Phytochemical characterization and acute toxicity investigation of the
hydroethanolic leaf extract of Dacryodes edulison Wistar rat models

ABSTRACT

Medicinal plants play an important role in the management of several diseases and have become
widespread. However, people use plant species without considering the toxicity they may present.
In a previous study, the hydroethanolic leaf extract of D edulis showed a very good anti-ulcer
activity (86% protection rate). The aim of this study was to evaluate the phytochemical composition
and to investigate the acute toxicity of this extract on zootechnical, biochemical and histological
parameters in Wistar rats.

Fresh leaves of Dacryodes edulis were collected in Yaoundé, Cameroon and:a gualitative and
quantitative phytochemical assessment was carried out using the methods described by Harbone.
Then the acute toxicity was tested according to Organization for:Economic Co-operation and
Development (OECD) guideline 423, by forming 2 experimental groups of 10 animals each (5
males and 5 females): Group | (Control), which received 2 mL of physielogical saline solution (SSF
0.9%), Groups I, which received the hydro-ethanolic leafiextract of D. edulis in a single dose of
2000 mg/kg. The zoophysical behaviour of the animals was observed for 14 days and on the 14th
day of exposure, biochemical (Protein, creatinine, ALT, and AST) and histopathological parameters
of the liver and kidney were measured.

Several primary metabolites including total polyphenols, tannins, coumarins, flavonoids, betacyans
were identified, anthraquinones, cardia¢ glycosides and ascorbic acid. Furthermore, the extract did
not cause any pathological changes as.revealed by.the biochemical markers of the organs whose
functions were evaluated, and the histological analysis showed a normal organ architecture when
compared to controls. The hydro-ethanalic extract was therefore relatively safe and without toxic
effects according to the parameters tested at the dose of 2000 mg/kg.
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INTRODUCTION

Medicinal plants play a fundamental role in the treatment of various diseases to the extent that their
use has become widespread throughout the world (1, 2). Due to the large variability of applications of
medicinal plants, they are often considered by the population to be the safest and free from adverse
effects in the body, as they are of natural origin (3, 4). Plant species can contain extremely toxic
substances such as strychnine, digitoxin, cyanogenic glycosides (5, 6), Several cases of acute or
chronic toxicity related to the use of medicinal plants have been reported and the toxic effects usually
observed include mild gastrointestinal symptoms, allergic reactions and other more serious effects
such as renal and/or liver toxicity, haematological, cardiovascular, neurological, carcinogenic and
sometimes death (7-9).



Thus, to ensure safety in the use of herbal products, toxicological investigations are always
necessary to determine the LD50 and to better prevent serious adverse effects and to have scientific
evidence to choose effective and appropriate doses for humans (10, 11). Toxicological studies ensure
the safety of the product throughout the ADME (administration distribution, motabolism, excretion)
pathway and generally include the determination of toxicity (acute, sub-acute, chronic), mutagenicity,
currently includes about 70-80 species naturally distributed in tropical America, South and Central
Africa and Southeast Asia (10). The main species in this genus include ]D. edulis, D. rostrata, D.
buettneri, D. klaineana and D. hexandara(11). Dacryodes edulis (G. Don) H.J. Lam is the most
popular species (13). The different parts of the plant are used by local populations in West and
Central Africa for nutrition and ethnomedicine (12). The fruits are mainly used for consumption
while the other parts (leaves, stems, roots, bark) are used in other forms for several purposes (14).
The bark, for example, is used to treat skin diseases, wounds, dysentery,_ etc., while the leaves,
according to several recent studies, are known to have numerous pharmacological, properties,
including : antibacterial, antidiabetic, anticancer properties (15-17). Leaf decoctions.are also used to
heal high blood pressure, to treat malaria, general weakness, and relieve labour pains and diabetes
mellitus (18).

The use of this plant in a wide range of traditional medical practices, has required several
scientific studies to evaluate its therapeutic potential (12). Antioxidant activity of leaves and oil;
antimicrobial and antibacterial activity of seeds(19);: haematopoietic' activities (20), anti-
cardiovascular and anti-depranocytic of seeds and leaves. (12) have heen reported. However, very
little information and fairly detailed data are available regarding:the safety of extracts of this plant.
The aim of this study was to assess the acute toxicity of the hydro-ethanolic leaf extract of D. edulis.
A previous study in which the antiulcer properties of two.leaf extracts (aqueous and hydro-ethanolic)
showed a more significant antiulcer activity of the hydro-ethanolic extract,so this extract was chosen
for this study.

