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Abstract. Semen Strychni (family Loganiaceae) has a
long-standing history of cultivation in South Asia. The medic-
inal value of Semen Strychni has attracted extensive attention
due to its potential efficacy in the intervention of nervous
system diseases, anti-arrhythmia, analgesia, anti-inflammation
and antitumor fields. However, research on its pharmacological
effects are predominantly limited to in vitro experiments,
and a systematic pharmacological exploration of different
extracts and monomer compounds from Semen Strychni is
lacking. Additionally, notable safety risks exist both before
and after the processing of Semen Strychni, thus its clinical
application and toxicity mechanisms require further in-depth
analysis. The present review comprehensively evaluated the
latest research progress on the traditional medicinal history,
chemical composition analysis and pharmacological activity of
Semen Strychni, and aimed to provide a systematic theoretical
reference for the follow-up basic research of Semen Strychni
and its industrial application in the pharmaceutical field.
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1. Introduction

Semen Strychni refers to the dried seeds of the Strychnos
nux-vomica tree of the Loganiaceae family. There are 190
species of the genus Strychnos worldwide. It is widely
distributed in tropical and subtropical regions. Phytochemical
studies have found that the main compounds of Strychnos
nux-vomica are iridoid glycosides (1), polysaccharides (2),
phenolic glycosides (3) and alkaloids (4). Modern pharmaco-
logical studies have shown that the compounds and extracts
of Semen Strychni have a variety of biological activities, such
as nervous system (5), orthopedic (6), antibacterial (7) and
antitumor (8,9) activities. However, pharmacological studies
on the traditional uses of these compounds and extracts are
currently limited; further studies are required to investigate
the clinical application and toxicity of Semen Strychni. The
present review summarized the latest research progress on the
chemical components, pharmacological activities and toxicity
of Semen Strychni, and aimed to provide theoretical basis for
further research on Semen Strychni and its application in the
pharmaceutical industry.

The present review comprehensively evaluated the latest
research progress on the traditional medicinal history,
chemical composition analysis and pharmacological activity
of Semen Strychni. For this purpose, the VIP, Wanfang, CNKI,
ACS, Science Direct, Web of Science, Cochrane library,
PubMed and CNKI databases were searched for relevant
literature. The search terms included ‘Semen Strychni’,
‘isolation’, ‘phytochemistry’, ‘pharmacology’, ‘toxicology’
and ‘mechanism of action’. In total, >120 articles describing
the phytochemistry, pharmacology and toxicology of
Semen Strychni were reviewed.

2. Phytochemistry

Alkaloids. Semen Strychni contains a variety of chemical
components, including alkaloids, glycosides and terpenoids
(Fig. 1). Among the chemical components of Semen Strychni,
alkaloids (10-15) are the key components, among which
monoterpene indole alkaloids have the highest content; their
structure is novel, and they are highly similar. Strychnine
and brucine are the main active and toxic components of
Semen Strychni, which is also a representative indole alkaloid
in this genus.
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Non-alkaloids. There have been numerous literature reports
on the isolation of alkaloids from Semen Strychni; however,
reports on the extraction and separation of non-alkaloids
from Semen Strychni are limited (10-15). The present
review introduces the non-alkaloid chemical composition of
Semen Strychni.

Glycosides. Six glycosides have been found in Semen
Strychni which are: Loganin, sinoside A, sinoside B, icajine,
lanatoside and daucosterol. Loganin is a common iridoid
glycoside extracted from Semen Strychni (16). It is a key
intermediate in the synthesis of indole alkaloids (17).

Steroids and terpenoids. At present, the steroids found
from Semen Strychni include p-sitosterol. Terpenoids
identified include a-balsamol and 5,6-isoprenol (18).

3. Pharmacology

To date, researchers have revealed the biological activities
of extracts or compounds from Semen Strychni (19), among
which the anti-inflammatory and analgesic effects are similar
to those of traditional uses (20). Semen Strychni is often
used for fall injury, fracture swelling and pain, rheumatic
diseases and stubborn arthralgia in the application of tradi-
tional Chinese medicine (TCM) (21). In addition, further
novel pharmacological activities have been identified, such
as immunomodulatory, antiarrhythmic and nervous system
effects (Table I).

Nervous system effects. Semen Strychni and its active compo-
nents (brucine and strychnine) has been reported to promote
functional recovery following spinal nerve root injury (22).
Previous transcriptome demonstrated that Semen Strychni and
its active components initiated transcriptional reprogramming
that affected cell morphology and extracellular matrix remod-
eling of dorsal root ganglia after spinal nerve root injury,
suggesting its potential role in promoting axon regeneration.
The imaging data further confirmed that Semen Strychni and
its active components promoted axon regeneration in mice
with spinal nerve root injury. By integrating protein-protein
interaction prediction, ultrastructural protein detection and
molecular docking analysis, myeloperoxidase was identified
as the key factor in the axonal regeneration effect conferred by
strychnine and its active components (23).

The y-maze test, passive avoidance test and Morris water
maze test were adopted to explore the influences of active
components of Semen Strychni on learning and memory
dysfunction in mice. In terms of latency, Semen Strychni
significantly inhibited acetylcholinesterase activity in the
hippocampus and frontal cortex, memory impairment was
significantly improved in the Semen Strychni treatment group,
compared with control mice (24).

Abirritation. Brucine is the active ingredient of Semen Strychni
for its analgesic properties; its advantage is that it has a
notable analgesic effect without drug dependence. It was
previously demonstrated that treatment with brucine treat-
ment significantly inhibited pain responses elicited by thermal
and mechanical stimuli, which was achieved by establishing
acute and chronic pain models in mice. In addition, brucine
was shown to reduce thermal hypersensitivity and mechanical

allodynia in a mouse model of chronic contractile injury (25).
Extracts of Semen Strychni have been shown to exert consider-
able analgesic effects in writhing and hot plate tests in mice
and tail bath test in rats (20). A previous study found that
brucine effectively relieved pain caused by related stimuli and
combat lipid peroxidation in a variety of artificial animal pain
and inflammation models (26).

Anti-inflammatory effects. Semen Strychni exerts potent
anti-inflammatory and analgesic effects. The anti-inflam-
matory effect of brucine has been demonstrated by using it
in combination with liposome emulsion gel as a potential
nanocarrier (27). Furthermore, a previous study reported that
a nano-emulsion based on cinnamon oil may be a promising
drug delivery carrier to enhance the anti-inflammatory and
analgesic effects of brucine (28).

Brucine faces several challenges that impede its clinical
translation, including inherent hydrophobicity, poor perme-
ability, a narrow therapeutic window, a short half-life and
high toxicity. To address these issues, another research effort
focused on developing and evaluating a novel hydrogel formula-
tion: B-cyclodextrin ($-CD) nano sponges (BRUNSs) hydrogel,
loaded with brucine and integrated with rosemary essential oil
(RO) (29). This optimized formulation was designed to achieve
sustained drug release, improve skin permeability, mitigate
irritation and preserve the antioxidant and anti-inflammatory
bioactivities of the active components. First, BRUNs were
prepared by a melting technique and comprehensively char-
acterized. The in vitro results revealed that brucine in BRUNs
achieved delayed release within 24 h by a molecular diffusion
mechanism. In addition, the anti-inflammatory and antioxidant
potential of the bioactivity observed in BRUNs was preserved.
The results demonstrated that the nano sponges hydrogel with
RO further delayed the release of brucine under the Fickian
mechanism. The significant enhancement of skin permeability
and preservation of anti-inflammatory activity were observed
in BRUNs hydrolysate containing RO. It was found that the
irritation caused by brucine was reduced by half when it was
coated with nano sponges (29).

High performance liquid chromatography (HPLC)-tandem
mass spectrometry (MS/MS) analysis was previously used
to confirm whether the combination of Semen Strychni and
Rhizoma Atractylodis macrocephalae could reduce the
toxicity content of Semen Strychni (26). Arthritis fibroblasts
(MHT7A cells) were stimulated with interleukin (IL)-1f to
investigate the effects of Rhizoma Atractylodis macro-
cephalae and Semen Strychni on the Toll-like receptor 4
(TLR4)/NF-kB/NLR family pyraline-containing domain
containing 3 (NLRP3) pathway, to verify its role in the treat-
ment of rheumatoid arthritis. The results revealed that the
combined application of the extracts from Semen Strychni
and Rhizoma Atractylodis macrocephalae detected by
HPLC-MS/MS were able to reduce the toxicity content of
Semen Strychni. The combined use of Semen Strychni and
Rhizoma Atractylodis macrocephalae extract promoted the
apoptosis of synovial cells and inhibited the expression of
TLR4, NF-«kB and NLRP3 (30).

Semen Strychni was preivously shown to exert a signifi-
cant inhibitory effect on foot swelling in rats with adjuvant
arthritis (AA). Its total alkaloids, administered at doses of
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Figure 1. Chemical structure of the compounds from Semen Strychni.

6.25-25 mg/kg, exert an anticholinergic effect during AA
progression in the rats, which was manifested by a marked
reduction in foot swelling degree and polyarthritis index
levels, as well as alleviation of joint pathological damage.
Mechanistically, the therapeutic effect of Semen Strychni may
be associated with the suppression of inflammatory mediator
release, evidenced by decreased levels of IL-1, prostaglandin

E2 (PGE2), IL-6 and tumor necrosis factor oo (TNF-a) in rats
with AA (Fig. 2) (31-33). The analgesic and anti-inflammatory
mechanisms of brucine and brucine N-oxide share some
similarities; both can act on central and peripheral nerves,
inhibit the release of PGE2 in inflammatory tissues, reduce
vascular permeability and the content of 5-hydroxytrypta-
mine in plasma of arthritis rats and increase the content of
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Table I. Pharmacological effects of Semen Strychni.

Pharmacological
action

Diseases

Mechanism of action (Refs.) Achievement (Refs.)*

Nervous system

Abirritation

Anti-inflammatory

Antineoplastic

1. Spinal nerve root
2. Learning and
memory disorder

Acute chronic pain

1. Rheumatic arthritis
2. Adjuvant arthritis

MM

. Liver cancer

. Lung cancer

. Intestinal cancer
. Breast cancer

. Cervical cancer
. Gastric cancer

. Skin cancer

. Others

1. Myeloperoxidase may be a key factor in

the axonal regeneration effect conferred

by Strychnine and its active components

for functional recovery after spinal nerve

root injury (23).

2. Significantly inhibits acetylcholinesterase
activity in hippocampus and frontal cortex (24).

Significantly inhibits the pain response caused by
thermal and mechanical stimulation, reduce the
heat allergic reaction and mechanical allodynia

in chronic contractile injury; effectively
relieves the pain caused by related stimuli, and
at the same time, it can resist the lipid
peroxidation of the body (20,25,26).

1. The combination of extracts of Strychnine
and Atractylodes can promote the apoptosis of
synovial cells and inhibit the expression of
TLR4, NF-xB and NLRP3 (30).

2. The release of mediators that inhibit inflam-
mation reduces levels of IL-1, PGE2, IL-6 and
TNF-a (31-33).

1. Inhibits osteoclast differentiation and
promotes osteoclast apoptosis;
Phosphorylation of c-Jun; downregulating

the mRNA expression of stat3 and stat5

and inhibiting the JAK-STAT signaling
pathway (37-41).

2. Inhibition of transcription of HIF-1 targeted
genes involved in metastasis of HCC cells.
Cell contraction, vesicle formation, and
apoptosis were induced (43,44).

3. Leads to cell lysis and induces apoptosis of
lung cancer cells. Arrest the cell cycle (46,47).
4. Inducing the apoptosis of colon cancer
cells, this effect is concentration- and time-
dependent within a certain dose range. The
phosphorylation signaling pathways of KDR,
PKCa, PLCy-1 and Rafl are downregulated.
Results in cell atrophy and membrane
depression, resulting in changes in cell
morphology and DNA. By up-regulating

Bax and down-regulating Bcl-2, it affects the
cell cycle and induces apoptosis, thereby
inhibiting the growth of colon cancer (48-53).
5. Reducing the expression of VEGF and
COX-2 proteins; suppressing the activities

of MMP-2 and MMP-9; suppressing
parathyroid hormone-related protein/ mRNA
expression (56-61,64-66).

