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Introduction: Acute poisoning from toxic substances significantly endangers
human health, with poisoning-induced cardiac arrest representing a critical
public health concern. Xiaozhong Jiuwei Powder (XZIJWP), a traditional Chinese
medicine (TCM) formulation used in Mongolian Medicine, is known for its
antipyretic, analgesic, and anti-inflammatory properties. However, improper use
of XZIJWP can lead to severe adverse effects.

Methods: In this study, we report a fatal case of refractory ventricular fibrillation in
a patient admitted to our hospital in autumn 2023, following the improper use of
XZJWP. Despite intensive treatment, the patient succumbed to the condition 1 week
later. To identify the toxic chemicals responsible for this outcome, a comprehensive
chemical profiling of XZIWP was conducted using UPLC-Q-Orbitrap-HRMS.
Results: Our analysis identified 292 compounds, categorized into 24 major
groups, with several toxic alkaloids detected. Notably, diester-diterpenoid alkaloids
(DDAs), including aconitine, mesaconitine, and hypaconitine, were identified as
key toxic compounds known to cause neurotoxicity and cardiotoxicity.
Discussion: These findings warrant caution in using XZJWP and other aconite-
containing TCMs, emphasizing the need for public education on safe use and
improved clinical management of related poisonings. The study provides crucial
guidance for healthcare professionals in diagnosing and treating such toxicities.

KEYWORDS

Xiaozhong Jiuwei Powder, cardiac arrest, UHPLC-Q-Exactive-Orbitrap MS, Aconitum
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1 Introduction

Cardiac arrest induced by poisoning is a significant public health concern, with
epidemiological characteristics that have garnered global attention. Recent studies indicate
that poisoning is a notable cause of out-of-hospital cardiac arrest (OHCA), with distinct
incidence and prognosis compared to other etiologies (1-3). For instance, a 15-year national
study in Sweden (2007-2021) revealed that poisoning accounted for 5.2% of non-cardiogenic
OHCA cases (4). These patients were typically younger, predominantly male, and had lower
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rates of witnessed events and shockable rhythms. Similarly, a
population-based study in South Korea highlighted that poisoning-
related OHCA
non-cardiogenic cases, with improved survival rates observed in drug

constituted a considerable proportion of
overdose-related OHCA (5). These findings underscore the diverse
epidemiological patterns of poisoning-induced cardiac arrest across
regions and populations, emphasizing its public health impact.
Poisoning events, including drug overdoses, pesticide exposure, and
ingestion of toxic substances, can lead to cardiac arrest, necessitating
a comprehensive understanding of its mechanisms and the
development of effective prevention and treatment strategies.

Xiaozhong Jiuwei Powder (XZJWP), a traditional Mongolian
medicine, is widely used for its antipyretic, analgesic, and anti-
inflammatory properties (6) and is a topical preparation. Clinically,
XZJWP can be used to treat acute mumps (7, 8), lymphadenitis,
subcutaneous and deep abscesses (9), dengue fever, redness, swelling,
heat, and pain, rheumatic (10), and cold paralysis, and joint pain (6,
11). Composed of nine herbal ingredients—Euphorbia pekinensis
Radix, Rheum palmatum L., Potentilla discolor Bunge, Polygonatum
odoratum (Mill.) Druce, Curcuma longa L., Acorus calamus L.,
Aconitum kusnezoffii Rchb., Asparagus cochinchinensis (Lour.) Merr.,
and Rheum pumilum Maxim. XZJWP has demonstrated efficacy in
managing gouty arthritis, preventing PICC-induced pain or phlebitis,
and treating mastitis and arthritis. Modern pharmacological studies
have further validated its therapeutic potential, particularly its
analgesic, anti-inflammatory, and gouty arthritis-treating effects (9,
10, 12-15), aligning with its traditional applications. However, despite
its widespread use, the therapeutic material basis of XZJWP remains
poorly understood, with limited research on its chemical composition
(16). This gap highlights the need for systematic investigations to
identify its bioactive components and potential toxicities.

