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Abstract 

 
 

The protective effects of Ginsenoside-Rg3 on 

lipopolysaccharide-induced suppression of brown 

and beige adipose thermogenesis 

 

 
Fang Feng 

Supervised by the Professor Inhae Kang 

Department of Food Science and Nutrition Graduate School 

JEJU NATIONAL UNIVERSITY 

 

Ginsenoside Rg3 is the main component of Korean Red Ginseng (steamed Panax ginseng CA 

Meyer). Brown adipose tissue (BAT) is an important regulator of energy homeostasis to control 

obesity. Obesity is regarded as low-grade inflammation in adipose tissue, so finding the anti-

inflammatory and immunomodulatory agents in white and BAT is a new challenge for obesity 

management. Rg3 is well known to have anti-inflammatory and anti-metabolic properties. 

However, it is unknown whether Rg3 protects against inflammation-induced browning inhibition 

or BAT activation. To answer this question, we used the primary culture of BAT as a BAT cell 

model and 3T3-L1 adipocytes or primary culture of Subcutaneous (SubQ) fat treated with cAMP 

analog were used for beige adipocyte cell models. Although Rg3 did not enhance brown 

adipogenesis, Rg3 reversed the attenuation of browning in lipopolysaccharide (LPS)-treated beige 

adipocytes and primary brown adipocytes by recovering uncoupling protein 1 (UCP1) and oxygen 

consumption rate compared to the LPS-treated group. We confirmed the protective effects of Rg3 
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against inflammation-induced inhibition of beige and BAT-derived thermogenesis in the animal 

model. CL316,243 (beta-adrenergic receptor agonist) and LPS were used to induce browning and 

inflammation, respectively. In C57BL/6 mice, Rg3 treatment (2.5 mg/kg BW for 8 weeks) 

effectively reversed LPS-induced inhibition of brown adipocyte features and alleviated 

hypercholesterolemia. As a result, these findings support the notion that Rg3-rich foods can act as 

browning agents to combat chronic inflammation and metabolic complications. 
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1. Introduction 

 Obesity is defined as an excessive fat accumulation that leads to chronic low-grade 

inflammation [1]. Adipocyte inflammation is mechanistically linked to metabolic disease and 

organ complications, increasing the risk of several diseases, such as diabetes, heart disease, and 

some cancers [2]. Although the pathways to obesity and/or adipocyte inflammation are well-

reported and confirmed, there are still gaps of knowledge that remain to be elucidated. Adipose 

tissue is a complex endocrine organ to regulate the whole body's homeostasis. White adipose tissue 

(WAT) and brown adipose tissue (BAT) are the two forms of adipose tissue, that possess opposing 

functions. WAT has a fundamental role as an energy reservoir to control several metabolic 

pathways, such as food intake and immune cell function [3, 4]. BAT is a critical regulator of 

energy homeostasis to burn energy into heat via uncoupling protein 1 (UCP1) protein and it is 

responsible for ~ 20% of total energy expenditure through non-shivering thermogenesis [5, 6]. 

WAT from specific depots such as subcutaneous (SubQ) fat undergo being or browning (beige fat 

development) upon appropriate stimuli, which mimics the characteristics of BAT; the beige fat 

(white fat converting BAT) has multilocular lipid droplets and multiple mitochondria with UCP1 

expression [7]. Recent evidence demonstrated that toll-like receptor 4 (TLR4) and NLR family 

pyrin domain containing 3 (NLRP3) inflammasome activation inhibited adaptive thermogenesis  

induced by cold exposure or beta-adrenergic receptor (ADRB3) agonists via endoplasmic 

reticulum (ER) stress [8, 9]. Given that obesity is thought to be a low-grade inflammatory state in 

adipose tissue, dietary supplements that guard against inflammation-induced suppression of 

BAT/beige fat growth may be effective pharmaceutical treatments for obesity. 

Ginseng, the root of Panax ginseng Meyer, has been widely used herbal plant for bio-

medicinal purposes in China and South Korea which were discovered over 2-5000 years ago [10, 

11]. White ginseng refers to freshly harvested ginseng, and processed red ginseng refers to 
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steamed ginseng are two different ginseng that mostly consumed in Asian country. Steaming 

(steamed at 90–100°C for 2–3 h) of fresh ginseng without peeling the roots and drying [12], leads 

to a change in the types and contents of ginsenosides [13-15]. Ginsenosides, the unique 

components of ginseng, are saponins and a class of steroid glycosides contained in ginseng. The 

structure of ginsenosides differ depending on stereo-specificity and the number or position of 

sugar moieties such as glucose, xylose, arabinose, and rhamnose attached to carbon [16, 17]. 

Although the absorption rate of ginsenosides and their metabolites in intestine is shallow, 

ginsenosides are well reported to possess strong pharmacological activities such as anti-

inflammation [18] and anti-cancer [19]. Among many ginsenosides, ginsenoside Rg3 exists in 

high content in red ginseng compared to white ginseng. It is well studied the role of Rg3 in anti-

cancer, anti-diabetic and anti-oxidants with immune-modulation effects [19-21]. Anti-adipogenic 

effects of Rg3 have been reported such as inhibition of adipocyte differentiation; [22, 23] and 

enhanced glucose uptake via the phosphatidylinositol-3-kinase (PI3K) – insulin receptor substrate 

(IRS) pathways [24]. Not only in vitro data, but several researchers investigated the anti-obesity 

effects of dietary intake of Rg3 in an animal model. Rg3 intake (0.1 [23] 10 mg [25] Rg3/kg 

diet, 8 weeks) significantly reduced body weight and fat content with the improvement of hepatic 

steatosis by regulating PPAR-γ and C/EBP-α  expressions. Kim et al. Reported that Rg3 activates 

beige adipogenesis in 3T3-L1 adipocytes via AMP-activated protein kinase (AMPK) signaling 

pathways [26]. However, it is unknown whether Rg3 protects against inflammation-induced 

inhibition of browning or BAT activation. 

