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Abstract

Original Article

IntroductIon

Ochratoxin A (OTA) is a mycotoxin occurs naturally in a wide 
range of agricultural products, including cereal grains, dried 
fruits, wine and coffee. It is formed by several different fungi 
including Aspergillus ochraceus, Ascobolus carbonarius, 
Aspergillus niger and Penicillium verrucosum. Contamination 
by OTA occurs as a result of poor storage of food products.[1] 
OTA was noted to occur in coffee in many countries such as 
the USA, Canada, Europe, Brazil, Dubai and Japan (Joint 
FAO/WHO Committee On Food Additives.[2] Animal-derived 
food such as meat and milk are found to have high levels of 
OTA,[3] as a consequence of cows exposure to large quantities 
of OTA.[4] OTA is known as a chemically stable compound, for 
this reason, conventional food processing methods does not 
significantly eliminate its presence in foods and beverages. It 
has been well documented that OTA is toxic and carcinogenic 
in animals. The kidney, in particular, is the main target organ 
for OTA.[5-7] Several studies stated that OTA can cause kidney 
failure,[8] liver toxicity[9] and immunotoxicity.[10] The incidence 
of testicular cancer in developed countries has been raised 
due to the consumption of OTA-contaminated foods, such 

as pig meat. OTA has been proved to be a testicular toxin 
causes testicular atrophy and low semen quality,[11,12] as well as 
inhibition of testosterone secretion in cultured testes interstitial 
cells of adult gerbils.[13]

Phoenix dactylifera Ajwa dates are soft, round, dark 
purple colour berries, particularly cultivated in Al-Madina 
Al-Munawarah, Saudi Arabia. The inspiration for studying the 
medicinal effects of Ajwa dates derived from Islamic prophetic 
medicine. Fresh dates contain high levels of antioxidants 
anthocyanins, carotenoid, phenolics, free and bound phenolic 
acids.[14] In comparison to other fruit, a very high level of 
phenolics has been found in Phoenix dactylifera as a result 
of exposure to high temperature and hot climate.[15] Apigenin, 
quercetin and luteolin are found to occur in methylated and 
sulphated forms of flavonoid glycosides in Phoenix dactylifera. 
Analysis of mass spectral data has reported that sulphates 
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are linked to flavonol glycosides in Phoenix dactylifera. 
Accordingly, dates are the only fruit that contains flavonoid 
sulphates.

Anthocyanins exist only in fresh fruit, and carotenoids levels 
decline rapidly as the fruit ripens.[16] Aqueous date extracts 
possess potent free radical scavenging activity.[17] It has 
been shown that 50% of superoxide radicals resulted from 
photoreduction of riboflavin were scavenged at a concentration 
of 0.8 mg/ml, and 100% at a concentration of 1.5 mg/ml. 
Inhibition of lipid peroxidation was measured and 50% 
inhibition was evidenced at 1.9 mg/ml and100% inhibition 
at 4.0 mg/ml. Inhibition of protein oxidation was also found 
to occur at a concentration of 2.3 mg/ml reduced protein 
oxidation by 50%.[17] Many studies have shown that Phoenix 
dactylifera possess free radical scavenging, antioxidant,[18] 
gastroprotective,[19] hepatoprotective[8,20] nephroprotective,[21] 
as well as have anticancer activity.[22] Ajwa dates have been 
shown to retain the highest antioxidant activity among other 
types of dates, suppress lipid peroxidation, prevent cell 
damage, improve cancer therapeutics and reduce side effects 
caused by conventional chemotherapy.[23] Interestingly, 
it has been shown that Phoenix dactylifera water extract 
contains significantly higher contents of total phenols than 
alcoholic extract, especially in Ajwa dates.[24] We aimed in this 
investigation to study the effect of Ajwa dates aqueous extract 
against OTA testicular toxicity in rats.

MaterIals and Methods

Materials
OTA (Cat. No. 01877) were purchased from Sigma-Aldrich 
chemical company (USA).

The fruit of Ajwa dates (Phoenix dactylifera L.) was obtained 
from the west part of the Kingdom of Saudi Arabia (Al-Madina 
Al-Monawarh).

Experimental animals
Twenty-eight weaning albino male Wistar rats weigh 35–40 g, 
obtained from the Experimental Animal House Center of King 
Fahd Research Center, Jeddah, Saudi Arabia. All animals 
were given food (rat chow) and water ad libitum, and were 
maintained at a relative humidity of 65%–86%, a temperature 
of 18°C–20°C. Appropriate care and hygienic conditions were 
maintained to keep them healthy and free from any infections. 
Institutional Animal Ethical Committee permission was 
obtained before experimenting.

