

2. Stretching exercises

Stretching can relieve musculoskeletal problems by reducing muscle tension. When a muscle is
tense, the muscle fibers shorten because the muscle fibers overlap. By stretching while holding the
tensed muscle position for a few seconds, the muscle fiber structure, especially the sarcomers, will
stretch due to the reduced overlap of muscle fibers and will automatically cause the muscle fiber
structure to be stretched. With the expansion of the muscle fiber structure, the fatigue that occurs
can be reduced.[14, 15] According to Da Costa and Vieira, stretching can help reduce the risk of
injury and muscle pain by increasing the body's flexibility and range of motion. In addition,
stretching can also help reduce lactic acid levels in the muscles and increase blood circulation,
helping to reduce fatigue and muscle soreness.[13, 14] Stretching can overcome musculoskeletal
problems through several mechanisms. First, stretching can increase the body's flexibility and
range of motion, helping to reduce the risk of injury and pain in muscles. Second, stretching can
help relieve muscle tension and increase blood circulation. Third, stretching can help improve
posture and coordination, so it can help reduce the risk of muscle injury.[6, 13, 14, 16]

Stretching exercises that can be done for people with low back pain include flexibility exercises,

stability exercises, and advanced stability exercises. Some of the actions that can be taken are:[17]

Table 1. Stretching exercise: flexibility exercises, stability exercises, and advanced stability

exercises[17]

Flexibility exercises

1  Single knee to chest N

Pull one knee up to chest until a comfortable / ) "“:--;;'_ r‘é}':.

stretch is felt in the lower back and buttocks. /7 7. .;—‘?“ Y B g N

Repeat it with opposite knee. e—l A M
2 Double knees to chest .

Pull both knees up to chest until a o T

comfortable stretch is felt in the lower back _/", 7 r,"f— L

and buttocks. 'c _—-J_L\_:_")Ci'p_‘:‘l

14



INSPIRE

Lower trunk rotation stretch

Keeping back flat and feet and knees "./_'_:Q"’-:%"
together, rotate your knees to one side. {-{Z/ SNt _—-‘}_g’i \
Repeat with opposite side. P (A P, S Gl
Hamstring stretch
Support the back of body high behind the >
knee. Starting with knee bent, straighten the '
knee until a comfortable stretch is felt in \ ", f
back of your thigh. Keep your opposite knee ] -)‘ L (‘ A’:
bent with foot flat on the floor. 1/ '\/ } R 1
¥ele )
Piriformis stretch
Cross the legs with the involved leg on top. o~ p
Gently pull the opposite knee toward chest p:
until a comfortable stretch is felt in the \ SR
buttock/hip area SN |
- ,.\. .L '(_ . B .=
Calf stretch
Keeping your back leg straight, (D 48
with your heel on the floor s
pointed towards the wall, lean oV
into the wall until a stretch is ( :
felt in your calf. A : ’
Hip flexor stretch &
Lying on your back near the edge of the bed, fy Y '{)_ -
bend one leg with your foot flat on the bed. —f .-:‘—."*“7 L ; )’
Hang your other leg over the edge, relaxed. B -/’," - T.f—' = ':
Bend your knee back until a stretch is felt in T
the front of your thigh. 3
Half kneel hip stretch s
Start in a half kneel position. T "”3‘
Tighten your stomach muscles P&
as you lean out over your bent knee. 1r ‘s\
B,
NFF
o A N
Py S | A
Stability exercises
Pelvic tilt <
Flatten lower back onto the floor by / !1.\~ i
tightening stomach muscles. W\ e ‘
ol L S (G
Pelvic tilt with arms —
While maintaining pelvic tilt, slowly lower |A'
one arm over the head. Only go as far as you s~ (1) \
can while maintaining your back flat on the LN N -‘ 0y W
floor. Slowly return to starting position. Lt Y )-' | 1 f“ Y 7 3
A f
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Pelvic tilt with legs

While maintaining pelvic tilt, slowly raise .
one leg a few inches from the floor. Slowly t £ 77\
return to starting position while maintaining P ' j P
your back flat on the floor. Only go as far as s L— ————
you can while maintaining your back flat on —
the floor.

Pelvic with bridging

While maintaining pelvic tilt, slowly raise f :
your buttocks off the floor. Slowly return to ( RS i . (i
starting position while maintaining pelvic | ."_.4'7‘"‘!-" AN N
tilt. el W Y

Partial curl up
With arms at body side, tilt pelvis to flatten
back. Raise the shoulders and head from the

Prone with leg raise o
Tighten abdominals to keep trunk rigid i
while you slowly raise straight leg 6 to 8 . v
inches from the floor. Slowly return to e M \’13
starting position | — |

Standing pelvic tilt
Stand with your back against 1 ‘(" ( '}LJ‘}
the wall. Tighten abdominal 2N N
muscles while flattening .4 ‘:
your back against the wall. lI 20 4
Progress by holding pelvic { ]
tilt and walking away from the wall. | |

Advanced stability exercises.
Pelvic tilt with arms/legs
While maintaining pelvic tilt, slowly raise ‘
one leg and lower the opposite arm over / ' ' \ \
your head. Return to starting position while 7
maintaining your back flat on the floor. 7t
1

Pelvic tilt with SLR ~
While maintaining pelvic tilt slowly raise LA
straight leg 8 to 12 inches from the floor. ‘
Slowly lower leg while maintaining your

back against the floor. =]

Bridging with straight leg raise

Start with one knee bent and the other leg
straight. Maintaining pelvic tilt, lift your
buttocks off the floor. Keeping your trunk e T
rigid, slowly raise and lower leg. Slowly N, e
return to starting position while maintaining ‘J.‘{'. 'y )l“ ’

elvic tilt. = o, <t
p ;——-—-17-__- 37 SRR
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4  Prone with arms/legs
Tighten abdominals to keep your trunk rigid
while you slowly raise straight leg and
opposite arm simultaneously 6 to 8 inches [

from the floor. Slowly return to starting
position

5  All-fours with arms
While maintaining pelvic tilt, slowly raise
your arm until it is parallel with the floor.
Slowly return to starting position. Alternate
your arms while maintaining pelvic tilt. |y

6  All-fours with arms/legs ~~
While maintaining pelvic tilt, :
simultaneously raise your leg and opposite

arm. Slowly return to starting position. V,-‘--._ . \ ’}'—f‘ | |
Alternate sides while maintaining pelvic tilt. ‘

7 Wall push—ups .
Place your hands and feet 4 \
shoulder width apart. Lean ;
into the wall, then push
away from the wall while
maintaining pelvic tilt.

8  Half kneel to stand
Perform pelvic tilt in half kneel position. £
While
maintaining pelvic tilt move LS
to a standing position, then
return to a half kneeling “
position while maintaining Al J
pelvic tilt N j

The most beneficial program is to include at least 2 sessions per week for 30-45 min each
session.[6, 17] and holding for 15-30 seconds and repeating the movement 2-3 times.!” Stretching
exercises do not take much time, but the benefits and positive values of the practices do have a

perfect impact on the perpetrator.[2, 18]

3. Limitation of stretching exercises

While stretching has many benefits for low back pain sufferers, it turns out that stretching can
also have less of an impact and can even make low back pain worse if the musculoskeletal problem

is ligament instability. Yoga is a form of stretching exercise. The effectiveness of yoga in reducing
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pain remains controversial. Indeed, yoga can be effective when ligaments are strong, but it will
not help when ligament instability, it prevents the muscles from receiving the necessary resistance.
Stretching is closely related to ligament strength. Ligaments providing resistance to the spine and
core muscles needed to strengthen the body's core, maintain stabilizes and makes physiotherapy
or stretching exercises more effective in overcoming pain problems.[1, 2]

The lumbar interspinous muscles are found on both sides of the vertebrae. They attach to the
vertebrae at the spinous processes (behind the vertebrae) and extend the length of the spinal
column. These muscles are important for lumbar and cervical spine stability. Although the
intervertebral muscles play in many roles, their most important role is to stabilize the spine during
normal back movements and to help maintain good posture. The left and right intertransversarii
muscles are considered as stabilizing muscles during body and trunk movement. These muscles
cannot stabilize the spine if their supporting ligamentous attachment, the mamillo-accessory
ligament, is damaged. It can cause vertebrae to pop out of their natural position and cause
blistering and hernia. This is what causes yoga ineffective to be performed. In other words,

stretching will not achieve maximum effect or any benefit in terms of ligament damage.[3, 18]

4. Weight training

Weight training or also known as strength training is a popular sport that helps develop
musculoskeletal strength and size.[7, 19] Strengthening the lumbopelvic muscles helps maintain spinal
stability during upper and lower extremity movements and improving the neuromuscular
mobilization pattern.[6] When a person has long-term lower back pain, the back muscles may have less
mass, higher fat content, and stiffer, which makes them more likely to feel fatigued and leads to more
intense pain.[20, 21] Over time, this pain and fatigue can lead to a fear of movement, leading to back
weakness and instability. Studies have shown that weight training can be safe and can actually reduce
pain when done correctly and under the right conditions.[20-23]

The physiological mechanism of weight training which has an effect on low back pain involves
several factors, it is increasing the strength of the spinal stabilizer muscles, including the back and
abdominal muscles also decreasing body fat. Strengthening these muscles can help maintain good
posture and increase spinal stability, thereby reducing pressure on the lumbar area and reducing the
risk of low back pain. In addition, weights training can also increase bone density, lean muscle mass
and the quality of the connective tissue around the spine. This can help maintain the structural integrity
of the spine and prevent injury or damage to the spine which can cause low back pain. Weight training
can also increase blood flow to the spinal area, including the intervertebral discs which function as

shock absorbers between the vertebrae. By increasing blood flow, nutrients and oxygen needed by the
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intervertebral discs, it can reduce the risk of damage to the discs which can also trigger pain.[3, 7, 10,
11, 20, 21]

Apart from that, weight training can also stimulate the release of endorphins, which are natural
hormones that can reduce pain and increase feelings of comfort. Weight training can also improve sleep
quality and mental well-being in individuals with low back pain.[3, 11] This really helps reduce the
intensity and frequency of pain in the lumbar region associated with musculoskeletal problems.[3]

Several studies show that weight training can have a positive influence on LBP. A study by Ibrahim
et al. found that a motor control training program and patient education involving weight-bearing
exercise can reduce pain intensity and improve physical function in adults with chronic LBP.
Additionally, research by Kendall et al. showed that the addition of hip strengthening exercises to a
lumbopelvic exercise program can reduce pain and improve function in patients with non-specific
LBP.[12] according to Owen et al. (2019) also found that weight training is a type of exercise that is
effective in reducing low back pain.[3] The most commonly performed weight training is deadlifts and
squats. People living with LBP who have lower reported pain levels and higher baseline lumbar
extension strength may be most appropriate to participate in an exercise program that includes
deadlifts.[24, 25] However, it is important to note that the effects of weight training on LBP can vary
between individuals. Some studies suggest that weight exercise may be ineffective or may even worsen
LBP symptoms in some individuals. During the deadlift, the bar from the floor is lifted until the legs
get locked and the lifter's posture is erect, if the body position is tilted forward and the back flexion
occurs incorrectly when lifting the weight from the floor, it can increase pressure on the lumbar spine.
In squats, lowering the body to a lower hip joint than the knee can cause increased stress on the lumbar
spine.[19] Therefore, it is important to consult a healthcare professional before starting a weight training
program for LBP. Moreohealthcare professional should raise awareness on the biomechanical
properties of the lumbar spine and correct spine-protective posture during training to help prevent

injuries in the future.[11, 13, 19, 26]

5. Conclusion

From the literature, it is concluded that stretching and weight training are part of exercise that
proven to reduce pain in non-specific LBP. This exercise does not require special equipment so that it
can minimize the limitations of the tool. In addition, stretching and weight training can increase feelings
of pleasure and sleep quality in patients with LBP. Research that combines stretching and weight
training is needed to determine the effectiveness of more optimal pain reduction. Apart from that, there
is still little research to prove which movements are the safest for non-specific LBP sufferers who have

just started exercising. Monitoring by a practitioner is still necessary during training to help prevent
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injuries in the future.
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Abstract: The impact of obesity on respiratory function in young adults remains
a pertinent concern, yet the study on this particular population is still limited. We
aimed to compare lung function parameters (FEV1, FVC, and FEV1/FVC)
between young adults with obesity and normal body mass index (BMI). This is a
cross-sectional study with 39 participants (19 in the obese group (21.42 + 3.34
years), and 20 in the normal group (23.68 + 4.07 years)) measured lung function
using The NDD EasyOne Spirometry. Data normality was assessed using the
Shapiro-Wilk test, followed by t-testsor Mann-Whitney tests. The normality of the
data was evaluated using the Shapiro-Wilk test. Normally distributed data were
expressed as MeantSD(95%CI), while skewed data were presented as
Median(Range). Statistical comparisons were conducted using t-tests or Mann-
Whitney tests, and a p <0.05 indicated a significant difference. We included 39
participants (15(39.47%) females and 23(60.53%) males). The participants were
divided into two groups, particularly 19 in the obese group (21.42+3.34 years),
and 20 in the normal group (23.68+4.07 years). Compared to the normal group,
the obese group exhibited significantly lower FEV1 (3.43(2.69-4.22) vs 2.84(2.54—
3.51), p-value <0.001) and FVC (4.05+0.47(3.82-4.28) vs 3.14+0.40(2.95-3.33), p
<0.001) values, alongside a higher FEV1/FVC ratio (0.84(0.62-0.88) vs 0.93(0.89-
1.00), p < 0.001). Young adults with obesity demonstrated altered lung function,
reflected by reduced FEV1 and FVC, and an elevated FEV1/FVC ratio. Thus, obese
young adults should regularly check their respiratory health and address any
issues found.

Keywords: adults; lung function; obesity; respiratory physiology; spirometry
1. Introduction

Obesity is a global health epidemic, with its prevalence steadily increasing over the past few
decades.[1] Alongside its well-established associations with cardiovascular disease, diabetes, and
musculoskeletal issues, obesity's impact on respiratory health has gained considerable attention in
recent years. As the burden of obesity continues to affect individuals across diverse age groups,
understanding its specific repercussions on respiratory function has become a matter of paramount
importance.

The adverse effects of obesity on respiratory function are well-documented in adults, particularly in
older individuals.[2, 3] However, the consequences of obesity on lung function in young adults remain
an area of ongoing research interest. The respiratory system's development and maturation continue

into early adulthood, making it a crucial phase for investigating the potential consequences of obesity
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on lung health.[4] Despite the growing concern surrounding this topic, studies that specifically address
the relationship between obesity and lung function in young adults are limited in number.

In light of this research gap, the present study aims to contribute valuable insights by examining
and comparing key lung function parameters, such as Forced Expiratory Volume in one second (FEV1),
Forced Vital Capacity (FVC), and the FEV1/FVC ratio, in young adults stratified by body mass index
(BMI). We intend to shed light on the potential differences in lung function between young adults with
obesity and those with a normal BMI, thereby providing a more comprehensive understanding of the
impact of obesity on respiratory health within this specific age group.

This research not only addresses an important and relevant issue but also carries implications for
public health policies, clinical practice, and future research directions. By better comprehending the
consequences of obesity on respiratory function in young adults, healthcare professionals can develop
targeted interventions and strategies to mitigate potential health risks associated with obesity during

early adulthood.

2. Methods

2.1. Study design and participant

This cross-sectional study aimed to investigate the impact of obesity on lung function in young
adults. The study included a total of 39 participants, divided into two groups: an obese group consisting
of 19 individuals (mean age: 21.42 + 3.34 years) and a normal BMI group comprising 20 individuals
(mean age: 23.68 + 4.07 years). Participants were recruited on the Faculty of Medicine, Universtas

Andalas.

2.2. Measurement of lung function

Lung function was assessed using The NDD EasyOne Spirometry. This widely recognized
spirometry device measures key respiratory parameters, including Forced Expiratory Volume in one
second (FEV1), Forced Vital Capacity (FVC), and the FEV1/FVC ratio. Spirometry was conducted in a

controlled environment to ensure accuracy and reproducibility of measurements.

2.3. Data normality assessment

The normality of the collected data was assessed using the Shapiro-Wilk test. This test is commonly
employed to determine whether data follows a normal distribution. Data that passed the normality test

were considered normally distributed, while those that did not were categorized as skewed.

2.4. Data presentation
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For normally distributed data, descriptive statistics, including Mean + Standard Deviation (SD),
along with 95% Confidence Intervals (95% CI), were calculated and presented in tabular format. In

contrast, skewed data were summarized using the median and range values.

2.5. Statistical analysis

Statistical comparisons between the obese and normal BMI groups were performed to evaluate
differences in lung function parameters. Normally distributed data were analyzed using independent
t-tests, whereas skewed data were analyzed using Mann-Whitney tests. A significance level of p <0.05

was considered statistically significant, indicating a significant difference between the two groups.

2.6. Ethical considerations

This study was conducted in accordance with ethical guidelines and received approval from the
Research Ethics Committee of the Faculty of Medicine, Universitas Andalas (No: 474/UN.16.2/KEP-
FK/2021). All participants provided informed consent before participating in the study. Measures were

taken to ensure participant confidentiality and data security throughout the study.

3. Results and Discussion

3.1. Participant demographics

A total of 39 participants were included in this study, with 15 (39.47%) females and 23 (60.53%)
males. The participants were divided into two distinct groups based on their BMI: an obese group
comprising 19 individuals (mean age: 21.42 + 3.34 years) and a normal BMI group consisting of 20

individuals (mean age: 23.68 + 4.07 years).

3.2. Lung function parameters

The study examined several key lung function parameters, including Forced Expiratory Volume in
one second (FEV1), Forced Vital Capacity (FVC), and the FEV1/FVC ratio in both the obese and normal

BMI groups. The results are presented in Table 1.

3.3. Statistical Analysis

Statistical comparisons were conducted to assess differences in lung function parameters between
the obese and normal BMI groups. The results revealed statistically significant differences in all
measured parameters.

e  FEV1: The obese group exhibited significantly lower FEV1 values (3.43 L; 95% CI: 2.69-4.22)
compared to the normal BMI group (2.84 L; 95% CI: 2.54-3.51), with a p-value <0.001,
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indicating a substantial difference in this parameter between the two groups.

Table 1. Comparison of lung function parameters between covid-19 and control groups. P-value <0.05 means a

significant difference

Lung Function Parameter Normal Group (n=20) Obese Group (n=19) p-value
FEV1 (L) 3.43 (2.69-4.22) 2.84 (2.54-3.51) <0.001
FVC(L) 4.05 +0.47 (3.82—4.28) 3.14 +0.40 (2.95-3.33) <0.001
FEV1/FVC 0.84 (0.62-0.88) 0.93 (0.89-1.00) <0.001

e FVC: Similarly, the obese group had significantly lower FVC values (4.05 + 0.47 L; 95% CIL:
3.82-4.28) compared to the normal group (3.14 + 0.40 L; 95% CI: 2.95-3.33), with a p-value
<0.001, indicating a significant difference in FVC between the two groups.

e FEV1/FVC Ratio: The obese group also exhibited a significantly higher FEV1/FVC ratio (0.84;
95% CI: 0.62-0.88) compared to the normal group (0.93; 95% CI: 0.89-1.00), with a p-value
<0.001, suggesting a notable difference in this parameter between the two groups.

These findings highlight significant disparities in lung function between young adults with obesity
and those with a normal BMI. The obese group demonstrated lower FEV1 and FVC values, as well as
an altered FEV1/FVC ratio, indicating potential respiratory impairments associated with obesity in this

population.

3.4. Discussion

The findings of this study provide valuable insights into the association between obesity and lung
function in young adults. Our results clearly demonstrate significant differences in key lung function
parameters, including Forced Expiratory Volume in one second (FEV1), Forced Vital Capacity (FVC),
and the FEV1/FVC ratio, between the obese and normal BMI groups. These findings have important
implications for our understanding of the impact of obesity on respiratory health in this specific age
group.

The observed reduction in FEV1 and FVC in the obese group compared to the normal BMI group is
consistent with previous research.[5, 6] Reduced FEV1 and FVC are indicative of impaired lung
function and reduced lung capacity. This phenomenon can be attributed to several factors commonly
associated with obesity, including increased fat deposition in the chest and abdominal areas, reduced
chest wall compliance, and altered respiratory mechanics.[7] Such structural changes can restrict lung
expansion and lead to decreased lung volumes. Additionally, adipose tissue itself can produce
inflammatory cytokines, which may contribute to airway inflammation and further compromise lung

function.[8]
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Of particular note is the significantly higher FEV1/FVC ratio observed in the obese group. This
elevated ratio is suggestive of a restrictive pattern of lung disease, where lung volumes are reduced
relative to the vital capacity. While restrictive patterns are typically associated with conditions like
interstitial lung disease or neuromuscular disorders, our findings suggest that obesity may contribute
to such patterns in young adults.[9]

These findings underscore the importance of addressing obesity as a potential risk factor for
respiratory impairments in young adults. Early adulthood is a critical period for lung development and
function, and the impact of obesity during this phase may have long-term consequences for respiratory
health. Recognizing these associations can inform preventive strategies and interventions aimed at
mitigating the negative effects of obesity on lung function.

It is worth noting that our study has some limitations. First, the relatively small sample size may
limit the generalizability of our findings. A larger and more diverse population would provide a more
comprehensive understanding of the relationship between obesity and lung function in young adults.
Additionally, while we observed significant differences in lung function, the clinical significance of

these differences and their long-term implications require further investigation.

4. Conclusion

In conclusion, our study highlights the significant impact of obesity on lung function in young
adults, as evidenced by reduced FEV1 and FVC values and an altered FEV1/FVC ratio. These findings
emphasize the need for early interventions to address obesity-related respiratory impairments in this
age group. Future research should explore the mechanisms underlying these associations and assess

the effectiveness of targeted interventions in improving lung health in young adults with obesity.
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Abstract: Liver is the largest organ in the body which performs many crucial
functions. Liver cell necrosis can be caused by the exaggregation of
immunosuppressive drugs. An enhancement of the aminotransferase enzymes in
blood circulation is often used as marker of liver cell injury. The aim of this study
was to investigate the correlation of liver parenchymal cells necrosis and
aminotransferase enzymes level in oral candidiasis immunosuppressed rats after
hyperbaric oxygen treatment. Methods: A randomly distribution of 18 male
Wistar rats was divided into three groups, H (healthy group), OCI
(immunosuppressed  rats  with oral candidiasis) and < OCI-HO
(immunosuppressed rats with oral candidiasis given hyperbaric oxygen).
Dexamethasone 0.5 mg/day and tetracycline 1 %/day are used to create
immunosuppressed condition, given orally for 14 days. The number of liver
parenchymal cells necrosis was measured using light microscope, while blood
samples were collected to count aminotransferase enzymes level. Results: The
number of liver parenchymal cells necrosis in OCI group was the highest and
declined significantly in OCI-HO group, a statistically significant difference
(p<0,05) was observed within all groups. Aminotransferase enzymes level
showed a significant difference between OCI and OCI-HO groups, while there
was no significant difference between H and OCI-HO groups (p>0,05). The
correlation test showed a positive strong correlation between the number of liver
parenchymal cells necrosis with alanine aminotransferase and aspartate
aminotransferase levels (p<0,05). Conclusion: There was a correlation between the
number of liver parenchymal cells necrosis and serum aminotransferase enzymes
in immunosuppressed rats with oral candidiasis after hyperbaric oxygen
treatment.

Keywords: aminotransferase; hyperbaric oxygen; immunosuppressed rats; liver
parenchymal cells

The liver is the largest organ in the body that performs many important functions. The liver

plays a role in the metabolism of foreign chemicals.[1] This function is carried out by the liver

parenchymal cells, which make up most of the liver volume.[2] The excessive foreign chemicals

and drugs that enter the liver can cause the decrease function of liver parenchymal cells and

influence the ability of its regeneration, which then causes liver cell damage.[3]
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Continuous use of immunosuppressive drugs with excessive doses can be a predisposing factor
for oral candidiasis.[4] The administration of these drugs is also known to have an effect on the
occurrence of liver parenchymal cell damage. Previous research showed that giving
immunosuppressive drugs for 14 days can affect aminotransferase enzyme levels and cause
damage to liver cells.[5, 6] This is indicated due to a decrease in the function of liver parenchymal
cells, which play an important role in carrying out liver function. [2, 5]

Parameters of liver damage can be examined from changes in the activity of enzyme levels in
the blood formed by liver cells.[7][8] The two aminotransferase enzymes most associated and often
used as a marker of liver cell damage are alanine aminotransferase (ALT) and aspartate
aminotransferase (AST). If the liver parenchymal cells are injured, the aminotransferase enzyme
in the cell will enter the blood circulation due to a change in the permeability of the cell membrane,
so that the level of the enzyme in the blood will increase. The increasing of these enzymes can be
used to detect the diseases earlier and suggests any inflammation or injury in the liver.
Measurement of AST and ALT enzymes can identify the safety of a substance that enters and is
metabolized by the liver.[8]

Hyperbaric oxygen treatment is the clinical use of pure oxygen at a higher pressure than
atmospheric pressure. This therapy is proven to provide biochemical and cellular benefits to
tissues. It can help increase dissolved oxygen in the blood and accelerate the transport of oxygen
to tissues.[9] Experimental studies in animal models showed the beneficial effects of hyperbaric
oxygen treatment on liver disease.[10] Hyperbaric oxygen treatment promotes the healing of the
injured liver.[11] The previous study showed that hyperbaric oxygen treatment provides a
protective effect on liver cells from necrosis induced by acetaminophen in a mouse model.[12] This
therapy not only can enhance the proliferation of hepatocytes and avert it from necrosis and
apoptosis but also enhance microvascular density and sinusoid diameter in animal models.[10]
Hence it is the interest of this study to investigate the correlation of liver parenchymal cell necrosis
and aminotransferase enzymes level in oral candidiasis immunosuppressed rats treated with

hyperbaric oxygen.

2. Methods

This study was a true experiment using a post-test only control group design. Experimental
animals used in this study were eighteen male 6 months old of Rattus Novergicus strain Wistar,
weighed 180-200 grams. The rats were divided randomly into three groups after adapted for 7
days. The groups include H: healthy rats group, OCI: immunosuppressed rats with oral

candidiasis group, and OCI-HO: immunosuppressed rats with oral candidiasis treated with
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hyperbaric oxygen group. The immunosuppressed condition was made by giving dexamethasone
0.5 mg/day and tetracycline 1 %/day orally. On the 4t day, the dose was reduced by 10% and
continued for 14 days. Candida albicans (ATCC-10231) 6x108 were induced to the rats by applying
0.1 cc of Candida albicans on the dorsum tongue of rats using a sterile cotton bud, given once every
two days for 12 days.[13, 14] Hyperbaric oxygen treatment 2,4 ATA for 30 minutes at 3 intervals
of 5-minute breathing normal air was given to the rats in OCI-HO group, carried out for five days
continuously.[6, 12]

At the end of the study, all rats were sacrificed. The liver and blood of all rats were taken for
examining the number of liver parenchymal cells necrosis as well ALT and AST levels.[5, 6] The
number of liver parenchymal cell necrosis obtained from counting cells that experienced pyknosis,
karyorrhexis, and karyolysis, using a light microscope with 400x magnification.[5] This research
was conducted in the oral biology laboratory of Dentistry Faculty Universitas Hang Tuah
Surabaya, biochemistry laboratory of Medical Faculty Universitas Hang Tuah Surabaya,
pathological laboratory of Dr. Ramelan Hospital Surabaya, and Balai Besar Laboratorium
Kesehatan Surabaya.

Statistical analyses were done using the Anova test to show the different number of liver
parenchymal cells and ALT AST levels among groups, then the Least Significant Difference (LSD)
test to show the significant difference among each group. To analyze the correlation between the
number of liver parenchymal cell necrosis and ALT AST levels, we used Pearson’s correlation test
which stated with correlation coefficient. This research was approved by the Ethics Commission

of Dentistry Faculty Universitas Hang Tuah Surabaya (Ref. no: EC/010/KEPK-FKGUHT/VII/2019).

3. Results and Discussion

The results showed that the number of normal liver parenchymal cells in OCI group was the lowest
compared with H and OCI-HO groups, while the number of liver parenchymal cell necrosis showed
the highest (Figure 1). The number of liver parenchymal cell necrosis are significantly different among

each group (p<0,05) (Table 1).

Table 1. The average number of liver parenchymal cell in each group

Normal Necrosis
Group (Mean + SD) (Mean + SD)

H 124.72+13.7 7.12+59
OCI 88.20 +10.1 144.8 +23.5
OCI-HO 114.8<+12.3 77.8¢+15.1

Mean with different superscript letters are significant at p<0.05
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Figure 1. Graphics of average number of liver parenchymal cells in each group

The ALT and AST levels in the OCI group were higher in comparison with other groups, whereas
in the OCI-HO group ALT and AST serum showed a decreased (Figure 2). The level of ALT and AST
serum in immunosuppressed rats without hyperbaric oxygen treatment (OCI) was significantly
different from those with hyperbaric oxygen treatment (OCI-HO), likewise in comparison to the control
group (H) (p<0,05) (Table 2). However, the levels of ALT and AST serum between H and OCI-HO

groups were not significantly different (p>0,05) (Table 2).

Table 2. The average ALT and AST levels (U/L) in each group

Group ALT AST
(Mean + SD) (Mean + SD)
H 110.22+18.6 131.52+27.6
ocCI 151.26+12 176.3v + 12
OCI-HO 119.32+17.4 150.52 +11.3

Mean with different superscript letters are significant at p<0.05
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Figure 2. Graphics of average value of ALT and AST levels in each group
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To show the correlation between the number of liver parenchymal cell necrosis with ALT and AST
levels in immunosuppressed rats with oral candidiasis we used Pearson’s correlation test, and showed
there was significant correlation (p<0,05) between liver parenchymal cell necrosis and ALT AST levels

(Table 3).

Table 3. Correlation between the number of liver parenchymal cell necrosis with ALT and AST levels

Parameters Correlation coefficient (r) value p value
ALT 0.647 0.004*
AST 0.7 0.001*

Note: *significant at level p<0,01

The results of this study showed that the average number of liver parenchymal cell necrosis in OCI
group was the highest compared to the H and OCI-HO groups (Figure 1). This could be indicated that
the administration of immunosuppressive drugs in this study could trigger damage to liver
parenchymal cells and decrease its number.5 In the OCI-HO group, the average number of liver
parenchymal cell necrosis was decrease close to the number of liver parenchymal cells in healthy group.
This suggests that hyperbaric oxygen treatment could increase liver parenchymal cell proliferation in
injured liver caused by immunosuppressive drugs.[5] Stimulation of liver parenchymal cell
proliferation may occur by normalizing the localization of resistance-associated protein 2 (Mrp-2) on
the apical membrane of cells and subsequent activation of transporter functions.[10] The study by Sun
et al (2018) showed that hyperbaric oxygen treatment can protect liver parenchymal cell against
necrosis in a mouse liver transplant model.[10] This therapy is known to increase sinusoidal diameter
and microvessel density index in a mouse model of in situ liver transplantation, and also preserve liver
parenchymal cells from necrosis and apoptosis.[10] This therapy is known to have hepatoprotective
effects in a rat model of hepatocellular necrosis caused by excessive use of acetaminophen.[12] The use
of hyperbaric oxygen treatment is very strongly associated with increased function of mitochondria
during liver parenchymal cell regeneration, then increasing oxygen delivery to damaged liver tissue.
This therapy is also known to decrease malondialdehyde and escalate antioxidant activity, which can
then have a positive effect on liver cell regeneration.[10]

This study showed that there was significant difference in aminotransferase enzymes level (ALT
and AST) between the immunosuppressed rats without hyperbaric oxygen treatment group (OCI) and
the immunosuppressed rats with hyperbaric oxygen treatment group (OCI-HO). The level of ALT and
AST showed an increase in group OCI compared to H and OCI-H group. This could be caused by
damage to liver parenchymal cells.[6] In other words, all of the rats in OCI group may have shown

hepatocellular function disorders. Several previous studies have shown that elevated levels of ALT and
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AST enzymes could be used as clues to damage in hepatocellular integrity through persistent
necroinflammation.[15] ALT and AST enzymes are located in the liver parenchymal cells, which if these
cells are damaged or injured, the enzyme levels in the serum will increase. Necrosis of liver cells or
acute liver cell damage will then causes the release of enzymes intracellularly into the blood. The
increase in these enzyme levels occurs can be due to damage to liver cells by drugs or toxins. Re-
elevation or persistence of elevated ALT enzymes indicates the development of liver disease and
necrosis.[2]

This study indicated that the use of hyperbaric oxygen for short periods of time, causing cell
oxidative stress, protects the liver against injuries associated with the use of immunosuppressive drugs
by a biochemical mechanism that is still unknown.[16] Hyperbaric oxygen exposure can increase the
production of reactive oxygen species (ROS), directly related to the amount of oxygen present. ROS
overproduction is detrimental for cells because it can damage cell components including proteins,
lipids, and nucleic acids leading to significant alteration of health status. However, a moderate increase
in ROS can be beneficial because ROS may also act as cellular messengers in many signal transduction
pathways.[17] Oxidative stress derived from oxygen-based therapy which play a role as signaling
molecule, at relevant levels, can lead antioxidant activity which can then promote the healing process
of tissue damage.[18]

The results of the correlation test in this study showed that there was significant correlation between
the number of liver parenchymal cell necrosis with serum ALT and AST levels. The correlation
coefficient showed a value which means a strong correlation between the number of liver parenchymal
cell necrosis and ALT AST levels (Table 3). These correlation results may indicate that the use of
immunosuppressive drugs in this study could trigger liver parenchymal cell necrosis, and lead to liver
dysfunction. In this study, the number of liver parenchymal cell necrosis was accompanied by changes
in the function of liver by examining the level of ALT and AST enzymes. The positive correlation
showed that the more higher number of cell necrosis, the serum level of ALT and AST enzymes will
increase too. Increased levels of ALT and AST in OCI group was considered to show an indication of
liver function damage.[8] The process of oxidation, reduction, hydrolysis, and conjugation of toxic
substances was not going on physiologically. Thus, there was indication of impaired liver function. The
type of substance contained in an ingredient, the dose given, and the duration of exposure are several
factors that can affect liver damage.[2] The limitation of this study is no evaluation of the role of
inflammatory cells in the process of liver cell necrosis. Therefore, further research is needed to
determine the effect of administering immunosuppressive drugs into the infiltration of inflammation

cells, so that further effects and the degree of inflammation on the liver can be studied.
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4. Conclusion

There was a correlation between the number of liver parenchymal cell necrosis and serum
aminotransferase enzymes (ALT and AST) level in the immunosuppressed rats with oral candidiasis

after hyperbaric oxygen treatment 2,4 ATA.
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Abstract: Prolotherapy is a complementary and alternative medical (CAM)
injection-based therapy used for chronic musculoskeletal pain. The use of
prolotherapy has been practiced for a long time and its benefits are well-known.
The principle of this therapy involves injecting into tendons, ligaments, or intra-
articular and extra-articular spaces. The prolotherapy technique and injection
solutions vary based on the condition, clinical severity, and practitioner
preferences. Prolotherapy works by inducing temporary mild inflammation in
ligaments and tendons, thereby "tricking" the body toinitiate a healing cascade.
Inflammation activates fibroblasts, which then form mature collagen precursors
and increase growth factors that aid in tissue repair and growth. This process is
believed to enhance joint stability, biomechanics, function, and ultimately reduce
pain. Several studies have shown that dextrose solution yields better results
compared to other control solutions (e.g., NaCl). Prolotherapy has been found
beneficial in musculoskeletal injuries such as lateral epicondylitis, lower back pain
(LBP), certain tendinopathies, and osteoarthritis. Prolotherapy should not be
performed in cases of acute infections such as cellulitis, local abscesses, or septic
arthritis. The main risks of prolotherapy include mildpain and minor bleeding
caused by needle trauma. In recent times, multidisciplinary groups including
family physicians or sports medicine doctors, physiotherapists, orthopedic
surgeons, neurologists, or anesthesiologists have incorporated prolotherapy into
positive clinical experiences and research reports.

