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Toxicology, Faculty of Health Sciences, University of Lomé, Lomé, Togo

This study aimed to provide data on the subacute toxicity and fetotoxicity of aqueous and
hydroethanolic extracts of Daniellia oliveri (Rolfe) Hutch. & Dalziel, Anacardium occidentale
L., Diospyros mespiliformis Hochst. ex A. DC., Khaya senegalensis (Desv.) A. Juss.,
Ocimum gratissimum L., Vernonia amygdalina Delile, Pterocarpus erinaceus Poir., and
Manihot esculenta Crantz used in the treatment of diarrheal diseases in Benin. For
subacute toxicity, each male and female Wistar rat received by esophageal gavage a
maximum of 1000 mg/kg over 28 days following the Organization for Economic Co-
operation and Development (OECD) Guideline No. 407. Bodyweight changes,
biochemical and hematological parameters were assessed. The fetotoxicity of the
extracts was evaluated on Dutch Blue hen eggs at 100 mg/kg and 300 mg/kg. The
hatching rate, biochemical and hematological constants were subsequently determined.
The subacute toxicity data did not indicate any mortality or signs of toxicity. Also, no
significant difference in the bodyweight of the rats and the hematological parameters was
noted. Concerning fetotoxicity, a low hatching rate (varying from 20% to 50%) was
observed in the batches treated with the extracts at 300mg/kg compared to the rate
obtained in the negative control batch (80%). The batches that received the
hydroethanolic extracts of Vernonia amygdalina and Manihot esculenta at the tested
doses had a hatching rate of 0%. When looking at hematological parameters, no
significant difference was noted for all batches. However, an increase in the Aspartate
Amino-Transferase (ASAT) values was noted in the batches that received the
hydroethanolic extract of Khaya senegalensis and the aqueous extract of Diospyros
mespiliformis at 100 and 300 mg/kg. These results explicitly show that the hydroethanolic
extracts ofManihot esculenta and Vernonia amygdalina are fetotoxic at the tested doses.
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1 INTRODUCTION

For centuries, humans have been using plants for a variety of
purposes, including food and medicine. Human believes that
since plants are natural, their use is safe. However, many toxic
secondary compounds are found in plants and must be taken
into account (1). The active substances or secondary metabolite
compounds contained in plant extracts can have physiological
and pharmaco log ica l e ff ec t s on humans (2) . The
ethnopharmacological use of plants involved in the treatment
of various diarrheal diseases has been reported by previous
studies (3). Among these plants, Diospyros mespiliformis and
Anacardium occidentale are known for their involvement in the
treatment of infectious diarrhea and malaria (4, 5). In addition,
in Burkina Faso, the leaves of Daniellia oliveri are used in the
treatment of gastrointestinal disorders (6). The anti-diarrheal
properties of Pterocarpus erinaceus have been evaluated and
reported by authors (7, 8). Despite the extensive use of
medicinal plants in the treatment of many chronic and
infectious diseases, studies have revealed that these plants are
also involved in kidney and liver issues in humans (9, 10). The
treatment of diarrheal diseases in Benin relies in some
communities on the use of certain medicinal plants of the
Beninese flora, such as Khaya senegalensis, Daniellia oliveri,
Vernonia amygdal ina, Manihot esculenta, Ocimum
gratissimum, Diospyros mespiliformis, Pterocarpus erinaceus,
and Anacardium occidentale (11). Our previous studies on
these plants have revealed their antibacterial effect on
bacterial strains isolated from diarrheic stools (12). Another
study on these plants further showed that they were composed
of tannins (11). Indeed, tannins have antimicrobial potential
but also possess anti-nutritive properties by forming complexes
with proteins, starch and digestive enzymes, causing a decrease
in the nutritional value of food (13). The majority of medicinal
plants contain dozens of different compounds, some of which
are of great complexity. Secondary compounds such as
mucilage, polysaccharides and tannins modulate and modify
the effects of possible active molecules (14). Previous toxicity
studies including acute, subchronic and subacute toxicity have
been conducted in several countries (Nigeria, Portugal and
Brazil) on a variety of plant extracts such as Diospyros
mespiliformis, Daniellia oliveri and Anacardium occidentale
(4, 15–17). In Benin, preliminary data on the acute toxicity of
these plants on rats showed that no mortality was recorded
during the 14 days of the experiment. Also, no signs of apparent
toxicity were observed. The plants studied had an LD50 greater
than 2000 mg/kg and are therefore considered non-toxic (11).
However, there is no data on the long-term toxicity of these
plant extracts from Benin, let alone their fetotoxic effects. Given
the fact that the use of medicinal plants during pregnancy is
increasingly considered a reasonable and safer alternative to
conventional therapy due to their natural origin (15, 16), it is
important to assess long-term toxicity and the potential effects
of these medicinal plants on embryonic development. The
present study aimed to evaluate in a holistic way the subacute
toxicity and fetotoxicity of Beninese medicinal plants with
antibacterial and antidiarrheal activities.
Frontiers in Tropical Diseases | www.frontiersin.org 2
2 MATERIAL AND METHODS

2.1 Ethics Approval Statement
The Benin National Ethical Committee for Health Research has
reviewed and approved this study (65/MS/DC/SGM/DRFMT/
CNERS/SA). Moreover, this study received ethical approval from
the Ethical Committee of the Research Unit in Applied
Microbiology and Pharmacology of Natural Substances (035–
19/URMAPHA/EPAC/UAC). All animal studies were
performed according to the US National Institutes of Health
Guidelines for the Care and Use of Laboratory Animals and
approved by the Institutional Animal Care and Use Committee
of Lanzhou Institute of Husbandry and Pharmaceutical Science
of Chinese Academy of Agricultural Sciences. The animals were
examined and adapted to the new environmental conditions for
one week before the experiment.

2.2 Plant’s Material
The plant material consisted of the leaves of Anacardium
occidentale, Daniellia oliveri, Diospyros mespiliformis, Manihot
esculenta, Ocimum gratissimum, Pterocarpus erinaceus, Vernonia
amygdalina and bark of the stem of Khaya senegalensis. The
plants were collected at different locations, taking into account
the bioavailability of the collected species. The plant samples
once collected were authenticated at the National Herbarium
(Table 1). Figure 1 illustrates the collection sites of the medicinal
plants studied.

2.3 Animal Material
The material consisted of albinoWistar rats and hen eggs. A total
of 300 eggs were used for this study. Three months aged female
and male rats weighing between 108 g and 160 g were obtained
from the animal factory of the Institute of Applied Biomedical
Sciences (ISBA) of the University of Abomey-Calavi for subacute
toxicity tests. Female rats were nulliparous and non-pregnant.
The animals were acclimated for at least one week before starting
to be handled. The animals were fed with standard diets for
rodents and water at will. The rats were maintained under
laboratory conditions at 22°C (± 3°C) with a 12 h light and
12 h dark cycle (18). Animal care and handling were consistent
with the guidelines accepted by the OECD Guidelines for
Chemical Testing (19). For the assessment of fetotoxicity,
Dutch blue hen eggs were used.

2.4 Preparation of Extracts
After collection, samples of the selected plants were cleaned of
waste by washing with tap water and then dried in the shade at
the Research Unit for Applied Microbiology and Pharmacology
of Natural Substances at the laboratory’s ambient temperature.
They were then reduced to powder using a Retsch SM 2000/
1430/Upm/Smf electric mill.

The powders obtained were identified and stored in plastic
vials at room temperature in the laboratory. From this powder,
two types of extraction of each of the medicinal plants studied
were carried out, following the methodology described by Legba
et al. (2020) (20) for aqueous extraction and hydroethanolic
extraction (50% water-ethanol; v/v). Briefly, fifty (50) grams of
June 2022 | Volume 3 | Article 868645
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powder was macerated in 500 mL of solvent (water and water-
ethanol). The mixture was stirred continuously for 72 hours at
room temperature. The resulting homogenized mixture was
filtered on absorbent cotton three times successively and finally
Frontiers in Tropical Diseases | www.frontiersin.org 3
filtered once on Wattman No. 1 paper. The obtained filtrates
were then evaporated in ovens at either of 40°C (hydroethanolic
filtrates) and 60°C (aqueous filtrates in order to avoid the growth
of moulds) until dry masses were obtained, which represent the
TABLE 1 | Information about in the selected medicinal plants.

Identification number Scientific name Botanical family Used part Collection area (municipality) Collection period

YH 434/HNB Anacardium occidentale L. Anacadiaceae Leaves Abomey-Calavi July 2020
YH 436/HNB Daniellia oliveri (Rolfe) Hutch. & Dalziel Leguminosae Leaves Toffo July 2020
YH 438/HNB Diospyros mespiliformis Hochst. ex A. DC. Ebenaceae Leaves Toffo July 2020
YH 435/HNB Khaya senegalensis (Desr.) A. Juss. Meliaceae Bark Abomey-Calavi July 2020
YH 442/HNB Manihot esculenta Crantz Euphorbiaceae Leaves Abomey-Calavi July 2020
YH 437/HNB Occimum gratissimum L. Lamiaceae Leaves Abomey-Calavi July 2020
YH 440/HNB Pterocarpus erinaceus Poir. Euphorbiaceae Leaves Toffo July 2020
YH 439/HNB Vernonia amygdalina Delile Asteraceae Leaves Abomey-Calavi July 2020
June 2022 | Volume
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aqueous and hydroethanolic extracts. The extracts thus produced
were placed in a refrigerator at 4°C and put back into solution
during the different tests. Only extracts known for their proven
antibacterial efficacy on strains involved in diarrheal infections
were used in this study (12).

