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ABSTRACT
Introduction: The essential oils of Xylopia aethiopica fruits have been reported to possess numer-
ous biochemical effects. However, no toxicological data is available regarding the safety evaluation
of the essential oils from the plant spice. The present study was performed to evaluate the safety
of essential oils from X. aethiopica (XAEO) fruit by acute and sub-acute oral toxicity studies in ex-
perimental rodents. Methods: In assessing the safety of XAEO, acute and sub-acute oral toxicity
tests were performed following OECD guidelines 425 and 407, respectively, with slight modifica-
tions. At the end of each test, hematological and biochemical analysis of the collected blood was
performed. Histopathological examination of vital organs of the animals was conducted for gross
findings and for comparison to controls. Results: In acute oral toxicity, signs of toxicity were ob-
served in the initial period of the experiment which culminated in the death of the mice before
the end of the experiment. The sub-acute test observations indicated that generally, there were no
significant differences (p<0.05) up to the high dose level compared to the controls. Conclusion:
This study demonstrated the tolerability of XAEO administered daily for 28 days up to 450 mg/kg
dose.
Key words: Xylopia aethiopica, Essential oils, Toxicity, Acute, and Sub-acute, drug tolerance,
toxicological study, plant extraction

INTRODUCTION
Several works of literature on essential oils have de-
fined them simply as volatile groups of odorous com-
pounds extracted from diverse herbs and spices. Es-
sential oils are a complex mixture which consists
mostly of Monoterpenes and Sesquiterpenes, Alco-
hols, Esters and Aldehydes, as well as Ketones1. Es-
sential oils have found application in medicine as
disinfectants, insecticides, repellents, fragrances, and
mood stimulants2. Recently, it has been shown that
essential oils alone or in combination have therapeu-
tic uses in the prevention of cancer, cardiovascular
diseases, gastric peptic ulcer, and dental hygiene. Es-
sential oils are also known to exhibit antibacterial, an-
tioxidant, antimicrobial, anti-inflammatory and an-
tiviral properties in animal and cell models3. The
most noticeable use of essential oil in recent times is
in aromatherapy and massage therapy. Many of the
essential oils are not safe to consume and can cause
serious poisoning evenwhen small concentrations are
inhaled and/or ingested 1.
X. aethiopica (African pepper) is an underutilized
spice used as food in Africa and most parts of Asia.
There are several documented reports on the useful-
ness of this spice in traditional medicine to relieve
toothache, dysentery, diarrhea, dermatitis, headache,

cough, stomach ache, dizziness, amenorrhea, bron-
chitis, neuralgia, flatulence (as a carminative), female
sterility, bowel issues (as a purgative), biliousness, and
skin infections. Previous studies on the essential oils
of X. aethiopica fruit have extensively reported on
their chemical compositions4–7, as well as the antimi-
crobial, antifungal, antineoplastic and antihyperten-
sive potencies in cells and animal models6,8–10.
Despite the reported numerous biochemical effects of
the essential oils of X. aethiopica fruit, no toxicologi-
cal data is available regarding the safety evaluation of
the essential oils from the plant spice. Given these cir-
cumstances, the present study was designed to aug-
ment to the research in the literature on essential oils
of X. aethiopica fruit with the following objectives:

1. To extract the essential oils from the X.
aethiopica fruit.

2. To carry out a safety assessment of the essen-
tial oils from X. aethiopica fruit by acute and
sub-acute oral toxicity studies in experimental
rodents.

MATERIALS - METHODS

Cite this article : Ekeanyanwu R C, Mgbedo N E, Njoku A T. Safety assessment of essential oils from 
Xylopia aethiopica (Dunal) fruit from Nigeria. Biomed. Res. Ther.; 7(7):3865-3876.
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Ethics Approval
TheAnimal ExperimentationCommittee of Imo State
University, Department of Biochemistry (Owerri,
Imo State, Nigeria) approved the methodology for all
animal experiments carried out in this studywith pro-
tocol number 01/2019. Processes involving experi-
mental animals were carried out per the National In-
stitute of Health Care Guide for the Care and Use of
Laboratory Animals (NIH publication #85 – 23, re-
vised in 1985). This research project was conducted
from March 2019 to September 2019. All efforts were
made to minimalize the animals’ pain and to reduce
the number of animals used in the experiments.

