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[ Abstract] Objective To investigate whether rhubarb anthraquinones can activate the insulin signaling pathway in HepG2 cells in
the presence and absence of insulin resistance. Methods After an insulin resistance model of HepG2 cells was constructed using aldosterone
(ALD) , whether rhubarb anthraquinones (including rhein, chrysophanol, emodin and aloe-emodin) at concentrations of 2.5-20 pwmol/L
could activate the insulin signaling pathway in HepG2 cells was investigated by detecting cellular activity with Methylthiazolyldiphenyl-
tetrazolium bromide ( MTT) assay. Contents of cellular glucose and glycogen levels were measured with glucose and glycogen content
assay kit, respectively, and protein expression levels of phosphorylated protein kinase B/protein kinase B ( p-Akt/Akt) and phospho-
glycogen synthase kinase3B/glycogen synthase kinase-38 (p-GSK-3B/GSK-3B) were determined with Western blotting. SPSS statistics
20. 0 was used for data analysis. Student’s ¢ test or ANOVA was employed for intergroup comparison. Results Rhein, chrysophanol,
emodin and aloe-emodin of 2. 5-20 pmol/L had no significant effect on the survival of HepG2 cells ( P>0.05). However, they
increased the ratios of p-Akt/Akt and p-GSK-3B/GSK-38 in the presence and absence of insulin resistance ( P<0. 05). Further studies
also found that the relative glucose content was reduced in the rhein, chrysophanol and emodin treatment groups ( P<0.05), but no
such change was seen in the aloe-emodin treatment group (P>0.05). The relative glycogen content was decreased in all the rhein,
chrysophanol,, emodin and aloe-emodin treatment groups (P<0.05). Both rhein and emodin were able to reverse the ALD-induced reduction
of glycogen granules in HepG2 cells. Conclusion Rhubarb anthraquinones (rhein, chrysophanol, emodin and aloe-emodin) activate
the glycogen synthesis pathway in HepG2 cells in the presence and absence of insulin resistance.
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Figure 1 Structural formula of rhubarbanthraquinone compounds

A thein; B: chrysophanol; C; emodin; D aloe-emodin.
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Figure 2 Effects of different concentrations of rhubarb anthraquinones on survival rate of HepG2 cells
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Figure 3 Expression of p-Akt/Akt, p-GSK-3B8/GSK-3 protein in rhein and chrysophanol (n=3)

A Western blot, 10 wmol/L concentration of rhein; B: quantitative analysis results of p-Akt/Akt of rhein; C: quantitative analysis results of
p-GSK-3B/GSK-3pB of rhein; D: Western blot, 10 wmol/L concentration of chrysophanol; E: quantitative analysis results of p-Akt/Akt of
chrysophanol ; F: quantitative analysis results of p-GSK-3B/GSK-3[ of chrysophanol. Akt: protein kinase B; p-Akt: phosphorylated protein

kinase B; GSK-3B: glycogen synthase kinase-3B3; p-GSK-3B: phospho-glycogen synthase kinase3; DMSO: dimethyl sulfoxide. Compared
with DMSO group, * P<0.05, ** P <0.01; compared with 0 h group, *P <0.05, *P<0.01.
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Figure 4 Expression of p-Akt/Akt, p-GSK-3B/GSK-3B protein in emodin and aloe-emodin (n=3)

A: Western blot, 10 wmol/L concentration of emodin; B: quantitative analysis results of p-Akt/Akt of emodin; C: quantitative analysis results
of p-GSK-3B/GSK-3pB of emodin; D: Western blot, 10 wmol/L concentration of aloe-emodin; E: quantitative analysis results of p-Akt/Akt of
aloe-emodin; F'; quantitative analysis results of p-GSK-33/GSK-3[ of aloe-emodin. Akt: protein kinase B; p-Akt: phosphorylated protein kinase B;
GSK-3B: glycogen synthase kinase-3f; p-GSK-3B: phospho-glycogen synthase kinase3; DMSO: dimethyl sulfoxide. Compared with
DMSO group, “ P<0.05, “* P<0.01.
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Figure 5 Comparison of relative content of glucose in rhubarb anthraquinones

(n=3)

A: relative content of glucose in rhubarb anthraquinones at 12 h; B relative content of glucose in rhubarb anthraquinones at 24 h. CON: control;

RHE:; thein; CHR: chrysophanol; EMO: emodin; ALO: aloe-emodin. Compared with control group, * P<0.05, ** P<0.01.
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Figure 6 Comparison of relative content of glycogen in rhubarbanthraquinones (n=3)

A relative content of glycogen in rhubarb anthraquinones at 12 h; B relative content of glucose in rhubarb anthraquinones at 24 h. CON: control;

RHE: thein; CHR: chrysophanol; EMO: emodin; ALO; aloe-emodin. Compared with control group, *P<0.05, ** P<0.01.
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Figure 7 Effect of ALD on relative consumption of
glucose in IR model of HepG2 cells
ALD: aldosterone; IR insulin resistance; CON: control. Compared

with control group, * P<0. 05.
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Figure 8 Effects of rhein and aloe-emodin on protein expression of Akt, GSK-3B, p-Akt and p-GSK-3B in HepG2 cell IR model (n=3)
A Western blot of rhein; B: quantitative analysis results of p-Akt/Akt of rhein; C: quantitative analysis results of p-GSK-38/GSK-3p of rhein;
D: Western blot of aloe-emodin; E: quantitative analysis results of p-Akt/ Akt of aloe-emodin; F: quantitative analysis results of p-GSK-3B/GSK-38
of aloe-emodin. RHE: rhein; ALO; aloe-emodin; INS: insulin; ALD: aldosterone; p-Akt: phosphorylated protein kinase B; Akt: protein kinase B;

p-GSK-3B: phospho-glycogen synthase kinase3B;GSK-3B; glycogen synthase kinase-3B. The concentration of aldosterone is 100 nmol/L and the
concentration of insulin is 17nmol/L. Compared with ALD group, * P<0.05; compared with ALD(=), INS(=) and RHE/ALO(-) group, *P<0.05.
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Figure 9 Effects of chrysophanol and emodin on protein expression of Akt, GSK-3B, p-Akt and p-GSK-38 in HepG2 cell IR model (n=3)
A Western blot of chrysophanol; B: quantitative analysis results of p-Akt/ Akt of chrysophanol; C: quantitative analysis results of p-GSK-33/GSK-3B of
chrysophanol ; D: Western blot of emodin; E: quantitative analysis results of p-Akt/ Akt of emodin; F; quantitative analysis results of p-GSK-3B/GSK-3(3
of emodin. Akt; protein kinase B; p-Akt: phosphorylated |protein kinase B; GSK-3B: glycogen synthase kinase-3f; p-GSK-3B: phospho-glycogen
synthase kinase3B; ALD: aldosterone; INS; insulin; CHR: chrysophanol; EMO :emodin. The concentration of aldosterone is 100 nmol/L and the

concentration of insulin is 17nmol/L. Compared with ALD group, * P<0.05; compared with ALD(-), INS(-) and CHR/EMO(-) group, *P<0.05.
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Figure 10 Rhein and emodin increase glycogen content in IR model of HepG2 cells

(PASX 200)

IR : insulin resistance; PAS: periodic acid-Schiff staining; CON: control; ALD: aldosterone; INS: insulin; RHE: rhein; EMO: emodin.
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