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Introduction: Gentamicin, as an aminoglycoside antibiotic, is used to treat gram-negative 
bacterial infections. But despite its beneficial effects, gentamicin has side effects such as 
hepatotoxicity. Therefore, the aim of the present study was to investigate the protective effect 
of date palm pollen (DPP) hydroalcoholic extract against gentamicin-induced hepatotoxicity 
in rats.
Methods: In present study the animals were divided into 5 groups, including control, sham, 
gentamicin and the two groups of gentamicin plus DPP extract at 200mg/kg and 400mg/kg. 
The plasma levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) 
enzymes were measured to assess hepatic functional damages. Also, antioxidant enzymes 
activity including catalase (CAT) and superoxide dismutase (SOD) as well as total antioxidant 
capacity (FRAP) of the liver tissue sample were measured. Further, a tissue sample was 
fixed in 10% formaldehyde for hematoxylin and eosin staining and histopathological study. 
In the end of experiment, the animals were euthanized by deep anesthesia. 
Results: Gentamicin significantly increased the levels of plasma AST and ALT enzymes, 
caused histopathological damages, decreased CAT and SOD enzymes as well as FRAP in 
the liver tissue in comparison to the sham group. The concomitant administration of DPP 
hydroalcoholic extract and gentamicin with both examined doses could relatively improve 
these parameters, so that some parameters have not significant difference with the sham 
group. 
Conclusion: It can be concluded that the hydroalcoholic extract of DPP reduces 
histopathological damages, oxidative stress as well as hepatic enzymes following their 
increase by gentamicin.
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Introduction
Aminoglycosides are a class of antibiotics formed by 

two or more amino-sugars and they are mainly used to 

treat infections caused by gram-negative bacteria (Rand-
jelovic et al., 2017; Mahi-Birjand et al., 2020; Khaksari 
et al., 2019). The most widely used drug in this group is 
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gentamicin (GM), which, despite its beneficial effects, 
causes hepatotoxicity (Noorani et al., 2011; Najafian et 
al., 2014; Yarijania et al., 2019).

The mechanism of GM-induced hepatotoxicity de-
velopment is not yet known, but evidence suggests that 
GM stimulates oxidative stress and lipid peroxidation, 
production of reactive oxygen species (ROS) such as 
hydroxyl radical, hydrogen peroxide and superoxide an-
ion (Najafian et al., 2014; Khan et al., 2011), leading to 
mitochondrial dysfunction (Ademiluyi et al., 2013) and 
decreases the activity of antioxidant enzymes such as 
catalase (CAT) and superoxide dismutase (SOD) (Khan 
et al., 2011; Ademiluyi et al., 2013). DNA damage, pro-
tein denaturation (Najafian et al., 2014), apoptosis and 
necrosis (Khaksari et al., 2019; Yarijania et al., 2019; 
Hafazeh et al., 2019), increased monocytes/macro-
phages infiltration (Yildirim et al., 2017), the release of 
pro-inflammatory cytokines and the activation of NF-
κB are also among the other side effects associated with 
GM treatment (Yarijania et al., 2019). Numerous stud-
ies have shown that following the production of ROSs 
and the release of pro-inflammatory cytokines by gen-
tamicin, the levels of hepatic alanine aminotransferase 
(ALT), aspartate aminotransferase (AST) and alkaline 
phosphatase (ALP) enzymes increase (Khaksari et al., 
2019) and vascular congestion, cellular degeneration 
and sinusoidal dilation occur in the liver (Najafian et al., 
2014; Yarijania et al., 2019).

