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Abstract

Background/Objective: Ginsenosides, the major active com-
ponents of the ginseng, are known to have various effects 
on nervous systems. The present study aimed to clarify the 
inhibition potentials of ginsenosides Rb1, Rc, Re and Rg1 
on acetylcholinesterase (AChE) and butrylcholinesterase 
(BChE) activities, and to evaluate the underlying mecha-
nisms of inhibitions provided by protein-ligand interac-
tions considering their probable candidates of prodrug.
Materials and methods: The inhibitory mechanisms of 
ginsenosides related with their structural diversity were 
analyzed kinetically and protein-ligand interactions for 
both enzymes were evaluated with most potent ginseno-
sides, by molecular docking studies.
Results: Ginsenosides Re and Rg1, with sugar moieties 
attached to the C-6 and C-20 positions of core structure were 
found to possess the most powerful inhibitory effect on 
AChE and BChE activities. Molecular docking studies have 
been confirmed by kinetic studies. Ginsenosides having a 
direct interaction with amino acid residues belonging to the 
catalytic triad revealed the most powerful inhibition with 
lowest enzyme-inhibitor dissociation constant (Ki) values.
Conclusions: Ginsenosides Re and Rg1, either alone or in 
a specific combination, may provide beneficial effects on 
neurodegenerative pathologies in therapeutic terms.
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Ginsenosides; Enzyme inhibition; Molecular docking.

Öz

Genel Bilgiler/Amaç: Ginsenositler, ginsengin temel aktif 
bileşenleri olup, ginsenositlerin sinir sistemi üzerinde 
çeşitli etkileri olduğu bilinmektedir. Çalışmada, ginse-
nosit Rb1, Rc, Re ve Rg1’in asetilkolinesteraz (AChE) ve 
bütirilkolinesteraz (BChE) aktiviteleri üzerindeki inhibi-
tör etkilerininin belirlenmesi ve bu inhibisyonlara neden 
olan mekanizmaların protein-ligand etkileşimleri de göz 
önüne alınarak açıklanması amaçlanmıştır.
Gereç ve Yöntemler: Ginsenositlerin inhibe edici etkileri 
kinetik çalışmalarla belirlenmiş ve en etkin inhibitör özel-
liğe sahip olanların detaylı mekanizmaları protein-ligand 
etkileşimlerini incelenmesi ile doğrulanmıştır.
Bulgular: Ginsenositlerden C6 ve C20 pozisyonlarında 
şeker kalıntıları içeren Re ve Rg1’in AChE ve BChE akti-
viteleri üzerinde en etkin inhibitör olduğu belirlenmiştir. 
Moleküler modelleme sonuçları kinetik analizlerle doğru-
lanmıştır. Katalitik triadda bulunan amino asitlerle doğ-
rudan etkileşimi olan ginsenositlerin en düşük Ki (Enzim-
inhibitör dissosiyasyon sabiti) değerlerine ve en yüksek 
inhibitör etkiye sahip olduğu belirlenmiştir.
Sonuç: Ginsenosit Re ve Rg1’in nörodejeneratif patoloji-
lerde yalnız ya da birlikte terapötik amaçlı kullanımının 
yararlı olabileceği düşünülmektedir.

Anahtar Kelimeler: Asetilkolinesteraz; Bütirilkolinesteraz; 
Ginsenosit; Enzim İnhibisyonu; Moleküler modelleme.

Abbreviations: AChE, acetylcholinesterase; BChE, butryl-
cholinesterase; ACh, acetylcholine; MOPS, N-morpholino-
propane sulfonic acid; ATCh, acetylthiocholine; BTCh, 
butrylthiocholine; DTNB, 5,5′-dithiobis(2-nitrobenzoic 
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acid); DMSO, dimethyl sulfoxide; Ki, enzyme-inhibitor 
dissociation constant; PAS, peripheral anionic site.

Introduction
Acetylcholinesterase (AChE; E.C.3.1.1.7) and butyrylcho-
linestrase (BChE; E.C.3.1.1.8) are structurally and function-
ally related serine hydrolases present in various tissues 
including central nervous system. Their primary function 
is directly related with the cholinergic neurotransmission. 
Attenuation of cholinergic neurotransmission is achieved 
by the catalytic activities of cholinesterases, hydrolysis of 
esters of choline, mainly acetylcholine. Besides their reg-
ulator/co-regulator effect(s) on cholinergic neurotrans-
mission, they probably contribute to the development of 
the nervous system and also overall brain functions [1–4]. 
Besides this, BChE is an excellent biomarker of exposure 
to nerve agents and organophosphorus pesticides. Poten-
tial therapeutic uses of human BChE for protection from 

nerve agent toxicity and also for cocaine intoxication and 
cocaine addiction have been reported recently [2, 3, 5].

