
MOLECULAR MEDICINE REPORTS  31:  131,  2025

Abstract. The aging process is associated with a decline in 
certain cognitive abilities, including learning and memory. 
This age‑related cognitive decline is associated with a reduc‑
tion in neurogenesis and alterations in the cholinergic system. 
Humulus japonicus (HJ), an ornamental plant in the family 
Cannabaceae, has been reported to exert beneficial effects 
against neurodegenerative pathophysiologies in mouse models 

of disorders such as Alzheimer's and Parkinson's disease. 
Despite the increasingly aging populations of numerous 
societies, no study has yet investigated the effects of HJ on 
cognitive decline associated with normal aging. The present 
study therefore aimed to examine the protective potential of 
HJ water (HJW) extract against age‑related cognitive decline 
and scopolamine‑induced cognitive impairment. The analyses 
revealed that the oral administration of HJW markedly 
improved novel objective recognition and spatial learning 
in the novel object recognition and Morris water maze tests, 
respectively, in aged mice. The administration of 600 mg/kg 
HJW further increased neurogenesis and CA1 thickness in 
the hippocampi of aged mice. In scopolamine‑induced cogni‑
tive impairment, administration of 400 or 600 mg/kg HJW 
markedly increased novel object recognition performance 
in scopolamine‑treated mice. The inhibitory effect of HJW 
on acetylcholinesterase (AChE) and the activation effects of 
HJW on the calcium/calmodulin‑dependent kinase (CaMK)
IIα‑cAMP response element‑binding protein (CREB) and 
AKT‑glycogen synthase kinase‑3 β (GSK3β) pathways were 
further demonstrated. Overall, these results indicate that 
HJW administration improves cognitive function through 
the regulation of AChE activity and CaMKIIα‑CREB and 
AKT‑GSK3β pathways.

Introduction

Aging is a complex natural process involving a functional 
reduction in the activity of various organs, including those of 
the central nervous system. As the population has aged and life 
expectancy has increased, the prevalence of cognitive decline 
has also increased (1‑4). Cognitive decline is closely related 
to neuromorphological changes, including cerebral atrophy, 
gray and white matter changes, volume loss, ventricular 
enlargement and sulcus widening (5). Of these, brain atrophy 
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is associated with age‑related neuronal loss, reduced neuro‑
genesis and reduced dendritic branching and spines (6,7).

Acetylcholine (ACh), a major neurotransmitter of the 
cholinergic system, plays an important role in the nervous 
system by regulating cerebral cortical development, cortical 
activity, cognitive performance, learning and memory 
processes  (8) and is also involved in regulating adult 
hippocampal neurogenesis and neuroplasticity  (9,10). The 
ACh secreted into the synaptic cleft is metabolized into 
acetyl‑CoA and choline by the enzyme acetylcholinesterase 
(AChE) (11). However, reports have indicated that aged brains 
have an ACh deficiency at least partially driven by increased 
AChE activity  (12). The neurodegeneration of cholinergic 
neurons results in the progressive impairment of memory 
capacity (13,14), which are associated with cognitive decline 
and neurobehavioral deficits (15‑17).

Humulus japonicus (HJ) is a perennial herb found in East 
Asian countries, including Korea, China and Japan, which 
has been reported to exert antioxidant and anti‑inflammatory 
effects (18‑20). HJ is an annual or perennial climbing herb 
belonging to the order Rosales, family Cannabaceae, 
genus Humulus  (21). Three other species belong to the 
genus Humulus: H. japonicus, H.  lupulus and H. yunna‑
nensis (22). H. lupulus has been found to contain a variety 
of compounds, including essential oils, proteins, lipids and 
polyphenols (23). The ethanol extract of HJ has been reported 
to contain neuroprotective components, such as those found 
in luteolin‑7‑O‑glucoside and apigenin‑7‑O‑glucoside as the 
most abundant components (24). Methanolic and ethanolic 
extracts of HJ have previously demonstrated neuroprotective 
effects by preventing midbrain dopaminergic neuronal death 
in a mouse model of Parkinson's disease (25). In addition, 
the methanolic extract of HJ ameliorates Alzheimer's disease 
(AD) by inhibiting neuroinflammation in the brains of animal 
models of AD (26). The water extract of HJ (HJW) has also 
been reported to support the gastrointestinal system  (27), 
promote longitudinal bone growth (28) and exhibit anti‑obesity 
effects (29). However, no study has yet investigated the effects 
of HJ on cognitive decline associated with normal aging.

In the present study, the chemical constituents of HJ water 
(HJW) extract were identified using ultra‑high‑performance 
liquid chromatography‑triple/time‑of‑flight mass spectrometry 
(UHPLC‑q‑TOF‑MS/MS). It was subsequently investigated 
whether HJW improves cognitive function in aged mice using 
the novel object recognition and Morris water maze tests. 
The effect of HJW on neurogenesis and AChE activity was 
subsequently analyzed using immunohistochemistry and an 
AChE activity colorimetric assay. In addition, the effects of 
HJW on scopolamine‑induced memory impairment and the 
pathways involved in the regulation of long‑term potentiation 
were further examined. Scopolamine, a muscarinic receptor 
antagonist, blocks cholinergic neurotransmission and causes 
memory impairment in mice  (30). Scopolamine‑induced 
amnesia is a well‑established pharmacological model (31).

Materials and methods

Preparation of the extract. HJW was provided by Neo Health 
& Beauty (Seoul, Korea)  (28). In brief, HJ was extracted 
in water for 8  h at  90˚C. This extract was then filtered, 

concentrated using a rotary evaporator at 70˚C under reduced 
pressure and spray dried. The dried extracts were then mixed 
with dextrin in a 7:3 ratio. Standardized HJW was dissolved 
in phosphate‑buffered saline (PBS) at the concentrations 
required for in vitro and in vivo experiments.

