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The use of medicinal plants in traditional medicine is a common practice in developing countries. However, this unregulated or
irrational use may pose a risk of toxicity to humans in the short and/or long term. Recent studies reported interesting eth-
nopharmacological, antioxidant, and phytochemical data on some medicinal plants used in the traditional treatment of male
infertility in Benin. Unfortunately, very little data exist on the long-repeated dose toxicity of these medicinal plants. This study was
aimed at evaluating the larval cytotoxicity and subacute toxicity of the hydroethanolic extract of Cassytha filiformis whole plant,
Gardenia ternifolia roots, and Rourea coccinea leaves. The subacute toxicity of these plants was evaluated in male Wistar albino rats
at three different doses (200, 400, and 800 mg/kg) according to the OECD 407 guidelines. Hematological and biochemical
examinations and the histological study of the liver and kidneys were carried out. Larval cytotoxicity was assessed by the sensitivity
of Artemia salina larvae to different concentrations of the studied plants extracts. The mean lethal concentration (LCsy) was
determined by the probit method. Subacute toxicity data indicated that there was no mortality or structural alterations of the liver
and kidneys in the lot of treated animals. However, significant alterations in certain hematological and biochemical parameters
(hematocrit, ASAT, and uremia) were noted. These abnormalities were observed in the lot of rats treated with Rourea coccinea and
Cassytha filiformis extracts. Larval cytotoxicity data indicate that the studied plants extracts are not cytotoxic (LCsy > 0.1 mg/mL).
These data suggest that the use in traditional medicine of studied plants at high doses and repeated over a long period of time
requires special attention.

1. Introduction

Traditional medicine has an important place in primary
healthcare for people throughout the world. According to
the WHO, more than 80% of the African and Western
population use this medicine for a multitude of reasons and
for their well-being [1]. This medical practice based on the

use of medicinal plants is an ancestral tradition handed
down from generation to generation [2, 3]. The population
uses remedies without guaranteeing the safety of the me-
dicinal plants that compose them. In the literature, reports
have mentioned that poorly matched combinations of plants
present toxicity risks [4, 5]. These data suggest that the
toxicological characterization of medicinal plants is of
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paramount importance for safe use in phytotherapy. Reports
in the literature have demonstrated the short-, medium-, and
long-term toxic effects of medicinal plants [6, 7].

Africa is known for the richness of its flora, which is
conducive to scientific studies for a better valuation of these
natural resources. Benin has an interesting ethnobotanical
potential. Akoegninou et al. [8] estimated the Beninese flora
at more than 2807 plant species. Gardenia ternifolia
(G. ternifolia), Cassytha filiformis (C. filiformis), and Rourea
coccinea (R. coccinea) are three plants of Beninese flora used
in the traditional treatment of male infertility [9]. Recent
studies reported the antioxidant potential and the richness of
these three plants in polyphenols and flavonoids, which
often are responsible for their medicinal properties [10]. In
the African and Western pharmacopoeias, G. ternifolia,
C. filiformis, and R. coccinea have numerous ethno-
pharmacological applications.

In Togo, G. ternifolia leaves are traditionally used in the
treatment of hypertension [11, 12] and diabetes [13]. In RD
Congo, the same leaves of the plant are indicated in the
management of sickle cell disease [14], cancer [15], and
hemorrhoids [16]. The roots and fruits of G. ternifolia are
used, respectively, in Ethiopia [17] and Sudan [18] in the
treatment of malaria. In the Guinean pharmacopoeia, all
parts of G. ternifolia are known to have powerful antibiotic,
hypotensive, and antidiabetic properties [19, 20]. In Nigeria,
G. ternifolia leaves are used in the treatment of liver necrosis
[21]. In Senegal, it has been reported that the leaves of the
plant are used to treat diarrhea [22], while its roots are used
to treat tooth decay, hemorrhoids, leprosy, and rheumatism
[23]. These therapeutic virtues of G. ternifolia are attributed
to alkaloids, anthocyanins, flavonoids, phenols, saponins,
tannins, steroids, and terpenoids identified in different parts
of the plant [17, 24].

