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neuroprotective effects of Gualou Guizhi Decoction (GLGZD) in cerebral ischemia-reperfusion (CI/R)-injured rats.
The main chemical components of GLGZD were identified by high-performance liquid chromatography
quadrupole time-of-flight mass spectrometry (HPLC-Q-TOFMS). Molecular docking was performed using the
CB-Dock?2 platform to evaluate the binding interactions between GLGZD components and Fnl4. After the middle
cerebral artery occlusion (MCAQO) model was established in male SD rats, the therapeutic efficacy of GLGZD was
evaluated using a combination of assessments. The modified neurological severity score (mNSS) and Catwalk test
were conducted to evaluate neurological and motor functions of rats. MRI was used to measure cerebral infarction
volume. Nissl staining was performed to observe the morphological structures of the neurons. Western blot was
used to detect protein expression of tumor necrosis factor-like weak inducer of apoptosis (TWEAK), fibroblast
growth factor-inducible immediate-early response protein 14 (Fnl4), TNF receptor associated factor 2 (TRAF2),
cellular inhibitor of apoptosis 1 (cIAP1), NF-«B inducing kinase (NIK), inhibitor of kappa B kinase o (IKKa),
phosphorylated IKKa, B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein (Bax) in ischemic cortex.
Immunofluorescence was used to analyze the expression of Fnl4 in neurons, and immunohistochemistry was
employed to examine the nuclear translocation of nuclear factor kappa B (NF-«B). The results showed that the 8
identified ingredients of GLGZD could bind to Fnl4. Compared with the sham surgery group, the model group
exhibited significantly reduced motor function, Nissl-positive cells, and protein expression levels of cIAPI,
TRAF2, and total Bel-2 (P < 0.01). Conversely, mNSS scores, cerebral infarction volume, TWEAK, Fn14, NIK,
Bax protein expression levels, IKKa phosphorylation levels, and neuronal Fnl4-positive cell counts all
significantly increased (P < 0.01). GLGZD treatment markedly improved motor function in MCAO rats, increased
the number of Nissl-positive cells in the ischemic cortex, and enhanced cIAP1, TRAF2, and total Bcl-2 protein
expression (P < 0.05, P < 0.01). It also significantly reduced mNSS and cerebral infarction volume, decreased
TWEAK, Fnl4, NIK, and Bax protein expression in the ischemic cortex, lowered IKKa phosphorylation, and
reduced neuronal Fnl4-positive cell counts (P < 0.05, P < 0.01). In conclusion, GLGZD can improve neurological
and motor function after stroke in MCAO rats. This neuroprotective effect may be mediated through the TWEAK/
Fn14/NF-«B pathway, which reduces neuronal damage. The animal study was approved by the Animal Ethics
Committee of Fujian University of Traditional Chinese Medicine (approval number: FITCM IACUC 2021087).

Key words: Gualou Guizhi Decoction; cerebral ischemia-reperfusion injury; neuroprotection; molecular
docking; TWEAK/Fn14/NF-«B signaling pathway

SR 2 R A S BE 2G B E URA Z OIE I AR, NE CI/R #3473

KT, DN B — KREAE & 38 = K Ehk 1 ok
I, i R IfL/ P HE Y (cerebral ischemia-reperfusion,
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Figure 1

Chemical composition identification information of GLGZD. A: HPLC chromatogram of the components in GLGZD; B-1: The

ESI-QTOF-MS spectra of the components. GLGZD: Gualou Guizhi Decoction

-6.5 keal'mol™. 454 8 < —4.0 keal-mol™ 3 B W &
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B F AR LK BRI & T RE St R W, 12 3 T RE
Wo SEFPEARAE, MAEMKREHEHET RN
mNSS 28 T BEVE 7 2 35 T, KRR 132 B i TR B
WK, T35 B W R R (P < 0.01); 442G,
GLGZD H & 71 2 41 K PH A 6] B 4H K B mNSS 174> &
FRAK, IR &4 K R IZ sl hE i R AR E (P <
0.05, P<0.01, & 3).

