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Abstract  

Introduction: Recently, there has been a growing interest in the study of flavonoids with 

neuroprotective activity. Fruits of the Styphnolobium japonicum can be used as the source of 

such flavonoids. The research aim was to determine the neuroprotective effect of Styphnolobium 

japonicum fruit extract (SFE) in rats with cerebral ischemia-reperfusion. 

Materials and Methods: In the experiment, Wistar rats were used, divided into groups: 1 – 

sham operated rats, water; 2 – control, water + cerebral ischemia-reperfusion (I-R); 3 – rats 

treated with SFE at a dose of 200 mg/kg + I-R; 4 – rats treated with ginkgo biloba extract (GBE) 

at a dose of 50 mg/kg + I-R. The I-R model was reproduced in rats by the occlusion of the 

common carotid arteries with hypotension. The SFE effect on the neurological status of animals 

and their behavior was determined using neurological and ethological tests such as an open field 

(OF) and an elevated plus maze (EPM) ones. The SFE effect on the brain morphofunctional state 

in the rats with ischemia-reperfusion was determined by the pathomorphological examination. 

Results: The neurological deficit in the test groups was 3 times lower than the control values, 

the indicators of motor activity in the OF test were 2 times higher; the level of anxiety in rats in 

the EPM test was lower: the number of visits to the open arms of the maze and the duration of 

stay there were 3.8 times and 10 times greater, respectively, compared with those in the control. 

In the test group rats, the proportions of regressive forms of neurons in the cortex and 

hippocampus were lower than in the control rats. The dominant component here is 

sophoraflavonoloside. 

Conclusion: SFE has a neuroprotective effect on rats with cerebral ischemia-reperfusion. The 

SFE neuroprotective effect may presumably be due to the activity of kaempferol glycosides, the 

dominant of which is sophoraflavonoloside. 
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Introduction 

Increase in life expectancy to 81 years by 2036 is currently one of the main objectives of the 

national development strategy in the Russian Federation; it is aimed at maintenance and 

promotion of health of our country population. This priority of state policy necessitates applying 

actions that promote the preservation of psychosocial health and maintain active longevity of the 

older generation. At the same time, special attention should be paid to early diagnosis and timely 

correction of the central nervous system disorders against background of cardiovascular and 

brain cerebrovascular diseases (Cherdak et al. 2024). 

To date, the choice of drugs for the treatment of neurodegenerative pathologies is very 

limited; the use of them is predominantly symptomatic and is often accompanied by side effects. 

In this regard, it is important to develop new effective and safe neuroprotective drugs. 

Recently, there has been a growing interest in plants containing flavonoids in experimental 

pharmacology (Cheng et al. 2022). These compounds can influence the regulatory and signaling 

mechanisms in the central nervous system, reduce inflammatory reactions and oxidative 

processes, as well as stimulate neurogenesis and, in general, inhibit the development of 

neurodegenerative processes (Flanagan et al. 2018). Such substances include kaempferol 

(Shadman et al. 2025; Zeng et al. 2025), quercetin (Cai et al. 2025; Danis et al. 2025; Yang et 

al. 2025), genistein (Li et al. 2022; Yang et al. 2022), and their derivatives. 

Fruits of the deciduous Japanese pagoda tree (Styphnolobium japonicum (L.) Schott.), also 

known as Sophora japonica, member of Fabaceae family, can be used as the source of these 

flavonoids (Guoet al. 2024). 

A method to obtain a dry purified extract from Styphnolobium japonicum fruits (SFE) 

containing at least 50% of the total flavonoids in terms of sophoraflavonoloside has been 

developed at the All-Russian Scientific Research Institute of Medicinal and Aromatic Plants 

(Moscow, Russia). An earlier study found that SFE has antioxidant activity and exhibits a 

pronounced brain protective effect in global cerebral ischemia (Saybel et al. 2024). 

The purpose of this work was to determine the neuroprotective effect of SFE on rats with 

cerebral ischemia-reperfusion injury. 
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Materials and Methods 

Research object 

Dried Styphnolobium japonicum fruits harvested in the Republic of Crimea in 2022 were used 

to obtain SFE. The crushed fruits were extracted three times with 70% ethyl alcohol, and then 

the extracts were combined, concentrated under vacuum, purified with ethyl acetate and 

separated from the insoluble precipitate by filtration. The purified aqueous residue was 

exhaustively extracted with n-butanol. The butanol extracts were combined, concentrated with a 

rotary evaporator, and then dried. The resulting extract was used for research. 

