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Objectives: Verbenalin is a compound found in herbs such as Cornus officinalis and Ver-
bena officinalis. This study investigated whether verbenalin is safe by analyzing its muta-
genicity.
Methods: To examine the mutagenic potential of verbenalin, a bacterial reverse mutation 
test (Ames test) was conducted with Salmonella typhimurium and Escherichia coli strains. 
Experiments with and without metabolic activity were performed.
Results: The mean colony number was less than double that of the control. Growth inhibi-
tion and precipitation of verbenalin were not apparent in all strains at different concentra-
tions regardless of metabolic activity.
Conclusion: Verbenalin did not show any signs of mutagenicity in this study. Additional tox-
icity studies including repeated oral toxicity, reproductive toxicity, and carcinogenicity tests 
are needed.
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INTRODUCTION

Dementia causes behavioral abnormalities and personal-
ity changes including cognitive decline due to biological aging 
[1]. It is estimated that there are around 55 million people with 
dementia, which is predicted to reach 78 million in 2030 [2]. In 
Korean medicine, the recognized causes of dementia include 
aging, poor movement of qi and blood due to stress, damage to 
qi and blood due to inability to control food intake, trauma to 
the head, and chronic consumptive disease [3]. 

Various studies have reported the therapeutic efficacy of 
herbal extracts for dementia. Standard extracts of Ginkgo bi-
loba leaves [4], an alkaloid compound constituting the medici-
nal herb Huperzia serrata (huperzine A) [5], standard ethanolic 
extracts of Angelica gigas Nakai (INM-176) [6], dehydroevo-
diamine hydrochloride (DHED), and the active ingredients 
of Evodia officinalis [7], Perilla frutescens [8], and Gastrodiae 
Rhizoma [9] were demonstrated to have potential therapeutic 
efficacy against dementia.

Verbenalin is an alkaloid present in herbs such as Verbena 
officinalis, Cornus officinalis, and Symplocos glauca [10-12]. 

Verbenalin was found to improve brain microcirculation and 
protect brain tissue and neurons in a study using a cerebral 
ischemia rat model. Other studies reported that it exhibited 
sleep-promoting and antioxidant effects [13, 14] and the poten-
tial to reduce apoptosis [15].

To confirm the therapeutic effect of verbenalin on dementia, 
studies have been conducted to determine whether verbenalin 
inhibits the production of amyloid-β (Aβ) peptides. Various 
effects of verbenalin have been identified; however, its toxicity 
has not been sufficiently investigated. To use verbenalin for 
dementia treatment, it is important to identify any toxic and 
mutagenic properties. Therefore, an oral dose toxicity study 
using ICR mice is currently ongoing to evaluate the toxicity of 
verbenalin. In this study, the Ames test was performed to de-
termine whether verbenalin is mutagenic. The Ames test can 
sensitively, quickly, and accurately identify mutant activity [16]. 
This study was based on the Organization for Economic Co-
operation and Development (OECD) Guidelines for the Testing 
of Chemicals, No. 471 ‘Bacterial Reverse Mutation Test’ (1997).
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MATERIALS AND METHODS

Verbenalin (purity > 99.3%, molecular formula: C17H24O10, 
molecular weight: 388.37 g/mol) was obtained from Chengdu 
Biopurify Phytochemicals Ltd. (Chengdu, China). Dimeth-
ylsulfoxide (DMSO) and other solvents and chemicals were 
purchased from Merck (Darmstadt, Germany). Salmonella ty-
phimurium TA98, TA100, TA1535, and TA1537 and Escherich-
ia coli WP2uvrA were obtained from Molecular Toxicology Inc. 
(Boone, NC, USA). DMSO was used as a solvent for verbenalin 
as well as a negative control.

The Ames test was performed with 4 Salmonella typhimuri-
um strains and 1 Escherichia coli strain, both with and without 
metabolic activity [17].

