
МЕДИЦИНА 

108 На умовах ліцензії CC BY 4.0 

USD 615.276:615.322:[616.153.455-008.61:578.834]-092.4-07:612.017 
https://doi.org/10.26641/2307-0404.2026.2.365902 

A.H. Nurhasanah 1, 

M. Louisa 2 *,

M. Angelina 3,

A. Estuningtyas 2

AN EXPLORATORY EFFECT OF PHALERIA 

MACROCARPA FRUIT EXTRACT  

ON INTERLEUKIN-6 mRNA EXPRESSION  

IN HUMAN PBMCs INDUCED BY GLUCOSE-

ENHANCED SARS-COV-2 SPIKE PROTEIN  

AND LIPOPOLYSACCHARIDE IN VITRO 

Faculty of Medicine, Universitas Indonesia, Master's Program in Biomedical Sciences 1 

Faculty of Medicine, Universitas Indonesia, Department of Pharmacology and Therapeutics 2 

Salemba str., 6, Jakarta Pusat, Jakarta, 10430, Indonesia 

National Research and Innovation Agency of Indonesia (BRIN) 3 

Research Center for Pharmaceutical Ingredients and Traditional Medicine 

KST BJ Habibie, Puspitek, South Tangerang, 15314, Indonesia 

Університет Індонезії, медичний факультет, магістерська програма з біомедичних наук 1 

Університет Індонезії, медичний факультет, кафедра фармакології та терапії 2 

вул. Салемба, 6, Джакарта Пусат, Джакарта, 10430, Індонезія 

Національне агентство досліджень та інновацій Індонезії (BRIN) 3 

Дослідницький центр фармацевтичних інгредієнтів і традиційної медицини 

KST ім. Б.Дж. Хабібі, Пуспітек, Південний Тангеранг, 15314, Індонезія 
*e-mail: melva.louisa@gmail.com

Цитування: Медичні перспективи. 2026. Т. 31, № 2. С. 108-119 

Cited: Medicni perspektivi. 2026;31(2):108-119 

Key words: hyperglycemia, inflammation, interleukin-6, peripheral blood mononuclear cells, type-2 diabetes mellitus 

Ключові слова: гіперглікемія, запалення, інтерлейкін-6, мононуклеарні клітини периферичної крові, цукровий 

діабет 2 типу 

Abstract. An exploratory effect of Phaleria macrocarpa fruit extract on interleukin-6 mRNA expression in human 

PBMCs induced by glucose-enhanced SARS-CoV-2 spike protein and lipopolysaccharide in vitro. Nurhasanah A.H., 

Louisa M., Angelina M., Estuningtyas A. Type 2 diabetes mellitus is a significant risk factor for dysregulated inflammatory 

responses during Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) infection. Corticosteroids, commonly used 

as anti-inflammatory agents in diabetic patients, often cause hyperglycemia, making infections and inflammation more difficult 

to control. These conditions highlight the need for laboratory models that can support preliminary screening of anti-

inflammatory drug candidates under elevated-glucose conditions. This exploratory study aimed to establish a human peripheral 

blood mononuclear cell (PBMC) inflammatory model induced by SARS-CoV-2 and lipopolysaccharide in the presence of high 

glucose and to assess the modulatory activity of Phaleria macrocarpa fruit ethanol extract on interleukin-6 (IL-6) mRNA 

expression under combined stimulation. This in vitro study used a human PBMC model induced by the SARS-CoV-2 spike 

protein and lipopolysaccharide under elevated glucose conditions. PBMCs were isolated from venous blood of a limited number 

of healthy adult volunteers. The concentrations of glucose, SARS-CoV-2 spike protein, and lipopolysaccharides used in PBMC 

cultures were selected for their ability to increase IL-6 mRNA expression under the tested conditions. Non-cytotoxic 

concentrations of Phaleria macrocarpa fruit ethanol extract were identified by maintaining cell viability of at least 80 percent. 

Combined stimulation with the SARS-CoV-2 spike protein, lipopolysaccharide, and high glucose increased IL-6 mRNA 

expression. Treatment with Phaleria macrocarpa fruit ethanol extract was comparable with dexamethasone in reducing IL-6 

mRNA expression under the combined stimulation condition. These preliminary findings suggest that Phaleria macrocarpa 

suppresses IL-6 mRNA expression in response to combined stimulation in this in vitro PBMC model. However, our findings 

should be interpreted as exploratory due to the small number of the PBMC donor pool. Further studies using a larger, sex-

balanced donor population, broader cytokine panels, and chemical standardization are required.  