R. coccinea is a medicinal plant whose therapeutic virtues
are widely recognized in West Africa. In Nigeria, the leaves
are used in the treatment of diabetes [25], fever [26], di-
arrhea [27], and sexually transmitted infections [28]. In
Benin, the plant is indicated in the treatment of malaria,
male and female infertility, and sexual asthenia [8, 29]. In
Togo, the different medicinal uses of the leaves concern
dysmenorrhea, hypertension, primary and secondary ste-
rility, tachycardia, rheumatism, hemorrhages, gonorrhea,
and mucus [30, 31]. The roots of R. coccinea are used in the
treatment of anemia, sexual asthenia, and male and female
sterility [30]. In Cote d’Ivoire, all parts of the whole plant are
used in the treatment of sore throats and muscular and
rheumatic pain [32]. These therapeutic uses of Rourea
coccinea could be explained by the effect of saponins, tan-
nins, steroids, reducing sugar, glycosides, flavonoids, an-
thraquinone, and alkaloids identified as secondary
metabolites in different parts of the plant [28, 33, 34].

As for C. filiformis, its therapeutic virtues are recognized
in several pharmacopoeias throughout the world. In Poly-
nesia, several people use C. filiformis in the treatment of
cancers [35]. In northern Nigeria, C. filiformis is used in the
treatment of diabetes mellitus [36]. In Benin, the plant is
indicated in the treatment of gastric ulcers, haemorrhoids,
and cough [37]. Secondary metabolites such as flavonoids,
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phenols, alkaloids, tannins, steroids, and saponins identified
in different raw extracts of Cassytha filiformis would be
responsible for these medicinal properties of the plant
[38, 39].

The above evidence attests to the importance of
G. ternifolia, C. filiformis, and R. coccinea in traditional
African and Western medicine. Unfortunately, despite this
frequency of use of these plants for health purposes, it must
be noted that rare or nonexistent toxicity tests have explored
their safety following long repeated use at different doses.
Literature data indicate that the toxicity of medicinal plants
can also be established in long-repeated small doses [40]. In
addition, in traditional medicine, the management of pa-
thologies most often requires the use of medicinal potions
over a long period of time.

This study was initiated to fill this gap in the scarcity of
scientific data on the repeated dose toxicity of selected
plants. It aimed to evaluate larval cytotoxicity and subacute
toxicity of G. ternifolia roots, C. filiformis whole plant, and
R. coccinea leaves in rats to predict its safety in human use.
Rats are recommended lower level of animals for toxicity
studies to extrapolate to human biology according to the
Organization for Economic Cooperation and Development
(OECD) safety study guidelines [41, 42]. The finding of the
study could also help to guide optimization and validation of
the traditional use of these medicinal plants.

2. Materials and Methods
2.1. Study Material

2.1.1. Plant Material. Plant materials used were constituted
of G. ternifolia roots, C. filiformis whole plant, and
R. coccinea leaves. These plant organs were collected in
March 2019 in the municipality of Za-Kpota and Djidja (Zou
department, southern Benin) and certified at the Benin
National Herbarium under the voucher number YH261/
HNB for Rourea coccinea, YH262/HNB for Cassytha fili-
formis, and YH263/HNB for Gardenia ternifolia. The harvest
time of these plants studied was chosen based on the foliage
time of each plant. In addition, it is during these periods that
the traditional healers collect these plant samples for use in
Beninese pharmacopeia.

2.1.2. Animal Material. The animal materials were consti-
tuted by Artemia salina eggs (ARTEMIO JBL D-67141
Gmbh Neuhofem) and male Wistar rats. Artemia salina’
eggs (ARTEMIO JBL D-67141 Gmbh Neuhofem), acquired
from the Applied Hydrobiology’s Laboratory of Agricultural
Sciences’ Faculty at University of Abomey-Calavi (UAC,
Benin), were used for the larval cytotoxicity test. Male Wistar
albino rats aged at least three months with a body weight
between 150 g and 200 g were used as the animal material for
the subacute toxicity test. These animals have been acquired
at the animal farm of the Institute of Applied Biomedical
Sciences of the University of Abomey-Calavi of Benin. They
have been housed in cages covered with wood chips and
acclimatized for 2 weeks before experiment at the animal
farm of the Research Unit in Applied Microbiology and
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Pharmacology of natural substances (URMAPha). The rats
had free access to water and food. Animal Research Review
Panel and Animal Welfare Unit regulations of temperature
and lighting systems were maintained with a room tem-
perature of 20-26°C and regular light cycles of 12 hours
light/dark. All methods and protocols used in this study were
observed following established public health guidelines
“Guide for Care and Use of Laboratory Animals.”