2.5 Procedure of Subacute Oral Toxicity
Test
The repeated-dose oral toxicity study was conducted according
to OECD guideline 407 (19). The animals were divided into
twelve groups of 12 animals each (6 males and 6 females). The
control group received distilled water. The test lots, namely the
hydroethanolic extract of Daniellia oliveri (Dob), aqueous
extract of Anacardium occidentale (AOa), hydroethanolic
extracts of Anacardium occidentale (AOb), aqueous extract of
Diospyros mespiliformis (DMa), hydroethanolic of Diospyros
mespiliformis (DMb), aqueous extract of Ocimum gratissimum
(OGa), hydroethanolic extract of Ocimum gratissimum (OGb),
aqueous extract of Khaya senegalensis (KSa), hydroethanolic
extract of Khaya senegalensis (KSb), hydroethanolic extract
of Vernonia amygdalina (VAb), hydroethanolic extract of
Pterocarpus erinaceus (PEb), and hydroethanolic extract of
Manihot esculenta (MEb), all received the extract limit dose
of 1000 mg/kg bodyweight daily for 28 days. In a recent study
assessing a decoction of the mixture of plants Daniellia oliveri
and Sarcocephalus latifolius, acute toxicity explored at doses of
10, 100, 1000, 1500, 2500 and 5000 mg/kg did not showed any
signs of toxicity (16). In addition, Luka et al. (15) was evaluated
the sub-acute toxicity of ethanolic extract of Diospyros
mespiliformis at a maximum dose of 400mg/kg. Based on
these data, and in accordance with the OECD protocol which
states that, if after evaluation of other data from other results,
no effects are expected, a limit test at a dose of 1000mg/kg bw/d,
can be performed (19). Mortality, body weight, food and water
consumption, and signs of general toxicity in animals were
assessed daily when plant extracts were administered for
28 days.

2.5.1 Measurement of Biochemical and
Hematological Parameters
Blood samples were collected in two types of tubes, one
containing Ethylenediaminetetraacetic acid (EDTA) and the
other without anticoagulant (dry tube). Samples from EDTA
tubes were used for hematological analysis. The dry tubes were
centrifuged at 4000 rpm for 10 minutes, and the resulting serum
was stored at -20°C for biochemical analysis.

After sampling, two animals per batch were sacrificed with
thiopental (30mg/kg), and vital organs such as the liver and
kidney were collected. The harvested organs were rinsed with
0.9% saline and fixed in 10% buffered formalin.

The hematological analysis was performed using the SYSMEX
KX 21N automaton using the protocol described by Sodipo and
collaborators in 2012 (21). These examinations included red and
white blood cell counts (RWBC), hemoglobin level (HB),
hematocrit (HT), mean corpuscular volume (MCV), mean
corpuscular hemoglobin content (MCH) and determination of
Frontiers in Tropical Diseases | www.frontiersin.org 4
mean corpuscular hemoglobin concentration (MCHC) and
platelets (PLT). Biochemical tests consisted of the
determination of urea, creatinine, aspartate aminotransferase
(ASAT) and alanine aminotransferase (ALAT).

2.6 Evaluation of Fetotoxicity
The methodology used for this study was subdivided into
four steps.

2.6.1 First Step: Formation of Egg Batches
Eggs (nonelair ® breed eggs) were arranged and classified in the
incubator according to weight. All plant extracts were tested at
100 mg/kg and 300 mg/kg egg weight (22). Batches of 10 eggs
were formed for each extract. The constituted batches were
as follows:

Lot 1: control batch that received nothing; Lot 2: NaCl lot with
NaCl suspension; Lot 3: hydroethanolic extract of Daniella oliveri
at 100mg/kg; Lot 4: hydroethanolic extract of Daniella oliveri at
300mg/kg; Lot 5: aqueous extract of Anacardium occidentale
at 100mg/kg; Lot 6: aqueous extract of Anacardium occidentale
at 300mg/kg; Lot 7: hydroethanolic extract of Anacardium
occidentale at 100 mg/kg; Lot 8: hydroethanolic extract of
Anacardium occidentale at 300 mg/kg; Lot 9: aqueous extract
ofDiospyros mespiliformis at 100mg/kg; Lot 10: aqueous extract of
Disopyros mespiliformis at 300mg/kg; Lot 11: hydroethanolic
extract of Diopyros mespiliformis at 100 mg/kg; Lot 12:
hydroethanolic extract of Diospyros mespiliformis at 300 mg/kg;
Lot 13: aqueous extract Khaya senegalensis at 100mg/kg; Lot 14:
aqueous extract of Khaya senegalensis at 300mg/kg; Lot 15:
hydroethanolic extract of Khaya senegalensis at 100 mg/kg; Lot
16: hydroethanolic extract of Khaya senegalensis at 300mg/kg; Lot
17: aqueous extract of Ocimum gratissimum at 100mg/kg; Lot 18:
aqueous extract of Ocimum gratissimum at 300mg/kg; Lot 19:
hydroethanolic extract of Ocimum gratissimum at 100mg/kg; Lot
20: hydroethanolic extract of Ocimum gratissimum at 300mg/kg;
Lot 21: hydroethanolic extract of Vernonia amygdalina at 100
mg/kg; Lot 22: hydroethanolic extract of Vernonia amygdalina at
300mg/kg; Lot 23: hydroethanolic extract of Pterocarpus
erinaceus at 100 mg/kg; Lot 24: hydroethanolic extract of
Pterocarpus erinaceus at 300 mg/kg; Lot 25: hydroethanolic
extract of Manihot esculenta at 100mg/kg and Lot 26:
hydroethanolic extract of Manihot esculenta at 300mg/kg.

2.6.2 Second Step: Inoculation of Plant Extracts
The 6th day of incubation, all the eggs were candied with the
electric candle to discriminate fertile eggs from those who were
not. Fertile eggs were used later in the study (23, 24). The
injection of plant extracts was carried out according to the
method described by Tavakkoli and collaborators in 2020 (22).
Briefly, the injection or inoculation of the plant extracts was
carried out after 7 days of incubation under normal conditions in
an air chamber (37.7°C; 55% relative humidity; 0.06% CO2; 1/
60 min of turning). All eggs were then incubated under the same
incubation conditions. Before inoculation, the larger eggs were
disinfected with 70% ethanol, and the shells were pierced to
inoculate the plant extract into the air chamber. The pierced part
June 2022 | Volume 3 | Article 868645
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was closed with sterile adhesive tape or sterilized adhesive
plaster. On the 14th day, the same protocol was followed.

2.6.3 Third Step: Transfer the Eggs to the Hatcher
On the 18th day, all eggs were again examined with a flashlight to
discriminate eggs that continued organogenesis from those that
were not going to be transferred to the hatchery. It should be
noted that, at each stage, non-fertile eggs were broken to
determine the types of mortality (early or late). On day 21,
embryonic lethality was determined and surviving chicks were
evaluated for malformations (including head, eye, beak, body
wall, and limbs), pericardium and subcutaneous edema, and
gross liver lesions (25). Chick quality was assessed according to
the Tona score (Table 2) (26).

Relative chick weight, organs removed, hatching and
mortality rates were calculated (heart, liver and yolk sac)
according to the formulas below:

Fertile hatching rate

=
Number   of   chicks     hatching

Number   of     fertile   eggs   incubated
� 100

Relative  weight   of   organs Heart,   liver,  Yolk   sacð Þ

=
  organ  Weight  
chick  Weight        

� 100

Mortality   rate =
Number   of   dead   chicks

Number   of   fertile   eggs   incubated
� 100
Frontiers in Tropical Diseases | www.frontiersin.org 5
Relative  weight   of   chicks  without   yolk   sac

=
Weight   hicks  without   yolk   sac

chick    Weight      
� 100

2.6.4 Fourth Step: Measurement of Hematological
and Biochemical Parameters
After the eggs hatched, a few chicks per batch were sacrificed and
blood sample was collected from the neck in both EDTA and dry
tubes. Hematological and biochemical parameters (urea,
creatinemia, alanine aminotransferase and aspartate
aminotransferase) were also determined. The leftover chicks
were raised for a maximum of two weeks to observe the
different malformations and other apparent deformities.