Our study was prompted by a clinical case involving a patient who
developed intractable ventricular fibrillation following the improper
use of XZJWP. Admitted to our hospital in autumn 2023, the patient
succumbed to the condition 1 week later despite intensive treatment.
This tragic outcome underscored the urgent need to investigate the
chemical composition and toxic components of XZJWP. The primary
objective of this study was to comprehensively analyze the chemical
of XZJWP liquid
chromatography coupled with Q-Orbitrap high-resolution mass
spectrometry (UHPLC-Q-Orbitrap-HRMS). This approach aimed to
identify the toxic chemical components responsible for inducing

profile using  ultra-high-performance

severe cardiac arrhythmias, such as ventricular fibrillation. By
identifying these toxic compounds, our study seeks to provide a
scientific basis for understanding and treating toxicity-related
arrhythmias caused by XZJWP and other similar traditional medicinal
preparations. This research not only contributes to the safe use of
traditional medicines but also offers valuable insights for the clinical
management of poisoning cases associated with their misuse.

2 Case report

A 25-year-old male patient was admitted to the hospital at 16:30
on October 2023 for vomiting and numbness of the lower limbs for
half an hour after accidentally taking 30 g of the topical drug
XZJWP. Half an hour before admission, the patient took 30 g of
XZJWP, a topical decongestant, and experienced nausea and vomiting,
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with gastric contents, no coffee-coloured vomit (the amount of vomit
was unknown), and a feeling of panic, general weakness, numbness of
the lower limbs, and no other concomitant symptoms. He was sent to
the emergency department of our hospital by a colleague. Patient
accompanied by the staff on behalf of the complaint: half an hour ago
due to double eye swelling and pain discomfort, self-service XZJWP
powder 30g (for external application of drugs) swelling pain
symptomatic, then nausea and vomiting, vomiting, vomit once, vomit
for the stomach contents (vomiting amount of specific is not known),
feeling panicky, general fatigue, denial of headache and dizziness,
denial of chest pain and chest tightness, denial of respiratory distress,
denial of abdominal pain and diarrhoea, self-consciousness of
numbness of lower limbs and weakness, colleagues found that
immediately after the Emergency Department of the hospital for
medical attention! He was admitted to the emergency department of
our hospital with the diagnosis of drug intoxication. The patient had
a history of syphilis infection, No history of extramarital sexual
contact, no history of trauma or surgery, no history of smoking or
alcohol consumption, no drug allergy, no history of drug abuse, no
history of cardiovascular disease and no history of other
chronic diseases.

Physical examination on admission revealed: Vital signs: Body
temperature 37 °C, respiration rate 21 breaths/min, pulse 107 beats/
min, blood pressure 95/58 mmHg. General condition: Conscious but
lethargic. Respiratory system: Bilateral lung sounds were coarse, with
no dry or wet rales. Cardiovascular system: Regular rhythm, no
pathological murmurs or pericardial friction rubs. Abdomen: Soft and
flat, with mild epigastric tenderness on palpation, no rebound pain,
negative Murphy’s sign, and no liver percussion pain. Bowel sounds
were 3 beats/min. Neurological examination: Muscle strength was
grade V in both upper limbs and grade IV in both lower limbs.
Pathologic reflexes were negative. Electrocardiogram (ECG) showed
sinus tachycardia (Figure 1A).

Laboratory findings included: White blood cell count:
11.33 x 10°/L (elevated). Creatine kinase: 297 U/L. Creatine kinase
isoenzyme: 36 U/L. Blood glucose: 7.21 mmol/L. Coagulation, liver
and renal function, electrolytes, and lipid profiles: Within normal
limits. Preliminary diagnosis: Drug poisoning.

Initial treatment included: Cardiac monitoring and oxygen
supplementation. Establishment of intravenous access for fluid
resuscitation. Gastric lavage, activated charcoal administration, and
catharsis to eliminate toxins. Protection of the gastric mucosa.

Clinical course: At 17:23, the patient suddenly lost consciousness,
with shallow and weak respirations, blood pressure dropping to
65/44 mmHg, bilateral pupils 3 mm (sluggish light reflex), and SpO,
of 40%. ECG indicated ventricular fibrillation (see Figure 1B).
Immediate interventions included: Cardiopulmonary resuscitation
(CPR). Intravenous injection of 1 mg of epinephrine. Asynchronous
electrical defibrillation (360 ] monophasic). Antiarrhythmic therapy
with 1 mg of atropine, 300 mg of amiodarone. Transoral intubation
and ventilator-assisted ventilation. Right femoral vein cannulation and
continuous infusion of norepinephrine (2 pg/kg/min) to maintain
blood pressure.