MATERIALS AND METHODS

Plant material
and were then identified by the national botanical library (Herbarium) and assigned a voucher
number66954. The leaves were dried in the shade at room temperature for 2 weeks.

Preparation of extract:

The hydro-ethanolic. extract was obtained by dissolving 100g of powder in 1000 ml of a
water/ethanol absolute mixture (40/60 v/v ratio). After a stay of 48h at room temperature, the mixture
was filtered through.a Whatman N°1 filter paper and the collected filtrate was evaporated in an oven
at 50°C.

Phytochemicals characterization

The phytochemical screening involved identification of the presence of the following primary and
secondary metabolites: carbohydrates, proteins, lipids, total polyphenols, tannins, coumarins,
mucilages, saponosides, alkaloids, flavonoids and flavonoles, betacyans, quinones, anthraquinones,
phlobotanins, oxalates, les glycosides cardiaques, les stéroides, les terpénoides et I’acide ascorbique.
Identification and quantification was done according to the methods of Marcano and Hasenawa
(1991) (21), Harbone (1998) (22).
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Animal material and acclimatization condition

Twenty adult male and female Wistar rats with a body weight between 170 and 200 g were used for
the experiment. They were acclimatized for seven days during which they were fed ad libitum with
standard food and drinking water and housed in clean cages under well ventilated housing conditions
throughout the experiment.

Acute toxicity assay
The test was performed according to the method described in the OCED guideline 423 on oral
toxicity(23). The specimens were divided into 2 groups of 10 specimens as shown in Table 1.

Tableau 1 : constitution des groupes d’étude.

Group 1 5 males distilled water
5 females
5 males HEE at 2000

5 females mg / kg

Group 2

Group 1 received 2 ml/kg of distilled water and was used as a control. ' Group. 2 received the plant
extract as a single dose of 2000mg/kg. All treatments were administered-once by oral gavage. The
animals were closely observed for 4 h after administration“and ‘once a day for 14 days on general
behaviour, clinical signs of toxicity, mortality, food and water intake: Body weight was measured
before and then daily until the last day of the experiment. At the end of the experiment (day 14), the
animals were sacrificed and a heart puncture ‘was performed. to collect blood for biochemical
evaluations. Then, the animals were euthanised by cervical,dislocation and the following organs were
removed for macroscopic (heart, liver; lungs; brain, spleen, kidneys, testes/ovaries) and
histopathological (liver, kidneys) analysis.

Biochemical Marker testing.

Serum biochemical analysis

Biochemical analysis was performed in all animals. The collected blood was transferred to tubes
without anticoagulant and centrifuged at 3500 rpm for 10 minutes. Serum from each sample was
recovered and stored in ceyotubes:at -80°C in the freezer until the measurement. Aspartate amino
transferase (ASAT), alanine amino, transferase (ALAT), creatinine, urea, uric acid and total protein
were assessed using:the Chonolab kits (Barcelonna, Spain) and the UV/VIS spectrophotometer

(VWR).

Histopathological analysis of liver and kidney

Organs were removed from all animals, washed with 0.9% (w/v) saline, weighed and fixed in 10%
formaldehyde solution. The organs were cleaved and processed for paraffin embedding. Sections (5
um thick) were:made using a LEICA RM 2125 RT microtome and stained with haematoxylin-eosin
(HE)(24). The tissues were analyzed under the light microscope for general structure, degenerative
changes, evidence of necrosis and signs of inflammation. Microscopic images were scanned by
micro-camera.

Statistical Analysis of Data

The data required for anti-ulcer cases was replicated three times in all groups, and the results were
exhibited as mean + S.E.M. Comparison between test groups and control groups was performed
using ANOVA followed by Tukey's Kramer's pos hoc test, the difference between groups was
significant at a p-value < 0.05.

RESULTS



Phytochemical content

The metabolites found were: sugars, proteins, total polyphenols, tannins, coumarins, total
polyphenols, tannins, coumarins, flavoids, betacyans, anthraquinones, cardiac glycosides,
ascorbic acid. Table 1 shows the quantitative estimates of the main metabolites.

Effects on the zootechnical parameters

Effect on weight gain

The animals that received the product showed an increasing trend that was similar to that of the
control groups (figure 1).

Effect on weight gain by administration of « Immunoboost ».
The extract caused a non-significant (p-value >0.05) decrease in weight gain-in both males
and females (Figure 2).

Effect on food intake
A non-significant decrease in food and water intake was observed (figure 3 and figure 4).