Therefore, we posited that Rg3 would prevent inflammation-induced inhibition of 

browning and protect against HF diet. To answer this hypothesis, we established a rigorous beige 

adipocyte cell model by using 3T3-L1 cells and SubQ fat-derived mesenchymal stem cells (MSCs) 

differentiated into adipocytes with 8-Br-cAMP. For the brown adipocyte cell model, BAT-derived 

MSCs were utilized to investigate the role of Rg3 on inflammation-induced BAT activation. Both 
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beige and brown adipocytes cells models challenged LPS to induce inflammation.  In vivo model, 

Rg3 (2.5 mg/kg BW, 8 weeks) was injected into high fat (HF) diet-fed C57BL/6 mice with or 

without LPS followed by ß3 agonist CL-316,243 treatment to induce browning. Here, we 

thoroughly assessed the metabolic changes by Rg3 in the BAT and beige adipocytes upon chronic 

inflammation. 

 

2. Experimental section 

2.1 Experimental materials and sample preparation 

Except when otherwise noted, all cell culture dishes were purchased from SPL (Seoul, 

Korea). Dulbecco's Altered Falcon's Medium (DMEM), fetal ox-like serum (FBS), and 

penicillin/streptomycin were bought from Gibco (Fabulous Island, NY, USA). Rosiglitazone 

(BRL 49653) was bought from Cayman Substance (Ann Arbor, MI, USA). Any remaining 

synthetic substances and reagents were bought from Sigma Compound Co. (St. Louis, MO, USA) 

except if generally expressed. We bought ginsenoside Rg3 (Rg3) from Sigma Chemical Co. (St. 

Louis, MO, USA). Before using a 40 mM Rg3 stock in animal research and primary cell culture, 

we freshly diluted it with DMSO. 

 

2.2 Animal diets and treatment  

All conventions and strategies were supported by the Institutional Creature Care and Use 

Committee of the Jeju National University (Endorsement ID # 2021-0026). 6-10-week-old 

C57BL/6J mice were bought from the ORIENT BIO Creature Center (Seongnam-si, Korea) and 

housed in a dull/light cycle at Jeju Public College and permitted to polish-off water and a standard 

chow diet not obligatory. For the Rg3 animal experiment, C57BL/6 mice were allowed to consume 

the high-fat diet (HF, 60% kcal from fat) ad libitum for 12 weeks. Mice were divided into 4 
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different groups: high fat (HF, n=6), HF + CL316,243 (CL, 1 mg/kg, n=4), HF + CL+LPS 

(CL+LPS, 7.5 g/mouse, n=5), or HF +CL+LPS+Rg3 (LPS+Rg3, 2.5 mg/kg, n=6). Mice were 

intraperitoneally (i.p.) injected with saline or the -3 adrenergic receptor agonist CL 316,243 (Santa 

Cruz Biotechnology, 1 mg/kg BW) every day for 8 days to cause adipose tissue browning; To 

induce inflammation, 7.5 μg/mouse i.p. injection for 5 days; For Rg3 treatment, i.p. injection of 

2.5 mg/kg BW Ginsenoside Rg3 (dissolved in DMSO) treated HF-fed mice for 8 weeks starting 

from week 4. To gauge the thermogenic potential the internal heat level was estimated utilizing 

an infrared (IR) thermometer (Promotion 801, Zhengzhou AiQURA Shrewd Innovation Co., 

Henan, China) beforehand [28]. An IR camera (FLIR E5, FLIR®  Frameworks, Wilsonville, OR, 

USA) was utilized to distinguish and catch the warm delivery in the body surface as recently 

portrayed [8]. The surface intensity discharge temperature between 29-34 ˚C was shown utilizing 

FLIR Exploration IR programming. 

 

2.3 Serum biochemistry  

Following the completion of the experiment, the experimental animals were fasted for 12 

hours before being sacrificed via carbon dioxide narcosis. A heart puncture was used to collect 

blood, and serum samples were divided up. Using an enzyme assay kit (Asan Pharmaceutical Co., 

Seoul, Korea) with absorbance at 550 nm, the levels of total serum cholesterol (TC, mg/dL) and 

triglycerides (TG, mg/dL) were measured. Before sacrifice, subjects were given a 12-hour fast, 

and blood glucose levels were assessed using a glucose meter (Medium Blood Glucose Analyzer, 

Kia Ace Co., Ltd., Gyeonggi, Korea). 
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2.4 Hematoxylin and Eosin (H&E) staining 

Upon necropsy, brown fat, subcutaneous (SubQ) fat, epididymal fat, and liver tissue were 

gathered from the mice and flash-fixed in 10% cushioned formalin. Paraffin-installed tissues were 

cut into 5-7μm areas and handled for hematoxylin and eosin (H&E) staining, as depicted already 

[29]. Splendid field pictures were acquired by an Invitrogen magnifying instrument (Invitrogen™ 

EVOS™ FL Advanced Rearranged Fluorescence Magnifying instrument, Invitrogen, CA, USA) 

under 10X, 20X amplification. 

