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Neuroendocrine-metabolic regulatory mechanisms of Erxian Decoction in rats
with perimenopausal depression
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Abstract: Objective To investigate the effects of Erxian Decoction (EXD) on behavior, sex hormone levels, related gene expression,
and serum metabolic profiles in a rat model of perimenopausal depression (PMD), and to explore its potential mechanisms. Methods
A PMD rat model was established by bilateral ovariectomy (OVX)combined with 42 days of chronic unpredictable mild stress (CUMS).
Female SD rats were control group (without modeling), the model group, the flupentixol-melitracen (FM, positive control, 2.2 mg-kg™")
group, the estradiol (Ez, positive control, 0.1 mg-kg™') group, and the high, medium and low doses of EXD (9.6, 4.8, 2.4 g-kg™!) groups.
The drug was administered once a day every 21 d after the experiment. Behavioral changes were evaluated by the sucrose preference
test (SPT), forced swimming test (FST), and Morris water maze (MWM). Hippocampal pathology was observed by HE staining. Serum
estradiol (E2), luteinizing hormone (LH), and follicle-stimulating hormone (FSH) were measured by ELISA. The mRNA levels of
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hippocampal serotonin 1A receptor gene (Htrla), brain-derived neurotrophic factor (BDNF), tropomyosin receptor kinase B (7rkB)
and uterine Esrl, Esr2 were detected by qRT-PCR. Based on pharmacodynamic results, serum samples from the control, model, and
high-dose EXD groups were analyzed by UPLC-Q-TOF/MS-based untargeted metabolomics. Results Compared with the model
group, rats in all dosage groups of Erxian Decoction showed significantly reduced body weight, body weight gain rate, and food intake
(P <0.05, 0.01). The high-dose group exhibited increased sucrose preference (P < 0.01), shortened immobility time and escape latency
(P < 0.01), and significantly prolonged time spent in the target quadrant (P < 0.01). Pathological damage in the hippocampus was
improved to varying degrees across all dosage groups, with the most notable improvement observed in neuronal alignment and cell
morphology in the high-dose group. High and medium doses of Erxian Decoction elevated E: levels while reducing LH and FSH levels
(P <0.01). Expression of Htrla, BDNF, and TrkB mRNA in hippocampal tissue, as well as Esr/ and Esr2 mRNA expression in uterine
tissue, were significantly downregulated in all dosage groups (P < 0.05, 0.01). Metabolomics analysis revealed that the high-dose group
restored the serum metabolic profile of model rats toward that of the control group, correcting 37 abnormal serum metabolites, primarily
including taurine, L-phenylalanine, linoleic acid, phosphatidylethanolamine, and various phosphatidylcholines. Pathway enrichment
analysis mainly involved linoleic acid metabolism, alpha-linolenic acid metabolism, taurine and hypotaurine metabolism, and
glycerophospholipid metabolism. Conclusion Erxian Decoction improves depression-like behavior, cognitive dysfunction, and
hippocampal injury in PMD rats, possibly by regulating the HPO axis, enhancing estrogen receptor expression, activating 5-
HT1A/BDNF/TrkB signaling, and restoring lipid and taurine-related metabolic homeostasis.

Key words: Erxian Decoction; perimenopausal depression; 5-HT1A/BDNF/TrkB; metabolomics; linoleic acid metabolism; a-linolenic

acid metabolism; taurine and astionine metabolism
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Fig. 1 Cytomorphological characteristics of vaginal
smears at different stages of the estrous cycle in rats
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®3 BEXRERE., FREZBRERRILEBMENL (X 5, n=8)
Table 3 Changes in body weight, body weight gain rate and food intake across groups ( X *s, n=3)

