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Objectives: The objective of this study was to assess the genotoxicity of a no-pain phar-
macopuncture (NPP) extract developed in 2022 using a bacterial reverse mutation assay, 
aiming to further substantiate the safety profile of NPP.
Methods: The genotoxicity evaluation involved a bacterial reverse mutation assay to as-
sess the mutagenic potential of NPP extracts with and without metabolic activation. His-
tidine-requiring Salmonella typhimurium strains (TA98, TA100, TA1535, and TA1537) and 
tryptophan-requiring Escherichia coli strains (WP2uvrA) were used in the assay.
Results: The NPP extract did not induce a revertant colony count exceeding two times that 
of the negative control at any dose level in any of the tested strains, both with and without 
metabolic activation. Additionally, no growth inhibition or precipitation was observed in the 
presence of NPP.
Conclusion: Based on the findings, it can be concluded that the NPP extract exhibited no 
mutagenic potential in the in vitro genotoxicity tests conducted.
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INTRODUCTION

Assessing genotoxicity is paramount for natural product 
medicines, including herbal medicines, as they have the poten-
tial to induce lethal mutations and damage genetic material [1]. 
Herbal prescriptions in Korean medicine (KM) and traditional 
Chinese medicine often comprise multiple herbs to harness 
their synergistic effects. Evidence suggests that this enhances 
the therapeutic benefits and mitigates toxicity [2]. Comprehen-
sive toxicity and therapeutic efficacy validation studies ensure 
the safe utilization of single and compound formulations of 
natural products and herbal medicines [3].

Pharmacopuncture, a modern acupuncture treatment, in-
volves the extraction and purification of pure herbal medicines 
with diluted solutions, which are then injected into treatment 
areas or acupuncture points [4, 5]. Given that pharmacopunc-
ture is administered directly into the treatment site, bypassing 
the gastrointestinal tract, the toxicity of the herbal extracts used 

in pharmacopuncture therapy is of critical importance. To date, 
pharmacopuncture solutions have been developed and used 
in the form of compound extracts of herbal medicines with 
diverse effects. In KM pharmacopuncture, these extracts are 
dispensed by external herbal dispensaries that adhere to stan-
dardized protocols in line with domestic pharmaceutical prac-
tices certified by the Ministry of Health and Welfare. Clinicians 
recognize the significance of toxicity testing and quality control 
in pharmacopuncture [6, 7]. However, only a limited number 
of pharmacopuncture fluids have undergone toxicity evaluation 
[7].

No-pain pharmacopuncture (NPP), or Mutong pharmaco-
puncture, is a compound extract comprising four medicinal 
herbs: Corydalis Radix (CT), Paeoniae radix (PR), Glycyrrhizae 
Radix et Rhizoma (GR), and Chaenomelis Fructus (CF). De-
veloped in 2022, NPP is used to alleviate pain in KM clinical 
practice [5, 7, 8]. To date, only one clinical study has reported 
its efficacy in plantar fasciitis [9]. A safety validation in rats 
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involved a single intramuscular dose toxicity assessment [8], an 
in vivo micronucleus assay [7], and an in vitro chromosomal 
aberration assay [10]. However, the bacterial revertant muta-
tion test, one of the three most common battery assays, has not 
been conducted. Therefore, this study aimed to validate the 
genotoxicity of NPP through a bacterial revertant mutation test, 
contributing to its safety profile for clinical use.

MATERIALS AND METHODS

1. Preparation of the NPP extract

The NPP extract used in this study was comprised of CT 
(2 mg/mL), CF (0.3 mg/mL), PR (2 mg/mL), and GR (2 mg/
mL). The extract was manufactured at Namsangcheon External 
Herbal Dispensary (Yongin, Korea). The extraction method has 
been detailed in a previous study [7, 8]. 

2. Test strains

We assessed NPP’s mutagenic potential using histidine-
requiring Salmonella typhimurium strains (TA98, TA100, 
TA1535, and TA1537) and tryptophan-requiring Escherichia 
coli strains (WP2uvrA) with and without metabolic activation. 
All test strains were provided by MOLTOXTM, Inc. (Boone, 
NC, USA). We employed several positive controls, including 
sodium azide (SA), 2-nitrofluorene (2-NF), 2-aminoanthracene 
(2-AA), 9-aminoacridine (9-AA), and 4-nitroquinoline oxide 
(4-NQO). We dissolved these compounds in distilled water or 
dimethyl sulfoxide, froze them in a cryogenic freezer (OPR-
DFU-657CEV, Operon, Korea) at temperatures ranging from 
–80°C to –60°C, and thawed them on the day of treatment.