 

2.5 Cell culture and adipocyte differentiation           

The experiment's 3T3-L1 preadipocytes came from the American Type Culture Collection 

(Manassas, VA, USA). Cells were grown in DMEM (Gibco BRL, Dulbecco's Modified Eagle's 

Medium) with 10% fetal calf serum (FCS) and 1% penicillin/streptomycin (P/S) supplements at 

37°C and 5% CO2. After confluence was reached, 10% Fetal Bovine Serum (FBS, Invitrogen, 

Carlsbad, CA, USA) was substituted for the growth medium to facilitate differentiation. After 48 

hours (day 0), 500 μM IBMX, l μM Dex, 2nM insulin (MDI), and 10% FBS were added to DMEM 

to induce differentiation for 48 hours after treatment with the extract.  After 48 hours (day 2), 2 

nM insulin and 10% FBS were added to the extract in DMEM, the extract was incubated for 48 

hours, and the medium was changed every 24-48 hours until the desired degree of differentiation. 

To determine the effects of Rg3 on late phage of adipogenesis, Rg3 was treated in mature 

adipocytes. 3T3-L1 adipocytes were cultured until they became mature adipocytes, then Rg3 was 

treated for 3-7 days.  The medium was changed every 24-48 hours.  
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2.6 Isolation and culture of primary BAT and SubQ fat-derived mesenchymal stem cells 

BAT and SubQ-MSCs were secluded from interscapular earthy-colored fat or 

subcutaneous fat of C57BL/6 mice individually. Fat tissues were taken apart and put into a 

collagenase processing support. After 15 min at 37° C in a shaking water shower, tissue remainders 

were eliminated by filtration through a 100 µm nylon network and put on ice for 30 min. The BAT 

or SubQ-MSCs were separated through a 30 µm nylon network and centrifuged at 400 g for 10 

min. Resuspended in a separation medium at the pellet. Cells were cultivated on 96/12-well plates 

(day 0) and developed at 37° C under 5% CO2 condition. For separation, the medium was traded 

each 24 h until day 7. Briefly, Preadipocytes should be switched to induction media once they 

have reached 100% confluence (day 0). For BAT MSCs differentiation medium, DMEM 10% 

FBS supplemented with 200 nM insulin, 5 μM Dex, 0.5 μM of 3-isobutyl-1-methylxanthine, 1 μM 

Triiodothyronine (T3) and 0.125 μM of indomethacin were added to cultures. After 48 hours, 20 

nM insulin and 1 μM T3 were added to cells for additional 2 days. For the SubQ MSC 

differentiation medium, DMEM 10% FBS supplemented with 1.7 nM insulin, 1 μM Dex, and 500 

μM of 3-isobutyl-1-methylxanthine were added to cultures. Then, a fresh medium containing 1.7 

nM insulin and 1 μM of rosiglitazone brl 49653 was added to cells for additional 2 days. After 48 

h, the media was replaced for 3-5 days by DMEM containing 10% FBS. 

 

2.7 Oxygen consumption rate by Seahorse 

The oxygen consumption rate (OCR) in 3T3-L1 adipocytes, BAT, and SubQ fat-derived 

primary cells was measured using an XF24 extracellular flux analyzer (Agilent Technologies) at 

Jeju National University's Bio-Health Materials Core-Facility, as previously described. [30]. 

Momentarily, cells were cultivated in an XFe analyzer microplate (24-well) and refined until they 

arrived at confluency. The isolated adipocytes that had been treated without Rg3 were exchanged 

for XF base media before tests that were amplified with 10 mM glucose, 2 mM glutamine, and 1 
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mM pyruvate were conducted. To estimate the turnover of adenosine triphosphate (ATP), cells 

were given oligomycin (oligo, 2 M) treatment. Using FCCP (0.5 M), a 4-trifluoromethoxy 

phenylhydrazone derivative of carbonyl cyanide, the most extreme respiratory limit was 

determined. Then, a mixture of antimycin A (1 M) and rotenone (1 M) (A+ R) inhibited 

mitochondrial oxygen use. 

 

2.8 Real-time Polymerase Chain Reaction analysis of mRNA (real time-PCR) 

 After the finish of the examination, 0.2 g of the fat tissue was put away quickly in the 

cooler, and cells were exposed to RNA extraction utilizing Trizol reagent (Invitrogen Co., 

Carlsbad, CA, USA). cDNA was blended by high-limit cDNA switch record units (Applied 

Biosystem, USA) in wake of estimating the separated RNA fixation utilizing a nanodrop (Nano-

200 Miniature Spectrophotometer, Hangzhou City, China). Quality still up in the air by ongoing 

PCR (CFX96™ Continuous PCR Identification Framework, Bio-Rad, USA). The overall quality 

articulation was standardized hypoxanthine-guanine phosphoribosyltransferase (HPRT) and 

additionally ribosomal protein sidelong tail subunit P0 (RPLP0, 36B4) (Cosmo Genetech, Table 

2). 