2.2. Ethical Approval. This study is part of a thesis. The
committee of the “Doctoral School Life and Earth Science
(ED-SVT)” of the University of Abomey-Calavi (UAC-
Benin) under the number 10185509 has authorized this
study.

2.3. Methods of Study

2.3.1. Production of Plant Extracts. R. coccinea leaves,
C. filiformis whole plant, and G. ternifolia roots collected

EY

Mass of the extract after evaporation of the solvent

were washed thoroughly with tap water to remove any form
of dirt and dried in the shade at room temperature at the
Research Unit in Applied Microbiology and Pharmacology
of natural substances (URMAPha). They were then pow-
dered with an electric mill. From this powder, a hydro-
ethanolic extraction was carried out according to the
methodology described by Klotoé et al. [10]. Fifty (50) grams
of powder were macerated in 500 mL of the mixed solvent
with equal volume of distilled water and 96% ethanol. The
mixture was continuously stirred for 72 hours at room
temperature. The homogenate obtained has been filtered
three times on hydrophilic cotton and once on Wittman
paper No. 1. The filtrate obtained has been evaporated at the
temperature of 40°C in an oven until a dry mass that rep-
resents the extract. The extract obtained has been weighed
and used to evaluate the extraction yield (EY) and then kept
in the refrigerator at 4°C. The following formula was used:

(1)

2.3.2. Larval Cytotoxicity Test. The cytotoxic effect of the
studied plants hydroethanolic extract was evaluated on brine
shrimp larvae. This is a preliminary nonclinical toxicity test
performed according to the method described by Dougnon
et al. [43]. Artemia salina larvae were obtained by hatching
10 mg of Artemia salina eggs under continuous agitation in
1L of seawater for 48h. Order stock extract solution’s 2
dilution series with a concentration of 20 mg/mL were
carried out in order to have an increasing scale concen-
tration. 1 mL of each diluted solutions was added to 1 mL of
sea water containing 16 live larvae. A control solution
without the extract was prepared under same conditions. All
solutions were incubated under agitation for 24 hours.
Counting dead larvae number in each solution under an
optical microscope produced a representative curve of the
number of surviving larvae versus the concentration of
the extract. The data (concentration-response) were log-
transformed, and the LCs, (mean lethal concentrations) was
determined. To assess the larval toxicity of the extract, the
correlation grid associating the degree of toxicity with LCs,
proposed by Mousseux was used [44]. According to this grid,
if the LCs value is greater than 0.1 mg/mL, the extract is
declared nontoxic. If this value is between 0.1 and 0.5 mg/
mL, the extract is weakly toxic, and if the LCs is less than
0.5mg/mL, the extract is toxic.

2.3.3. Subacute Toxicity Test. This study was conducted
according to the OECD 407 guidelines [41], a method by
subacute toxicity class. Forty (40) male Wistar albino rats
divided by weight into ten (10) lots (9 test lots and one
control lot) of four rats each were used in this study. The
animals in the test lots were treated at the same time for a

~ Mass of the powder of the plant species used for extraction

period of 28 days by esophageal gavage using three gradual
doses (200, 400, and 800 mg/kg) selected from the active
pharmacological dose. Previous scientific investigations on
these medicinal plants agree on 200 mg/kg as their phar-
macologically active dose [31, 45, 46]. The control lot is
treated with distilled water under same conditions. Animals
in each lot were individually marked with permanent
markers.

Lot 1: distilled water, 1 mL/100 g (control)

Lot 2: G. ternifolia, 200 mg/kg

Lot 3: G. ternifolia, 400 mg/kg

Lot 4: G. ternifolia, 800 mg/kg

Lot 5: C. filiformis, 200 mg/kg

Lot 6: C. filiformis, 400 mg/kg

Lot 7: C. filiformis, 800 mg/kg

Lot 8: R. coccinea, 200 mg/kg

Lot 9: R. coccinea, 400 mg/kg

Lot 10: R. coccinea, 800 mg/kg

During the experiment, the animals were weighed every

seven days (day 0, day 7, day 14, day 21, and day 28), fol-
lowed, and observed individually twice a day (morning and
evening). A data collection sheet was prepared for each rat to
collect possible signs of toxicity (changes in skin, hair,
edema, walking back, respiratory difficulties, morbidity, and
mortality). At the end of treatment, rats were deprived of
food the last night before sampling. Blood samples (day 0
and day 28) were performed by puncture at the retroorbital

sinus for all animals under ether anesthesia. The blood
sample is recovered from two types of tubes, one containing



EDTA and one dry without anticoagulant. The EDTA tube
sample is intended for hematological analysis. Dry tubes
were centrifuged at 4000 rpm for 10 minutes, and the serum
obtained is kept at —20°C for biochemical parameter anal-
ysis. After sampling, two animals in each lot were sacrificed
under anesthesia with ether for the collection of organs such
as the liver and kidney. These organs were rinsed with a 0.9%
saline water and fixed in 10% buffered formaldehyde.

