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Figure S1 

Figure S1 (related to Figure 1): Validation of HFD model and food intake measurements. (A) 

Fasting blood glucose levels and (B) body weight after 17 weeks of chow, HFD feeding or 5 weeks of 

DI for PNe (n=5-7). (C) Daily food intake calculated per mouse during the first week of the dietary 

intervention (n=3 cages). Data are presented as mean ± SEM. Student’s t-test was applied in all 

comparisons. Statistical significance is indicated as *p<0.05, **p<0.01, ***p<0.001. PNe, Phaleria 

nisidai extract; HFD; high fat diet; g, grams. 

  



Figure S2 

 

Figure S2 (related to Figure 2): PNe enhances glucose metabolism in white and brown hMADS. 

(A) Effect of PNe on glucose uptake in brown hMADS. n=3 per group. (B-C) Effect of PNe on glycolytic 

flux in (B) white and (C) brown hMADS as measured by the seahorse extracellular flux analyzer. n=6 

per group. Data are presented as mean ± SEM. Two-way ANOVA with Sidak (A) and Dunnett’s (B-C) 

post-hoc tests were applied. Statistical significance is indicated as *p<0.05, **p<0.01, ***p<0.001. PNe, 

Phaleria nisidai extract; hMADS, human mesenchymal adipose derived stem cells; DPM, decays per 

minute; ECAR, extracellular acidification rate. 

  



Figure S3 

 

Figure S3 (related to Figure 3): Acute effect of PNe on adipocytes is mediated via PKC-ERK1/2 
signaling. (A) Effect of PKC-inhibitor Gö-6893 on phospho-PKC substrates after PNe stimulation in 

3T3-L1 and brown adipocytes. (B) Time course of PNe-induced ERK1/2 phosphorylation at Thr202 and 

Tyr204 in brown hMADS. (n=3). Data are presented as mean ± SEM. One-way ANOVA with Sidak´s 

post-hoc test was applied in (B). Statistical significance is indicated as *p<0.05, **p<0.01, ***p<0.001. 

PNe, Phaleria nisidai extract; Gö, Gö-6893; PKC, Protein kinase C; ERK1/2, extracellular regulated 

kinase 1/2; thr, threonine, tyr, tyrosine 

  



Figure S4 

 

Figure S4 (related to Figure 4 and 5): Semi-quantitative chemical profiling obtained by UHPLC-
CAD. (A) PN extract, demonstrating the high proportion of 2. (B) Aqueous fraction (F1) rich in polar 

metabolites (saccharides). (C) Fraction F2 depleted in 2, grouping the compounds eluting before 2 in 

reverse phase chromatographic conditions. (D) Fraction F3 containing 2 and 3. (E) Fraction F4 depleted 

in 2, grouping the compounds eluting after 2. (F) Reconstituted extract prepared from the four fractions 

in proportion to the fractionation yields, demonstrating the similarity with A. UHPLC-CAD: ultra-high 

pressure liquid chromatography - corona-charged aerosol detection; PN, Phaleria nisidai; 2, mangiferin 

(MG); 3, iriflophenone-2-O-α-rhamnoside. See Stars method, section “Description of the isolated 

compounds”.   



Figure S5 

 
Figure S5 (related to Figure 4 and 5): Complementary chemical composition of the PN fractions 
and in vitro result of 2. (A) 1H-NMR spectra of the four fractions of PN extract demonstrating their 

complementary chemical composition. F1 contained polar constituents (mainly saccharides), F2 

contained mainly constituent 1, F3 mainly constituents 2 and 3, and F4 constituents 4 to 10. F1, F2 and 

F4 were depleted in 2. (B) Chemical structures of the compounds identified by NMR (C-D) Effect of 

increasing doses of 2 on (C) brown and (D) 3T3-L1 adipocytes after three days of daily treatment. n=4 

per group. Data in C and D are presented as mean ± SEM. Two-way ANOVA with Dunnett´s post-hoc 

test was applied in B and C. Comparisons were performed against untreated (0 µM) cells. PN, Phaleria 

nisidai.  



Figure S6 

 
 

Figure S6 (related to Figure 4): PNe and PNe fractions do not affect ALT levels or body weight. 
(A) Plasma ALT levels after 14 weeks of DI. n=6-7. (B) Cumulative food intake after 6 weeks of DI. n=6-

7. (C) Body weight development during the DI and (D) terminal body weight. n=6-8. (E) Body 

composition after 6 weeks of DI. n=6-8. ALT, alanine transaminase; PN, Phaleria nisidai; DI, dietary 

intervention. Data are presented as mean ± SEM. One-way ANOVA with Dunnet´s post hoc test was 

applied in A, B, D. Two-way ANOVA with Dunnett´s post hoc test was used in C and E. All comparisons 

were performed against HFD controls. ALT, alanine transaminase; DI, dietary intervention; iWAT, 

inguinal white adipose tissue; eWAT, epididymal white adipose tissue; HFD, high fat diet; PNe, Phaleria 

nisidai extract; F2-4, fractions 1-4. 