3. Test methods

We conducted a dose range exploration study to determine 
the highest dose level, with the high dose set at 100% NPP and 
sequentially diluted using a geometric ratio of two to generate 
the lower dose levels (50%, 25%, 12.5%, 6.25%, and 3.13%). We 
then performed the main study in duplicate with dose levels of 
100%, 50%, 25%, 12.5%, and 6.25% of NPP, using three plates 
for each dose. We incubated various concentrations of NPP 
with the test strains at 37°C for 48 h with or without metabolic 
activation using the S9 mixture. The combinations of sub-
stances and doses included: 2-NF at 5.0 μg/plate versus TA98 

without the S9 mixture; SA at 1.5 μg/plate versus TA100 and 
TA1535 without the S9 mixture; 9-AA at 80 μg/plate versus 
TA1537 without the S9 mixture; 4-NQO at 0.3 μg/plate versus 
WP2uvrA without the S9 mixture; 2-AA at 1.0 μg/plate ver-
sus TA98, at 2.0 μg/plate versus TA100, at 3.0 μg/plate versus 
TA100 and TA1537, and 10.0 μg/plate versus WP2uvrA with 
the S9 mixture. 

We visually observed the test substance’s sedimentation and 
counted and recorded the number of revertant colonies post-
treatment. Following the culture test, we performed automatic 
colony counting using an automatic colony counter (Proto-
COL3, Synbiosis, London, UK), with manual counting carried 
out if necessary.

To confirm growth inhibition, we used a stereomicroscope 
(45× magnification; SZ61, Olympus, Tokyo, Japan) to assess 
the presence or absence of a background lawn while enumerat-
ing the number of revertant colonies. We determined growth 
inhibition if there was a significant decrease in the number of 
revertant colonies compared to the negative control group or a 
notable reduction in the background lawn due to colony thin-
ning or disappearance. We determined a positive test result if 
the number of revertant colonies of more than one strain more 
than doubled compared with that of the negative control group, 
there was a dose-dependent increase, or the outcome was re-
producible.

4. High-performance liquid chromatography analysis

We employed a high-performance liquid chromatography 
(HPLC) analysis to identify and quantify five main compounds 
in NPP: tetrahydropalmatine and coptisine in CT, quercetin in 
CT, CF, and GR, paeoniflorin in PR, and glycyrrhizin in GR. 
We performed the liquid chromatography using an Agilent 
VWD UV detector (280 nm) (Santa Clara, CA, USA) coupled 
with a Watchers 120 ODS-BP column (4.6 × 150 nm, 5 μm) at 
a flow rate of 1 mL/min and an injection volume of 10 μL. The 
mobile-phase solvents consisted of distilled water in A and 0.1% 
phosphoric acid in acetonitrile in B. We used a stock solution 
of NPP for this analysis, which had a concentration 100 times 
higher than NPP used as a finished product (6.3 mg/mL) in 
KM clinical practice. 

5. Statistical analysis 

We directly enumerated the number of revertant colonies 
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and determined the mean and standard deviation. However, we 
did not conduct any formal statistical analyses.

RESULTS

1. Investigation findings on dose ranges

We conducted an initial exploratory study to determine the 
upper dosage limit for the main investigation. The highest dose 
was set at NPP 100%, which was then serially diluted using a 
geometric ratio of two to generate lower dose levels (50%, 25%, 
12.5%, 6.25%, and 3.13%). We observed no growth inhibition 
or precipitation attributable to NPP at any dosage level across 
all strains, regardless of the presence (with the S9 mixture) or 
absence (without the S9 mixture) of metabolic activation (Fig. 
1).

2. Main bacterial reverse mutation test results for NPP

Following the preliminary dose-ranging study, the main 
investigation revealed that NPP administered at varying doses 
did not significantly increase in the average revertant colony 
count across all tested bacterial strains (TA100, TA1535, TA98, 
TA1537, and WP2uvrA) compared to the negative control 

group. In the NPP treatment group, the revertant colony count 
for each strain at all dosage levels remained below two times 
that observed in the negative control group, regardless of the 
presence or absence of metabolic activation. We observed no 
indications of growth inhibition or precipitation induced by 
NPP across all dose levels for each bacterial strain, regardless of 
the presence or absence of metabolic activation. Additionally, 
the validity of the analysis was confirmed as the mean count of 
revertant colonies per strain in the positive control group ex-
ceeded twice that of the negative control group (Table 1, Fig. 2).