(1) Hematological Examinations. These examinations were
performed using the SYSMEX KX 21N automaton using the
method used by Sodipo et al. [47]. These examinations
included red and white blood cell counts, hemoglobin level,
hematocrit, mean globular volume (MGV), mean corpus-
cular hemoglobin content (MCH), and determination of
mean corpuscular hemoglobin concentration (MCHC).

(2) Biochemical Examinations. The biochemical tests were
performed at the Research Unit in Applied Microbiology and
Pharmacology of natural substances (URMAPha). This con-
sisted to the determination of urea, creatinine, aspartate ami-
notransferase (ASAT), and alanine aminotransferase (ALAT).

(3) Histological Examinations. Histological sections of the liver
and kidneys were performed at the Histopathology Laboratory
of the Institute of Applied Biomedical Sciences (ISBA) of the
University of Abomey-Calavi. The pathomorphological study
consisted of hematoxylin-eosin staining of thin sections of
5 um thicknesses. It is routine staining after which the nuclei,
stained by hematoxylin, appear dark blue and the cytoplasm,
stained by eosin, appear pink. The microscopic observation of
these sections was carried out with the ZEISS camera mi-
croscope at different magnifications, so that only the most
representative photographs were selected.

2.3.4. Data Analysis. The obtained data were subjected to
statistical analysis using the SPSS 26.0 and Graph Pad Prism
7 software. Quantitative variables were presented as mean
and standard deviation. Qualitative variables were presented
in percentages. The probit analysis was used for LCsy de-
termination. The student test was used to compare the values
of the different biochemical, hematological, and weight gain
parameters of the treated animals with those of the control
lot. The significance threshold was set at 5%.

3. Results

The data are obtained in this study related to the extraction
yield, larval cytotoxicity, and different parameters of sub-
acute toxicity.

3.1. Extraction Yield. The extraction yield obtained for
hydroethanolic extraction for the studied plants is shown in
Figure 1. From this figure, it emerges that the hydroethanolic
extract of R. coccinea gave a better yield than the other two plant
organs. The lowest yield was obtained with G. ternifolia roots.
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FIGURE 1: Extraction yield.

3.2. Larval Cytotoxicity. The sensitivity of Artemia salina
larvae to different concentrations of the hydroethanolic
extract of the plants studied is presented in Figure 2. The
results show an increasing mortality of Artemia salina larvae
as the concentration of extracts from the plants studied
increases. The obtained LCs, was 0.203mg/mL for
C. filiformis, 0.166 mg/mL for R. coccinea, and 2.773 mg/mL
for G. ternifolia, respectively. These LCs, values reported at
the scale of Mousseux [44] suggest that at the concentrations
tested, the hydroethanolic extract of the plants studied is
noncytotoxic (LCsq > 0.1 mg/mL).

3.3. Subacute Toxicity

3.3.1. Evolution of Animal Weight. The evolution of the
weight of the animals during the experimental period is
shown in Figure 3. In general, it is noted that the treatments
performed have an influence on the weight growth of an-
imals. This influence varies according to the plants studied
and the period of exposure of the animals to the different
plant extracts. Thus, compared to the weight change control
group rats, a nonsignificant weight growth was observed
throughout the experimental period for treated rats with the
three doses of G. ternifolia (p >0.05). The same situation is
observed for the treated animals with C. filiformis. However,
for R. coccinea, a variable influence of dose and time
(treatment week) on animal weight growth was observed.
Thus, at the 200 mg/kg, a nonsignificant weight loss was
observed after two weeks of treatment before a resumption
of weight growth in the last two weeks. At doses of 400 and
800 mg/kg, a nonsignificant loss of animal bodyweight was
observed for treatments performed. This weight loss was
significant during the last week of treatment for rats treated
at 800 mg/kg dose (p <0.05).

