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Abstract
Introduction: The World Health Organization (WHO) recommends that traditional pharmacopoeia plants be used to improve 
access to low-cost treatment for our populations. As a result, a wide variety of recipes purporting to be made from plants are 
available on the market without any checks on their conformity. This is the case with "Antidouleur X", which is used to treat 
chronic pain and is widely used by the elderly in Abidjan.

The aim of our study was to determine the composition and to assess the safety of "Painkiller X" under the conditions in which 
it is used by patients.

Methods: An analysis of the conditions of use of the recipe was carried out on the basis of requests for expert opinions sent 
to the Toxicology Laboratory. An acute oral toxicity test on rats was carried out in accordance with OECD protocol 420. Three 
dose levels corresponding to one, two and three times the human equivalent dose (HED) were tested. In addition, microscopic 
analysis and non-targeted screening by GC-EI-MS were carried out to elucidate the composition of 'Painkiller X'.

Results: At the dose recommended by the tradipratician (HED), "Painkiller X" caused significant weight loss in the rats. 
When overdosed (3xHED), severe digestive symptoms such as cramps and abdominal pain were observed at Day3, and two 
deaths were recorded at Day6. Microscopic analysis revealed plant elements. GC-EI-MS screening identified indomethacin, a 
synthetic non-steroidal anti-inflammatory drug.

Conclusion: Painkiller X, falsely presented as a plant extract, actually contains a chemically synthesised anti-inflammatory 
agent which, when administered over the long term, can cause serious gastric ulcers and nephrotoxicity in elderly patients.
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Introduction
The promotion of plants used in traditional medicine 

is recommended by the World Health Organisation 
(WHO) to improve access to low-cost treatment for 
populations [1]. Currently, it is estimated that over 80% 
of the population in African countries use traditional 
medicine, particularly medicinal plants, to meet their 
primary health needs [2,3]. Based on a long tradition 
of use in Africa, medicinal plants have always been 
regarded by local populations as a reliable, safe, 
accessible and affordable source of healthcare [4].

Furthermore, due to the adverse effects associated 
with certain synthetic drugs and the cultural values 
associated with medicinal plants, their use has 
experienced a resurgence in popularity among 
population in Sub-Saharan Africa [5]. Globally, according 
to WHO projections, by 2050 the demand for medicinal 
plants will reach approximately US$5 billion per year. 
This explosion in the use of medicinal plants affects 
both developed countries and countries with limited 
resources [6].

In Africa, nearly 6,000 plant species are traditionally 
used for disease management [7]. The trade in these 
medicinal plants is an important economic driver that 
enables millions of people in the informal sector to 
generate substantial income [8]. Thus, a wide variety 
of medicinal recipes presented as being composed of 
plants are available on the market without any control 
sof their conformity [9,10].

The weak regulation of the market for medicines 
derived from traditional African pharmacopoeia and 
poor manufacturing practices by some traditional 
practitioners may expose users to unintentional 
poisoning [10,11].

Indeed, motivated by the desire to obtain more 
powerful effects and faster action, certain undeclared 
substances, particularly synthetic chemicals, may be 
illegally added to herbal preparations [12-14].

This type of economically motivated falsification is 
currently a growing phenomenon worldwide [3], which 
also concerns Côte d'Ivoire.

In 2024, the Ivorian Pharmaceutical Regulatory 
Authority (AIRP) withdrew several traditional medicine 
products (TMPs) indicated for the treatment of erectile 
dysfunction from the market after they were found to 
be adulterated with sildenafil [15]. This falsification 
was highlighted following reports of serious adverse 
reactions to the AIRP Pharmacovigilance Committee. 
Despite this alert, several MTAs presented as being 
composed exclusively of medicinal plants are still 
available on the local market without authorisation, 
exposing vulnerable populations to new risks. This is 
the case with "Antidouleur X", which is indicated for the 
treatment of chronic pain and widely used by elderly 
people in Abidjan.

This recipe is regularly submitted to the National 
Public Health Laboratory (NPHL) and the Toxicology 
Laboratory of the Training and Research Unit (TRU) 
Pharmaceutical Sciences due to its powerful analgesic 
properties, but also because of recurring adverse effects 
in elderly subjects.

The objective of our study was to determine 
the composition and evaluate the safety of use of 
"Antidouleur X" under the conditions of use by patients 
in Abidjan.

Materials and Methods
Review of requests for expertise

All requests for expert opinions on the powder 
"Antidouleur X" sent to the Toxicology Unit of the 
National Public Health Laboratory (NPHL-CI) and the 
Toxicology Laboratory of the Faculty of Pharmaceutical 
Sciences between January 2020 and December 2024 
were selected. A data extraction form was used to 
summarise information on the identity of the applicant, 
the reason for the request for analysis, the source of the 
medicinal plant sample, the characteristics of the patient 
(age, sex, comorbidity), the indication for treatment, the 
dose administered, the treatment regimen, the adverse 
effects observed and the use of other medicines.

Macroscopic aspects and physicochemical 
characteristics

The contents of the individual packages were 
weighed using a Denver Instrument SI-403 precision 
scale (max = 400 g; d = 0.001 g).

