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Abstract 

Background: Vitamin D deficiency is frequently correlated with elevated 

malondialdehyde (MDA) levels and decreased superoxide dismutase (SOD) activity. 

Several studies have demonstrated that vitamin D3 can reverse intracellular oxidative 

stress. However, vitamin D is prone to deterioration and instability. Liprotides contain 

lipids and proteins that can prevent vitamin D from oxidating. 

Objective: This study aims to investigate the effects of liprotide-encapsulated vitamin 

D3 on MDA concentrations and SOD activity in calcium and vitamin D-deficient rat 

models.  

Methods: The experimental post-test-only control group study used 24 Wistar rats 

randomly in 4 groups. Groups K(-), K(+), and P were fed a vitamin D and calcium-

depleted AIN-93M diet for 14 days. Standard feed AIN-93M was received by normal 

groups (KN). Groups K- were deficient rats in vitamin D and calcium without 

intervention. The groups of  K+ and P were given vitamin D3 (180 IU) which was non-

encapsulated and liprotide-encapsulated for 28 days. The SOD activity was quantified 

with Superoxide Dismutase (SOD) Activity Assay Kit, while MDA levels were 

determined using Thiobarbituric Acid Reactive Substance (TBARS) method. The 

statistical analysis used One-way ANOVA test with Least Significant Difference 

follow-up test. 

Results: The MDA levels and SOD activity in the K+ and P groups had significant 

differences (p<0.05) against the control group. Liprotides-encapsulated vitamin D3 

significantly reduced MDA levels and enhanced SOD activity compared to non-

encapsulated in rats with a deficiency in vitamin D and calcium. 

Conclusion: Liprotide-encapsulated vitamin D3 has the potential to increase SOD 

activity and decrease MDA levels.  
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INTRODUCTION 

 More than half of people of all ages are affected by 

vitamin D deficiency in the world.1 Vitamin D 

deficiency can occur not only in Western countries but 

also in tropical countries.2 Vitamin D deficiency is 

prevalent in both children and adults. In the United 

States, 50% of children ages 1–5 and 70% of children 

ages 6–11 had vitamin D levels < 30 ng/mL.3 In Jakarta 

and Kuala Lumpur, 60% of 504 women between the ages 

of 18 and 40 were vitamin D deficient.4 The cross-

sectional study in North Sumatra, Indonesia, found that 

95% of the 156 subject women were vitamin D deficient 

or inadequate.5  
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 Vitamin D deficiency is linked to several clinical 

disorders and mortality rates.6 A lot of chronic 

conditions, including diabetes mellitus, cardiovascular 

disease, kidney disease, and autoimmune disease, are 

associated with the rising incidence of vitamin D 

deficiency.7,8 According to several studies, deficiency of 

vitamin D contributes to oxidative stress and 

inflammation.9,10,11 Several factors  have been associated 

with vitamin D deficiency such as inadequate sun 

exposure, medications, skin pigmentation  and low 

vitamin D consumption.3  

 Vitamin D plays a key role in absorption and 

homeostasis calcium .12 Optimal vitamin D levels are 

necessary to increase the efficiency of calcium 

absorption.13 Without adequate vitamin D, the body 

absorbs no more than 10% to 15% of dietary calcium.13 

Calcium deficiency can cause metabolic or potential 

pathological changes.14 There are close connections 

between oxidative stress and calcium homeostasis.15 In 

mitochondria, calcium plays an important role in the 

formation of ATP and reactive oxygen species (ROS).16  

At the cellular level, a deficiency of vitamin D increases 

oxidative stress, inflammation indicators, and 

mitochondrial damage.17 An imbalance between the 

production of ROS and antioxidant activities results in 

oxidative stress.18 Numerous signaling pathways are 

activated by oxidative stress, which ultimately increased 

lipid and protein peroxidation-induced tissue 

damage.19,20 High levels of malondialdehyde (MDA) and 

low levels of superoxide dismutase (SOD) activity are 

indicators of oxidative stress. The high level of MDA is 

an indicator of lipid peroxidation initiated by reactive 

oxygen species (ROS).21 Natural defense mechanisms in 

the body include glutathione enzymes and superoxide 

dismutase (SOD).22 The SOD enzyme effectively 

converts superoxide anions into dioxygen and hydrogen 

peroxide in physiological conditions.23 According to 

biochemical studies, the highest SOD activity was 

presented in liver and kidney tissue.22  

 Vitamin D supplementation in food is an appealing 

alternative to elevate the serum level of vitamin D in the 

population.24,25 Oxidation, high temperatures, and an 

acidic environment can easily harm vitamin D.26,27  

Nanoencapsulation is a method for preserving a coated 

substance by enclosing it in a matrix in its liquid, solid, 

or gaseous states.28 Cores are the materials that have 

been encased, while shells are the materials that have 

been coated. The substance should be biocompatible and 

edible for food purposes.29 Previous research indicates 

that nanostructured lipid carriers (NLCs) can be 

controlled to release vitamin D3 safely and to prevent 

degradation of vitamin D3 in simulated stomach fluids, 

while also releasing more than 90% in simulated 

intestinal fluids.30 

 Liprotide is a form complex made up of partially 

denatured protein and lipids that can protect bioactive 

compounds like vitamin D. To protect the bioactive 

compound, the protein forms a shell around a fatty acid 

core.31 One of the materials used to encapsulate vitamin 

D3 is protein-lactoglobulin.32 Oleic acid and β-

lactoglobulin were used to make liprotide in this study, 

which can increase the bioavailability and protection 

against acid, heat, and UV light.31,32 This study was 

aimed to evaluate vitamin D3-encapsulated by liprotides 

on MDA level and SOD activity in the liver of rat models 

with vitamin D and calcium deficient diets. 

 

MATERIALS AND METHODS  

Ethical Statement  

This study was approved with ethical approval from the 

Ethical Commission of Health Research, Medical 

Faculty, Sultan Agung Islamic University (Ethical 

clearance number: 29/I/2022/Bioethics Commission).  

Chemical and Reagent  

 Cholecalciferol Vitamin D (≥98%), β-lactoglobulin 

(≥90% pure), and oleic acid (≥99% pure) were purchased 

from Sigma Aldrich (Germany). Support materials other 

such as potassium hydroxide (KOH, 1310-58-3), 

absolute ethanol (1.00983.2500), concentrate liquid PBS 

OmniPur® (6506-1LCN), ultra centrifugal filter unit 

Amicon® (UFC901008), and MiliQ water. 

 

Preparation of Liprotides  

 The oleic acid (38 mg/mL) was dissolved in 99% 

ethanol. Six (6) mg/ml β-lactoglobulin, mixed with 1.5 

mg/ml oleic acid in 10 mM KOH (pH 10.5) and incubated 

at 45° C for 30 minutes.31 Then, the sample mixture was 

cooled and the pH was adjusted to 7.4 using a PBS 

solution. Samples were vortexed and centrifuged at 4,000 

rpm for 8 minutes.31 In this study, the liprotides form a 

clear solution.  

 

Vitamin D Encapsulation  

 Vitamin D3 was dissolved in 96% ethanol to a 

concentration of 115 mM. Then vitamin D3 was mixed 

with liprotides that have been formed with a final 

concentration of 4 mg/ml. The sample was homogenized 

with a vortex then centrifuged using an ultra centrifugal 

filter unit for 8 minutes, 30° C, and 4000 rpm.31 Vitamin 

D concentration, efficiency, and successful encapsulation 

were seen using HPLC (Shimadzu corp LC20AD® Serial 

Number : L20105130725, Kyoto Japan) and SEM (Jeol 

JSM-6510LA, Japan®). The research was conducted at 

the Diponegoro University Integrated Laboratory. 

Experimental Animals 

 This was a true experimental study with a post-test-

only control group design. Twenty-four male Wistar rats 

(8-12 weeks) weighing between 150 and 200 grams were 

acclimatized for 7 days to room temperatures 20-250 C, 

humidity between 60-70%, and 12 hours of the normal 

cycle with food and water ad libitum. The study was 

conducted in the Experimental Animal Laboratory of the 

Center for Food and Nutrition at Gajah Mada University 

between January and March of 2022. All of the rats were 

separated into 4 groups: normal group (KN), deficient 

vitamin D and calcium group with no intervention (K-), 

non-encapsulated vitamin D3 (K+), and liprotide-

encapsulated vitamin D3 (P). The normal/healthy groups 

(KN) only received standard food AIN-93M.33 For 14 

days, rats in groups (K-), (K+), and P were fed modified 

AIN-93M (vitamin D and calcium depleted) to produce 

vitamin D and calcium deficient rats. Rats received a 

normal AIN-93M diet after the vitamin D and calcium 

depletion phase. Group (K-) was presented as deficient 

rats without any treatment. The intervention groups were 
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given liprotide-encapsulated vitamin D3 (P) and non-

encapsulated vitamin D3 (K+) for 28 days. The doses of 

vitamin D3 that were used in previous studies were 180 

IU/200g for rats.34 

Biomarkers Analysis 

 The rats received 100 mg/kg intramuscular ketamine 

after 28 days intervention period. The MDA 

concentration in liver tissue was tested using the TBARS 

method. Liver tissue with a weight of 1 gram was put 

into a cold mortar. Then 500 μl 0.9% NaCl was added 

and homogenized. The homogenate was taken and 

transferred to an Eppendorf tube. The homogenate was 

centrifuged at 8000 rpm for 20 minutes and retrieved the 

supernatant. Then 100 μL supernatants were put into a 

test tube, add 550 µl NaCl, 100 µl TCA, 100 µL HCL 1 

N,100 μL Na-Thio 1 % and homogenized again. After 

that, the supernatants were centrifuged at 1500 rpm for 

10 minutes and heated in a 1000C water bath for 30 

minutes. The sample absorbance was measured with a 

spectrophotometer at a length maximum wavelength of 

532 nm. 

 The Superoxide Dismutase (SOD) Activity Assay 

Kit from Biovision Inc. was used to quantitatively 

measure SOD activity in the supernatant of liver tissue 

samples. A Microplate reader was used to determine the 

absorbance of the supernatant at a wavelength of 450 

nm. 

Statistical Analysis 

 Statistical analysis was performed with SPSS 20 

(IBM/SPSS Inc). The Shapiro-Wilk normality test was 

used to analyze the data research. The data post-test 

intervention was normally distributed and has the same 

data variance thus One-way ANOVA test was used to 

determine the difference between MDA levels and SOD 

activity. The post hoc LSD test was used to find out in 

which group there is a significant difference. The result 

was displayed as a mean ± SD and p< 0.05 was 

considered to be significant. 

 

RESULTS 

Effect of Vitamin D3 Encapsulated by Liprotides on 

MDA Levels 

 Table 1 shows lower levels of MDA in the K+ and P 

groups than K- group after the interventions. There was 

a significant difference in the mean MDA levels in rat 

livers after the intervention between all groups using the 

one-way ANOVA test (p<0.001). MDA levels in K+ 

(3.19±0.55 nmol/g) and P (2.57±0.46 nmol/g) groups are 

lower than group K- (9.79±0.28 nmol/g). MDA levels in 

group P were lower than K+ group. While both MDA 

levels were still higher than the normal control group KN 

(1.19±0.22 nmol/g). The LSD test results showed that all 

groups had significantly different MDA levels in liver 

tissue (p<0.05). 

Effect of Vitamin D3 Encapsulated by Liprotides on 

SOD Activity 

 The result of the mean in SOD activity is shown in 

Table 1 which shows higher SOD activity in the K+ and 

P groups than K- group after 28 days of intervention. The 

one-way ANOVA test showed significant differences in 

SOD activity after intervention in all groups (p<0.001). 

SOD activity in the P group (68.03±4.72 %) is higher 

than in the K+ group (61.47±4.48 %). While, both SOD 

activities were still lower than the normal control group 

KN (79.51±3.06 %). The LSD test showed that all groups 

had significantly different SOD activity in liver tissue 

(p<0.05). 

DISCUSSION  

 The results of this study showed that liprotide-

encapsulated vitamin D3 could lower MDA levels and 

increase SOD activity in vitamin D and calcium-deficient 

rats' livers. In addition, the use of liprotides encapsulation 

affects the MDA levels and SOD activity. Liprotide-

encapsulated vitamin D3 improved MDA and SOD in rat 

liver tissue better than non-encapsulated. Liprotides-

encapsulated vitamin D3 has previously been shown to 

increase stability, bioavailability, and resistance to pH, 

temperature, and UV light.31,32  

Deficiency of vitamin D and calcium in rat models by 

given feeding modified AIN-93M  for 14 days (vitamin 

D and calcium depleted). In this study, there was an 

increase in MDA levels and decreased SOD activity in 

deficient vitamin D and calcium diet groups. Nutritional 

deficiencies such as vitamins and minerals can reduce 

metabolic status which can increase reactive oxygen 

species (ROS).35 Dysregulation of vitamin D and calcium 

causes decreased mitochondrial respiration which 

induces reactive oxygen species and contributes to the 

accumulation of cellular oxidative damage.16,36,37 

 Vitamin D is known to play an essential role in 

maintaining calcium.38 Calcium is essential for 

controlling mitochondrial respiration because it is the 

main production of cellular ATP and ROS.16 The 

deficiency of calcium can cause lower superoxide 

dismutase (SOD).39 In this study, adequate vitamin D 

intake can increase calcium absorption in the intestine.40 

Adequate calcium uptake can maintain the antioxidative 

capacity (superoxide dismutase, glutathione peroxidase, 

glutatione) to avoid excessive ROS production.16  
  Oxidative stress due to increased ROS can cause the 

peroxidation of proteins, nucleic acids, and lipids.37,41 

Lipid peroxidation products discovered in the liver, brain, 

kidney, lung, and skeletal muscle such as MDA, 4-HNE, 

and F-2 isoprostanes.37 Malondialdehyde is a 

Table 1. The mean data MDA levels and SOD activity in all groups 

Variables  Treatment Groups (n=6) 
p 

KN K- K+ P 

MDA (nmol/g) 1.19±0.22a 9.79±0.28b 3.19±0.55c 2.57±0.46d <0.000* 

<0.000* SOD (%) 79.51±3.06a 32.24±3.53b 61.47±4.48c 68.03±4.72d 

*OneWay ANOVA test *p<0.001 
a,b,c,d Post Hoc LSD Test, significantly different p<0.05 
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peroxidation product of polyunsaturated fatty acids, such 

as phospholipids and triglycerides.42,43,44 In animal 

studies showed that deficiency of vitamin D and calcium 

caused increased MDA levels in liver tissue.39,45 

Increased ROS leads decrease endogenous antioxidants 

such as glutathione, superoxide dismutase, catalase, and 

peroxiredoxin. 42,46 Previous studies demonstrated that 

deficiency of vitamin D decreased the activity of 

glutathione peroxidase, catalase, and superoxide 

dismutase in the liver.45 

   The administration of non-encapsulated and 

liprotides-encapsulated vitamin D3 increased SOD 

activity and decreased MDA levels in liver rats. Vitamin 

D can enhance natural antioxidant defenses. Numerous 

studies have shown that vitamin D3 increases SOD 

activity in the serum and liver tissue of experimental 

animals.45,47,48 The administration of vitamin D will 

maintain calcium homeostasis in the body.49 Calcium 

controlled redox regulation and oxidative stress in 

mitochondrial.16 Vitamin D was activated enzyme 

glucose-6-phosphate-dehydrogenase produces 

glutathione which reduces nitrogen oxides and SOD that 

is responsible for transforming O2
- into H2O2.44,50,51 The 

other research shows that supplementing with vitamin 

D3 can lower MDA concentrations in liver tissue.45,48,52 

However, several studies have shown that vitamin D 

supplementation does not significantly lower MDA 

levels.53,39  

 Active vitamin D bound to VDR (vitamin D 

receptors) can alter the activity of multiple signaling 

pathways both non-genomically and genomically.54  

Vitamin D3 administration has been shown in some 

studies to increase the production of the transcription 

factor Nrf2 which can increase antioxidant capacity 

through binding to the antioxidant response elements 

(ARE).50,55 Vitamin D3 markedly increased protein 

expression of Nrf2. It means that Vitamin D3 can activate 

the expression of Nrf2 and in turn promote the synthesis 

of antioxidant-associated proteins. Consequently, the 

damage caused by oxidative stress to the liver can be 

attenuated.47 This is supported by the results of other 

studies which state that crosstalk occurs between the NF-

κB- and Nrf2 pathways.56 NF-κB (p65) can interact with 

Keap1 to inhibit activation of the Nrf2-ARE pathway. 

Meanwhile, the activation level of NF-κB 

phosphorylation (p65) is positively associated with the 

secretion of proinflammatory cytokines such as IL-1β, 

IL-6, and TNF-α and negatively correlated with the 

secretion of the anti-inflammatory cytokine IL-10.47,56  

 In this study, groups of liprotides-encapsulated 

vitamin D3 improved MDA levels and SOD activity 

better than non-encapsulated groups. In line with other 

studies, the administered vitamin D encapsulated had 

significantly higher levels of vitamin D in their blood 

than non-encapsulated recipients.29,32,57 This is 

associated with the provision of encapsulation can 

increase the bioavailability of vitamin D in the blood.31 

Vitamin D3 may be bound in a hydrophobic region that 

shields it from oxidative damage, high temperatures, and 

UV rays, which improves its stability and 

bioavailability.31  

 Liprotides have good interaction with the 

membranes. In the vitamin D3 transfer assay to the 

phospholipid membrane, it was shown that >80% of the 

hydrophobic liprotide components (vitamin D3 and oleic 

acid) transferred well to the vesicles.31 The β-

lactoglobulin protein is an effective carrier encapsulant 

for vitamin D because of the van der waals and hydrogen 

bond involved in the binding of fatty acid to these 

proteins.58 Other studies have shown that vitamin D3 

cress seed mucilage-β-lactoglobulin nanocomplexes can 

affect the speed of content delivery which in vitro tests 

using SGF (simulated gastric fluid) and SIF (simulated 

intestinal fluid) showed that the release in the stomach 

was small and would increase in the intestine.59 The 

limitations of this study show that the results have been 

able to reduce MDA levels and increase SOD activity, 

but it has not been able to reach normal conditions. 

CONCLUSION  

 The administration of both non-encapsulated and 

liprotide-encapsulated vitamin D3 can improve MDA 

levels and SOD activity. In this study, it can be concluded 

that the administration of liprotide-encapsulated vitamin 

D3 can reduce MDA levels and increase SOD activity in 

the liver better than non-encapsulated. Studies of longer 

duration may be needed to determine how long the MDA 

levels and SOD activity to return to normal. 
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Abstract 

Background: The high case of tuberculosis which isn't followed by good detection 

becomes an urgency for the diagnostic developments. One of them with 

immunodiagnostic principle uses B-cell Ag85 complex epitope. The design of the 

diagnostic epitope was performed by mapping the B cell epitope used in silico studies. 