2.7 Statistical Analysis
Statistical analysis of data was done using one-way analysis of
variance and multiparametric test (Student’s t-test) in SPSS 25.0
software. The graphs were carried out with Graph pad Prism 7.
The following scale were used to assess the level of significance: *:
p ≤ 0.05, significant; **: p ≤ 0.01, very significant; ***: p ≤ 0.001,
highly significant; ****: p ≤ 0.0001, very highly significant.
3 RESULTS

3.1 Subacute Toxicity
3.1.1 Clinical Observation and Body Weight
During the 28 days of oral administration, the extracts did not
cause any behavioral changes in the test groups. A slight loss
TABLE 2 | Evaluation of the score of the different parameters determining the quality of the chicks.

Parameters Characteristics Score

Activities Good 6
Low 0

Fluff and appearance Clean and dry 10
Wet 8
Dirty and wet 0

Resorption of the yolk sac Chicks with a normal abdomen 12
Chicks with a large abdomen and 0

Eyes fairly hard to the touch 16
Open and shiny 8
Open and not shiny 0

Legs Closed 16
Normal legs and toes 8
One leg infected 0

Umbilical Both legs infected 12
Completely closed and clean 6
Not completely closed and not discolored 0

Remaining membrane Not closed and discolored 12
No membrane 8
Small membrane 4
Large membrane 0

Remaining vitellus Very large membrane 16
No yolk 12
Small yolk 8
Large yolk 0
June 2022 | Volume 3 | Article 8
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of appetite developed in the batch that was taking the
hydroethanolic extract of Anacardium occidentale (Figure 2).

3.1.2 Evaluation of Hematological Parameters
The treatments administered had no effect on the hematological
parameters during the test period. No abnormal values were
observed in comparison with the values of the control lots;
however, a decrease in white blood cells was observed after 28
days of treatment (Table 3). Additionally, it should be noted that
the average blood volume increased over time for the rats of the
control lots, but this is not the case for the lots that received
the extracts.

3.1.3 Evaluation of Biochemicals Parameters
The analysis of biochemical parameters did not show significant
difference after 28 days of treatment, except for the batches that
received the hydroethanolic extract of Manihot esculenta and
Anacardium occidentale, where the level of creatinine and alanine
amino transferase (ALAT) has increased respectively (Table 4).

3.2 Fetotoxicity
3.2.1 Effect of Extracts on Hatching Rate
The batch of eggs receiving physiological solution (NaCl) showed
a high hatching rate. The eggs of the batches receiving the
hydroethanolic extracts at 100 mg/kg and 300 mg/kg V.
amygdalina and M. esculenta did not hatch. The administered
extracts thus prevented the evolution of embryogenesis (Figure 3).

3.2.2 Quality of Chick
After hatching, the quality of chicks was determined by the Tona
score principle. All parameters were evaluated on 100%. The
results showed that the chicks hatched were all of good quality,
with a score varying between 80.75 ± 7.18 and 98.00 ±
2.31 (Figure 4).

3.2.3 Effect of Plant Extracts on Chick Weight
and Organs
Following incubation of eggs, the weight of chicks produced varied
from 28.78 ± 0.68 to 32.00 ± 0.99. The weights of chicks are
naturally high compared to the weight without yolk sacs. The
comparative analysis of the different parameters of the control and
Frontiers in Tropical Diseases | www.frontiersin.org 6
treated batches showed no significant difference between the
weights of the chicks. However, a slight increase in the relative
weight of chicks receiving the hydroethanolic extract of A.
occidentale and the aqueous extract of D. mespiliformis was
noticed. Moreover, a nonproportional decrease in the relative
weights of the chicks compared to the initial weight of the treated
chicks that received the hydroethanolic extracts of O. gratissimum
at 100 mg/kg and 300 mg/kg was also observed (Table 5).

Analysis of the effect of the extracts of medicinal plants used
in this study on the relative weight of the vital organs of chicks,
such as the heart, the liver and yolk sac indicated that the
injection of these extracts did not cause a significant difference
compared to the control batches (Table 6).

3.2.4 Effect of Plant Extracts on Biochemical and
Hematological Parameters of Chicks
The evaluation of the toxicological effect determined during
embryogenesis and organogenesis of the aqueous and
hydroethanolic extracts of the plants used on the biochemical
and hematological parameters of the chicks obtained at hatching
is shown in Tables 7, 8.

Regarding the biochemical parameters, no significant
difference was noted for urea, creatinemia and ALAT. A slight
increase in ASAT was noted for the batches that received the
hydroethanolic extract of K. sengalensis at 100 and 300 mg/kg,
the aqueous extract of D. mespiliformis at 100 and 300 mg/kg, the
aqueous extract at 300 mg/kg and the hydroethanolic extract at
100 and 300 mg/kg of O. gratissimum (Table 7).

In general, none of the medicinal plant extracts used showed
any effect on hematological parameters in the execution of white
blood cell (WBC) and platelet values. A significant increase in the
number of white blood cells (WBCs) was noted in the batches
that received the hydroethanolic extracts of A. occidentale and K.
senegalensis at 100 and 300 mg/kg (Table 8).
4 DISCUSSION

The use of medicinal plants, especially in low and middle-income
countries, is a primary health care alternative for the majority of
the population. Despite being widely used, data on the
A B

FIGURE 2 | Effect of the extract plants on rats’ body weight. (A) Effect of the extract plants (AOa: Aqueous extract of A. occidentale, AOb: Hydroethanolic extract of A.
occidentale, DOb: Hydroethanolic extract of D. oliveri, DMa: Aqueous extract of D. mespiliformis, DMb: Hydroethanolic extract of D. mespiliformis and OGa: Aqueous
extract of O. gratissimum) on rats’ body weight ; (B) Effect of the extract plants (OGb: Hydroethanolic extract of O. gratissimum, KSa: Aqueous extract of K. senegalensis,
KSb: Hydroethanolic extract of K. senegalensis, VAb: Hydroethanolic extract of V. amygdalina, MEb: Hydroethanolic extract of M. esculenta) on rats’ body weight
June 2022 | Volume 3 | Article 868645
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toxicological profile of the plants used in traditional medicine are
very scarce. This study was designed to evaluate the subacute
toxicity and teratogenic effect of aqueous and hydroethanolic
extracts of the leaves of Anacardium occidentale, Daniella oliveri,
Diospyros mespiliformis, Manihot esculenta, Ocimum
gratissimum, Pterocarpus erinaceus, Vernonia amygdalina and
bark of the stem of Khaya senegalensis used in the traditional
treatment of infectious diarrhea in Benin.

The results of the subacute toxicity experiment suggested that
exposure to the different doses of some plant extracts assessed in
this study could affect the weight growth and the hematological
and biochemical parameters of the rats. Indeed, considerable
Frontiers in Tropical Diseases | www.frontiersin.org 7
weight gains were observed during the experiments for the
majority of the study groups, except the groups treated with
the aqueous and hydroethanolic extracts of A. occidentale and
the hydroethanolic extract of K. senegalensis.

Weight loss observed in some animals could be related to the
adverse effects of these extracts on the rats. The extracts would
have affected the metabolism of the animals, which would have
impacted their growth. Weight loss could also be related to the
anorexia observed in these animals after gavage. Some
toxicological studies have also reported weight loss in some
animals treated with drug extracts. For instance, the weight
loss of animals observed in the work of Agbodjento and
TABLE 3 | Effect of administered extracts on hematological parameters of Wistar rats.