Evidences have revealed that their activities are 
altered in neurodegenerative pathologies such as Alzhei-
mer’s disease. In these pathologies the deficiency of ace-
tylcholine may be overcomed by the inhibition of AChE 
and BChE activities. Some cholinesterase inhibitors are 
currently used for therapeutic and prophylactic purposes. 
Nowadays, extensive studies are focused on the identifica-
tion/development of more effective and selective natural 
or synthetic therapeutic agents as cholinesterase inhibi-
tors [6–13].

Ginseng, a traditional medicinal plant belonging to 
genus Panax, family Araliaceae, has been used for thou-
sands of years in East Asia countries either alone or in 
combination with other medicinal ingredients. Recently, it 
has also gained significant importance all over the world 
as herbal medicine or natural health product, nutritional 
supplement, due to its defined physiological and thera-
peutic effects [7, 11–20].

Figure 1: Structure of the selected protopanaxdiols (Ginsenoside Rb1 and Rc) and protopanaxtriols (Ginsenoside Re and Rg1).
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Ginsenosides, the major active component present 
in all parts of plant, are triterpene saponins. Most of 
them have a common four-ring hydrophobic steroid-like 
core structure with various sugar moieties which may be 
attached mainly to the hydroxyl groups present at carbon-3 
or carbon-6 and carbon-20 positions (Figure 1) [16].

Experiments have indicated that ginsenosides have 
various effects on different systems including central and 
peripheral nervous systems [10, 11, 16, 19–24]. In vivo and in 
vitro studies have suggested that ginseng extracts and also 
some ginsenosides, including Rb1, Re and Rg1, improve cog-
nitive impairments and also neuroinflammatory responses 
in various experimental models with impaired memory. In 
these studies, the significant enhancement of cholinergic 
functions, through an increase in acetylcholine (ACh) and 
some ionotropic and ACh receptors, and also reduced AChE 
activity, were reported [7, 9–11, 24–31]. On the other hand, 
no comparative kinetic studies including the protein-ligand 
interactions have been performed. Our presented data will 
be the first dealing with this concept. To provide specificity 
for the diverse therapeutic effects of variable ginsenosides, 
the present study aimed (a) to clarify the inhibition poten-
tials of interested ginsenosides against AChE and BChE, (b) 
to evaluate the underlying mechanisms of inhibitions pro-
vided by protein-ligand interactions considering their prob-
able candidates of prodrug.

Materials and methods
Human recombinant AChE, equine serum BChE (more 
than 90% identical with human enzyme) [32] and ginse-
nosides Rb1, Rc, Re and Rg1 were purchased from Sigma–
Aldrich (MO, USA). All other chemicals and biochemicals 
were obtained from Sigma–Aldrich (MO, USA) or Merck 
(Darmstadt, Germany).

All biochemical studies were performed in triplicate 
and data were expressed as mean ± SEM.

Activity determinations

AChE and BChE activities were assayed at 25°C, in 100 mM 
MOPS, pH 8.0, containing 0.05–0.5 mM ATCh or BTCh as 
a substrate and 0.125 mM DTNB. Reactions were initiated 
by the addition of enzyme(s) (0.02 μg/mL) and monitored 
through the increase in absorbance at 412  nm against 
sample blank (Shimadzu-1601, Japan). Initial rate was cal-
culated by using milimolar extinction coefficient of thion-
itrobenzoic acid at 412 nm, i.e. 14.2 mM−1 cm−1 [33].

Reactions with ginsenosides

As reported previously, the structural diversity of ginseno-
sides were provided by differences in sugar types, quan-
tities and attachment positions [16]. These mentioned 
differences were directly related with their solubility dif-
ferences in water. To overcome this situation, all ginseno-
sides were dissolved in 10% DMSO. In the assay medium, 
the final concentration of DMSO was less than 0.1% (v/v) 
and found to have no effect on enzyme activities [34].

In our study, 10–100 μM ginsenoside solutions were 
used in the same assay conditions. In the absence of 
inhibitors (ginsenosides), enzymes were stable during the 
period of observations. Reactions were initiated by the 
addition of enzyme and activity differences were followed 
for a minute. Quantitation was carried out by using mili-
molar extinction coefficients of thionitrobenzoic acid at 
412 nm, i.e. 14.2 mM−1 cm−1 [33].