Reagents and Instruments
The reagents used in this experiment were of
analytical grade. The instruments used in the
present study as listed as follows: Manual Blender
(Corona, Landers Colombia), Glass Clevenger ap-
paratus (Deschem Equipment Co. Ltd), Low-
Temperature Freezer (Haier Thermocool), Ohaus
Electronic Balance (Adventurer® Analytical Model
AX124, Ohaus GmbH, Europe), Auto-hematology
analyzer (icell-820, China), Audicom Auto-analyser
(AC-9900, China), Mindray Biochemistry Anal-
yser (BA-88, India), Guillotine (Harvard Appara-
tus, USA), Glucose Metre Device (Accu-chek, Roche
Diagnostics, GmbH, Germany), Spectrophotometers
(SpectraMax® M Series), optical microscope [Nikon
Eclipse E600, USA (×400)], and Abbe Refractometer
(Model: 2WAJ, Optika, Italy).

Extraction of X. aethiopica essential oils
The authenticated fresh fruits of X. aethiopica11 were
shade dried for 72 hours and pulverized using a man-
ual laboratory blender. The ground fruit (0.65 kg)
from the plant material was maintained with distilled
water (5 L) at 35 ± 20C for 7 days and subjected to
hydrodistillation using an all-glass Clevenger appa-
ratus for 4 h according to the method described by
Oliveira et al.12 with slight modifications. To en-
sure high quality of the extracted essential oil, extrac-
tion was done from one batch of the X. aethiopica
fruit harvested from the same plant harvested in the
same month. The essential oil was separated from hy-
drolyte by liquid-liquid partitioning, removed with a
micropipette, stored in a sterile amber glass vial, and
kept in a refrigerator at 40C without any further treat-
ment until use for analysis. The purity of the essential
oil was determined using a Refractometer by compar-
ing the refractive index with available data. The yield
of XAEO was calculated and approximated as a per-
centage (v/w) based on theweight of the dried samples
used for extraction.

Experimental Animals
Forty-eight healthy male Wister albino rats (103 g –
203 g inweight) and 5 Swiss albinomice (18 g – 24 g in
weight) were used to carry out the studies. TheVeteri-
nary Research Institute of Vom Jos, Nigeria supplied
the mice and rats.

Housing and Husbandry
To allow for free and unhindered access to diet and
water, animals were housed individually under stan-
dard colony and specific pathogen-free conditions
andmaintainedwith a 12-hour light/dark cycle (lights
on at 6:00 am) at 25 0C – 27 0C and relative humidity
of 40 – 60%.

Animal Experiments

Acute toxicity studies inmice
For the evaluation of the oral acute toxicity profile
of the essential oils in mice, a limit test was car-
ried out according to the fixed-dose procedure (FDP,
guideline 425) of the Organization for Economic
Co-operation and Development (OECD) guideline
42513. Briefly, 5 swiss albino mice were randomly se-
lected, marked with a marker for easy identification
and kept in separate cages for 7 days to acclimatize
to the laboratory conditions. After acclimatization, 1
mouse was first dosed with 2000mg/kg of XAEO sep-
arately after an overnight fast in a single dose through
the oral route (2 ml of corn oil served as the vehicle
for diluting the essential oils). Thereafter, the mice
were denied access to food only for 4 h and were then
observed for another 48 h for mortality. Since there
was no mortality, the remaining 4 mice were treated
with a similar dose of 2000 mg/kg of XAEO, respec-
tively. The mice were observed afterwards at approx-
imately 30 min, 1 h, 2 h, and 4 h on day 1 and once
daily for 14 days for mortality, bodyweight, visual ob-
servations (changes in eyes and mucous membranes,
skin and fur), and behavioral patterns (alertness and
positioning of animals).