Treatment RBC (T/L) HB(g/dl) HT (%) MCV (fl) MCH (Pg) MCHC (g/dl) WBC (G/L) PLT

Day 0 Day
28

Day 0 Day 28 Day 0 Day 28 Day 0 Day
28

Day 0 Day 28 Day 0 Day 28 Day 0 Day
28

Day 0 Day
28

Control 7.93 ±
0.79

7.83 ±
0.18

15.7 ±
1.61

14.87 ±
0.09

41.57 ±
3.94

43.77 ±
1.44

52.6 ±
0.62

53 ±
0.76

19.8
±
0.1

18.2 ±
0.51

37.6
±

0.35

34.8 ±
0.72

7.37
±

0.74

7.87
±

0.15

224 ±
127

376.7
±
22

D. oliveri
ETH2O

8.16 ±
0.54

7.41 ±
0.24

15.33 ±
0.97

15.37 ±
0.43

40.93 ±
2.12

40.63 ±
0.63

50.3 ±
0.72

54.63
±

1.13

18.8
±

0.46

21.33 ±
0.55

24.07
±

6.25

38.27 ±
0.62

6.83
±

1.49

7.27
±

0.19

699 ±
191

538.7
±
61

A. occidentale
H2O

7.7 ±
0.40

8.33 ±
0.38

15.23 ±
0.64

16.07 ±
0.29

40.17 ±
2.02

44.5 ±
1.16

52.2 ±
0.63

53.5
±
1

19.87
±

0.83

25.67 ±
6.02

31.33
±

7.24

35.47 ±
0.6

9.03
±

2.85

9.43
±

1.17

177 ±
53.8

586 ±
95.3

A. occidentale
ETH2O

7.96 ±
0.32

7.30 ±
0.14

15.27 ±
0.58

15.23 ±
0.47

41.83 ±
1.17

42.67 ±
1.09

52.57 ±
0.75

58.37
±

0.45

19.17
±

0.55

20.83 ±
0.26

36.43
±

0.73

35.7 ±
0.25

9.27
±

2.23

8.33
±

1.08

481 ±
110

378 ±
56.7

D.
mespiliformis
H2O

8.59 ±
0.3

8.47 ±
0.12

16.13 ±
1.22

15.6 ±
0.26

42.93 ±
3

42.37 ±
1.99

49.9 ±
1.99

49.93
±

1.59

18.73
±

0.81

18.43 ±
0.18

37.5
±

0.46

30.27 ±
7

10.13
±

3.43

12.47
±

0.64

504 ±
146

756 ±
132

D.
mespiliformis
ETH2O

7.49 ±
1.85

7.92 ±
0.23

14.67 ±
3.93

15.8 ±
0.1

40.3 ±
10.1

41.53 ±
0.42

53.7 ±
0.5

52 ±
1.15

19.23
±

0.59

19.53 ±
0.68

35.87
±

0.88

38.3 ±
0.47

7.23
±

1.75

8.1 ±
0.11

453 ±
168

530 ±
41

O.
gratissimum
H2O

8.86 ±
0.24

7.59 ±
0.32

16.93 ±
0.22

15.27 ±
0.66

45.37 ±
0.43

39.43 ±
2.17

51.23 ±
1.52

54.43
±

0.98

19.17
±

0.71

20.37 ±
0.18

37.33
±

0.24

37.07 ±
0.64

6 ±
1.15

6.57
±

0.15

1037.7
± 40.2

420
±**
113

O.
gratissimum
ETH2O

8.58 ±
0.35

7.98 ±
0.24

17.08 ±
0.54

15.7
0.26

45.6 ±
1.68

42.7 ±
1.29

53.13 ±
0.23

51.93
±

0.95

19.9
±

0.15

19.53 ±
0.28

37.47
±

0.17

35.67 ±
1.02

8.77
±

2.63

9.33
±

0.52

782.7 ±
92.1

856.7
±

27.9
K.
senegalensis
H2O

8.16 ±
0.42

7.65 ±
0.24

15.9 ±
0.61

14.73 ±
0.28

42.3 ±
1.63

40.13 ±
1.08

51.97 ±
0.77

52.73
±

0.58

19.5
±

0.23

19.9 ±
0.15

37.53
±

0.23

37.47 ±
0.49

5.33
±

1.49

6.17
±

0.26

502 ±
273

256 ±
63.6

K.
senegalensis
ETH2O

7.08 ±
1.38

7.62 ±
0.45

14.17 ±
2.03

22.77 ±
6.67

38.37 ±
5.64

41.63 ±
1.09

55.5 ±
3.51

54.87
±

1.81

20.53
±

1.38

21.3 ±
1.18

37 ±
0.17

38.7 ±
0.9

7.03
±

1.13

7.53
±

0.47

581 ±
197

815.3
±

43.9
V. amygdalina
ETH2O

9.28 ±
0.54

9.62 ±
0.28

17.23 ±
0.35

17.6 ±
0.81

47.5 ±
0.78

48.7 ±
1.16

51.5 ±
2.49

51.23
±

0.54

18.67
±
0.9

17.6 ±
0.84

36.3
±

0.15

23.83 ±
5.58

4.67
±

0.61

5.23
±

0.59

707 ±
186

400.3
±
99

P. erinaceus
ETH2O

7.68 ±
0.64

7.16 ±
0.31

14.67 ±
1.11

14.23 ±
0.37

41.03 ±
3.27

38.87 ±
0.85

53.53 ±
0.43

54.97
±

1.13

19.17
±

0.29

20.67 ±
0.72

32.43
±

3.52

37.37 ±
0.84

5.5 ±
0.63

6.4 ±
0.12

635 ±
155

637 ±
111

M. esculenta
ETH2O

7.15 ±
1.72

7.54 ±
0.33

13.23 ±
3.27

15.63 ±
0.58

37.27 ±
9.15

41.8 ±
1.02

51.97 ±
0.37

54 ±
0.36

18.4
±

0.15

20.87 ±
0.3

35.5
±

0.15

38.5 ±
0.29

6.97
±

0.50

6.87
±

0.67

671 ±
222

521.3
±
44
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H2O, Aqueous extract; ETH2O, Hydroethanolic extract; RBC, Red Blood Cell counts; HB, Hemoglobin level; HT, Hematocrit; MCV, Mean Corpuscular Volume; MCH, Mean Corpuscular
Hemoglobin content; MCHC, Mean Corpuscular Hemoglobin Concentration; WBC, White Blood Cell counts; PLT, Platelets; A. occidentale: Anacardium occidentale L.; D. oliveri: Daniellia
oliveri (Rolfe) Hutch. & Dalziel; K. senegalensis: Khaya senegalensis (Desv.) A.Juss; D. mespiliformis: Dyospiros mespiliformis Hochst. ex A.DC.; O. gratissimum: Ocimum gratissimum L.; P.
erinaceus: Pterocarpus erinaceus Poir; M. esculenta: Manihot esculenta Crantz; V. amygdalina: Vernonia amygdalina Delile; The values of the hematological parameters of the Wistar rats
are presented as Mean ± Standard Deviation. The values from the treated lots were compared with those from the control lot. Compared to the control lot, there was a decrease in the
average platelet count from day 0 to day 28 in the rats of the lot treated with the aqueous extract of Ocimum gratissimum. This difference in mean platelets is very significant at the 5% level,
(**): p < 0.01.
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collaborators in 2020 (27) on the larval and subacute toxicity of
Gardenia ternifolia, Rourea coccinea and Cassytha filiformis, was
justified by the anorexia status observed in some animals during
the experiment. According to the study of Mukinda et al. (28),
weight loss is correlated with the physiological state of the animal
and can be explained not only by anorexia but also by altered
metabolism in the animal.

For toxicological studies, hematological and biochemical
parameters are important markers to evaluate the effect of the
FIGURE 3 | Hatching rate of incubated. AOa: Aqueous extract of A. occidentale, AO
oliveri, DMa: Aqueous extract of D. mespiliformis, DMb: Hydroethanolic extract of D.
extract of O. gratissimum, KSa: Aqueous extract of K. senegalensis, KSb: Hydroetha
MEb: Hydroethanolic extract of M. esculenta ; 100: 100mg/kg; 300:300mg/kg.
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administered substance on the functioning of certain vital organs
(29, 30). The hematopoietic system is one of the most sensitive
parameters is seen as a potential risk for anemia and infections
(31). Our data suggest that the extracts probably did not impact
the hematopoietic system of the animals. Indeed, in our study,
there was no significant variation between the hematological
target of potentially toxic substances. Any alteration in
erythrocyte and neutrophil parameters of the animals treated
with the different extracts compared to the controls except in the
TABLE 4 | Effect of administered extracts on biochemical parameters of Wistar rats.

Parameters Urea (g/l) Creatinine (mg/l) ASAT (UI/L) ALAT (UI/L)

Plants Lots Day 0 Day 28 Day 0 Day 28 Day 0 Day 28 Day 0 Day 28

Control DW 0.61 ± 0.05 0.68 ± 0.02 15.23 ± 2.81 18.45 ± 3.38 251.7 ± 75 250.33 ± 1.45 129.1 ± 46.4 81.61 ± 4.06
D. oliveri ETH2O 0.74 ± 0.05 0.72 ± 0.01 14.85 ± 0.90 18.08 ± 1.07 253 ± 143 287 ± 19.3 92.99 ± 4.08 83.17 ± 2.29
A. occidentale H20 0.68 ± 0.07 0.82 ± 0.09 18.31 ± 1.44 14.06 ± 1.53 340 ± 43.7 339 ± 165 71.25 ± 6.48 160.66 ± 2.03

ETH2O 0.50 ± 0.12 0.93 ± 0.01 17.5 ± 0.56 15.83 ± 1.68 91 ± 11 409 ± 104 125.3 ± 24.6 426 ± 100***
D. mespiliformis H2O 0.69 ± 0.07 0.99 ± 0.04 11.46 ± 5.24 17.8 ± 2.14 160.7 ± 26.7 174.7 ± 40.7 77.48 ± 9.67 277 ± 174

ETH2O 0.61 ± 0.03 0.88 ± 0.08 14.37 ± 2.42 18.17 ± 0.33 139.3 ± 36 268.7 ± 27.1 95.34 ± 3.58 188.5 ± 59.3
O. gratissimum H2O 0.61 ± 0.03 0.87 ± 0.05 18.33 ± 1.08 17.7 ± 1.87 88 ± 8.08 197.33 ± 9.91 54.86 ± 0.21 100.29 ± 6.7

