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Abstract: This study evaluated the toxicological effect of oral administration of Phoenix dactylifera
seed essential oil (PDEO) in Wistar rats. PDEO was extracted through a steam-distillation technique.
Acute toxicity study evaluated administration of a single dose of the oil in a group (n = 5) of rats
followed by 24 h observation, for sub-acute toxicity evaluation, the animals were randomly divided
into five groups (n = 3). Group 1 to 4 rats, respectively, received 62.5, 125, 250, and 500 mg/kg bw
of PDEO for fourteen days, while the fifth group served as control. At the termination of the study,
blood samples were obtained for biochemical and hematological analyses, while vital organs were
histopathologically examined. Results from this study revealed no mortality or abnormal behavioral
changes in the animals. A dose-related increase in bodyweight and hematological parameters was
observed across the treated groups (p < 0.05). At a dosage of 500 mg/kg bw, PDEO caused slight
elevation in biochemical marker levels and mild changes in histological architecture of liver and
kidney of the test rats. This study revealed that PDEO exhibited significant hematopoietic attributes
with no adverse effect on the experimental rats’ vital organs at concentrations below 500 mg/kg bw.
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1. Introduction

Natural products extracted from plants host a vast repertoire of bioactive molecules
representing opulent prospects for drug development. Medicinal plants have been an
integral part of human life all through civilization history [1]. Recognized as one of the
oldest fruits globally, the date palm (Phoenix dactylifera) has beneficial nutritional and
medicinal values [2]. It plays a vital role in the social and economic life of the people in
date producing countries. Asia and Africa are the major producers of date palm with a total
production share of 57% and 42.2%, respectively [3]. The date palm (Phoenix dactylifera L.),
is an angiosperm, a monocotyledonous plant belonging to the family Arecaceae [4]. The
species name dactylifera meaning “finger-bearing” refers to the fruit clusters produced by
the plant [5]. It is characterized by pinnated leaves and conduplicate leaflets with acute
tips [6]. Flowers of the date palm tree are small and yellow-colored, attached directly to
spikelets, which develop as fruits [5]. The fruits that are known as dates are oval-cylindrical,
having a single seed [7].

Date seeds, also called kernels or pits, which are usually discarded after consuming
date fruits, constitute 10-15% of the fruit weight [8]. Annually, date seeds are generated in
large quantities from the date processing industries as waste products [9]. This by-product
could represent an excellent source of food ingredients, dietary fiber and phytomedicine [3].
Over the last few decades, essential oils have evoked immense global attention. These
natural products have broad-spectrum pharmacological potentials and biotechnological
applications [10].

Several previous studies have reported the diverse bioactivities of extracts from date
palm fruit and seed. In experimental animal models, Phoenix dactylifera fruits have been shown
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to display immunomodulatory [11], hepatoprotective [12,13], nephroprotective [14], anti-
cancer [15], antimicrobial [16], anti-allergic [17], cardioprotective [18] and neuroprotective [19]
activities. Hydroacetone extract from Phoenix dactylifera seeds protects against chemically in-
duced hepatorenal toxicity [20]. In hyperlipidemic mice given atorvastatin, alanine transferase
(ALT), and aspartate transferase (AST) levels were lower with Phoenix dactylifera aqueous seed
extract consumption compared to those not given, showing the hepatoprotective ability of the
seed [13]. The boiled water seed extract showed an antidiabetic property in streptozotocin
induced diabetic rats [21]. Antigenotoxicity of the distilled water seed extract against DNA
damage induced by n-nitroson-methylurea in mice has been established [22]. The date seed
oil can protect against UV-B and UV-A radiation [23,24], likewise, it has a protective effect on
sperm parameters [25] and potential application in formulation cosmetic creams [26].

Despite extensive bioactivity studies on the date plant and its constituents, studies
on the pharmacological activities of the date seed oil are infrequent. Relevant data on
the toxicological profile of the essential oil from the seed is lacking in the literature, thus
underscoring the necessity for this study which evaluated the toxicological effect of oral
administration of essential oil from the seed in albino Wistar rats.

