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Introduction: Aminoglycoside antibiotics including gentamicin are used for treatment of 
gram-negative bacteria-induced infections; however, gentamicin has severe side effects such as 
nephrotoxicity. Date palm pollen (DPP), as a herbal medicine is believed to have some anti-
inflammatory and antioxidative stress effects. In this study the protective effect of DPP extract 
were evaluated after its phytochemical analysis on gentamicin-induced nephrotoxicity.
Methods: Wistar rats allocated into five groups including control, sham, gentamicin and two 
groups that received gentamicin along with DPP extract (200 or 400 mg/kg). Plasma urea and 
creatinine concentrations were measured and oxidative stress was assessed by evaluating MDA, 
FRAP, CAT and SOD. NF-κB, TNF-α and ICAM-1 gene expression levels along with the 
leukocyte infiltration were measured for evaluating inflammation. Histopathological damages 
were also measured by studying H&E-stained tissue sections. 
Results: The gentamicin receiving group had increased plasma urea and creatinine, increased 
MDA, and decreased FRAP, CAT and SOD activities in the kidney. The gentamicin administration 
also increased the TNF-α, NF-κB and ICAM-1 gene expression, infiltration of leukocytes and 
tissue damages in the kidney. DPP extract caused a partial or complete recovery of all these 
damages.
Conclusion: In conclusion, DPP extract protects the kidney against the side effects of gentamicin 
and improves its function and histopathological damages. The underlying mechanism is likely 
to decrease the NF-κB gene expression and consequently reducing pro-inflammatory cytokine 
genes expression, infiltration of leukocytes and oxidative stress. The DPP extract also increased 
the cellular antioxidant reserves.
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Aminoglycoside antibiotics have a capability to cause 
nephrotoxicity and among them, gentamicin (GM) pos-
sess the highest renal toxicity (Balakumar et al., 2010). 

GM was discovered in the 1940s and is used to treat 
gram-negative and some gram-positive bacteria (Morei-
ra Galdino et al., 2017). Despite this advantage, GM ap-
plication is not eligible due to its side effects on vari-
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ous organs, including the kidneys. Several mechanisms 
have been considered for the harmful effects of GM on 
the kidney, one of which is to increase reactive oxy-
gen species (ROS) and reduce the antioxidant enzymes 
(Moreira et al., 2014; Com et al., 2012; Khan et al., 
2009). Also, GM leads to increased nuclear factor kap-
pa B (NF-κB) expression by reducing NF-κB inhibitory 
protein, resulting in leukocyte infiltration and the stim-
ulation of inflammatory cytokines such as tumor necro-
sis factor-alpha (TNF-α) (Ansari et al., 2016; Sahu et 
al., 2013). Moreover, GM reduces glomerular filtration 
and thereby increases the concentration of nitrogenous 
wastes in the blood by reducing the ultrafiltration co-
efficient (Baylis et al., 1977; de-Barros-e-Silva et al., 
1992). These mechanisms have been confirmed by stud-
ies showing that compounds with anti-inflammatory and 
antioxidant properties, including Malva sylvestris, Cro-
cin, Pimpinella anisum, kiwifruit, atorvastatin and syn-
aptic acid reduce GM-induced renal damages (Moha-
madi yarijani et al., 2019; Mahmoud, 2017; Ashtiyani 
et al., 2017; Jaikumkao et al., 2016; Mohamadi Yarijani 
et al., 2016).

Medicinal plants have been used to treat many ail-
ments since ancient times. One of them is date palm 
(Phoenix dactylifera L.), which has been commonly 
cultivated in the Middle East since 6,000 BC (Miller et 
al., 2003). In traditional medicine, dates and other palm 
tree products have been used to treat various diseases, of 
which is the date palm pollen (DPP). The DPP has been 
used as a dietary supplement, aphrodisiac, as well as for 
enhancement of fertility in men and women (Mokhtar 
and Samar, 2012; Tahvilzadeh et al., 2016). Numerous 
studies have reported the DPP constituents, including 
amino acids, minerals, vitamins (A, B, C and E), fatty 
acids (Mokhtar and Samar, 2012; Hassan, 2011; Basuny 
et al., 2013), estradiol, estriol, estrone, flavonoids, sapo-
nins (Abbas and Abdel-Monem, 2011) as well as many 
others depending on the species.