Objective: The purpose of this research is to analyze antigenicity, physicochemical 

which affect immunogenicity, and homology of B-cell Ag85 complex epitope with the 

strain which circulates in Indonesia.   

Methods: The samples used were taken from the NCBI protein bank with access 

numbers P9WQP3 for Ag85A, P9WQP1 for Ag85B, and P9WQN9 for Ag85C. The 

sequences were analyzed using IEDB (Bepipred) software as the epitope prediction, 

VaxiJen as antigenicity prediction, ProtParam as physicochemical properties 

prediction, and BLASTP NCBI as sequence alignment. 

Results: Twenty seven epitopes were antigenic with 0.4297 to 2.6007 scores and the 

molecular weight was from 619.59 Da to 3145.36 Da. This research also obtained 

eleven stable and hydrophilic epitopes. The alignment of 11 candidate epitopes with 

the strain which circulates in Indonesia, had a similarity percentage of 85.71%-100% 

and 3 epitopes had a more significant score. 

Conclusion: Three epitopes of Ag85 complex; Ag85A (212-235), Ag85B (209-237), 

and Ag85C (283-310), were universal antigens and can be developed into diagnostic 

antigens in Indonesia. 

 

Keywords: B-cell epitope; Ag85 complex; diagnostic antigen; in silico. 

Permalink/ DOI: https://doi.org/10.14710/jbtr.v9i1.16379 
 

INTRODUCTION 

 Tuberculosis (TB), caused by Mycobacterium 

tuberculosis, is a disease that mainly affects the lungs 

(pulmonary TB) and various organs (extrapulmonary 

TB). It is a world health problem and an infectious 

disease ranking among the top ten causes of death.1 

Indonesia is the 3rd country with the highest incidence 

of TB globally, contributing 8.4% of the cases. 

Furthermore, in 2020, only 351,936 (41.7%) incidences 

of TB were reported to the Ministry of Health, and 

58.3% of other issues were undetected.2 The use of M. 

tuberculosis antigen B cell epitope is one of the 

diagnostic developments performed with the 

immunodiagnostic principle. 

The antigen 85 complex is the most commonly secreted 

protein from M. tuberculosis in liquid culture. It plays an 

essential role in the virulence of TB.3 This 

immunodominant protein triggers the body's humoral 

immune response, which is characterized by the 

formation of protective antibodies and induce TCD8+ 

Th1 CD4+ for the production of cytokines such as IFN- 

and IL-2.4 Based on antibody detection; commercial 

serodiagnosis has inconsistent sensitivity and specificity, 

namely 0-100% and 31-100%.5  
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 Furthermore, the low sensitivity and specificity in 

using protein antigens in serological assays allow cross-

reactions. The replacement of antigenic proteins with 

more specific epitopes recognized by the immune 

system can be used to develop more effective serological 

assays.6 A study evaluated serodiagnosis ELISA to 

detect antibodies in M. tuberculosis using a combination 

of epitopes RD1 and RD2 antigens resulted in a 

sensitivity of 83.3% for acid fast bacilli (+), 62.5 % for 

acid fast bacilli (-), and a specificity of 100%.7 In its 

application, Epitope Diagnostics, Inc., San Diego, USA 

has developed an epitope diagnostic kit product using the 

ELISA technique for the detection of Novel coronavirus 

antibodies with a sensitivity up to 94% for IgM and 100% 

for IgG detection.8   

 The initial concept of the diagnostic design was 

performed by mapping the B cell epitope within silico 

studies using computational and bioinformatics. 

Furthermore, antigenic and immunogenic B cell epitopes 

are used as diagnostic antigens.9 There is currently little 

information about the B cell epitope of antigen 85 

complexes that can be used to develop a tuberculosis 

diagnosis. Therefore, this study predicts the epitope of 

the Ag85 complex, which is a potential diagnostic 

antigen.   

 

Table 1.  Prediction and antigenicity test of B-cell linear epitope of Ag85 Complex 

Name Start End Peptide Length 
Antigenicity (T =0.4) 

Score Interpretation 

 

Ag85A 

35 49 VGGTATAGAFSRPGL 15 0.6074 Antigen 

54 63 LQVPSPSMGR 10 1.0688 Antigen 

70 76 QSGGANS 7 2.6007 Antigen 

86 99 RAQDDFSGWDINTP 14 0.958 Antigen 

101 104 FEWY 4 - Non-Antigen 

106 106 Q 1 - Non-Antigen 

115 123 VGGQSSFYS 9 0.5325 Antigen 

126 135 YQPACGKAGC 10 1.9389 Antigen 

137 137 T 1 - Non-Antigen 

157 163 HVKPTGS 7 0.8572 Antigen 

196 203 LDPSQAMG 8 0.269 Non-Antigen 

212 235 GDAGGYKASDMWGPKEDPAWQRND 24 0.7449 Antigen 

256 267 NGKPSDLGGNNL 12 1.6823 Antigen 

286 308 AYNAGGGHNGVFDFPDSGTHSWE 23 0.8642 Antigen 

316 316 A 1 - Non-Antigen 

319 320 PD 2 - Non-Antigen 

322 322 Q 1 - Non-Antigen 

Ag85B 

33 46 GGAATAGAFSRPGL 14 0.5111 Antigen 

51 60 LQVPSPSMGR 10 1.0688 Antigen 

67 74 QSGGNNSP 8 1.6042 Antigen 

83 96 RAQDDYNGWDINTP 14 1.2099 Antigen 

113 132 GGQSSFYSDWYSPACGKAGC 20 1.0201 Antigen 

134 134 T 1 - Non-Antigen 

153 162 RAVKPTGSAA 10 0.4297 Antigen 

194 201 DPSQGMGP 8 0.7686 Antigen 

209 237 GDAGGYKAADMWGPSSDPAWERNDPTQQI 29 0.6896 Antigen 

253 264 NGTPNELGGANI 12 0.4363 Antigen 

283 289 AYNAAGG 7 1.5285 Antigen 

295 305 NFPPNGTHSWE 11 0.3702 Non-Antigen 

316 317 GD 2 - Non-Antigen 

Ag85C 

15 16 TT 2 - Non-Antigen 

37 52 TFGGPATAGAFSRPGL 16 - 0.0863 Non-Antigen 

59 59 V 1 - Non-Antigen 

61 65 SASMG 5 - Non-Antigen 

72 78 FQGGGPH 7 1.4682 Antigen 

87 105 RAQDDYNGWDINTPAFEEY 19 0.9835 Antigen 

107 107 Q 1 - Non-Antigen 

117 139 GGQSSFYTDWYQPSQSNGQNYTY 23 0.5401 Antigen 

156 166 NKGVSPTGNAA 11 0.5434 Antigen 

172 172 S 1 - Non-Antigen 

184 190 PQQFPYA 7 0.2671 Non-Antigen 

197 204 LNPSEGWW 8 - 0.7119 Non-Antigen 

213 239 NDSGGYNANSMWGPSSDPAWKRNDPMV 27 0.7312 Antigen 

257 269 NGTPSDLGGDNIP 13 1.1086 Antigen 

283 310 TFRDTYAADGGRNGVFNFPPNGTHSWPY 28 0.663 Antigen 
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MATERIALS AND METHODS  

Sequence Preparation 

 This research was going on November 2021-January 

2022 online-virtually from the   Faculty of Medicine, 

University of Jember, Jember, East Java. This study is an 

experimental research and the samples used were taken 

from the NCBI protein bank with access numbers 

P9WQP3 for Ag85A, P9WQP1 for Ag85B, and 

P9WQN9 for Ag85C. VaxiJen v2.0 was used to test the 

antigenicity of Ag85 complex sequence samples 

(Ag85A, Ag85B, Ag85C). VaxiJen v2.0 server 

(https://www.ddg-pharmfac.net/vaxijen) predicts 

protective antigens of bacteria, viruses, and tumors with 

an accuracy of 70-97%.10 This works with an auto cross-

covariance (ACC) transformation approach of protein 

sequences based on the primary physicochemical 

properties of amino acids. Protein sequences are entered 

in fasta form, and bacteria were selected as target 

organisms, while the threshold value was set at 0.4. 

 

B-cell Epitope Prediction and Antigenicity Test 

 B-cell epitopes were predicted from protein sequence 

using the IEDB (http://tools.iedb.org/bcell/). The method 

used is linear BepiPred 1.0 with a threshold of 0.35. 

Furthermore, BepiPred by default is provided by the 

IEDB server for predicting B cell linear epitope locations 

of proteins with 75% specificity and 49% sensitivity at a 

threshold of 0.35. It predicts the location of the epitope 

using a combination approach of the HMM algorithm 

(Hidden Markov Model), Parker hydrophilicity, and 

Levitt secondary structure.11 Then, the predicted epitopes 

were tested for antigenicity using the VaxiJen v2.0 server 

(https://www.ddg-pharmfac.net/vaxijen). The inputted 

sequence is a residual type with a threshold of 0.4. 

 

Physicochemical Test 

 The physicochemical characteristics were determined 

by testing the linear epitopes of B cells classified as 

antigenic using ExPASY ProtParam 

(http://www.expasy.org/tools/protparam.html), which is 

Table 2.  Physicochemical properties of B-cell linear epitope of Ag85A 

Name Start End 
molecular 

weight (Da) 

Instability Index GRAVY score 

Score Interpretation Score Interpretation 

Ag85A 

35 49 1361.52 26.26 stable 0.42 hydrophobic 

54 63 1071.26 135.78 unstable - 0.33 hydrophilic 

70 76 619.59 76.84 unstable - 1.086 hydrophilic 

86 99 1621.68 20.41 stable - 1.236 hydrophilic 

115 123 930.97 119.61 unstable - 0.111 hydrophilic 

126 135 997.15 82.97 unstable - 0.25 hydrophilic 

157 163 724.81 -18.44 stable - 0.914 hydrophilic 

212 235 2651.81 28.06 stable - 1.592 hydrophilic 

256 267 1185.26 2.54 stable - 1.158 hydrophilic 

286 308 2422.47 35.92 stable - 0.809 hydrophilic 

 

Table 3.  Physicochemical properties of B-cell linear epitope of Ag85B 

Name Start End 
molecular 

weight (Da) 

Instability Index GRAVY score 

Score Interpretation Score Interpretation 

Ag85B 

33 46 1232.36 33.49 stable 0.329 hydrophobic 

51 60 1071.26 135.78 unstable - 0.33 hydrophilic 

67 74 759.73 123.41 unstable - 1.812 hydrophilic 

83 96 1664.71 15.06 stable -1.721 hydrophilic 

113 132 2071.22 112.9 unstable - 0.47 hydrophilic 

153 162 957.1 -9.91 stable - 0.23 hydrophilic 

194 201 787.84 56.9 unstable - 1.238 hydrophilic 

209 237 3121.3 32.7 stable - 1.193 hydrophilic 

253 264 1156.22 29.39 stable - 0.617 hydrophilic 

283 289 622.64 26.2 stable - 0.029 hydrophilic 

 

Table 4.  Physicochemical properties of B-cell linear epitope of Ag85C 

Name Start End 
molecular 

weight (Da) 

Instability Index GRAVY score 

Score Interpretation Score Interpretation 

Ag85C 

72 78 698.74 43.83 unstable - 0.957 hydrophilic 

87 105 2304.37 41.02 unstable - 1.463 hydrophilic 

117 139 2678.72 86.89 unstable - 1.53 hydrophilic 

156 166 1015.09 47.41 unstable - 0.636 hydrophilic 

213 239 2954.15 49.6 unstable - 1.244 hydrophilic 

257 269 1256.29 47.03 unstable - 0.892 hydrophilic 

283 310 3145.36 17.54 stable - 0.939 hydrophilic 

 

 

https://www.ddg-pharmfac.net/vaxijen
http://tools.iedb.org/bcell/
https://www.ddg-pharmfac.net/vaxijen
http://www.expasy.org/tools/protparam.html
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a reliable tool for computing various physicochemical 

properties that can be deduced from a protein sequence. 

Furthermore, ProtParam sums up the contributions of the 

different amino acids, not taking into account secondary 

or tertiary structure. A physicochemical test was used to 

determine the immunogenicity characteristics of the 

predicted epitope. Its sought were molecular weight, 

instability index, and GRAVY score. 

Sequence Alignment 

 The candidate epitope were aligned from the strain 

of Ag85 complex in Indonesia (str. Beijing, str. Haarlem, 

str. CAS, str. EAI) using BLASTP NCBI 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi).  

 

RESULTS  

Antigenicity of Ag85 Complex Sequence 

The results showed that the total value exceeded the 

threshold of 0.4 with details of 0.5259, 0.5842, 0.4402 

on Ag85A, A85B, and Ag85C, respectively. 

 

Prediction and Antigenicity Test of Ag85 Complex B-

cell Epitope 

 The prediction results using IEDB showed only 10 of 

17 Ag85A epitopes, 10 of 13 Ag85B epitopes, and 7 of 

15 Ag85C epitopes are antigenic and can respond to B 

cells. Table 1 show the detailed score of predicted B cell 

epitope antigenicity. 

 

Physicochemical Test of Ag85 Complex B-cell 

Epitope 

 The antigenic epitopes were subjected to a 

physicochemical test with ExPASy ProtParam. The 

results showed that each linear epitope of B cells had 

varying molecular weights from 619.59 to 3145.36 Da. 

The stability index and GRAVY score obtained 13 stable 

and 14 unstable epitopes, as well as 25 hydrophilic and 

2 hydrophobic epitopes. Also, there are 11 stable and 

hydrophilic B cell epitopes, namely Ag85A and Ag85B 

with 5 epitopes for each and Ag85C with an epitope. 

Tables 2-4 show the results. 

Alignment of B-cell Epitope with Indonesian Strain 

 The linear epitopes of B cells Ag85 complex had a 

similarity percentage of 85.71%-100% with the strains in 

Indonesia. Also, the e-values obtained vary from the 

highest 8510-3 to the smallest 310-26. Table 5 shows 

details of alignment results with Indonesian strains. 

 

 

DISCUSSION  

Antigenicity of Ag85 Complex Sequence 

 The three antigenicity values showed that the Ag85 

complex protein sequence was antigenic, implying that it 

could bind to an antibody. TB antibodies formed due to 

the interaction of costimulatory signals of B and Th1 cells 

previously activated by antigens.12 Furthermore, the 

serum immunoglobulin titers in TB patients are elevated 

by 90% against mycobacterial antigens at the time of 

clinical presentation. This correlation between the 

antibody response and active TB disease has led to the 

development of antibodies as diagnostic markers.13 The 

results of this study are also in line with the development 

of the Ag85 complex as a diagnostic antigen for antibody 

detection. Meanwhile, the previous study by Kumar et al. 

(2008) successfully evaluated the accuracy of Ag85 

complex for antibody detection in ELISA serodiagnosis 

in children aged 0-18 years.14 Another study by Mani et 

al. (2016), using a microchip-based TB ELISA (MTBE) 

technique that can detect antibodies in less than 15 

minutes, showed that the sensitivity and specificity of 

Ag85A are 52% and 76%, respectively.15 The result 

showed that Ag85B has the highest antigenicity score, 

and it is a potential biomarker for the diagnosis of TB in 

its complexity because this protein is the most secreted 

(40%) of M. tuberculosis.16  

 

Prediction and Antigenicity Test of Ag85 Complex B-

cell Epitope 

 Fortyfive epitope regions of Ag85A, Ag85B, and 

Ag85C were identified through the prediction of B cell 

epitopes from Ag85 complex samples. As a candidate for 

Table 5.  Alignment of epitope with M. tuberculosis Indonesian strain 

Name Start End 

Str. 

Beijing/NITR203 
Str. CAS/NITR204 

Str. 

Haarlem/NITR202 
Str. EAI5/NITR206 

e-value 
Percent 

identity 
e-value 

Percent 

identity 
e-value 

Percent 

identity 
e-value 

Percent 

identity 

Ag85A 

86 99 2  10-10 100% 2  10-10 100% 1  10-7 85.71% 1  10-8 92.86% 

157 163 85  10-3 100%   85  10-3 100% 85  10-3 100% 85  10-3 100% 

212 235 3  10-21 100% 3  10-21 100% 3  10-21 100% 3  10-21 100% 

256 267 1  10-6 100% 1  10-6 100% 1  10-6 100% 1  10-6 100% 

286 308 3  10-19 100% 3  10-19 100% 3  10-19 100% 3  10-19 100% 

Ag85B 

83 96 8  10-11 100% 8  10-11 100% 2  10-9 92.86% 8  10-11 100% 

153 162 4  10-4 100% 4  10-4 100% 4  10-4 100% 4  10-4 100% 

209 237 3  10-26 100% 3  10-26 100% 3  10-26 100% 3  10-26 100% 

253 264 9  10-7 100% 9  10-7 100% 9  10-7 100% 9  10-7 100% 

283 289 1  10-2 100% 1  10-2 100% 1  10-2 100% 1  10-2 100% 

Ag85C 283 310 2  10-25 100% 2  10-25 100% 2  10-25 100% 2  10-25 100% 

 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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a diagnostic antigen epitope, antigenicity is essential. 

The epitope prediction on the Ag85 complex was 

continued with an antigenicity test using Vaxijen v2.0. 

The results of the B cell epitope showed that the antigens 

Ag85A, Ag85B, and Ag85C contain 10, 10, and 7 

antigenic epitopes, respectively. This study's linear 

epitope antigenicity value of Ag85 complex B cells has 

a wide range of score variations from 0.4297 to 2.6007. 

It shows that antigenicity is not the only factor in 

planning the antigen epitope as diagnosis, but there is 

another factor that affects, like immunogenicity.9 

Because epitopes are immunogenic, they can activate 

specific antibodies in the body. By following multi-

epitope design studies for diagnosis, antigens exhibiting 

high antigenicity and immunogenicity were utilized.17–20  

 

Physicochemical Test of Ag85 Complex B-cell 

Epitope 

 A total of 27 antigenic epitopes were subjected to 

physicochemical tests to determine immunogenicity 

characteristics, such as molecular weight, instability 

index, and GRAVY score. These results obtained 

various molecular weights from 619.59 Da to 3145.36 

Da. Furthermore, the immunological approach states that 

molecules less than 10 kDa are weakly immunogenic. 

Molecules with a molecular weight of more than 100 

kDa  (macromolecules) are highly potent immunogens.21 

It was discovered that the highest epitope molecular 

weight was 3145.36 Da. Meanwhile, several studies 

showed that using multiple linker-associated epitopes 

produces molecular weights above 10 kDa and results in 

higher ELISA sensitivity.17,18,22 The diagnostic design 

uses multiple epitopes connected by a flexible linker 

(Gly-Ser-Gly-Ser-Gly).18 Different epitopes can be used 

as diagnostic markers to achieve high performance, as 

the use of multi-epitope peptides can express high 

density resulting in increased sensitivity and 

specificity.17  

 The order physicochemical properties obtained from 

this study were 13 stable and 14 unstable epitopes. 

