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Abstract

Introduction: Development of a new galenic form containing vegetables extracts for paediatric use could be a good
therapeutic alternative to overcome chemoresistance and therapeutic failures observed with conventional antimalarial
drugs. The aim of this work was to verify in laboratory rats, the toxicity of hydroethanolic extract from stem and leaf
powder of A. annua (Asteraceae), in order to provide scientific evidence to support its use in rectal dosage forms
preparation.

Methodology: Acute toxicity assessment was possible by performing OECD Test Guideline 425, 2008 limit test in
laboratory rats. Examination of spontaneous exploratory activities and motor coordination was respectively realized
according to methods described by Colman, 2015 and Deacon, 2013. In addition, we monitored body weight changes,
food and water consumption including the impact of extract on relative organs weight such as liver, kidney, lung and
heart.

Results: Single administration of A. annua stem and leaf extract at 5000mg/kg was not toxic in rats, even less to liver,
kidney, lungs and heart functions. Elsewhere it was noted that consumption of A. annua extract significant increase
curiosity and motor activity (number of lines crossed: 76.50 s + 45.30; grasping time: 92.25 + 38.85) compared to
control (number of lines crossed: 54.00 * 20.78 s; grasping time: 51.00 s + 20.28).

Conclusion: Extract of stems and leaves of A. annua at 5000mg/kg can be considered non-hazardous and non-toxic
category 5 according to the Harmonised System of Classification of Toxic Substances.

Keywords: Safety; In-vivo; Artemisia annua; Plant extract; Aerial parts

1. Introduction

Malaria is a fatal human parasitic disease transmitted to humans by bite of infected mosquitoes (female anopheles) [1-
3]. Drugs commonly used to treat this disease are subject to chemoresistance allowing resurgence of therapeutic failures
which poses a real public health problem [4-8]. Face to this problematic find anti-malarial from plants could be an
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alternative to fight this pandemic, especially with the discovery and isolation of artemisinin (Artemisia annua), a
medicinal plant from traditional Chinese pharmacopoeia [9-13].

Artemisia annua is a plant that grows well in tropical countries [14-16] like in the city of Bangangté (Cameroon) and
various scientific studies have demonstrated its effectiveness against malaria, including chills and fever. (17-19). In
addition, this plant has anti-hemorrhoidal [20, 21] and antitumour properties [22].

The laboratory of University of Montagnes (Cameroon)/Department of Galenic Pharmacy and Biopharmacy of UFHB
(Ivory Coast), had developed new thermogelific form for paediatric use. Before conducting clinical studies to confirm
efficacy of this product against malaria, it was important to verify the safety of plant extracts, so that our study proposed
to evaluate in laboratory rats’ acute oral toxicity of hydroethanolic extract from powdered stems and leaves of A. annhua
(Asteraceae) in order to provide scientific evidence that would justify its safe use.

2. Material and methods

2.1. Methods

2.1.1. Plant Material

Stems and leaves of Artemisia annua, was the areal part of this plant used for the study. Seeds used for cultivation came
from MEDIPLANT (Research Centre for Medicinal and Aromatic Plants CH 1964 Conthey/Switzerland) [23]. The plant
was harvested in January 2015 in Bangangté town, NDE department, and West Cameroon region. Plant material was
identified in national herbarium by comparing with an existing sample under identification number 65647 /HNC.

Areal Plant parts were harvested as soon as flower buds appear [24], and then cleaned under running water to remove
impurities. With secateurs, leafy stems were separated from other plant parts and dried in shade after spreading at an
ambient temperature of 30 + 2 °C for 14 days, then in an oven at 60 °C for 2 hours, in order to avoid thermodegradation
of bioactive compounds (including artemisinin) [24]. Stems and leaves were cut into small pieces of 2 to 3 cm and
introduced into a propeller mill to obtain a coarse powder that was passed through 300 um diameter mesh sieve to
select particles for produce extracts under study (Figure 1).