6. It negatively regulates the PI3K/Akt/mTOR
pathway (72).

Liposome emulsion
gels wereused in
combination as
potential
nanocarriers (29).

2. Brucine and
strychnine
transdermal
transporter (BSTE),
which can be taken
up by hepatocellular
carcinoma cells

in vitro and

inhibit their
proliferation (45).
5. The synthesized
BRU-AuNPs have
the potential to be
an efficient targeted
delivery system

for breast cancer
therapy (63).

8. Preparation of a
strychnine loaded
transporter liposome
(STCN-TL) for use
in skin delivery to
treat skin cancer
agents (77).
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Pharmacological
action

Diseases

Mechanism of action (Refs.)?

Achievement (Refs.)*

Immunoregulation

Cardiovascular
system

Other applications

1. Delayed type
hypersensitivity
2. Myasthenia gravis

1. Arhythmia
2. Myocardial
preservation

1. Anti-malaria

2. Blood system

3. Bacteriostatic
action

4. Antidiarrheal effect
5. Pharmacodynamics

7. The effect of brucine on the behavior and
ferroptosis of gastric cancer cells is related

to the inhibition of NF-«xB signaling pathway (73).
8. The upregulation of Bax protein expression
and downregulation of Bcl-2 protein

expression regulated by the pathway inhibited
the growth of melanoma cells in a concentration-
dependent manner (74-76).

9. Inhibition of mitochondrial apoptosis signaling
pathway leads to apoptosis of prostate cancer
cells. The up-regulation of ATF3 promotes
intracellular H,O, accumulation and induces
TFR-regulated iron overload leading to glioma
cell death (83,84).

1. Brucine can regulate the nonspecific immune
function of mice in a dose-dependent and
functionally dependent manner when the
effective dose of brucine is within the range of
analgesia (85).

2. Reduced the level of AChRAb and regulated
the content of TGF-f1, thereby maintaining the
dynamic balance between immune activation
and immune suppression (86).

1. The action potential has a significant effect
and has a certain antagonist effect on
arrhythmia (47).

2. The protective effect on myocardium may be
related to the activation of TNF-o and IL-6
signaling molecules (87).

1. Exhibited ICy, values in the high nanomolar/low
micromolar range (89).

2. Regulates the balance of bax/bcl-2, releases
cyb-c, and activates caspase-9 and caspase-3,
thereby inhibiting the proliferation of human
chronic myeloid leukemia kcl-22 cells.The
inhibition of Bcl-2 is related to the activation of
Bax (91,92).

3. different concentrations of Strychnine were
active against all tested microorganisms. (93,94)
5. Uptake and intestinal permeability in

intestinal models, and showing a clear concen-
tration dependent transport, Strychnine may be an
inhibitor of P-glycoprotein. Due to its high brain
permeability, it is important to strictly control the
clinical dosage and production quality of
biotracheal capsules to avoid side effects and
obtain good therapeutic effects (98).

4. Preventive effects
of Strychnos nux-
vomica homeopathic
preparation on
diarrhea in foals (95).
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Table I. Continued.

Pharmacological

action Diseases Mechanism of action (Refs.) Achievement (Refs.)*

Clinical test 1. Semen Strychni alone is effective, safe and
reliable in the treatment of ankylosing
spondylitis (99).

2. Roasted Semen Strychni capsule may be
related to regulating IncRNAXIST, promoting
miR-96-5P/FN1 expression and inhibiting

p-FAK-mediated neuroinflammation (100).

1. Ankylosing
spondylitis

2. Bortezomib
induced peripheral
neuropathy

*The numbered text in the columns pertains to the condition in the column ‘Diseases’ allocated the same number. TLR4, Toll-like receptor 4;
HCC, hepatocellular carcinoma; BRU-AuNPs, brucine-loaded gold nanoparticles; ATF3, activating transcription factor 3.
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Figure 2. Schematic diagram illustrating the mechanistic pathway of brucine in the treatment of adjuvant arthritis. The figure was created using BioGDP
(https://biogdp.com/).

5-hydroxyindole-3-acetic acid to exert anti-inflammatory
functions (34). However, it has been reported that brucine
N-oxide is more effective than brucine in inhibiting the foot
swelling induced by diagonal carrageenan in rats (35).
Allergic rhinitis is a type 2 inflammatory disease caused
by airborne allergens, which is mediated by immunoglobulin
E in the nasal mucosa and forms an inflammatory infiltrate
containing eosinophils and T cells. These cells secrete

granular proteins, cytokines and chemokines, which trigger
clinical symptoms. However, the effect of brucine on allergic
rhinitis has not been clearly defined. Allergic rhinitis was
previously induced in mice by injecting them with ovalbumin,
which was preceded by administration of brucine and dexa-
methasone; the mechanism by which brucine exerts its key
defensive role was thus discovered. It was found that malondi-
aldehyde (MDA) levels were decreased, and the activation of



Bzl SPANDIDOS
7] .§, PUBLICATIONS

cytoplasmic signal transducer and activator of transcription 3
(Stat3) and NF-kBp65 pathways were inhibited by regulating
anti-inflammatory cytokines. Brucine alleviated symptoms,
such as enlarged goblet cells, basal vascular congestion,
increased cilia shedding and improved eosinophil filtration in
a mouse model (36).

Antitumor effects. Due to increasing pharmacological research
interest, Semen Strychni has been found to exert potent inhibi-
tory effects on liver, lung, bowel and breast cancer in recent
years.

Effects on bone metabolism. Multiple myeloma (MM) is
a cell line malignant tumor characterized by a large number
of malignant plasma cells in the bone marrow accompanied
by extensive osteolytic lesions. Bone destruction is one of the
prominent clinical manifestations.

The efficacy of brucine against MM has been investigated,
using the U266 MM cell line, which demonstrated that brucine
exerts a pro-apoptotic effect on these cells (37,38). To evaluate
the impact of brucine on MM cell proliferation, researchers
employed the MTT assay, a common method to assess cell
viability, on cultured U266 cells. The results indicated that
the inhibitory rate of brucine on MM cell proliferation, across
varying concentrations, exhibited a certain time-dependent
association. Furthermore, mechanistic analyses revealed that
brucine induced U266 cell apoptosis via the c-Jun N-terminal
kinase (JNK) signaling pathway and the phosphorylation of
c-Jun, a subunit of the activator protein-1 (AP-1) transcrip-
tion factor (39,40). Another study demonstrated that brucine
inhibited the proliferation of multiple myeloma U266 cells
by downregulating the mRNA expression of Stat3 and Stat5
and inhibiting the Janus Kinase (JAK)-STAT signaling
pathway (39).

Additionally, accumulating evidence suggests that the
anti-myeloma mechanism of brucine may be associated with
osteoclasts. Studies focusing on the osteogenic precursor cell
line, MC3T3-El, and the MM cell line, U266B1, have further
confirmed that brucine can markedly suppress osteoclast
differentiation and induce osteoclast apoptosis (40,41).

The mechanism of Semen Strychni in the treatment of
MM may involve its antiproliferative and cytotoxic effects;
Semen Strychni was previously used to treate the human MM
cell line RPMI 8226; Semen Strychni inhibited cell prolif-
eration in a concentration- and time-dependent manner. In
addition, the disruption of mitochondrial membrane potential
and subsequent leakage of mitochondrial cytochrome ¢ were
observed in MM (42).

Liver cancer. In HepG2 and SMMC-7721 hepatocellular
carcinoma (HCC) cell lines, brucine was found to suppress the
transcription of hypoxia-inducible factor 1 target genes asso-
ciated with HCC cell metastasis. This inhibitory effect was
accompanied by reduced levels of fibronectin, matrix metal-
lopeptidase (MMP) 2, lysyl oxidase and cathepsin D, thereby
impeding cancer metastasis (43). Another study demonstrated
that brucine also inhibited the proliferation of HepG2 cells by
inducing cell shrinkage, vesicle formation and apoptotic body
formation (44). Moreover, brucine significantly decreased
the expression of cyclooxygenase-2 (COX-2), but increased
the expression of caspase-3 and the activity of caspase-3-like
protease in HepG?2 cells (44).
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A separateresearch effortaimed todevelop abrucine-strych-
nine transdermal delivery system (BSTE) capable of being
internalized by HCC cells and inhibiting their proliferation
in vitro (45). The central composite design-response surface
methodology was adopted to optimize the BSTE formulation.
Dynamic dialysis and Franz diffusion cell methods were used
to investigate the in vitro release and percutaneous permea-
bility of BSTE, while fluorescence microscopy combined with
flow cytometry was applied to analyze the in vitro cellular
uptake of the delivery system. Cytotoxicity was evaluated via
MTT assay. The results indicated that BSTE exhibited supe-
rior transdermal performance compared with free brucine and
strychnine. From the in vitro experiments, it was found that the
optimized BSTE formulation was internalized by HCC cells,
enabling sustained release of active ingredients and providing
long-term effective inhibition of cell proliferation. That
study provided novel insight for the development and clinical
translation of brucine and strychnine-based formulations (45).

Lung cancer. Brucine has been shown to exerts effects on
the map kinase kinase 7 (MKK?7) gene in lung cancer cells.
Specifically, MKK7 kinase activates the JNK gene, which
in turn triggers the production of the transcription factor
AP-1. Subsequently, the Fas gene (a member of the tumor
necrosis factor receptor superfamily) and the Fas-associated
death domain protein gene undergo alterations, driven by the
activation of the Fas-mediated death receptor pathway. These
changes induce intracellular Ca** fluctuations, ultimately
resulting in lung cancer cell lysis and apoptosis induction
(Fig. 3) (46). Furthermore, a previous study also found that the
mechanism of brucine in the treatment of lung cancer may cell
cycle arrest and the expression of related genes. Brucine can
significantly inhibit the proliferation of human lung cancer cell
line PC-9, and the mechanism is mainly related to cell cycle
arrest by downregulation of cyclin D1 and cyclin E expression
levels (47).

Intestinal cancer. Semen Strychni was previously shown
to exert a potent inhibitory effect on HT-29 human colon
cancer cells; the inhibitory capacity was enhanced in a
concentration-dependent manner with the increasing brucine
concentrations (48). At a concentration of 250 ymol/l, brucine
induced cell cycle arrest at the G,/S/G, phases and impaired the
activity of HT-29 cells in the G, phase. When administered at
concentrations of 125,250 and 1,000 gmol/l, brucine downregu-
lated the expression of the B-cell lymphoma/leukemia-2 (Bcl-2)
gene, while upregulating the expression of the tumor suppressor
p53, as well as caspase-3, poly ADP-ribose polymerase (PARP)
and caspase-9. These findings indicate that brucine can hinder
cell proliferation and the cell cycle progression of the HT-29
cell line, promote the loss of extracellular MMPs, and induce
apoptosis by regulating the expression of tumor suppressor (48).

In another study, in rats treated with dimethyl-hydroxy-
anthracene (DMH), elevated levels of MDA and reactive
oxygen species (ROS), increased the activity of cytochrome
P4500-2E1 and higher levels of the serum marker enzyme
carcinoembryonic antigen (CEA) were observed (49).
Additionally, the expression of inflammatory and proliferative
proteins was upregulated. DMH treatment also downregulated
the expression of nuclear factor erythroid 2-related factor 2
and NF-«kB. Notably, brucine treatment restored the activities
of CEA and cytochrome P450-2E1, blocked the expression of
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Figure 3. Schematic diagram illustrating the mechanistic pathway of brucine in the treatment of lung cancer cells. The figure was created using BioGDP

(https://biogdp.com/).

inflammatory and proliferation markers, and prevented the
development of DMH-induced colon cancer in rats (49). In
the regulation of cell proliferation and apoptosis, an essential
feature of tumor cells is the blockade of the apoptotic pathway,
whereby the cell cycle dysregulated and uncontrolled prolifera-
tion is achieved (50). Brucine can effectively interfere with this
pathological process, by breaking the molecular pathological
balance of tumor apoptosis escape and restarting the endog-
enous apoptosis pathway of cancer cells. Brucine can block the
abnormal proliferation of cancer cells at the molecular level
and reverse the pathological state of cell cycle disorder.