Effect on the relative weight of internal organs
No significant difference with a p-value > 0.05 between untreated and test animals was observed.
The product therefore did not affect the internal macroscopy of the animals (Table 1).
Table 2 : Phytochemicals content estimation of the:main metabolites

Metabolites quantitative estimation
Carbohydrates (Ueq/gMS) 44,75 £1,52
Total proteins(Ueq/gMS) 104,92 +0,64
Polyphenols (Uep/gMS) 60,06 + 0,97

| Flaveneids——Flavonoids 31529 + 714
(Ueg/gMS) R
Flavonols (Ueq/gMS) 150,25 +0,00
Total tanins (Ueg/igM$) 25,60 +5,22
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Figure 4: Evaluation of water intake.

| Table 3 : effects Effects of the extract on the internal organ weight.

Organs Male control Male test Female control Female test
Heart 0,35+ 0,07 0,33+£0,06 0,37 £0,03 0,39 £ 0,05
Liver 5,10+ 0,59 4,06 £ 0,65 4,05+ 0,14 5,20+ 0,79
Lungs 0,94 + 0,28 1,02 + 0,29 0,89+£0,21 1,12+0,21
Brain 0,95+ 0,05 1,08 +0,33 1,08 £ 0,07 1,14+ 0,08
Spleen 162+0,44 1,34 +0,28 0,66 + 0,08 0,82 + 0,43
. Left 0,41+ 0,02 0,41 £ 0,08 0,43 + 0,02 0,46 + 0,02
Kidneys Right 0,40 + 0,01 040+009  043+0,02 0,46 + 0,03
Testis/Ovary Left 0,63+ 0,09 0,63+ 0,09 0,05+0,01 0,05+0,01
Right 0,60£0,17 0,54 +0,22 0,06 + 0,03 0,05 + 0,02

The results are expressed as mean + standard deviation (n = 5). The analysis of variances is-areobtained from the

ANOVA test, followed by the Tukey-Kramer.multiple comparison test.

Effects of the extract on liver and kidney histology.

Effect on liver structure

The histological ‘analysis of the liver (figure 5) of the different groups of animals did not show any

major changes:in its.internal structure.
Effect on'the internal structure of the kidneys



The histology of the kidneys of both groups did not show any morphological alterations in
structure (figure 6).
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Effects on biochemical markers of liver and kidney damage

Effect on markers of liver injury

Administration of the extract caused a non-significant increase (p-value > 0.05) in AST and ALT.
The ASAT/ALAT ratio being close to 1, this indicates an absence of hepatic cytolysis (figure 7).
Furthermore, the plasma protein concentration did not change significantly compared to the control
group (figure 7).

Effect on markers of kidney injury

Figure 8 shows the effect of the plant on biochemical parameters of the kidney damage. The
administration of the extract caused a non-significant increase with a p-value > 0.05 of creatinine,
urea and uric acid.
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Figure 7: Effects of the extract on biachemical parameters of liver injury.
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Table 4: Summary table of biochemical parameters

Parameters Male control Male test Female control  Female test
ASAT (umole/min/mL) 3,79+£0,78 514 +1,81 3,77 + 0,89 4,48 +242
ALAT (pmole/min/mL) 4,12 +£1,06 4,75+ 0,55 4,29 + 0,50 540+1,13
Proteins (mg/mL) 59,54 + 26,18 67,21 +17,51 58,46 + 23,15 68,92 + 20,41
Creatinine (umole/min) 3,45+0,32 3,19+1,10 3,69 + 23,07 3,75 + 38,46
Uric acid (umole/min) 2,48 +1,38 3,97 +1,73 2,98 £0,77 4,01 +233
Urea (pmole/min) 17,19 £ 10,67 19,06 + 10,58 10,94 + 5,98 14,06 + 11,83

The results are expressed in terms of mean + standard deviation (n = 5). The analysis of variance are obtained
from the ANOVA test, followed by the Tukey-Kramer multiple comparison test. The difference is significant at a p-
value < 0.05

DISCUSSION

D. edulis is used in phytomedicine and nutrition; several studies: have.reported numerous
pharmacological properties of its extracts(12). Moreover, the extracts ‘contain numerous compounds
such as polyphenols, tannins, flavonoids. Despite the important “biological activities of these
compounds, they may still be involved in some toxic effects; Thus, phenolic compounds can be
haematotoxic, hepatotoxic and even carcinogenic and ‘mutagenic(25). Therefore, an assessment of
toxicity is essential. Acute toxicity tests carried out,on animals in.vivo provide a reliable indication of
the toxicity of chemicals, as well as the nature of these effects.and the exposure doses at which they
occur, in order to better prevent them (26)(27). Animals were observed for 14 days after acute
administration of a hydro-ethanolic leaf extract.of D. edulis (HEE) at a single dose of 2000 mg/kg and
no deaths were recorded as mortality is one of the main toxicity endpoints (28).