UHPLC‑q‑TOP‑MS/MS analysis. A standardized HJW 
sample was prepared as a test solution by diluting with MeOH 
to 2 mg/ml. The sample was sonicated at 25˚C and 40 kHz 
for 30 min and centrifuged at 15,000 x g at 4˚C for 10 min, 
and the supernatant was collected. The supernatant was 
subsequently filtrated through a 0.45 µm filter and further 
diluted as required for analysis. Ultra‑performance liquid 
chromatography coupled to a quadrupole/time of flight system 
mass spectrometry2 (UPLC‑q‑TOF‑MS/MS) analysis was 
performed using a Waters Acquity UPLC system (Waters 
Corporation) coupled to a Waters Xevo F2 qTOF system 
(Waters Corporation). The analysis was conducted in the scan 
range of 50‑1,500 m/z. A gradient of water and acetonitrile 
(MeCN) containing 0.1% formic acid was applied as follows: 
0‑15 min, 18% MeCN; 15‑20 min, 18‑25% MeCN; 20‑25 min, 
25% MeCN; 25‑30 min, 25‑42% MeCN; and 30‑35 min, 42% 
MeCN. The sample injection volume was 10 µl, with a flow 
rate of 1.0 ml/min during gradient elution. The DAD spectra 
were recorded at a wavelength of 350 nm. The eluent was 
directed to a mass spectrometer equipped with an electrospray 
ionization source and a LockSpray interface (Water ZSpray 
API; Waters Corporation) for accurate mass analysis.

Animals. To evaluate the efficacy of HJW on age‑related 
cognitive decline caused by aging, young (9 weeks old; weight, 
19.9‑21.4 g) and aged (18 months old; weight, 23.6‑31.8 g) 
female C57BL/6J mice were used. C57BL/6J mice were 
purchased from Jackson Laboratory and maintained at the 
Korea Research Institute of Bioscience and Biotechnology 
(Daejeon, Korea). To examine the effects of HJW on scopol‑
amine‑induced cognitive impairment, male C57BL/6J mice 
(9 weeks old) were purchased from Daehan BioLink. All mice 
were housed in plastic cages (25x20x12.5 cm3) and provided 
with a standard chow diet (cat. no. 2018S; Harlan Teklad) and 
autoclaved water ad libitum. The mice were maintained in 
a specific‑pathogen‑free conditions under a 12‑h light/dark 
cycle (lights on at 7:00 AM), with humidity of 50‑60% and 
temperature of 21‑22˚C.

All animal handling and procedures were performed in 
accordance with the National Institutes of Health Guide for the 
Care and Use of Laboratory Animals (32) and were approved by 
the Institutional Animal Use and Care Committee of the Korea 
Research Institute of Bioscience and Biotechnology (approval 
numbers: KRIBB‑AEC‑23263 for scopolamine‑induced 
cognitive impairment model and KRIBB‑AEC‑24122 
for age‑related cognitive impairment model). During the 
experiment, mice were observed once daily for general health 
indicators. After completing all experiments, all mice were 
sacrificed by quick cervical dislocation and their brain were 
collected and stored at ‑80˚C until use. Death was verified by 
monitoring the symptoms such as the absence of chest move‑
ment, lack of a detectable heartbeat, pale mucous membranes, 
no response to toe pinch and changes in eye color. Mouse body 
weight loss >20% was regarded as a humane endpoint in the 
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present study. None of the experimental animals reached these 
criteria.

The aged 18‑month‑old female C57BL/6J mice were 
divided into four groups: Vehicle‑treated (Aged/Vehicle, 
n=7), 200  mg/kg HJW‑treated (Aged/HJW200, n=5), 
400 mg/kg HJW‑treated (Aged/HJW400, n=6) and 600 mg/kg 
HJW‑treated (Aged/HJW600, n=7). Young 9‑week‑old female 
C57BL/6J mice were used as controls (Young/Vehicle, n=9). 
The Aged/Vehicle and Young/Vehicle groups were admin‑
istered PBS, while the Aged/HJW group was treated with 
HJW five days a week for 12 weeks, continuing until all the 
experiments were completed. Vehicle and HJW were orally 
administered using a Zonde needle (cat. no. KN‑348‑24G‑38, 
Natsume Seisakusho Co., Ltd.). HJW and vehicle were admin‑
istered five days a week for 12 weeks, continuing until all the 
experiments were completed. The behavioral experiments 
were conducted during the 8th and 9th weeks of the experi‑
mental period. Behavioral experiments were conducted in the 
following order: Open field test (OFT), novel object recognition 
test (NORT) and Morris water maze test (MWMT), starting 
from the eighth week of vehicle or HJW administration. The 
total of 34 mice were used in this experiment.

Scopolamine‑induced cognitive impairment model. 
T he n ine ‑week‑old  ma le  C57BL/6J  m ice  were 
d ivided into six groups:  Vehicle/veh icle‑t reated 
(Vehicle/Vehicle, n=12), vehicle‑scopolamine‑treated 
(Vehicle/Scopolamine, n=12), 200  mg/kg HJW/scopol‑
amine‑treated (HJW200/Scopolamine, n=12), 400  mg/kg 
HJW/scopolamine‑treated (HJW400/Scopolamine, n=12) and 
600 mg/kg HJW/scopolamine‑treated (HJW600/Scopolamine, 
n=12) and 2  mg/kg donepezil /scopolamine‑treated 
(DP2/Scopolamine, n=10) groups. Vehicle, HJW and donepezil 
were orally administered using a Zonde needle and scopol‑
amine was intraperitoneally injected using a 1 ml syringe 
(Sungshim Medical, Co., Ltd.). A total of 70 mice were used 
in this experiment, which lasted for 9 days. The behavioral 
experiment was conducted on days 8 and 9. Donepezil was 
used as the positive control. During the experimental period, 
HJW was administered 1 h prior to the behavioral test, while 
PBS was administered to the vehicle groups. Scopolamine was 
administered as a single injection at a dose of 1 mg/kg 30 min 
before the behavioral test on the first day of NORT.

OFT. The locomotor activity of the mice was observed using 
the OFT (33). Before the start of each test, the floor of the open 
field chamber was cleaned using 70% ethanol. The mice were 
carefully removed from their home cage and quickly placed in 
the center of the open‑field chamber. The mice were allowed to 
explore the open field (45x45x40 cm3) for 30 min. Parameters, 
including the total distance traveled over a 30 min period, were 
recorded using the SMART video tracking system (Panlab, 
SL) (34).

