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Baicalin inhibits PDK1 to mediate glucose metabolism
reprogramming and intervene rheumatoid arthritis synovial
inflammation
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Abstract: This study started from the effect of baicalin (BC), the main active component of the labiaceae
plant Scutellaria baicalensis, on collagen-induced arthritis (CIA) in rats, to explore the mechanism of glucose
metabolism reprogramming in fibroblast like synoviocytes (FLSs), a key effector cell of synovial inflammation in
rheumatoid arthritis (RA). First of all, CIA rats and tumor necrosis factor-a (TNF-a)-induced RASFs in vitro and in
vivo models were established, the arthritis index (AI) score and histopathological changes of CIA rats after BC

administration were observed, and the levels of inflammatory factors in serum and cell supernatant were quantified
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by ELISA, immunocytochemistry and Western blot were used to detect the expression of G-protein-coupled
receptor 81 (GPR81) and pyruvate dehydrogenase kinase 1 (PDK1) proteins. In addition, the kit was used to
measure the levels of key products and enzyme activities in glucose metabolism reprogramming. The results
showed that BC (50, 100 and 200 mg-kg") could alleviate the symptoms of arthritis in CIA rats in a dose-dependent
manner, inhibit synovial hyperplasia, alleviate the infiltration of inflammatory cells, down-regulate the levels of
pro-inflammatory factors TNF-a and interleukin (IL)-15, and up-regulate the levels of anti-inflammatory factor
IL-10 in CIA rats. At the same time, the secretion levels of lactate, pyruvate, acetyl-CoA, citrate and the activity of
lactate dehydrogenase B (LDH-B) were decreased, and the expressions of GRP81 and PDK1 were down-regulated,
suggesting that BC mediated the reprogramming process of glucose metabolism. However, when GPRS81 inhibitor
3-OBA inhibited lactate uptake, the activity of LDH-B was significantly increased, suggesting that BC inhibited the
expression of PDK1, a key enzyme in the reprogramming metabolism from glycolysis to oxidative phosphorylation.
All animal experiments in this study were conducted in accordance with the ethical standards of the Laboratory
Animal Care Center of Anhui University of Chinese Medicine (approval number: AHUCM-rats-2021049). These
studies revealed that baicalin mediated metabolic reprogramming of RASFs from glycolysis to oxidative
phosphorylation by inhibiting PDK1 protein expression, and alleviated joint inflammation in CIA rats.
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Table 1 Scoring criteria of the arthritis index (AI)

Score Joint lesion criteria
0 No redness or swelling
1 Redness and swelling of toe joints
2 Swelling of the toe joints and plantar feet
3 Swelling of the foot and claw below the ankle joint
4 Swelling of all paws including the ankle joint
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Figure 1 Degree of arthritic swelling in rats and score of baicalin on Al in CIA rats. A: Normal group; B: CIA model group; C: Baicalin
group (200 mg-kg"); D: Methotrexate (MTX, 0.5 mg-kg") group. n = 6, ¥ = 5. "P < 0.05, P < 0.01 vs normal group; “P < 0.01 vs CIA

model group. CIA: Collagen-induced arthritis; BC: Baicalin
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FBC (200 mg-kg™") 4 1G4 B 9% . BCIRYT 4
MMTX )G AR S R4, BR A
KT 1 98 1 240 i SR B 02 % I A 19 B (8] 2C~F)e
3 EBZHIEE CIA KRIE K MHTA 51 EF
KFE

A EEIE & 2, CIA A58 A 20 K B I i P 2 & I+
TNF-o MIL-187KF 2 % T+ (KI3AB, P<0.01), #l1%
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3-OBA (10 ng-mL™") £ B 7] & & PR RS B 20 |- 3 o
IL-18.TNF-a %% /K F (P <0.05, P<0.01), JFFF i 4
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4ff f #5570 41 GPR81.PDK 1 ik & 2% F &1, 1fi BC (10-
20.30 umol-L™") 1 MP7 (10 ng-mL™") 4b ¥ j5 15 5 7 40
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Figure 2  Effect of baicalin on pathological morphology of synovial tissue in CIA rats. A: Normal group; B: CIA model group; C: Baicalin

low dose group (50 mg-kg"); D: Baicalin medium dose group (100 mg-kg"); E: Baicalin high dose group (200 mg-kg™); F: MTX group

