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Research of esketamine alleviating postpartum depression in mice through
regulating TREK -1 to modulate the BDNF/TrkB pathway
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Abstract: Objective To investigate the mechanism of esketamine (Esk) ameliorating postpartum depression ( PPD)
— like behaviors in mice by regulating the two pore domain potassium channel (TWIK) - related K* channel 1( TREK -
1) to activate the brain — derived neurotrophic factor ( BDNF')/tyrosine kinase receptor B ( TrkB) pathway, and to
provide experimental evidence for clarifying the pathogenesis of PPD and developing novel targeted therapeutic
strategies. Methods A total of 50 C57BL/6] pregnant mice were randomly divided into five groups (n =10 per
group ) : control group, model group, experimental group, oe — NC group and oe — TREK —1 group. A PPD model was
established in pregnant mice using the chronic unpredictable mild stress (CUMS) method. The control group was given
an equal volume of normal saline; the model group was given normal saline after CUMS modeling; the experimental
group was intraperitoneally injected with Esk (5 mg « kg™') once daily for 3 weeks after modeling; the oe — NC group
was injected with lentivirus — encapsulated oe — NC by the tail vein before modeling and subsequent Esk administration ;
the oe — TREK —1 group was injected with lentivirus — encapsulated oe — TREK —1 by the tail vein before modeling and
subsequent Esk administration. Depressive — like behaviors were evaluated using the sucrose preference test (SPT) and
tail suspension test (TST). Hematoxylin — eosin ( HE) staining and Nissl staining were used to observe the pathological
morphology of hippocampal tissue; real — time fluorescent quantitative polymerase chain reaction and Western blotting
were employed to detect the relative expression levels of TREK - 1 in hippocampal tissue; enzyme — linked
immunosorbent assay was utilized to measure the expression levels of serum sex hormones; immunohistochemistry was
adopted to detect the expression of microglial marker proteins; Western blotting was used to determine the relative
expression levels of endoplasmic reticulum stress — related proteins; immunofluorescence was applied to detect the
relative expression levels of brain — derived neurotrophic factor ( BDNF) and tyrosine protein kinase B ( TrkB).
Results  The sucrose preference rates in the control, model, experimental, oe — NC and oe — TREK -1 groups were
(84.74 £ 14.46)% , (19.08 £2.86)% , (79.62 +12.54)% , (80.15+11.38)% and (52.44 £8.15)%
respectively; the immobility time ratios in the tail suspension test were (31.16 +4.63)% , (75.38 +14.62)% ,
(49.26 + 8.59)%, (48.97 +7.82)% and (62.53 + 9.24)% , respectively; the relative expression levels of
TREK —1 mRNA in the hippocampal tissues were 1.00 +£0.15, 2.87 +0.45, 1.55 £ 0.21, 1.56 = 0.19 and
2.18 £0. 36, respectively; the relative expression levels of TREK —1 protein were 1.00 £0. 16, 2.75 +0. 38, 1. 86 +0.27,
1.84 £0. 19 and 2.44 +0.34, respectively; serum estradiol (E2) levels were (1 263.55 £152.77), (638.16 +78.32),
(985.24 £107.48), (981.67 +106.34) and (752.33 £116.45) pg - mL™", respectively; progesterone (P) levels
were (9.53+1.06), (3.48 +0.59), (8.54+1.07), (8.47+1.04) and (5.62 +1.02) ng - mL ™", respectively ;
prolactin ( PRL) levels were (15.98 £2.19), (29.31 £4.62), (19.25 £2.58), (19.88 +2.67) and
(23.47 £3.46) ng - mL~", respectively; the relative expression levels of Iba — 1 protein in the hippocampus were
1.00 £0.16, 0.35 £0.05, 0. 87 £0. 14, 0. 85 0. 13 and 0. 61 £0. 11, respectively; the relative expression levels of
GRP78 protein were 1.00 =0.17, 1.58 +0.16, 1.17 +0.14, 1.09 £0.18 and 1.35 = 0. 17, respectively; the
relative expression levels of CHOP protein were 1.00 = 0.14, 1.71 £0.23, 1.13 £0.16, 1.11 +0.12 and
1.34 £0. 18, respectively; the relative expression levels of Cleaved caspase — 12 protein were 1.00 = 0. 16,
1.45+0.19, 1.19 £0. 13, 1. 16 £0. 12 and 1. 38 +0. 16, respectively; the relative fluorescence intensities of BDNF
were 1.00 £0. 16, 0.38 £0.06, 0. 84 +0.09, 0.83 0. 11 and 0. 64 £0. 08, respectively; the relative fluorescence
intensities of TrkB were 1.00 £0.17, 0.57 +£0.09, 0.92 £0.14, 0.91 £0.12 and 0.75 £ 0. 11, respectively.
Statistically significant differences were observed in the above indicators between the model group and the control

group, between the experimental group and the model group, and between the oe — TREK -1 group and the oe — NC
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group (P <0.05, P<0.01, P<0.001). Conclusion Esketamine can alleviate PPD - like behaviors in mice by

inhibiting TREK - 1 expression, regulating sex hormone balance, improving microglial function and endoplasmic

reticulum stress, and thereby activating the BDNF/TrkB pathway.

