
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 19, 2023

Opdateret DTU notat vedr. Matrine og Oxymatrine

Petersen, Annika Boye; Bennekou, Susanne Hougaard

Publication date:
2022

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Petersen, A. B., & Bennekou, S. H., (2022). Opdateret DTU notat vedr. Matrine og Oxymatrine, No. 21/1038362,
12 p., May 24, 2022.

https://orbit.dtu.dk/en/publications/f9b6eab3-f08b-4388-8df9-7ee6b0d0c102


DTU Fødevareinstituttet 

Fødevareinstituttet 

Kemitorvet 

Bygning 201 

2800 Kgs. Lyngby 

Tlf.   35 88 70 00 www.food.dtu.dk 

C
V

R
-n

r.
 D

K
 3

0
 0

6
 0

9
 4

6
  

Fødevareinstituttet 

9/11-2021/ 3/5 & 24/5-2022 

DTU DOCX: 21/1038362 

Opdateret DTU notat vedr.  Matrine og Oxymatrine 

Forespørgsel 
Fødevarestyrelsen har forespurgt DTU Fødevareinstituttet om evt. eksisterende til-
gængelig toksikologisk viden på de to ovenstående stoffer matrine og oxymatrine 
Stofferne er blevet klassificeret som pesticider i EU med virkning fra 2021, men har 
ikke været ansøgt eller godkendt hidtil. 
FVST har efterfølgende sendt relevant information omhandlende ovenstående stoffer 
indsendt i forbindelse med et EU-møde i 2022, som DTU bl.a. har anvendt til opdate-
ring af notatet. Den nye relevante information består af German Risk Assessment 
(udført af konsulentfirmaet RDA Scientific Consultant GmbH) samt en NL Risk As-
sessment (dossier fra firmaet Ruitenberg). BfR (Federal Institute for Risk Asses-
sment) har på opfordring indsendt valide kommentarer på DTU notat/vurdering af 3. 
maj 2022 samt indsendt yderligere oplysninger herunder information om igangsæt-
telse af de manglende forsøg til afdækning af det genotoksiske potentiale for matrine. 
BfR forventer at disse forsøg forlægger slut 2022. DTU´s vurdering af 3. maj 2022 er 
revideret på denne baggrund.  

Ingen originale studierapporter for forsøgene (herunder OECD guideline forsøg) har 
været tilgængelige for DTU, hvorfor vurderingen alene er baseret på informationen 
angivet i artiklerne og resume af studier heri. På den baggrund kan DTU ikke verifi-
cere compliance med OECD TG og GLP. 

Conclusion 
Based on the limited evidence and data found for quinolizidine alkaloids matrine and 
oxymatrine a concern is raised for possible human health effects. The currently avail-

able data are not sufficient to exclude a genotoxic potential. 

Further data is needed to elucidate the inherent toxicological properties of the sub-
stances in question and to exclude the possible human health effects indicated in the 
open literature. Matrine has been classified in EU as a pesticide for which a full data 
package is required. Matrine cannot be regarded as a low-risk active substance since 

https://en.wikipedia.org/wiki/Quinolizidine_alkaloids
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the available data found in the open literature raises concern with respect to human 
health. 

Background information: 
EU has classified matrine as a pesticide, whereby the application of the general 
value of 0.01 mg/kg according to Article 18, paragraph 1 letter b of Regulation EC 
396/2005 is applied. 
Since the beginning of July (2021), this general value of 0.01 mg/kg now also applies 
to oxymatrine, which was presumably triggered by a rapid alert. 
In addition, from now on, matrine and oxymatrine will be assessed with the general 

value of 0.01 mg/kg (0.01 ppm corresp.to 0.000001%). This value applies to both 
conventional and organic goods. 
Both substances are alkaloids that occur naturally in plants of the Sophora family. 
Sophora is a genus of about 45 species of small trees and shrubs of the pea family 
Fabaceae. 