Реферат. Пошукове дослідження впливу екстракту плодів Phaleria macrocarpa на експресію мРНК 

інтерлейкіну-6 у мононуклеарних клітинах периферичної крові людини, індукованих spike-білком 

SARS-CoV-2 та ліпополісахаридом в умовах підвищеного рівня глюкози in vitro. Нурхасанах А.Г., Луїса М., 

Ангелина М., Естунінгтіяс А. Цукровий діабет 2-го типу є значущим фактором ризику розвитку порушених 

запальних реакцій під час інфекції, спричиненої вірусом Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-

2). Кортикостероїди, які широко застосовуються як протизапальні засоби в пацієнтів з діабетом, часто 
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викликають гіперглікемію, що ускладнює контроль інфекційних і запальних процесів. Ці обставини зумовлюють 

потребу у створенні лабораторних моделей для попереднього скринінгу потенційних протизапальних лікарських 

засобів в умовах підвищеної концентрації глюкози. Метою цього пошукового дослідження було створення запальної 

моделі на основі мононуклеарних клітин периферичної крові людини (peripheral blood mononuclear cell, PBMCs), 

індукованої SARS-CoV-2 та ліпополісахаридом за умов високого рівня глюкози, а також оцінювання модулювальної 

активності етанольного екстракту плодів Phaleria macrocarpa щодо експресії мРНК (матрична РНК) інтер-

лейкіну-6 (interleukin-6, IL-6) за комбінованої стимуляції. У дослідженні in vitro використовували модель людських 

PBMCs, стимульованих spike-білком SARS-CoV-2 та ліпополісахаридом в умовах підвищеної концентрації глюкози. 

PBMCs виділяли з венозної крові обмеженої кількості здорових дорослих добровольців. Концентрації глюкози, spike-

білка SARS-CoV-2 та ліпополісахариду для культивування PBMCs підбирали на основі їхньої здатності підвищу-

вати експресію мРНК IL-6 за досліджуваних умов. Нетоксичні концентрації етанольного екстракту плодів Pha-

leria macrocarpa визначали шляхом забезпечення життєздатності клітин на рівні не менше 80%. Комбінована 

стимуляція spike-білком SARS-CoV-2, ліпополісахаридом та високою концентрацією глюкози спричиняла підви-

щення експресії мРНК IL-6. Вплив етанольного екстракту плодів Phaleria macrocarpa щодо зниження експресії 

мРНК IL-6 за умов комбінованої стимуляції був зіставним з ефектом дексаметазону. Отримані попередні резуль-

тати свідчать, що Phaleria macrocarpa пригнічує експресію мРНК IL-6 у відповідь на комбіновану стимуляцію в 

цій моделі PBMCs in vitro. Водночас результати слід розглядати як пошукові через невелику кількість донорів 

PBMCs. Для підтвердження отриманих даних необхідні подальші дослідження із залученням більшої та гендерно 

збалансованої популяції донорів, ширших панелей цитокінів і проведенням хімічної стандартизації екстракту. 

 

Individuals with type 2 diabetes mellitus (T2DM) 

face a higher risk of developing severe coronavirus 

disease 2019 (COVID-19) and have higher mortality 

rates compared to non-diabetic individuals. Although 

the exact mechanisms underlying greater severity in 

diabetic patients are not fully understood, both con-

ditions involve dysregulated immune and inflam-

matory responses [1, 2]. A key feature of severe 

COVID-19 is the cytokine storm, which causes 

vascular hyperpermeability, multiorgan failure, and 

death. In severe cases, there is an overproduction of 

proinflammatory cytokines and chemokines, along 

with a limited induction of interferons (IFN-α, IFN-β, 

and IFN-γ). Increased interferon production activates 

nuclear factor kappa light chain enhancer of 

activated B cells (NF-κB), a crucial mediator of in-

flammatory responses. When activated, NF-κB trans-

locates to the nucleus, leading to increased production 

of proinflammatory molecules, including interleukin-6 

(IL-6). IL-6 is a key biomarker of COVID-19-related 

cytokine storms and is inversely associated with 

immune function impairment [3, 4]. 

Current therapeutic strategies recommended by 

the World Health Organization (WHO) for managing 

hyperinflammation include corticosteroids such as 

dexamethasone; however, their effectiveness remains 

limited [5, 6]. Additionally, severe COVID-19 and its 

steroid-based treatments can negatively impact 

diabetes management by worsening hyperglycemia 

through increased insulin resistance and impaired β-

cell secretory function. In turn, uncontrolled hyper-

glycemia may further increase COVID-19 severity 

[7]. High-dose dexamethasone is also associated with 

significant adverse effects [7, 8, 9]. These limitations 

highlight the need for complementary strategies that 

can reduce hyperinflammation while minimizing 

risks in patients with metabolic comorbidities.  

Natural products remain an important source of 

potential anti-inflammatory agents [10, 11]. One 

known natural product is Phaleria macrocarpa fruit, 

which has been reported to possess various bioactive 

properties, including antioxidant, antidiabetic, 

antiviral, anti-inflammatory, and immunomodulatory 

activities [12-15]. However, its anti-inflammatory 

activity has not been thoroughly evaluated in a human 

immune cell hyperinflammatory model with in-

creased glucose exposure, a context relevant to 

diabetes-related vulnerability. 