Keywords: dextrose solution; inflammation; injection; pain; prolotherapy

1. Introduction

Prolotherapy is a complementary and alternative medical (CAM) injection-based therapy for
chronic musculoskeletal pain. This therapy has been in use for approximately 100 years. However, its
modern application can be traced back to the 1950s when prolotherapy injection protocols were
formalized by George Hackett, a general surgeon in the United States, based on his more than 30 years
of clinical experience.[1]

The prolotherapy technique and injection solutions vary depending on the condition, clinical
severity, and practitioner preferences. The main principle involves injecting a small volume of irritating
or sclerosing solution directly into the painful ligaments and tendon insertions, as well as into adjacent

joint spaces over several treatment sessions. Interest in prolotherapy is high among doctors and
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patients, and it is becoming increasingly popular in the United States and internationally, actively used
in clinical practice.[1]

The exact number of practitioners currently actively practicing prolotherapy is unknown but may
be in the thousands in the United States based on participation in continuing medical education (CME)
conferences and relevant doctor listings on websites. Prolotherapy has been assessed as a treatment for
various painful chronic musculoskeletal conditions that are refractory to standard therapies. While
anecdotal clinical success guides the use of prolotherapy for many conditions, clinical trial literature
supports evidence-based decision-making for the use of prolotherapy in conditions such as low back

pain (LBP), certain tendinopathies, and osteoarthritis (OA).[1]

2. Methods

Prolotherapy is an injection therapy used for chronic musculoskeletal injuries, including knee
osteoarthritis.[2] The goal of prolotherapy injections is to tighten and strengthen weak or loose tendons,
ligaments, or joint capsules through the multiplication and activation of fibroblasts.[3] The fundamental
principle involves injecting a small volume of irritant solution into specific painful ligaments, tendon
insertions, and adjacent joint spaces over several treatment sessions.[2] The foundation of prolotherapy
is based on the premise that chronic musculoskeletal pain occurs due to inadequate tissue repair of
fibrous connective tissue, resulting in weakness or laxity of tendons and ligaments, also referred to as
connective tissue insufficiency.[4]

Historically, prolotherapy was referred to as sclerotherapy because the initial solutions were
thought to form scars. However, prolotherapy is now the most commonly used term and is based on
the 'proliferation’ effect on chronically injured tissues. Additionally, it is also known as regenerative
injection therapy (RIT), and some authors refer to the therapy based on the injected solution, even

though the exact mechanism of action is not known.[1]

3. Results and Discussion

3.1. Prolotherapy techniques

While there are no formal practice guidelines published, prolotherapy treatment typically consists
of multiple injection sessions given every 2 to 6 weeks over several months. During prolotherapy
sessions, therapeutic solutions are injected into the painful and sore ligaments, tendon insertions, and
adjacent joint spaces. The injected solution (proliferant) has historically been hypothesized to cause
local irritation, followed by inflammation and tissue healing, resulting in the enlargement and
strengthening of damaged ligaments, tendons, and intra-articular structures. This process is believed

to improve joint stability, biomechanics, function, and ultimately reduce pain.[1]
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Dextrose is the most commonly used proliferant today. The concentration of dextrose used in
prolotherapy varies.[5-7] The higher the concentration of dextrose, the more cells at the injection site
experience dehydration, the more cells are activated, and the more tissue repair occurs, thus facilitating
the repair of structures that stabilize the joint and surrounding tissues. Commonly used solutions in
prolotherapy include lidocaine, dextrose at concentrations of 5%, 10%, 15%, 20%, 30%, Marcaine, or
prilocaine.[6]

Dilution can be made by mixing 1 ml of 50% dextrose with 3 ml of 1% lidocaine. A 25% dextrose
solution is used for intra-articular injections in the knee. Recent research has shown that a 10% dextrose
solution is also effective. Sodium morrhuate 5% is a mixture of sodium salts of saturated and
unsaturated fatty acids from cod liver oil and 2% benzyl alcohol. Benzyl alcohol is chemically similar
to phenol and acts as a local anesthetic.[7] Dextrose-phenol-glycerin solution consists of 25% dextrose,
2.5% phenol, and 25% glycerin (referred to as DPG or P2G). [4,7] This solution is then diluted with the
doctor's choice of local anesthesia before injection. The made dilution (dilution ratio) is 1:1, 1:2, and 2:3.
Other solutions that can be used include tetracycline, a mixture of chondroitin sulfate, glucosamine
sulfate, and dextrose.[7]

Research states that the majority of participants are not given sedation before prolotherapy and it is
believed to reduce the risk of complications. A survey study states that almost all participants are given
skin antiseptics before prolotherapy to prevent injection-related infections. [6]

Prolotherapy is used for musculoskeletal pain that persists for more than 8 weeks. Prolotherapy can
be used years after the initial issue arises, as long as the patient remains in good health.[4] Indications
for regenerative injection therapy, or prolotherapy, include:[7]

1. Chronic pain secondary to ligament or tendon sprains or strains. [4,7]

2. Pain due to overuse or occupational conditions, such as neck or wrist pain in computer
operators, tennis elbow, and chronic supraspinatus tendinosis.[7]

3. Chronic postural pain in the cervical, thoracic, lumbar, and lumbosacral regions. [4,7]

4. Recurrent somatic dysfunction accompanied by pain secondary to ligament laxity that may
temporarily improve with manipulation. Hypermobility and painful subluxations in mobile
joints or structures with extensive joint range of motion.[7]

5. Thoracic and lumbar vertebral compression fractures with associated deformities that exceed
the stress on the posterior ligament-tendon complex. [7]

6. Painful and recurrent subluxations of ribs, particularly at the costotransverse, costovertebral,
and/or costosternal joints. [7]

7. Osteoarthritis in axial or peripheral joints, spondylosis, spondylolysis, and spondylolisthesis.

[4,7]
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8. Imbalance in cervical, thoracic, lumbar, lumbosacral, and sacroiliac regions due to secondary
ligament laxity.[7]

9. Intolerance to NSAIDs, steroids, or opiates. Prolotherapy may be a treatment option if the
patient does not experience improvement after physical therapy, chiropractic or osteopathic
manipulation, radiofrequency denervation, steroid injections, surgical interventions for the

previously mentioned conditions, or if other modalities are contraindicated.[7]

3.2. Mechanism of action

Ligaments and tendons have poor vascularity, which means they take longer to heal compared to
other tissues. Imperfect healing commonly occurs after injuries to ligaments and tendons.[4] Sprains,
strains, and overload injuries result in excessive forces that can damage the tissue matrix and cause cell
damage or death. Prolotherapy injections tighten and strengthen weak or loose tendons, ligaments, or
joint capsules through the multiplication and activation of fibroblasts. Fibroblasts form precursor
collagen that strengthens connective tissue.[3]

Prolotherapy works by inducing mild and temporary inflammation in the ligaments and tendons,
"tricking" the body into initiating a healing cascade. Inflammation activates fibroblasts, which then
form precursor mature collagen. Inflammation also leads to an increase in growth factors.[4] The
increased levels or effectiveness of growth factors aid in tissue repair and growth.[4] An increase in the
diameter of collagen fibrils, statistically significant (P < 0.001) after 6 weeks of proliferant injections in
low back pain patients, is observed at month 3.[3] Clinical and experimental studies using electron
microscopy have shown that the connective tissue formed after prolotherapy has a structure similar to
normal tendons and ligaments.[7] The mechanisms of action of regenerative injection therapy, or
prolotherapy, include:

1. Transverse cutting (transection) of the matrix and cells induced by the needle, causing
cellular damage, thus stimulating an inflammatory cascade. [7]

2. Compression of cells by the extracellular volume of the injected solution stimulates
intracellular growth factors.[7]

3. Chemical modulation (chemomodulation) of collagen through proliferative, regenerative, or
repetitive responses induced by the chemical properties of the proliferant substance,
mediated by cytokines and various growth factors.[7]

4.  Chemical-neuro modulation (chemoneuromodulation) of peripheral nociceptors; antidromic
and orthodromic sympathetic transmission; axon reflex.[7]

5. Local hemodynamic modulation through changes in intraosseous pressure, reducing pain.

Empirical observations suggest that a combination of dextrose/lidocaine has a longer-lasting
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effect compared to lidocaine alone.[7]

6. Temporary repetitive stabilization of hypermobile joints experiencing pain, induced by the
inflammatory response to the proliferant, providing a conducive environment for ligament
and tendon regeneration and repair.[7]

Research indicates that dextrose has independent effects that can promote local healing of painful
extra-articular or intra-articular tissues through the stimulation of inflammatory or non-inflammatory
pathways. Recent research also suggests a sensorineural analgesic mechanism. In vitro and animal
model data have not fully supported this hypothesis.[8] Studies on the in vitro effects of dextrose on
cytokine levels have shown that dextrose transport into human cells uses transport proteins like GLUT
1-4, which interact with cytokines to signal cell growth or repair.[8] In the rat knee ligament model,
inflammation responses were reported for each solution, although they were not significantly different
from those caused by needle injection alone or saline injection. However, animal model data showed
significant biological effects of dextrose and sodium morrhuate compared to controls. Rabbit medial
collateral ligaments injected with sodium morrhuate were significantly stronger (31%), larger (47%),
thicker (28%), and had larger collagen fiber diameter (56%) compared to controls injected with saline.
An increase in cell count, water content, ground substance, and various types of inflammatory cells
were hypothesized to account for these changes. Rat patellar tendons injected with sodium morrhuate
were able to withstand an average maximal load of 136% (+28%)—significantly more than control
tendons that were not injected. In the same study, tendons injected with the saline control were
significantly weaker than non-injected controls.[1]

Dextrose has been minimally assessed in animal models. Recent studies have shown that injured rat
medial collateral ligaments injected with 15% dextrose had a significantly larger cross-sectional area
compared to uninjured controls injected with saline. P2G solution has received the least research
attention; although it is actively used in clinical practice, there are no animal or in vitro studies assessing
the effects of P2G using injury models. Most doctors report using this solution as a single agent,
although its concentration varies. In clinical practice, doctors sometimes mix prolotherapy solutions or
use them sequentially in a single injection session, depending on their experience and local practice
patterns. Varying concentrations or mixtures have not been assessed in basic science or clinical studies,
and there are no clinical trials comparing different solutions to each other.[1]

The potential sensorineural mechanism of injection has been studied in humans. The sensorineural
effects of dextrose injections have been proposed based on observations that analgesia arises from
subcutaneous perineural dextrose injections along soft peripheral nerves in patients with chronic pain.
Transient receptor potential cation channel subfamily V member 1 (TRPV-1), previously known as the

capsaicin receptor, is known to produce nociceptive pain with up-regulation. Bertrand and colleagues
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stimulated TRPV-1 receptors using a capsaicin cream model to induce pain. The cream contained
mannitol or a control cream (vehicle) and was applied to the painful area in a double-blind manner.
Chemically, mannitol is related to dextrose. Pain resolution was reported to be faster with mannitol
administration. Researchers hypothesized that TRPV-1 receptors might undergo down-regulation, or
ion channels or other receptors could be affected. Increased dextrose up to 0.6% around fibroblasts and
chondrocytes resulted in increased cytokine levels due to tissue development or breakdown in human
tissue in in vitro research.[7]

There are three potential sensorineural mechanisms of dextrose regarding its analgesic effects. The
first potential sensorineural mechanism is that dextrose may play a role in key pain modulators, such
as ion channels. The ion channel Transient Receptor Potential Vanilloid Receptor-1 (TRPV1) plays a
major role in the development of allodynia and hyperalgesia in patients with chronic pain. Chronic
neuropathic pain is associated with persistent upregulation of the TRPV1 ion channel. Mannitol, a
sugar metabolic molecule with a structure similar to dextrose, has been reported to reduce pain caused
by TRPV1 upregulation. While the TRPV1 ion channel does not have a monosugar receptor,
monosugars can modulate the effects of TRPV1 expression allosterically.

The second potential mechanism involves dextrose restoring energy reserves in the context of
chronic pain. Peripheral nerves tend to be sensitive to glycopenia, leading to histopathological damage
when systemic dextrose decreases by as much as 25%. Perineural glycopenia is caused by progressive
depolarization and hyperexcitability of nociceptive nerve fibers due to decreased effectiveness of ATP
pumps. ATP production depends on dextrose. In one study, nociceptive C fibers exposed to temporary
glycopenic conditions showed an increased action potential for 15 minutes and returned to normal
when reaching baseline dextrose levels. Dextrose injections can provide analgesia by correcting local
glycopenia. However, confirming the occurrence of glycopenia requires techniques like microdialysis
and other analytical methods for confirmation. These potential mechanisms shed light on how dextrose
may exert its analgesic effects on sensory nerves and pain perception in various contexts.

The third, increasing extracellular dextrose levels with dextrose injections can lead to nerve
hyperpolarization through another mechanism. For example, dextrose's activation of potassium
channels can increase K+ conductivity, resulting in neuronal hyperpolarization. Increasing extracellular
dextrose from normal to 0.5% in intestinal enterocyte cells leads to hyperpolarization through the
Na/Dextrose cotransporter (SGLT1). However, SGLT1 has a less significant effect on intermembrane
transport in neurons. Although the pain-reducing effect due to nociceptive fiber mechanisms hasn't
been confirmed, the hyperpolarization effect is consistent with some reports of using D5 to reduce pain
from certain chemotherapy effects.

Epidural injections of D5W can reduce the threshold for firing nociceptive C-fibers through one or
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more of the mechanisms described above. However, these potential mechanisms, while informed by
medical literature, remain speculative, have not been formally tested, and do not explain the temporal
effects of reduced pain with serial injections. Long-term cumulative administration of serial epidural
D5W injections may have a beneficial effect on pain management.

In summary, these potential mechanisms suggest that dextrose, when administered in specific
contexts, may modulate pain perception through various sensorineural mechanisms, although further

research is needed to confirm these effects and understand their full scope.

3.3. Clinical Evidence

Low Back Pain (LBP)

LBP is one of the most common reasons patients seek primary care providers. Approximately 80%
of Americans experience LBP during their lifetime. It is estimated that 15% to 20% of patients experience
persistent pain, with around 2% to 8% experiencing chronic pain. LBP is the second leading cause of
work time lost, following only the common flu. The productivity loss from chronic LBP approaches $28
billion annually in the United States.[1]

Research using randomized control trial methods on LBP has been conducted using P2G and
dextrose, involving injections at the ligamentous insertion points of the L4-S1 spinous processes,
sacrum, and ilium. Although the outcome measures vary, the average is the percentage of participants
reporting more than a 50% improvement in pain/disability scores at 6 months.[1]

Tendinopathy

Degenerative changes in tendinosis and ligamentosis due to sprains, strains, and chronic overload
injuries can be addressed by restoring the connective tissue matrix to a normal state through
prolotherapy. The strongest data supporting the effectiveness of prolotherapy for each musculoskeletal
condition compared to control injections are for chronic, excessive tendon pain previously referred to
as tendonitis and now more accurately termed tendinosis or tendinopathy to reflect its underlying
pathophysiology. The basis of tendinopathy pathology is a non-inflammatory mechanism resulting
from repetitive motion or excessive injury and is associated with painful degenerative tissue.[1]

Histopathological biopsy of tendons in patients undergoing surgery for painful tendinopathy shows
thin, frayed, and brittle tendon collagen fibrils, separated from each other lengthwise and cross-
sectionally, increased tenocytes with myofibroblastic differentiation (tendon repair cells), proteoglycan
ground substance, and neovascularization. Classic inflammatory cells are usually absent. Although
these aspects of tendinosis were first described 25 years ago, and experts have advocated for a change
in nomenclature (from tendonitis to tendinosis), the misnomer "tendonitis" persists. Prolotherapy has

been evaluated as a treatment for four tendon disorders: lateral epicondylitis, hip adductors, Achilles
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tendinopathy, and plantar fasciitis.[1]

Animal model research on Achilles tendons showed no transient decrease in tensile strength on
days 0, 5, or 10 after receiving 12.5% dextrose injections compared to saline injections or no injections.
In another study by Ahn and colleagues, the Achilles tendons of sick mice injected with 20% dextrose
showed significantly more fibroblasts on histological examination at week 4 compared to the control
group, which had sick tendons but no injections. Research by Kim and colleagues reported that a single
injection of 5% or 20% dextrose made with hypertonic saline (1100 mOsm) into the Achilles tendon of
sick mice resulted in a significant increase in tendon diameter and the number of fibroblasts in the large
field of view compared to equimolar saline (1100-mOsm). This indicates a non-osmolar dextrose-
induced proliferation mechanism.[8]

Osteoarthritis

Prolotherapy has been assessed as a treatment for OA in the knee and fingers and is the subject of
ongoing research. Treatment recommendations for allopathic and CAM (Complementary and
Alternative Medicine) approaches to OA have been published, aiming to correct modifiable risk factors,
manage symptoms, and modify the disease. While these modalities may help some patients, none have
been proven to provide definitive pain control or disease modification for patients with knee OA.[1]

The Agency for Healthcare Research and Quality (AHRQ) recently evaluated the most common
standard treatment options, including glucosamine, chondroitin, viscosupplementation, and
arthroscopic debridement. These treatments have not shown effectiveness compared to a placebo. The
high burden of knee OA and the lack of a cure continue to stimulate intensive research for new agents
to modify the disease and control symptoms.[1]

Reeves and colleagues assessed prolotherapy as a treatment for knee and finger OA. Subjects with
finger or knee pain and radiological evidence of OA were randomly assigned to receive 3 sessions of
prolotherapy injections with 10% dextrose and lidocaine or lidocaine and bacteriostatic water (control
group). In the finger OA trial, the intervention group showed significant improvement in "pain-with-
motion" and "range-of-motion" scores compared to the control; pain scores at rest and with grip showed
a trend toward improvement but did not reach statistical significance.[1]

In the knee OA trial, subjects in both groups reported significant improvements in pain scores and
swelling, the number of bending episodes, and flexion range of motion compared to baseline, but
without statistically significant differences between the groups. The twelve-month follow-up in both
studies included increased radiological features of OA on plain radiographs: the researchers reported
joint space narrowing and osteophyte reduction in the finger study and increased patellofemoral
cartilage thickness in the knee study. These radiological findings may suggest disease-modifying

properties of prolotherapy.[1]
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Jahangiri and colleagues compared dextrose prolotherapy with steroid injections in a blinded, two-
group trial for hand osteoarthritis. Participants in both groups with chronic thumb pain and
osteoarthritis of the trapeziometacarpal joint (TMJC) were given intra-articular 1 mL and extra-articular
1 mL injections at months 0, 1, and 2. The effects were evaluated at month 6 using the Visual Analog
Scale (VAS) 1-10, the Health Assessment Questionnaire Disability Index (HAQ-DI), and lateral pinch
strength with a hydraulic pinch gauge. The results of the study showed that the dextrose prolotherapy
group had better improvements in motion and range of motion flexion compared to the lidocaine group

at month 6.[8]

3.4. Contraindications

Absolute contraindications for prolotherapy are few and include acute infections such as cellulitis,
local abscess, or septic arthritis.[1,8] Relative contraindications include acute gouty arthritis, acute
fractures, high-dose narcotic use over an extended period as it may lower immune response, and
systemic corticosteroid use because it has the opposite effect of inflammation processes. [1,4] Active
infections and cancer are contraindications for prolotherapy, as well as other diseases that can interfere
with the healing process.[4] Linetsky and colleagues listed the contraindications for prolotherapy as
follows:[7]

1. Allergy to anesthesia or proliferant solutions or their components such as dextrose, sodium
morrhuate, or phenol.[7]
Acutely non-reduced subluxations or dislocations.[7]
Acute arthritis (septic or post-traumatic hemarthrosis).[7]
Acute bursitis or tendinitis.[7]
Capsular pattern of the shoulder and hip indicating acute arthritis with tendinitis.[7]
Acute gout or rheumatoid arthritis.[7]
Occurrence of neurological deficit.[7]

Request for sedation or a large amount of narcotics before or after therapy.[7]

¥ ® N x> o N

Neoplastic lesions involving paraspinal muscle and bone structures.[7]

Ju—
e

Severe exacerbation of pain or no improvement after local anesthetic block.[7]

—_
—_

Relative contraindications to prolotherapy include central spinal canal, lateral recess, and

foraminal neural stenosis.[7]

3.5. Side effects

The main risk associated with prolotherapy is mild pain and minor bleeding caused by needle

trauma.[1,8] Injection pain can be minimized with local anesthesia and the use of tumescent anesthesia.8

44



INSPIRE

During injection, patients often report aching, fullness, and occasional numbness at the injection site.
These side effects usually resolve on their own.[1] Post-injection pain recurrence during the first 72
hours after injection is clinically common, but its incidence has not been well documented. A study on
knee osteoarthritis prolotherapy noted that 10% to 20% of subjects experienced such a flare. Burning
pain is usually limited and generally responds well to acetaminophen (500-650 mg every 4 hours as
needed). Although rare, the onset of severe post-injection pain may require treatment with narcotic
medications. NSAIDs are not routinely used after the procedure but may be indicated if pain does not
improve with other measures. Most patients with burning pain experience pain reduction within 5 to

7 days after injection; regular activities can be resumed at this time.[1,6]

3.6. Adverse events

Although prolotherapy performed by experienced clinicians appears safe, injections of ligaments,
tendons, and joints with irritant solutions pose safety concerns. The theoretical risks of prolotherapy
injections include mild headaches, allergic reactions, and infections or neurological damage (nerve).
Injections should be performed using universal precautions, and patients should be screened if
possible. Dextrose is very safe; it is FDA-approved for intravenous hypoglycemia treatment and calorie
supplementation. Sodium morrhuate is a vascular sclerosant used in gastrointestinal procedures and
venous sclerosing. Allergic reactions to sodium morrhuate are rare. Although P2G is not FDA-
approved for any indications, it has not been reported in clinical trials to cause significant side effects
or adverse events.[1]

Historically, a small number of significant complications related to prolotherapy have been
reported. Associated with perispinal injections for back or neck pain using highly concentrated
solutions, including 5 cases of nerve damage from irritation of the bone marrow and 1 death in 1959
after therapy with zinc sulfate for LBP. Currently, highly concentrated sulfate or prolotherapy solutions
are commonly used. In a survey of 95 doctors using prolotherapy, there were 29 reports of
pneumothorax after prolotherapy for back and neck pain, two of which required hospitalization for
chest tubes, and 14 cases of allergic reactions, although none were classified as serious. Practicing
prolotherapy with similar results for spinal prolotherapy: spinal headaches, pneumothorax, nerve
damage, and spinal cord and disc injuries have been reported. Researchers concluded that these events
are no more common with prolotherapy than with other spinal injection procedures. No serious side
effects or adverse events have been reported for prolotherapy when used for peripheral joint
indications.[1]

Dagenais and colleagues conducted a survey study of 308 doctors using prolotherapy. The results

of the study reported a total of 472 adverse events, including 174 spinal headaches, 123 cases of
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pneumothorax, 73 cases of systemic reactions, 54 cases related to nerve damage, 27 cases of bleeding,
29 cases of spinal cord insult, and 2 cases of disc injury.8 Complications such as injection site pain,

pneumothorax, allergic reactions, and nerve damage have also been reported in a study by Dorman.[5]

3.7. Practical Aspects of Prolotherapy

Despite limited institutional support, interest in prolotherapy is growing, and it is being performed
in increasing numbers. For several decades, prolotherapy has been mainly carried out outside
mainstream medicine by independent physicians. More recently, multispecialty groups that include
family physicians or sports medicine doctors, physical therapists, orthopedic surgeons, neurologists,
or anesthesiologists have incorporated prolotherapy due to positive clinical experiences and research
reports. Prolotherapy is considered a valuable procedure, especially for patients who have failed other
treatments or those who are not surgical candidates.[1] The Florida Academy of Pain Medicine
recommends considering the use of regenerative injection therapy (RIT), or prolotherapy, as a specific
therapy for degenerative post-traumatic, overuse, and painful musculoskeletal conditions associated

with connective tissue pathology.[7]

4. Conclusion

Prolotherapy is an injection therapy used for chronic musculoskeletal pain. Its use has a long history
and known benefits. The principle of this therapy involves injecting into tendons, ligaments, or extra-
intra articular areas. The exact mechanism of action of this therapy is not yet known. However, it is
hypothesized to have different mechanisms depending on the proliferant or irritant solution used.
Hypertonic dextrose solution works through local osmotic cell rupture, phenol-glycerin-glucose (P2G)
irritates local cells, sodium morrhuate attracts inflammatory mediator chemotaxis, and sclerosing
addresses pathological neovascularization associated with tendinopathy. This process is believed to
enhance joint stability, biology, function, and ultimately reduce pain.

The choice of injection solution varies based on the condition, clinical severity, and practitioner
preferences. However, some studies suggest that dextrose solution provides better results compared to
other control solutions (saline; NaCl). Prolotherapy has also been found effective for musculoskeletal
injuries such as lateral epicondylitis, low back pain (LBP), certain tendinopathies, and osteoarthritis.
Recent research on osteoarthritis cases indicates that prolotherapy with dextrose solution results in
clinically significant improvements in pain scores, function, and stiffness for knee osteoarthritis

compared to saline injections and home exercises.
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Abstract: Functional foods can be natural foods or products with one or more
particular elements that benefit health and well-being. A plant-based diet can
minimize illness risk and stress and help maintain a healthy weight, making it a
potential future development. Banana peel (Musa balbisiana Colla) already offers
several nutritional properties such as flavonoid and tryptophan is a substrate for
synthesizing serotonin (5-HT), making it an ideal basic ingredient for vegetarian
jerky. In the present study, the Tail Suspension Test (TST) and Morris Water Maze
(MWM) for depressive symptoms, and immunohistochemistry for 5-HT of
ileocaecal and brain section were conducted. This post-test-only control group
design study was conducted on 50 formalin-fixed and paraffin-embedded
samples of ileocaecal and brain that were collected from male Wistar rats that
were induced by chronic stress for four weeks and continued with intervention
in the form of banana peel jerky (BPJ) for 4 weeks that was supplemented into the
diet standard, with the following group divisions.: Groups I-normal and II-
chronic stress groups were treated with 15 ml aquadest/kg/d. The test groups III-
lower, IV-medium, and V-high doses received a diet supplemented with 15%,
30%, and 60% of BP]. The results showed that the immobility time in TST and
escape latency in the MWM test were significantly lower in the groups
supplemented with 15% and 30% BPJ, respectively. We observed a significant
association between 5-HT expression in the ileocaecal and brain and between the
immobility time duration in TST and 5-HT expression.

Keywords: 5-HT expression; banana peel; brain; chronic stress; ileocaeca

Happiness and psychological well-being have become two fascinating areas of study in both the

social sciences and the health sciences during the last several decades. Anxiety and stress are common

occurrences in everyday life that cannot be avoided by any individual. According to WHO, the

incidence of stress is relatively high, with about 350 million people worldwide experiencing stress, It

has ranked third in the global burden of illness since 2004 and is anticipated to continue to rise in

2030.[1]

Exposure to psychological stresses may result in eustress (mild/moderate) or distress (severe).
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Eustress environments motivate people to pursue objectives in life, whereas distress conditions induce
bodily and emotional pain Furthermore, there are changes in functional hormonal and
neurotransmission, such as increased noradrenergic activity and cortisol levels. Chronic stress can
cause structural changes in the brain, such as pyramidal cell atrophy and a decrease in hippocampal
volume, as well as an increase in the activity of the hypothalamic-pituitary-adrenal axis (HPA axis),
which has a positive correlation with the neurotransmitter serotonin. High levels of cortisol are
associated with binding to serotonin receptors. 1A is distributed throughout the brain.[2]

Tryptophan is a precursor to various active metabolites, one of which is serotonin, which regulates
mood [3], other studies have found that chronic stress can cause a sustained increase in cortisol, which
reduces serotonin release.[4,5] This is due to the activation of the glucocorticoid tryptophan
dioxygenase in the liver, which redirects tryptophan from serotonin synthesis to the tryptophan-
kynurenine pathway.

Managing stress may be accomplished through a range of activities, such as sports, hobbies, visiting
with family, and eating the correct foods. A diet heavy in complex carbohydrates (dietary fiber) can
help to boost one's mood.[6] Complex carbohydrate molecules induce the body to generate the
hormone insulin, which subsequently attracts numerous neutral amino acids (LAA) into the tissues,
allowing the amino acid tryptophan to flow freely via the blood-brain barrier (BBB) to penetrate the
BBB and is then utilized in the brain as a precursor to the production of serotonin.[7]

Bananas are high in complex carbohydrates and have been shown to have anti-anxiety properties.
Banana peels have a high potential for further processing (the banana peel component accounts for
around 40% of the overall weight of the banana) since they contain approximately 170,000 ng/g of
phytoserotonin, whereas the flesh has approximately 35,000 ng/g. [8]

Because banana peels deteriorate fast after harvesting, they are further processed into food items
that are more durable and have a low water content, one of which is jerky. There haven't been a lot of
studies done on the association between food quality and mental health characteristics. Based on this
context, this study attempts to appropriately formulate shredded kepok yellow banana peel so that it
can be used as a reference for healthy diet choices that can provide protective effects on brain and
mental health by increasing the availability of tryptophan in the body for use in serotonin synthesis. It
may be worthwhile to investigate whether the consumption of banana peel jerky after chronic stress
may affect behavior and serotonin expression in the ileocaecal and brain. Because BPJ] contains
neurotransmitters, particularly serotonin and its precursor tryptophan, which are known to have
neurobehavioral effects, it is possible that behavioral alterations can be linked to them.

This study aimed to assess the relationship between 5-HT expression in the ileocaecal and brain and

the duration of immobility in TST, It was a reliable procedure for detecting symptoms of depression in
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rats.

2. Methods

2.1. Research design

Following ethical permission from the Islamic University of Indonesia's Faculty of Medicine
(approved number 19/Ka.Kom.Et/70/KE/II/2021). This is a pure experimental (true experiment) study
using a post-test-only control group design. Male Wistar rats (Rattus norvegicus) were used in this
investigation. The male gender was chosen to eliminate hormonal impacts that might affect research
outcomes. Mice in a healthy state, as determined by their active movements, 2-3 months old, and
weighing 180-200g, are included in the sample, while rats that are weak or dead at the time of the
research are excluded. Sebanyak 36 ekor tikus terbagi dalam 5 kelompok, yaitu Groups I-normal and
II-chronic stress groups were treated with 15 ml aquadest/kg/d. The test groups Ill-lower, IV-medium,
and V-high doses received a diet supplemented with 15%, 30%, and 60% of BPJ. Groups II-V rats got a

4-week chronic stress induction intervention followed by a 4-week treatment diet.

2.2. Experimental protocol

The independent variable is the composition of BPJ on a standard diet, and the dependent variable
is serotonin expression in the ileocaecal and brain of rats that were previously induced with chronic
stress for 4 weeks and then given BP] supplementation to a standard diet at various doses, including
15%, 30%, and 60%. Chronic stress induction includes moist bedding (250 mL water per cage), a water
jet (4°C), cage tilting (45°), hot water steam, and sawdust removal. Before the termination stage,
behavioral testing was performed to determine the efficacy of the 4-week BPJ] intervention on
overcoming the influence of the 4-week chronic stress induction. Immediately after the last behavioral
test, the rats will be anesthetized with ketamine 1 ml/kg body weight (1 ml ketamin-HCl equivalent to

ketamine 100 mg; PT Guardian Pharmatama, Bogor, Indonesia).

2.3. Behavioral tests

Tail Suspension Test (TST)
The rats were hung by the tail 60 cm above the floor using cotton yarn immediately after the OFT,
or 72 hours following LPS administration. For the latter 4 minutes of a total 6-minute session, the time

each rat stayed motionless was recorded (in seconds).
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The Morris Water Maze (MWM)

The Morris water maze test was conducted according to the protocols described elsewhere [9-11].
A huge, white-painted circular pool with a diameter of 150 cm and a height of 40 cm served as the test
apparatus. Water was poured into the pool to a depth of 18 cm. A white circular platform was put 2 cm
below the water's surface. To make the water opaque, fresh milk was poured, which served to conceal
the platform. A video camera was installed above the pool's center, and the image of the animal's
movements was sent to a laptop computer nearby. The pool was split into four imaginary quadrants of
equal size. Four equal-distance starting spots were designated along the pool's circumferential wall.
The test began on the last day of the BPJ intervention when the platform in the circular pool was placed.

Preparation of paraffin section

The resected ileocaecal organs and brain are soaked in a buffered formalin solution before IHC
(immunohistochemistry) preparations are produced. The IHC process was founded on [12] and was
performed to visualize and compare the distributions of serotonin in healthy and diabetic rats. Anti-
serotonin (Sigma Chemicals Co, St Louis, MO, USA) antibodies and Fine Test rabbit-DAB (Poly-HRP)
were used to detect the target proteins in paraffin sections of the ileocaecal and brain.

Preparation of slides

The paraffin sections were sectioned using a manual rotary microtome (Leica RM 2235, USA) and
placed on silane-coated slides (Merck, Darmstadt, Germany) before being kept at ambient temperature.
The antigen retrieval and antigen detection slides were then deparaffinized in xylene, followed by
tissue rehydration in graded ethanol, 2 minutes of pure water, and 3 minutes of tris buffered saline
(TBS). After 20 minutes of antigen collection in citrate buffer pH 6, the slide was put in TBS. The tissue
slices were then treated for 1 hour at 37 °C with blocking serum to prevent non-specific immunostaining.

Secondary detection of the primary antibody

Primary antibody (rat serotonin monoclonal antibody (5HT), Sigma Chemicals Co, St Louis, MO,
USA, working dilution 1:6000 in 10 mmol sodium phosphate, pH 7.4, salt 0.9% (PBS)) was incubated
for 1 hour at 37 °C. The slides were washed three times each with TBS and secondary Trekkie Universal
Link Antibody, then incubated for ten minutes. The secondary antibody was washed three times for
five minutes with PBS, incubated for 30 minutes at 37 °C with poly-Goat Anti-Rabbit IgG HRP, and
then washed three times with PBST buffer. A solution chromogen, 3,3'-diaminobenzidine (DAB); 1 ml
DAB working solution =501 Reagent A, 50 1 Reagent B, and 900 | DAB substrate were created and made
accessible in KITS.

Counterstaining

For 1-3 minutes, a hematoxylin Meyer's solution was diluted with distilled water (1:4). For staining,

the slides were immersed in a hematoxylin solution. The slides were then cleaned with running water
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and dehydrated in ethanol. Finally, the slides were washed with xylol, mounted in Frontier Duo EFH
(Canada), and taken with a digital camera using an Olympus CX21/Optilens Optilab Standard light
microscope (Carl Zeiss, Oberkochen, Germany).

For immunohistochemical assessment, serotonin expression in each sample was assessed semi-
quantitatively according to the modified Kaemmerer method.[13] Inmunoreactive Score (IRS) is scored
by multiplication percentage of positive cells score with the intensity of staining score produced in that
cell (Table 1). The percentage of positive cells score based on: 0 = no positive cells, 1 positive cell less
than 30 %, 2 positive cells 30 %- 60%, and 3 positive cells more than 60%. The intensity of staining score
produced in that cell indicator is based on: 0 =no color reaction, 1 =light intensity, 2= medium intensity,

and 3 = strong intensity. Positive cells with anti-MT-3 indicated a brcoloror.[14]

Table 1. The IRS semiquantitative scale is a product of the percentage of the positive cells score (A) with the
intensity of staining score (B), becoming an immunoreactive score (IRS) = AxB,

modified kaemmerer method [13]

A B AxB
0 = there are no positive cells 0 =no color reaction 0-1 =negative
1 = positive cells <10% 1 =low color intensity 2-3=low
2 = positive cells 11%-50% 2 = medium color intensity 4-8 = medium [ overexpression
3 = positive cells between 51%-80% 3 = strong color intensity 9-12 = strong I overexpression

4 = positive cells >80%

Statistical Analysis

Data obtained from uji perilaku menggunakan metode TST akan diperoleh data berupa durasi
imobilitas dan MWM escape latency, serta dari analisa IHC akan diperoleh IRS scores of 5-HT was
displayed in averages and standard deviation. Data were analyzed using the Statistical Package for the
Social Sciences (SPSS-20) program. The Duncan Multiple Range Test post hoc test was used to measure
the data of 5-HT comparison between immobility duration and the correlation between groups

analyzed using Spearman.