Sub-chronic toxicity studies in rats
The sub-acute (28-day) oral toxicity study in rats was
done as stated by the OECD 407 guidelines14 for tox-
icity testing with slight modifications. Following 7
days of acclimatization which allowed for the rats to
adapt to their new environment, the rats were ran-
domly divided into 5 groups (n = 5 per group), ac-
cording to their bodyweight. Rats in group I were left
untreated, rats in group II were dosed orally with 2ml
of corn oil (vehicle used for diluting the essential oils),
rats in group III to group V were dosed orally with
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corn oil and different doses of XAEO (150mg/kg, 300
mg/kg and 450 mg/kg), with all samples also diluted
in 2 ml of corn oil. The essential oils were given orally
(gavage) once daily for 28 consecutive days. Through-
out treatment, the bodyweight of each rat was moni-
tored on day 0, and then on the 7th day, 14th day, 21st

day and 28th day. The food consumption pattern and
individual water intake for all the rats in the groups
were also monitored from the 1st to 28th day.
The animals were denied access to food overnight
on the 28th day and the 29th day. The fasted rats
were anesthetized with chloroform inhalation in a
container containing cotton wool soaked with chlo-
roform; then about 10 ml of blood were withdrawn
through the retro-orbital sinus15. For the analysis
of biochemical and hematological parameters, blood
samples were prepared according to the method de-
scribed by Ekeanyanwu and Njoku15. Briefly, for the
analysis of hematological parameters, about 5 ml of
the collected blood sample was immediately trans-
ferred into another sample bottle containing EDTA
and shaken mildly to mix the blood and prevent clot-
ting. For the analysis of biochemical parameters,
about 5 ml of blood from each rat was transferred
to a test tube and kept at ambient temperature for
30 min to clot. Afterwards, the test tubes contain-
ing the clotted blood sample were centrifuged at 3,000
rpm/min for 10 min to enable complete separation of
serum from the clotted blood. The clear serum super-
natants were then carefully drawn out with a syringe
and stored in clean sample containers for biochemical
analysis.

Biochemical analysis
The values for lipid profile (Cholesterol, Triglycerides,
HDL and LDL), total serum protein (Serum Protein,
Albumin, and Globulin), renal profile (Urea, Crea-
tinine, Na+, Cl−, K+, BCO3

2−), and liver profile
(ALT: Alanine aminotransaminase, AST: Aspartate
transaminase, ALP: Alkaline phosphatase, TB: Total
bilirubin, CB: Conjugated bilirubin) in rats were de-
termined using standard laboratory procedures. All
the biochemical parameters were analyzed using stan-
dard laboratory kits and equipment for the different
parameters, according to their variousmanufacturers’
guidelines and at room temperature (27.0 ± 0.50C).
However, blood glucose level was determined in all
groups on the first day of the animal experiment and
before blood collection using a glucose meter device.

Hematological analysis
The values for erythrocyte sedimentation rate (ESR),
White Blood Cell (WBC) Count, Red Blood Cell

(RBC) Count, Hemoglobin (Hb) Concentration,
Mean Corpuscular Hemoglobin (MCH), Mean
Corpuscular Volume (MCV), Mean Corpuscu-
lar Hemoglobin Concentration (MCHC), Platelet
Count, and the number of Lymphocytes, Neutrophils,
Monocytes and Eosinophils, were all determined at
room temperature (27 ± 0.50C). WBC Count, RBC
Count, Hemoglobin Concentration, Mean Corpus-
cular Hemoglobin, Mean Corpuscular Volume, Mean
Corpuscular Hemoglobin Concentration, Platelet
Count, and the number of Lymphocytes, Neutrophils,
Monocytes and Eosinophils, were determined using
the Automatic Hematology (icell-820) analyzer.
Erythrocyte sedimentation rate was determined by
the method of Westergren as described by Mbaka
et al 16. Packed cell volume was determined spec-
trophotometrically using the cyanomethemoglobin
method as described by Mbaka and Adeyemi17.

Organ weight
The liver, kidney, heart, brain and spleen of rats in
the various groups were removed surgically on day
29 immediately after blood collection. Following re-
moval, the organs were shaved of irrelevant tissues,
and placed on a Petri dish containing 10% normal
saline. Organs were dried with cotton wool and im-
mediately weighed (paired organs were weighed to-
gether) to one decimal place and calculated for organ
weight ratio15.