3. HPLC analysis results

The HPLC analysis revealed retention times of 29.57 min 
for tetrahydropalmatine, 12.42 min for quercetin, 32.42 min 
for coptisine, 14.28 min for paeoniflorin, and 32.33 min for 
glycyrrhizin. The NPP extract contained 0.80 μg/mL of tetra-
hydropalmatine and 0.25 mg/mL of quercetin, while coptisine, 
paeoniflorin, and glycyrrhizin were not detected (Fig. 3).

DISCUSSION

Herbal medicine has been a cornerstone of healthcare for 
millennia, valued for its therapeutic properties [11]. However, 

Figure 1. Dose-response curve in the dose-range exploratory study of the bacterial reverse mutation test of NPP. In the absence of metabolic 
activation in the first and second main studies (TA98, TA1535, TA1537, and WP2uvrA (A), and TA100 (B)). In the presence of metabolic activa-
tion in the first and second main studies (TA98, TA1535, TA1537, and WP2uvrA (C), and TA100 (D)).
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Table 1. Results of the bacterial reverse mutation test for the no-pain pharmacopuncture extract in Salmonella typhimurium 
(TA100, TA1535, TA98, and TA1537) and Escherichia coli (WP2uvrA) with or without metabolic activation (S9 mixture)

Strain

With S9 mixture Without S9 mixture

Test
substance

Dose
(%)

First main study Second main study Test
substance

Dose
(%)