3. Results and Discussion

3.1. Behavioral effects of the post-treatment of BPJ after stress induction

MWM activity is indicated as a time to identify the hidden platform in the control and banana peel
floss-supplemented animals in Figure 1. Learning is the capacity to add knowledge to the brain,
whereas memory is the ability to recall what was learned. Learning and memory include the entire
brain [15] . However, specialized learning necessitates the use of specific areas of the brain. As a result,
a chemical that stimulates the central nervous system and raises attentiveness will boost learning and

memory. MWM hidden platform is a test of visuo-spatial learning and memory. This learning process
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will be disrupted if the hippocampus is disrupted as a result of stressful conditions, where uncontrolled
stress can interfere with various memory tasks that rely on the hippocampus, Stress can change
synaptic plasticity and the activation properties of hippocampal neurons, which structurally causes
changes in neuronal morphology, suppressing proliferation. nerves, and reducing hippocampal
volume.[16] The behaviors scored include swim latencies during acquisition, visible platform task, and
quadrant duration during the probe trial. Following the consumption of BPJ with varied dosages
showed that appropriate dosages of BPJ reduced cognitive impairment caused by the chronic stress
regimen. The rats were exposed to chronic stress and fed a control diet supplemented with 30% BP]J
had a considerably reduced escape latency, but all BP] dosage interventions did not differ significantly
from Group I. They also spent less time in the target quadrant than the other group.

TST is a behavioral test to examine depressive-like behavior in the animal (Table 3). The
depressive-like behavior was measured using the immobility duration, which expresses the degree of
depression or tension. In our study, experimental groups without BP] supplementation exhibited
depressive-like behavior, evidenced by higher immobility time when compared to experimental groups
with BPJ supplementation. A control diet with 15% BP] showed an optimal effect on the reduction of
immobility time in TST. Lower immobility time showed that the rats actively pursue escape-directed
behaviors, suggesting lower depressive-like behavior. Several studies suggested the possibility that
banana peel facilitated serotonergic transmission by inhibition of monoamine oxidase enzyme, and it
elevated the concentration of norepinephrine and serotonin in the brain.[12,17] A previous study
showed that rats administered with pulp and peel extract of Musa sapientum had significantly decreased
immobility time, as observed in the Forced Swim Test, which indicated an antidepressant-like
effect.[18] Formerly, it has been reported that phenolic phytochemicals in bananas reduce
neurotoxicity, Musa paradisiaca reduced the level of malondialdehyde, which indicated a decrease of
free radicals, showing that the antioxidant effect of banana fruit may be protecting the brain from

oxidative damage.[17]

Table 2. The mean escape latency time in Morris Water Maze

Groups Mean escape Time spent in the target quadrant in MWM
latency time in (sec.)

MWM (sec.) Quadrant 1 Quadrant 2 Quadrant 3 Quadrant 4
I 75.94 + 21.952 86.60 + 34.412 49.00 + 43.512 88.60 + 42.122> 65.40 + 51.48
I 94.88 +21.87° 88.60 + 36.96 103.20 + 23.69° 102.80 + 38.46° 83.80 +33.142
111 82.14 + 21.61° 100.83 + 45.492 108.60 + 25.49b 40.60 + 24.40v¢ 61.80 +30.612
v 51.89 +18.202 92.00 + 36.387 29.20 +11.037 20.67 +14.73¢ 60.17 + 54.362
\Y 82.58 + 34.82° 110.40 +21.472 54.40 + 43.712 78.40 + 56.96% 68.83 +37.38

MWM, Morris Water Maze; Groups I-normal and II-chronic stress groups were treated with 15 ml aquadest/kg/d.
The test groups Ill-lower, IV-medium, and V-high doses received a diet supplemented with 15%, 30%, and 60% of
BPJ. Each value represents mean+SD. Means with different superscripts in the same column significantly differ
(p<0.05) according to the Duncan Multiple Range Test. In Time spent in the target quadrant in MWM data.
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Table 3. Effect of BPJ on the immobility duration in the TST

Groups Immobility duration (sec.)
I 60.00 +21.702
I 115.40 + 70.57°
111 38.67 +24.912
1Y 49.67 +25.42¢
\Y 47.67 + 33.26

3.2. The 5-HT expression in ileocaecal and brain after 4 weeks of BPF administration after chronic

stress induction

In mammals, the neurological system in the brain produces serotonin, which regulates behavior by
decreasing hunger, boosting energy expenditure, and increasing sympathetic drive to brown adipose
tissue. [19] In addition to this central pathway, several studies have shown that peripheral serotonin is
a factor that can increase nutrient absorption and storage, with glucose and fatty acids, in particular,
stimulating the release of serotonin from the duodenum, increasing intestinal peristalsis and nutrient
absorption. [20]. Peripheral serotonin influences multiple metabolic networks through various
serotonin receptors, increasing food absorption and storage while reducing wasteful
cycles/thermogenesis. Tphl in EC cells of the gastrointestinal tract primarily synthesizes circulating
serotonin; the action of the cell and surrounding nutrients control expression in EC cells.[20]

This study was conducted to examine the effect of BPJ for 4 weeks after CMS induction of rats on 5-
HT expression scores in the ileocaecal and brain of Wistarstar rats. Based on statistical tests, the mean
expression of 5-HT in Group I was 7.73, in the treatment Group III had a higher mean expression of 5-
HT than IV and V, but statistically significant compared to V and I groups (Figure 3 and Figure 4). This
is due to the presence of the amino acid tryptophan in BP], which contributes to the synthesis of
serotonin in enterochromaffin cells. Dietary tryptophan can be metabolized by host cells in immune
cells and epithelia cells (kynurenine pathway) and in enterochromaffin cells (serotonin pathway).[21]
The tryptophan content of BPJ in this study was 46.04%. Carbohydrate molecules (glucose, fructose,
and sucrose) could stimulate serotonin production in colon and duodenum EC cells. The theory is
consistent with the findings of this study, which found that the amounts of carbs and dietary fiber in
BPJ were 56.59% and 27.66%, respectively, implying that availability can be directly linked. BP]
nutrition with nutrient availability and serotonin synthesis.[22]

During the four weeks of chronic stress induction in this investigation, the majority of the
tryptophan from the regular diet was directed to kynurenine production. Long has researched the
alteration in balance between the kynurenine and serotonin pathways in tryptophan metabolism. The

major metabolic pathway for tryptophan is the kynurenine pathway, which is performed by the
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enzyme indoleamine 2,3-dioxygenase (IDO).[23] Under chronic stress, the production of
proinflammatory cytokines stimulates IDO, which increases the kynurenine route while depriving the
serotonin pathway of tryptophan and decreasing serotonin synthesis. Reduced serotonin synthesis
might be linked to the depression hypothesis.[24] Chronic stress-induced hippocampal shrinkage may
be related to an imbalance in neurotoxic/neuroprotective activity. The presence of tryptophan in BP]
may supply the body's need for tryptophan, which can then be utilized for serotonin synthesis rather
than kynurenine production.

The results of microscopic images of the ileocecal and brain stained with IHC in Group III, IV, IRS
measurements were carried out using 400x magnification in five fields of view (Table 2). The results
indicated that all the groups showed individual cells with positive IHC staining for serotonin both in
the ileocaecal and the brain (Figure 3 and Figure 4). Serotonin expression in the brain was considerably
higher in the usual diet supplemented with BPJ 15% group compared to groups supplemented with
BPJ 60% and not statistically different from BPJ 30%. According to the findings, the expression of
serotonin in the brain caused by dietary tryptophan is not similar to graded dosages of BP]. The
hypothesis was that food-derived and purified tryptophan preparations have distinct effects on
serotonin synthesis in the brain, however, the limitation of this study was that no group received pure
tryptophan intervention. Pure tryptophan has been shown to boost serotonin levels in the brain,
however, this is not the case with tryptophan derived from other sources.

When viewed from the rate-limiting enzyme for serotonin synthesis, the tryptophan hydroxylase
(TPH), with isoforms TPH1 and TPH2. TPH2 synthesizes serotonin in the brain, whereas TPH1 is
expressed in the intestine and other peripheral tissues [25], Chronic stress conditions can inhibit the
expression of TPH1 and TPH2 in brain tissue and directly reduce serotonin concentrations [26],
Therefore, in this investigation, the potential of inducing chronic stress for 4 weeks had a substantial
influence on raising the stress of rats, such that the rate of the TPH2 enzyme could not perform
efficiently even when an increasing amount of BP] was administered. The optimal dose of BPJ]
supplementation on a regular diet was 30%, based on serotonin expression in the ileocaecal. The
findings support the theory that serotonin synthesis in the gut is regulated by the activity of the rate-

limiting enzyme TPH1.
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Figure 3. Differences in serotonin expression scores between groups by IRS in the brain. Groups I-normal

and II-chronic stress groups were treated with 15 ml aquadest/kg/d. The test groups IlI-lower, IV-medium,

and V-high doses received a diet supplemented with 15%, 30%, and 60% of BP]
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Figure 4. Differences of serotonin expression scores between groups by IRS in ileocaecal. Groups I-normal

and II-chronic stress groups were treated with 15 ml aquadest/kg/d. The test groups IlI-lower, IV-medium,

and V-high doses received a diet supplemented with 15%, 30%, and 60% of BP]
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Figure 5. Microscopic photographs of the brain stained with IHC, show weak (A), intermediate (B), and

strong positive (C) serotonin expression

Figure 6. Microscopic photographs of the brain stained with IHC, show weak (A), intermediate (B), and strong

positive (C) serotonin expression

3.3. Correlation between behavioral parameters and expression of serotonin in rat's ileocaecal and

brain

Table 4 presents the correlation between serotonin expression score (IRS) in the ileocaecal and brain
and the results of the immobility duration test in the examined group (without Group I). No statistically
significant correlation was observed between immobility duration in TST in both serotonin expression
scores in the ileocaecal and brain. The expression of serotonin in ileocaecal significantly positively
correlates with the expression of serotonin in the brain. These findings confirm the Gut-Brain Axis
concept, according to which the gut microbes play a particular role in behavior, emotion, and cognition.
The impact of the digestive tract on brain function has long been the focus of research, where in some
conditions such as IBS it has a reciprocal influence on psychiatric conditions such as anxiety. The

existence of this connection shows the relevance of the Gut-Brain Axis in pathophysiology and is an
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interesting research target for therapy development. [27] Neurotransmitters such as serotonin,
adrenaline, and dopamine may play a significant role in controlling the Gut-Brain Axis, which is
supported by gut bacteria. The presence of dietary fiber in BPJ also benefits the gut microbiota, which
aids in the coordination of the Gut-Brain Axis, which can provide nutritional effects on the brain,
particularly fiber, which is acted upon by certain bacteria to produce various metabolites that improve
health. These compounds, as well as the vagus nerve, immune system, gut hormones, and the
kynurenine pathway, have been hypothesized as mechanisms mediating microbiota-brain

crosstalk.[28]

Table 4. Spearman’s rank correlation coefficients(R) for the variables tested

5-HT expression score
Ileocaecal Brain Immobility duration
in TST as a manifest
depression-like
symptoms
Serotonin expression Ileocaecal 0.693 (P=0.026%) -0.293 (P=0.412)
score Brain 0.152 (P=0.675)
*P, statistically significant

4. Conclusion

In chronic stress rat models, the tryptophan level of beef jerky prepared from banana peels
increases serotonin expression in the ileocaecal and brain. The findings of the behavioral test that
resulted in depression showed that at an optimum dose of 30% BP] combined with jerky, the effects
of prolonged stress induction may be overcome.
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Abstract: Changes in lifestyle in developing countries have an impact on
changes in one's diet and food consumption habits. Poor diet causes health
problems, especially cardiovascular disease. Consumption of ready-to-eat foods
that are high in cholesterol can cause disruption of fat metabolism in the blood
and have an impact on the occurrence of hyperlipidemia, hypercholesterolemia,
cardiovascular disease, and diabetes mellitus, thus causing an increase in
mortality. Longan leaves are known to contain bioactive compounds such as
flavonoids, saponins, and quercetin which have the potential to reduce
triglyceride levels. The aim of this study was to prove that longan leaf extract can
reduce triglyceride and LDL levels, as well as increase HDL levels in male Wistar
rats fed a high-fat diet. This research is a pure laboratory experiment using the
Post-Test-Only Control Group Design method. The sample for this study were
24 male Wistar rats (Rattus norvegicus) which were divided into four groups: the
negative control group, the group of rats that were given a high-fat diet, the group
of rats that were given a high-fat diet and longan leaf extract at a dose of 200
mg/kg BW, and the rat group were given a high-fat diet and longan leaf extract
at a dose of 400 mg/kg BW. The results of the One-Way ANOVA test for TG and
LDL levels showed a significance of p = 0.001 (p <o) with ot = 0.05. The results of
the Mann-Whitney U test for HDL levels showed a significant difference with p =
0.004 between groups of animals that were given a standard diet and groups of
animals that were given a high-fat diet, p = 0.005 in groups of animals that were
given a high-fat diet and groups of animals that were given a high-fat diet plus
longan leaf extract at a dose of 200 mg/kg BW, and the animal group was given
a high-fat diet while the experimental animal group was given a high-fat diet
plus longan leaf extract at a dose of 400 mg/kg BW. The conclusion of the study
showed that administration of longan leaf extract reduced triglyceride and LDL
levels, and increased HDL cholesterol levels in white rats fed a high-fat diet.

Keywords: HDL; high-fat diet; LDL; Longan leaves (Dimocarpus longan Lour);
TG
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The prevalence of cardiovascular disease is increasing over time. One in three people in the world,
in 2001 died from cardiovascular disease. This means that 1/3 of the world's population is at high risk
of developing cardiovascular disease. Data from the World Health Organization (WHO) in 2012 shows
that 17.5 million people in the world died from cardiovascular disease or 31% of the 56.5 million deaths
worldwide. Of this figure, it is estimated that 7.3 million were caused by Coronary Heart Disease
(CHD), while in Indonesia the Sample Registration System (SRS) Survey in 2014 showed that Coronary
Heart Disease (CHD) was the highest cause of death at all ages after stroke, namely 12.9%.[1]

Coronary heart disease (CHD) is a condition that occurs when plaque builds up in the coronary
arteries which supply oxygen-rich blood to the heart muscle. Plaque consists of fat, cholesterol, calcium
and other substances found in the blood. Cholesterol is a type of lipid that can be found in blood plasma
and is considered normal if it is at 200-240 mg/dl (1dl = 100ml) of blood serum. Cholesterol and
triglycerides in the blood are wrapped in fat-transporting proteins called lipoproteins. LDL and very
low-density lipoprotein (VLDL) carry fat to body cells, including arterial endothelial cells, the oxidation
of cholesterol and triglycerides causes the formation of free radicals which are known to damage
endothelial cells.[2] The main risk factors for CHD include dyslipidemia. Dyslipidemia is a condition
characterized by abnormalities in lipid metabolism in the blood, where there is an increase in
cholesterol levels, LDL (Low-Density Lipoprotein), triglyceride levels, and a decrease in HDL (High-
Density Lipoprotein) levels. According to the latest molecular medicine research, it was found that the
most dangerous type of dyslipidemia is atherogenic dyslipidemia. Atherogenic dyslipidemia LDL
cholesterol deposits on the arterial walls are one of the causes of endothelial dysfunction as an initial
process for the formation of atherosclerotic plaque.[3]

A meta-analysis of research on hundreds of patients over 10 years shows that an increase in
triglyceride levels of 1 mmol/L can increase the risk of cardiovascular disease by 32% in men and 76%
in women. According to research results[4], it is also stated that patients at high risk of CHD with
reduced LDL cholesterol levels still have a risk of CHD if HDL cholesterol levels are still very low. HDL
cholesterol plays an important role in hyperlipidemia. Increasing HDL cholesterol levels is more critical
than reducing LDL cholesterol levels in hyperlipidemia. A high-fat diet has a big influence on the
concentration of HDL cholesterol and LDL cholesterol in blood plasma.[5]

Increased levels of triglycerides, LDL cholesterol and decreased levels of HDL cholesterol are strong
risk factors for coronary heart disease. Therefore, efforts need to be made to control triglyceride and
LDL cholesterol levels. One way is by modifying the diet, such as limiting cholesterol and fat
consumption and consuming foods that contain cholesterol-lowering substances such as flavonoids,
saponins and quercetin.[6]

One of the natural ingredients that can reduce triglyceride levels. LDL and increased HDL are
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longan leaves (Dimocarpus longan Lour). Longan is a plant that is widely known and widely cultivated
in Indonesia. Longan plants have bioactive compounds that can be utilized, especially in the leaves.
Research by Nina (2015) shows the presence of bioactive compounds such as flavonoids, polyphenols,
tannins and saponins.[7] Flavonoids are useful for improving blood circulation, especially for
preventing blockage of blood vessels, reducing cholesterol levels and fat accumulation in blood vessels,
as well as antioxidants which are useful for getting rid of free radicals, while saponins are useful for
preventing fat reduction, helping to improve the immune system, improving blood levels. blood sugar

and slows the blood clotting process which may help prevent or treat atherosclerosis.[8]

2. Methods

2.1. Time and place of research

The research was conducted from March 2019 to December 2019, taking place at the Biochemistry
Laboratory, Faculty of Medicine, Hang Tuah University, Surabaya. Examination of triglyceride levels
was carried out in the Biochemistry laboratory at the Faculty of Medicine, Hang Tuah University,

Surabaya.

2.2. Longan leaf extract

Longan leaves (Dimocarpus longan Lour) were picked from the village of Longan Gunung Anyar,
Surabaya City, East Java, in the amount of 750 gr. Longan leaves (Dimocarpus longan Lour) were then
taken to the Biochemistry Laboratory, Faculty of Medicine, Hang Tuah University, Surabaya. Longan
leaves (Dimocarpus longan Lour) are then washed with running water, chopped and drained. Longan
leaves (Dimocarpus longan Lour) are then dried with the help of a drying cabinet. The dried longan
leaves (Dimocarpus longan Lour) were then weighed for dry weight.

Longan leaf simplicia (Dimocarpus longan Lour) was crushed into powder using a blender and
sifted through 40 mesh sieve and then the powder weight was weighed at 315 gr. Longan leaf simplicia
(Dimocarpus longan Lour) is stored in a tightly closed container. Extraction of longan leaf Simplicia
(Dimocarpus longan Lour) was carried out by reflux method using 96% ethanol with a ratio of 1:10.
The extraction results (macerate) are collected and after that, the macerate is concentrated using a rotary
evaporator to obtain a thick extract and then evaporated using a water bath to remove the remaining

ethanol solvent. The yield of ethanol extract from longan leaves (Dimocarpus longan Lour) was 74.5 gr.

2.3. Research implementation stage

A total of 32 Rattus novergicus rats that had been randomly selected were grouped into 4 groups,

each group containing 8 rats (Rattus norvergicus), namely the negative control group, rats that received
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standard feed and mineral water for 28 days then triglyceride levels were measured. The positive

control group, mice that received a high-fat diet for 28 days, then had their triglyceride levels measured.

Treatment group 1, rats that received a high-fat diet for 14 days, then on day 15 received a high-fat diet

accompanied by administration of longan leaf extract at a dose of 200 mg/kg BW through a sonde until

day 28, then triglyceride levels were measured and the group treatment 2, rats that received a high-fat

diet for 14 days, then on day 15 received a high-fat diet accompanied by administration of longan leaf

extract at a dose of 400 mg/kg BW through a sonde until day 28, then triglyceride levels were measured.

Sampling of rat blood was taken from the heart of rats that had previously been anesthetized by

intramuscular injection of ketamine at a dose of 60-75 m/kg BW. The blood was centrifuged with a

serum separator for 5 minutes at a speed of 4000 rpm to obtain the serum. Serum triglyceride levels

were analyzed using colorimetric enzymatic methods.

3. Results and Discussion

3.1. Triglyceride levels

Table 1. Triglyceride levels of the experimental animal group

Groups
No. K(-) (mg/dL) K(+) (mg/dL) P1 (mg/dL) P2 (mg/dL)
1 77 58 82 45
2 21 57 38 34
3 66 82 101 37
4 63 189 75 40
5 68 110 18 62
6 45 53 23 88
Total 340 649 319 261
Mean 39,17 91,50 56.17 51,00
Std. Deviation 22,702 52,409 34,406 20,649
Note:

K(-): Group of Experimental Animals Given Standard Feed
K(+): Animal Experiment Group Given High Fat Diet

P1: Group of experimental animals given a high fat diet and longan leaf extract 200 mg/kg BW
P2: Group of experimental animals given a high fat diet and longan leaf extract 400 mg/kg BW
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Mean Triglyceride Levels of
Experimental Animal Groups
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Figure 1. Mean triglyceride levels of experimental animal groups

According to Table 1 and Figure 1, the average triglyceride level of the experimental group that was
given a standard diet was 39.17 mg/dL, which was lower than the group of experimental animals that
were given a high-fat diet. The latter group had an average triglyceride level of 91.50 mg/dl. Meanwhile,
the experimental animal group that was given a high-fat diet and 200 mg/kg BW of longan leaf extract
had an average triglyceride level of 56.17 mg/dL, which was lower than the experimental animal group
that was given a high-fat diet but slightly higher than the experimental animal group that was given a
high-fat diet with longan leaf extract 400 mg/kg BW. This group had an average triglyceride level of
51.0 mg/dL.

Table 2. One-way anova test results for blood triglyceride levels in the experimental animal group

Sum Of Sguares Df Mean Square F Sig
Between Groups 9124,792 3 3041,597 2,497 0,001

According to Table 2, the One-Way ANOVA test results demonstrated a significance of p =0.001 (p
< a). This indicates that there was a significant impact of longan leaf extract on the triglyceride levels
of the experimental groups. The groups that were studied included the one that was given a standard
diet, the one that was given a high-fat diet, and the experimental group that received a high-fat diet

along with longan leaf extract.

Table 3. Post hoc analysis of triglyceride levels

[11) (I1) Mean Difference Sig
K(-) K+ 52.3333 0.003
P1 17.0000 0.409
P2 11.8333 0.564

K(+) P1 35.3333 0.001
P2 40.5000 0.000
P1 P2 5.16667 0.800
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According to Table 3, the results indicate that there was a significant increase in blood triglyceride
levels in both the group of experimental animals that were given a standard K(-) diet and the group
that were given a high-fat K1 (+) diet. However, in the group K (+) which was given a high-fat diet
supplemented with longan leaf extract at a dose of 200 mg/Kg BW (P1) and in the group that was given
the same high-fat diet but with a dose of 400 mg/Kg BW (P2), there was a significant decrease in

triglyceride levels.
3.2. Blood LDL cholesterol levels

Table 4. Blood LDL cholesterol levels of experimental animal groups

No. Groups
K(-) (mg/dL) K(+) (mg/dL) P1 (mg/dL) P2 (mg/dL)
1 7 18 11 9
2 13 15 12 11
3 13 13 11 12
4 11 20 13 10
5 12 25 16 13
6 10 20 11 10
Total 66 111 74 65
Means 11,00 18,50 12,33 10,83
Std. Deviation 2.28035 4.23084 1.96638 1.47196
Mean Blood LDL Cholesterol Levels of
Experimental Animal Groups
20 18,5
15
T 12,33 .
10
,23
5 8 1,97 1,47
0
K(-) K(+) P1 P2
@ Mean @ Standard deviation
Figure 2. Mean blood LDL cholesterol levels of experimental animal groups
Note:

K(-): Group of Experimental Animals Given Standard Feed

K(+): Animal Experiment Group Given High Fat Diet

P1: Group of experimental animals given a high fat diet and longan leaf extract 200 mg/kg BW
P2: Group of experimental animals given a high fat diet and longan leaf extract 400 mg/kg BW

Based on Table 4 and Figure 2, the average blood LDL cholesterol level of the experimental group
of animals that received a standard diet was 11 mg/dL, which was lower than the experimental group

that received a high-fat diet, with an average level of 18.5 mg/dL. The experimental group that received
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a high-fat diet along with 200 mg/kg BW of longan leaf extract had an average blood LDL cholesterol
level of 12.33 mg/dL, which was lower than the group that only received a high-fat diet but slightly
higher than the group that received 400 mg/kgBW of longan leaf extract along with a high-fat diet, with
an average blood LDL cholesterol level of 10.83 mg/dL.

One-Way Anova Test Results for Blood LDL Cholesterol Levels

Table 5. One-way ANOVA test results for LDL cholesterol in the blood of the experimental animal

group
ANOVA Sum of Square df Mean Sqare F Sig.
Between groups 235.667 3 78.556 10.786 0,001

Based on table 5, it can be seen that the results of the One-Way ANOVA test show a significance of
p =0.001 (p < &), meaning that there is a significant effect of giving longan leaf extract on blood LDL
cholesterol levels between the group of experimental animals given a standard diet and the group of
experimental animals given a high-fat diet, and a group of experimental animals were given a high-fat
diet and longan leaf extract at a dose of 200 mg/KgBW and 400mgKgBW.

Post Hoc LDL Cholesterol Levels in Experimental Animal Group

Table 6. Post hoc test results for blood LDL cholesterol levels

(1) (I1) Mean Difference Sig
K(-) K+ 7,500 0,001
P1 1,333 0,402
P2 0,1667 0,916
K#) P1 6,167 0,001
P2 7,667 0,001
P1 P2 1,500 0,347

The results from table 6 showed that when experimental animals were given a standard K(-) diet or
a high-fat K1(+) diet, their LDL cholesterol levels in blood significantly increased. However, in the K(+)
group, both P1 and P2 subgroups, which were given a high-fat diet supplemented with longan leaf
extract at doses of 200 mg/Kg BW and 400 mg/Kg BW respectively, showed a significant decrease in
blood LDL cholesterol levels.

3.3. Blood HDL cholesterol levels

Based on Table 7 and Figure 3, the average HDL cholesterol level in the group of experimental
animals that were given a standard diet was 30.16 mg/dL, which was higher than the group of animals
that were given a high-fat diet (19.50 mg/dL). When an experimental animal group was given a high-
fat diet and 200 mg/kg BW longan leaf extract, their average blood HDL cholesterol level was 28.33

mg/dL. This was higher than the experimental animal group that was only given a high-fat diet, but
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slightly lower than the group that received a high-fat diet and longan leaf extract 400 mg/kgBW, which
had an average blood HDL cholesterol level of 29.00 mg/dL.

Table 7. Blood HDL cholesterol levels of experimental animal groups

Groups
No P(Q2)
K(-) (mg/dL) K(+) (mg/dL) P(1) (mg/dL) (mg/dL)
1 30 16 30 32
2 27 22 26 29
3 26 26 29 27
4 32 16 27 30
5 31 14 28 29
6 31 23 30 27
Rata-rata 30,16 19,50 28,33 29,00
Std. Deviation 1.72240 4.80625 1.63299 1.89737
Mean Blood HDL Cholesterol Levels of
Experimental Animal Groups
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e NQ,1S 28,33 29
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10 81
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Figure 3. Mean blood LDL cholesterol levels of experimental animal groups
Kruskal Wallis Testing

Table 8. Kruskal Wallis test results for blood HDL cholesterol levels

Kruskal-Wallis H Df Sig.
14,989 3 0,002

Based on Table 8, the significance value is 0.002. Therefore, p < a or p is significant, indicating a
significant effect of longan leaf extract on increasing blood HDL cholesterol levels.

Mann-Whitney U test

According to Table 9, the experimental group that received a standard K(-) diet, the experimental
group that received a high-fat K1(+) diet, and the experimental group that received a high-fat diet with
longan leaf extract at a dose of 200 mg/kg BW, all showed an increase in blood HDL cholesterol levels.
Group K(+) with group P1, which was given a high-fat diet supplemented with longan leaf extract at a

dose of 200 mg/Kg BW, and group P2, which was given a high-fat diet supplemented with longan leaf
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extract at a dose of 400 mg/Kg BW, also showed a significant increase in HDL levels and blood

cholesterol.
Table 9. Mann-Whitney U test result for blood HDL cholesterol levels
I (1) Sig
K() K+ 0,004
P1 0,060
P2 0,221
KH#) P1 0,005
P2 0,004
P1 P2 0,624

3.4. Discussion

In the group of experimental animals that received a high-fat diet and in the group of experimental
animals that were given treatment one and two, it was found that there was a significant reduction in
triglyceride levels, a decrease in blood LDL cholesterol levels and an increase in blood HDL cholesterol
levels. The decrease in triglyceride levels and LDL cholesterol levels as well as the increase in HDL
cholesterol levels is caused by longan leaf extract which contains saponins and flavonoids that can
reduce triglyceride levels and LDL cholesterol levels as well as increase blood HDL cholesterol levels
through several mechanisms.[9,10]

Research by Salamah and Widyasari 2015 shows the presence of bioactive compounds in longan
plants such as flavonoids, tannins and saponins, especially in the leaves.[7] Flavonoids are useful for
improving blood circulation, especially for preventing blockage of blood vessels, reducing cholesterol
levels and fat accumulation in blood vessels, as well as antioxidants which are useful for getting rid of
free radicals.[11] Flavonoids themselves are antioxidants because they can capture free radicals by
freeing hydrogen atoms from their hydroxyl groups. The released H atom will bind to 1 free radical so
that the peroxyradical will be stabilized and cause a decrease in the activation energy. The decrease in
the activation energy will then prevent oxidation of the cholesterol so that it will lower cholesterol.[12]
Flavonoids can also reduce triglyceride levels by increasing the action of the lipoprotein lipase (LPL)
enzyme in breaking down triglycerides. Where LPL enzyme activity increases due to reduced lipid
peroxidation. Increased activity of this enzyme can convert VLDL into intermediate-density lipoprotein
(IDL) so that VLDL secretion in the liver decreases. Decreasing VLDL levels will also lower triglyceride
levels.

Saponins are effective in lowering cholesterol, namely by inhibiting the absorption of cholesterol in
the intestine by forming insoluble complex bonds with cholesterol, binding with bile acids to form

micelles and increasing the binding of cholesterol by fibre to be secreted.[13]
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4. Conclusion

Based on data analysis and interpretation of research results, it can be concluded that

1. A high-fat diet can significantly increase blood triglyceride levels in male white rats (Rattus
norvegicus) Wistar strain

2. Provision of longan leaf extract (Dimocarpus longan lour) can significantly reduce
triglyceride levels and LDL cholesterol levels in the blood of male white rats (Rattus
norvegicus) Wistar strain fed a high-fat diet.

3. Provision of longan leaf extract (Dimocarpus longan lour) can significantly increase HDL
cholesterol levels in the blood of male white rats (Rattus norvegicus) Wistar strain fed a high-

fat diet.
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Abstract: The global population's rapid aging, attributed to declining fertility
rates and extended lifespans due to technology, raises concerns about well-being
in older age. Personal choices significantly impact premature deaths,
overshadowing genetic, social, and healthcare factors. Six critical lifestyle
elements—smoking, alcohol, inactivity, finances, social adversity, and negative
traits—significantly influence longevity. Research demonstrates that a healthy
lifestyle improves quality of life and reduces disability periods. The importance
of maintaining functional capacity, emphasized by the United Nations for healthy
aging, stands out, particularly in countering muscle-related issues prevalent in
older age. Lifestyle Medicine, integrating modern practices into evidence-based
medicine, encompasses nutrition, exercise, stress management, and more to
prevent and treat chronic illnesses. It addresses chronic inflammation, linked to
diseases like atherosclerosis and diabetes, through tailored lifestyle interventions.
A lifestyle vital sign assessment questionnaire streamlines personalized
healthcare by focusing on key habits. Lifestyle medicine intersects with palliative
care, aiming for holistic management of chronic illnesses and improved quality
of life. In conclusion, lifestyle medicine advocates for exercise in health
promotion, disease prevention, and treatment in older adults. Its integration into
clinical practice necessitates personalized approaches considering individual
factors and limitations. These interventions align with palliative care,
emphasizing tailored strategies to support well-being across various life stages.

Keywords: healthy ageing; lifestyle medicine; longevity

Recently, the global population is aging, and this aging is happening at the fastest pace ever before.

Some countries such as France had about 150 years to adjust their population from 10 to 20% of people

over 16 years old. While other countries like China and Brazil may only need about 20 years to adopt

their societies for this movement.[1] There are two drivers for this population aging, first is a failing

fertility rate which is a global phenomenon, and the second seems to be that overall people live longer

because of a better health due to better technology solutions.

However, the technology solutions that we live for longer is no guarantee for well-being. The

question is how the 60-year-old human today is expected to live for advancing years. There are many

reasons for aging. The first factor of course is genetic inheritance, but the big factories where we live

are who we are and what our health behaviours are. In several advanced countries, for example in the
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United States and Canada, CDC Data show 8 out 10 elderly (> 65 years old) have one chronic disease
and most of them have 2 more comorbidities. The prevalence increases with advanced age.[2]

Even if the entire population had access to excellent medical care, only a small fraction of premature
death would have been prevented. The biggest challenge lies with personal behaviour. Personal
behaviour contributes to around 40% to premature death, advancing genetic predisposition (30%),
social circumstances (15%), health care (10%), and environmental exposure (5%).[3]

An analysis on the effects of social and behavioural elements that contribute to increase in early
mortality has been published. From 57 elements were analysed, and were then pinpointed six factors
that have the most impact on longevity. They are smoking, alcohol abuse, lack of physical activity,
financial difficulties, social adversity, and negative psychological characteristics. All of these are

lifestyle factors.[4]

2. Healthy lifestyle and wellbeing

At the beginning of the 90s, 20% of women and 10% of men of all older people were sedentary.
These sedentary lifestyles were then increased around 2-3-fold after 20 years. As it has been known that
physical activity has an important role for health quality and influences the prevalence of chronic
disease.[5] It is so important that while we may live longer one of the key factors of this behavioural
pattern can actually compress disabled periods of life. An interesting longitudinal study has presented
that a good lifestyle, with a good social support and social network diet and physical activity improve

the quality of life at any race. This study compares healthy lifestyle and unhealthy lifestyle. (Table 1)

Table 1. Healthy and unhealthy lifestyle

Lifestyle component Healthy Unhealthy
Smoking Never Current
Alcohol <1 drink per day > 2 drinks per day
BMI 18-24.9 30+
Exercise 1 hour per day <1hour per day
Walking 48 blocks per week 6 blocks per week
Social network Highest quartile Lowest quartile
Social support Top quartile Bottom quartile

The results of study showed that greater distance walk and better diet quality were associated with
a relative compression of the disabled period. Obesity was associated with a relative expansion of
disable period Smoking was associated with a loss of both able and total years. A healthy lifestyle is
predicted life was better and disabled years much lower than if they had an unhealthy lifestyle, whether
it's women or men of any race. These results are necessary to keep in mind that a healthy lifestyle is

needed not only for longevity but also for good years without any daily living difficulty.[5]
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Functional Capacity

In the concept of healthy aging, it is needed to emphasize that the United Nations declared in the
decade of healthy aging, that there are key Concepts what is functional capacity. Functional capacity is
to maintain a good level of physical and psycho-cognitive capacity. While, fitness in terms of physical
options meaning that the ability to do things on par with demands for a life. Besides, well-being is
experiencing high quality of life. Healthy aging is talking about not only longevity, but also about how
to develop and maintain a functional capacity that facilitates well-being, not just the absence of disease
for every elderly person.[6]

For example, if we have the strength in our leg muscles to stand and move being mobile in the safe
way. When we start our young life at 18-20 years old, we are very strong, we can climb, we can work
for a long distance, and we don't fall easily or we find our balance really fast. If we maintain a good
physical activity level, we can reach the elder year in mobile independent and far away from metabolic
disease. However, if we adopt a sedentary lifestyle, then we leave earlier to reach the functional lower
threshold. When we fall due to weak muscles or loss of balance, it will increase the risk of accidents,
for example, head injury and risk to our life. A statistic has shown that 1 of 3 sixties years old got fall
orslip atleast once per year. And also, it will cause premature inability even premature death. For this
reason, the functional capacity has a strong effect on increasing the life span.[7]

We lose muscle in the condition of atrophy. A reduction in muscle volume due to loss of contractile
tissue. It usually happens in menopause women or after sixties years old men. Muscle atrophy could
happen due to iatrogenic muscle loss or muscle loss syndrome. Muscle loss syndrome including
sarcopenia due to aging, frailty cachexia, and malnutrition. Since 2018, European work Group on
Sarcopenia in older People (EWGSOP) places muscle strength in this case as handgrip strength or sit to
stand test as the primary sign to define sarcopenia additional with low muscle quantity and low
physical performance. The new definition was stated to help the general practitioner to define
sarcopenia easier compared to muscle quantity and physical performance.[8]

The disused muscle will increase the risk of sarcopenia. If we maintain a good muscle mass and
function so the sarcopenia will be less pronounced in older age. Active older person has several
advantages. it will increase muscle mass by 50%, it will also increase cardiovascular endurance by 80%,
reduction in osteoporosis rate by 70%, lower triglyceride and cholesterol, increase the sensitivity of
insulin, and better brain function. In overall, the person who exercises and stays active through their

lifespan has a biological age that is younger (up to 20 years) than their chronological age.[8]
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3. Lifestyle medicine

Evidence based in lifestyle medicine is needed. It is the integration of modern lifestyle practices into
evidence based medicine while in cooperation with health promotion, non communicable disease
(NCD) prevention, and chronic disease management. Lifestyle medicine is composed of 8 pillars:
nutrition, physical activity, sleep hygiene, stress management, substance use (cigarettes, alcohol),
sexual health and fertility, social connection, and environmental exposure (especially toxic substances).
The European lifestyle medicine organization has defined lifestyle medicine. Lifestyle medicine is a
branch of medicine which has a goal to maintain optimal health and to prevent, treat and reverse
chronic illness across all life stages. The health intervention used in lifestyle medicine include
evidence-based behavioural strategies, while considering equity and sustainability, to help patients or

clients in enhancing self management skills for optimizing all components of lifestyles.[9]
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Figure 1. Lifestyle associated pathogenesis

A clear schematic figure has been presented. From the evidence, unhealthy diets, sedentary lifestyle,
high stress, extreme use of medication, poor sleep, and social isolation have an impact negatively on
health. All these impact negatively on health via cellular stress at the genetic changes and microbiome
alteration, and cellular stress or injury. Which all these in turn cause inflammation. The inflammation
then puts the plates into a circle which creates that much on from bio-epigenetic changes and stress. A
lifestyle intervention can help prevent these by downward processing their health. Lifestyle
intervention can help rescue a health problem by addressing all these factors. And also if the disease
has happened, lifestyle intervention can help break the inflammation cycle and prevent all the diseases.
There are links between chronic inflammation to the state of atherosclerosis, metabolic syndrome, type-

2 diabetes and other chronic diseases. These efforts are added to big data, bioinformatics, and in silico
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clinical trials results. It is now already providing strong evidence and a call for further education of
entities and health professionals in lifestyle medicine.[10]

An important approach has been arranged to provide A lifestyle vital sign assessment questionnaire
in the health care setting. The questionnaire composite 10-item lifestyle questions that are derived from
scientific review.[11]

- Physical activity:

- Average days per week engage in moderate or strenuous physical exercise
- Average minutes engage in moderate or strenuous exercise
- Days a week perform muscle strengthening exercise
- Hours usually spend sitting or reclining at work or at home
- Difficulty of walking %2 mile or climbing one flight of stairs
- Diet
- Consume highly processed meat
- Consume sugary food/drinks
- Consume 5 or more fruits and vegetables
- Sleep
- Sleep quality for most nights during the past month
- Smoke
- Currently smoke cigarettes

Lifestyle medicine is also important in palliative care. Palliative care is a holistic approach. It is not
only to manage individuals in the terminal stage, but also caring for the quality of life of the patient in
chronic disease, and support the family on how to handle the end stage condition. The approach of
palliative care is needed to address key symptoms such as: pain, anxiety, insomnia, edema,
constipation, fatigue, and low level of functional capacity. The use of lifestyle intervention receiving
palliative care or hospice care is a complex undertaking, requiring tailoring recommendation to

individual patients.

