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Abstract Many edible plant extracts exhibit biological

activities. For example, the ethanol extract of Pueraria

montana var. lobata (P. montana) inhibits acetyl-

cholinesterase (AChE), and red ginseng is well known for

promoting health. In this study the authors investigated the

synergistic effect of P. montana and red ginseng extracts

on AChE activity in vitro and in mouse brain tissues and

trimethyltin (TMT)-induced cognitive impairment in a

mouse model of TMT-induced neurodegeneration. A diet

containing a mixture of P. montana and red ginseng

extracts reversed learning and memory impairments in

Y-maze and passive avoidance behavioral tests. In addi-

tion, the mixture inhibited AChE activity and lipid perox-

idation synergistically.
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Introduction

Alzheimer’s disease (AD) is one of the most common

forms of dementia in elderly people and is characterized by

a progressive dysfunction of learning and memory [14].

The pathogenesis of AD has been linked to a lack of

acetylcholine (ACh) [28]. More specifically, it has been

commonly observed that AD patients present a decrease in

ACh levels in the basal forebrain [4]. ACh plays a critical

role in cognitive processes of memory and learning. In

central cholinergic systems, ACh is synthesized from

acetyl-CoA and choline by choline acetyltransferase

(ChAT) [23]. ChAT and acetylcholinesterase (AChE) are

respectively responsible for the synthesis and hydrolysis of

ACh in cholinergic neurons. One of the most consistent

neurotransmitter alterations found in AD is the loss of

cholinergic functions via ChAT and/or AChE [26]. More-

over, it is known that such abnormal cholinergic functions

are related to the severity of AD [24, 34].

Red ginseng, the root of Panax ginseng C.A. Meyer, has

been used as a traditional herbal medicine in Eastern Asian

cultures for thousands of years. Ginseng has pharmaco-

logical effects on not only the central nervous system

(CNS) but also the endocrine, cardiovascular, and immune

systems. Multiple lines of evidence have demonstrated the

benefits of bioactive compounds from three major ginseng

species: Panax ginseng (commonly called as Korean gin-

seng), Panax japonicus (Japanese ginseng), and Panax

quinquefolius (American ginseng). Panax ginseng is trea-

ted with steaming and drying, which make the roots turn

red. The processed product is called Korean red ginseng

(KRG). KRG, the most commonly used and researched

ginseng species, was studied on the CNS [20], Alzheimer’s

disease, cerebral blood flow, inhibition of superoxide pro-

duction [11], and learning and memory [16, 25]. The

principle active ingredients found in most ginseng species

include ginsenosides, peptides, polysaccharides, fatty

acids, and polyacetylenic alcohols [1]. Ginseng elicits both

inhibitory and stimulatory effects on the CNS, thereby

modulating neurotransmission. The ginsenosides, Rb1,
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Rg1, and Rg3, are thought to play a major role in these

effects [3, 29]. Specifically, several animal studies have

shown that Rg1, Rb1, Rg3, and Rd can reverse scopo-

lamine-induced memory deficits loss [2, 33]. Rb1 increases

the uptake of choline in central cholinergic nerve endings

and facilitates the release of ACh from hippocampal slices

[2]. Furthermore, Rg1 and Rb1 can prevent scopolamine-

induced amnesia by increasing cholinergic activity [31].

Pueraria montana var. lobata (PM; also known as

Pueraria thunbergiana, or kudzu in Korea) is a trailing

vine native to Korea, Japan, and China that belongs to the

Fabaceae family. Its roots have been used for centuries in

oriental herbal medicines as spasmolytic and antipyretic

agents for the treatment of influenza, acute dysentery,

diarrhea, colds, and cerebrovascular and cardiovascular

diseases [5, 35]. PM contains a number of bioactive com-

pounds, including daidzein (40,7-dihydroxy isoflavone) [6].

The ethyl acetate fraction of PM roots protects rat

pheochromocytoma cells (PC12) against amyloid b (Ab)-

induced toxicity [7]. In a previous study, we demonstrated

that daidzein from PM improves drug-induced amnesia via

ChAT activation in MC-IXC cells [12]. Therefore, in the

current study, the synergistic effect of Korean red ginseng

(KRG) and PM on AChE inhibition and subsequent

restoration of ACh levels in synaptic clefts in trimethyltin

(TMT)-injected mice was investigated. TMT decreases in

ACh release in brain and increases AChE activity in rat

hippocampus [32]. Many researchers have reported that

injection of TMT in rodents causes neuropathological

consequences and marked behavioral change [19].