(Photographed by TCHIESSO Guy Rocard 20/12/2015)

Figure 1 Fine powder of stems and leaves of Artemisia annua

2.1.2. Experimental animals

Male and female (nulliparous and non-pregnant) albinos’ rats (Rattus norvegicus) used for this study weighing between
150g and 180g (figure 2). These animals were acclimatised in animal house of “Université des Montagnes” (Bangangté
town), under controlled environmental conditions (residual humidity: 82.15 * 9.91%; mean temperature: 21.91 *
0.99°C) with a 12-hour light and 12-hour dark cycle. Daily animals diet consisted of 80% maize, 10% crushed dry fish,
3% groundnuts, 2% eggshells, 1% roasted soybeans, 0.1% multivitamins and 3.9% palm kernel meal.
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(Photographed by TCHIESSO Guy Rocard 20/12,/2015)

Figure 2 Wistar albino rats

2.1.3. Chemicals

Distilled water (University of the Mountains Multipurpose Laboratory)

Ethanol 96°C (POLYPHARMA®, Bafoussam, Cameroon)

Alcohol 70°C (Laboratory of Galenic Pharmacy of the University of the Mountains)
Ether (Cooper®)

NaCl 0, 9% (POLYPHARMA®, Bafoussam, Cameroon

2.2. Methods

2.2.1. Preparation of solutions

Preparation of the hydroethanolic macerate of the powder of the stems and leaves of Artemisia annua.

Hydro-ethanolic macerate of Artemisia annua from stem and leaf powder was prepared with 50 mg of plant powder
mixed with 150 mL of hydro-ethanolic solution (30:70 v/v) for 24 hours at room temperature. After filtration through
wattman paper No.3, extract obtained was collected in 60ml hermetically sealed bottles and stored in a refrigerator at
7 °C.

2.3. Toxicity test

Acute oral toxicity of A. annua stems was assessed in rats following the limit test of OECD Test Guideline 425 adopted
in 2008 [25-27].

2.3.1. Principle

Study consisted of looking signs of toxicity in rats that had previously received by gavage a single dose of hydroethanolic
extract from stems and leaves of A. annua at 5000 mg/kg. The animals were observed for 24 hours after administration
and then every 2 days until 14th day compared to control group.

Animals were examined for coat appearance, gaze fixation, noise reactivity, tremor, convulsions, staggering gait,
exophthalmos, stool appearance and death.) In addition, four hours (4h) after gavage, spontaneous exploratory activity,
muscle tone and animals motor coordination were assessed, including weight gain (7iéme and 14iéme days), food and
water intake (6th and 13th days) [25]. Extract evaluated would be non-toxic in absence of any sign of toxicity, whereas
death or presence of harmfulness signs in animal would indicate toxicity [28].

2.3.2. Experimental protocols

Eight female rats were fasted for 6 hours before experimentation were divided into two weight-homogeneous groups
of 4 rats each. Using a blunt-ended oesophageal tube, animals were given 1ml/100g b.w. of solutions as follows:
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e Group 1 (Control: NaCl): consisting of rats that received 0.9% saline (0.9% NacCl);
e Group 2 (Test: A. annua 5000 mg/kg): consisting of rats that received the hydroethanol extract of the stems and
leaves of A. annua at 5000 mg/kg

Mortality rate percentage was determined using following formula:

Mortality % Number of dead treated rats % 100
rtali =
ortality 7o Number of treated rats

2.4. Spontaneous activity test
Method used was described by Colman, 2015 [29].

2.4.1. Principle

Open enclosure arena illuminated, measuring 80 cm on each side and 60 cm in height, has an exploratory surface
consisting of 24 squares divided into squares of 16 cm each [30, 31] (Figure 3).

