[bookmark: _Hlk83542372]Supplementary Information for “The natural product rotundic acid treats both aging and obesity by inhibiting PTP1B”
Extended text for rotundic acid activates the hypothalamic leptin receptor-Stat3 pathway in DIO mice by inhibiting PTP1B and TCPTP
Due to a high catalytic domain sequence identify between PTP1B and T-Cell PTP (TCPTP)1 (Fig. S7A) and previous studies showing that TCPTP negatively regulates leptin and insulin signaling, we further found that RA inhibited noncompetitively TCPTP (Fig. S7B-E). 
PTP1B shares a 72% identical sequence in the catalytic domain with TCPTP and they have almost superimposable active sites (Fig. S7F). Therefore, RA combines with TCPTP in a similar way. In the complex of TCPTP with RA, Leu193 and Phe197 formed the hydrophobic interaction with the pentacyclic structure of RA, and the side chain of Glu274 formed one hydrogen bond with 10-hydroxy of RA (Fig. S7G). In addition, previous X-ray structures have revealed that in the presence of an allosteric inhibitor, although the amino acids of α7 are involved in drug binding, it is disordered and undetectable2,3 (Fig. S7F) Therefore, the binding mode of RA to other amino acids in C-terminal were not all analyzed.
Extended text for rotundic acid safety profile in mice
[bookmark: OLE_LINK15]In view of these results that show RA could serve as a promising therapeutic intervention for obesity and aging-related disorders, we next investigated its in vivo toxicity. We selected 8-week-old C57 male mice for continuous intraperitoneal injections of 40 mg/kg RA. After 14 days, we dissected the mice and collected blood samples. Serum biochemical tests showed no obvious systemic toxicity in the RA-treated normal mice (Fig. S8A-F). DIO mice administered 40 mg/kg of RA exhibited no significant liver, heart and kidney toxicity through serum biochemical tests. Furthermore, RA significantly decreased the level of ALT, AST, CHO and BUN compared vehicle-treated DIO mice fed in room temperature and thermoneutral environment (Fig. S8G-R). Similar results were obtained for RA-treated db/db and ob/ob mice in comparison to their controls (Fig. S8S-AC). Moreover, HE staining and Masson staining showed that there was no difference in liver, kidney, brain and heart between RA-treated mice and vehicle-treated normal mice (Fig. S8 AD). HE staining and OIL-Red staining also showed that RA reduced the accumulation of lipids in liver (Fig. S8AE-AF). These results exhibited that 40 mg/kg RA was relatively safe in mice and warrants further investigation as a candidate intervention for aging-related diseases.
Extended text for Materials and methods
DLEPS
We first input aging related genes (Fig. 1A) identified in published article4 to DLEPS and then obtain a list of 2701 drugs with scores (Table S1), noting that we have proved its reliability based on positive and negative test5. It is necessary to divide these genes into up/down regulated genes, which is essential for DLESP to output the drugs which tend to revert the expression of disorder genes. Next, except the drugs has been reported, we identified three top-ranked drugs based its scores, including RA, milrinone, and 4'-deanethylpodophyllvtoxin. In this study, we only verified the effects of RA.
Yeast growth conditions
Yeast was incubated on a standard liquid SD medium (1% yeast extract, 1% Bacto Peptone, 2% glucose) on a rotary shaker at 250 rpm at 30°C. For lifespan experiments, all strains were incubated overnight in liquid culture (OD was kept below 0.8) and diluted 4 h before acquisition so that cultures were in the logarithmic phase at the time of imaging.
Senescence-associated β-galactosidase (SA-β-gal staining)
We washed cells in PBS and then fixed them for 5 min with 4% formaldehyde at room temperature, followed by an additional wash. Cells were then stained at 37°C overnight using staining buffer (1 mg/mL 5-bromo-4-chloro-3-indolyl-b-d-galactopyranoside (X-gal), 40 mM citric acid/sodium phosphate, pH 6.0, 5 mM potassium ferrocyanide, 5 mM potassium ferricyanide, 150 mM NaCl, 2 mM MgCl2) and were then analyzed based on provided instructions (CST,9860S).