Organ weight ratio =
Organ weight (g)

Bodyweight (g)
×100

Histopathology
The procedure described by Ekeanyanwu and
Njoku15 was used for post-mortem examination
of the liver, kidney, heart, brain and spleen of the
rats in the various groups. A veterinary pathologist,
without any knowledge of the treatments and groups,
performed the histopathologic examination on the
de-waxed, hydrated and hematoxylin-eosin stained
ultrathin sections of the tissue samples with an
optical microscope.

Statistical analysis
Changes in all biochemical and hematological factors,
body and organ weight, and water and feed intake for
the rats, were determined using a one-way analysis of
variance (ANOVA) followed by Turkeymultiple com-
parisons. A p-value of less than 0.05 was considered
as statistically significant. All data obtained were ex-
pressed asMean± Standard Error of theMean (Mean
± SEM).
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RESULTS

Body weight

Figure 1 shows the effect of administration of differ-
ent doses of the essential oils of X. aethiopica fruit on
the bodyweight of rats. There was a gradual and sus-
tained increase in the bodyweight of rats in all the ex-
perimental groups all through the duration of the ani-
mal experiments. Analysis of the result shows that the
gain (in percentages) of bodyweight after 28 days were
17.9% in group I, 23% in group II, 6.84% in group III,
3.40% in group IV, and 11.32% in group V, respec-
tively.

Hematological parameters

The results of the hematological parameters in rats ad-
ministered with different doses of the essential oils of
X. aethiopica fruit are depicted in Figure 2. Analysis
of the results shows that there were no significant dif-
ferences (p < 0.05) in the various hematological pa-
rameters analyzed in the test groups as compared to
the control.

Biochemical parameters

The results of the biochemical tests such as liver func-
tion profile, kidney function profile, serum lipid pro-
file, and blood sugar levels are presented in Figures 3,
4, 5 and6. The results of the liver function test showed
no significant changes (p < 0.05) between the experi-
mental groups and the controls for all the biochemi-
cal parameters analyzed. Analysis of the results of the
kidney function test revealed significant changes (p <
0.05) between the experimental groups and the con-
trols, except for BUN and serum chloride which were
found to have significantly (p < 0.05) increased in the
test groups compared to the control. The results of the
serum lipid profile test did not show any significant
changes (p > 0.05) between the experimental groups
and the controls with respect to lipid profile param-
eter. However, a significant decrease (p < 0.05) was
observed in the blood sugar level in the control and
experimental groups after 28 days of administration
of XAEO, when compared to day 0.

Organ weight/Organ weight ratio

The result of the organ weight/organ weight ratio is
presented in Table 1. A significant decrease (p <
0.05) in the weight of organs such as liver, kidney and
spleen was noticed in the group administered with
450 mg/kg b.wt of XAEO.

Histopathological parameters
The following were observed from histological ex-
aminations and were set as the parameters: (a) No
pathological changes in the histological sections of the
heart; (b) No pathological changes in the liver of rats
in all the treated groups except for the group admin-
istered with 450 mg/kg b.wt of EOXA (slightly en-
larged hepatocytes were observed); (c) No patholog-
ical changes in the histological sections of the brain;
(d) No pathological changes in the kidney of rats in all
treated groups except for the group administered with
450 mg/kg b.wt of EOXA (slightly enlarged hepato-
cytes were observed); and (e)No pathological changes
in the histological sections of the spleen.
In the heart, there were unremarkable myocyte nu-
clei, muscle fibres, and myocardium; no pathological
changes were observed. In the liver, stromal prolif-
eration with degenerative changes was observed with
slightly enlarged hepatocytes, distorted sinusoids and
lamina, and few cystically dilated spaces in Group
I and Group II. There was mild stromal prolifera-
tion and unremarkable central vein, sinusoids, lam-
ina and hepatocytes with no pathological changes in
Group III and Group IV. Furthermore, the prolifera-
tion of tissue stromal with an enlarged central vein, si-
nusoids and lamina appearing unremarkable in some
areas and distorted in other areas, as well as slightly
enlarged hepatocytes, were seen in Group V. In the
Brain, normal Purkinje cells, stellate cells, dendrites
of Purkinje cells, and pyramidal cells along with gran-
ule cells were observed; no pathological changes were
seen. In the Kidney, there were unremarkable stro-
mal arrangements, glomeruli, Bowman’s capsule, tuft,
tubules and other stromal elements with no patholog-
ical changes seen in A, B, C and C, whereas E showed
unremarkable tubules and glomeruli closely adher-
ent to the Bowman’s capsule and dense stroma with
mild proliferation. In the spleen, splenic nodules with
unremarkable germinal centers were observed. Sur-
rounding the splenic nodules and intermeshed with
trabeculae was a diffuse mass of cells (lymphocytes)
which collectively formed the splenic pulp.