The colour, odour, taste and texture of the 
powder were evaluated by sensory analysis, and the 
packaging was described. Basic physical and chemical 
characteristics, such as pH and solubility, were measured 
by potentiometry and shaking test.

Microscopic aspects

A microscopic analysis of samples of "Antidouleur 
X" powder was carried out using an Optika Italy optical 
microscope, version 2.1, coupled with a tablet. The 
purpose of this analysis was to identify microscopic 
elements confirming the herbal origin of the samples, 
in particular the observation of histological and 
anatomical elements constituting the plants used [16]. 
The elements identified at magnifications GX10 and 
GX40 were photographed.

In addition, the samples were compared with 
reference powders obtained from powdered plant drugs 
available in the sample library of the Pharmacognosy 
Laboratory of the Pharmaceutical Sciences Department.

Non-targeted screening by GC-EI-MS

The composition of the samples was determined 
by non-targeted screening using an Agilent 7890B gas 
chromatograph coupled with an Agilent 7000 C mass 
spectrometer. The system was equipped with an ALS 
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given by the traditional practitioner or seller to the 
patient (2 × AED = 456 mg/kg bw of rat)

-	 Lot 3: three (3) times the dose equivalent to the 
prescription given by the traditional practitioner or 
seller to the patient (3 × AED = 684 mg/kg bw of rat)

Test conditions

We conducted an acute oral toxicity test on 
laboratory animals in accordance with OECD Protocol 
420 (2002) [19].

The test was conducted with four groups of five (5) 
male albino rats at the animal facility of the Faculty of 
Pharmacy, Félix Houphouët-Boigny University, Abidjan. 
The animals underwent a 48-hour acclimatisation 
period (25oC ± 5oC and a 12-hour light/dark cycle). After 
weighing the animals, a single dose of the reconstituted 
powder solution sample "Painkiller X" in distilled water 
was administered by gavage at doses equivalent to 
the recommended human dose (Lot 1), twice the 
recommended human dose (Lot 2) and three times the 
recommended human dose (Lot 3). At the same time, a 
batch of 5 mice received distilled water as a comparison 
(control batch).

The animals were observed for 14 days, from 1 to 
14 March 2024, for behavioural abnormalities, signs of 
nervous damage, skin abnormalities, signs of digestive 
damage or death compared to the control rats.

The weight curve was also studied to determine 
whether there was any statistically significant weight 
loss following administration of the product.

The handling and care of the experimental animals 
were carried out in strict accordance with ethical rules 
as set out in the European Convention on the Protection 
of Vertebrate Animals used for Experimental and other 
Scientific Purposes [20]. Experimental procedures with 
animals were approved by the Institutional Animal 
Ethics Committee of UFR Pharmaceutical and Biological 
Sciences (IAEC/UFRSPB/UFHB/No 2022/03).

Results
Review of requests for expertise 

Overall, eight batches of samples of the recipe 
"Antidouleur X" were submitted for expert analysis to 
the LNSP or LTHAI during the study period. Information 
on the requests for expert analysis of the batches of 
samples collected is summarised in (Table 1).

The average age of users was 60.8 years old. ± 24.2 
years, with a median age of 70 years (range = 12 to 75 
years). Requests for analysis were made by users (N = 
2), parents of users (N = 2) and healthcare professionals 
(N = 4). The indication reported by the requesters was 
invariably the treatment of a chronic painful condition. 
The main reason for the request was related to concerns 
about the safety of the medicine.

7696 automatic sampler and a multimode automatic 
injector. The column was an HP-5M 30 m × 0.250 mm × 
0.25 µm type. Detection was performed after electron 
impact ionisation using helium as the carrier gas.

For each batch of samples, 50 mg of powder was 
diluted in 10 mL of methanol (MS grade) before 
undergoing solid phase extraction on an OASIS HLB 
cartridge, 3cc, 80 mg, manufactured by Waters™. 
Identification was performed after injection in Full Scan 
mode, under the following chromatographic conditions:

-	 Injection mode: without division

-	 Injector temperature: 200°C

-	 Oven temperature gradient: 100 to 300°C

-	 Analysis time: 50 minutes.

The mass spectrum extracted from the 
chromatographic peak of interest was compared with 
the reference spectra in the NIST 20 database.

Acute Oral Toxicity Test
Determination of doses to be administered to animals

According to the information contained in the 
request for expert opinion, the dose to be administered 
to adults in cases of pain was one sachet diluted in a 
teacup of water. This dose corresponds to 2.22 grams 
of powder in 50 millilitres of water, or 37 mg/kg body 
weight (adult weighing 60 kg).

The initial dose to be administered to experimental 
animals (EA) was calculated based on the following 
equation [17,18]:

Équation 1: AED (mg/kg) = Human Dose (mg/kg) × 
(Human Km / Animal Km)

With: AED = Animal Equivalent Dose 

Human Dose = dose administrated to the human

Animal Km = conversion factor based on the animal's 
body surface area

Human Km = conversion factor based on human 
body surface area

Extrapolation data:

-	 Human reference weight: 60 kg 

-	 Human Km: 37

-	 Human dose: 37 mg/kg

-	 Animal Km (rat): 6

We simultaneously tested three (3) doses of the 
powder to be administered to the animals: 

-	 Lot 1: the dose equivalent to the prescription given 
by the traditional practitioner or seller to the patient 
(AED = 228 mg/kg bw of rat)

-	 Lot 2: twice (2) the dose equivalent to the prescription 
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Macroscopic aspects

The powder was packaged in plastic bags with a 
knot containing an average unit dose of 2.22. ± 0.25 
grams (N = 8). The samples were in the form of a fine, 
homogeneous, light brown powder (Figure 1). The 
packaging, which was very artisanal, did not indicate 
the batch number, manufacturer's name, place of 
manufacture, date of manufacture or expiry date. 
Furthermore, there was no indication of the powder's 
composition on the packaging.