Date palm pollen (DPP), with the scientific name of 
Phoenix dactylifera L. is a soft powder among the palm 
tree branches that is consumed orally for various ther-
apeutic purposes (Rasouli et al., 2018). Phytochemical 
studies have shown that DPP contains a very wide range 
of biochemical and nutritional substances, such as some 
essential and non-essential amino acids, trace elements, 
fatty acids as well as important flavonoids such as rutin, 
quercetin, luteolin-7-O-glucoside, apigenin, isohamne-
tin-3-O-glucoside and naringin depending on the spe-
cies (El-Kashlan et al., 2015). DPP also contains min-
erals (cobalt, magnesium, copper, iron, selenium, zinc, 
boron and nickel), vitamins (A, C and E) and steroid 
compounds such as estradiol, estriol and estrone, which 
can be used to treat infertility (El-Kashlan et al., 2015; 
Hassan, 2011). Besides, it has been reported that DPP 
is a good source of natural antioxidants (Iftikhar et al., 
2014). Many studies have shown that DPP has several 
effects such as reducing the expression of inflammato-

ry cytokines such as IL-6, IL-8 and TNF-α as well as 
anti-inflammatory (Elberry et al., 2011), antioxidant 
(Abbas and Ateya, 2011), anticoccidial, anti-apoptosis 
(Metwaly et al., 2014), anti-angiogenesis (Rasouli et 
al., 2018) and hypoglycemic (Mohamed et al., 2018) 
effects. Other studies have reported that DPP hydroal-
coholic extract reduces cadmium-induced toxicity in the 
testicles (El-Neweshy et al., 2013) and protects the liver 
in old animals (Uzbekova et al., 2003).

Since ancient times, medicinal plants have been com-
monly used to treat many diseases. Nowadays the use 
of herbal supplements, due to their numerous properties 
and fewer side effects, has a special important in the 
treatment of liver diseases. Due to its variety of phyto-
chemical elements, DPP has many properties, including 
antioxidant and anti-inflammation. Therefore, the pres-
ent study aimed to investigate the effect of DPP hydroal-
coholic extract on GM-induced hepatotoxicity through 
measuring the histopathological damages, hepatic func-
tional enzymes and oxidative stress.

Materials and methods
Preparation and extraction of DPP
Date palm pollen was prepared from a medicinal plant 

store (Ahvaz-Iran) and its accuracy was confirmed by a 
specialist in medicinal plants. In order to prepare DPP 
extract, 20g of DPP powder was added to one liter of 
70% ethanol and placed on the shaker for 24h in a dark 
environment. It was then centrifuged at 3000rpm for 
10min and the supernatant was separated. The superna-
tant portion was filtered and dried by a rotary evaporator 
at 40°C and stored at -20°C, away from light, until use 
(Yarijani et al., 2018; Najafi et al., 2017).

Phytochemical analysis of the crude extract
The phytochemical analysis was performed according 

to standard methods (Mohan and Gupta, 2017; Yarijania 
et al., 2019) to evaluate and determine the presence of 
alkaloids, tannins, flavonoids, saponins, triterpenoids, 
sterols, anthraquinones, anthocyanins, coumarins and 
musilage in DPP hydroalcoholic extract. Any precipi-
tation or change of color was considered as a positive 
response indicator. The results of the phytochemical 
analysis of DPP extract are presented in Table 1.

Studied animals 
Current experiment was performed on 35 male Wis-
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tar rats ranging 200-250g body weight, which were ob-
tained from the Laboratory Animal Breeding Center of 
Kermanshah University of Medical Sciences. The ani-
mals were kept at a temperature of 23±2°C in a 12-hour 
light/dark cycle and had free access to standard food 
and tap water throughout the experiment. As a rule and 
to minimize the pain and suffering of studied animals, 
rats with abnormal symptoms would have been exclud-
ed from the study and euthanized by deep anesthesia. 
Ethical principles of working with laboratory animals 
were followed strongly according to the European Eco-
nomic Community Guidelines for the care and use of 
laboratory animals (EEC Directive of 1986; 86/609/
EEC) and the ethics committee of Kermanshah Univer-
sity of Medical Sciences approval (Approval number: 
IR.KUMS.REC.1398.961).