Recent studies have shown that DPP extracts have 
antioxidative (Abbas and Abdel-Monem, 2011; El-
Neweshy et al., 2012), anti-inflammatory (Elberry et 
al., 2011; Metwaly et al., 2014), anti-toxicant (Eraslan 
et al., 2008) and liver protection effects (Uzbekova et 
al., 2003). As previously mentioned, inflammation and 
oxidative stress have been suggested to contribute to 
gentamicin-induced renal toxicity. Therefore, this study 
aimed to assess the alleviative effect of DPP hydroalco-

holic extract, after its qualitative phytochemical analy-
sis, on gentamicin-induced renal disturbances through 
measuring histopathological damages, oxidative stress, 
inflammation and functional disturbances, which has 
not been evaluated formerly.

Material and methods 
Collecting and extracting DPP sample
Fresh DPP powder was prepared from a local herb-

al market in April 2019, and its identity was confirmed 
by an herbal pharmacist. The sample dried and stored at 
laboratory temperature (21°C) for up to two weeks until 
extraction. The extraction process was performed based 
on the method described in detail in previous studies 
(Mohamadi yarijani et al., 2019). The yield of the ex-
traction process was 40%. 

Phytochemical analysis
After extraction, the phytochemical analysis was car-

ried out on the crude sample of the extract according to 
standard protocols (Mohamadi yarijani et al., 2019; Mo-
han and Gupta, 2017). The compounds whose presence 
was examined included tannins, alkaloids, flavonoids, 
triterpenoids, saponins, sterols, anthraquinones, muci-
lage, anthocyanins and coumarins. Any change in color 
or formation of sediment was considered as a positive 
response and their rate was graded.

Studied animals and humane endpoints
In order to do the animal study section, 35 male Wis-

tar rats (200-250g) were prepared by the Laboratory 
Animal Breeding Center of Kermanshah University of 
Medical Sciences. The animals were kept in polypro-
pylene cages, temperature of 23±2°C, normal light/
darkness cycle and a humidity of 55%, where drinking 
water and standard food were provided ad libitum at all 
stages of the experiment. During the experiment, the 
animals were monitored twice a day. Meticulous care 
was taken throughout the study to ensure that the stud-
ied animals suffered the least amount of pain and once 
abnormal symptoms (restlessness, decreased mobility 
and abnormal condition) occurred, deep anesthesia in-
duced using sodium pentobarbital (Sigma-Aldrich) and 
were euthanized. All experimental procedures were in 
conformity with the European Economic Community 
Guidelines for the care and use of laboratory animals 
(EEC Directive of 1986; 86/609/EEC). Also, the study 
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protocols were approved by local ethics committee (Ap-
proval number: IR.KUMS.REC.1398.961).

Experiment protocol
Animals were randomly allocated into 5 groups, each 

group includes 7 rats. The first group, the control one, 
in which no intervention was performed. In the second 
group (sham), the extract solvent (2% of Tween 80 solu-
tion) was injected intraperitoneally (IP) during all 9 days 
of study, and from 3rd day, normal saline was given. The 
third group (Gentamicin or GM), received the extract 
solvent from the beginning until the end of the period, 
but from the third to the ninth day, GM was injected 
(100mg/kg, IP). The fourth group (GM + DPP200) in-
jected daily with the hydroalcoholic extract of DPP for 
nine days (200mg/kg, IP) and from the third to the ninth 
day, GM (100mg/kg, IP) was injected. In the fifth group 
(GM + DPP400), the protocol was quite similar to the 
fourth one, except of DPP extract that was injected at 
400mg/kg, IP. On the tenth day of the experiment and af-
ter induction of deep anesthesia (sodium pentobarbital, 
55mg/kg), abdominal cavity was opened in the midline. 
Blood samples were collected from the abdominal aor-
ta and after centrifugation, the plasma was isolated and 
stored in a -20°C freezer to measure creatinine and urea 
concentrations. Oxidative stress was assessed in right 
kidney tissue after immediate freezing in liquid nitro-
gen. In addition, inflammatory factors and tissue damag-
es were measure in the next kidney (Mohamadi yarijani 
et al., 2019). Finally, rats were euthanized using an over-
dose of sodium pentobarbital. 

