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rupestre Hance in aging type 2 diabetes. Neuroinflammatory targets were collected through Gene Cards, and nerve
related differential genes (DEGs) in elderly patients with diabetes were screened by GEO NCBI database; 56
component targets and 31 component targets were obtained by Venny 2.1.0 software from core component targets
of Dracocephalum rupestre Hance between neuroinflammatory targets and DEGs; protein-protein interaction (PPI)
networks were constructed using STRING database, visualize PPI and medicine-composition-target network
through Cytoscape software, and the Top 10 core targets were elected using Maximum Clique Centrality (MCC);
GO (gene ontology) functional enrichment and KEGG (kyoto encyclopedia of genes and genes) pathway analysis
were conducted by DAVID database. It was found that the neuroprotection effect of Dracocephalum rupestre
Hance mainly include alleviated aging diabetes neuroinflammation through regulated MAPK, NF-«xB and other
pathway proteins. Molecular docking results showed that the core active ingredients of Dracocephalum rupestre
Hance, chlorogenic acid, diosmetin, and kaempferol, have good binding activity with targets AKT1, IL-15, BCL2,
and HMOX1. In vivo experiments showed that Dracocephalum rupestre Hance can reduce blood glucose and lipid
levels in aging db/db mice, ameliorate the disorder of liver tissue cell arrangement and lipid vacuoles, and reduce
the level of serum pro-inflammatory cytokines; down-regulate the expression of brain TNF-a, IL-15, TLR4, and
nuclear NF-xB; inhibit the overactivation of Iba-1 in mouse brain. What's more, Dracocephalum rupestre Hance
could decreased the activation of NLRP3 inflammasome. This study preliminarily revealed that the therapeutic
effect of Dracocephalum rupestre Hance on aging diabetes encephalopathy may be related to improve the
neuroinflammatory signal pathway, such as the regulation of TLR4/NF-«B, inhibition of NLRP3 inflammasome,
etc. This experiment was approved by the Medical Ethics Committee of Shenyang Pharmaceutical University (No.
SYPU-IACOC-2024-1016-103).
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Table 1 Identified compounds from extracts
Conngnd RT/min  Formula Adduct (m/z) Ref?:;nce miz Fragment ion (m/z) Title

1 1.848 C,H,NO, 261.06155 [M+H]" 262.068 82 79.141 10, 131.248 10, 261.068 60 Oxolinic acid

2 2.013 CHO, 126.030 27 [M-H] 125.022 99 69.032 91, 81.032 92, 97.027 93, Pyrogallol
126.022 90

3 2207 C,HN,O, 243.08558 [M+H]" 244.092 86 112.050 71, 163.042 04, 228.747 22,  Cytarabine
243.092 85

4 2343 CH,,0O 192.062 15 [M-H] 191.054 87 133.028 08, 151.002 24 D-(-)-Quinic acid

5 2.555 CH, 0, 174.051 70 [M-H] 173.044 37 71.012 23, 73.027 88, 83.048 61, 3,4,5-Trihydroxycyclohex-
85.027 89, 99.007 19, 111.043 60, 1-ene-1-carboxylic acid
137.022 98, 155.033 62

6 404  CHNO, 129.042 85 [M+H] 130.050 13 84.044 98, 129.049 88 D-(+)-Pyroglutamic acid

7 4.046 CHNO, 129.041 18 [M-H] 128.03391 82.0282 2, 113.695 77 4-Oxoproline

8 6.048 C,H,N.O, 267.09690 [M+H]" 268.104 19 57.034 41, 69.034 26, 97.028 97, Adenosine
101.060 07, 136.061 66

9 6.277 C,H,N,0, 251.10201 [M+H]' 252.109 28 73.029 08, 99.044 54, 177.054 73, 2'-Deoxyadenosine
136.061 58 251.105 83

10 6.727 C, H,N,O; 228.14761 [M+H]" 229.154 91 70.065 90, 159.012 82, 173.028 43, Prolylleucine
193.096 57, 211.107 77, 228.154 36

11 6.995 CHO, 170.020 40 [M-H] 169.013 12 69.032 98, 81.032 94, 97.027 94, Gallic acid
126.026 20

