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Abstract: Objective To rapidly analyze the chemical constituents of Morinda officinalis using ultra-performance liquid
chromatography coupled with quadrupole-orbitrap tandem mass spectrometry (UPLC-Orbitrap-MS/MS) and to investigate the anti-
rheumatoid arthritis (RA) effects of its iridoid glycosides through network pharmacology. Methods Qualitative analysis of the
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chemical constituents in M. officinalis was conducted using UPLC-Orbitrap-MS/MS technology in both positive and negative ion
modes. The characterization of chemical components was achieved through the application of UPLC-MS/MS technology,
complemented by ProteoWizard and XCMS software platforms, with additional support from public databases and a proprietary
traditional Chinese medicine substance library. Network target databases were systematically utilized to identify the target proteins of
the detected iridoid components and the disease targets associated with RA. The DAVID database was employed for Gene Ontology
(GO) functional annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of the core targets.
The GeneMANIA platform was used to construct a protein-protein interaction (PPI) network of overlapping targets to screen key
targets. Molecular docking technology was applied to focus on monotropein. Results A total of 370 chemical constituents were
identified in M. officinalis using UPLC-Orbitrap-MS/MS technology, including four iridoid glycosides. Through systematic screening,
318 potential therapeutic targets of these iridoid glycosides and 1 001 RA-related targets were identified, with 69 overlapping targets
identified. Functional enrichment analysis revealed 478 significant GO terms and 137 KEGG pathways. The results suggest that iridoid
glycosides may exert anti-RA therapeutic effects through key targets including TNF, JAK2, STAT3, and PTPRC, potentially modulating
critical signaling pathways such as tumor necrosis factor, PI3K-Akt, and JAK-STAT. Molecular docking analysis indicated that
monotropein exhibited superior binding affinity compared to other constituents. Conclusion Iridoid glycosides of M. officinalis may
exert anti-RA therapeutic effects by targeting TNF, JAK2, STAT3, and PTPRC, and by regulating signaling pathways such as PI3K-

Akt and JAK-STAT to promote FLS apoptosis.
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Fig.1 Total ion flow diagram of M. officinalis by HPLC

#1 BHRUCFRSNEIZEHERLTEEER
Table 1 Chromatographic and tandem mass spectrometric identification results for chemical constituents in M. officinalis
s m/z tmin  F BFENR BEFHA G2
1 3903400 0.78 CisH2On  [M-H]" 165.06. 183.07. 209.05 K24 # (monotropein) [19
2 193.0506 125 CioHi00s [M-H]" 193.05. 178.03. 149.06. 134.04 PZLMR (ferulic acid) (2]
3 2822790 1038 CisHisNO [M-+H]" 28228, 247.24. 83.09. 69.07 JHEZHELE C(oleamide) 121
4 191.0193 0.72 CeHsO7 [M—H] 87.05. 111.05 ¥FrEEmg Ccitric acid) 22
5 173.0092 0.72 CsHsO7 [M—H20-H] 85.03. 111.01. 129.02 AR (isocitric acid) 22
75.01. 89.03. 103.05. " . o
6 147.0297 0.73 CoHsO2 [M—H] 19902 147.04 AR (trans-cinnamic acid) (22
+
7 182.0809 0.92 CoHsOs (M- NH] lli':: 0813(13:38 i1181'08‘ ZETNEAER (phenylpyruvic acid) [22
147.0299 0.93 CsHsOs [M—-H]" 85.03. 87.01. 129.02. 147.03 D-FrREfR (D-citramalic acid) 122!
105.0193 0.97 C3HsO4 [M-H] 105.02 HImER (glyceric acid) 122
10 173.0089 1.48 CsHeOs [M-H] 85.02. 129.01 S 3kHR (trans-aconitic acid) 22!