Semen Strychni can inhibit the growth of SW480 colon
cancer cells. Specifically, in SW480 colon cancer cells, brucine
exerts its antitumor effect by mediating apoptosis through the
IL-6/Stat3 pathway: It inhibits the phosphorylation of Stat3,
upregulates Bcl-2 associated X protein (Bax), downregulates
Bcl-2 and increases the expression of cleaved DNA repair
enzyme PARP (Fig. 4) (51).

Angiogenesis plays a critical role in colon cancer devel-
opment. As previously demonstrated, brucine significantly
reduced the angiogenesis of chicken chorioallantoic membrane
and tube formation, inhibited the vascular endothelial growth
factor (VEGF) secretion and mammalian target of rapamycin
(mTOR) expression in LoVo cells and downregulated the
mRNA and phosphorylation protein expression of kinase
insertion domain receptor (KDR), protein kinase ¢ (PKC),
phospholipase C (PLC) and raf protein kinase(Rafl). These
results suggest that brucine can inhibit the growth of LoVo
cells by inhibiting angiogenesis (52).

Investigations into the impact of brucine on cell viability,
the cell cycle and apoptosis have revealed that it exerts a
potent growth-inhibitory effect on LoVo colorectal cancer
cells. The underlying mechanism is hypothesized to involve
brucine-induced cell atrophy and membrane depression,
which further trigger alterations in cell morphology and
DNA (53). Specifically, brucine significantly impairs LoVo
cell viability, suppresses colony formation and induces apop-
tosis. It also inhibits LoVo cell migration in a dose-dependent
manner; western blot analysis confirmed that this migra-
tion-inhibitory effect is linked to reduced expression of
MMPs, including MMP2, MMP3 and MMP9. Additionally,
brucine treatment was shown to downregulate the expres-
sion of frizzled homolog 8§, ingless type MMTYV integration
site family member 5A (Wnt5a) and antigen-presenting cell,
while upregulating the expression of axis inhibition protein 1
(AXINI). Simultaneously, brucine reduced the phosphoryla-
tion levels of low-density lipoprotein receptor-related protein 5
and 6, as well as glycogen synthase kinase 3, and elevated
the phosphorylation level of B-catenin. In a nude mouse
xenograft model study, the oral administration of brucine was
found to inhibit the growth and migration of LoVo cells by
activating AXIN1 and promoting B-catenin phosphorylation.
Collectively, these findings indicate that brucine can suppress
colorectal cancer migration both in vitro and in vivo, with its
efficacy associated with the inhibition of the Wnt/fB-catenin
signaling pathway (54). Furthermore, it has been verified that
both brucine and strychnine exert targeted inhibitory effects
on colon cancer proliferation in vitro and in vivo, which holds
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Figure 4. Schematic diagram illustrating the mechanistic pathway of brucine in the treatment of colon cancer cells. The figure was created using BioGDP

(https://biogdp.com/).

significant value for their future development and application
as antitumor drugs for colon cancer (55).

Breast cancer. Breast cancer is the most prevalent malig-
nant tumor among women. Relevant studies have indicated
that the inhibitory mechanism of brucine against breast
cancer is associated with protein regulation. Previously,
utilizing methods such as MTT assay, researchers evaluated
the inhibitory effects of brucine on the proliferation of the
human breast cancer cell line, MDA-MB-231, and the experi-
mental results suggested that brucine may effectively suppress
angiogenesis in breast cancer cells in vitro (56) Specifically,
it downregulates the expression of proteins including VEGF,
VE-cadherin, erythropoietin-producing hepatocellular A2,
MMP9 and MMP?2, thereby inducing apoptosis (56). Another
study proposed that brucine exerts therapeutic effects on
breast cancer by inhibiting vasculogenic mimicry (57), while
a separate investigation found that the combination of brucine
and gemcitabine yields enhanced efficacy in treating MCF-7
breast cancer (58).

A further mechanism of brucine in inhibiting the growth
of breast cancer xenografts and tumor neovascularization may
involve reducing the expression of VEGF and COX-2 proteins,
which was demonstrated by immunohistochemical staining
with the streptavidin-peroxidase (59). Another study aimed
to explore the impact of brucine on VEGF expression and
microvessel density (MVD) in nude mice with breast cancer
bone metastasis. It was observed that VEGF expression in
the brucine-treated groups (both high and low doses) and the

thalidomide-treated group was significantly lower compared
with that of the model group, with no significant difference
between the high-dose brucine group and the thalidomide
group, but notable differences between the high and low-dose
brucine groups. Additionally, VEGF expression levels in
the low and medium-dose brucine groups were significantly
higher compared with the thalidomide group. Regarding
MVD, values in all three treatment groups (low, medium,
high-dose brucine) were significantly lower compared with the
model group; no significant difference was found between the
medium/high-dose brucine groups and the thalidomide group,
while the low-dose brucine group exhibited significantly
higher MVD than the thalidomide group. These findings
suggest that brucine can inhibit the growth of breast cancer
bone metastases, potentially through suppressing tumor
angiogenesis (60).

Researchers have also confirmed via microscopy and other
techniques that brucine exerts a dose-dependent inhibitory
effect on the growth of human triple-negative breast cancer
MDA-MB-231 cells (61). Furthermore, brucine can trigger a
cellular stress response in MDA-MB-231 tumor cells and act
as an inducer of immunogenic cell death, thereby enhancing
tumor treatment efficacy (62). Gold nanoparticles (AuNPs)
serve as ideal carriers for targeted therapy, given their excellent
optical and physical properties, which enable precise delivery
of drugs to cancer cells while minimizing adverse side effects.
A previous study focused on synthesizing and characterizing
brucine-loaded gold nanoparticles (BRU-AuNPs) to evaluate
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their antioxidant and apoptotic mechanisms for targeted
breast cancer therapy demonstrated that BRU-AuNPs reduced
MCF-7 cell viability in a concentration-dependent manner
with an IC;, value of 11.47 pg/ml. Treatment with BRU-AuNPs
disrupted the antioxidant balance, increased ROS production,
depolarized mitochondrial membranes and induced apoptosis.
Therefore, these synthesized BRU-AuNPs hold potential as an
efficient targeted delivery system for breast cancer treatment,
capable of delivering brucine directly to tumor cells while
reducing side-effects and improving therapeutic outcomes (63).

It has also been demonstrated that strychnine inhibits
the metastasis of triple-negative breast cancer cells by
reversing epithelial-mesenchymal transition and suppressing
the activities of MMP-2 and MMP-9 (64). In another inves-
tigation, Transwell assays, in vitro bone resorption assays
and enzyme-linked immunosorbent assays were used to
evaluate an established bone resorption cell model. The
results indicated that strychnine can reduce the migration
of MDA-MB-231 cells and inhibit the receptor activator of
nuclear factor-kB ligand (RANKL)-induced bone resorption
process in RAW264.7 cells in a dose-dependent manner (65).
Furthermore, the transdermal administration of strychnine
was found to effectively inhibit breast cancer xenografts; its
mechanism may involve preventing osteoclast differentiation
by suppressing parathyroid hormone-related protein/mRNA
expression, ultimately inhibiting the growth of breast cancer
bone metastases (66).

Bevacizumab (Avastin®) was the first anti-VEGF mono-
clonal antibody developed to inhibit angiogenesis, and it was
quickly approved by the US Food and Drug Administration in
2008 for the treatment of patients with metastatic breast cancer;
however, it was not as effective as in preclinical studies (67).
Clinical studies suggest that the expression level of VEGF in
serum of patients with breast cancer is significantly higher
than that of healthy people, and it is closely related to tumor
stage, lymph node metastasis and prognosis, which is clinically
recognized as a potential target for breast cancer treatment (68).

VEGEF is a key target of Semen Strychni in its mechanism
of action against breast cancer. In the regulation of tumor
invasion and metastasis, the process of tumor growth, inva-
sion and metastasis requires VEGF to induce angiogenesis
in vivo; reducing the expression of VEGF can achieve the
purpose of tumor inhibition (69). Semen Strychni and its active
components can directly downregulate the transcription and
expression level of VEGF in breast cancer cells, inhibit the
proliferation, migration and tube formation of vascular endo-
thelial cells, block the blood supply of breast cancer tissue,
reduce the nutrient uptake and metabolism of tumor cells and
then inhibit the growth of primary breast cancer and distant
metastasis. This effect has been verified in breast cancer cell
lines and animal models of transplanted tumors (70).

Cervical cancer.Cervical cancer is the most prevalent malig-
nant tumor in gynecology, and its incidence has been on the rise
among young populations in recent years. Using a combination
of experimental methods including CCK-8, Transwell invasion
assay, reverse transcription-qPCR and western blotting, it previ-
ously was demonstrated that brucine exerts anti-proliferative,
anti-migratory and anti-invasive effects on cervical cancer cells
by upregulating the expression of microRNA-34a-5p, thereby
achieving its antitumor activity (71).

Additionally, it has been found that brucine can inhibit
inflammatory responses, suppress cell proliferation, reduce
mitochondrial membrane potential and induce apoptotic cell
death. This series of biological effects is hypothesized to be
mediated by the downregulation of the PI3K/AKT/mTOR
signaling pathway (72), which further supports that brucine
possesses certain therapeutic potential for cervical cancer.

Gastric cancer. Gastric cancer is the third leading cause of
cancer-related mortality worldwide, and its symptoms are often
cryptic, resulting in an often late diagnosis, highlighting the
urgent need to develop innovative diagnostic and therapeutic
strategies. One such approach is to investigate ferroptosis, a
form of cell death associated with a variety of pathological
conditions and malignancies. In a previous study, by use of
the ferroptosis assay, brucine enhanced the effect of ferrop-
tosis inducer elastine, increased the intracellular iron content,
MDA level and ROS content, and decreased the content of
glutathione (73). In addition, the results showed that the effects
of brucine on Gastric cancer cell line HGC-27 behavior and
ferroptosis were related to the inhibition of NF-xB signaling,
suggesting an indirect regulatory effect on this pathway (73).

Skin cancer. The anticancer potential of a brucine-loaded
ethanol gel derived from brucine seeds was previously evalu-
ated using a series of experimental approaches, and the results
demonstrated that this gel exerted significant anticancer
effects on treated melanoma cells (74). Additionally, findings
from that study indicated that the developed tomato lectin drug
carrier holds potential for transdermal delivery of brucine,
which could facilitate the treatment of skin cancer (74).
Another study revealed that under ultrasound irradiation, the
skin permeability of both fluorescent markers and brucine
was higher compared with that under passive diffusion
conditions (75). In vitro photodynamic therapy experiments
revealed that two porphyrin-brucine quaternary ammonium
salts immobilized on gold nanoparticles were more effective
in reducing the volume of basal-like carcinoma PE/CA-PJ34
cells in vivo, with complete tumor regression observed in the
experimental group (76).

Strychnine is highly effective; however, its clinical appli-
cation has been hampered by its low water solubility, narrow
therapeutic window, short half-life and high toxicity. To design
and optimize formulations of strychnine loaded transport
liposome (STCN-TL) for dermal delivery for the treatment
of skin cancer, formulations of STCN-TL were evaluated
in terms of vesicle size, polydispersity index, encapsulation
efficiency and in vitro release (77). In in vitro permeation
experiments, the permeability of the prepared STCN-TL
agent was increased by 2.5-foldd compared with that of the
STCN solution. Confocal laser scanning microscopy (CLSM)
imaging of the skin (rat) revealed deeper penetration of the
transport liposome preparation loaded with rhodamine B
than the rhodamine B hydro-alcohol mixture. In addition, the
skin of rats treated with STCN-TL nanogels was significantly
higher than that of rats treated with conventional STCN gels.
These results suggest that the transport liposome preparation
may be a suitable nanocarrier for improving the distribution of
STCN in the skin for skin cancer treatment (77).

Other types of cancer. Previous studies have demonstrated
that brucine markedly suppresses angiogenesis in both
the nude mouse sponge implantation model and the breast
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cancer-induced bone metastasis model by lowering VEGF
levels, and this inhibitory effect is associated with a reduc-
tion in MVD (78). Further investigations have revealed that
brucine decreases VEGF production by inhibiting VEGFR2
signaling pathways, both in vitro and in vivo (79). Additionally,
brucine-induced VEGF downregulation has been shown
to inhibit inflammatory angiogenesis in the mouse sponge
implantation model (80).

