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Abstract: The purpose of this study was to investigate the effects of ethanol extract of Scutellaria baicalensis
Georgi (SGE) on endogenous metabolites in toes of rats with inflammatory pain induced by complete Freund's
adjuvant (CFA) based on 'H NMR metabolomics, which would provide foundation for revealing the effects and

mechanisms of SGE in improving inflammatory pain. This animal experiment was approved by the Committee on
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the Ethics of Animal Experiments of Shanxi University (SXULL2022062). The rats model of inflammatory pain
was induced by subcutaneous injection of CFA (0.1 mL), and the effect of low, medium and high doses of SGE
(1.5, 3, 6 g'kg") on inflammatory pain were explored. The effects of SGE on relieving inflammatory pain was
evaluated by mechanical nociceptive thresholds (MNTs) test. Western blot was used to detect the effects of SGE on
protein expression of cyclooxygenase-2 (COX-2), nuclear factor kappa-B (NF-«B) and phospho-NF-xB (p-NF-«B).
'H NMR metabolomics was used to analyze the regulatory effects of SGE on endogenous metabolites in the toes of
rats with inflammatory pain. The results showed that SGE (6 g-kg"') could significantly relieve CFA-induced
inflammatory pain, and also notably inhibit the protein expression of COX-2, NF-«B and p-NF-«xB. SGE could
markedly reverse the changes of 8 differential metabolites, such as glycine, glutamine, succinate,
phosphorylcholine, efc. The metabolites were involved in eight metabolic pathways, such as glycine, serine and
threonine metabolism, alanine, aspartate and glutamate metabolism, glyoxylate and dicarboxylate metabolism,
glutathione metabolism, glycerophospholipid metabolism. These results suggest that SGE may relieve
inflammatory pain by regulating NF-«xB signaling pathway and metabolic abnormality.

Key words: ethanol extract of Scutellaria baicalensis Georgi; complete Freund's adjuvant; inflammatory

pain; metabolomics; mechanism of action
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Figure 1 Effect of SGE on MNTs in rats with inflammatory pain.
n=9,x+s *P<0.001 vs control group; "P<0.05"P<0.01vs
model group. SGE: Ethanol extract of Scutellaria baicalensis
Georgi; MNTs: Mechanical nociceptive thresholds; L-SGE: Low-
dose ethanol extract of Scutellaria baicalensis Georgi group
(1.5 g-kg™); M-SGE: Middle-dose ethanol extract of Scutellaria
baicalensis Georgi group (3 g-kg"); H-SGE: High-dose ethanol
extract of Scutellaria baicalensis Georgi group (6 g-kg"); ASA:
Aspirin group (100 mg-kg™)
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Figure 2 Effect of SGE on the expression of COX-2, NF-xB and p-NF-xB in CFA-induced rats (A), the statistical diagram of COX-2

expression (B), the statistical diagram of NF-xB expression(C), and the statistical diagram of p-NF-xB expression (D). n =4, x £ 5. "P <

0.05, P < 0.01 vs control group; "P < 0.05, P < 0.01 vs model group. COX-2: Cyclooxygenase-2; NF-xB: Nuclear factor-«xB; p-NF-xB:

Phospho-NF-«xB
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Figure 3 Typical 'H NMR spectra of toe tissue samples of rats in control group. The peak numbers in the figure are consistent with those

in Table 1
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Table 1 Peak attribution in "H NMR spectrum of rat toe tissue
No. Metabolite o, /multiplicity
1 Isoleucine 0.94 (t,J=7.4 Hz), 1.01 (d, J= 7.0 Hz)
2 Leucine 0.96 (t,J= 6.3 Hz), 1.72 (m)
3 Valine 0.99 (d, J=6.6 Hz), 1.04 (d, /= 6.6 Hz)
4 Lactic acid 1.33 (d,J=6.6 Hz),4.12 (q, J=7.2 Hz)
5 Alanine 1.49 (d,J=7.3 Hz)
6 Lysine 1.72 (m), 1.91 (m), 3.01 (m), 3.76 (t)
7  Acetic acid 1.92 (s)
8 Glutamate 2.06 (m), 2.14 (m), 2.36 (m)
9 Glutamine 2.15 (m), 2.44 (m)
10 Methionine 2.36 (m), 3.78 (m)
11 Pyruvate 2.37(s)
12 Succinate 2.41 (s)
13 a-Ketoglutaric acid ~ 2.45 (t), 3.01 (t)
14 Trimethylamine 2.86 (s)
15 Creatine 3.03 (s), 3.93 (s)
16  Phosphorylcholine  3.21 (s)
17  Arginine 3.23 (1)
18 Taurine 3.27 (t), 3.43 (1)
19  Scyllo-inositol 3.37(s)
20 Glycine 3.56 (s)
21  Glyceryl 3.67 (m), 3.78 (m)
22 Aspartate 3.91 (s)
23 Fumarate 6.53 (s)
24 Tyrosine 6.90 (d, J=8.5Hz), 7.2 (d, J= 8.0 Hz)
25 Phenylalanine 7.33 (d,J="7.2 Hz), 7.38 (m), 7.43 (m)
26 Xanthine 7.90 (s)
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Figure 4 Multivariate statistical analysis of the metabolites in different groups of rats with inflammatory pain. A: PLS-DA score plot

among the six groups; B: Permutation tests for the PLS-DA models of control and model group; C: OPLS-DA scores plot from the control

and model group; D: The S-plots of OPLS-DA score plot between the control and model group
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Figure 5 Effect of SGE on metabolic profile of rats with inflammatory pain. A: OPLS-DA scores plot from the model and SGE (6 g-kg™)

group; B: The S-plots of OPLS-DA score plot between the model and SGE (6 g-kg™) group
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Figure 7  Effects of SGE on metabolic pathways of inflammatory

pain rats
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Figure 8 Effects of SGE on metabolites and metabolic pathways in inflammatory pain rats. The green arrow represents metabolites regu-

lated by SGE in CFA-induced rats
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