Analysis of yeast replicative lifespan (RLS)
Mother cells were monitored for two days by repeated microscopic imaging as described. Micro-posts integrated into the microfluidic device were used to clamp mother cells in place. In contrast, daughter cells were washed away by a hydrodynamically controlled flow of the surrounding liquid medium. Survival curves are drawn based on data pooled from multiple experiments with accompanying controls; mean RLS and number of mother cells scores are shown for each curve. Survival curves and cell-cycle curves were plotted using MATLAB.
Food intake and body weight measurements
Food intake and body weight were measured daily, and the following equation calculated the percent increase of body weight: 100 X (body weight – initial body weight) / (initial body weight). 
MRI measurements
Subjects were imaged by an MRI scanner (EchoMRI-700, EchoMRI, The USA) using a prospectively designed and validated method of fat mass prediction from a single MRI slice at the L2–L3 intervertebral level. Fat volumes were converted to mass using 0.9196 kg l−1 as the density of triglyceride in adipose tissue. 
Immunofluorescence staining
Brains, iWATs and BATs were fixed via perfusion with ice-cold 4% paraformaldehyde (PFA). Following additional overnight fixation in 4% PFA, brains, iWATs and BATs were incubated sequentially with 20% sucrose and 30% sucrose for 2 d and were frozen in OCT compound on dry ice and stored at -80°C. Floating sections were washed twice with PBS for 5 min each at room temperature and then incubation with 0.3% H2O2–0.1% NaOH in PBS for 20 min, 0.3% glycine for 10 min, and 0.03% SDS for 10 min. Following incubation for 1 h with blocking buffer (3% normal goat serum, 0.3%Triton X-100, and 0.02% NaN3 in PBS), the sections were incubated with p-STAT3Tyr705 antibody (1:3000 dilution in blocking buffer; 9145T, Cell Signaling Technology) for 48 h at 4°C. After washing three times for 10 min with PBST (0.05% Tween-20 in PBS), the sections were incubated with goat anti-rabbit IgG for 1 h at room temperature. After three additional washes with PBST, the sections were placed onto microscope slides and coverslipped, and then subjected to image processing. Fluorescence positive cell number and fluorescence intensities representing p-STAT3 were analyzed using ImageJ software with the option of analysis.
Leptin administration and food intake and body weight measurements
Lean mice were administered vehicle or RA (40 mg/kg, i.p.) once a day for 2 d. Half one hour after the second injection, we divided the vehicle- and RA-injected groups into two subgroups. Each subgroup of mice were injected with either saline or leptin (5 mg/kg, i.p.). Food intake and body weight changes were measured 24 h after saline or leptin administration. Ob/ob mice were treated with vehicle or RA (40 mg/kg, i.p.) once a day for 7 days, and each group of mice received saline or leptin (0.1 mg/kg) for 5 days. The food intake and body weight were measured during 24 h after saline or leptin administration.
Western blot analysis
Total protein was extracted using RIPA lysis buffer containing protease inhibitor cocktail (Roche). Total protein was measured by BCA (Pierce) assay and equal amounts of proteins were subjected to 5% or 10% SDS-PAGE and then transferred to polyvinylidene difluoride membranes (Millipore Corp., MA, U.S.A). The membranes were blocked and then incubated with primary antibodies against β-ACTIN (ABclonal Technology, China), JAK2, p-JAK2, STAT3, p-JAK2 (Cell Signaling Technology, Beverley, MA) and UCP-1 (Abcam,) at 4°C overnight with gentle agitation. This was followed by incubation in the presence of goat-rabbit IgG (Santa Cruz) labeled secondary antibodies at room temperature for 45 min. After labeling with the secondary antibody, each sample was washed thrice in TBST (10 minutes each). Blots were developed with an ECL Plus kit (Amersham Biosciences). The images were scanned using an Epson scanning system and the data were expressed as the values relative to the control. While probing for multiple targets, stripping and re-probing a single membrane was required. The same membrane was incubated in a stripping solution (Applygen) at room temperature with gentle agitation for 20 min, followed by a 5 min wash in TBST. Then, the membrane was blocked and incubated in the next primary antibody. Data were acquired as detailed above.
Quantitative PCR
Total RNA was extracted from tissues with a Hipure RNA kit (RP1202, BioTeke) and was reverse transcribed into cDNA using All-in-One Mix (RN05004M, Monad). According to the manufacturer’s instructions, the real-time polymerase chain reaction (RT-PCR) analysis was performed with QuantiTecTM SYBR Green PCR (RN04005M, Monad). The sequences of the target mRNA were measured using a PCR machine. Target mRNA levels were adjusted to the values relative to GAPDH, used as the endogenous control. The fold changes relative to control values were obtained and used to express the experimental change in gene expression. The primers used to detect the genes are listed in Table S2.