Materials and methods

Materials

Acetylthiocholine iodide, 5,5-o-dithiobis-(2-nitrobenzoic

acid) (DTNB), 9-amino-1,2,3,4-tetrahydroacridine (tacrine),

dimethyl sulfoxide (DMSO), and TMT chloride were

purchased from Sigma (St. Louis, MO, USA). All other

chemicals used were of analytical grade.

Sample preparation

KRG was purchased from Korea Ginseng Corporation

(Daejeon, Republic of Korea). The dried roots of PM

(1.0 kg) were purchased at the Kyung-dong herbal market

in Seoul, Republic of Korea. The dried roots were ground

into a fine powder and then extracted with 10 volumes of

80% ethanol.

Cell culture

The PC12 cell line was purchased from ATCC (CRL

Number: 1721) and cultured as previously detailed [18].

Measurement of AChE activity

AChE activity was measured by Ellman’s modified method

[10, 17]. Briefly, PC12 cells were homogenized with Tris–

HCl buffer (20 mM Tris–HCl, pH 7.5 containing 150 mM

NaCl, 10 mM MgCl, and 0.5% Triton X-100), and then the

samples were centrifuged at 10,0009g for 15 min. The

supernatant was used as an enzyme source, and ACh iodide

was used as the reaction substrate. DTNB was selected to

quantify the thiocholine produced from the hydrolysis of

AChE. A 10-lL aliquot of each sample was mixed with

10 lL of enzyme solution and subsequently added to

70 lL of reaction mixture (50 mM sodium phosphate

buffer, pH 8.0, containing 1 mM DTNB and 0.5 mM ACh

iodide). This mix was then incubated at 37 �C for 15 min.

The final enzyme reactions were monitored at a wavelength

of 405 nm using a 96-well microplate reader (Bio-Rad,

Hercules, CA, USA).

Animals

ICR mice (male, 5 weeks old) were purchased from Sam-

tako Bio Korea (Osan, Republic of Korea). Animals were

housed in an animal room that was maintained with a 12 h

day–night cycle, 55% humidity, and 20–23 �C. Prior to the

intervention, the mice were fed a commercial diet (Purina

Korea, Seoul, Republic of Korea) for 1 week. The KRG

and PM extracts were then mixed into the commercial diet

in a 40:60 ratio. The final concentrations of the KRG and

PM extracts were 800 and 1200 mg/kg body weight per

day (0.50 and 0.75%, respectively). Animals were fed

ad libitum for 4 weeks and then injected with TMT dis-

solved in a sodium chloride solution (subcutaneous injec-

tion; 2.5 mg/kg body weight; injection volume: 100 lL).

Control mice were injected with sodium chloride solution.

All experimental procedures were approved by the Insti-

tutional Animal Care and Use Committee of Korea

University (KUIACUC-2017-142).

Y-maze test

A Y-maze test was carried out 48 h after the TMT

administration to assess immediate working memory per-

formance, as described previously [18]. Each session lasted

8 min and the percentage alternation was calculated as the

ratio of actual alternation, multiplied by 100.
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Passive avoidance test

A passive avoidance test was carried out 48 h after the

TMT treatment to assess the passive avoidance response, as

described previously [18]. Two compartments (illumi-

nated/dark) are connected to each other to allow the ani-

mals to move freely from one side to the other. During the

acquisition trial, mice were individually placed in the

illuminated compartment and then an electronic shock was

given as soon as a mouse entered the dark compartment.

After 24 h, mice were again placed in the illuminated

compartment. The time required to enter the dark com-

partment was recorded. The maximum limit for test session

was 300 s.

Quantification of AChE content in mouse brain

tissue

The brain tissues were homogenized with homogenization

buffer in order to measure AChE content, as described

above [8].

Quantification of ACh content in mouse brain tissue

Brain ACh content was measured using Hestrin’s method,

as described previously [13]. The method is based on the

reaction of ACh and hydroxylamine. The brain tissues were

homogenized in cold phosphate-buffered solution (PBS).

