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Effect of verbascoside on neuroinflammation in rats with developmental
convulsive brain injury by regulating TXNIP/NLRP3 pathway
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Abstract: Objective To discuss the effect of verbascoside (Verb) on neuroinflammation in rats with developmental convulsive brain
injury by regulating the thioredoxin interacting protein (TXNIP)/NOD-like receptor protein 3 (NLRP3) pathway. Methods The rats
were randomly divided into a control group, a model group, Verb low and high dose (5, 10 mg-kg ") groups, a TMAO (NLRP3 activator,
110 mg-kg™") group, and a Verb (10 mgkg™") + TMAO (110 mg-kg™!) group, with 12 rats in each group. Except for the control group,
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the rat model was established by ip injection of 5 million U of penicillin. Verb was administered ip, and TMAO was administered ig,
once daily for 28 consecutive days. The cognitive ability of the rats was assessed using the novel object recognition test, the convulsive
intensity score, seizure latency, and seizure duration of the rats were recorded, hematoxylin-eosin (HE) staining was used to detect
histopathological damage in the hippocampus, Nissl staining was used to assess neuronal survival, enzyme-linked immunosorbent
assay (ELISA) was used to measure levels of oxidative stress and inflammatory response indicators, immunofluorescence was used to
detect the positive expression of ion calcium-binding adaptor molecule 1 (Iba-1) and glial fibrillary acidic protein (GFAP), and Western
blotting was used to detect the protein expression of TXNIP, NLRP3, apoptosis-related speck-like protein (ASC), and cysteine aspartate
protease 1 (Caspase-1). Results Compared with control group, the cognitive ability of rats in the model group decreased, the
convulsion intensity score and seizure duration of rats increased, the pathological damage of hippocampal tissue aggravated, the number
of Nissl bodies decreased, and the activities of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) decreased, the
contents of malondialdehyde (MDA), interleukin-1f (IL-1f), and interleukin-18 (IL-18), the positive expressions of Iba-1 and GFAP,
and the protein expression levels of TXNIP, NLRP3, ASC and Caspase-1 were prominently increased (P <0.05). Compared with model
group, the cognitive ability of rats in the Verb low and high group was improved, the seizure intensity score and seizure duration of
rats were reduced, the seizure latency was prolonged, the pathological damage of hippocampal tissue was alleviated, the number of
Nissl bodies was increased, and the activities of SOD and GSH-Px were elevated, the contents of MDA, IL-1f and IL-18, the positive
expressions of Iba-1 and GFAP, and the protein expression levels of TXNIP, NLRP3, ASC and Caspase-1 were prominently decreased
(P <0.05). In the TMAO group, the cognitive ability of rats decreased, the intensity and duration of convulsions increased, the latency
of convulsions shortened, the degree of neuroinflammatory injury in brain tissue was more severe, the number of Nissl bodies
decreased, and the activities of SOD and GSH-Px decreased, the contents of MDA, IL-1Band IL-18, the positive expressions of Iba-1
and GFAP, and the protein expression levels of TXNIP, NLRP3, ASC and Caspase-1 were significantly increased (P < 0.05). Compared
with Verb high dose group, the cognitive ability of rats in the Verb high dose + TMAO group decreased, the seizure intensity score and
seizure duration of rats increased, the seizure latency shortened, the pathological damage of hippocampal tissue aggravated, the number
of Nissl bodies decreased, and the activities of SOD and GSH-Px decreased, the contents of MDA, IL-1p and IL-18, the positive
expressions of Iba-1 and GFAP, and the protein expression levels of TXNIP, NLRP3, ASC and Caspase-1 were significantly increased
(P < 0.05). Conclusion Verb can alleviate inflammation, oxidative stress response, and brain tissue damage, and improve cognitive
ability in convulsive rats by inhibiting TXNIP/NLRP3 pathway.
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10 0.63+0.04*

TMAO 110 0.34+0.03*
Verb+TMAO 10+110 0.48+0.04"

XA LR "P<<0.05; SHBIRAIHEL: *P<0.05; 5 Verb &
FEALLE: “P<0.05.