First main study Second main study

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

TA98 Saline 0 16 ± 1 28 ± 1 Saline 0 16 ± 1 16 ± 1

NPP 6.25 18 ± 1 16 ± 1 NPP 6.25 16 ± 1 16 ± 1

12 17 ± 1 16 ± 1 12 16 ± 1 16 ± 1

25 17 ± 2 16 ± 1 25 16 ± 1 16 ± 1

50 16 ± 1 16 ± 1 50 16 ± 1 16 ± 1

100 15 ± 1 16 ± 1 100 16 ± 1 16 ± 1

2-NF 5.0 μg/plate 592 ± 11 16 ± 1 2-AA 1.0 μg/plate 16 ± 1 16 ± 1

TA100 Saline 0 116 ± 3 16 ± 1 Saline 0 16 ± 1 16 ± 1

NPP 6.25 119 ± 3 16 ± 1 NPP 6.25 16 ± 1 16 ± 1

12 125 ± 3 16 ± 1 12 16 ± 1 16 ± 1

25 125 ± 4 16 ± 1 25 16 ± 1 16 ± 1

50 123 ± 3 16 ± 1 50 16 ± 1 16 ± 1

100 122 ± 4 16 ± 1 100 16 ± 1 16 ± 1

SA 1.5 μg/plate 638 ± 21 16 ± 1 2-AA 2.0 μg/plate 16 ± 1 16 ± 1

TA1535 Saline 0 13 ± 1 16 ± 1 Saline 0 16 ± 1 16 ± 1

NPP 6.25 16 ± 1 16 ± 1 NPP 6.25 16 ± 1 16 ± 1

12 16 ± 1 16 ± 1 12 16 ± 1 16 ± 1

25 16 ± 1 16 ± 1 25 16 ± 1 16 ± 1

50 16 ± 1 16 ± 1 50 16 ± 1 16 ± 1

100 16 ± 1 16 ± 1 100 16 ± 1 16 ± 1

SA 1.5 μg/plate 16 ± 1 16 ± 1 2-AA 3.0 μg/plate 16 ± 1 16 ± 1

TA1537 Saline 0 16 ± 1 16 ± 1 Saline 0 16 ± 1 16 ± 1

NPP 6.25 16 ± 1 16 ± 1 NPP 6.25 16 ± 1 16 ± 1

12 16 ± 1 16 ± 1 12 16 ± 1 16 ± 1

25 16 ± 1 16 ± 1 25 16 ± 1 16 ± 1

50 16 ± 1 16 ± 1 50 16 ± 1 16 ± 1

100 16 ± 1 16 ± 1 100 16 ± 1 16 ± 1

9-AA 80.0 μg/plate 16 ± 1 16 ± 1 2-AA 3.0 μg/plate 16 ± 1 16 ± 1

WP2uvrA Saline 0 16 ± 1 16 ± 1 Saline 0 16 ± 1 16 ± 1

NPP 6.25 16 ± 1 16 ± 1 NPP 6.25 16 ± 1 16 ± 1

12 16 ± 1 16 ± 1 12 16 ± 1 16 ± 1

25 16 ± 1 16 ± 1 25 16 ± 1 16 ± 1

50 16 ± 1 16 ± 1 50 16 ± 1 16 ± 1

100 16 ± 1 16 ± 1 100 16 ± 1 16 ± 1

4-NQO 0.3 μg/plate 16 ± 1 16 ± 1 2-AA 10 μg/plate 16 ± 1 16 ± 1

2-AA, 2-aminoanthracene; 2-NF, 2-nitrofluorene; 4NQO, 4-nitroquinoline N-oxide; B(a)P, benzo(a)pyrene; NPP, no-pain pharmacopuncture; SA, sodium 
azide; SD, standard deviation.
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amidst increasing awareness of food and drug safety, improve-
ments in global living standards, rising environmental pollu-
tion, the influx of foreign medicinal materials, uncertain plant 
sourcing, and the indiscriminate use of health products and 
traditional remedies containing herbs, concerns regarding the 
safety of herbal medicines have escalated [12, 13]. Documen-
tation regarding the quality, safety, and efficacy of common 
herbal formulas remains limited [14].

The NPP extract comprises a blend of four herbs—CT, CF, 
PR, and GR—long used in Asian traditional medicine for their 
analgesic, anti-inflammatory, and muscle-relaxant properties. 
Numerous studies have validated the effectiveness and safety of 
each herb [7-10, 15]. Nonetheless, comprehensive evidence for 

NPP, a novel combination of these herbs, is lacking. Currently, 
research reports NPP’s therapeutic efficacy in a singular case 
of plantar fasciitis patient [9], while its safety has been demon-
strated in a single-dose toxicity study in rat thigh muscle [8]. 
The absence of genotoxicity is indicated by a rat micronucleus 
assay [7] and an in vitro chromosome aberration assay [10], 
forming a battery of three assays to assess genotoxicity.

Genotoxicity testing assesses direct DNA or chromosomal 
damage by a test substance, resulting in morphological changes 
or functional abnormalities, and serves as a primary screening 
tool for drug carcinogenicity [16]. Test methods are categorized 
based on indicators such as gene mutations, chromosomal 
aberrations, and effects on DNA damage or repair [17, 18]. 

Figure 2. Dose-response curve in the bacterial reverse mutation test of NPP. In the absence of metabolic activation in the first and second main 
studies (TA98, TA1535, TA1537, and WP2uvrA (A), and TA100 (B)). In the presence of metabolic activation in the first and second main studies 
(TA98, TA1535, TA1537, and WP2uvrA (C), and TA100 (D)).
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Given the diverse mechanisms of toxicity, a battery of multiple 
genotoxicity tests is required rather than relying on a single as-
sessment. The three most common assays include the bacterial 
revertant mutation test, the in vitro chromosomal aberration 
test, and the in vivo micronucleus test [19], which all follow 
ICH and OECD guidelines [17, 18]. To assess the potential 
genotoxicity of NPP extracts, we conducted a bacterial reverse 
mutagenesis test, which was not included in the three-assay bat-
tery. 

The bacterial reverse mutation test, or the Ames test, is a 
pivotal screening method using Salmonella and E. coli bacterial 
strains to identify potential genetic damage and gene mutations 
induced by test substances [20-22]. This method was endorsed 
by the National Toxicology Program following extensive chemi-
cal evaluations. A positive outcome in the bacterial reverse 
mutation test closely correlates with findings from rodent carci-
nogenicity tests [23]. Among the three standard genetic toxicity 
tests mandated by the Korea Food and Drug Administration, 
the revertant mutation test necessitates evaluation across a min-

imum of five strains, including S. typhimurium TA98, TA100, 
TA1535, TA1537, or TA97, TA97a, TA102, or E. coli (WP2uvrA 
pKM101). Additionally, dose steps must be set at five or more 
levels, with a minimum requirement of three plates per dose [24, 
25]. In this study, to assess the safety profile of the NPP solu-
tion, we established five doses of NPP treatment groups: 100%, 
50%, 25%, 12.5%, and 6.25%, employing histidine-requiring S. 
typhimurium TA98, TA100, TA1535, and TA1537, and tryp-
tophan-requiring E. coli WP2uvrA pKM101. We incorporated 
commonly used positive controls, such as SA, 2-NF, 2-AA, 
9-AA, and 4-NQO, in this study [25].

This study revealed no evidence of mutagenicity induced by 
the NPP extract across all tester strains compared to concurrent 
negative controls under both metabolic activation and non-
activation conditions. The study ensured the reproducibility of 
dose-setting and test results, obtaining more than four doses 
of the test substance with no discernible growth inhibition. 
Moreover, the mean values of returning colonies for both nega-
tive and positive controls fell within the historical control data 

Figure 3. HPLC chromatogram of standard and NPP-derived tetrahydropalmatine, quercetin, coptisine, paeoniflorin, and glycyrrhizin. Identifica-
tion and quantification of five major compounds of NPP were performed using HPLC analysis. (A) Tetrahydropalmatine and coptisine. (B) Querce-
tin. (C) Paeoniflorin and glycyrrhizin. HPLC, high-performance liquid chromatography; NPP, no-pain pharmacopuncture.
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range. The number of returning colonies for each strain’s posi-
tive control significantly exceeded twice that of the negative 
control. Additionally, no adventitious bacterial contamination 
was identified, underscoring the study’s proper execution and 
ensuring reliability.