Experimental treatments 
To carry out the study, the animals were randomly di-

vided into 5 groups (n=7). The study period lasted for 
9 days and different parameters were measured on the 
tenth day. The first group (control) did not receive any 
extract solvent (containing 2% Tween 80 in normal sa-
line), extract, or gentamicin during the study period. The 

second group (sham) received an intraperitoneal injec-
tion of extract solvent for 9 days and from the third day, 
normal saline was injected instead of gentamicin. The 
third group was gentamicin, which received gentami-
cin at a dosage of 100mg/kg intraperitoneally from the 
third to the ninth day. In this group, the extract solvent 
was injected from the beginning to the end of the treat-
ment period. The fourth (GM+DPP200) and the fifth 
(GM+DPP400) groups received an intraperitoneal in-
jection of DPP extract for 9 consecutive days at dosages 
of 200 or 400mg/kg, respectively, and GM was injected 
from the third to the ninth day. At the end of the study 
period, sodium pentobarbital (55mg/kg) was used to 
anesthetize the studied animals, followed by making an 
incision in the linea alba. A blood sample was then taken 
from the abdominal aorta and its plasma was isolated 
and stored at -72°C for hepatic enzymes measurements 
(Yarijania et al., 2019; Mohammadi et al., 2019). A 
sample of liver tissue was immediately frozen in liquid 
nitrogen to measure tissue Ferric Reducing/Antioxidant 
Power (FRAP) level, CAT and SOD activities. By the 
way a sample of liver tissue was fixed in 10% formal-
dehyde solution for histological study (Yarijania et al., 
2018; Yarijania et al., 2019).
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TABLE 1: TABLE 1: Phytochemical analyses of the hydroethanolic extract of date palm pollen.

Phytochemical Constituents Test Result

Alkaloids

Wagner ++

Dragendorff ++

Tannic acid ++

Tannins
FeCl3 ±

5% HCl in n-Butanol -

Flavonoids Shinoda ++++

Saponins Foam height -

Triterpenoids Salkowski ++++

Musilage Precipitation by ethanol -

Sterols Liebermann-Burchard +++

Coumarins
10% NaOH +

5% Ethanolic KOH +

Anthraquinones Borntrager -

Anthocyanins
2n HCl -

NH4OH -

Phytochemical screening of date palm pollen extract for detecting different plant me-

tabolites. (-) for absence, (±) doubtful, (+) positivity, (++) strong positivity, (+++) very 

strong positivity, and (++++) indicates cases with maximum reaction.



Measurement of biochemical parameters
To evaluate hepatic functional disturbances, an Au-

to-Analyzer was used to measure the ALT and AST en-
zymes.

Measurement of oxidative stress
To evaluate the amount of antioxidant enzymes in the 

liver tissue, the activity of CAT and SOD enzymes was 
evaluated by colorimetric assay using a commercial kit 
(Kiazist, Iran) based on the manufacturer’s protocol. 
The FRAP level, as indication of tissue total antioxidant 
capacity, was evaluated based on Benzie method (Ben-
zie and Strain, 1999; Mohammadi et al., 2019).

Measurement of hepatic tissue damages
To assess hepatic tissue damages, tissue sections with 

5μm thickness were prepared and stained with hematox-
ylin-eosin. Thereafter slides were graded using a light 
microscope. Each slide were scored based on the rate 
of leukocyte infiltration, cell degeneration, sinusoidal 
dilatation and vascular congestion which measured and 

graded in 10 different areas under microscope, so that 
lack of any damage received grade 0, 1–20% damag-
es grade 1, 21–40% damages grade 2, 41–60% dam-
ages grade 3, 61–80% damages grade 4 and 81–100% 
damages grade 5. Then, the total histopathologic score, 
which was equal to the sum of all grades of the differ-
ent damages, was calculated and analyzed. (Najafi et al., 
2017; Yarijani et al., 2018; Mohammadi et al., 2019).

Statistical analysis
For data analysis, SPSS-23 software was used, and all 

data were presented as mean±SEM. In order to compare 
data on hepatic enzymes as well as oxidative stress, One-
way analysis of variance (ANOVA) and Duncan’s post 
hoc test were used. The non-parametric Kruskal-Wallis 
and Mann-Whitney tests were also used to analyze the 
total histopathological score. The level of statistical sig-
nificance was set at P<0.05.