Previous mechanistic studies indicate that the 

Severe Acute Respiratory Syndrome Coronavirus 2 

(SARS-CoV-2) spike protein can enhance inflam-

matory responses to lipopolysaccharide (LPS), a 

well-established toll-like receptor 4 (TLR4) ligand, 

thereby increasing proinflammatory cellular respon-

ses both in vitro and in vivo [16, 17, 18]. Evidence 

also suggests that higher glucose exposure may 

amplify immune cell inflammatory responses. There-

fore, a peripheral blood mononuclear cell model that 

combines increased glucose exposure with stimu-

lation by the spike protein and lipopolysaccharide 

could serve as a practical platform for early screening 

of potential anti-inflammatory interventions [19, 20]. 

Given its known pharmacological properties, P. mac-

rocarpa was selected for preliminary evaluation in 

this model, with IL-6 mRNA expression used as the 

primary inflammatory marker.  

This study aimed to establish an exploratory model 

of inflammatory peripheral blood mononuclear cells 

(PBMCs) under high-glucose exposure by sequential 

stimulation with SARS-CoV-2 spike protein and 

lipopolysaccharide, and to evaluate whether an ethanol 

extract of Phaleria macrocarpa fruit modulates the 

induced IL-6 mRNA response. 
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MATERIALS AND METHODS OF RESEARCH 

This study adhered to the Declaration of Helsinki 

and was approved by the Institutional Ethics Committee 

of the Faculty of Medicine, Universitas Indonesia 

(No. KET-1415/UN2.F1/ETIK/PPM.00.02/2025). 

Written informed consent was obtained for partici-

pation and PBMC sample collection.  

Plant collection and extract preparation 

The dried fruit of Phaleria macrocarpa was 

obtained from a sample collected by the National 

Research and Innovation Agency (BRIN). The plant 

determination was done by the Traditional Medicine 

Raw Material Standardization Laboratory, BRIN 

(Voucher Number: 6449-244096-1).  

Approximately 166.8 g of the powdered sample 

was sequentially extracted by maceration in 70% 

ethanol for 4 days at ambient temperature, with 

periodic shaking. The extract was then concentrated 

under reduced pressure using a rotary evaporator 

(Buchi Laboratorium-Technik AG, Flawil, Switzer-

land) at 45°C until all solvent was removed, yielding 

the dried crude extract. 

Phytochemical analysis  

The bioactive compounds of the Phaleria macro-

carpa fruit extract were analyzed using phytoche-

mical screening. The test procedures involved the 

examination of alkaloids, phenols, flavonoids, 

saponins, tannins, and terpenoids [21, 22]. 

High-performance liquid chromatography 

(HPLC) analysis 

HPLC analysis was performed to confirm the 

presence of phalerin and mangiferin as markers for 

Phaleria macrocarpa fruit ethanol extracts. The study 

was conducted using a Waters HPLC 2695 Alliance 

system equipped with a photodiode array detector 

(2998). Chromatographic separation was achieved on 

a Symmetry C18 column. Sample solutions were 

filtered through a 0.22 μm membrane filter and 

injected into the column in a 30 μL volume. For 

phalerin, isocratic separation was performed using 

acetonitrile and water (63:35, v/v) as the mobile phase 

at 35°C, a flow rate of 0.9 mL/min, and detection at 

220 nm. Mangiferin analysis was conducted using a 

mobile phase consisting of methanol and 0.5% formic 

acid (30:70, v/v). The chromatographic conditions 

were as follows: column temperature, 40°C; flow rate, 

1.0 mL/min; and detection at 257 nm [18, 19]. 

PBMC isolation 

Human peripheral blood mononuclear cells were 

isolated from venous blood of healthy adult 

volunteers. Eligibility criteria for donors were healthy 

men or women aged 18-45 years, blood group O, who 

received at least two doses of the COVID-19 vaccine. 

Individuals with confirmed diabetes mellitus were 

excluded. PBMCs were obtained from two healthy 

female donors. Three experimental replicates were 

performed and should be interpreted as technical 

replicates. A blood volume of 15 mL was collected 

from each donor at each collection. 

Whole blood was diluted 1:1 with cold Dulbecco's 

phosphate-buffered saline (DPBS, Gibco, Cat 

No. 14190-144) and layered over an equal volume of 

density-gradient medium (Ficoll-PaqueTM PLUS, 

Cytiva, Cat No. 17144003) [13]. Samples were centri-

fuged at 2,500 rpm for 30 minutes. The PBMC layer 

was collected, washed twice with cold Dulbecco's 

phosphate-buffered saline (DPBS, and centrifuged at 

1,200 rpm for an additional 10 minutes at room 

temperature. The isolated pellets were resuspended in 

1 mL of cold DPBS. Cell count was determined using 

a hemocytometer, and viability was assessed by trypan 

blue exclusion. Samples with >90% viability were 

selected for downstream experiments [23]. 