NORT. The NORT was performed to assess cognitive func‑
tion following HJW administration in mice. The mice were 
habituated to the experimental room for 30 min before the 
experiment. On the first day, the mice were administered HJW 
or vehicle 1 h before the experiment. The mice were placed in 
a rectangular acrylic box (40x20x20 cm3) without an object 

for 5 min to acclimatize to the box and then returned to their 
home cage. Subsequently, the mice were placed in a box 
with two identical objects (wooden cylindrical shape, height: 
10 cm, diameter: 2 cm) for 10 min. The following day, one of 
the familiar objects was changed to a novel object (wooden 
rectangular pillar shape, 10x2x2.5 cm3) and the mice were 
allowed to explore freely for 10 min. During the experiments, 
the number of touches and sniffing time were analyzed. The 
preference percentage was calculated using the following 
formula: [(exploring a novel object or exploring a familiar 
object)/(exploring a novel object + exploring a familiar object)
x100] (35).

MWMT. Spatial learning and memory were analyzed using the 
MWMT (36). The apparatus included a pool (diameter, 90 cm; 
depth, 45 cm) filled with opaque water maintained at 21‑23˚C. 
An escape platform (diameter, 10 cm) was placed 1.0‑1.5 cm 
below the water surface in the northwest center. Visual cues 
were placed at four locations: north, south, east and west. If 
the mouse did not locate the platform within 30 sec, it was 
guided to it and allowed to remain there for another 30 sec. 
Spatial memory was assessed by recording the latency for the 
animals to escape from the water onto a platform during the 
learning phase. The mice were subjected to three trials per 
day for five consecutive days. On the day after the end of the 
learning phase, mice swam freely in a water pool without the 
platform for 60 sec. The time and distance in the quadrant 
and the number of crosses through the platform were recorded 
using the SMART video tracking system (Panlab, SL) (37‑40).

Immunochemistry. Brain samples were fixed in 4% parafor‑
maldehyde (w/v) in 0.1 M phosphate buffer (pH 7.2) at 4˚C 
for 3 days and sectioned into 40‑µm coronal sections using 
a vibratome (cat. no. VT1000S; Leica Microsystems GmbH). 
Free‑floating sections were incubated with 3% H2O2 (v/v) in 
tris‑buffered saline (TBS) for 10 min to block endogenouse 
peroxidase activity, washed three times in TBS‑T (0.1% Tween 
20) and blocked with 2% horse serum (cat. no. 16050130; 
Thermo Fisher Scientific, Inc.) for 1 h at room temperature. 
Sections were then incubated overnight at 4˚C with a primary 
antibody against doublecortin (DCX; 1:500; cat. no. SC‑8066; 
Santa Cruz Biotechnology, Inc.), a marker of neurogenesis. 
Samples were then incubated with the secondary antibody 
(biotinylated rabbit anti‑goat, 1:200; cat. no. BA‑5000; Vector 
Laboratories, Inc.) at room temperature for 1 h. Labelling of 
biotinylated antibodies was performed using avidin‑bioti‑
nylated peroxidase complex (Vectastain Elite ABC‑HRP 
Detection Kit; 1:200; cat. no. PK‑6100; Vector Laboratories, 
Inc.) with 3,3'‑diaminobenzidine (DAB; cat.  no.  D8001; 
MilliporeSigma). Following staining, sections were placed on 
microscope slides (cat. no. 5116‑20F; Muto Pure Chemicals 
Co., Ltd.) and mounted using Canada balsam (cat. no. C1795; 
MilliporeSigma). DCX‑stained cells in the hippocampus were 
analyzed using an optical microscope (BX51; Olympus) and 
MetaMorph (Version 7.7; Molecular Devices Inc.) (26).

Nissl staining. The structural features (Nissl bodies) of 
neurons and glia were identified using Nissl staining (41). 
Brain samples fixed in 4% paraformaldehyde were sectioned 
into 40  µm coronal sections using a vibratome (Leica 
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Microsystems GmbH). These sections were then washed three 
times in TBS‑T (0.1% Tween 20) and fixed on slides overnight 
at room temperature. The sections were hydrated in ethanol 
from 100‑70% and stained with 1% cresyl violet acetate solu‑
tion (cat. no. C5042; MilliporeSigma) at room temperature for 
20 sec. The sections were then rapidly rinsed with distilled 
water, dehydrated in ethanol from 70‑100% and mounted with 
Canada balsam (MilliporeSigma).

Western blotting. Proteins were extracted from hippocampal 
tissues using RIPA buffer (cat. no. 20‑188; MilliporeSigma) 
supplemented with a phosphatase inhibitor cocktail 
(cat. no. 78420; Thermo Fisher Scientific, Inc.). Tissue samples 
were homogenized using a TissueLyser II (Qiagen GmbH) 
and centrifuged at 16,600 x g at 4˚C for 10 min, after which 
the supernatant was collected. Protein was quantified using 
the Bradford assay (cat. no. 5000006; Bio‑Rad Laboratories, 
Inc.). Subsequently, the protein samples were mixed with 
5X sample buffer (120 mM Tris‑Cl, pH 6.8, 25% glycerol, 
5% SDS, 12.5% β‑mercaptoethanol and 0.1% bromophenol 
blue) and boiled at 100˚C for 5 min. Protein (15 µg/lane) was 
separated on 8‑10% SDS‑polyacrylamide gels and transferred 
to a polyvinylidene fluoride membrane (cat.  no.  1620117; 
Bio‑Rad Laboratories, Inc.). The membranes were blocked in 
5% skimmed milk (cat. no. 232100; Becton, Dickinson and 
Company) in TBS‑T (0.1% Tween 20) and incubated with the 
primary antibody overnight at 4˚C. The primary antibodies 
were: Actin (cat.  no.  MAB1501; MilliporeSigma), AKT 
(cat. no. 9272; Cell Signaling Technology, Inc.), phosphorylated 
(p‑)AKT [Thr308] (cat. no. 9275; CST Biological Reagents 
Co., Ltd.), calcium/calmodulin‑dependent kinase (CaMK)
IIα (sc‑13141; Santa Cruz Biotechnology, Inc.), p‑CaMKIIα/β 
(Thr286; sc‑12886; Santa Cruz Biotechnology, Inc.), choline 
acetyltransferase (ChAT; cat.  no.  2769; CST Biological 
Reagents Co., Ltd.), cAMP response element‑binding protein 
(CREB; cat. no. 06‑863; MilliporeSigma), p‑CREB (Ser133; 
cat. no. 9198; CST Biological Reagents Co., Ltd.), Gephyrin 
(cat. no. 147011; Synaptic Systems GmbH), glycogen synthase 
kinase‑3 β (GSK3β; cat. no. 9315; CST Biological Reagents Co., 
Ltd.), p‑GSK3β (Ser9; cat. no. 9336; CST Biological Reagents 
Co., Ltd.), N‑Methyl‑d‑aspartate (NMDA)R2B (cat. no. 4212; 
CST Biological Reagents Co., Ltd.), p‑NMDAR2B (Tyr1472; 
cat.  no.  4208; CST Biological Reagents Co., Ltd.) and 
postsynaptic density protein 95 (PSD95; cat.  no.  124014, 
SYSY). The membranes were incubated with horseradish 
peroxidase‑conjugated goat anti‑rabbit (cat. no. 111‑035‑003; 
Jackson ImmunoResearch Laboratories) or goat anti‑mouse 
(cat. no. 115‑035‑003; Jackson ImmunoResearch Laboratories) 
secondary antibodies at room temperature for 1  h. 
Chemiluminescent signals were developed using EzWestLumi 
Plus (cat. no. WSE‑7120; ATTO Co, Ltd.) and analyzed using 
Quantity One software (Version 4.66; Bio‑Rad Laboratories, 
Inc.).