Physical and chemical characteristics

The pain-relieving powder submitted by the 
applicants was very poorly soluble in water but soluble 

in organic solvents, particularly methanol.

The powder diluted in distilled water had a pH 
between 6.5 and 6.8.

Microscopic aspects

Microscopic analysis of the "Antidouleur X" powder 
revealed epidermal debris, starch grains and calcium 
oxalate crystals, on a red-orange background, suggesting 
a plant origin for the samples (Figure 2a, Figure 2b and 
Figure 2c).

A comparison with reference powders from the 
sample library (turmeric, kola and kaolin) did not reveal 
any similarities with our sample.

No Sample
Identity of the applicant
& reason for the request
(Date of request)

Sample source Patient characteristics and 
dose administered Reported side effects

E1

Private pharmacist to follow up on a
request for advice from a customer on 
the use of E1.
LTHAI (July 2020)

Pharmacy customer.
Place of sale: Street 
vendor

73-year-old woman suffering 
from osteoarthritis and a 
double herniated disc.
History of hypertension (high 
blood pressure)
1 sachet for pain relief

Onset of type II 
diabetes

E2

Parent of a child who was advised to 
take E2 by an acquaintance.
Request regarding concern about the 
appearance of adverse effects.
LTHAI (September 2020)

Mother of the 
patient.
Place of sale: not 
specified

12-year-old girl with no 
known medical history.
Treatment indication not 
specified.
1 sachet per day

Significant weight gain 
over 3 months and 
generalised oedema.

E3

A colleague at LNSP whose father 
has been using E3 for several months 
to determine the safety of the product.
LNSP (March 2021)

Son of the patient
Place of sale: Near 
the Adjamé mosque

75-year-old man suffering 
from chronic pain in his legs 
and knees, like osteoarthritis.
1 sachet per day

Nothing to report

E4

Consumer suffering from a serious 
medical condition who wants to know 
the composition, safety and potential 
for interaction with modern medicines 
before consuming E4.
LTHAI (August 2022)

The patient himself.
E4 obtained from a 
friend.
Place of sale not 
specified

68-year-old man diagnosed 
with liver cancer and 
undergoing chemotherapy.
History of type II diabetes 
and hypertension.
Recommended dosage: 1 
sachet per day

Nothing to report

E5

Doctor in the Clinical Pharmacology 
Department as part of a notification 
to the Cocody University Hospital 
Centre (CHU). Identification of the 
composition and toxicity of E5.
LNSP (April 2023)

Doctor himself.
Referred by a doctor 
during a consultation

No information available No information 
available

E6
Consumer seeking information on the 
composition and toxicity of E6.
LNSP (February 2024)

The patient himself.
Place of sale not 
specified

65-year-old man
No further information 
available

No information 
available

E7

Pharmacist in the pharmacology 
department as part of a notification 
at Cocody University Hospital. 
Investigation of adulteration.
LTHAI (May 2024)

Pharmacist himself
Place of sale not 
specified

No information available Swelling of the lower 
limbs

E8

Cardiologist whose patient is failing 
treatment and is using E8. The 
product has been confiscated and 
a request for determination of its 
composition and safety of use has 
been made by the cardiologist.
LTHAI (October 2024)

Doctor himself.
Purchase on a coach 
during a trip.

72-year-old man, retired, 
suffering from osteoarthritis.
Long-standing history of 
hypertension and monitored 
by his cardiologist.
1 sachet every 2 days

In cases of treatment 
failure.

Table 1: Data relating to requests for expert opinions on "Painkiller X" from 2020 to 2024.

*LNSP: Laboratoire National de la Santé Publique/ National Laboratory of Public Health (English) 
**LTHAI: Laboratoire de Toxicologie et Hygiène Agro-Industrielle /Laboratory of Toxicology and food industry Hygiene (English)
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Figure 1: Powder samples of "Painkiller X" from different batches submitted for analytical testing.
E1 = One sample from batch 1; E3 = One sample from batch 3; E5 = One sample from batch 5; E7 = One sample from batch 
7; E8 = One sample from batch 8.

Figure 2: Microscopic elements found in the powder "Antidouleur X" a) calcium oxalate crystals (KOH, GX10); b) starch 
grains (H₂O, GX40); c) epidermal fragments (KOH, GX10).

Identification and characterisation of chemical 
structure

Separation by gas chromatography detected a peak 
of interest in the analysed batches at retention time 
tR: 48.8 minutes. Extraction of the mass spectrum 
corresponding to this peak identified indomethacin 
methyl ester (similarity: 87.5%), a chemically synthesised 
non-steroidal anti-inflammatory drug, by comparison 
with the NIST database version 20 (Figure 3).