PBMC culture, glucose conditioning, and hyper-

inflammatory stimulation 

PBMCs were cultured in complete medium 

consisting of RPMI-1640 (Gibco, Cat No. 11875-

093) supplemented with 10% heat-inactivated fetal 

bovine serum (Sigma-Aldrich, Cat No. F9665) and 

1% penicillin-streptomycin (Sigma-Aldrich, Cat 

No. P4333). Cells were incubated for 2 h at 37°C in a 

humidified 5% CO2 atmosphere. Afterward, adherent 

cells were separated from the non-adherent ones [24]. 

Adherent PBMCs were seeded at a density of 

1.5×106 cells per well in high-glucose medium and 

incubated overnight. 

PBMCs were cultured in high-glucose medium 

conditioned for 2 hours by supplementing the culture 

media with glucose at 5.5, 15, 25, or 30 mM. The 

resulting glucose concentrations in culture super-

natants were measured spectrophotometrically at 

500 nm using the Glucose GOD FS assay (DiaSys, 

Cat. No. 1 2500 99 83 021). Based on these measu-

rements and the corresponding IL-6 mRNA response, 

15 mM glucose supplementation was selected for 

subsequent experiments. 

To induce a hyperinflammatory condition, adhe-

rent PBMCs were subsequently stimulated with 

SARS-CoV-2 spike protein (RayBiotech, Cat  

No. 30-01101-10) for 2 hours, followed by lipopo-

lysaccharide (LPS) (Sigma-Aldrich, Cat No. L2880) 

at 10 ng/mL for 24 hours. Spike protein exposure was 

maintained during the LPS phase. An overview of the 

study workflow is presented in Figure 1.  

Treatment with Phaleria macrocarpa extract 

Adherent PBMCs were treated with varying 

concentrations of Phaleria macrocarpa fruit ethanol 

extract (12.5, 25, and 50 g/mL) or dexamethasone 

(50 mg/mL) for 24 hours. Dexamethasone (Infalabs, 

B0120206) served as a positive anti-inflammatory 



 

МЕДИЧНІ ПЕРСПЕКТИВИ / MEDICNI PERSPEKTIVI 

 111 26/Том XXXI/2 
 

control. Vehicle controls contained dimethylsulfoxi-

de (Sigma-Aldrich, Cat No. D2650) at the same final 

concentrations as treatment groups. Phaleria macro-

carpa fruit extracts or dexamethasone were added 

after sequential PBMC stimulation with SARS-CoV-

2 spike protein and lipopolysaccharides (Fig. 1).  

Interleukin-6 mRNA gene expression 

For gene expression analysis, cells were harvested 

after 24 h, and total RNA was isolated using the 

Quick-RNA™ Miniprep Plus Kit (Zymo Research, 

Cat No. R1058). Total RNA was reverse-transcribed 

into cDNA using the ReverTra Ace RT-qPCR Master 

Mix with gDNA remover (Toyobo, Cat No. FSQ-

301), following the manufacturer's instructions. 

Relative mRNA expression was quantified using the 

comparative method, with -actin serving as the 

internal reference gene. Real-time PCR was 

performed using the SensiFAST SYBR No-ROX 

(Biolane, Cat No. BIO-98005) on a MiniOpticon 

instrument (Bio-Rad). Primer sequence used for 

Interleukin-6 (IL-6): Forward: 

CACTCACCTCTTCAGAACGAAT and Reverse: 

GCTGCTTTCACACATGTTACTC. As a house-

keeping gene, β-actin was used, with primer sequen-

ces: Forward: ACAGGATGCAGAAGGAGATTAC; 

Reverse: ATAGAGCCACCAATCCACAC. The 

data consisted of cycle threshold (CT) 

values automatically generated by the 

software. Relative mRNA expression levels 

were calculated using the Livak (2^Ct) 

method [25]. 

Data analyses 

Data are presented as the median and interquartile 

range (IQR). Differences between groups were tested 

using the Kruskal-Wallis test, followed by the Mann-

Whitney U test. A p-value less than 0.05 was 

considered significant at the 95% confidence level. 

Because of the limited number of PBMCs used in this 

experiment, the analysis was considered preliminary. 

The experiment was conducted in three replicates and 

served as a technical control. All inferential statistics 

should be interpreted with caution and regarded as 

exploratory. Plots were created using GraphPad 

Prism version 10.1.1 (GraphPad Software, San 

Diego, CA, USA).   