DISCUSSION
The major findings from this research study can be
summarised as follows: (a) LD50 of the essential oils
of X. aethiopica was below 2000 mg/kg bodyweight;
(b) the results of the subacute toxicity study showed
no sign of toxicity at our tested doses, as shown in the
biochemical and haematological parameters assayed;
and (c) histological examination of target organs such
as brain, heart, kidney, liver and spleen revealed no
remarkable changes.
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Figure 1: Effect of administrationof different doses of the essential oils ofX. aethiopica fruit onbodyweight
(grams) of rats. Data are shown asmean± SEM (n = 5 rats per group). Therewas a gradual and sustained increase
in the bodyweight of rats in all the experimental groups all through the duration of the animal experiments.

The essential oils extracted from the dry fruit of X.
aethiopica based on hydrodistillation yielded 1.98%
(v/w). The hydro distilled essential oil was found to
be 100% pure with a refractive index of 1.461 – 1.489.
The value is comparable to that previously reported
by Olonisakin et al.18 from dry fruits of X. aethiopica
obtained from Nigeria (which was 1.2% (v/w)). The
value is, however, lower than that discussed elsewhere
in Africa where Tegang et al.10 reported extraction
yield of 4.2% (v/w) for dry fruits of X. aethiopica
Cameroun and Bakan-Vla et al.6 also reported sim-
ilar values of 3.57% (v/w) and 4.68% (v/w) from dry
fruits of X. aethiopica, respectively. The dissimilarity
in the extraction yield could be attributed to plant age,
provenance, weather, soil conditions (in the cultiva-
tion of the spice), harvest time, and extraction tech-
nique, as well as the drying technique, employed in
the processing of the essential oils19,20.
Several previous studies on the chemical profile of the
essential oils of X. aethiopica reported in Nigeria and
within the West Africa sub-region show that the oils
contain more than 70 different chemical compounds
which can be divided into four chemical classes:
monoterpene hydrocarbons, oxygenated monoter-
penes, oxygenated sesquiterpenes, and sesquiterpene
hydrocarbons6,7,10,21–24. Zárybaický et al.25 commu-
nicated in a review that several of these monoter-
penes and sesquiterpenes have demonstrated hepa-
totoxicity which were linked to reactive metabolite

formation and increased oxidative stress. The ma-
jor chemical compounds identified in the essential
oils of X. aethiopica included α-pinene, β -pinene, α-
phellandrene, and β - phellandrene (Figure 1). Pre-
liminary toxicological reports on these chemical com-
pounds showed that repeated oral administration at
lower doses caused hepatotoxicity (liver enzyme in-
duction) while lethal doses produced local irritation,
central nervous system depression, and respiratory
failure in rodents25.
Typically, determining the toxic characteristics of
products frommedicinal plants is a preliminary phase
in screening natural products for pharmacological ac-
tivity. The determination of LD50 is normally an ini-
tial step during such an assessment. The acute tox-
icity analysis may provide initial information on an
agent’s mode of toxicity, serve as a basis for classifi-
cation and labelling, and aid in determining the dose
of new compounds in animal studies. For addition,
if a high dose (e.g. 5000 mg/kg b.wt) is found to be
survivable, there will be no further toxicity testing re-
quired26.
The findings of the acute toxicity analysis provided
valuable information about the effects of brief expo-
sure of the test animals to high doses of XAEO. Dur-
ing the administration of XAEO to Swiss albino mice
at a maximum test dose of 2000 mg/kg b.wt, and
throughout the 14-day duration of perception, no-
table changes were observed in mice, ranging from
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Figure 2: Hematological indices in rats administered with different doses of the essential oils of X.
aethiopica fruit. Data are shown as mean±SEM (n = 5 rats per group). Values on the same row followed by
superscript letters differ significantly (ap < 0.05). Eosinophils were not detected in the blood samples from the
rats in each group. Note: PCV (%), RBC (× 1012/L), Hb (g/dl), MCV (fl), MCH (pg), MCHC (g/dl), WBC (× 109/L),
Lymphocytes (%), Neutrophil (%), Monocytes (%), Eosinophils (%), and Platelets (× 109/L), ESR (mm/hr).