2. Results
2.1. Effect of Oral Administration of Essential Oil from P. dactylifera Seed on Body Weight of
Wistar Rats

Figure 1 shows the effect of oral administration of different doses of PDEO on the
bodyweight of Wistar rats. There was a gradual and sustained increase in the bodyweight
of rats in all the experimental groups all through the duration of the animal bioassay.
Analysis of the result shows that the gain (percentages) in bodyweight after 14 days were
6.41% (group 1), 6.58% (group 2), 6.70% (group 3), 7.07% (group 4) and 4.49% (group 5).
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Figure 1. Effect of repeated oral administration of P. dactylifera seed essential oil on weight of Wistar rats.

2.2. Effect of Repeated Oral Administration of Essential Oil from P. dactylifera Seed on
Haematological Parameters of Wistar Rats

As presented in Figure 2, a dose-related increase in hematological parameters such
as red blood cell count (RBC), hemoglobin (HB), packed cell volume (PCV), and white
blood cell count (WBC) was observed across the treated groups, with the highest values
obtained in the group treated with 500 mg/kg bw of the oil: RBC (6.77 + 0.20 x 10°/mm3),
PCV (51.33 4 0.33%), HB (16.30 & 0.15 g/dL), WBC (9.73 + 0.20 x 10°/mm?). There were
significant differences in the hematological parameters of the rats (p < 0.05).
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Figure 2. Effect of repeated oral administration of P. dactylifera seed essential oil on hematological
parameters of Wistar rats. Legend: Red Blood Cell count = RBC (x10° mm~2), Packed Cell Volume = PCV
(%), Hemoglobin = HB (g/dL), White Blood Cell count = WBC (x10° mm™3), Monocyte = MN (%),
Neutrophil = NT (%), Basophil = BS (%) (%), Eosinophil = ES (%), Lymphocyte = LY (%).

2.3. Effect of Repeated Oral Administration of Essential Oil from P. dactylifera Seed on Biochemical
Parameters of Wistar Rats

Administration of the oil did not cause any major variation in the evaluated biochemical
parameters such as alanine transferase (ALT), aspartate transferase (AST), alkaline phosphatase
(ASP), creatinine and urea in the treated groups when compared to the control. However,
rats in group 4 showed elevation in these biomarker levels: ALT (98.33 £ 2.27IU/L), AST
(155.27 £5491U/L), ALP (38.33 £ 1.10 IU/L), creatinine (29.50 £ 0.52 mmol/L) and urea
(42.03 £ 1.47 mmol/L). There was no statistical significance in the biomarker levels within all
the groups, except for creatinine (p < 0.05). The results are presented in Figure 3.
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Figure 3. Effect of repeated oral administration of P. dactylifera seed essential oil on biochemical
parameters of Wistar rats.
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2.4. Effect of Repeated Oral Administration of Essential Oil from P. dactylifera Seed on Relative
Organ Weight of Wistar Rats

As shown in Figure 4, the mean relative organ weight of the treated rats in all groups
did not show any significant changes relative to the control group, except for the liver of rats
in group 3 and 4 and kidney of rats in group 4, which showed appreciable weight increase.
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Figure 4. Effect of repeated oral administration of P. dactylifera seed essential oil on relative organ
weight of Wistar rats.

2.5. Effect of Repeated Oral Administration of Essential Oil from P. dactylifera Seed on Vital
Organs of Wistar Rats

As presented in Figures 5-7, histological examination of the rats” organs revealed
the following: no pathological changes in the architecture of the heart in all the groups;
no pathological changes in the histological sections of the liver of rats in all the treated
groups except the group administered with 500 mg/kg bw of PDEO (slightly enlarged
hepatocytes were observed); and no pathological changes in the kidney of rats in all treated

groups except for the group administered with 500 mg/kg bw of PDEO (mild congestion
was observed).