Evaluation of renal functional parameters and oxida-
tive stress

Renal functional parameters (creatinine and urea) 
were estimated in the plasma using an Auto-analyzer. 
To evaluate oxidative stress, the catalase (CAT) and 
superoxide dismutase (SOD) enzymes activities, the 
amount of membrane phospholipids peroxidation (by 
measuring the level of malondialdehyde: MDA) as well 
as ferric reducing antioxidant power (FRAP) were esti-
mated through colorimetric assay. CAT and SOD activi-
ties and MDA level were measured using a kit (Kiazist, 
Iran) based on the manufacturer’s protocol. FRAP mea-
surements were performed by the Benzie method, as 
described previously (Najafi et al., 2017; Changizi-Ash-
tiyani et al., 2016).

Measurement of inflammation
Inflammation was assessed by investigating the rate 

of leukocytes infiltration into the interstitium along with 
the expression levels of NF-κB, TNF-α and intercellular 
adhesion molecule 1 (ICAM-1) in renal cortical tissue 
by the quantitative real-time PCR (qRT-PCR), as previ-
ously explained (Mohammadi et al., 2019). 

The sequence of primers used is as follows: NF-κB: 
(F) 5´-GATCATCAACATGAGAAACGATCTGT-3´, 
(R) 5´- TAGCGGTCCAGAAGACTCAG-3´; TNF-α: 
(F) 5´-AAATGGGCTCCCTCTATCAGTTC-3´, (R) 
5´- TGCTTGGTGGTTTGCTACGAC -3´; ICAM-1: 
(F) 5´- GGGATGGTGAAGTCTGTCAA-3´, (R) 5´- 
GGCGGTAATAGGTGTAAATGG-3´; Β-actin: (F) 5´- 
TGCTATGTTGCCCTAGACTTC-3´, (R) 5´- GTTGG-
CATAGAGGTCTTTACGG-3´. 

Measurement of tissue damages
Renal histopathologic damages were assessed through 

studying hematoxylin-eosin stained 5µm thick tissue 
sections. For this purpose, the renal histopathologic 
damages were studied in 10 fields of the light micro-
scope and classified as previously explained (Najafi et 
al., 2017; Changizi-Ashtiyani et al., 2016).

Statistical analysis
For the statistical analysis we used SPSS-23 software 

and data were expressed as mean±SEM. After checking 
of the normal distributions of the data by Shapiro–Wilk 
test, one-way ANOVA followed by Duncan’s post hoc 
test was used in normally distributed data. Otherwise, 
Kruskal-Wallis and Mann-Whitney tests were used. 
P<0.05 was considered as statistically significant.

Results 
Qualitative phytochemical analysis of DPP extract
The constituents of the extract mostly were flavonoids 

and triterpenoids (++++). Then the highest amount was 
related to sterols (+++) and alkaloids (++). The reactions 
indicate the presence of coumarins as (+), but the pres-
ence of tannins were found to be suspicious. Besides, 
our study showed that the studied DPP extract lacked 
anthocyanins, anthraquinones, mucilage and saponins.