ETH2O 0.6 ± 0.01 0.63 ± 0.02 13.57 ± 3.55 17.68 ± 1.5 75.33 ± 4.26 201.3 ± 19.1 57.35 ± 2.14 60.77 ± 0.69
K. senegalensis H2O 0.41 ± 0.05 0.68 ± 0.02 9.58 ± 3.71 16.07 ± 1.75 97.7 ± 22.2 148.67 ± 5.49 58.91 ± 4.8 64.2 ± 6.18

ETH2O 0.51 ± 0.01 0.77 ± 0.06 11.16 ± 1.67 13.12 ± 3.74 83.3 ± 11.4 300 ± 4.04 58.51 ± 4.49 66.37 ± 2.14
V. amygdalina ETH2O 0.66 ± 0.10 0.88 ± 0.06 13.92 ± 1.94 16.55 ± 2.05 100.67 ± 8.19 246 ± 29.3 80.4 ± 15.5 158.8 ± 14.8
P. erinaceus ETH2O 0.52 ± 0.07 0.74 ± 0.03 15.75 ± 2.68 14.31 ± 1.12 121.7 ± 10.4 219.7 ± 12.4 76.55 ± 6.22 83 ± 13.6
M. esculenta ETH2O 0.54 ± 0.03 0.62 ± 0.03 17.01 ± 0.18 22.81 ± 1.76** 91.67 ± 5.24 250.33 ± 1.45 57.35 ± 8.22 54.25 ± 7.41
b: Hydroeth
mespiliformis
nolic extract
anolic extract of A. occidentale, DOb
, OGa: Aqueous extract of O. gratis
of K. senegalensis, VAb: Hydroetha

June 2
: Hydroethanolic
simum, OGb: Hyd
nolic extract of V.

022 | Volume 3
H2O, Aqueous extract; ETH2O, Hydroethanolic extract; DW, Distilled water; ASAT, Aspartate aminotransferase; ALAT, Alanine aminotransferase; A. occidentale: Anacardium occidentale
L.; D. oliveri: Daniella oliveri (Rolfe) Hutch. & Dalziel; K. senegalensis: Khaya senegalensis (Desv.) A.Juss; D. mespiliformis: Dyospiros mespiliformis Hochst. ex A.DC.; O. gratissimum:
Ocimum gratissimum L.; P. erinaceus: Pterocarpus erinaceus Poir; M. esculenta: Manihot esculenta Crantz; V. amygdalina: Vernonia amygdalina Delile. The values of biochemical
parameters of Wistar rats are presented as Mean ± Standard Deviation. The values of the treated batches were compared to those of the control batch. Compared to the control batch,
there was a highly significant increase in the mean Alanine aminotransferase from day 0 to day 28 in the rats of the batch treated with the hydroethanolic extract of Anacardium occidentale,
(***): p< 0.001. In addition, compared to the control batch there was a very significant increase in mean creatinine from day 0 to day 28 in rats from the batch treated with hydroethanolic
extract of Manihot esculenta, (**): p< 0.01.
extract of D.
roethanolic
amygdalina,
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FIGURE 4 | Determination of the quality of the chicks by the Tona score test. AOa: Aqueous extract of A. occidentale, AOb: Hydroethanolic extract of A. occidentale,
DOb: Hydroethanolic extract of D. oliveri, DMa: Aqueous extract of D. mespiliformis, DMb: Hydroethanolic extract of D. mespiliformis, OGa: Aqueous extract of O.
gratissimum, OGb: Hydroethanolic extract of O. gratissimum, KSa: Aqueous extract of K. senegalensis, KSb: Hydroethanolic extract of K. senegalensis, VAb:
Hydroethanolic extract of V. amygdalina, MEb: Hydroethanolic extract of M. esculenta; 100: 100mg/kg; 300:300mg/kg.
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case of platelets, for which a significant increase was observed in
rats treated with the aqueous extract of O. gratissimum.
Regarding the biochemical parameters, ALAT and ASAT, the
two major markers of hepatic function were assessed (32). Under
normal physiological conditions, these markers are present at
low concentrations in serum. Elevated serum levels of these
enzymes, particularly ALAT, are considered a sensitive marker
of liver injury (33). Similarly, uremia and creatinine are markers
of renal function (34). The hydroethanolic extract ofM. esculenta
caused a significant increase in creatinine in rats treated with this
extract. Our data shows that aqueous extract of O. gratissimum
and hydroethanolic extract of M. esculenta could affect the
hepatic and renal functions of rats treated with these extracts.
A subchronic toxicity study onM. esculenta revealed a significant
increase in liver. Indeed,M esculenta could contain cyanide (35),
this substance could be the basis of this increase in creatinine. In
addition, hydroethanolic extract of A. occidentale significantly
increased the ALAT value, this result was also observed in the
study carried out by Tédong et al. (9), where the extract of A.
occidentale increased significantly the biochemical parameters
beyond 58 days of treatments.

Any increase in their serum levels reflects probable tissue
damage to the kidneys (36, 37). However, comparison of the data
obtained from this study with data from the literature shows little
variation in relationships. Referring to the results of Onu et al.
(38), no significant variation was noted for biochemical and
hematological parameters. The latter worked on the effect of
aqueous extract of bark and stem of Khaya senegalensis on some
biochemical, hematological and histopathological parameters of
rats. In Burkina-Faso, Kabore et al. (6) obtained similar results
for D. oliveri and M. esculenta. The study that investigated the
effects of cassava juice on renal and liver function and motor
impairment in male rats indicates that chronic oral consumption
Frontiers in Tropical Diseases | www.frontiersin.org 9
of cassava juice caused renal and liver damage that correlated
with impaired motor coordination in rats, similar to their major
neurotoxic compound and linamarin. These observations differ
from the data of our study. The differences obtained lie in the fact
that these studies explored different effects related to the
consumption of the plant. Looking at the abovementioned
data, it is necessary to recommend the moderate use of all
these plants, although no mortality was reported in this study.

The fetotoxic study of the aqueous and hydroethanolic
extracts of A. occidentale, O. gratissimum, D. mespiliformis and
the hydroethanolic extracts of D. oliveri, P. erinaceus, V.
amygdalina and M. esculenta on embryogenesis and
organogenesis of hen eggs, showed a low hatching rate were
treated with the 300 mg/kg extracts. Therefore, the injection of
the aqueous and hydroethanolic extracts of the plants prevented
the evolution of embryonic development of the incubated
eggs. The destruction of the unhatched eggs shows blackish
deposits found in the egg, indicating that the evolution of the
embryos stopped immediately after the first injection dose on
day 7. This could be explained by the metabolism of the extracts
administered in the eggs constituting a closed space, which
means that everything that is injected is metabolized and used.
Indeed, the heart is the first functional organ from the fourth or
fifth day of incubation, and the toxic effect of a plant extract can
lead to the early embryonic deaths obtained in this study. The
failure of eggs to hatch after receiving the hydroethanol extract of
M. esculenta may be due to its probable content of cyanogenic
compounds, according to a study in Uganda, where ingestion of
cyanide contained in cassava (M. esculenta) flour was the cause
of severe food poisoning (39). The mortalities that occurred in
this study were mostly early, suggesting that the extracts tested in
this study did not have sufficient effect on fetal viability after
day 14.
June 2022 | Volume 3 | Article 868645
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Indeed, from the 10th day of incubation, embryonic
development would be enough in the setting of the organs,
which makes the fetus autonomous enough to fight against
toxic products likely to hinder embryonic development (40).
Frontiers in Tropical Diseases | www.frontiersin.org 10
The abortifacient nature of the V. amygdalina aqueous extract in
eggs observed in this study was also reported by Oyinleye et al.
(41) and Zakaria et al. (42), where the hydroethanolic extract of
V. amygdalina had an abortifacient effect on female rats. In this
TABLE 5 | Effects of plant extracts on relative chick weights.