Metabolic measurements
After an adaptation to single caging, mice were placed in metabolic chambers on day 1 or 6 of RA or vehicle treatment. During and after the 24 h acclimation, we administered Rotundic acid (40 mg/kg) or vehicle. Indirect calorimetry recording was performed using an indirect open-circuit calorimeter Oxylet Physiocage System (LE1305 Physiocage 00; LE405 O2/CO2 Analyzer; LE400 Air Supply and Swithching; Panlab, Cornella, Spain). Room air flowed through each chamber at a rate of 450 mL/min. The O2 and CO2 levels were measured during 3 min sampling periods every 30 min and data were analyzed with the METABOLISM software (v2.2.01). Locomotor activities were measured using a 2-dimensional infrared light beam. The VO2 and VCO2 were expressed in mL/min/kg. The RER was determined by the ratio VCO2/VO2. The EE was calculated according to following equation: EE (kcal/day/kg) = VO2 × 1.44 × [3.815 + (1.232 × RER)]. The mean values for VO2, VCO2, RER and EE of the dark cycle and light cycle were compared for each group. 
Cold exposure test
Mice were exposed to 4°C to test their cold endurance. Core and skin temperature were measured at 0, 120 and 240 min using the infrared camera (HT-18).
Cell permeability of RA
The permeability of RA was assayed in Caco-2 cells by HPLC, as described in the previous study6. 
Molecular docking of RA to PTP1B or TCPTP
The crystal structure of PTP1B (PDB ID: 1PTY and 6B8Z) and TCPTP (PDB ID: 7F5N) were obtained from the RCSB Protein Databank. Due to the space obstruction, the α7 helix of TCPTP was deleted. The co-crystallized ligand and water molecules were removed from the crystal structure. Hydrogen atoms were added, non-polar hydrogens were merged and Gasteiger charges were calculated for the protein using AutoDock Tools 1.5.7 (ADT)7. The RA was prepared in PDBQT format by assigning Gasteiger charges and setting the torsions degree. Grid box parametric dimension values were adjusted to 55×55×55 with 0.375 Å spacing. Lamarckian genetic search algorithms were selected, and the number of runs was adjusted to 50. The docking models were analyzed by the PyMOL software.
Surface plasmon resonance (SPR) and enzyme immobilization 
SPR experiments were carried out using a Biacore 8K SPR spectrometer from GE Healthcare Life Sciences. Full-length human PTP1B (hPTP1B) was dissolved in 10 mM sodium acetate buffer (pH 4.0) and immobilized to a CM5 chip using an amine coupling method.
Glucose Tolerance Test (GTT) and Insulin Tolerance Test (ITT)
For GTT, animals were fasted from the beginning of the dark cycle. After 12 hours of fasting, blood glucose levels were measured from the tail vein. Subsequently, saline or dextrose solution (1 g/kg for db/db or ob/ob mice, 2 g/kg for DIO mice) was administrated intraperitoneally. Blood glucose levels were measured from the tail vein at 30, 60, 90, and 120 min following glucose injection. For ITT, mice were fasted for six hours during the light cycle. Saline or insulin (1 IU/kg for db/db or DIO mice) were intraperitoneally administered. Blood glucose levels were measured at 15, 30, 60, 90 and 120 min following insulin injection from the tail vein.
Purification of Recombinant PTP1B and TCPTP for in Vitro Assays.
Three different human PTP1B and TCPTP constructs (PTP1B1-298; PTP1B1-321; PTP1B1-393; TCPTP1-296; TCPTP1-336) were subcloned into the pTriex vector, which contains an N-terminal HIS6G-tag and a tobacco etch virus (TEV) protease cleavage site. The plasmids were transformed into E.coli BL21(DE3) RIL cells and protein expression was induced using 0.5 mM IPTG at 18°C for 18 h. Cell pellets were resuspended in ice-cold lysis buffer (50 mM Tris pH 8.0, 500 mM NaCl, 20 mM imidazole, 5% glycerol, 1 mM TCEP and EDTA-free protease inhibitor tablet [Roche]) and lysed by sonication, and the cell lysate was centrifuged at 20000 g for 30 min at 4°C. After filtration, the supernatant was loaded onto a HisTrap HP column (GE Healthcare) equilibrated with 50 mM Tris pH 8.0, 20 mM imidazole, and 500 mM NaCl, and the his6-tagged protein was eluted using a 300 mM imidazole. Fractions containing PTP1B were pooled and cleaved with TEV protease overnight at 4 °C. The cleaved protein was further purified using Ni2+-NTA immobilized metal affinity chromatography. Finally, a size-exclusion chromatography step in buffer A (50 mM Tris pH 8.0, 500 mM NaCl, 1% glycerol, 1 mM TCEP) using a Superdex 75 (GE Healthcare) was performed. 