Molecular modeling studies

Docking studies were performed using Molecular Oper-
ating Environment software, version 2015.1001 (MOE, 
Canada). The crystalized structures of human AChE [35] 
and BChE [36] (Protein Data Bank IDs: 4EY7 and 1P01, 
respectively) were used as the receptors. All non-pro-
tein atoms and water molecules were removed from the 
enzymes. The structural errors in the enzymes were cor-
rected by the “Structure Preparation” application and 
binding sites were determined by using the “site finder” 
tool in MOE. The ligands were built using the MOE builder 
tool and energy was minimized using the Merck Molecu-
lar Force Field (MMFF94x, gradient: 0.05 kcal mol−1 Å−1). 
Docking studies were performed using the default Triangle 
Matcher method. In the process of docking, the enzymes 
were kept rigid while the ligands were flexible. The results 
were ranked with London dG scoring function and res-
cored with GBVI/WSA dG scoring function. The poses with 
the lowest S score were selected for the enzymes.

Results

The effect of ginsenosides Rb1, Rc, Re and 
Rg1 on AChE activity

All four selected ginsenosides reversibly inhibited AChE 
activity. The inhibition mechanisms for each ginsenosides 
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were analyzed by using Lineweaver-Burk plots including 
their secondary plots and verifications were achieved by 
Dixon plots. In the presence and absence of inhibitor, 
all Lineweaver-Burk plots of activity vs. substrate con-
centration were linear. The same situation was valid for 

Dixon plots and data confirmed that all of the inhibitions 
were linear. The type of inhibitions and also the values 
of enzyme-inhibitor dissociation constants (Ki) for each 
studied ginsenosides were given in Table 1. As shown in 
Table 1, Ki values were in the range of 17–115 μM. Proto-
panaxdiols, Rb1 and Rc, inhibited both cholinesterases 
noncompetitively whereas, protopanaxtriols, Re and 
Rg1, caused to uncompetitive inhibition on AChE activity.

Among these ginsenosides, Re revealed the most 
powerful inhibitory activity on AChE and caused uncom-
petitive inhibition with a Ki value of 17 ± 2.4 μM (Figure 2).

The effect of ginsenosides Rb1, Rc, Re and 
Rg1 on BChE activity

All studied ginsenosides reversibly inhibited BChE activ-
ity. For the evaluation of the type of inhibitions and also 
to determine the Ki values for each of them, Lineweaver-
Burk and Dixon plots were used. Data indicated linear 
inhibitions. The type of inhibitions and Ki values were 
given in Table 1. Among ginsenosides, Re inhibited BChE 

Figure 2: The inhibition of AChE by Ginsenoside Re (A). The Lineweaver-Burk plot (B). Secondary plot of Lineweaver-Burk plot, i.e. v−1-axis 
intercept vs. [Re] replot (C). The Dixon plot. Each point is the average of at least three determinations.

Table 1: Kinetic data for the inhibition of cholinesterases by 
selected ginsenosides.

Ginsenoside   Enzyme   Type of inhibition  Ki (μM)   α

Rb1   AChE   Noncompetitive   79 ± 7.0   –
  BChE   Noncompetitive   64 ± 6.5   –

Rc   AChE   Noncompetitive   115 ± 4.5   –
  BChE   Noncompetitive   119 ± 6.5   –

Re   AChE   Uncompetitive   17 ± 2.4   –
  BChE   Noncompetitive

(0–50 μM)
Mixed type
(75, 100 μM)

  188 ± 18.0

80 ± 3.0

  –

2.4 ± 0.12

Rg1   AChE   Uncompetitive   30 ± 2.0   –
  BChE   Mixed type   53 ± 3.0   2.5 ± 0.22

Values are expressed as mean ± SEM of three independent 
experiments.
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activity in a dose-related manner. At lower concentrations, 
below 50 μM, Re inhibited BChE activity in a noncompeti-
tive manner with a Ki value of 188 ± 18 μM, whereas, above 
50 μM, mixed type inhibition with a Ki value of 80 ± 3.0 
μM (α = 2.4 and β = 0) was obtained. As shown in Table 1, 
Rg1 generated the most potent inhibitory activity on BChE, 
exerted mixed type inhibition with a Ki value of 53 ± 3.0 
μM (α = 2.5 and β = 0) (Figure 3).