Matrine and oxymatrine are also used as pharmaceutical agents and pesticides 
(however not in EU), among others, due to their insecticidal activity. Use as a pesti-
cide is not permitted in the EU, but both active ingredients are used as insecticides, 
particularly in Asia. 
(https://www.qsi-q3.com/oxymatrine-classified-as-pesticide-in-the-eu/) 

Toxicology of oxymatrine (CAS 16837-52-8) and matrine (CAS 519-02-8) 
Alkaloids are plant secondary metabolite. Compared with most other classes of natu-
ral compounds, alkaloids are characterized by a great structural diversity. Therefore, 
read across to other alkaloid is not straight forward and should be performed with 
caution. For example, just within the class of quinolizidine alkaloids, in which ox-
ymatrine and matrine belongs, five undergroups are mentioned in Wikipedia which 
related to differences in chemical structures. 

Oxymatrine (matrine oxide, matrine N-oxide, matrine 1-oxide) and matrine are quino-
lizidine alkaloid compounds extracted from the root of various Sophora species such 
as Sophora flavescens and Sophorae tonkinensis, both are Chinese herbs. Ox-
ymatrine is very similar in structure to matrine, which has one less oxygen atom. Ox-
ymatrine and matrine are the two major quinolizidine alkaloids found in radix S. 

tonkinensis and have long been regarded as the main active components contrib-
uting to the pharmacological properties of radix S. tonkinensis. 

The root itself contains mainly oxymatrine. It is assumed that oxymatrine is converted 
into matrine during treatment (4). 

https://www.qsi-q3.com/oxymatrine-classified-as-pesticide-in-the-eu/
https://en.wikipedia.org/wiki/Matrine
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Figure 1. Chemical structures of (A) oxymatrine and (B) matrine. 

In general, limited toxicological information seems to exist for these two substances. 
Neither matrine nor oxymatrine have been evaluated by WHO (JMPR or JECFA). 
No information was available for the two substances in the European Pharmaco-
poeia. 

The information found by search in the available open literature and the two addi-
tional risk assessments provided in 2022 (5,6) is shortly summarised below: 

Mode of action 
According to one source matrine acts on insects’ central nervous system causing 
breath inhibition and motion imbalance (9). As cited in (10) the mechanisms of action 
of matrine remain to be elucidated. Some studies have indicated that matrine exerts 
antinociceptive effects via the opioid receptors (Kamei et al., 1997), while other re-
ports have shown that it can increase cholinergic activation in the CNS rather than 
act on opioid receptors directly (Yin & Zhu, 2005). Oxymatrine has a similar effect to 
matrine, which occurs by affecting the calcium channel, GABA release (Lu, Yang, 
Deng, Wu, & Liu, 2015), and regulation of NR2B-containing NMDA receptor-
ERK/CREB signaling (Liu et al., 2012; Wang, Cao, et al., 2013; Wang, Li, Dun, Xu, 
Hao, et al., 2013; Wang, Li, Dun, Xu, Jin, et al., 2013) in neuropathic pain models. 

ADME and Acute toxicity 

Both oxymatrine and matrine are of moderate acute toxicity if swallowed based on 
CLH inventory; self-classification by the companies and listed LD50 values indicating 
low acute toxicity and eye irritation. However, details of matrine extract and alkaloid 
crude extract unclear and administration methods used sometimes unconventional or 
not stated or species tested not stated (5)). 
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Pharmacokinetic studies have shown that matrine has low oral bioavailability and 
short half-life in vivo (1,2,3,4), which could indicate a low potential for accumulation. 
As mentioned in the NL Risk assessment (6), Wang et al. (2017) performed an accu-
mulative toxicity study, the only study found addressing the question of accumulated 
effects of matrine and oxymatrine in time. Exposure to accumulative doses (increas-
ing doses in time relative to a pre-established LD50) of a Sophora extract with ana-
lysed (oxy-)matrine concentrations, did not lead to treatment related effects. How-
ever, the accumulative toxicity was only assessed by mortality rate and no other 
more sensitive parameters. 

It has also been reported that when given orally, the majority of oxymatrine is trans-
formed into the more absorbable metabolite matrine by intestinal bacteria in the gas-
trointestinal tract. By contrast, it was reported that only a small amount of oxymatrine 
is transformed into metabolite matrine following intravenous administration of ox-
ymatrine, as indicated by the area under the plasma concentration-time curve. These 
results indicates that the active metabolite matrine, originating from oxymatrine, may 
be the actual toxic substance in radix S. tonkinensis (1). 