OTA was dissolved in 0.5 M NaHCO3 pH 7.4.[25] OTA was 
given by gavage through a stomach tube (289 µg/kg/day) for 
28 days.

Ajwa dates aqueous extract preparation
Ajwa dates (Phoenix dactylifera L.) flesh was extracted ×3 
with distilled water (1:3), centrifuged at 4°C for 20 min at 
4000 rpm. The supernatant was collected, lyophilised, and 
stored at −80°C until use. An aqueous extract was selected 
because most of the components are extracted in water. 

This method would exclude the interference of lipophilic 
constituents such as carotenoids and steroids.[17] Dose of Ajwa 
dates was equivalent to Prophet Mohammed recommendation 
seven dates/day (1 g/kg/day).

Methods
Animals were distributed randomly into four groups, 
with seven rats per group. The groups were treated for 
4 weeks (5 days/week).
• Group 1 – controls treated orally with sodium bicarbonate 

buffer 0.5 M, pH 7.4
• Group 2 – treated orally with OTA (289 µg/kg/day)
• Group 3: treated orally with Ajwa dates aqueous 

extract (1 g/kg/day)
• Group 4: treated with Ajwa dates extract and after 2 h 

treated with OTA.

After 4 weeks of treatment. Animals were killed 24 h after the 
last dosing by anaesthesia with ether, dissected and the testes 
were removed and fixed in 10% buffered formalin solution, 
processed through graded alcohols and xylene and embedded 
in paraffin blocks. Tissue sections were cut for 3–5 µm and 
stained with haematoxylin and eosin stain (H and E) for light 
microscopy examinations.[26]

results

Light microscopy examination of (H and E)-stained sections 
of the control and Ajwa dates extract groups revealed normal 
testicular architecture. The seminiferous tubules characterised 
by normal density of germ cells and sperms as well as 
inconspicuous sertoli cells. In addition, normal structure of 
interstitial tissue and tunica albuginea capsule surrounded the 
tubules [Figures 1a, c, 2a, c and 3a, c]. However, examination of 
OTA group revealed extensive degenerative changes included 
thick tunica albuginea, necrosis, (small size and necrotic 
spermatogonia), with dilatation of seminiferous tubules, 
arrested germ cells mitosis and impaired spermatogenesis 
stages led to the loss of typical tubular architecture 
[Figures 1b, 2b and 3b]. DNA alteration was quiet distinct 
in OTA treated group [Figure 3b]. The OTA has markedly 
injured all cell lineages in most tubules, resulted in disruption 
of cell division. Moreover, the density of spermatogenic cells 
in damaged tubules was apparently reduced. The lumen of 
the seminiferous was filled with eosinophilic material and 
ill-defined sperms. A marked decrease in sperm number was 
evident. However, apparently increased number of sertoli 
cells [Figure 3b], Leydig cells as well as wide interstitial tissue 
were observed in this group.

Histological analysis of the testis from rats pretreated 
with Ajwa dates aqueous extract, then OTA showed that 
Ajwa dates extract has ameliorated the histopathological 
lesions remarkably and highly improved spermatogenesis 
[Figures 1d, 2d, and 3d]. Cell layers of seminiferous tubules 
have preserved their normal shape and continuity. Mitotic 
figures were seen. In addition, the number of sperm cells was 
apparently increased [Figure 2d]. Pretreatment with Ajwa dates 
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extracts regulated sertoli cells proliferation and attenuated cell 
damage and OTA toxicity [Figure 3d].

dIscussIon

The present study highlights the interest to change towards 
the use of natural medicinal food and declares the protective 
potentials of the aqueous extract of Saudi Arabian Phoenix 
dactylifera (Ajwa Dates) on OTA-induced testicular damage 
in rats.

OTA induces pathological changes in testes structure include 
an increase of interstitial space[27] and promotes lesions in 
testicular DNA as well as in male offspring; it also leads to 
the formation of DNA adducts,[28,29] which predict later tumour 
development. These lesions may lead to cancer in mice and 
humans.[12] Furthermore, OTA has adverse effects on germinal 
cells stages causes a decrease of stages I and VII. Conversely, 
increase of stages XII and XIII indicating a possible 
impairment of spermatogenesis.[28] Impaired spermatogenesis 
has been noticed in the current investigation. In addition, OTA 
causes significant reductions in sperm motility and longevity 
on pigs fed OTA even after withdrawal of OTA.[30] A significant 
increase in defective sperm and a significant decrease in 
sperm count, from 36 × 104 to 16 × 104 sperm/ml results by 
the administration of OTA to mice at a level equivalent to the 
human dietary concentration of l g/kg body weight/day.[31] 
In the present study, abnormal proliferation of sertoli cells 
reflects inability to support spermatogenesis and germ-cell 
differentiation which results in reduced production of 
spermatozoa. The present investigation is in agreement with 
Kazanas[32] study that OTA develops testicular hypoplasia of 
the germinal epithelium in weanling rats. Furthermore, OTA 

has a strong negative effect on cellular energy (adenosine 
triphosphate) production,[33] and can cause both apoptotic 
and necrotic cell death even at nanomolar concentration.[34,35]