Acetylcholinesterase (AChE) activity assay. To investigate the 
AChE inhibitory activity of HJW, an AChE activity colori‑
metric assay (ab138871; Abcam) was used. Experiments were 
performed in accordance with the manufacturer's protocols. 
In brief, 30 µl of dilute HJW were added to 96 well plates at 
concentrations of 0.5, 1.0, 1.5 and 2.0 mg/ml. Donepezil (DP, 

cat. no. PHR‑1584; MilliporeSigma) at concentrations of 50, 
100 and 500 ng/ml was used as the AChE inhibitor‑positive 
control. Subsequently, 10 µl of AChE was added and mixed 
well, after which 50 µl of the reaction mixture was added to 
each sample. The final volume was adjusted to 100 µl/well 
with the AChE assay buffer. The absorbance was measured 
at 570 nm following incubation at 37˚C for 20 min using a 
Multiskan SkyHigh microplate reader (Thermo Fisher 
Scientific, Inc.). The percentage of inhibition was calculated 
by comparing the rates for the sample to the blank (PBS) and 
control, which contained all components except the tested 
extract.

To determine AChE activity in mouse brain tissue, we used 
Ellman's reagent (DTNB; cat. no. D8130; MilliporeSigma). 
The hippocampi and frontal cortices of male C57BL/6J mice 
were examined. The brain tissue was homogenized in PBS 
containing 0.5% Triton X‑100 (cat. no. T8787; MilliporeSigma). 
Following centrifugation at 16,600 x g at 4˚C for 10 min, the 
protein concentration in the supernatant was quantified using 
the Bradford assay (cat. no. 5000006; Bio‑Rad Laboratories, 
Inc.). Subsequently, 10 µl of tissue samples were aliquoted 
into single wells of a 96 well plate, with an equal amount of 
diluted HJW or donepezil. Subsequently, acetylcholine iodine 
and DTNB were rapidly added to each well. Plates were then 
incubated for 20 min at room temperature, protected from 
light. Absorbance was measured at a wavelength of 412 nm 
using a Multiskan SkyHigh microplate reader (Thermo Fisher 
Scientific, Inc.) and AChE inhibition activity is presented as a 
percentage.

Statistical analysis. Data are expressed as the mean ± SEM 
and were analyzed using GraphPad Prism software 
(version 8.4.3; Dotmatics). The results were analyzed using 
one‑way analysis of variance followed by Tukey‑Kramer post 
hoc tests. Two‑sample comparisons were performed using 
two‑tailed Student's t‑tests. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Metabolite analysis of the standardized HJW using 
UPLC‑q‑TOF MS/MS spectrometry. The aerial parts of HJ, 
referred to as ‘Yulcho’ in Donguibogam, a classic traditional 
Korean medicine text, have traditionally been used to treat 
urinary disorders, pneumonia, diarrhea, hypertension and 
tuberculosis (20,42,43). Although HJW has traditionally been 
used for these purposes, no comprehensive analysis of the 
water extracts has been conducted. Therefore, to first estab‑
lish analytical markers for the standardized HJW, chemical 
profiling of HJW was conducted using UPLC‑qTOF‑MS/MS. 
In the UPLC‑qTOF‑MS data shown in Fig. 1, 11 peaks in the 
standardized HJW were analyzed. Seven previously isolated 
compounds from HJ were used for peak assignments in 
the chemical profile of standardized HJW (Fig. 1) and four 
compounds (1, 2, 4 and 5) were predicted based on the 
molecular weights and MS fragment ion patterns. As a number 
of studies have identified flavonoid derivatives as the major 
components of HJ, vitexin (7), luteolin‑7‑O‑β‑D‑glucopyranosi
de (8), luteolin (9) and apigenin‑7‑O‑β‑D-glucopyranoside (10) 
were chosen as biomarker substances.
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Quantitative HPLC‑DAD analysis of compounds 7‑10. The 
selectivity, linearity and precision of the analytical method for 
quantifying the four key marker compounds in HJW were first 
validated. Selectivity was confirmed by peak purity analysis, 
ensuring no interference from other compounds, with purity 
match values exceeding 95% for all markers. Linearity was 
demonstrated by the high correlation coefficients (R² ≥ 0.999), 
indicating the proportionality between the concentration and 
peak areas across the tested ranges. Precision, assessed through 
relative standard deviation, revealed excellent reproducibility, 
with values well below 2% for all compounds. These results 
highlight the robustness and reliability of HPLC for quanti‑
fying polyphenolic markers in the standardized HJW.