Chick weight Chick weight SSV Relative weight of chick SSV

Negative control 30.02± 0.64 26.25 ± 0.62 87.44 ± 1.18
Lot NaCl 28.78 ± 0.68 25.42 ± 0.30 88.43 ± 1.35
A. occidentale H2Oa 30.16 ± 0.32 26.32 ± 0.53 87.33 ± 2.44
A. occidentale H2Ob 29.80 ± 0.40 26.4 ± 0.20 88.62 ± 1.53
A. occidentale ETH2Oa 26.06 ± 0.06 23.74 ± 0.06 91.09 ± 0.22*
A. occidentale ETH2Ob 26.07 ± 0.06 23.75 ± 0.06 91.10 ± 0.22*
D. oliveri ETH2Oa 28.12 ± 0.06 23.03 ± 0.06 81.90 ± 0.04
D. oliveri ETH2Ob 28.13 ± 0.06 23.04 ± 0.06 81.90 ± 0.04
K. senegalensis H2Oa 28.88 ± 0.55 25.27 ± 1.09 87.40 ± 2.46
K. senegalensis H2Ob 28.89 ± 0.55 25.28 ± 1.09 87.40 ± 2.46
K. senegalensis ETH2Oa 29.30 ± 0.19 24.51 ± 0.06 83.65 ± 0.57
K. senegalensis ETH2Ob 29.11 ± 0.06 24.52 ± 0.06 84.23 ± 0.03
D. mespiliformis H2Oa 30.29 ± 0.92 25.09 ± 1.16 83.38 ± 6.22
D. mespiliformis H2Ob 28.68 ± 0.95 25.82 ± 0.75 90.40 ± 4.31*
D. mespiliformis ETH2Oa 29.41 ± 1.87 26.39 ± 0.31 86.63 ± 1.78
D. mespiliformis ETH2Ob 30.07 ± 2.13 26.03 ± 0.57 88.11 ± 7.42
O. gratissimum H2Oa 29.71 ± 0.22 25.15 ± 0.11 84.66 ± 0.74
O. gratissimum H2Ob 29.72 ± 0.22 25.16 ± 0.11 84.66 ± 0.74
O. gratissimum ETH2Oa 32.00 ± 0.99 24.33 ± 1.54 76.18 ± 4.92***
O. gratissimum ETH2Ob 31.06 ± 0.86 24.46 ± 1.65 79.25 ± 6.98**
P. erinaceus ETH2Oa 31.5 ± 0.50 26.06 ± 0.56 82.73 ± 0.99
P. erinaceus ETH2Ob 30.08 ± 0.93 24.49 ± 1.11 81.31 ± 1.50
June 20
H2Oa: Aqueous extract at 100mg/kg, H2Ob: Aqueous extract at 300mg/kg, ETH2Oa: Hydroethanolic extract at 100mg/kg, ETH2Ob: Hydroethanolic extract at 300mg/kg, SSV : Without
yolk sac; A. occidentale: Anacardium occidentale L. L.; D. oliveri: Daniellia oliveri (Rolfe) Hutch. & Dalziel; K. senegalensis: Khaya senegalensis (Desv.) A.Juss; D. mespiliformis: Dyospiros
mespiliformis; O. gratissimum: Ocimum gratissimum L.; P. erinaceus: Pterocarpus erinaceus. Compared to the controls, there was a significant (*p < 0.05) increase in the mean weight of
chicks whose eggs were treated with 100 and 300 mg/kg of hydroethanolic extract of Anacardium occidentale and 300 mg/kg of aqueous extract of Dyospiros mespiliformis. But, a highly
significant decrease (***p < 0.001) and very significant decrease (**p < 0.01) in the mean weight of the chicks was observed in the eggs treated with 100 mg/kg of hydroethanolic extract of
Ocimum gratissimum and 300 mg/kg of the same plant extract respectively.
TABLE 6 | Effect of the extracts of the plants studied on the relative weight of the organs of the hatched chicks.

Relative weight of liver Relative weight of heart Relative weight of yolk sac

Negative control 2.84 ± 0.15 0.85 ± 0.04 8.41 ± 0.50
Lot NaCl 2.95 ± 0.21 0.75 ± 0.02 11.12 ± 0.15
A. occidentale.H2Oa 2.35 ± 0.03 0.78 ± 0.05 12.02 ± 0.61
A. occidentale.H2Ob 2.94 ± 0.07 0.73 ± 0.02 9.79 ± 0.95
A. occidentale ETH2Oa 2.62 ± 0.02 0.74 ± 0.02 7.73 ± 0.02
A. occidentale ETH2O.b 2.66 ± 0.02 0.78 ± 0.02 7.76 ± 0.02
D.oliveri ETH2Oa 2.98 ± 0.13 0.92 ± 0.05 7.27 ± 0.40
D.oliveri ETH2Ob 3.05 ± 0.11 0.90 ± 0.02 8.53 ± 0.98
K. senegalensis H2Oa 2.49 ± 0.09 0.79 ± 0.03 6.97 ± 0.05
K. senegalensis H2Ob 2.53 ± 0.10 0.83 ± 0.04 7.88 ± 0.78
K. senegalensis ETH2Oa 2.61 ± 0.03 0.83 ± 0.02 3.53 ± 0.04
K. senegalensis ETH2Ob 2.66 ± 0.02 0.87 ± 0.02 3.58 ± 0.02
D. mespiliformis H2Oa 2.60 ± 0.14 0.86 ± 0.06 4.89 ± 0.86
D. mespiliformis H2Ob 2.96 ± 0.18 0.95 ± 0.02 5.05 ± 0.81
D. mespiliformis ETH2Oa 3.08 ± 0.30 0.91 ± 0.08 6.77 ± 1.38
D. mespiliformis ETH2Ob 2.98 ± 0.34 0.91 ± 0.09 7.46 ± 1.20
O. gratissimum H2Oa 2.71 ± 0.13 0.76 ± 0.02 4.78 ± 0.30
O. gratissimum H2Ob 2.74 ± 0.13 0.75 ± 0.02 4.81 ± 0.30
O. gratissimum ETH2Oa 2.58 ± 0.10 0.77 ± 0.04 5.01 ± 0.81
O. gratissimum ETH2Ob 2.74 ± 0.20 0.81 ± 0.05 4.38 ± 0.49
P. erinaceus ETH2Oa 2.73 ± 0.086 0.81 ± 0.02 5.46 ± 1.07
P. erinaceus ETH2Ob 2.85 ± 0.11 0.82 ± 0.03 5.64 ± 1.02
22
H2Oa: Aqueous extract at 100mg/kg, H2Ob: Aqueous extract at 300mg/kg, ETH2Oa: Hydroethanolic extract at 100mg/kg, ETH2Ob: Hydroethanolic extract at 300mg/kg; A. occidentale:
Anacardium occidentale L.; D. oliveri: Daniella oliveri (Rolfe) Hutch. & Dalziel; K. senegalensis: Khaya senegalensis (Desv.) A.Juss; D. mespiliformis: Dyospiros mespiliformis Hochst. ex
A.DC.; O. gratissimum: Ocimum gratissimum L.; P. erinaceus: Pterocarpus erinaceus Poir.
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TABLE 7 | Effect of plant extracts on biochemical parametersof hatched chicks.

Parameters Urea (g/L) Creatinine (mg/L) ALAT (UI/L) ASAT (UI/L)

Plants Lots/extracts Day 21 Day 21 Day 21 Day 21

Control négatif Not treated 0.29 ± 0.06 8.605 ± 1.05 8 ± 0.91 217.5 ± 8.70
Control NaCl NaCL 0.23 ± 0.04 7.2425 ± 0.21 10 ± 0.40 222± 13.36
A. occidentale H2Oa 0.385 ± 0.006 7.37± 0.28 6.5 ± 0.5 256± 23.81

H2Ob 0.425 ± 0.006 8.92 ± 0.60 7.75 ± 1.10 223.75 ± 18.48
ETH2Oa 0.31 ± 0.01 6.87± 0.38 6.5 ± 0.28 214.5± 9.24
ETH2Ob 0.30 ± 0.006 7.11 ± 0.25 7.5 ± 0.64 218.25± 11.53

D. oliveri ETH2Oa 0.27 ± 0.01 9.57± 0.16 8 ± 1.95 232± 18.73
ETH2Ob 0.28 ± 0.006 9.36 ± 0.03 7.75 ± 2.21 229.25± 22.29

K. senegalensis H2Oa 0.16 ± 0.004 16.02± 0.15 9 ± 0.91 239± 7.44
H2Ob 0.18 ± 0.006 16.21± 0.006 9.5 ± 1.04 208. 75± 27.86
ETH2Oa 0.27 ± 0.006 14.02 ± 0.006 8 ± 0 311± 7**
ETH2Ob 0.31± 0.006 14.06 ± 0.006 8 ± 0 289± 0.57**

D. mespiliformis H2Oa 0.18 ± 0.04 9.34± 1.04 8.25 ± 0.62 263.75 ± 12.05*
H2Ob 0.34 ± 0.006 10.75 ± 0.31 8.25 ± 0.75 284± 6.94*
ETH2Oa 0.26 ± 0.05 6.91± 1.36 7.75 ± 1.10 226.25± 18.16
ETH2Ob 0.2775 ± 0.05 6.87± 1.36 9 ± 0.91 241.75 ± 14.51

O. gratissimum H2Oa 0.3375 ± 0.01 11.11± 0.68 5.25 ± 0.47 222.25± 3.30
H2Ob 0.36 ± 0.006 11.11± 0.68 6.25 ± 0.47 271± 45.81*
ETH2Oa 0.28 ± 0.05 12.16 ± 0.13 6 ± 0.57 276.5± 22.59**
ETH2Ob 0.27 ± 0.04 12.15 ± 0.18 7.5 ± 0.5 286.5± 3.77**

P. erinaceus ETH2Oa 0.36 ± 0.01 7.93 ± 1.45 7.5 ± 1.55 238.5± 24.99
ETH2Ob 0.38 ± 0.01 8.00 ± 0.49 7.25 ± 0.85 243.75 ± 28.83
Frontiers in Tropical Diseases | www.frontiersin.org
 11
 June 2022 | Volume 3
H2O, Aqueous extract; ETH2O, Hydro-ethanolic extract.; A. occidentale, Anacardium occidentale L.; D. oliveri, Daniella oliveri (Rolfe) Hutch. & Dalziel; K. senegalensis, Khaya senegalensis
(Desv.) A.Juss; D. mespiliformis, Dyospiros mespiliformis Hochst. ex A.DC.; O. gratissimum, Ocimum gratissimum L.; P. erinaceus, Pterocarpus erinaceus Poir. a: 100mg/kg. b:300mg/kg;
ASAT, Aspartate Aminotransferase; ALAT, Alanine Aminotransferase. Compared to controls, there was a very significant (**p < 0.01) increase in the mean value of aspartate
aminotransferase in chicks whose eggs were treated with 100 and 300 mg/kg of hydroethanolic extract of Khaya senegalensis. The same observation was made in chicks whose eggs
were treated with 100 and 300 mg/kg of hydroethanolic extract of Ocimum gratissimum. In chicks obtained from eggs treated with 100 and 300 mg/kg of aqueous extract of Dyospiros
mespiliformis and with 300 mg/kg of aqueous extract of Ocimum gratissimum, the mean value of aspartate aminotransferase increased significantly (*p < 0.05) compared to controls.
TABLE 8 | Effect of extract plants on biochemical parameters on hatched chicks.