Despite a transient restoration of heart rhythm, the patient
repeatedly experienced ventricular fibrillation at the 9th, 14th,
16th, 18th,
defibrillations. During this period, lidocaine was administered. At

and 22nd minutes, necessitating multiple

46 min, ECG showed ventricular tachycardia (Figure 1C), with
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FIGURE 1

transferred to a higher hospital.

Electrocardiographic changes in patients before and after treatment. (A) Sinus tachycardia on EKG at admission; (B) Ventricular fibrillation on EKG at
17:23; (C) Ventricular tachycardia on EKG at 46 min; (D) Ventricular fibrillation on EKG at 63 min; (E) ventricular tachycardia on EKG at 21:54 when

blood pressure at 75/48 mmHg. At 63 min, the patient developed
ventricular fibrillation, which rapidly progressed to ventricular
arrest. Although pulsatile ventricular tachycardia was briefly
restored, it could not be sustained, with episodes recurring every
1-2 min. By 120 min, the patient regained an autonomic rhythm,
with ECG showing ventricular tachycardia (Figure 1D). The
patient’s family refused blood purification therapy due to
financial constraints.

Final status: Deep coma (Glasgow Coma Scale score: 3). Blood
pressure: 90/40 mmHg (on norepinephrine infusion). Heart rate: 120
beats/min. Arterial blood gas: pH 6.57, PaCO, 58.40 mmHg, PaO,
175.00 mmHg, HCO; 5 mmol/L, BE-30 mmol/L,
9.82 mmol/L. Electrolytes: 140 mmol/L, potassium
4.70 mmol/L, calcium 0.76 mmol/L. Ongoing treatment: Ventilator-

lactate
Sodium

assisted ventilation. Antiarrhythmic therapy with amiodarone.
Continuous norepinephrine infusion for blood pressure support.
Gastric tube administration of activated charcoal. Correction of
electrolyte and acid-base imbalances. Anti-inflammatory therapy and
albumin infusion.

Outcome: At 21:54, the patient’s heart rate was 103 beats per
minute, blood pressure was 95/45 mmHg, and the electrocardiogram
(ECG) indicated ventricular tachycardia (with accompanying
Figure 1E). The blood gas analysis showed: pH 7.15, PCO,
4040 mmHg, PaO, 63mmHg, HCO,;~ 13.50 mmol/L,
BE —15 mmol/L, and Lac 8.74 mmol/L. The electrolyte levels were:
sodium 142 mmol/L, potassium 4 mmol/L, and calcium
0.9 mmol/L. After communicating with the patient’s family, the patient
was transferred to a higher-level hospital for further treatment but
succumbed to the condition 1 week later despite aggressive
interventions. A detailed flow chart of the patient’s clinical progression

is provided in Figure 2.
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3 Materials and methods
3.1 Materials and reagents

Xiaozhong Jiuwei Powder (XZJWP) was purchased from Otaqi
Pharmaceutical Co., Ltd., which is from the same manufacturer as the
patients XZJWP. LC-MS grade methanol and formic acid were
obtained from Merck (New Jersey, USA) and Fisher Scientific (New
Jersey, USA), respectively. Deionized water was purchased from
Watsons (Guangzhou, China), and analytical-grade methanol was
supplied by Tianjin Xinbote Chemical Technology Co. All chemicals
and reagents were of the highest purity available and used without
further purification.

3.2 Sample preparation

Accurately weigh 10 mg of XZJWP and mix it with 500 pL of
methanol. Sonicate the mixture at 40 kHz and 500 W ultrasonic power
for 30 min, followed by centrifugation at 13,000 rpm for 10 min.
Collect the supernatant for UHPLC-Q-Orbitrap-HRMS analysis,
ensuring that the sample storage time does not exceed 24 h.

3.3 UHPLC-Q-Orbitrap-HRMS analysis
method of XZJWP

The detailed chromatographic and mass spectrometry
parameters, essential for reproducibility, are provided as follows. The
chemical profiling of XZJWP was performed using a UHPLC-Q-
Orbitrap-HRMS system consisting of a U3000 UHPLC coupled to a
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Sinus Ventricular Ventricular transfer to death
tachycardia fibrillation fibrillation tertiary hospital
16:30 17:23 18:09 18:26 19:23 21:54 One week later
Hospital Ventricular Ventricular Ventricular Ventricular
admission tachycardia asystole tachycardia tachycardia
FIGURE 2
Flowchart of patient progression.
Q-Exactive mass spectrometer (Thermo Fisher Scientific). A semi-quantitative analysis was performed by calculating the