Biologics 2022, 2

73

(E)

Figure 5. Photomicrograph of liver tissue section of Wistar rats repeatedly dosed with (A) 62.5 mg/kg
bw, (B) 125 mg/kg bw, (C) 250 mg/kg bw of P. dactylifera essential oil and (E) control showing
steatosis (ST), well arranged hepatocytes (H) separated by the sinusoids (S) (x400 H and E Staining);
(D) 500 mg/kg bw P. dactylifera essential oil showing portal triad with mild periportal hepatitis,
hepatocytes showed bi-nucleation (arrow) (x400 H and E Staining).

Figure 6. Photomicrograph of kidney section of Wistar rats repeatedly dosed with (A) 62.5 mg/kg
bw, (B) 125 mg/kg bw, (C) 250 mg/kg bw of P. dactylifera essential oil and (E) control showing intact
glomerulus (G), other renal features appear normal and unremarkable (x400 H and E Staining);
(D) 500 mg/kg bw of P. dactylifera essential oil showing mild congestion (CG).
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Figure 7. Photomicrograph shows the heart of Wistar rats repeatedly dosed with (A) 62.5 mg/kg bw,
(B) 125 mg/kg bw, (C) 250 mg/kg bw, (D) 500 ug/kg bw P. dactylifera essential oil and (E) control.
Cardiac muscle (CM) arranged in bundle, the nucleus (N) and branches of the coronary vessel (star)
are normal (x400 H and E Staining).

3. Discussion

Phoenix dactylifera L., called the ‘“Tree of Life’ by the Arabs, is considered one of the
oldest cultivated fruit trees, which has accompanied the development of early human
societies. They are highly symbolic for Muslim, Christian and Jewish religions, and are
reputed to have several medicinal benefits [27]. It is believed that consumption of date fruits,
specifically in the morning before any meal, can reverse the actions of any toxic substance
a subject may have been exposed to [7]. Different parts of this plant are traditionally
employed for the treatment of a broad spectrum of ailments including memory disturbances,
cardiac disorders, fever, loss of consciousness and nervous disorders [5,7].

Plant extracts can serve as sources of lead molecules for drug development [28].
However, toxicological evaluations are necessary to determine the safety of their use, thus,
studies are presently being intensified in this direction. Although information on various
extracts from P. dactylifera fruit and seed is ample in the literature, information on bioactivity
of the seed oil is sparse, and no data is available on the toxicological profile of essential oil
from the seed, sponsoring the impetus for this study. Changes in the hematological and
serum biochemical parameters; and organ architecture in animals have been considered as
veritable indices for predicting toxicity [29,30].

Oral administration of PDEO induced no mortality in (both for acute and the sub-
acute studies) any of the test groups at the end of the treatment period, indicating the
LDs is greater than 2000 mg/kg bw. Additionally, no significant change in skin, fur, stool,
behavioral and locomotive activities was noticed in all the test groups.

There was a steady increase in weight gain of the rats as the administered concen-
tration of PDEO increased, however no significant difference was observed within the
groups. The weight gain is an indication of infection free state, which is opposed to the
debilitating effects of emaciation in morbid animals. This may be a pointer to the health
sustaining benefit of PDEO in keeping the rats free from infection and stabilizing their vital
hematological and immunological parameters for healthy living.
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There was no considerable alteration in relative organ (heart, kidney and liver) weight
of the treated animals in virtually all the groups (except the liver of group 3 and 4, and
kidney of group 4 animals) relative to the control. No statistical significance was observed
in the results obtained. It is conceivable that PDEO did not seem to induce any harmful
effect on the examined organs whose relative weight remained fairly constant during the
test period. Atrophy of organs during drug administration is symbolic of the toxic effect of
the tested compound [31].