(0.5 mg-kg™)
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Figure 3 Regulation of baicalin on inflammatory factors in serum of CIA rats and MH7A cells. The expression level of TNF-a (A), IL-1p
(B) and IL-10 (C) in serum of rats in each group; TNF-a (D), IL-1§ (E) and IL-10 (F) expression level in MH7A cells of each group. n = 6
¥£s. P <0.01 vs normal group; P < 0.05, “P < 0.01 vs model group (CIA or TNF-«). MP7: 10 ng-mL"'; 3-OBA: 10 ng-mL"
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Figure 4 Effect of baicalin on the expression of GPR81 and PDKI in glycolytic pathway. A—C: The expression levels of GPR81 and

PDK1 in synovium of rats in each group; D-F: Expression levels of GPR81 and PDK1 in MH7A of each group. n = 6, X £ 5. P < 0.01 vs

normal group; P < 0.01 vs model group (CIA or TNF-a). GPR81: G-protein-coupled receptor 81; PDK 1: Pyruvate dehydrogenase kinase 1
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Figure 5 The expression of GPR81 in CIA rats by immunohistochemistry (x400). A: Normal group; B: CIA model group; C: MTX group;

D: Baicalin low dose group (50 mg-kg™); E: Baicalin medium dose group (100 mg-kg™); F: Baicalin high dose group (200 mg-kg™)

Figure 6 The expression of PDK1 in CIA rats by immunohistochemistry (x400). A: Normal group; B: CIA model group; C: MTX group;

D: Baicalin low dose group (50 mg-kg™); E: Baicalin medium dose group (100 mg-kg™); F: Baicalin high dose group (200 mg-kg™)
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Figure 7 Effects of baicalin on glycolytic metabolites and key enzymes. Levels of glucose metabolites and activities of key enzymes (A:

Lactate; B: Pyruvate; C: LDH-B) in synovium of rats in each group. Levels of glucose metabolites and activities of key enzymes (D:

Lactate; E: Pyruvate; F: LDH-B; G: Acetyl-CoA; H: Citric acid) in MH7A cells of each group. n =6, X + 5. P < 0.01 vs normal group; P <
0.05, P < 0.01 vs model group (CIA or TNF-a); ““P < 0.01 vs 3-OBA group. LDH-B: Lactate dehydrogenase B
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BC M MP7 4b B J5 (1) 45 3R, /e A2 2 35 PE 22 7, X4
7R 7 BC I H i) PDK MK % A 1) 48010 B R 14 11
SRR, 52> FLSs 41 B 384 58 A4 28 [6 1 (10 40 6, T
LB THRA I H

B, AHIE T I R N AR SIS R B, 7R R MO B

T~ RASFs FEAX 1] 2 2% 2 9 0%, 17 PDK 1 7E RASFs 3
JA R T m R A, AT RE 2 RAVRIT BA AT s AR
WHL A . RIS, BCAE NPT RA H 24 35 55 18 VbR e
FEI F BRI r, PT MR CIA KRR OGHT R
i, 16 RA A1 FLSs BEAR 1T 30 i S AR Bl 47 5 57 1
WA, & T ] PDK A S AR 1 25 4 A2 oK 22 fift 5%
W RAE, AR G % AR S VR T T I RA R IT 254
JHAE R SRR R AR A 2 2%

& TTEK: AT TS RO S S R SR S
ZLHSERE T S H A A D 58 ROEE R B RAL DA 3T 45 5K
K5 EMIL.

FI RS AR AR 24 P W AT () 2 o R

References

[1]  Wang R, Wu H, Chen J, et al. Antiinflammation effects and
mechanisms study of geniposide on rats with collagen-induced
arthritis [J]. Phytother Res, 2017, 31: 631-637.

[2] Wang RH, Dai XJ, Wu H, et al. Anti-inflammatory effect of
geniposide on regulating the functions of rheumatoid arthritis
synovial fibroblasts via inhibiting sphingosine-1-phosphate
receptors 1/3 coupling Gai/Gas conversion [J]. Front Pharmacol,
2020, 11: 584176.

[3] Qiu J, Wu B, Goodman SB, et al. Metabolic control of
autoimmunity and tissue inflammation in rheumatoid arthritis
[J]. Front Immunol, 2021, 12: 652771.