decreased alertness, slow breathing, loss of appetite,
ruffled hair, loss of hide and fur, and blood traces in
fecal matter.
As well, treatment-related changes were seen with de-
creased preparation and uncomfortable positioning
of the body, as well as decreased weight. Besides, 50%
of deaths were reported on the 5th day and 100% of
deaths were recorded on the 7th day during XAEO ad-
ministration. In thismanner, XAEO cannot be said to
be safe at a dose level of 2000 mg/kg bodyweight and

hence, the LD50 value for oral toxicity can be said to
be below 2000 mg/kg.
Sub-acute studies include information on treatment
regimens, target organ toxicity, and classification of
reported adverse effects, all of which may impact the
experimental animals’ average life span. Analysis of
data on the effects of the sub-acute oral toxicity study
in Wistar albino rats showed no signs of toxicity such
as ataxia, decreased motor activity, excessive groom-
ing, muscular stiffness and ruffled furs, as recorded

3870



Biomedical Research and Therapy, 7(7):3865-3876

Figure 3: Liver function test parameters in rats were administered at different doses of the essential oils of
X. aethiopicafruit. Values are represented as mean±SEM (n=5 rats per group). Values on the same row followed
by superscript letters differ significantly (ap < 0.05).Note: ALP (IU/L), ALT (IU/L), AST (IU/L), TB× (10−2) mg/dl, CB
× (10−2) mg/dl, Total protein (g/dl), Albumin (g/dl), and Globulin (g/dl).

Figure 4: Kidney function and serum electrolyte parameters in rats administered with different doses of
the essential oils of X. aethiopica fruit. Values are represented as mean ± SEM (n = 5 rats per group). Values
on the same row followed by superscript letters differ significantly (a,b p < 0.05). Note: BUN (mg/dl), Creatinine
(mg/dl× 10−1), Sodium (Mmol/l), Chloride (Mmol/l), Potassium (Mmol/l), and Bicarbonate (Mmol/l).

3871



Biomedical Research and Therapy, 7(7):3865-3876

Figure 5: Serum lipid profile test in rats administered with different doses of the essential oils of X.
aethiopica fruit. Values are represented as mean± SEM (n = 5 ratsper group). Values on the same row followed
by superscript letters differ significantly (ap < 0.05). Note: Cholesterol (mg/dl), Triglyceride (mg/dl), HDL (mg/dl),
and LDL (mg/dl).

Figure 6: Blood sugar level (Mg/dl) at Day 0 and Day 1 in rats administered with different doses of the es-
sential oils of X. aethiopica fruit. Values are represented as mean ± SEM (n = 5 rats per group). Values on the
same row followed by superscript letters differ significantly (ap < 0.05).
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Figure 7: Histological sections of the heart, liver, brain, kidney and spleen in rats administered with differ-
ent doses of the essential oils of X. aethiopica fruit. H and E× 240, Scale Bar = 20 µm. No abnormalities were
observed on gross or histopathological evaluations of the organs examined. Generally, no pathological changes
were observed in the brain, heart, kidney, liver or spleen of the animals administered with the different doses of
the XAEO in the subacute oral toxicity studies.