 

 

Fig. 1. Overview of the study workflow: (a) Blood samples were collected from patients using standard 

venipuncture procedures; (b) PBMCs were isolated by density-gradient centrifugation using Ficoll-Paque; 

and (c) isolated PBMCs were cultured and sequentially stimulated to establish an exploratory inflammatory 

model. Cells were first cultured under high-glucose conditions, then exposed to the SARS-CoV-2 spike protein 

and lipopolysaccharide (LPS). PBMCs were then treated with Phaleria macrocarpa fruit extract for 24 h.  

After treatment, total RNA was isolated for gene expression analysis 
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RESULTS AND DISCUSSION  

Phytochemical profile and extraction yield 

The ethanol extraction of 166.8 g of Phaleria 

macrocarpa fruit powder yielded 56.7 g of dried 

extract, corresponding to an extraction yield of 34%. 

Qualitative phytochemical screening (Table 1) indi-

cated the presence of alkaloids, phenols, flavonoids, 

saponins, tannins, and triterpenoids. This broad 

phytochemical profile is consistent with the reported 

pharmacological potential of P. macrocarpa and 

supports its evaluation in anti-inflammatory assays in 

various conditions [26, 27, 28]. 

References in previous studies indicate that pha-

lerin and mangiferin are the two main components 

and markers of Phaleria macrocarpa extracts [29, 

30, 31]. Therefore, we conducted a targeted HPLC 

analysis using the reference compounds phalerin and 

mangiferin. The results showed that the Phaleria 

macrocarpa fruit ethanol extract contained phalerin 

as the main compound at 3710 ng/mL (17.04%) and 

mangiferin, a bioactive compound with antidiabetic 

properties, at 82.17 ng/mL (2.93%). Studies have 

shown that Phaleria macrocarpa extracts rich in 

phalerin and mangiferin exert antidiabetic and anti-

inflammatory activities [27, 30, 31, 32], thereby sub-

stantiating their use in hyperinflammatory condi-

tions aggravated by hyperglycemia. 

 

T a b l e  1  

Phytochemical test results of Phaleria macrocarpa fruit ethanol extract 

Types of qualitative tests Results 

Alkaloids + 

Phenols + 

Flavonoids + 

Saponins + 

Tannins + 

Triterpenoids + 

Note. (+) shows the presence of the phytochemical constituent. 

 
Selection of a high-glucose culture condition  

Glucose concentrations in culture supernatants 

were evaluated under the specified glucose conditions 

and are presented in Table 2. Among the four glucose-

supplementation conditions tested, the 15 mM 

glucose-supplemented medium yielded a supernatant 

glucose concentration of 358 mg/dL, which cor-

responds to the hyperglycemic range. When peripheral 

blood mononuclear cells were incubated for 24 hours 

under 15 mM glucose-supplemented conditions, IL-

6 mRNA expression increased by about 1.80-fold 

compared with control (Fig. 2, a). Accordingly, 

15 mM glucose was selected for subsequent expe-

riments because it produced a measurable IL-6 mRNA 

response and represented exposure above the physiolo-

gical reference of 5.5 mM.  

 

T a b l e  2  

Glucose concentrations in PBMC culture media  

after supplementation with varying glucose concentrations 

Concentrations of glucose supplementation  

in culture media (mM) 

Supernatant glucose concentrations after 24-hour treatment 

in mM in mg/dL 

5.5 14.15 257.23 

15 19.73 358.60 

25 28.82 524.04 

30 32.10 578.41 
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Proinflammatory response to SARS-CoV-2 spike 

protein and lipopolysaccharides 

In the present study, IL-6 mRNA expression was 

assessed as a marker of the acute proinflammatory 

response. Stimulation of PBMCs with the SARS-

CoV-2 spike protein at 12.5 ng/mL for 24 hours 

resulted in about an 18-fold increase in IL-6 expres-

sion compared with the control group (Fig. 2, b). 

Thus, the SARS-CoV-2 spike protein at 12.5 ng/mL 

was selected for sequential stimulation because it 

elicited the highest IL-6 response in this step. 

Mechanistically, the SARS-CoV-2 spike protein 

activates proinflammatory signaling in immune cells. 

A study by Olajide et al. showed that high–dose 

SARS-CoV-2 S1 spike protein significantly increases 

secretion of TNF-α, IL-6, IL-1, and IL-8, along with 

upregulation of NF-κB signaling pathways [33]. 

Similar increases in IL-1 and IL-6 expression have 

been observed in PBMCs from patients with immune-

mediated hearing loss (IMHL) stimulated with the 

SARS-CoV-2 spike protein at 12 ng/mL [34]. Prior 

ex vivo studies also indicate that the spike protein acts 

synergistically with low-dose LPS to enhance TNF- 

and IL-1 production [35]. Additionally, in silico 

studies have reported that the SARS-CoV-2 spike 

protein can bind not only to the angiotensin-

converting enzyme 2 receptor but also to TLR4, a 

key receptor for lipopolysaccharide, potentially 

intensifying downstream inflammatory signaling 

[36]. However, receptor engagement and downstream 

pathway activation were not directly assessed in the 

present study; therefore, these mechanisms should be 

interpreted as literature-supported hypotheses rather 

than confirmed findings. 