  



Figure S7 

 
Figures S7 (related to Figure 4): Effects of F4 and metformin on blood glucose homeostasis in 
DIO mice. (A) Random fed blood glucose measured at 11 am during the DI. n=6-7. (B-C) (B) Oral 

sucrose tolerance test (2 mg/g BW) and (C) AUC after 10 weeks of DI. n=6-8 per group. (D-E) Insulin 

tolerance test after 12 weeks HFD and 9 weeks of DI with (E) AUC. n=5-8. (F-I) GIR during the 

hyperinsulinemic-eugylcemic clamp represented as (F) mean per group or individual animals in the (G) 

HFD group (n=6), (H) F4 group (n=9) or (I) MET (n=8) treatment group. (J) Blood glucose concentrations 

over time during the clamp procedure (n=6-9). DI, dietary intervention; F4, fraction 4; PNe, Phaleria 

nisidai extract; HFD; high fat diet; GIR, glucose infusion rate. Data are presented as mean ± SEM. Two-

way ANOVA with Dunnett´s post hoc test was applied in A, B and D. One-way ANOVA was applied in 

C and E. All comparisons were performed against HFD controls. Statistical significance is indicated as 

*p<0.05, **p<0.01, ***p<0.001.  

 

  



Figure S8 

 
Figure S8 (related to Figure 5): Effects of F4 metabolites on glucose homeostasis, blood profiles 
and fat accumulation. (A-B) (A) Insulin tolerance test after 6 weeks HFD and 6 weeks DI and (B) AUC. 

(C-D) (D) Glucose tolerance test (i.p., 2 mg/g BW) after 7 weeks DI and (D) AUC. (E-F) (E) 

Subcutaneous (SAT) and (F) visceral (VAT) adipose tissue mass normalized to body weight after 6 

weeks HFD and 9 weeks DI. (G-H) Fasting blood profiles for (G) NEFA, (H) cholesterol, (I) triglycerides 

and (J) insulin concentrations after 6 weeks of HFD and 4 weeks of DI. (K-N) Random fed blood profiles 

for (K) NEFA, (L) cholesterol, (M) triglycerides and (N) insulin concentrations after 6 weeks HFD and 9 

weeks DINEFA; non-esterified fatty acids; iWAT inguinal white adipose tissue, eWAT, epididymal white 

adipose tissue; HFD, high fat diet; IX, isovitexin; AP, apigenin; GP, Genkwanin 5-O-primeveroside; GE; 

Genkwanin; GG, Genkwanin 5-O-glucoside. Data are presented as mean ± SEM. n=8-10 per group in 

all graphs. All comparisons were performed against HFD control animals. Two-way ANOVA with 

Dunnett´s post-hoc test was applied in A and C. One-way ANOVA with Dunnett´s post-hoc test was 

applied in B, D and E-N. All comparisons were performed against HFD controls. Statistical significance 

is indicated as *p<0.05, **p<0.01, ***p<0.001. 



Table S1: murine qPCR primers sequences obtained from Microsynth. 

Gene Symbol Primer Sequence 

Glut1 FRD: GGATCCCAGCAGCAAGAAGGT 
REV: CTCCGTAGCGGTGGTTCCAT 

Glut4 FRD: GACGGACACTCCATCTGTTG 
REV: GCCACGATGGAGACATAGC 

Tbp FRD: GAAGCTGCGGTACAATTCCAG 
REV: CCCCTTGTACCCTTCACCAAT 

Hk1 FRD: ACCAAAGTGTACCGTGTCCT 
REV: TTAGGCGTTCGTAGGGTCTC 

Pgk FRD: CCATAGCTCCATGGTGGGTG 
REV: TTAGCGCCTCCCAAGATAGC 

Pdk FRD: GCCAGGTGGACTTCTATGCG 
REV: ACGGATGGGGTCCTGAGAAG 

Pfkm2 FRD: AGATCGTAGACGCCATCACC 
REV: GGCCCATCACTTCTAACACAA 

Pparγ FRD: AGGCGAGGGCGATCTTGACA 
REV: CGGATGGCCACCTCTTTGGTCT 

 


