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Effect of Remimazolam on Cognitive Impairment in Offspring Models Resulting
from Late Gestational Sevoflurane Exposure: Involvement
of the HIF-1a/HO-1 Signaling Pathway
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Abstract  This study aims to investigate the effects of Rem (remazolam) on cognitive dysfunction in off-

spring models exposed to sevoflurane during late pregnancy, and to analyse its potential mechanisms of action.
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Using a random number table, late-pregnancy rats were divided into the following groups: Con (control), simple
Rem, Mod (model), Rem, and Rem+Erastin (ferroptosis inducer), with five rats per group. Following delivery,
15 offspring rats per group underwent water maze and novel object recognition tests; observation of hippocam-
pal histopathological alterations and neuronal morphological changes via HE and Nissl staining; the kit detects
ROS (reactive oxygen species), MDA (malondialdehyde), SOD (superoxide dismutase), and Fe** levels in hip-
pocampal tissue; Prussian blue staining for iron deposition in hippocampal tissue; RT-qPCR for expression of
ferroptosis-related genes GPX4 (glutathione peroxidase 4), FTHI (ferritin heavy chain 1), and ACSL4 (long-chain
acyl-CoA synthase 4) in hippocampal tissue; Western blot analysis was employed to detect expression of proteins
associated with the HIF-1a (hypoxia-inducible factor-1a)/HO-1 (heme oxygenase-1) pathway in hippocampal
tissue. The results showed that compared with the Con group and simple Rem group, the Mod group exhibited
disorganised neuronal arrangement in the hippocampal region, with neurons showing signs of atrophy and ne-
crosis, a reduction in Nissl bodies, and a significantly prolonged escape latency (P<0.05). ROS, MDA, Fe** lev-
els, and ACSL4 mRNA expression were markedly elevated (P<0.05), with increased iron deposition. Platform
crossing frequency and novel object recognition index were significantly reduced (£<0.05), while SOD content,
GPX4 and FTHI mRNA expression, and HIF-1a and HO-1 protein levels were markedly decreased (P<0.05).
Compared with the Mod group, the Rem and Rem+Erastin groups exhibited varying degrees of recovery in hip-
pocampal neurons, with increased Nissl body counts and significantly shortened escape latency (P<0.05). ROS,
MDA, Fe** levels, and ACSL4 mRNA expression were markedly reduced (P<0.05). Iron deposition decreased
to varying degrees, while platform crossing frequency and novel object recognition index significantly increased
(P<0.05). SOD content, GPX4 and FTHI mRNA expression, along with HIF-1a and HO-1 protein levels, were
markedly elevated (P<0.05). Compared with Rem group, Rem+Erastin group reversed the above results (£<0.05).
In summary, Rem may inhibit iron death by activating HIF-1a/HO-1 signaling pathway, alleviate inflammation
and oxidative stress, and alleviate cognitive dysfunction of offspring rats caused by sevoflurane exposure in the
third trimester.
Keywords remimazolam; HIF-10/HO-1 signal pathway; sevoflurane; offspring; ferroptosis; cognitive im-

pairment
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Table 1 Primer sequences

F B 5140(5'—~3") NS 3

Gene Forward primer (5'—3") Reverse primer (5'—3")

GPX4 CTC TGG CTG TGC CTG GC ACA CGC AAC CCC TGT ACT
FTHI CGC AAG TGC GCC AGAACT A AGG GCC ACATCA TCC CGG
ACSL4 GCT CTG TCA CGC ACT TCG AC TCA GGA TCT CCC GGG TCC C

GAPDH ACG GAT TTG GCC GTATCG GA

TTC TCA GCC TTG ACT GTG CC

L Z1E T80 °CUKAH, FH TELISASEES . RT-gPCR
FlWestern blot73#T
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R4 bn o il 281 H 500 S 44 204 ROS. MDA. SOD
T, Fer EE R FEWIR R, T562 nmib il H 1k
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5 ConH 84l Rem4l4H ., Mod41 ROS.
MDA. Fe?"& & 5 & B (P<0.05), SOD& & &%
FE{K(P<0.05); 5 Mod4i A Lk, RemZl F1Rem+Erastin
“HROS. MDA. Fe* & & i F#{K(P<0.05), SODF
IR FE I IN(P<0.05); H5RemZLAHHt, Rem+ErastinZ
ROS. MDA. Fe*' & & W& IN(P<0.05), SODF &
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Bl SEXRTEHRRSERRMEINTE