4 GLGZD %f MCAO X F& 5 1 il i 158 52 A FR B0 2 i

MRI 25 5 R, R F ALK B R oA BE X 35 A
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(P<0.01), At 45255, GLGZD . w7 s 4 K BH %
X IEZH K BRI R AE AR AR B R38N (P < 0.01, B 4).

5 GLGZD %} MCAO X FR & I il X fiXi B7 2 #4842 40 Al
AL =1 0p A1)

BT AR ALK B ORI 1 = 8 76 245 ) 56 ¢, Nissl B
PEAH % B . AR TR T AR 2, A5 4H K B R Il
] 57 J2 48 22 0 465 M W R B 58, 4T B T A [ 4, FLASE AL 4
Nissl BH 4 40 A %5 & & 2% > (P < 0.01); 45 &4 )5,
GLGZD H iy 7 £ 2H f [ 14 xof 1 25 Niiss1 BH 14 40 A 25

PRO-6

Glycyrrhizin + Fnl4

Liquiritigenin + Fn14

Figure 2 Interconnection diagram of molecular docking results

07128

Glycyrrhizic acid + Fnl4 Curcumin + Fn14
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Figure 3 GLGZD improved neurological dysfunction and motor function in MCAO rats. A: mNSS; B: Run duration; C: Run average
speed of rats. n = 8, X = 5. P < 0.01 vs sham group; "P < 0.05, P < 0.01 vs MCAO group. Nimodipine: 6 mg-kg"; MCAO: Middle

cerebral artery occlusions
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Figure 4 GLGZD reduce cerebral infarct volume of MCAO rats. n=8,x £ s. “P <0.01 vs sham group; “P < 0.05, P < 0.01 vs MCAO group

MCAO+Nimodipine

BRHEMZ (P<0.01, B 5), FRILBEEWZ (P<0.05P<0.01, K6).
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Figure 5 Effects of GLGZD on the morphology and number of neurons in the cerebral cortex of MCAO rats. Photomicrographs of Nissl
stained cortex tissue of rats (A, 400x, scale bars: 50 um), and the statistical analysis histogram (B) of the number of Nissl positive cells. n =

5,X+s. "P<0.01 vs sham group; “P < 0.01 vs MCAO group
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Figure 6 Effect of GLGZD on TWEAK/Fnl14 signaling pathway-related factors protein expression in MCAO model rats. A: Western blots
images of TWEAK, Fnl4, cIAP1, TRAF2, NIK, phosphorylated IKKa, total IKKa, Bax, and Bcl-2 proteins lanes; B —1: Quantitative
analysis of the protein expression levels. n =3, x £5. ~P < 0.01 vs sham group; "P < 0.05, P < 0.01 vs MCAO group. TWEAK: Tumor

necrosis factor-like weak inducer of apoptosis; Fnl4: Fibroblast growth factor-inducible immediate-early response protein 14; cIAPI1:

Cellular inhibitor of apoptosis proteins 1; TRAF2: Tumor necrosis factor receptor-associated factor 2; NIK: NF-xB induced kinase; IKKa:

1xB kinase a; p-IKKa: Phospho-IKKa; Bel-2: B-cell lymphoma 2; Bax: Bcl-2-associated X protein
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Figure 7 Effect of GLGZD on Fnl4 positive neurons in MCAO model rats. The immunofluorescence staining (A) results showed the
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Figure 8 The effect of GLGZD on NF-«B nuclear translocation in MCAO model rats. The result of NF-«B nuclear translocation was

observed by immunohistochemistry, with the DAPI stained in blue (400x, scale bars: 50 pm). n=5,x+s. P < 0.01 vs sham group; P <

0.01 vs MCAO group. NF-xB: Nuclear factor kappa B
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