 

2.9 Separation of proteins with western blotting 

 Tissue samples were homogenized with a homogenizer in ice-cold 

radioimmunoprecipitation assay lysis buffer (RIPA) (Thermo Fisher Scientific) containing a 

protease and phosphatase inhibitor cocktail (Sigma-Aldrich) before centrifugation to collect the 

supernatant. Proteins (10-12 g) were separated by 10% SDS-PAGE and transferred to PVDF 

membranes (Thermo Fisher Scientific) with Tris-buffered saline/Tween 20. (TBST). The 

membranes were blocked at room temperature for 1 hour. The membranes were washed several 

times with TBST solution before being incubated overnight at 4°C with primary antibodies against 
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PPAR, UCP1, -actin (Cell Signaling Technology, Danvers, MA, USA), adipocyte protein 2 (aP2, 

FABP4) (Santa Cruz Biotechnology), mitochondrial transcription factor A (TFAM) (Abcam, 

Cambridge, UK), or voltage-dependent anion channels (VDAC, Cell Signaling Technology). The 

membranes were washed several times the next day before being incubated for 1 hour with the 

secondary antibodies goat anti-rabbit (Cell Signaling Technology) or goat anti-mouse IgG-HRP 

(Santa Cruz Biotechnology). Following that, the membranes were washed and incubated with an 

enhanced chemiluminescence reagent (ECL, Perkin Elmer). ChemiDoc MP (Bio-Rad) was used 

to visualize the bands, and Image Lab (Bio-Rad) or Image J was used to calculate the expression 

level (NIH, MD, USA) 

 

2.10 Analytical Statistics 

 The trial's outcomes are communicated as the mean ± standard blunder of the mean (SEM). 

Statistical calculations were performed utilizing ANOVA (one-way examination of difference) 

with Bonferroni's different correlation test or understudy's t-test. P-esteem <0.05 was thought of 

as genuinely huge. All examinations were performed with GraphPad Crystal 8.0.2 (La Jolla, 

California., USA). 

 

3. Results 

3.1 Rg3 protects from lipopolysaccharide (LPS)-induced adipocyte browning inhibition and 

BAT activation in primary brown and beige adipocytes 

Previously, our group reported that Rg3 inhibited adipogenesis in 3T3-L1 adipocytes, And 

Rg3 suppressed both early-phase and terminal adipogenesis with fatty acid oxidation. These 

results suggested that by encouraging FA oxidation and mitochondrial activity, Rg3 prevents fat 

formation in adipocytes. Next we wondered whether Rg3 would promote brown adipogenesis and 
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white adipocyte browning. To verify this claim, murine primary brown adipocytes (BAT MSCs) 

from BAT was treated with or without Rg3 (60 μM) during brown adipogenesis. Rg3 treatment 

showed significant enhancement of mitochondrial bioenergetics, as evidenced by an increase in 

basal, maximal, and uncoupling oxygen consumption rate (OCR) with ATP production (Fig. 1). 

The increase in OCR was followed by the induction of UCP1 protein level in Rg3-treated brown 

adipocytes (Fig. 2). Then, we established beige adipocytes by using primary subQ fat-derived 

adipocytes and 3T3-L1 adipocytes treated with 8-Bromo-cAMP (cAMP) [30, 34]. Rg3 treatment 

simultaneous induction with cAMP would increase the number of mitochondria-expressed cells 

compared to cAMP-treated beige adipocytes (Fig. 3). However, Rg3 treatment did not alter Ucp1 

and Pgc1α mRNA level compared to cAMP–treated 3T3-L1 adipocytes (Fig. 4), which indicated 

that Rg3 did not induce beige adipogenesis. With our disappointment, we next postulated that Rg3 

protects against inflammation-induced browning inhibition. To answer this hypothesis, 

lipopolysaccharide (LPS) was treated in a beige adipocyte model (3T3-L1 adipocytes with cAMP). 

Our data showed that the expressions of Ucp1 and Pgc1α levels were both reduced in LPS treated 

group while the expression of Rg3 treatment was a significant increase in beige adipocyte (Fig. 4). 

Consistently, Ucp1 gene expression and mitochondrial transcription factor A (TFAM), voltage-

dependent anion channel (VDAC), and oxidative phosphorylation (OXPHOS) complex II-V 

protein expression, but not complex I, were increased by Rg3 against LPS treatment in cAMP –

treated primary beige adipocytes (Fig. 5).   



10 
 

BAT MSCs 

 

 

 

 

 

 

 

 

 

 

 

The oxygen consumption rate (OCR) in BAT mesenchymal stem cells (MSCs) treated with Rg3 

as determined by Seahorse extracellular analyzer, the differentiation BAT MSCs were treated with 

or without Rg3 for 4 days; *p<0.05; **p<0.01; contrasted and the vehicle control by Understudy's 

t-test or one-way ANOVA with Bonferroni's examination test.  

Fig 1. Rg3 enhanced mitochondrial activation in BAT mesenchymal stem cells (MSCs) by 

upregulation mitochondrial oxygen consumption 
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BAT MSCs 

 

 

 

 

 

 

 

The level of UCP1 protein expression by western blot; the differentiation BAT MSCs were treated 

with or without Rg3 for 4 days; *p<0.05; **p<0.01; contrasted and the vehicle control by 

Understudy's t-test or one-way ANOVA with Bonferroni's examination test.  