Meanwhile, the stable epitopes will retain their structure 

when binding to antibodies or in response to physical 

and chemical environment changes.23 Several studies 

concluded that hyper-stable proteins lose their capacity 

to induce antibodies due to inefficient processing and 

presentation.24 Similarly, low stability makes proteins 

less immunogenic in antibody production due to the 

formation of tertiary structures leading to loss of B cell 

epitope.25     

 Most of the epitopes in the GRAVY score were 

interpreted as hydrophilic residues. Several studies 

stated that the epitopes used as diagnostic antigens are 

hydrophilic.18,20 The predicted hydrophilicity parameters 

show the position of the residue across the antigen 

protein sequence. Protein antigens have a globular 

(spherical) tertiary structure. The residue in this nonpolar 

(hydrophobic) and polar (hydrophilic) structure tends to 

be on the inside and outer surface of the protein. 

Hydrophilic residues are discovered on the surface of the 

antigen, which is more easily exposed (surface-exposed 

domain).24 According to Abbas et al. (2014) and Ahmad 

et al. (2019), the linear epitope is on the outer surface of 

the antigen; hence, it is easily recognized by part of the 

antibody structure (antigen-binding site).12,27  

 

Alignment of B-cell Epitope with Indonesian Strain 

 Eleven stable and hydrophilic epitopes were aligned 

using BLASTP on NCBI with complex Ag85 sequences 

from strains circulating in Indonesia. Therefore, the 

potential for developing serodiagnosis in Indonesia can 

be determined based on the percentage of similarity 

between each epitope derived from this alignment. The 

strains circulating in Indonesia and the NCBI database 

are the Beijing NITR203, the Central Asian NITR204, 

the Haarlem NITR202, and the East African Indian 

strain/NITR206. They were isolated from South India 

because the complex Ag85 protein sequences from 

Indonesian isolates were not yet available in the 

database.28 The results indicated that the similarity was 

relatively high, ranging from 85.71% to 100%. 

Furthermore, a similarity percentage higher than 70% has 

a possibility of 90% similarity in the biological process, 

molecular function, and cellular component.29  

 Three epitopes are more significant because they have 

a low e-value, namely 

212GDAGGYKASDMWGPKEDPAWQRND235 from 

the Ag85A epitope with a value of 3  10-21, 

209GDAGGYKAADMWGPSSDPAW-ERNDPTQQI237 

from the Ag85B with a value of 3  10-26, and 

283TFRDTYAADGGRNGVFNFPPNGTHSWPY310 

from the Ag85C with a value 2  10-25. The e-value is an 

estimate that provides a statistical measure of the two 

sequences. It was discovered that the lower the e-value, 

the more significant the score and its alignment.30 

Additionally, the three epitopes have 100% similarity 

with all strains; hence, they were universal antigens and 

can be developed into serodiagnostic antigens in 

Indonesia. However, the results of research using the in-

silico method are only predictions of amino acid 

sequence results that need to be revalidated with other 

research methods such as in vivo and in vitro with 

Indonesian isolates to prove the accuracy of the 

predictions. 

 The limitation of the result of this study using the in-

silico method is only predicting the result of antigenic 

and immunogenic amino acid sequence. As an 

immunoassay development, it is necessary to stimulate 

the interaction between the ligand protein and the 

receptor protein to assess the binding score in 3D 

between the epitope and BCR immunoglobulin. Further 

studies need to be carried out in vivo with the 

construction, expression, purification of recombinant 

protein, followed by ELISA antigen-antibody 

immunoassay test and western blot analysis to prove the 

accuracy of these prediction.  

 

CONCLUSION  

 There are three B cell epitopes of the Ag85 complex, 

namely Ag85A (212-235), Ag85B (209-237), and 

Ag85C (283-310), which are universal antigens and can 

be developed into diagnostic antigens in Indonesia. 

However, the results of research using the in silico 

method are only predictions of amino acid sequence 

results that need to be revalidated with other research 

methods such as in vivo and in vitro with Indonesian 

isolates to prove the accuracy of the predictions. 
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Abstract 

Background: Blastocystis hominis is an intestinal protozoan that can infect humans 

and animals. The distribution coverage is very wide and is transmitted through the 

fecal-oral route. The incidence of blastocystosis due to Blastocystis hominis is higher 

in developing countries because it is associated with poor hygiene practice, inadequate 

sanitation, close contact with pets domesticated animals and or contaminated food. 

Blastocystis hominis infection can cause clinical manifestations, from asymptomatic 

to chronic diarrhea, depending on the Blastocystis subtype and the patient's immune 

system.  

Objective: The aim of this study was to detect and determine the incidence of 

Blastocystis hominis infection in the feces of children at the Pekanbaru Orphanage 

using the culture method. 

Methods: This research was a descriptive study with a cross-sectional design, that 

aims to detection of Blastocystis by the modified Jone's Medium culture method but 

using sheep's serum. The sample is the feces of children from nine orphanages in 

Pekanbaru. The data is shown in the form of figures and distribution frequency tables. 

Results: A total of 95 children's stool samples were examined from 9 orphanages in 

Pekanbaru, it was found that 63 children (66.3%) were positive for Blastocystis 

hominis using the culture method, positive Blastocystis hominis was found more in 

female than male, and based on age group, 6-12 years is almost the same as in the age 

group 13-17 years. Generally, the source of drinking water in orphanages is refilled 

drinking water and all orphanages have cats as pets, and a few have chickens, birds, 

and goats as pets 

Conclusion: High incidence of Blastocystis hominis (66.3%) can be detected in the 

feces of Pekanbaru orphanage children using the culture method. 

 

Keywords: Blastocystis; children; culture; orphanage. 

Permalink/ DOI: https://doi.org/10.14710/jbtr.v9i1.16470 
 

INTRODUCTION 

 Blastocystis hominis is an intestinal protozoan that is 

commonly found in humans and animals. Its distribution 

coverage is very wide and this parasite is transmitted by 

the fecal-oral route. The prevalence of Blastocystis 

hominis is more in developing countries than in 

developed countries, in developing countries the 

prevalence of Blastocystis hominis is more than 60% 

while in developed countries it is 5% - 20%.1 The high 

incidence of Blastocystis hominis in developing 

countries is closely related to poor personal hygiene and 

inappropriate sanitation, frequent exposure to or contact 

with pets domesticated animals, transmission occurs 

through food and beverage contaminated with 

Blastocystis hominis.1,2  
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 Blastocystosis or Blastocystis hominis infection can 

cause clinical manifestations from asymptomatic to 

symptoms of gastrointestinal disorders such as nausea, 

vomiting, bloating, abdominal pain, flatulence, acute and 

chronic diarrhea and sometimes constipation. This 

parasitic infection is sometimes associated with irritable 

bowel syndrome and inflammatory bowel disease.3,4 

Besides gastrointestinal symptoms, it has also been 

reported to cause dermatological symptoms such as 

itching and rashes of the skin along with gastrointestinal 

symptoms.5 Blastocystis hominis is a protozoan that lives 

in the intestines, is a single-celled eukaryote, anaerobic. 

This parasite is a polymorphic protozoan because it has 

many forms, based on the literature in general there are 

four forms, namely vacuolar, granular, ameboid and 

cystic forms.2,6 Vacuolar and ameboid forms are forms 

that are often found in feces and cultured products.2 

Based on the literature, it has been reported that there are 

32 subtypes of Blastocystis hominis.7 and the clinical 

manifestations in infected individuals depend on the 

subtype that infects and Blastocystis infection has been 

reported to occur in immunosuppressed patients such 

patients who received kidney transplants. It was also 

reported that Blastocystis was more commonly found in 

healthy people than people with inflammatory bowel 

disease and based on the literature it was also stated that 

people who contain Blastocystis in their intestines have 

a high bacterial diversity in their intestines, which means 

that the existence of Blastocystis will have a beneficial 

effect on the gut microbiota.8 However, the effect of 

Blastocystis also varies depending on the infecting 

subtype, therefore Blastocystis hominis is still a 

controversy whether it is pathogenic or commensal 

because of the very wide genetic variation.4 

 Diagnostic examination for Blastocystis hominis can 

be carried out by direct microscopic examination but this 

microscopic examination is very subjective depending 

on the skills and experience of the examiner in 

identifying Blastocystis hominis. The size and 

morphology of Blastocystis hominis varies greatly 

during its life cycle because these protozoa have a 

variety of shapes that are sometimes very similar to other 

intestinal protozoa or similar to contaminants or fecal 

debris, this leads to misdiagnosis. Several studies have 

reported methods for diagnostic Blastocystis; direct 

microscopic, culture, serology (ELISA) and molecular 

methods by using PCR. However, the culture method is 

the recommended method for the diagnosis of 

Blastocystis.2,9,10 Children who live in urban dense area 

with poor sanitation and inadequate hygiene behavior, 

eg., orphanages are children who are at risk for infection 

with Blastocystis hominis. Based on this, the researchers 

were interested in conducting research to detect 

Blastocystis in children's feces using the culture method. 

 

MATERIALS AND METHODS  

 This research is a descriptive study with a cross-

sectional design. The samples of this study were 

collected from the feces of children from nine 

orphanages in Pekanbaru City and examination of stool 

samples was carried out at the Parasitology Laboratory 

of the Faculty of Medicine, Riau University from August 

– October 2022. The stool that has been collected in a 

sterile tube is immediately taken to the Parasitology 

Laboratory and examined within 12 hours after the stool 

is excreted. Data containing the identity of the subject 

and the environment of the orphanage were obtained 

from the administrators of the orphanage. Stool 

examination was carried out directly microscopically and 

cultured. Blastocystis culture used modified Jone's 

medium,11 but in this study horse serum was replaced 

with sheep serum. After being planted in the media, it 

was incubated at 37°C for 48 – 72 hours. The culture 

results were then read after 48 hours with iodine’s stain 

and then examined with a light microscope with a 

magnification of 400x. This study passed the ethical 

review by the ethical review board for medicine and 

health research Faculty of Medicine, Universitas Riau  

(No: B/115/UN19.5.1.18/UEPKK/2022).  

 

RESULTS 

 In this study, 95 samples of orphanage children's 

feces were collected from 9 orphanages in Pekanbaru 

City. The characteristics of the orphanage children who 

are the subjects of this study are as shown in table 1 

below. 

Table 1 shows that most of the subjects were male 

(61.1%) with the largest age group being the 6-12-year-

old group (81%). A total of 95 children's stools examined 

from 9 orphanages obtained Blastocystis culture results 

as shown in table 2 below. 

In table 2. it can be seen that from 95 stool samples 

examined, 63 children or 66.3% were positive for 

Blastocystis hominis by culture method. 

 

Table 1. Characteristics of the subjects 

Characteristics N (95) Percentage 

Sex 

- Male 
- Female 

Age groups 

- ≤ 5 years 
- 6 – 12 years 
- 13 – 17 years 

 

58 

37 

 

5 

77 

13 

 

61.1% 

38.9% 

 

5.3% 

81   % 

13.7% 

 

Table 2. Distributions of positive Blastocystis based on 

orphanage  

Orphanage N 
             Blastocystis (+) 

Frequency % 

1 19 12 63.2% 

2 8 5 62.5% 

3 6 5 83.3% 

4 10 6 60.0% 

5 4 4 100% 

6 12 4 33.3% 

7 9 7 77.8% 

8 9 5 55.6% 

9 18 15 83.3% 

Total 95 63 66.3% 
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Based on table 3, it can be seen that there are many positive 

results in male or boys, but if it is based on the proportion of 

boys and girls, it is found that more girls are infected than boys. 

Based on age, the 6-12-year-old group detected more 

Blastocystis hominis, but based on the proportion of incidence 

of Blastocystis hominis infection in the age group 6-12 years it 

was not much different from the age group 13-17 years, namely 

68.8% and 69.2%. 

 Figure 1 shows the results of the culture of Blastocystis 

hominis using Iodine's staining, from the image it appears that 

there are various sizes and shapes of Blastocystis hominis that 

grow in various shapes and most of them are vacuoles. 

Microscopic examination was carried out after 48 hours in 

culture and viewed with a light microscope with a 

magnification of 400x. 

 In this study, subcultures were also carried out, the results 

of the first culture were cultured again and after 48 hours 

viewed under a light microscope with a magnification of 400x. 

(figure 2). The picture shows that Blastocystis hominis has an 

amoeboid shape and is larger than the first culture results. 

Microscopic examination from culture using a light microscope 

with a magnification of 400x. 

DISCUSSION 

 In this study, it was found that 66.3% or 63 samples 

from 95 children of orphanage were positive for 

Blastocystis hominis using the culture method; the high 

incidence of Blastocystis hominis infection was 

confirmed. In a study in Iran, 21.09% data were positive 

for Blastocystis in patients who did not have diarrhea.12 

In a study in Mugla, Turkey, the incidence of Blastocystis 

in school-age children was 35 out of 468 (7.4%),13 and a 

2021 study in six countries (Azerbaijan, Czechia, Jordan, 

Nigeria, Sudan and Tanzania) found an incidence of 

Blastocystis in children was 36%14 and another study in 

Jakarta Indonesia found that the incidence of Blastocystis 

in primary school-aged children was 52.5%,9 This is 

caused by many factors, possibly because orphanage 

children have inappropriate hygiene behavior, life in an 

orphanage with many children and a crowded 

environment and lack of attention to personal hygiene 

can increase the risk of being infected with Blastocystis. 

In addition, all children in the nine orphanages in this 

study had cats as pets. Based on the literature, cats can 

act as reservoir host for this protozoa, the close contact 

between humans and cats makes it easy for disease 

transmission and it can caused zoonoses.2,15   

Table 3. Distributions of positive Blastocystis based on 

sex and age groups 

Variable 
Culture of Blastocystis 

Positive Negative 

Sex  

 

- Male 37 21 

- Female 26 11 

Age groups  

 

- ≤ 5 1   4 

- 6 - 12 53 24 

- 13 - 17 9   4 

 

 

 
 

 
Figure 1. Blastocystis hominis with Iodine's stain from 

culture (400x magnification) 

 

 
 

 
Figure 2. Blastocystis subculture showed amoeboid and 

vacuole forms using iodine’s stain with a magnification of 

400x 
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 Blastocystis can infect male or female, in a study by 

Sankur et al, it was found that Blastocystis infection in 

males and females was almost the same.13 Data from 

some literatures show that boys are more infected than 

girls.3,16–19 The reason for this perhaps because boys 

prefer to play outside the house and have inappropriate 

personal hygiene,17 but in this study it was found that 

girls were more infected. These results are also the same 

as studies in China and Myanmar where there were more 

Blastocystis infections in girls (7.9%) than boys 

(4.8%).20 Even though based on observations most boys 

prefer to play with animals such as cats, chickens and 

goats, compared to girls who are usually afraid or feel 

anxious or disgusted when holding pets. Based on these 

results, the possibility of Blastocystis hominis infection 

in girls can be obtained from factors such as food and 

drink contamination by Blastocystis cysts and poor 

personal hygiene behavior.21,22  

 In this study, there was no difference in the age group 

infected with Blastocystis between the age group 6-12 

years and 13-17 years, this is the same as the study in 

Argentina by Candela found there was no difference in 

intestinal parasite infection between the age group 6-12 

years and the group aged 13 – 19 years.23 Infection of 

Blastocystis is associated with several factors such as 

consumption of contaminated food, poor quality of 

drinking water, and close contact with animals, poor 

personal hygiene habits, and inappropriate 

sanitation.3,4,14–16 The results of this study are different 

from studies in China and Myanmar, where the age 

group of 7-12 years is the age group with the most 

positive Blastocystis.20 Based on the literature, primary 

school age group is the group of children who are in their 

peak period of playing outside the home, these primary 

school age children also still have less knowledge about 

maintaining personal hygiene so they are easily infected 

with parasitic infections but in this study there was no 

difference between age groups 6 – 12 years with 13 – 17 

years.24 All the orphanages studied had children who 

were positive for Blastocystis with different proportions 

ranging from 33.3% to 100%. All children examined had 

no symptoms or asymptomatic. Blastocystis is still not 

certain whether commensal or pathogenic and this is still 

controversial, based on the literature the clinical 

symptoms of Blastocystis infection are very wide 

ranging from asymptomatic to acute and chronic 

diarrhea. These symptoms depend on the infecting 

Blastocystis subtype and the human immune system.2  

 In this study, data was also collected through 

questionnaires about sources of drinking water and pets 

in the orphanage. Based on the questionnaire data 

provided, it was found that the source of drinking water 

generally came from refilled water or bottled water and 

only one orphanage whose drinking water came from 

boiled well water. Drinking water sources can be a 

source of Blastocystis infection because it is 

contaminated with Blastocystis cysts from animals or 

humans. From the questionnaire data on pets, it was 

found that all orphanages had cats as pets and most of 

them also kept chickens, birds and goats. Based on the 

literature, pets such as cats, dogs, chickens and goats are 

reservoir animals for this parasite and this is a source of 

transmission for humans.15,25–27 In this study, 

Blastocystis examination used the culture method using 

modified Jones medium11 but in this study horse serum 

was replaced with sheep serum because it was difficult to 

obtain horse serum in our region. All stages of the 

procedure are in accordance with what is in the literature, 

only the serum are different. The culture results were 

examined after incubation at 37°C for 48 hours and 72 

hours. Examination is carried out by taking 20 ul of feces, 

placed on an object glass that has been given a drop of 

iodine, the feces are mixed evenly and covered with a 

deck glass and examined by microscope with 400x 

magnification.11 The results are shown in figure 1. in 

positive stools Blastocystis can be seen growing in 

various sizes and shapes, the most of which are vacuolar 

and granular forms. After 3 days, the positive results were 

partially subcultured and read under a microscope after 2 

days and the results are shown in Figure 2. The 

microscopic examination results showed Blastocystis 

amoeboid and vacuolar forms with larger sizes. 

Examination by the culture method is superior and 

recommended for detecting Blastocystis compared to 

direct microscopic examination, because we can 

immediately see the parasites growing and the number is 

definitely more so there is no doubt, based on the 

literature the sensitivity of this culture method is 90% and 

the specificity is 100%,10 but the culture method takes 3-

4 days compared to direct microscopic examination 

which can be directly examined when  get a sample but 

need an expert because it is difficult to distinguish 

Blastocystis from yeast cells or fecal debris.2,9 

 

CONCLUSION 

 In the feces of the children at the Pekanbaru 

orphanage, Blastocystis hominis can be detected using 

the culture method and this study confirmed the high 

incidence of blastocystosis among orphanage children. 