Loganin, at concentrations of 2-12 yg/ml, has shown signif-
icant cytotoxic activity against a variety of human cancer cell
lines, human liver (WRL-68), colon (COLO-320 and CaCo2),
ovarian (PA-1) and breast (MCF-7) cancer cell lines (81).
Brucine (at doses of 12.5, 25, and 50 mg/kg, respectively, for
14 days) enhanced the survival time of mice with established
ascites tumors (82). Brucine can reduce the expression of
heat shock protein 70 and inhibit the mitochondrial apoptosis
signaling pathway in human prostate cancer PC-3 cells, thereby
playing an anti-apoptotic role. Therefore, brucine provides a
new perspective and may serve potential therapeutic agent for
the prevention and treatment of prostate cancer (83).

It has also been shown that brucine activates endoplasmic
reticulum stress in glioma cells, leading to the upregulation
of activating transcription factor 3 (ATF3) and nuclear trans-
location. ATF3 upregulates NOX4, and downregulates solute
carrier family 7 member 11 and catalase expression to promote
intracellular H,O, accumulation. Furthermore, the knockdown
of ATF3 was shown to prevent brucine-induced iron and H,0,
accumulation and glioma cell death. Ultimately, H,O, causes
glioma cell death by inducing iron overload regulated by
follicular regulatory T-cells (84).

Immunoregulation. A previous study examined the effect of
brucine on the non-specific immune function of normal mice
and immunocompromised mice at an effective analgesic
dose. It was found that brucine exerted a dose-dependent
and function-dependent regulatory effect on the non-specific
immune function of mice within the effective analgesic
dose range (85). In another study, processed Semen Strychni
reduced acetylcholine receptor antibody levels and regulated
TGF-B1 content, thereby maintaining a dynamic balance
between immune activation and immunosuppression (86).

Cardiovascular system protection. The impact of brucine
on the action potential induced by high K* was previously
assessed. It was found that this compound exerts a significant
influence on the action potential, and the underlying mecha-
nism was hypothesized to be associated with the blocking
effect of brucine on myocardial tissue, which indicates that
the substance possesses a certain antagonistic activity against
arrhythmias (47). In another study, the cardioprotective poten-
tial of brucine was assessed by detecting myocardial infarct
size, serum cardiac marker enzymes, endogenous antioxidants,
inflammatory mediators and conducting histopathological
analysis (87). The results revealed that brucine effectively
reduced the infarct size and alleviated histopathological
damage by enhancing endogenous antioxidants and lowering
the levels of lipid peroxidation marker enzymes. These find-
ings suggested that the myocardial protective effect of brucine
may be linked to the activation of TNF-a and IL-6 signaling
molecules (87).
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Other applications. A previous study found that the extract of
Strychnos ligustrina consisting of brucine and strychnine was
effective in inhibiting the reproduction of Plasmodium berghei.
These results open the possibility of further discovery of anti-
malarial drugs that may have more successful chemotherapeutic
effects (88). The dimer analogues of strychnine, sungucine,
isosungucine, hydroxyisosungucine, have considerable in vitro
activity against Plasmodium, as these compounds have exhib-
ited IC;, values in the high nanomolar/low micromolar range
in various Plasmodium falciparum strains (89). The dimeric
bisindole alkaloid strychnoflavine has also exhibited potent
anti-plasmodial activity against these Plasmodium falciparum
strains in vitro, with moderate to high molar ICs, values, and
in vivo anti-malarial activity in Plasmodium vinckei petteri
and Plasmodium berghei mouse models (90). As resistance to
current antimalarial drugs has increased, the novel scaffold,
which is a dimeric strychnine analogue, may serve as a potential
avenue for the development of new antimalarial drugs.

Previous research has explored the effects of various
concentrations of brucine on the proliferation of human chronic
myeloid leukemia KCL-22 cells, using Annexin V-FITC/PI
double staining flow cytometry and western blotting to detect
apoptosis and protein expression levels. The findings indi-
cated that brucine may inhibit the proliferation of KCL-22
cells by regulating the balance of Bax/Bcl-2, promoting
the release of cytochrome ¢, and activating caspase-9 and
caspase-3 (Fig. 5) (91). In a separate study, the CCK-8 assay
and Annexin V-FITC/PI double labeling method were used to
investigate the ability of brucine to induce apoptosis in human
monocytic leukemia THP-1 cells and its potential underlying
mechanism. Results showed that brucine suppressed the
proliferation of THP-1 cells, which was hypothesized to be
associated with the inhibition of Bcl-2 expression and the
activation of Bax (92).

The effects of Semen Strychni at various concentrations
on Bacillus subtilis, Aeromonas hydrophila, Escherichia
coli, Pseudomonas aeruginosa, Staphylococcus aureus,
Salmonella typhi and Pseudomonas marginata have also been
examined, and it was found that Semen Strychni was active
against all tested microorganisms (93,94).

In another study, the antidiarrheal effect of a homeopathic
preparation of Semen Strychni on young horses of different
breeds was studied. The mean water content was reduced
by 74% in the treatment group compared with the placebo
group. In addition, a significant reduction in the total number
of anaerobic bacteria in homeopathic preparations containing
Semen Strychni extracts was found, which demonstrates
the preventive application of homeopathic preparations for
diarrhea in foals (95).

The uptake and intestinal permeability of strychnine,
brucine, strychnine N-oxide and brucine N-oxide (the main
alkaloids of strychnine) were studied in the human intestinal
Caco-2 model and exhibited a clear concentration-dependent
transport (96,97). Brucine has a high degree of brain permea-
bility; thus, it is necessary to strictly control the clinical dosage
and production quality of biological tracheal capsules to avoid
side effects and obtain suitable therapeutic effects (98).

Clinical tests. The role of Semen Strychni in arthritis has been
an ongoing field of research. In clinical practice, ankylosing
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Figure 5. Schematic diagram illustrating the mechanistic pathway of brucine in the treatment of human chronic myeloid leukemia. The figure was created

using BioGDP (https://biogdp.com/).

spondylitis (AS) is refractory to single-drug treatment. At
present, there is still a lack of specific drugs for the treatment
of AS. In a previous study, patients with AS were randomly
divided into control group and observation group, and both
groups were administered conventional Chinese and Western
medicine treatment and routine nursing; in addition, the obser-
vation group was administered Semen Strychni,and the efficacy
of the two groups was compared after treatment, significant
difference, and no adverse consequences occurred. That study
suggested that Semen Strychni is effective in the treatment of
AS, safe and reliable and helpful for rehabilitation (99).
Bortezomib (BTZ) has shown significant efficacy in the
treatment of MM; however, BTZ can cause related adverse
reactions, such as bortezomib-induced peripheral neuropathy
(BIPN). Therefore, exploring the clinical efficacy of roasted
Semen Strychni capsule in the treatment of BIPN is helpful
to provide research evidence for the clinical application
of roasted Semen Strychni capsule. A total of 20 patients
with MM diagnosed using TCM and Western practices and
treated with BTZ and BIPN were enrolled in a prospective
non-randomized controlled study. The TCM symptom score,
neurotoxicity score, peripheral neuropathy grade and partial
peripheral nerve conduction velocity were compared between
the patients who did not receive Semen Strychni treatment
and those who did not. Peripheral blood samples of control
and treatment group patients were obtained and inflamma-
tion related factor expression levels were assessed using an
ELISA. Roasted Semen Strychni capsules were shown to

alleviate BIPN to a certain extent and was safe. Its mecha-
nism may be related to regulating IncRNAXIST, promoting
miR-96-5P/FN1 expression and inhibiting p-FAK-mediated
neuroinflammation (100).

In vitro and in vivo experimental transformation differences.
All of the aforementioned studies and experiments are single
in vitro or in vivo experiments, and the translational differences
form a great obstacle to the clinical trials carried out in the later
stage. The exploration of molecular mechanisms relies on the
collaborative verification of in vitro and in vivo experiments;
however, key details of the translational differences between
the two are commonly overlooked. This neglected difference
not only affects the objective interpretation of the true effect
of molecular mechanism, but also may reduce the reliability
of the research results to clinical translation, which constitutes
the core limitation of molecular research.

Firstly, the difference in the tumor microenvironment
between in vitro and in vivo experiments and its regulatory
effect on molecular mechanisms are the core source of the
differences in transformation, which is also a key association
that has not been focused on in previous studies (101,102).
In vitro molecular experiments predominantly use a single
tumor cell line culture system, and the experimental envi-
ronment is highly controllable, which can accurately reveal
the regulatory logic and molecular interactions of targets
and pathways. However, this system is completely separated
from the complex regulation of the tumor microenvironment
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in vivo. In vivo experiments, the effect is weakened, offset
or even reversed due to the regulation of microenvironment.
This transformation difference has not been fully analyzed,
affecting the integrity of molecular mechanism research.

Secondly, the heterogeneity differences of tumor cells
between in vitro and in vivo experiments may be overlooked,
further amplifying the translational gap between these
models (103). The majority of the tumor cell lines used in
the in vitro experiments have a relatively single genetic
background and a stable phenotype after long-term passage,
and their molecular characteristics are significantly different
from those of primary tumor cells in vivo. However, tumor
tissues in vivo are highly heterogeneous, and tumor cells in
different regions have significant differences in gene expres-
sion, mutation characteristics, and molecular target expression
levels. Furthermore, tumor cells in vivo can undergo adaptive
evolution under physiological stress, resulting in inconsistent
molecular regulation patterns with those of a single cell line
in vitro (104).

Finally, molecular studies in vitro mostly focus on a single
target or a single signaling pathway, while the occurrence and
development of tumors in vivo are the result of the collaborative
regulation of multiple molecules and multiple pathways (105).
Furthermore, in vitro experiments can be controlled by a
single variable to clarify the role of a molecule or signaling
pathway, but it cannot simulate the cross-regulatory network
of multi-molecules and multi-pathways in vivo. However, in
the in vivo environment, there are close synergistic or antago-
nistic effects between the target or pathway and other related
molecules or signaling pathways, and this cross talk directly
alters the molecular mechanisms (106).

4. Toxicity

Toxic reactions. Animal experiments have demonstrated that
Semen Strychni exhibits high levels of toxicity, as its compo-
nents and extracts can induce toxic effects on multiple animal
tissues and organs, including muscles, heart, kidneys, embryos
and the brain. As previously demonstrated, a German shepherd
dog displayed toxic symptoms, including pain, muscle tension,
mild abdominal tension, reflux, salivation, septicemia, dyspnea
and cyanosis, 10 h after ingesting Semen Strychni and died
15 min after the onset of these symptoms (107). Additionally,
strychnine exerts embryotoxic effects in zebrafish and rats.
Specifically, it was previously demonstrated that strychnine
at a concentration of 200 ymol/l induced embryonic malfor-
mations and apoptosis in zebrafish (108), while doses of 5
or 8 mg/kg caused various abnormalities in rats, such as
anencephaly, generalized hypoplasia and encephalocele. The
potential mechanism underlying these malformations may be
associated with the effects of strychnine on neurotransmitter
receptors (109).

Autopsy after brucine or strychnine poisoning may reveal
evidence of severe muscle spasms and cardiac arrest,congestion
of the lungs, heart and stomach mucosa, and the long-term use
of brucine at low doses (abuse) may trigger delirium, tremors
and irritable, spasmic pain in the abdomen and legs (110). In
addition, Semen Strychni may easily be confused with other
plants; as demonstrated in a previous study, a 29-year-old
male ingested an herbal preparation made from the bark of
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the Semen Strychni, which was mistaken for an herb obtained
from the Alstonia scholaris (111). Another study demonstrated
that a 24-year-old man who ingested an agent made from the
bark and seeds of Semen Strychni developed muscle spasms
and convulsions shortly after (112). A 34-year-old female
patient also died after swallowing herbal powder containing
Semen Strychni seeds (113).

Previous studies have determined the chronic toxicity of
Semen Strychni through the circadian variation of cytochrome
P450 3A11 metabolism, which helps to improve the efficacy of
Semen Strychni by optimizing the administration time (114).
Strychnine and brucine have similar tissue distribution char-
acteristics, with the highest levels occurring in the kidney and
the lowest levels found in the brain (115). Previous studies
have found that soaking seeds in cow urine for 7 days followed
by boiling them in milk for 3 h minimizes the amount of
brucine and strychnine (116,117). In other research using these
treatments, the greatest reductions in brucine and brucine
levels were also observed in samples treated with milk and
saline (118). It has also been shown that the content of toxic
metabolites of Strychnos after boiling in milk is significantly
lower compared with frying (119).