The present study is in agreement with Yang et al.[36] that 
OTA induces disruption of cell division. OTA disruption 
of cell division and chromosomal instability induces 
carcinogenesis.[37,38] In human kidney cells, OTA blocks the 
metaphase/anaphase transition, produces aberrant mitotic 
formations.[37] Aberrant mitotic figures were seen in the 
present study in OTA treatment. However, all OTA negative 
consequences were alleviated and counteracted by Ajwa date 
aqueous extract pretreatment.

Previously reported that Ajwa dates contain phenols in its 
constituents.[3,39] Plant polyphenols hold a wide range of 
effects such as anti-proliferative activity, anti-inflammatory 
activity, control of the host immune system, adjustment of 
cytochrome P450 enzymes which are involved in activation 
of procarcinogens, upregulation of genes producing 
antioxidant enzymes, in addition to the ability to alter cellular 
signalling.[40] In this study, the protective effects could be 
attributed to the high amounts of polyphenolic and flavonoid 
compounds present in the Ajwa dates aqueous extract. These 
antioxidant compounds could have played a considerable role 
in scavenging the reactive oxygen species induced by OTA.

In the current study, Ajwa dates pretreatment is markedly 
reduced necrosis and normalised the number of the 
spermatogenic cell layers. This may be attributed to 
various antioxidant bioactive components in date’s extract 
which can block lipid peroxidation generated by OTA. In 
addition, Ajwa dates are rich in anthocyanins[14] which have 

Figure 2: Photomicrographs of rat seminiferous tubules showing 
(a) control (b) ochratoxin A, disorganized spermatogenic cells with a 
marked increase of spermatogonia (two heads arrow). Note increased 
eosinophilic material and clumps of coagulated sperms inside the 
lumen (short arrow). (c) Ajwa dates, complete spermatogenic series 
and a well‑defined basal lamina. Note the apparent increased number 
of sperm count inside the lumen. (d) Ajwa date and ochratoxin A, 
seminiferous tubules with complete stages of spermatogenic cells and 
apparent increased number of sperms (H and E, ×200)
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Figure 1: Photomicrographs of rat testis showing (a) control, normal 
structure of seminiferous tubules separated by interstitial tissue. 
(b) ochratoxin A, proliferation of interstitial tissue (*) and apparent 
thickened tunica albuginea capsule (thick arrow). (c) Ajwa dates, typical 
tubular structure with tightly packed seminiferous tubules and well‑defined 
basal lamina. (d) Ajwa dates and ochratoxin A, normal testis structure 
with compacted seminiferous tubules. Note decreased capsule thickness 
in Ajwa dates groups (thick arrow) (H and E ×100)
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been reported previously to have nutraceutical properties 
and considered as potent antioxidants. The mechanisms 
responsible for the protective effects are as follows free-radical 
scavenging pathway, mitogen-activated protein kinase 
pathway, cyclooxygenase pathway and inflammatory cytokines 
signalling.[41] In addition, anthocyanins have anti-cancer 
properties and antiangiogenic effect.[42] Angiogenesis is an 
important step for cancer development, where it is necessary 
for the transition of tumours from a benign state to a malignant 
one. In cancer prevention, antiangiogenesis is the process that 
halts the formation of new blood vessels which carry oxygen 
to the tumour cells. Anthocyanins and flavonoids are potent 
antiangiogenic agents.[41,42]

The present study findings disagree with the study[43] which 
stated that the components of the dates extract have the 
potentials of causing infertility in male rats by decreasing serum 
testosterone levels, sperm count, sperm motility and sperm 
morphology. Conversely, in the present study pretreatment 
of OTA-ingested male rats with Ajwa dates, aqueous extract 
showed positive effects on the testicular structure.

conclusIon

Ajwa dates aqueous extract is very promising and has a potent 
protective and ameliorative effect against OTA-induced 
testicular damage and may be used to treat sexual impairment 
and male infertility.
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