Key words: esketamine; postpartum depression; two pore domain potassium channel — related K* channel 1;

brain — derived neurotrophic factor/ tropyrosine kinase B
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Control Model

G ey 3

1 2520/ BROR il v 25 2H S BRFAE (100 x )
Figure 1

HE : Hematoxylin — eosion.

HARHIL B TL B KU, 5 oe — NC 4 [t #4,
oe — TREK — 141/N Ui S 418U B e, DL 1,
3 XASEMX=EMMERNRETHRA S
TREK —1 mRNA Fix7K 89 80m
S, A4 /N R SR

TREK -1 mRNAFI 2 A0 X 3% 3k K S 2 & 2 T &
($P<0.001), SEIARIL L4, 25041/ B T4l
ZUrp TREK —1 mRNA FI8 (A AX R AK P B E T
FE(#4 P <0.001) , 5525040 FhAL, oe — NC 41 /)N B

F1 SA/NRITRFHELEEAIRI L (% £5)
Table 1 Comparison of behavioral test results among mice in each

group(x +5)

Sucrose preference  Proportion of immobility

Group

rate( % ) time( % )
Control 10 84.74+14.46 31.16 4. 63
Model 10 19.08 £2.86* * * 75.38 £14.62% % *
Experimental 10 79.62 +12. 54" 49.26 +8. 59"
oe - NC 10 80.15 +11.38"* 48.97 +7. 82
oe — TREK -1 10 52.44 £8. 15"#ALL 6D 53 £9 24*AL

Control group: Normal saline; Model group: Chronic unpredictable mild
stress model ; Experimental group: Intraperitoneal injection of esketamine
(5 mg - kg™'); oe = NC group: After intravenous injection of lentivirus —

! esketamine

encapsulated oe — NC, modeling was performed and 5 mg - kg~
was administered; oe — TREK — 1 group: After intravenous injection of
lentivirus — encapsulated oe — TREK — 1, modeling was performed and
5 mg - kg™' esketamine was administered; Compared with the control
***P <0.001; Compared with the model group, *P < 0.05,

AAPp < 0.01,

group,
##P <0.001; Compared with the oe — NC group,

ALAP <. 001.

Pathological characteristics of hippocampal tissues in mice of each group (100 x )
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2 TREK — 1 mRNA FIEE A XS Rk K- 7ESE
e bEERYLGEITFEX(HP>005), 5
oe — NCZH L%, oe — TREK — 1 2 /) B i O 24H 41
TREK —1 mRNAFI 2 Elﬂ‘ﬁ;(ii’%ﬁﬁ”?ﬁji‘ﬁﬂ%
(¥ P<0.001), 32 K 2,

4 X FSREERE T IEE TREK -1 3t 7= 5 #p4E 8
/INER E2 (P #0 PRL 7K Ry

58 FAH b, SRV /N BUALTE H B, F P K3
R, PRL K- B 2534 fm (5 P <0.001) , 54K
RUZH LA, S5 20 /N BRI S B, F P KOE 14 48 35 1
i, PRL K- 18 25 IR (3 P <0.001) o 5524 Ll
5, 0e = NC Z/NRUIMIEH E, (P Al PRL KFFESE 27
ERERHTGITE L (¥ P>0.05), 5 oe - NC 4Lk
B ,0e = TREK - 1 41/ BRI o E, F1 P KO3 ) 2
R (34 P <0.001) ,PRL /KB EWH (P <0.05),
W33,

5 X ASRERE LS TREK -1 X 7= 51 8p#E 2
JIN FR N B B 440 B ) 4 i)

25 4 MRV L6 oe — NC 41 oe — TREK -1
ZH/INR T S Tha — 1 88 AT R IR K430
1.00 +£0.16.0.35 £0.05.0.87 £0. 14 ,0.85 £0. 13 Fl
0.61 £0. 11, BRI EiRTEIR 525 A L, S5
H ) EiRTE bR S BRI AL, oe — TREK - 12019 |3k
f8P5 5 oe - NC H ILHR, fEGe it 27 EER A G
HEX (¥ P<0.001), WK 3,

R2 AUH/NEE AL E AR G 1 (TWIK) A2
PRy riliE 1 (TREK - 1) mRNA FIHE A AR KK (19 [
B (x+s)

Table 2 Comparision of the relative expression levels of two pore
domain potassium channel ( TWIK) - related K* channel 1
(TREK - 1) mRNA and protein in the hippocampal tissue of mice

in each group (x £s)

Group TREK —1 mRNA TREK -1 protein
Control 1.00 +0. 15 1.00 +0. 16
Model 2.87 +0.45*** 2.75+0.38***
Experimental 1.55+0.21%* 1.86 +0. 27
oe - NC 1.56 +0. 19%## 1.84 0. 19%#*
oe - TREK - 1 2.18 £0.36"2 04 2.44 £0.34004

Dose and n refer to table 1.
" P<0.001;
##P <0.001; Compared with the oe — NC group, %% P <0.001.