Antidote. Strychnine poisoning induces convulsions that lead
to loss of airway muscle control, which can trigger respira-
tory arrest and eventual death. Current therapeutic options are
scarce, requiring on-site medical intervention and placement of
patients in a low-stimulation environment. Anticonvulsant and
muscle relaxant medications demonstrate limited efficacy in
cases of severe poisoning. Due to its high potency, accessibility
and the absence of an effective antidote, strychnine presents
a unique hazard in mass casualty incidents. To develop an
anti-strychnine immunotherapeutic approach that can reduce or
prevent strychnine-induced seizures, researchers synthesized a
strychnine vaccine using the keyhole hemocyanin subunit (120).

Another study aimed to assess the protective effect of lico-
rice against experimental renal injury induced by brucine (121).
Rats were given brucine via intraperitoneal injection for 7
consecutive days, and the experimental groups received licorice
extract during this period. The results indicated that licorice
extract treatment significantly mitigated brucine-induced
nephrotoxicity, along with reducing blood urea nitrogen and
serum creatinine levels. Licorice alleviated brucine-induced
nephrotoxicity by repairing the pathological imbalance of
oxidative stress-achieved through inhibiting oxidative stress
and mitochondria-mediated apoptosis. Notably, this renopro-
tective effect was accomplished, at least in part, by preventing
the activation of STAT3 protein (121).

A separate investigation focused on exploring the neuro-
toxicity of brucine and its underlying mechanism (122). The
results revealed that brucine significantly induced the death
of neural-2A cells and primary astrocytes, as demonstrated
by MTT assay and lactic dehydrogenase release detection.
Transcriptome analysis revealed that the PPAR, NF-xB and
apoptosis signaling pathways are involved in brucine-induced
neurotoxicity. Specifically, brucine markedly inhibited PPARYy
and promoted the phosphorylation of NF-kB. Furthermore, a
PPARY inhibitor exacerbated neurotoxicity, while an NF-xB
inhibitor significantly reversed brucine-induced neuro-
toxicity. Additionally, TUNEL staining and western blot
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confirmed that brucine notably induced neuronal apoptosis
and triggered an increase in the Bax/Bcl2 ratio and cleaved
caspase-3 levels. Molecular docking analysis indicated that
brucine directly binds to caspase-3; notably, a caspase-3
inhibitor largely eliminated the neurotoxicity of brucine.
Collectively, brucine induces neurotoxicity by activating the
PPARY/NF-«kB/caspase-3-dependent apoptotic pathway, and
these findings will provide a novel strategy for combating
brucine-induced neurotoxicity (122).

Pretreatment methods for brucine and strychnine against
toxicity. In recent years, a variety of pretreatment strategies
have been investigated to improve the extraction efficiency
or shorten the extraction time of brucine and strychnine in
different samples. Appropriate pretreatment methods are not
only beneficial to the separation, purification and concentration
of target compounds, but also can remove impurities and inter-
ferences in the sample, reduce background noise or convert
target substances into derivatives to achieve sensitive detection
in subsequent analysis. These methods are as follows:

Liquid-liquid extraction (LLE) methods. In order to
reduce the consumption of organic reagents and reduce the
emulsification, the LLE process in microfluidic chips has been
developed in recent years. In a previous study, a microfluidic
LLE-UV method was developed for the analysis of strychnine
and other alkaloids from Strychnine seeds (123). In that study,
n-butyl acetate was optimized as the extraction solvent and the
extraction efficiency >90%. In addition, microfluidic LLE has
shown advantages in terms of time saving; in the aforemen-
tioned study, the results revealed that the extraction time was
very short (only 25 sec) (123).

LPME methods. In order to improve extraction efficiency
and mitigate the environmental impact due to the heavy use of
toxic organic solvents, researchers have focused on simplifying
and miniaturizing LLE methods (124). A notable advance in this
field is the development of LPME, a novel sample pretreatment
technique derived from the miniaturization of traditional LLE.
This method effectively reduces the interference of impurities
in complex matrices and facilitates the enrichment of target
analytes, thereby improving detection sensitivity. A dispersive
liquid-liquid microextraction (DLLME)-TLC method was
developed for the detection of brucine and strychnine in blood
samples. The extraction process was made using 100 pl chlo-
roform and 1 ml methanol mixed with a 5 ml water sample.
Following optimization, the recovery was between 82 and 94%.
In addition, DLLME exhibited advantages in time-saving, low
cost and environmental protection (125). Commonly used
LPME methods for brucine and strychnine include DLLME
and electric membrane extraction (EME). It was previously
reported that brucine and strychnine were detected in human
urine using the EME-HPLCDAD method (126). The ionic
liquid was immobilized in the hollow fiber pore and used as
a supporting liquid film. Following optimization, the whole
extraction process takes only 5 min (126).

Analytical method. An HPLC-LTQ-Orbitrap mass spectrom-
etry method was previously developed for the rapid analysis of
brucine and strychnine in Semen Strychni seeds; in that study, the
instrument was run in positive ionization mode for identification
and quantification. Following optimization, a rapid comparison

of compounds in crude and processed Semen Strychni was
performed, resulting in efficient screening and characterization.
In addition, HPLC-LTO-Orbitrap mass spectrometry exhibited
high sensitivity; the detection limit of brucine and strychnine
was shown to reach 60 mg/ml after optimization (127).

Capillary electrophoresis (CE) is an innovative liquid
phase separation technique that uses capillaries as separation
channels and high-voltage direct current electric fields as
driving forces (128). The separation process is driven based
on the differences in mobility and distribution properties of
the components in the sample, enabling efficient and accurate
analysis. Due to its high separation efficiency, CE is considered
effective tool for the analysis of brucine and strychnine. A previ-
ously developed CE method for the separation of brucine and
strychnine in Shufeng Dingtong pills was developed by using
GO as the stationary phase of the separation. Following opti-
mization, satisfactory separation results were obtained for all
targets (129). In a previous study, brucine and strychnine in the
strychnine samples were determined using the CE method. The
analytical conditions were optimized in a NaH,PO,-Na,HPO,
buffer solution (pH 6.0) at 20 kV. Following optimization, the
whole separation process took only 5 min in total (130).

5. Synopsis

Although Semen Strychni is a toxic herbal medicine, it has
made notable contributions to the treatment of clinical
diseases. Numerous studies have made continuous efforts
to ensure the safety and efficacy of Semen Strychni. Among
the components isolated and identified from Semen Strychni,
apart from some bisindole alkaloids isolated from the stem
bark or root, other compounds isolated from leaves and fruits,
such as flavonoid glycosides, triterpenoids, sterols and organic
acids (131) are also widely present in other plants. The main
active ingredients of Semen Strychni are the total alkaloids, the
content of which varies with species differences, geographical
origin and processing methods, ranging from 1.5 to 5%, a
notable consideration for clinical applications (132). Therefore,
further research into the alkaloid components in the seeds of
Semen Strychni is warranted. Analgesia is the primary clinical
application of Semen Strychni in TCM; it has markedly greater
analgesic effects than morphine (133). It also has notable
antitumor potential, and its further study may be beneficial,
due to the urgent need for highly effective anticancer drugs in
clinical practice (134). Thus, the pharmacological effects of
Semen Strychni, particularly the antitumor effects, remain the
focus of research in this field. Semen Strychni can inhibit the
proliferation of a variety of tumor cells, induce the apoptosis
of tumor cells, can exert an anti-angiogenic effect, which can
block the nutritional supply of tumor tissue and delay tumor
progression, thus showing therapeutic potential.

Semen Strychni exerts therapeutic effects on a variety
of malignant tumors, whereby brucine is the most potent
component in Semen Strychni. The main mechanisms of
brucine include the inhibition of tumor proliferation, the
arrest of tumor cell growth cycle and antitumor angiogenesis.
Through the synergistic action of multiple targets and multiple
pathways, Semen Strychni can comprehensively correct the
core molecular pathological abnormalities, such as the imbal-
ance of tumor cell proliferation and apoptosis, inflammatory
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microenvironment disorder, invasion and metastasis pathway
activation and abnormal gene expression. Semen Strychni can
exert multi-target and multi-pathway antitumor effects via
the targeted regulation of the tumor molecular pathological
network, which provides a solid molecular pathological basis
for its clinical application in tumor treatment. In the future,
the structure modification of the effective components of
Semen Strychni, the construction of targeted delivery systems
and the optimization of combination drug regimens can be
further carried out, so as to improve its specificity for tumor
molecular pathological targets while reducing drug toxicity.
This may also provide more in-depth theoretical and experi-
mental information for the development of novel antitumor
TCM preparations based on Semen Strychni and promote its
clinical standardized application. It also provides novel objec-
tives and references for the study of the molecular mechanisms
of the antitumor effects of TCM.

Herbal medicine poisoning caused by the misuse and
wrong dosage of Semen Strychni is very common; thus, it
should be used with caution in clinical practice (135). The
toxic effects of Semen Strychni on the nervous, immune and
other systems have been previously demonstrated. Research
has indicated that brucine and strychnine are typical glycine
postsynaptic membrane inhibitory antagonists, and their toxi-
cological effects are mainly to stimulate the central nervous
system (122). In order to mitigate its harmful effects and
enhance its medicinal value, three main strategies have been
adopted: i) Processing to achieve attenuation and synergistic
effects; ii) combining with other herbs in prescription; iii) and
developing new dosage forms. In the field of attenuation and
synergism research, processing and other methods can improve
the efficacy of toxicity reduction of Semen Strychni, which has
good research potential and application prospects (136). It is
used in combination with other herbs in the prescription, such as
the combination of Semen Strychni and Atractylodes rhizome
as aforementioned to achieve toxicity reduction. The first two
strategies are relatively established, and the novel formulations
also have the advantages of controlling drug concentration
in blood, reducing adverse reactions and improving drug
bioavailability. However, the novel formulations have not yet
entered the clinical application or commercialization stage,
and further experimental and clinical studies are warranted to
support the methods.

The challenge of translating in vitro findings to in vivo
and clinical settings is essentially a question of adaptation
between standardized in vitro research and the complex
in vivo and clinical environment. Future studies could
optimize the experimental design, construct in vivo models
closer to the characteristics of human diseases (such as
human tumor xenograft models), use human primary tumor
cells to carry out in vitro experiments, combine multi-omics
technology to explore the cross-regulation of multi-molecules
and multi-pathways, and strengthen the linkage analysis of
in vitro, in vivo experiments and clinical sample data. These
efforts will serve to gradually bridge the translational gap, thus
improving the efficiency and reliability of the translation of
basic research to clinical practice, so that the results of in vitro
research can better serve the diagnosis and treatment of clinical
diseases. Al algorithms (137,138) and big data mining (139)
strategies can be combined to systematically screen key
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therapeutic targets (140), precisely predict the binding activity
of active ingredients, and further elucidate the multi-target
pharmacological characteristics and molecular mechanism of
Semen Strychni against tumors.

6. Conclusion

The present study systematically reviewed the chemical
constituents, pharmacological effects and toxicity character-
istics of Semen Strychni. The aforementioned studies have
shown that Semen Strychni is rich in active ingredients such
as alkaloids and iridoid glycosides, and has shown signifi-
cant pharmacological activities in the fields of antitumor,
anti-inflammatory, anti-arrhythmia and analgesia. However,
there are still numerous areas that warrant further research:
The mechanisms of action and targets of its drug effect
remain unclear, the risk of toxicity remains a bottleneck which
restricts the wide clinical application of Semen Strychni,
and there remains a substantial gap between the generation
of experimental data in vitro and in vivo and its translation
into practical applications. In the future, research may focus
on attenuation and synergism, mechanistic analysis and
research and the development of novel drug targets, relying on
multi-omics and modern preparation technology to promote
the safe and accurate application of Semen Strychni in the
fields of analgesia, nerve repair and antitumor therapeutics.