11 1180651 3.21 CsHuNO: [M+H]"  72.08. 118.09 5-&JEXE (5-aminopentanoic acid)
12 2532170 10.03 CisH3002  [M-H]" 253.26 KEAHER (palmitoleic acid) 22
13 2952259 885 CisH30s [M-+H]"  81.07. 93.07. 107.09. 2-HoTrE[2

151.11. 277.22




- 1844 « SEASHETH 2025478  %L¥i4ek A Drug Evaluation Research  Vol. 48 No.7  July 2025
1 (8
EIkE] m/z  tmin TR BTN BT g4
14  115.0401 0.72 CsHi20:2 [M-H] 71.06. 115.10 LR (caproic acid) [23]
15 182.0456 0.94 C;H/NO, [M-+HCOO] 138.06. 182.05 HHEFEZEFRR (p-aminobenzoic acid) P4
16 113.0358 0.82 C4HeN202 [M—H]~ 45.00. 85.03. 95.02. 113.03  —&JRMME (dihydrouraci) 23
17  136.0619 122 CsHsNs [M+H]"  119.04. 136.07 IRHENS (adenine) 123
18 2832642 832 CisHsO2» [M-H] 283.26 TERRER (stearic acid) 23]
19 117.0193 0.73 C4HeOqs [M—H] 73.01. 116.96 PP =% (methylmalonic acid) 124
20 173.0448 0.77 C7H100s [M—H] 111.05. 173.05 FEHER (shikimic acid) 24
21 143.0352 0.87 CeHiNOs [M-NHs—H]" 71.01. 85.03. 97.03. 143.03 &JEC 8 (aminoadipic acid) 24
22 113.0245 0.87 C4H4Os [M—H20-H]~ 45.00. 85.03 ik L. (oxalacetic acid) 24
23 101.0244 0.87 C4HeOs3 [M—H] 73.03. 100.92 2-fi TR (2-ketobutyric acid) 124
24 125.0244 0.87 CsHeN202 [M-H]~ 124.04. 125.02 Ji s E  (thymine) [24]
25 117.0547 0.90 CsHsO3 [M+H]"  70.07. 116.07. 118.09 o RR (o-ketoisovalericacid) P4
26 5114716 10.79 CigH»O02 [2M-H]”  255.23 EiHERR  (palmitic acid) [24
27 103.0038 0.73 C4Hs03 [M—H] 59.01. 103.02 3-F2FE TR (3-hydroxybutyric acid) [
28 125.0236 1.99 CsHeOs3 [M—H] 94.03. 124.04. 125.02 1,2,3- =53 (1,2,3-
trihydroxybenzene) [
29 102.1278 7.06 CeHisN [M+H]"  102.13 C% (hexylamine) (23
30 239.0707 8.67 CisHi20s  [M-H] 193.07. 223.03. 239.07 E#IE (flavidin) 23
31 1950512 0.78 CeéHi207  [M-H]™ 75.01. 129.02. 195.05 WEFERE (gluconic acid) [26]
32 9913359 0.81 CsHeOs1 [M-+H]*  127.04. 145.06. 163.06 AYTHE (cellohexaose) 126
33 8292876 0.83 C3oHs2026 [M-+H]*  127.04. 145.05. 163.06 ZLEHHME (maltopentaose) 2]
34 6672355 0.86 CuHx021 [M-+H]"  85.03. 127.04. 145.05. 163.06 FZ:VUPH (maltotetraose) [26]
35 225.0609 0.86 CeHi20s  [M+HCOO] 59.01. 71.01. 89.02 LA %HE (L-glucose) [26]
36 181.0703 0.86 Ce¢HisOs  [M-H]™ 59.01. 71.01. 89.02. 101.02. D-ALKEEE (D-iditol) [26]
181.07
37 179.0548 0.86 CéHi20s  [M-H]" 59.01. 71.01. 89.02 D-1 i HE (D-gulose) [26]
38  341.1080 0.87 Ci2H220u [M-H] 29.01. 73.03. 89.02. 101.02. JEHF (sucrose) [26]
221.07
39 204.0868 0.88 CsHisNOs [MHO+H]" 60.04. 96.04. 114.05. 126.06. N-ZMEH BZHEE (V-
204.09 acetylmannosamine) [29]
40  360.1484 1.01 Ci2H2O11 [M~+NHs]" 85.03. 127.04. 145.05 FEEHE (maltose) 120
41 131.0461 0.82 C4HsN203; [M-H] 87.05. 131.04 HREBHZER (glycylglycine) 7
42 131.0348 0.87 CsHi2N202 [M-H]™ 45.00. 59.01. 73.03. 85.03. &P (ornithine) 27
113.02. 130.09
43 110.0601 0.93 CsHiaN3 [M—HO+H]* 68.98. 78.00. 82.01. 87.00.  LLIEEH§ (galegine) 7]
110.01. 18.02
44 156.0656 0.94 C7H2N203  [M-NHs+H]" 113.96 HEBEAERR (glycylproline) 7
45 118.0858 124 CsHuNO: [M+H]"  72.09. 118.09 IE#E M (norvaline) [27)