Enzyme Kinetics
Unless stated otherwise, standard assays were carried out using 50 nM PTP1B or TCPTP protein in DP buffer (2 mM KH2PO4, 8 mM Na2HPO4, 136 mM NaCl, 2.6 mM KCL, 1 mM EDTA, 1 mM TCEP, pH 7.2–7.4) and 10 mM pNPP substrate (pNPP was used at concentration ranging from 1 to 64 mM in Figure 5E, F). The value of A405-A655 was determined every 15 s over a 10 min period at 25°C, and the rate (V) relative to the uninhibited rate (Vo) during the first 5min was used to calculate IC50. For IC50 determination, rates normalized relative to uninhibited controls (10% (v/v) DMSO) were plotted against compound concentration and fitted using a four-parameter nonlinear regression curve fit (Origin9 Software).

Extended text for Discussion
Leptin was the first hormone identified to function in regulating energy metabolism. Both fasting and short-term food restriction were shown to decrease plasma leptin levels in mice8. We found that RA treatment of DIO mice with hyperleptinemia led to a robust reduction in food intake, as well as in body weight. Both changes are dependent on high levels of circulating leptin. As leptin levels gradually decrease with fat reduction, the effects of RA also gradually decrease. In addition, no RA-induced changes in food consumption or in body weight were observed in lean mice, which have low levels of circulating leptin. Furthermore, RA led to a slightly decrease in body weight of ob/ob and has no decrease in db/db mice. Noted that the percentage of change in body weight and food intake of RA-treated ob/ob mice was much smaller than that seen in mice with DIO. Several possibilities may contribute to explaining why RA might have minimal effect on ob/ob mice. First, RA might also sensitize the central nervous system to another cytokine that only weakly affects the regulation of food intake. Second, RA may sensitize the brain to another hormone or cytokine that is part of a signaling pathway that participates in substantial cross-talk with the leptin receptor signaling system. We have known leptin is central to dysregulations observed in aging and obesity9, and RA acts via leptin signaling, raising the fascinating possibility that leptin may somehow function in the regulation of aging. Another point bears emphasis: although leptin is understood as essential in obesity control, there are few agents known to enhance leptin sensitivity. The fact that we experimentally demonstrated how RA can be used as an effective leptin sensitizer in both DIO model mice and normal mice serves as an illustration of how labs in the energy metabolism research community can exploit RA as a new tool to selectively modulate leptin signaling activity.
Thermogenesis is of vital importance for weight loss. In this study, we found that RA could increase the core and skin temperature in cold exposure. It is noted that the percentage of the weight decreasing at thermoneutrality (30°C) was lower than the animals treated at room temperature, although DIO mice treated with RA (30°C) had a significantly less body weight reduction. Recent studies identified that BAT Ucp-1 gene expression was elevated in TCPTP and PTP1B/TCPTP ARC deleted mice10,11. Thus, we believe that the increased expression of Ucp-1 in iWAT and BAT of DIO mice is due to the inhibition of the TCPTP by RA. Considering the anti-aging effect of RA, further investigation is needed to reveal the role of UCP-1 in aging. There is extensive evidence in the literature demonstrating associations between aging and UCP1. Both mTORC1 and mTORC2 signaling have been thought to suppress UCP1 expression12, and Rapamycin, an inhibitor of mTOR to extend lifespan, directly mediates Ucp-1 expression in BAT. Moreover, the loss of IGF2 mRNA binding protein2 (IGF2BP2) and the consequent increase in energy expenditure due to increased UCP1 contributes to resistance to obesity, a beneficial metabolic profile and an increased lifespan13.
