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Abstract – Cognitive impairment, including memory deficits, is a major concern in neurological disorders.
Natural polyphenolic compounds have emerged as promising neuroprotective agents due to their antioxidant and
anti-inflammatory properties. Previously, we identified a receptor for oolonghomobisflavan B (OHBFB).
OHBFB, a polyphenol derived from oolong tea, has shown strong radical-scavenging activity, but its effects on
cognitive function and underlying mechanisms remain largely unknown. In this study, mice were orally
administered OHBFB (10, 30, 50 mg/kg) for 15 days, followed by scopolamine-induced memory impairment.
Behavioral assessments were performed using the novel object recognition (NOR) test and the closed-arm T-
maze test. Molecular analyses of brain tissues included Western blotting for brain-derived neurotrophic factor
(BDNF) and phosphorylated cAMP response element-binding protein (p-CREB). Safety assessments (body
weight and organ weights) and antioxidant capacity (DPPH assay, IC50 = 4.40 μM and ABTS assay, IC50 =
4.08 μM) were also conducted. NOR: novel-object exploration rose from 49.7% (control) to 51.5%, 54.2%, and
59.9% with OHBFB 10, 30, 50 mg/kg. T-maze: performance shifted from 50.5% (control) to 49.6%, 55.1%, and
61.5% at the same doses. Expression of BDNF and p-CREB in brain tissue was restored to near-normal levels in
OHBFB -treated groups. OHBFB also exhibited potent antioxidant activity, consistent with its neuroprotective
effects, while showing no adverse effects on body weight or organ indices. These findings suggest that, within a
scopolamine-induced amnesia mouse model, OHBFB improves cognitive performance while engaging the
BDNF-CREB pathway. Given its safety profile, OHBFB may serve as a promising candidate for the treatment of
cognitive impairments, including those associated with neurodegenerative disorders.
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Introduction

Cognitive impairment and memory decline represent key

features of various neurological disorders and age-related

neurodegeneration. Epidemiological data indicate that

cognitive dysfunction is highly prevalent, underscoring

the urgent need for novel therapeutic strategies.1,2 Current

pharmacological approaches, including cholinesterase

inhibitors such as donepezil or galantamine, provide only

modest benefits and are often associated with side effects,

highlighting the demand for safer and more effective

alternatives.3

Natural products, particularly polyphenolic compounds,

have received increasing attention as potential neuroprotective

agents.4,5 Dietary polyphenols, such as epigallocatechin

gallate from green tea and resveratrol from grapes, have

been shown to attenuate neuroinflammation, enhance

antioxidant defenses, and promote neuronal survival (6–8).

Oolong tea, an intermediate-fermented tea, is especially

rich in unique flavonoids that may exert beneficial effects

on brain health.9,10 However, few studies have investigated

the bioactive compounds specific to oolong tea beyond

the well-characterized catechins.11,12

Oolonghomobisflavan B (OHBFB) is a dimeric flavan

isolated from oolong tea, structurally characterized by

multiple hydroxyl substitutions and polyphenolic linkages.

Previously, we identified a receptor for OHBFB13.

Nevertheless, its neuroprotective potential and underlying

mechanisms in the context of cognitive impairment have
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not been systematically studied.14–17

In the present study, we evaluated whether OHBFB

ameliorates scopolamine-induced cognitive impairment

and probed associated brain-derived neurotrophic factor

(BDNF)-cAMP/calcium response element binding protein

(CREB) signaling. Behavioral tests, including the novel

object recognition (NOR) test and closed-arm T-maze,

were employed to assess memory performance. To explore

the underlying mechanisms, we examined the expression

of BDNF and p-CREB, two key mediators of synaptic

plasticity and learning. We also demonstrated potent

radical-scavenging activity of OHBFB in the DPPH assay

(IC50 = 4.40 μM), suggesting strong antioxidant capacity.

Safety parameters and antioxidant capacity were evaluated

to comprehensively assess the therapeutic potential of

OHBFB. Oxidative stress is a recognized driver of hippo-

campal dysfunction, blunting BDNF expression and CREB

phosphorylation that are essential for synaptic plasticity

and memory consolidation. Accordingly, compounds with

radical-scavenging capacity may confer neuroprotection

by preserving BDNF-CREB signaling. In this context, we

evaluated whether OHBFB’s antioxidant activity aligns

with improved cognitive performance and pro-plasticity

readouts in a scopolamine model where oxidative stress is

elevated.

Experimental

Reagents – Oolonghomobisflavan B (OHBFB) was

obtained from Nagara Science Co., Ltd. (Gifu, Japan), The

Mouse Phospho-cAMP Response Element Binding Protein

ELISA Kit and Mouse Brain-Derived Neurotrophic

Factor ELISA Kit were obtained from SunLong Biotech

Co., LTD (Zhejiang, China).