Verbenalin was dissolved in DMSO and mixed with a vortex 
mixer. Solvents were added to achieve the desired concentra-
tion level. The maximum concentration of verbenalin was set to 
5,000 μg/plate and diluted to obtain 2,500, 1,000, 500, 100, 50, 
10, and 5 μg/plate concentrations. A negative control group was 
also established. The test was performed using the pre-incuba-
tion method, and a total of 2 plates were used for all concentra-
tion levels with and without metabolic activity.

In experiments without metabolic activity, 100 μL of ver-
benalin and the negative control were placed in separate tubes. 
Then, a mixture of 500 μL of 0.1 M sodium phosphate buffer 
and 100 μL of strain suspension was incubated in a shaking 
incubator (90 rpm, 37℃). Heated agar (2 mL) was added and 
mixed in a vortex mixer. The mixtures were solidified on glu-
cose agar plates at room temperature. 

In experiments with metabolic activity, instead of sodium 
phosphate buffer, 500 μL of S9 mixture was added. After so-
lidification, the inverted plates were cultured at 37℃ for 48 h 
in an incubator (DK-LI020-P; Daiki Scientific Co., Ltd., Seoul, 
Korea).

Precipitation was observed visually and recorded during the 
treatment with verbenalin. The number of revertant colonies 
was automatically calculated by a colony counter (ProtoCOL3; 
Synbiosis, Cambridge, UK) after incubation. When the num-
ber obtained by automatic counting was incorrect, the colonies 
were counted manually.

To detect growth inhibition, the background lawn was ex-
amined with a stereoscopic microscope (45-fold magnification, 
SZ61; Olympus, Tokyo, Japan). Growth inhibition was judged 
based on the extent to which the number of revertant colonies 
was decreased or the background lawn was reduced compared 

with those of the control group.

RESULTS

If a dose-related increase was observed over the tested range 
and/or the increase reflected the average number of revertant 
colonies for at least one strain regardless of metabolic activity, 
the result was considered positive. Cytotoxicity was defined 
as the reduction of the background lawn or colony number by 
more than 50% compared with those of the vehicle control.

Overall, the number of revertant colonies was less than dou-
ble that of the control at all concentrations for all strains regard-
less of metabolic activity. Growth inhibition and precipitation of 
verbenalin were not observed at all concentrations in all strains 
regardless of metabolic activity (Table 1).

DISCUSSION

Dementia is a syndrome with behavioral and psychological 
symptoms such as cognitive and memory deterioration, emo-
tional abnormalities, and hallucinations [18]. 

Recently, herbal extracts have attracted attention due to their 
medicinal properties including rapid action, low frequency of 
side effects, and potential synergistic effects [19, 20].

The active ingredients of herbal extracts may be used for 
the treatment of dementia. For example, galantamine and hu-
perzine A, which are derived from herbal sources, have been 
developed clinically to treat mild-to-moderate dementia [21, 
22]. Extracts of Ginkgo biloba leaves were reported to protect 
brain tissue against hypoxic damage [4] and partially prevent 
oxidative damage in the brain of aged animals [23]. Huperzine 
A from the medicinal herb Huperzia serrata was demonstrated 
to treat cognitive deficits [5] and reduce glutamate-induced 
impairment in the brain [24]. INM-176, an extract of Angelica 
gigas Nakai, showed memory-improving effects against scopol-
amine-induced memory damage [6]. DHED, the active ingre-
dient of Evodia officinalis, demonstrated memory-improving 
and neuroprotective effects in experiments with various models 
[7]. The positive effects of Gastrodiae Rhizoma on learning and 
memory were confirmed in experiments using APP/PS1 mice 
[9]. The effects of Perilla frutescens extract on a mouse model 
with memory disorder were demonstrated through Y-maze and 
other types of tests [8]. In addition, studies using various herbal 
extracts are being conducted to develop new drugs that can 
treat the cause of dementia.
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Table 1. The number of revertant colonies

Strain Test substance Dose (μg/plate)
Absence of metabolic activation Presence of metabolic activation