Chromatographic separation was achieved on a Thermo Hypersil
Gold C18 column (100 mm x 2.1 mm, 1.9 um) with a mobile phase
of 0.1% formic acid in water (A) and methanol (B). The gradient
program was as follows: 0-1 min, 10% B; 1-15 min, 10-100% B;
15-17 min, 100% B; 17-17.1 min, 100-10% B; 17.1-20 min, 10% B,
at a constant flow rate of 0.3 mL/min and an injection volume of
10 pL. Mass spectrometric analysis utilized a Heated Electrospray
Tonization (HESI) source with the heater and capillary temperatures
set to 310 °C and 320 °C, respectively. Sheath and auxiliary gas
pressures were 30 and 10 arb, with spray voltages of 3.0 kV (positive)
and 2.8 kV (negative). Full MS scans (m/z 100-1,500) were acquired
at a resolution of 70,000, with an AGC target of 3e6 and maximum
injection time of 200 ms. Data-dependent MS/MS acquisition was
performed on the top 10 ions at a resolution of 17,500 (AGC target
le5, max IT 50 ms), using stepped normalized collision energies of
10, 28, and 35 eV.

4 Results and discussion

Chemical profiling of XZJWP was conducted using UHPLC-Q-
Orbitrap-HRMS in both positive and negative ion modes. The
acquired data were analyzed using Compound Discoverer software
(v3.2, Thermo Fisher Scientific, CA, USA), which automatically
searched online databases: ChemSpider, CHEBI, CHEMBL, Natural
Products Database, Flavonoid databases, OTC databases, and the
mzCloud database. A total of 292 components from all nine herbal
ingredients were characterized based on database matching and
fragmentation patterns. Figure 3 illustrates the total ion chromatogram
of the XZJWP extract obtained from UHPLC-Q-Orbitrap-HRMS
analysis in both ionization modes.

The identified compounds were classified into 24 structural
categories, including 31 alkaloids, 52 flavonoids, 33 terpenoids, 36
fatty acids, 18 phenolic acids, 17 organic acids, 12 anthraquinones, 12
saccharides, 11 amino acids, 10 coumarins, 8 volatile oils, 10 amides,
5 benzaldehyde, 5 lactones, 4 steroid saponins, 4 polyphenols, 2
furfural, 1 naphthalene glycoside, 1 stilbene, 1 hydrocarbon, 1
aromatic amines, 1 protein, 1 lignin, 1 phenylpropanoid and others.
Detailed information on retention times, molecular ions, mass errors,
MS/MS fragmentation patterns, identified compounds, and
classifications is provided in Supplementary Table 1.
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relative proportions of each compound based on peak area
percentages (compound peak area/total peak area). The results
revealed (Figure 4) that the most abundant compound classes in
XZJWP extract were alkaloids (27.49%), fatty acids (13.65%),
terpenoids (12.72%), flavonoids (9.68%), and anthraquinones
(7.72%). The top ten compounds with the highest concentrations were
fuziline (7.50%), benzoylmesaconine (6.55%), curcumenol (6.26%),
curdione (5.62%), emodin (4.08%), linoleic acid (3.62%),
mesaconitine (3.25%), epicatechin (3.25%), f-asarone (2.73%), and
hypaconitine (2.70%).

The results showed that alkaloids were the most abundant
chemical constituents in XZJWP, which is consistent with the presence
of Aconitum kusnezoffii Rchb. in the formulation. Aconitine alkaloids,
the bioactive components unique to the Aconitum species, are known
for their analgesic, anti-inflammatory, antioxidant, and antitumor
properties. However, their narrow therapeutic window poses
significant risks, including cardiotoxicity, hepatotoxicity, muscle
toxicity, and neurotoxicity (17-20). Notably, the diester-diterpenoid
alkaloids (DDAs), such as aconitine, mesaconitine, and hypaconitine
(Figure 5), are highly toxic and are typically reduced through
processing methods before clinical use. In this study, these three
DDAs were detected in high concentrations in the XZJWP extract.