Transmission occured through fecal oral route by way of 

contaminated food and beverage and maintain and care 

for domesticated animals.  

 

ACKNOWLEDGMENTS 

 This work was financially supported by Faculty of 

Medicine, Universitas Riau. Therefore, we are grateful 

for this funding and support of this research. 
 

REFERENCES  

1.  Salehi Sangani G, Mirjalali H, Farnia S, Rezaeian 

M. Prevalence of intestinal coccidial infections 

among different groups of immunocompromised 

patients. Iran J Parasitol. 2016;11(3):332–8.  

2.  Tan KSW. New insights on classification, 

identification, and clinical relevance of Blastocystis 

spp. Clin Microbiol Rev. 2008;21(4):639–65.  

3.  Abdulsalam AM, Ithoi I, Al-Mekhlafi HM, Khan 

AH, Ahmed A, Surin J, et al. Prevalence, predictors 

and clinical significance of Blastocystis sp. in 

Sebha, Libya. Parasites and Vectors. 2013;6(1):4–

11.  

4.  Deng L, Lee JWJ, Tan KSW. Infection with 

pathogenic Blastocystis ST7 is associated with 

decreased bacterial diversity and altered gut 

microbiome profiles in diarrheal patients. Parasites 

and Vectors. 2022;15(1):1–10.  

 

 



18 

 

 

Journal of Biomedicine and Translational Research, 9 (1) 2023, 14-18 

 

5.  Güreser AS, Comba A, Karasartova D, Koşar N, 

Keskin A, Stensvold CR, et al. Detection of 

Blastocystis subtypes in children with functional 

abdominal pain and celiac disease in Çorum, 

Turkey. Iran J Parasitol. 2022;17(3):296–305.  

6.  Sanggari A, Komala T, Rauff-Adedotun AA, 

Awosolu OB, Attah OA, Farah Haziqah MT. 

Blastocystis in captivated and free-ranging wild 

animals worldwide: a review. Trop Biomed. 

2022;39(3):338–72.  

7.  Liu X, Ni F, Wang R, Li J, Ge Y, Yang X, et al. 

Occurrence and subtyping of Blastocystis in 

coypus (Myocastor coypus) in China. Parasites and 

Vectors. 2022;15(1):1–8.  

8.  Siagian FE. Intestinal microflora vs protozoan 

parasites: from interaction to competition. South 

Asian J Res Microbiol. 2022;13(1):36–46.  

9.  Sari IP, Benung MR, Wahdini S, Kurniawan A. 

Diagnosis and identification of Blastocystis 

subtypes in primary school children in Jakarta. J 

Trop Pediatr. 2018;64(3):208–14.  

10.  Bodnia I, Pokhil S, Bodnia K, Pavliy V, Skoryk L. 

Distribution and frequency of Blastocystis sp. by 

methods of microscopy and cultivation in faeces of 

residents of Kahrkov Region. Georgian Med News. 

2022;7(328):85–90.  

11.  Giezen M Van der. Modified Jones’ Medium for 

in-vitro culture of Blastocystis. Internet [Internet]. 

2016; Available from: 

http://www.blastocystis.net/p/lab-stuff.html 

12.  Jalallou N, Iravani S, Rezaeian M, Alinaghizade A, 

Mirjalali H. Subtypes distribution and frequency of 

Blastocystis sp. Isolated from diarrheic and non-

diarrheic patients. Iran J Parasitol. 2017;12(1):63–

8.  

13.  Sankur F, Ayturan S, Malatyali E, Ertabaklar H, 

Ertug S. The distribution of Blastocystis subtypes 

among school-aged children in mugla, turkey. Iran 

J Parasitol. 2017;12(4):580–6.  

14.  Cinek O, Polackova K, Odeh R, Alassaf A, Kramná 

L, Ibekwe MAU, et al. Blastocystis in the faeces of 

children from six distant countries: prevalence, 

quantity, subtypes and the relation to the gut 

bacteriome. Parasites and Vectors. 2021;14(1):1–

17.  

15.  Shams M, Shamsi L, Yousefi A, Sadrebazzaz A, 

Asghari A, Mohammadi-Ghalehbin B, et al. 

Current global status, subtype distribution and 

zoonotic significance of Blastocystis in dogs and 

cats: a systematic review and meta-analysis. 

Parasites and Vectors. 2022;15(1):1–17.  

16.  Nimri L, Batchoun R. Intestinal colonization of 

symptomatic and asymptomatic schoolchildren 

with Blastocystis hominis. J Clin Microbiol. 

1994;32(11):2865–6.  

17.  Maryanti E, Hamidy MRA, Haslinda L. 

Identifikasi protozoa usus oportunistik dan faktor 

risikonya pada anak Panti Asuhan Kota Pekanbaru. 

J Ilmu Kedokt. 2019;13(2):55.  

 

 

 

 

 

18.  Dogruman-Al F, Simsek Z, Boorom K, Ekici E, 

Sahin M, Tuncer C, et al. Comparison of methods 

for detection of blastocystis infection in routinely 

submitted stool samples, and also in IBS/IBD 

patients in Ankara, Turkey. PLoS One. 

2010;5(11):1–7.  

19.  Al-Fellani MA, Khan AH, Al-Gazoui RM, Zaid 

MK, Al-Ferjani MA. Prevalence and clinical 

features of Blastocystis hominis infection among 

patients in Sebha, Libya. Sultan Qaboos Univ Med 

J. 2007;7(1):6.  

20.  Gong B, Liu X, Wu Y, Xu N, Xu M, Yang F, et al. 

Prevalence and subtype distribution of Blastocystis 

in ethnic minority groups on both sides of the 

China-Myanmar border, and assessment of risk 

factors. Parasite. 2019;26.  

21.  Cañete R, Díaz MM, Avalos García R, Laúd 

Martinez PM, Manuel Ponce F. Intestinal Parasites 

in Children from a Day Care Centre in Matanzas 

City, Cuba. PLoS One. 2012;7(12):1–4.  

22.  Kosik-Bogacka D, Lepczyńska M, Kot K, Szkup M, 

Łanocha-Arendarczyk N, Dzika E, et al. 

Prevalence, subtypes and risk factors of 

Blastocystis spp. infection among pre- and 

perimenopausal women. BMC Infect Dis. 

2021;21(1):1–15.  

23.  Candela E, Goizueta C, Periago MV, Muñoz-Antoli 

C. Prevalence of intestinal parasites and molecular 

characterization of Giardia intestinalis, Blastocystis 

spp. and Entamoeba histolytica in the village of 

Fortín Mbororé (Puerto Iguazú, Misiones, 

Argentina). Parasites and Vectors. 2021;14(1):1–

16.  

24.  Al-Shamiri AH, Alzubairy AH, Al-Mamari RF. The 

prevalence of cryptosporidium spp. in children, 

Taiz District, Yemen. Iran J Parasitol. 

2010;5(2):26–32.  

25.  Chang T, Jung BK, Shin H, Hong S, Ryoo S, Lee J, 

et al. Genotypes of Blastocystis sp. among elderly 

health checkup people in South Korea with a 

questionnaire on risk factors. Parasitol Res. 

2021;120(9):3297–306.  

26.  Onder Z, Yildirim A, Pekmezci D, Duzlu O, 

Pekmezci GZ, Ciloglu A, et al. Molecular 

identification and subtype distribution of 

Blastocystis sp. in farm and pet animals in Turkey. 

Acta Trop [Internet]. 2021;220(March):105939. 

Available from: 

https://doi.org/10.1016/j.actatropica.2021.105939 

27.  Udonsom R, Prasertbun R, Mahittikorn A, Mori H, 

Changbunjong T, Komalamisra C, et al. 

Blastocystis infection and subtype distribution in 

humans, cattle, goats, and pigs in central and 

western Thailand. Infect Genet Evol [Internet]. 

2018;65:107–11. Available from: 

https://doi.org/10.1016/j.meegid.2018.07.007 

 

 

 

 

 

 

 

 



 

 

 

J.Biomed.Transl.Res 

ISSN: 2503-2178 
 

 
 
 
  
 

 

Available online at JBTR website: https://jbtr.fk.undip.ac.id 

 
Copyright©2023 by Faculty of Medicine Universitas Diponegoro, Indonesian Society of Human Genetics and  

Indonesian Society of Internal Medicine 

 
Original Research Article  
Effect of Probiotic Supplementation on FSH, LH Levels and 

Folliculogenesis 

 
Nur Rahman*, Syarief Thaufik Hidayat, Besari Adi Pramono, Raden Soerjo Hadijono, Agoes Oerip 

Poerwoko, Arufiadi Anityo Mochtar 

 

Department of Obstetrics and Gynecology, Faculty of Medicine, Universitas Diponegoro / Kariadi Medical 

Hospital, Semarang, Indonesia 

  

Article Info 
History 

Received: 22 Dec 2022 

Accepted: 27 Apr 2023 
Available: 30 Apr 2023 

Abstract 

Background: Polycystic ovary syndrome (PCOS) is an endocrine disorder that often 

occurs in women of reproductive age. The main therapy currently used to treat PCOS 

patients is insulin sensitizer. In PCOS, there is an imbalance in the intestinal flora 

which causes activation of the immune system and an inflammatory response that leads 

to insulin resistance. The effect of probiotic supplementation on insulin resistance can 

have an impact on changes in reproductive hormone levels in PCOS women.  

Objective: Analyze the effect of probiotic supplementation on levels of FSH, LH, and 

folliculogenesis in a study of PCOS Wistar rats.  

Methods: Experimental research with a post-test only controlled group design. The 

research sample was 35 Wistar rats which were divided into 5 groups, (K-) were 

healthy rats, (K+) were PCOS rats without treatment, (P1) were PCOS rats received 

Metformin, (P2) were PCOS rats received Probiotics, and (P3) were PCOS rats that 

received Metformin + Probiotics. The intervention was carried out for 14 days. The 

dependent variables were levels of FSH, LH and folliculogenesis. Research data were 

analyzed using one-way ANOVA test, Fisher Exact test. Differences between groups 

and controls were tested with Dunnett's post hoc test. Significant p<0.05 

Results: Metformin + probiotic supplementation resulted in increased FSH levels, 

decreased LH levels and increased folliculogenesis when compared to the PCOS rats 

without treatment (K+). 

Conclusion: Metformin + probiotic supplementation causes levels of FSH, LH and 

folliculogenesis activity in PCOS rats to resemble healthy rats. 

 

Keywords: PCOS; metformin; probiotic; LH; FSH; folliculogenesis 

Permalink/ DOI: https://doi.org/10.14710/jbtr.v9i1.16824 
 

INTRODUCTION 

 Polycystic ovary syndrome (PCOS) is an endocrine 

disorder that often occurs in women of reproductive age. 

PCOS is often associated with obesity and reproductive 

health disorders.1 PCOS occurs in around 116 million 

women in the world, with a percentage of 3.4% of the 

global population. PCOS accounts for 70% of 

anovulatory infertility.2 Hyperandrogenism can be 

detected by increasing serum testosterone, serum 

androstenedione, or dehydroepiandrosterone. As a result 

of hyperandorgenism, PCOS can also have clinical 

manifestations in the form of hirsutism, acne, and/or 

alopecia.3 

 Many therapeutic methods have been applied to treat 

PCOS patients, including insulin sensitizers, lifestyle 

changes, and dietary interventions. The main therapy 

given as a treatment for PCOS patients currently is 

insulin sensitizer.4  
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 Dysbiosis of gut microbiota (DOGMA) proposes the 

hypothesis that after an imbalance in the intestinal flora, 

there is an increase in intestinal permeability which can 

cause lipopolysaccharide leakage into the systemic 

circulation, which causes activation immune system and 

inflammatory responses that lead to insulin resistance.5 

 The use of probiotics and microorganisms in the 

digestive tract as a therapeutic method can have an 

impact on metabolic, inflammatory, and oxidative 

markers. Recent studies have shown data on a decrease 

in insulin concentration and insulin resistance in subjects 

given probiotics. The possible mechanism by which 

probiotic supplementation provides a beneficial effect is 

from the balance of the host's energy metabolism.4 

 The effect of probiotic supplementation on insulin 

resistance can also have an impact on changes in 

reproductive hormone levels in PCOS women. Several 

studies have also identified changes in hormone levels 

related to reproductive function in subjects receiving 

probiotic supplementation.  

 The purpose of this study was to prove the effect of 

probiotic supplementation on levels of FSH, LH, and 

folliculogenesis in a study of PCOS Wistar rats. 

 

MATERIALS AND METHODS 

 Experimental research with a post-test only 

controlled group design. The study was conducted on the 

PCOS rat model induced by testosterone proprionate 

through subcutaneous injection at the Faculty of 

Table 1. Differences in FSH levels according to the treatment group 

Variable 
Group 

p 
K - K + P1 P2 P3 

FSH Levels, 

IU/L 

133.16 ± 12.79; 

132.22 (119.29 

– 159.73) 

53.33 ± 

11.75; 52.07 

(34.03 – 

68.95) 

200.08 ± 

26.76; 

189.41 

(173.48 – 

235.20) 

185.96 ± 

31.93; 192.85 

(117.18 – 

210.41) 

130.49 ± 18.79; 

131.49 (106.89 – 

162.92) 

<0.001 

 

ANOVA; significant p<0,05 

 

Table 2. Post-Hoc test results for different FSH levels between groups 

Group (I) Group (J) Mean Difference (I-J) p 

P3 K- 

K+ 

P1 

P2 

-2.67 

77.16 

-69.58 

-55.47 

1.000 

0.000 

0.000 

0.000 

Bonferroni Post-Hoc; significant p<0,05 

 

Table 3. Differences in LH levels according to the treatment group 

Variable 
Group 

p 
K - K + P1 P2 P3 

LH Levels, 

IU/L 

22.71 ± 9.71; 

21.75 (11.55 – 

41.75) 

75.09 ± 7.66; 

75.37 (61.53 – 

85.42) 

37.58 ± 12.60; 

40.57 (11.55 – 

51.79) 

42.55 ± 4.89; 

42.94 (36.07 – 

51.79) 

26.81 ± 3.62; 

26.06 (20.95 – 

31.75) 

<0.001 

 

ANOVA; significant p<0,05 

 

Table 4. Post-Hoc test results for different LH levels between groups 

Group (I) Group (J) Mean Difference (I-J) p 

P3 K- 

K+ 

P1 

P2 

-9.43 

-61.80 

-24.29 

-29.27 

1.000 

0.000 

0.223 

0.014 

Bonferroni Post-Hoc; significant p<0,05 

 

Table 5. Folliculogenesis Rates Between Groups 

K+ (I) 
Group (J) 

K- P1 P2 P3 

Primary Follicle 

Secondary Follicle 

Tertiary Follicle 

Graff's Follicle 

Corpus Luteum 

0.42 + 1.13 

0.57 + 1.27 

1.57 + 1.51 

0.57 + 1.98 

3.71 + 2.81 

1.57 + 1.27 

0.57 + 0.78 

0.29 + 2.13 

-1.14 + 1.46 

0.71 + 0.95 

1.42 + 1.39 

0.85 + 1.77 

-0.57 + 0.97 

1.00 + 1.41 

1.71 + 1.79 

1.28 + 1.70 

0.71 + 1.49 

0.86 + 1.34 

0.42 + 1.27 

3.57 + 2.22 

 

Table 6. Differences in Ovarian Histopathology between groups 

K- 
Group 

K+ P1 P2 P3 

Primary Follicle 

Secondary Follicle 

Tertiary Follicle 

Graff's Follicle 

Corpus Luteum 

0.474 

0.292 

0.138 

0.608 

0.295 

0.608 

1.000 

0.523 

0.042 

0.211 

0.371 

0.062 

0.068 

0.510 

0.538 

0.608 

0.619 

0,776 

1.000 

0.899 

Fischer Exact; significant p<0,05 
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Veterinary Medicine, Universitas Airlangga, Surabaya. 

The research sample was 35 wistar rats which were 

divided into 5 groups, (K-) were healthy rats, (K+) were 

PCOS rats without treatment, (P1) were PCOS rats 

received Metformin, (P2) were PCOS rats received 

Probiotics, and (P3) were PCOS rats that received 

Metformin + Probiotics. The intervention was carried 

out for 14 days. Probiotic supplementation was carried 

out using acidophilus liquid probiotics with a 

preparation of 45,000 bacteria per 1 mL, given at a dose 

of 6.15 mL/KgBB/rat/day, for 14 days, where rats are 

estimated to have experienced 3 cycles of ovarian 

hormone secretion. The dependent variables were levels 

of FSH, LH and folliculogenesis. The ELISA method 

was used to assess FSH and LH levels using blood 

samples obtained from the retroorbital vein as much as 

3cc. Ovarian histopathological examination with 

hematoxylin eosin staining was used to assess 

folliculogenesis using ovarian samples obtained from 

laparotomy with left and right ovarian samples. 

Calculation of the number of ovarian follicles was 

carried out by Veterinary Pathology Laboratory, Faculty 

of Veterinary Medicine, Universitas Airlangga Research 

data were analyzed using one-way ANOVA test, and 

Fisher Exact test. Differences between groups and 

controls were tested with Dunnett's post hoc test. The 

data is said to be significant if the p value <0.05 

 Research by intervening in animal models had been 

carried out based on approval and ethical eligibility from 

the Ethics Commission of the Faculty of Medicine, 

Universitas Diponegoro with no.130/EC/H/FK-

UNDIP/XI/2022 All costs related to research became the 

responsibility of the researcher.  

 

RESULTS  

 Based on the assessment conducted on 35 rats which 

were divided into 5 research groups namely K- (non-

SOPK), K+ (SOPK), P1 (SOPK + Metformin), P2 

(PCOS + Probiotics), and P3 (SOPK + Metformin + 

Probiotics), the following results were obtained. Table 1 

explains the differences in FSH levels between study 

groups. In the PCOS (K+) group, low FSH levels were 

found. In the intervention group (P1, P2, and P3) there 

was an increase in FSH levels when compared to the 

PCOS group (K+). Based on table 2, FSH levels in the P3 

group have the most similar values to FSH levels in the 

healthy group (K-). 

 Table 3 explains the differences in LH levels between 

study groups. In the PCOS (K+) group, high LH levels 

were found. In the intervention group (P1, P2, and P3) 

there was a decrease in LH levels when compared to the 

PCOS group (K+). Based on table 4, LH levels in the P3 

group have the most similar values to LH levels in the 

healthy group (K-). 