Genotoxicity 
No data were found regarding genotoxicity tested on pure oxymatrine or matrine, ex-
cept the new in vivo Comet assay with matrine from 2021. 
A genotoxic potential was reported for Sophorae radix (SR extract5) from rat data. 
Sophorae radix is the dried root of Sophorae flavescens Aiton (Leguminosae). Prior 
studies of the metabolites from S. flavescens have reported on the isolation and 
structural determination of the chemical components, including alkaloids containing 
oxymatrine and matrine have,  flavonoids and other compounds. 

A negative Ames test with five strains TA98, TA100, TA102, TA1535 and TA1537 
(OECD 471, 1997), a positive in vitro chromosomal aberration study (OECD 473, 
1997) and negative in vivo bone marrow micronucleus test was conducted in mice 

5 Oxymatrine and matrine are the two major quinolizidine alkaloids found in the herb radix S. tonkinensis, and have long been 

regarded as the main active components contributing to the pharmacological properties of radix S. tonkinensis (another extract 

used for medical purposes in China) 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/flavonoids
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(OECD guideline 474, 1997) were available with exposure for Sophorae radix. Over-
all, it was concluded in the article that chromosome aberration in vitro6 indicated that 
the chromatid break and exchange significantly increased after treatment with SR ex-
tract with metabolic activation, suggesting that the SR extract might be considered to 
be a weak clastogen although no significant micronucleus induction was observed in 
vivo. It was however not clear from the article whether bone marrow exposure was 
documented. It was further stated that some alkaloids can produce DNA adducts, 
DNA cross-linking, DNA breaks, sister chromatid exchange, chromosomal aberra-
tions, gene mutations and chromosome mutations and some flavonoids can induce 
cellular DNA damage as pro-oxidant. Therefore, it is possible that the clastogenicity 

of the SR extract in the chromosomal aberration test might be related to the certain 
flavonoids and/or alkaloids in the SR extract although it cannot be concluded which 
components are responsible for the genotoxic properties of the SR extract (4). 

Sophora flavens7 was reported positive in vivo in a chromosomal aberration and mi-
cronucleus assays in mice performed in 1991, (13). The method and study design 
description in the article is very limited and not clear; compliance with any test guide-
lines is not stated. 

A new in vivo alkaline Comet Assay from 2021 (12) were performed claimed to be 
according to OECD TG 489 on male mice (five per dose). The genotoxic potentials of 
the water extract of Sophorae Radix (WSR) and matrine as a major compound were 
investigated in murine hepatocytes and blood cells using single-cell gel electrophore-
sis. The treatment doses of the WSR were 1,000 and 2,000 mg/kg body weight to in-
clude the limiting dose. The three test doses for matrine were 50, 100, and 200 
mg/kg, and the maximum dose was estimated from a dose range-finding test. The 
negative control and test articles were administered three times by oral gavage, and 
the positive control was administered twice. Within 3-4 h after the last treatment, the 
liver tissue and blood were collected, and single-cell electrophoresis was performed 
under alkaline conditions. The in vivo Comet assay showed no changes in body 
weights during the treatments with the test articles. The article concluded that WSR 
and matrine did not induce significant DNA damage in the liver and blood cells of 
mice compared to the vehicle treatment hence Matrine and the WSR did not show a 
genotoxic potential in the performed Comet assay. However, several critical issues 
(11) regarding the reliability of the Comet assay have been identified leading to seri-
ous doubts about the appropriateness of the test. Purity of substance tested is not

6 6 It was acknowledged, in a report of an ECVAM Workshop, that in vitro genotoxicity tests in mammalian cells, produce a high 

number of false-positive results. Kirkland, D et al. How to reduce false positive results when undertaking in vitro genotoxicity 

testing and thus avoid unnecessary follow-up animal tests: Report of an ECVAM Workshop. Mutat Res. 2007 Mar 

30;628(1):31-55. doi: 10.1016/j.mrgentox.2006.11.008. Epub 2007 Jan 13. PMID: 17293159.   