The degree of toxic assault of drugs can be determined via assessment of hematological
parameters that supply crucial information on the response of the body to stress, injury and
deprivation of nutrient [29,32]. Hematological parameters such as RBC, HB, PCV and WBC
of experimental animals in groups 3 and 4 showed significant differences in comparison
with the control group (p < 0.05). The general dose-dependent increase in levels of PCV,
RBC and HB in the test groups could be as a result of PDEO having hematopoietic potential
to stimulate erythropoietin release from the kidneys, which is the humoral regulator of
RBC production [33,34]. Plant extracts that exert this property could serve as good blood
supplements and may be used to cure anemia [35]. Erythropoietin release also has beneficial
effect on non-hematopoietic tissues due to its anti-apoptotic, anti-inflammatory, and anti-
oxidant properties which confers neuro and cardioprotection [36].

Xenobiotics trigger free radicals that can induce oxidative stress, and activate hepatic
stellate cells, leading to liver inflammation. Pro-inflammatory cytokines like tumor necrosis
factor-alpha (TNF-w), interleukin-6 (IL-6), and interleukin-1-beta (IL-1$3) can escalate the
liver damage [18]. AST, ALT and ALP are biomarkers released in the liver and an elevation
in their plasma levels signifies hepatic dysfunction or hepatocellular injury. These enzymes
participate in amino acid metabolism and are applicable in monitoring the functional
integrity of the liver. ALP is also considered as a marker of cholestasis [37]. The kidney is
a vital organ for clearance and excretion of metabolic wastes and xenobiotics, including
drugs and drug products from the body. Renal function indices such as urea and creatinine
can be used for evaluation of the functional capacity of the nephrons and are regarded as
viable indices of kidney function and integrity.

The normal levels of serum biomarkers at dosages below 500 mg/kg bw indicate
that PDEO did not adversely interfere with hepatic and renal functions at these dosages.
This agrees with the conclusions from the toxicological evaluation of essential oil from
Thymus vulgaris (L) at similar concentrations, which showed no detrimental effect on
hematological and biochemical parameters of Wistar rats [38]. For all the animal groups in
this study, there was no statistical significance in all the biomarker levels except creatine
(p < 0.05). Polyphenols and phytosterols, previously reported in date seed oil [23,39],
are endowed with anti-inflammatory potentials [37] and may shield the liver from toxic
assault. Phenolic compounds act as anti-inflammatory agents by inhibiting leukocyte
migration and reducing serum lysozyme, nitric oxide, prostaglandin-E2 (PGE-2), and
malondialdehyde levels [40,41]. Downregulation of cyclooxygenase-1 (COX-1), COX-2,
PGE-2, interleukin-1-beta (IL-1f3) and interleukin-12 (IL-12) have also been reported as
another mechanism through which date seed extracts exerts anti-inflammatory action [41].
The slightly elevated levels of biochemical markers of group 4 rats could be as a result of
the amplified stimulating effect of the essential oil at this concentration on immune cells
such as Kupffer and mesangial cells in the absence of any active infection which putatively
led to inflammatory reaction in the liver and kidney, respectively, consequently an elevation
in levels of the enzyme biomarkers in the sera of the rats.

Histopathological examination of tissues and organs is best for evaluating treatment
related pathological changes, which may serve to further verify alterations in their cellular
structure [42]. Mild periportal hepatitis was observed in the histological sections of the
rat group given 500 mg/kg of the essential oil which might be due to its accumulation
over the protracted duration of administration without prior infection which led to the
stimulation of immune response from the liver. The binucleation of hepatocytes observed
denotes recovery is steadily being achieved by the regenerative ability of the liver, as these



Biologics 2022, 2

76

binucleated cells can preferentially undergo the cell cycle and divide afterwards into new
hepatocytes with separate nuclei to replace the damaged hepatocytes. Meanwhile, the
histological slides of the liver samples of the control rats and the rats given lower doses
of the essential oil showed relatively better appearances of well-arranged hepatocytes
adequately separated with sinusoids, and little accumulation of fat was observed in the
liver tissues, which could be used up subsequently. Buttressing this observation, one study
noted that administration of date seed extract reduced inflammatory markers (IL-6, TNF-«,
IL-1B, and C-reactive protein) and improved lymphocyte count in rats exposed to a toxic
agent [41].