3.3.2. Effect of Plant Extracts on Hematological Parameters of
Treated and Control Rats. Table 1 provides information on
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FIGURE 3: Evolution of animal bodyweight during the experimental
period.

the effect of the studied plants extracts on the hematological
parameters of the animals of the different lots. The analysis
of this table shows a significant reduction in the hematocrit
level for animals treated with extracts of C. filiformis and
R. coccinea compared to untreated rats for the erythrocyte
data (p < 0.05). In addition, a nonsignificant dose-dependent
reduction in the red blood cell count, mean cell volume,
hemoglobin level, and mean corpuscular hemoglobin

concentration was also noted for the treated rats with
R. coccinea (p>0.05). For C. filiformis, a nonsignificant
reduction in the mean blood volume and mean body he-
moglobin content accompanies the significant reduction
in the hematocrit. These data suggest microcytic
hypochromic anemia in Wistar rats treated with R. coccinea
and C. filiformis. For G. ternifolia, no significant effect
on hematological parameters is reported for the studied
doses.

3.3.3. Effect of the Studied Plants Extracts on Biochemical
Parameters. Renal parameters (urea and creatinine) were
examined to explore renal function. Alanine aminotrans-
ferase (ALAT) and aspartate aminotransferase (ASAT) were
considered in the exploration of the liver function (Table 2).
Analysis of the data in this table indicates that animals
treated with 400 mg/kg and 800 mg/kg of the plants studied
showed a significant increase in uremia (p < 0.05). However,
no significant influence on creatinemia of animals was noted
(p>0.05).

In addition, concerning to liver parameters, a significant
reduction in serum ASAT was observed in animals treated with
R. coccinea and C. filiformis particularly at doses of 400 mg/kg
and 800 mg/kg. However, no significant difference was noted
for this parameter in rats treated with G. ternifolia. On ALAT,
except the animals treated with Cassytha filiformis 200 mg/kg
and Gardenia ternifolia 400 mg/kg, no significant influence was
noted for this hepatic parameter of animals in other lots
(p>0.05).

3.3.4. Histological Examination of the Liver and Kidney.
Figure 4 shows the liver histology of treated and untreated
animals. From this figure, it appears that the hepatic pa-
renchyma of treated rats has the same appearance as that of
control rats. Hepatocytes (arrows) have a normal appearance
and are arranged in cords separated by sinusoids (s). These
sinusoids are arranged around the centrolobular vein (V).
Figure 5 shows the renal histology of the treated animals and
the control group. Analysis of the data in this figure indicates
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TaBLE 2: Effect of studied plants extracts on biochemical parameters of rats in different lots.

Uremia (g/L)

Creatinemia (mg/L)

ASAT (UI/L)

ALAT (UI/L)

Control Day 0 0.34+0.03 7.47 +0.46 147.5+19.36 144.5 +68.22
Day 28 0.36 +0.04 7.77 £0.47 154.5 +17.92 106.5 +24.79
L Day 0 0.37£0.02 6.49 +0.53 124.75 +19.62 158.25 +53.24
C. filiformis, 200 mg/kg Day 28 0.43£0.05 6.62£0.56 65.25+ 57.24* 17525+ 32.16
L Day 0 0.39+0.05 7.40 +1.06 141.25 +23.93 146.12 +70.45
C. filiformis, 400 mg/kg Day 28 0.51 +0.03* 7.91 +1.52 42.5+23.06* 155 + 40.50
L Day 0 0.37+0.03 6.83+1.58 132+9.09 104 +£23.17
C. filiformis, 800 mg/kg Day 28 0.55+0.10" 7125+ 1.84 2325+ 16.46" 110.75 +29.85
R coccinea 200 melk Day 0 0.39+£0.01 6.42+0.29 134.67 £11.37 123 +14.11
' ’ &x8 Day 28 0.44+0.06 6.61+0.32 15.67 +4.51* 144.67 + 41.02
R coccinea. 400 melk Day 0 0.38+0.03 5.39+1.49 146.67 +17.56 142.67 + 83.93
: : §%8 Day 28 0.58 +0.05" 5.47 +1.51 53.33 +40.50" 177.67 + 64.06
R coccinea. 800 ma/k Day 0 0.35+0.03 5.29+1.21 1364529 190.33 +42.03
: : &%8 Day 28 0.59 +0.06" 5.51+1.39 91.33 +23.85" 196.33 + 26.31
L Day 0 0.36+0.04 7.46 +0.48 231.75 + 50.43 126 +65.79
G. ternifolia, 200 mg/kg Day 28 0.43+0.03 8.05+0.91 235.75 £ 52.80 132+ 97.01
L Day 0 0.39+0.01 7.52+0.48 221.5+44.22 17325+ 9318
G. ternifolia, 400 mg/kg Day 28 0.49+0.03* 7.45+0.43 246 +68.14 131.75 + 120.35
L Day 0 0.37+0.03 7.8+0.79 170 + 31.62 78.25+12.34
G. ternifolia, 800 mg/kg Day 28 0.60+0.10* 832+1.32 170.5 +40.83 71 +12.67
* Significantly different.
200mg/kg 400mg/kg 800mg/kg Control (distilled water)
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FIGURE 4: Liver histology of treated and untreated rats (x400 magnification).