In traditional medical practice, CT is commonly incor-
porated into medicinal compounds, known for its alkaloid 
content comprising tertiary amines, quaternary alkaloids, and 
non-alkaloids [26]. Over 80 alkaloids have been isolated and 
identified from CT, with corydaline and tetrahydropalmatine 
distinguished for their potent analgesic effects [27-30]. Tetrahy-
dropalmatine exhibits anti-inflammatory and analgesic proper-
ties, stimulates adrenocorticotropic hormone secretion in rat 
pituitary glands, and possesses analgesic potency comparable 
to opium at a fraction of the dose [29-32]. Another constituent, 
quercetin, present in CT, CF, and GR, is a flavonoid with report-
ed analgesic, anti-inflammatory, and antioxidant effects [32]. 
Additionally, PR contains paeoniflorin and GR contains glyc-
yrrhizin, which both impact pain and inflammation [31, 33-
35]. For this study, the literature corroborated the analgesic and 
anti-inflammatory effects of these five principal compounds in 
NPP constituent herbs, guiding the subsequent HPLC analysis 
to confirm their presence. However, we only detected tetrahy-
dropalmatine and quercetin and did not identify coptisine, pae-
oniflorin, and glycyrrhizin. These compounds may have been 
lost during the extraction, purification, or dilution processes or 
were present in trace amounts below the detection threshold. 
Future studies could use tetrahydropalmatine and quercetin 
data for NPP quality control and explore a broader spectrum of 
compounds from each herb to establish their pharmacological 
efficacy.

CONCLUSION

Our genotoxicity assessments reveal that the NPP extract 
does not induce mutations in bacterial models. While initial 
findings from single-dose toxicity evaluations and three geno-
toxicity assays appear promising, NPP’s comprehensive safety 
profile warrants further investigation. Additional scrutiny 
through diverse toxicity assessments, human safety trials, and 
extensive clinical studies are warranted to substantiate NPP’s 
safety and efficacy.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest in this work.

FUNDING

This work was supported by a National Research Foundation 
of Korea (NRF) grant funded by the Korean government (MSIT) 
(No. NRF-2022R1A2C1013518).

ORCID

Ji Hye Hwang, https://orcid.org/0000-0002-6304-1972
Chul Jung, https://orcid.org/0000-0002-2522-5279

REFERENCES

1. Demma J, Engidawork E, Hellman B. Potential genotoxicity of 
plant extracts used in Ethiopian traditional medicine. J Ethno-
pharmacol. 2009;122(1):136-42.

2. Kim HU, Ryu JY, Lee JO, Lee SY. A systems approach to tradi-
tional oriental medicine. Nat Biotechnol. 2015;33(3):264-8.

3. Han T, Um MY, Lim YH, Kim JK, Kim IH. Single- and 
repeated-dose oral toxicity in rats and bacterial reverse muta-
tion test of Morus alba L. extracts. Korean Soc Food Sci Nutr. 
2016;45(10):1406-13.

4. Jeong JH, Ku J, Hwang JH. A study on the significance of acu-
puncture and pharmacopuncture therapy for cold accumula-
tion through a literature review on the historical development 
process in cold accumulation treatment. J Acupunct Res. 
2022;39(4):267-74.

5. Jung C, Ahn Y, Jung J, Ku J. Pharmacopuncture clinical guide. 
Paju: Koonja Publication; 2023.

6. Sung SH, Shin BC, Park MJ, Kim KH, Kim JW, Ryu JY, et al. 
Current status of management on pharmacopuncture in Korea 
through introduction of an accreditation system. J Pharmaco-
puncture. 2019;22(2):75-82.

7. Hwang JH, Jung C. In vivo genotoxicity evaluation of a no-pain 
pharmacopuncture extract using the micronucleus test. J Phar-
macopuncture. 2023;26(4):366-72.

8. Hwang JH, Jung C. Single-dose intramuscular toxicity test using 
no-pain pharmacopuncture in Sprague-Dawley rats. J Pharma-
copuncture. 2023;26(1):86-93.

9. Hwang JH, Jung C. A case report on a patient with plantar fasci-
itis using Korean medicine treatment focusing on Mutong phar-
macopuncture. J Physiol Pathol Korean Med. 2023;37(4):87-91.