12 7.007 C,H NO, 148.05259 [M+NH4]+ 166.086 41 72.007 46, 75.007 18, 87.007 14, L-Phenylalanine
93.032 95, 120.044 13, 121.028 05,
147.043 75

13 7479 C,HN,O, 281.11266 [M+H]" 282.119 93 57.034 41, 69.034 26, 97.028 97, 2'-O-Methyladenosine
119.035 14, 136.061 66, 281.119 45

14 7.958 CHLO, 138.030 29 [M-H] 137.023 01 74.989 35, 93.032 97, 94.028 25, Salicylic acid
109.027 81, 137.023 01

15 8.13 C,H/N,O, 281.11268 [M+H] 282.11996 57.034 37, 69.034 22, 85.028 94, N6-Me-Adenosine
136.061 65, 150.077 26, 281.119 20

16 8.692 CH,O, 136.050 95 [M-H] 135.043 67 75.007 17, 117.330 80, 134.035 90 2-Methylbenzoic acid

17 9.218 C, H)NO, 187.063 48 [M+H]" 188.070 74 91.054 76, 115.054 44, 117.057 41, Trans-3-indoleacrylic acid
118.065 31, 142.065 05, 143.072 86,
144.080 69, 146.059 88, 170.059 89,
187.070 51

20 9.956 C/H0, 180.040 51 [M-H] 179.033 20 59.012 25,71.012 25, 85.027 85, Caffeic acid
87.007 08, 89.022 83, 121.028 19,
134.035 96, 135.043 72, 136.047 10

18 10.183 C,H, 0O 198.053 03 [M+H]" 199.060 32 63.022 42, 78.009 43, 89.001 62, Syringic acid
91.017 28, 106.004 47, 121.027 98,
123.007 27, 138.030 81, 153.054 31,
166.997 36, 182.020 92, 198.047 99

19 10.33 CH;N, 211.111 22 [M+H] 212.118 50 92.049 96, 95.065 58, 119.060 49, N,N"-Diphenylguanidine
166.049 64, 194.044 86, 195.091 57,
211.117 86

21 10.516 C,;H, O, 340.079 16 [M-H] 339.071 62 123.044 15, 133.028 37, 151.038 79,  Esculin
179.033 65, 131.091 92

23 11.118  CHO, 178.026 51 [M+H]" 179.033 78 111.008 02, 137.022 99, 155.033 72,  Esculetin
178.033 66

24 11179 C,HNO, 205.03760 [M-+H] 206.044 88 132.044 45, 150.091 48, 178.049 67, Xanthurenic acid