Effects on renal function parameters  
Figure 1 shows that the increase in plasma creatinine 

and urea concentrations following gentamicin admin-
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istration was significant compared to the sham group 
(P<0.001). However, DPP extract significantly reduced 
plasma creatinine values following its increase by gen-

tamicin (Figure 1A). Also, co-administration of DPP 
extract and gentamicin significantly reduced the plasma 
urea values in both DPP studied doses as compared to 
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FIGURE 1.FIGURE 1. The concentrations of plasma creatinine (A) and urea (B) 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 are presented as 
mean±SEM (n=7). *P<0.05 and ***P<0.001 compared to sham group. ††P<0.01 and †††P<0.001 compared to gentamicin group.

TABLE 1:TABLE 1: Scores of histopathologic damages induced by gentamicin and the effect of DPP extract on them.

Histopathologic damages Experimental groups

Sham Control GM GM+DPP200 GM+DPP400

Bowman’s space enlargement 0.2 0 5 2.1 2.9

Necrosis of tubular cells 0 0 2.1 0.7 1.8

  Congestion of vessels 0 0 3.6 0.8 1.3

Intra-tubular proteinaceous casts 0.2 0 3.1 1.1 1.2

Leukocyte infiltration 0.5 0 4.5 0.9 1.5

Total histopathologic score 0.9 0 18.3
***

5.6
* †††

8.7
** ††

Histopathologic scores in rats without any intervention (control), received normal saline (sham), gentamicin (GM), or genta-
micin plus date palm pollen extract at 200 or 400mg/kg (GM+DPP200 and GM+DPP400). *P<0.05, **P<0.01 and ***P<0.001 
compared to sham group. ††P<0.01 and †††P<0.001 compared to gentamicin group.



Physiology and Pharmacology 26 (2022) 145-157 | 149 Omidian et al.

the group that received gentamicin alone (P<0.001). But 
their amounts were still higher than urea concentration 
in the sham group (Figure 1B). 

Effects on renal oxidative stress 
As shown in Figure 2, gentamicin increased lipid per-

oxidation and decreased total antioxidant capacity of 
kidney tissue, which has shown itself as an increase in 
MDA (P<0.001) and a decrease in FRAP (P<0.01) lev-
els compared to their values in the sham group. DPP 
extract pretreatment significantly reduced MDA in the 
GM + DPP400 group (P<0.001, Figure 2A). Also, the 
DPP extract increased renal tissue FRAP levels after its 
reduction in the GM group (Figure 2B).

Moreover, GM significantly reduced the catalase 
and superoxide dismutase activity in the kidney tissue 
(P<0.001), which was improved partially by pretreat-
ment with the DPP extract, but was still less than their 

values in the sham group (Figure 3). It is noteworthy 
that the efficiency of 200mg/kg dose was higher on both 
parameters.

Effects on renal inflammation 
For inflammation study, the gene expression level of 

pro-inflammatory factors NF-κB and TNF-α alongside 
adhesive factor ICAM-1 was measured in the renal cor-
tex tissue. The obtained results are shown in Figures 
4 and 5. Gentamicin increased the expression of the 
TNF-α gene by about 4 times (P<0.001), the expression 
of the ICAM-1 gene by about 3.5 times (P<0.01) and 
the expression of the NF-κB gene by about 2.8 times 
(P<0.01), in compare to the sham group. As it can be 
seen, DPP extract pretreatment was able to partially 
but significant modify the expression levels of all three 
genes, although they are still significantly different from 
their values in the sham group. Moreover, the level of 

 

 

 
FIGURE 2.FIGURE 2. A: Renal malondialdehyde (MDA) and B: Ferric reducing antioxidant power (FRAP) in experimental groups. *P<0.05, **P<0.01 
and ***P<0.001 compared to sham group. †P<0.05, ††P<0.01 and †††P<0.001 compared to gentamicin group.
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the leukocytes infiltration to interstitium increased after 
GM administration, which was reduced by the DPP ex-
tract treatment (Figure 6 and Table 1).