Acknowledgements
Not applicable.
Funding

The present study was financially supported by the Key Scientific
and Technological Research Project of Chongqing Natural
Science Foundation (grant no. cstc2021jcyj-msxmX0452),
Sci-HealthJointMedical Research Projectof Shapingba District,
Chongqing (grant no. 2023SQKWLHO033), 2026 Chongqing
Municipal Health Commission's Traditional Chinese Medicine
Research Projects (grant no. 2026 WSJK171), 2025 Innovation
Group Project of Chongqing Medical and Pharmaceutical
College (grant no. YGZZK?2025502), the Construction Project
of Zhu Zhaojing National Senior Pharmaceutical Worker
Inheritance Workshop [National Administration of Traditional
Chinese Medicine, Department of Education and Personnel
(2025) No. 181], and the Construction Project of Living
Inheritance Workshop for Senior Pharmaceutical Workers
in Bishan District, Chongqing [Bishan Health Commission
of Traditional Chinese Medicine (2025) No. 2], Chongqging
Medical and Pharmaceutical College Major Project (grant
no. YGZZD2024101).

Availability of data and materials
Not applicable.
Authors' contributions

JM and YL conceived and designed the study. XD wrote
the manuscript, DZ and XL created the figures and were


https://www.spandidos-publications.com/10.3892/ijmm.2026.5913

16

MAQO et al: LATEST RESEARCH PROGRESS ON Semen Strychni

involved in the literature search. YL and JM critically revised
the manuscript. All authors have read and approved the final
manuscript. Data authentication is not applicable.

Ethics approval and consent to participate

Not applicable.

Patient consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References

10.

11.

12.

13.

14.

15.

16.

. Zhang X, Xu Q, Xiao H and Liang X: Iridoid glucosides from

Strychnos nux-vomica. Phytochemistry 64: 1341-1344,2003.

. Corsaro MM, Giudicianni I, Lanzetta R, Marciano CE, Monaco P

and Parrilli M: Polysaccharides from seeds of Strychnos species.
Phytochemistry 39: 1377-1380, 1995.

. Bisst NG, Choudhury AK and Houghton PJ: Phenolic glycosides

from the fruit of Strychnos nux-vomica. Phytochemistry 28:
1553-1554, 1989.

. Guo R, Wang T, Zhou G, Xu M, Yu X, Zhang X, Sui F, Li C,

Tang L and Wang Z: Botany, phytochemistry, pharmacology
and toxicity of Strychnos nux-vomica L.: A review. Am J Chin
Med 46: 1-23, 2018.

. Yao L, Peng SX, Xu YD, Lin SL, Li YH, Liu CJ, Zhao HD,

Wang LF and Shen YQ: Unexpected neuroprotective effects
of loganin on I-methyl-4-phenyl-1,2,3,6-tetrahydropvri-
dine-induced neurotoxicity and cell death in zebrafish. J Cell
Biochem 118: 615-628, 2017.

. Tang H, Yan M, Li H, Xun T, Deng Y, Zhao Y and Deng L:

Dynamic detection of non-protein-bound strychnine and brucine
in rabbit muscle and synovial fluid after topical application of
total Strychnos alkaloid patches. Drug Test Anal 6: 357-362,
2014.

. Lauro FV, Francisco DC, Maria LR, Elodia GC and Eduardo PG:

Design and synthesis of two brucine derivatives and evalua-
tion of its antibacterial activity against Escherichia coli and
Salmonella typhi. Asian J Chem 24: 2173-2176, 2012.

. Geng H, Xue Y, Yan B, Lu Z, Yang H, Li P and Zhou J: Network

pharmacology and molecular docking study on the mechanism
of the therapeutic effect of Strychni semen in NSCLC. Biol
Proced Online 26: 33, 2024.

. LiY,Ke Y, Zou H, Wang K, Huang S, Rengarajan T and Wang L:

Gold nano particles synthesized from Strychni semen and its
anticancer activity in cholangiocarcinoma cell (KMCH-1). Artif
Cells Nanomed Biotechnol 47: 1610-1616, 2019.

Zhao N, Li L, Liu JH, Zhuang PY, Yu SS, Ma SG, Qu J,
Chen NH and Wu LJ: New alkaloids from the seeds of Strychnos
nux-vomica. Tetrahedron 68: 3288-3294, 2012.

Galeffi C, Nicoletti M, Messana I and Bettolo GBM: On the alka-
loids of strychnos-XXXI1: 15-Hydroxystrychnine, a new alkaloid
from Strychnos nux vomica L. Tetrahedron 35: 2545-2549, 1979.
Rodriguez F, Bemadou J and Stanislas E: 3-Methoxyicajine:
A new alkaloid from Strychnos nux-vomica. Phytochemistry 18:
2065-2068, 1979.

Bisset NG and Choudhury AK: Alkaloids and iridoids from
Strychnos nux-vomica fruits. Phytochemistry 13: 265-269,
1974.

Cai B, Yang X, Hattori M and Namba T: Processing of nux
vomica (I): Four new alkaloids from the proeessed seeds of
Strychnos nux-vomica. Shoyakugaku Zasshi 44: 42-46, 1990.
Jonville MC, Dive G, Angenot L, Bero J, Tits M, Ollivier E and
Frédérich M: Dimeric bisindole alkaloids from the stem bark of
Strychnos nux-vomica L. Phytochemistry 87: 157-163, 2013.

Pan CH, Xia CY, Yan Y,Han Y, Shi R, He J, Wang ZX, Wang YM,
Zhang WK and Xu JK: Loganin ameliorates depression-like
behaviors of mice via modulation of serotoninergic system.
Psychopharmacology (Berl) 238: 3063-3070, 2021.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

Madyastha KM, Guarnaccia R and Coscia CJ: Enzymic synthesis
of loganin by carboxyl group methylation of loganic acid. FEBS
Lett 14: 175-177, 1971.

Qin BB, Jia ZF, Wang JL, Ma L, Zhang TJ and Hu J : Research
progress on chemical components and pharmacological effects of
Strychni semen and prediction and analysis of its quality markers.
Chin Tradit Herb Drugs 53: 5920-5933, 2022 (In Chinese).

Fang P, Yu C, Liu J, Deng G and Zhang M: Study on the potential
mechanism of Semen Strychni against myasthenia gravis based
on network pharmacology and molecular docking with experi-
mental verification. Evid Based Complement Alternat Med 2022:
3056802, 2022.

Eldahshan OA and Abdel-Daim MM: Phytochemical study,
cytotoxic, analgesic, antipyretic and anti-inflammatory activities
of Strychnos nux-vomica. Cytotechnology 67: 831-844,2015.

Li Y, Liu Y, Shao Y, Zhang F, Liu W, Liang X and Chen L:
Mechanism of action of Strychni semen for treating rheumatoid
arthritis and methods for attenuating the toxicity. Comb Chem
High Throughput Screen 25: 587-606, 2022.

Lu L, Huang R, Wu Y, Jin JM, Chen HZ, Zhang LJ and Luan X:
Brucine: A review of phytochemistry, pharmacology, and toxi-
cology. Front Pharmacol 11: 377, 2020.

Zhang Y, Zhao XY, Liu MT, Zhou ZC, Cheng HB, Jiang XH,
Zheng YR and Chen Z: Strychni semen and its active compounds
promote axon regeneration following peripheral nerve injury by
suppressing myeloperoxidase in the dorsal root ganglia. J Integr
Med 23: 169-181, 2025.

Kwon SH, Kim HC, Lee SY and Jang CG: Loganin improves
learning and memory impairments induced by scopolamine in
mice. Eur J Pharmacol 619: 44-49, 2009.

Yu G, Qian L, Yu J, Tang M, Wang C, Zhou Y, Geng X,
Zhu C, Yang Y, Pan Y, et al: Brucine alleviates neuropathic
pain in mice via reducing the current of the sodium channel.
J Ethnopharmacol 233: 56-63, 2019.

Yin W, Wang TS, Yin FZ and Cai BC: Analgesic and anti-
inflammatory properties of brucine and brucine N-oxideextracted
from seeds of Strychnos nux-vomica. J Ethnopharmacol 88:
205-214,2003.

Abdallah MH, Abu Lila AS, Unissa R, Elsewedy HS,
Elghamry HA and Soliman MS: Preparation, characterization and
evaluation of anti-inflammatory and anti-nociceptive effects of
brucine-loaded nanoemulgel. Colloids Surf B Biointerfaces 205:
111868, 2021.

Abdallah MH, Elsewedy HS, AbuLila AS, Almansour K,
Unissa R, Elghamry HA and Soliman MS: Quality by design for
optimizing a novel liposomal jojoba oil-based emulgel to amelio-
rate the anti-inflammatory effect of brucine. Gels 7: 219, 2021.
Kadian V and Rao R: Enhancing anti-inflammatory effect of
brucine nanohydrogel using rosemary oil: A promising strategy
for dermal delivery in arthritic inflammation. 3 Biotech 14: 157,
2024.

Gao Y, Xin D, Liang XD and Tang Y: Effect of a combina-
tion of Atractylodes macrocephala extract with strychnine on
the TLR4/NF-xkB/NLRP3 pathway in MH7A cells. Exp Ther
Med 25: 91, 2023.

Qin JH: The intervention of Semen stychni on the inflammatory
factors in the serum of AA rats. China Pract Med 7: 52-53, 2012.
Zheng Y, Wu Z, Liu J, Hu J and Yang C: Therapeutic effect of
nux vomica total alkali gel on adjuvants arthritis rats. Zhongguo
Zhong Yao Za Zhi 37: 1434-1439, 2012 (In Chinese).

Jiang S, Li H, Zhang L, Mu W, Zhang Y, Chen T, Wu J, Tang H,
Zheng S, Liu Y, et al: Generic diagramming platform (GDP):
A comprehensive database of high-quality biomedical graphics.
Nucleic Acids Res 53 (D1): D1670-D1676, 2025.

Zhang M, Deng Y, Wang C, Cai HL, Wen J, Fang PF, Zhang BK,
Li HD and Yan M: An LC-MS/MS method for determination
of bioactive components of liquorice and Semen Strychni in rat
plasma: Application to a pharmacokinetics study. Drug Test
Anal 10: 262-271, 2018.

Patel K, Laloo D, Singh GK, Gadewar M and Patel DK: A review
on medicinal uses, analytical techniques and pharmacological
activities of Strychnos nux-vomica Linn.: A concise report. Chin
J Integr Med: Jan 24, 2017 (Epub ahead of print).

Cai S, Shi Y, Tian J, Li X and Ji H: Salutary effect of brucine in
ovalbumin-induced allergic rhinitis: Role of t-helper 1, t-helper 2
cytokines, nuclear factor-kappa b, stat3, and rorc signaling in
mouse models. Pharmacog Mag 17: 900-906, 2021.
MaY,LiZ,Wang Y and Feng J: Brucine induces the apoptosis of
U266 multiple myeloma cells by phosphorylation of c-Jun. Mol
Med Rep 7: 481-484,2013.



38.

30.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.
51

52.

53.

54.

55.

56.

57.

58.

59.

/B PUBLICATIONS

SPANDIDOS

Zhao JP, Ren H, Zhao YR, Ma YP and Li ZH: Brucine induced
apoptosis of human multiple myeloma cell U266 via suppressing
Bcl-2. Chin Rem Clin 12: 1004-1006, 2012 (In Chinese).

Feng J and Ma Y: Effects of brucine on multiple myeloma U266
cell JAK-STAT signaling pathway. China Mod Doctor 49: 1-2.9,
2011 (In Chinese).

Ma Y, Zhao J, Wang Y, Li Z, Feng J and Ren H: Effects of
brucine on bone metabolism in multiple myeloma. Mol Med
Rep 6: 367-370,2012.

Rao PS and Prasad MNV: Strychnos nux-vomica root extract
induces apoptosis in the human multiple myeloma cell
line-U266B1. Cell Biochem Biophys 66: 443-450, 2013.

Rao PS, Ramanadham M and Prasad MNV: Anti-proliferative
and cytotoxic effects of Strychnos nux-vomica root extract on
human multiple myeloma cell line-RPMI 8226. Food Chem
Toxicol 47: 283-288, 2019.

Shu G, Mi X, Cai J, Zhang X, Yin W, Yang X, Li Y, Chen L
and Deng X: Brucine, an alkaloid from seeds of Strychnos
nux-vomica Linn., represses hepatocellular carcinoma cell
migration and metastasis: The role of hypoxia inducible factor 1
pathway. Toxicol Lett 222: 91-101, 2013.