P < 0.05 vs control group; *P < 0.05 vs model group; 2P < 0.05 vs
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Table 2 Comparison of convulsive behaviors among different groups of rats ( X *s, n=12)
45 75/ (mg-kg™) T KR /5y RAERG RI/s BAEFRELI /s

i — 0.000.00 0.0040.00 0.00+0.00
LAY — 4.17£0.20° 176.81+£12.78 25.74+3.10"
Verb 5 3.30+0.10% 269.67+19.16% 17.28 £2.05*

10 2.17+0.18* 356.31+22.34" 9.30+1.27*
TMAO 110 4.83+0.25" 144.50+11.32% 32.85+2.64"
Verb+TMAO 104110 4.00+0.35" 195.33+13.29° 20.00+2.35°

XA "P<0.05; BRI 1P<0.05; 5 Verb milE4LLE: “P<0.05,
*P < 0.05 vs control group; *P < 0.05 vs model group; “P < 0.05 vs Verb high-dose group.
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Fig. 2 Nissl body staining (x200)
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Fig.3 Detection of Iba-1 and GFAP expressions by immunofluorescence (x200)

£R3 BEAREDEL Iba-1. GFAP FRMFIALLE (X £s, n=6)

Table 3 Comparison of Iba-1 and GFAP positive expressions in hippocampal tissues of rats among different groups ( X *

ss n==6)

45 FIE/(mg-kg™") Tba-1 3t GFAP %t
xif — 98.17+7.63 146.71£10.04
iRt — 241.394+19.78" 325.38+24.75"
Verb 5 190.68 £15.16% 264.42+20.47%

10 126.00£10.34% 181.72+£15.36%
TMAO 110 287.39421.08" 401.33 +£22.52%
Verb+TMAO 10+110 205.34+21.29° 298.45+25.83°

Sat ML *P<0.05; SHERIAILLE:: *P<<0.05; 5 Verb miflE4ILLE: “P<0.05.
*P < 0.05 vs control group; “P < 0.05 vs model group; “P < 0.05 vs Verb high-dose group.
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Table 4 Comparison of inflammatory and oxidative stress responses in hippocampal tissues of rats among different groups

(X £s, n=6)
1) Fiilh=¥4 MDA/ SOD/ GSH-Px/ IL-1p/ IL-18/

(mgkg™) (nmol-mg™") (Umg™) (Umg™) (pgmg™) (pgmg™)

X — 3.1540.10 146.80+11.04  7.72+0.41 134.58 +7.04 95.62+6.91
it — 8.21+0.58" 68.21+6.75*  2.61+0.15" 327.62+24.34°  223.49+18.70°
Verb 5 6.60+0.47* 99.42+8.47*  4.05+0.21% 25434+21.30%  174.70+13.85"
10 4.57+0.39* 131.72+15.36*  6.56+0.47* 162.89+12.46*  121.50+10.37*
TMAO 110 10.11+0.68* 5520+4.12%  1.3340.15% 347.52+30.34%  264.39+20.85"
Verb+TMAO 104110 6.96+0.48" 76.45+583"  3.78+0.23" 281.28+24.09" 198.81+15.52"

XA TP<0.05; SHAMLEK: *P<0.05; 15 Verb FmilEALE: “P<0.05.

*P<0.05 vs control group; *P < 0.05 vs model group; “P < 0.05 vs Verb high-dose group.
NLRP3. ASC Fl1 Caspase-1 £ [13R1A & H & F+ 5
(P<0.05); MHETHEMA, Verb 1K, miflE4
TXNIP. NLRP3. ASC fll Caspase-1 £& [131A &1
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Fig. 4 Detection of protein expression in hippocampal tissues by Western blotting

Al Caspase-1 HFEHFRZEHEIAR (P<0.05; 5
Verb w7 EAL L, Verb+TMAO 41 TXNIP.
NLRP3. ASC Fl Caspase-1 £ 1R & & H T T+
(P<0.05). WLIH 4. % 5.

x5 BEKXRIEDEL TXNIP, NLRP3, ASC # Caspase-1 EARIALLE (X £5, n=6)
Table S Comparison of TXNIP, NLRP3, ASC and Caspase-1 protein expressions in hippocampal tissues of rats among

different groups ( X s, n=6)

2H ) 7 8/(mg'kg™) TXNIP/B-actin NLRP3/B-actin ASC/B-actin Caspase-1/B-actin
xof i — 0.36£0.02 0.52+0.03 0.28+0.02 0.47+0.03
it — 0.91+0.05" 1.15+0.07" 0.77+0.04" 1.05+0.05"
Verb 5 0.75+0.04% 0.93+0.04* 0.56+0.04* 0.82+0.04%
10 0.47+0.03% 0.69+0.03* 0.36+0.03* 0.60+0.05%
TMAO 110 1.04+0.06" 1.2740.08* 0.89+0.05% 1.18+0.06"
Verb+TMAO 104110 0.83+0.04" 1.04+0.06" 0.71+£0.04" 0.94+0.06"

XA TP<0.05; SEAMLEK: *P<0.05; 15 Verb miilEAE: “P<0.05.
*P < 0.05 vs control group; “P < 0.05 vs model group; “P < 0.05 vs Verb high-dose group.
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