Identification of protein-ligand interactions

To clarify the main interactions between selected ginse-
nosides and cholinesterases, molecular docking studies 
were performed. Ginsenosides having the most potent 
inhibitory activity on both cholinesterases were taken 
into consideration. As described in Table 1, ginsenoside 
Re revealed the most effective inhibitory activity on AChE 
and ginsenoside Rg1 exhibited most powerful inhibitory 
activity on BChE. That is why, Re and Rg1 were used for 
docking studies.

Interactions between AChE and ginsenosides 
Re and Rg1

Protein-ligand interactions between ginsenoside Re and 
AChE were given in Figure 4. The active site cavity was 

not completely occupied by ginsenoside Re (Figure 4A). 
As seen in and 4B, the hydroxyl group present in the 
core structure, at the C-3 position, and hydroxyl groups 
belonging to the rhamnose moieties were located above 
the cavity. At the active site gorge, the hydroxyl groups of 
glucose moieties present at the C-6 and C-20 of ginsenoside 
Re formed three hydrogen bonds. Two of them were gener-
ated between the same hydroxyl group of glucose moiety 
at the C-20 position of ginsenoside Re and the residues 
of catalytic triad Ser203 and His447. The other hydrogen 
bond was formed between the hydroxyl group of glucose 
moiety present at the C-6 and Ser293. Also hydrophobic 
interactions between residues of Trp86, Trp286, Val294, 
Leu289, Phe296, Phe338, Phe297 and Re were found to be 
crucial for protein-ligand interactions.

Docking studies revealed that the ginsenoside Rg1 
did not pass through the rim of the active site gorge. 
Instead, it was located at that place, the mid gorge region 
(Figure  5). At the same region, a hydrogen bond was 
formed between oxygen atom of hydroxyl group belong-
ing to the core structure of Rg1, at the C-20 position with 
a glucose moiety, and Tyr124 residue of AChE. As seen in 
Figure  5B, there was a σ-π interaction between Phe338 
residue and methyl group located at the C-20 position 
of ginsenoside Rg1. Also, some of the defined hydropho-
bic interactions between Rg1 and AChE (Leu289, Trp86, 
Phe295, Phe297, Trp286 and Val294) contributed to pro-
tein-ligand interactions.

Figure 3: The inhibition of BChE by Ginsenoside Rg1 (A). The Lineweaver-Burk plot (B). Determination of Ki value, slope of reciprocal plot vs. 
corresponding [Re] replot (C). Estimation of α value, v−1-axis intercept of reciprocal plot vs. [Rg1] replot (D). The Dixon plot. Each point is the 
average of at least three determinations.
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Interactions between BChE and ginsenosides 
Re and Rg1

As seen in Figure 6, ginsenoside Re occupied the active 
site gorge of BChE. Docking studies revealed the existence 
of three hydrogen bonds between BChE and ginsenoside 
Re. One of them was generated between Asp70 and the 
hydroxyl group of glucose moiety present at the C-20 posi-
tion of ginsenoside Re. The other hydrogen bonds were 
formed between hydroxyl groups of rhamnose residues 
located at the C-6 position of ginsenoside Re and BChE 
residue of Asn68 and NH backbone of Leu274 (Figure 6B). 
The hydrophobic residues of Phe329, Trp82, Trp430, Ala328, 
Leu273, Leu274, Phe279, Ala277, Ile69, Trp231, Leu286, and 
Val288 contributed to the protein-ligand interactions.

Interactions between BChE and ginsenoside Rg1 were 
given in Figure 7. As seen in figure, Rg1 occupied almost 
all of the active site cavity of BChE. Results indicated the 
existence of one hydrogen bond between the hydroxyl 
group of glucose moiety present at the C-20 position of 
Rg1 and one of the members of catalytic triad, His438. As 
seen in Figure 7B, Pro285, Trp430, Ala328, Met437, Trp82, 
Ala277, Ile69 residues were also participated in the pro-
tein-ligand interactions.

Discussion
In the present study, all studied ginsenosides were found 
to cause reversible linear inhibition of AChE and BChE 

Figure 5: Docking interactions of ginsenoside Rg1 on AChE (A) 3D (B) 2D representation.

Figure 4: Docking interactions of ginsenoside Re on AChE (A) 3D (B) 2D representation.
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activities which revealed the existence of reversible pro-
tein-ligand interactions.