Mice and experimental protocols – Female C57BL/6

mice (5 weeks old, 20–21 g) were obtained from ORIENT

BIO (Kwangju, Republic of Korea). Mice were housed

three per cage with ad libitum access to food and water

and maintained under controlled environmental conditions

(23°C ± 1°C, 60% ± 5% humidity, 12-hour light/dark

cycle). Prior to experimentation, mice were acclimated to

the laboratory for one week. Cognitive function was

assessed using the novel object recognition and closed-

arm T-maze tests to determine the effects of OHBFB.

Following acclimation, mice were randomly assigned to one

of four groups (n = 12 per group: 1) Normal: distilled water

(D.W.) orally and 0.9% NaCl (vehicle) intraperitoneally;

2) Control: scopolamine (SCO) (1 mg/kg, i.p.) and D.W.

orally; 3) OHBFB 10: SCO (1 mg/kg, i.p.) and OHBFB

(10 mg/kg/day orally); 4) OHBFB 30: SCO (1 mg/kg,

i.p.) and OHBFB (30 mg/kg/day orally); and 5) OHBFB

50: SCO (1 mg/kg, i.p.) and OHBFB (50 mg/kg/day orally).

SCO (1 mg/kg, i.p.) was administered 30 minutes prior to

behavioral testing on day 15 to all groups except the Normal

group and Control group. OHBFB was administered orally

daily from day 1 to day 21 via gastric gavage (100 μL) at

indicated concentrations. After behavior test, animals were

anesthetized with isoflurane to provide safe and effective

anesthesia throughout the experimental procedures. All

animal experiments were conducted in accordance with

NIH guidelines and were approved by the Animal Ethics

Committee of Daegu Haany University (DHU2025-037).

T-maze test – The closed-arm T-maze test was conducted

to assess spatial memory ability. During the maze challenge

(experimental day 21 to 22), mice instinctively chose

either the left or right path within a T-shaped box. On the

training day (experimental day 21), OHBFB administration

mouse was placed in the starting area with the right passage

blocked and allowed to explore freely for 5 minutes. After

24 hours, on the test day (experimental day 15), the

blocking wall was removed, and the mice were allowed to

explore both passages (left passage; old route (familiar),

right passage; new route (novel)) for 5 minutes. The number

of entries into each passage was recorded and calculated

as the ratio of new passage entries to total maze entries,

multiplied by 100. A higher percentage of new passage

entries was interpreted as better spatial memory performance.

Novel object recognition test – The novel object

recognition test was conducted to evaluate the mice’s

cognitive per-formance in short-term memory. The

experiment took place in a square black box (40 × 40 ×

40 cm, with two objects positioned inside). On the training

day (experimental day 21), two identical objects were

placed in the box, and each mouse was introduced at the

center of the box. The female C57BL/6 mice were

allowed to freely explore and interact with both objects

for 5 minutes, during which the number of touches for

each object (familiar object, novel object) was recorded.

On the test day, 24 hours later (experimental day 22), the

mice were again placed in the center of the box and

allowed to explore for the same duration for 5 minutes.

However, unlike the training day, one of the two identical

objects were replaced with a novel object of a different

shape. The number of touches to each object was recorded,

and object recognition ability was calculated as the

number of touches to the novel object divided by the total

number of touches to both objects, multiplied by 100. A

higher percentage indicated better cognitive performance

and recognition ability.

ELISA assay – BDNF (product NO: QS0107Mo) and
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p-CREB (product NO: SL0816Mo) protein expression

levels were measured using ELISA kits, following the

manufacturer’s instructions SunLong Biotech Co., LTD.

Absorbance was detected at 450 nm using a microplate

reader.

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging

capacity measurement – Antioxidant activity was

evaluated using a DPPH assay. A DPPH radical solution

was prepared at a concentration of 120 μM in 95%

ethanol. Test compounds (0–7 μM OHBFB) were prepared

in 96-well plates, and 10 μL of each compound was

added to 195 μL of the ethanolic DPPH solution in the

wells. The reaction mixtures were incubated at room

temperature for 30 minutes in the dark to prevent light-

induced degradation. Absorbance was measured using a

microplate reader (517 nm). The free radical scavenging

activity (% RSA) was calculated using the following

formula:

% RSA = [(A blank − A sample / A blank] × 100%

Where A blank represents the absorbance of the control

(DPPH solution without samples), and A sample represents

the absorbance of the test sample. Results are expressed

as mean values from triplicate analyses.

2,2'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)

(ABTS) decolorization assay – Compounds (0–7 µM

OHBFB) were prepared to 96-well plates. Subsequently,

ABTS solution was added to each well. The mixtures

were shaken continuously for 5 minutes. Absorbance was

measured with 734 nm at approximately 27°C using a

micro-plate reader. The percentage inhibition of absorbance

with 734 nm was calculated relative to the blank (absorbance

of the uninhibited radical cation solution) using the following

equation: 

Inhibition of A734nm (%) = (1−(Af/A0)) × 100

Where A0 is the blank, and Af is the absorbance measured

5 minutes after the addition of antioxidant samples.