To induce a hyperinflammatory state, lipopoly-

saccharide (LPS) was added to the culture medium to 

stimulate the innate immune response in PBMCs. 

LPS, a structural component of Gram-negative 

bacteria, a potent activator of the innate immune 

system and widely used in experimental models of 

inflammation because it mimics cytokine-mediated 

inflammatory responses. Upon interaction with innate 

immune cells, particularly monocytes and macro-

phages, LPS stimulates the production of proinflam-

matory cytokines and chemokines, thereby contri-

buting to host defense mechanisms [37]. Toll-like 

receptor 4 (TLR4) is the primary receptor for LPS 

recognition and signal transduction. Binding of LPS to 

TLR4 activates NF-κB through recruitment and 

activation of MyD88, IL-1 receptor–associated kinase 

(IRAK), TNF receptor-associated factor 6 (TRAF6), 

and NADPH oxidase (Nox). NF-κB plays a central role 

in regulating the transcription of genes related to innate 

immunity and inflammatory responses [24]. 

Our results showed that PBMCs stimulated with 

LPS at 10 ng/mL had the greatest increase in IL-6 

mRNA expression (Fig. 2, c). These findings align 

with previous studies showing that LPS stimulates the 

production of proinflammatory cytokines and chemo-

kines in innate immune cells. Even low concen-

trations of LPS have been shown to induce IL-6 and 

TNF-α production [37]. 

 

 
* - p<0.05 between the two groups 

Fig. 2. Interleukin-6/actin mRNA expression stimulation with (a) high glucose;  

(b) SARS-CoV-2 spike protein; (c) lipopolysaccharides.  

Results are presented as median (interquartile range) 
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Activity of dexamethasone or Phaleria macro-

carpa fruit extract on IL-6 expression in lipopo-

lysaccharide-induced conditions  

In the lipopolysaccharide-induced model 

(10 ng/mL), dexamethasone reduced IL-6 mRNA 

expression, with the greatest reduction at 50 ng/mL 

(Fig. 3, a). This effect is consistent with the known 

ability of glucocorticoids to suppress inflammatory 

gene transcription [38]. However, glucocorticoid re-

ceptor signaling and nuclear factor-κB (NF-κB) activa-

tion were not directly measured in this experiment. 

Treatment with Phaleria macrocarpa fruit ex-

tracts at several concentrations after LPS stimulation 

at 10 ng/mL generally reduced IL-6 mRNA expres-

sion compared with the stimulated control (Fig. 3, b). 

However, the pattern was not entirely consistent. This 

variability may be attributable to the complex and 

heterogeneous chemical composition of herbal 

extracts, in which observed effects may result from 

the combined interactions of multiple constituents 

[39]. Therefore, these findings should be interpreted 

as a preliminary indication of an IL-6 mRNA-

suppressive signal, suggesting that Phaleria macro-

carpa fruit extract contains components that may 

attenuate LPS-induced IL-6 upregulation.  

 

 

* - p<0.05 between the two groups 

Fig. 3. Interleukin-6/-actin mRNA expression after stimulations with (a) lipopolysaccharides 10 ng/mL  

and dexamethasone 50, 100, or 200 ng/mL; (b) lipopolysaccharides 10 ng/mL  

and Phaleria macrocarpa (PM) fruit extract 6.25, 12.5, 25, 50, or 100 g/mL.  

Results are presented in median (interquartile range)  

 
Cell viability assessment and determination of 

non-cytotoxic conditions 

To confirm that changes in inflammatory 

markers were unaffected by the treatment's cytotoxic 

effects, cell viability was evaluated under the 

designated inflammatory stimulation and treatment 

conditions. The stimulatory agents (glucose, SARS-

CoV-2 spike protein, and lipopolysaccharides) and 

the treatment agents (dexamethasone and Phaleria 

macrocarpa fruit extract) were assessed for their 

effects on PBMC viability. None of the treatments 

showed a significant reduction in cell viability 

compared with the control cells, and the average cell 

viability remained above 80% (Fig. 4). 

The results suggest that the stimulation treatments 

used in subsequent analysis were unlikely to account 

for the observed effects on IL-6, indicating that these 

effects were unlikely to result from a significant loss 

of viable cells. 

