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ABSTRACT: 
Phytoestrogens are plant-derived chemical substances that have estrogen-like structures or estrogenic functions.  

Deficiency of estrogen in human brain causes neuroinflammation characterized by increase of major 

histocompatibility complex class II (MHC II) expression as a marker of M1 phenotype in microglia. Recent 

research found phytoestrogen compounds in Marsilea crenata Presl. The aim of this study was to investigate the 

effect of ethyl acetate fraction of Marsilea crenata Presl. leaf extract in MHC II expression of microglial HMC3 

cell lines, for resolution of inflammation and tissue repair. The fractions were given at concentrations of 62.5, 

125, and 250 ppm to microglia, that had been previously induced by IFNγ 10 ng for 24 hours to stimulate the 

cells into M1 phenotype. Genistein as phytoestrogen was given at a concentration of 50 μM as positive control. 

Expression of MHC II was analyzed using immunocytochemistry method. Result showed reduction in MHC II 

expression of microglial cells, which indicated the activity of all extracts and, showed that 250 ppm of the 

fraction showed the strongest effect with MHC II value expression of 148.632 AU, and ED50 of 1,590 ppm. It 

was concluded from the study, that ethyl acetate fraction of Marsilea crenata Presl. leaves has 

antineuroinflammation effect.  
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INTRODUCTION: 
Neuroinflammation is an inflammatory response of the 

brain mediated by major histocompatibility complex 

class II (MHC II), which is expressed by antigen 

presenting cells (APCs) of microglia1.  
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They are molecules that have main function in 

presenting processed antigens from exogenous sources, 

and are expressed during the activation of microglia 

classical pathway to M1 polarity state. Polarity state is 

an active form of microglia cell which has 

proinflammation characteristics2. 
 

Estrogen deficiency among menopausal women is one 

of the causes of inflammation3,4. Treatment for estrogen 

deficiency-induced neuroinflammation include 

administering estrogen as hormone replacement therapy 

(HRT)5. However, long-term administration of HRT 

may lead to potential side effect6, and therefore other 

alternatives which are safe and have minimum side 

effects, such as phytoestrogens, are needed7,8,9. 

Phytoestrogens are plant-derived chemical substances 
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that have estrogen-like structures or estrogenic 

functions, and can replace endogenous estrogen for the 

functioning of all body organs to retain 

homeostasis10,11,12. From previous studies, it was known 

that Marsilea crenata Presl., one of popular plants from 

East Java Province of Indonesia, contain phytoestrogens. 

Some research showed that the leaves contain a high 

concentration of estrogen-like substances13, and 

therefore could exert activities similar to endogenous 

estrogen, such as induction of bone formation, either in 

vitro in MC3T3-E1 cells, or in vivo in dexamethasone-

induced mice13,14,15,16. Other studies showed, that 

Marsilea crenata Presl. contains secondary metabolites, 

such as flavonoids, polyphenols, steroids, alkaloids, and 

saponins17,18,19. 

 

The aim of the study was to understand the effect of 

ethyl acetate fraction of Marsilea crenata leaf extract on 

the inhibition of inflammation occured during activated 

M1 microglial state. Activation of the microglia was 

conducted by induction of IFNγ in microglial HMC3 

cell lines for 24 h2.  MHC II expression as a marker of 

the M2 alternative state resulted from the shift of M1 

state of microglial HMC3 cell lines would be identified 

by immunocytochemistry method using confocal laser 

scanning microscope (CLSM). 

 

MATERIAL AND METHODS: 
Plant Material: 

Marsilea crenata Presl. leaves were collected from 

Benowo District, East Java Province, Indonesia, and 

determination was conducted by Center for Plant 

Determination, UPT Materia Medica, Batu, Indonesia. 

The leaves were sun dried and powdered.  

 

Chemical: 

Ethanol 96%, n-hexane, and ethyl acetate purchased 

from Merck, fetal bovine serum (FBS), 

paraformaldehyde (PFA), phosphate buffered saline 

(PBS), penicillin-streptomycin, genistein as positive 

control, Tween 80, anti-rabbit MHC II were purchased 

from Abcam, anti-rabbit fluorescein isothiocyanate 

(FITC), dimethyl sulfoxide (DMSO), eagle's minimum 

essential medium (EMEM) were purchased from Sigma-

Aldrich.  

 

Apparatus: 

Confocal laser scanning microscopy (CLSM) Olympus 

Fluoview Ver.4.2a. software. 

