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Alisol B Upregulates the cAMP/PKA Signaling Axis to Promote
Thermogenesis in Adipocytes
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Abstract This study investigates the role of Alisol B in promoting thermogenesis in adipocytes and its
potential mechanisms. 3T3-L1 MBX preadipocytes were differentiated into mature adipocytes using the Brown’s
cocktail method. The CCK-8 assay was used to assess the effects of different concentrations of Alisol B on the
survival rate of 3T3-L1 MBX cells. Oil red O staining and Raman spectroscopy were used to visualize lipid
droplets in cells and observe their formation within adipocytes. Quantitative reverse transcription polymerase

chain reaction was used to detect the expression of genes associated with lipogenesis, lipolysis, key thermogenic
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genes, and the cAMP/PKA (protein kinase A) signaling axis. ELISA (enzyme-linked immunosorbent assay) was
used to measure intracellular cAMP (cyclic adenosine monophosphate) levels. Western blot analysis was per-
formed to detect the protein expression of key thermogenic genes and genes associated with the cAMP/PKA sig-
naling axis. The role of the cAMP/PKA signaling axis in the thermogenic effects of Alisol B on adipocytes was
validated using the PKA inhibitor H-89. The results demonstrated that Alisol B exhibited no evidence of toxicity
towards 3T3-L1 MBX cells at concentrations ranging from 0 to 10 umol/L. Treatment with Alisol B signifi-
cantly reduced lipid accumulation in adipocytes, decreased the expression of genes associated with lipogenesis
(srebplc, fas, acc), increased the expression of genes associated with lipolysis (ksl, atgl, cptl), the expression of
key thermogenic genes (ucpl, prdml6, pgc-10) and their corresponding proteins, with these effects being dose-
dependent. The Alisol B treatment resulted in an upregulation of the cAMP/PKA signalling axis, the use of the
H-89 inhibitor reversed the thermogenic-promoting effect of Alisol B on preadipocytes. The results of this study

suggest that Alisol B promotes thermogenesis in preadipocytes, inhibits lipogenesis, and enhances lipolysis by

upregulating the cAMP/PKA signalling axis.
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%1 qRT-PCR3 |55
Table 1 Sequences of primers for qQRT-PCR

e FiEFAI(5' 3" TP —3")

Gene Upstream sequence (5'—3") Downstream sequence (5'—3")

18S rRNA AGG TCT GTG ATG CCC TTA GA GAATGG GGT TCAACG GGT TA
pge-la GAT CCT GGT GTC TGT ATG CTG TCC ATG ATG CTT CCG TGC CTA CTG TC
prdml6 AAT CTT CCC ACC ACC CTC CAAAC CCG CCT TCT GCC TGT TCC TG

ucpl GTC CGC CTT CAG GTA GAG TTA GTG ATA GCA CCC ATT CCC AAG ACA GAG
adcy4 AAG GGA CAG AGC AAG TGA CAAACC CCG AGC CAG GAC CAG GAG TG

gnas TCC TGC TTG TTC CTC CTC TAC CTC GCC TCT GCG GTG ATC TGG TTA TG
acc GAT GAA CCATCT CCG TTG GC GAC CCAATT ATG AAT CGG GAG TG
hsl TCC CTC AGT ATC TAG GCC AGA GGC TCATTT GGG AGA CTT TGT TT
srebplc CTT TGG CCT CGC TTT TCG G TGG GTC CAA TTA GAG CCATCT C
fas TAT GAC AAC CCA GCA GGA GGA AAG AGA CAG AGG AAG CAA GCA CAG AG
atgl CAA CGC CAC TCA CAT CTA CGG GGA CAC CTC AAT AAT GTT GGC AC
cptl CTA TGC GCT ACT CGC TGA AGG GGC TTT CGA CCC GAG AAG A

