FOEF1H 2026518 %¥i34ak . Drug Evaluation Research  Vol. 49 No. 1 January 2026 © 69

BT BRI EF AR AR F IR LS AR IR GBS 6 [ R AR
FR TR ER AL

Bl fTEEL F O XEFER, F OB L2 e F3 Kk FLY
1 SN ERZGRE: #% 0, SuM SifH 550025

2. HMPEGRAHE—MRER 2458, M 5t 550001

3. MR EARFEE - MEER BEER, S 5P 550001

7 E: BR ETREEHFERWNE IR XS RS R (HPISND 78 [ 5% K BE B TR fE/E A ALS . 75
5 HEE SD KRBENL Xt BB, BRI, HPISN (205mgkg ™) 4, &4 10 R, 25liass FAASE . Bt iRas, X
FAAR H SR 75 5B B K I R OB, 90 min Ji5 ig 4524, K 1 IR, ES: 15 d; SRFH I s0BUAH (6 - K AT I 1] 3% (UPLC-TOF-
MS) HiARST KRBT 2087, ik 2 R Q. 5T SCHRIT 70 Ik 158 2 % 2 KA MR G b ds 1 Jm e e 4y, A
FAM R GG BAZE | 4y F IR TION 2 2 AR M A )5 Bk 5 7 7 V8 B R K HE FR IR ZE A P AL o K AR 20 22 TR S5 1 22 e AR
Wy 5 W 28 25 B2 RIS ) “HPISN-H 70 ” 2524855 5 N Cytoscape 3.9.1 5, FHAHF Metscape FHAFAIE “AIb A W0- I -1 -
B[R 4, DLFAREEFRAR ) 2 B E R 45R  SxTRAML, AP E 13 NMEFEEE TR (P<0.05,
11 DMESREEZ B (P<0.05) ; SHEAI4HLEL, HPISN 4K R _ERIEK T EESE (P<0.05) . MK AR
t HPISN YEFI T F70HT 8 M LA A, 4359 ALB. INS. TP53. EGFR. CTNNBI. IL10. STAT3. ANXAS5; #%.CiEthmisy
HS5A, DHINEEL (harpagide) - &A%Y (dihydrocatalpol)  8-O-PiZEELFEME 2 (8-O-feruloylharpagide) « ERAETFH
(globularin)  6-O-a-L- thamnopyranosylaucubin; GO J) ¢ & 48 25 R B/ A% O s 5 AR ) A2 - EAL 4G RNA REHE 1 E3)
THESEIERRE . B55%S. BREEWIERETY; KEGG &E0045 £, HPISN 1] fEREHEIHF S K+ 1 (HIF-1) %
G5, UG SR 2 B2 T RO B RE ORI A B 2 &k A A (SDHA) | IR &S (CS) . &hit
HPISN B i B 2 K HE H P RIMLEI T RE-S 1EF T SDHA. CS 2895, T HIF-1 255 5iEiE, 5liez Rt <.
XHEIR: X5 KWMPMEMGEARG T R KEER I JRERII S M2, S8 sHEESREF 1 (HIF-D
BB A E &1k A W (SDHA) ; IR & KB (CS)

hESAES: R285 XEAFRERE: A NERS: 1674 - 6376(2026)01 - 0069 - 14

DOI: 10.7501/j.issn.1674-6376.2026.01.007

Exploring mechanism of highly polar iridoids from Scrophularia ningpoensis in
preventing and treating hyperthyroidism in rats based on urine metabolomics and
network pharmacology

LU Xu!, HE Jiaxin', LI Jing', LIU Zechen!, LI Ling"-2, YE Tao?, ZHANG Ning' 2

1. School of Pharmacy, Guizhou University of Traditional Chinese Medicine, Guiyang 550025, China

2. Department of Pharmacy, The First Affiliated Hospital of Guizhou University of Traditional Chinese Medicine, Guiyang 550001,
China

3. Department of Rehabilitation, The First Affiliated Hospital of Guizhou University of Traditional Chinese Medicine, Guiyang
550001, China

Abstract: Objective Exploring the potential mechanism of action of highly polar iridoids from Scrophularia ningpoensis (HPISN)