Acute toxicity tests

After a single administration of the reconstituted 
solution of the powder "Antidouleur X" at the various 
doses tested, the clinical observations made throughout 
the 14-day trial period were recorded in (Table 2).

Two days after administration of the powder, a 
decrease in feed intake was observed in all three groups, 

followed by significant weight loss on day 3. This weight 
loss was more marked in batch 3 (3xHED) and was 
accompanied by severe digestive symptoms, including 
cramps and abdominal pain. On the sixth day (Day6), 
weight loss persisted, and two deaths were recorded in 
five animals from batch 3, representing a mortality rate 
of 40%. Furthermore, early weight loss was observed in 
the first few days after administration of the powder, 
both at the recommended dose (HED) and in cases of 
overdosing (2 × HED and 3 × HED). This decrease was 
clearly visible on the weight curves, compared to the 
control group, with a statistically significant difference 
(Anova, p < 0.05) (Figure 4).

Discussion 
The widespread use of "Painkiller X" among the 

local population for the treatment of pain is a real 
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Figure 3: Mass spectrum and molecular structure of the active substance   contained in the powder "Antidouleur X"-E8 by 
CPG-EI-MS.

Figure 4: Weight changes in experimental animals receiving three doses of reconstituted powder solutions of "Painkiller 
X" compared to a control group.
**HED = Human Equivalent Dose; 2 × HED = Two times Human Equivalent Dose (overdose); 3 × HED = Three times 
Human Equivalent Dose (overdose)
# Comparison of tested groups versus control group by Anova: p < 0.05
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public health issue, due to the lack of scientific data 
on its efficacy and safety. This study aimed to evaluate 
the safety of a treatment widely used, particularly in 
elderly people, and presented as being prepared from 
medicinal plants.

Analysis of requests for expertise regarding the 
recipe "Painkiller X" showed that most users were 
elderly people suffering from chronic painful conditions. 
The median age observed placed them in the geriatric 
patient category [21].

Chronic pain, which is common among older people, 
negatively impacts their mobility and quality of life [22].

However, it is well documented that this population 
is not adequately cared for by healthcare providers 
relative to the intensity of pain reported [22,23]. In 
addition, elderly subjects are frequently polymedicated, 
which increases the risk of actual or perceived adverse 
effects. In this context, medicinal plants are a safer 
alternative, due to their reputation for safety compared 
to conventional drugs [24,25].

The experimental assessment of the acute toxicity of 
the powder «Antidouleur X» revealed abdominal pain 
and significant weight loss at the recommended human 
dose at the start of treatment, and deaths in cases of 
overdose equivalent to three times the recommended 
human dose. In addition, chemical analysis identified 
indomethacin (C19H16ClNO4), a synthetic chemical drug, 
in the recipe presented and sold as being exclusively 
plant-based. Indomethacin is a non-steroidal anti-
inflammatory drug (NSAID) subject to prescription, 
whose use presents challenges in the elderly [26]. 
This molecule has a tropism for synovial fluid and is 
recognised as effective in relieving pain associated with 

rheumatoid arthritis, ankylosing spondylitis and certain 
forms of disabling osteoarthritis. This could explain the 
widespread use of "Antidouleur X" among elderly people 
who experience frequent pain. However, indomethacin 
is one of the drugs that should not be used in people 
over the age of 65 due to the risk of exacerbating certain 
clinical conditions that are common in elderly patients. 
The indomethacin contained in the prescription could 
cause an increase in blood pressure, which, if ignored by 
the physician, could lead to intensified antihypertensive 
treatment or a cascade of prescriptions [27]. In addition, 
cardiac, hepatic and renal output decrease significantly 
in elderly subjects, leading to indomethacin toxicity 
in these organs, including an increased risk of renal 
failure with a poor prognosis [23]. Furthermore, when 
administered orally, indomethacin increases the risk 
of gastro-duodenal ulcers and causes neuropsychiatric 
side effects (headaches, dizziness, asthenia, mental 
confusion) [28].

The remedy "Antidouleur X", which was indeed 
plant-based, was nevertheless "cut" or adulterated with 
indomethacin. Although the quantity of the drug was 
not determined, the signs observed in experimental 
animals and the symptoms reported by some users 
and caregivers are consistent with the known adverse 
effects of indomethacin. Rats exhibited gastric pain, 
which would explain their refusal to eat and weight 
loss. In addition, oedema was observed in two patients 
after several weeks of daily use of the recipe. Finally, the 
cardiologist requested an expert analysis of the powder 
following the failure of antihypertensive treatment that 
had been effective until recently.