Figure 3 Open arena photographed by (TCHIESSO Guy Rocard on 15/10/2015)

Four hours after administration of Artemisia annua extract, animal was placed in center of experimental set-up and
observed for 5 minutes. Spontaneous locomotor activities such as number of crossing lines, rearing, grooming, number
and appearance of stools produced and time spent in center of arena were recorded. After passage of an animal,
experimental device was cleaned with ethyl alcohol (70°) to eliminate odours [29]. When spontaneous locomotor
activity was increased, extract improved animal's curiosity, while the extract inhibited this activity.

2.5. Grip test

The method used was described by Deacon R., 2013 with some modifications [30].

2.5.1. Principle

Test consisted of measuring duration in seconds of animal's suspension when it was placed vertically by its forelegs on
a cylindrical metal bar (60 cm long, 5 mm in diameter and 40 cm high) placed horizontally [31, 32] (Figure 4).

When duration of the grip is long, extract would be toning, on the other hand extract would inhibit muscle tone.
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Figure 4 Grip test device (photographed by TCHIESSO on 18/11/2015)

2.6. Bridge crossing test

Method used was described by Deacon R., 2013 with some modifications [30].

2.6.1. Principle

The test consisted of measuring time in seconds taken by animals after administration of Artemisia annua extract, to
reach one end of a horizontal bar once the animal was placed above and in the middle of metal bar [31, 33] (Figure 5).

Figure 5 Crossing test (photographed by TCHIESSO on 18/11/2015)

When duration of the crossing is rapid, extract would promote motor skills, while on the other hand the extract would
inhibit motor skills.
2.7. Weight evaluation

Monitoring weight evolution was possible by determining weight of each animal in percentage per week according to
following formula:

(PMM — PMJSP) x 100
PMJSP

Weight change =

WBW: weight at time of measurement
PM]JSP: weight on same day of measurement but from previous week

When weight increases, extract stimulates appetite, while on the other hand extract inhibits appetite.
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2.8. Food and water consumption evaluation

2.8.1. Principle
Food and water consumption were assessed as a percentage (i.e., grams per 100 grams of body weight per day and

milliliters per 100 grams of body weight per day, respectively) using the following formula:

CHRJ ou CAR] x 100

CHou CA = Poids de l'animal

CHR]J: water consumption in millilitres for one rat per day

CARJ: food consumption in grams for one rat per day

CA: food consumption in grams per 100 grams of rat per day

CH: water consumption in millilitres per 100 grams of rat per day

Each animal was placed in an empty cage where it had free access to 50g of feed and 25mL of water. After 24 hours,
amount of feed (after sieving) and water remaining was determined, and the food and water intake per gram of body
weight per day was determined.

2.9. Relative weight organs evaluation

Animals were euthanised to facilitate organ removal. Relative weights of the liver, kidney, lung and heart of each animal
were calculated as a percentage using the following formula:

_ PO x 100

PR
PA

PR: relative weight of an organ
PO: weight of the organ
AP: weight of the animal at the time of sacrifice

When relative weight of organ was increased or decreased, extract would have a toxic effect on organ, while in contrast,
extract would be non-harmful.
Data analysis and processing

Data were entered in an Excel 2013 and results obtained were represented as means with standard deviation (SD).
These data were analysed using Graph Pad Prism software (version 8.0.2). Comparison of means was carried out by
non-parametric Kruskal-wallis test, and differences observed were statistically interpreted at risk o« = 5% (if p > 0.05:
not significant difference; if p < 0.05: significant difference; if p < 0.01: highly significant difference).

3. Results

3.1. Toxic effects of Artemisia annua extract after single administration

Table 1 summarises toxicity signs after a single oral dose of Artemisia annua at 5000 mg/kg
No deaths or symptoms of toxicity were observed at 5000 mg/kg during 14 days observation.

3.2. Effects of Artemisia annua extract on spontaneous exploratory activity, muscle tone and motor
coordination

Table 2 Summarises spontaneous exploratory activity, muscle tone and motor coordination after administration of a
single dose of Artemisia annua extract at 5000 mg/kg.