Effects on renal histopathological damages
Renal histopathological damages are shown in Figure 

7 and the degrees of these damages are summarized in 
Table 1. Gentamicin increased the size of the Bowman’s 
space by degree 5, tubular cell necrosis by degree 2.1, 
vascular congestion by degree 3.6, intratubular protein-
aceous cast formation by degree 3.1 and infiltration of 
leukocytes by degree 4.5. Therefore, the gentamicin 
group had a higher total histopathologic score than the 
sham one, which is equal to 18.3 (P<0.001). The DPP 
extract with both studied doses improved all of these 
damages partially such that the total histopathological 
score was 5.6 and 8.7 in the groups GM + DPP200  and  
GM + DPP400 respectively, both of the values were sig-
nificantly less than that of the GM group. 

Discussion
About 20% of cases of nephrotoxicity are developed 

by drugs, a score which increases in older people up to 
about 66% (Kohli et al., 2000; Naughton, 2008) and GM 
is one of the most important drugs that induce nephro-
toxicity. One way to reduce these side effects is to use 
common natural and herbal supplements. Therefore, 
present study investigated the protective activity of DPP 
hydroalcoholic extract on GM-induced nephrotoxicity. 
Our results indicated that the DPP extract can reduce ox-
idative stress, inflammation, functional disturbances as 
well as tissue damages caused by GM, the data hitherto 
unreported.  

In our study, GM impaired renal function, which was 
associated with increased creatinine and urea concen-
trations of plasma. In the proximal tubule, gentamicin 
enters the lysosomes of the epithelial cells and follow-
ing their destruction, leads to the release of hydrolase 
enzymes and causes cellular necrosis. This, in turn, 

 

 

 

 

 

FIGURE 3.FIGURE 3. A: Renal tissue catalase and B: superoxide dismutase (SOD) activities in experimental groups. *P<0.05, **P<0.01 and ***P<0.001 
compared to sham group. †P<0.05, ††P<0.01 and †††P<0.001 compared to gentamicin group.
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leads to the proximal tubule obstruction (Hanslik et al., 
1994). The obstruction of the proximal tubule reduces 
the amount of glomerular filtration rate (GFR) by in-
creasing the hydrostatic pressure of the Bowman’s cap-
sule. Moreover, GM releases vasoconstrictor hormones 

by disrupting the cellular membrane structure (Tavafi, 
2012; Valipour et al., 2016), along with the platelet ag-
gregation factor as well as lesions resulting from cell 
destruction, can cause nephron obstruction and thereby 
reduce the ultrafiltration coefficient (Moreira Galdino 

FIGURE 4.FIGURE 4. Fold change expression for A: TNF-α and B: ICAM-1 mRNA in the renal cortex tissue of experimental groups. *P<0.05, **P<0.01 
and ***P<0.001 compared to sham group. †P<0.05 and †† P<0.01 compared to gentamicin group. 

 

 

 

 

 

 

 

 

 

FIGURE 5.FIGURE 5. Fold change expression for NF-κB mRNA in the renal cortex tissue of experimental groups. *P<0.05 and **P<0.01 compared to 
sham group. †P<0.05 compared to gentamicin group. 
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FIGURE 6.FIGURE 6. Leukocyte infiltration to renal interstitium of rats received normal saline (A), gentamicin (B) and gentamicin plus date palm pollen 
extract at 200 (C) or 400mg/kg (D). Haematoxylin-Eosin, magnification 400x, scale bar: 200μm. 

 