The mild congestion observed in the histological sections of kidneys harvested from
rats treated with 500 mg/kg bw of PDEO is an indication of acute interstitial nephritis,
which could result from acute kidney injury, interstitial inflammation, oedema or tubulitis.
This condition can be induced by drugs, infectious agents or autoimmune response [43,44].
Inflammation in organs and tissues may advance from acute to chronic when the acute
inflammatory response cannot be resolved due to interference in the normal resolution
process, prolonged exposure to the potentially toxic agent or persistence of the injurious
agent [45]. The photomicrograph of the kidney sections of the control rats and rats given
lower doses of the essential oil appeared relatively normal. In support of the foregoing,
histopathological examination and measurements of hepatorenal serum indices from a
different study demonstrated that hydroacetone extract from date seed elicited substantial
protective potential against carbon-tetrachloride (CCly)-induced liver and kidney injury in
Wistar rats [20].

The histological sections of the harvested heart from the treated and the control rats
showed cardiac cells well arranged in bundles, the nuclei and the coronary vessels were
intact. PDEO does not seem to exert damage on the heart despite the dosage and the
duration of treatment administration, the architecture of the heart was not observed to be
disrupted. Phenolic compounds and flavonoids which are richly found in date fruit [46]
and seed oil [23], have been noted for their ameliorating effect on myocardial infarction
induced damage in experimental models [47,48]. In addition, phytosterols, tocopherols
and unsaturated fatty acids, which are also present in date oil have cardio-protective and
anti-inflammatory functions [49-52].

In a related studies on date fruit extract, administration of the extract mobilized
endogenous circulating progenitor cells (CD34 and CD133 positive cells) towards the site
of myocardial injury resulting in tissue repair and improvement of the state of myocardial
infarction in rats [46]. In another study, extract of date fruits showed cardioprotective, anti-
inflammatory, hypolipidemic, and anti-apoptotic potential against myocardial damage in
Wistar rats by downregulating the expressions of pro-inflammatory cytokines (IL-6, IL-10,
and TNF«) and apoptotic markers (caspase-3 and Bax), and upregulating the anti-apoptotic
protein Bcl2 [15]. Histological data from same study also revealed that the extract reduced
myonecrosis, edema, and infiltration of inflammatory cells and restored cardiomyocytes
architecture [18].

4. Materials and Methods
4.1. Extraction of Essential Oil from Phoenix dactylifera Seed (PDEO)

Phoenix dactylifera fruits were purchased from a local market in Jigawa State, Nigeria.
The fruit flesh were manually separated from the endocarp (seed), followed by milling of
the seed to obtain a powdery form. Essential oil from the seed was extracted using the
Clevenger steam-distillation method [53]. The milled seed powder was dispensed into the
biomass chamber connected to a 2000 mL round bottomed flask containing sterile distilled
water. The distillation unit was switched on for the extraction process, which was run for
the time until no further oil was extracted (about 4 h). The essential oil obtained was dried
using anhydrous sodium sulphate and stored at —18 °C until further use. The yield of the
oil was 0.26%.
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4.2. Ethical Approval

The Committee for Ethical Use of Research Animals of the Federal University of
Technology Akure, Nigeria, approved the methodology for all animal experiments carried
out in this study. Processes involving experimental animals were carried out in accordance
with institutional protocols and the guideline for care and use of laboratory animals [54].