= =
HLH ARG kg GEIEl PR K %1% — &%gi@
ERL21d 5 R R ENEREFRE BRI 21d)E R G
X HE — 229.40+3.20 300.38+3.85 30.94+2.15 2241+1.18 23.54+1.07 24.13+£1.25
iy — 228.60+3.50 318.50+3.34™" 39.33+2.95" 22.13+1.46 28.57+1.78" 31.24+2.06"™"
(1177 9.6 230.40+4.10 309.63+2.88""*  34.39+3.85 " 2258+1.12 28.14+1.35"" 2542+1.19"
4.8 230.101+3.80 307.75+3.54™"*  33.75+3.50""* 22.34+1.27 28.32+1.58"™" 26.17+1.46"
2.4 230.10+3.90 307.00+2.39"#  3342+3.75" 22.52+1.38 28.46+1.67"" 27.53+1.74*
M 00022 231204340 305.6343.02%  321942.10"% 22254116 27.94+148" 2576+ 135%
E> 0.0001 231.50+3.60 307.63+2.777*  32.89+2.80" " 22.46+1.25 28.07+1.37" 25.18+1.14"

SxfmEAE: *P<0.05 **P<0.01

P<<0.001; S5EMALLLE: "P<0.05 *P<0.01.

*P<0.05 P<0.01 "P<0.001 vs control group; *P<0.05 *P<0.01 vs model group.
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Table 4 Sucrose preference rates and forced swimming immobility time across groups ( X *s, n=38)

i) (g kg Y) : %J?ﬁﬁ{ﬁlﬁ‘%/% §%ﬁiﬁfi&
i AL i 21d SR SR AE /s

o — 82.41£3.18 83.05+3.42 82.63+3.25 72.25+25.84
AR — 81.75+3.56 54.21+4.63™ 53.14+4.25™ 164.50+20.98"
117 9.6 82.16+3.24 55.18+4.15™" 78.45+3.92% 74.25+12.91%
4.8 81.94+3.82 54.8244.38"" 71.36+4.16% 99.121+16.05%
24 82.52+3.41 55.46+4.07"" 64.82+4.54% 133.25+18.73%
FM 0.002 2 81.85+3.15 54.65+4.22"*" 79.18 £3.65% 91.75+12.31%
Ez 0.0001 82.38+3.67 55.03+4.41™" 75.84+4.08" 82.12+12.35"

XA P<0.01 ™"P<0.001; SEAIZLLE: *P<0.05 *#P<0.01.
"P<0.01 *P<0.001 vs control group; *P<0.05 P <0.01 vs model group.

=5

ZLHKER Morris KEEITHFERIR (X *s5, n=8)

Table 5 Morris water maze performance indices across groups ( X £s, n=28)

251 FE (g kg Y Day! &R /s Day5 ¥k H/s B br B PR B A /%
Xof HE — 50.21+4.57 10.71£1.80 47.53+5.47
ot — 49.16+5.04 18.43+2.07" 24.22+6.67"
Az 9.6 49.10+6.53 13.144+1.35% 38.91+6.07%
48 53.41+3.85 16.00+1.41* 32.04+3.80*
2.4 51.25+5.83 15.71+1.50* 27.48+4.51
FM 0.002 2 4725+5.49 12.29+1.50% 41.85+3.66"
E. 0.0001 48.9943.97 12.2941.50% 40.40+3.06%

SXPMALLE: TP<0.01; SERALLE. *P<0.05 #P<001.
P <0.01 vs control group; *P<0.05 *P<0.01 vs model group.

— i 2.4 gkg*t

2 FUKER MWM kAR K
Fig.2 Thermal imaging of rats swimming in MWM
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F K, LH A1 FSH /K FEZFEFHE (P<0.001), ##

SRR R R I IR . SRR ER 7 RS
HEMALE, B A LR ERHERE; g
i AR AT B K BEIK LH A1 FSH 7K
F(P<0.01), HE—ERIEMKNHE; FM X Eid
FabR T o, LK 6.
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# 6 REARIME E: LH. FSH 2 EMNELER (X +5,n=8)
Table 6 Serum E:, LH, and FSH levels across groups ( X *s, n=8)

il FE/(g kg Y Ez/(pg mL 1) LH/(mIU mL™1) FSH/(mIU mL?)
xof R — 62.45+6.18 13.15+2.45 21.87+3.52
et — 24.18+4.92" 33.24+4.67" 52.68+7.46""
Az 9.6 51.68+5.13# 19.45+3.12% 31.22+4.58"

48 42.15+5.40 24.10+3.84* 38.54+5.23%

2.4 30.82+4.06 28.56+4.15 46.16%6.30
FM 0.002 2 27.16+4.25 31.82+3.97 50.45+5.82
E. 0.0001 59.34+5 81 15.12 42,84 23.56 43,84

HxtALbse: TP<0.001; SEAALLE: *P<0.05 #P<0.01 #*P<0.001.
P <0.001 vs control group; *P<0.05 #P<0.01 **P<0.001 vs model group.