Die-ester diterpenoid alkaloids (DDAs), such as aconitine,
mesaconitine, and hypaconitine, are highly toxic components found
in Aconitum species (e.g., such as Aconiti Lateralis Radix, Aconiti
Radix, and Aconiti Kusnezoffii Radix). Their toxicity is primarily
mediated by the interaction with voltage-gated sodium channels (Nav)
in excitable tissues. DDAs bind to the open state of these channels,
potently inhibiting their inactivation. This leads to a persistent Na*
influx, sustained membrane depolarization, and ultimately, a
refractory state of the tissue. This pathological sustained depolarization
(EADs)
afterdepolarizations (DADs), which are the fundamental triggers for

promotes early afterdepolarizations and delayed
severe ventricular arrhythmias (21, 22). Beyond the sodium channel
effects, DDAs disrupt intracellular Ca®* homeostasis. Studies indicate
that aconitine induces excessive Ca** influx in ventricular myocytes,
impairing the Na*/Ca’* exchanger and sarcoplasmic reticulum Ca*'-
ATPase function, culminating in cytotoxic calcium overload (23).
Furthermore, these alkaloids induce cardiomyocyte apoptosis and
oxidative damage by directly targeting mitochondrial function,

multiple ion channels, and connexin 43 (24-26). The presence of the
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FIGURE 3
The total ion chromatograms of Xiaozhong Jiuwei San powder extract in positive (A) and negative (B) ion modes.

diester moiety in their molecular structure is considered critical for
this potent toxicity.

According to the literature (27), oral administration of 0.2-2 mg
of aconitine can cause poisoning, while 3-5mg can be fatal.
Intramuscular injection of 0.2-0.3 mg can also lead to death,
frequently resulting in malignant arrhythmias including ventricular
tachycardia and fibrillation. In this case, the patient was aggressively
managed with a combination of lidocaine (a class Ib antiarrhythmic
that inhibits Na* influx) and amiodarone, in addition to atropine to

Frontiers in Medicine 05

counteract vagal depression. Despite this conventional intensive care,
the patient succumbed, starkly highlighting the therapeutic challenges
in severe DDA-induced cardiotoxicity.

This fatal outcome underscores the limitations of standard
antiarrhythmic therapy alone. A comparative analysis of the three
most recent aconitine poisoning reports (28-30) clarifies the critical
factors determining survival. Current evidence suggests that the
cornerstone of managing severe aconitine poisoning involves
immediate gastrointestinal decontamination (e.g., gastric lavage),
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FIGURE 4
Percentage of substance detected for each chemical group classification in the Xiaozhong Jiuwei San powder extract.
Aconitine Mesaconitine Hypaconitine
FIGURE 5
Chemical structure of the major diester-diterpenoid alkaloids.

vigorous fluid diuresis, and aggressive correction of electrolyte
imbalances. When malignant arrhythmias occur, conventional
antiarrhythmic drugs are first-line; however, the development of
refractory ventricular fibrillation (VF) necessitates a paradigm shift.
In such cases, extracorporeal support, particularly extracorporeal
membrane oxygenation (ECMO), is increasingly regarded as a

Frontiers in Medicine
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first-line antidotal intervention to sustain circulation and break the
fatal cycle of electrical storm, thereby facilitating toxin clearance.
Our patient’s continued deterioration, despite receiving standard
intensive care, can therefore be attributed to the progression of
refractory VF in the absence of this pivotal advanced support.
Tragically, due to financial constraints, life-sustaining interventions
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like ECMO or hemoperfusion could not be implemented. This case
aligns with previous reports where fatal outcomes are often linked to
the inability to reverse the profound cardiotoxic cascade (31), and it
powerfully emphasizes that successful resuscitation from severe
aconitine poisoning may hinge on the timely deployment of
extracorporeal life support when conventional measures fail.

The chemical profiling of XZJWP using UHPLC-Q-Orbitrap-HRMS
provided valuable insights into the composition of the formulation,
revealing the presence of 292 components across 24 structural categories,
with alkaloids being the most abundant class. While these compounds
contribute to the therapeutic effects of XZJWD, the high concentrations
of toxic DDAs emphasize the need for stringent quality control, proper
processing methods, and precise dosing to mitigate the risks of toxicity.
This case serves as a critical reminder of the potential dangers associated
with the misuse of herbal medicines, particularly those containing
aconitine alkaloids. It underscores the importance of educating healthcare
providers and patients about the risks of DDA-containing formulations,
ensuring they are aware of the narrow therapeutic window and potential
for severe toxicity. Additionally, rigorous quality control measures must
be implemented to guarantee the safety and efficacy of herbal products,
including proper processing methods to reduce toxic components like
DDAs.
pharmacokinetics, pharmacodynamics, and toxicology of DDAs and

Further research is essential to better understand the

other bioactive compounds in XZJWP, which will inform safer clinical
practices. Finally, standardized guidelines for the safe use of traditional
herbal medicines must be developed, particularly for formulations
containing potent and toxic compounds, to prevent adverse outcomes and
ensure patient safety. This multifaceted approach is crucial for balancing
the therapeutic benefits of herbal medicines with the need to
minimize risks.