205.044 54
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Compound b vin Formula  Adduct (mz) o oronee miz Fragment ion (m/z) Title
No. ion
22 11572 CHO, 154.025 34 [M-H] 153.018 07 81.032 97, 85.027 90, 95.012 27, Gentisic acid
108.020 13, 109.0279 7, 110.031 14,
123.007 23
25 11.745 C H O, 354.094 37 [M-H] 353.086 98 85.027 85, 93.032 96, 111.043 62, Chlorogenic acid
135.043 67, 137.023 03, 155.033 62,
173.044 30, 179.033 78, 191.055 02,
353.087 16
26 11.77  C, H,,0; 224.068 41 [M+H]" 225.075 68 91.054 70, 95.049 55, 119.049 26, Sinapinic acid
147.043 87, 149.023 24, 157.039 51,
175.038 80, 192.041 52, 207.064 79,
224.039 41
27 12258 C,H,0, 194.058 06 [M+H]" 195.065 34 89.039 12, 107.857 80, 117.033 66, Methyl caffeate
135.043 98, 163.038 71, 177.090 87,
194.101 43
28 13221 C,H,O 564.147 82 [M+H]" 565.15527 121.028 47,203.033 58, 295.059 75,  Schaftoside
307.059 91, 325.069 92, 379.080 44,
391.080 41, 409.091 13, 427.101 78,
511.123 14, 529.133 42, 564.149 90
29 13.551 C,H,0, 192.042 46 [M+H]" 193.049 74 133.028 38, 137.059 60, 161.059 54,  7-Hydroxy-6-methoxy-2H-
165.054 52, 178.025 92, 192.049 38 chromen-2-one
30 13.633  CH,O 120.05599 [M-H] 119.048 70  59.009 26, 71.012 24, 119.048 70 Phenylacetaldehyde
31 13.636  C,H,0, 164.04599 [M-H] 163.038 71 119.048 71, 120.052 01, 163.038 88  2,3-Dihydro-1-benzofuran-
2-carboxylic acid
32 13.638 C,H,0, 164.047 49 [M+H]" 165.054 76 91.054 70, 119.049 22, 147.043 79, 4-Coumaric acid
164.054 64
33 13.837 C,,H,0, 610.15326 [M+H]" 611.160 71 153.018 08, 287.054 41, 449.107 09, Luteolin 30,40-di-O-b-d-
610.159 97 glucopyranoside
34 14328 C,H, O, 580.142 63 [M+H]' 581.14990 85.028 98, 153.018 02, 171.028 58, = Kaempferol 3-O-
273.075 47, 287.054 47, 580.186 28 vicianoside
35 14364 C H 0 272.068 15 [M+H]" 273.07544 67.018 66, 119.049 33, 147.043 90,  Naringenin
153.018 05, 171.028 64, 272.075 44
36 14364 C,H,,0, 580.178 17 [M-H] 579.170 84 65.001 66, 107.012 29, 119.048 70, Naringin
151.102 29, 271.060 85, 285.040 10,
459.114 50, 580.174 80
38 14418 C,H 0O, 302.079 00 [M+H]" 303.086 27 67.018 62, 117.033 66, 145.028 24, 5,7-Dihydroxy-2-(4-
153.018 01, 177.054 41, 179.033 62,  hydroxy-3-methoxyphenyl)-
302.086 06 3,4-dihydro-2H-1-
benzopyran-4-one
39 14501 C,H,0, 448.100 19 [M+H]" 449.107 54 107.012 30, 133.028 08, 151.002 24,  Cynaroside
284.032 26, 285.040 04, 447.092 53
37 14538 C,H.O, 122.03523 [M-H] 121.027 95 93.032 79, 121.027 97 Benzoic acid
40 15.156 C,H,,0, 343.163 04 [M+H]" 344.170 32 61.029 24, 69.034 24, 85.028 96, (2R,35.,45,5R,685)-2-
97.028 82, 105.070 18, 137.059 59,  (Hydroxymethyl)-6-[2-
165.090 84,180.086 27,343.170 32 methoxy-4-(prop-2-en-1-yl)
phenoxyJoxane-3,4,5-triol
41 15252 C,H,0,,  432.10544 [M+H]' 433.11276 67.018 67, 119.049 28, 153.018 02, Apigetrin
271.059 63, 432.114 04
42 15514 CH, O, 188.103 73 [M-H] 187.096 45 57.032 96, 97.064 29, 123.080 09, Azelaic acid
125.095 69, 169.085 62
43 15.626 C,H 0, 288.062 96 [M+H]" 289.070 34 68.997 83, 89.039 07, 117.033 60, 2-(3,4-Dihydroxyphenyl)-
135.043 98, 145.028 31, 153.017 99,  5,7-dihydroxy-3,4-dihydro-
163.038 70, 179.037 75, 288.070 22 2H-1-benzopyran-4-one
44 16.055 C,HO, 186.031 97 [M+H]" 187.039 25 69.034 27, 81.034 13, 109.101 53, Psoralen
115.054 44, 131.049 10, 143.049 01,
159.116 41
45 1625 C,HO 712.403 03 [M-H] 711.39575 419.310 67,441.337 13,453.300 17,  Sericoside

485.32 822, 503.337 49, 711.254 64
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Continued
Compound RT/min Formula  Adduct (m/z) Refc.:rence Fragment ion (m/z) Title

No. ion

46 16.509 C,H,,0, 284.068 93 [M+H]" 285.076 20 81.070 51, 153.017 84, 242.056 88, Glycitein
270.051 94, 284.075 38

48 17.054  C,H, 0O, 286.047 40 [M+H]" 287.054 75 153.018 02, 241.049 03 Kaempferol