Results 
The effect of DPP extract on hepatic enzymes 
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FIGURE 1.FIGURE 1. Mean±SEM for A: Plasma aspartate aminotransferase (AST) and B: alanine aminotransferase (ALT) enzymes activity in rats 
without any intervention (Control), received normal saline (sham), gentamicin, and gentamicin plus date palm pollen extract at 200 or 400 
mg/kg (GM+DPP200 and GM+DPP400)(n=7). **P<0.01 in comparison with the sham group; †P<0.05 and ††P<0.01 in comparison with the 
gentamicin group.
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FIGURE 2.FIGURE 2. A: Hepatic tissue catalase and B: superoxide dismutase (SOD) activity in rats without any intervention (Control), received normal 
saline (sham), gentamicin and gentamicin plus date palm pollen extract at 200 or 400mg/kg (GM+DPP200 and GM+DPP400). Data is shown 
as mean±SEM (n=7). *P<0.05 and **P<0.01 in comparison with the sham group; ††P<0.01 in comparison with the gentamicin group.

 

 

 

 

 

 

 

 

 

 

FIGURE 3.FIGURE 3. Hepatic tissue total antioxidant capacity (FRAP) in rats without any intervention (Control), received normal saline (sham), gen-
tamicin, and gentamicin plus date palm pollen extract at 200 or 400mg/kg (GM+DPP200 and GM+DPP400). Data is presented as mean±SEM 
(n=7). **P<0.01 in comparison with the sham group; †P<0.05 in comparison with the gentamicin group.

As demonstrated in Figure 1, the level of AST and 
ALT enzymes in the sham group did not differ signifi-
cantly from those in the control one. Gentamicin admin-
istration increased AST and ALT level as compared to 
the sham group (P<0.01). The concomitant use of GM 
and DPP extract with both examined doses could signifi-
cantly reduce AST (P<0.01) and ALT (P<0.05) level as 
compared to the GM group and not significantly differ 
with the sham group. 

The effect of DPP extract on hepatic oxidative stress
As shown in Figure 2, CAT and SOD activity in the 

liver tissue of the sham group did not differ to the con-
trol. Administration of GM reduced the activity of both 
CAT (P<0.05) and SOD (P<0.01) enzymes in the liv-
er tissue compared to their levels in the sham group. 
The use of DPP extract at 400mg/kg could significant-
ly increase CAT activity as compared to the GM group 
(P<0.01), so that it reached the same level as the sham 
group. Moreover, the concomitant administration of 
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TABLE 2:TABLE 2: The effect of DPP extract on hepatic histopathological damages induced by gentamicin administration.
Histopathologic damages Experimental groups

Sham Control GM GM+DPP200 GM+DPP400
Leukocytes infiltration 0 0 2.8 0.3 0.6
Cellular degeneration 0 0 3.2 1.8 2.1
Sinusoidal dilatation 0 0 3.9 1.1 1.2
Vascular congestion 0.6 0 4.8 1.4 1.6
Total histopathologic score 0.6 0 14.7

***

4.6

†† *

5.5

†† *

Histopathological scores in rats without any intervention (control), received normal saline (sham), gentamicin (GM), or gentamicin 

plus date palm pollen extract at 200 or 400mg/kg (GM+DPP200 and GM+DPP400) body weight. *P<0.05 and ***P<0.001, in com-

parison with sham group. ††P<0.01, in comparison with gentamicin group.

 

 

 

FIGURE 4.FIGURE 4. Representing histopathological alterations in liver tissue of normal saline receiving group (A), gentamicin (B) and gentamicin plus 
date palm pollen extract at 200 (C) or 400mg/kg (D). Haematoxylin-Eosin staining, magnification 200x, scale bar: 100μm.