3.4.2 —Aflizxt PMD KR Hirla. BDNF/TrkB. S5xEA i, BAH KRS AN Hirla. BDNF
Esrl. Esr2 F19¢ mRNA RIAFFW Wk 7 Fiw, I TrkB mRNA FiATEFE NE, TEHR Esrl M

Fz7 BUEXREEE mRNA BT FRIEENMELER (X £5,n=8)

Table 7 Relative mRNA expression levels of target genes across groups ( X s, n=8)

) DR mRNA X Ris & T B mRNA 5t R LA E
20 5] FIE/(g kg™
Htrla BDNF TrkB Esrl Esr2

Xt HE — 1.00+0.03 1.00+0.08 1.00+0.05 1.00+0.05 1.00+0.07
R — 0.45+0.07" 0.38+0.04™ 0.50+0.03" 0.60+0.06™ 0.46+0.10™
ZAli 9.6 0.85+0.07# 1.03+0.07# 1.13+0.09% 0.92+0.08% 1.01+0.13#
4.8 0.74+0.06% 0.834:0.02% 0.89+0.07# 0.790.04% 0.810.09%
24 0.62+0.09% 0.58+0.04% 0.78+0.06* 0.70+0.04# 0.71+0.03%

FM 0.002 2 0.98+0.03% 0.98+0.03% 0.95+0.03% 0.72+0.05 0.58+0.05
E: 0.000 1 0.73+0.06% 0.66+0.06" 0.78+0.06* 0.99+0.02# 1.01+0.03*

HXHA L TP<0.01; SEMALLE: “P<0.05 #P<0.01.
**P <0.01 vs control group; *P<0.05 *P<0.01 vs model group.
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Table 8 Putative serum biomarker profiles in rats