10. Hwang JH. Toxicity assessment of a no-pain pharmacopuncture 

https://orcid.org/0000-0002-6304-1972
https://orcid.org/0000-0002-2522-5279
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=JAKO201632747975367
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=JAKO201632747975367
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=JAKO201632747975367
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=JAKO201632747975367
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=JAKO202207362317906
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=JAKO202207362317906
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=JAKO202207362317906
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=JAKO202207362317906
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=JAKO202207362317906
https://scholar.google.com/scholar_lookup?title=Pharmacopuncture+Clinical+Guide&author=Jung,+C.&author=Ahn,+Y.&author=Jung,+J.&author=Ku,+J.&publication_year=2023
https://scholar.google.com/scholar_lookup?title=Pharmacopuncture+Clinical+Guide&author=Jung,+C.&author=Ahn,+Y.&author=Jung,+J.&author=Ku,+J.&publication_year=2023
https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE11713784&language=ko_KR&hasTopBanner=true
https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE11713784&language=ko_KR&hasTopBanner=true
https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE11713784&language=ko_KR&hasTopBanner=true


Toxicity Evaluation of an NNP Extract

161www.journal-jop.org

extract using a standard battery of in vitro chromosome aberra-
tion tests. J Pharmacopuncture. 2024;27(1):38-46.

11. Eisenberg DM, Davis RB, Ettner SL, Appel S, Wilkey S, Van 
Rompay M, et al. Trends in alternative medicine use in the 
United States, 1990-1997: results of a follow-up national survey. 
JAMA. 1998;280(18):1569-75.

12. Hayes AW. Principles and methods of toxicology. 4th ed. Phila-
delphia: Taylor & Francis; 2001.

13. Park HM, Shin HT, Lee SD. Herbal toxicological effects on rats’ 
fetus- focusing on Ojeoksan. Korean J Orient Prev Med Soc. 
2008;12(2):27-35.

14. Lee MY, Seo CS, Kim JY, Shin HK. Genotoxicity evaluation of 
Guibi-Tang extract using an in vitro bacterial reverse mutation 
assay, chromosome aberration assay, and in vivo micronucleus 
test. BMC Complement Altern Med. 2014;14:215.

15. The Co-Textbook Publishing Committee of Korean Medicine 
College. Herbology. Seoul: Younglimsa; 2004.

16. Poivre M, Nachtergael A, Bunel V, Philippe ON, Duez P. Geno-
toxicity and carcinogenicity of herbal products. In: Pelkonen O, 
Duez P, Maarit P, Vuorela H, editors. Toxicology of herbal prod-
ucts. Cham: Springer; 2017. p. 179-215.

17. Kim HJ, Jeon JH, Kim YI. A study on the effect of Erycibae Cau-
lis and Corydalis Tuber pharmacopuncture on a mouse model 
with collagen induced rheumatoid arthritis. Acupuncture. 
2016;33(2):21-34.

18. Kim JH, Ahn IY, Noh JY, Park SE, Lee JS, Ko KY, et al. Recent 
trend of international guidelines for genotoxicity testing. Regul 
Res Food Drug Cosmet. 2016;11(2):201-9.

19. Kirkland D, Aardema M, Henderson L, Müller L. Evaluation of 
the ability of a battery of three in vitro genotoxicity tests to dis-
criminate rodent carcinogens and non-carcinogens I. Sensitivity, 
specificity and relative predictivity. Mutat Res. 2005;584(1-2):1-
256.

20. Aubrecht J, Osowski JJ, Persaud P, Cheung JR, Ackerman J, 
Lopes SH, et al. Bioluminescent Salmonella reverse mutation 
assay: a screen for detecting mutagenicity with high throughput 
attributes. Mutagenesis. 2007;22(5):335-42.

21. Levy DD, Zeiger E, Escobar PA, Hakura A, van der Leede BM, 
Kato M, et al. Recommended criteria for the evaluation of bac-
terial mutagenicity data (Ames test). Mutat Res Genet Toxicol 
Environ Mutagen. 2019;848:403074.

22. Verheyen GR, Deun KV, Miert SV. Testing the mutagenicity po-
tential of chemicals. J Genet Genome Res. 2017;4(1):029.

23. Tetsuo Sato, Yoshio Ueno. Toxicology. Jung SY, Kim GY, Kim 

BH, Jo YB, translator. Seoul: Donghwa Technology; 2000. p. 15-
21, 118-94.

24. Ministry of Food and Drug Safety (MFDS). Toxicity test stan-
dard of drugs. Cheongju: Ministry of Food and Drug Safety; 
2022.