7 Sophorae radix is the dried root of Sophorae flavescens 
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stated in the article, lack of proof of bone marrow exposure which is a concern be-
cause of the known limited bioavailability. Furthermore, the tabulated data in the arti-
cle (12) shows a numeric dose-related increase, albeit this was not statistically signif-
icant with the test applied. However, the statistical methods used (Duncan's multi-
comparison method, Duncan's multiple comparison) does not meet the requirements 
set in OECD TG 489 for a group comparison with the concurrent control. In addition, 
a trend analysis is missing. No individual data are available for a re-evaluation and 
no historical control data were presented. 
A tissue from the initial site of contact (i.e., GI tract) should preferably be included in 
the in vivo testing. According to Annex 3 (current limitation of the Assay) in OECD TG 

489 it is stated that no inter-laboratory studies have been conducted in tissues other 
than liver and stomach. 

An in vitro micronucleus assay with SR extract (Cho et al, 2014) on CHL cells 
showed no significant increases of MN incidence in CHL cells in the absence or pres-
ence of the S9 mix. No information regarding OECD TG/GLP could be retrieved from 
the abstract (7). 

Considering the available data on genotoxicity showing both positive and neg-
ative results a genotoxic potential for Sophorae Radix (also containing ox-
ymatrine/matrine) and matrine cannot be ruled out. In addition, there is no in-
formation available regarding aneugenicity. 

As matrine is classified as an active substance data requirement applies. 
Elucidation of genotoxicity testing for a substance (not as a mixture) should cover the 
three genetic endpoints gene mutation and structural and numerical chromosome ab-
errations (clastogene and aneugene effects). 
OECD TG 471 (Ames test) and OECD TG 487 (in vitro mammalian cell micronucleus 
test) are considered sufficient to cover all three genetic end points being gene muta-
tion and structural & numerical chromosome aberrations under various regulatory 
frameworks. These two tests are reliable for detection of most of the potential geno-
toxic substances and further in vitro mammalian cell tests in the basic battery would 
significantly reduce specificity with no substantial gain in sensitivity (Scientific opinion 
on genotoxicity testing strategies applicable to food and feed safety assessment; 
EFSA Journal 2011;9(9):2379). 

Therefore, an OECD TG 471 and OECD TG 487 performed on matrine (pure) is out-
standing. 
BfR has informed DTU that these tests are expected to be performed at BfR in order 
to conclude on the genotoxic potential of matrine. 
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Repeated dose toxicity 
A recent systematic review article as well as other articles report possible liver tox-
icity, neurotoxicity and indications of potential reproductive and developmental tox-
icity, thereby limiting its clinical use in the future. The potential toxic mechanisms in-
volve the activation of receptor-mediated and mitochondrial-dependent apoptotic 
pathways, as well as the inhibition of the Nrf2 and ERK pathways (2).  
 
As cited in Longtai You et al. 2020 (2) matrine has been reported to exert neurotoxic 
effects. 

 

” Wang et al. reported that the half-lethal dose (LD50) of matrine administered by in-
traperitoneal injection in Kunming mice was 157.13 mg/kg. In addition, histopatholog-
ical observation showed that small softening foci were formed in the brain tissue of 

mice, and part of the nerve nuclei were necrotic or even broken, indicating that one of 
the main toxic target organs of matrine is the nervous system (Wang et al., 2010). A 

study showed that when given at doses of 10 and 40 mg/kg/day for 60 days, matrine 
inhibited the central nervous system of ICR mice, and impaired their balance and co-
ordination (Liang et al., 2015). Investigation of the relationship between matrine in-

duced neurotoxicity and oxidative stress in PC12 cells indicated that matrine induced 
high level of oxidative stress after treatment with graded concentrations of matrine (2-
8 mM) for 48 h, resulting in a reduction of SOD and an increase in ROS and MDA, as 

well as activation of the mitochondria-dependent apoptotic pathway (Shen et al., 
2017). 
In terms of reproductive toxicity, Luo et al. (2015) was the first to show that matrine 

(100-200 μM) suppressed mouse sperm function by reducing sperm [Ca2+]I and in-

hibiting the phosphorylation of ERK1/2. Moreover, further studies indicated that 
matrine (10 and 50 mg/kg/day for 30 days) inhibited mouse sperm function through 

the [Ca2+]-related mechanism via the CatSper channel, which is the main channel for 

controlling extracellular Ca2+ influx in mouse sperm (Luo et al., 2015; Luo et al., 
2016).”   
 