Individual revertant  
colony counts

Mean
Individual revertant  

colony counts
Mean

TA98 VC 0 14 10 12 27 33 30
Verbenalin 5 11 11 11 25 24 25

10 15 16 16 29 34 32
50 10 12 11 27 32 30

100 14 10 12 24 30 27
500 13 10 12 30 27 29

1,000 13 9 11 27 29 28
2,500 13 11 12 25 27 26
5,000 13 12 13 33 27 30

TA100 VC 0 99 110 105 111 123 117
Verbenalin 5 101 111 106 119 120 120

10 100 110 105 120 110 115
50 97 109 103 122 121 122

100 112 123 118 112 121 117
500 119 110 115 116 120 118

1,000 116 115 116 117 133 125
2,500 94 113 104 118 128 123
5,000 98 83 91 119 125 122

TA1535 VC 0 5 8 7 6 9 8
Verbenalin 5 10 7 9 9 7 8

10 8 5 7 4 8 6
50 6 10 8 10 8 9

100 5 8 7 8 5 7
500 5 8 7 7 4 6

1,000 5 5 5 7 7 7
2,500 5 5 5 5 8 7
5,000 7 6 7 11 8 10

TA1537 VC 0 5 7 6 10 15 13
Verbenalin 5 5 6 6 7 11 9

10 5 5 5 11 10 11
50 6 10 8 15 15 15

100 5 9 7 12 9 11
500 5 7 6 9 10 10

1,000 5 7 6 11 9 10
2,500 8 8 8 9 6 8
5,000 8 7 8 9 10 10

WP2uvrA VC 0 28 32 30 35 31 33
Verbenalin 5 31 26 29 29 32 31

10 30 35 33 35 37 36
50 24 31 28 33 39 36

100 31 35 33 32 37 35
500 32 38 35 31 36 34

1,000 27 29 28 32 34 33
2,500 30 35 33 40 32 36
5,000 26 32 29 37 32 35

VC, vehicle control (dimethyl sulfoxide).
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Verbenalin, also known as cornin, is an iridoid glucoside 
component of the herbs Cornus officinalis and Verbena offi-
cinalis (a plant of the Verbenaceae family) [10-12]. Verbenalin 
protects brain tissue, improves brain microcirculation, and 
reduces cerebral ischemic damage. It has also been reported to 
have antioxidant activity and promote sleep [13, 14]. Previous 
studies showed that human amniotic epithelial cells treated 
with verbenalin might exert therapeutic activity against Al-
zheimer’s disease by regulating gene expression associated with 
neurometabolic aging, lysosomal dysfunction, pathological an-
giogenesis, and 24 h periodic rhythm. Furthermore, verbenalin 
has been reported to significantly reduce cell death [15].

Studies are currently being conducted to investigate the ef-
ficacy of verbenalin in inhibiting Aβ peptide production, the 
effect of verbenalin on the behavioral characteristics of APPswe 
mice with dementia, and the anti-inflammatory effect of ver-
benalin on lipopolysaccharide-activated BV2 microglial cells. 
To evaluate the safety of verbenalin, a single oral dose toxicity 
study using ICR mice is also ongoing. This study was conducted 
to investigate the genetic toxicity of verbenalin.

To investigate the potential mutagenicity of verbenalin, the 
Ames test was performed with Escherichia coli and Salmonella 
typhimurium strains that required specific amino acids. The 
study attempted to determine whether specific chemicals could 
mutate the DNA of the test organisms [25]. Based on the num-
ber of revertant colonies, there was no mutagenic activation 
by verbenalin in all strains compared with the control group 
regardless of metabolic activity.

CONCLUSION

All bacterial strains (TA98, TA100, TA 1535, TA1537, and 
WP2uvrA) showed a negative result over the tested dose range. 
Therefore, verbenalin is a non-genotoxic substance.

A bacterial reverse mutation test for verbenalin was conduct-
ed in this study. Furthermore, the findings of an ongoing single 
oral toxicity study will be reported in the future. Nevertheless, 
safety tests including carcinogenicity, repeated oral toxicity, re-
productive toxicity, and local toxicity tests should be conducted. 
Additional toxicity studies with different doses of verbenalin 
are needed to confirm its safety.
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