Parameters WBC (G/L) RBC (T/L) Hte (%) Hb (g/dl) MCV (fl) TCMH(pg) MCH(dl) PLT

Plants Lots Day 21 Day 21 Day 21 Day 21 Day 21 Day 21 Day 21 Day 21

Lot temoin Not
treated

130.9± 6.11 2.15 ± 0.13 20.3 ± 3.56 22.15 ± 5.69 134.8 ± 2.78 62.5 ± 1.79 46.35 ± 1.31 72.5 ± 2.36

Lot NaCl NaCL 129.6 ± 5.46 1.72 ± 0.42 28.9 ± 1.46 13.02 ± 0.36 130.9 ± 5.81 59.72 ± 1.29 45.821.62 64.75 ± 3.35
A.
occidentale

H2Oa 138.75 ± 7.82 2.31 ± 0.09 28.8 ± 1.44 13.95 ± 0.72 124.15 ± 1.18 60.15 ± 0.66 48.45 ± 0.08 65.5 ± 10.68
H2Ob 128.05 ± 0.37 2.09 ± 0.03 26.9 ± 0 12.7 ± 0.05 128.7 ± 2.19 60.8 ± 0.75 47.3 ± 0.23 61.5 ± 3.17
ETH2Oa 109.15 ± 2.75** 2.05± 0.07 26.05± 0.65 12.45 ± 0.61 127.2 ± 2.62 60.62 ± 0.53 47.72 ± 1.40 46.75± 6.42
ETH2Ob 88.6 ± 3.48 *** 1.7 ± 0.05 25.75 ± 0.06 9.45 ± 0.45 148.1 ± 3.61 57.4 ± 0.51 37.1 ± 1.80 16.5 ± 4.51

D. oliveri ETH2Oa 112.32 ± 11.04 2.04 ± 0.17 26.075 ± 2.60 12.37 ± 1.16 127.6 ± 2.74 60.7 ± 1.26 32.57 ± 8.36 54.25 ± 9.75
ETH2Ob 121.1 ± 9.48 2.17± 0.15 28.4 ± 2.32 13.67± 0.53 127.57 ± 5.60 60.62 ± 1.31 47.72 ± 1.81 60 ± 8.11

K.
senegalensis

H2Oa 136.52 ± 3.09 2.28 ± 0.02 29.27 ± 0.99 14.22 ± 0.19 128.2 ± 4.32 62.4251.00 48.75 ± 2.28 86.5 ± 14.24
H2Ob 137 ± 1.21 2.28 ± 0.01 29.7 ± 0.57 14.3 ± 0.05 130.2 ± 2.54 62.70.34 48.25 ± 1.18 81 ± 8.08
ETH2Oa 153.52 ± 4.75 2.66 ± 0.09 35.52 ± 1.48 16.45 ± 0.58 133.27 ± 1.25 61.87± 0.69 46.37 ± 0.30 67 ± 8.33
ETH2Ob 155.45 ± 3.37 2.67± 0.09 36 ± 1.15 16.7 ± 0.40 134.7 ± 0.34 62.7 ± 0.63 46.55 ± 0.37 75.5 ± 0.28

D.
mespiliformis

H2Oa 128.37 ± 7.43 2.29 ± 0.09 28.35 ± 1.28 13.5 ± 0.64 123.52± 0.29 58.75 ± 0.72 47.57 ± 0.54 54 ± 3.39
H2Ob 125.42 ± 6.44 2.2125 ± 0.07 27.77 ± 1.05 13.25 ± 0.57 125.67 ± 1.31 59.9 ± 0.46 47.7 ± 0.47 53.25 ± 3.59
ETH2Oa 137.77± 4.48 2.3475 ± 0.09 30.275 ± 1.49 14.15 ± 0.49 129.05 ± 2.13 60.325 ± 0.72 46.825 ± 1.12 65.25 ± 7.58
ETH2Ob 148.97 ± 4.74 2.51 ± 0.10 31.77 ± 1.39 15.05 ± 0.41 126.52 ± 1.65 59.9 ± 0.88 47.375 ± 0.87 64.5 ± 7.84

O.
gratissimum

H2Oa 143.3 ± 6.82 2.4675 ± 0.14 32.225 ± 2.30 15.025 ± 0.95 130.075 ± 1.47 60.775 ± 0.27 46.625 ± 0.35 53 ± 7.77
H2Ob 135 ± 3.98 2.285 ± 0.10 29.4± 1.55 13.85 ± 0.66 128.3 ± 0.751 60.5 ± 0 47.05 ± 0.31 47.5 ± 3.17
ETH2Oa 123.825 ± 5.53 2.07 ± 0.06 26.5 ± 1.04 12.85 ± 0.44 128 ± 3.05 61.925 ± 1.05 48.4 ± 0.37 59 ± 10.44
ETH2Ob 131.4 ± 6.10 2.205 ± 0.10 28.025 ± 1.04 13.575 ± 0.55 127.225 ± 1.94 61.5 ± 0.80 48.35 ± 0.20 55.5 ± 3.27

P.erinaceus ETH2Oa 113.575 ± 1.65 1.97 ± 0.04 25.875 ± 0.71 12.3 ± 0.17 131.075 ± 2.00 62.525 ± 0.47 47.7 ± 0.77 61.75 ± 7.21
ETH2Ob 110.25 ± 3.73 1.865 ± 0.09 24.325 ± 1.63 11.55 ± 0.66 129.975 ± 2.59 62.075 ± 0.72 47.75 ± 0.78 60.25 ± 7.87
| A
H2O, Aqueous extract; ETH2O, Hydro-ethanolic extract, A. occidentale, Anacardium occidentale L.; D. oliveri, Daniellia oliveri (Rolfe) Hutch. & Dalziel; K. senegalensis, Khaya senegalensis
(Desv.) A.Juss; D. mespiliformis, Dyospiros mespiliformis Hochst. ex A.DC.; O. gratissimum, Ocimum gratissimum L.; P. erinaceus, Pterocarpus erinaceus Poir. a: 100mg/kg. b: 300mg/
kg; RBC, Red Blood Cell counts; HB, Hemoglobin level; HT, Hematocrit; MCV, Mean CorpuscularVolume; MCH, Mean Corpuscular Hemoglobin content; MCHC, Mean Corpuscular
Hemoglobin Concentration; WBC, White Blood Cell counts; PLT, Platelets. In chicks from eggs treated with 100 and 300 mg/kg of hydroethanolic extract of Anacardium occidentale, the
mean value of white blood cell count increased significantly compared to controls, **p < 0.01, ***p < 0.001.
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study, the batch of eggs treated with NaCl gave a better hatching
rate than the control batch that had received nothing, which
suggests that all the embryonic deaths would certainly not be due
to the extracts of the plants evaluated, except for V. amygdalina
and M. esculenta, but rather to other external factors not taken
into account in this study. The chicks obtained after hatching did
not present any apparent malformations and were judged to be
of very good quality according to the Tona score test performed
(26). Indeed, obtaining chicks of good quality is governed by
several factors, such as the duration between the laying of the egg
and the beginning of the incubation. Thus, we can see a decrease
in albumin that should be used for the feeding of the embryo (43,
44). The evaluation of the toxicological effects of biological
substances is mostly based on vital organs such as the liver and
heart, particularly in this study of the yolk sac (38). At the level of
the analysis of the weight of the chicks, no significant difference
was noted, and all the weights of the chicks without the yolk sac
were lower than those of the chicks. Nevertheless, a slight
increase in the relative weight of chicks treated with
hydroethanolic extracts of A. occidentale and D. mespiliformis
at 300 mg/kg was noted. No significant difference was noted in
the relative weights of the heart, liver and yolk sac of the treated
batches compared to the data of the negative control batch.
These data show that the aqueous and hydroethanolic extracts of
A. occidentale, D. mespiliformis, K. senegalensis, O. gratissimum
and the hydroethanolic extracts of D. oliveri. and P. erinaceus do
not affect the organogenesis of these organs.