Sophoraflavonoloside isolation and identification 

Sophoraflavonoloside isolation was performed with adsorption column chromatography. SFE 

for the preliminary separation of substances was chromatographed on polyamide using a water-

methanol mixture as an eluent, with an increase in the gradient of the latter. As a result, fractions 

containing the target substance were obtained, which were combined and concentrated. The 

resulting fraction was chromatographed on silica gel, while the eluent was an ethyl acetate-

methanol mixture, with an increase in the gradient of the latter. Then the fractions containing 

sophoraflavonoloside and free of impurities were combined and concentrated to a dry residue. 

The target substance was crystallized from aqueous ethanol. 

The content of the target substance in the fractions during chromatography was controlled by 

HPLC-UV using a Prominence-i LC-2030C 3D chromatograph (Shimadzu, Japan) on a column 

Luna 5 µm C18 100 Å (250 x 4.6 mm), column temperature 30 °C, mobile phase flow rate 1 

mL/min, sample volume 10 mL. Elution was performed in a gradient mode (solvent system of 

0.2% formic acid (A) and acetonitrile (B) solution): 0-20 min – 10%B, 20-30 min – 10-25% B, 

30-40 min – 40% B, 40-44 min – 60% B, 44-48 min – 80% B, 48-60 min – 10 % B. 

The structure of the isolated compound was determined by NMR spectroscopy using an 

Avance III HD 500 spectrometer (Bruker, USA) with an operating core frequency of 1H – 

500.13MHz. 

Animals 

The experiments were carried out on male Wistar rats aged 10–11 weeks weighing 220–230 g. 

The animals were divided into 4 groups (n=10 each): group 1 – sham operated rats, water; group 

2 – control, water + ischemia-reperfusion; group 3 – rats treated with SFE at a dose of 200 mg/kg 

+ ischemia-reperfusion; group 4 – rats treated with Ginkgo biloba extract (Evalar, Russia) at a 

dose of 50 mg/kg (GBE) + ischemia-reperfusion. The test drugs were intragastrically 

administered to the experimental group rats once for 14 days before and after surgery until the 

end of the entire experiment. The sham group rats and the control group rats were provided with 

distilled water according to a similar treatment plan. 

SFE and GBE were used in isoeffective doses (Saybel et al. 2024). 

Cerebral ischemia-reperfusion injury model 

The rats were anesthetized with intraperitoneal administration of sodium thiopental at a dose of 

45 mg/kg. A median skin incision was made on the neck anterior surface and then both common 

carotid arteries as well as the jugular vein were isolated. Blood was taken from the jugular vein 

with a heparinized syringe (10 units); an average blood pressure (BP) of 50 mmHg was reached 

there. BP was monitored with an ESM303 veterinary BP monitor (Shenzhen Med-link 

Electronics Tech Co, Ltd, China). After that, neurosurgical clips were applied to both arteries. 

After exactly 10 minutes, they were removed, and the volume of circulating blood was 

replenished by reinfusion. The same manipulations were performed in group 1 rats, but without 

blood collection and artery compression. 

Assessment of neurological deficits 

To assess motor disorders in rats after surgery, Bederson test was used (Bederson et al. 1986). 

The dynamics/regression of neurological disorders was determined in 24 hours, on the 7th and 

14th days after surgery. The severity of neurological disorders in rats was assessed in points 

according to the following scale: 0 – absence of neurological disorders; 1 – inability to fully 

straighten the forelimb; 2 – decreased resistance to lateral pressure on the trunk; 3 – circular 

motion; 4 – inability to walk independently and impaired consciousness. 

Open field test 

The SFE effect on rat behavior was determined on the 14th day after surgery using standard 

ethological tests: open field and elevated plus maze (Buresh et al. 1991). In the open field test, 
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the number of intersected peripheral/central squares (horizontal activity), the number of standing 

up on their hind legs (vertical activity), as well as the number of defecation and grooming acts 

were recorded. 

Elevated plus maze test 

In the elevated plus maze test, the number of visits to the “open” and “closed” arms of the maze 

and the duration of stay there were recorded (Buresh et al. 1991). 