After administration of single dose of Artemisia annua at 5000 mg/kg, the results revealed that the number of lines
crossed (NLT), and the grabbing time (TG) were significantly increased compared to control group.
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Table 1 Toxidrome after oral administration of Artemisia annua extract at 5000 mg/kg
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=} 3 n 3 n 3 n 3 n 3 n 3 n 3 LN 3 n 3 n 3 LN
Aspect m N I[N I[N I[N I[N I[N I[N I[N I[N I[N I[N I[N [N I[N I[N |[N |[N |N
coat
Salivation A |IA |IA |IA A |IA |A A A |A A A A |A A |A |A |A
Locomotion + + + + + + + + + + + + + + + + + +
Trembling A /A |IA |IA A |lA |A A A |IA A A A |A A |A |A |A
Aspect of |G G G G G G G G G G G G G G G G G G
faeces
Exophthalmos A A A |[A A |A A A A A A A A |A A |A |A |A
Convulsion A |A |A |A A |A |A |A
Approach A A A |[A A |A A A A A A A A |A A |A |A |A
faltering
Reactivity at [N N I[N I[N I[N I[N I[N I[N I[N I[N [N I[N [N [N [N |[N [N |N
noise

reduced mobility; Normal appearance and P: Presence

Mean values (n = 4) were expressed on a visual scale with following codes: Absent; G: Gritty; +: Normal mobility; -: Reduced mobility; --: More

Table 2 Effects of Artemisia annua on spontaneous exploratory activity, muscle tone and motor coordination

Lots NLT NC NT TPC (s) NSE TT (s) TA (s)
Witness [51.00| +20.28 | 0.00 |+0.00| 2.00 £ 0.81 | 4.25+2.27 | 2.00£1.00 | 3.75+1.25 [54.00| #20.78
A. annua

5000mg/kg [76.50 | +45.30**0.00 |+0.00| 2.75+1.40 | 10.50£6.59 | 1.50 £ 0.69 |3.25 £ 0.50 [92.25| + 38.85**

Kruskal-wallis test: Values expressed as mean * standard deviation; risk a = 5%, n = 4; NLT: Number of Lines Traversed; NC: Number of

Cambrages; NT: Number of Groomings; TPC: Time; Spent in Centre; NSE: Number of Saddles Released; TT: Traversal Test and TA: Grasping
Test.; **: Significant difference compared to control: NLT A. annua 5000mg/kg (p =0.0231) ; TPC A. annua 5000mg/kg (p =0.0442); TA A. annua
5000mg/kg (p =0.0112)

3.3. Effects of Artemisia annua extract on body weight

Table 3 showed weight variation after 14 days of observation.

Table 3 Effects of Artemisia annua at 5000 mg/kg on body weight

Lots

Weeks
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Week 1 Week 2
Witness 436+1.73 | 3.9+2.86

A. annua 5000mg/kg | 7.4+2.83 3.6 195

Kruskal-wallis test: Values expressed as mean +* standard deviation; risk a = 5%, n = 4; Week 1: A. annua 5000mg/kg (p = 0.065); Week 2: A. annua
5000mg/kg (p =0.059); No significant weight change was observed (p = 0.05) in treated group compared to control.

3.4. Effects of Artemisia annua stem and leaf powder extract on food and water intake

Table4 showed quantity of feed and drink consumed by animals after 14 days of observation

Table 4 Effect of Artemisia annua extract on food and water quantity consumed

Days Food consumption in grams per | Water consumption in millilitres
gram of rat per day per gram of rat per day
A. annua A. annua
Witness 5000mg/kg Witness 5000mg/kg
Day 5 0.09+0.01 0.12 £ 0.04 0.09 £0.01 0.05+0.03
Day 12 | 0.10+0.01 0.13 +0.07 0.09+0.01 0.05 £ 0.04

Kruskal-wallis test: Values expressed as mean * standard deviation; risk o = 5%, n = 4.; Day 5: A. annua 5000mg/kg (p = 0.0699); Day 12: A. annua
5000mg/kg (p = 0.0721 ); Values represent mean * standard deviation, n = 4; No significant quantity changes of food and water consumed were
observed in treated rats compared to control (p = 0.05).