Deng XK, Yin W, Li WD, Yin FZ, Lu XY, Zhang XC, Hua ZC
and Cai BC: The anti-tumor effects of alkaloids from the seeds
of Strychnos nux-vomica on HepGz2 cells and its possible mecha-
nism. J Ethnopharmacol 106: 179-186, 2006.

Wang Y, Wang R, Qi X, Li W, Guan Q, Wang R, Li X, Li Y,
Yang Z and Feng Y: Novel transethosomes for the delivery of
brucine and strychnine: Formulation optimization, characteriza-
tion and in vitro evaluation in hepatoma cells. J Drug Deliv Sci
Technol 64: 102425, 2021.

Zhu G, Yin F and Deng X: Effect of NF-kappaB on inhibi-
tion of non-small cell lung cancer cell cyclooxygenase-2 by
brucine. Zhongguo Zhong Yao Za Zhi 37: 1269-1273, 2012
(In Chinese).

Li M, Li P, Zhang M, Ma F and Su L: Brucine inhibits the prolif-
eration of human lung cancer cell line PC-9 via arresting cell
cycle. Zhongguo Fei Ai Za Zhi 17: 444-450, 2014 (In Chinese).
Feng Z, Meng S, Zhou X, Ma X, Zhao Z and Zhao J: Isolation
and anticancer effect of brucine in human colon adenocarcinoma
cells HT-29. Pharmacogn Mag 17: 367-372, 2021.

Saeedan AS, Ganaie MA, Jan BL, Madhkali H, Ansari MN,
Rehman NU, Rashid S and Rehman MU: Brucine prevents DMH
induced colon carcinogenesis in wistar rats. Int J Pharmacol 16:
319-329, 2020.

Hanahan D and Weinberg RA: Hallmarks of cancer: The next
generation. Cell 144: 646-674,2011.

Li L, Wang C and Lu HD: Brucine induces apoptosis in colon
cancer SW480 cells via inhibiting IL-6/STAT3 signaling
pathway. Chin J Pathopysiol 32: 998-1003, 2016.

Luo W, Wang X, Zheng L, Zhan Y, Zhang D, Zhang J and
Zhang Y: Brucine suppresses colon cancer cells growth via medi-
ating KDR signalling pathway. J Cell Mol Med 17: 1316-1324,
2013.

Zheng L, Wang X, Luo W, Zhan Y and Zhang Y: Brucine, an
effective natural compound derived from nux-vomica, induces
G1 phase arrest and apoptosis in LoVo cells. Food Chem
Toxicol 58: 332-339, 2013.

Shi X, Zhu M, Kang Y, Yang T, Chen X and Zhang Y:
Wnt/B-catenin signaling pathway is involved in regulating the
migration by an effective natural compound brucine in LoVo
cells. Phytomedicine 46: 85-92,2018.

Ren H, Zhao J, Fan D, Wang Z, Zhao T, Li Y, Zhao Y, Adelson D
and Hao H: Alkaloids from nux vomica suppresses colon cancer
cell growth through Wnt/B-catenin signaling pathway. Phytother
Res 33: 1570-1578, 2019.

Suo M, Li P, Zhang M, Zhu Y, Xu M and Li W: Brucine inhibits
vasculogenic mimicry of breast cancer cell lines in vitro
and the related mechanism. China Oncol 28: 241-247, 2018
(In Chinese).

Haiaty S, Rashidi MR, Akbarzadeh M, Maroufi NF, Yousefi B
and Nouri M: Targeting vasculogenic mimicry by phytochemi-
cals: A potential opportunity for cancer therapy. [UBMB Life 72:
825-841, 2020.

Serasanambati M, Chilakapati SR, Manikonda PK, Kanala JR
and Chilakapati DR: Anticancer effects of brucine and
gemcitabine combination in MCF-7 human breast cancer cells.
Nat Prod Res 29: 484-490, 2015.

Xu DH, Yan M, Li HD, Fang PF and Liu YW: Influence of
P-glycoprotein on brucine transport at the in vitro blood-brain
barrier. Eur J Pharmacol 690: 68-76, 2012.

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 58: 242, 2026

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

1.

78.

79.

17

Li P, Zhang M, Ma WJ, Sun X and Jin FP: Effects of brucine on
vascular endothelial growth factor expression and microvessel
density in a nude mouse model of bone metastasis due to breast
cancer. Chin J Integr Med 18: 605-609, 2012.

Xu MR, Wei PF, Suo MZ, Hu Y, Ding W, Su L, Zhu YD,
Song WJ, Tang GH, Zhang M and Li P: Brucine suppresses
vasculogenic mimicry in human triple-negative breast cancer
cell line MDA-MB-231. Biomed Res Int 2019: 6543230, 2019.
Ishimwe N, Wei P, Wang M, Zhang H, Wang L, Jing M, Wen L
and Zhang Y: Autophagy impairment through lysosome dysfunc-
tion by brucine induces immunogenic cell death (ICD). Am J
Chin Med 48: 1915-1940, 2020.

Alamelu S, Venkatesan KB, Srinivasan MK and Pachaiappan P:
Synthesis and characterization of brucine gold nanoparticles for
targeted breast cancer therapy: Mechanistic insights into apop-
tosis and antioxidant disruption in MCF-7 cells. Biotechnol Appl
Biochem 72: 1028-1044, 2025.

Li M, Li P,Zhang M and Ma F: Brucine suppresses breast cancer
metastasis via inhibiting epithelial mesenchymal transition and
matrix metalloproteinases expressions. Chin J Integr Med 24:
40-46, 2018.

Hu KF, Kong XY, Zhong MC, Wan HY, Lin N and Pei XH:
Brucine inhibits bone metastasis of breast cancer cells by
suppressing Jagged1/Notchl signaling pathways. Chin J Integr
Med 23: 110-116, 2017.

Xia KC, Zhang M and Li P: Inhibition effect of brucine percuta-
neous administration on bone metastasis in breast cancer. Chin J
Cancer Prev Treat 19: 1771-1775, 2012 (In Chinese).

Buss NAPS, Henderson SJ, McFarlane M, Shenton JM and de
Haan L: Monoclonal antibody therapeutics: History and future.
Curr Opin Pharmacol 12: 615-622,2012.

Byrne GJ, McDowell G, Agarawal R, Sinha G, Kumar S and
Bundred NJ: Serum vascular endothelial growth factor in breast
cancer. Anticancer Res 27: 3481-3487, 2007.

Gu L, Wang X, Liu Z, Ju P, Zhang L, Zhang Y, Ma B, Bi K
and Chen X: A study of Semen Strychni-induced renal injury
and herb-herb interaction of radix glycyrrhizae extract and/or
rhizoma ligustici extract on the comparative toxicokinetics of
strychnine and brucine in rats. Food Chem Toxicol 68: 226-233,
2014.

Xia K and Zhang M: Experimental study of brucine by percuta-
neous administration to inhibit expressions of COX-2 mRNA and
VEGF mRNA in plant tumor of breast cancer. Acta Universitatis
Medicinalis Anhui 48: 8-11, 2013 (In Chinese).

Zhang YH, He SS, Xie SY and Wei PL: Effect of brucine on
biological behavior of cervical cancer HeLa cells induced by
IL-6. Chin J Immunol 37: 1711-1716, 2021 (In Chinese).
Seshadri VD: Brucine promotes apoptosis in cervical cancer cells
(ME-180) via suppression of inflammation and cell proliferation
by regulating PI3K/AKT/mTOR signaling pathway. Environ
Toxicol 36: 1841-1847, 2021.

Zhang B, Yu C, Zhang S and Zhang M: Brucine inhibits gastric
cancer via activation of ferroptosis through regulating the NF-xB
signaling pathway. J Biochem Mol Toxicol 39: €70479, 2025.
Alhakamy NA, Aldawsari HM, Ali J, Gupta DK, Warsi MH,
Bilgrami AL, Asfour HZ, Noor AO and Md S: Brucine-loaded
transliposomes nanogel for topical delivery in skin cancer:
Statistical optimization, in vitro and dermatokinetic evaluation.
3 Biotech 11: 288, 2021.

Zhang N, Wu Y, Xing R, Xu B, Guoliang D and Wang P: Effect
of ultrasound-enhanced transdermal drug delivery efficiency
of nanoparticles and brucine. Biomed Res Int 2017: 3273816,
2017.

Zaruba K, Krdlova J, Rezanka P, Pouckova P, Veverkova L and
Kral V: Modified porphyrin-brucine conjugated to gold nanopar-
ticles and their application in photodynamic therapy. Org Biomol
Chem 21: 3202-3206, 2010.

Alam P, Imran M, Gupta DK and Akhtar A: Formulation of
transliposomal nanocarrier gel containing strychnine for the
effective management of skin cancer. Gels 9: 831, 2023.
Agrawal SS, Saraswati S, Mathur R and Pandey M: Brucine, a
plant derived alkaloid inhibits inflammatory angiogenesis in a
murine sponge model. Biomed Prev Nutr 1: 180-185, 2011.
Saraswati S and Agrawal SS: Brucine, an indole alkaloid from
Strychnos nux-vomica attenuates VEGF-induced angiogenesis
via inhibiting VEGFR2 signaling pathway in vitro and in vivo.
Cancer Lett 332: 83-93, 2013.

. Sarawati S and Agrawal SS: Strychnine inhibits inflammatory

angiogenesis in mice via down regulation of VEGF, TNF-a and
TGF-f. Microvasc Res 87: 7-13,2013.


https://www.spandidos-publications.com/10.3892/ijmm.2026.5913

18 MAQO et al: LATEST RESEARCH PROGRESS ON Semen Strychni

81. Khan M, Garg A, Srivastava SK and Darokar MP: A cytotoxic
agent from Strychnos nux-vomica and biological evaluation
of its modified analogues. Med Chem Res 21: 2975-2980, 2012.

82.Agrawal SS, Saraswati S, Mathur R and Pandey M: Cytotoxic
and antitumor effects of brucine on ehrlich ascites tumor and
human cancer cell line. Life Sci 89: 147-158, 2011.

83.Yan W, Zeng Z, Qin F, Xu J, Liao Z and Ouyang M: Effects of
brucine on mitochondrial apoptosis and expression of HSP70
in prostate cancer cells. Transl Cancer Res 11: 500-507, 2022.

84.Lu S, Wang XZ,He C,Wang L, Liang SP, Wang CC,Li C,Luo TF,
Feng CS, Wang ZC, et al: ATF3 contributes to brucine-triggered
glioma cell ferroptosis via promotion of hydrogen peroxide and
iron. Acta Pharmacol Sin 42: 1690-1702, 2021.

85.Zhao HW, Li YH, Zhu YN, Weng SA, Zhang Y and Ge SW:
Effect of brucine on mouse nonspecific immune responses.
Zhongguo Yao Li Xue Bao 18: 468-470, 1997.

86.Zou Y, Qiu T and Yang F: The immune regulation mechanism
of Nux vomica on experimental autoimmune myasthenia gravis
rats. Zhejiang J Integr Tradit Chin West Med 24: 1053-1056,
2014 (In Chinese).

87.Liu B, Zhang Y, Wu Q, Wang L and Hu B: Alleviation of
isoprenaline hydrochloride induced myocardial ischemia injury
by brucine through the inhibition of Na+/K+-ATPase. Exp
Gerontol 149: 111332, 2021.

88.Cahyaningsih U, Sa'diah S, Syafii W, Sari RK, Maring AJ
and Nugraha AB: Antimalarial efficacy of aqueous extract of
Strychnos ligustrina and its combination with dihydroartemis-
inin and piperaquine phosphate (DHP) against Plasmodium
berghei infection. Korean J Parasitol 60: 339-344, 2022.

89. Frédérich M, De Pauw MC, Llabres G, Tits M, Hayette MP,
Brandt V, Penelle J, De Mol P and Angenot L: New antimalarial
and cytotoxic sungucine derivatives from Strychnos icaja roots.
Planta Med 66: 262-266, 2000.

90.Tchinda AT, Jansen O, Nyemb JN, Tits M, Dive G, Angenot L
and Frédérich M: Strychnobaillonine, an unsymmetrical bisin-
dole alkaloid with an unprecedented skeleton from Strychnos
icaja roots. J Nat Prod 77: 1078-1082, 2014.