GM and DPP extract at 200mg/kg could increase SOD 
activity (P<0.01), so that it has not significant difference 
with the sham group. Besides, GM reduced the FRAP 
level in the liver tissue in comparison to the sham group 
(P<0.01), and the DPP extract at 200mg/kg could cor-
rect it and brought it to the same level as in the sham 
group (P<0.05, Figure 3).

The effect of DPP extract on hepatic histopathological 
damages 

Hepatic histopathological damages induced by genta-

micin are shown in Figure 4 and their grades are repre-
sented in Table 2. Gentamicin led to leukocyte infiltra-
tion, cell degeneration, sinusoidal dilatation and vascular 
congestion, so that the total histopathologic score in the 
GM group reached 14.7, which was significantly higher 
than the sham group. The use of DPP extract reduced 
these damages in both GM+DPP200 and GM+DPP400 
groups, so that the total histopathological score in the 
two doses of 200 and 400mg/kg reached 4.6 and 5.5, 
respectively, which was significantly lower than the GM 
group (P<0.01). But they were still higher than their val-



ues in the sham group (P<0.05).

Discussion
Gentamicin is widely used to treat gram-negative bac-

teria induced infections; however, its usage is limited 
due to its serious side effects such as hepatotoxicity and 
nephrotoxicity. To reduce the toxicity induced by GM, 
using herbal supplements and treatments are common 
around the world. Current study showed that gentamicin 
increased the plasma levels of AST and ALT enzymes, 
as well as leukocyte infiltration, cell degeneration, si-
nusoidal dilatation and vascular congestion in the liver 
tissue and decreased the activity of SOD and CAT anti-
oxidant enzymes and the FRAP level of the liver tissue. 
The results of this study, for the first time, demonstrated 
that DPP hydroalcoholic extract can moderate gentami-
cin negative effects. It was clearly evident that all the 
damages observed are due to GM, because the values 
of the measured parameters in the sham group have not 
significant difference with those in the control one. 

Our results demonstrated that the use of GM increased 
the levels of AST and ALT enzymes. It has been shown 
that an increase in hepatic enzymes indicates damage to 
hepatic cells (Najafian et al., 2014). Numerous studies 
have shown that GM produces ROS by inducing oxi-
dative stress (Rasouli et al., 2018; Galaly et al., 2014; 
Yarijani et al., 2016). The most important effect of ROS 
is their reaction with membrane lipids and their per-
oxidation, which in turn increases the permeability of 
the membrane and disrupts its integrity (Sultana et al., 
2012). Following an increase in membrane permeability 
and disruption of plasma membrane integrity in hepatic 
cells, hepatic enzymes that are naturally present in the 
cytosol enter the blood stream and increase the levels of 
hepatic enzymes (Khan et al., 2011). Therefore, one of 
the reasons for the increase in hepatic enzymes following 
GM administration is cellular damage by ROS, which is 
confirmed by the results of the present study as well. 
On the other hand, it has been shown that GM-induced 
nephrotoxicity can also affect the liver (Doi and Rabb, 
2016; Gardner et al., 2016). Different studies suggested 
that uremic toxins, inflammatory mediators, activated 
leukocytes and oxidative stress are involved in hepatic 
damages induced by renal failure (Lee et al., 2018; Doi 
and Rabb, 2016). Therefore, part of the GM-induced he-
patic damages may be due to its direct effects and the 
other part may be due to the GM-induced nephrotox-

icity and its effect on the liver. It has been shown that 
the improvement of renal damages also leads to partial 
or complete improvement of hepatic damages as well 
(Mohammadi et al., 2019; Yarijania et al., 2019).