Fig.1 Representative trajectory diagrams from spatial exploration experiments for each group of rats

2 BERRKESLER

Table 2 Water maze results for each group of rats

ik WEIEETE IR0/ TP 5 I

Group Escape incubation period /s Number of platform
1d 2d 3d 4d 5d crossings

Con group 78.54+5.53 70.25+3.97 45.24+3.13 32.61+3.14 21.66+3.06 7.95+1.23

Simple Rem group 79.90£6.13 71.45£5.13 46.53+4.37 34.32+3.98 22.24+3.94 7.84=0.64

Mod group 79.84+5.83 73.82+5.74 64.54+4.55%" 53.1244.46*" 39.36+4.26* 3.59+0.90**

Rem group 78.64+5.37 70.08+4.53 49.64+3.96% 40.34+3.25% 26.46%3.69¢ 6.03+1.16%

Rem+Erastin group 76.56+5.73 71.5245.12  56.63+£4.26%¢ 48.35+4.634@ 33.7543.70%¢ 5.88+1.28%@

*P<0.05, 5 ConL A LL; *P<0.05, 55 Hi4liRem LA LL; “P<0.05, 5ModZLAH [L; “P<0.05, HRem#iAHLL. n=15.
*P<0.05 compared with Con group; “P<0.05 compared with simple Rem group; “P<0.05 compared with Mod group; “P<0.05 compared with Rem

group. n=15.
R FBEFIRRAER
Table 3 Object recognition index for each group

45 BRI R R %
Group New object recognition index /%
Con group 76.45+6.26
Simple Rem group 73.25£5.15
Mod group 42.36+5.63*"
Rem group 69.46+5.59¢

Rem+Erastin group

61.27+6.04%¢

#P<0.05, 5Con41Afl LL; “P<0.05, 5 B 4liRem LA LL; “P<0.05, 5Mod4IAf LL; ©P<0.05, HRem41Af L. n=15.
*P<(.05 compared with Con group; “P<0.05 compared with simple Rem group; “P<0.05 compared with Mod group; “P<0.05 compared with Rem

group. n=15.
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Con group Simple Rem group

SR LT R S BN, RO IR M. AR n=5,
The black arrows point to intact cells, while the blue arrows point to atrophied and necrotic cells. n=5.
B2 ESELAHERBLER
Fig.2 HE staining results of hippocampal tissue

Con group Simple Rem group

PRL - = Ia e

LI Sk A ) S8 B LR U AN, S (7 Sk AR 1) A 22 S L (0 B ER/IMARR 46 X ) . =5
The red arrow points to an intact neuron, and the green arrow points to a shrunken neuron (also the area of Nissl body condensation). n=5.
E3 BLERARRKREBLER

Fig.3 Nissl staining results of the hippocampal tissue

i FHBRR(P<0.05). W4, Rem#LAHEG, Mod4H 40 i [ A7 4 A JTvE S b, 5 Mod
2.5 HOWOIHEDELF I TRIE HAH L, RemZH 21 o 18] A48 €350 52 Uik /b ; Rem+Erastin

P - Yuth gk LB OR ) Con4d A B4l Rem4H ZH AN () B AR (A TIE 2 T Rem & . X i B Rem A Yk
T 5 41 S0 1) AR L ER B BT ; 5 Cond RN F.4f DRI S T A kTR . R4
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Table 4 Expression results of oxidative stress indicators in each group of rats
Y5 B B B
Group ROS /ng'mL SOD /pug-mL MDA /ug'mL
Con group 13.67+1.23 10.32+1.53 3.13+0.72
Simple Rem group 15.84+1.60 10.98+1.56 3.24+0.86
Mod group 42.64+2.08*" 2.67+0.38*" 7.53+1.82%"
Rem group 20.38+1.79¢ 8.86+0.84% 4.38+1.45%

Rem+Erastin group 33.26+1.46%@

5.78+1.05%@ 6.06+1.124@

#P<0.05, 5Con4lHHLL; *P<0.05, 5 H4iRemIAH IL; “P<0.05, 5Mod41HHLL; ©P<0.05, SRemZlAHLL. n=10,
*P<(.05 compared with Con group; “P<0.05 compared with simple Rem group; “P<0.05 compared with Mod group; “P<0.05 compared with Rem

group. n=10.