3.5. Effects of Artemisia annua extract on relative organ weight

Table 5 showed impact of Artemisia annua on vital organs of the rat.

Table 5 Effects of A. annua on vital organs

Lots Heart Lungs Left kidney | Rightkidney Liver

A. annua

5000mg/kg | 0.32+0.03 | 0.78£0.13 0.33 +0.02 0.35+0.02 2.76% 0.39

Witness 0.38+0.07 | 0.84+0.06 | 0.34+0.02 0.35+£0.03 2.69+0.29

Kruskal-wallis test: Values expressed as mean # standard deviation; risk o = 5%, n = 4.; Day 5: A. annua 5000mg/kg (p = 0.0583); Day 12: A. annua
5000mg/kg (p = 0.0637)

Relative masses of organs were not significantly different compared to control (p = 0.05). Macroscopic observation of
treated rats (appearance, presence or absence of nodules, necrosis) revealed no physical changes in liver, kidneys, lungs
and heart.

4. Discussion
Artemisia annua is a plant with many effective properties to fight malaria including chills and fever.
This plant originating from Chinese medicine is on increase interest for researchers and the aim of this work was to

verify experimentally on rat the safety of the hydroethanolic extract of A. annua (Asteraceae) from stem and leaf powder,
in order to provide scientific evidence of its safe use in humans.

The single administration of A. annua stem and leaf extract at 5000mg/kg was beneficial as no signs of toxicity were

detected, and no physical damage affected considerable organs such as liver, kidney, lungs and heart. Elsewhere it was
noted that consumption of the extract resulted in a significant increase in curiosity and motor activities.
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Our results are similar to Chuipet, 2012 who reported that the infusion of Artemisia annua stem and leaf powder [40]
was more than 10 g/Kg, twice the dose we evaluated in our study i.e. 5000 mg/kg. Mukinda et al, 2007; reported that
oral LD50 of extracts of Artemisia afra, a plant of a same family we evaluated but a different species, was around 8960
mg/kg [41]. A similar result on same plant Artemisia afra but close to results we obtained was also verified by Ketema
et al,, 2020; specifying that the LD50 of this plant was higher than 5000 mg/kg on his evaluation concerning acute and
subacute toxicity of aqueous extract from leaves of Artemisia afra in Swiss albino mice [42].

According to Harmonised System of Classification of Toxic Substances, and view of these results, we can affirm that
extract from powdered stems and leaves of A. annua, was not dangerous and non-toxic category number 5 (28).

As for weight gain, food and water consumption, our results differ from those obtained by Emmanuel et al, 2014 team
who observed these parameters decrease after treatment with an extract of A. annua leaves [43]. The explanation would
reside in composition of powder used to prepare extracts. Emmanuel et al., 2014 used only leaf extract, whereas in our
study extract consumed by animals was a mixture from stems and leaves of A. annua.

Preliminary phytochemical screening of Artemisia annua stem and leaf powder revealed the presence of tannins,
alkaloids, saponosides, terpenes, sterols, flavonoids, coumarins and reducing sugars. Similar studies conducted by other
investigators have found identical results compare to ours [44, 45]. However, environmental conditions, harvest time
and storage conditions of Artemisia annua could influence the presence of these secondary metabolites in the plant. This
hypothesis was verified by Ashok etal. 2013, who noted an absence of alkaloids in methanolic extract of Artemisia annua
leaves [44]. Similarly, work of Chougouo et al.,, 2016 supported this assertion because this author proved that variability
in chemical composition of Artemisia annua depending on the ecosystem [46] in which this plant grown.

5. Conclusion

In view of these results and according to Harmonized System of Classification of Toxic Substances, we can affirm that
extract from stem and leaf powder of A. annua was not dangerous and not toxic and authorise us to categorise his toxicity
on number 5.
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