during the 28 consecutive days of treatment via oral
route with the essential oils at the doses of 150 mg/kg,
300 mg/kg and 450 mg/kg bodyweight, respectively.
The percentage of bodyweight gain of the Wistar rats
was not affected by the essential oil treatment com-
pared to control (Table 1). During the treatment pe-
riod, however, minor differences in food and water
intake were observed compared to the control group.
If taken together, toxic symptoms, and food and water
consumption can suggest malaise or hidden toxicity
long before signs are observable. For instance, if an
animal does not feel well, it will not eat enough food
and/ or drink the normal amount of water. Therefore,
bodyweight, fat, and water intake are general health
predictors. Moreover, these criteria are critical for de-
terring a drug’s safety during the sub-acute toxicity
study. During the treatment period, however, minor
differences in food and water intake were observed in
treated rats compared to the control group. Therefore,

these criteria are critical for determining the safety of
the extract during the subacute toxicity study27.
Changes in bodyweight are a sensitive indicator of the
animal’s general health status28. There was a grad-
ual and sustained increase in the bodyweight of rats
in all the experimental groups throughout the dura-
tion of the animal experiments (Figure 1). It can be
stated that XAEO did not interfere with the normal
metabolism of animals at the tested doses. The incre-
ment in food and water intake is considered as being
responsible for augmentation in bodyweight gain.
The determination of hematological parameters is
used to examine the association between the essen-
tial oil and the various functions of blood 29. Porwal
et al.29 have described the hemopoietic system as one
of themost important targets of toxic compounds and
a relevant indicator of both human and animal phys-
iological and pathological status. Analysis of the re-
sults shows that there were no significant differences
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Table 1: Organ weight/Organ weight ratio in rats administered different doses of the essential oil of Xylopia
aethiopica fruit

Parameters Group I Group II Group III Group IV Group V

Heart (g) 0.62 ± 0.05
[0.32 ± 0.42]

0.75 ± 0.09
[0.37 ± 0.24]

0.77 ± 0.04
[0.33 ± 0.16]

0.86 ± 0.10
[0.42 ± 0.06]

0.58 ± 0.09
[0.36 ± 0.26]

Liver (g) 7.48 ± 0.21a

[3.90 ± 1.74]
6.82 ± 1.73
[3.33 ± 4.69]

8.10 ± 0.37
[3.46 ± 1.45]

7.80 ± 0.24
[3.78 ± 1.05]

6.02 ± 0.64a

[3.78 ± 1.83]

Kidney (g) 1.34 ± 0.02a

[0.69 ± 0.16]
1.22 ± 0.09b

[0.59 ± 0.24]
1.47 ± 0.08
[0.62 ± 0.02]

1.48 ± 0.05
[0.71 ± 0.21]

0.98 ± 0.10a,b

[0.61 ± 0.28]

Spleen (g) 0.86 ± 0.21a

[0.44 ± 0.17]
0.62 ± 0.06
[0.30 ± 0.16]

0.62 ± 0.16
[0.26 ± 0.45]

0.76 ± 0.04
[0.36 ± 0.17]

0.58 ± 0.15a

[0.36 ± 0.43]

Values are represented as mean ± SEM. N = 5. Values on the same row followed by superscript letters differ significantly (a,b p < 0.05).

(p < 0.05) in the various hematological parameters
analyzed in the test groups compared to the control
(Figure 2). Importantly, XAEO treatment induced no
significant change (p<0.05) on the RBC indices which
suggest that the XAEO does not affect erythropoiesis,
morphology, or osmotic fragility of RBCs 30. WBCs
are the first line of cellular action that responds to
infectious agents, tissue injury, or any inflammation.
Furthermore, no significant changes (p < 0.05) were
observed in neutrophils, lymphocytes, or monocytes
from XAEO treatment, suggesting that the essential
oilsmight not have exerted a challenge on the immune
system of the rodents.
Serum biochemistry evaluation was conducted to
evaluate possible changes in renal and hepatic func-
tions affected by the essential oils. The results of
the serum biochemistry assay are represented in Fig-
ures 3, 4, 5 and 6. The lack of significant alterations
in the levels of ALT, AST, ALP, conjugated and total
bilirubin, total protein, albumin, globulin and creati-
nine, as well as some serum electrolytes (Na+, Cl−,
K+, BCO3−), which are good indicators of osmotic
regulation by blood, kidney and cardiac function, and
digestion and intermediary metabolism27,31, suggest
that sub-chronic administration of the essential oils
neither altered hepatocytes and kidneys in rats nor the
normalmetabolism of the animals. However, a signif-
icant increase (p < 0.05) was noticed in the BUN and
serum chloride levels only in the test group adminis-
tered with 450 mg/kg b.wt of the XAEO, suggesting
that at increased doses, the XAEO may possess toxic
effects at doses above 450 mg/kg b.wt. The results of
the serum lipid profile tests (Cholesterol, Triglyceride,
HDL and LDL), as well as results of blood glucose (at
day 0 and day 28), are shown in Figures 5 and 6, re-
spectively. The results show no significant changes (p
< 0.05) in the lipid profile test parameters. These ob-
servations were further confirmed by the histological
assessment of the organs shown in Figure 7.