The homogenates were directly centrifuged at

33,6009g for 10 s (twice at a 30 s interval). Subsequently,

1 mL of homogenate was mixed with 2 mL of alkaline

hydroxylamine reagent. After more than 1 min, the pH was

adjusted to 1.2 ± 0.2 with 1 mL of hydrochloride solution

and 1 mL of iron solution. The density of the purple–brown

color was determined at 540 nm.

Determination of lipid peroxidation in mouse brain

tissue

The malondialdehyde (MDA) level was measured for lipid

peroxidation products using a previously described method

[8]. The brain tissues were homogenized in cold PBS and

then centrifuged at 33,6009g for 10 s. The supernatants

were carried for measurement of the MDA level and pro-

tein content in the brain. In brief, the homogenate was

mixed with phosphoric acid (1% [v/v]), and then added to

TBA solution (0.67% [w/v]). After mixing, the samples

were heated at 95 �C in a water bath during 45 min and

then they were left to cool and n-butanol was added. The

absorbance was read at 532 nm.

Determination of catalase activity in mouse brain

tissue

Catalase activity was assayed using a previously described

method [8]. Briefly, phosphate buffer (50 mM; pH 7.0)

0.65 and a 50 mL sample were added into a quartz cuvette.

The reaction was started by mixing 300 mL of H2O2

(30 mM). The decomposition capability of H2O2 was

monitored at 240 nm at 25 �C. Catalase activity was

expressed as nM H2O2 consumed/mg of tissue protein.

Statistical analysis

Results were expressed as the mean ± standard deviation

(SD). Statistical analyses were performed using Duncan’s

multiple range tests. All statistical analyses were performed

using SAS software (Cary, NC, USA).

Results and discussion

Inhibitory activity of KRG and PM extracts

on AChE

To confirm the synergistic effect of KRG and PM extracts,

the AChE inhibitory effect was tested by Ellman’s method.

KRG (15 ± 3.6%) and PM (14 ± 3.1%) inhibited AChE

activity (Fig. 1). The mixture was tested at various ratios,

with 40:60 showing the highest effect (21 ± 1.3%). This

effect was similar to that of 300 nM tacrine. This study

demonstrated that KRG and PM extracts inhibited AChE

in vitro, and that a mixture of KRG and PM showed a

synergistic effect. KRG and PM extracts, with their

bioactive compounds, are a potent source of AChE inhi-

bitors, which might be beneficial for the cholinergic basal

forebrain system.

Effects of KRG and PM extracts on in vivo behavior

test

To determine the anti-amnesic effects of KRG and PM

extracts in vivo, a Y-maze spontaneous alternation test was

performed with TMT-treated mice (Fig. 2). When com-

pared with the control group, the TMT group exhibited

significantly lower (about 38%) spontaneous alternation

behavior. However, this TMT-induced decrease was sig-

nificantly improved by pretreatment with KRG and PM

extracts, as compared with the control group. No signifi-

cant differences in the total number of arm entries were

observed among the groups. This indicates that KRG and

PM extracts had beneficial effects in TMT-treated mice

without affecting motor function (data not shown).
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Learning and memory impairment was assessed using a

passive avoidance test (Fig. 3). The step-through latency of

TMT-treated mice was shorter than that of the control

group. However, mice treated with a mixture of KRG and

PM extracts reversed TMT-induced impairment further.

After performing the behavioral tests, the serum of mice

was collected to evaluate the acute toxicity of KRG and

PM extracts using a serum transaminase test kit. Serum

aminotransferases were not significantly different among

the experimental groups, indicating that KRG and PM

extracts did not induce liver toxicity (data not shown).

AChE activity and ACh content in mouse brain

tissue

TMT induces neuronal degeneration in the hippocampus,

and results in behavioral alterations, including cognitive

impairment. TMT has been widely used as a neurotoxin

based on its in vivo behavioral changes and biochemical

effects in the brain [9]. In agreement with many other

previous studies, our study confirmed that TMT induced

learning and memory impairment in mice. Our findings

showed that a diet containing KRG and PM extracts pro-

tected TMT-treated mice against learning and memory

Fig. 1 Acetylcholinesterase (AChE) inhibition by Korean red gin-

seng (KRG) and Pueraria montana var. lobata (PM) extracts. The

sample groups were treated with various mixtures of KRG and PM

extracts (100:0, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70,

20:80, 10:90, and 0:100 [w/w]). The concentration of all samples was

1 mg/mL, and the concentration of tacrine was 300 nM. Each value

represents the mean ± SD (n = 4), p\ 0.05. Different superscript

symbols (*, #, �, and §) represent statistical differences between

groups

Fig. 2 The effect of Korean red ginseng (KRG) and Pueraria

montana var. lobata (PM) extracts on trimethyltin (TMT)-induced

memory impairment in mice as measured by the Y-maze test.