 

Extraction and Fractionation: 

1,5 kg of Marsilea crenata Presl. powdered leaves were 

extracted with 96% ethanol, and fractionated with a 

mixture of 96% ethanol and 700 ml of water. Further 

fractionation was conducted using mixtures of n-hexane 

and ethyl acetate in a ratio of 1:1. Ethyl acetate fraction 

was then separated and evaporated by rotary evaporator 

Heidolph Hei-VAP ML/G3. Ethyl acetate dissolved 

flavonoids contents of Marsilea crenata Presl. leaves. 

 

Cell Culture: 

Microglial HMC3 cell line (ATCC CRL-3304) were 

purchased from American Type Culture Collection, 

USA. Cells were cultured in 24-well microplates in 

EMEM mixed with 10% FBS and 1% penicillin-

streptomycin in a 5% CO2 incubator at 37°C for 6 days. 

 

MHC II Measurement: 

50 mg of ethyl acetate fractions were mixed with a 0.5% 

DMSO, and 0.5% of Tween 80, to prepare a suspension, 

and mixed with EMEM.  The suspension was further 

diluted to obtain the desired concentration of 62.5, 125, 

and 250 ppm. Induction of IFNγ for 24 hours was 

conducted to cells that have been cultured on a 24-well 

microplate and reached 80% confluence. After 

induction, cells were rinsed with PBS, and mixed with 

the ethyl acetate suspension for another 48h incubation. 

After incubation, mixtures were fixated with 4% PFA. 

BSA and anti-rabbit MHC II were added and kept at 4°C 

for 24 h, and finally anti-rabbit FITC was added. The 

MHC II expression was analyzed using CLSM Olympus 

Fluoview Ver.4.2a. software at 488 nm. Data were 

analyzed by One Way Anova and Post-hoc LSD. 

Differences were considered significant at a significance 

level of p<0.05.  

 

RESULT AND DISCUSSION: 
This study was done using immunocytochemistry 

method to understand the antineuroinflammation activity 

through direct fluorescence antibody test20. Results were 

shown in Figure 1and 2.  

 

   
A                              B  

  
C                                    D 
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Fig. 1. Immunofluorescence of HMC3 microglial cell, (A) Negative 

control group, (B) 62.5 ppm group, (C) 125 ppm group, (D) 250 

ppm group (E) Positive control (Genistein) group.  

 

 
Fig. 2: MHC II Expression in microglial HMC3 cell lines after the 

administration of ethyl acetate fraction of Marsilea crenata Presl. 

leaves at concentrations of 62.5 ppm, 125 ppm, and 250 ppm. All 

fractions showed activities in lowering MHC II expressions which 

had significant differences compared to the negative control and 

positive control groups at p < 0.05. Strongest activity was found in 

250 ppm fraction sample  

 

Fig. 1 showed the immunofluorescence of HMC 3 cell 

lines in all groups. The strong intensity was found in 

negative control group, whereas the weak ones were 

shown in the genistein and treatment groups. This 

indicated, that genistein and treatment groups could 

reduce the expression of MHC II in microglial HMC3 

cell lines. Microglial HMC3 cell lines of negative 

control group remained in M1 polarity, which was 

shown by its amoeboid-like morphology. Ethyl acetate 

fractions of treatment groups showed expressions that 

were significantly different compared to the negative 

control group. Treatment group of 250 ppm gave the 

lowest MHC II expression.  

 

Fig. 2 described the quantitative results of MHC II 

expression of all groups. The ethyl acetate fractions of 

Marsilea crenata Presl. leaves of concentrations showed 

lower MHC II expressions compared to the negative 

control group. Interpretation of one-way ANOVA 

showed significant differences between the means of all 

treatment groups and the negative control at p < 0.05. 

ANOVA showed no significant difference between 

fraction of 62.5 ppm groups with positive control group. 

However, there is a significant difference between 

fractions of 125 and 250 ppm with genistein, in which 

both fractions were more active in reducing the MHC II 

expression than genistein. The strongest concentration 

was obtained by fraction of 250 ppm with the value of 

MHC II expression 148.632 AU. ED50 value of ethyl 

acetate fraction of Marsilea crenata Presl. leaf was 

1.590 ppm. The value was calculated by statistical probit 

analysis of MHC II expressions of negative control and 

treatment groups.  

 

Phytoestrogens are compounds produced in plants that 

can modulate the action of endogenous estrogens by 

binding to estrogen receptors. The compounds are 

known to have the ability to bind the estrogen receptors 

which is required for the ligand-receptor association12. 