UCP1 

B-actin 

Rg3: _ 60uM 

Fig 2. Rg3 enhanced mitochondrial activation with UCP1 expression by Western blot analysis 
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SubQ MSCs 

 

Fig 3. Rg3 treatment simultaneous induction with cAMP would increase the number of 

mitochondria-expressed cells  

The abundance of mitochondria by MitoTracker fluorescence normalized to nuclear stain 

(NucBlue) (relative MitoTracker intenstity, % of control);. *p<0.05; **p<0.01; contrasted and 

the vehicle control by Understudy's t-test or one-way ANOVA with Bonferroni's examination test.  
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3T3-L1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Relative mRNA expression of Ucp1 and Pgc1α by real-time PCR; 3T3-L1 adipocytes were 

induced to differentiation in the presence or absence of Rg3 for 48 hours and treated LPS (100 

ng/ml) for 72 hours followed by cAMP (0.5mM) stimulation for 4 hours; *p<0.05; **p<0.01; 

compared with the vehicle control by Student’s t-test or one-way ANOVA with Bonferroni’s 

comparison test.  

Fig 4. Effect of Rg3 recovers LPS-induced inhibition of browning gene expression of UCP1, 

PGC1a by qPCR. 
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SubQ MSCs 

 

 

 

 

 

 

 

 

 

 

 

 

 Relative mRNA expression of Ucp1 by real-time PCR; And Immunoblots of thermogenesis-

related proteins in the beige primary adipocytes from SubQ fat. Primary SubQ MSCs were induced 

to differentiation in the presence or absence of Rg3 for 48 hours and treated LPS (100 ng/ml) for 

72 hours followed by cAMP (0.5mM) stimulation for 4 hours; *p<0.05; **p<0.01; contrasted 

and the vehicle control by Understudy's t-test or one-way ANOVA with Bonferroni's examination 

test.  

 

cAMP
: LPS: 
Rg3: 

Fig 5. Effect of Rg3 recovers LPS-induced inhibition of browning gene expression of 

UCP1, by qPCR and thermogenesis-related proteins by Western blot. 
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3.2 Rg3 improved fasting glucose and total cholesterol levels, but not most of the obesogenic 

parameters in LPS- CL316,243 (CL) challenged C57BL/6 mice 

 To investigate the effects of Rg3 on brown and beige thermogenesis against inflammation, 

we performed a small animal study. CL316,243 (CL), beta-3 adrenergic receptor (ADRB3) agonist, 

and LPS were utilized to induce browning and inflammation, respectively. Mice were fed with an 

HF diet throughout the period for 12 weeks. Rg3 (2.5 mg/kg BW) was injected intraperitoneally 

into C57BL/6 mice for 8 weeks. LPS (7.5 μg/kg BW, every other days for 2 weeks) and CL (1 

mg/kg BW, every consecutive 7 days) were injected as shown in (Fig.6). Body weight (BW) and 

BW gain (BWG) were not affected by either CL, CL+LPS or LPS+Rg3 in mice (Fig. 7). Liver, 

BAT and epididymal fat (E-WAT) mass also did not reach statistical significance in all the groups 

(Fig. 8). Despite no significant differences in BW, BWG and organ weight, the mice exhibited 

elevated levels fasting glucose levels in CL+LPS group, which was significantly improved by Rg3 

treatment (Fig. 9). LPS-mediated elevated levels of serum total cholesterol (TC) which was also 

significantly improved by Rg3, but not serum triglyceride level (Fig. 10). Hepatic H&E staining 

showed lipid accumulation in the liver, but no difference among groups (Fig. 11) which was 

confirmed by hepatic TG and TC analysis (Fig. 11). Although there no differences in adipocyte 

hypertrophy (Fig. 12), the adipocyte inflammation which assess by crown-like structure (CLS) 

numbers were significantly dropped down by Rg3 treatment compared to CL+LPS groups (Fig. 

13). Consistently, the inflammatory markers such as F4/80 and Monocyte chemoattractant 

protein-1(Mcp1) mRNA expressions were significantly reduced by Rg3. Interleukin 1β (Il-1β) 

showed a similar trend, but there were no significant differences among the group (Fig. 14).  
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Experimental scheme to evaluate the thermogenic effects of Rg3 against LPS in C57BL/6 

mice. Rg3 (2.5 mg/kg BW) was injected intraperitoneally into C57BL/6 mice for 8 weeks. 

LPS (7.5 μg/kg BW) was administrated to C57BL/6 mice every other day for 2 weeks. CL 

(1 mg/kg BW) was injected every day for 7 consecutive days; Data are expressed as mean 

± SEM (n = 2-6) and analyzed using one-way ANOVA with Bonferroni's comparison test. 

Bars with different letters represent statistically significant differences.  n.s. represents no 

significance, *p < 0.05. 

 

 

 

 

  

Fig 6. Rg3 reduces lipopolysaccharide (LPS)-mediated inflammatory responses in C57BL/6 

mice. 
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C57BL/6 mice were fed an HF diet for 12 weeks; Data are expressed as mean ± SEM (n = 

2-6) and analyzed using one-way ANOVA with Bonferroni's comparison test. Bars with 

different letters represent statistically significant differences.  n.s. represents no 

significance, *p < 0.05. 
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Fig 7. Mice Body weight (BW) and BW gain (BWG) were not affected by either groups. 
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Fig 8. Mice tissue mass were not affected by either groups. 

Liver, BAT, and epididymal fat (E-WAT) mass also did not reach statistical significance 

in all the groups; Data are expressed as mean ± SEM (n = 2-6) and analyzed using one-way 

ANOVA with Bonferroni's comparison test. Bars with different letters represent 

statistically significant differences.  n.s. represents no significance, *p < 0.05. 
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Fig 9. Rg3 improves fasting glucose levels in LPS- CL316,243 (CL)-challenged C57BL/6 mice. 

