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Abstract

Original Article

Introduction

The kidneys are an important organ within the human body. 
They guard blood volumes, filter the blood to form urine, 
regulate water, electrolytes, acid/base balance, produce some 
hormones, and participate in the metabolism of others [1].

Acute kidney injury is generally defined as a decline in kidney 
function resulting in the accumulation of waste products in 
the bloodstream. The leading causes of acute kidney injury 
are nephrotoxins, aminoglycosides, oxytetracycline, and 
nonsteroidal anti‑inflammatory drugs [2].

Gentamicin used against most of the Gram‑negative 
microorganisms. It has been the most powerful therapeutic 
drug inimical to bacterial strains that are resistant to other 

antibiotics in many conditions; however, its use is limited due 
to its side effects such as nephrotoxicity and hepatotoxicity [3].

Medicinal plants and herbs play an essential role in the prevention 
and treatment of kidney diseases [4]. Fennel is a significant 
chemical components such as ‘flavonoids, polyphenols, 
carotenoids, minerals, and vitamins’  [5]. Therapeutically, 
fennel has been shown to have ‘anti‑inflammatory, antidiabetic, 
antibacterial, antifungal, antioxidant, analgesic, estrogenic, 
hepatoprotective, and antitumor activities [6].

Objective
The kidneys are a major organ for the removal of waste materials from the body. Plants play an essential role in human health. This work 
aimed to study the protective effect of some plants vs gentamicin toxicity of the kidneys.

Materials and methods
Thirty adult male albino rats (Sprague Dawley Strain) of weight 100±10 g were investigated. Rats were divided into two mean groups. Group 
1 (six rats) was fed on a balanced diet and was present as a negative control for 4 weeks. Group 2 (24 rats) was injected with gentamicin 100 
mg/kg BW/day for 8 days to induce kidney damage and then were divided into four subgroups. Subgroup 1 was fed a standard diet as a positive 
control. Subgroups 2, 3, and 4 were fed a standard diet with an orally administered aqueous extract of Artemisia absinthium, parsley, and fennel 
at a dose of 5 g/kg body weight, respectively. At the end of the period, blood samples were collected, then urea, uric acid, creatinine, lactate 
dehydrogenase activity, liver enzymes, and triglycerides were assayed in serum. Organs (liver and kidney) were removed for histopathological 
examination. Finally, statistical comparisons were made with a one-way analysis of variance test.

Results
The results indicated that renal function, liver function tests, and triglycerides were reduced significantly in treatment groups as compared 
with the positive control. The best treatment effect of lactate dehydrogenase activity has appeared in rats treated with the extract of fennel.

Conclusion
The present study suggests that Parsley, Artemisia absinthium, and fennel extract have protective effects against gentamicin toxicity.
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Parsley (Petroselinum crispum, Apiaceae) is an annual herb 
and can provide sufficient dietary sources of vitamins and 
essential minerals [7]. Parsley has been used for the treatment 
of an inflammatory condition, liver diseases, constipation, 
flatulence, jaundice, colic pain, and rheumatism’ [8].

Artemisia absinthium is known as wormwood. The 
name ‘Artemisia’ is derived from the Goddess Artemis, 
who was said to have discovered the plant’s effects, 
while ‘absinthium’ means undrinkable because of the 
very bitter taste of the plant  [9]. It belongs to the family 
Asteraceae, subfamily Asteroidea. Artemisia absinthium 
is presented with high phenolic acids and flavonoids, so 
it has antioxidant activity and a cytoprotective effect with 
oxidative damage [10].

Materials and methods

Materials
Ethics committee approval was taken. The plants  (parsley, 
fennel, and Artemisia absinthium) were obtained from a local 
market. These plants were crushed and collected as a dried 
powder.

Diet composition: Casein, vitamins, minerals, methionine, 
and choline chloride were purchased from El‑Gomhouria 
Company. Oil and starch were obtained from a local market 
in Cairo, Egypt.

Gentamicin  (aminoglycosides antibiotics) obtained by 
Memphis Co. for Pharm. Chem. Ind (Cairo, Egypt).

Experimental animals: a total of 20 normal male albino rats 
weighing 100 ± 10 g were obtained from the Research Institute 
of Ophthalmology.

Methods
Preparation of water extracts
The water extracts of test plants were prepared according 
to the Mansour method (1995) where taken 10 g of the dry 
powder of the studied plants is taken and is placed in a 500 ml 
flask containing distilled water and mix with an electric 
mixer for 15 min and then mix the mixture at 50° with filter 
leaves and take the leachate and save in dark bottles in the 
fridge until use.

Biological evaluation
Twenty male albino rats of Sprague Dawley strain 
weighing (100 ± 10 g) were housed individually in wire cages 
in a hygienic condition and fed on a basal diet for 1 week for 
adaptation. The basal diets were prepared according to the 
methods of Reeves et al. [11].

Induction renal and hepatotoxicity
After feeding on a basal diet for 1 week for adaptation, the rats 
were divided into two groups. The first group (four rats) was 
fed on a basal diet; the second group (24 rats) was injected 
intraperitoneally with gentamicin (100 mg/kg/day for 8 days) 
to induce renal and hepatotoxicity according to Farombi and 
Ekor [12].