The retention times of the four marker compounds in 
HJW were found to be 15.88, 20.76, 25.37. and 33.48 min 
for vitexin  (7), luteolin‑7‑O‑β‑D‑glucopyranoside  (8), 
luteolin  (9) and apigenin‑7‑O‑β‑D‑glucopyranoside  (10), 
respectively, with respective concentrations of 0.1719, 0.6384, 
0.0332 and 0.6384 mg/kg. The standardized HJW contained 
higher concentrations of luteolin‑7‑O‑β‑D‑glucopyranoside 
and apigenin‑7‑O‑β‑D‑glucopyranoside, as flavonoid gluco‑
sides, compared to luteolin. Furthermore, vitexin detected in 
the HJW was not found in the in 20% ethanol (EtOH) and 70% 
EtOH extracts of HJ (data not shown).

Effects of HJW on cognitive impairment in aged mice. To 
determine the protective effect of HJW on age‑related cogni‑
tive decline, the OFT, NORT and MWMT behavioral tests 
were conducted (44). The OFT was performed to measure 
the basal locomotor activity following HJW administration, 
with results revealing no difference in the total distance trav‑
eled between young and aged vehicle‑ or HJW‑treated aged 

mice (Fig. 2A). These results indicated that 10 weeks of HJW 
administration did not affect locomotor activity in aged mice.

The effect of HJW on recognition memory in aged mice was 
assessed using the NORT. Overall, vehicle‑treated young mice 
showed a significant increase in preference for novel objects 
in both time and number, whereas vehicle‑treated aged mice 
showed no significant difference in preference for familiar and 
novel objects in either time or number (Fig. 2B and C). These 
results indicate the existence of cognitive impairment in aged 
mice. By contrast, the administration of HJW to aged mice 
resulted in a significant increase in preference for the novel 
object in both HJW400 and HJW600 mice (Fig. 2B and C). 
These results demonstrated that the administration of 
400 and 600 mg/kg HJW protected against age‑related recog‑
nition memory impairment.

The effect of HJW on spatial learning and memory in aged 
mice was evaluated using the MWMT. In the training trials, 
there were no significant differences in swimming speed 
among the groups over five consecutive days (Fig. 3A). The 
Young/Vehicle group showed a marked decrease in latency 
on days 4 and 5 compared to day 1 (Fig. 3B). However, the 
aged/vehicle group showed no obvious differences in the latency 
between days 1 and day 2‑5. Aged/HJW200 group showed a 
significant decrease in latency from day 3 to 5 compared with 
that on day 1. The Aged/HJW400 group showed a significant 
decrease in latency from day 2 compared with day 1 and the 
Aged/HJW 600 group showed a marked decrease in latency 
on days 4 and 5 compared with day 1 (Fig. 3B). The probe 
test revealed no significant differences in swimming speed 
between the groups (Fig. 3D). However, the time spent in the 
target quadrant during the probe trial was markedly decreased 
in the Aged/Vehicle group compared to the Young/Vehicle 

Figure 1. Total ion chromatogram results of the standardized HJW by UPLC‑ESI‑qTOF‑MS/MS spectrometry in the negative ion mode. A total of seven previ‑
ously isolated compounds underwent peak assignments for the chemical profiling of standard HJW: benzyl‑α‑L‑arabinopyranosy l‑(1'‑6')‑β‑D‑glucopyranoside 
(3); phenylethyl‑α‑L‑arabinopyranosyl‑(1'→6')‑β‑d‑glucopyranoside (6), vitexin (7), luteolin‑7‑O‑β‑d‑glucopyranoside (8), apigenin‑7‑O‑β‑d‑glucopyranoside 
(9), luteolin (10) and apigenin (11). Additionally, four compounds (1, 2, 4 and 5) were predicted based on their molecular weights and MS fragment ion patterns, 
as follows: Caffeoylquinic acid (1), apigenin‑6,8‑C‑dihexoside (2), apigenin‑6‑C‑glucosyl‑8‑C‑arabinoside (4) and apigenin‑6‑C‑arabinosyl‑8‑C‑glucoside 
(5). HJW, water extract of Humulus japonicus; UPLC‑ESI‑qTOF‑MS/MS, ultra‑performance liquid chromatography coupled to a quadrupole/time of flight 
system mass spectrometry2.
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group, but not in the HJW‑treated Aged group (Fig. 3C). The 
number of crossings over the platform area was markedly 
lower in the aged/vehicle group than that in the young/vehicle 
group; however, this reduction was improved by HJW admin‑
istration (Fig. 3D), indicating that HJW is effective at reducing 
the time required to find a platform through spatial perception.

Effects of HJW on neurogenesis in aged mice. To determine 
the protective effect of HJW against age‑related changes in 
brain morphology, Nissl staining was performed on the hippo‑
campus of aged mice following the administration of either 
vehicle or HJW (Fig. 4A and B). Notably, Nissl staining showed 
that HJW administration resulted in a significant increase in 
CA1 length in the Aged/HJW600 group compared to that in 
the Aged/Vehicle group, but did not affect CA3 and dentate 
gyrus (DG) lengths (Fig.  4A  and  B). Adult hippocampal 
neurogenesis markedly decreases with age, affecting cogni‑
tive function (45) therefore, to determine the effect of HJW on 
neurogenesis in the brain, hippocampal sections were stained 
with an antibody against DCX, a specific marker of immature 
neurons (Fig. 4C). Notably, the Aged/Vehicle group showed 
almost no DCX‑positive cells (0.16±0.16 cells) in the DG of 
the hippocampus, indicating that adult hippocampal neuro‑
genesis was nearly abolished in aged mice (Fig. 4C and D). 
The administration of HJW markedly increased the number 
of DCX‑positive cells in aged mice (1.71±0.42 cells) (Fig. 4D). 
These results indicate that HJW promoted adult hippocampal 
neurogenesis, which is nearly lost with age.

Inhibitory effects of HJW on AChE activity. To evaluate the 
inhibitory effect of HJW on AChE, a colorimetric assay of 
AChE activity was performed. As presented in Fig. 5A, HJW 
inhibited AChE activity in a dose‑dependent manner at various 
concentrations (0.5, 1.0, 1.5 and 2.0 mg/ml) of HJW, resulting 
in a reduction of AChE activity of 6.76±0.39, 12.85±1.21, 
20.26±1.07 and 24.18±0.58%, respectively. Donepezil was 
used as the positive control (Fig. 5A). The AChE inhibitory 
activity of HJW in parietal cortical and hippocampal fractions 
was evaluated using Ellman's method. HJW exhibited AChE 
inhibition activity at 500 mg/ml in both the hippocampus 
(17.0±2.2%) and parietal cortex (10.0±4.9%), respectively 
(Fig. 5B and C). These results indicated that HJW possessed 
AChE inhibitory activity.