In conclusion, while XZJWP holds potential therapeutic value, its
improper use can lead to severe and potentially fatal outcomes, as
demonstrated in this case. A balanced approach that integrates
traditional knowledge with modern scientific methods is essential to
maximize the benefits and minimize the risks associated with such
formulations. This case report and chemical profiling study contribute
to the growing body of evidence on the safe and effective use of herbal
medicines, emphasizing the need for caution and vigilance in their
clinical application.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding authors.

Ethics statement

The requirement of ethical approval was waived by Ethics
statement. The patient had deceased before the study was conceived.
All potentially identifying information has been removed; only
anonymized clinical laboratory data are presented for the studies
involving humans because Ethics statement. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study. Written informed consent was

Frontiers in Medicine

10.3389/fmed.2025.1682854

obtained from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

Author contributions

HA: Supervision, Conceptualization, Investigation, Writing — review
& editing, Validation, Resources. ZY: Writing - review & editing,
Investigation, Validation, Resources. LZ: Resources, Validation, Writing —
review & editing. DS: Funding acquisition, Visualization, Writing - review
& editing. LG: Investigation, Supervision, Writing - review & editing. HF:
Project administration, Supervision, Conceptualization, Writing - review
& editing. AW: Writing - original draft, Supervision, Visualization,
Funding acquisition, Validation.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This research was funded
by the China National Funds for Young Scientists (grant number:
82405008).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The reviewer GW declared a shared affiliation with the author DS
to the handling editor at the time of review.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1682854/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fmed.2025.1682854
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1682854/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1682854/full#supplementary-material

Abudu et al.

References

1. Hess EP, Campbell RL, White RD. Epidemiology, trends, and outcome of out-of-
hospital cardiac arrest of non-cardiac origin. Resuscitation. (2007) 72:200-6. doi:
10.1016/j.resuscitation.2006.06.040

2. Berdowski J, Berg RA, Tijssen JGP, Koster RW. Global incidences of out-of-hospital
cardiac arrest and survival rates: systematic review of 67 prospective studies.
Resuscitation. (2010) 81:1479-87. doi: 10.1016/j.resuscitation.2010.08.006

3. Claesson A, Djarv T, Nordberg P, Ringh M, Hollenberg J, Axelsson C, et al. Medical
versus nonmedical etiology in out-of-hospital cardiac arrest—changes in outcome in
relation to the revised Utstein template. Resuscitation. (2017) 110:48-55. doi:
10.1016/j.resuscitation.2016.10.019

4. Lindqyvist E, Hollenberg J, Ringh M, Nordberg P, Forsberg S. Out-of-hospital
cardiac arrest caused by poisoning - a Swedish nationwide study over 15 years.
Resuscitation. (2023):193. doi: 10.1016/j.resuscitation.2023.110012

5. Park G, Ahn C, Kim JH. Nationwide population-based study of poisoning-induced
out-of-hospital cardiac arrest in South Korea. BMJ Open. (2022) 12:e060378. doi:
10.1136/bmjopen-2021-060378

6. Bao MJ, Wurentuoya L, Li QY. Research Progress of Mongolian medicine
Xiaozhong Jiuwei powder. . Med. Pharm. Chin. Minor. (2021) 27:71-3.

7. Hong X, Niu CJ. Clinical observation on the treatment of acute mastitis by
microwave therapy instrument with Xiaozhong Jiuwei powder. ] Med Pharm Chin
Minor. (2017) 1:30-1. doi: 10.16041/j.cnki.cn15-1175.2017.01.019

8. Huang H. Clinical efficacy of Puji Xiaodu decoction combined with Mongolian
medicine Xiaozhong Jiuwei powder external application in treating pediatric mumps. J
Med Pharm Chin Minor. (2021) 27:9-11. doi: 10.16041/j.cnki.cn15-1175.2021.01.006

9. Sudusgin C. Clinical study on Xiaozhong Jiuwei powder combined with thermal
sleeve in preventing PICC catheter-related phlebitis and thrombosis in tumor patients.
Master's Thesis,. Hohhot, China: Inner Mongolia Medical University (2021).