4. Conclusion

Lifestyle medicine developments can meaningfully inform clinical practice and health policy. There
is evidence based rationale for using exercise and physical activity for health promotion and disease
prevention and treatment in older adults. Balance and gait training together with strengthening should
guide priorities. Decision making should consider realistic sequencing and transfer ability as well as

clients/patients preference. Lifestyle medicine aligns also with palliative care aims. Lifestyle medicine
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prescription should be individualized, considering risk factors, medical history, musculoskeletal

limitations, functional ability, tolerance, and personal preferences.
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Abstract: Indonesia is a country in Southeast Asia that is abundant in mosquito
species. Anopheles vagus is one of the dominant populations of mosquitoes in the
region. It has been found throughout Sumatra, Sulawesi, Java, and Kalimantan.
This review collects the latest data from various studies in Indonesia on the An.
vagus in terms of morphology, habitat, bionomy, and its role as a vector in
Indonesia. This narrative review based on a literature search, focuses on studies
conducted in Indonesia. The database is obtained from the complete articles
studied in Indonesia and English, reviews, and books with the keyword
"Anopheles vagus". A literature search yielded 16 articles. The scope of research
from the existing literature was broad, consisting of morphology, bite patterns,
ecology, detection of Plasmodium parasites, insecticide resistance, and analysis of
the developmental status of An. vagus preadult, and its vector capacity. The
literature study described that An. vagus is the most common mosquito found by
the cattle bait method although it is sometimes also caught by the human bait
method. These mosquitoes have been foraging for blood feed at night, indoors
and outdoors, and prefer to rest outdoors. From previous research, Plasmodium,
microfilaria, and japanese encephalitis virus were detected in their body. From all
available data, it can be concluded that this mosquito has the opportunity to
become the main vector for malaria, filariasis, and viruses in Indonesia. There is
a need for in-depth surveillance and gene-level research on these mosquitoes to
understand mosquito behavior and the extent of its role in disease transmission
in the environment.

Keywords: Anopheles; Anopheles vagus; morphology; behavior; bionomic

Data from Disease Vectors and Reservoirs Riset (Rikhus Vektora) indicates that more than 70% of

new infectious diseases are caused by vector-borne illness.[1] Anopheles mosquitoes are one of the

Diptera that play a role as vector-borne diseases. As many as 80 species of this mosquito have been

identified in Indonesia, one of which is the Anopheles vagus mosquito.[1] Anopheles vagus is very

abundant; it is spread throughout Mainland Asia and Southeast Asia, including Indonesia.[2-7]
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Although An. vagus is not the main vector of malaria, in several countries in Asia, this mosquito has
been confirmed as a secondary vector of malaria especially when outbreak occur.[8-11] This literature
study describes various findings from various studies in Indonesia regarding An. vagus: morphology,

bionomics, molecular biology, and evidence of its role as a vector in Indonesia.

2. Methods

This narrative review was conducted from July—-August 2023. We used the keyword ‘Anopheles
vagus’ to search all article, books, and other review from Indonesia related to this topic. For this study,

complete articles in both Indonesian and English are included.

3. Results and Discussion

The keyword "Anopheles vagus" yielded 28 study articles, both in Indonesian and English. However,
only sixteen research were concerning An. vagus for their study, namely morphology, vectorial capacity,
and the role of An. vagus as a vector, and insecticide resistance status. From sixteen articles, three articles
were An. vagus review studies, and thirteen articles were research studies defined concerning the
diversity of species, bionomic features, biting behavior, density, ecology, and habitat of Anopheles

including An. vagus.[12-27]

Morphology Pattern Anopheles vagus

Larvae of An. vagus generally have the same characteristics as other Anopheles mosquitoes. The body
part consists of a head, neck and abdomen, as well as an anal segment without a siphon. The spiracles
are located in the eighth abdominal segment. On each abdominal segment there is a pair of palmate
hairs and a dorsal layer.[28] Anopheles vagus has a distinctive morphological characteristic in the form
of a pale ring at the tip of the palpi, the length of which is at least three times the length of the dark ring
below. The proboscis has a pale part at the tip.[12,13]

Dark and pale prehumeral is a distinctive pattern of Anopheles vagus. The difference between An.
vagus and other members of Cellia group is also in the femur and tibia, where the legs of An. vagus do
not have spots like those of An. sundaicus and An. subpictus.[29]

According to a previous study, An. vagus salivary glands contain an immunogenic protein that’s
important as a biomarker of Anopheles exposure to humans. This protein can initiate the formation of

specific antibodies of the host and develop natural specific antibodies against Plasmodium.[30]
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Table 1. The summary spesific study for Anopheles vagus in Indonesia

INSPIRE

No Titles/theme of study Type of study  Authors/years Population size and sample site Focus Methods Key finding Ref
1 Morphological Research Wahyuni et al An. vagus vagus and An. vagus Morphology Collection Two sibling of An. vagus [12]
Identification of Sibling /2018 limosus from Bangsring Village,  identification between method with are different on the palpi
Species Anopheles vagus Banyuwangi Village , East Java  two sibling species: An.  cattle bait and proboscis
vagus and Anopheles vagus vagus vagus and An.
limosus Originating from vagus limosus
Bangsring Village,
Banyuwangi
2 Morphologycal variation Research Siti Alfiyah and  Anopheles vagus from Understanding the Mosquitoes An. vagus from different [13]
of Anopheles Vagus Donitz, Mujiono 2014 brackish water and fresh water,  differences in collection and habitats vary in size and
1902 (Diptera: Culicidae) Tuntang district, Semarang morphology and larvae survey spot in the wings (costa).
From Brackish and Fresh regency caetotaxy
Water
3 Alaboratory Study of the Research Lobo et al /2019  Anopheles spp mosquitoes from  Identifying the preadult = Rearing adult The immature An. vagus [14]
Pre-Adult Filaria and Manggarai Barat and Kupang life cycle of An. vagus female takes 11-31 days at
Malaria Vector, An. vagus regencies mosquitoes by 21.1°C to develop.
in East Nusa Tenggara wild collected Stadium IV larvae was
Province the most vulnerable
stage.
4  Confirmation of An. Research Budiyantoetal ~ Mosqoitoes and larvae To confirm the malaria-  Human Landing  Both Anopheles sinensis [15]
sinensis and An. vagus as /2018 carrying Anopheles Collection and and An. vagus carry
Malaria Vectors in Muara species' existence and larvae collection  Plasmodium falciparum
Enim District, South biting habits sporozoites
Sumatra Province
5 Distribution and The Research Novianto etal/  Larva collection from any Analyzing the An. vagus ~ Larva collecting  Anopheles vagus’s habitat [16]

Habitat Characteristics of
An. vagus (Diptera:
Culicidae) Larvae at Paddy
Fields in The Vicinity of
Dramaga IPB University
Campus Dramaga Bogor
West Java

2021

breeding habitat

larval stage distribution
in 4 villages in the
Dramaga subdistrict of
West Java

with a dipper

features in paddy fields
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The mortality rate of
anopheles vagus exposed to
the insecticide permethrin
is 2% (w/w) in mosquito
net fibers

Investigation of resistance
of Anopheles sp. against
pyrethroid insecticides and
the possibility of voltage
gated sodium channel
(VGSC) gene mutations

Species diversity and
biting activity of malaria
vectors (Anopheles spp.) in
Lifuleo Village, West
Kupang District, East Nusa
Tenggara

Research Yahya and
Astuti 2013

Research Didid et al /
2018

Research Rahmawati et

al/2014

Anopheles vagus

Non-blood-feeding wild-caught
female mosquitoes around
cattle

Anopheles spp

Knowing the
effectiveness of
insecticides

permethrin contained in
mosquito net fiber

Identifying mutations in
the VGSC gene codon
1014 marker for the
dominant population of
Anopheles mosquitoes in
Muara enim, OKU, and
Lahat regency in order
to assess the state of
pyrethroid pesticide
resistance.

Knowing the diversity
of Anopheles spp.
mosquitoes, and
population fluctuations
of each species in
Lifuleo Village, West
Kupang District,
Kupang Regency

Bioassay test
WHO

Cattle bait
collection

Human landing
collection; resting
collection, and
light trap
collection.

INSPIRE

Permethrin are effective [17]
as insecticides for
Anopheles vagus

Three regencies of [18]
Anopheles vagus showed

no signs of pyrethroid

pesticide resistance.

An. Barbirostris has peak [19]
bloodsucking inside the
house at 22:00-04:00 and
outside the house at
21:00-04:00;

An. subpictus inside the
house 20:00-01:00 and
outside the house 22:00—
23:00;

An. vagus inside and
outside the house 22:00—
23:00,;

An. Umbrosus outdoors
20:00-03:00
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10

11

12

13

Isolation of Japanese
encephalitis virus from
Anopheles annularis and

Anopheles vagus in

Lombok, Indonesia

Mosquito-specific viruses
(family Flaviviridae, genus
Flavivirus) Isolated from

Anopheles vagus

mosquitoes in Bali

Japanese encephalitis in
Indonesia: An update on
epidemiology and
transmission ecology

Various aspects of malaria
in Pesawaran district,
Lampung province

Anopheles vagus as a vector

in Indonesia

Research

Research

Review

Review

Review

Olson et el
/1985

Damayanti et al
/2021

Garjito et el /
2018

Ritawati and
Supranelfy

Permadi et al/
2014

Culex spp, Aedes spp, and
Anopheles spp from lombok.

Mosquitoes species from
Badung, Bulelelng and
Jembrana regency, Bali

Article, local publications,
unpublished JE documents, and
presentation by JE researchers
were also collected

Books, articles, and scientific
journals

Article, reviewing books and
scientific journals.

Isolation of the virus
from mosquitoes
(serological study)

Molecular with one-
step RT PCR

Mosquitoes as JE Vector

Entomological data
related to species,
malaria morbidity,
community behavior
towards malaria and
data on the use of anti-
malarial drugs

Evidence of An. vagus as
a malaria vector

Mosquitoes
collection by
miniature light
trap

Mosquitoes
collection with
cattle bait by
light trap method

A systematic
search of
international and
national
published
articles

Literature search

Literature search

First report of JE virus in [20]
An. annularis, An. vagus,
and Cx. tritaeniorhynchus

Mosquito-specific [21]
viruses from Flavivirus
detected in An. vagus

An. vagus and other 2 [22]
genus are vector of
Japanese encephalitis

Plasmodium was [23]
identified in sixteen

species Anopheles,

including An. vagus

An. vagus, zoofilic [24]
mosquitoes, contain

Plasmodium in several

research studies.
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14  Study of the genetic Research Sumantri RA Female An. barbirostris and An. Isoenzym analyzis Alloenzym Genetic diversity of the [25]
diversity of An. barbirostris and Iskandar vagus from Sukabumi Regency variety and alel An. barbirostris mosquito
and An. vagus mosquitoes DT/ 2005 and Tasikmalaya regency, West frequency and An. vagus is not yet
in Two Malaria Endemic Java Province categorized as
Areas in West Java polymorfism.
15 Confirmation of the status ~ Research Munif et al Female Anopheles spp from Evidence An. vagus as Enzyme-Linked  Plasmodium falciparum [26]
of An. vagus as a secondary /2008 Sukabumi regency West Java vector Immunosorbent  was detected in An.
vector in the malaria Province Assay (ELISA) vagus.
outbreak in Sukabumi
district
16 Vector capacity and Research Astuti et al/ Anopheles spp mosquitoes from Determining vector Human Landing  An. vagus can be a [27]
inoculation rate of 2015 Lebak and Pandeglang capacity and Collection, potential vector to
entomological An. vagus Regencies, Banten Province entomological ELISA and transmit Plasmodium
from malaria endemic area inoculation rate of Molecular PCR vivax malaria based on
in banten province Anopheles vectorial capacity value.
vagus
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Bio ecology habitat of Anopheles vagus

There are three main topographic zones that make up the habitat of An. vagus: brackish water zones,
coastal plains, and hills and mountains.[13,31] These larvae can almost be found in areas with calm or
slightly flowing water such as small pools on beaches, springs, puddles, ditch, paddy fields, swamps
in muddy ponds, animal footprints, brackish water, and various artificial containers such as used tires,

drums, and boats.[16,32,33]

Bionomic and behavior of Anopheles vagus

Anopheles vagus is known as a zoophilic mosquito, although it sometimes likes human blood
.[2,32,34] Anopheles vagus has varying biting peak times. In a study in South Sumatra, the peak of biting
mosquitoes was at 01.00-02.00 am [15] , but in research in eastern Indonesia, this mosquito peaked
biting inside and outside the house at 22:00-23:00 pm.[19] They also prefer to bite outdoors rather than
indoors and prefer to rest in outdoor areas, but nevertheless, they still have low vectorial capacity and
inoculation rates.[27] Factors that make mosquitoes roles as vectors hence : the age of mosquitoes,
contact between humans/hosts with mosquitoes, frequency of biting, and susceptibility of mosquitoes
to parasites. The capacity to be a vector is influenced by environmental, behavioral, biochemical, and
cellular factors that affect the relationship between vectors, pathogens to be transmitted by vectors, and
hosts where pathogens will be transmitted. In molecular examination, this mosquito also has a very
high level of holomology with its subspecies, namely An. vagus limosus.[35] It has susceptibility to
synthetic pyrethroid based on no mutation identified in the VGSC gene.[18] Filariasis worms were
identified in the body of An. vagus mosquitoes in the East Nusa Tenggara region.[36] Japanese
encephalitis virus was also detected in this mosquito in the Lombok region and western Java of
Indonesia. The presence of Plasmodium in An. vagus through ELISA and PCR examinations in various
studies in Indonesia.[15,24,27,37] All this evidence has raised awareness of these mosquitoes becoming

important vectors of malaria, filariasis, and Japanese encephalitis transmission in Indonesia.

4. Conclusion

The abundant population, diverse habitat and breeding place, and parasites and viruses in their
body from various studies in Indonesia make An. vagus has the possibility in the future being of the
important vectors in Indonesia. In the future, further research can be done at the gene level and conduct
broader surveillance on these mosquitoes to understand mosquito behavior and the extent of its role in

disease transmission in the environment.
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Abstract. Interleukin-10 (IL-10) has an important role in anti-inflammatory
activity. Study of the molecular characteristic is needed before conducting further
research, thus can provide insight and understanding regarding the properties
and characteristics of IL-10. Therefore, this article aims to provide knowledge
regarding the bioinformatics analysis of IL-10 and changes in the protein if there
is a mutation at the gene level. Method: Bioinformatic analysis of IL-10 and its
mutation was obtained from several websites that can be accessed freely on
internet, such as NCBI, PSIPRED, PROTPARAM, TMHMM, PROTSCALE,
PEPTIDECUTTER, PROSITE, NETNGLYC, TARGETP, SIGNALP, Swissmodel,
and Pymol. Result: The mutation model used is IL-10 C177T gene mutation.
Human IL-10 gene is located on chromosome 1q32.1. The IL-10 protein is 178
amino acids (aa) long. The IL-10 C177T gene mutation causes several differences
in protein characteristics. Most of the IL-10 protein is located outside the cell
membrane. The C177T mutation does not increase the hydrophobicity of the IL-
10 protein amino acids. Of the 37 enzymes, only 18 are predicted to be able to cut
IL-10 protein. Normal and mutant APP proteins have the same 1 glycosylation
site, namely at amino acid position 134. The prediction of the target location of
normal and mutant APP proteins on cells is not different. there was no difference
in protein structure between normal IL-10 protein and C177T mutant IL-10.
Conclusion: bioinformatics analysis is very useful in determining the molecular
characteristics of IL-10 and its mutation.

Keywords: bioinformatics; interleukin-10; mutation

1. Introduction

Interleukin-10 (IL-10) is a cytokine that has an important role in anti-inflammatory activity.[1]
This cytokine functionally has diverse target cells, resulting in broad anti-inflammatory activity.[2]
Although Th2 cells were the first identified cellular source of IL-10, production of this cytokine by
CD4+ and CD8+ T cells has also been identified.[3] Cells of the myeloid and lymphoid lineages
produce IL-10 in response to different stimuli. These cells include macrophages, monocytes,
dendritic cells (DCs), neutrophils, mast cells, eosinophils, and natural killer (NK) cells, in addition
to CD4+, CD8+ T cells, and B cells.[4]

The main biological function of IL-10 appears to be in dendritic cells (DCs) and macrophages.

Interleukin-10 is a potent inhibitor of antigen presentation.[5] It inhibits the expression of major

87



INSPIRE

histocompatibility complex (MHC) class II as well as upregulation of the costimulatory molecules
CD80 and CD86. It also inhibits DC differentiation from monocyte precursors, and also inhibits
DC maturation. Thus, many of the characteristics of the immune inhibition of IL-10 can be traced
to its effect on APC to prevent the production of Thl-associated cytokines IL-2 and interferon-y
(IFN-y), as well as Th2-associated cytokines IL-4 & IL-5.[6,7]

Another important effect of IL-10 is to inhibit the production of proinflammatory cytokines and
mediators from macrophages and DCs.[8] The main inflammatory cytokines, IL-1, IL-6, IL-12, and
tumor necrosis factor (TNF), are dramatically suppressed after exposure to IL-10. Inflammatory
chemokines of both the CC and CXC types are also suppressed by IL-10, as is the production of
macrophage matrix metalloproteases. Interleukin-10 can further inhibit inflammation by
increasing the release of IL-1 receptor antagonists by macrophages. It can also target naive CD4+
T cells, possibly through inhibition of the CD28 signaling pathway.[9,10]

Bioinformatics science is growing fast in this digital era. It can also be used for many research
in medical and biomedical science.[11] Study of molecular characteristic is needed before
conducting further research. It can provide insight, thus can assist researchers in understanding
the properties and characteristics of a compound. Therefore, this article aims to provide
knowledge regarding the bioinformatics analysis of IL-10 and changes in the protein if there is a

mutation at the gene level.

2. Methods

Bioinformatic analysis of IL-10 and its mutation was obtained from several websites that can be
accessed freely on internet. The mutation model used is IL-10 C177T gene mutation. To analyze
genetic and protein characteristics of IL-10, we use the features present on the National Center for
Biotechnology Information's website (www.ncbi.org). To analyze the prediction of protein
secondary structure due to mutation, we use PSIPRED (http://bioinf.cs.ucl.ac.uk/psipred/). To
analyze changes in the physicochemical characteristics of a protein that undergoes a mutation, we
use PROTPARAM (https://web.expasy.org/protparam/). To analyze changes to the Topology of
Trans-membrane Proteins, we use TMHMM
(https://services.healthtech.dtu.dk/servicessTMHMM-2.0/). To analyze change in the
hydrophobicity, we used PROTSCALE (https://web.expasy.org/protscale/). To predict cleavage by
proteases, we used PEPTIDECUTTER (https://www.expasy.org/#proteome). To predict the
potential of glycosylation sites, we used NETNGLYC. To analyze protein domain motifs, we used
PROSITE. To predict the location of proteins in cells, we use TARGETP. To predict bearer location

code, we use SIGNALP. To predict the 3D shape of the mutated IL 10 protein structure, we used
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Swissmodel and Pymol.

3. Results and Discussion

3.1. Interleukin-10 gene

The Interleukin-10 (IL-10) gene was obtained from the NCBI site with the code NC_000001.11
(206767602..206772494, complement). The official name of this gene in humans is Interleukin 10
with the symbol "IL 10". This gene is also sometimes written with the following symbols: CSIF;
TGIF; GVHDS; IL-10; IL10A.[12]

The location of the IL-10 gene in humans is located on chromosome 1g32.1. This means that the gene
that carries the genetic information for IL-10 is on chromosome no. 1, position of the long arm (q), 3rd
arm, band 2 and sub band 1. Figure 1 shows a schematic of the location of the IL-10 gene nucleotides.
After analyzing the sequence with the identity code NG_012088, the IL-10 gene has a total length of
11,892 base pairs (bp), consisting of 5 exons and 4 introns. The IL-10 gene sequence reference can be
seen in Figure 2.[13,14] Interleukin-10 has two isoforms, namely interleukin-10 isoform 1 precursor
(NP_000563.1)[15] and interleukin-10 isoform 2 (NP_001369553.1)[16]. The IL-10 gene has 4 transcript
variants as seen in Figure 3[17], namely NR_168466.1 and NR_168467.1 (non-coding transcript types)
and NM_000572.3 and NM_001382624.1 (protein-coding transcript types).[18]
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Figure 2. Ref sequence (NG_012088)[13]
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Figure 3. Gene annotation of IL-10[17]
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3.2. Protein IL-10

The IL-10 protein (P22301.1) has a length of 178 amino acids (aa).[19] The IL-10 is most
commonly found in the appendix.[20] Its molecular weight is around 18 kDa (monomer). Human
IL-10 contains a non-glycosylated, unpotential N-linked glycosylation site, at position 134. IL-10
also contains one less cysteine residue than in mouse. The IL-10 shows two disulfide bonds in the
chain at positions 30 and 126, and forms a nondisulfide linked homodimer. The length of the alpha-
helix A --> F in human IL-10 is 21, 8, 19, 20, 12 and 23 aa, respectively. As is well known, the A -->
D helices of one monomer noncovalently interact with the E and F helices of the second monomer,
forming a noncovalent V-shaped homodimer. Functional areas have been mapped on the IL-10
molecule. At the N-terminus, pre-helix residues A #1-9 are involved in mast cell proliferation,
while at the C-terminus, helix residues F #152-160 mediate leukocyte secretion and chemotaxis.[21]

The IL-10 protein sequence (P22301.1) can be seen in figure 4.

1 nhszallecl villugvrasy QQuugsansce thfpgnlpnm lrdlrdals:s vKuifgnkdg

€1l ldnlllkes]l ledfkgylgc gal

=nigfy leevnpgasn gdpdikahvn slgenlkrolce

121 1rlrcchrfl posnkskave gvinafnklg ekgiyvkanse fdifinyiea ymtnkirn

Figure 4. Protein sequence of IL-10 (P22301.1) [19]

3.3. Model of mutation

On the Genetics Home References website, which is now affiliated with MedlinePlus, there is no
data on the form of the IL-10 gene mutation. Meanwhile, on the NCBI OMIM site, single nucleotide
variants (SNV) were found with the codes rs376415487, rs768418064, rs1572537757, and rs568879359
(OMIM: *124092 ).[22] For example, in a dSNP with code rs376415487, there is a missense variant of the
IL-10 gene mutation, with the change of amino acid arginine to amino acid glutamine at amino acid

position 177 (NP_000563.1: p.Argl77Gln).[23]

3.4. Secondary structure prediction (PSIPRED)

At the 177 amino acid position, Protein IL-10 isoform the normal precursor is arginine with a coil-
shaped amino acid secondary structure. Meanwhile, at the same position, the mutant IL-10 protein is
in the form of glutamate with an identical secondary structure, namely it remains in the form of a coil.

Similarly for the other amino acid sequences. (Figure 5).[24,25]
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Figure 5. Normal (left) and mutant (right) IL-10 protein secondary structures at amino acid positions 1-

178[24][25]

3.5. Physical-Chemical characteristics (PROTPARAM)

Mutation of the IL-10 C177T gene causes several differences in protein characteristics. Character

differences occur in molecular weight, composition of the amino acids alanine and glycine, atomic

composition, aliphatic index and hydroplasticity. Differences also occur in the index of instability;

however, normal and mutant proteins are included in the unstable group. See table 1.[26]

Table 1. Physical-chemical characteristics of normal and mutant IL-10 protein

Characteristic Protein il-10 normal Protein il 10 mutant

Molecular weight 20516.76 20489.69

Amino acid composition Total negative residue (Asp + Glu):  Total negative residue (Asp + Glu):
21 22
Total positive residue (Arg + Lys): Total positive residue (Arg + Lys): 22
23

Atom composition Carbon C 904 Carbon C 903
Hydrogen H 1443 Hydrogen H 1438
Nitrogen N 251 Nitrogen N 248
Oxygen O 265 Oxygen O 267
Sulfur S 14 Sulfur S 14

Formula: Co04H1443N2510265514

Total number of atoms: 2877
Instability Index 56.64

Classification instable

Aliphatic Index 84.94

Grand average of -0.354
hydropathicity (GRAVY):

Formula:CoosH1438N2480267514

Total number of atoms: 2870

58.41

Classification instable

84.94

-0.348
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3.6. Trans-membrane Protein Topology (TMHMM)

Most of the IL-10 protein is located outside the cell membrane. The transmembrane position is at
amino acid positions 701-723, a small portion is inside the cell. The C177T mutation causes less protein

to be present in the cell (Figure 6).

TR ATt inaTe

na

ot iy

o 0

fuumsmirae nede ntuce

Figure 6. TMHMM protein IL-10 normal (top) dan mutant (bottom)[27]

3.7. Hydrophobicity of IL-10 (PROTSCALE)

Hydrophobicity analysis using the Hphob.IL-10 (PROTSCALE) method, and converted to scatter

form with the help of Microsoft Excel, showed that the C177T mutation did not increase the level of

hydrophobicity of the IL-10 protein amino acids (Figure 7).[28]

Figure 7. PROTSCALE protein IL-10 normal (left) dan mutant (right)[28]

3.8. Prediction of cleavage by protease (PEPTIDECUTTER)

From the 37 protease enzymes available on the website www.expasy.org/tools/#proteome, only 18

enzymes are predicted to be able to cut the IL 10 protein. The normal 177 amino acid sites can be cut by

92



INSPIRE

the enzymes Arg-C proteinase, Clostripain, and Trypsin. The mutant 177 amino acid site can be cut by
the enzymes Glutamyl endopeptidase, Proteinase K, and Staphylococcal peptidase I. Each of the 177
amino acid sites in normal and mutant can only be cut by certain enzymes and no enzyme can cut both

simultaneously.[29]

3.9. Prediction of potential glycosylation sites (NETNGLYC)

The normal and mutant IL-10 proteins have the same 1 glycosylation site, namely at the 134 amino

acid position (Figure 8).[30]

Figure 8. Position of glycosylation sites (top) and mutant (bottom)[30]

3.10. Protein domain motif (PROSITE)

The normal IL-10 protein domain motif is: KgylgCQalseMIqFYLeEVM at positions 85-105. There is

no difference in protein domain motifs between normal IL-10 and IL-10 C177T mutant.[31]

3.11. Protein location prediction in cells (TARGETP)

The prediction of the target location of normal and mutant IL-10 proteins in cells was not different,
namely mostly in the secretory pathway (0.918) and a little in the mitochondria (0.067) and elsewhere
(0.036). This is related to the function of the IL-10 protein as a signal peptide that must be on the cell
surface.[32]

3.12. Location code carrier prediction (SIGNALP)

The mutation occurs at the CC 177 position, so there is no difference in the protein end region (AA

1-178) between normal IL-10 and the mutant in the prediction of the carrier of the protein location code
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and its cutting site. Peptide signals are at amino acids 1-18 (mean S; 0.915), with the S peak at position
2 (0.937). Predicted cleavage site is between 18 and 19, with max cleavage score: 0.846 (position 19).
With a high mean-S and D-score (0.899), it indicates that the IL-10 protein and the mutant are included

in the "secretory protein” group.[33]

Table 2. Prediction of IL-10 protein locations

Name Len mTP spP Other Loc RC
Sequence 178 0,067 0.918 0.036 S 1
Cutoff 0.000 0.000 0.000

### targetp v1.1 prediction results #####E#HEFHEHHARHRAFREFHRBHRRHRIAH
Number of query sequences: 1

Cleavage site predictions not included.

Using NON-PLANT networks.

Figure 9. Signal prediction of IL-10[33]

3.13. Image of protein structure

The 3-dimensional shape of the IL-10 protein structure is referenced from the Swiss model. The
protein structure refers to the 2ilk.1.A template with a residue range of 24-178.[34] After being analyzed
with the Pymol program, there was no difference in protein structure between the normal IL-10 protein

and the C177T mutant IL.-10.[35]
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Cin'177

Figure 11. Structure of normal IL-10 (left) and C177T mutant IL 10 (right)[35]

4. Conclusion

Human IL-10 gene is located on chromosome 1g32.1. The IL-10 protein is 178 amino acids (aa) long.
The IL-10 C177T gene mutation causes several differences in protein characteristics. Most of the IL-10
protein is located outside the cell membrane. The C177T mutation does not increase the hydrophobicity
of the IL-10 protein amino acids. From the 37 enzymes, only 18 are predicted to be able to cut IL-10
protein. Normal and mutant IL-10 proteins have the same 1 glycosylation site, namely at amino acid
position 134. The prediction of the target location of normal and mutant IL-10 proteins on cells is not
different. there was no difference in protein structure between normal IL-10 protein and C177T mutant
IL-10. The bioinformatics analysis is very useful in determining the molecular characteristics of IL-10

and its mutation.
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Absract: The increasing levels of endothelin-1 (ET-1) in the kidneys can be
detected through elevated levels of ET-1 in urine. Early and mild kidney damage
has been reported to elevate renal ET-1 levels especially in obesity. The aim of this
study was to compare the urine ET-1 levels between the obese and non-obese
groups. One hundred healthy respondents, consisting of 50 obese (IMT>30 kg.m-
2) and 50 normal-weight individuals, were included in this cross-sectional study.
Each group of respondents was divided into 52 individuals aged 18-20 years and
48 individuals aged 26-30 years. Urine ET-1 levels and blood pressure were
compared between the obese and normal-weight groups within these age groups.
Urine ET-1 levels were examined using ELISA from urine samples collected,
while blood pressure was measured using a digital device (Omron). The research
results indicated that in the 18-20-year-old group, obesity was found in 69% of
males and 31% of females, blood pressure was significantly higher (p<0,001) and
urine ET-1 levels were also significantly higher (p = 0.012) in the obese group
compared to the normal-weight group. In the 26-30-year-old group, obesity was
observed in 46% of males and 54% of females. Blood pressure was significantly
higher (p<0,001) in the obese group compared to normal-weight group. Urine ET-
1 levels were higher in the obese group, but the difference was not statistically
significant (p=0,591). Obesity in the 18-20-year-old group led to kidney
disturbances, while in the 26-30-year-old group, kidney disturbance was also
present but might be due to other systemic factors affecting renal ET-1 levels.

Keywords: Endothelin-1 kidney; Endothelin-1 urine; obesity

Endothelin-1 (ET-1) in the kidneys is produced by the glomerulus and tubules and functions to

inhibit the absorption of sodium and water, as well as regulate blood vessel diameter.[1,2] Increased

ET-1 in the kidneys leads to higher permeability of the filtration barrier, damage to podocyte

cytoskeleton and endoplasmic reticulum, and stimulation of tubular cell apoptosis, thereby causing

kidney damage.[2,3] Elevated renal ET-1 due to kidney damage is excreted in the urine, resulting in

increased urinary ET-1 levels.[4,5] Hence, the examination of urinary ET-1 can be used to assess kidney

conditions, although this technique is still limited in clinical use.
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Our initial data show that obesity in mice results in increased kidney ET-1 levels and early
disturbances in the glomerulus.[6,7] Urinary ET-1 examination is not extensively reported, especially
in obesity among young adults. This preliminary study aims to compare urinary ET-1 levels between a

group of obese young adults and a group of normal-weight individuals.

2. Methods

This cross-sectional study involved 50 obese young adults (BMI = 30 kg.m2) and 50 individuals with
normal weight (BMI < 25 kg.m?2). The respondents' ages were between 18-20 years and 26-30 years.
Blood pressure and urinary ET-1 levels were measured. ET-1 levels were measured using ELISA
technique with a quantitative sandwich method using an ELISA kit (BioSource). ET-1 in the sample
binds to the coated antibodies in the well of the kit, followed by biotinylated ET-1 antibodies binding
to the existing ET-1 in the sample. Absorbance was measured at a wavelength of 450 nm. Blood pressure
was measured using a digital blood pressure monitor (Omron).

Data were analyzed using independent t-tests to measure the differences in mean urinary ET-1
levels and blood pressure between the obese and normal-weight groups in each age group. Correlations
between urinary ET-1 levels, BMI, and blood pressure were analyzed using Pearson correlation. This
study obtained ethical approval from the Ethics Commission of the Faculty of Medicine, Hasanuddin

University, with No.136/UN4.6.4.5.31/PP36/2022.