o [ 1R/ BT B v Az vs
g HMDB b2 T i 7312 e .
1 HMDB0000251 taurine(Z-fi#) 0.67 C2H/NO3S ESI” |* 1#
2 HMDB0000700 hydroxypropionic acid(¥:3k N R) 1.11 C3HOs ESI” | 1#
3 HMDBO0000159 L-phenylalanine(Z-7K N2 &) 1.40 CoH1INO2 ESI” ™ 19
4 HMDB0006355 D-glucurono-6, 3-lactone(&i [ P4 fig) 1.83 CsHsOs ESI” |* T
5 HMDB0060366 3-carbamoyl-2-phenylpropionaldehyde[3-(% 1.93 CioH1iNO3 ESI”  |™ 14
B PSR )-2- AR B P )
6 HMDB0013221 B-cortolone(B-J7 & R VU &) 2.69 C21H3405 ESI” | T
7 HMDBO0013287 Ne, Ne-dimethyllysine(Ne, Ne- — H i & iR) 2.79 CsHisN202 ESI”  |* 1
8 HMDB0000903 tetrahydrocortisone( VU5 ] (KI#2) 2.94 C2H30s ESI”  |* 1
9 HMDB0004666 MGIO : 0/20 : 4(52,82,112,14Z)/0 : 0]( 2-1£/EVUMGEREV)  3.11 Ca3H3s04 ESI” | 1#
10 HMDBO0041997 pregnanetriolone(11-HiZ%2 4t =) 3.24 C21H3404 ESI” | 1
11 HMDB0004692 12(R)-HPETE[12(R)-Eid % —+ W MU MR 3.37 Ca20Hx04 ESI”  |® 1
12 HMDBO0004063 metanephrine( FF & L5 LR ) 3.40 CioHisNOs3 ESI” ™ i
13 HMDB0001410 2-amino-4-oxo-6-(1,2’-dioxoprolyl)-7,8- 3.53  CoHoNsOs ESI” | 1#
dihydroxypteridine[1-(2-2 Jik-7,8- — 52 Jik-4- S fX-
3,4,7,8-TU S M -6-38) R - 17,2°- )]
14 HMDBO0000896 taurodeoxycholic acid(4-F i UIHER) 4.13 CxHasNOsS ~ ESI™ | 1
15 HMDBO0010404 lysoPC[22 : 6(4Z,7Z,10Z,13Z,16Z,19Z)/0 : 0)] 4.55 CsHsNOP  ESI” |™ R
(5 1L 538 B T L))
16 HMDB0000001 1-methylhistidine(1-F 3&-L-2H & &) 5.30 C7H1iNzO2 ESI” 1t* i
17 HMDBO0000673 linoleic acid(ll. i iZ) 7.62 CisH30: ESI” |* 1
18 HMDBO0009611 PE[22 : 4(7Z,10Z,13Z,16Z)/P-18 : 1(112)] 7.86 CasHgNOP  ESIT  |” 1
(W NG E 2 B )
19 HMDBO0012150 2-keto-6-acetamidocaproate(6- Z.BEEF-2-ACCBRIE)  1.49 CsHisNO4 ESI* 17 U
20 HMDBO0012096 SM(d18 : 1/12 : 0)(#BENE) 2.03 CssH7N2OsP  ESTH 17 1
21 HMDBO0000514 allochenodeoxycholic acid( % 2= 42 IHR) 2.51 C24Ha004 ESI* 1 g
22 HMDBO0008823 PE(14 : 0/15 : 0)(B st 2. B %) 2.59 CiuHeNOsP — ESIY 1™ 1
23 HMDBO0009549 PE[22 : 2(13Z,16Z)/15 : 0](Bk gL 2. B i) 2.66 CaHgoNOsP ESI* 1™ ks
24 HMDBO0000542 8-hydroxyadenine(8-JJk [l 104 4.39 CsHsNsO ESI*  1* 1
25 HMDBO0012104 SM[d18 : 1/22 : 1(132Z)](#iBEg) 5.79 CasHgoN20sP  ESI* 17 1t
26 HMDBO0013209 alanyltryptophan(75 &8t (4 2 1R) 5.86 CisH17N30;3 ESI* 1™ 1
27 HMDBO0013122 lysoPC(p-18 : 0/0 : 0)(¥ Ik A5 Bk AE A) 6.04 Ca6HsaNOsP ESI*  1* kd
28 HMDBO0011114 OPC6-CoA(OPC6-4lififf A) 6.06 Cs7HeoN7018PsS ESI* 17 1t
29 HMDBO0006770 5b-dihydrotestosterone(5p- 5 %) 7.27 CioH300:2 ESI*  |” "
30 HMDBO0007894 PC[14 : 0/24 : 1(152Z)] (W%l BB BR) 7.44  C4sHooNOsP ESI*  1* kd
31 HMDB0008297 PC[20 : 1(112)/15 : 01(# Fg Bk HEHi%) 7.52 C43HsaNOsP ESI*  1* kd
32 HMDBO0010368 CE(18 : 0)(JH & B fig FR Tk ) 7.58  CasHzoO2 ESI* 17 1t
33  HMDBO0008489 PC[20 : 4(8Z,11Z,14Z,17Z)/P-18 : O](1 i Bk I Bk 7.60 CaHssNOP  EST* 1™ 1
34 HMDBO0009805 PI(18 : 0/16 : O)(HSmENLEE) 8.24 Cs3Hs3013P ESI*  1* 1
35 HMDBO0009013 PE(18 : 0/24 : 0)(B/lgHk 2.l k) 8.45 C47HosNOgP ESI*  1* kd
36 HMDBO0012091 SM(d18 : 0/22 : 0)(¥Hf /i) 8.65 CasHosN2OP  ESIF 1" 1t
37 HMDB0007996 PC[16 : 0/P-18 : 1(112)](Bs & BEAR ) 8.77 CaHpNO,P  ESI* 1 ki

EXIBA LS "P<0.05 *P<0.01; HSHRAAHLE: *P<0.05 #P<0.01. 2 FAREVHLZE THSH, R 257 Py 4 0 B E] B/ 5
KR

*P<0.05 *P<0.01 vs control group; *P <0.05 *P<0.01 vs model group; Differential metabolites were grouped by ion mode and sorted within each

ion mode according to increasing retention time.
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Fig. 7 Heatmap (A) and pathway analysis (B) of differential serum metabolites
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