During the 14day experimental period-of observation.the rat dit not exhibit any change in the physical
appearance such as in the skin and fur, eyes, and mucous membranes. Futhermore, there were no signs
of abnormal changes in the behavioral pattern, injury, or enduring signs of severe distress among the
rats, including irritability, tremors; lethargy, sleep, coma, convulsion and diarrehea, respectively. Other
clinical signs of toxicity were recorded (weight, food intake, water intake, etc). Indeed, the increase or
decrease in body weight indicates:more:or less important physiological changes such as variations in
liver disorders, decrease.in the absorption of biomolecules (proteins, amino acids and other nutrients),
hormonal variations (29). On the other hand, the decrease in body weight can affect the internal organ
weight (30) and is:a basic and sensitive indicator of toxicity (31). In this study, the result showed that
the relative weight of.vital organs such as heart, liver, spleen, kidney and lung of all treated groups did
not differ significantly.(p >0.05) from those of controls. Similar results were also obtained by Aratijo et
al(28) and Ononamadu et al(32).

The liver is_the ‘main organ involved in the metabolism and biotransformation of xenobiotics. It is
therefore the major target of many drugs and foreign substances that enter the body. Thus, this organ can
be the subject of various types of lesions due to the presence of these foreign bodies. These injuries most
often lead to an overproduction of proteins and liver enzymes(33). Thus, the evaluation of biochemical
parameters of liver function including enzymes (AST, ALT and PAL) and metabolites (proteins) allows
the appreciation of the functional integrity of the liver after an acute exposure to xenobiotics(34).
Transaminases (ALT and AST) are enzymes of carbohydrate and amino acid metabolism while alkaline
phosphatase (PAL) is involved in the hydrolysis of phosphate bonds. They are often used to assess the
functional integrity of the liver, plasma membrane and endoplasmic reticulum(35). ALT is particularly
considered to be the most specific marker of hepatocellular injury as it is mainly stored in the liver in
contrast to AST which is also found abundantly in various other organs (kidneys, brain, heart) (36). An
increase in serum ASAT and ALAT enzyme activity directly reflects hepatocellular damage(37).



In this study, no significant difference (p<0.05) was observed in the activities of these enzymes in all
animals treated with 2000mg/kg extract compared to controls (table 2). Furthermore, serum total protein
levels were also not significantly changed compared to controls. This suggests that the extract did not
affect the ability of the liver to produce protein. These results imply that the extract is harmless and has
no harmful effect on liver tissue. It should be noted the serum protein levels are regulated by synthesis
in the liver and therefore these levels directly reflect the synthesis capacity of this vital organ. An
increase in total protein leads to dehydration which disrupts overall homeostasis (38). The kidneys
receive about 25% of the cardiac blood flow and all xenobiotics that pass through the bloodstream reach
this organ. They are therefore considered targets of toxicity as is the liver(39). The kidneys control the
excretion of urea, creatinine and the reabsorption of electrolytes into the blood. Failure of renal activity
will result in an accumulation of electrolytes, urea and creatinine in the body«fluid (40). Indeed,
creatinine concentration is widely considered to be a measure of glomerular filtration rate and is used in
clinical practice as one of the main indicators of renal function (41). Administration.of the 2000mg/kg
extract had no significant effect on plasma creatinine concentration (p<0:05). On, the other hand, a
significant increase was observed in urea and uric acid; the latter being related to. kidney diseas and
urinary tract problems, the increase observed here does not systematically reflect a toxic effect of the
extract. These biochemical results corroborate well with the histopathological observations made on the
kidney and liver, as histopathological analysis is the gold standard for assessing the pathological
changes induced by the administration of a plant extract on tissues or organs(42). Both organs (liver and
kidney) showed normal tissues compared to the control;sthis isian indicator that the structural and
functional integrity of these organs was not affected. These results confirm those of Ononamadu et al
(2020)(32) and Aponjolosun etal (2022)(16) who although working with methanolic extracts, observed
no damage to vital organs at doses above 2000mg/kg.

CONCLUSION

The toxicity study of ethanolic leaf extract of D: edulis at 2000mg/kg showed no mortality and during
the 14-day experimental period of observation, the .rats di not exhibit any change in the physical
appearence. Moreover, there were no_signs of.abnormal changes in the behavioral pattern. Futhermore,
the biochemical and histological examination of the liver, and kidneys dit not show any differences
between the control and the test groups. With this, the hydro-ethanolic extract was found to be safe at
2000mg/kg, p.o. according the 423 OCED Guidelines.
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