3. Results and Discussion

Table 1. Respondent’s characteristic

18-20 years 26-30 years
Variables p* P*
Obesity (n=26) Control (n=26) Obesity (n=24) Control (n=24)
Sex
Male 18 (69%) 12 (46%) 11 (46%) 14 (58%)
Female 8 (31%) 14 (54%) 13 (54%) 10 (42%)

Blood Pressure

Systolic (mmHg) 127.58 £10.26 111.58 £9.37 0,000  123.42 +6.03 112.08 +7.79 0,000

Diastolic (mmHg) 85.27 +7.19 74.96 +6.39 0,000 83.54 +4.21 74.58 +5.09 0,000
BMI (kg.m?) 33.69 +4.53 20.58 +1.44 0,000 34.55 +3.90 21.69 +0.89 0,000
ET-1 urine (ng/L) 55.55 +19.13 4093 +21.38 0,012 10723 +49.43  100.29 £38.79 0,591

p* calculated with independent t test

Significantly higher urinary ET-1 levels (p=0.012) were found in the obese group compared to the
control (normal-weight) group in the 18-20 age group. However, in the 26-30 age group, while urinary

ET-1 levels were higher in obesity compared to the control, the statistical significance was not observed
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(p =0.591) as seen in Table 1. Systolic and diastolic blood pressures were significantly higher (p<0.001)
in obesity compared to the control in both age groups.

This study indicates a positive correlation between urinary ET-1 and obesity (BMI = 30 kg.m2) in
young adults (18-20 years). This suggests that in obesity with BMI > 30 kg.m?2, kidney ET-1 increases,
indicating kidney disturbances. Increased plasma ET-1 in obesity, believed to be produced by
adipocytes and overproduction from blood vessel walls, could lead to increased ET-1 circulation to
various organs, including the kidneys. In the kidneys, ET-1 can cause disruptions such as
hyperfiltration and disturbances in the glomerulus and tubules.[8,9] If kidney disturbances persist,
blood vessels and smooth muscle cells in the kidneys also produce ET-1, exacerbating kidney damage
due to ET-1 accumulation.

In the 26-30 age group, increased urinary ET-1 levels were not significantly different in obesity
compared to normal weight. Urinary ET-1 levels were significantly higher in the 26-30 age group
compared to the 18-20 age group, and as numerous studies have reported, ET-1 levels tend to increase
with age. The reason for the lack of significant difference in urinary ET-1 levels between obese and
normal-weight individuals in the 26-30 age group is unclear, but it is assumed that older age might
entail various organ disturbances contributing to ET-1 elevation, which was not examined in this study.
Conversely, in the younger group (18-20 years), the elevated ET-1 levels were likely attributed solely
to obesity.

In individuals with kidney disease, increased urinary ET-1 is not always accompanied by elevated
plasma ET-1.[1,4] Local kidney disturbances can elevate kidney ET-1 levels, leading to glomerular and
tubular disruptions. Although this study did not assess kidney disturbances, some animal studies have
shown a link between increased kidney ET-1 levels and glomerular disturbances.[7] Sing et al also
reported a tendency of increased urinary ET-1 in obese adolescents, correlated with urinary TNF-alpha
levels indicating inflammation and endothelial dysfunction.[8-10] Furthermore, increased urinary ET-
1 levels have been associated with decreased estimated glomerular filtration rate (e-GFR) in patients
with polycystic kidney disease.[5] Human studies, to our knowledge, are limited in reporting early
kidney disturbances due to obesity in young age.

Systolic blood pressure also appears to correlate with BMI > 30 kg/m2, although few of the obese
subjects had systolic pressures exceeding 140 mmHg, likely due to their young age. However,
compared to normal-weight subjects (BMI < 25 kg/m?2), systolic pressure was significantly higher in
obesity in our data (Table 1). Hypertension has been reported to cause kidney disturbances and

increased urinary ET-1.[3] Conversely, diastolic pressure in our data did not correlate with BMI > 30
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kg/m2, possibly due to the compensatory mechanisms in other body tissues to maintain normal
diastolic pressure in the young population.

The presence of hypertension in obesity is linked to increased plasma ET-1, leading to systemic
blood vessel vasoconstriction. In normal conditions, ET-1 production is limited to maintain normal
blood vessel tone. However, increased production of ET-1 due to a large number of adipocytes can
elevate blood pressure. In this study, both in the 18-20 and 26-30 age groups, systolic and diastolic blood
pressures were significantly higher in obesity compared to normal weight, although none were

categorized as hypertensive.

Table 2. Correlation between BMI, blood pressure and ET-1 urine levels

ET-1 urine levels

BMI (kg.m?) r=0,342 p=0,013
Systolic pressure (mmHg) r=0,297 p=0,033
Diastolic pressure (mmHg) r=0, 166 p=0,241

p :Pearson’s correlation

Table 2 shows a weak correlation between urinary ET-1 levels, BMI, and systolic blood pressure.
Conversely, diastolic pressure did not correlate with urinary ET-1 levels.

The influence of BMI on increased urinary ET-1 levels showed a weak positive correlation (Table 2),
indicating that many other factors contribute to elevated urinary ET-1 levels. A weak positive
correlation was also observed between urinary ET-1 levels and systolic blood pressure (Table 2), while
diastolic pressure did not correlate (Table 2). This suggests that kidney damage characterized by
increased urinary ET-1 levels affects blood pressure, particularly systolic pressure, but there are still
many other factors influencing the elevation of both systolic and diastolic pressures.

This study have several limitations include the limited number of respondents and the lack of
laboratory examinations to assess kidney disturbances. Nevertheless, it provides sufficient preliminary

information that obesity in young age requires special attention.

4. Conclusion

In conclusion, urinary ET-1 levels correlate with obesity (BMI = 30 kg.m?), likely contributing to
early kidney disturbances. However, future studies should involve comprehensive laboratory

examinations to confirm kidney disturbances.
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Abstract: Intermittent fasting is beneficial in reducing mortality from cancer,
increasing insulin-sensitivity and reducing oxidative stress. One form of
intermittent fasting that is often applied lately is the 'Dawood’s Fast'. Research
on the benefits of Ramadan fasting and Monday-Thursday fasting has often
been carried out, but research on the benefits of Dawood's Fast is still rarely
carried out. Blood glucose is the sugar contained in the blood which is formed
from carbohydrates in food and stored as glycogen in the liver and skeletal
muscles. Blood glucose levels are influenced by factors such as age, insulin
hormone, type and amount of food consumed and physical activity. The
fasting state will result in a momentary hypoglycemia condition which can
affect the body's metabolism. The purpose of this study was to determine the
effect of Dawood's Fast on changes in glucose levels in human blood. This
study is quasi-experimental using a comparative pre-test and post-test (non-
equivalent control group). The subjects of this study were 34 people who were
divided into 2 groups, namely the treatment group or the group that
underwent the Dawood’s Fast for 6 consecutive weeks and the control group
or the group that did not undergo the Dawood’s Fast for 6 consecutive weeks.
The results of statistical analysis using the Wilcoxon Signed Ranks test in the
control and treatment groups showed no significant difference (p>0.05).
Meanwhile, the Mann Whitney U test to compare the control and treatment
groups showed that there was a significant change in blood glucose levels of
students at the Hidayatullah Islamic Boarding School in Surabaya when
compared to the control group and the treatment group which were given the
Dawood fast treatment in week 4 (p<0.05). While the statistical test to compare
the difference between fasting blood sugar and blood sugar 2 hours PP using
One-Way Anova showed results (p> 0.05) so there was no significant
difference. This study conclude of this study is that giving Dawood's fasting
treatment will not reduce human blood glucose levels, so it is safe for health.

Keywords: blood glucose levels; dawood’s fast; intermittent fasting

Fasting is a form of worship that is practiced by all religious communities in the world. Many

religions incorporate fasting periods into their rituals such as Muslims, who fast from dawn to
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dusk during Ramadan and Christians, Jews, Buddhists and Hindus, who observe traditional fasts
on certain days or calendar years.[1] Ovivo Corna uses fasting as a treatment for various types of
diseases.[2] Dawood's fast is a sunnah fast that the Prophet Dawood used to do. Fasting is done
by fasting one day and one day not. According to terms, fasting means holding back, abstaining,
or controlling oneself from eating, drinking, intercourse, and other things that cancel one's self
from sunrise to sunset.[3]

Diabetes is a chronic disease that affects almost every organ in the human system.[4] Diabetes
Mellitus (DM) is a chronic disease characterized by blood glucose levels that exceed normal,
namely when blood sugar levels are equal to or more than 200 mg/dl, and fasting blood sugar
levels above or equal to 126 mg/dl. DM is known as a silent killer because the sufferer is often not
aware of it and when it is known that complications have occurred.[5]

One of the non-communicable diseases that has shown an increase so far is diabetes mellitus
(DM). The World Health Organization (WHO) reports in its Global Status Report on NCDs that
the population suffering from diabetes mellitus in 2008 numbered around 347 million and 80% of
them came from poor and developing countries. Not only that, in 2008 as many as 1.3 million
people died from diabetes mellitus.[6] WHO estimates that by 2030, diabetes mellitus will be the
seventh-highest cause of death in the world.[7]

The IDF (International Diabetes Federation) states that more than 10 million Diabetes Mellitus
patients suffer paralysis and worrying and life-threatening complications such as heart attacks,
strokes, kidney failure, blindness, and amputations. By 2035 it is estimated that nearly 600 million
people will live with diabetes mellitus and around 470 million people will experience impaired
glucose tolerance.[8] The high incidence of DM sufferers has an increasing effect on complications.
According to Soewondo et al (2010) in Purwanti (2013) there are 1785 people with diabetes mellitus
in Indonesia who experience complications.[9]

The prevalence of diabetes mellitus in Indonesia in 2013 was 2.1%. This figure is higher than in
2007 (1.1%). A total of 31 provinces (93.9%) showed a significant increase in the prevalence of
diabetes mellitus®. The benefits of fasting are reducing mortality from cancer and cardiovascular
disease, increasing insulin sensitivity and reducing oxidative stress and inflammation. In addition
to increasing life span and reducing the incidence of disease, fasting has also been shown to have
other advantages. Fasting has been shown to protect normal cells and mice, but not cancer cells
against oxidants and chemotherapeutic agents in general. [1]

Fasting promotes ketogenesis, promotes potent changes in metabolic pathways and cellular

processes such as stress resistance, lipolysis and autophagy and can exert medical effects, in some
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cases as effective as drugs approved for use such as seizure relief and brain damage associated
with amelioration of rheumatoid arthritis. [1] Blood glucose levels are influenced by several factors
such as age, insulin hormone, emotions, stress, type and amount of food consumed and physical
activity undertaken. Lifestyle changes such as shifting eating patterns to foods that lack fibre and
contain lots of sugar are now very popular, especially among young people. This is one of the risk
factors for being overweight and if it continues continuously it will increase the incidence of
Diabetes Mellitus. One age group that is at risk of being overweight is the adolescent age
group.[10] The benefits of fasting have been carried out by many researchers, but researchers more
often research Ramadan fasting and fasting on Mondays and Thursdays. The benefits of Dawood’s
fast are still very rarely carried out by researchers because Dawood’s fasting is not as popular as
fasting in Ramadan which every year Muslims are obliged to do. Meanwhile, the Dawood’s fast is
a sunnah fast that is rarely practiced by Muslims, compared to Monday-Thursday fasting. The
general research purpose is to determine the effect of Dawood's Fast on changes in glucose levels
in human blood and the special research purpose is to prove the effect of Dawood's Fasting on
fasting blood glucose levels and glucose 2 hours after eating for students of Hidayatullah Islamic

Boarding School Surabaya.

2. Methods

Research design

This research is a quasi-experimental study using a comparative pre-test and post-test non-
equivalent control group design. This study was designed to fulfill the research objective of
knowing Dawood's fasting pattern on changes in blood glucose levels in students at the
Hidayatullah Islamic Boarding School, Surabaya. The sample in this study was divided into two
groups, namely a control group and a treatment group from the sample selected by purposive
sampling. The population studied was the students of the Hidayatullah Islamic Boarding School

in Surabaya.

Observation | [ Observation | | Observation
|—> Control % KlandK2 [ K3andK4 P K5andKé6
. Purposive
Population . Week 0 Week 4 Week 7
sampling | I |
|—> Treatment [ Observation | | Observation Observation
? P1and P2 P3 and P4 P5 and P6

Dawood’s fasting 6 weeks in a row
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Notes :

K1: The control group whose blood was taken during the pre-test and after 8 hours of fasting

K2: The control group whose blood was drawn during the pre-test and 2 hours after drinking 75 gr of sugar
water

K3: The control group whose blood was drawn at week 4 and after 8 hours of fasting

K4: The control group whose blood was drawn at week 4 and 2 hours after drinking 75 gr of sugar water
K5: The control group whose blood was drawn at the time of the post-test and after 8 hours of fasting

K6: The control group whose blood was drawn during the post-test and 2 hours after drinking 75 gr of sugar
water

P1: The treatment group whose blood was taken during the pre-test and after 8 hours of fasting

P2: The treatment group whose blood was taken during the pre-test and 2 hours after drinking 75 gr of sugar
water

P3: The treatment group whose blood was taken at week 4 and after 8 hours of fasting

P4: The treatment group whose blood was drawn at week 4 and 2 hours after drinking 75 gr of sugar water
P5: The treatment group whose blood was taken during the post-test and after 8 hours of fasting

P6: The treatment group whose blood was taken during the post-test and 2 hours after drinking 75 gr of sugar
water

The research was conducted at the Islamic boarding school Hidayatullah Surabaya, Jalan
Kejawan Putih Tambak VI/1 Keputih Sukolilo Surabaya 60111 and the Clinical Pathology
Laboratory of RSUD Dr. Soetomo Surabaya in October 2019 until the beginning of the second week
of November 2019. Statistical analysis was carried out to determine whether there was an effect of
David's fasting on blood glucose levels. From the experimental results, the data were analyzed
using the statistical program which includes the following analysis steps: (1) Analysis of data
distribution and concentration of data or descriptive statistics; (2) Test the normality of the data
with Shapiro-Wilk to find out whether the data distribution is normal; (3) If the data is normally
distributed, proceed with the variance homogeneity test; (4) If the variance is homogeneous, one-
way ANOVA will be carried out. If the one-way ANOVA yields p <0.05 (there is a significant
difference), then proceed with analyzing the differences; (5) If the data normality test is not
normally distributed or the data homogeneity test is not homogeneous, the data cannot be
analyzed with one-way ANOVA, but with the Wilcoxon Signed Ranks Test. If the Wilcoxon Signed
Ranks Test produces p <0.05 (there is a significant difference), then proceed with analyzing the

differences.

3. Results and Discussion

3.1. The average fasting blood glucose levels

Based on Figure 1, it is known that the average fasting blood glucose level of students at
Hidayatullah Islamic Boarding School Surabaya which was measured during the pre-test and 8
hours after fasting obtained data at (K1) which was 76,500 and at (P1) namely 75,250, fasting blood

glucose level for Islamic boarding school students Hidayatullah Surabaya which was measured
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during the 4th week and 8 hours after fasting (K3) was 82.500, and at (P3) was 79.3125, and the
Fasting Blood Glucose Level of Santri Islamic Boarding School Hidayatullah Surabaya which was
measured during the post-test and 8 hours after fasting (K5) is 80.875 and at (P5) is 73.375.

Based on the results of the study, it can be seen descriptively that the mean value in each control
and treatment group is different. In group (K1) the mean was 76,500 mg/dL and in (P1)
75,250mg/dL. Where these results are lower than group (P1) than (K1). The mean in group (K3)
was 82.500 mg/dL and (P3) 79.3125mg/dL, which means the results were also lower than in group
(K3). Meanwhile, the average in group (K5) was 80.875 mg/dL and in (P5) was 73.375 mg/dL, which

means the results were the lowest compared to group (K5).

MEAN FASTING BLOOD GLUCOSE
LEVELS

82,5
79,3125

80,875

73,375

Pre-Test Week 4 Post-Test

» Control FBG = Treatment FBG

Figure 1. Figure of mean fasting blood glucose levels at the time of pre-test, 4" week, and post-test

So it can be concluded that the fasting blood glucose level of the treatment group was lower
when compared to the fasting blood glucose level of the control group after being given Dawood’s
Fasting treatment for 6 consecutive weeks. Based on Figure 1, there are differences in fasting blood
sugar levels pre-test, week 4 and post-test in the control group and the treatment group. In the
treatment group doing the sunnah fasting of Dawood's Fast will experience a decrease in blood
glucose levels because when fasting will experience the breakdown of glycogen into glucose so

blood glucose levels will decrease during fasting.[11]

3.2. The Average Post-Prandial Blood Glucose Levels

Based on Figure 2, it is known that the average 2-hour blood glucose level of PP Santri Pondok

Pesantren Hidayatullah Surabaya which was measured during the pre-test and 2 hours after
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drinking 75 g of sugar water obtained data at (K2) of 100.750 mg/dL, and at (P2)i.e. 101.188 mg/dL,
2 Hour PP Blood Glucose Level Santri Pondok Pesantren Hidayatullah Surabaya which is
measured during the 4th week and 2 hours after eating (K4) is 106.9375mg/dL and at (P4) is
110.0625mg/dL, and 2 Hour PP Blood Glucose Level Santri Pondok Pesantren Hidayatullah
Surabaya which was measured during the post-test and 2 hours after eating (K6) was 101.8125
mg/dL and at (P6) was 114.625 mg/dL.

Based on the results of the study, it can be seen descriptively that the mean value in each control
and treatment group is different. In group (K2) the mean was 100.750mg/dL and (P2)
101.188mg/dL. Where the results are higher from group (P2) than (K2). The mean in group (K4)
was 106.9375 mg/dL and in (P4) 110.0625mg/dL, which means the results were also higher than
group (K4). Whereas in group (K6) the average was 101.8125 mg/dL and (P6) 114.625mg/dL, where
these results are higher than the group (P6).

So it can be concluded that the 2-hour PP blood glucose level in the treatment group was
higher when compared to the 2-hour PP blood glucose level in the control group after being treated
with Dawood's fasting for 6 weeks in a row.

Based on Figure 2, glucose levels 2 hours pp in the treatment group are higher than in the
control group. These levels will increase to 120-150 mg/100 ml of blood after humans consume
carbohydrates or glucose. This is what is called a physiological increase in blood sugar. Then 2-3
hours after consuming food, these high levels will return to normal. When fasting for 12-18 hours,
this blood sugar level will decrease to the point of 60-70 mg/100 ml of blood. This decrease is also
referred to as a physiological decrease in sugar.[12] During fasting, cortisol functions to increase
the process of gluconeogenesis to increase the formation of glucose in the liver. This is what causes
physiological adaptations to occur during fasting to maintain a balance in the body's condition to
remain in normal conditions.[13]

The results of all the data found that 2 groups were not normally distributed, namely in groups K1
and P1 with a value (p <0.05). While for the other groups, it has a value (p> 0.05). then the conclusion:
the normality test of Shapiro Wilk all data is normally distributed. Except for groups K1 and P1 which
are not normally distributed. Because there is data that is not normally distributed. So testing whether

there is influence using nonparametric analysis is by using the Wilcoxon Signed Ranks Test.
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MEAN POST-PRANDIAL BLOOD
GLUCOSE LEVELS

114,625

106,9378:2222

100,7801,188 v 101,81

Pre-Test Week 4 Post-Test

» Control PPBG = Treatment PPBG

Figure 2. Figure of mean post-prandial blood glucose (PPBG) levels at the time of pre-test, 4" week, and

post-test

3.3. The results of the Wilcoxon signed ranks test data variance of glucose levels of Santri
Hidayatullah Islamic Boarding School Surabaya with three measurements starting from

the pre-test, week 4, and post-test

Table 1. The results of Wilcoxon signed ranks test control group

Wilcoxon Signed Ranks Test

Control Group
Criteria FBG PPBG
Groups K3 K5 K4 Ke
FBG K1
K3
PPBG K2
K4

Table 2. The results of Wilcoxon signed ranks test treatment group

Wilcoxon Signed Ranks Test
Treatment Group

Criteria FBG PPBG
Groups P3 P5 P4 P6
FBG P1
P3
PPBG P2
P4

Based on the results of the Wilcoxon Signed Ranks test in Table 1 and Table 2, the p-values were
obtained in the control group and before eating when compared with the pre-test with the 4th week,

the pre-test with the post-test, and the 4th week with the post-test, yielding p =.712 and .605 and .977.
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Whereas at 2 hours after eating when compared with the pre-test with the 4th week, the pre-test with
the post-test, and the 4th week with the post-test, the values of p =.438 and .660 and .569 were obtained.
and in the treatment group before eating when compared with the pre-test with the 4th week, the pre-
test with the post-test, and the 4th week with the post-test, the values of p =.660 and .851 and .453 were
obtained. Whereas at 2 hours after eating when compared with the pre-test with the 4th week, the pre-
test with the post-test, and the 4th week with the post-test, the values of p =.201 and .078 and .877 were
obtained. So that the p-value > 0.05 for all groups. So it can be concluded that there is no significant
difference between fasting glucose levels and glucose levels 2 hours PP in the control and treatment
groups during the pre-test, week 4 and post-test. To find out which control group and which treatment
has a significant difference, a Man Whitney U analysis must be carried out.

Based on Tables 1 and 2, the results of the control group also obtained results that were not much
different from the treatment group. According to the researcher, the stability of blood glucose levels in
the control group was caused by very good individual habits to control their blood sugar levels. Aside
from a healthy diet, this can also be done in other ways, for example by physical activity, and is
supported by questionnaire data that the respondents filled out themselves.

After analysis using the Wilcoxon Signed Ranks test, it can be concluded that the test shows a p-
value > 0.05, so statistically there is no difference in the mean in all groups both in the control group
which is the same as fasting and 2 hours post-prandial blood glucose levels, and in the same treatment
group compared fasting blood glucose levels and 2 hours pp both during the pre-test, week 4 and post-

test.

34. The results of the Mann-Whitney U test data variance of glucose levels of Santri
Hidayatullah Islamic Boarding School Surabaya with three measurements starting from

the pre-test, week 4, and post-test

Table 3. Mann Whitney U analysis test results

Groups Significance
FBG -1 PPBG -1 FBG -2 PPBG -2 FBG -3 PPBG -3

K1-P1
K2-P2
K3-P3
K4 -r4
K5-P5
K6 -P6

After the Wilcoxon Signed Ranks Test was carried out, it was continued with an analysis test using
the Mann Whitney U Technique, where this test was carried out to compare the control group with the

treatment group starting from fasting blood glucose levels and 2 hours pp from the pre-test to the post-
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test.

The results are:

1. There is no effect on the control group with the treatment group whose blood was drawn
during the pre-test and before eating and the control group with the treatment group whose
blood was drawn during the pre-test and 2 hours after eating, with p values of 0.317 and 0.484
(p>0.05)

2. There is an effect on the control group with the treatment group whose blood was taken at
week 4 and before eating and the control group with the treatment group whose blood was
drawn at week 4 and 2 hours after eating, with p values of 0.015 and 0.017 (p <0.05).

3. There is no effect on the control group with the treatment group whose blood was drawn
during the post-test and before eating and the control group with the treatment group whose
blood was drawn during the post-test and 2 hours after eating, with p values of 0.278 and
0.714 (p>0.05)

Based on Table 3 it can be concluded that there were changes in fasting blood glucose levels and 2
hours pp blood glucose levels during week 4 compared to the control group with the treatment group
which showed a p-value <0.05, so there was a significant difference. This is because, at the time of
fasting, blood glucose levels will fall, causing a decrease in insulin secretion, which then increases the
work of counter-insulin hormones, namely glucagon and catecholamines which result in the
breakdown of glycogen. After a few hours of fasting, glycogen reserves will begin to decrease. As a
result of reduced insulin in circulation, this will lead to the release of fatty acids from adipocytes whose

oxidation will form ketones and will be used as energy by the body's organs.[14]

3.5. The test results analysis of difference in 2 hours PP blood glucose levels with fasting blood

glucose levels of Santri Hidayatullah Islamic Boarding School Surabaya

Test results Analysis using 3 times the method. The first is to do a normality test, if the data is
normally distributed then it is continued with a homogeneity test then if the data is homogeneous it is
continued with the One-Way ANOVA test, and if the data is not normally distributed then it is
continued with the Wilcoxon test. It is done through blood glucose levels 2 hours pp minus fasting
blood glucose levels in three measurements starting from the pre-test, week 4, and post-test, which can
be seen in Table 4. Because the results of the Normality Test show that the data is normally distributed,

it can be continued with the Homogeneity Test. The homogeneity test can be seen in Table 5.
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Table 4. Shapiro-Wilk normality test results

Groups Shapiro — Wilk

Statistic Df Sig.
Control 0.790 3 0.091
Treatment 0.956 3 0.597
Table 5. Homogeneity test results
Levene statistic df1 df2 Sig
4.314 1 4 0.106

Based on Table 5, the results of the variance homogeneity test show a significance of 0.106. This
shows p>0.05, thus the data above has a homogeneous variant. To prove the hypothesis, the One-way

ANOVA test was carried out. One-way ANOVA test can be seen in Table 6.

Table 6. Homogeneity test results

Sum of squares Df Mean squares F Sig
Between Groups 133.604 1 133.604 4.009 0.113
Within Groups 130.374 4 32.539
Total 263.978 5

Based on the results of the One-Way ANOVA test in Table 6, the value of p = 0.113 is obtained. So
that the p-value > 0.05, it can be concluded that HO is accepted and H1 is rejected, which means that
there is no significant difference between the difference in blood glucose levels 2 hours pp and fasting
blood glucose levels, both in the control group and the treatment group.

Based on Table 4 the normality test on the difference in 2 hours pp blood glucose levels, with fasting
blood glucose levels shows a p-value > 0.05, so the data is normally distributed and followed by a
homogeneity test, based on Table 5 the results show p > 0.05, so the data produced is homogeneous.
After the homogeneity test, it is continued with the One-way ANOVA test, based on Table 6 where the
results of this test obtained a p-value > 0.05. So the conclusion is that there is no significant difference.

Based on the discussion above, it can be concluded that there is an effect of Dawood's fasting on the
blood glucose levels of Santri Pondok Pesantren Hidayatullah Surabaya, starting from the 4th week of
fasting. During fasting, the body experiences physiological adaptations and adaptive responses that
have a positive impact on health. Dawood's fasting can be accepted as a type of calorie restriction that
can be practiced in everyday life. Bener and Yousafzai (2014) also support that fasting helps make
blood glucose levels more stable due to more regular eating patterns and relatively the same calorie
intake from day to day, as well as helping to regulate increased levels of glucose and insulin in the
body, help lower glucose levels, lower blood pressure and triglycerides. The decrease in blood sugar

levels when fasting is also caused by a decrease in insulin secretion.[15]
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4. Conclusion

From the results of the research that has been done, it can be concluded that there is an effect of
Dawood's Fasting on the blood glucose levels of Islamic boarding school students at Hidayatullah
Surabaya, during week 4. However, during the post-test, there was no effect of Dawood's fasting on
the blood glucose levels of Islamic boarding school students at Hidayatullah Surabaya. So that
Dawood's fasting will not make someone fall into a state of continuous hypoglycemia.

The suggestions for the next research were:

1. Conduct further research to determine the best way to lower human blood glucose levels
using the intermittent fasting method.

2. Conduct further research on the mechanism of action of "Dawood’s Fasting" for each
individual and the best type of intermittent fasting that can be applied to see any differences.

3.  Similar studies can be carried out by examining other variables such as cholesterol levels to

prove other benefits of Dawood’s Fast.
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Abstract: Cortisol plays an important role in stress response, both physical and
mental. Acute aerobic exercise includes trigger cortisol production. It was reported
that changes in cortisol level in blood, always associated with salivary cortisol. This
study was to assess the effect of an acute aerobic exercise on salivary cortisol level and
serum cortisol level. Search data base used by Google Scholar with keywords english.

i

Keywords used were “acute aerobic exercise”, “salivary cortisol”, “serum cortisol”,
which were found in 11 journal articles under the following criteria that are suitable
for analysis according to the purpose, periodof 5 years, suitability of data topics and
the effects analysis. It was found that five articles focusing on effects acute aerobic
exercise on salivary cortisol level and six articles focused on effects acute aerobic
exercise on serum cortisol level. There were 9 journal articles which had significant
effects and 2 others had no effects. We found that acute aerobic exercise can affect the
hormonal response on blood or saliva.

Keywords: acute aerobic exercise; salivary cortisol; serum cortisol

1. Introduction

Cortisol is a steroid hormone from the glucocorticoid group which is synthesized from
cholesterol. The secretion is largely regulated by the hypothalamus pituitary adrenal (HPA) axis.
Secretion cortisol regulated by ACTH secreted by glands anterior pituitary. ACTH release by the
anterior pituitary is regulated by corticotropin-releasing factor (CRF). Corticotropin-releasing
hormone (CRH) then secreted to in plexus capillary principal part of the pituitary portal system in
the hypothalamus going to gland anterior pituitary for stimulate ACTH secretion. Hormone
adrenocorticotropic (ACTH) then will work through track cyclic adenosine monophosphate
(cAMP) for stimulate adrenal cortex secretes cortisol.[1]

Cortisol has a direct negative feedback effect on the hypothalamus to decrease CRF formation
and the anterior pituitary gland to decrease ACTH production. Both of these feedbacks help
regulate cortisol concentrations in plasma which are influenced by two factors, namely circadian

rhythms and stress.[2]
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Cortisol plays an important role in stress response, both physical and mental. Exercise is one of
the stress trigger. Exercises in different forms, types, and intensities have been shown to affect
cortisol release differently.[3] Acute aerobic exercise includes trigger cortisol production.

The measurements of cortisol level in blood, urine and saliva used to study the cortisol include
involvement in exercise.[4] It was reported that changes in cortisol level in blood, always associated
with salivary cortisol. However, there is literature that says that the recommended blood specimens
for cortisol level but there is other literature that says that salivary specimens have offered
advantages over serum cortisol.[4,5]

The purpose of this paper is to discuss the effect of an acute aerobic exercises on cortisol from

saliva and serum specimens.

2. Methods

This study is a literature review with a narrative review approach following the PRISMA
guidelines. The research database was taken from Google Scholar using the keywords “salivary
cortisol; cortisol serum; acute aerobic exercise, endurance exercise”. In collecting and searching,
1,510 journals and research articles were found on the search keywords, only 47 journals were
found according to the search keywords. Based on the results of the collection procedure, 11
journals were found that met the research inclusion criteria, namely: 1) publications in the 2019-
2023 period; 2) in English; 3) studies that include research subjects, namely aerobic acute exercise
and endurance sports; 4) type of journal is original research journal (not literature review), full
text, and accessible; 5) the theme of the contents of the journal is salivary cortisol levels and serum
cortisol levels in acute aerobic exercise and or endurance sports. In the end, 11 studies met the
criteria for reassessment. Even so, this study also adds a discussion that is adapted based on other

related sources. Screening studies according to PRISMA guidelines is presented in Figure 1.
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Literature was collected using
a search database for 2019-
2023, 1,510 journal articles

were obtained

eliminated because the title did
\l/ not match the keywords.

| 1,463 journal articles were

47 journals according to
search keywords

| 36 journal articles were
excluded according to the

\L criteria.

There were 11 journals
according to the inclusion
criteria

11 journals carried out
literature review analysis

Figure 1. Figure of literature selection criteria

3. Results and Discussion

3.1. Result

Table 1 shows that the review of research of cortisol on exercise.

Table 1. Review of research of cortisol on exercise

N Title (Author) Respondents Method Results

o.

1 A Comparison Twenty-two Continuous PRE Post Pre Post
of Continuous  college-aged  (CONT) and CONT CONT INT INT
and Interval men interval (INT)  (ug/dL (ug/dL) (ug/dL) (ug/dL)
Exercise on cycling )
Cognition in exercise. 0.58 + 0.79 + 0.63 + 0.68 +0.42
Young Adults Began by 10:00 0.35 0.62 0.37
(Emily C. am. One mL
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Tagesen, et al)

Cardiorespirat
ory Fitness,
Blood
Pressure and
Ethnicity Are
Related to
Salivary
Cortisol
Responses
after an
Exercise Test
in Children:
The ExXAMIN
Youth SA
Study (Sabrina
Kochli, et al)

Decreased
Activity of the
Hypothalamic
Pituitary-
Adrenal Axis
after Acute
Aerobic
Exercise in
Obese Women
(Sugiharto, et
al)

324 black and
227 white
school
children
(aged 7.4 +1.0
years)

20 obese
female
teenagers (20-
24 age years
old).

of saliva was
collected
before and
after exercise.

Cardiorespirat
ory fitness
(CRF). Saliva
samples were
collected in a
fasting state in
the morning
as a baseline
measurement
before 8 a.m,
30 min after
the baseline
sampling and
a final sample
30 min after
the CREF test.

Subject
performed in
three groups
of CTL (n=7,
control
group), IAE
(n=7, interval
time aerobic
exercise) and
CAE (n=7,
continuously
aerobic
exercise). The
blood
sampling was
carried out
from the
cubital vein. A
3 ml of blood
was taken.

Conclusion:

The results showed after continuous exercise,

cortisol concentrations were elevated, but after

interval exercise, cortisol concentrations were

unchanged.
Ethnici Base- Pre Post Change
ty line sample  sample from
(saliva (saliva (saliva pre to
sample sample  sample post
in the before after (in[mg/
morning, shuttle shuttle 1])
<08:00 run) run)
a.m.) (inf[mg/l  (in[mg/
D )
black -1.84 -2.13 -1.74 0.40
(-1.91; (222 (-1.82; (0.29;
-1.77)**  -2.05) -1.66) 0.50)
white -2.26 -2.03 -1.41 0.62
(—2.34; (-2.13; (-1.51; (0.49;
-2.17) -1.93) -1.31) 0.75)

Superscript symbol denotes significance for: * p <
0.05; ** p <0.01; *** p < 0.001.

Conclusion:

The results showed black ethnicity was related to

lower salivary cortisol at baseline and post shuttle
run test and a lower cortisol reactivity compared to
the white ethnic group (p <0.01)

Group Before After P -Value
(ng/mL)  (ng/mL)

CTL 32736+  336.64 + P>0.05
225.61 192.47

TIAE 33499+ 17034+ P>0.05
218.06 10.15

CAE 328.65+ 129.98 + P<0.05
143.09 16.53

Conclusion:

The results showed the significant different serum

cortisol between before and after the continuously
aerobic exercise (CAE Group) (P <0.05)
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Effects of A
High Intensity
Interval
Session on
Mucosal
Immune
Function and
Salivary
Hormones in
Male and
Female
Endurance
Athletes
(Camila
Monje, et al)
Endocrine
responses
after a single
bout of
moderate
aerobic
exercise in
healthy adult
humans
(Maria
Dourida, et al)

Immune
Response
(Cortisol,
TNFA,
HMGB1) in
Trained and
Untrained
Adolescent
after 12
Minutes Run
Exercise
(Ihamjaya
Pattelongi, et
al)
Improvement
of serum
cortisol levels
in obese
female college
students after

Twenty
subjects (10
males and 10
females) are
long distance
national level
runners (age
18-40 years
old)

Twelve
healthy (8
male and 4
female with
age: 30.6 +4.4
years)

15 male
basketball-
trained and
15 male
untrained
basketball
students at
SMAN 1
Banjarbaru
(15-18 age
years)

20 female
students (20-
23 age years)
with BMI
between 25-
28 kg/m?

HIIT season
after 2 hour of
fasting,
between 3:00
pm and 6:00
pm. Saliva
samples were
collected 5
min before
and 20 min
post-exercise

30-minute
aerobic
exercise.
Blood samples
were collected
before (t0), at
the end of the
exercise bout
(t30), and 30
min after the
completion of
exercise (t60).

Subject asked
to performed
12 minutes
run exercise
(multistate
technique) of
moderate
intensity.
Blood sample
taken 5 cc
from the
brachial vein
after running.

Subject
performed in
two groups:
control (n=10)
and exercise
(n=10). The

Cortiso All Males Females
1 participa

(nmol/ nts

L)
PRE 9.7+1.9 10.3+1.7 9.0£1.9
POST 18.6+7.4 17.3+6.9 19.9+8.1
p- <0.001 0.002 0.005
value
Conclusion:

The results showed exercise increased the
concentration of salivary cortisol (males: p=0.002;
females: p=0.005)

Cortiso All Males Females
1 participa
(nmol/ nts
L)

TO 13.9+1.2 13.2+ 15.1+7.6
47

T30 10.3+1.1 10.8 + 93+4.7
3.8

T60 71+1.2* 72+ 7.0 £3.5*
2.5%

Conclusion:

The results showed CORTISOL decreased after
exercise, reaching significance (p < 0.01) 30 min after
the completion of the exercise bout.