Spontaneous alternation behavior was measured over 8 min. The

control group was injected with a sodium chloride solution. The TMT

group was injected with a sodium chloride solution containing TMT.

Sample groups were injected with TMT solution after pretreatment

with KRG extract (800 mg/kg of body weight per day), PM extract

(800 mg/kg of body weight per day), or KRG ? PM extract (800 mg/

kg of body weight per day). Each value represents the mean ± SD

(n = 8), p\ 0.05. Different superscript symbols (*, #, and §)

represent statistical differences between groups

Fig. 3 The effect of KRG and PM extracts on TMT-induced memory

impairment in mice as assessed by the passive avoidance test. Step-

through latency was measured over 5 min. The control group was

injected with a sodium chloride solution. The TMT group was

injected with a sodium chloride solution containing TMT. Sample

groups were injected with TMT solution after pretreatment with KRG

extract (800 mg/kg of body weight per day), PM extract (800 mg/kg

of body weight per day), or KRG ? PM extract (800 mg/kg of body

weight per day). Each value represents the mean ± SD (n = 8),

p\ 0.05. Different superscript symbols (*, #, and §) represent

statistical differences between groups
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impairment. AChE activity was significantly increased in

the TMT group (about 60%) [Fig. 4(A)]. However, AChE

activity was reduced to the level of the control groups when

the mice were fed a diet containing KRG and PM extracts.

The ACh content in TMT-treated mouse brain tissue was

determined by a spectrophotometric analysis. The ACh

level was lower in TMT-treated mice compared with the

control group [Fig. 4(B)]. In contrast, administration of

KRG and PM extracts reversed the decrease in ACh con-

tent compared to mice treated with TMT only. One of the

mechanisms of TMT-induced neurodegeneration is an

increase in AChE activity. These changes were correlated

with degeneration of cholinergic axons and changes in

ACh levels and their receptors. TMT toxicity causes a

decrease of ACh release from cerebral tissue [22]. KRG

and PM extracts protected TMT-treated mice against TMT-

induced learning and memory impairment (Figs. 2, 3).

Therefore, it is possible that KRG and PM extracts improve

learning and memory in TMT-treated mice by AChE

inhibition, thereby restoring these functions via enhance-

ment of ACh levels.

MDA levels and catalase activity in mouse brain

tissue

As mentioned above, TMT-induced neurodegeneration

causes an increase in AChE activity. Another possible

mechanism is TMT-induced production of reactive oxygen

species. A previous study reported that TMT promotes the

formation of a major product of lipid peroxidation, 4-hy-

droxynonenal [27, 30]. The MDA levels increased signif-

icantly (17.29 mg/mg protein) in the TMT-treated group in

comparison with the control group. The increase in MDA

levels demonstrated an elevation of lipid peroxidation in

the brain of TMT-treated mice. Diets containing KRG and

PM extracts reversed the effects of TMT-induced lipid

peroxidation (Fig. 5). It is possible that these ACh and

oxidative stresses are mechanisms via which learning and

memory ability can be improved in mice.

To determine TMT-induced damage to the mouse brain,

the activity of catalase was measured. Catalase activity was

significantly decreased in TMT-treated mice (0.3 U/mg

protein) in comparison with the control group (Fig. 6). In

contrast, no significant decrease in catalase activity was

observed in the mice fed with KRG and PM extracts.

Moreover, the KRG and PM mixture exhibited a

Fig. 4 Effect of KRG and PM extracts on AChE activity and ACh

contents in the mouse brain. The control group was injected with a

sodium chloride solution. The TMT group was injected with a sodium

chloride solution containing TMT. Sample groups were injected with

TMT solution after pretreatment with KRG extract (800 mg/kg of

body weight per day), PM extract (800 mg/kg of body weight per

day), or KRG ? PM extract (800 mg/kg of body weight per day).