Originally, the richest expression of ERβ is in the central 

nervous system, cardiovascular system, lungs, kidneys, 

urogenital tract, mammary glands, colon, and immune 

system. Genistein is also a phytoestrogen that showed a 

strong affinity for ERβ21-28. 

 

Lower blood estrogen level among menopausal women 

can cause various health problems, including 

inflammatory diseases, such as osteoporosis and 

neurodegenerative.  The main cause of inflammation to 

occur is increasing production of cytokines, including 

TNF-α. As estrogen is known to have anti-inflammatory 

properties, hormone replacement therapy seems able to 

help in preventing inflammatory diseases associated 

with menopause4,8,9. 

 

Estrogen works by inhibiting NF-κB binding to the IL-6 

promoter. Since NF-κB transcriptional factors activated 

inflammatory genes, it is supposed that estrogen blocks 

the inflammatory genes activation mediated by NF-κB. 

But, research found out, that actually estrogens exert 

anti-inflammatory effects through various mechanism. 

This can be explained through the fact, that estrogen did 

not repress the TNF-α gene by inhibiting the binding of 

NF-κB, but by recruiting steroid receptor coactivator 2 

(SRC-2), which acts as a transcriptional repressor. This 

helps to understand that estrogenic drugs can have many 

targets responsible in the regulation of inflammatory 

genes. From such viewpoint, effort to find natural source 

of phytoestrogen will be helpful as alternative in 

replacing synthetic estrogens for hormone replacement 

therapy27,29. 

 

Previous research indicates the phytoestrogen contents 

of Marsilea crenata leaves. Phytoestrogens are bioactive 

compounds as secondary metabolites of plants that have 

therapeutic benefits19,20,30. They can modulate the action 

of endogenous estrogens by binding to estrogen 

receptors. The compounds are known to have the ability 

to bind to estrogen receptors which is required for 

ligand-receptor association. It is known that 

phytoestrogens could reduce the expression of MHC II 
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of microglia through estrogen receptor (ER) dependent 

pathway10,11,12,31. The binding between estrogen and ER 

can affects transcriptional gene through activated 

estrogen receptor (ER*). Transcriptional genes that are 

affected primarily was nuclear factor kappa-light-chain-

enhancer of activated B cells (NF-κB), which is a 

transcriptional factor responsible for immune system 

and inflammatory response30. Activation of NF-κB in 

microglial HMC3 cell lines will increase MHC II 

expression, and such activation occurred due to estrogen 

deficiency. Upon activation, NF-κB approached the 

nucleus and change the isomers of protein from 

monomers to oligomers which affect cell protein 

synthesis32, such as MHC II. Therefore, an increase of 

ER* after administration of phytoestrogens could inhibit 

the activation of NF-κB, resulting in inhibition of MHC 

II expression and activation of microglia classical 

pathway to M1 polarity10. 

 

Microglia works through initiating inflammatory 

response to protect the body from any harmful stimuli, 

by producing various inflammatory cytokines such as 

TNFα, IL-6, IL-1β, and interferon-γ (IFNγ). Cytokines 

play a very pivotal role in the polarization process that 

will turn microglia into M1 activated state. In case of 

wound in the brain, inflammatory response has to be 

shifted into anti-inflammatory state for wound 

repairmen, and therefor proper transition from M1 to M2 

phenotype is needed2,33  

 

MHC II is a lipoprotein molecule that is important to 

regulate the immune response from extracellular 

pathogens.  Increase expression of MHC II is caused by 

inflammatory inducing factors, such as IFNγ. As a result 

of IFNγ signaling, CD4+ T lymphocyte cells will be 

activated as a cellular specific immune system. CD4+ T 

lymphocyte cells will activate T helper 1 (Th1) cells, 

which in turn mediate MHC II expression as a 

proinflammatory marker in microglial cells. Th1 cells 

are responsible in immune response to intracellular 

pathogens, mainly through IFNγ secretion33,34. In this 

study inflammation occurred due to the induction of pro-

inflammatory cytokine IFNγ in order to mimic the 

inflammation caused by estrogen deficiency. It aimed at 

activating microglial cells into M1 state3,35. 

 

It becomes clear from this study, that environment is 

critical in controlling the shift of M1 to M2 state, since 

prolonged inflammation could cause further 

neurodegeneration. Therefore, understanding M1/M2 

dynamics is necessary, especially in diseases with 

chronic neuroinflammation2,35.  

 

CONCLUSION: 
Ethyl acetate fraction of Marsilea crenata Presl. leaf 

extracts reduced MHC II expression in microglial 

HMC3 cell lines, due its phytoestrogen contents. This 

indicated the antineuroinflammation property of the 

phytoestrogens of the fraction. Further research is 

needed to investigate the specific types of phytoestrogen 

compounds. 
 