Pathomorphological examination 

After the test was completed, the animals were removed from the experiment by decapitation 

under anesthesia. The brain was taken from each animal of the group (n=3) for morphological 

examination and placed in a 10% neutral formalin solution. Coronary sections were prepared 

from fixed brain tissue, from a bregma of 2.80 to 3.80 mm (Paxinos and Watson 2007). After 

performing standard histological procedures, brain samples were embedded in paraffin wax. 

Then, sections of 4-5 microns thick were prepared from paraffin blocks, using a rotary 

microtome. The de-waxed sections were then stained with cresyl violet using the Nissl method 

(Merkulov et al. 1969) Morphological studies of brain micro-preparations were performed using 

a light microscope (Motic, China) and corresponding software (Motic Images 2000). 

Statistical methods 

The normality of the distribution was assessed by the Shapiro-Wilk test. The statistical analysis 

between groups was carried out by one-way analysis of variance (ANOVA) followed by 

Bonferroni’s multiple comparison tests. All data were presented as M±m (p<0.05). 

Results 

As a result of previous phytochemical studies, it was found that the main biologically active 

agents of the substance under study are flavonoids; content of them in terms of 

sophoraflavonoloside is 50.82±1.02%. Glycosides kaempferol, quercetin, and genistein, as well 

as aglycones genistein and kaempferol, were identified in SFE using the HPLC-UV-MS/MS 

(Saybel et al. 2024). At the same time, it was found that the dominant SFE component is 

sophoraflavonoloside (kaempferol-3-sophoroside). We isolated and identified this compound to 

confirm its chemical structure. The HPLC chromatogram of compound isolated with purity of 

98.6% is shown in Figure 1. 

Analysis of the 1H NMR spectrum showed that the number of proton units, multiplicity, 

chemical shifts, and interaction constants of the isolated substance have the following values: H-

2’, H-6’ (2H; 8.06, doublet; 8.9 Hz), H-3’, H-5’ (2H; 6.93; d; 8,9Hz), H-6 (1H; 6.42; 2.1Hz), H-

8 (1H; 6.22; d; 2.1Hz), H-1’ (1H; 5.46; d; 7,6Hz), H-1’’ (1H; 7.51; d; 7.5Hz), H-2’ (1H; 3.76; k; 

9.0; 7.6Hz), H-3’ (1H; 3.62; t; 9.0Hz), which confirms the structure of sophoraflavonoside (Fig. 

2). 

 

Figure 1. HPLC-UV chromatogram of SFE (a) and sophoraflavonoloside (b). Note: SFE – Styphnolobium japonicum 

fruit extract. 
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Figure 2. 1H-NMR spectrum (D-methanol) of sophoraflavonoloside. 

 

 

Effect of SFE on neurological deficit in cerebral ischemia-reperfusion rats 

The cerebral ischemia-reperfusion injury model caused neurological deficit in control rats, which 

was recorded after 24 hours and on the 7th day of the experiment; and it decreased on the 14th 

day (Table 1). The indicators of neurological deficit in the experimental groups were less than 

those values in the control ones: 1.4 – 1.5 times 24 hours after surgery; on the 7thday, they 

decreased by 2 and 3 times, respectively, in rats treated with SFE and with the comparison drug; 

the intergroup differences were insignificant on the 14th day. 

 
Table 1. Effect of the SFE on neurological deficit in rats with cerebral ischemia-reperfusion  

Animal groups 24 hours 7th day 

Sham(H2Odist.) 0 0 

Control (H2O dist.) 2.2±0.25 2.1±0.27 

SFE, 200 mg/kg 1.5±0.03* 0.6±0.16* 

GBE,50 mg/kg 1.6±0.16 0.9±0.18* 

Note: * differences are significant compared to control at p<0.05; SFE – Styphnolobium japonicum fruit extract, GBE – 

ginkgo biloba extract. 

SFE effect on animal behavior in the open field test 

Cerebral ischemia-reperfusion caused a decrease in behavioral activity of the injured rats: in the 

control group, the indicators of horizontal and vertical activity were 2.3 and 3.4 times lower 

compared with those in the sham group. And at the same time, the number of grooming acts and 

bolus numbers increased 1.8 and 1.6 times, respectively. In SFE-treated rats, horizontal motor 

activity was 1.7 times higher, and vertical activity was 2.2 times higher compared with that in 

the control animals. The number of grooming acts and the number of boluses was 2 times less 

than in the control group, indicating a decrease in anxiety levels (Table 2). In GBE-treated rats, 

vertical activity was lower compared with that in experimental group 1, but other values under 

comparison showed no significant differences. 