The effect of the aqueous and hydroethanolic extracts of the
medicinal plants used was evaluated on the hematological and
biochemical parameters of the chicks. In fact, the alterations of
the chemical and biological parameters of the serum in a
toxicological study are interpreted as being the toxic effect of a
plant or a chemical substance (45). The absence of variation in
red blood cells testifies to the absence of toxic effects of plant
extracts at doses of 100 and 300 mg/kg (46). Regarding
the hematological parameters, no significant variation was
observed for red blood cells, hemoglobin level, hematocrit,
mean corpuscular volume, mean corpuscular hemoglobin
concentration or mean corpuscular hemoglobin content except
for an increase in the number of white blood cells, especially for
the batches treated with the hydroethanolic extracts of A.
occidentale and K. senegalensis at 100 mg/kg and 300 mg/kg.
The results of a previous subacute toxicity study with the
hydroethanolic extract of A. occidentale in rats also revealed an
increase in white blood cells (17), which could be explained by
the presence of an inflammatory or immune reaction following
tissue damage. However, the increase in the number of white
blood cells could be explained by the fact that at the beginning of
a human life, this phenomenon is important to fight effectively
against possible threats. Regarding the biochemical parameters
exploring the effect of plant extracts on the liver and kidney, two
vital organs are involved in the metabolism of humans. No
statistically significant difference was noted in the levels of urea,
creatinine and ALAT. A slight increase in ASAT was observed
for all batches, particularly those that received the
hydroethanolic extract of K. sengalensis at 100 and 300 mg/kg,
Frontiers in Tropical Diseases | www.frontiersin.org 12
the aqueous extract of D. mespiliformis at 100 and 300 mg/kg and
the hydroethanolic extract at 100 and 300 mg/kg of
O. gratissimum.

ASAT is not a specific marker of tissue lesions and is found in
many other tissues (liver, heart muscle, skeletal muscle) (45). On
the other hand, no significant difference was observed for ALAT,
which is a liver-specific enzyme, and creatinine, which is a kidney
metabolite, so it could be deduced that the plant extracts did not
affect the structural organization of the liver and kidney of the
chicks at the tested doses.

The absence of data on the fetotoxicity of the plant extracts
used in this study prevents real confrontation with the data
obtained concerning the evaluation of the biological parameters.
Nevertheless, several studies evaluating the acute, subacute or
subchronic toxicity of these extracts of plants reported that no
significant difference was noted for the hematological and
biochemical parameters carried out on the rats (2, 4, 6, 8).
5 CONCLUSION

In this study, the evaluation of subacute toxicity over 28 days and
fetotoxicity on hen eggs provided information on the nontoxic
effects of the studied plant extracts. However, the hydroethanolic
extracts of M. esculenta and V. amygdalina are likely to have
fetotoxic properties. Further toxicological and pharmacological
studies need to be conducted in order to formulate an improved
conventional drug for the benefit of the populations.
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Agbankpé J, et al. Larval Cytotoxic and Subacute Toxicity of Gardenia
Ternifolia, Rourea Coccinea, and Cassytha Filiformis Used in Traditional
Medicine of Benin (West Africa). J Toxicol (2020) 2020:1–11. doi: 10.1155/
2020/8843575

28. Mukinda JT, Syce JA. Acute and Chronic Toxicity of the Aqueous Extract of
Artemisia Afra in Rodents. J Ethnopharmacol (2007) 112:138–44. doi:
10.1016/j.jep.2007.02.011

29. Bagheri SM, Yadegari M, Mirjalily A, Rezvani ME. Evaluation of Toxicity
Effects of Asafetida on Biochemical, Hematological, and Histological
Parameters in Male Wistar Rats. Toxicol Int (2015) 22(1):61–5.
doi: 10.4103/0971-6580.172258

30. Porwal M, Gautam SK, Khan NA, Maheshwari KK. Evaluation of Toxicity and
Antihyperlipidemic Activity of Spondias Mombin L. Leaves Methanolic
Extract in Laboratory Rats. Cardiovasc Hematol Disord Drug Targets (2020)
20(4):289–96. doi: 10.2174/1871529X20999201027232556

31. Betti AH, Stein AC, Dallegrave E, Wouters ATB, Watanabe TTN, Driemeier
D, et al. Acute and Repeated-Doses (28 Days) Toxicity Study of Hypericum
Polyanthemum Klotzsch Ex Reichardt (Guttiferare) in Mice. Food Chem
Toxicol (2012) 50:2349–55. doi: 10.1016/j.fct.2012.04.012

32. Raghu C, Ekena J, Cullen JM,Webb CB, Trepanier LA. Evaluation of Potential
Serum Biomarkers of Hepatic Fibrosis and Necroinflammatory Activity in
Dogs With Liver Disease. J Vet Intern Med (2018) 32(3):1009–18.
doi: 10.1111/jvim.15064

33. Niemelä O, Alatalo P. Biomarkers of Alcohol Consumption and Related Liver
Disease. Scand J Clin Lab Invest. (2010) 70(5):305–12. doi: 10.3109/
00365513.2010.486442

34. Sueyoshi M, Fukunaga M, Mei M, Nakajima A, Tanaka G, Murase T, et al.
Effects of Lactulose on Renal Function and Gut Microbiota in Adenine-
Frontiers in Tropical Diseases | www.frontiersin.org 14
Induced Chronic Kidney Disease Rats. Clin Exp Nephrol (2019) 23(7):908–19.
doi: 10.1007/s10157-019-01727-4

35. Assih M, Aboudoulatif D, Dougnon V, Kossi M, Lawson-Evi P, Kwashi E-G,
et al. Toxicological Study of Manihot Esculenta Crantz (Euphorbiaceae) Leaf
Extracts . Br J Med Health Res (2021) 8:1–11. doi: 10.46624/
bjmhr.2021.v8.i4.001

36. Manda P, Manda O, Manda MV. Etude Des Toxicités Aigue Et Subaiguë Du
Remede Nature Utilise Dans Le Traitement Du Paludisme. Rev Ivoirienne Des
Sci Technologie (2017) 29:145–458.

37. Yuliandra Y, Armenia A, Salasa AN, Ismed F. Subchronic Toxicity of
Ethanolic Extract of Cassytha Filiformis L. On the Renal Function of Rat.
JSFK (2015) 2:54–9.

38. Onu A, Saidu Y, Ladan MJ, Bilbis LS, Aliero AA, Sahabi SM. Effect of Aqueous
Stem Bark Extract of Khaya Senegalensis on Some Biochemical,
Haematological, and Histopathological Parameters of Rats. J Toxicol (2013)
2013:1–9. doi: 10.1155/2013/803835

39. Alitubeera PH, Eyu P, Kwesiga B, Ario AR, Zhu B-P. Outbreak of Cyanide
Poisoning Caused by Consumption of Cassava Flour — Kasese District,
Uganda, September 2017. MMWR Morb Mortal Wkly Rep (2019) 68:308–
11. doi: 10.15585/mmwr.mm6813a3

40. Zahoor-ul- H, Khan MZ, Saleemi MK, Khan A, Javed I, Bhatti SA, et al.
Toxico-Pathological Effects of In Ovo Inoculation of Ochratoxin A(OTA) in
Chick Embryos and Subsequently in Hatched Chicks. Toxicol Pathol (2012)
40:33–9. doi: 10.1177/0192623311425058

41. Oyinleye OE, Adeniran SA, Ogunsuyi OM, Oyeyemi IT, Bakare AA. Genetic
and Reproductive Toxicity of Aqueous Extracts of Telfairia Occidentalis
(Hook F.), Vernonia Amygdalina and Their Combination on the Testicular
Cells of Male Mice. Adv TRADIT Med (ADTM) (2020) 21:759–65.
doi: 10.1007/s13596-020-00507-w

42. Zakaria Y, Azlan NZ, Nik NF, Muhammad H. Phytochemicals and Acute Oral
Toxicity Studies of the Aqueous Extract of Vernonia Amygdalina From State
of Malaysia. J Med Plants Stud (2016) 5:1–05.

43. Lapão C, Gama LT, Soares MC. Effects of Broiler Breeder Age and Length of
Egg Storage on Albumen Characteristics and Hatchability. Poult. Sci (1999)
78:640–5. doi: 10.1093/ps/78.5.640

44. Khan MJA, Khan SH, Bukhsh A, Amin M. The Effect of Storage Time on Egg
Quality and Hatchability Characteristics of Rhode Island Red (RIR) Hens. Vet
Arhiv (2014) 14:291–303.

45. Ramaiah SK. A Toxicologist Guide to the Diagnostic Interpretation of Hepatic
Biochemical Parameters. Food Chem Toxicol (2007) 45:1551–7. doi: 10.1016/
j.fct.2007.06.007

46. Dossou-Yovo KM, Diallo A, Lawson-Evi P, Kantati YT, Darré T, Bakoma B,
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