ACKNOLEDGEMENT: 
This research is supported by Research and Community 

Service Funds, Ministry of Research, Technology and 

Higher Education Republic of Indonesia 2019. 
 

CONFLICT OF INTEREST: 
The author states that there is no conflict of interest 

regarding the publication of this article. 
 

REFERENCES: 
1. Hong SY, Kim TG, Kwon TH, Jang YS, Yang MS. Production 

of an anti-mouse MHC class II monoclonal antibody with 

biological activity in transgenic tobacco. Protein Expression and 
Purification. 2013; 54: 134-138. 

2. Cherry J, Olschowka J, O’banion, K. Neuroinflammation and 

M2 microglia: the good, the bad, and the inflamed. Journal of 
Neuroinflammation. 2014; 11: 98. 

3. Whitney NP, Eidem TM, Peng H, Huang Y, Zheng JC. 

Inflammation mediates varying effects in neurogenesis: 
relevance to the pathogenesis of brain injury and 

neurodegenerative disorders. Journal of Neurochemistry. 2009; 

108(6): 1343-1359. 
4. Lee WL, Tsui KH, Seow KM, Cheng MH, Su WH, Chen CP, 

Wang PH. Hormone therapy for postmenopausal women - an 

unanswered issue. Gynecology and Minimally Invasive Therapy. 
2013; 2(1): 13-17. 

5. Beral V. Breast cancer and hormone-replacement therapy in the 
million women study. The Lancet. 2003; 362: 419–427. 

6. Constantine GD, and Pickar JH. Estrogens in postmenopausal 

women: recent insights.  Elsevier: Pharmacology. 2005; 3: 626-
634. 

7. Alldredge BK, Corelli RL, Ernst, ME, Guglielmo BJ, Jacobson 

PA, Kradjan WA, Williams BR. Applied Therapeutics. PA: 
Lippincot Williams and Wilkins. 2013. 

8. Agarwal S, Alzahrani FA, Ahmed A. Hormone replacement 

therapy: would it be possible to replicate a functional ovary. Int J 
Mol Sci. 2018; 19: 1–16. 

9. Vinogradova Y, Coupland C, Hippisley-Cox J. Use of hormone 

replacement therapy and risk of venous thromboembolism: 
nested casecontrol studies using the QResearch and CPRD 

database. Br Med J. 2019; 364: 1–14. 

10. Cui J, Shen Y, Li R. Estrogen synthesis and signaling pathway 
during aging: from peripheri to brain. Trends in Molecular 

Medicine. 2005; 19(3). 

11. Villiers TJ. Bone health and osteoporosis in postmenopausal 
women. Elsevier: Best Practice & Research Clinical Obstetrics 

and Gynaecology. 2009; 23: 73-85. 

12. Yang TS, Wang SY, Yang YC, Su CH, Lee FK, Chen SC, Tseng 
CY, Jou HJ, Huang JP, Huang KE. Effects of standardized 

phytoestrogen on taiwanese menopausal women. Elsevier: 

Taiwanese Journal of Obstetrics and Gynecology. 2012; 51: 229-
235. 

13. Laswati H. Green clover potentiates delaying the increment of 

imbalance bone remodeling process in postmenopausal women. 
Folia Medica Indonesiana. 2011; 47(2): 112-117. 

14. Ma’arif B, Agil M, Laswati H. X phytochemical assessment on 

n-hexane extract and fractions of Marsilea crenata Presl. leaves 
through GC-MS. Traditional Medicine Journal. 2011; 2: 77-85. 

15. Agil M, Kusumawati I, Purwitasari N. Phenotpic Variation 

Profile of Marsilea crenata Presl. Cultivated in Water and in the 



Research J. Pharm. and Tech. 14(12): December 2021 
 

 

 6378 

Soil. Journal of Botany. 2017; 11(2): 1–7. 
16. Ma’arif B, Agil M, Laswati H. Alkaline phosphatase activity of 

Marsilea crenata Presl. extract and fractions of MC3T3-E1 

osteoblast cell differentiation. Journal of Applied Pharmaceutical 
Science. 2018; 2: 55-59. 

17. Yacoeb AM, Nurjanah AA, Arifin M, Sulistiono W, Kristiono 

SS. Deskripsi histologis dan perubahan komposisi kimia daun 
dan tangkai semanggi (Marsilea crenata Presl., Marsileaceae) 

akibat perebusan. Jurnal Pengolahan Hasil Perikanan Indonesia. 