 Figure 1 and table 5 explains the differences in 

folliculogenesis rates based on each follicular 

development between groups. When compared to the 

PCOS group (K+), there was an increase in the degree of 

 

Figure 1. Features of folliculogenesis (K-, K+, P1, P2, P3). Red arrow = primary follicle; green arrow = secondary follicle; 

blue arrow = tertiary follicle; yellow arrow = Graff follicle; orange arrow = corpus luteum. HE. 100x 
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folliculogenesis in the intervention group (P1, P2 and 

P3) at almost all stages of follicular development. 

However, the increase in folliculogenesis in the P3 group 

resembled that of the healthy (K-) group. Based on table 

6, it was found that, when compared with the healthy 

group (K-), there was no significant difference in the 

level of folliculogenesis between the P3 groups at all 

stages of follicular development. 

 

DISCUSSION 

 PCOS rats without treatment (K+) had much lower 

FSH levels than healthy samples (K-). Intervention in all 

groups (P1, P2 and P3) resulted in an increase in FSH 

levels. 

 Khashchenko E, et al in his study on the assessment 

of hormone levels in PCOS patients and healthy patients 

found that PCOS patients had higher FSH levels than 

healthy patients, although there was no significant 

difference between the two groups (p=0.285).6 This 

result was also supported by the study of Jindal P, et al 

found that the average patients FSH levels before and 

after treatment were 10.55 ± 6.22 mIU/ml and 9.69 ± 

4.07 mIU/ml, respectively (p<0.137).7 The results in this 

study were different from the results obtained by 

Khashchenko. E and Jindal P are suspected because both 

studies used human subjects, while this study used rat 

samples that received testosterone proprionate injection. 

The results in this study were supported by Dardmeh F, 

et al who obtained similar results that probiotic 

supplementation increased testosterone, LH and FSH 

levels in research subjects.8 

 Karimi et al.9 and Heshmati et al.4 stated that PCOS 

patients generally have insulin resistance and increased 

serum insulin and abnormal lipoprotein metabolism. 

Rice S, et al in a study on the effect of using metformin 

on FSH levels in PCOS patients found that metformin 

significantly reduced FSH levels but not expression and 

aromatase activity stimulated by forskolin. This effect 

arises through inhibition of ligand- and basal-induced 

upregulation of FSH receptor expression. Metformin 

also reduces FSH-induced CREB phosphorylation and 

hence CRE activity, potentially interfering with the 

CRE-binding CREB-CREB2 protein coactivator 

complex at promoter II of the aromatase gene. This 

condition is mediated in a manner that is independent of 

AMP-activated protein kinases and does not involve 

changes in cAMP levels.10 

 PCOS is directly related to insulin disorders. Insulin 

resistance will cause hyperinsulinemia, which directly 

affects the role of ovarian receptors, inhibits insulin-

binding protein and sex hormone-binding protein, while 

releasing testosterone and increasing ovarian androgens. 

Therefore, metformin is used to regulate insulin 

secretion and achieve the aim of effectively improving 

PCOS. Most approved weight management drugs are 

contraindicated in women of reproductive age, but 

metformin has fewer side effects, safer, and 

recommended for use in the treatment of PCOS.11 

 PCOS can also cause systemic metabolic disorders 

(such as hyperinsulinemia and insulin resistance, 

obesity, increased risk of type II diabetes, cardiovascular 

disease) have played a fundamental role. The 

overwhelming evidence on the correlation between the 

gut microbiome and the occurrence of metabolic 

disorders has led to the hypothesis that changes in the 

microbiome also involved in the pathogenesis of PCOS.12 

Dysbiosis of gut microbiota (DOGMA) demonstrated 

that, along with an imbalance in the gut flora, increased 

intestinal permeability can lead to leakage of 

lipopolysaccharide (LPS) into the systemic circulation. 

The net effect is activation of the immune system and an 

inflammatory response leading to insulin resistance.5 

 The condition that shows the role of the gut 

microbiome is the presence of lower concentrations of 

short chain fatty acids (SCFA) in stool samples of PCOS 

patients.13 The growth of Faecalibacterium prausnitzii, 

Bifidobacterium and Akkermansia was driven by 

probiotic supplementation, which are SCFA-producing 

bacteria, and led to an increase in intestinal SCFA. This 

SCFA binds to its receptor on the enteroendocrine cell 

membrane and directly stimulates the release of gut-brain 

mediators such as ghrelin and PYY, the increase of which 

can affect the secretion of sex hormones by the pituitary 

and hypothalamus through the gut-brain axis, thereby 

improving PCOS symptoms.14 Increased SCFA 

production also contribute to intestinal barrier function 

and reduce endotoxin translocation across the intestinal 

wall, thereby reducing inflammation and insulin 

resistance. Ultimately, there is a potential interaction 

between sex hormones and the gut microbiota, and this 

interaction may contribute to the pathogenesis of 

PCOS.15 

 Arab A, et al who conducted a study on the effect of 

probiotic supplementation on hormone levels and clinical 

outcomes of PCOS patients found that after 12 weeks of 

administration there was a decrease in FSH levels, but 

there was no significant difference (p=0.188).16 

Consumption of probiotics balances intestinal pH and 

microbial flora, improves the absorption and digestion of 

nutrients, prevents the production of inflammatory 

cytokines, and improves lipid and carbohydrate 

metabolism in the gut.17 Probiotics also reduce blood 

glucose, insulin resistance, and de novo cholesterol 

formation, which in turn reduces the production of 

androgens including SHBG, DHEA, FAI, and 

testosterone.18 

 In this study, different results were obtained, namely 

a decrease in FSH levels in PCOS patients and an 

increase in FSH levels after the intervention of metformin 

and/or probiotics. Dardmeh F, et al found that after 

supplementation with Lactobacillus rhamnosus there was 

an increase in FSH, LH and testosterone levels between 

before and after administration (p <0.05).8 Szydlowska I, 

et al got similar results, namely an increase in FSH from 

the baseline value after administration of probiotics.19 

 PCOS samples that were not given treatment (K+) 

had much higher LH levels than healthy samples (K-). 

Giving interventions to all groups (P1, P2 and P3) caused 

a decrease in LH levels. There was a significant 

difference in LH levels between the K- and P1 and P2 

groups. 

 Khashchenko E, et al also assessed LH levels, found 

that PCOS patients had higher LH levels than healthy 

patients, with a significant difference between the two 

groups (p<0.001).6 Jindal P, et al found similar results 

where the average LH level was before and after 

treatment respectively 22.34 ± 11.49 mIU/ml and 15.65 

± 6.09 mIU/ml (p < 0.0001).7 
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 Obese women with PCOS exhibit higher LH levels 

to stimulate androgen secretion, leading to excessive 

insulin and androgen resistance.20 Based on existing 

guidelines, it is currently recommended that overweight 

women with PCOS use metformin for weight control and 

for endocrine and metabolic disorders. 106 High levels 

of LH and androgens are considered to be the reason for 

the increasing number of oligomenorrheal patients. 

Metformin treatment reduces hyperinsulinemia. This is 

thought to be the cause of changes in pituitary sensitivity 

to gonadotropin-releasing hormone leading to excessive 

LH secretion. Administration of metformin causes a 

decrease in LH response to GnRH.16 

 The type of intervention that gave the most similar 

level of ovarian folliculogenesis to healthy samples (K-) 

was the P3 group, namely administration of metformin 

and probiotic supplementation. 

 Khashchenko E, et al found that the number of 

ovarian follicles in the PCOS group was higher than the 

control group with a significant difference between the 

two groups (p<0.001).6 

 Primordial follicular growth is largely independent 

of gonadotropins and is primarily influenced by 

paracrine/endocrine factors, including several proteins 

of the TGFβ superfamily (i.e., TGFβ, anti-mullerian 

hormone [AMH], inhibin, activin, bone morphogenetic 

protein-15 [BMP15] and growth differentiation factor 9 

[GDF9]).21 Several of these TGF-β-related proteins are 

dysregulated in PCOS follicles. Oocytes in PCOS 

patients experience a decrease in GDF9 mRNA levels, 

which interferes with growth from the primordial follicle 

to the development of small antral follicles, and is 

accompanied by impaired follicle growth. 

 Insulin sensitivity in PCOS patients is intrinsically 

impaired from abnormal post-receptor signal 

transduction, reducing insulin-mediated glucose uptake, 

but not ovarian steroidogenesis. Consequently, the 

hyperinsulinemia of insulin resistance in PCOS is 

independent of and related to obesity, with the 

combination of PCOS and obesity severely impairing 

glucose-insulin homeostasis, while enhancing ovarian 

steroidogenesis. Consequently, hyperinsulinemia due to 

insulin resistance in PCOS contributes to 

hyperandrogenism. This condition also promotes 

premature luteinization of granulosa cells in small antral 

PCOS follicles, as evidenced by LH receptor 

overexpression and P4 hypersecretion, leading to arrest 

of cell proliferation and follicular growth. 

 In this study, administration of metformin and 

probiotics to samples with PCOS resulted in a 

histopathological appearance of the ovaries resembling 

that of healthy samples (K-). It is suspected that the 

mechanism underlying this condition is through 

improvement in LH and FSH levels that resemble those 

of healthy samples (K-). 

 

CONCLUSION 

 Metformin + probiotic supplementation causes levels 

of FSH, LH and folliculogenesis activity in PCOS rats to 

resemble healthy rats.  
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Abstract 

Background: Acute kidney injury (AKI) is one of organ dysfunctions related to sepsis. 

AKI may be mediated by uric acid, and blood creatinine levels can be utilized to 

diagnose the condition to measure kidney function. Sambiloto (Andrographis 

paniculata) is a traditional medicine that has flavonoid compounds that can reduce 

creatinine levels and Xanthine Oxidase Inhibitors which can reduce uric acid levels. 

Objective: Septic model rats generated by lipopolysaccharide were used to test the 

effects of sambiloto (Andrographis paniculata) leaf extract on serum creatinine and 

uric acid levels (LPS). 

Methods: This study was experimental employing 25 rats split into 5 groups as the 

post-test alone control group: healthy control with standard feed (HC), negative control 

with LPS injection(NC), Treatment (T)1 (A.Paniculata 200 mg/kgBW+LPS), 

T2(A.paniculata 400 mg/kgBW+LPS), and T3(A.paniculata 500mg/kgBW+ LPS). 

A.paniculata leaf extract was given via oral gavage on day 8-21. An intraperitoneal 

injection of LPS 5 mg/kgBW was given on day 22. On the 25th day, the blood serum 

was analyzed for creatinine levels using the Jaffe method, and uric acid was analyzed 

using the enzymatic photometric method. One-way analysis of variance (Kruskal-

Wallis) and the Kruskal-Wallis test were used to evaluate the data. 

Results: The mean creatinine levels of the HC, NC, T1, T2, and T3 groups were 

0.7±0.01;3.5±0.04;2.9±0.03;1.9±0.05; 1.3 ±0.04 mg/dl respectively. The mean uric 

acid levels of the HC,NC,T1,T2, and T3 groups were 1.7±0.05;8.2±0.11; 

4.5±0.03;4.0±0.12;3.0±0.19 mg/dl respectively. There were significant differences 

(p<0.05) in creatinine levels in groups T2(p=0.031) and T3(p=0.001) to NC group 

and serum uric acid levels in groups T1(p<0.001), T2(p<0.001), and T3(p<0.001) to 

NC group which creatinine and uric acid levels were lower than NC group. 

Conclusion: Andrographis paniculata leaf extract has a renoprotective effect against 

AKI in LPS-induced septic rats 

 

Keywords: Andrographis paniculate; creatinine; uric acid; lipopolysaccharide; 

AKI; sepsis 
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INTRODUCTION 

 Sambiloto (Andrographis paniculata) is one of 

medicinal plants that can thrive and has been cultivated 

in various parts of the world, including in Indonesia.1 In 

Indonesia, sambiloto is marketed either in a single 

preparation or in combination with other natural 

ingredients in tablet dosage form.2 It has been 

recognized that Sambiloto has antipyretic, analgesic, 

nephroprotective, antibacterial, anti-inflammatory, and 

immunostimulating properties.  
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 In addition, sambiloto contains bioactive compounds 

found in plants; including alkaloids, flavonoids, 

andrographolides, glycosides, saponins, steroids, 

tannins, diterpenes, and more.3  

 Flavonoids are among the compounds found in 

sambiloto. A broad class of polyphenolic chemicals, 

flavonoids have a benzo—pyron structure.4 Flavonoids 

have antimicrobial, antioxidant, anti-inflammatory, and 

anti-diabetic properties in the medical field.5 In addition, 

flavonoids are able to increase the glomerular filtration 

rate (GFR). An increment in the glomerular filtration 

rate might lead an increment of creatinine level which 

was excreted in the kidneys, in order to reduce creatine 

levels in the blood.6 

 Sepsis is a life-threatening multi-organ dysfunction 

caused an abnormal immune response to infection.7 This 

condition, known as sepsis, by endotoxins such as 

lipopolysaccharides (LPS).8,9 The bacterial Gram-

negative bacteria have a cell wall that is mostly made up 

of lipopolysaccharides (LPS). Toll-like receptor 4 

(TLR4) transmembrane protein activity can be boosted 

by lipopolysaccharides. The TLR4 receptor makes use 

of the infrastructure of MD-2 protein to bind with 

receptors on lipopolysaccharides. 

 The process of presentation lipopolysaccharide to 

MD-2 may also be facilitated CD14 and LBP, among 

other proteins. Upon activation, TLR4 signals for the 

recruitment MyD88, Mal, Trif, and Tram are examples 

of intracellular adaptor molecules that indicate the 

activation of other molecules. The IRAK1, IRAK4, 

TBK1, and IKKi protein kinases may be activated as a 

result, allowing for a more robust signaling system and 

the activation or repression of genes that affect how the 

body reacts to inflammation.10 

 One way that kidney function is evaluated is by 

monitoring the creatinine level in the blood.11 Renal 

function loss can occur for a variety of reasons, including 

An abrupt Injuries to the kidneys that happen suddenly 

can cause a drop in kidney function known as acute renal 

injury (AKI) various etiologies and pathophysiological 

processes. 12 Up to 50% of mortality in intensive care 

unit patients are attributed to septic endotoxemia, which 

is often accompanied with AKI. The death rate for 

patients with AKI caused by sepsis was greater than that 

of those without sepsis. The main ingredient of the 

endotoxin produced from wall of Gram-negative bacteria 

is lipopolysaccharide (LPS), and it is primarily 

responsible for causing endotoxemia. 

Lipopolysaccharides activate the renal inflammatory 

cascade, which leads cause a cascade of inflammatory 

cytokines to be released, wreaking havoc on the kidneys 

an advanced state. 13 Sepsis-related AKI is characterized 

by impaired glomerular filtration, elevated serum urea 

and creatinine levels, and acute tubular necrosis as a 

result of hypovolemia and poor tissue blood perfusion.14 

 Recently, it found out that uric acid is a potential 

mediator of AKI.15 Uric acid stimulate inflammatory 

pathways that can exacerbate the incidence of AKI 

through crystalline and non-crystalline mechanisms.16,17 

Urine supersaturation, urate crystallization, and tubular 

lumina obstruction are just a few of the problems that 

might begin due to an increase in uric acid excretion, all 

of which can lead to localized granulomatous 

inflammation involving macrophages and T cell 

infiltration.18 In previous studies, it was found the 

existence of Xanthine Oxidase Inhibitors in flavonoids. 

The structure of benzopyran contributes to XO inhibition 

which can affect uric acid levels in the blood.19  

 Research shows that was an effect of giving a graded 

dose of sambiloto extract with kidney function, namely 

creatinine and uric acid in Wistar rats induced by 

lipopolysaccharide. The doses of sambiloto extract used 

in this study were 200, 400, and 500 mg/kgBW. 

  

MATERIALS AND METHODS 

 We employed a true controlled experiment with a 

single post-test condition to conduct this analysis. From 

June through August of 2021, this study was conducted 

on male Wistar rats between the ages of two and three 

months. On May 24, 2021, The Medical Faculty at 

Diponegoro University's Research Ethics Commission 

issued protocol number 50/EC/H/FK-UNDIP/V/2021, 

 

Figure 1. Box plot graph of serum creatinine levels 

 

Figure 2. Box plot graph of serum uric acid levels 
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indicating that the study was given the green light from 

an ethical standpoint. 

 Twenty-five rats were split into five groups at the 

Experimental Animal Laboratory of PSPG Gadjah Mada 

University: the healthy control group (HC), which 

received only standard feed; the negative control group 

(NC), which received standard feed and an injection of 

lipopolysaccharide (5 mg/kgBW) on day 22; in addition 

to the First, Second, and Third Group Treatment (T1, T2, 

and T3), which received standard feed and sambiloto 

leaf extract (200, 400, or 500 mg/kgBW (on day 8th – 

22th ), and injected with lipopolysaccharide 5 mg/kgBW 

on day 22. The inclusion criteria in this study 

were healthy male Wistar rats weighing 150-200 grams 

and 2-3 months of age while the exclusion criteria were 

rats with anatomical abnormalities, and the dropout 

criteria were weight loss of rats after the adaptation 

period, dead rats or illness rasts during the experiment. 

On 25th days, each group was terminated using 

chloroform and blood samples were taken to measure 

creatinine levels using the jaffe method and uric acid 

using the enzymatic photometric method. 

Data of creatinine and uric acid levels were analyzed 

using a computer program. After completing a 

descriptive analysis, the data normality was subjected to 

the Shapiro-Wilk test for validity. The Kruskal-Wallis 

test was used for the statistical analysis because the 

creatinine data did not have a normal distribution, while 

the uric acid data followed a normal distribution, and the 

ANOVA one-way test was utilized to complete the 

study. It can be said the results is significant if there is a 

difference with a p value ≤ 0.05. 

 

RESULTS 

 All rats were found to be alive and there is no rats 

with dropout criteria were found until the end research 

period. Data on creatinine and uric acid levels were 

tested for normality with the Shapiro-Wilk. Based on the 

normality test, data on serum creatinine levels were not 

normally distributed (p<0.05) in one group serum uric 

acid levels exhibited normal distribution (p> 0.05), 

therefore the study proceeded with Other variables were 

examined using the Kruskal-Wallis and Mann-Whitney 

tests, parametric test of association (one-way ANOVA) 

and post-test non-parametric tests. The mean creatinine 

levels of the HC,NC,T1,T2,T3 were 

0.7±0.01;3.5±0.04;2.9±0.03;1.9±0.05; 1.3 ±0.04 mg/dl 

respectively. The mean uric acid levels of the 

HC,NC,T1,T2, and T3 groups were 1.7±0.05;8.2±0.11; 

4.5±0.03;4.0±0.12;3.0±0.19 mg/dl respectively. 

 Based on the Levene homogenity test, the 

significance of data based on the median of the data on 

serum uric acid levels was 0.000 (<0.05) so it can be 

concluded meaning that uric acid levels in the blood can 

fluctuate level data in five groups was not homogeneous.