In toxicity studies, the protocol for weighing rela-
tive organs includes their sensitivity to product tox-
icity, which correlates well with the histopathological
changes28. A significant decrease (p < 0.05) in the
weight of organs, such as liver, kidney and spleen, was
noticed in the group administered with 450 mg/kg
b.wt of XAEO, indicating that at a dose of approxi-
mately 450 mg/kg b.wt or more, the liver, kidney and
spleen may be adversely affected. The results are pre-
sented in Table 1.
In the safety assessment of the test animals, the assess-
ment of histopathological changes in organs was con-
sidered as a basic test32. No abnormalities were ob-
served on gross or histopathological evaluations of the
organs examined. Generally, no pathological changes
were observed in the brain, heart, kidney, liver or
spleen of the animals administered with the different
doses of the XAEO in the subacute oral toxicity stud-
ies. However, slight histopathological changes were
observed in the liver and kidney of rats administered
with 450mg/kg b.wt of XAEO, where slightly enlarged
hepatocytes and dense stroma with mild proliferation
were observed in the liver and kidney, respectively.

CONCLUSION
With regards to the results of our study herein, it can
be inferred that XAEO is not safe at a dose level of
2000 mg/kg b.wt, based on the outcome of the acute
toxicity study. However, it was not toxic at least in
all the doses tested in this research study, and there
was no development of any obvious symptoms in the
subacute oral toxicity studies. The histology examina-
tion revealed no significant changes in internal organs
such as brain, heart, kidney, liver and spleen in both
control and test animals. As well, data from acute
and subacute toxicity studies on this plant were ob-
tained to increase people’s confidence in their safety
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for use in pharmaceutical development. The experi-
ments also need more experimental activities such as
sub-chronic toxicity and the effects of the essential oils
on pregnant mouse fetuses. Also, investigation into
the pregnant mice’s ability to reproduce should com-
plete the spice safety profile.

SIGNIFICANT STATEMENT
This study shows that the essential oils ofX. aethiopica
are not safe at least at a dose level of 2000 mg/kg b.wt,
considering the results of the acute toxicity study even
though there were no evident symptoms in the sub-
acute oral toxicity studies at least below 450 mg/kg
b.wt. The histology examination revealed no remark-
able changes in the internal organs such as the brain,
heart, kidney, liver and spleen of the rats in both con-
trol and treated groups. This study provides valuable
information on the toxicity profile of the essential oils
of the X. aethiopica fruit. The results will be valuable
for natural medicine users and pharmaceutical indus-
tries whowish to take advantage of the curative effects
derivable from the fruit and research scientists who
are interested in further exploring the potential ben-
efits of the essential oils.
The study was limited to only male Wistar albino rats.
However, studies are also needed to determine the ef-
fects of X. aethiopica fruit extract on the fetus in a
pregnant animal. The reproductive capacity of the an-
imals on the genetic system and the ability of this spice
to produce tumors (tumorigenecity and carcinogenic-
ity tests), in addition to effects on drug metabolizing
enzymes (especially cytochrome P450s) and toxicoki-
netic profiling, are future tests that need to be con-
ducted to complete the toxicity profile.
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