2010; 12(2): 81-95. 
18. Nurjanah AA, Abdullah A. Aktivitas antioksidan dan komponen 

bioaktif semanggi air (Marsilea crenata). Jurnal Inovasi dan 

Kewirausahaan. 2012; 1(3): 152-158. 
19. Ma’arif B, Agil M, Widyowati R. Isolation of terpenoid 

compond of n-hexane extract of Marsilea crenata Presl. Jurnal 

Farmasi dan Ilmu Kesehatan. 2019; 4(2): 27-31. 
20. Taylor CR, and Rudbeck L. Immunohistochemical Staining 

Methods, 6th Edition. Dako Denmark: IHC Handbook. 2013. 

21. Praveena A, Ramkumar G, Sanjayan KP. Phytochemical 
screening of the extract of the root-bark of Morinda tinctoria 

(Rubiaceae) for secondary metabolites. Research J. Pharm. and 

Tech. 2012; 5(1): 83-87. 
22. Ma TC, Campana A, Lange PS, Lee HH, Banerje K, Bryson JB, 

Mahishi L, Alam S, Ginger RJ, Barnes S, Morris SM, Willis DE, 
Twiss JL, Filbin MT, Ratan RR. A large scale chemical screen 

for regulators of the arginase-1 promoter identifies the soy 

isoflavone daidzeinas. A clinically approved small molecule that 
can promote neuronla protection or regeneration via a CAMP 

independent pathway. J. Neurosci. 2010; 30. 

23. Rosmani S, Omar SZ, Ali Kan NL, Musameh NI, Das S, Kasim 
NM. Effect of phytoestrogen genistein on the development of the 

reproductive system of sprague dawley rats. Clinics. 2012; 68(2). 

24. Kajta M, Rzemieniec J, Litwa E, Lason W, Lenartowicz M, 
Krzeptowski W, Wojtowicz AK. The key involvement of 

estrogen receptor beta and G-protein coupled receptor 30 in the 

neuroprotective action of daidzein. Neuroscience. 2013; 238. 
25. Stock JM, Knapp AN, Banz WJ, Wallace DG, Cheatwood JL. 

Subcutaneaus daidziene administration and hances recovery of 

skill lader rung walking performance following stroke in rats. 
Behav Brain Res. 2013; 256. 

26. Jyote, Agrawal SS, Saxsena S, Sharma A. Phytoestrogen 

“genistein”: It’s extraction and isolation from soy bean seeds. 
International Journal of Pharmacognosy and Phytochemical 

Research. 2014; 7(6). 

27. Ganai AA, and Farooqi H. Bioactivity of genistein: a review of 
in vitro and in vivo studies. Biomedicine and Pharmacotherapy. 

2015; 76. 

28. Sun MY, Xiao L, Rahman K, Sia, W, Zhang H. Daidzein: a 

review of pharmacological effect. Afr J. Tradit Complement 

Altern Med. 2016; 13(3). 

29. Galien AAB, Silasi DA, Kelly M. G, Fest S, Visintin I, Leiser A, 
Schwartz PE, Rutherford T, Mor G. Regulation of IKKβ by miR-

199a affects NF-κB activity in ovarian cancer cells. Oncogene. 

1997; 27: 4712–4723. 
30. Konduri MKR, and Bagalu VR. Phytochemical screening and in 

vitro antibacterial activity of some medicinal plants belonging to 

Guntur, India. Research J. Pharm. and Tech. 2014; 7(11): 1300-
1304. 

31. Cos P, Bruyne TD, Apers S, Berghe DV, Pieters L, Vlietinck JA. 

Review: phytoestrogen recent developments. 2003. 
32. Shih R, Wang CY, Yang CM. NF-kB signaling pathways in 

neurological inflammation: a mini review. Front Mol Neurosci. 

2015; 8: 77. 
33. Jeong JW, Lee HH, Han MH, Kim, GY, Kim J, Choi YH. Anti-

inflammatory effects of genistein via suppression of the toll like 

receptor 4-mediated signaling pathway in lipopolysaccharide-
stimulated BV2 microglia. Chem Biol Interact. 2014. 

34. Hyunju O, and Ghosh S. NF-κB: roles and regulation in different 

CD4+ T-cell subsets. Immunological Reviews. 2013. 
35. Cvoro A, Tatomer D, Tee MK, Zogovic T, Harris HA, Leitman 

DC. Selective estrogen receptor-β agonists repress transcription 
of proinflammatory genes. J Immunol. 2008; 180(1): 630-636. 