10. Narenmandula Q, Dong QM. Clinical observation on the treatment of gouty
arthritis with external application of Mongolian medicine Xiaozhong Jiuwei powder.
Chin ] Tradit Med Sci Technol. (2014) 21:145-8.

11. Dalaie D. External application of Xiaozhong Jiuwei powder combined with
massage in the treatment of knee osteoarthritis. Chin ] Ethnomed Ethnopharm. (2017)
1:72. doi: 10.16041/j.cnki.cn15-1175.2017.01.045

12. Liu BZ. Evaluation of clinical efficacy of Mongolian medicine Xiaozhong Jiuwei
powder combined with Tongmai Quzhuo decoction in treating gouty arthritis and the
effect of Mongolian medicine on inflammatory cytokines in a rat model of gouty
arthritis. Master's Thesis,. Hohhot, China: Inner Mongolia Medical University (2021).

13.Tana S, Li CS. Clinical study on external application of Mongolian medicine
Xiaozhong Jiuwei powder in treating gouty arthritis. Asia Pac Tradit Med. (2017)
13:123-6. doi: 10.11954/ytctyy.201712007

14. Liu SM. Effects of Mongolian medicine Xiaozhong Jiuwei powder and Tongmai
Quzhuo decoction on ICAM-1 and VCAM-1 in GA model rats. Master's Thesis,.
Hohhot, China: Inner Mongolia Medical University (2019).

15. Wang YS. Therapeutic effect of gout decoction combined with external application
of Mongolian medicine Xiaozhong Jiuwei powder on acute gouty arthritis. J Clin Med
Lit. (2015) 2:1540. doi: 10.16281/j.cnkijocml.2015.08.119

16. Hu YR, Hasi EED. Determination of Rhein, Emodin, and Chrysophanol in
Mongolian medicine Xiaozhong Jiuwei powder by HPLC. Liaoning ] Tradit Chin Med.
(2014) 41:1479-80. doi: 10.13192/j.issn.1000-1719.2014.07.070

Frontiers in Medicine

08

10.3389/fmed.2025.1682854

17.Mi L, Li Y-C, Sun M-R, Zhang PL, Li Y, Yang H. A systematic review of
pharmacological activities, toxicological mechanisms and pharmacokinetic studies on
Aconitum  alkaloids. Chin ] Nat Med. (2021) 19:505-20. doi:
10.1016/S1875-5364(21)60050-X

18. Jiang H, Zhang Y, Zhang Y, Wang X, Meng X. An updated Meta-analysis based on
the preclinical evidence of mechanism of Aconitine-induced cardiotoxicity. Front
Pharmacol. (2022) 13:13. doi: 10.3389/fphar.2022.900842

19. Yu B, Cao Y, Xiong Y-K. Pharmacokinetics of aconitine-type alkaloids after oral
administration of Fuzi (Aconiti Lateralis Radix Praeparata) in rats with chronic heart
failure by microdialysis and ultra-high performance liquid chromatography-tandem
mass spectrometry. J Ethnopharmacol. (2015) 165:173-9. doi: 10.1016/j.jep.2015.01.057

20. Zhang K, Liu C, Yang T, Li X, Wei L, Chen D, et al. Systematically explore the
potential hepatotoxic material basis and molecular mechanism of Radix Aconiti
Lateralis based on the concept of toxicological evidence chain (TEC). Ecotoxicol Environ
Saf. (2020) 205:111342. doi: 10.1016/j.ecoenv.2020.111342

21.Lei H, Zhang Y, Ye J, Cheng T, Liang Y, Zu X, et al. A comprehensive quality
evaluation of Fuzi and its processed product through integration of UPLC-QTOF/MS
combined MS/MS-based mass spectral molecular networking with multivariate
statistical analysis and HPLC-MS/MS. ] Ethnopharmacol. (2021) 266:113455. doi:
10.1016/j.jep.2020.113455

22. Thawabteh AM, Thawabteh A, Lelario F, Scrano L, Bufo SA. Classification, toxicity
and bioactivity of natural diterpenoid alkaloids. Molecules. (2021) 26:4103. doi:
10.3390/molecules26134103

23.Sun GB, Sun H, Meng XB, Hu J, Zhang Q, Liu Y, et al. Aconitine-induced Ca2+
overload causes arrhythmia and triggers apoptosis through p38 MAPK signaling
pathway in rats. Toxicol Appl Pharmacol. (2014) 279:8-22. doi: 10.1016/j.taap.2014.05.005