Suppression of IL-6 mRNA expression by Pha-

leria macrocarpa extracts in the combined spike 

protein and lipopolysaccharide model under high-

glucose conditions 

Figure 5 addresses the central objective of estab-

lishing an inflammatory model that incorporates both 

infection-associated stimuli and a high-glucose con-

dition, and then applying it to the early screening of 

drug candidates. 
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Fig. 4. Percentage of viable PBMC after treatment with stimulatory or treatment agents.  

(a) stimulatory agents: glucose 15 mM, SARS-CoV-2 spike protein 12.5 ng/mL; lipopolysaccharide 10 ng/mL; 

combination of SARS-CoV-2 spike protein 12.5 ng/mL and LPS 10 ng/mL; or combination of glucose 15 mM, 

SARS-CoV-2 spike protein 12.5 ng/mL, and LPS 10 ng/mL; (b) treatment agents: dexamethasone 50 ng/mL, 

Phaleria macrocarpa (PM) fruit extract 50 g/mL, or Phaleria macrocarpa (PM) fruit extract 50 g/mL.  

Results are presented as median (interquartile range) 

 

Hyperglycemia is a common feature of poorly 

controlled diabetes, prompting investigation into how 

immune cells pre-exposed to elevated glucose levels 

respond to inflammatory stimuli. A previous study 

modeled this clinical context by pre-incubating 

PBMCs with graded glucose concentrations (5.5, 8, 16, 

and 24 mM) for 48 h, followed by stimulation with the 

TLR3 agonist poly(I: C) (20 µg/mL) for an additional 

24 h. Hyperglycemia has been reported to increase 

proinflammatory cytokine production while impairing 

type I interferon generation and signaling, mechanisms 

that may exacerbate inflammatory responses and 

weaken antimicrobial defenses in diabetes [40].  

Additionally, hyperglycemia has been reported to 

predispose monocytes/macrophages to a proinflam-

matory phenotype by increasing oxidative stress and 

enhancing NF-κB signaling, thereby intensifying 

responses to toll-like receptor 4 (TLR4) ligands, 

including lipopolysaccharide [40]. The combined use 

of high glucose, the SARS-CoV-2 spike protein, and 

lipopolysaccharide is therefore a biologically 

plausible experimental model of hyperglycemia, in 

which chronic metabolic stress may lower the 

threshold for cytokine production. However, the 

model should not be considered a full replication of 

diabetes-associated COVID-19 hyperinflammation. 

Consistent with the above concept, increasing in 

vitro glucose concentrations from 5 to 25 mmol/L had 

only marginal effects on cytokine release after stimu-

lation with M. tuberculosis lysate, LPS, or Candida 

albicans. In contrast, exposure to 40 mmol/L glucose 

markedly increased production of TNF-α, IL-1β, IL-

6, and IL-10. Notably, IL-6 and IL-1β increased in a 

dose-dependent manner, whereas T-cell–derived 

cytokines showed greater variability. Collectively, 

these findings support the concept that substantial 

hyperglycemia can amplify inflammatory signaling 

in immune cells [41]. 

Stimulation with the SARS-CoV-2 spike protein 

in combination with LPS under high-glucose con-

ditions resulted in elevated IL-6 expression compared 

with PBMCs maintained in control medium. These 

findings suggest that elevated glucose may enhance 

IL-6 mRNA responses to infectious or inflammatory 

stimuli in this experimental system. The observed 

response is consistent with the previous literature on 

spike protein-LPS interaction [42]. However, because 

nuclear factor kappa B (NF-B), TLR4, MAPK, 

and related pathways were not directly measured, the 

mechanism cannot be confirmed by the present data. 

Treatment with the Phaleria macrocarpa fruit 

ethanol extract resulted in concentration-dependent 

suppression of IL-6 expression in the inflammatory 

PBMC model. This attenuation was comparable to 

that of dexamethasone, the positive control, thereby 

substantiating the preliminary data indicating that 

Phaleria macrocarpa fruit extract may inhibit IL-6 

expression under the combined condition. 
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* - p<0.05 between the two groups 

Fig. 5. Effect of Phaleria macrocarpa fruit extract on IL-6/β-actin mRNA expression in PBMCs induced  

with SARS-CoV-2 spike protein and LPS under high-glucose conditions. Treatments: High glucose (15 mM); 

SARS+LPS: SARS-CoV-2 spike protein 12.5 ng/mL + lipopolysaccharides 10 ng/mL; High glu+SARS+LPS: 

glucose 15 mM + SARS-CoV-2 spike protein 12.5 ng/mL + lipopolysaccharides 10 ng/mL;  

High glu+SARS+LPS+PM 12.5: glucose 15 mM + SARS-CoV-2 spike protein 12.5 ng/mL + lipopolysaccharides 

10 ng/mL + Phaleria macrocarpa fruit extract 12.5 µg/mL; High glu+SARS+LPS+PM 25:  

glucose 15 mM + SARS-CoV-2 spike protein 12.5 ng/mL + lipopolysaccharides 10 ng/mL + Phaleria macrocarpa 

fruit extract 25 µg/mL; High glu+SARS+LPS+PM 50: glucose 15 mM + SARS-CoV-2 spike  

protein 12.5 ng/mL + lipopolysaccharides 10 ng/mL + Phaleria macrocarpa fruit extract 50 µg/mL;  

High glu+SARS+LPS+Dex: glucose 15 mM + SARS-CoV-2  

spike protein 12.5 ng/mL + lipopolysaccharides 10 ng/mL + dexamethasone 50 ng/mL. 