Table 2. The SFE effect on rat behavior in open field test in case of cerebral ischemia-reperfusion injury 

Animal group Horizontal activity Vertical activity Grooming Boluses 

Sham (H2Odist.) 22.3±1.15 14.2±1.93 2.7±0.49 2.9±0.58 

Control (H2Odist.) 9.8±1.12* 4.1±0.67* 5.0±0.36* 4.7±0.49* 

SFE, 200 mg/kg 16.6±1.35** 9.1±0.91** 2.6±0.54 2.4±0.34* 

GBE,50 mg/kg 17.4±1.96** 6.6±0.79** 2.4±0.50 2.9±0.58 

Note: * – differences are significant compared to sham operated animals, ** – compared to control, p<0.05; SFE – 

Styphnolobium japonicum fruit extract, GBE – ginkgo biloba extract. 

SFE effect on rat behavioral activity in elevated plus maze test 

In rats with cerebral ischemia-reperfusion injury, increased anxiety level was observed in the 

elevated plus maze test: the number of visits to the maze open arms and the duration of stay there 

were less than those in sham-operated rats (p<0.05) (Table 3). During the experiment, it was 

found that in SFE-treated rats, the number of visits to the open arms and the duration of stay 

there were less than those in sham-operated rats (p<0.05) (Table 3). During the experiment, it 

was found that in SFE-treated rats, the number of exits to the open arms and the duration of stay 
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there was 3.8 times and 10 times higher than in the control rats, respectively. In GBE treated 

rats, the indicator values were also higher than in the control rats, but they were slightly lower 

than those in SFE-treated rats. 

Table 3. SFE effect on rat behavior in elevated plus maze test in case of cerebral ischemia-reperfusion 

Indicators 

Animal groups 

Sham 

(H2O dist.) 

Control  

(H2O dist.) 
SFE, 200 mg/kg GBE,50 mg/kg 

Number of entries 

Open arms 3.3±0.42 1.0±0.29* 3.8±0.58** 2.1±0.39** 

Closed arms 2.8±0.62 1.3±0.24 1.3±0.23 1.4±0.22 

Duration of stay in the arms, sec 

Open arms 14.6±1.62 0.9±0.38* 9.2±0.92** 7.0±0.86** 

Closed arms 279.0±3.73 298.0±0.73 283.6±2.04 282.8±1.42 

Note: * – differences are significant compared to sham operated animals, ** – compared to control, p<0.05; SFE – 

Styphnolobium japonicum fruit extract, GBE – ginkgo biloba extract. 

Pathomorphological examination 

During pathomorphological examination of brain micro-preparations of the control rats with 

ischemia-reperfusion, necrotic changes of neurons were observed in the sensorimotor cortex, 

but namely: hyperchromia with wrinkling and pericellular edema, swelling of the bodies of 

neurons with deformation of the nuclei, destruction of the cell membrane and signs of autolysis 

(Fig. 3B). At the same time, damage to neurons was characterized by secondary changes in the 

form of deformation of the nucleus and the cells themselves with a pattern of karyolysis and 

autophagy. Along with the above-mentioned necrobiosis signs, there were neurons with 

dystrophic changes in the form of swelling of the nuclei and cells themselves with pale 

cytoplasm (chromatolysis) but retaining the integrity of the plasma membrane, which are signs 

of reversible neuron dystrophy. Cases of cytolysis and “shadow cells” were often observed in 

the fields of vision. 

SFE and GBE course injections to rats had a similar neuroprotective effect on the structure 

of the cerebral cortex: the pathomorphological picture consisted of a smaller number of neurons 

with hyperchromia and wrinkling. Neurons with partial chromatolysis were mainly noted (Figs 
3 C and D). A smaller proportion of neurons were observed in the visual fields, the cytoplasm 

of which contained small/medium vacuoles, while the shapes of their nuclei were normal, and 

the integrity of the plasma membrane was preserved, indicating their viability. Along with this, 

there were neurons with karyolysis signs, as well as “shadow cells” and neuronophagy, but it 

was significantly rarely compared to the control. However, the number of normochromic 

neurons without damage was lower compared to the sham-operated negative control (Fig. 3A). 

 

Figure 3. Photomicrographs of the cerebral cortex (anterior parietal region)of rats with cerebral ischemia-reperfusion, 
21 days. A – sham; B – control; C – SFE, 200 mg/kg; D – GBE, 50 mg/kg. nissl staining, magnification ×400,  

scal bars = 50 µm. Note: SFE – Styphnolobium japonicum fruit extract, GBE – ginkgo biloba extract. 