25. Ministry of Food and Drug Safety (MFDS). Explanation stan-
dard of drugs. Cheongju: Ministry of Food and Drug Safety; 
2022.

26. Wu G, Qian Z, Guo J, Hu D, Bao J, Xie J, et al. Ganoderma lu-
cidum extract induces G1 cell cycle arrest, and apoptosis in hu-
man breast cancer cells. Am J Chin Med. 2012;40(3):631-42.

27. Xiao HT, Peng J, Liang Y, Yang J, Bai X, Hao XY, et al. Acetyl-
cholinesterase inhibitors from Corydalis yanhusuo. Nat Prod 
Res. 2011;25(15):1418-22.

28. Zhou Q, Deng AJ, Qin HL. Two new quaternary protoberber-
ine alkaloids from Corydalis yanhusuo. J Asian Nat Prod Res. 
2012;14(5):476-81.

29. Kobayashi K, Motohara T, Honma A, Takahashi R, Aihara M, 
Sudo T, et al. Augmentation of the pharmacological action 
of corydalis tuber by saussurea root in isolated mouse ileum. 
Yakugaku Zasshi. 2001;121(8):647-51.

30. Xu XH, Wang ZT, Yu GD, Ruan BF, Li J. Alkaloids from Rhi-
zoma corydalis. J China Pharm Univ. 2002;33(6):483-6.

31. Guo Z, Man Y, Wang X, Jin H, Sun X, Su X, et al. Levo-tetrahy-
dropalmatine attenuates oxaliplatin-induced mechanical hyper-
algesia in mice. Sci Rep. 2014;4:3905.

32. Liu YY, Wang TX, Zhou JC, Qu WM, Huang ZL. Dopamine 
D1 and D2 receptors mediate analgesic and hypnotic effects of 
l-tetrahydropalmatine in a mouse neuropathic pain model. Psy-
chopharmacology (Berl). 2019;236(11):3169-82.

33. Bai H, Chen S, Yuan T, Xu D, Cui S, Li X. Paeoniflorin ame-
liorates neuropathic pain-induced depression-like behaviors 
in mice by inhibiting hippocampal neuroinflammation acti-
vated via TLR4/NF-κB pathway. Korean J Physiol Pharmacol. 
2021;25(3):217-25.

34. Liu C, Liu DQ, Tian YK, Mei W, Tian XB, Xu AJ, et al. The 
emerging role of quercetin in the treatment of chronic pain. 
Curr Neuropharmacol. 2022;20(12):2346-53.

35. Sun X, Zeng H, Wang Q, Yu Q, Wu J, Feng Y, et al. Glycyr-
rhizin ameliorates inflammatory pain by inhibiting microglial 
activation-mediated inflammatory response via blockage of the 
HMGB1-TLR4-NF-kB pathway. Exp Cell Res. 2018;369(1):112-
9.