Statistical analysis – Results are presented as averages

with standard error of the mean (SEM). Statistical

significance was determined using GraphPad Prism 6

software, employing appropriate tests such as unpaired t-

tests, and multiple comparison tests (Bonferroni and

Tukey’s) as needed.

Results and Discussion

In the present study, we investigated the neuroprotective

and cognition-enhancing effects of oolonghomobisflavan

B (OHBFB), a polyphenolic compound uniquely identified

in oolong tea. The chemical structure of OHBFB was

characterized as an epigallocatechin-3-O-gallate dimer, a

distinct dimeric flavan derivative (Fig. 1).

To evaluate its cognitive effects, C57BL/6 mice were

treated with OHBFB (0, 10, 30, 50 mg/kg, p.o.) for 21 days

in a scopolamine (Sco, 1 mg/kg, i.p.)-induced amnesia

model. Behavioral performance was assessed using the

novel object recognition (NOR) and T-maze tests (Fig. 2).

Vehicle-treated normal mice exhibited a strong preference

for novel object exploration and intact spatial discrimination,

whereas scopolamine treatment significantly impaired

both recognition and spatial working memory. Oral

administration of OHBFB restored performance in a

dose-dependent manner, with 30 and 50 mg/kg showing

significant recovery in both NOR and T-maze tasks

(Fig. 3A and 3B). In NOR task, in the control group, mice

explored the novel object 49.7%; with OHBFB administration

this increased to 51.5% at 10 mg/kg, 54.2% at 30 mg/kg,

and 59.9% at 50 mg/kg. In T-maze task, in the control

group, mice explored the novel object 50.5%; with OHBFB

administration this increased to 49.6% at 10 mg/kg,

55.1% at 30 mg/kg, and 61.5% at 50 mg/kg. These results

suggest that 30 and 50 mg/kg OHBFB effectively ameliorates

Sco-induced cognitive deficits. Collectively, our data

support a cognition-improving effect of OHBFB within

the scopolamine-induced amnesia model; whether similar

benefits occur in healthy mice requires further investigation.

Fig. 1. Chemical structure of oolonghomobisflavan B (OHBFB).
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To elucidate the underlying molecular mechanisms,

hippocampal levels of brain-derived neurotrophic factor

(BDNF) and phosphorylated cAMP response element-

binding protein (p-CREB) were measured after behavioral

Fig. 2. Experimental behavioral testing schedule for the period and diagram. Experimental behavioral testing schedule for the period. The
schedule for the period of OHBFB administration and behavioral testing (Novel object recognition test and T-maze test). C57BL/6 mice
were treated with oral ad-ministration of 0, 10, 30, 50 mg/kg OHBFB for 21 days.

Fig. 3. OHBFB improve Scopolamine-induced cognitive impairment. (A) To access Scopolamine-induced cognitive impairment 1 mg/kg,
i.p. Scopolamine were administrated before the novel object recognition test. Object cognitive ability was evaluated by novel object
recognition test. (B) Space perceptive ability was evaluated by closed arm T-maze test.
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testing. Scopolamine markedly reduced both BDNF and

p-CREB expression compared with normal controls (Fig. 4A

and 4B). Notably, OHBFB administration restored BDNF

expression at all tested doses and significantly increased

p-CREB levels at 30 and 50 mg/kg. The normalization of

BDNF-CREB signaling suggests that OHBFB exerts

neuroprotective effects by enhancing pathways critical for

synaptic plasticity and memory consolidation.

In addition to behavioral and molecular effects, safety

assessments were performed. No significant changes were

observed in body weight, liver, kidney, spleen weight or

brain weight at scopolamine-induced mice after OHBFB

treatment (Fig. 5A–E). 

OHBFB also demonstrated strong antioxidant capacity,

with dose-dependent free radical scavenging activity in

both DPPH and ABTS assays (IC50 = 4.40 μM and 4.08 μM,

respectively; Fig. 6). Zhang et al. reported an antioxidant

effect of OHBFB with a DPPH radical-scavenging IC50 of

4.80 ± 0.30 μM, which is comparable to our result (IC50 ≈

4.40 μM).9 To the best of our knowledge, the ABTS radical-

scavenging potency of OHBFB has not been quantified

previously; our study is the first to report an ABTS IC50 of

approximately 4.08 μM under the present assay conditions.