Trained  Untrain P (post-hoc)
group ed
group
Cortiso 1440.1 26.3 0.000
1
(ng/ml)
Conclusion:

The results showed the cortisol concentration level
was significant differences with the trained group
compared to untrained group.

Group Pre Post P (post-hoc)
Contro 22533+ 24187+ 0.231

1 55.22 76.07

Exercis 22328+  131.85% 0.001

e 58.84 18.52
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10

moderate-
intensity acute
exercise
(Wahyuningty
as Puspitorini,
et al)

26 full time
teachers (26-
64 age years)
participated
(10 men and
16 women).

Perceived
stress and
salivary
biomarkers in
educators:
comparison
among three
stress
reduction
activities
(Doreen
Wagner a and
Sharon M.
Pearcey)

Salivary
endocrine
response
following a
maximal

12 male (age
18-28 years)

incremental
cycling
protocol with
local vibration
(Monem
Jemni, et al)

Testosterone Male

exercise group
being exposed
to moderate
intensity acute
exercise (60-
70% HR max).
Serum
samples were
taken 30
minutes pre
exercise and 6
hours post
exercise.

Subject asked
to performed
self-selected
activities (11
participant
chose yoga, 9
chose
meditation
and 6 chose
aerobic
exercise
workout).
Saliva samples
were taken
pre activity,
immediately
after activity
and 30
minutes post
activity.
Subject asked
to performed
two maximal
incremental
cycling test
(vibration and
no vibration
group) with
protocol.
Salivary
samples were
taken pre-
exercise and
immediately
post-exercise
during each
trial.

3 days after

Conclusion:

The results showed no change in cortisol levels in
the pre-and post-test control groups, but cortisol
levels in the exercise group showed a significant
decrease

P Yoga Meditation

(post-
hoc)

aerobic 0.000 0.000
exercis

e

worko

ut

Conclusion:

The results showed the cortisol concentration level
was significant differences with the aerobic exercise
workout group higher at the 30 minute post activity
compared to meditation group and yoga group.

Group Vib No vib
P 0.001 0.001
(post-

hoc)

Conclusion:

The results showed the cortisol concentration was
significantly higher after the Vib cycling test in
comparison to the no Vib.

Group Cortisol levels (nmol/L)
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and Cortisol undergraduat the test, the Resting Otime  12h after exercise
Responses to e subjects (n=  subjects time
HIIT and 13) studying ~ showedupat  Contro 8.16+3.3 8.16 + 13.17+3.4
Continuous physical 19:30hinthe 1 3.3
Aerobic education laboratory and HITT 8.75+3.3 1325+
Exercise in during three 2.2
Active Young non- AEE 10.13 + 1195+ 1399+
Men (Cristian consecutive 45 5.6 2.1
Cofré-Bolados, sessions,
et al) separated by Conclusion:

72h, they The results showed no differences of the

performed the o551 rements of free cortisol levels between AEE

cont’rol and HITT group.

sessions

(CON), High-

intensity

interval

training

(HIIT), and a

continuous

aerobic

exercise

(AEE). Blood

samples were

collected pre-

session (rest),

immediately

after the

session (0 h),

and 12 h post-

session (12 h)

11  Theimpactof 198 middle- All subjects Serum cortisol for Serum cortisol for higher
aerobic fitness  aged and performed a lower fitness fitness (ug/dl)
on arterial older (age 50— symptom- (pg/dl)
stiffness and 79 years) limited cycling 10+4 9+4
adrenal cortex  healthy exercise test
hormones in adults (Lower fitness  Conclusion:
middle-aged participated and Higher There were no significant differences in cortisol
and older (81 men and fitness). Blood  concentration levels between lower fitness and
adults 117 women).  samples were higher fitness groups.

(Nobuhiko All women collected from
Akazawa, were the antecubital
Koichiro postmenopau  vein after
Tanahashi, sal. overnight
Keisei Kosaki, fasting.
Hiroshi

Kumagai,

Satoshi

Oikawa, Ai

Hamasaki and

Seiji Maeda)

From Table 1 it was found that five articles focusing on effects acute aerobic exercise on salivary

cortisol level and six articles focused on effects acute aerobic exercise on serum cortisol level. There
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were 9 journal articles which had significant effects and 2 others had no effects.

3.2. Discussion

The present literature review aimed to assess the effect of an acute aerobic exercise on salivary
cortisol level and serum cortisol level. It was found in our study that acute aerobic exercise
promotes change in salivary cortisol level and serum cortisol level.

Therefore, the characteristics of sample collected, such as: gender, number of participants, level
of fitness, sport practiced and intensity of intervention, becoming a limitation in our analysis.

A large number of studies analyze the likely effects of acute aerobic exercise on cortisol level by
bringing together individuals of both genders in their samples.[6-8] This fact limits the result found
due to the exercise of different sex — related cortisol concentration levels in healthy individuals. It
was found in our study that acute aerobic exercise no differences observed between male and
female participants in their samples.[9,10]

The measurements of cortisol level in blood, urine and saliva used to study the cortisol include
involvement in exercise.[4] It was found that five articles focusing on effects acute aerobic exercise on
salivary cortisol level.[6,7,9,11,12] It was found that six articles focused on effects acute aerobic exercise
on serum cortisol level.[8,10,13-16] There were two articles which had no significant effects is the
measurements of cortisol level in blood serum. [8,16]

Several author report changes in cortisol concentration level in practitioners of aerobic sport

such cycling [8,11,12], running [6,9,13,14], treadmill protocol. [10,15,16]

4. Conclusion

We found that acute aerobic exercise can affect the hormonal response on blood or saliva. There
were 2 journal articles which had no significant effects is the measurements of cortisol level in blood
serum. There were differences between the results of studies with level of fitness, sport practiced

and intensity of acute intervention.
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Abstract. Hormone leptin is a hormone secreted by adipose tissue to regulate
satiety in the hypothalamus. Previous research has found that polymorphisms in
the leptin gene cause disruption of the satiety center and play a role in insulin
resistance. This study aims to determine how the polymorphism of the Leptin
gene affects patients with Type-2 Diabetes Mellitus in Medan. This study is
quantitative descriptive research with cross-sectional design. The study was
carried out in November 2022-February 2023 with the number of research subjects
was 120 outpatients who had been diagnosed with Type-2 diabetes from several
health centers in Medan city that met the inclusion and exclusion criteria. Each
subject fills the identity of the respondent. Blood of 3 cc is taken from the cubital
vein. Polymorphism of the Leptin-2548g>a gene was used by the PCR-RFLP
technique in the integrated laboratory of the Faculty of Medicine, University Of
Sumatera Utara. The average age of patients with Type-2 diabetes mellitus in
Medan city is 56.2 years, with an average abdominal circumference of 91.81 cm,
based on genotype, leptin heterozygote gene polymorphism GA as many as
41.7% of people, with a proportion of 80% occurring at the age of 51-60 years with
the largest tribe is the Batak tribe. Conclusion: Leptin gene polymorphism with
GA heterozygote genotype occurs in patients with Type-2 diabetes mellitus in
Medan City

Keywords: DM type-2; gen leptin; polymorphism

Diabetes Mellitus is a heterogeneous group of disorders characterized by hyperglycemia due to an

absolute or relative deficit in the production or action of insulin. Type 2 Diabetes mellitus (DMT2) is a

frequent metabolic change that occurs in about 90% of all cases of diabetes.[1] It is estimated that at

least 463 million people aged 20-79 years in the world suffer from diabetes in 2019, equivalent to a

prevalence rate of 9.3% of the total population at the same age.[2,3]

International Federation Data in 2020, the number of people with diabetes, including in Indonesia,

continues to increase, reaching 6.2 percent with 10,681,400 cases.[4] The prevalence of Diabetes Mellitus

in North Sumatra province increased from 2013 by 1.5% to 2% in 2018.[3]
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Type 2 Diabetes mellitus is a disease with multifactorial causes, from environmental factors, eating
habits, exercise, work, and others in addition to genetic factors. Recent research has found a variant of
the gene responsible for assessing the risk of Type 2 diabetes.[5,6] In patients with Type 2 diabetes
occurs hyperinsulinemia, insulin resistance occurs so that glucose can not enter the cell. The condition
of the body that produces a lot of insulin, causing the body to no longer respond to the concentration
of leptin released by adipose tissue. This happens because too much insulin to the brain because it does
not get glucose by insulin performance, so the body still needs energy and continues to experience
damage.[7]

Leptin is a protein product of the obesity gene (ob) or Leptin gene (LEP) that is expressed and
released by adipose tissue in proportion to body weight. Leptin is a hormone produced by fat cells that
regulates the metabolism of fat breakdown, and adjusts between hunger and energy expenditure.
Hunger is inhibited when fat deposits reach a certain level, leptin is then secreted and circulates in the
body and activates leptin receptors in the hypothalamus.[8,9]

One of the DNA sequence variations (gene mutase) that is known to affect the incidence of Type 2
diabetes mellitus is the leptin-2548g>a gene. The leptin-2548g>A gene is related to the mechanisms of
weight regulation and energy homeostasis. With the polymorphism in the leptin gene-2548G>A
(rs7799039), causing changes in the regulation of food intake with increased appetite, the body will
send hunger and will occur continuously so that the intake of glucose, fat, and protein increases.[6,7,10]

Sumatera province which consists of 8 ethnic groups, is very rich in a variety of foods that most of
the food ingredients contain carbohydrates, such as coconut milk. This study aims to determine the
polymorphism of the gene leptin-2548g>A (rs7799039) in patients with type -2 diabetes mellitus in

Medan, Sumatera Utara.

2. Methods

This research is descriptive research with cross-sectional research design. The study was conducted
from November 2022 to February 2023. A total of 120 outpatients who have been diagnosed with DM
type-2 from several health centers in Medan City, who meet the inclusion criteria were included as
research subjects. As for the inclusion criteria of patients aged 30-60 years, do not have complications
of DM and are willing to be the subject of research. The exclusion criteria established were having
limited movement and being subjected to acute infection. Data on blood pressure, pulse, height, weight,

abdominal circumference and blood sugar level are recorded.
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2.1. Leptin gene polymorphism research-2548g>A (rs7799039)

A total of 3 cc of blood was taken from the cubital vein, put into the EDTA tube, and centrifuged to
separate the plasma and blood elements. DNA isolation was carried out following the procedures of
the Promega Genomic DNA Purification Kit (USA). After the DNA was isolated, the Leptin gene was
then identified using the PCR method. Leptin Forward Gene 5-TTT CCT GAA TTT TCC CGT GAG -
3'; Reverse 5 AAA GCA AAG ACA GGC ATA AAA A -37.12.5 uL Master Mix, 1.0 uL Forward Primer,
1.0 uL Reverse Primer and 1.0 DNA Samples. The PCR machine is set for 30 cycles: denaturation stage
950C for 3 minutes: 30 seconds, annealing 530C for 20 seconds, and extension 720C for 18 seconds. To
assess polymorphism, isolates that had been PCR were added with 1.0 uL of RE 10x Buffer, 0.1 puL of
acetylated BSA, 0.2 puL of restriction enzyme Ddel, 3.7 uL of nucleus-free water, and 5.0 pL of PCR
products. Place the PCR-RFLP into the prepared gel comb. Set the electrophoresis with a voltage of 100

volts for 60 minutes. Then it is inserted into the UV reader for interpretation.

2.2. Statistical analysis

Uni variate data is displayed in the form of a frequency distribution, while to calculate the number
of Leptin genes that experience polymorphism, calculations are carried out using the Hardy-Weinbeg
Equilibrium principle. If the p-value is > 0.05, it means that there is polymorphism in the study
population or in accordance with the Hardy-Weinberg Equilibrium principle.
2.3. Ethical approval

All research subjects were given informed consent before the research was carried out. This study
was reviewed and approved by the research ethics committee of the University of Sumatera Utara.
3. Results and Discussion

3.1. Characteristics of research subjects

The characteristics of the research subjects can be seen in the Table. 1. From Table 1. it can be seen
that the average age of respondents was 56.2 years with an average abdominal circumference and

fasting blood sugar levels above normal.
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Table.1 Average age, abdominal circumference, arm circumference, fat percentage, fasting blood sugar levels,

and blood pressure of type 2 DM patients

Mean SD Min Max
Age (years) 56.2 7,14 35 72
Body composition
Abdominal circumference (cm) 91.81 19.4 33 163
Arm circumference (cm) 30.38 315 24 38
Fat percentage (%) 29.5 8.8 14.1 54.0
FBG (mg/dl) 187.07 67.03 101 331
Systole (mmHg) 137.62 20.25 94 180
Diastole (mmHg) 80.28 16.37 68 110

3.2. Distribution frequentation based on ethnicity of type 2 DM patients

Table. 2 Distribution frequentation based on ethnicity of type 2 DM patients in Medan city

Ethnic Groups total
Batak 42 (35%)
Javanese 29 (24.3%)
Mandailing 14 (11.7%)
Malay 10 (8.3%)
Minang 10 (8.3%)
Karo 7 (5.8)%
Aceh 4 (3.3%)
Simalungun 2 (1.6%)
Dairi 1 (0.8%)
Dayak 1 (0.8%)
Total 120 (100%)

From Table 2 there are 10 different ethnic groups of type-2 DM patients who seek outpatient

treatment at the Medan city health center. The majority of type-2 DM patients are Batak.

3.3. Leptin gene polymorphism -2548G>A(rs7799039)

In the RFLP electrophoresis results of the leptin gene -2548G>A, the sample group with the

homozygous AA genotype was seen with a 242 bp band, the homozygous GG genotype was seen with

181 bp and 62 bp, while the heterozygous GA genotype was seen with 3 bands, namely 242 bp. 181 bp

and 62 bp.

Table 3. Distribution of leptin gene polymorphism -2548G>A based on genotype

Leptin gene polymorphism -2548G>A N Percentage
AA 55 45.8 %
GA 50 41.7%
GG 15 12.5%
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From Table 3, there are 41.7% of type 2 DM sufferers who experience the Leptin gene polymorphism
2548G>A

Table 4. Distribution of GA, AA and GG genotypes of the leptin gene -2548G>A based on ethnicity

Tribes Genotype AA Genotype GG Genotype GA Total
Batak 20 3 19 42
Javanese 13 4 6 29
Mandailing 6 2 3 14
Malay 5 2 4 10
Minang 6 0 2 10
karo 4 1 2 7
Aceh 0 2 1 4
Simalungun 1 0 1 2
Dairi 0 0 0 1
Dayak 0 1 0 1

3.4. Discussion

The results showed that out of 120 respondents, it was found that 80.8% with an age range of 51-60
years actually suffered from type 2 DM, while only 19.2% in the age range of 35-50 years. The results
of this research are in line with the results of previous research. Azam M (2023) who conducted research
in Indonesia involving 3.911 DM subjects, most of the respondents on 45-64 years old (57.4%)
prevalence of odd ratio is 2.16 and 25.5% were on 15-44 years with prevalence of odd ratio is 3.22.[11]
A study published in 2014 in the journal Diabetes Research and Clinical Practice showed that the risk
of type 2 DM increases with age. The results show that the risk of type 2 DM increases approximately
1.1 times for every 10 years of age.[12]

Increasing age can reduce insulin sensitivity and insulin production from pancreatic beta cells,
thereby increasing the risk of developing type 2 DM.[13-16] Likewise, a significant decrease in physical
activity with increasing age results in poor changes in glucose metabolism, increased fasting glucose
levels, and hemoglobin Alc.[17,18]

An imbalance between food intake and physical activity can cause the accumulation of visceral fat,
because excess carbohydrate metabolism results will be stored in adipose tissue. The accumulation of
visceral fat in the abdomen can stimulate the release of inflammatory mediators that affect insulin
sensitivity.

In this study, it was found that the average abdominal circumference of type 2 DM sufferers in the
city of Medan was above normal with an average fasting blood sugar level above 114 mg/dl (table 1).
Fat cells secrete the hormone leptin. Leptin plays a role in energy regulation. Under normal

circumstances, the hormone leptin will stimulate the satiety center. The state of hyperleptinemia which

128



INSPIRE

is related to the accumulation of visceral fat and a decrease in insulin sensitivity in muscle cells actually
reduces the sensitivity of the satiety center, so that the person still feels hungry.

The research results showed that in the research subjects observed, there were three types of
genotypes for the leptin gene -2548G>A(rs7799039), namely AA, GA, and GG. The AA genotype
occurred in 55 people (45.8%), the GA genotype occurred in 50 people (41.7%) and the GG genotype
occurred in 15 people or 12.5%. The genotype that experienced polymorphism was GA. A meta-analysis
study conducted by Huang et.al in 2015 showed that the leptin polymorphism genotype (-2548G/A)
was associated with the risk of type 2 DM in Asian populations.[9] From the results of this research, it
was obtained that the Batak tribe is the tribe that experiences the most leptin gene polymorphisms.

Gene polymorphism can occur due to various factors, diet, physical activity, environment, etc.
Typical North Sumatran food mostly uses coconut milk. Medan city is famous as a culinary center. An
unbalanced diet and lack of physical activity may contribute to the occurrence of leptin gene
polymorphisms which in turn increase the risk of insulin resistance.

Research weaknesses

Polymorphism is not assessed only in certain ethnic groups but in all patients who come for routine
treatment at the health center. And it is not determined whether the two descendants previously

married into the same tribe or mixed marriages.

4. Conclusion

The hormone leptin plays a role in energy regulation. Find Leptin gene polymorphisms in type-2

DM sufferers in Medan city.
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Abstract: The pilgrimage is the fifth pillar of Islam which is a once-in-a-lifetime
obligation for every Muslim who can afford it. Around 221,000 Indonesian
pilgrims depart for the Holy Land, of which 60-67% belong to the High Risk (Risti)
group and die in Saudi Arabia, mostly caused by heart disease, respiratory,
kidney, metabolic, and hypertension. The aim of this study was to analyze the
factors that influence the metabolic syndrome of pilgrims from the city of
Palembang. This type of research is analytic observational with a cross-sectional
research design. The results showed a significant relationship between gender p-
value = 0.006, physical activity p value = 0.000, nutritional status p-value = 0.000
and there is no relationship between age p-value =0.251 and metabolic syndrome.
In conclusion, there is a significant relationship between metabolic syndrome and
gender, physical activity and nutritional status in pilgrims from Palembang City
in 2019.

Keywords: metabolic syndrome; nutritional status; physical activity; pilgrims

1. Introduction

The pilgrimage (Hajj) is the fifth pillar of Islam that is undertaken by 221.000 pilgrims from
Indonesia, around which 60 — 67% of members belong to the High Risk (Risti) group. Every year,
Indonesian Hajj pilgrims deaths in Saudi Arabia are caused mostly by diseases involving the heart,
respiratory tract, kidneys, metabolic, and hypertension.[1] Reports from the Indonesian Hajj Pilgrim
Center show that Indonesian pilgrims from 2015-2017 mostly are of the high risk category, and that
cardiovascular disease is one of the causes for pilgrims receiving treatment and mortality while on
pilgrimage.[2]

Shimemeri, et al reported that cardiovascular disease is the main cause of death in pilgrims and is
associated with several comorbidities, including dyslipidemia, hypertension, as well as chronic
pulmonary diseases.2 Meanwhile, Handayani, et al report that smoking, reduced physical activity,
circulatory diseases, respiratory diseases, and endocrine and metabolic diseases are the main causes of
death of pilgrims. Research done by Harpini, et al. shows that diabetes mellitus and hypertension as

risk factors associated with coronary heart disease for pilgrims in 2012.[2] This vulnerability can be a
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risk factor for the occurrence of metabolic syndrome, which is a complex metabolic disorder linked to
obesity, insulin resistance, dyslipidemia, and hypertension.

In Indonesia, metabolic syndrome affects 23,34% of the population, with a ratio of 26,2% male and
21,4% female.[3] Right now, metabolic syndrome has It is estimated that in the next five to ten years
there will be an increase in risk diabetes mellitus (DM) type 2 by five times and cardiovascular disease
by two times.[3] Patients with SM have 2-4 times the risk of stroke and 3-4 times the risk of myocardial
infarction.[4]

Prevention of metabolic syndrome can be done by knowing in advance what factors can affect
metabolic syndrome. This research was conducted with the aim of knowing the factors that influence

metabolic syndrome in pilgrims from Palembang City.

2. Methods

This type of research used observational analytical methods with a cross-sectional research design.
The research was carried out at Merdeka Health Center (Puskesmas), Sematang Borang Health Center,
Dempo Health Center, Campus Health Center, Sukarami Health Center, Kenten Health Center,
Pembina Health Center, Kertapati City Health Center, Palembang City.

The population sample of this study is every hajj pilgrims from the observation of health and
medical records of Palembang City Siskohatkes (Integrated Hajj Computerized System for the Health
Sector) 2019 met the inclusion and exclusion criteria. The inclusion criteria are data from the health
examination results and medical records of the Siskohatkes hajj pilgrims in Palembang City in 2019.
The exclusion criteria for the sample in this study were incomplete. The dependent variable in this
study was the diagnosis of metabolic syndrome. The independent variables are age, gender, blood
sugar, blood pressure, physical activity, and nutritional status.

Data collection in this study was carried out using primary data and secondary data. Data collected
included age, gender, nutritional status, blood pressure, diagnosis of diabetes mellitus, waist
circumference, and physical activity which were processed as needed for this research. Measurement
of body weight with a scale and height with a microtoise according to the SOP to obtain the Body Mass
Index (BMI). BMI measurements are calculated using the formula for body weight (BW) in kg per the
square of body height in meters, while blood pressure measurements use digital blood pressure. The
criteria for metabolic syndrome based on IDF 2006 are: 1. Central obesity with waist circumference for
men = 90 cm, women 2 80 c¢cm, 2. Blood pressure > 130/85 mmHg or currently on hypertension
medication, 3. Diagnosed Diabetes Mellitus, or fasting blood sugar > 126 mg/dl or intermittent blood
sugar 2200 mg/dl with classic symptoms or is undergoing DM treatment.[4,5] Physical activity was

measured in this study using the IPAQ questionnaire that has been tested for validity and reliability in
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12 countries for adults aged 15-69 years designed to measure a person's physical activity used during
the last 7 days. Physical activity is divided into 3 categories, namely light, moderate, and heavy.[6]
3. Results and Discussion

In this study, a total of 2,061 research subjects were obtained. The analysis was performed
univariately and bivariately. The results of the analysis are then presented in the form of narratives and

tables which can be seen in Table 1.

Table 1. Distribution characteristics in hajj pilgrims

Characteristic Number (n) Percentage (%)
Metabolic syndrome
Positive 156 7,6
Negative 1.905 92,4
Age
>60 Years 660 32
40-60 Years 1.271 61,7
<40 Years 130 6,3
Gender
Female 1.171 56,8
Male 890 43,2
Physical Activity
Light 954 46,3
Moderate 957 46,4
Heavy 150 7,3
Nutritional Status
Obese 1110 53,9
Non-Obese 951 46,1

Based on table 1, it can be seen that metabolic syndrome is seen in 156 people (7,6%), age range of
40-60 years in 1.271 people (61,7%), male gender makes up 1.171 people (56,8%), light activity in 954
people (46.3%), moderate activity in 957 people (46,4%), and obese nutritional status in 1110 people
(53.9%). Bivariate analysis using the chi-square test was carried out to determine the relationship
between the dependent variable and the independent variable. The results of the study obtained the
results of bivariate analysis are as shown in table 2.

Table 2 shows the relationship between characteristics of Hajj pilgrims and metabolic syndrome.
Based on the research results for age, it can be seen that the p-value = 0.251 (p<a) which shows that
there is no significant relationship between age and metabolic syndrome, and 7.7% of Hajj pilgrims

aged over 60 years have metabolic syndrome.

133



INSPIRE

Table 2. Analysis of hajj pilgrim characteristics with metabolic syndrome

Metabolic syndrome

Variable Positive Negative p-value ( 95};?(31)
n (%) n (%)

Age
>60 Years 51(7,7) 609 (92,3)
40-60 Years 100 (7,9) 1.171 (92,1) 0,251 -
<40 Years 5(3,8) 125 (96,2)
Gender
Female 104 (8,9) 1.067 (91,1) 1,571

0,006 (95% CI=1,112 -2,218)
Male 52 (5,8) 94,2 (890)
Physical Activity
Light 104 (10,9) 850 (89,1) 0.000 11,917
Moderat-Heavy 52 (4,7) 13 (41,9) ’ (2,416-58,767)
Nutritional Status
Obese 108 (9,7) 1.002 (90,3) 2,028

0,000 (95% CI =1,426-2.882)
Non-Obese 48 (5,0) 903 (95,0)

*Pearson test, Chi-square

Based on the results of gender, it can be seen that the p-value = 0.006 (p<a) which shows that there
is a significant relationship between gender and metabolic syndrome. Prevalence Ratio (PR) Value
shows that women have a 1.571 times higher risk than men of experiencing metabolic syndrome and
8.9% of female Hajj pilgrims have metabolic syndrome.

Based on the category of physical activity, it can be seen that the p-value = 0.000. This shows that
there is a significant relationship between physical activity and metabolic syndrome. Prevalence Ratio
Value (PR) indicates that light physical activity has a 2.482 times higher risk compared to moderate and
heavy activity in causing metabolic syndrome.

Based on research results for nutritional status, it can be seen that the p-value = 0.000 (p<0.05) which
indicates a significant relationship between nutritional status and metabolic syndrome. The PR value
indicates that obesity has a 2.028 times higher risk than non-obesity in causing metabolic syndrome.
9.7% of Haijj pilgrims with obesity have metabolic syndrome

Metabolic syndrome has become a public health problem and clinical challenge throughout the
world related to urbanization, excessive energy intake, increasing incidence of obesity, and sedentary
lifestyles and their associated impacts.[4] The prevalence of metabolic syndrome is increasing in Asia,
especially with the advent of modern lifestyles.[8] In this study, 156 (7.6%) pilgrims had metabolic
syndrome. This number is slightly higher than the prevalence of metabolic syndrome among Haijj
pilgrims in 2016, namely 1.6% (2450 ) Hajj pilgrims. Metabolic syndrome is typically characterized by
central obesity, atherogenic dyslipidemia such as hypertriglyceridemia and decreased HDL cholesterol,

hypertension, and dysglycemia. If only one of these conditions are present, it does not mean that
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metabolic syndrome is present, but there is a greater chance of developing a serious illness. Having
risks of complications, such as type 2 diabetes and heart disease, then the risk of metabolic syndrome

increases.

3.1. Relationship between age and metabolic syndrome

Age is one of the risk factors associated with the occurrence of metabolic syndrome. In this study, it
was found that the prevalence of pilgrims with metabolic syndrome was mostly in the age range of 40-
60 years with a total of 100 (7.9%) people from all pilgrims. These results are in accordance with research
by Liberty IA et al. with the highest prevalence of metabolic syndrome in the age range of 40-49 and
50-59 years, namely 1,512 (3.2%) of all pilgrims.[7] Based on the p value=0,251 (p<a), there is no
significant relationship between age and metabolic syndrome. These results are in accordance with
Pijaryani's 2021 research (p value=0,794) and Driyah et al. in 2019 (p value=0,147).[3,8] This research is
reinforced with previous research showing that ages > 40 years and <40 years are not associated with
metabolic syndrome, based on PR value = 3,804,it is known that there is a risk of experiencing syndrome
at age 40. Bantas, 2012 states that there is an increase risk in developing metabolic syndrome as much
as 3,58 times in females above 60 years, as opposed to age below 40 years.[9]

However, this research is not in line with several previous studies, namely Liberty IA et al, on
Indonesian pilgrims in 2016 and Li et al. (Mean + SD 56.45 + 12.50; p-value < 0.001) in the adult
population in China which states that there is a significant relationship between age and metabolic
syndrome.[7,10] Guarner-lans et al,2011 states that in general, prevalence of metabolic syndrome
increases as age increases. In general, the prevalence of the metabolic syndrome increases with age. The
increased risk of metabolic syndrome in the elderly is due to the aging process. Aging is a multifaceted
and functional process that affects biological function after it has reached its maximum potential.
During aging, steroid hormones decrease so that the binding of globulin increases.[1] Therefore, there
was a disturbance of the body's metabolism. This occurs due to changes in body composition in old
age, which decreases muscle mass and causes a decrease in basal metabolic rate, decreased activity

compared to young.[3]

3.2. Relationship between gender and metabolic syndrome

In this study, it was found that 104 (8.9%) female hajj pilgrims experienced metabolic syndrome, it
was found that there was a significant relationship between gender and metabolic syndrome p-value =
0.006 (p-value <0.05) and the PR value of women had a risk 1.571 times higher than men. These results
are in line with research, Bantas K, 2012 there was an increased risk of developing metabolic syndrome

by 3.58 times in women over 60 years of age.[11] Driyah et al. (2019) and stated that women were 4.78
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times more at risk (95% CI 1.11-20.56; p-value = 0.03) of experiencing metabolic syndrome than
male.[3,12] The results of the research are tied to the onset of menopause and resistance to insulin in
women. At the age approaching menopause, estrogen decreases.[10,13] Estrogen is a factor that affects
the levels of sugars and lipids in the body. Estrogen has effects on HDL, with women having higher
HDL levels than men on average. Estrogen also affects the distribution of fat, namely in the buttocks
and hips rather than in the belly, which is one of the criteria for metabolic syndrome (central obesity).
If the amount of estrogen is sufficient, it will help in maintaining normal blood sugar and blood fat
levels and avoid an increase in abdominal visceral fat. The difference is not significantly related to
changes in male sex hormones that occur during aging. These changes are known to be associated with
insulin sensitivity and metabolic syndrome. Higher levels of testosterone and SHBG (sex hormone
binding globulin) in aging males are independently associated with higher insulin sensitivity and a
reduced risk of metabolic syndrome. This suggests that this hormone can prevent the development of

metabolic syndrome.[14]

3.3. Relationship between physical activity and metabolic syndrome

In this study, it was found that 10.9% of hajj pilgrims with light physical activity experienced
metabolic syndrome. Based on the results of the chi-square statistical test with a confidence level of 95%
and a 0.05, p-value = 0,000 (p<cat). A p-value of less than 0.05 indicates a significant relationship between
physical activity and metabolic syndrome. From the calculation of the prevalence rate, it was found
that pilgrims with light physical activity had a 2.482 times greater risk of experiencing metabolic
syndrome compared to pilgrims who had moderate and heavy activities. These results are in line with
research conducted by Tanrewali which states that there is a relationship between physical activity and
the incidence of metabolic syndrome in the adult population in Lambu District, Bima Regency (p-value
= 0.001).[15] Ekelund et al., high physical activity plays an important role in risk factors for
metabolic.[16] Inadequate physical activity and excessive caloric intake have twice greater risk factors
for metabolic syndrome than those who have good physical activity.[17,18] Research in the UK shows
that physical activity at moderate and high levels reduces the risk of developing metabolic
syndrome.[18] In several studies, the proportion of participants who met the criteria for metabolic
syndrome decreased after exercise intervention. Minimal physical activity (150 minutes per week of
moderate-intensity activity or 75 minutes per week of vigorous-intensity activity) has consistently been
shown to have a significant benefit on the risk of metabolic.[19] The benefits of physical activity include
reducing blood pressure, increasing insulin sensitivity, reduces systemic inflammation, improves
endothelial function, and reduces visceral fat. According to the American College of Sports Medicine,

exercise plays an important role in preventing and controlling insulin resistance, prediabetes,
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gestational diabetes, type II diabetes, and complications from diabetes. Both aerobic and weight-lifting
exercises increases insulin action and helps control blood sugar.[19] In hypertension, by You Y et al.
2019 research shows light physical activity (p-value=0.006) to heavy physical activity (p-value=0.004)

has the effect of preventing hypertension in people aged 245 years in China.[20]

3.4. Relationship between nutritional status and metabolic syndrome

Increased body mass index is associated with increased prevalence of metabolic syndrome. Based
on bivariate analysis, it was found that 9.7% of pilgrims with obesity also had metabolic syndrome,
there was a significant relationship between nutritional status and metabolic syndrome (p-value =
0.000). From the calculation of the prevalence rate, obese people have a 2.208 times greater risk of
experiencing metabolic syndrome than those who are not obese. These results are in line with Liberty
IA et al, 2019: there is a relationship between the BMI category and the incidence of metabolic
syndrome among Indonesian pilgrims in 2016.[7] Driyah et al., 2019, there is a significant relationship
between BMI and metabolic syndrome (p value=0,000).[3] According to Kamso et al, 2011 conclusion
in executive employees with regression analysis that obese nutritional status has a 7.44 times risk (95%
CI 2.48-22.30; p-value=0.000) of experiencing metabolic syndrome compared to normal nutritional
status.[21] In addition,Kobo et al.,, 2019 states that normal nutritional status has a high Negative
Predictive Value for reducing the occurrence of metabolic syndrome in men and women (98% and 96%
respectively. Obesity is the main component of the incidence of metabolic syndrome. However, the
exact mechanism is not yet known.[22] Obesity followed by increased fat metabolism will cause the
production of Reactive Oxygen Species (ROS) to increase both in the circulation and in adipose cells.
The increase in ROS in adipose cells can cause the balance of oxidation-reduction (redox) reactions to
be disturbed, resulting in decreased antioxidant enzymes in the circulation, which is called oxidative
stress. Increased oxidative stress causes dysregulation of adipose tissue and is the initial
pathophysiology of metabolic syndrome, hypertension, and atherosclerosis.[22]

Excessive food intake accompanied by a lack of activity can cause excessive energy storage in the
body in the form of fat. This can affect neurohormonal activation, chronic inflammation, and insulin
resistance in the body which can lead to metabolic syndrome.[21] An increase in BMI will result in
health problems. Obesity is a risk factor for other diseases such as noninsulin dependent diabetes
mellitus, cardiovascular disease, and hypertension, where there is a positive relationship between
metabolic syndrome and obesity parameters, namely BMI and the amount of fat under the skin (sum

of skin-folds) and BMI, which is positively correlated with systolic and diastolic blood pressure.[23]
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4. Conclusion

Based on the research results, it was concluded that 156 (7.6%) Haijj pilgrims experienced metabolic
syndrome based on the criteria of central obesity, high blood pressure, and diabetes mellitus. The
majority of Hajj pilgrims are in the age range 40-60 years with a total of 1,271 (61.7%) people, female
with a total of 1,171 (56,8%). There is a positive relationship between gender, physical activity, and
nutritional status with metabolic syndrome so that pilgrims can increase physical activity and balanced

nutritional intake.
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Abstract: The decline in physical activity, changes in lifestyle, and unhealthy
eating habits all contribute to the development of degenerative and infectious
diseases. The body's immunity, particularly leukocytes, plays a crucial role in
the onset of degenerative diseases. To maintain good immunity and adequate
leukocyte levels, there are several things that can be done, including
exercising regularly with sufficient intensity. Exercise, which is tailored to the
body's ability, can activate the leukocytes, thereby improving immunity and
preventing degenerative and infectious diseases. The purpose of this study
was to investigate the effect of submaximal exercise with trained and
untrained intensity on blood lymphocyte levels in female Wistar rats. This
was an experimental research study that utilized a post-test-only control
group design. The study involved 25 female white rats (Rattus norvegicus) of
the Wistar strain, which were divided into 5 groups. The statistical analysis of
the findings using the One-Way ANOVA test showed that p = 0.859,
indicating no significant differences between the treatment groups. Therefore,
the study concluded that there was no significant difference in lymphocyte
levels between trained and untrained submaximal intensity exercises.