 
FIGURE 7.FIGURE 7. Renal tissue damages in rats received normal saline (A), gentamicin (B) and gentamicin plus date palm pollen extract at 200 (C) 
or 400mg/kg (D). Haematoxylin-Eosin, magnification 400x, scale bar: 200μm.
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et al., 2017). In addition, through glomerular hypertro-
phy and changes in the glomerular basement membrane 
(Stojiljkovic et al., 2008), and contractions of mesangial 
cells as well as a reduction in the size and number of en-
dothelial cell pores, GM reduce the ultrafiltration coeffi-
cient and thereby GFR (Randjelovic et al., 2017). Gen-
tamicin has also been shown to contract the mesangial 
cells and stimulate the production of vasoconstrictors by 
activating the renin-angiotensin system. Angiotensin II 
(AT2) also stimulates the production of ROSs, so AT2 
receptor blockers as well as angiotensin-converting en-
zyme (ACE) inhibitors protect the kidney against gen-
tamicin (Mahi-Birjand et al., 2020; Kobori et al., 2013). 
Meanwhile, structural damage to proximal tubular epi-
thelial cells reduces reabsorption and thus increases the 
delivery of water and electrolytes to the macula densa, 
which in turn reduces GFR by activating tubuloglomer-
ular feedback (Blantz et al., 2007). Therefore, GM re-
duces GFR in various ways and thereby increases the 
concentration of nitrogenous wastes in the blood. 

In present study the DPP extract administration pre-
vented the increase in plasma creatinine and urea con-
centrations by GM. Many researchers have provided 
evidence that DPP extract has anti-inflammatory and 
antioxidant activities (Abbas and Abdel-Monem; 2011; 
El-Neweshy et al., 2012; Elberry et al., 2011), which 
may protect cells and thus prevent the release of vaso-
constrictor hormones in these ways. Also, Daoud et al. 
(2017) showed that the DPP extract had ACE inhibi-
tory properties in the heart. Therefore; it is likely that 
the DPP extract increases glomerular filtration and thus 
decreases the plasma creatinine and urea concentrations 
by inhibiting ACE in the kidney and also reducing cell 
damages, a hypothesis that needs further investigation.

The results showed that GM induces oxidative stress 
in the kidney tissue, which is in line with the results of 
the others (Moreira Galdino et al., 2017; Ansari et al., 
2016). It has been shown that GM is released into the 
cytoplasm by lysosomes destruction and after damaging 
other organs including mitochondria, inhibits electron 
transport and impairs ATP production. These changes 
stimulate the production of ROS including hydrogen 
peroxide, superoxide anion and hydroxyl radical (Mah-
moud, 2017). These oxidants also damage cellular pro-
teins and nucleic acids and lead to the membrane lip-
ids peroxidation and their subsequent instability, which 
manifests as increased MDA levels (Katary and Sala-

huddin, 2017; Martinez-Salgado et al., 2004). In the 
present study, the MDA levels were increased by GM 
as well. Gentamicin also increases iNOS expression, the 
resulting NO combines with ROSs and leads to nitrosa-
tive stress (Mahmoud et al., 2014), and the inhibition of 
iNOS reduces renal impairment induced by gentamicin 
(Famurewa et al., 2019).

Cells have an antioxidant defense mechanism in-
cluding catalase, superoxide dismutase and glutathione 
peroxidase, which scavenge free radicals. GM reduc-
es these antioxidant reserves and the rate of damage is 
proportional to the degree of depletion (Manikandan et 
al., 2011). The results showed that the activity of cat-
alase and superoxide dismutase in the GM group was 
decreased. Therefore, GM induces oxidative and nitro-
sative stress and reduces the antioxidant reserves of the 
cells.

The results of our investigation indicated that DPP 
extract reduced MDA and increased catalase, superox-
ide dismutase and FRAP levels, indicating its proper 
antioxidant effects. These findings are in line with the 
other studies showing that the DPP extracts have anti-
oxidant properties and scavenging of free radical activ-
ity. It also reduces iNOS activity and NO level as well 
(El-Kashlan et al., 2015; Abbas and Abdel-Monem, 
2011; El-Neweshy et al., 2012). Therefore, the DPP 
extract may be exert its antioxidant properties through 
ROS scavenging activity and interfere with the produc-
tion of free radicals. In all of these studies, the antioxi-
dant properties of the DPP extracts have been attributed 
to flavonoids content as well as the vitamins it contains. 
Previous studies have shown that vitamin C or E, or a 
combination of both protects the kidneys against GM 
(Mahi-Birjand et al., 2020). Indeed in the phytochemical 
analysis, the extract studied in the current research con-
tained a high level of flavonoids.