Results are presented as the median (interquartile range) 

 

Taken together, these results (Fig. 5) demonstrate 

that the ethanol extract reduced IL-6 mRNA expres-

sion induced by the SARS-CoV-2 spike protein and 

LPS under high-glucose conditions. This finding 

aligns with prior reports that P. macrocarpa contains 

bioactive constituents, such as alkaloids, flavonoids, 

phenolics, sterols, and terpenoids, which may inhibit 

IL-6 production and therefore possess potential anti-

inflammatory activity relevant to inflammation 

associated with viral infections and hyperglycemia 

[43-46]. However, the present study did not identify 

which constituent was responsible for the observed 

effect and did not assess IL-6 at the protein level.  

Our findings support the feasibility of a peripheral 

blood mononuclear cell inflammatory platform in-

corporating high-glucose exposure. SARS-CoV-2 

spike protein and lipopolysaccharide, when combined 

with high-glucose exposure, enhanced inflammatory 

responses. Additionally, initial evidence suggests that 

Phaleria macrocarpa fruit ethanol extract may re-

duce IL-6 mRNA expression in this system. Dexa-

methasone, used as a control, produced a similar 

suppression of IL-6 mRNA expression, consistent 

with its known anti-inflammatory pharmacology 

[38]. However, comparisons with dexamethasone 

should be interpreted with caution because only IL-6 

mRNA expression was measured, and no protein-

level or pathway-specific validation was performed.  

The present study remains an early-stage explo-

ratory experiment because its primary endpoint is a 

single messenger of RNA marker. To improve 

mechanistic and translational relevance, subsequent 

studies should validate effects at the protein level, 

such as IL-6 concentrations in the supernatant; in-

corporate additional inflammatory mediators, inclu-

ding TNF-α, IL-1β, interferon responses, and oxida-

tive stress markers; and improve the interpretability 

of extracts through analytical standardization 

and/or  fractionation.  

The fruit of Phaleria macrocarpa contains 

phenolic and flavonoid compounds, including man-

giferin and phalerin, that have been reported to 
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influence inflammatory signaling and oxidative stress 

in preclinical studies [12, 29, 31]. The current study 

did not identify a single active constituent. Therefore, 

any proposed involvement of upstream pathways, 

such as NF-κB or mitogen-activated protein kinase 

cascades, remains hypothetical and should be tested 

directly in future work using pathway-specific assays 

[47]. Chemical standardization, such as high-per-

formance liquid chromatography profiling, will be 

crucial for ensuring repeatability and facilitating 

future translation. 

From a translational standpoint, the use of primary 

human immune cells offers advantages over immor-

talized cell lines; however, inter-donor variability and 

limited biological replicates pose significant limi-

tations. This study has several limitations. First, 

PBMCs were obtained from only two healthy female 

donors; therefore, donor-to-donor variability, sex-

related immune differences, and generalizability 

could not be adequately assessed. Second, IL-6 

mRNA expression was the sole inflammatory end-

point, and no other inflammatory markers, such as 

TNF-α, IL-1β, or interferons, were measured. Finally, 

the findings are based on an in vitro model and should 

not be interpreted as evidence of clinical efficacy in 

COVID-19, diabetes, or diabetes-associated hyperin-

flammation.  Subsequent research should involve a 

broader, more heterogeneous donor population, pro-

tein-level multiplex cytokine assays, and an expanded 

endpoint panel and functional pathways.  

CONCLUSIONS 

1. This exploratory study established an in vitro 

inflammatory model using human peripheral blood 

mononuclear cells exposed to elevated glucose levels, 

subsequently stimulated with the Severe Acute 

Respiratory Syndrome Coronavirus-2 spike protein 

and lipopolysaccharides, with interleukin-6 mRNA 

expression as the primary marker of effect.  

2. Phaleria macrocarpa fruit ethanol extract 

reduced the interleukin-6 mRNA expression at non-

cytotoxic concentrations under the tested conditions. 

Due to the limited number of PBMC donors, this data 

should be considered preliminary. 

3. A subsequent study using a larger, sex-balanced 

donor population, broader anti-inflammatory end-

points, and chemical standardization is needed before 

this cell-based platform can be applied to screen anti-

inflammatory candidates under conditions of elevated 

glucose exposure.  
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