Based on in vivo and in vitro studies on matrine described further in Longtai You et 
al. 2020 (2) the below table and figure regarding toxicity and mechanism of matrine 
has been proposed (copied from Longtai You et al. 2020). 
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It was further concluded that the available data indicates that matrine-induced toxicity 
has an underlying mechanism similar to that of the pharmacological effects of 
matrine. Therefore, further studies are needed for a closer investigation of the rela-
tionship between the efficacy and toxicology of matrine (2). 

13-week oral study in rats (and 14 days range finding study)
A 14-day repeat-dose oral rat toxicity study was carried out to select the treatment
dose for the SR extract8 in the 13-week subchronic toxicity study (4). High-perfor-
mance liquid chromatography (HPLC) was performed to identify the active compo-
nents in the SR extract, and the results indicated that 42.7 mg/g of oxymatrine and
18.2 mg/g of matrine were present in the SR extract used in this study (10 mg
extract containing 0.182 mg matrine and 0.729 mg oxymatrine).  In a 14-day repeat-
dose oral toxicity study, healthy male and female F344 rats were divided into six
groups after quarantine and acclimatization. The hot water SR extract was adminis-
tered orally to rats (5/sex/group) at 125, 250, 500, 1000 and 2000 mg/kg bw/day for
14 days. The clinical signs and mortality of the rats were observed daily, and the
food/water consumption and body weights were recorded weekly during the study
period. No mortality or abnormal clinical signs were observed in either vehicle control
rats or rats treated with the SR extract. Effects on bodyweight, body weight gain were
observed in both sexes. After the 14-day observation period, the necropsy revealed a

8 
Sophorae radix (SR) is the dried root of Sophorae flavescens Aiton (Leguminosae) 
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significant increase in the absolute and relative liver weights of males treated with 
2000 mg/kg bw/day of the SR extract and in females treated with 1000 and 2000 
mg/kg bw/day of the SR extract. In the rats treated with the SR extract, the relative 
kidney weight significantly increased in males treated with 500, 1000, and 2000 mg/ 
kg and in females treated with 2000 mg/kg.  Based on the results of the 14-day re-
peat-dose oral toxicity study, the 1500 mg/kg bw/day does of the SR extract was se-
lected as the highest dose for the 13-week repeat-dose oral toxicity study. 

The 13-week repeat-dose oral toxicity study was performed according to the OECD 
test guideline 408 (OECD, 1998). The hot water SR extract was orally administered 
to F344 rats (10/sex/group) at 10, 35, 122, 429 and 1500 mg/kg bw/day for 13 
weeks, and the rats were observed daily for clinical signs and for mortality.  The body 
weights were measured every week during the study period, and at the end of the 
study, the rats were anesthetized with isoflurane one day after the final gavage, and 
blood was taken via the posterior vena cava. No death or abnormal clinical signs 
were observed during the experimental period. 

The body weights of males treated with >429 mg/kg bw/day and females treated with 
429 and 1500 mg/kg bw/day SR extract were also significantly lower than those of 
the respective control groups, even though these were not always significant at P < 
0.05. A significant decrease in the mean daily food intake was often, but not always, 
observed following treatment with 122, 429, and 1500 mg/kg bw/day SR extract in 
both males and females. In particular, the SR extract was observed to exert a signifi-
cant increase in significantly liver weight (in the four highest dose groups in both sex) 
along with an increase in serum alkaline phosphatase and alanine transaminase. The 
relative kidney weight was significantly increased at the highest dose only in both 
sexes. The histopathological findings showed that no dose-related symptoms could 
be attributed to the administration of SR extract in the sampled organs because most 
of the spontaneous changes were sporadic without dose-dependent trends.  A small 
but statistically significant reductions in red blood cell, hemoglobin, and hematocrit 
levels in the SR extract-treated rats suggest the possibility that anemia, accompanied 
by liver injury, was at least partially induced. 
These findings indicate the no-observed-adverse-effect-level for the SR extract was 
10 mg/kg bw/day. 

