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Abstract: Xiaoke formula (XKF) is a classic formula for the treatment of insulin resistance (IR), but there is
still unclear on bioactive equivalent combinatorial components (BECC) of XKF. In this study, based on the previous
research of our team, three components, berberine, astragaloside IV and chlorogenic acid, were selected as the
BECC of XKF, and their efficacy and mechanism were investigated. A high-fat diet-induced IR mouse model was
used to detect blood glucose, insulin sensitivity, lipid metabolism, immune & inflammatory factors, etc., and staining
of pathology sections was used to detect histopathological changes. Network pharmacology was used to predict the
potential targets and signaling pathways of XKF and its BECC, and the results of the network were verified by

Western blot. The animal welfare and experimental procedures followed the regulations of the Laboratory Animal
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Ethics Committee of Beijing MDKN Biotech Company (MDKN-2023-019). The results showed that BECC, which
was composed of berberine, astragaloside IV and chlorogenic acid in the ratio of the original formula of XKF, was
comparable to XKF in improving the glycemia, insulin sensitivity, histopathological damage, dyslipidemia, and
immuno-inflammation in IR mice. The results of network pharmacology and Western blot suggested that the BECC
of XKF and XKF might alleviate IR by promoting the activation of hepatic phosphatidylinositol 3-kinase (PI3K),
phosphorylation of protein kinase B (AKT), and inhibiting the expression of glucose-6-phosphate phosphatase
(G6PC) and phosphoenolpyruvate carboxykinase 1 (PCK1), the key limiting enzymes of hepatic gluconeogenesis.
The above results suggest that berberine, astragaloside IV and chlorogenic acid can be used as the potential BECC
of XKF to improve IR, and can regulate lipid metabolism, immuno-inflammation, and promote hepatic PI3K/AKT
signaling to inhibit hepatic gluconeogenesis, regulate glucose homeostasis, and improve IR in mice.
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temsp.php)- ETCM (http://www.tcmip.cn/ETCM/), %f 1
MR BT R AT R R, R B R RO
PAET IR AR I L = 30% A3 2544 > 0.18 JybnitEdEAT
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Figure 1 XKF and bioactive equivalent combinatorial components (BECC) of XKF improve glucose tolerance abnormalities. A: Oral

glucose tolerance test (OGTT) and the area under the OGTT curve (AUC of OGTT) in a high-fat diet-induced model; B: Mouse weight; C:
Homeostasis model assessment for insulin resistance (HOMA-IR); D: OGTT and AUC of OGTT after 4 weeks of XKF administration; E:
Insulin tolerance test (ITT) and AUC of ITT. n =12, x 5. P < 0.001,
HFD. XKF: Xiaoke formula; NCD: Normal chow diet group; HFD: High-fat diet group; MET: Metformin group
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Improvement of pancreatic, hepatic, and renal histopathologic damage by XKF and BECC administration. Scale bar is 50 um
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Figure 3 XKF and BECC improved plasma lipid indices, and immuno-inflammatory factor assays in mice. n = 8, x £ 5. P < 0.05,
P <0.01, P <0.001, P <0.000 1 vs NCD; *P < 0.05, P < 0.01, **P < 0.001, **P < 0.000 1 vs HFD. T-CHO: Total cholesterol; TG:

Triglycerides; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; IL: Interleukin; TNF: Tumor

necrosis factor; IFN: Interferon; LPS: Lipopolysaccharide
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15 5 I EK 5 R ACHUSERE R A OG5 5 I B (1098 ) .
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YA L, A4 PI3K P85 Al P-AKT (Ser 473) ik W] i
FA; TH W ¥R 9T Ja, AT 2 ik PI3K P85 f3RIA (K
5A) Fl AKT 21k (8 5B), 14 ¥ J5 BECC [ 7% R
548 7 A MY . G6PC Ml PCK1 #& FOXO 15 5 il
PR RE AR B S BE PR R B . WB SRR U R
L, 5 IEH 4N B, IR /N BRI G6PC A PCK 1 K ik
W3 2, MH 7 15, T 2 i GEPC Al PCK 1
RIE, w77 BECC K &5 R BRI B ER, H
REFE HAE MR (W 5C.D).
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I It ] 5% 24 2880 9 3G s 20 T R ATL ARV ), Ay v 24 o
25 1 B2 Ak 2 25 RO B S0 HHE o A B AT O R 5 T AE
BECC I 2, 5 B3k T PR A ZH i 3 ) 1 3 A IR /)N B
TF e (¥ 38 v 7 A AR 2y A i g i EAT 1. SR
WAL, DUNBERICR AR M AE VIR TE 2 5 SR AR A
IR /)N BRI 2% A, JFG rh /N BE LR I S5 R A7 7 AR 22
S RGN 2 B S A RN /N R R, 3L 2 AR
WITE IR /N R T IE AN S0 & B AAE B35 2 7 4
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Figure 4 Network pharmacology-based analysis of the pharmacodynamic targets of XKF for the treatment of T2DM. A: Protein-protein

interaction (PPI) network of potential targets; B: Gene ontology (GO) analysis (TOP 20); C: Kyoto encyclopedia of genes and genomes
(KEGG) pathway enrichment analysis (TOP 40); D: Drug-target-pathway network. T2DM: Type 2 diabetes mellitus; Green: Drug; Yellow:

Target; Orange: Pathway
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Figure 5 Effects of administration of XKF and BECC on PI3K/AKT signaling pathway and gluconeogenesis in the liver of insulin-
resistant (IR) mice. n = 5, x £ 5. P < 0.05, "P < 0.01 vs NCD; “P < 0.05, P < 0.01 vs HFD. PI3K: Phosphatidylinositol 3-kinase; AKT:
Protein kinase B; G6PC: Glucose-6-phosphatase; PCK1: Phosphoenolpyruvate carboxykinase 1
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Figure 6 Mechanism of XKF and BECC regulation of hepatic gluconeogenesis in IR mice. BECC composed of berberine, astragaloside

IV and chlorogenic acid was screened out from XKF, which improved plasma biochemistry and immunoinflammatory indexes, and then

alleviated the multiple histopathological damage in IR mice. Specifically, administration of XKF and BECC promoted the PI3K/AKT

signaling pathway in liver, and then inhibited gluconeogenesis pathway, regulated glucose homeostasis and improved IR. Green and red

arrows: Improved after administration; Dotted arrow: Presumably may improve associated symptoms
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