that the renal parenchyma of the treated rats has a typical 4. Discussion
architecture than that of the control group rats. Glomeruli
(G), distal tubes (DT), and collecting ducts (CD) are well
identifiable. So, the extracts did not affect the kidney

structures.

Medicinal plants and their derivatives are used as an al-
ternative in healthcare by the majority of people in devel-
oping countries. Despite its medicinal uses, very few
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toxicological studies have been conducted on these me-
dicinal plants. The purpose of this study was to evaluate the
toxicological effect of R. coccinea, C. filiformis, and
G. ternifolia through larval cytotoxicity and subacute toxicity
tests. The cytotoxic effect of the extracts evaluated according
to the Artemia salina model was used as a preliminary
screening to determine the safety of the plants studied. The
results indicated that plants studied at tested concentrations
are noncytotoxic to the larvae of Artemia salina. Lagarto
Parra et al. [48] demonstrated a good correlation (r=0.85;
P <0.05) between this larval cytotoxicity test and toxico-
logical effects on an entire animal. However, such extrap-
olation is strongly discussed in the literature [49]. To support
this data and to explore the safety of the plants studied
following daily exposure to repeated doses in the Wistar
albino rat, the subacute toxicity test was conducted. The
results of this toxicological screening indicated that pro-
longed exposure of rats to different doses could affect weight
growth, biochemical, and hematological parameters. For
weight growth of animals during the period of experi-
mentation, a loss of bodyweight should be reported in rats
treated with R. coccinea extract at high doses (400 and
800 mg/kg). These data can be explained by the anorexia
observed in these animals during the experiment. Body-
weight change is used as a general indicator of the adverse
effects of chemicals on a living organism [6]. Thus, weight
loss is correlated with the physiological condition of the
animal and can be explained not only by anorexia [50] but
also by impaired metabolism in animals [51]. These data
indicate that R. coccinea may have adverse effects on animal
metabolism. In addition, biochemical parameters related to
the liver and kidney functions and hematological parameters
are generally explored in the study of the toxicity of me-
dicinal plants. It should be noted that ALAT and ASAT are

important markers of liver function. Under normal physi-
ological conditions, these markers are present at low con-
centrations in the serum. The elevation of serum levels of
these enzymes, particularly ALAT, is considered a sensitive
marker of liver lesions [52, 53]. Similarly, uremia and cre-
atinine are markers of renal function. Any increase in their
serum levels reflects a probable tissue damage to the kidneys
[54].