Some potential anti-obesity natural compounds, such as berberine (BBR), limit weight gain, enhance brown adipose tissue activity, and prolong the lifespan of mice. Another compound derived from the Chinese medicinal plant, hyperforin14, induces potent anti-obesity effects by activating thermogenesis in adipose tissue. Our study exhibited that RA has both weight loss and anti-aging effects, and RA has a more substantial anti-obesity effect than BBR and hyperforin. 
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Supp. Figures 

[image: ]Figure S1. Rotundic acid significantly extended the lifespan of yeast and naturally aged mice. 
(A) Up and down gene signatures from aged human muscles compared with that from young human muscles. (B) The structure of RA. (C) The effect of different concentrations of RA on the proliferation of PD40 WI-38 cells measured by CCK8‐assay. (D) Alternating score percentages in a Y-maze test of vehicle- or RA-treated mice.
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Figure S2. Rotundic acid acts as an anti-obesity agent on high fat diet-induced obese mice.
(A) Neither lean mass nor lean percentage (n = 6–7) was reduced in mice given RA treatment.
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Figure S3. Rotundic acid is minimally effective in normal lean mice, db/db and ob/ob mice.
Eight-week-old male normal lean (A-C) (A-C n = 11 for each group), db/db (D-F) (n = 6 for each group), ob/ob mice (G-H) (n = 6 for each group) were subjected to a two-week treatment of vehicle or RA (40 mg/kg) (daily, i.p.). (A) Body weight of lean mice during the RA treatment. RA didn’t reduce the body weight of lean mice. (B) Fat mass and fat percentage (C) were no change after RA treatment. (D) Body weight of db/db mice during the RA treatment. RA did not reduce the body weight of db/db mice. (E) Fat mass and fat percentage (F) were no change after RA treatment. (G) Body weight of ob/ob mice during the RA treatment. (H) Food intake. Data are represented as mean ± SEM. p values were determined by Student’s t-test. (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).
[image: ]
Figure S4. Rotundic acid elevate energy expenditure.
16-month-old mice were treated with vehicle or RA (40 mg/kg, i.p.) one week a month for six months. Indirect calorimetry was performed to quantify VO2 (A), VCO2 (B), respiratory exchange ratio (RER) (C), energy expenditure (EE) (D), physical activity for mice (E). The energy expenditure of RA-treated natural aged mice was significantly increased. High fat-fed obese (DIO) mice were daily treated with vehicle or RA (40 mg/kg)-treated mice during a complete 24 h light-dark cycle; the arrow indicates the time of intraperitoneal injection for 2 days or 7 days (n = 5 for each group). (F) Physical activity of DIO mice showed a trend of reducing activity after RA treatment. Data are represented as mean ± SEM. p values were determined by Student’s t-test (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001). 
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Figure S5. Transcriptome analysis of hypothalamus in the rotundic acid-treated group and control group.
(A) Heat-map showed the gene expression of dissected murine hypothalamus tissues from DIO mice related to the PI3K-AKT signaling after RA treatment. (B) Gene Ontology analysis of differentially expressed genes (DEGs) between vehicle and RA-treated mice. (C) KEGG signaling pathway analysis of the DEGs between vehicle and RA-treated mice. (D-G) The skin temperature of vehicle and RA treated mice after cold challenge. (H-O) The relative expression of genes related to UCP1 (n = 3). (H) Prkacb. (I) Prkaca. (J) Prkac. (K) Ampkα. (L) C/EBPα. (M) Pparγ2. (N) Pparα. (O) AP2.
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Figure S6. Rotundic acid improves glucose metabolism.