4.3. Experimental Animals

The experiment was performed with 8-12 weeks old Wistar rats weighing 131-162 g.
The rats were acquired from the Animal House of the Faculty of Pharmacy, Obafemi
Awolowo University Ile-Ife, Nigeria. The rats were acclimatized for a week before com-
mencement of the experiment. The animals” housing was maintained under regulated
environmental conditions of temperature (25-27 °C), humidity (40-60%) and light (12-h
light/dark cycle). They were fed ad libitum with commercial rat feed and drinking water.

4.4. Toxicity Studies

All the animals were fasted overnight before commencing the experiment. Acute
toxicity study was carried out by oral gavage administration of a single dose of 2000 mg/kg
bw of PDEO to a group of Wistar rats (1 = 5) in accordance with the limit test procedure
prescribed by Organization for Economic Cooperation and Development [55], followed
by observation for 24 h for signs and symptoms of toxicity and mortality, while; for sub-
acute toxicity evaluation, the animals were randomly divided into five groups (n = 3).
Four different groups of rats, respectively, received 62.5, 125, 250, and 500 mg/kg bw of
PDEO for fourteen consecutive days, while the fifth group served as control. The weight
and behavioral changes of the animals were monitored. At termination of the experiment,
the rats were denied access to food overnight and anesthetized by ethyl ether inhalation.

4.5. Haematological and Biochemical Analyses

After 24 h from the last oral administration of PDEQO, blood samples were collected by
cardiac puncture. A portion of the blood samples obtained from each animal was collected
in separate Ethylene Diamine Tetra-acetic Acid (EDTA) sample bottle, and the other portion
in plain sample bottle [56]. Blood samples from EDTA bottles were processed immediately
to determine hematological parameters that included: RBC, HB, PCV, WBC and white
blood cell differential count. Blood samples in the plain bottles were allowed to stand for
about 2 h to achieve complete clotting, followed by centrifuging at 2500 rpm for 15 min to
obtain the sera. The sera were biochemically analyzed to determine the concentrations of
ALT, AST, ALP, creatinine and urea.

4.6. Organ Weight

The organs of rats from the various groups were surgically excised immediately after
blood collection. The organs were then trimmed of fat and connective tissues, and placed
in a Petri dish containing 10% normal saline, after which they were gently blotted dry with
filter paper and weighed immediately (paired organs were weighed together).

4.7. Histopathological Examination

Samples from the organs (liver, kidney and heart) were fixed in 10% neutral buffered
formalin for 24 h and processed via routine tissue processing technique. The samples
were dehydrated in a graded series of ethanol, cleared in xylene, embedded in paraffin
wayx, sectioned at 4-7 pm and stained with hematoxylin and eosin (H&E) [57]. The stained
sections were carefully examined under binocular compound light microscope. After which,
photomicrograph of sections from selected samples were taken under a magnification x400
using automated built-in digital photo camera.
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4.8. Statistical Analysis

All data obtained were analyzed using Statistical Package for Social Sciences (SPSS)
version 22.0 (IBM Corp. Armonk, NY, USA); data were subjected to one way analysis of
variance (ANOVA) and differences between means were determined by Duncan’s New
Multiple Range Test at (p < 0.05).

5. Conclusions

This study showed that essential oil from P. dactylifera seed exhibited significant
hematopoietic attributes in a dose-related manner in the test murine model. Administra-
tion of the oil caused no mortality, and no major variation in the evaluated biochemical
parameters in the treated rat groups, except for slight elevation observed in rats given
500 mg/kg bw of the oil. Histological examination of the rats’ organs revealed no patholog-
ical changes in the architecture of the heart, liver and kidney in all the groups, except mild
changes noticed in the liver and kidney of the group administered with 500 mg/kg bw of
the oil. Preservation of the integrity of the experimental rats’ vital organs at concentrations
below 500 mg/kg bw putatively presents PDEO as biologically safe for use at these con-
centrations. These findings showcase PDEO as a non-toxic agent, which may be used for
the clinical development of a good blood supplement, this will be of great value in anemic
conditions. Further studies are needed to determine its exact mechanism of action for the
observed activity.
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