91.Han Z, Xie X, He J, Li Y, Lv Y and Zhou J: Effects of brucine
on proliferation and apoptosis of chronic myelogenous leukemia
KCL-22 cell line. J Mod Lab Med 31: 66-69+73, 2016.

92.Xin F, Wei W, Ji AF, Shen XL, Zhang GX, Zhang MX, Li XX
and Zhang HY: Inducing-apoptosis effect of brucine on human
monocytic leukemia cell line THP-1 and its mechanism.
Zhongguo Shi Yan Xue Ye Xue Za Zhi 22: 681-686, 2014
(In Chinese).

93.Karthiyayini R and Ponnammal NR: Antimicrobial activity
of leaf and fruit parts of Strychnos nux-vomica. J Ecobiol 20:
197-199, 2007.

94. Senthilkumar M, Gurumoorthi P and Janardhanan K: Antibacterial
potential of some plants used by tribals in Maruthamalai hills,
Tamil Nadu. Indian J Nat Prod Resour 4: 27-34, 2005.

95.Enbergs H, Kosiedowski P and Jahnecke S: Efficacy of Nux
vomica-homaccord and veratrum-homaccord in the treatment
of diarrhoea in suckling foals during the mare's first oestrus.
Medicina Bioldégica 14: 57-64, 2001 (In Spanish).

96.Xu XY, Cai BC, Pan Y and Wang TS: Pharmacokinetics of the
alkaloids from the processed seeds of Strychnos nuxvomica in
rats. Yao Xue Xue Bao 38: 458-461, 2003 (In Chinese).

97.Ma L, Yang XW, Xu W, Cai BC and Hattori M: Intestinal
permeability of antitumor alkaloids from the processed seeds of
Strychnos nux-vomica in a Caco-2 cell model. Planta Med 75:
631-634, 2009.

98.Ren T, Li M, Zheng H, Liu W and Zhang J: Microdialysis
combined with RRLC-MS/MS for the pharmacokinetics of two
major alkaloids of Bi gi capsule and the potential roles of P-gp
and BCRP on their penetration. ] Chromatogr B Analyt Technol
Biomed Life Sci 1092: 72-81, 2018.

99.Chen XQ and Zhang SY: Effect observation and nursing
points of strychnine in the treatment of ankylosing spondylitis.
Guangming J Trad Chin Med 26: 585-586, 2011 (In Chinese).

100.Mao MK, Ge HP, Xiang JJ, Zheng Z, Shen J and Deng S:
The mechanism of BIPN intervention by strychnine based on
IncRNA ZFAS1(XIST)/FAK signaling pathway. J Zhejiang
Chin Med Univ 47: 1495-1504, 2023 (In Chinese).

101. Rauner G, Gupta PB and Kuperwasser C: From 2D to 3D and
beyond: The evolution and impact of in vitro tumor models in
cancer research. Nat Methods 22: 1776-1787, 2025.

102.Fatima S: Tumor microenvironment: A complex landscape of
cancer development and drug resistance. Cureus 17: €82090,
2025.

103. Hum NR, Sebastian A, Gilmore SF, He W, Martin KA,
Hinckley A, Dubbin KR, Moya ML, Wheeler EK, Coleman MA
and Loots GG: Comparative molecular analysis of cancer
behavior cultured in vitro, in vivo, and ex vivo. Cancers
(Basel) 12: 690, 2020.

104. Fiorini E, Malinova A, Schreyer D, Pasini D, Bevere M,
Alessio G, Rosa D, D'Agosto S, Azzolin L, Milite S, et al: MYC
ecDNA promotes intratumour heterogeneity and plasticity in
PDAC. Nature 640: 811-820, 2025.

105. Gillet JP and Gottesman MM: Mechanisms of multidrug resis-
tance in cancer. Methods Mol Biol 596: 47-76, 2010.

106. Swartz MA, lida N, Roberts EW, Sangaletti S, Wong MH,
Yull FE, Coussens LM and DeClerck YA: Tumor microenvi-
ronment complexity: Emerging roles in cancer therapy. Cancer
Res 72: 2473-2480, 2012.

107. Meisre H and Hagadorn HW: Atypical time course of clinical
signs in a dog poisoned by strychnine. Vet Rec 151: 21-24,2002.

108.Li Y, Qi X, Yang YW, Pan Y and Bian HM: Toxic effects of
strychnine and strychnine N-oxide on zebrafish embryos. Chin J
Nat Med 12: 760-767, 2014.

109. Garcia-Alcocer G, Martinez-Torres A and Miledi R: Strychnine
induces embryotoxicity in rat neurulation. Neurotoxicol
Teratol 27: 855-859, 2005.

110. Fernando K, Jayasekara K, Warushahennadi J, Kumarasinghe I,
Weerakoon K and Kularatne SA: Intentional ingestion of
Strychnos nux-vomica seeds causing severe muscle spasms
and cardiac arrest: A postmortem report. Wilderness Environ
Med 26: 101-102, 2015.

111. Achappa B, Madi D, Babu YP and Mahalingam S: Rituals
can kill-A fatal case of brucine poisoning. Australas Med J 5:
421-423,2012.

112. Naik BS and Chakrapani M: A rare case of brucine poisoning
complicated by rhabdomyolysis and acute renal failure. Malays
J Pathol 31: 67-69, 2009.

113. Ruijun W, Wenbin M, Yumin W, Ruijian Z, Puweizhong H and
Yulin L: Inhibition of glioblastoma cell growth in vitro and
in vivo by brucine, a component of Chinese medicine. Oncol
Res 22: 275-281, 2014.

114. Zhou Z, Lin Y, Gao L, Yang Z, Wang S and Wu B: Cyp3all
metabolism-based chronotoxicity of brucine in mice. Toxicol
Lett 313: 188-195, 2019.

115. ChenJ,Hou T,Fang Y,Chen ZP, Liu X,Cai H,Lu TL, Yan GJ and
Cai BC: HPLC determination of strychnine and brucine in rat
tissues and the distribution study of processed Semen Strychni.
Yakugaku Zasshi 131: 721-729, 2011.

116. Mitra S, Shukla VJ and Acharya R: Effect of purificatory
measures through cow's urine and milk on strychnine and
brucine content of Kupeelu (Strychnos nuxvomica Linn.) seeds.
Afr J Tradit Complement Altern Med 9: 105-111, 2011.

117. Mitra S, Shukla VJ and Acharya R: Effect of Shodhana
(processing) on Kupeelu (Strychnos nux-vomica Linn.) with
special reference to strychnine and brucine content. Ayu 32:
402-407,2011.

118. Behpour M, Ghoreishi SM, Khayatkashani M and
Motaghedifard M: A new method for the simultaneous analysis
of strychnine and brucine in Strychnos nux-vomica unprocessed
and processed seeds using a carbon-paste electrode modified
with multi-walled carbon nanotubes. Phytochem Anal 23:
95-102, 2012.

119. Anwar N, Khan MS, Kabir H and Ahmad S: Effect of detoxi-
fication (tadbeer) in content of toxic metabolites of Strychnos
nux-vomica: A Unani approach for its use in human. J Pharm
Bioallied Sci 7: 314-316, 2015.

120.Baehr C, Kassick AJ, Vigliaturo J, Luengas D,
Khaimraj A, Pravetoni M, Averick SE and Raleigh MD:
Anti-strychnine immunoconjugate reduces the effects of
strychnine-induced toxicity in mice. ACS Chem Neurosci 14:
1291-1298, 2023.

121. Zhang M, Wang C, Cai HL, Wen J and Fang PF: Licorice
extracts attenuate nephrotoxicity induced by brucine through
suppression of mitochondria apoptotic pathway and STAT3
activation. Curr Med Sci 39: 890-898, 2019.

122.Lei Y, Hou F, Wu X, Yi Y, Xu F, Gong Q and Gao J: Brucine-
induced neurotoxicity by targeting caspase 3: Involvement of
PPARY/NF-«xB/apoptosis signaling pathway. Neurotox Res 40:
2117-2131, 2022.

123. Shen Y, van Beek TA, Zuilhof H and Chen B: Hyphenation of
optimized microfluidic sample preparation with nano liquid
chromatography for faster and greener alkaloid analysis. Anal
Chim Acta 797: 50-56, 2013.



Bz SPANDIDOS
7] ,§, PUBLICATIONS

124. Kokosa JM: Selecting an extraction solvent for a greener liquid
phase microextraction (LPME) mode-based analytical method.
TrAC Trends Anal Chem 118: 238-247, 2019.

125.Jain R, Tripathi RM, Negi A and Singh SP: A simple,
cost-effective and rapid method for simultaneous determina-
tion of Strychnos nux-vomica alkaloids in blood and ayurvedic
medicines based on ultrasound-assisted dispersive liquid-liquid
microextraction-thin-layer chromatography-image analysis.
J Chromatogr Sci 58: 477-484, 2020.

126. Sun JN, Chen J and Shi YP: Ionic liquid-based electromembrane
extraction and its comparison with traditional organic solvent
based electromembrane extraction for the determination of
strychnine and brucine in human urine. J] Chromatogr A 1352:
1-7,2014.

127.Liu Y, Xu Y, Qiao H, Ke X, Wu Z, Sun T and Wu C: Online
monitoring for Strychnos nux-vomica parching in sands and
chemical compositional analysis by ultra performance liquid
chromatography-linear trap quadrupole-orbitrap-mass spec-
trometry. Trop J Pharm Res 13: 1675-1680, 2014.

128. Monnig CA and Kennedy RT: Capillary electrophoresis. Anal
Chem 66: 280R-314R, 1994.

129.Li J, Ye N, Gao C, Zhou T and Ma J: Capillary coated with
graphene oxide as stationary phase for the separation of brucine
and strychnine by capillary electrophoresis. J Chromatogr
Sci 53: 641-645, 2015.

130.Liu HX, Chen Q, Huang TT, Fan QH, Wang LT and Cao H:
Determination of brucine in strychnos by capillary electropho-
resis. Adv Mater Res 998-999: 363-366, 2014.

131. Zhang JY and Tu PF: Chemical constituents from processed seeds
of Strychnos nux-vomica.J Chin Pharm Sci 21: 187-191, 2012.

132.Fan D, Liao J, Feng Y and Tao L: Research progress on clinical
application of nux-vomica. Sci Technol Review 41: 37-43, 2023
(In Chinese).

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 58: 242, 2026 19

133. Simon F, Garcia J, Guyot L, Guitton J, Vilchez G, Bardel C,
Chenel M, Tod M and Payen L: Impact of interleukin-6 on
drug-metabolizing enzymes and transporters in intestinal cells.
AAPS J 22: 16, 2019.

134. Winkler F, Venkatesh HS, Amit M, Batchelor T, Demir IE,
Deneen B, Gutmann DH, Hervey-Jumper S, Kuner T, Mabbott D,
et al: Cancer neuroscience: State of the field, emerging direc-
tions. Cell 186: 1689-1707, 2023.

135. Martina J: Study on the pharmacological and toxicological
mechanisms of Nux vomica. ] Pharm Med Res 6: 13-18,2024.

136. Yang B, Zhang Z, Song J, Qi T, Zeng J, Feng L and Jia X:
Interpreting the efficacy enhancement mechanism of Chinese
medicine processing from a biopharmaceutic perspective. Chin
Med 19: 14,2024.

137. Wei M and Xu B: Capturing hallmarks of cancer through the
lens of artificial intelligence. IntellOncol 2: 100052, 2026.

138. Wu K, Yang H, Zeng H, Lou J, Liu W, Zhang Y, Li J and Liu H:
Al-based diagnosis of clear-cell renal cell carcinoma based on
non-contrast CT. Intell Oncol 2: 100050, 2026.

139. Bhasuran B, Murugesan G and Natarajan J: Literature-based
discovery (LBD): Towards hypothesis generation and knowl-
edge discovery in biomedical text mining. Medinformatics 2:
241-255, 2025.

140. Arya KR, Soumya SJ, Nadh AG, Aswathy TR, B V, Nair AS,
Oommen OV and Sudhakaran PR: Multitarget-directed multiple
ligands in anti-VEGF resistant glioblastoma therapeutics:
An in silico approach to identify potential phytochemicals.
Medinformatics 2: 57-69, 2025.

Copyright © 2026 Mao etal. Thisworkislicensed under
a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0)
License.



https://www.spandidos-publications.com/10.3892/ijmm.2026.5913