HJW improves cognit ive abilit y in scopolamine-
induced memory impairment mice. A mouse model of 
scopolamine‑induced memory impairment was used to 
investigate the effects of HJW on the cholinergic system. 
The Vehicle/Vehicle group showed a significant preference 
for the novel object over the familiar object; however, the 
Vehicle/Scopolamine group showed no difference in prefer‑
ence between familiar and novel objects (Fig. 6A and B). The 
HJW400/Scopolamine and HJW600/Scopolamine groups 
both showed markedly improved novel objective recognition 
memory, showing an increase in the time of sniffing and 
the number of touches on the novel object (Fig. 6A and B). 
These results indicated that HJW administration improved 
scopolamine‑induced cognitive impairment.

Effects of HJW on the phosphorylation of NMDAR, CaMKⅡα 
and CREB in the hippocampus of scopolamine‑induced 
memory impaired mice. To investigate the effects of HJW 
on NMDA receptor (NMDAR)‑CaMKⅡα‑CREB pathway, 
western blot analysis was performed in the hippocampus 
of scopolamine‑induced mice. The phosphorylation of 
NMDAR2B at Tyr1472 was found to be markedly increased in 
the HJW400/Scopolamine and HJW600/Scopolamine groups 

Figure 2. Effects of HJW on locomotor activity and recognition memory in 
aged C57BL/6J mice. (A) Exploratory locomotion in the open field test for 
the 30 min test of the total distance moved. (B) Percentage of time spent 
sniffing and touching the familiar or novel objective for 10 min in the 
novel object recognition test. (C) Percentage of the number of touches on 
the familiar or novel objects at 10 min in the novel object recognition test. 
Young/vehicle group (n=9), Aged/vehicle group (n=7), Aged/HJW200 group 
(n=5), Aged/HJW400 group (n=10), Aged/HJW600 group (n=10). *P<0.05 
and **P<0.01 vs. Aged/vehicle group. Data are presented as the mean ± SEM. 
Statistical analysis was performed using Student's t‑test. HJW, water extract 
of Humulus japonicus.
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compared to that in the vehicle/vehicle group (Fig. 7A and B). 
In addition, the phosphorylation of CaMKⅡα at Thr286 was 
markedly increased in all groups administrated with HJW 
compared with the Vehicle/Vehicle group (Fig. 7A and B). 
Phosphorylation of CREB at Ser133 was also found to 
be markedly increased in the HJW400/Scopolamine and 
HJW600/Scopolamine groups compared to that in the 
vehicle‑only group (Fig. 7A and B). These results suggested 
that HJW may affect the downstream CREB signaling pathway 
by regulating CaMKII and NMDAR2B.

Effects of HJW on the phosphorylation of AKT and GSK3β in 
the hippocampus of scopolamine‑induced memory impaired 
mice. CREB plays a critical role in cognitive function and 
hippocampal long‑term potentiation (LTP)  (46). Several 
kinases, including AKT and glycogen synthase kinase‑3 
beta (GSK3β) are also known to phosphorylate and acti‑
vate CREB (47). To determine the effects of HJW on the 
phosphorylation of AKT and GSK3β, western blotting was 
performed in the hippocampus of scopolamine‑induced model 
mice. AKT phosphorylation at Thr308 was markedly higher 
in the HJW200/Scopolamine, HJW400/Scopolamine and 
HJW600/Scopolamine groups compared to the vehicle‑treated 
group (Fig. 8A and B). The phosphorylation of GSK3β at Ser9 

was also markedly increased in the HJW600/Scopolamine 
group compared with the Vehicle/Vehicle group 
(Fig.  8A  and  B). Furthermore, the effect of HJW on the 
expression of the synaptic proteins PSD95 and gephyrin in the 
hippocampus of the scopolamine‑treated mouse model was 
determined by western blot analysis. These results showed that 
expressions of PSD95, gephyrin and ChAT, the transferase 
responsible for the synthesis of the neurotransmitter acetyl‑
choline, were not altered by HJW treatment (Fig 8C and D). 
These results indicated that HJW affects the AKT‑GSK3β 
signaling pathway, but does not influence the protein expres‑
sion of PSD95, gephyrin, or ChAT.

Discussion

The present study used 18‑month‑old female mice to investi‑
gate the effects of HJW on age‑related cognitive impairment 
and hippocampal neurogenesis. Chromatographic profiling 
of the HJW was conducted to reveal its major components, 
while subsequent in vivo analyses demonstrated the protec‑
tive effects of HJW against age‑related cognitive decline in 
aged mice. The effects of HJW appear to be associated with 
regulation of neurogenesis, including the modulation of AChE 
activity and cholinergic signaling.

Figure 3. Effects of HJW on spatial learning memory in aged C57BL/6J mice. Results of the Morris water maze test. (A) Swimming speed during the training 
trials. (B) Latency time to the target platform during the training trials. (C) Percentage of time spent in the target quadrant following removal of the platform 
(D) The number of target crossings in the platform area. Young/vehicle group (n=9), Aged/vehicle group (n=7), Aged/HJW200 group (n=5), Aged/HJW400 
group (n=10), Aged/HJW600 group (n=9). *P<0.05 and **P<0.01 vs. Aged/vehicle group. Data are presented as the mean ± SEM. Statistical analysis was 
performed using one‑way ANOVA and Student's t‑test. HJW, water extract of Humulus japonicus.
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The concentration of HJW and age of the mice used were 
determined based on previous studies (25,26,37,48). Similar 
to investigations in male mice in a previous study  (37), 
20‑month‑old female mice at the start of behavioral experi‑
ments showed movement in the OFT comparable to those 
of 4‑month‑old young mice. Administration of 200, 400, or 
600 mg/kg HJW did not alter locomotor activity in the OFT. 