(A-E) DIO mice were treated with vehicle or RA (40 mg/kg, daily i.p.) for two weeks (n = 6 for each group). (A) Glucose tolerance test (GTT) and area under curve (AUC) analysis of the GTT (B). (C) Insulin tolerance test (ITT) and AUC analysis of ITT (D). (E) Nine-hour fasting blood glucose levels (n = 6). (F-J) db/db mice were treated with vehicle or RA (40 mg/kg, daily i.p.) for two weeks (n = 6 for each group). (F) GTT and AUC analysis of the GTT (G). (H) ITT and AUC analysis of ITT (I). (J) Nine-hour fasting blood glucose levels. (K-M) DIO mice were treated with vehicle or RA (40 mg/kg, daily i.p.) for two weeks (n = 6 for each group) and housed at 30°C. GTT (K) and area under curve (AUC) analysis of the GTT (L). (M) Nine-hour fasting blood glucose levels (n = 6). (N-P) Vehicle or RA was administered to ob/ob mice for seven days, and each group of mice received saline (n = 3 for each subgroup) or leptin (n = 3 for each subgroup) (0.1 mg/kg) and housed at room temperature (26°C). (N) GTT and AUC analysis of the GTT (O). (P) Nine-hour fasting blood glucose levels (n = 3). (Q) Immunofluorescence analysis of p-IRS from liver sections of the vehicle or RA-treated DIO mice. (R) Quantification of protein levels of p-IRS in the liver of vehicle or RA-treated mice. Data are represented as mean ± SEM. p values were determined by Student’s t-test and the one-way ANOVA test. (*p < 0.05, **p < 0.01, ***p < 0.001).
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Figure 7. Rotundic acid and WA inhibited PTP1B activity.
(A) Sequence alignment of PTP1B and TCPTP. (B) Plots of Vmax. (C) Plot of Km. (D-E) In vitro enzyme kinetic studies with his-tagged purified human TCPTP show RA inhibition. Inhibition curves of TCPTP1-296 (D) and TCPTP1-336 (E) variant (with the active site) in the presence of RA with pNPP. Nonlinear regression analyses were used to obtain IC50 values for these TCPTP variants. (F) Superimposition of PTP1B (PDB 1PTY and 6B8Z) with the TCPTP crystal structure (PDB 7F5N). 1PTY, 6B8Z and 7F5N were shown in slate, cyan, and yellow cartoon models. The WPD loop of 1PTY and 7F5N are in the closed conformation, while the WPD loop of 6B8Z is in an open conformation. In addition, the α7 is disordered and undetectable in 6B8Z (an allosteric inhibitor binding model). (G) The top-ranked binding model of autodocking for TCPTP (PDB:7F5N) and RA. RA is shown in a yellow stick model; the black dashed line indicates the hydrogen bond. (H-J) The distribution of RA in brain (H), liver (I), iWAT (J). (K-L) The apparent permeability of RA in Caco-2 cell (K), and the efflux rate of RA in Caco-2 cell (L). (M-P) In vitro enzyme kinetic studies with his-tagged purified human PTP1B and TCPTP showed inhibition by WA. Inhibition curves of the PTP1B1-321 (M), PTP1B1-393 (N), TCPTP1-296 (O), TCPTP1-336 (P) variant (with the active site) in the presence of WA with pNPP. Nonlinear regression analyses were used to obtain IC50 values for PTP1B and TCPTP variants.
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Figure S8. 40 mg/kg rotundic acid is safe in mice.
(A-F) 8-week-old male normal mice an intraperitoneal injection of 40 mg/kg RA for 14 days later, blood biochemical test mouse liver function: alanine aminotransferase (ALT), aspartate transaminase (AST); heart function: creatine kinase (CK); kidney function: blood urea nitrogen (BUN), creatinine (CREA) (n = 6 per group). (G-R) 8-week-old male normal mice an intraperitoneal injection of 40 mg/kg RA for 14 days later and housed at 26°C or 30°C, blood biochemical test mouse liver function ALT, AST, triglyceride fatty acid (TG), cholesterol (CHO); heart function: CK; kidney function: BUN. (S-X) 8-week-old male normal mice an intraperitoneal injection of 40 mg/kg RA for 14 days later, blood biochemical test mouse liver function: ALT, AST, TG, CHO; heart function: CK; kidney function: BUN; (Y-AC) 8-week-old male normal mice an intraperitoneal injection of 40 mg/kg RA for 14 days later, blood biochemical test mouse liver function: ALT, AST, TG, CHO; (AD) HE staining to detect the tissue morphology of liver, brain, kidney of normal mice-treated 40 mg/kg RA for two weeks, and Masson staining to detect the morphology and fibrosis of the heart of these mice (n = 3 per group). (AE) HE staining and Oil-red staining of the liver showed that the number of lipid drops was significantly reduced in RA-treated DIO mice. (AF) HE staining and Oil-red staining of the liver, showing that the number of lipid drops was significantly reduced in RA-treated db/db mice. Data are represented as the Mean ± SEM. p values were determined by Student’s t-test (*p < 0.05, **p < 0.01, ***p < 0.001).
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