This set of observations pointed to intentional 
chemical adulteration of the herbal medicine recipe 

ANIMAL ID Control (n = 5)
Eau distillée

Lot 1 (n = 5)
HED

Lot 2 (n = 5)
2 × HED

Lot 3 (n = 5)
3 × HED

T = ¼ hour NOR NOR NOR NOR 
T = ½ hour NOR NOR NOR NOR 
T = 1 hour NOR NOR NOR NOR 
T = 4 hours NOR NOR NOR NOR 
Day 1 NOR NOR NOR NOR 
Day 2 NOR RN + RN + RN ++, PP
Day 3 NOR PP ++ PP ++ PP+++, CR+++
Day 4 NOR PP ++ PP ++ PP+++, CR+++
Day 5 NOR NOR NOR PP+++, CR+++
Day 6 NOR NOR NOR CR ++, MO
Day 7 NOR NOR NOR PP +
Day 8 NOR NOR NOR PP +
Day 9 NOR NOR NOR NOR 
Day 10 NOR NOR NOR NOR 
Day 11 NOR NOR NOR NOR 
Day 12 NOR NOR NOR NOR 
Day 13 NOR NOR NOR NOR 
Day 14 NOR NOR NOR NOR 
Abbreviations used: AP: Apathie; TR: Tremor; EX: Excitation; NOR: Nothing to report; CO: Convulsion; RB: Refusal to drink; 
RN: Refusal to eat; PP: Weight loss; DI: Diarrhoea; MO: Death; CR: Abdominal cramps; SLR: Loose stools

Table 2: Observation data from 3 groups of mice that received a single dose of the "Painkiller X" tested at prescribed doses and 
in overdose.
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with indomethacin. The chemical agent was illegally 
added and sold to elderly and vulnerable people, 
exposing them to more frequent and potentially serious 
iatrogenic accidents.

Several authors have reported cases of adulteration 
of medicinal plants with indomethacin around the 
world [29,30]. A study conducted in 2018 in a clinical 
toxicology laboratory in Hong Kong revealed that 
NSAIDs ranked first among the chemicals identified in 
adulterated natural health products [31].

In Côte d'Ivoire, the National Pharmaceutical 
Regulatory Authority has established a 
Pharmacovigilance Committee that includes the 
monitoring of adverse events associated with traditional 
medicines. However, this initiative faces many 
challenges. Firstly, the regulation of medicines in the 
Ivorian traditional pharmacopoeia is inadequate due 
to difficulties in identifying and registering traditional 
practitioners and recipes marketed in Côte d'Ivoire. 
Added to this is the growing e-commerce trade in these 
products, which is completely unregulated. Secondly, 
like pharmaceutical products, Improved Traditional 
Medicines are not subject to active market surveillance 
(post-marketing), which limits the identification of cases 
of chemical adulteration. Finally, funding for research 
on the quality and safety of traditional medicines is 
insufficient or even non-existent. Research initiatives on 
medicines in the Ivorian pharmacopoeia are fragmented 
and do not rely on a transdisciplinary approach. 
Efforts should be made to set up a technical expertise 
platform based on an integrated approach (analytical 
chemistry, toxicology, pharmacology, clinical pharmacy, 
pharmacognosy). Such a system should strengthen 
market surveillance and pharmacovigilance and ensure 
the safe use of traditional medicines, particularly for 
vulnerable populations such as the elderly.

Conclusion
The intentional chemical adulteration of traditional 

medicines has become a highly lucrative business 
worldwide, including in Côte d'Ivoire. An analysis 
of the composition of the "Antidouleur X" formula, 
falsely presented as plant extracts, revealed that it 
contained a synthetic anti-inflammatory drug, which, 
when administered over long periods, could cause 
severe gastric disorders and serious nephrotoxicity 
in elderly subjects. Acute toxicity of the illegally 
adulterated recipe was demonstrated in experimental 
animals at the doses recommended by the traditional 
practitioner. The elderly are a population particularly 
vulnerable to iatrogenic accidents involving NSAIDs. 
Pharmacovigilance, active market surveillance and 
random screening of traditional recipes available on the 
market should help to effectively combat adulteration 
and its dangers in the elderly.

Acknowledgements
The authors would like to thank the National Public 

Health Laboratory (LNSP) and the Water Quality Control 
Laboratory (LACQUE) for their technical support in 
carrying out the physical and chemical analyses.

Declaration of Interests
The authors declare that they have no conflicts of 

interest.

Funding
This work did not receive any funding.

Data Availability
Data supporting this research are available from the 

authors on reasonable request.

Authors’ Contributions 
Study design: Aïssata DIAKITE

Definition of methodology: Aïssata DIAKITE and 
Aminata AKOUBET

Sample analysis: Stéphane CLAON, Ladji MÉITÉ, 
Aminata AKOUBET and Adjoua Marcelle YAO

Data interpretation: César Pacôme BÉKÉGNRAN, 
Aminata AKOUBET, Ladji MÉITÉ

Manuscript written by: Aïssata DIAKITE

Critical review of the manuscript: Sahar TRAORÉ, 
Aïssata CAMARA and César Pacôme BÉKÉGNRAN.

All co-authors have read the entire manuscript and 
approved its content.

References
1.	 (2023) Organisation mondiale de la santé (OMS). 

Médecine Traditionnelle.

2.	 Mahomoodally MF (2013) Traditional medicines in Africa: 
an appraisal of ten potent African medicinal plants. Evid 
Based Complement Alternat Med 2013: 617459.

3.	 World Health Organization (WHO) (2022) African traditional 
medicine day 2022. Message of WHO regional director for 
Africa.

4.	 Kasilo OMJ, Wambebe C, Nikiema JB, Nabyonga-Orem 
J (2019) Towards universal health coverage: advancing 
the development and use of traditional medicines in Africa. 
BMJ Global Health 4: e001517.