Con group

WOFAR BT n=5,

The yellow arrow points to the iron deposit. n=5.

Simple Rem group

E4 EDRALBTHEREER

Fig.4 Prussian blue staining results of hippocampal tissue

5 ConZH Al #.ali RemZHAH EL, ModH Fe* &&= M
ACSL4 mRNARIE KT8 T+ 5 (P<0.05), GPX4,
FTHI mRNAZEIE /KT 2% %MK (P<0.05); 5 Mod
JHAH B, RemZH #ll Rem+ErastinZ Fe*' & & M ACSL4
mRNA A 7K 5 3 F# MK (P<0.05), GPX4. FTHI
mRNA %A K 52 TH i (P<0.05); 5 RemZ4LAH L,
Rem+ErastinZH Fe* & & £ ACSL4 mRNAFK 1A /KF &
ZTHE(P<0.05), GPX4. FTHI mRNAE L /KFBE
A (P<0.05). WS,

2.6 IHDMPITHIF-10/HO-1ERHXEBRIA
A
5 Cond A1 A1 a4l Rem 4 4%, Mod4H K BR.

HIF-lo. HO-18 [ 3iA /KT B & FF K (P<0.05); 5
ModZHAH Lt , RemZH #il Rem+ErastinZH K §i, HIF-1a.
HO-15 FH /KB & 7+ 5 (P<0.05); 5 RemZHAH L,
Rem-+ErastinZ A i HIF-1a. HO-125 A 7K B & [%
fi(P<0.05). W.E5F1%6.

3 iTig

Z 0 )G R R R A T R e
S ) % A T S B Ao SO R S AR R Th A
BRSNS BR AL 2 S AL R 70, 16 AT R
100 PR R T I e o 20 3R AT PR 10 5 R
BFFEFEWT, PR 20 3 ] 52 T L Ik 2 o 5 4 01
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Table 5 Expression results of ferroptosis indicators in rats of each group

éﬁri]ip Fe?*/umol-g™* GPX4 mRNA FTHI mRNA ACSL4 mRNA
Con group 0.54+0.06 1.00+0.03 1.00+0.01 1.00+0.02
Simple Rem group 0.52+0.08 0.98+0.04 1.01+0.05 1.03+0.06
Mod group 1.21+0.12%" 0.33+0.04*" 0.26+0.02*" 2.34+0.26*"
Rem group 0.65+0.07% 0.79+0.08* 0.85+0.10% 1.35+0.14%
Rem+Erastin group 0.91+0.09%@ 0.51+0.07%@ 0.56+0.07%@ 1.88+0.20%@

#P<0.05, 5 CondLAH LL; “P<0.05, 5 H4fiRem L AH Lt; “P<0.05, 5 Mod4LAH EL; ©P<0.05, H5RemZAAHLL. n=10,
*P<(0.05 compared with Con group; “P<0.05 compared with simple Rem group; “P<0.05 compared with Mod group; “P<0.05 compared with Rem

group. n=10.
R N
o o5
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Fig.5 Protein expression bands related to the HIF-1a/HO-1 signaling pathway
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Table 6 Comparison of HIF-10/HO-1 signaling pathway-related protein expression
o
A HIF-1a HO-1
Group
Con group 0.95+0.08 0.91+0.07
Simple Rem group 0.96+0.07 0.92+0.08
Mod group 0.29+0.03** 0.35+0.04**
Rem group 0.80+0.05% 0.81+0.06*
Rem+Erastin group 0.59+0.06% 0.63+0.05%@

*P<0.05, 5 Con4l A LL; *P<0.05, 5B 4iRem LA LL; “P<0.05, S5Mod41HH LL; “P<0.05, 5Rem4lAH L. n=10.
*P<0.05 compared with Con group; “P<0.05 compared with simple Rem group; “P<0.05 compared with Mod group; “P<0.05 compared with Rem

group. n=10.
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