Keywords: leukocytes; lymphocytes; submaximal exercise; trained; untrained

1. Introduction

Today's life demands that humans are busy all day long, causing reduced overall body
mobility. An inactive sedentary lifestyle accompanied by stress can lead to various diseases, both
non-infectious (degenerative) and infectious diseases. Technological inventions that help human
work also have a negative side. The more advanced and sophisticated technology is, the less
physical activity is carried out.[1,2] Degenerative diseases refer to health conditions where the state
of the organ or network gradually declines over time. This occurs because the body's cells
experience changes that affect the function of the entire organ. The decline in physical activity,

change in lifestyle, and unhealthy eating patterns can lead to the development of degenerative
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diseases. On the other hand, infectious diseases are common illnesses caused by bacterial and viral
infections.[2,3]

Maintaining a strong immune system is crucial for good health. It enables the body to resist or
eliminate foreign objects and abnormal cells that can be harmful. One of the essential factors in
maintaining a healthy immune system is the balance of physiology in the body, which can be
gauged by markers like the number of leukocytes or white blood cells in the bloodstream?2.
Leukocytes play a critical role in the immune system by circulating in the blood, repairing and
slowing down the decline of organ function. Exercise is one way to improve leukocyte production.
However, it's important to choose the right type and level of physical activity that suits one's body.
Excessive physical activity can result in oxidative stress, which is an imbalance between the
production of free radicals and the body's ability to neutralize them with antioxidants. This can
cause an increase in the number of leukocytes beyond 10,000 cells, which is not healthy. Different
sports have varying levels of intensity, which can also affect the immune system. The intensity of
sports can be classified as low, medium, or heavy, based on the duration and intensity of the
exercise performed.[4]

Sports should be done in accordance with the body's ability to respond to received stress. The
body will undergo an adaptation process when the burden of sports is too light. On the other hand,
the body can't overcome the burden of sports that are too heavy until it disrupts the body's
homeostasis system and damages it. One of the most frequent damages is muscle injury, which
can result from excessive sports.[5] Excessive sports can result in the enhancement of leukocytes.
The increasing rate of leukocytes is especially related to increasing neutrophils and lymphocytes
during sports. Neutrophils increase during the recovery period, whereas lymphocytes increase
quickly after the sport is stopped. Several recent studies have shown that an increase in
lymphocytes can brief the location of infection and increase the immune system.[6] The theory
according to Wahyudi et al. (2019) is that during sports, there is movement of leukocytes,
activation, and an increase in the formation of compound radicals by leukocytes.[7] Excessive
sports can result in an enhancement of free radicals, which can cause oxidative stress and decrease
the flow of lymphocytes in the blood. This is because they get mobilized to the network that is
damaged as a consequence of oxidative stress. Routine sports are better than occasional sports
because routine sports result in the body experiencing adaptation. This adaptation helps overcome
the enhancement of oxidative stress, ensuring that the mobilization of leukocytes happens equally
through the blood genre.[8]

Based on the description above, the body's immunity can be improved by engaging in
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appropriate physical activities that enable the body to function effectively, without excessive strain
on leukocytes. It has been observed that rare physical activity or being sedentary can negatively
affect the body's immune functions.[4] Therefore, this research aims to investigate the effect of
sports intensity on immunity by measuring the rates of leukocytes, particularly lymphocytes, in
white mice (Rattus novergicus). The purpose of this study is to determine whether intensity of
physical activity, whether trained or untrained, can increase immunity and prevent infectious or

degenerative diseases.

2. Methods

This study utilizes an experimental method called post-test-only control group design and
involves using white Benita mice (Rattus norvegicus) of the Wistar strain. The study has been
approved by FK Hang Tuah University Surabaya, and it was conducted in the Laboratory of
Biochemistry at the Faculty of Medicine, Hang Tuah University Surabaya, over a period of one
month, which included one week of adaptation, two weeks of treatment, and one week of rest. The
number of animal samples required for the study was calculated using Federer's formula, with
five treatment groups, each consisting of five mice, for a total of 25 mice. The mice used in this
study were female, white (Rattus norvegicus) strain Wistar, healthy, 2 months old, and weighed
between 180-200 grams. The mice were randomly divided into five groups. The details of the
groups used in the study are as follows:

K1: Control group

K2: Trained group without intervention

K3: Untrained group without intervention

K4: Trained group with intervention

K5: Untrained group with intervention\

The procedure for research and data collection will be done as follows:

To prepare for the animal experiment, suitable mice were chosen based on certain criteria. They
were then adapted to the laboratory environment for 7-14 days, during which they were given
food and water. The mice were randomly selected and divided into 5 groups, labelled K1-K5, and
placed in separate drum:s.

Group 1 was the control group, with the mice left in the drum throughout the research process
with no intervention.

Groups 2 and 4 underwent training through swimming in a bucket every day for 2 weeks.
Before the intervention, a swimming test was conducted to determine the maximum swimming

ability of the mice. Once the mice were trained, the process continued for another 2 weeks. In
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group 4, the mice received a swimming treatment once with the same duration.

Groups 3 and 5 received the same intervention, but only once a week for 2 weeks. Before the
intervention, the swimming test was conducted to determine the maximum swimming ability of
the mice. Once the mice were not trained, the process continued for another 2 weeks. In group 5,
the mice received a swimming treatment once with the same duration.

To take a blood sample from the mice, they were first anesthetized and then placed on a metal
plate while sedated for surgery. The surgery began by opening the skin until the muscles were
visible from the epigastric area to the heart. Blood was drawn from the ventricle using a 3 ml
syringe, and then entered into an EDTA tube, which was then shaken to mix the blood and EDTA.
The mice were then euthanized through exsanguination.

The blood sample mixed with EDTA was analyzed using a hematology analyzer to determine
the lymphocyte count from the whole leukocytes in the blood. The data obtained is in the form of
a ratio.

Obtained data is rate mice blood lymphocytes from all groups. Data obtained separated
between each group (K1-K5). Data was analyzed using statistical tests to see exists different
meanings between each group being compared with the group control. analytical method in a
manner statistics use :

1. Test Shapiro-Wilk For test normality
2. Test Levene For homogeneity test

3. Test One Way ANOVA For parametric test
3. Results and Discussion

3.1. Research result

The following table lists the rate of lymphocytes in the blood of mice and includes the

measurement results that have been whitelisted.

Table 1. The results of examination of lymphocyte levels

No K1 (%) K2 (%) K3 (%) K4 (%) K5 (%)
1 724 72.0 62.2 60,6 69,6
2 78.5 76,2 53.5 80.1 69.2
3 64,7 613 70.6 79.2 64.8
4 83.8 747 71,2 60.5 66.5
5 59,7 78.1 829 65,9 68,6
Amount 3591 362.3 340.4 346,3 338.7
Average 71,82 72,46 68.08 69,26 67,74

Note: K1: Control Group; K2: Trained Group without Intervention; K3: Untrained Group without
Intervention; K4: Trained Group with Intervention; K5: Untrained Group with Intervention.
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Figure 1. Mean lymphocytes between groups

After analyzing the data, a normality test was conducted using the Shapiro-Wilk method and
it was found that all of the data was normally distributed (with a significance level greater than a).
Following this, a homogeneity test was conducted using the Levene method, which revealed that
the data had homogeneous variation (again, with a significance level greater than a). Because the
data was both normally distributed and homogeneous, a parametric statistical test was conducted
using the One-Way ANOVA method. The results showed a significance mark of p = 0.859 (with
p> a), indicating that there was no significant impact of exercise intensity on the immunity of white

female mice (Rattus norvegicus) of the Wistar strain.

3.2. Discussion

Regular exercise can have a positive impact on a person's immunity, but only if it is performed
consistently and sustainably. The intensity, duration, and load of the exercise can all play a role in
how it affects the immune system. Generally, sports that result in moderate levels of stress and
oxidative damage to the muscle cells can stimulate the production of circulating lymphocytes,
which help in repairing the damage. However, if the exercise intensity is too high or too low, or if
it is not performed consistently, it can have a negative impact on the immune system by increasing
oxidative stress. This is because the body does not have a mechanism to adapt to the damage
caused by exercise if it is done irregularly.

The best intensity of exercise currently recommended is submaximal, which means exercising
at 80-90% of your maximum ability and doing it regularly. Consistent exercise helps the body to

adapt to oxidative stress, which leads to reduced muscle damage and increased levels of
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lymphocytes and other leukocytes in the circulation. These cells play a crucial role in the immune
system. According to the above information, a study is expected to show that there is a significant
difference in the rate of lymphocytes between groups that are trained and those that are not
trained. The rate of lymphocytes is expected to be higher in the trained groups, both with and
without intervention (K4 and K2). The results of the study are expected to show that the trained
group has more circulating lymphocytes than the untrained group. This is because, in the
untrained group, the damage network is more significant, leading to more lymphocytes being
directed toward the injury. In contrast, in the trained group, the level of lymphocytes is expected
to be more stable.

Based on statistical tests, there appears to be an average difference between the five groups of
treatment with varying bound rate lymphocytes. However, there is no significant difference
between the groups when analyzed statistically (p>0.05). It has been observed that the trained
group has a higher rate of lymphocytes compared to the non-trained group. Previous studies have
suggested that physical activity may decrease the rate of lymphocytes due to apoptosis
mechanisms [9], as evidenced by the lower levels of lymphocytes in the intervention group. This
suggests that the rate of circulating lymphocytes is higher in the trained group than in the non-
trained group. In the non-trained group, more damage occurs in the network, leading to more
lymphocytes being directed toward the injured network.

When we exercise, it puts physical stress on our body which initially activates the Sympathetic-
Adreno-Medullary axis (SAM axis). This axis sends stimuli via sympathetic neurons to the adrenal
glands, leading to the release of adrenaline and noradrenaline. These hormones play a crucial role
in our body's fight-or-flight response and can increase our heart rate, blood pressure, and
breathing rate.

Apart from the SAM axis, exercise also activates the Hypothalamus-Pituitary-Adrenal axis
(HPA axis). This axis provides a stimulus to the Limbic-Hypothalamus-Pituitary-Adrenal axis
(LHPA axis). The LHPA axis stimulates the hypothalamus to secrete corticotropin-releasing-
hormone (CRH), which sends a message to the anterior pituitary gland. This results in the release
of Adrenocorticotropin Hormone (ACTH), which influences the secretion of cortisol - a hormone
secreted by the adrenal cortex. The cortisol hormone sends negative feedback to decrease activity
in inflammation by pushing the rate of lymphocytes in our bloodstream. This process helps our

body to cope with exercise-induced stress.[10]
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Figure 2. The HPA axis and SAM axis are two systems in the human body that are responsible for the

stress response

Regular exercise can lead to adaptations in the body that change the way it responds to stress.
Exercise can stimulate changes in the body's capacity to function, including the immune system,
specifically lymphocytes. A research study conducted by Shodiq (2016) examined the effect of
exercise on the white blood cells of mice.[10] The study found that after two months of exercise,
the group that received submaximal exercise had a significantly higher lymphocyte count than the
control group. However, the study also found that the difference in lymphocyte count was not
statistically significant due to the short treatment period of only two weeks. Additionally, the time
of day when the blood samples were taken could have affected the results, as peak levels of plasma
glucocorticoids, which suppress the immune system, occur at 8:00 am.

Another study by Mushidah & Muliawati (2019) divided mice into three groups - control, light
exercise (swimming once), and heavy exercise (swimming for three days). The study found that
the group with heavy exercise had increased cortisol levels, which can lead to tissue damage and
hinder the immune system, resulting in lower levels of circulating leukocytes.[11] A study by
Laeto, Natsir, and Arsyad (2019) on humans found a significant increase in lymphocyte count after
exercise, with the highest count found when the exercise was performed in the afternoon.[2] This
is because cortisol levels are relatively higher at night compared to the afternoon.

Further research is needed to determine the pattern of lymphocyte count change in response to
exercise, including a time series study that follows the rhythm of circadian cortisol. Additionally,
research should be conducted on the effect of exercise on lymphocyte count in normal individuals,

especially during high-intensity sports.
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4. Conclusion

Based on a study conducted on female white mice (Rattus norvegicus) of the Wistar strain, it can be
concluded that there was no significant difference in the rate of lymphocytes in their blood during
submaximal exercise, regardless of whether the mice were trained or not trained at a certain intensity

level.
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Abstract: Fibrosis is a pathological response observed in chronic inflammatory
diseases affecting vital organs, including the liver, kidneys, and lungs. The
prevalence of fibrosis is observed in up to 45% of patients residing in both
developed and developing countries. TGFB-1 is a key molecule in the
pathogenesis of fibrosis. Nevertheless, clinicians have not widely embraced a
significant number of efficacious medicines with the purpose of impeding the
advancement of fibrosis. The main option for fibrosis management is to target
systemic inhibition of TGFf-1. Furthermore, instead of conventional therapeutic
approaches that concentrate on inhibiting TGFB-1, an alternate approach to
managing fibrosis involves the utilization of anthocyanin as a compound with
antioxidant, anti-inflammatory, and antifibrotic properties. The objective of this
study is to assess the efficacy of anthocyanin in suppressing TGFp-1 in fibrosis.
The research was conducted utilizing the narrative literature review approach.
The findings of this study indicate a reduction in TGFp-1 expression in the
experimental models to anthocyanin treatment. Hence, it may be inferred that
anthocyanin possesses the capacity to efficiently suppress TGFB-1 in the context
of fibrosis.

Keywords: Anthocyanin; Fibrosis; Transforming Growth Factor Beta 1 (TGF-1)

1. Introduction

Fibrosis is a healing process or reaction to tissue injury. This process generally occurs as a result of
chronic inflammation which can occur in organs such as the kidneys, lungs, skin, and liver.[1] Fibrosis
can be irreversible which eventually causes permanent tissue injury, then causes organ malfunction
and may lead to death. This condition is commonly found in chronic inflammatory diseases such as
Idiopathic Pulmonary Fibrosis (IPF), end-stage liver disease, and several other diseases.[2]

Fibrosis and other chronic diseases associated with fibrosis have high incidence data in various
countries, both developed and developing countries. This disease is also associated with mortality rates

in developed countries of up to 45%.[3] Indonesia itself has a high incidence of fibrosis in various
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organs. For example, cirrhosis of the liver, which is the occurrence of diffuse pathological changes in
liver tissue characterized by fibrosis and the formation of regenerative nodules, has a high incidence in
Indonesia. In Indonesia, the prevalence of liver cirrhosis is equivalent to 47.4% of the total hospitalized
patients with liver disease.[4]

The high incidence of fibrosis has stimulated interest in the development of therapeutic approaches
to inhibit TGF-f31 by disabling and/or stopping fibrosis occurring at various organ sites.[3] One of the
potentially beneficial substances on the expression of TGF-{1 is anthocyanin. Anthocyanins are derived
compounds found in several types of plants and are abundant in nature in diversity. Anthocyanins
have been proven to be used in the health sector.[5]

Anthocyanin

Anthocyanins are natural pigments belonging to the flavonoid group that are soluble in polar
solvents and are formed by three carbon atoms linked through one oxygen atom and two benzene
aromatic rings (C6H6) that attached to the main structure. As a bioactive compound, there is
arrangement of conjugated double bonds in the anthocyanin structure not only functions for the plant
itself, but also as a natural free radical scavenging and destroying compound or more commonly known
as a natural antioxidant which provides benefit for humans.[6]

The antioxidant function of anthocyanins has many benefits in preventing various degenerative
diseases such as anti-diabetic, anti-hypoglycemic, anti-hypertensive, anti-cancer, anti-inflammatory,
anti-amnesia and anti-aging (neuroprotective), prevention of dysfunction, and obesity processed by
ongoing oxidative inside the body. It can be caused cell damage and uncontrolled cell proliferation into
lipid peroxide or malondialdehyde (MDA) and causes cell death in various body tissues.[7]

Transforming Growth Factor g1 (TGF-B1)

TGF- B become an important role in various cellular processes including proliferation,
differentiation, migration, and apoptosis which are required to maintain tissue homeostasis. In under
normal conditions, TGF-£ acts as an inducer of apoptotic effects, this is important for cell differentiation
and regeneration, but when TGF-£ in high levels it can be cause massive cell death. For example, in
liver cells it can be cause fibrosis and cirrhosis.[8]

The relation between Anthocyanin and TGF-f1

In one study it was stated that anthocyanins have an effect on the activation of AMP-activated
protein kinase (AMPK). AMPK is a target in metabolic disorders because its activation increases insulin
sensitivity, lowers blood glucose levels, and improves lipid profiles. AMPK also works as a tumor
suppressor liver kinase 1 (LKB1) to regulate metabolism and growth of cancer cells. AMPK activators,

including metformin, phenformin, or A769962, suppress Smad2/3 phosphorylation and expression of
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target genes, including PAI-1, CTGF, FN, and IL-6 in response to TGF-3, along with a decreased ability
of cancer cells to migrate upon healing wound. Furthermore, AMPK activation works inversely to the
stimulation of TGF-p on the expression of EMT markers and changes in the morphology of BEAS-2B
cells.

All of these effects depend on LKB1-dependent function, although the inhibitory effect on TGF-3-
induced IL-6 expression may also be mediated by the LKB1-independent pathway. This may cause the
expression of a dominant negative AMPK mutase or deletion of AMPK subunits increasing TGF--
stimulated Smad?2/3 phosphorylation, whereas the expression of active AMPK mutations attenuates the
TGEF- signaling pathway by inhibiting Smad2/3 phosphorylation and transcriptional events thereby
reducing the effect of TGF-f3. It can be concluded that AMPK activation inhibits TGF-f3-modulated EMT

and cancer metastasis.[8]

2. Methods

This study performed a literature review and descriptive analysis on Google Scholar, PubMeds,
Researchgate, Frontires, and Elsevier. This study use article published in the last 10 years or between
2012 and 2022 with the following keywords to search literature were "anthocyanin or anthocyanidin”,
"transforming growth factor beta 1 (tgfb1l)”, “fibrosis”, “anthocyanin and transforming growth factor

beta 1 (TGF-f1) and fibrosis”, and “Effectiveness of Anthocyanin in Inhibiting Transforming growth
factor beta 1 (TGF-£1) in Fibrosis”.

3. Results and Discussion

3.1. Results

A study conducted by Sohn et al. which examined the anti-inflammatory and antifibrosis effects of
anthocyanins on Peyronie’s Disease (PD) using a mouse model showed that the formation of fibrous
tissue found in male mouse models given anthocyanin extract (AC) was less than in the control group
and PD group. The PD group that did not receive anthocyanin had the most prominent fibrosis among
the three experimental model groups. The immune reaction of TGF-f3 1 in the control model with
normal histology was weaker than the PD and AC groups. In contrast, the PD group showed higher
TGF-p1 immunoreactivity, meaning there was an increase in collagen and fibroblast production in the
tunica albuginea of PD group. The AC group showed significant differences from the PD group with
the results of TGF-f3 1 expression decreasing significantly.[9]

On the research model conducted by Wang et al., type Il alveolar cells of mice were given exposure

to the chemical paraquat (PQ) commonly used as herbicides) and then given anthocyanins. The results
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showed that the expression of TGF-[3 1 protein decreased significantly after anthocyanin administration
compared to control and PQ.[10]

Romualdo et al. had done a research regarding anthocyanin extracted from fruit peels of the
Muyrtaceae plant on chemically induced liver fibrosis and carcinogenesis in mice which showed similar
results to the two studies discussed, namely there was a decrease in TGF-f3 1 levels in mice which was
intervened by the administration of DEN / CCL4 and then given S. malaccense fruit peel powder which
is rich in anthocyanin.[11]

Similar results were illustrated in the study of Morrison et al. on the inhibitory effect of bilberry
extract towards the progression of non-alcoholic hepatic steatosis and hepatic fibrosis. The three groups
of mice studied consisted of a reference group (REF), without cholesterol supplement, a high cholesterol
group (HC), a control group given cholesterol supplement), and a high cholesterol mirtoselect (HCM),
given a cholesterol supplement and anthocyanin). In addition to reducing inflammation, the
anthocyanin contained in the bilberry extract has the potential to inhibit the progression of steatosis
into fibrosis. The study reported that the HC group showed a significant increase in TGF-3 1 expression,
while in the HCM group, TGF-f3 1 expression was reduced. Hepatic cell staining showed increased
collagen formation in the HC group when compared to the REF group and was significantly reduced
in the HCM group. Biochemical examination supports the argument of a significant increase in collagen
production in the HC group that was reduced in the HCM group and compared to the REF group.[12]

Yin et al. stated similar results, namely that there was a dramatic increase in TGF-3 1 expression in
mouse models with CCl 4-induced hepar fibrosis that did not get anthocyanin compared to the control
group. A significant decrease in the expression of TGF-f 1 in mice with fibrosis was successfully
achieved by the administration of anthocyanin extracts.[13]

Du et al. conducted a study on the effects of anthocyanidins on accumulation and inflammation
mediated by high glucose levels in HK-2 cells (human kidney cells). The study found that when cells
were given high levels of glucose during the first 24 hours and the next, TGF-1 protein levels increased
compared to controls (NG). After being given anthocyanin derivatives, cyanidine-3-O-f-glucoside
chloride (C3G) and cyanidine chloride (Cy), Du et al stated that both substances significantly lowered
the levels of TGF-31 protein.[14]

Koh et al. examined the effect of anthocyanin administration on improving renal lipotoxicity in the
diabetic mice model, stated that the expression of TGF-§ 1 in the control group with type II diabetes
was higher compared to non-diabetic control mice and diabetic and non-diabetic mice given

anthocyanins.[15]
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Table 1. Imnmunohistochemistry findings from different studies on TGFf1 expression
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Koh et al, C57BLKS/] are The expression of T 3-
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[
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Description:

1. db/db: diabetic mice
2. db/m: non-diabetic mice

3.2. Discussion

Fibrosis is a healing process or reaction to tissue injury. This process generally occurs as a result of
chronic inflammation which can occur in organs such as the kidneys, lungs, skin, and liver.[1] The main
characteristic of fibrosis is the dysregulation of fibrous tissue formation, which is defined as excessive
accumulation of extracellular matrix components. These extracellular matrix components include
collagen and fibronectin which are basically essential components in wound healing.[16]

Currently, effective antifibrosis therapy is still hard to accepted by the medical community. The
mortality rate produced by fibrosis is 45% in developed countries.[3] Recent studies illustrate that the
key to fibrosis lies in myofibroblast cells and their molecular pathways. One of the most important
components of myofibroblast activation is the TGF-f pathway.[17] TGF-f under normal conditions has
a function as a trigger for apoptosis and has a role in wound healing. However, when repeated injury
and inflammation occurs in the long term, the TGF-f group (consisting of TGF-$1, TGF-2, and TGF-
B3 isoforms) is also a pro-inflammatory cytokine. When TGF-f1 binds to its receptor, it will then
activate the SMAD signaling pathway. SMAD-2/3 will then regulate profibrotic gene expression. If
there is excessive activation of the SMAD pathway mediated by TGF-g, fibrosis can occur.[18] TGE-S,
as previously described plays an essential role in fibroblast activation and the epithelial/endothelial-
mesenchymal transition. Therefore, the therapeutic strategy of TGF-g inhibition has attracted the
attention of researchers.[3]

The strategies pharmacologic therapy such as NIS793 (still in clinical trials (NIH clinicaltrials.gov))
inhibit TGF-f systemically. However, the side effects of these drugs are the great concern. Researchers
are concerned that systemic inhibition of TGF-f might actually trigger the formation of cancer cells

because essentially TGF-f functions as a tumor growth suppressor. Toxicity to cardiovascular with
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histologic changes has been observed and reported in mice and monkey experiments. Persistent
bleeding was reported in rat and monkey experiments. It means systemic inhibition can produce a
higher toxic effect compared to use of selective inhibition of TGF-£1.[3]

Besides to conventional pharmacological therapy, herbal therapy as a supplement is now increasing
the attention of researchers. For an example is the use of anthocyanins from plant materials in inhibiting
TGF-f1. Anthocyanin which is one of the compounds belonging to the flavonoid group is known to
function as an antioxidant, anti-inflammatory, and in this case, as an antifibrotic although it is still being
tested on animals. Based on the literature study by comparing the expression of TGF-1 through
immunohistochemical tests from several studies, the researchers observed that anthocyanins can
effectively inhibit TGF-1 so that the progression of a disease to fibrosis or already become a fibrosis that
has occurred can be inhibited. This is in line with the researchers’” expectations of the effectiveness of

anthocyanin compounds as TGF-f1 inhibitors in fibrosis.

4. Conclusion

To conclude, the anthocyanin compound has the potential to effectively inhibit Transforming
Growth Factor 1 (TGF-$1) in fibrosis. However, the results obtained are mostly the results of animal
experiments, thus the same effect on human subjects in greater numbers cannot be known for certain.
Therefore, it is necessary to conduct further research on the antifibrotic effect of anthocyanins on the

activity of TGF-B1 in humans.
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Abstract: Cardiovascular disease remains a global threat and is the leading cause
of death worldwide. The high risk of coronary heart disease (CHD) in the elderly
is due to physiologicalchanges in the body, such as decreased elasticity of the
aortic wall, thickening and stiffening of heart valves, and reduced cardiac
pumping ability. The development of cardiovascular disease can be caused by
several factors, including controllable and uncontrollable ones. This research aims
to investigate the relationship between CHD risk factors and electrocardiographic
(ECG) outcomes in the elderly. This study is a cross-sectional study involving 24
elderly subjects (14 males and 10 females) selected through total sampling. The
results of the study showed that 12 subjects (50%) exhibited abnormalities in the
ECG with various interpretations such as Old Myocardial Infarction (OMI),
occasional Premature Ventricular Complex (PVC), occasional Premature Atrial
Complex (PAC), Right Bundle Branch Block (RBBB), and myocardial ischemia.
Chi-square test indicated no significant relationship (p>0.05) between risk factors
(age p=0.408, gender p=1.000, BMI p=0.098, and blood pressure p=0.660) and ECG
outcomes in the elderly. Therefore, the conclusion of this study is that there is no
correlations between age, gender, BMI, blood pressure, and ECG resultsin the
elderly residents of Panti Werda Sinta Rangkang, Palangka Raya City.

Keywords: cardiovascular disease; elderly; electrocardiograph (ECG)

1. Introduction

The aging population is a global phenomenon leading to an increase in the elderly population
worldwide. As people age, the risk of various chronic diseases, including heart disease, also
increases. Heart disease is a serious health issue and a leading cause of death worldwide. In the
elderly, heart disease has significant impacts on quality of life, morbidity, and mortality in the
elderly population. Physiological changes that occur in the aging process, such as a decline in
cardiovascular function, loss of blood vessel elasticity, and the accumulation of atherosclerotic
plaques, can contribute to the high prevalence of heart disease in the elderly. According to the

Basic Health Research (Riskesdas), the number of people diagnosed with Coronary Heart Disease
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(CHD) in Indonesia in 2013 was highest in the 65-74 age group at 5.6%,[1] while in Central
Kalimantan Province, the prevalence of CHD patients was highest in the 55-64 age group at
1.28%.[2]

The onset of cardiovascular disease can be caused by several factors, some of which are
controllable, and others that are uncontrollable. Uncontrollable factors include age, gender, and
genetic factors. Controllable factors include lifestyle factors such as smoking, an unhealthy diet,
lack of physical activity, obesity, and hypertension.[3] Based on surveys conducted, nearly 50% of
the elderly residents at Panti Werda Sinta Rangkang suffer from hypertension, which raises
concerns about its potential negative impact on their quality of life and cardiovascular health
conditions in the elderly, warranting special attention.

Abnormalities in the cardiovascular system can be detected through heart examinations using
Electrocardiography (ECG). ECG is a commonly used diagnostic tool to measure the electrical
activity of the heart and detect disturbances in heart rhythm and function. Research on the
relationship between heart disease risk factors and ECG results can provide a deeper
understanding of how these factors affect heart electrical activity, rhythm, and overall function. In
one study, it was found that ECG abnormalities were three times higher in subjects over 85 years
old compared to those aged 65-69.[4]

By understanding the relationship between risk factors and ECG results, medical professionals
can identify potential heart disease risks in patients earlier, develop more effective prevention
strategies, and formulate appropriate management plans. Therefore, this research aims to delve
deeper into the relationship between heart disease risk factors and ECG results, with the hope that
the findings from this study will provide valuable information for medical professionals,

researchers, and the general public in understanding and effectively addressing heart disease.

2. Methods

The experimental design of the research was an observational cross-sectional study on a sample of
elderly (n= 24, mean age 73.87 years, 14 women and 10 men). All subjects gave written informed
consent to participate in the study, according to the ethical principle of research with humans. The
research was approved by the ethics committee of Fakultas Kedokteran Universitas Palangka Raya. To
include the participants in the study, we applied the following selection criteria: age more than 50 years,
able to walk and without dementia. The subjects were elderly residents of Panti Werda Sinta Rangkang,
Palangka Raya.

Total sampling is used in the sampling technique. Data was collected by interviews to determine

age and gender, as well as through direct measurements to determine nutritional status, blood pressure,
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and ECG. The gathered data was then entered into a master table using the Microsoft Excel program,

processed using the SPSS program, and the results were tabulated.

3. Results and Discussion

We analyzed the relationship between age, gender, nutritional status and blood pressure, with the

ECG results of the elderly with the following data results:

Table 1. Frequency distribution based on age, gender, nutritional status (BMI), blood pressure

Variable Frequency (N) Percentage (%)

Age
Middle Age 1 4.2
Elderly 13 54.2
Old 10 41.7
Gender
Man 14 58.3
Woman 10 41.7
Nutritional Status (BMI)
Underweight 2 8.3
Normal 8 33.3
Overweight 10 41.7
Obesity Grade 1 2 8.3
Obesity Grade 2 2 8.3
Blood Pressure
Normal 6 25
Prehypertension 4 16.7
Hypertension Grade 1 4 16.7
Hypertension Grade 2 10 41.7

Total 24 100.0

Table 2 shows that the research respondents totaled 24 individuals, with the majority falling
into the elderly category, specifically in the age range of 75 to 90 years, comprising 13 elderly
individuals. In terms of gender, there were 14 male elderly respondents. Regarding nutritional
status, 10 elderly individuals were found to be overweight, and 10 had blood pressure categorized

as grade 2 hypertension.

Table 2. Frequency distribution based on electrocardiograph (ECG) results

ECG Results Frequency (N) Percentage (%)
Normal 12 50
Abnormal 12 50
Total 24 100.0

Table 2 shows that one-half of the research population yielded abnormal ECG results, with
various different diagnoses such as old myocardial infarction (OMI) occurring in 4 participants,

premature ventricular contractions (PVC) in 3 participants, ischemia in 3 participants, and Right
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Bundle Branch Block (RBBB) in 2 participants in their ECG results. OMI is a pattern that can be
observed in the ECG results of individuals who have experienced a Myocardial Infarction (MI).

MI also referred to as a "heart attack," is brought on by a partial or total cessation of blood flow
to the myocardium. Coronary artery occlusion deprives the myocardium of oxygen. Myocardial
necrosis and cell death can occur if the myocardium is continuously deprived of oxygen.[5] ECG
abnormalities resulting from myocardial ischemia or infarction can be seen in the PR segment,
QRS complex, ST segment, or T wave.[6]

Premature Ventricular Contractions (PVCs) or extra heartbeats start in one of the heart's two
ventricles, the lower pumping chambers. The regular heart rhythm is disrupted by these extra
beats, which can occasionally make the chest feel as though it is fluttering or skipping beats. PVCs
can be identified on the ECG by QRS complexes that appear earlier than normal in the cardiac
cycle. PVCs have an abnormal shape, are longer than 120 ms in length, and are not preceded by a
P wave. The T wave is large and occurs in the opposite direction to the QRS complex.[7]

Ischemia is described as a localized lack of blood flow (circulation) brought on by a blockage of the
blood vessels supplying the region. An organ (such as the heart) is said to be ischemic if it is not
receiving enough blood and oxygen.[8] Unlike a full thickness myocardial infarction, myocardial
ischaemia alters the ST-T wave but does not directly affect the QRS complex (although it may result in
bundle branch blocks, which lengthen the QRS complex).[9]

RBBB, a pattern seen on the 12-lead ECG, a characteristic appearance on the ECG caused by RBBB
is manifested by a widened QRS complex and changes in the directional vectors of the R and S waves.
This is because the normal sequence of activation is altered. This ECG pattern is typically benign and
seen frequently in clinical practice.[10]

Table 3 shows that the participants with the highest number of abnormal ECG results were in
the elderly age group (75-90 years), comprising 29.2% of the total, followed by the old age group
(>90 years) at 16.7%. The remaining 4.2% of participants fell into the middle-aged category. This is
consistent with previous research findings from a study involving 171 geriatric subjects aged over
70 years, where 65.6% of the population exhibited ECG abnormalities.[11] This trend can be
attributed to the fact that the proportion of normal ECGs decreases with age, reaching a minimum
of 20.0% in males and 22.7% in females after the age of 75.[12] However, in this study, it was found
that there was no significant difference in the number of elderly individuals with normal and
abnormal ECG results based on gender. Based on the chi-square test results, a p-value > 0.05 was
obtained for both variables, indicating no correlation between age and gender with ECG results.

This lack of correlation is likely because age and gender are non-modifiable risk factors for heart
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disease, with the majority of risk being attributed to lifestyle and behavior patterns that can be

modified.

Table 3. Relationship between risk factors age, gender, nutritional status (BMI), blood pressure with

ECG results

ECG Results

Total

Variable Normal Abnormal N (%) P Value
N (%) N (%)
Age
Middle Age 0 42 4.2
Elderly 25.0 29.2 54.2 0.408
Old 25.0 16.7 41.7
Gender
Man 29.2 29.2 58.3 1.000
Woman 20.8 20.8 41.7
Nutritional Status (BMI)
Underweight 42 42 8.3
Normal 8.3 25.0 33.3
Overweight 29.2 12.5 41.7 0.098
Obesity Grade 1 0 2 8.3
Obesity Grade 2 2 0 8.3
Blood Pressure
Normal 16.7 8.3 25
Prehypertension 42 12.5 16.7 0.660
Hypertension Grade 1 42 12.5 16.7
Hypertension Grade 2 25 16.7 41.7

In terms of nutritional status, a p-value > 0.005 was obtained, indicating no relationship
between nutritional status and ECG results in the elderly. However, based on the cross-tabulation
results, most participants who were overweight had normal ECG results, accounting for 29.2%.
This differs from previous research suggesting that changes in body composition can impact ECG
results. Cardiovascular risk is known to be higher in individuals with obesity, which can affect
ECG outcomes.[13] The discrepancy may be due to differences in the age of the sample; this study
focused on individuals over 50 years old.

This study aligns with research conducted by Maulina which found that 67.9% of elderly
patients with Coronary Heart Disease (CHD) had normal body weight, while 25% were obese.[14]
Obesity is one of the modifiable risk factors for CHD. Nutritional status is not the sole risk factor
leading to CHD; other factors such as age, gender, genetics, hypertension, hypercholesterolemia,
hypertriglyceridemia, diabetes mellitus, smoking, lack of physical activity, and stress also play
significant roles.[15]

Obesity increases the risk of developing Coronary Heart Disease (CHD) in individuals,

regardless of whether they lead a healthy lifestyle. Conversely, a healthy lifestyle in obese

161



INSPIRE

individuals does not significantly reduce the risk of CHD. Prolonged obesity can lead to diabetes
(diabetogenic) due to insulin resistance. Insulin resistance is often associated with various other
cardiovascular risk factors, such as hypertension, dyslipidemia, and this condition is known as
metabolic syndrome. Epidemiological studies have shown that metabolic syndrome can double
the risk of cardiovascular diseases, especially CHD, compared to individuals without metabolic
syndrome.

Metabolic syndrome, involving insulin resistance, is also associated with various issues
affecting triglycerides and glucose metabolism, increased blood pressure, and inflammation in
blood vessels. Insufficient physical activity and high-calorie intake can affect metabolic profiles by
reducing the rate of fat and glucose burning in the body's muscles, including the heart muscle,
leading to fat accumulation in the body and insulin resistance. Additionally, various cytokines,
such as Tumor Necrosis Factor (TNF) a0 and interleukin (IL)-6, produced by adipose tissue, can
affect insulin suppression of glucose production by the liver, increase fatty acid production and
cholesterol synthesis, and increase Very Low-Density Lipoprotein (VLDL) production by the liver
and adipose lipolysis. Increased lipolysis will raise the supply of Non-Esterified Fatty Acids
(NEFA) to the liver, which can, in turn, affect lipid metabolism, including increased fasting plasma
triglyceride levels, decreased High-Density Lipoprotein (HDL) concentrations, and increased
Low-Density Lipoprotein (LDL) concentrations.