 Results from Using the Kruskal-Wallis test, a 

discernible variation in serum creatinine concentration 

was seen, with a significance level of 0.000 (p0.05). The 

Mann Whitney test results for HC-NC, HC-T1, HC-T2, 

HC-T3, NC-T1, NC-T2, NC-T3, T1-T2, T1-T3, and T2-

T3 were 0.000, 0.001, 0.031, 0.282, 0,282, 0.031, 0.001, 

0.282, 0.031, and 0.282 respectively. There is a 

statistically significant variation according to the 

analysis of variance finding of 0.000 in serum uric acid 

levels (p0.05). The post hoc analysis results of serum uric 

acid levels  for HC-NC, HC-T1, HC-T2, HC-T3, NC-T1, 

NC-T2, NC-T3, T1-T2, T1-T3, and T2-T3 were 0.000,  

0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.002, 0.000,   

and 0.000 respectively. 

 

DISCUSSION 

 The increment in serum creatinine levels in rats which 

had been administered with lipopolysaccharide injection 

against healthy controls indicates that the administration 

of lipopolysaccharide injection induced decline in renal 

function, manifested by an increase in blood creatinine 

levels. Endotoxin is an outer membrane protein produced 

through the involvement of When sepsis first sets in, 

gram-negative bacteria play a role. Research on sepsis 

has made extensive use of the LPS injection model. An 

increase in inflammation-inducing such cytokines as 

TNF-alpha and IL-1 other early clinical signs of sepsis, 

are triggered by LPS administration, although there is no 

bacteremia.20  

 What we call "sepsis" is actually a variety of organ 

failure brought on by an abnormal immune response to 

infection.7 Gram-negative bacteria have an outer 

membrane is made of LPS. To do this, they bind to a lipid 

called lipid A. (the bioactive portion of LPS), LBP in the 

blood and extracellular fluid transports LPS to clusters of 

differentiation14 (CD14) on monocytes, macrophages, 

and neutrophils. To further increase the creation and 

release of inflammatory mediators, the LBP-LPS 

complex interacts with the CD14 receptor, generating 

LPS binding to TLR4. In addition, Proinflammatory 

cytokines stimulate endothelial cells by increasing the 

expression of adhesion receptors, allowing for the 

adherence of neutrophils, monocytes, macrophages, and 

platelets. When these cells are activated, they secrete 

endothelium-damaging mediators such as proteases, 

oxidants, prostaglandins, leukotrienes and contribute to 

increased permeability, vasodilation, and an imbalance 

between the procoagulant and anticoagulant systems. 

Nitric oxide (NO), a powerful vasodilator that can lead to 

sepsis, is produced in excess when iNOS activity is 

high.21 The rats model with systemic lipopolysaccharide 

induction was the most widely used in researches with 

sepsis rat model.7  

 The leading cause of Acute Kidney Injury is sepsis 

(AKI) through various mechanisms, some of which are 

inflammation, microvascular dysfunction, and metabolic 

reprogramming.22 A number of tubular transporters in the 

kidney, such as sodium/hydrogen exchanger 1, are 

directly inhibited by lipopolysaccharides (NHE1).23 This 

mechanism promote serum creatinine levels which 

indicate impaired kidney function, especially in 

glomerular filtration function. 24  

 Results from this study demonstrate that serum 

creatinine T2 and T3 therapy groups had significantly 

lower levels than the control group when compared to 

serum creatinine levels in the NC group which was only 

given lipopolysaccharide injection. Based on previous 

research, the administration of sambiloto leaf extract has 

a renoprotective effect on Acute Kidney Injury.25 It has 

been shown that the flavonoid compounds contained in 

Andrographis paniculata was able to increase the 

glomerular filtration rate (GFR).5 Over time, the kidneys 

were able to process the extra creatinine produced as a 
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result of an increase in GFR, lowering blood creatinine 

levels.6  

 T3 subjects fared worse than the healthy controls. 

showed no discernible deviations. This shows that the T3 

group's creatinine levels dropped after being given 

sambiloto leaf extract at 500 milligrams per kilogram 

were almost similar with the healthy control group. 

Previous studies had shown that sambiloto leaf extract 

had an effect on oxidative stress at a dose of 

500mg/kgBW and renoprotective effect on Wistar 

rats.25,26  

 The rats that were administered with 

lipopolysaccharide injection show an increment in serum 

uric acid levels against healthy controls, this result 

indicates that the administration of lipopolysaccharide 

injection induce a severe condition of inflammatory on 

rats that could cause sepsis. It has recently been 

recognized that uric acid is hypothesizes that this 

biological component may promote an inflammatory 

response that may exacerbate AKI and hence be 

considered a mediator of AKI.16 Evidence from prior 

research indicates that there are fundamental changes in 

the renal blood vessels due to the presence of 

hyperuricemia. Uric acid was found by Ryu et al. to 

inhibit E-cadherinine epithelial cell expression, leading 

to a reduction in cell-to-cell contact in rat renal tubular 

cells. Cell-to-cell communication between epithelial 

cells is essential for the coordinated secretion of nitric 

oxide and other chemicals that improve renal blood flow. 

Moreover, prior research employing proximal tubular 

epithelial cells from normal adult male kidneys 

demonstrated that increased uric acid levels generate 

NAPDH-dependent oxidative alterations that can 

promote apoptosis. The link between hyperuricemia and 

tubulointerstitial renal injury is clarified by these results. 
27 

 Study from S´anchez-Lozada et al. determined that 

renal biopsy results of Afferent arterioles in rats with 

high serum uric acid levels were thickened. Arteriole 

thickness reduces blood flow to the kidneys, which leads 

to kidney disease. Endothelial function serum uric acid 

levels were reported to increase after xanthine treatment 

oxidase inhibitors.16 

 Results from previous study show that the 

administration of sambiloto leaf extract has a 

renoprotective effect in Acute Renal Failure.25 Purine 

metabolism relies on xanthine oxidase, an enzyme that 

catalyzes the hydroxylation of hypoxanthine to xanthine 

as a further results in generating uric acid.28 

 Compared to rats in the control group that received 

simply an injection of lipopolysaccharide, those in the 

treatment group that received Andrographis paniculata 

levels of uric acid in the blood were dramatically 

reduced in those who took the extract. The uric acid The 

treatment group's levels were dramatically lower than 

the control group's. Flavonoids' health benefits have 

been well-documented for some time contained in 

Andrographis paniculata has an ability to inhibit 

Xanthine Oxidase enzymes both competitively and non-

competitively. Aliphatic chain substitution found in 

flavonoids increase hydrophobic interactions and bind 

tightly to binding sites.28 Moreover, the sambiloto 

extract can inhibit xanthine oxidase activity so that it can 

reduce serum uric acid levels.29 

Histopathological and immunohistochemical analyses of 

Sambiloto (Andrographis Paniculata) leaf extract profile 

of sepsis-induced AKI is required to confirm to the 

advantage of Sambiloto (Andrographis Paniculata) leaf 

extract to prevent the sepsis-induced -AKI. 

Histopathological findings associated with Sambiloto 

(Andrographis Paniculata) leaf extract administration on 

sepsis-induced AKI may aid in gaining a deeper 

comprehension of disease pathways, increasing 

specificity of data, and improving the efficacy of 

treatment plans. 

 

CONCLUSION  

 The present study suggests that Sambiloto 

(Andrographis Paniculata) leaf extract administration for 

fourteen days in dose 400 and 500 mg/kgBW as 

pretreatment before sepsis-induced -AKI exerts 

significant renoprotective effects in A Sepsis Model in 

Rats -induced -AKI. 
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Abstract 

Background: Tempeh is a fermented soybean containing isoflavones that shows good 

benefits against obesity. Co-fermentation of tempeh using Lactobacillus rhamnosus 

GG could increase the bioavailability of isoflavones. 

Objective: This study aimed to determine the effect of co-fermented tempeh using 

Lactobacillus rhamnosus GG (tLGG) on body weight (B.W.), Lee Index, high 

sensitivity C Reactive Protein (hs-CRP), and lipid profile of obese rats.  

Methods: A total of 30 Male Sprague Dawley obese rats were divided into five groups 

and were given different diets for four weeks: the high-fat high sucrose (HFHS) diet 

(negative control group), HFHS diet + orlistat (positive control group), HFHS diet + 

standard tempeh fermented with Rhizopus oligosporus (tS group), HFHS diet + 60 

mg/kg B.W./day tLGG (low tLGG group), and HFHS diet + 120 mg/kg B.W./day 

tLGG (high tLGG group). Body weight and Lee Index were measured before and after 

the intervention; meanwhile, hs-CRP, total cholesterol (TC), triglyceride (TG), HDL, 

and LDL were measured after the interventions. In addition, the total flavonoid and 

genistein of tempeh were also analyzed.  

Results: Compared to the negative control, all diet interventions on obese rats 

prevented further increase in Lee index level and were able to deplete it significantly. 

Importantly tLGG group demonstrated a better Lee index decrease compare to tS 

group; yet, there was no significant weight gain differences. Additionally, the tLGG 

group also exhibited lower hs-CRP levels, TG, TC, and LDL and higher HDL (p< 

0.001). Finally, we confirmed the total flavonoid and genistein levels were higher in 

co-fermented tempeh than in standard one. 

Conclusion: co-fermented tempeh tLGG showed a beneficial effect on obese rats by 

preventing weight gain, Lee index reduction, lipid profile improvement and systemic 

inflammation due to its high flavonoid and genistein content  

 

Keywords: Tempeh; Lactic acid bacteria; High fat high sucrose diet; Obesity 

Permalink/ DOI: https://doi.org/10.14710/jbtr.v9i1.17381 
 

INTRODUCTION 

 The prevalence of obesity has increased more than 

four times since 1975 along with increasing high-fat 

high-sucrose diet consumption.1 Obesity is defined as 

excessive fat accumulation in the body (Body Mass 

Index, BMI  ≥30), which can increase the risk of 

metabolic syndrome; among which the most common 

are dyslipidemia, cardiovascular disease, and insulin 

resistance.2-3 Excessive fat accumulation in the body 

generate a high level of free fatty acid; thus, obese people 

have high triglyceride level. It is also associated with 

chronic inflammation of white adipose tissue. 

Adipocytes secrete pro-inflammatory cytokines and 

induce the production of C-reactive protein.  
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 Together, these processes could lead to impaired 

immune systems.3 Several drugs for obesity have been 

developed. One of the most commonly used is orlistat, 

yet the existing drugs are costly and have side effects 

such as vitamin deficiency and gastrointestinal and 

kidney disorders.4 Improving an active lifestyle and a 

healthy diet can be an alternative strategy to overcome 

obesity. 

 Food containing bioactive compounds that are 

beneficial for obesity has been studied extensively. 

Tempeh is a traditional food made from the fermentation 

of soybean and Rhizopus spp. Soybean contains 

bioactive substances, such as peptides, phytosterols, soy 

saponin, and isoflavones.5 Isoflavones are the most 

abundant substances contained in soybean. Isoflavones, 

such as genistein and daidzein, could reduce lipid 

accumulation in the early stages of adipogenesis. They 

act upon the attenuation of the phosphatidylinositol 3-

kinase (PI3K)/Akt pathway and increase brown adipose 

activity through the induction of uncoupling protein 1 

(UCP-1); thus it could inhibit body weight gains in 

obesity.6 Isoflavones could improve the lipid profile and 

inflammatory status in obesity through several 

mechanisms. They can decrease the expression of 

stearoyl coenzyme A desaturase 1 (SCD1), peroxisome 

proliferator-activated receptors (PPAR) α and γ protein, 

adenosine 5′-monophosphate (AMP)-activated protein 

kinase (AMPK), tumor necrosis factor (TNF)-α, 

interleukin (IL)-1, and nuclear factor kappa-light-chain-

enhancer of activated B cells (NF-κB) in white adipose 

tissue and liver.6 Apart from their benefits, intestinal 

epithelium hardly absorbs Isoflavones. Yet, several 

studies have demonstrated that fermentation can increase 

the bioavailability of soy isoflavones.6  

 Recently, lactic acid bacteria (LAB) have been used 

to optimize soy isoflavones' bioavailability while 

inhibiting pathogens and mycotoxins.7 Lactobacillus 

rhamnosus G.G. shows the highest β-glucosidase 

activity compared to other Lactobacillus bacteria, which 

could increase the hydrolysis of isoflavone glucosides 

into more optimal aglycones.8 Several studies have 

shown the benefits of Lactobacillus rhamnosus G.G. 

against obesity. L. rhamnosus demonstrated the ability 

to suppress several lipogenic and pro-inflammatory 

genes, normalizing intestinal microbiota dysbiosis, and 

improving leptin response, triglyceride, and cholesterol 

levels in blood.9-11 Research using Lactobacillus 

rhamnosus G.G. in whole soybean fermentation showed 

that it could grow stably up to 10 hrs of fermentation at 

37°C. This bacterium continued to show its metabolic 

activity even during storage.12 These bacteria are 

relatively stable and can survive up to a temperature of 

54°C.13 Importantly, Lactobacillus rhamnosus G.G., in 

live or dead state, still shows the same benefits in 

reducing pro-inflammatory mediators and increasing 

anti-inflammatory mediators.14 

 Tempeh is a fermented soybean product using 

Rhizopus oligosporus as a starter that is widely 

consumed daily in Asia, especially in Indonesia. This 

fungus can grow fast at 30-42°C so tempeh can be made 

at room temperature.15 Tempeh is rich in nutrients,  can 

decrease phytic acid (nutrient absorption inhibitor), 

metabolizing 5-hydroxy isoflavones (genistein, 

biochanin A) and 5-deoxyisoflavones (daidzein, 

formononetin), and producing α-galactosidase.15 Despite 

the improved nutritional value of co-fermented tempeh, 

the effect of co-fermentation of tempeh using Rhizopus 

oligosporus and Lactobacillus rhamnosus G.G. on obese 

rats has not been demonstrated yet. Therefore, this study 

aimed to analyze the effect of co-fermentation tempeh 

using Lactobacillus rhamnosus G.G. on diet-induced 

obesity rats. 

 

MATERIALS AND METHODS  

Research design 

 The research design was a true experiment with a 

randomized pre-test post-test for body weight, body 

weight gains, and Lee Index data, while post-test-only 

control group design was used for lipid profile and 

systemic inflammation measurements. Sample 

preparation was conducted in the Universitas Diponegoro 

Integrated Laboratory. Experimental animal treatment 

and biomarker testing were conducted in the 

Experimental Animal Laboratory at Gadjah Mada 

University. Tests for total flavonoid and genistein were 

conducted at Satyawacana Christian University.  

 

Sample preparation 

 Lactobacillus rhamnosus were obtained from the 

Center for Food and Nutrition Studies, Gadjah Mada 

University. The soybeans used were local organic yellow 

soybeans from Sleman, Yogyakarta, obtained through the 

Lingkar Organik. Rhizopus oligosporus used were Ragi 

Raprima. The procedure for making probiotic fermented 

tempeh was based on Nout and Kiers.15 Soybeans were 

washed and soaked for 90 min, and the outer membranes 

were removed. The beans were then cooked in water at 

100°C for 30 min. The hot water was then removed and 

cooled at room temperature to 25°C. Afterward, 105 

CFU/g of L. rhamnosus G.G. and 104 CFU/g of R. 

oligosporus were inoculated at 30°C and mixed with 

beans homogeneously into polythene bags, followed by 

incubation for 48 hrs at 25°C. Determination of total 

bacterial levels of L. rhamnosus G.G. based on research 

by Petruláková and Valík that showed 105 CFU/g  L. 

rhamnosus G.G. could grow well on soybeans.12 

Standard tempeh preparation is the same as the probiotic 

fermented tempeh preparation procedure without adding 

Lactobacillus rhamnosus G.G. The tempeh samples 

obtained were then cut into 0.5 cm and freeze-dried for 

48 hrs. The samples were ground with a grinder and 

stored until reuse at -20°C. 

 

Animal and diets 

 Male Sprague Dawley (n=36, 200 to 215-gram, age 

eight weeks) was obtained from the Experimental Animal 

Laboratory at Gadjah Mada University in a healthy 

condition. The selection of male rats was based on the 

sensitivity of the rats to a high-fat high-sucrose diet and 

metabolic syndrome and to eliminate the variation of 

metabolic outcomes. Rats were housed in an individual 

cage with a temperature of 25±2°C, a humidity of 55-

60%, light/dark cycle of 12 hrs. All groups were adapted 

for one week and given a standard diet of 10 gr/day with 

free access to water. After acclimatization, rats were 

divided into six groups. One group was designated as 

normal control and was fed the standard diet. The rest of 

the groups were orally administered high fat and high 
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sucrose diet (HFHS diet) for two weeks to induce 

obesity.  The composition of the HFHS diet was based 

on AIN-93M formulation with some modifications to 

provide a high-fat and high-sucrose diet (Table 1). A 

total of 30 g/day HFHS diet was administered orally to 

rats at three meal time points. After obesity was 

confirmed (Lee Index > 300), rats were divided into five 

groups and fed different diets for four weeks. The 

negative control: HFHS diet; Positive control: HFHS + 

120 mg/kg B.W./day of  Orlistat; tS group: HFHS + 60 

mg/kg B.W./day standard tempeh; low dose tLGG: 

HFHS + 60 mg/kg B.W./day tLGG; high dose tLGG: 

HFHS + 120 mg/kg B.W./day tLGG. M Body weight 

was measured once every week using a digital analytical 

scale. Body length and lee index were measured before 

and after intervention (Figure 1). The body length of the 

rats was measured from nose to anus or vice versa using 

a standard measuring tape with an accuracy of 0.01 cm. 

Lee index was obtained from the following calculation 

by Lee formulation16: 

 

𝐿𝑒𝑒 𝑖𝑛𝑑𝑒𝑥 =  
√𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑔𝑟𝑎𝑚3

𝑏𝑜𝑑𝑦 𝑙𝑒𝑛𝑔𝑡ℎ 𝑖𝑛 𝑐𝑚
 𝑥 1000. 

 

Lee index > 300 indicates that the rats are obese.16 

Before weighing and measuring the body length of the 

rats, the rats were anesthetized using ketamine 75–100 

mg/kg + xylazine 5–10 mg/kg. On the last day of the 

experiment, the blood was collected through the rat's 

orbital eye and centrifuged at 3500 rpm for five min to 

obtain blood plasma. The blood was then stored at -20°C 

until used for further analysis. 

 

Inflammatory marker 

 Hs-CRP was analyzed using the ELISA method 

(Enzyme-linked immunosorbent assay). ELISA kits 

were obtained from Elabscience Biotechnology Inc., and 

the assay was performed according to the protocols 

provided by the commercial kits.  