Thus, it appears that HJW did not affect the movement of mice. 
In the NORT, aged mice were unable to distinguish between 
familiar and novel objects. However, treatment of aged mice 
with 400 and 600 mg/kg HJW markedly increased the time 
and number of instances of novel object recognition in aged 
mice, indicating an improvement in recognition memory. 
Furthermore, although there were no significant changes in the 

Figure 4. Effects of HJW on neurogenesis in aged C57BL/6J mice. (A) Representative Nissl staining images of the CA1, CA3 and DG hippocampus regions. 
Scale bar, 200 µm. (B) Quantification of hippocampus layer thickness. (C) Representative DCX‑staining images of the hippocampus DG region. Scale bar, 
100 µm. (D) Quantification of DCX‑positive cells in the DG regions. Aged/vehicle group (n=7) and Aged/HJW600 group (n=9). *P<0.05 vs. Aged/vehicle 
group. Data are presented as the mean ± SEM. Statistical analysis was performed using one‑way ANOVA. HJW, water extract of Humulus japonicus.



MOLECULAR MEDICINE REPORTS  31:  131,  2025 9

target crossing and distance in the target quadrant during the 
probe trial, marked increases were observed in both concen‑
trations compared with the escape time on the first day of the 
training period in the MWMT, indicating a beneficial effect on 
spatial learning and memory in aged mice.

Neurogenesis occurs in the hippocampus of the adult 
brain. The hippocampus is a major brain region involved in 
learning and memory which is severely affected in AD (49). 
Newly‑formed hippocampal neurons are considered to play 

various roles in learning and memory  (50). Neurogenesis 
declines in aged mice (51), as well as in transgenic animal 
models of AD  (52,53). a number of studies have demon‑
strated that non‑specific positive regulators of neurogenesis, 
such as environmental enrichment, caloric restriction and 
physical exercise; as well as pharmacological compounds, 
such as resveratrol, rapamycin and metformin, stimulate 
neurogenesis and improve cognitive function in animal 
models (54). Human neural stem cell transplantation targeting 
the fimbria‑fornix, which is interconnected with the hippo‑
campus, is found to restore cognitive function in an amyloid 
precursor protein/presenilin‑1 murine model of AD (55). DCX 
is a microtubule‑associated protein expressed in postmitotic 
neurons during migration (56). In the present study, very few 
neurons were observed in the hippocampi of 21‑month‑old 
female mice. However, HJW promoted the regeneration of 
these cells. Modulation of neurogenesis could help combat 
cognitive decline and neurodegenerative disorders.

Degeneration of basal forebrain cholinergic neurons, 
particularly those projecting to the hippocampus, repre‑
sents an early pathological hallmark of the cognitive deficit 

Figure 5. Inhibitory effects of HJW on AChE in C57BL/6J mice. (A) AChE 
inhibitory effects on HJW. (B)  Inhibition of the AChE in the cortex of 
C57BL/6J mice. (C) Inhibition of the AChE in the hippocampus of C57BL/6J 
mice *P<0.05 and **P<0.01 vs. control group. Data are presented as the 
mean ± SEM. Statistical analysis was performed using one‑way ANOVA. 
HJW, water extract of Humulus japonicus; AChE, acetylcholinesterase; DP, 
donepezil.

Figure 6. Effects of HJW on recognition memory in scopolamine‑induced 
memory impaired mice. (A) Percentage of time spent sniffing and touching 
the familiar or novel objectives at 10 min in the novel objective recognition 
test. (B) Percentage of time spent sniffing and touching the familiar or novel 
objects for 10 min in the novel objective recognition test. Vehicle/vehicle 
group (n=12), Vehicle/scopolamine group (n=12), HJW200/scopolamine 
group (HJW200 mg/kg, n=12), HJW400/scopolamine group (HJW400 mg/kg, 
n=12) and HJW600/scopolamine group (HJW600 mg/kg, n=10). **P<0.01 
vs. Vehicle/scopolamine group. Data are presented as the mean ± SEM. 
Statistical analysis was performed using Student's t‑test. HJW, water extract 
of Humulus japonicus; DP, donepezil.
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characteristic of AD‑related dementia (57). Cholinergic neurons 
have been assumed to undergo moderate degenerative changes 
during aging, resulting in cholinergic hypofunction, which is 
related to the progression of memory deficits (58). Moreover, 
most FDA‑approved treatments for dementia aim to enhance 
cholinergic signaling by inhibiting AChE (59). ACh is known 
to be involved in the regulation of adult hippocampal neuro‑
genesis  (10,60). Neuronal loss within the cholinergic basal 
forebrain not only leads to cognitive deficits, but also alters the 
functionality of the DG in adult rats at the cellular level (61). The 
administration of HJW effectively increased neurogenesis in the 
DG and inhibited AChE activity. Inhibition of AChE activity is 
expected to enhance the efficacy of Ach in the brain (62).

Ca2+ signaling plays vital roles in various mechanisms of 
synaptic plasticity at glutamatergic synapses in the hippo‑
campus  (63). The enzyme calcium/calmodulin‑dependent 
kinase II (CaMKII) acts as a bridge between calcium signaling 
and synaptic plasticity and is required for long‑term hippo‑
campal potentiation and spatial learning in neurons (64,65). 
Following the influx of Ca2+, Ca2+ and calmodulin bind to 
CaMKII, resulting in the subsequent autophosphorylation at 
Thr286 in CaMKIIα, which plays a critical role in the induc‑
tion of LTP by integrating Ca2+ signals (66). The mutation of 
Thr286 to alanine in CaMKIIα (Camk2αT286A) disrupts the 
autophosphorylation of CaMKII, which is crucial for inducing 
NMDA receptor‑dependent LTP in the hippocampus  (67). 
These mutant mice exhibit a lack of NMDA‑dependent LTP 
in the CA1 region of the hippocampus and thus show defi‑
cits in spatial learning tasks, such as in the MWMT (68). 
In the 600 mg/kg HJW‑treated mice, the autophosphoryla‑
tion of CaMKIIα at Thr286 was markedly increased in the 
hippocampus, indicating the induction of spine plasticity by 

facilitating Ca2+ integration. The phosphorylation of CaMKII 
activates several other transcription factors, including 
CREB  (63). CREB signaling has also been implicated in 
several neuropathological conditions, including cognitive, 
aging and neurodegenerative disorders (69).