Fasting glucose (mg/dL); Data are expressed as mean ± SEM (n = 2-6) and analyzed using 

one-way ANOVA with Bonferroni's comparison test. Bars with different letters represent 

statistically significant differences.  n.s. represents no significance, *p < 0.05. 
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Fig 10. 10 Rg3 improves TC levels in LPS- CL316,243 (CL)-challenged C57BL/6 mice. 

Triglycerides (TG) levels (mg/dL); Total cholesterol (TC) levels (mg/dL); Data are 

expressed as mean ± SEM (n = 2-6) and analyzed using one-way ANOVA with 

Bonferroni's comparison test. Bars with different letters represent statistically significant 

differences.  n.s. represents no significance, *p < 0.05. 
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Liver 

 

 

 

 

 

 

 

 

 

 

 

Representative hepatic hematoxylin and eosin (H&E) staining (magnified 10x); Hepatic 

TG and TC levels (mg/g liver); Data are expressed as mean ± SEM (n = 2-6) and analyzed 

using one-way ANOVA with Bonferroni's comparison test. Bars with different letters 

represent statistically significant differences.  n.s. represents no significance, *p < 0.05. 

  

CL+LPS LPS+Rg3 

HF HF+CL 

Fig 11. Liver H&E staining and TG, TC no significant difference was observed among the 

groups. 
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E-WAT 

 

 

 

 

 

 

 

 

 

 

 

Representative H&E staining of epididymal adipose tissue (magnification, 10x); Data are 

expressed as mean ± SEM (n = 2-6) and analyzed using one-way ANOVA with 

Bonferroni's comparison test. Bars with different letters represent statistically significant 

differences.  n.s. represents no significance, *p < 0.05. 

  

Fig 12. Epididymal adipose H&E staining and adipose size no significant difference 

 

 

 observed among the groups. 
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E-WAT 

 

Fig 13. Rg3 treatment dropped down the crown-like structure (CLS) numbers 

The number of crow-like structures (CLS) of epididymal adipose tissue sections in total 

adipocytes (% of control); Data are expressed as mean ± SEM (n = 2-6) and analyzed using 

one-way ANOVA with Bonferroni's comparison test. Bars with different letters represent 

statistically significant differences.  n.s. represents no significance, *p < 0.05. 
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Fig 14. Rg3 reduced inflammatory markers such as F4/80 and Mcp1mRNA expressions  

Relative mRNA expression of Il-1 β, F4/80, and Mcp1 by real-time PCR.; Data are expressed as 

mean ± SEM (n = 2-6) and analyzed using one-way ANOVA with Bonferroni's comparison test. 

Bars with different letters represent statistically significant differences.  n.s. represents no 

significance, *p < 0.05. 
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3.3 Rg3 promoted thermogenic activity in LPS and CL-treated C57BL/6 mice 

 To further validate the promoting effects of Rg3 on thermogenesis in mice, adaptive 

thermogenic features were measured in brown or beige fat of C57BL/6 mice. Rg3 treated group 

showed more resist temperature upon LPS treatment compared with the CL+LPS group, indicating 

that Rg3 may have a potential thermoregulatory function (Fig. 15). Thermographic imaging of 

these mice confirmed the increased surface temperature of SubQ and interscapular BAT (Fig. 15). 

The size of lipid droplets in both BAT and SubQ WAT, which observed by H&E staining, showed 

smaller lipid droplets size in Rg3 treated group (Fig. 16). Although brown-specific Ucp1 gene 

expression was insufficient to reach statistical significance in the Rg3-treated group, thermogenic 

gene expression in SubQ fat, including Pgc1α and Cidea, was increased in Rg3 treatment 

following CL and LPS exposure. (Fig. 17). Consistent trend was found in protein expression of 

UCP1 and PGC1α in SubQ fat by Rg3 (Fig. 17). With our expectation, the mitochondrial DNA 

(mtDNA) contents are low in SubQ fat of CL+LPS-treated mice compared to CL group, which 

was recovered by Rg3 treatment (Fig. 17) with increased OXPHOS mitochondrial complex (Fig. 

18). Although the Rg3’s BAT activation against LPS which evidenced by UCP1 and 

PGC1α protein level was subtle, we assumed that mitochondrial activation may be involved in the 

protection of LPS-mediated inhibition of browning. Strikingly, Rg3 treatment for 4 days in fully 

differentiated BAT-derived primary adipocytes promoted the overall mitochondrial respiration 

rate (Fig. 18). These data suggest that Rg3 reversed inflammation and adipocyte browning in the 

presence of LPS with mitochondrial activation.  
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Thermographic photo to measure heat production after 8 weeks of Rg3 treatment; The temperature 

of the mice’s surface region after 8 weeks of Rg3 treatment; Data are expressed as mean ± SEM 

(n = 2-6) and analyzed using one-way ANOVA with Bonferroni's comparison test. Bars with 

different letters represent statistically significant differences.  n.s. represents no significance, *p 

< 0.05.  