Compared with the control group,

Compared with the model group,™ P < 0.01,

TREK-1 --“ “‘ 47 kDa

GAPDH | (D GHED GD GIID @D | 6 Da
A B C D E

2 EAFENEEAINAS /N TREK - 13 AR K K-
Figure 2

The relative expression levels of TREK — 1 protein in
mice of each group detected by Western blot

A; Control group; B: Model group; C: Experimental group; D: oe — NC
group; E: oe — TREK -1 group.

R3O AA/NRUNLTE PR (E,) I (P) FIAEFLER (PRL) K9 HUAL (x £5)

Table 3 Comparison of levels of estrogen (E,), progesterone (P) and prolactin (PRL) in serum of mice in each group(x *s)

Group E,(pg - mL7") P (ng-mL™") PRL (ng - mL™!)
Control 1263.55 +152.77 9.53 £1.06 15.98 +2.19
Model 638.16 £78.32 " * * 3.48 £0.59* * * 20.31 +4.62%**
Experimental 985.24 +107. 48" 8.54 £ 1. 07" 19.25 +2. 58###
oe = NC 981. 67 +106. 34*##* 8.47 +1. 04 19. 88 £2. 67**
oe - TREK — 1 752.33 +116. 457204 5.62 £1. 02F#AAL 23.47 +3. 46**4

Dose and n refer to table 1. Compared with the control group, *** P <0.001;

Compared with the oe —= NC group, 2P <0.05,2422P <0.001.

Control Model

B3 e kR A 2 B S LR EP%‘?%%%% Eﬂ"?—l(lba—l)ﬁlﬁlﬁé

Figure 3

hippocampal tissue of mice in each group (100 x )

Experimental
Semman

Compared with the model group,®P <0.05,"P <0.01," P <0.001;

oe- TREK l

THUL(100 x )

Immunohistochemistry was used to detect the expression of ionized calcium binding adapter molecule 1 (Iba —1) protein in the
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Cleaved casp-12 | . D e o an | 46 kDa

CHOP |—..‘~ | 25 kDa

GRP78 |-‘g.‘ | 78 kDa
-actin |..~| 42 kDa

A B C D E
B4 R E I K 4 AUN L 4141 GRPTS  CHOP
Fl Cleaved casp — 12 & A AHXT Fe ik 7K
The relative expression levels of GRP78, CHOP and

Cleaved caspe — 12 protein in hippocampal tissues of mice in each

Figure 4

group detected by Western blot
A Control group; B: Model group; C: Experimental group; D: oe — NC
group; E: oe - TREK -1 group.

x4 SN DAL A A BN B 3 78 (GRPT8) (C/EBP [R5 2 [ (CHOP) BT Y) J5 119 > bt K 4 fiff ( Cleaved casp - 12)

B XA I HU B (2 £5)

Table 4 Comparison of the relative expression levels of glucose — regulated protein 78 kDa ( GRP78), C/EBP homologous protein

(CHOP) and Cleaved caspase — 12 ( Cleaved casp —12) proteins in the hippocampal tissue of mice in each group (x +s)

Group GRP78 CHOP Cleaved casp — 12
Control 1.00 £0. 17 1.00 £0. 14 1.00 £0. 16
Model 1.58 0. 16" * * 1.71 £0.23** * 1.45+0.19"**
Experimental 1.17 £0. 14%# 1. 13 £0. 16 1.19 £0. 13"
oe = NC 1.09 0. 18 L 11 =0. 12 116 £0. 12
oe - TREK -1 1.35 0. 17#44 1.34 £0. 1824 1.38 0. 1622

Dose and n refer to table 1. Compared with the control group,

oe — NC group, 24P <0.0l.
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B R FHETE S EC AR Y o in i, 28 W1 3 =) Sbe i 2 A
RAF BT AR SO0 St 2 AR 3 o i ) S 15 &
JEPE A BN X, L2 A8 0 2 i ok A8 5 HARAE 1 5 A

*** P <0.001; Compared with the model group,™P <0.01,"* P <0. 001 ; Compared with the

K B AT Ny A 5 A LA TKOT (1 25 80 LR
5 BEAERTFEIE B S 1) 2K 24 1) BE % bR ik 38 56t 2 fih m ]
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