It has been reported that physiological and therapeu-
tic effects of ginsenosides are directly related with their 
structural diversity [9–12, 29–31]. Our kinetic studies sup-
ported this situation. In the present study, our data have 
indicated that structural differences of ginsenosides have 
a crucial importance for the establishment of their inhibi-
tory activities on cholinesterases and also types of inhi-
bitions. Ginsenosides with sugar moieties attached to 
the C-6 and C-20 positions of steroid-like core structure, 
protopanaxtriols, were found to have the most powerful 
inhibitory effect on AChE and BChE activities compared to 
protopanaxdiols, Rb1 and Rc.

Besides the differences in the attachment positions of 
sugar moieties to the core structure of ginsenosides, the 

types and the quantities of sugar molecules also contribute 
to the inhibition potentials of ginsenosides on cholinest-
erases. The hydroxyl groups in the core structure and/
or the sugar moieties are responsible for the hydrophilic 
properties of ginsenosides. In other words, enhancement 
of free hydroxyl groups increased the hydrophilic charac-
ter of ginsenoside [10, 15, 16].

On the other hand, high aromatic amino acid content 
in the active site cavity creates various specific hydropho-
bic areas in both cholinesterases [4, 37, 38]. The peripheral 
anionic (PAS) and the central anionic sites are the very 
well defined hydrophobic regions that can bind to several 
types of ligands and are important for the substrate activa-
tion and inhibition. Various amino acid residues present 
in these regions have crucial importance in the regulation 
of active site conformation and so, catalysis [1, 32, 37–39]. 

Figure 6: Docking interactions of ginsenoside Re on BChE (A) 3D (B) 2D representation.

Figure 7: Docking interactions of ginsenoside Rg1 on BChE (A) 3D (B) 2D representation.
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In our study, ginsenosides having more hydrophobic 
characters, i.e. protopanaxtriols, exerted more effectively 
inhibited cholinesterase activities (Table 1).

In structural point of view, the only difference between 
ginsenosides Re and Rg1 is the existence of one more dif-
ferent type of sugar moiety in 6C-position of ginsenoside 
Re that is rhamnose as the first sugar residue. However, 
only glucose moiety is present in Rg1 at the same position 
(Figure 1).

While both ginsenosides caused the same type of 
inhibition, i.e. uncompetitive, Re was the most effec-
tive/potent inhibitor for AChE since Ki value of Re was 
found as half of the Ki value of Rg1. On the other hand, 
our kinetic studies have indicated that the inhibition of 
BChE by ginsenoside Re follows a special pattern, which 
may indicate the existence of more than one binding site. 
A dose-related change in the type of inhibition, i.e. from 
noncompetitive to mixed, has suggested that occupation/
interaction of extra binding site by Re on BChE probably 
alters the conformation of the active center at higher Re 
concentrations, i.e. 75–100 μM.

The Asp70 residue, a member of Ω loop revealing a 
key role in the catalytic behaviors of cholinesterases, facil-
itates the sliding of the second substrate molecule down 
the gorge. This loop in BChE, one of the common charac-
teristics of cholinesterases, is a flexible segment, formed 
by residues Cys65 to Cys92 [38]. As proposed previously, 
binding of the second ligand (in our case ginsenoside Re) 
to the PAS modulates the catalytic activity through confor-
mational changes involving the Ω loop. Also, as predicted 
before, the binding of a second substrate to the PAS affects 
the rates of substrate/ligand binding and product release 
[40]. Molecular docking studies demonstrated the interac-
tion of Re with the members of Ω loop, Asp70 and Asn68 
(Figure 6). These interactions may probably be directly or 
indirectly responsible for the conformational changes, 
resulting from the extra binding of Re to the protein with 
high concentrations of Re which was reflected as a change 
of type of inhibition, from noncompetitive to mixed.

Molecular docking studies have confirmed by kinetic 
studies. Ginsenosides having a direct interaction with 
amino acid residues belonging to the catalytic triad con-
sidered as the most powerful/potent inhibitors. The most 
powerful inhibition, with lowest Ki values than other 
interested ginsenoside, was achieved by the studies 
of ginsenoside Re which was directly interacted with 
catalytic triad of AChE, i.e. His447 and Ser203  hydrogen 
bonds. Comparable results were obtained from the inhibi-
tion studies of BChE with Rg1, in which again there was 
a direct interaction with one of the residues of catalytic 
triad, i.e. His438.

Conclusion
Our data clarified that ginsenoside Re and Rg1  had 
effective inhibitory effects on AChE and BChE activities, 
respectively. These ginseng components, either alone or 
in a specific combination, may provide beneficial effects 
on neurodegenerative pathologies in terms of therapeutic 
points of view.
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