Rg3:   -            +  
CL :    +            +  
LPS:   +            +  

Fig 15. Rg3 group showed more resist temperature upon LPS treatment 
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Fig 16. Rg3 treated group showed smaller lipid droplets size both BAT and SubQ WAT by 

H&E staining 

BAT and SubQ WAT sections stained using H&E (magnified 20x) with scale bars=100 µm; Data 

are expressed as mean ± SEM (n = 2-6) and analyzed using one-way ANOVA with Bonferroni's 

comparison test. Bars with different letters represent statistically significant differences.  n.s. 

represents no significance, *p < 0.05. 
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Levels of browning-related gene mRNAs, including Ucp1, Pgc1α, and Cidea in the SubQ fat;  The 

Levels of mtDNA/nDNA by real-time PCR; Data are expressed as mean ± SEM (n = 2-6) and 

analyzed using one-way ANOVA with Bonferroni's comparison test. Bars with different letters 

represent statistically significant differences.  n.s. represents no significance, *p < 0.05. 

  

Fig 17. Thermogenic gene expression and the mitochondrial DNA (mtDNA) contents was 

increased in SubQ fat by Rg3 
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SubQ 

 

BAT 

 

 

 

 

 

 

Immunoblots of UCP1, and OXPHOS complex I-V in SubQ fat; Immunoblots of UCP1, and 

PGC1α in BAT; Data are expressed as mean ± SEM (n = 2-6) and analyzed using one-way 

ANOVA with Bonferroni's comparison test. Bars with different letters represent statistically 

significant differences.  n.s. represents no significance, *p < 0.05. 

  

UCP1 

PGC1α 

ß-actin 

Fig 18. Effect of Rg3 increased protein expressions by Western blot analysis. 
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BAT 

 

Fig 19. Rg3 recovers LPS-induced inhibition of browning by upregulation mitochondrial 

oxygen consumption. 

BAT MSCs were induced to differentiation with or without 60 μM of Rg3 for 48 h in the presence 

of LPS (100 ng/ml) for 72 h.; Data are expressed as mean ± SEM (n = 2-6) and analyzed using 

one-way ANOVA with Bonferroni's comparison test. Bars with different letters represent 

statistically significant differences.  n.s. represents no significance, *p < 0.05.  
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4. Discussion 

Distinct features of brown and/or beige adipocytes vs. white adipocytes were 

mitochondrial UCP1 in the inner membranes of mitochondria [7, 35]. By acting to decouple 

oxidative phosphorylation from ATP generation, UCP1 causes heat to be released from cells [35]. 

During chronic low-grade inflammation like obesity, BAT, and beige fat-mediated adaptive 

thermogenesis, which is mediated by thermogenic stimuli, is interrupted by inflammation [8, 9, 

36]. Thus, finding the bioactive ingredients activating BAT or beige adipocytes possessing anti-

inflammatory properties are promising strategies for obesity management. In this study, we 

proposed that Rg3 contributes to protecting against LPS-induced inhibition of BAT and beige 

thermogenesis with the induction of mitochondrial activation. According to our knowledge, this 

work is the first to document the hitherto underappreciated role of Rg3 on thermogenesis and 

protective effects on inflammation-induced beige and BAT thermogenesis via mitochondrial 

activationHere, we asked two fundamental research questions whether Rg3 i) induces BAT 

activation, ii) and protects against inflammation-induced inhibition of browning or BAT activation.  

In our previous research, we determined the anti-adipogenic properties of Rg3 and Rg3-

enriched Red ginseng extract (RGE). RGE significantly reduced adipogenesis, evidenced by ORO 

and adipogenic gene and protein expressions in 3T3-L1 adipocytes. Although the content of Rg3 

in RGE was second most high among ginsenosides (Rb1 >Rg3 >Rg2>Rg1∼Re∼ 

Rb2>Rh1>Rg6>Rh2 in RGE), which is around 0.26 mg/g in RGE, but our group decide to use 

Rg3 as a key molecule because higher bioavailability than other ginsenosides with strong 

pharmacological activities [32]. Regarding bioavailability, the absorption rate of Rb1 is very low 

(around 0.64-1% [37]) due to sugar molecules attached to the carbon skeleton [38]. Although most 

ginsenosides do not reach the intended biological system when administered orally, the 

bioavailability of Rg3 is higher than Rb1, which is around 2.63% [38]. Several reports 
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demonstrated that Rg3 had anti-adipogenic effects in adipocytes [22, 23, 39]. In our study, Rg3 

treatment reduced the early and late phases of adipogenesis with upregulation of fatty acid 

oxidation and maximal OCR. We expected that Rg3 treatment (2.5 mg/kg BW) reduced BW or 

adipose tissue remodeling in animal experiments. With our disappointments, Rg3 treatment for 8 

weeks did not alter obesogenic parameters, but Rg3 significantly reduced total cholesterol levels 

in plasma with lower fasting glucose level. The strong anti-adipogenic/lipogenic effects of Rg3 in 

cell models, but Rg3 did not have significant effects in an animal model. It indicated the low 

bioavailability of ginsenosides, although its absorption rate is higher than Rb1. Thus, the 

manufacturing and/or processing strategy [40] to enhance bioavailability and bioconversion of 

Rg3 is required for future study.  