In this study, GM increased the gene expression of 
NF-κB and TNF-α, adhesion molecule ICAM-1 and the 
leukocytes infiltration, indicating the induction of in-
flammation. One way for GM to induce inflammation 
is to activate NF-κB. GM increases NF-κB and causes 
the NF-κB translocation to the nucleus by reducing the 
level of NF-κB inhibitory protein. NF-κB then stimu-
lates the proinflammatory cytokines production, includ-
ing TNF-α (Katary and Salahuddin, 2017; Ansari et al., 
2016). TNF-α also stimulates vasoconstriction, reduces 
blood flow, infiltrates leukocytes, produces ICAM-1 and 



thereby impairs renal function (Donnahoo et al., 1999). 
It has been shown that NF-κB inhibition protects the 
kidneys against gentamicin (Famurewa et al., 2019; Ab-
delrahman and Abdelmageed, 2020). Therefore, TNF-α 
both directly and by stimulating ICAM-1 production 
causes the leukocytes infiltration into the interstitium.

Another way through which toxins, ischemia or trau-
ma can cause inflammation is damage to kidney cells. 
Necrotic cells release damage-associated molecular pat-
terns into the extracellular space, which activate pattern 
recognition receptors. These receptors are found mainly 
on dendritic cells and macrophages and also slightly on 
non-immune cells. Activation of these receptors also re-
leases pro-inflammatory mediators (Kurts et al., 2013).

In the current study, we found that the DPP extract 
reduced mRNA gene expression of pro-inflammatory 
and adhesive factors, and leukocytes infiltration after 
GM administration, which is consistent with the result 
of previous studies (Elberry et al., 2011; Jaikumkao et 
al., 2016). It has been shown that DPP have anti-inflam-
matory and leukocyte-reducing effects (Elberry et al., 
2011), and also attenuate the inflammatory response in 
animals (Kimura et al., 1986). In their study, Elberry et 
al. (2011) showed that DPP extract reduced the expres-
sion level of IL-6, IL-8 and TNF-α in atypical prostate 
hypertrophy. Therefore, DPP extract because of its an-
ti-inflammatory properties, prevents the activation of in-
flammatory pathways in the kidney, which in the present 
study is confirmed by the reduction of pro-inflammatory 
and adhesive factors expression, as well as reduced leu-
kocytes infiltration. Besides, inhibition of inflammation 
by DPP extract can also prevent vasoconstriction, which 
in turn reduces the concentration of nitrogenous wastes.

Our histological studies have shown that the GM re-
ceiving group had multiple histopathological damages, 
including enlargement of Bowman’s space, necrosis of 
epithelial cells, blood vessels congestion and formation 
of intra-tubular proteinaceous casts. In one study, Sassen 
et al. (2006) showed that GM disrupted cellular homeo-
stasis, caused inflammation and thus produced cellular 
necrosis by inhibiting several membrane transport pro-
teins, including the sodium-potassium pumps. As men-
tioned earlier, GM causes damage to cells and necrosis 
by destroying lysosomes and producing ROSs. The use 
of the DPP extract reduced these damages, indicating 
that DPP extract can protect renal tissue against GM-in-
duced histopathological damages. The DPP extract 

may reduce GM-induced damages in the kidney tissue 
through its anti-congestive (Elberry et al., 2011; Osborn 
et al., 1981), antioxidant and anti-inflammatory effects, 
which requires further research.

Conclusion
In summary, this study revealed that GM impairs renal 

function and induces oxidative stress, inflammation and 
tissue damage. The administration of DPP hydroalcohol-
ic extract protects the kidneys against the adverse effects 
of GM and improves its functional and histopathologi-
cal damages as well. The mechanism of its protective 
effect appears to be decreasing NF-κB expression and 
subsequently TNF-α and ICAM-1, reduced leukocyte 
infiltration and oxidative stress, and an increase in the 
cellular antioxidant reserves.
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