Another 90 days oral study on C57BL/6 male mice has been reported (1) with doses 
of 40.5 mg/kg oxymatrine, 69.1 mg/kg matrine and 40.5 mg/kg oxymatrine and 36.1 
mg/kg matrine and a control group. Effects on the liver (hepatoxicity9) was demon-
strated for all dose groups.  Furthermore, oxymatrine combined with matrine was ob-
served to be more toxic compared with oxymatrine or matrine alone. Due to the study 

9 Hepatotoxicity was evaluated by biochemical and histopathological approaches in subchronic toxicity in mice, as well as 

via evaluation of cytotoxicity and enzyme leakage in AML12 liver cells. 
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design no NOAEL could be established. In addition, the study design and results in 
the article are less well described and the concentrations used are not explicit de-
scribed as mg/kg bw/day. 

Case studies  
In the risk assessment from RDA (5), a summary from TCM 2005 includes 3 intoxica-
tion cases in China on children (9-12 years old) showing severe neurological effects 
(various movement disorders, mainly convulsions, followed by other uncontrolled 
movement, attributed to possible action of the herbal constituents on the basal gan-
glia). The amount ingested was between 30-40 g per day. 

Thus, for example, a 9-year-old boy was given the decoction of 40 grams of sophora 
root each day for three consecutive days for treatment of hepatitis B and suffered 
from these symptoms. 
An 11-year-old girl was treated with 40 grams of sophora root all in one dose, for 
sore throat and fever, and also suffered convulsions. 
A 12-year-old boy was given 30 grams of sophora per day for 7 days for treating a fa-
cial infection before he experienced these symptoms. 

Reference values 
The toxicological database for matrine/oxymatrine is too limited to make a conclusion 
on the toxicological properties and safety of the substances alone and no regulatory 
bodies has provided reference values. 

Matrine has been classified in EU as a pesticide for which a full data package is re-
quired unless matrine could be regarded as a low-risk active substance (hence possi-
bility for waiving of data). The data found in the open literature however indicates 
concern with respect to human health. 

Considering the available data on genotoxicity (which does not cover all genetic end 
points) showing both positive and negative results a genotoxic potential cannot cur-
rently be eliminated. The use of health-based reference values (ADI, ARfD) is there-
fore presently not a suitable parameter for risk characterization.  

Instead, the use of TTC concept10 for potentially genotoxic substances is proposed to 
perform a provisional risk assessment to determine the level of risk in term of geno-
toxicity after a given exposure. 

10 Since the presence of matrine in licorice root is most likely due to a food contamination (5, 11), a preliminary assessment us-

ing the TTC concept is proposed. Normally the TTC concept is not applicable to active substances for which substance specific 

data are required. In this case the TTC value for genotoxic substances is only used as an indicator to determine the level of 

risk in terms of genotoxicity. 
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A Threshold of Toxicological Concern (TTC) for potentially DNA-reactive genotoxic 
substances of 0.0025 μg/kg bw/day, (14). 

In silico data: 
In silico modelling performing in the Danish (Q)SAR Database revealed that both al-
kaloids matrine and oxymatrine were outside the applicability “domain” and therefore 
not reliable. The same applied for the Toxcast program (US EPA; CompTox Chemi-
cals Dashboard (epa.gov)). 

Conclusion 
Based on the limited evidence and data found for quinolizidine alkaloids matrine and 
oxymatrine a concern is raised for possible human health effects. The currently avail-
able data are not sufficient to exclude a genotoxic potential. 

Further data is needed to elucidate the inherent toxicological properties of the sub-
stances in question and to exclude the possible human health effects indicated in the 
open literature. Matrine has been classified in EU as a pesticide for which a full data 
package is required. Matrine cannot be regarded as a low-risk active substance since 
the available data found in the open literature raises concern with respect to human 
health. 

https://comptox.epa.gov/dashboard/dsstoxdb/results?search=16837-52-8
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=16837-52-8
https://en.wikipedia.org/wiki/Quinolizidine_alkaloids
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