5.	 James PB, Wardle J, Steel A, Jon Adams (2018) 
Traditional, complementary and alternative medicine use 
in sub-Saharan Africa: A systematic review. BMJ Glob 
Health 3.

6.	 Bareetseng S (2022) The worlwide herbal market: Trends 
and opportunities. J Biomed Res Environ Sci 3: 575-584. 

7.	 Schmelzer GH, Gurib-Fakim A, Arro R, Bosh CH, Ruijter 
AD, et al. (2008) Plant resources of tropical Africa (PROTA): 
In: Medicinal Plants 1. PROTA Foundation, Wageningen, 
Netherland 11: 721-791. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC3866779/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3866779/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3866779/
https://www.afro.who.int/regional-director/speeches-messages/african-traditional-medicine-day-2022
https://www.afro.who.int/regional-director/speeches-messages/african-traditional-medicine-day-2022
https://www.afro.who.int/regional-director/speeches-messages/african-traditional-medicine-day-2022
https://pubmed.ncbi.nlm.nih.gov/31673437/
https://pubmed.ncbi.nlm.nih.gov/31673437/
https://pubmed.ncbi.nlm.nih.gov/31673437/
https://pubmed.ncbi.nlm.nih.gov/31673437/
https://gh.bmj.com/content/3/5/e000895
https://gh.bmj.com/content/3/5/e000895
https://gh.bmj.com/content/3/5/e000895
https://gh.bmj.com/content/3/5/e000895
https://www.jelsciences.com/articles/jbres1482.pdf
https://www.jelsciences.com/articles/jbres1482.pdf


ISSN: 2572-4061DOI: 10.23937/2572-4061.1510068

Diakite A, et al. J Toxicol Risk Assess 2026, 12:068 • Page 9 of 9 •

8.	 Quiroz D, Towns A, Legba SI, Sweir J, Brière S, et al. 
(2014) Quantifying the domestic market in herbal medicine 
in Benin, West Africa. J Ethnopharmacol 151: 1100-1108.

9.	 Ekor M (2014) The growing use of herbal medicines: Issues 
relating to adverse reactions and challenges in monitoring 
safety. Front Pharmacol 10: 177.

10.	 Moshi MJ, Mhame PP (2013) Legislation on Medicinal 
Plants in Africa. In: Medicinal Plant Research in Africa. 
Pharmacol Chem 843-858.

11.	 Mponda JS, Muula AS, Choko A, Ajuwon AJ, Moody 
JO (2025) Traditional medicine regulation status and 
challenges in Malawi and Nigeria. BMC Complement Med 
Ther 25: 53.

12.	 Barrueto Jr F, Jortani SA, Valdes Jr R, Hoffman RS, 
Nelson LS (2003) Cardioactive steroid poisoning from an 
herbal cleaning preparation. Ann Emerg Med 41: 396-369.

13.	 Balayssac S, Gilard V, Zedde C, Martino R, Malet-Martino 
M (2012) Analysis of herbal dietary supplements for 
sexual performance enhancement: First characterization 
of propoxyphenyl-thiohydroxyhomosildenafil and 
identification of sildenafil, thiosildenafil, phentolamine and 
tetrahydropalmatine as adulterants. J Pharm Biomed Anal 
63: 135-50.

14.	 Dastjerdi AG, Akhgari M, Kamali A, Mousavii Z (2018) 
Principal component analysis of synthetic adulterants 
in herbal supplements advertised as weight loss drugs. 
Complement Ther Clin Pract 31: 236-241.

15.	 Autorité Ivoirienne de Régulation Pharmaceutique (AIRP) 
(2024) Note d’information relative à la suspension de la 
fabrication et la commercialisation des produits dénommés 
«Attoté Original 100% Naturel» et «La Paix Congnons-
Mousso-Yako».

16.	 Metcalfe CR, Chalk L (1950) Anatomy of the dicotyledons. 
Clarendon Press, Oxford 1: 243-245.

17.	 Saadh MJ, Haddad M, Dababneh MF, Bayan MF, Al-Jaidi 
BA (2020) A guide for estimating the maximum safe starting 
dose and conversion it between animals and humans. Sys 
Rev Pharm 11: 98-101.

18.	 US Food and Drug Administration (USFDA) (2005) 
Estimating the maximum safe starting dose in initial clinical 
trials for therapeutics in adult healthy volunteers. US Food 
and Drug Administration.

19.	 OCDE (2001) OCDE Test 420 Guideline for testing of 
chemicals: Acute oral toxicity-fixed dose procedure. 

20.	 Journal officiel de l’Union européenne (2010) Directive 
2010/63/UE du parlement Européen et du Conseil du 
22 septembre 2010 relative à la protection des animaux 
utilisés à des fins scientifiques. 47.

21.	 OCDE (2025) Population âgée: Indicateur.

22.	 Presto P, Sehar U, Kopel J, Hemachandra Reddy P (2024) 
Mechanisms of pain in aging and age-related conditions: 
Focus on caregivers. Ageing Res Rev 95: 102249.

23.	 Pautex S, Vogt-Ferrier N (2006) Prise en charge de la 
douleur chronique chez la personne âgée. Rev Med 
Suisse 71: 1629-1633.