49 17.787  C,H,O; 488.350 37 [M+H-H,0]" 471.34708 147.116 67,201.163 56,219.173 90,  (35,5£,9%)-3,6,19-
271.059 63, 407.330 08, 425.340 76,  Trihydroxyurs-12-en-28-
453.336 03 oic acid

50 17.831 C,H,,0, 300.063 34 [M+H]" 301.070 65 258.051 88, 286.046 81 Diosmetin
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59 26.557 C,H,NO 28328755 [M+H] 284.294 83 57.070 78, 60.045 28, 88.076 26, Stearamide
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Figure 1 Total ion flow diagram of UHPLC-Q-Orbitrap MS/MS
to identified the chemical constituents in Dracocephalum rupestre
Hance. The figure above represents the negative ion scanning

mode, and the below represents the positive ion scanning mode
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Figure 2 Network pharmacological analysis. DRH: Dracocephalum rupestre Hance. A: The targets of components of Dracocephalum rup-

estre Hance and the targets of aging type 2 diabetes mellitus (T2DM); B: The protein-protein interaction (PPI) network of common targets

from drug and aging T2DM; C: Top 10 core targets of common targets from drug and aging T2DM; D: The targets of components of drug

and the targets of neuroinflammation; E: The PPI network of common targets from drug and neuroinflammation; F: Top 10 core targets of

common targets from drug and neuroinflammation; G: Network diagram of six potentially active ingredients-target. The yellow rhombus rep-

resents chlorogenic acid, syringic acid, asiatic acid, naringenin, kaempferol, diosmetin, and the purple circle represents common targets of

aging T2DM, neuroinflammation and six ingredients, the pink circle represents common targets of aging T2DM and six ingredients, and the

blue circle represents common targets of neuroinflammation and six ingredients
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Figure 3 Enrichment analysis and molecular docking energy. A and B: GO (gene ontology) analysis of common targets; C and D: KEGG

(Kyoto encyclopedia of genes and genes) analysis of common targets; E: Thermal map of binding energy of core components and core target

molecules
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Figure 4 Study on the hypoglycemic effect of Dracocephalum rupestre Hance on mice A: Effects of Dracocephalum rupestre Hance on

fasting blood sugar; B and C: Effects of DRH on body weight in T2DM mice and normal mice; D and E: Effects of Dracocephalum rupestre
Hance on serum TG and TC in T2DM mice; F and G: Effects of drug on ALT and INS in serum of T2DM mice; H and I: Effects of Draco-

cephalum rupestre Hanceon serum T-SOD and GSH in T2DM mice; J: Pathological morphology of liver with HE staining (n = 3); K and L:

Effects of Dracocephalum rupestre Hance on barin and serum TNF-a in T2DM mice; M: Effects of drug on IL-1f in brain of T2DM mice.
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Figure 5 Effects of Dracocephalum rupestre Hance on activation of microglia and TLR4/NF-xB pathway in the brain of T2DM mice. A:
The expression of Iba-1 detected by immunofluorescence staining with anti-Iba-1 antibody (green) and DAPI (nuclei, blue), the arrow point-
ing to representative cells; B: The quantification of the expression of Iba-1; C: The expression of TLR4 detected by immunohistochemistry,
and the arrow pointing to representative cells; D: The quantification of the expression of TLR4; E: Representative bands of NF-xB and their
control protein in the brain of mice; F and G: Relative levels of NF-«B to their control protein; H: The nuclear translocation of NF-xB
detected by immunofluorescence staining with anti-NF-xB antibody (green) and DAPI (nuclei, blue), and the arrow pointing to representa-
tive cells. n =3, ¥ 5. "P < 0.05 vs Con group; "P < 0.05 vs Mod group
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Figure 6 Effects of Dracocephalum rupestre Hance on activation of NLRP3 inflammasome in the brain of T2DM mice. A: The expression

of NLRP3 detected by immunohistochemistry; B: The quantification of the expression of NLRP3; C: The expression of ASC detected by

immunohistochemistry; D: The quantification of the expression of ASC3; E: The expression of caspase-1 detected by immunohistochemis-

try; F: The quantification of the expression of caspase-1. Arrow pointing to representative cells. n = 3, ¥ £ 5. "P < 0.05, "P < 0.01 vs Con

group; “P < 0.05 vs Mod group
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