Moreover, the hematopoietic system is one of the most
sensitive targets for toxic substances [55]. It is an important
marker of the physiological and pathological state of humans
and animals. Any alteration in erythrocyte parameters is
perceived as a potential risk for anemia [51]. In this study, it
should be noted that different treatments have some in-
fluence on biochemical markers of renal and hepatic
functions. Indeed, there was an increase in alanine ami-
notransferase (ALAT) levels and a significant increase in
uremia in animals treated with Cassytha filiformis. This
significant increase in uremia was also observed in rats
treated with Rourea coccinea at doses of 400 mg/kg and
800 mg/kg. However, rats treated with Gardenia ternifolia
showed a nonsignificant decrease in alanine aminotrans-
ferase (ALAT) levels and a significant increase in uremia. In
addition, an influence on the hematopoietic system marked
by a reduction in the hematocrit level, the number of red
blood cells, the mean globular volume, the hemoglobin level,
and the mean corpuscular concentration of hemoglobin was
also noted for the treatment with R. coccinea. These data
suggest possible alterations of renal and hepatic functions
and risk of anemia. However, histological examination of the
kidneys and liver did not reveal any structural alterations of
these organs. The confrontation of the data in this study with
those in the literature shows variable relationships. Indeed,
the studies of Adeyemi et al. [56], on the subacute toxicity of
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the aqueous extract from the leaves of the plant, reported
that daily exposure of Wistar rats to this extract by oral route
at doses of 40, 200, and 1000 mg/kg for 30 days had no
significant influence on the hematological and biochemical
parameters of these animals. However, at an exposure time
of 60 days, significant changes in these parameters and
bodyweight were reported. Moreover, Wazis et al. [57] re-
ported the toxicity of the ethanolic extract of the leaves of the
plant administered by the intraperitoneal route to mice
(DLsp=282.24 mg/kg) and Wistar rats (DLsp=1g/kg). In
addition, in this study, no mortality was recorded for ani-
mals treated with this plant. These observations indicate that
the use of R. coccinea at high doses in traditional medicine
requires special attention.

Concerning C. filiformis, a significant increase in uremia
and nonsignificant increase in alanine aminotransferase
(ALAT) observed in this study suggest a possible impair-
ment of hepatic and renal functions. Similar data were re-
ported in literature. Indeed, Armenia et al. [58] indicated in
an acute toxicity study that the ethanolic extract of the plant
at doses of 100 and 400 mg/kg induced hepatic and renal
functions in Wistar rats. Similar observations were reported
by Yuliandra et al. [59] who showed that the aqueous extract
of C. filiformis at doses of 2.5, 5, and 10 mg/kg exhibited
reversible hepatotoxicity indicated by increased alanine
aminotransferase (ALAT) enzyme activity. This trend
contrasts with data reported by Babayi et al. [36] in Nigeria.
These authors, in assessing the subacute toxicity of the
watery extract of C. filiformis to Wistar rats, indicated that
this type of extract from the plant at doses of 250, 500, and
1000 mg/kg of live body weight did not influence the bio-
chemical and hematological parameters of the animals or
alter vital organs such as the heart, liver, and kidney. This
observed difference could be explained by the influence of
biotic and edaphic conditions (species, plant physiological
status, chemical composition, and soil factors).

Concerning G. ternifolia, the results of this study indicated
that no alteration of hematological parameters was observed.
However, a possible renal impairment is to be reported in
view of the increase in uremia. In the literature, no studies
were specifically carried out on repeated dose toxicity of
G. ternifolia roots. This study therefore bridged the gap in data
on the toxicological profile of the plant. Moreover, two sci-
entific studies of the subacute toxicity of fruit and the acute
toxicity of the bark of the roots of G. ternifolia were identified
in the literature. Indeed, the studies of Farah et al. [60] showed
plant fruit safety at 50 mg/kg but altered hematological and
biochemical parameters at 500 mg/kg. Nureye et al. [17]
showed that the bark of G. ternifolia roots was safe for mice at
a single dose of 2000 mg/kg. Moreover, the alterations of the
various biochemical and hematological parameters observed
in this study may be related to the alkaloids present in the
parts of plants studied [28, 61, 62]. Indeed, some plant al-
kaloids such as pyrrolizidine, tropane, piperidine, and
indolizidine are known to have toxicological effects [63].

In view of the above mentioned data, it is necessary to
recommend the moderate use of this plant, although no
mortality was reported in this study. More in-depth toxi-
cological studies (chronic and subchronic toxicity) are

necessary for a better understanding of the toxicological
profile of R. coccinea, G. ternifolia, and C. filiformis.

5. Conclusion

The purpose of this study was to generate recent data on the
toxicological profile of R. coccinea leaves, G. ternifolia roots,
and C. filiformis whole plant. The results obtained following
the larval cytotoxicity model indicated that the studied
plants were not cytotoxic. Data from subacute toxicity in-
dicate that the studied plants did not induce any mortality or
structural alterations in the liver and kidneys. However,
disorders of certain biochemical and hematological pa-
rameters were noted in animals treated with R. coccinea and
C. filiformis at high doses (400 mg/kg and 800 mg/kg). These
data suggest a moderate use of these medicinal plants in
traditional medicine. Furthermore, toxicological studies
(chronic and subchronic toxicity) are needed to better
understand the toxicological profile of these plants.
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