24.	 Peprah P, Appiah-Brempong E, Agyemang-Duah W, 
Okyere P, Gyimah AA (2022) Where were pharmaceuticals 
in Eden? Use of herbal medicine in old age: Focus group 
discussion among community-dwelling older adults in 
Ghana. J Herb Med 32: 100549.

25.	 De Souza Silva JE, Santos Souza CA, Da Silva TB, Gomes 
IA, Giselle de Carvalho Brito, et al. (2014) Use of herbal 
medicines by elderly patients: A systematic review. Arch 
Gerontol Geriatr 59: 227-233.

26.	 Verlhac B (2004) Anti-inflammatoires non stéroïdiens 
chez les sujets âgés et accidents iatrogéniques: Les 
points importants à retenir. Revue du Rhumatisme 71: 
S179-S182.

27.	 Ruscin JM, Linnebur SA (2023) Catégories de médicaments 
qui méritent une vigilance chez le patient âgé. In: Manuels 
MSD, Edition Merck & Co, Le Manuel MSD, Version pour 
professionnels de la santé.

28.	 Roux B, Berthou Contreras J, Beuscart JB, Charenton-
Blavignac M, Doucet J, et al. (2021) Review of potentially 
inappropriate MEDIcation pr[e]scribing in Seniors 
(REMEDI[e]S): French implicit and explicit criteria. Eur J 
Clin Pharmacol 77: 1713-1724.

29.	 Calahan J, Howard D, Almalki AJ, Gupta MP, Calderón AI 
(2016) Chemical adulterants in herbal medicinal products: 
A review. Planta Med 82: 505-515.

30.	 Ernst E (2002) Adulteration of Chinese herbal medicines 
with synthetic drugs: A systematic review. J Intern Med 
252: 107-113.

31.	 Ching CK, Chen SPL, Lee HHC, Lam YH, Sau Wah Ng, et 
al. (2018) Aldulteration of proprietary Chinese medicines 
and health products with undeclared drugs: Experience 
of tertiary toxicology laboratory in Hong Kong. Br J Clin 
Pharmacol 84: 172-178.