Each value represents the mean ± SD (n = 8), p\ 0.05. Different

superscript symbols (*, #, �, and §) represent statistical differences

between groups

Fig. 5 Effect of KRG and PM extracts on lipid peroxidation in the

mouse brain. The control group was injected with a sodium chloride

solution. The TMT group was injected with a sodium chloride

solution containing TMT. Sample groups were injected with TMT

solution after pretreatment with KRG extract (800 mg/kg of body

weight per day), PM extract (800 mg/kg of body weight per day), or

KRG ? PM extract (800 mg/kg of body weight per day). Each value

represents the mean ± SD (n = 8), p\ 0.05. Different superscript

symbols (*, #, and §) represent statistical differences between groups
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synergistic effect. This study showed the potential role of

free radical toxicity and cholinergic neuronal damage in a

mouse model of learning and memory impairment. Pre-

treatment with KRG and PM extracts significantly reduced

catalases and AChE activities and reversed the elevated

MDA in vivo.

With the long successful use of herbal drug mixtures in

traditional medicine, it has become necessary to elucidate the

rationale for their pharmacological and therapeutic superi-

ority compared to single constituents. In this study, the main

active ginsenoside compounds of the KRG extract were

identified by HPLC. The extract contained various com-

pounds. By comparison with known standards, ginsenoside

Rg1 (1.14 ± 0.03 mg/g), ginsenoside Rb1 (4.88 ±

0.10 mg/g), and ginsenoside Rg3s (2.12 ± 0.04 mg/g) were

identified as the main ginsenosides (data not shown). These

ginsenosides may contribute to the effects of KRG against

learning and memory impairment. Ginsenosides Rg1 and

Rb1 ameliorate cognition deficiency in mice with dementia

[31]. In addition, Rg1 and Rb1 have been found to enhance

cholinergic function by increasing the density of central

M-cholinergic receptors and ACh levels in the central ner-

vous system, which might be the result of ginsenoside-in-

duced enhancement of ChAT activity and inhibition of

AChE activity [36].

The main active isoflavone compounds of the PM extract

by HPLC were also identified. The extract contained various

compounds. Puerarin (76.82 ± 2.29 mg/g), daidzin

(10.32 ± 0.12 mg/g), genistin (0.85 ± 0.02 mg/g), daidzein

(1.67 ± 0.04 mg/g), and genistein (0.14 ± 0.01 mg/g) were

identified as the main isoflavones (data not shown). These

isoflavones may contribute to the protective effects of PM

against learning and memory impairment. Puerarin has been

reported to possess anti-inflammatory, antioxidant, anti-in-

flammatory, anti-diabetic, and anti-apoptotic properties,

which are useful in the treatment of various diseases [21].

Recently, puerarin was found to improve learning and

memory performance in animal and humans models. More-

over, puerarin supplement significantly inhibits AChE activity

and lowers MDA level, while increasing ChAT and super-

oxide dismutase (SOD) activities [21].

In the cholinergic system, ginsenosides of KRG and

puerarin of PM increase the ACh level in the CNS, enhance

ChAT activity, and inhibit AChE activity. In addition, both

constituents increase SOD activity [21, 36]. Ginsenosides can

also facilitate the release of ACh and reuptake [2]. Moreover,

they increase the density of central M-cholinergic receptors,

whereas puerarin enhances cholinergic activity via the nico-

tinic receptor [15]. Similar to the above-mentioned mecha-

nisms of ginsenoside and puerarin in the cholinergic system,

KRG and PM might synergistically increase ACh release and

reuptake, and PM might enhance the cholinergic activity.

Therefore, further research is needed to elucidate whether

isolated single compounds affect the memory-ameliorating

synergy effect on TMT-induced cognitive impairment

in vivo. Moreover, detailed studies are required to determine

the possible mechanisms of the synergistic effect on the

cholinergic system.

In conclusion, these results demonstrate that multiple

administrations of KRG and PM extracts inhibit neuronal

cell death caused by TMT-induced damage and improve

TMT-induced learning and memory impairment.

Fig. 6 Effect of KRG and PM extracts on catalase activity in the

mouse brain. The control group was injected with a sodium chloride

solution. The TMT group was injected with a sodium chloride

solution containing TMT. Sample groups were injected with TMT

solution after pretreatment with KRG extract (800 mg/kg of body

weight per day), PM extract (800 mg/kg of body weight per day), or

KRG ? PM extract (800 mg/kg of body weight per day). Each value

represents the mean ± SD (n = 8), p\ 0.05. Different superscript

symbols (*, #, and §) represent statistical differences between groups
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