 

Lipid profile measurements 

 Total cholesterol, low-density lipoprotein (LDL), and 

high-density lipoprotein (HDL) were analyzed using 

CHOD/PAP calorimetry method (Cholesterol Oxidase 

Phenol Amino Phenazone). Triglycerides were analyzed 

using GPO-PAP (Glycerol-3-Phosphatase Oxidase-

Phenol Amino Phenazone). Kits for determining lipid 

profile were obtained from Diagnostic System GmbH & 

Co Kit or DiaSys of 500 nm. The assay was performed 

according to the protocols provided, and absorbance was 

measured by spectrophotometer (Merck-Microlab) at a 

wavelength of 500 nm. 

 
Figure 1. Schematic of the experimental timeline. HFHS (High fat high sucrose) diet, tS (standard tempeh), tLGG (co-fermented 

tempeh with L. rhamnosus GG). 

 

Table 1. Experimental diet composition (g/kg) 

Ingredient 
AIN 93M 

(standard diet) 
HFHS 

Cornstarch 465.692 365.692 

Casein 200 200 

L-Cystine 2 2 

Sucrose 100 300 

Cellulose (CMC) 50 50 

Soybean oil 50 50 

Cholin Cloride 2 2 

Tert-Butylhydroquinone 
(TBHQ) 

0,014 0,056 

Lard 100 200 

Mineral mix AIN-93-
MX 

35 35 

Vitamin mix AIN-93-
VX 

10 10 

HFHS (High-fat High-Sucrose); AIN 93M (American 
Institute of Nutrition 93 Maintenance) 
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Tempeh extraction 

 One gram of tempeh was mixed with 25 mL of 60% 

ethanol v/v in a glass container. Extraction was carried 

out using an ultrasonicator at 40°C for 15 min. The 

extract solution was filtered, and the residue was re-

extracted with 25 mL 60% ethanol v/v. These stages 

were repeated three times. The obtained filtrate was 

combined into a 100 mL volumetric flask, and 60% v/v 

ethanol solvent was added until it met the measuring 

line, and 10 mg/mL tempeh extract was obtained. 

 

Total flavonoids assay 

 Total flavonoid content was determined using a PG 

T60 spectrophotometer. Standard reagents and markers 

were obtained from E-Merck Germany. The quercetin 

standard was obtained from HWI pharma service GmbH 

Germany. One mL of tempeh extract was pipetted, added 

to four mL of distilled water, and homogenized with a 

vortex mixer. Afterward, 0.3 mL NaNO3 of 0.5%, 0.3 mL 

of 10% AlCl3, and 2 ml of 1 M NaOH were added 

consecutively and mixed for another five min. Distilled 

water was added to the mixture so that the end volume 

was 10 mL and left at room temperature for 15 min before 

measurement. The absorbance was determined using the 

UV-Vis spectrophotometry method at a maximum 

wavelength of 510 nm (the result of running the quercetin 

standard). Conversion of absorbance values into total 

flavonoid concentrations based on the quercetin 

calibration curve, i.e., y = 0.00060x + 0.00070. 

Calibration curves were made based on a series of 

quercetin concentrations of 20, 40, 60, 80, and 100 g/ml. 

 
Figure 2. Effect of different diet interventions on body weight gain and Lee index changes in obese rat. Values were presented as 
mean ± standard deviation (SD). Normal control (standard diet); Negative control (HFHS diet only); Positive control (HFHS  

diet+120 mg/kg BW/day orlistat); tS (HFHS diet + 60 mg/kg BW/day standard tempeh); Low dose tLGG (HFHS diet +60 mg/kg 

BW/day probiotic fermented tempeh); High dose tLGG (HFHS+120 mg/kg BW/day probiotic fermented tempeh). 

 

Table 2.  Changes in weight and Lee index of obese rats in different groups which were fed with various diets for four weeks.  

Group Initial BW 

(gram) 

Week 1 

(gram) 

Week 2 

(gram) 

Week 3 

(gram) 

Week 4 / 

Final 

BW(gram) 

Initial Lee 

index 

Lee index at 

week 4 

Normal 

control 
226,00±3,16a 232,00±3,58a 238,50±3,83a 244,17±3,49a 250,33±3,44a 281,73±2,70a 289,20±2,79a 

Negative 

control 
239,17±2,48b 251,67±2,58b 264,83±2,93b 279,50±1,87b 292,67±2,16b 328,75±4,98bd 347,38±2,22b 

Positive 

control 
238,83±4,54b 247,67±4,59b 254,83±4,07c 262,17±4,62c 270,17±5,12ce 332,99±5,00bc 306,51±4,49c 

tS 244,00±3,16b 253,33±3,08b 260,67±2,74bc 269,17±3,76d 277,17±3,71d 334,07±3,48b 307,945±2,60c 

Low 

dose 
tLGG 

244,67±3,56b 253,83±4,26b 261,67±3,50bd 269,67±3,88d 277,67±3,56d 334,87±5,06b 303,14±3,76c 

High 
dose 

tLGG 

241,17±2,79b 250,50±3,27b 257,50±2,74cd 264,83±3,19cd 273,83±3,19de 327,70±2,39acd 295,89±1,81d 

 

<0,001* <0,001* <0,001* <0,001* <0,001* <0,001** <0,001* 

*One-way ANOVA ** Kruskall wallis. All parametric data was measured using one-way ANOVA test and continued using post hoc 

Bonferroni test for homogen data or Games Howell test for non homogen data. Kruskall wallis was used for non-parametric data 

and continued using post hoc Dunn test. Means with different superscripts (a,b,c,d) are significantly different at p-value <0.05 
between groups while those with similar letters are non-significant. Normal control (standard diet); Negative control (HFHS); 

Positive control (HFHS+120 mg/kg BW/day orlistat); tS (HFHS + 60 mg/kg BW/day standard tempeh); Low dose tLGG (HFHS+60 

mg/kg BW/day probiotic fermented tempeh); High dose tLGG (HFHS+120 mg/kg BW/day probiotic fermented tempeh). 
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Total genistein assay 

 Total genistein was measured using isocratic elution 

reversed-phase HPLC (High-Performance Liquid 

Chromatography) method with HPLC instrument 

Knauer, GMBH Germany. All standard reagents and 

markers were obtained from E-Merck, Germany. Ten 

mg/mL of tempeh extract was filtered using a 0.45 m 

Whatman micro membrane filter prior to HPLC analysis. 

Twenty L of the tempeh filtrate was injected using a 

microinjector and separated in the column based on the 

difference in polarity at a temperature of 30°C. 

Components were detected at a wavelength of 254 nm 

and displayed as peaks that appeared based on the 

retention time. The column phase (stationary) was 

Eurosphere C-18 (250 × 4.6 mm, 5μm) GJ 95. The 

mobile phase used 0.1% v/v acetic acid: methanol in a 

ratio of 52:48 v/v, and the pH was adjusted to pH 3. 

 

Statistical analysis 

 SPSS 27 were used for statistical analysis. All data 

are presented as means ± S.D. (Standard Deviation). 

Data were analyzed using repeated measures ANOVA 

for body weight variables. Weight changes were 

analyzed using a t-test. Other variables used one-way 

ANOVA. Next, Post Hoc Bonferroni and Games Howell 

were used to compare variables. Post Hoc Bonferroni 

was used for homogeneous data; otherwise, Games 

Howell was applied. Means with different superscripts 

(a,b,c,d) significantly differ at p-value <0.05.  

 

Ethical consideration 

 This study was approved by the Health Research 

Ethics Committee, Faculty of Medicine, Universitas 

Diponegoro, Semarang, Indonesia No.125/EC/H/FK-

UNDIP/XI/2022. 

 

RESULTS 

Body Weight and Lee Index 

 In this study, the obese rats (Lee index >300) were 

intervened with different diets for four weeks. Table 2 

shows the body weight of all groups during the diet 

intervention. By the end of the intervention, obese rats 

receiving no diet intervention shows the highest body 

weight among other groups. On the other hand, rats 

receiving co-fermented tempeh (tLGG group) showed 

lower body weight gain against negative control 

(p=0.011). Furthermore, the weight gain in the high-dose 

tLGG group was comparable with the positive control 

group (p> 0.001); yet no significant difference was 

observed between tLGG against the tS group (p=0.054) 

(Figure 2A). Importantly, the effect of diet intervention 

using co-fermented tempeh was demonstrated in Lee 

index reduction.  Figure 2B showed that intervention of 

high dose tLGG significantly reduced the lee index 

compare to intervention with the standard tempeh (tS 

group) (p=0.035).  

 

Inflammatory marker 

 After four weeks of intervention, rats administered 

tLGG showed lower hs-CRP compared to the negative 

control, positive control, and tS group (p< 0.001) (Table 

3). Rats in the negative control group demonstrated the 

highest level of hs-CRP, while rats in the normal control 

group showed the lowest level of hs-CRP among all 

groups (p<0,001) (Table 3). hs-CRP levels of rats in the 

positive control group, standard tempeh (tS), or tLGG 

tended to be lower than those of the negative control 

group (p<0,001) (Table 3). Rats administered a high-dose 

probiotic fermented tempeh (tLGG) group had the lowest 

Lee Index at week four among all the HFHS groups (p < 

0,001) (Table 3). 

 

Lipid profile 

 Rats administered tLGG for four weeks showed lower 

triglyceride, total cholesterol, and LDL levels but a 

higher HDL level compared to the negative control, 

positive control, and tS group (p> 0,001) (Table 3). The 

lipid profile of rats administered orlistat group (positive 

control), standard tempeh (tS), or probiotic fermented 

tempeh (tLGG) tended to be better than those of the 

Table 3.  Serum biochemical parameters in rats fed a high-fat diet for 4 weeks and administered standard tempeh and different 

dose of Lactobacillus rhamnosus co-fermented tempeh orally during the last 4 weeks.  

Group hsCRP (pg/ml) 
Triglyceride 

(mg/dl) 

Total cholesterol 

(mg/dl) 

LDL 

(mg/dl) 
HDL (mg/dl) 

Normal control 2,99±0,125a 66,93±2,94a 86,89±3,14a 27,24±1,69a 83,61±2,59a 

Negative control 17,45±0,84b 129,12±7,05b 196,81±3,28b 87,93±1,34b 21,00±2,02b 

Positive control 4,24±0,42c 77,87±3,03c 104,66±3,88cd 36,44±2,92c 69,24±2,32c 

tS 7,78±0,44d 98,42±3,77d 118,75±3,14e 51,73±5,47d 63,55±2,59d 

Low dose tLGG 5,07±0,24e 81,29±4,89c 100,49±3,56cd 37,75±4,34c 66,94±1,76cd 

High dose tLGG 3,98±0,31c 74,57±2,38ac 95,22±2,01d 30,59±2,16ac 74,79±2,12e 

 <0,001* <0,001* <0,001* <0,001* <0,001* 

* One Way ANOVA test and continued using post hoc Bonferroni test for homogen data or Games Howell test for non homogen 
data. 

Means with different superscripts (a,b,c,d) are significantly different at p-value <0.05 between groups while those with similar 

letters are non-significant. Normal control (standard diet); Negative control (HFHS); Positive control (HFHS+120 mg/kg BW/day 

orlistat); tS (HFHS + 60 mg/kg BW/day standard tempeh); Low dose tLGG (HFHS+60 mg/kg BW/day probiotic fermented 
tempeh); High dose tLGG (HFHS+120 mg/kg BW/day probiotic fermented tempeh). 
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negative control group (p<0,001) (Table 3). Rats 

administered a high-dose probiotic fermented tempeh 

(tLGG) group showed the best improvement in all lipid 

profile parameters among all the HFHS groups (p < 

0,001) (Table 3). 

 

 Total flavonoid and genistein 

 The results of the analysis showed that probiotic 

fermented tempeh (tLGG) had higher levels of total 

flavonoid (0.137%w/w) and genistein (3.88%w/w) than 

standard tempeh (tS) (Table 4). 

 

DISCUSSION 

 Obesity is characterized by disorder of the lipid 

profile due to fat accumulation, an increase in 

inflammatory status, higher body weight, and body mass 

index (BMI) ≥ 30. In rats, the lee index was used instead 

of BMI. Lee Index >300 shows that rats are obese. The 

goal of obesity therapy is to lose weight and improve 

lipid profile and inflammatory status, including high 

sensitivity C Reactive Protein as a sensitive 

inflammatory marker for obesity. The anti-obesity effect 

of soy isoflavones has been widely documented; hence 

soy isoflavones have low bioavailability.5-6 The 

bioavailability of soy isoflavones can be increased 

through the fermentation process.  Through 

fermentation, isoflavone glycosides are hydrolyzed into 

aglycones, which more easily absorbed in the intestine. 

This study demonstrated for the first time that during 

four weeks of treatment, probiotics co-fermented 

Tempeh with Lactobacillus rhamnosus G.G. could 

improve the obesity parameters (body weight, Lee index, 

hs-CRP, and lipid profile) of HFHS-induced obesity rats. 

Probiotic fermented tempeh also increased total 

flavonoid and genistein compared to standard tempeh.  

 In this study, obesity is induced by the HFHS diet for 

two weeks. During this period, rats showed body weight 

gain and obesity was confirmed by Lee Index >300. 

Increased body weight is related to increased fat 

accumulation in adipocytes due to chronic HFHS 

administration. Chronic administration of HFHS 

increases fat storage in adipocytes, leading to adipocyte 

proliferation and enlargement.17 In addition, HFHS diet 

increases insulin secretion, suppresses lipolysis, induces 

free fatty acids release from adipocytes, and directs fat 

to be stored.18 Administration of high dose tLGG 

resulted in better Lee Index reduction in rats compared 

to negative control and tS group. Improvement in Lee 

Index depletion of tLGG group most probably due to 

boavaiblity increase of isoflavone in co-fermented 

tempeh (tLGG).  Increasing the bioavailability of 

isoflavones enhances the benefits of isoflavones in 

reducing lipid accumulation in the early stages of 

adipogenesis via inhibition and attenuation of the 

PI3K/Akt signaling pathway.6 This effect was also 

associated with L. rhamnosus administration to tempeh. 

Previous studies have shown that L. rhamnosus can 

reduce lipid accumulation and inhibit adipocyte 

differentiation by downregulating adipogenic 

transcription factors in white adipocytes 3T3-L1 and 

browning white adipose tissue through the expression of 

the PPAR gene.19-20 Lactobacillus rhamnosus also 

improves leptin response by decreasing leptin resistance 

in obesity by reducing the ratio of bacterial phyla in the 

crypt, decreasing the proportion of proteobacteria and 

Firmicutes/Bacteroidetes ratio.21 

 All groups treated with HFHS diet has higher  hs-

CRP, triglyceride, total cholesterol, and LDL and 

decreased HDL compare to normal control group. This 

condition is related to increased lipotoxicity caused by 

chronic HFHS administration. Lipotoxicity triggers 

adipocytes to increase macrophage secretion, which 

stimulates an increase in the inhibitory enzyme nuclear 

factor kappa beta Kinase B (NF-κB) and the release of 

pro-inflammatory cytokines from adipocytes such as 

adipocyte TNFα, IL1, and acute phase proteins.17,22 

These pro-inflammatory cytokines cause high levels of 

CRP in the blood, which can cause cell damage.23 

Conversely, in obese conditions, cholesterol absorption 

is mediated by NPC1L1.24 Lipotoxicity due to HFHS 

inhibiting lipoprotein lipase activity, which increases 

triglyceride levels in the blood.22 This HFHS-induced 

lipotoxicity is indicated by a decrease in HDL levels 

which is associated with an increase in HDL absorption 

by adipocytes and an increase in apolipoprotein A-I 

catabolism in HDL particles.25 An increase in free fatty 

acids in adipocytes also increases the absorption and 

accumulation of fat in the liver, which increases VLDL 

and its release into the bloodstream.21 Nonetheless, 

treatment of high-dose tLGG showed significant benefits 

in improving the inflammatory status and lipid profile in 

rats given HFHS. Among all HFHS treatment groups, the 

high-dose tLGG group showed the lowest value of hs-

CRP, triglycerides, total cholesterol, and LDL, while the 

highest value of HDL. These results are in accordance 

with Huang et al., which showed that combining 

Rhizopus oligosporus with Lactobacillus bacteria can 

achieve a synergistic effect in improving the lipid 

profile.26 The low value of hs-CRP in the high dose tLGG 

was associated with the ability of aglycone isoflavones to 

reduce the expression of proteins PPARα, PPARγ, 

adenosine 5′-monophosphate (AMP)-activated protein 

kinase (AMPK), malonaldehyde (MDA), TNF-α, IL-1, 

NFIL3, and NF-κB in white adipose tissue and liver.6 

This benefit was also derived from the ability of L. 

rhamnosus to decrease LPS levels and the inflammatory 

parameters PPARγ, TNF-α, and IL-1 in serum and 

mRNA, forming linoleic acid and improving several 

biomarkers of obesity through the acetyl Co-A and fatty 

acid synthase pathways.27 

 

CONCLUSION 

 co-fermented tempeh tLGG diet showed significantly 

higher Lee Index depletion compared to negative control 

and tS groups. Moreover, the high dose tLGG diet 

showed lower the hs-CRP, triglyceride, total cholesterol, 

LDL, and higher HDL compared to negative control and 

Table 4. Total Isoflavones and Genistein in standard and 
Lactobacillus rhamnosus co-fermented tempeh 

Group 
Total flavonoid 

%w/w 

Total genistein 

%w/w 

tS 0,095 2,63 

tLGG 0,137 3,88 

 

tS: standard tempeh; tLGG: co-fermented tempeh with L. 
rhamnosus GG; w/w: weight/weight 
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tS group. Diet containing the co-fermentation tempeh 

with L.rhamnonsus GG has better effect on obese rats; 

most likely due to its higher flavonoid and genistein 

content. 