The chromatographic profile of the ethyl acetate extract 
of HJ has been reported to contain antioxidant polyphenols 
including luteolin‑7‑O‑β‑D‑glucopyranoside, apigenin‑7-
O‑β‑D glucopyranoside, eugenyl‑β‑D‑glucopyranoside, 
vitexin, luteolin and apigenin (24). In the present study, stan‑
dardized HJW was used and improvement in cognitive function 
was observed in an aged mouse model. It is well‑established 
that different solvents used for plant extraction can yield 
different families of phytochemicals based on the polarity of 
the solvent used (70). Although the content of each component 
varies, bioactive compounds, such as flavonoids and pheno‑
lics, are extracted using both water and ethyl acetate (70,71). 
Standardized HJW contains higher concentrations of lute‑
olin‑7‑O‑glucopyranoside and apigenin‑7‑O‑glucopyranoside 
than luteolin. Furthermore, vitexin detected in the HJW were 
not found in the in 20% EtOH and 70% EtOH extracts of 
H. japonicus. These results partly indicate that, even when 
comparing flavonoid components, glycosylated compounds 
with higher polarity in HJW can be extracted more efficiently 
than their aglycone counterparts.

Previous animal studies have shown that luteolin improves 
cognitive decline and prevents β‑amyloid deposition in the 
hippocampus in AD (72,73). A beneficial role of apigenin 
in cognitive and neurobehavioral dysfunction has also been 
reported (74). One proposed mechanism postulated that lute‑
olin exbibits protective effects on neurological disorders by 
promoting neurogenesis (75,76). Based on the present results, 

Figure 7. Effects of HJW on the phosphorylation of NR2B, CaMKⅡα and CREB in the hippocampus of scopolamine‑induced mice. Western blot analysis of 
pNR2B (Tyr1472), NR2B, pCaMKⅡα (Thr286), CaMKⅡα, pCREB (Ser133) and CREB. The signal intensities of the bands normalized to actin are shown. 
(A) A representative western blot image. (B) Quantitative analysis of the NMDA receptor subunit pNR2B (Tyr1472), NR2B, pCaMKIIα (Tyr286), CaMKIIα, 
pCREB (Ser133) and CREB. *P<0.05 and **P<0.01 vs. Vehicle/vehicle group, #P<0.05 and ##P<0.01 vs. Vehicle/scopolamine group. Data are presented as 
mean ± SEM. Statistical analysis was performed using one‑way ANOVA. HJW, water extract of Humulus japonicus; NR2B, NMDA receptor subtype 2B; 
CaMK, calcium/calmodulin‑dependent kinase; CREB, cAMP response element‑binding protein; p, phosphorylated; NMDA, N‑Methyl‑d‑aspartate.
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despite the difference in flavonoid content used as a biomarker 
between the organic solvent and water extracts, standard‑
ized HJE showed a beneficial effect on cognitive function in 
an aging animal model. The present findings are significant 
because HJW has traditionally been used in oriental medicine 
and its safety has been well‑validated (20,42,43). Nevertheless, 
before standardized HJE can be used as a functional ingredient 
for improving cognitive function, further studies are required 
to elucidate its mechanisms of action and identify the active 
components responsible for these effects.

The present study found that administering HJW 
at 600 mg/kg had significant effects on enhancing neuro‑
genesis and cognitive function in aged mice; however, these 
effects may vary depending on the dosage. Therefore, further 
research is needed to investigate the effects of different doses 
on cognitive function and neurobiology to determine the 
optimal dosing range. Although medicinal herbs are generally 
considered lower risk than synthetic drugs, they are not entirely 
free from potential toxicity or adverse effects. There has been 
increased discussion on the safety assessment of medicinal 
herbs (77). HJ as a medicinal plant and herb has long been 
used in traditional medicine for its therapeutic properties (78). 

It contains phytochemicals secondary metabolites responsible 
for their bioactive effects such as alkaloids, flavonoids, tannins 
and glycosides (79,80). These phytochemicals are known to 
have pharmacological and toxicological effect contributing 
their effect on the plants (81). In the food industry, non‑toxic 
and easy‑to‑handle solvents are preferred for plant extrac‑
tion (82). Water, being the safest and most cost‑effective green 
solvent, is highly efficient in extracting polar compounds (83). 
In a previous study, HJW alleviated the high‑fat diet‑induced 
obesity and decrease the dyslipidemia profiles; moreover, HJW 
exhibits a protective effect against liver disease (29). For the 
development as functional foods, not only is further research 
on toxicity and safety needed, but also studies on more conve‑
nient formulations (such as capsules, tablets, or oral liquids) 
for large‑scale clinical use. In addition, combining HJW with 
other functional ingredients, such as B vitamins or omega‑3 
fatty acids, may enhance its overall therapeutic effect (84).

The findings of the present study demonstrated that HJW 
improved novel object recognition in aged mice as well as in a 
scopolamine‑induced amnesia model, markedly reducing the 
time spent searching for hidden platforms in aged mice. HJW 
further enhanced neurogenesis in aged mice and markedly 

Figure 8. Effects of HJW on the phosphorylation of Akt, GSK3β and the synaptic marker PSD95, gephyrin, ChAT in the hippocampus of scopolamine‑induced 
mice. Western blot analysis of pAkt (Tyr308), Akt, pGSK3β (Ser9), GSK3β, PSD95, gephyrin and ChAT. The signal intensities of the bands normalized to actin 
are shown. (A) Representative western blot image. (B) Quantitative analysis of pAkt (Tyr308), Akt, pGSK3β (Ser9) and GSK3β. (C) Representative western 
blot image. (D) Quantitative analysis of PSD95, gephyrin and ChAT. *P<0.05 and **P<0.01 vs. Vehicle/vehicle group, #P<0.05 and ##P<0.01 vs. Vehicle/scopol‑
amine group. Data are presented as the mean ± SEM. Statistical analysis was performed using one‑way ANOVA. HJW, water extract of Humulus japonicus; 
GSK3β, glycogen synthase kinase‑3 beta; ChAT, choline acetyltransferase; p, phosphorylated.
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inhibited AChE activity in the hippocampus and cortex. 
Mechanistic analyses also indicated that is likely to enhance 
the phosphorylation of CREB protein, which is important for 
memory and learning, through increased phosphorylation of 
the NMDA receptor subtype 2B, CaMKIIα, GSK3β and AKT 
proteins.
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