Comparing the results of DPP extract recipient groups 
with the GM group showed that the two examined doses 
of the extract could improve the levels of AST and ALT 
liver enzymes. In a study, Daoud et al. (2017) showed 
that DPP extract inhibited the release of cardiac en-
zymes by maintaining the integrity of cell membranes. 
Besides, in their study, Khan et al. (2011) showed that 
flavonoids prevented the production of free radicals due 
to their antioxidant properties as well as their capability 
for the inhibition of many enzymes. Another study has 
shown that alkaloids, due to their antioxidant properties, 
protect the liver and kidneys against GM (Khaksari et 
al., 2019). The results of the phytochemical study of the 
present study showed that DPP hydroalcoholic extract 
contained flavonoids, alkaloids, triterpenoids, couma-
rins and sterols (Table 1). Therefore, it can be concluded 
that DPP extract due to its chemical compounds, which 
have antioxidant properties, neutralizes free radicals, 
maintains the integrity of cell membranes and thus re-
duces the levels of AST and ALT enzymes.

The results of the present study showed that GM de-
creased CAT, SOD and FRAP levels in the liver tissue in 
comparison to the sham, which indicates the occurrence 
of oxidative stress in GM receiving group. This find-
ing is in line with the results of many studies that have 
shown that GM reduces the activity of antioxidant en-
zymes (Ademiluyi et al., 2013; Galaly et al., 2014; Yar-
ijania et al., 2019). When ROS production increases or 
tissue antioxidant defenses decrease, oxidative stress oc-
curs (Ademiluyi et al., 2013; Valko et al., 2007). GM has 
been shown to inhibit electron transfer and stimulate the 
production of ROS, such as hydrogen peroxide, super-
oxide anion and hydroxyl radical by destruction of lyso-
somes and damaging other organs, including mitochon-
dria (Mahmoud, 2017). The ROS also damage cellular 
proteins and nucleic acids and lead to the peroxidation 
of cell membrane lipids and their subsequent instabili-
ty (Katary and Salahuddin, 2017; Martinez-Salgado et 
al., 2004). Moreover, GM also increases inducible nitric 
oxide synthase (iNOS) expression and the resulting ni-
tric oxide combines with ROS and leads to nitrosative 
stress that is much stronger than ROS (Mahmoud et al., 
2014). Cells, on the other hand, have an antioxidant de-
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fense mechanism that scavenges free radicals. GM has 
been shown to reduce the antioxidant reserves of cells, 
and the higher the degree of damage, the greater the rate 
of discharge (Manikandan et al., 2011). In the present 
study, CAT and SOD activities and the FRAP level of 
the liver tissue in the GM group reduced. Therefore, GM 
both directly induces oxidative and nitrosative stress and 
reduces the antioxidant reserves of cells.

Co-administration of DPP extract with GM increased 
CAT, SOD and FRAP levels in the liver tissue. This 
finding is in line with the results of previous studies 
showing that DPP extract has antioxidant property and 
scavenging activity of free radicals and also reduces 
iNOS activity and nitric oxide levels (El-Kashlan et al., 
2015; Abbas and Ateya, 2011; El-Neweshy et al., 2013). 
Therefore, DPP extract has ROS scavenging activity 
and also interferes with the pathway of free radicals pro-
duction. The antioxidant property of DPP extract can be 
due to its flavonoids as well as its vitamins (A, C and E). 
In the phytochemical analysis, our studied extract was 
also at the highest level of flavonoids.

The present study showed that pre-treatment with 
DPP hydroalcoholic extract improved hepatic histo-
pathologic damages induced by GM. As mentioned ear-
lier, gentamicin destroys cell membranes by inducing 
oxidative stress, thereby increasing hepatic enzymes. 
Pre-treatment with DPP extract has significantly re-
duced oxidative stress indicators, resulting in reduced 
histopathologic damages and hepatic enzymes. There-
fore, DPP extract has been shown to reduce hepatic cell 
damages by reducing cellular damaging parameters, 
which in this study is expressed as reduced leukocyte 
infiltration, cell degeneration, sinusoidal dilatation and 
vascular congestion.

Conclusion
In conclusion, administration of DPP hydroalcoholic 

extract reduces GM-induced increases in hepatic en-
zymes, histopathological damages and oxidative stress 
in the liver tissue. The mechanism of this protective ef-
fect of DPP may be through the reduction of oxidative 
stress or other pathways that require further study.
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