Notably, the DPPH (4.40 μM) and ABTS (4.08 μM) IC50

values were of similar magnitude, indicating that OHBFB

exhibits robust radical-scavenging activity across both

alcoholic (lipophilic-leaning) and aqueous (hydrophilic-

leaning) conditions. The concordance between assays

suggests broad-spectrum antioxidant capacity rather than

assay-specific effects. Positive controls behaved as expected,

and blank corrections were applied to mitigate chromophore/

turbidity interference. Together with the dose-responsive

trends, these findings support a consistent antioxidant effect

of OHBFB under differing physicochemical environments.

These antioxidant properties are likely to contribute, at

least in part, to its neuroprotective effects.

Together, our results indicate that OHBFB improves

recognition memory and spatial learning, restores hippo-

campal BDNF-CREB signaling, and exhibits potent

antioxidant activity without measurable toxicity. These

findings align with previous evidence that natural

polyphenols improve cognitive performance through their

antioxidant capacity and modulation of neurotrophic

signaling.18–20 For example, epigallocatechin gallate (EGCG)

from green tea and resveratrol from grapes have been

shown to upregulate BDNF levels and enhance synaptic

plasticity.21–23 Similarly, our findings demonstrate that

OHBFB may share comparable molecular targets, particularly

modulation of the BDNF–CREB signaling pathway.

OHBFB is a dimeric flavan unique to oolong tea, and its

strong scavenging capacity (IC50 = 4.40 μM in DPPH

assay) underscores its potential as a distinct antioxidant

compound.24,25

The restoration of hippocampal BDNF and p-CREB

levels suggests that OHBFB promotes neuronal survival

and synaptic plasticity, critical processes disrupted in

neurodegenerative disorders such as Alzheimer’s disease,

Parkinson’s disease, and Huntington’s disease.26–29 Consi-

dering that mild cognitive impairment (MCI) is a

prodromal stage of dementia with high risk of progression to

Alzheimer’s disease and related neurodegenerative disorders,

OHBFB may represent a valuable therapeutic candidate.30,31

Fig. 4. OHBFB exerts its anti-amnesic effect via activation of hippocampal neurotrophins. (A) Hippocampal neurotrophins brain-derived
neurotrophic factor (BDNF) and (B) phosphorylated cAMP Response Element Binding protein (p-CREB) protein levels in mouse
hippocampus were evaluated using ELISA assay. Data are presented as mean ± SEM (n = 12), Tukey’s test, *p < 0.05, **p < 0.01,
***p < 0.001.
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Importantly, no adverse effects were observed in terms of

body weight, organ indices, or serum liver enzymes,

highlighting its favorable safety profile and the potential

feasibility of OHBFB as a dietary supplement or therapeutic

agent. Moreover, its combined antioxidant and neurotrophic

effects suggest broader benefits compared to existing

cholinesterase inhibitors, which mainly target cholinergic

signaling.32

Despite these encouraging results, several limitations

should be noted. First, behavioral assessment was restricted

to NOR and T-maze tasks; inclusion of Morris water maze,

Y-maze, or passive avoidance tests would strengthen the

Fig. 5. Effects of OHBFB on mouse body weight and tissue weights in the SCO-induced cognitive impairment mouse model. Mouse
body weight (A) was evaluated during experimental days 21. Liver weight (B), spleen weight (C), kidney weight (D) and brain weight (E)
were evaluated at after sacrificed in C57BL/6 mice. Data are presented as mean ± SEM (n = 12), Tukey’s test, *p < 0.05.
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conclusions.33 Second, molecular analyses were limited to

BDNF and p-CREB. Further examination of additional

synaptic proteins (e.g., PSD-95, Synapsin I) and antioxidant-

related pathways (e.g., Nrf2, HO-1) would provide deeper

mechanistic insights.34–36 Third, the bioavailability and

pharmacokinetics of OHBFB, particularly its permeability

across the blood-brain barrier, remain unknown and merit

further investigation.37 Finally, while our work provides

substantial preclinical evidence, translational studies and

clinical trials are needed to establish its therapeutic potential

in humans.38,39

In conclusion, OHBFB alleviates scopolamine-induced

cognitive impairment via potent antioxidant activity and

activation of the BDNF-CREB pathway, thereby promoting

synaptic plasticity and memory consolidation. Importantly,

its administration did not induce observable toxicity,

underscoring its favorable safety profile.32 Taken together,

these findings highlight OHBFB as a promising natural

compound for the prevention and treatment of cognitive

impairments, including those associated with neuro-

degenerative disorders.30,31,38 Further studies addressing

its pharmacokinetics, blood–brain barrier permeability,

and long-term efficacy are warranted to validate the

therapeutic application of OHBFB.38–39 Moreover, our

behavioral assessment was limited to NOR and T-maze;

inclusion of Morris water maze, Y-maze, and passive

avoidance, as well as evaluation in additional etiologically

relevant models (e.g., Aβ or tau pathology), will be

necessary to determine whether OHBFB exerts broader

pro-cognitive effects beyond the scopolamine paradigm.
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