46 132.1019 097 CeHisNO2 [M+H]*  86.10 MR (leucine) 7]
47 1321019 133 CeHisNO: [M+H]"  86.10 FEEMR (l-isoleucine) [(27)
48  208.0606 3.98 CioHi2N204 [M-NHz+H]" 162.06 L-3-325 R RERR (L-3-
hydroxykynurenine) [27]
49  116.0703 0.87 CsHoNO» [M-+H]*  70.07. 116.07 L-FiiE R (L-proline) 28]
50 180.0668 1.25 CoHiNO; [M-H] 119.05. 163.04. 180.07 L-F%E R (L-tyrosine) (28]
51 118.0859 0.89 CsHiNO: [M-+H]*  72.07. 118.07 L-%&E R (L-valine) (28]
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s m/z  tmin TR BTN R da ZHR
52 130.0864 0.93 CsHiaN202 [M-NHs+HJ" 84.04. 130.04 L-B&ER (L-lysine) (28]
53 3261180 0.89 CigH2»0s [M—OH-+H]*85.03. 127.04. 145.05 FAMAEF (coniferin) (29
54 1441018 090 C7Hi3NO; [M-+H]*  84.97. 99.04. 117.98. 125.02. FHEMREHZER (proline betaine) B
143.03
55 233.1541 881 CisHaN2  [M-H] 233.18 [ NS B (sparteine) [0
56  559.4756 1025 CisH»O» [2M-H]™  279.23 TihEE (linoleic acid) 139
57 3061176 1.82 Ci2HisOs  [M-+NH4]* 109.03. 127.04 2 H (phlorin) B9
58 173.0922 0.80 CsHisNO: [M+NH4* 174.13 MERRHE Carecoline) (1
59  207.0652 4.74 CuHi2Os  [M-H0O+H]*83.07. 123.06. 149.08. TR (sinapic acid) B
175.04. 207.10
60 163.0399 1.26 C9HsOs [M-H]" 119.02 2-323ENAERR  (2-hydroxycinnamic
acid) (%
61 163.0399 0.93 C9HsOs [M-H]" 162.97 4- 32 NHERR  (4-hydroxycinnamic
acid) (%
62 165.0561 1.92 C9Hi00s [M-H]" 147.0. 165.06 WIHERE (caffeyl alcohol) 321
63 421.1381 1.26 CieH24O10 [M+HCOO] 59.06. 89.11. 113.06, 119.12 4KH M (loganic acid) 13
64 229.1066 1.55 CuHisOs [M-+H]"  151.08. 193.09. 229.11 TERHF (loganetin) B33
65 2071386 559 Ci4H220  [M-+H]*  123.08. 149.11. 151.09. 189.15. a-1% 2 Hi (o-irone) 13
207.16
66 2772160 826 CioH02  [M—H0+H]* 93.07. 107.09. 121.10. 135.12 9,10-IHFEHFER (sterculic acid) B
67 2812472 883 CisH»0» [M-+H]*  55.05.69.07.83.09.97.10. 121.10. KX -T2 (chaulmoogric acid) [
135.12
68 471.3882 9.45 C3Hs0O  [M-+HCOO] 471.38 ($)-2,3- B A WO [(5)-23-
Epoxysqualene] 33
69 2772169 9.72 CisH30:2 [M-H] 277.22 y-IEFRER  (y-linolenic acid) (33
70 2272014 9.83 Ci4HxsO2 [M-H]™ 227.35 A 7ERE (myristic acid) B3
71 3362540 9.87 CaH30s [M-+NH4]* 69.07. 81.07. 95.09. 123.11  #4¥ZE D (coronarin D) B3
72 2232056 994 CisHxO ~ [M-+H]*  111.08. 223.21. 225.04 HEWERE (farnesol) 133
73 199.0604 1.67 CoHioOs [M+H]*  107.05. 114.97. 135.03. 153.04. % & TR LEE (ethyl gallate) 134
119.06
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79 237.0554 742 CisHioOs [M-H] 237.06 7523 HE (7-hydroxyflavone) [36]
80 283.0234 5.63 CigHi20s [M—H]~ 239.02. 283.01 xenognosin BB
81 191.0706 5.85 CuHi204  [M—HO-+H]" 163.08. 191.07 3-(34- A AR 2- TN IR (3-
(3,4-dimethoxyphenyl)-2-propenoic
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82 267.0660 7.18 CisHi204 [M-H] 252.02. 267.03 18 (dalbergin) 17
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Fig. 4 GO (A) and KEGG (B) enrichment analysis diagram
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