*ok

24 h cell viability /%

CCK-8IEAG 24 b5 4HIAT I 38, **P<0.01.
Cell viability was measured by the CCK-8 assay after 24 h, **P<0.01.
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Bl TEREFSEBLIE24 h/E3T3-L1 MBXAAEER
Fig.1 Survival rate of 3T3-L1 MBX cells after 24 h of treatment with different concentrations of Alisol B
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A: 0 pmol/LiZF V5 BN AL P R 43 A5 1500, B: 1 umol/LFVSEEB4L; C: 5 umol/LEFVEEIB4L; D: 10 umol/LIEVEREBAL; E: MO = HAR .
*P<0.05, **P<0.01.
A: distribution of lipid droplets in cells treated with 0 umol/L Alisol B; B: 1 umol/L Alisol B group; C: 5 umol/L Alisol B group; D: 10 pmol/L Alisol B
group; E: bar chart showing the quantitative analysis of oil red O. *P<0.05, **P<0.01.

E2 FEIREFSEBLCIEREREER R IERCHIORE)

Fig.2 Lipid droplet formation after treatment with different concentrations of Alisol B (oil red O staining)

5 pm 5 pm

A: 0 pmol/LZFEVEFEBH3T3-L1 MBXAAJI P S 175 0; B: 1 nmol/LIEVEREBA; C: 5 umol/LEVEREBZH; D: 10 umol/LEVEEEBA .
A: lipid droplets in 3T3-L1 MBX cells in the 0 pmol/L Alisol B group; B: 1 pmol/L Alisol B group; C: 5 umol/L Alisol B group; D: 10 pmol/L Alisol B group.
E3 REREFSEEBLIEREEER K IEREARAEER2RIEER)
Fig.3 Lipid droplet formation following treatment with different concentrations of Alisol B

(Raman imaging results of cellular lipid droplets)
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A~C: qRT-PCRE I % 2H 7= #A G B8 M (1) R A 15 0L, #P<0.05, **P<0.01,
A-C: qRT-PCR analysis of the expression of key thermogenesis genes in each group, *P<0.05, **P<0.01.
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Fig.4 The effects of different concentrations of Alisol B on the expression of key thermogenic genes in adipocytes
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A~D: Western blot il % 2 58 7 #v il A IR IE T L, *P<0.05, #*P<0.01,
A-D: Western blot analysis of the expression of key thermogenesis proteins in each group, *P<0.05, **P<0.01.
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Fig.5 The effects of different concentrations of Alisol B on the expression of key thermogenic proteins in adipocytes
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A AFREFE B BAL LIS & I 07 4 lcAMP &5 4 B C: gRT-PCRAGII - ZHc AMP/PK A 5 Sl AR SR A R IA T DL . #P<0.05, ##P<0.01.
A: cAMP levels in adipocytes from each group after treatment with different concentrations of Alisol B; B,C: qRT-PCR analysis of gene expression re-
lated to the cAMP/PKA signaling axis in each group. *P<0.05, **P<0.01.
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Fig.6 The effects of different concentrations of Alisol B on cAMP levels and gene expression related to

the cAMP/PKA signaling axis in adipocytes
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A~C: Western bloth Jll % 2Hc AMP/PK AfE ‘5 i AH DG (T IS T L, ##P<0.01.
A-C: Western blot analysis of protein expression related to the cAMP/PKA signaling axis in each group, **P<0.01.
E7 AEREFSEEBAIEXT SR 4HiEcAMP/PKAE S HtH X BB RILMFIN
Fig.7 The effects of different concentrations of Alisol B on the expression of proteins
related to the cAMP/PKA signaling axis in adipocytes
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A: cAMP levels in adipocytes from each group; B-D: qRT-PCR analysis of the expression of key thermogenic genes in each group. *P<0.05, **P<0.01.
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Fig.8 The effects of H-89 treatment on cAMP levels and the expression of key thermogenic genes in adipocytes
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Fig.9 The effects of H-89 treatment on the expression of key proteins involved in thermogenesis in adipocytes
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Fig.10 The effects of H-89 and Alisol B treatment on the expression of genes related to lipid metabolism in adipocytes
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