24. Zhou YH, Piao XM, Liu X, Li LX, Wang H. Arrhythmogenesis toxicity of aconitine
is related to intracellular ca(2+) signals. Int J Med Sci. (2013) 10:1242-9. doi:
10.7150/ijms.6541

25. Zhang SW, Liu Y, Huang GZ, Wang LX, Qu SY. Aconitine alters connexin43
phosphorylation status and [Ca2+] oscillation patterns in cultured ventricular myocytes
of neonatal rats. Toxicol Vitro. (2007) 21:1476-85. doi: 10.1016/j.tiv.2007.06.013

26. Chen CC, Kuo CY, Chen RE Role of CAPE on cardiomyocyte protection via
connexin 43 regulation under hypoxia. Int | Med Sci. (2016) 13:754-8. doi:
10.7150/ijms.15847

27. Fu HL. Research overview of medicinal plants of Aconitum in China. Chin J Chin
Mater Med. (2004) 27:149-52. doi: 10.13863/j.issn1001-4454.2004.02.038

28. Shang R, Liu H, Tian Q, Wang Y, Wang L, Ma X. Case report: accidental aconitine
poisoning caused by the inappropriate use of a type of Chinese patent medicine. Front
Pharmacol. (2025) 15:1426006. doi: 10.3389/fphar.2024.1426006

29.Zhao Z, Fang Z. Extracorporeal membrane oxygenation combined with
hemoperfusion to assist in the rescue of aconitine poisoning: a case report. Perfusion.
(2025) 40:1062-7. doi: 10.1177/02676591241280163

30. Tomita Y, Suzuki K, Kaizaki-Mitsumoto A, Hifumi T, Inoue A, Saitoh D.
Jesaconitine monitoring in a case of severe aconitum poisoning with torsade de pointes
treated via extracorporeal membrane oxygenation. Acute Med Surg. (2025) 12:€70047.
doi: 10.1002/ams2.70047

31. Yoshioka N, Gonmori K, Tagashira A, Boonhooi O, Hayashi M, Saito Y, et al. A
case of aconitine poisoning with analysis of aconitine alkaloids by GC/SIM. Forensic Sci
Int. (1996) 81:117-23. doi: 10.1016/S0379-0738(96)01980-9

frontiersin.org


https://doi.org/10.3389/fmed.2025.1682854
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.resuscitation.2006.06.040
https://doi.org/10.1016/j.resuscitation.2010.08.006
https://doi.org/10.1016/j.resuscitation.2016.10.019
https://doi.org/10.1016/j.resuscitation.2023.110012
https://doi.org/10.1136/bmjopen-2021-060378
https://doi.org/10.16041/j.cnki.cn15-1175.2017.01.019
https://doi.org/10.16041/j.cnki.cn15-1175.2021.01.006
https://doi.org/10.16041/j.cnki.cn15-1175.2017.01.045
https://doi.org/10.11954/ytctyy.201712007
https://doi.org/10.16281/j.cnki.jocml.2015.08.119
https://doi.org/10.13192/j.issn.1000-1719.2014.07.070
https://doi.org/10.1016/S1875-5364(21)60050-X
https://doi.org/10.3389/fphar.2022.900842
https://doi.org/10.1016/j.jep.2015.01.057
https://doi.org/10.1016/j.ecoenv.2020.111342
https://doi.org/10.1016/j.jep.2020.113455
https://doi.org/10.3390/molecules26134103
https://doi.org/10.1016/j.taap.2014.05.005
https://doi.org/10.7150/ijms.6541
https://doi.org/10.1016/j.tiv.2007.06.013
https://doi.org/10.7150/ijms.15847
https://doi.org/10.13863/j.issn1001-4454.2004.02.038
https://doi.org/10.3389/fphar.2024.1426006
https://doi.org/10.1177/02676591241280163
https://doi.org/10.1002/ams2.70047
https://doi.org/10.1016/S0379-0738(96)01980-9

	A fatal intractable ventricular fibrillation triggered by improper use of Xiaozhong Jiuwei Powder: integrated LC-MS chemical profiling unveils the cardiotoxic culprits
	1 Introduction
	2 Case report
	3 Materials and methods
	3.1 Materials and reagents
	3.2 Sample preparation
	3.3 UHPLC-Q-Orbitrap-HRMS analysis method of XZJWP

	4 Results and discussion

	References