https://search.worldcat.org/ko/title/43800997
https://search.worldcat.org/ko/title/43800997
https://koreascience.kr/article/JAKO200806942470466.page
https://koreascience.kr/article/JAKO200806942470466.page
https://koreascience.kr/article/JAKO200806942470466.page
https://product.kyobobook.co.kr/detail/S000001350046
https://product.kyobobook.co.kr/detail/S000001350046
https://link.springer.com/chapter/10.1007/978-3-319-43806-1_9
https://link.springer.com/chapter/10.1007/978-3-319-43806-1_9
https://link.springer.com/chapter/10.1007/978-3-319-43806-1_9
https://link.springer.com/chapter/10.1007/978-3-319-43806-1_9
https://www.e-jar.org/journal/view.html?pn=vol&uid=2268&vmd=Full
https://www.e-jar.org/journal/view.html?pn=vol&uid=2268&vmd=Full
https://www.e-jar.org/journal/view.html?pn=vol&uid=2268&vmd=Full
https://www.e-jar.org/journal/view.html?pn=vol&uid=2268&vmd=Full
https://www.earticle.net/Article/A298496
https://www.earticle.net/Article/A298496
https://www.earticle.net/Article/A298496
https://clinmedjournals.org/articles/jggr/journal-of-genetics-and-genome-research-jggr-4-029.pdf?jid=jggr
https://clinmedjournals.org/articles/jggr/journal-of-genetics-and-genome-research-jggr-4-029.pdf?jid=jggr
https://www.nl.go.kr/NL/contents/search.do?resultType=&pageNum=1&pageSize=30&order=&sort=&srchTarget=total&kwd=%EB%8F%85%EC%84%B1%ED%95%99&systemType=&lnbTypeName=&category=&hanjaFlag=&reSrchFlag=&licYn=&kdcName1s=&manageName=&langName=&ipubYear=2000_2000&pubyearName=&seShelfCode=&detailSearch=&seriesName=&mediaCode=&offerDbcode2s=&f1=&v1=&f2=&v2=&f3=&v3=&f4=&v4=&and1=&and2=&and3=&and4=&and5=&and6=&and7=&and8=&and9=&and10=&and11=&and12=&isbnOp=&isbnCode=&guCode2=&guCode3=&guCode4=&guCode5=&guCode6=&guCode7=&guCode8=&guCode11=&gu2=&gu7=&gu8=&gu9=&gu10=&gu12=&gu13=&gu14=&gu15=&gu16=&subject=&sYear=&eYear=&sRegDate=&eRegDate=&typeCode=&acConNo=&acConNoSubject=&infoTxt=#viewKey=CNTS-00093060311&viewType=C&category=%EB%8F%84%EC%84%9C&pageIdx=2&jourId=
https://www.nl.go.kr/NL/contents/search.do?resultType=&pageNum=1&pageSize=30&order=&sort=&srchTarget=total&kwd=%EB%8F%85%EC%84%B1%ED%95%99&systemType=&lnbTypeName=&category=&hanjaFlag=&reSrchFlag=&licYn=&kdcName1s=&manageName=&langName=&ipubYear=2000_2000&pubyearName=&seShelfCode=&detailSearch=&seriesName=&mediaCode=&offerDbcode2s=&f1=&v1=&f2=&v2=&f3=&v3=&f4=&v4=&and1=&and2=&and3=&and4=&and5=&and6=&and7=&and8=&and9=&and10=&and11=&and12=&isbnOp=&isbnCode=&guCode2=&guCode3=&guCode4=&guCode5=&guCode6=&guCode7=&guCode8=&guCode11=&gu2=&gu7=&gu8=&gu9=&gu10=&gu12=&gu13=&gu14=&gu15=&gu16=&subject=&sYear=&eYear=&sRegDate=&eRegDate=&typeCode=&acConNo=&acConNoSubject=&infoTxt=#viewKey=CNTS-00093060311&viewType=C&category=%EB%8F%84%EC%84%9C&pageIdx=2&jourId=
https://www.nl.go.kr/NL/contents/search.do?resultType=&pageNum=1&pageSize=30&order=&sort=&srchTarget=total&kwd=%EB%8F%85%EC%84%B1%ED%95%99&systemType=&lnbTypeName=&category=&hanjaFlag=&reSrchFlag=&licYn=&kdcName1s=&manageName=&langName=&ipubYear=2000_2000&pubyearName=&seShelfCode=&detailSearch=&seriesName=&mediaCode=&offerDbcode2s=&f1=&v1=&f2=&v2=&f3=&v3=&f4=&v4=&and1=&and2=&and3=&and4=&and5=&and6=&and7=&and8=&and9=&and10=&and11=&and12=&isbnOp=&isbnCode=&guCode2=&guCode3=&guCode4=&guCode5=&guCode6=&guCode7=&guCode8=&guCode11=&gu2=&gu7=&gu8=&gu9=&gu10=&gu12=&gu13=&gu14=&gu15=&gu16=&subject=&sYear=&eYear=&sRegDate=&eRegDate=&typeCode=&acConNo=&acConNoSubject=&infoTxt=#viewKey=CNTS-00093060311&viewType=C&category=%EB%8F%84%EC%84%9C&pageIdx=2&jourId=
https://www.mfds.go.kr/brd/m_207/view.do?seq=14758&srchFr=&srchTo=&srchWord=&srchTp=&itm_seq_1=0&itm_seq_2=0&multi_itm_seq=0&company_cd=&company_nm=&page=1
https://www.mfds.go.kr/brd/m_207/view.do?seq=14758&srchFr=&srchTo=&srchWord=&srchTp=&itm_seq_1=0&itm_seq_2=0&multi_itm_seq=0&company_cd=&company_nm=&page=1
https://www.mfds.go.kr/brd/m_207/view.do?seq=14758&srchFr=&srchTo=&srchWord=&srchTp=&itm_seq_1=0&itm_seq_2=0&multi_itm_seq=0&company_cd=&company_nm=&page=1
https://impfood.mfds.go.kr/CFBDD06F02/getCntntsDetail?cntntsSn=492631
https://impfood.mfds.go.kr/CFBDD06F02/getCntntsDetail?cntntsSn=492631
https://impfood.mfds.go.kr/CFBDD06F02/getCntntsDetail?cntntsSn=492631
https://www.researchgate.net/publication/287855338_Alkaloids_from_Rhizoma_corydalis
https://www.researchgate.net/publication/287855338_Alkaloids_from_Rhizoma_corydalis