in preventing and treating hyperthyroidism based on metabolomics and network pharmacology. Methods Male SD rats were
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randomly divided into the control group, the model group, and the HPISN (205 mg-kg ") group, with 10 rats in each group, and were
respectively raised in metabolic cages. Except for the control group, the hyperthyroidism model of yin deficiency and hyperactivity of
fire was induced by eumetronil. The drug was administered by ig once a day after 90 min for 15 consecutive days. Used UPLC-TOF-
MS technology to perform metabolomics analysis on rat urine, screening for differential metabolites. Based on literature research, the
active ingredients of HPISN were screened, and network pharmacology and molecular docking techniques were used to predict the
potential mechanism of action of HPISN for preventing and treating hyperthyroidism. The differential metabolites obtained in
metabolomics and the intersection target of "HPISN-hyperthyroidism" obtained in network pharmacology were imported into the
Cytoscape 3.9.1 software, and the "compound-reaction-nzyme-gene" network was constructed using the Metscape plugin to search for
important associations between genes and metabolites. Results Compared with the blank group, 13 differential metabolites were
significantly down regulated (P < 0.05) and 11 differential metabolites were significantly up-regulated (P < 0.05) in the model group.
Compared with the model group, the levels of the above indicators were significantly reversed in the treatment group of rats with
HPISN (P < 0.05). Network pharmacology identified 8 core targets of HPISN in treating hyperthyroidism, namely ALB, INS, TP53,
EGFR, CTNNBI, IL10, STAT3, and ANXAS. There were 5 core active components, including harpagide, dihydrocatalpol, 8-O-
feruloylharpagide, globularin, and 6-0-0-L-rhamnopyranosylaucubin. GO functional enrichment results indicated that the biological
processes affected by the core targets mainly included positive regulation of RNA polymerase Il promoter transcription, signal
transduction, and positive regulation of gene expression. KEGG enrichment analysis suggested that HPISN might regulate signaling
pathways such as hypoxia-inducible factor 1 (HIF-1). Combined metabolomics and network pharmacology analysis identified succinate
dehydrogenase complex subunit A (SDHA) and citrate synthase (CS) as key targets. Conclusion The mechanism of HPISN in
preventing and treating hyperthyroidism due to yin deficiency and excessive internal heat may be related to its action on targets such
as SDHA and CS, intervention in signaling pathways such as HIF-1, and causing changes in differential metabolites.

Key words: Scrophularia ningpoensis Hemsl.; highly polar iridoids; yin deficiency and fire hyperactivity hyperthyroidism; urine
metabolomics; network pharmacology; molecular docking; hypoxia inducible factor 1 (HIF-1); succinate dehydrogenase complex
subunit A (SDHA); citrate synthase (CS)
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Table 1 Potential biomarkers in urine of yin deficiency and fire hyperactivity hyperthyroidism rats under action of HPISN

o
e S N/ ST W \%P %ﬁ; \2';% TR KEGG % HMDBID %
1 batatasin | TSN 461 2841047 378 I° t*  CiH10s  C10246 HMDBO0038778
2 dopaxanthin ZHEHOR 501 389.1012 159 |* t*  CisH1sN20s C08543 HMDB0012221
3 formononetin TEWIER 341 2700882 152 |* t*  CpHuOs  C00858 HMDB0005808
4 naringenin & 0.85 3170651 145 t* {* CisH0s  C00509 HMDB0002670
5 dihydrogenistein A YukIAZK 0.85 3170651 145 t* {* CisHOs  C14458 HMDB0005897
6 chalconaringenin 2 /RERMIE 0.85 3170651 145 t* I* CisHi20s  C06561 HMDB0029631
7 (f)-2-hydroxy- (F)-2-FFEE-EKE 085 317.0651 145 1~ I* CisHi20s  C03567 HMDB0033928
dihydrodaidzein G
8 glycinol KRG 0.85 3170651 145 t* I* CisHi0s  C01263 HMDB0034105
9 toralactone LA DY B 0.85 3170651 145 t* V* CisHi0s  C17673 HMDB0038549
10 genistin Pl 479 4771029 141 V t*  CauH010 C09126 HMDB0033988
11 cosmosiin K1 479 4771029 141 * t*  CuHoOw C04608 HMDB0037340
12 ginkgolide J RIS J 471 4691345 121  t* {* CxoHuOn CO07604 HMDB0029605
13 ginkgolide M HRANEE M 471 4691345 121  t* {* CxoHuOn C16816 HMDB0030042
14 rutarin EHEE 471 469.1345 1.21 t I*  CaHu010 C09309 HMDB0030884
15 ginkgolide B A NEE B 471 4691345 121 t° {* CxHuO01n C07602 HMDB0036861
16 papaverine BASET 369 3381379 120 |° t*  CaH2NOs C06533 HMDBO0015245
17 xenognosin A SRR A 086 2551031 117 |~ t*  CiHis0s  C08731 HMDB0029539
18 lactaroviolin ABEATER 086 2551031 1.17 |° t*  CisHuO C09696 HMDB0035896
19 riboflavin reduced B JRIIL 237 3931071 1.12 v t*  CisHisNsOs C01007 HMDBO0001557
20 isoniazid pyruvate SHEIIFAERER £h 262 2060577 109 t* I* CoHeN3Os C16624 HMDB0060664
21 pisatin WE R 501 3130730 1.05 |* t* CiyHu4Os  C10516 HMDBO0033732
22 isoformononetin  FEEH{EE 501 3130730 1.05 |* t*  CiHi20s  C12125 HMDB0033994
23 aflatoxin Bz W EHE B 501 3130730 1.05 |* t* CiHuOs  C16753 HMDB0035208
24 nifedipine 1,4-—4-2,6-"H#-4- 470 3911165 101 |~ t*  CiH18N20s C07266 HMDB0015247

(2-FHFEAIE)-3, 51k
e RR — H g

“P<0.05.
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&2 61 MEERIFERINGEBRTERN S
Table 2 61 iridoid compounds derived from Scrophularia ningpoensis Hemsl.