 

In the dorsal hippocampus (CA1) of the control rats, a decrease in cell density and 

disintegration of the pyramidal layer were noted (Fig. 4B). The presence of hyperchromic 
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shrunken neurons was noted, as well as neurons with core deformity, signs of severe dystrophy, 

in the cytoplasm of which medium and large vacuoles were contained. Neurons with 

cytoplasmic swelling and chromatolysis were also observed. In a similar section of the dorsal 

hippocampus (CA1) in rats treated with SFE and GBE, the pyramidal layer was ordered, and 

neurons with dystrophic phenomena were noted much less frequently than in the control group 

(Figs 4 C and D). Dystrophic phenomena were reversible and consisted in cell swelling and 

cytoplasmic hypochromia. Morphological changes in hippocampal neurons of rat treated with 

GBE differed little from the same cells of rats treated with SFE. The cellular density of the 

pyramidal layer of the hippocampus in the experimental group rats was slightly lower than that 

in the sham-operated rats (Fig. 4A). 

 

Figure 4. Representative photomicrographs of the dorsal hippocampus of rats with cerebral ischemia-reperfusion, 21 

days. A – sham; B – control; C – SFE, 200 mg/kg; D – GBE, 50 mg/kg. nissl staining, magnification ×400, Scal bars = 

50 µm. Note: SFE – Styphnolobium japonicum fruit extract, GBE – ginkgo biloba extract. 

 

Discussion 

The cerebral ischemia-reperfusion injury model used in the experiment leads to the development 

of pronounced neurological disorders and stable behavioral changes in rats, revealed in 

neurological and ethological tests. Neurological disorders registered externally are obviously 

caused by damage to the corresponding neural structures in the brain. A pathomorphological 

study of micro-preparations of the brain of rats in the control group revealed that a significant 

part of the neurons had signs of serious damage: these necrotic and dystrophic changes took 

place mainly in the cerebral cortex and dorsal hippocampus. 

SFE course administration to rats limited the development of neurological and emotional-

behavioral disorders in animals; it had a noticeable neuroprotective effect on the brain structures. 

The severity of neuron damage in these areas was significantly lower, and their changes were 

moderate, mainly in the form of mild and reversible dystrophic phenomena. 

The tested neuroprotective effect of SFE may be due to active flavonoid compounds present 

in it. According to many references, after oral administration, flavonoid glycosides, as a rule, 

undergo enzymatic hydrolysis in the intestinal lumen or enterocytes to aglycone forms, which in 

turn are absorbed into the bloodstream in a native or metabolized form and, reaching their targets, 

have a pharmacological effect (Dabeek and Marra 2019). Given that the predominant SFE 

flavonoids are kaempferol glycosides, it can be assumed that a neuroprotective effect is provided 

due to the properties of sophoraflavonoloside and kaempferol as its active metabolite. 

It is known that oxidative stress and neuroinflammation underlie the progression of 

neurodegenerative disorders (Kim et al. 2015; Adamu et al. 2024). Studies by many scientists 

have shown that kaempferol prevents the development of oxidative stress through the 

mechanisms of stimulating the formation of nuclear erythroid factor (NRF-2) and, consequently, 

increasing the activities of superoxide dismutase and glutathione peroxidase. Kaempferol is also 

able to reduce the level of inflammation by suppressing mitogen-activated protein kinase 

(MAPK) and nuclear factor kappa B (NF-κB), involved in the formation of anti-inflammatory 

cytokines, and thus reduce neurodegenerative phenomena. In addition, kaempferol affect 

mitochondrial function, while reducing intracellular calcium levels (Chaubey and Singh 2025). 
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Considering the above, it can be assumed that kaempferol may be responsible for the 

neuroprotective effect of SFE in ischemic brain disorders. 

Conclusion 

SFE tested in the rat cerebral ischemia-reperfusion injury model has a neuroprotective effect; it 

reduces neurological deficits, limits the development of behavioral disorders, and prevents 

damage to neurons in the cerebral cortex and hippocampus. The SFE neuroprotective effect may 

be due to the activity of kaempferol glycosides, which are the dominant components of the 

substance under study. The research results indicate the prospects for further SFE study and the 

development of drugs based on it for the prevention of ischemic brain disorders. 
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