 

Research Limitations 

 Random sampling analysis of rats' total genistein 

from time to time and fat mass needs to be done for more 

specific data. Optimization co-fermented tempeh to 

increase isoflavones needs to be done to get more 

optimal benefits from the product. 
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Abstract 

Myocardial infarction is the leading cause of death in the world’s population. The 

cardiac remodeling and disproportion of the loss and the new formation of contractile 

cells will ultimately reduce the function of the heart muscles after infarction. Platelet-

rich plasma (PRP) in the last decade has been attracted attention regarding its role in 

cell regeneration. The content of cytokines and growth factors contained in PRP such 

as platelet-derived growth factor (PDGF), transforming growth factor-beta 1 (TGF-

Β1), epidermal growth factor (EGF), vascular endothelial growth factor (VEGF), basic 

fibroblast growth factor (bFGF) and others are known to be involved in the migration, 

proliferation, and differentiation of various cell types and to induce post-ischemic 

angiogenesis. This review aims to analyze and investigate the benefits of PRP therapy 

in myocardial infarction. Recent literatures regarding the use of PRP in myocardial 

infarction was collected by searching PubMed and Google Scholar databases with the 

keywords of “platelet-rich plasma”, “myocardial infarction”, “reperfusion”, and 

“angiogenesis”. The researchers used was published between January 2011 and 

December 2022. Based on the in-vitro and animal model evidence, platelet-rich plasma 

(PRP) is considered capable of accelerating angiogenesis and mitogenesis, protecting 

cells from free radicals, reducing infarct area and scar tissue in myocardial infarction, 

and also increasing ejection fraction.  
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INTRODUCTION 

 Myocardial infarction is the leading cause of death and 

premature mortality in the world's population.1 

Myocardial infarction can destroy approximately 25% or 

one million cardiomyocytes in the left ventricle. The 

cardiac remodeling that happens after infarction and the 

disproportion of the loss and the new formation of 

contractile cells will ultimately reduce the function of the 

heart muscles.2 Cardiac remodeling is defined as the 

volume increase of the left ventricular cavity with a 

reduced LV ejection fraction following myocardial 

infarction. The hemodynamic overload activates 

maladaptive remodeling cascade, resulting in 

compensatory left ventricle hypertrophy. On the other 

hand, cytokine release and inflammation lead to 

fibroblast proliferation and metalloproteinase activation 

cause fibrosis.3 Cardiomyocyte cell regeneration can be 

achieved by implantation or by stimulation the capacity 

of endogenous cells to proliferate.2,3 

Platelets are one source of growth factors involved 

in essential processes, such as blood clots, immune 

response, angiogenesis, and cell proliferation in the 

body.4  
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After myocardial infarction occurs, platelets will 

release granules and microparticles that regulate: 1) the 

extravasation and accumulation of inflammatory cells in 

the myocardium after infarction; 2) the immunoactive 

response of leukocytes, especially neutrophils and 

monocytes/macrophages (M1) and activated M2 to 

regenerate tissue; 3) the activation and transformation of 

fibroblasts into myofibroblasts to synthesize 

extracellular matrix (ECM); 4) the proliferation, 

migration and differentiation of cardiac progenitor cells; 

5) the differentiation of progenitor cells into 

cardiomyocytes; 6) the increased inotropic activity of 

cardiomyocytes and the release of antiapoptotic signals.5 

Platelet-rich plasma (PRP) is an autologous plasma 

taken from a blood sample and centrifuged to obtain a 

platelet-rich supernatant. PRP contains concentrates and 

platelets which can be activated by additional products 

such as calcium chloride, thrombin, or fibrinogen.6,7 

Several studies regarding the role of PRP in cell 

regeneration in myocardial infarction have been 

conducted in the last decade. In addition, the use of PRP 

also attracts attention because of its economic reason, 

does not require complex tools and materials, and does 

not require trained experts. PRP is also a relatively non-

invasive technique with low risk of infection and 

immunological reactions.8,9  

 

MATERIAL AND METHODS  

Focused question 

 This study aims to review the beneficial effect of PRP 

in myocardial infarction systematically. The research 

question developed through the Preferred Reporting 

Items for Systematic Reviews and Meta Analyses 

(PRISMA) protocol: “What is the benefit of PRP in 

myocardial infarction?” and “What is the benefit of PRP 

to improve cardiac function after myocardial 

infarction?” 

 

Selection criteria  

 The studies included in this systematic review are: (1) 

prospective clinical trials; (2) animal studies; (3) studies 

assessing PRP in patients with myocardial infarction; (4) 

the effect of PRP on cardiac function after myocardial 

infarction; (5) research in English. Articles in the form 

of reviews, case reports and case series, commentaries, 

letters to the editor, short communications were 

excluded.  

 

Search methodology  

 In this article, we summarize the latest literatures 

regarding the use of PRP in myocardial infarction 

searched through PubMed and Google Scholar databases 

with the “platelet-rich plasma”, “myocardial infarction”, 

“reperfusion”, and “angiogenesis” keywords. The 

research used is research published between January 

2011 to December 2022. A summary of the search 

criteria and the use of MeSH terms is shown in Table 1. 

 

RESULTS  

 The benefits of PRP have been reported in various 

organs, but its specific efficacy in cases of myocardial 

infarction is still limited. After eliminating the same 

research, in our primary search we found 41 articles. 

Based on the abstract, title and exclusion criteria, 7 

relevant articles were obtained which are described in 

Table 2. 

 

DISCUSSION 

PRP is a platelet-rich product resulting from blood 

centrifugation which can be activated if combined with 

calcium chloride, thrombin, or fibrinogen.17 The number 

of platelets that occurred in PRP was 4,410±34x103, 

higher than platelet-poor plasma (PPP) (p < 0.005) and 

found to be 250% more in numbers than platelets in 

whole blood preparations.18,19 PRP containing 15 ml/kg 

(equivalent to 2.0 x 1010 platelets/kg) can increase 

circulating platelets by about 40% (p = 0.03).20 

Although the molecular mechanism is unclear, PRP 

is known to be involved in the migration, proliferation, 

and differentiation of various cell types.21,22 PRP can 

accelerate the differentiation of Human-Induced 

Pluripotent Stem Cells (iPSCs) into cardiomyocytes.16 

Suryawan, 2020 reported that GATA-4 expression in 

PRP-administered AMSCs was found to be higher 

compared to negative and positive controls (67.04 ± 4.49 

vs 58.15 ± 1.23 p < 0.05; 67.04 ± 4.49 vs 52.96 ± 2.02 p 

< 0.05). GATA-4 is a specific transcription factor 

indicating cardiomyocyte development in the cardiac 

progenitor formation phase. The finding was supported 

by immunocytochemical results on troponin expression, 

which showed a marked increase in the PRP group 

compared to negative and positive controls (38.13 ± 5.2 

vs 10.73 ± 2.39 p<0.05; 38.13 ± 5.2 vs 26.00 ± 0.4 

p<0.05). 15 This study supports previous flow cytometry 

analysis confirming that cardiac progenitor cells (CPC) 

and AMSCs express the same markers CD90 and 

CD105.23 Several previous attempts have been made to 

facilitate AMSCs, such as the administration of 5-

azacytidine, and the result was that 5-azacytidine was 

insufficient in supporting AMSCs to differentiate into 

cardiomyocytes fully.24 However, since this is the first 

study of PRP on AMSCs, it still needs further 

investigation.  

Table 1. Summary of MeSH terms, inclusion and exclusion criteria to filter the literature for this study 

MeSH terms Inclusion Exclusion 

“Platelet-rich plasma” 

“Myocardial infarction” 

“Reperfusion” 

“Angiogenesis” 

(1) Prospective clinical trials  Review 

(2) Animal studies Case report and case series 

(3) Studies assessing PRP in patients with 

myocardial infarction 

Commentaries 

(4) Effects of PRP on cardiac function after 

myocardial infarction 

Letters to the Editor 

(5) Research in English Short communications 
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Several PRP cytokines and growth factors that have 

been proposed as the underlying mechanism, such as 

platelet-derived growth factor (PDGF) which stimulates 

the formation of type I collagen and triggers the process 

of angiogenesis; transforming growth factor-beta 1 

(TGF-Β1) which stimulates the proliferation and 

differentiation of stem mesenchymal cells, synthesis the 

type I collagen, and triggers the angiogenesis; epidermal 

growth factor (EGF) which stimulates tissue granulation; 

vascular endothelial growth factor (VEGF) which 

induces endothelial cell chemotaxis and proliferation, 

triggers angiogenesis, prompts vascular 

hyperpermeability, and precipitate renal stem cell 

differentiation; basic fibroblast growth factor (b-FGF) 

that induces post-ischemic angiogenesis; insulin-like 

growth factor (IGF) which promotes angiogenesis and 

Table 2. Summary of the effect of Platelet-Rich Plasma (PRP) on myocardial infarction 

No Author, 

year 

Sample Study Group Duration PRP 

Concen

tration 

Route 

of 

Admini

stration 

Effect Ref 

1. Mishra 

et al, 

2011 

Twenty-

eight 

mices 

Four groups consisting of two 

treatments: 

1. Permanent Ligation: Revaten 

PRP (n=5) and control group 

with 50 μl phosphate buffered 

saline (n=4) 

2. Ischemia and Reperfusion: 

PRP (n=10) and control group 

with 50 μl of phosphate 

buffered saline (n = 9) 

Seven days for 

group with 

Permanent 

Ligation and 

twenty-one 

days for group 

with ischemia 

and 

reperfusion 

50 µl 

PRP  

Intramy

ocardial 

injection 

Improved cardiac 

function (ejection 

fraction) after 

myocardial 

infarction. 

10 

2. Cheng et 

al, 2012 

Seventy

-eight 

wistar-

kyoto 

female 

rats 

Two groups:  

Control (n=39) and PRP group 

(n=39)  

 

Six weeks 

(observations 

were made on 

day 0, week 3 

and week 6) 

150µl 

platelet 

gel: 

75µl 

host 

plasma 

were 

mixed 

with 

75µl 

pre-

warmed 

DMEM 

Intramy

ocardial 

injection 

PRP caused de 

novo 

angiogenesis, 

producing more 

cardiomyocytes 

and endothelial 

cells and improve 

heart function. 

11 

3. Hargrav

e et al, 

2012 

Eight 

white 

rabbits 

Two groups:  

Control (n=3) and PRP group 

(n=5) 

Two weeks  200µl 

(0,21 

mg) 

PRP per 

heart  

Intramy

ocardial 

injection 

PRP significantly 

reduced the size 

of the myocardial 

infarction area, 

improved post-

infarction 

ventricular 

function, 

decreased 

production 

Reactive Oxygen 

Species (ROS), 

and decreased 

mitochondrial 

depolarization  

12 

4. Vu et al, 

2015 

Thirty 

Yorkshi

re 

female 

pigs 

(65-70 

kg) 

Five groups: 1) Hyaluronic acid-

based hydrogel (n=6); 2) 

autologous platelet-rich plasma 

(PRP) (n=6); 3) ascorbic acid-

enriched hydrogel (50 mg/L), 

combined with IV ibuprofen (25 

mg/kg) and allopurinol (25 

mg/kg) (cocktail group) (n=6); 

4) PRP and cocktail (full-

compound) (n=6); or 5) saline 

(control) (n=6). 

Eight weeks 8 ml 

PRP  

Intramy

ocardial 

injection 

PRP can reduce 

scar tissue in the 

left ventricle after 

infarction, inhibit 

the expansion of 

infarct size and 

promote the 

formation of new 

blood vessels. 

13 

5. Hehanus

a et al, 

2019 

Mononu

clear 

cell 

Three groups: 1) PRP group; 2) 

PPP group (0.5 mL); 3) Control. 

Two weeks  0,5 mL 

PRP  

In vitro  Significantly 

increased 

myocardial 

endothelial 

progenitor cell 

growth 

14 
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myogenesis; platelet factor 4 (PF4); adenosine 

triphosphate (ATP); adenosine diphosphate (ADP); 

angioprotein-2; fibronectin; osteocalcin; serotonin; and 

thrombospondin-1 (TSP-1), and others.17,25 

Furthermore, the presence of leukocytes and interleukins 

in PRP play essential role in its antimicrobial effect.26 

The most common growth factor in PRP due to its 

concentrations was TGF-β1 (30,500±20,500 pg/ml), 

followed by PDGF-BB (9440±1620 pg/ml), VEGF 

(2040±971 pg/ml), EGF (906±206 pg/ml) and bFGF 

(32.6±8.7 pg/ml).27 The mean value of VEGF in PRP 

was higher than expected plasma/serum; compared to 

the control group receiving saline solution, the value was 

1.42 times higher (p = 0.017).28,29 The study of protocol 

preparation of PRP reported that the release of VEGF, 

EGF, bFGF, IL-17, and IL-8 were significantly higher 

when PRP was incubated at 4°C before coagulated. This 

cold temperature also increases the activation of p38, 

which is involved in the process of angiogenesis.30 

Research on PRP in organs has been widely carried 

out. PRP with saline solution can increase 25-50% 

angiogenesis and regeneration in wound healing 

process.31 In 56 patients with chronic diabetic ulcers, a 

significant healing process occurred in PRP-treated 

group compared to the control group (86% vs 68%).32 

Based on color, surface appearance, hair growth and 

wound drying, better healing was found in the 

combination of PRP and stromal vascular fraction 

(SVF).33 Patients with thromboangiitis obliterans also 

experienced a decrease in their VAS Score around 50% 

within 24 hours after PRP was given (mean VAS score 

4.35).34 

Post-infarction platelets injection increases the 

number of cardiomyocytes and endothelial cells, thereby 

promoting mitogenesis and angiogenesis. Within seven 

days of observation, mature blood vessels were found in 

the PRP group.11 This new blood vessel formation was 

found not only in the infarcted area but also significantly 

in the peri-infarction area.13 

The infarction area in the PRP-treated rabbit model 

was found to be smaller than in the control group (p < 

0.05).12 Confirmed by histopathological analysis, scar 

tissue was also found to be more abundant in the control 

group with phosphate-buffered saline than in the PRP 

group.10 Through the examination of flow cytometry, 

PRP was able to significantly reduce ROS production in 

H9c2 cells at concentrations of 44 mM (p<0.05) and 8.8 

mM (p<0.05). Decreased ROS production causes a 

decrease in mitochondrial depolarization, which is often 

used as a marker of apoptosis in nucleated and non-

nucleated cells. Thus, PRP was said to protect the heart 

muscle from expanding ischemic areas.12,35 The 

combination of PRP with antioxidants and anti-

inflammatories also resulted in a lighter left ventricular 

mass post-infarction than the control group (196±15 g vs 

269±20 g; p<0.05).13  

Cardiomyocyte cells will die and undergo necrosis 

after myocardial infarction. Then, these necrotic 

cardiomyocytes will be gradually replaced by 

noncontractile fibroblasts, thus interfering with cardiac 

function.36, 37 PRP was found to increase the left 

ventricular ejection fraction (LVEF) and to decrease the 

exacerbation of inflammation after myocardial 

infarction.11 Administration of PRP for 7 days in rats 

whose anterior descending artery was ligated could 

increase LVEF by 38% (p=0.27). In contrast, the 

administration of PRP for 21 days in groups of rats 

undergoing post-ischemic reperfusion therapy could 

increase LVEF by 28% (p = 0.038).10 Administration of 

PRP therapy in mice with myocardial infarction also 

showed tissue protection, endogenous regeneration, 

greater capillary density, and lower myocyte hypertrophy 

than the control group.11 

The risk of bleeding can occur in patients after 

myocardial infarction due to anti-platelet consumption.38 

Table 2. Continuous.. 

No Author, 

year 

Sample Study Group Duration PRP 

Concen

tration 

Route 

of 

Admini

stration 

Effect Ref 

6. Suryawa

n et al, 

2020 

Adipose 

derived 

Mesenc

hymal 

Stem 

Cell 

Three groups: 1) negative 

control group (α-mem medium-

no fluorescence); 2) Positive 

control group (Cardiomyogenic 

kit medium-with fluorescence); 

3) The PRP group 

Two weeks   5x109 /L 

PRP 

In vitro PRP-administered 

group had a 

higher adipose 

derived 

mesenchymal 

stem cells 

(AMSCs) 

differentiation 

rate into 

cardiomyocytes 

than the positive 

and negative 

control groups. 

15 

7. Torabi 

et al, 

2020 

Human-

Induced 

Pluripot

ent Stem 

Cells 

(iPSCs) 

Two groups: the control group 

with 5mL phosphate buffered 

saline and the PRP group.  

Four weeks 5 ml 

PRP 

In vitro  PRP can 

accelerate the 

differentiation of 

Human-Induced 

Pluripotent Stem 

Cells (iPSCs) into 

cardiomyocytes. 

16 
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Studies in animals receiving the anti-platelet vorapaxar, 

aspirin, and clopidogrel have shown that PRP reduces 

bleeding risk by reducing bleeding times by 150 seconds 

after treatment.39 Another advantage of PRP can be 

judged by its safety. A retrospective study involving 611 

patients post cardiac stenting (post myocardial 

infarction), diabetes mellitus, stroke, osteoarthritis, anti-

aging, hypertension, etc., found no side effects such as 

allergies, infections, and coagulation problems in 

patients receiving PRP therapy.40,41   

PRP also shows its existence as a protective factor 

against free radicals. The levels of reactive oxygen 

species (ROS) and pro-inflammatory cytokines in cases 

of skin trauma can be reduced by PRP by decreasing the 

expression of pASK-1 and pNF-KB.42 Decreased total 

oxidant status, oxidative stress index, and ischemic score 

on histopathological results of ovarian torsion in rats 

were found after PRP administration.43 In addition, this 

cytoprotective effect was also reported in cases of 

testicular torsion in rats in which there is a decrease of 

nitric oxide (NO), IL1B,TNF-α, caspase 3; and increased 

CAT, GST, GSH, and BCL2 as evidenced by 

histological improvement.26 

The use of PRP has so far been limited due to its 

short half-life. After PRP was purified and injected, its 

effect disappeared within 5-7 days because PRP is easily 

broken down in the blood vessels and excreted. 

Therefore, several studies have found that the single use 

of PRP is less effective in promoting angiogenesis and 

recommends its combination with other preparations 

such as gelatin hydrogel to prolong the duration of 

action. This combination is reported to be much more 

potent and effective for restoring blood perfusion in 

ischemic conditions.18,44 

Although many studies support the benefits of using 

PRP, one study reported that administration of PRP 

could increase the ischemic area of renal tissue. 

Histopathological examination, ultrasound renal flow 

parameters, serum creatinine levels, urea levels, renal 

mass and volume confirmed this condition. Several 

hypotheses have been proposed to support this situation, 

namely: (1) the possibility of thrombus in intrarenal 

vessels; (2) the damage occurred due to the higher 

osmolarity of PRP compared to saline solution in the 

control group; (3) the injected PRP also releases 

cytokines and leukocytes (Mean 5300 ±3600/μL) along 

with growth factors, thereby worsening the work of the 

kidneys; (4) the PRP used induces an immune reaction 

because it is taken from another mouse sample; (5) PRP 

injection when the kidney is still ischemic has the 

potential to cause compartment syndrome; (6) this study 

is the first study on the kidney, so it is suspected that PRP 

is not effectively applied to solid organs.45 

 

CONCLUSION 

 Platelet-rich plasma (PRP) is considered capable of 

accelerating angiogenesis and mitogenesis, protecting 

cells from free radicals, reducing infarct area and scar 

tissue in myocardial infarction, and also increasing 

ejection fraction. However, this review is based on in-

vitro and animal model evidence; it remains unknown in 

humans. The potential use of PRP as a modality to 

improve cardiac function after myocardial infarction 

should be further investigated. 
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