https://pubmed.ncbi.nlm.nih.gov/24368155/
https://pubmed.ncbi.nlm.nih.gov/24368155/
https://pubmed.ncbi.nlm.nih.gov/24368155/
https://pubmed.ncbi.nlm.nih.gov/24454289/
https://pubmed.ncbi.nlm.nih.gov/24454289/
https://pubmed.ncbi.nlm.nih.gov/24454289/
https://www.sciencedirect.com/science/chapter/edited-volume/abs/pii/B9780124059276000230?via%3Dihub
https://www.sciencedirect.com/science/chapter/edited-volume/abs/pii/B9780124059276000230?via%3Dihub
https://www.sciencedirect.com/science/chapter/edited-volume/abs/pii/B9780124059276000230?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/39953523/
https://pubmed.ncbi.nlm.nih.gov/39953523/
https://pubmed.ncbi.nlm.nih.gov/39953523/
https://pubmed.ncbi.nlm.nih.gov/39953523/
https://pubmed.ncbi.nlm.nih.gov/12605208/
https://pubmed.ncbi.nlm.nih.gov/12605208/
https://pubmed.ncbi.nlm.nih.gov/12605208/
https://pubmed.ncbi.nlm.nih.gov/22365331/
https://pubmed.ncbi.nlm.nih.gov/22365331/
https://pubmed.ncbi.nlm.nih.gov/22365331/
https://pubmed.ncbi.nlm.nih.gov/22365331/
https://pubmed.ncbi.nlm.nih.gov/22365331/
https://pubmed.ncbi.nlm.nih.gov/22365331/
https://pubmed.ncbi.nlm.nih.gov/22365331/
https://pubmed.ncbi.nlm.nih.gov/29705461/
https://pubmed.ncbi.nlm.nih.gov/29705461/
https://pubmed.ncbi.nlm.nih.gov/29705461/
https://pubmed.ncbi.nlm.nih.gov/29705461/
https://www.scribd.com/document/724641653/NOTE-D-INFORMATION-N-0740-SUSPENSION-DE-LA-FABRICATION-ET-DE-LA-COMMERCIALISATION-DES-PRODUITS-DENOMMES-ATTOTE-ORIGINAL-100-NATUREL-ET-LA-PAIX-CON
https://www.scribd.com/document/724641653/NOTE-D-INFORMATION-N-0740-SUSPENSION-DE-LA-FABRICATION-ET-DE-LA-COMMERCIALISATION-DES-PRODUITS-DENOMMES-ATTOTE-ORIGINAL-100-NATUREL-ET-LA-PAIX-CON
https://www.scribd.com/document/724641653/NOTE-D-INFORMATION-N-0740-SUSPENSION-DE-LA-FABRICATION-ET-DE-LA-COMMERCIALISATION-DES-PRODUITS-DENOMMES-ATTOTE-ORIGINAL-100-NATUREL-ET-LA-PAIX-CON
https://www.scribd.com/document/724641653/NOTE-D-INFORMATION-N-0740-SUSPENSION-DE-LA-FABRICATION-ET-DE-LA-COMMERCIALISATION-DES-PRODUITS-DENOMMES-ATTOTE-ORIGINAL-100-NATUREL-ET-LA-PAIX-CON
https://www.scribd.com/document/724641653/NOTE-D-INFORMATION-N-0740-SUSPENSION-DE-LA-FABRICATION-ET-DE-LA-COMMERCIALISATION-DES-PRODUITS-DENOMMES-ATTOTE-ORIGINAL-100-NATUREL-ET-LA-PAIX-CON
https://www.scirp.org/reference/referencespapers?referenceid=1662104
https://www.scirp.org/reference/referencespapers?referenceid=1662104
https://pmc.ncbi.nlm.nih.gov/articles/PMC4804402/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4804402/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4804402/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4804402/
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/estimating-maximum-safe-starting-dose-initial-clinical-trials-therapeutics-adult-healthy-volunteers
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/estimating-maximum-safe-starting-dose-initial-clinical-trials-therapeutics-adult-healthy-volunteers
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/estimating-maximum-safe-starting-dose-initial-clinical-trials-therapeutics-adult-healthy-volunteers
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/estimating-maximum-safe-starting-dose-initial-clinical-trials-therapeutics-adult-healthy-volunteers
https://ntp.niehs.nih.gov/sites/default/files/iccvam/suppdocs/feddocs/oecd/oecd_gl420.pdf
https://ntp.niehs.nih.gov/sites/default/files/iccvam/suppdocs/feddocs/oecd/oecd_gl420.pdf
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:276:0033:0079:fr:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:276:0033:0079:fr:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:276:0033:0079:fr:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:276:0033:0079:fr:PDF
https://www.oecd.org/fr/data/indicators/elderly-population.html
https://pubmed.ncbi.nlm.nih.gov/38417712/
https://pubmed.ncbi.nlm.nih.gov/38417712/
https://pubmed.ncbi.nlm.nih.gov/38417712/
https://www.revmed.ch/view/623882/4855369/RMS_71_1629.pdf
https://www.revmed.ch/view/623882/4855369/RMS_71_1629.pdf
https://www.revmed.ch/view/623882/4855369/RMS_71_1629.pdf
https://www.sciencedirect.com/science/article/abs/pii/S2210803322000173?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2210803322000173?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2210803322000173?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2210803322000173?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2210803322000173?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/25063588/
https://pubmed.ncbi.nlm.nih.gov/25063588/
https://pubmed.ncbi.nlm.nih.gov/25063588/
https://pubmed.ncbi.nlm.nih.gov/25063588/
https://www.sciencedirect.com/science/article/abs/pii/S1169833004800243
https://www.sciencedirect.com/science/article/abs/pii/S1169833004800243
https://www.sciencedirect.com/science/article/abs/pii/S1169833004800243
https://www.sciencedirect.com/science/article/abs/pii/S1169833004800243
https://www.msdmanuals.com/fr/professional/g%C3%A9riatrie/traitement-pharmacologique-chez-les-personnes-%C3%A2g%C3%A9es/cat%C3%A9gories-de-m%C3%A9dicaments-qui-m%C3%A9ritent-une-vigilance-chez-le-patient-%C3%A2g%C3%A9
https://www.msdmanuals.com/fr/professional/g%C3%A9riatrie/traitement-pharmacologique-chez-les-personnes-%C3%A2g%C3%A9es/cat%C3%A9gories-de-m%C3%A9dicaments-qui-m%C3%A9ritent-une-vigilance-chez-le-patient-%C3%A2g%C3%A9
https://www.msdmanuals.com/fr/professional/g%C3%A9riatrie/traitement-pharmacologique-chez-les-personnes-%C3%A2g%C3%A9es/cat%C3%A9gories-de-m%C3%A9dicaments-qui-m%C3%A9ritent-une-vigilance-chez-le-patient-%C3%A2g%C3%A9
https://www.msdmanuals.com/fr/professional/g%C3%A9riatrie/traitement-pharmacologique-chez-les-personnes-%C3%A2g%C3%A9es/cat%C3%A9gories-de-m%C3%A9dicaments-qui-m%C3%A9ritent-une-vigilance-chez-le-patient-%C3%A2g%C3%A9
https://pubmed.ncbi.nlm.nih.gov/34115158/
https://pubmed.ncbi.nlm.nih.gov/34115158/
https://pubmed.ncbi.nlm.nih.gov/34115158/
https://pubmed.ncbi.nlm.nih.gov/34115158/
https://pubmed.ncbi.nlm.nih.gov/34115158/
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-0042-103495.pdf
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-0042-103495.pdf
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-0042-103495.pdf
https://pubmed.ncbi.nlm.nih.gov/12190885/
https://pubmed.ncbi.nlm.nih.gov/12190885/
https://pubmed.ncbi.nlm.nih.gov/12190885/
https://pubmed.ncbi.nlm.nih.gov/28965348/
https://pubmed.ncbi.nlm.nih.gov/28965348/
https://pubmed.ncbi.nlm.nih.gov/28965348/
https://pubmed.ncbi.nlm.nih.gov/28965348/
https://pubmed.ncbi.nlm.nih.gov/28965348/

	Corresponding author
	Abstract