Recent evidence demonstrated that Rg3 improves mitochondrial population quality and 

myotube function via mitochondrial functions which mimic exercise training [41, 42]. Given that 

Rg3 has anti-adipogenic properties with increased mitochondrial functions, we assumed that Rg3 

could enhance that mitochondrial-rich beige or BAT activation. Kim et al. Recently addressed that 

Rg3 treatment (40 μM) in mature adipocytes induced browning-related and beige fat specific 

genes. They also mentioned that AMPK is required for Rg3-mediated browning effects [26]. Mu 

et al. demonstrated that Rg3 (10 mg/kg BW) via i.p. injection for 8 weeks significantly improved 

obesogenic parameters such as BW, BWG, lipid profiles, and adipocyte hypertrophy. They also 

have found that Rg3 can increase the mRNA and protein expression levels of Pparγ, Pgc1α, 

Prdm16, and Ucp1 in the adipose tissues of obese mice, which indicates adipocyte browning 

effects of the Rg3 in animals [25]. In our study, Rg3 treatment induced BAT activation via UCP1 

upregulation and mitochondrial OCR (Fig.1-3). Although we established beige adipocytes by 

treatment with cAMP, Rg3 did not significantly upregulate browning features both in 3T3-L1 and 

SubQ MSCs during adipogenesis (Fig. 4,5). Thus, we turned our gear to investigate the protective 

role of Rg3 on inflammation-induced inhibition of browning. Recently, it has been reported that 
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apigenin [43], and p-coumaric acid [34] induce adipocyte browning against inflammation. Okla et 

al. demonstrated that apigenin reversed IL-1β -induced suppression of adipocyte browning via 

cyclooxygenase (COX2)/ Prostaglandin E2 (PGE2) signaling pathways in human adipocytes [43]. 

Seo et al. Investigated that p-coumaric acid was recovered adipocyte browning against LPS 

stimulation in adipocytes [34]. The mode of action in anti-inflammation by Rg3 was reported in 

several cells and animal models, such as TNFα-induced chondrocytes damage [44], allergic airway 

[45], cisplatin-induced renal toxicity [46], and acetaminophen-induced hepatic inflammation [47]. 

In our study, the BAT/beige fat activation was accompanied by mitochondrial activation and 

enhancement of OCR measured by a seahorse analyzer (Fig 1,2, Fig 19). Based on its bioenergetic 

properties and high amount of antioxidant enzymes in mitochondria, it is presumably assumed that 

the ROS defense system in mitochondria might reduce inflammation during adaptive 

thermogenesis [48]. In accordance with our study, Xing et al. Reported that Rg3 attenuated sepsis-

induced injury in the liver with mitochondrial biogenesis [49]. Rg3 treatment can inhibit 

mitochondrial dysfunction via increasing the protein expression of mitochondrial biogenesis-

related transcription factors in human primary hepatocytes. Lee et al. demonstrated that Rg3 

treatment in atrophic myotubes suppresses mitochondrial reactive oxygen species production via 

enhancing the activity and expression of PGC1α [50]. It is still unclear what specific steps of 

pathways during mitochondrial activation are involved in BAT/beige fat-mediated adaptive 

thermogenesis against LPS-induced inflammation, but we might guess that PGC1α or AMPK 

pathways which many researchers were pointed out, involved in these processes. Thus, further 

studies are warranted to unravel this issue.  
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5. Conclusion 

In conclusion, the present study determined that Rg3 impedes lipid accumulation in 

adipocytes by augmentation of mitochondrial fatty acid oxidation. Rg3 also activates BAT 

recruitment in BAT MSCs during brown adipogenesis but not beige adipogenesis. However, Rg3 

significantly reverses the inflammation-induced inhibition of BAT and/or beige fat thermogenesis 

in vitro and in vivo models induced by cAMP or CL via mitochondrial activation. 2.5 mg/kg BW 

of Rg3 is a relatively small concentration compared to other experimental conditions [25, 46-48], 

but still, it is hard to achieve in human physiology. Thus, the clinical relevance and determining 

the efficacy of Rg3 supplementation should be conducted with caution. Nevertheless, we believe 

that these discoveries support the potential benefit of Rg3 as a novel brown/beige adipogenic agent 

to combat inflammation-induced obesity in future clinical studies. 
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Supplement Table 

Table1. Dietary composition of high-fat (HF)  

Ingredients LF HF 

 g/kg g/kg 

Casein 200 200 

L-Cysteine 3 3 

Sucrose 0 69 

Corn starch 600 0 

Maltodextrin 10 50 125 

Lard 10 245 

Cholesterol 0 2 

Soybean oil 39 39 

Cellulose 50 50 

Mineral mix 35 35 

Calcium phosphate 4 4 

Vitamin mix 10 10 

Choline bitartrate 2 2 

Total 1003 784 

   

 kcal (%) kcal (%) 

Carbohydrate 67.8 19.8 

Protein 20.9 19.3 

Fat 11.3 60.8 
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Table 2. Primer sequences for real-time PCR  

Gene Forward Reverse 

mUCP1 AGGCTTCCAGTACCATTAGGT CTGAGTGAGGCAAAGCTGATTT 

mPGC1α CCCTGCCATTGTTAAGACC TGCTGCTGTTCCTGTTTTC 

mF4/80 CTTTGGCTATGGGCTTCCAGTC GCAAGGAGGACAGAGTTTATCGTG 

mMcp1 AGGTCCCTGTCATGCTTCTG GCTGCTGGTGATCCTCTTGT 

mIL-1β AAATACCTGTGGCCTTGGGC  CTTGGGATCCACACTCTCCAG   

mCidea TGCTCTTCTGTATCGCCCAGT GCCGTGTTAAGGAATCTGCTG 

HPRT TTGCTCGAGATGTCATGAAGGA AGCAGGTCAGCAAAGAACTTATAGC 

m36B4 GGATCTGCTGCATCTGCTTG GGCGACCTGGAAGTCCAACT 
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