The decrease in HDL cholesterol levels is considered to increase the risk of CHD for several
reasons: HDL plays a role in preventing the formation of atherosclerotic plaques, low HDL levels
indicate increased lipoproteins containing atherogenic apolipoprotein B, and low HDL levels are
usually associated with other non-lipid risk factors of metabolic syndrome. Many prospective
studies have shown that metabolic syndrome increases the risk of CHD, and this relationship
appears to be due to changes in metabolism affecting lipids, glucose, blood pressure regulation,
thrombosis, fibrinolysis, and inflammatory responses. Increased inflammation can make
atherosclerotic plaques more vulnerable to rupture. Recent findings also indicate that metabolic
syndrome is associated with a decrease in thrombolysis function and an increase in coagulation
due to increased plasminogen activator inhibitor-1 (PAI-1) and fibrinogen. Atherosclerotic plaques
can rupture and trigger thrombus formation, which is difficult to dissolve. Acute changes in
atherosclerotic plaque morphology, thrombosis, and vasospasm in coronary arteries are major
factors underlying the occurrence of CHD.

Regarding blood pressure, the results showed that the majority of participants (25%) with grade

2 hypertension had normal ECG results, while 16.7% had abnormal ECG results. Univariate test
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results indicated no relationship between blood pressure and ECG results in the elderly. This
contradicts previous research suggesting that abnormal ECG results are closely related to an
increase in systolic and diastolic blood pressure.[16] The results of this study differ from previous
research due to limitations in the number of participants and the variables studied.

The increase in blood pressure with age is largely associated with changes in the stiffness of
arteries and arterioles. The stiffness of large arteries (LAS) is primarily due to structural changes
caused by atherosclerosis and calcification. This results in pressure waves being reflected back
earlier from arterioles towards the heart during the propagation of blood pressure waves. These
pressure waves return during systole, increasing central systolic blood pressure (SBP) and
widening pulse pressure (PP).[17]

The increase in diastolic blood pressure (DBP) up to the age of 50 is mainly due to increased
peripheral vascular resistance (PVR) in small blood vessels. However, both LAS and PVR
contribute to the increase in SBP, whereas DBP increases with PVR but decreases with increasing
LAS. Although PVR can trigger hypertension, it is the acceleration of LAS that leads to a sharp
increase in SBP after the age of 50.[18]

Structural changes in large arteries observed in systolic hypertension are very similar to
changes due to the aging process. This makes it difficult to distinguish between arterial changes
due to the disease and those due to aging.[18]

Other pathophysiological factors that influence the rise in blood pressure with age include
decreased baroreceptor sensitivity, increased responsiveness to sympathetic nervous system
stimulation, changes in kidney and sodium metabolism, and alterations in the renin-aldosterone

relationship.[18]

4. Conclusion

There is no correlation between cardiovascular risk factors (age, gender, nutritional status, and

blood pressure) and the ECG findings in the elderly.
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Abstract: Progestins are the newest medical treatments and to be successfully
indicated to treat endometriosis. Therapeutic effects of progesterone and
progestins in human endometrium and endometriosis such as; effect on
hypothalamic-pituitary-ovary axis, effects on estrogen receptors and estrogen
synthesis effects on tissue morphology, growth, vascularisation and regeneration,
effects on local immune response, differential effects of progesterone and
progestins between normal endometrium, eutopic endometrium of females with
endometriosis, and endometriotic lesions. We review here the action mechanisms
of progesterone receptor ligands in endometriosis, identify critical differences
between the effects of progestins on normal endometrium and endometriosis and
envisage pathways to escape drug resistance and improve the therapeutic
response of endometriotic lesions to such treatments. We performed a systematic
Pubmed search covering articles published since 1958 about the use of progestins,
estro-progestins and selective progesterone receptor modulators, to treat
endometriosis and its related symptoms. Two reviewers screened the titles and
abstracts to select articles for full-text assessment. Progesterone receptor
signalling leads to down-regulation of estrogen receptors and restrains local
estradiol production through interference with aromatase and 17 beta-
hydroxysteroid dehydrogenase type 1. Progestins inhibit cell proliferation,
inflammation, neovascularisation and neurogenesis in endometriosis. However,
progesterone receptor expression is reduced and disrupted in endometriotic
lesions, with predominance of the less active isoform (PRA) over the full-length,
active isoform (PRB), due to epigenetic abnormalities affecting the PGR gene
transcription. Oxidative stress is another mechanism involved in progesterone
resistance in endometriosis. Among the molecular targets of progesterone in the
normal endometrium that resist progestin action in endometriotic cells are the
nuclear transcription factor FOXOI1, matrix metalloproteinases, the
transmembrane gap junction protein connexin 43 and paracrine regulators of
estradiol metabolism. Compared to other phenotypes, deep endometriosis
appears to be more resistant to size regression upon medical treatments.
Individual genetic characteristics can affect the bioavailability and
pharmacodynamics of hormonal drugs used to treat endometriosis and, hence,
explain part of the variability in the therapeutic response. Medical treatment of
endometriosis needs urgent innovation, which should start by deeper
understanding of the disease core features and diverse phenotypes and
idiosyncrasies, while moving from pure hormonal treatments to drug
combinations or novel molecules capable of restoring the various homeostatic
mechanisms disrupted by endometriotic lesions.

Keywords: endometriosis; endometrium; hormonal treatments; innovation; new
drugs; progestins; selective progesterone receptor modulators; therapeutic failure
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1. Introduction

Endometriosis-like symptoms have been alluded to in ancient medical records dating from about
4000 years ago. Chinese medicinal herbs have been prescribed to alleviate disabling pelvic pain and
severe systemic symptoms related to the menstrual period since ancient times, when the
pharmacological rationale for the medical treatment of dysmenorrhea was still unknown.[1]

Some of the first recommendations for endometriosis prophylaxis were early marriage and frequent
childbearing.[2] In fact, the attempt at using hormonal therapies for symptomatic management of
endometriosis, already performed occasionally, gained an impulse when the idea of inducing a state of
‘pseudo pregnancy’ came to the light.[3,4]

Progestins, either alone or conjugated with estrogens, continue to be successfully indicated to treat
endometriosis.[5] However, some patients have only partial improvement or do not respond to this
therapy at all.[6] Estrogen-suppressive therapies, such as gonadotropin-releasing hormone (GnRH)
agonists and antagonists or aromatase inhibitors, are also far from being a panacea and are still

expensive and have bothersome side effects.[7]

2. Methods

In this narrative review, we performed a historical bibliographic search for references to the medical
treatment of endometriosis and a systematic Pubmed search covering articles in any language
published since 1958 with the following terms: (‘Endometriosis’[Mesh] OR ‘Endometrium’[Mesh])
AND (‘Progestins’[Mesh] OR ‘Medroxyprogesterone Acetate’[Mesh] OR ‘Norethindrone’[Mesh] OR
‘Desogestrel’[Mesh] OR ‘dienogest’ [Supplementary Concept] OR ‘Dydrogesterone’[Mesh] OR
‘Levonorgestrel’[Mesh] OR ‘Mifepristone’[Mesh] OR ‘ulipristal acetate’ [Supplementary Concept] OR
vilaprisan [Supplementary Concept]). Two reviewers screened the titles and abstracts to select articles
for full-text assessment. We also searched clinicaltrials.gov and EudraCT for study protocols on
hormonal treatments of endometriosis with the status of ‘not yet recruiting’, ‘recruiting’, “active, not

recruiting’ or recently (until December 2017) ‘completed” or ‘terminated
3. Results and Discussion

3.1. Progesterone receptors in human endometrium and endometriosis

The progestational effects of natural progesterone and synthetic progestins are mediated by three
categories of specific receptors: the classical nuclear PRs that include subtypes A and B [8], a
mitochondrial isoform (PR-M) also derived from the same PGR gene [9], and the cell membrane

receptors that comprise progesterone receptor membrane components (PGRMC) and membrane
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receptors (mRPs) belonging to the progestin and adipoQ (PAQR) protein family.[10]

In myometrial cells, progesterone represses interleukin (IL)-13-induced proinflammatory genes

through co-repressor molecules recruited by the PR DNA-binding domain in cooperation with the

amino-terminal region that is unique to PRB.[11] An increased abundance of PRA also represses PRB-

mediated transcriptional activity.[12,13]

Table 1. Summary of studies that have evaluated progesterone receptor expression and localisation in

endometriotic lesions

Reference Sample Phenotype Findings
. PRA (western blot): C < E > OMA > SUP

Bedaiwy et al, 2015 CEL SUP, OMA PRB (Western blot): C = E > OMA > SUP
PRA + PRB (immunohistochemistry): C=E >L

Beliard et al, 2004 E, L SUP Down-regulation in the secretory phase in C and E,
but notin L
PRA + PRB (immunohistochemistry) : detected in
10/10 samples

Bono et al, 2014 L OMA PRB (immunohistochemistry): detected in 6/10
samples

CL PRA (western blot) : C> L
Eaton et al, 2013 (stromal OMA PRB (western blot): C > L
cells)
. PRA (immunohistochemistry): C=L

Hayashi et al, 2012 CL OMA PRB (immunohistochemistry): C>L
PRB mRNA (real-time PCR): C>E>L

Wu et al, 2006 CE L SUP, OMA Hypermethylation or PGR at the PRB promoter
region in L

. " ., PRA (western blot): E>L
Attia et al, 2000 E, L extra-ovarian PRB (western blot): only E
Berani¢ and Rizer, L (Z-12 cell Expressed PRB mRNA (real time PCR) and protein
. SUP

2012 line) (western blot)

Vindi et al, 2016 L DIE PRA + PRB (immunohistochemistry): detected in
34/112 samples
PRA + PRB (immunohistochemistry): detected in
17/18 samples

Zanatta et al, 2015 L DIE PRB (immunohistochemistry): detected in 17/18
samples

Liu et al, 2018 C L OMA, DIE PRB (immunohistochemistry): C > DIE > OMA

3.2. Therapeutic effects of progesterone and progestins in human endometrium and endometriosis

Progestins are synthetic compounds that mimic the effects of progesterone. The features that all
progestins share are the ability to bind PR and induce the secretory transformation of estrogen-primed
uterine endometrium, the so-called progestogenic effect. Steroids with progestational activity have
differences in their chemical structures that affect their profile and potency of action on hypothalamic—

pituitary axis, reproductive and breast tissues and metabolic processes.[14]
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Figure 1. Therapeutic mechanisms of hormonal treatments for endometriosis. Progestins, selective
progesterone receptor modulators (SPRMs) and combined contraceptives block ovulation through central
inhibition of gonadotropin release, induce amenorrhea which prevents repeated menstrual reflux and have

many direct effects on endometriotic implants

Gonadotropin-releasing hormone (GnRH) agonists and antagonists block ovulation and induce
hypoestrogenism, while aromatase inhibitors such as letrozole reduce androgen aromatization into
estrogens, both in the adipose tissue and within endometriotic lesions.

The long-standing hypoestrogenic and hypergestagenic state supports the use of progestins for
treating endometriosis. In fact, the condition induced by these compounds causes decidual
transformation of the eutopic endometrium and the same effect is observed to some extent in ectopic

lesions.[5]

3.3. Effect on hypothalamic—pituitary—ovary axis

Hormonal therapies for endometriosis inhibit gonadotropin release, reduce ovarian steroid
secretion and can induce amenorrhea, thereby preventing repeated endometrial reflux. Combined oral

contraceptives (COCs) inhibit the pituitary production and secretion of both FSH and LH.[15,16]
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Figure 2. Cleavage site of chosen enzymes
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3.4. Prediction of protein location (TARGETP)

Danazol has anti-gonadotropic activities, and daily oral administration of 400 mg of danazol inhibits
both ovulation and LH surge.[17-19] However, ovulation is not inhibited by daily vaginal

administration due to the lower serum concentration of danazol reached by this route.[20,21]

3.5. Effects on estrogen receptors and estrogen synthesis

Perhaps the most remarkable therapeutic mechanisms of progestins in endometriosis derive from
the fact that PR signalling leads to down-regulation of estrogen receptors (ERs). This effect has been
clearly demonstrated not only in the eutopic endometrium but also in the glands and stroma of
endometriotic lesions following in vivo treatment with different progestational formulations.[22-24]
Another front of anti-estrogen action of progestins is the restraint of local estradiol production through
interference with certain enzymes. As shown by experimental evidence, dienogest inhibits aromatase

expression and, consequently, local estrogen production in immortalized human endometrial epithelial

cells.[25]

3.6. Effects on tissue morphology, growth, vascularisation and regeneration

Endometrial tissues undergo physiological continuous changes resulting from endogenous ovarian
hormonal secretion. The use of exogenous steroids with estrogenic, androgenic and progestogenic
activity induces a spectrum of histologic changes in endometrial glandular and stromal architecture,
blood vessels and cytology.[26] These changes are observed not only in eutopic endometrium but also
in endometriosis. The direct effects of progestins include the attenuation of the inflammatory state and
the creation of a pseudo-pregnancy condition with increased apoptosis and atrophy of the

endometriotic implants.[27,28]

"
’

Figure 3. Pathway of progesterone receptor in oocyte maturation
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3.7. The role of PR protein in metabolism

During treatment with dydrogesterone in endometriosis, the ectopic tissue undergoes different
changes, including decidualisation, undifferentiation or involution.[29] Histological evaluation after a
short-term treatment of endometriosis with gestrinone or danazol showed a degree of cellular
inactivation and degeneration of the endometriotic implants.[30]

In vitro, dienogest induces a dose-dependent inhibition of human endometrial stromal cell (hESC)
proliferation together with morphological and functional changes, including the production of
prolactin, a typical marker of decidualization.[31] Furthermore, dienogest treatment of endometriotic
cells suppresses protein kinase B (AKT) and extracellular signal- regulated kinase (ERK)1/2 activity,
inhibiting mammalian target of rapamycin (mTOR), inducing autophagy, and promoting

apoptosis.[32].

3.8. Effects on local immune response

Endometriosis is associated with changes in both cell-mediated and humoral immunity.[33]
Progesterone, dienogest and danazol attenuate the expression of IL-8 by reducing tumour necrosis
factor (TNF)-induced nuclear factor-kappa B (NF-kB) activation in endometriotic stromal cells.[34,35]
In short, the therapeutic effects of progestins, COCs and other hormonal drugs used in endometriosis
include inhibition of estrogen synthesis and action through down-regulation of steroidogenic enzymes
and ER, inhibition of endometriotic cell survival and proliferation, limitation of local angiogenesis and

neurogenesis and, linking all these mechanisms, attenuation of the immune-inflammatory response.

3.9. Differential effects of progesterone and progestins between normal endometrium, eutopic

endometrium of females with endometriosis and endometriotic lesions

In animal models. In spite of the limitations of murine models of endometriosis to emulate the
human disease, they help to understand the morphological and functional changes induced by
hormonal treatments in endometriotic implants. In nude mice transplanted subcutaneously with
human endometrial fragments, treatment with depot MPA induced low or atrophic surface epithelium,
decidual reaction and either narrow or dilated glands. For obvious reasons, the effects of hormonal
treatments on heterotopic endometrial xenografts cannot be compared with the effects of the same
treatments on the eutopic endometrium of the human donors or of the mouse host.

In cultured human cells and tissues. Primary cultures of hESCs and epithelial cells provide an
insightful model to understand the differential effects of hormonal treatments between normal

endometrium, eutopic endometrium in the presence of endometriosis and endometriotic lesions. With
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this approach, our group found out that both stromal and epithelial cells from endometriotic lesions
produce aberrantly high amounts of reactive oxygen species (ROS) such as hydrogen peroxide and,
unlike normal endometrial cells, endometriotic cells fail to reduce their hydrogen peroxide production
in response to danazol.[36]

As summarized, a number of morphological and functional changes that follow progestin or
progesterone stimulation of normal endometrial cells are not seen when the same stimulus is applied

to endometriotic cells or eutopic endometrial cells from women with endometriosis.[37—43]
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Figure 4. Effects of progestin treatment in vitro on normal endometrial cells compared to endometriotic cells
cultured in parallel and under the same conditions. The arrows indicate that progestin treatment stimulates

(1), inhibits (|) or has no effect (<) on the target gene, RNA or protein

In human studies in vivo. Clinical studies evaluating human endometriotic lesions before and after
medical treatments are rare, as current practices recommend avoiding multiple surgeries. Nevertheless,
two independent clinical trials obtained samples of both eutopic endometrium and endometriotic
lesions before and 6 months after the insertion of LNG-IUS in symptomatic women with
endometriosis.[23,24] These results suggest that levonorgestrel treatment delivered into the uterus is
able to induce progestin-like effects in pelvic endometriosis that are surprisingly similar to the effects
induced in the eutopic endometrium that is in close contact with the drug releasing system.

Why do progestins sometimes fail in endometriosis? Characteristics of the type of hormone

All progestins used to treat endometriosis have been labelled for contraception and/or menopausal
hormone therapy in doses and regimens sufficient to induce endometrial decidualisation and prevent
endometrial hyperplasia.[5] This evidence places letrozole as a second-line therapy for selected patients

who fail to respond to progestins (Table 2).

3.10. Characteristics of therapeutic regimen and route of administration

A retrospective cross-sectional study of deep endometriotic lesions compared women who were
using different medical treatments preoperatively (COC, oral progestins or GnRH agonists) to a group
without treatment, and found a large intra-lesion, intra-patient and intra-treatment variance in the

expression levels of ER, which was more evident than any difference between treatments or between
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treated and non-treated lesions.[22]

Table 2. Potential approaches for patients who have failed initial therapy for endometriosis and the currently

available evidence

Cause of progestin failure Potential approaches Evidence
Hormone type To change the type of Observational study: NETA and dienogest
progestin may have similar effects (Vercellini et al.,
2016a).

In-vitro studies: different progestins may have
different mechanisms of action (Grandi et al.,
2016; Nirgianakis et al., 2016; Roth et al., 2019).

To avoid estrogen association =~ RCTs did not show meaningful differences
between isolated progestins and progestin-
estrogen associations (Cheewadhanaraks et al.,
2012; Razzi et al., 2007b; Vercellini et al., 2002;
Vercellini et al., 2005).

Prospective self-control study: for patients
who do not respond to COC, changing to
NETA may be beneficial (Vercellini et al.,
2018c).

To inhibit estrogen synthesis =~ Non-randomised open-label trials: for patients
who fail to respond to progestins, letrozole can
be tried as a second line therapy (Ferrero et al.,
2009; Ferrero et al., 2014).

Therapeutic regimen To change therapeutic Systematic review: continuous administration
regimen may be better than cyclic regimens (Seracchioli
et al., 2009).
Route of administration To change the route of RCT: systemic and local progestins may be
administration similar (Carvalho et al., 2018).
Progesterone resistance To associate NSAIDs to No high-quality evidence for NSAIDs
progestin therapy effectiveness on endometriosis symptoms, but

the association with hormonal treatments
might diminish the inflammatory response
that boosts progesterone resistance (Brown et
al., 2017).

To associate antioxidants Multi-centre open-label non comparative
clinical trial:
antioxidant preparations containing N-acetyl-
cysteine may mitigate symptoms (Lete et al.,
2018).

3.11. Characteristics of the disease phenotype

Endometriotic implants are very heterogeneous in clinical features and evolution, being currently
classified into three distinct phenotypes: superficial peritoneal endometriosis, ovarian endometrioma
and deep-infiltrating endometriosis.[44,45]

Morphological endpoints. Structurally and functionally, endometriotic lesions are not all the
same.[46] Nerve fibers expressing protein gene product 9.5 are much more abundant in deep-infiltrating

than in superficial peritoneal endometriosis.[47]
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Clinical endpoints. In a patient preference, parallel cohort trial comparing oral progestin (NETA)
therapy versus second-line laparoscopic surgery for women with persistent or recurrent endometriosis
after a first surgery, the outcomes varied according to the treatment chosen but also depending on the

type of endometriosis.

Figure 5. Endometriosis phenotype may affect the therapeutic response to progestins. The graphs summarize
dysmenorrhea (A) and deep dyspareunia (B) scores obtained by visual analogue scale (VAS) in women with
rectovaginal endometriosis (Ferrero et al., 2009) and in women with ovarian endometrioma (Ferrero et al.,
2014) treated with norethisterone acetate for 6 months. Data were extracted from published tables of two

separate studies and plotted together for better visualization

3.12. Characteristics of individuals: the pharmacogenomics

Individual genetic characteristics can affect the bioavailability of hormonal drugs used to treat
endometriosis and, hence, explain part of the variability in the therapeutic response. A semiquantitative
study of deep endometriosis biopsies from women undergoing hormonal treatments (progestins, COC

or GnRH agonist) revealed a large heterogeneity of ERa and PR.[48]

3.13. Progesterone resistance in endometriosis: an insurmountable barrier?

Progesterone resistance is defined as subnormal cellular response to the effects of natural
progesterone, but the concept can be extended to encompass a poor response to therapeutic progestins.
It is surprising that the effectiveness of non-steroidal anti-inflammatory drugs to treat endometriosis
symptoms remains uncertain as no high-quality evidence is available to date.[7] Oxidative stress is
another mechanism involved in progesterone resistance in endometriosis, as endometriotic lesions and
their surrounding peritoneal fluid are rich in ROS.[49] Antioxidants like N-acetyl-cysteine inhibit ROS

production and cell proliferation in endometriotic lesions and mitigate symptoms.[50,51]

3.14. Selective progesterone receptor modulators to treat endometriosis: rationale and state of the art

Selective progesterone receptor modulators (SPRMs) comprise a relatively recent class of synthetic
molecules capable of interacting with PR. The interest in these new drugs is based on their affinity to
PR, especially considering their antagonist effects.[52-54] The final action also relies on a complex

machinery of co-regulators and co-repressors, whose proportion will determine a greater or lesser
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transcriptional activity in target genes.[52,55]
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Figure 6. Hypothetical targets and strategies to overcome progesterone resistance in endometriosis based on
currently available drugs. Progesterone receptor (PR) expression is inhibited by gene hypermethylation
induced by proinflammatory cytokines and reactive oxygen species (ROS), which could be inhibited by anti-
inflammatory drugs/immunomodulators and antioxidants, respectively. The same drugs and others, such as
retinoids, may activate mechanisms downstream PR signalling that prevent endometriosis proliferation and
fibrosis. Blue arrows: stimulation; red arrows: inhibition. ER: estrogen receptor; p-Akt: phosphorylated
serine/threonine protein kinase B; p-ERK1/2: phosphorylated extracellular signal regulated kinase 1/2; NF-kB:
nuclear factor-kappa B; ADAM17: A disintegrin and metalloproteases metallopeptidase domain 17; TNF:

tumour necrosis factor; IL: interleukin

3.15. Ulipristal acetate

UPA is currently approved for emergency contraception and as a presurgical therapy for
symptomatic women with uterine fibroids. UPA inhibits human endometrial cell proliferation in vivo
[56], and suppresses the growth and development of endometriotic implants in mice.[27] In 2018, the
European Medicines Agency (EMA) provided an alert about a serious risk of liver injury caused by
UPA and recommended some measures to minimize the negative outcomes. The medication is
contraindicated in patients with liver disease; liver tests are required before, during and after the drug
administration; repeated therapeutic courses can be offered only to women not eligible for surgery; and

patients have to be widely oriented about the risks.

3.16. Vilaprisan

Vilaprisan is a new SPRM that differs from other drugs of the same class by a distinct metabolic
clearance, with the potential benefit of not presenting liver toxicity. A 2B phase trial evaluated the safety
and efficacy of the drug in patients with uterine fibroids during 12 weeks of treatment and a 24-week
post-treatment follow-up. In summary, although some studies performed with SPRMs in
endometriosis showed a potential clinical use for symptom relief [57], there is no drug representative

of this class currently approved for clinical use in endometriosis therapy.
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3.17. Strategies to overcome the therapeutic shortcomings: innovative drug design, better

phenotyping, personalized medicine

A number of PR-related treatments having endometriosis as inclusion criterion and its symptoms
as primary outcomes are under investigation in registered clinical trials (Table 3). The recognition that
endometriosis requires a multisided medical therapy contemplating its multifaceted pathophysiology

may be the first step towards a real breakthrough in the field.

Table 3. New progesterone receptor modulating drugs for endometriosis treatment with study protocols

registered in ClinicalTrials.gov

Class Substance Route Trial number Completed
Progesterone Progesterone Subcutaneous NCT02793908 No
Progestin Etonogestrel Subcutaneous NCT02669238 No

(Nexplanon) implant
SPRM? Danazol Vaginal ring NCTO001 17481 Yes
PR antagonist PF-02413873 Oral NCT00800618 Yes
Analgesic + Low dose Oral NCT03970330 No
progestin naltrexone +
norethindrone
acetate

Although the process of decidualization involves many PR targets [58], the transcription factor
named promyelocytic leukemia zinc finger (PLZF) emerged as a critical mediator with a pivotal role in
inducing the transcriptional reprogramming of endometrial stromal cells that ultimately leads to the

decidual phenotype.[59,60]

4. Conclusion

Progestins have been used to treat endometriosis for over 60 years with large success rates, but still
some patients do not respond to this therapy as expected. Progestins depend on the expression of PR to
exert their actions in the target cells, but PR expression is often blunted and disrupted in endometriotic
foci, which cannot be resolved by simple dose increment or by small modifications in the molecular
design of the drug. Combined hormonal contraceptives have the same limitations of isolated progestins,
plus a possible counterproductive effect of the estrogenic compound.

Understanding the mechanisms of therapeutic success and failure is essential to guide clinical
decisions and inform future research in this field. The development of new molecules for medical
treatment of endometriosis should aim at strategies to overcome the resistance mechanisms and aim at
new targets. However, current clinical trials consist of old drugs with new delivery (danazol vaginal
ring), new drugs with old mechanisms (oral GnRH antagonists) or new mechanisms with old concepts

(steroidogenic enzyme inhibitors). Innovation is urgently needed and should start by deeper
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understanding of the disease core features, diverse phenotypes and idiosyncrasies while moving from
pure hormonal treatments to drug combinations or novel molecules capable of restoring the various

homeostatic mechanisms disrupted by endometriotic lesions
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Abstract: Xanthine oxidase is an enzyme that catalyzes the formation of uric acid.
This enzyme must be inhibited so that excessive uric acid formation can be
avoided. Inhibition of xanthine oxidase can be carried out by secondary
metabolites in herbalssuch as flavonoids, alkaloids, terpenoids, saponins, and
tannins. From the latest research, ethanol extracts of the stem of Arcangelisia flava
contains flavonoids, alkaloids, terpenoids, saponins and tannins, so it has
antihyperuricemic potential. Flavonoid and alkaloids are generally polar and can
dissolve in solvents that have thesame level of polarity such ethanol. The aim of
this research is to determine the ability of the ethanol fraction from ethanol
extracts of Arcangelisia flava stems as aninhibitor of the xanthine oxidase. This
research is an in vitro study by carrying out phytochemical tests to determine the
secondary metabolites and measuring the inhibitory ability of xanthine oxidase
from the ethanol fraction of A. flava stems using UV-Vis spectrophotometer with
a wavelength of 293 nm and xanthine oxidase inhibitory activity as seen from the
IC50 value. Ethanol fraction of A. flava stems contains flavonoids, alkaloids,
terpenoids, and quinones, but it has not steroids, saponins and tannins. Ethanol
fraction of A. flava stems has IC50 value as 31.27 ppm. The ethanol fraction of
Arcangelisia flava stems has strong ability to inhibition xanthin oxidase.

Keyword: Arcangelisia flava; xanthine oxidase inhibitory

1. Introduction

Xanthine oxidase (XO) is an enzyme required in the formation of uric acid through the metabolism
of purine bases. Guanine monophosphate and adenosine monophosphate are transformed into
hypoxanthine and xanthine, respectively, during the purine breakdown process. Additionally, the XO
plays a part in catalyzing the conversion of hypoxanthine to xanthine, which results in the formation
of uric acid.[1]

A rise in uric acid levels in the body that is higher than usual is known as hyperuricemia, and it is
most common in postmenopausal men and women (3.5-7.0 mg/dl) and premenopausal women (2.6-5.7
mg/dl).[1] Patients with hyperuricemia are more likely to develop gouty arthritis diseases due to the

formation of monosodium urate crystals in the joints. Additionally, these crystals have the potential to
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emerge as kidney stones, increasing the risk of urinary tract stones.[2] Based on this, XO levels can
influence the development of hyperuricemia. XO inhibition has been shown to be one of the effective
treatments drug strategies for the treatment of gout.[3]

The prevalence of hyperuricemia in Asia is still rising. According to studies on the genetics and
epidemiology of hyperuricemia, Asians are discovered to be 2.7 times more susceptible than
Caucasians.[4] For 2018, China had a prevalence of hyperuricemia ranging from 6% to 25%, Taiwan
had a prevalence of 10% to 52%, and Indonesia had a prevalence of 18%. In comparison to other
Southeast Asian nations, Indonesia has the second-highest prevalence of hyperuricemia, with the
Philippines having a prevalence of 25%, Thailand having a prevalence of 10.6%, and Singapore having
a prevalence of 4.1%.[5] The influence of lifestyle changes, especially the consumption of high-purine
diets and physical activity that can increase the risk of hyperuricemia, so the World Health
Organization (WHO) recommends investigating various plants that have an effect
antihyperuricemia.[5][6]

Handling high uric acid in the blood can be done through medication, both medically and
traditionally. Medical treatment that is often done is by administering the drug allopurinol. The way
the drug allopurinol works in reducing uric acid levels is by inhibiting the xanthine oxidase
enzyme.[7][8] More than 80% of the world's population still relies on plant extracts and active
components for traditional medicine, which means there is still a very great potential for employing
plants as an alternative treatment.[9]

One common Indonesian plant, Arcangelisia flava or yellow wood, is used to cure a number of
ailments including allergies, fever, malaria, bacterial infections, diarrhea, diabetes mellitus, kidney
stones, and is thought to have antihyperuricemia properties.[10] It is known that the stems of the A.
flava have the potential to inhibit the xanthine oxidase enzyme and found the secondary metabolites
namely flavonoids, alkaloids, triterpenoids, and quinones, that have the potential to be
antihyperuricemia based on research of the ethanol extract from A. flava stems to inhibit the xanthine
oxidase enzyme in vitro.[11]

Alkaloids and flavonoids are examples of secondary metabolites that are often polar because they
have a number of sugar groups attached. The ethanol solvent was chosen because it possesses the
characteristics of a polar solvent; in theory, a molecule dissolves in a solvent that has the same degree
of polarity.[12][13][14] The extract's active fraction, which was isolated from other fractions to produce
a purer fraction, was examined to see if it could block the xanthine oxidase enzyme.

Previous research found that the content that has potential as antihyperuricemia is flavonoids with

a competitive inhibitory mechanism and it has been proven that ethanol extract of A. flava stems can
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inhibit xanthine oxidase enzyme with an inhibition value that is classified as active, so it needs to be
proven how the level of inhibition ability of the ethanol fraction of ethanol extract of A. flava stems

against xanthine oxidase enzyme.

2. Methods

2.1. Material

The materials used in this study included A. flava stems from Musi Rawas District, ethanol
(technical), ethyl acetate (technical), n-hexane (technical), dimethyl sulfoxide (DMSO), HCI, distilled
water, sodium phosphate buffer (pH 7.5), xanthine substrate (Sigma/X0626), xanthine oxidase from

bovine milk lyophilized powder (Sigma/X4376) and allopurinol.

2.2. Preparation of ethanol fraction

Maceration was the extraction technique used in this study. Making crude extract of A. flava stems
by1600 mL of 96% ethanol was used to soak 750 g of A. flava simplicia for three separate 24-hour periods
while stirring occasionally.[15] Until a clean filtrate was obtained, this process was continued. Use a
rotary evaporator to dry the extract filtrate that was produced. Utilizing an analytical balance, weigh
the dried filtrate before storing and covering with aluminium foil. For fractionation, ethanolic extract
dissolved in 100 ml of aquadest and liquid-liquid extraction with three different solvents were used: n-
hexane, ethyl acetate and ethanol. The ethanol fraction from the ethanol extract of A. flava was then

obtained by evaporating the ethanol filtrate.

2.3. Phytochemical screening

Phytochemical screening was performed on viscous extract and fraction of A. flava to determine
the presence of secondary metabolites such as alkaloids, flavonoids, saponins, tannins, quinones and

teroids/triterpenoids.[16]

24. Inhibitory of xanthine oxidase

The inhibition test of the extract against xanthine oxidase in vitro was carried out at the optimum
conditions obtained and measured spectrophotometrically by the indirect method, namely measuring
the amount of residual xanthine oxidase. indirect method by measuring the amount of residual
unreacted xanthine. First prepare the test solution, positive control (Allopurinol 100 pg/mL) and
negative control (DMSO). The ethanol fraction test solution of the ethanol extract of A. flava stem was

made with concentrations of 6.25; 12.5; 25; and 50 ppm. It is done by comparing the absorbance of uric
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acid formed between the test solution (xanthine + test sample + xanthine oxidase) and the negative
control absorbance (xanthine + xanthine oxidase) and the positive control absorbance (xanthine +
allopurinol + xanthine oxidase). This was measured by spectrophotometry at a wavelength of 293 nm.
The assay solution consisted of 300 pL of 50 mM sodium phosphate buffer (pH 7.5), 100 uL of the test
solution in DMSQO, 100 uL of the enzyme solution (0.2 units/mL xanthine oxidase in phosphate buffer)
and 100 pL of distilled water. The above assay solution was incubated at 37°C for 5 minutes in an
incubator. Next, 200 pL substrate solution (0.15 mM xanthine) was added to the assay solution and
incubated at 37°C for 30 minutes. Then the reaction was stopped by addition of 200 uL of 0.5 M HCl.
The absorbance was measured by Perkin Elmer Lambda 25 UV/VIS spectrophotometer using a blank

enzyme solution in phosphate buffer.[17]

2.5. Calculation of Percent Inhibition and ICs value
Calculation of the ability to inhibit xanthine oxidase enzyme is done using the formula:[18]
S%lnhibition=——. 100

n : the activity of the enzyme without plant extract (eabs. with enzyme- oabs. without enzyme)
m : the activity of the enzyme with plant extract (eabs. with enzyme - @abs. without enzyme)

Plotted on the x and y axes of a linear regression equation. The equation obtained the form y =a +
bx. Furthermore, this linear regression equation is used to find the value of 1Cso (inhibitor concentration

50%) by stating the value of y by 50 so that the equation is obtained:[16]

50-a
1Cs0=—~

Description:

x: sample concentration

y: percentage of inhibition

a: intercept, which is the point of intersection between a line and the y-axis on a diagram or cartesian axis when
the value of x=0

b: slope, which is a measure of the slope of a line

3. Results and Discussion

3.1. Extraction and fractionation of A. flava stem

Extraction of 750 g of A. flava stem was carried out using ethanol solvent to obtain 23.542 g of ethanol
extract of A. flava stem. Furthermore, 23 g of ethanol extract was fractionated by liquid-liquid extraction
method using solvents with different levels of polarity. The results of the extraction and fractions is

shown in table 1.
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Table 1. Extraction and fractionation results of A. flava stem

Sample Weight (g) Yield (%)
Ethanol extract of A. flava stem 23.542 3.139
n-hexane fraction of ethanol extract 9.561 41.567
Ethyl acetate fraction of ethanol extract 1.522 6.617
Ethanol fraction of ethanol extract 12.783 55.577

Table 1 shows the ethanol fraction produced from the ethanol extract of A. flava has the highest yield
(55.577%) than the other fractions. This is because the extract used for fractionation is an extract
obtained from extraction with polar solvents with ethanol solvent, so that the secondary metabolite

dissolved in the ethanol fraction are compounds that dissolve in polar solvents as well.

3.2. Results of phytochemical screening

Phytochemical screening is carried out based on color tests and foam formed after treatment of

ethanol extract of A. flava stems and ethanol fractions. Results of this phytochemical screening is shown

in table 2.
Table 2. Phytochemical screening of sample
Test Sample
Ethanol extract Ethanol fraction

Alkaloid + +
Flavonoid + +
Triterpenoid + +
Steroid - -
Saponin - -
Tanin - -
Kuinon + +

Table 2 shows that the content of secondary metabolites contained in ethanol extract from A. flava
stems and ethanol fraction from ethanol extract contained flavon