5 BS54 TR HED SR CLogP
1 harpagide A —3.765 8
2 harpagoside e AR -0.808 8
3 8-O-feruloylharpagide 8-O-Bi BRI FLns -1.626 6
4  8-O-(2-hydroxy-cinnamoyl)harpagide 8-O-(2-F ik AR LG T H -1.4758
5 6’-O-acetylharpagide 6-0-Z g B -0.624 1
6 6"-O-B-glucopyranosylharpagoside 6""-O-B-D-NH i 75 2 B iy E0 AR —2.3853
7 6"-0-0-D-galactopyranosylharpagoside 6""-O-0-D-NE g 2= LR e B AR —2.3853
8 6"-O-caffeoylharpagide 6"-O-a-D-WIHERE 3G B2 -2.6132
9 6"-O-feruloylharpagide 6"-O-[I BRIk G 2 -2.1670

10  6"-O-(p-coumaroyl)harpagide 6"-O-X] 77 5. [ vG B -2.0162
11 6’-O-cinnamoylharpagide 6'-O-RIEERE G B FF -1.3492
12 8-O-(p-coumaroyl) harpagide 8-O-X1 7 B i s LT —2.8649
13 ajugol an B -3.1876
14 8-O-caffeoylharpagide 8-O-MHF L JE G B -2.072 8
15  6-0-0-D-galactopyranosylharpagoside 6-0-0-D-ME e~ FLBE G AE —-1.6879
16 stachysoside A KIHE A -5.3423
17 8-O-(o-coumaroyl)harpagide 8-O-(o-F LA R —-1.4758
18  6-0-B-glucosylharpagide 6-O-B-7] %] H ey B EF —4.644 9
19 8-O-acetylharpagide 8-O0- L Bing LA —2.895 8
20 aucubin B S ~4.027 6
21 geniposide VRS -2.0332
22 eurostoside INK BN -1.4656
23 scrophulninoside A — -1.628 6
24 6-0-a-L-rhamnopyranosylaucubin — —4.4382
25  6-O-methylaucubin 6-O-F BE )k - T3 -3.3116
26  6-O-methyl-catalpol 6-O-F ZEFE R -3.620 8
27 catalpol T P 43782
28  4-hydroxy-6-O-methylcatalpol 4-$2FE-6-0-F FE 7B -3.623 8
29 8-epiloganic acid 8-RB AR -2.366 5
30 8-epiloganin 8- R A LT -1.8492
31 3,4-dihydromethylcatalpol 3,4- A IR -3.5108
32 dihydrocatalpol SR —4.268 2
33 teuhircoside — —2.708 8
34 monomelittoside BEIRE -5.2618
35 3,4-dihydro-aucubin 3. 4- Sk 3 B -3.9176
36 loganic acid LERHR -2.366 5
37 8-O-(threo-2, 3-dihydroxyl-3-phenyl-propionoyl)-harpagide  8-O-(F5-2,3- 2 HE-3- K B I lERL -4 BB 4F —-2.864 9
38 globularin BRAGE H -1.305 6
39 rehmannioside A T A —5.9547
40 scropolioside A TAXSH A -0.906 1
41 scrophuloside B4 6-0-( 2"-0-Z.1-3"-O- LR -4"-O-p-F A 3 1.136 9
AL -0 LML SRR IE) PR AT
42 scrophuloside A4 2"-0-4.T%-3", 4"-0,0-p- — P HL W HERE-o-L-ME  1.0559
B 2 W R R I
43 scropolioside B +rXSEB 12179
44 ningpogoside B Z2ZH B —2.174 5
45  geniposidic acid Ba+ % —-2.550 5
46 scrophularianoid A — -2.1198
47 ningpogoside A RZH A —2.783 0
48 scrophularianoid B — —0.6659
49 ningposide [ 4"-O-B-D-ME e Y- FLpE HL G 42216
50 ningposide I 3"-O-B-D-ME A - FLBE H s B2 -1.677 1
51 6-isoferuloylajugol 6- 57 PRI BRI 55 2 B B -0.912 4
52 ningpopyrroside A — -2.1394
53 ningpopyrroside B — -2.1394
54 ningpogenin RZXSH U -1.9510
55 iridolactone - 1.667 0
56 1pB-hydroxy-6B-methoxy-dihydrocatalpolgenin 1B-F22L-6p-F A - — Az -3.605 5
57 buergerinin B SB-FR AR B A s -0.207 8
58 pedicularis lactone - —2.586 0
59 1-ethyoxyl-3-hydroxy-2,3-seconingpogenin 1-Z 5 53-8, 3-A M Wu s oo -1.9374
60 1p,6B-dimethoxy-dihydrocatalpolgenin 1B, 6B-— F 4 AL - A AR T -1.8328
61 ningpogeniridoid — —2.0550
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