[4] Garcia R, Divakaruni A, Lodi A, et al. Critical role of glucose



A

1172 - 2% %R Acta Pharmaceutica Sinica 2023, 58(5): 1165-1172

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

metabolism in rheumatoid arthritis fibroblast-like synoviocytes
[J]. Arthritis Rheumatol, 2016, 68: 1614-1626.

Sacki N, Imai Y. Reprogramming of synovial macrophage
metabolism by fibroblasts
conditions [J]. Cell Commun Signal, 2020, 18: 188.

synovial under inflammatory
Wik JA, Phung D, Kolan S, et al. Inflammatory activation of
endothelial cells increases glycolysis and oxygen consumption
despite inhibiting cell proliferation [J]. FEBS Open Bio, 2021,
11: 1719-1730.

Luo Y, Li L, Chen X, et al. Effects of lactate in immunosuppression
and inflammation: progress and prospects [J]. Int Rev Immunol,
2022, 41: 19-29.

Ishihara S, Hata K, Hirose K, et al. The lactate sensor GPRS81
regulates glycolysis and tumor growth of breast cancer [J]. Sci
Rep, 2022, 12: 6261.

Damerau A, Kirchner M, Pfeiffenberger M, et al. Metabolic
reprogramming of synovial fibroblasts in osteoarthritis by inhibi-
tion of pathologically overexpressed pyruvate dehydrogenase
kinases [J]. Metab Eng, 2022, 72: 116-132.

Dinda B, Dinda S, DasSharma S, et al. Therapeutic potentials of
baicalin and its aglycone, baicalein against inflammatory
disorders [J]. Eur J Med Chem, 2017, 131: 68-80.

Xu J, Liu JL, Yue GL, et al. Therapeutic effect of the natural
compounds baicalein and baicalin on autoimmune diseases [J].
Mol Med Rep, 2018, 18: 1149-1154.

Brand D, Latham K, Rosloniec E. Collagen-induced arthritis [J].
Nat Protoc, 2007, 2: 1269-1275.

Abbasi M, Mousavi MJ, Jamalzehi S, et al. Strategies toward
rheumatoid arthritis therapy; the old and the new [J]. J Cell
Physiol, 2019, 234: 10018-10031.

Legrand M, Nouvier M, Paulin L, et al. A systemic disease

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

mimicking a rheumatoid arthritis [J]. Rev Med Interne, 2019, 40:
931-936.

Small A, Wechalekar MD. Synovial biopsies in inflammatory
arthritis: precision medicine in rheumatoid arthritis [J]. Expert
Rev Mol Diagn, 2020, 20: 315-325.

Schofield R. The relationship between the spleen colony-
forming cell and the haemopoietic stem cell [J]. Blood Cells,
1978, 4: 7-25.

Erkelens MN, Mebius RE. Retinoic acid and immune homeo-
stasis: a balancing act [J]. Trends Immunol, 2017, 38: 168-180.
Huang TL, Mu N, Gu JT, et al. DDR2-CYR61-MMP1 signaling
pathway promotes bone erosion in rheumatoid arthritis through
regulating migration and invasion of fibroblast-like synoviocytes
[7]. T Bone Miner Res, 2017, 32: 407-418.

Tan Y, Qi Q, Lu C, et al. Cytokine imbalance as a common
mechanism in both psoriasis and rheumatoid arthritis [J]. Mediat
Inflamm, 2017, 36: 2405291.

Bartok B, Firestein GS. Fibroblast-like synoviocytes: key
effector cells in rheumatoid arthritis [J]. Immunol Rev, 2010,
233:233-255.

Fan M, Yang K, Wang X, et al. Lactate impairs vascular
permeability by inhibiting HSPA12B expression via GPRS81
dependent signaling in sepsis [J]. Shock, 2022, 58: 304-312.
Dhup S, Kumar DR, Ettore PP, et al. Multiple biological
activities of lactic acid in cancer: influences on tumor growth,
angiogenesis and metastasis [J]. Curr Pharm Des, 2012, 18:
1319-1330.

Dawson DM, Goodfriend TL, Kaplan NO, et al. Lactic
dehydrogenases: functions of the two types: rates of synthesis of
the two major forms can be correlated with metabolic

differentiation [J]. Science, 1964, 143: 929-933.