After injection, the rats (24 rats) were randomly divided into 
four subgroups each containing six rats:

(1)	 Subgroup 1 (group 2): a positive control (positive C group) 
fed on a balanced diet.

(2)	 Subgroup 2 (group 3): the rats were fed on a standard diet 
with an orally aqueous extract of Artemisia absinthium 
at a dose of 5 g/kg body weight.

(3)	 Subgroup 3 (group 4): the rats were fed on a basal diet 
plus an orally aqueous extract of the parsley at a dose of 
5 g/kg body weight.

(4)	 Subgroup 4 (group 5): the rats were fed on a balanced 
diet plus an orally aqueous extract of fennel at a dose of 
5 g/kg body weight.

At the end of the experiment, the rats were starved for 12 h 
and then killed under ether anesthesia. Blood samples were 
collected from the portal vein by means of fine capillary glass 
tubes according to the method described by Schermer [13]. 
Blood samples were received into a clean, dry centrifuge tube, 
and were left to clot at room temperature, then centrifuged for 
10 min at 3000 rpm to separate the serum. Serum was carefully 
separated into dry clean Wasserman tubes by using a Pasteur 
pipette and kept frozen at (−20°C) till Biochemical analysis.

Biochemical analysis and structure determination
Serum samples in all groups were analyzed for the following 
biochemical parameters, that is, creatinine was according to the 
method described by Bohmer [14]. Uric acid was according to 
the technique described by Fossati et al. [15]. Urea in the plasma 
was analyzed according to the enzymatic method of Patton 
and Crouch [16]. Serum triglyceride (TG) in the plasma was 
evaluated according to the Fossati and Principle [17]. Lactate 
dehydrogenase (LDH) activity was determined according to 
the method described by Bais and Philcox  [18]. Aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) 
activities were measured according to Reitman and Frankel [19]. 
Alkaline phosphatase (ALP) was determined according to the 
method described by Kind and King [20].

Histopathological examination
After decapitation and dissection, the liver and kidneys from 
each rat were rapidly excised and then perfused in saline 
solution. Liver and kidney samples from four groups were fixed 
in 10% neutral buffered formalin. The fixed liver and kidney 
samples were transferred to the National Cancer Institute, 
Cairo University  (Egypt), for further processing. These 
formalin‑fixed tissues were embedded in paraffin, sectioned 
(5 μm), stained with hematoxylin and eosin, and examined 
under a light microscope for histopathological assessment [21].

Statistical analysis
The statistical analysis was carried out by SPSS, PC statistical 
software (version 10.0; SPSS Inc., Chicago, Illinois, USA). 
The results were expressed as mean SD. Data were analyzed 
by one‑way analysis of variance. The difference between 
means was tested for significance using the least significant 
difference test (P < 0.05) [22].
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Results

Table 1 illustrated that the results of AST, ALT, and ALP 
enzymes, which recorded a significant increase in the (positive) 
control group as compared with the (negative) control group. 
Data in this table showed that there was a decrease in serum 
liver enzymes in all treated groups with an aqueous extract of 
all tested plants as compared with the (positive) control group. 
The highest decreased in serum AST was recorded in the group 
treated with the extract of fennel, while the highest decrease 
in serum ALT was recorded in those treated with the extract 
of parsley. Also, it was clear from Table 1 that there were 
no significant differences between rats treated with aqueous 
extract of all tested plants for serum ALP.

The results in Table 2 showed that there was a significant 
increase in serum levels of uric acid, urea, and creatinine in 
rats’ injection by gentamicin as compared with normal rats. 
It could be noticed that rats injected with gentamicin and 
then fed on an aqueous extract of all tested plants showed 
the highest decrease of uric acid, urea, and creatinine enzyme 
levels in the serum. Also, it was clear from the same (Table 2) 
that the best value for uric acid was rats treated with extract 
of the fennel. Data in the same table shows that there were 
nonsignificant differences between treatment groups for urea 
and creatinine.

The obtained results from Table  3) indicated that the level 
of TG and LDH in the gentamicin group  (untreated) was 
significantly higher than that of the normal control group. 
However, there was a decrease in serum TG and LDH in all 
treated groups with an aqueous extract of all tested plants as 
compared with the positive (positive) control group. Besides, 
it was clear from the Table 3 that the best value for TG was 
in rats treated with the extract of parsley. Data in the same 
table show that the best value for LDH was rats treated with 
the extract of fennel.

Histopathological examination
Histological profile of the liver
Microscopically liver examination of rats from the negative 
(negative control) normal group showed the normal 
histological structure of the hepatic lobule  (Fig. 1). On the 
contrary, the liver of rats without the treatment (positive C) 
group showed congestion of central vein and fatty degeneration 
of hepatocytes (Fig. 2) and congestion of hepatoportal blood 
vessel and portal infiltration with inflammatory cells (Fig. 3).

The liver tissue treatment with extract of Artemisia absinthium, 
group  C, showed cytoplasmic vacuolation of centrilobular 
hepatocytes, necrosis of sporadic hepatocytes  (Fig.  4), and 
other sections from this group showed no histopathological 
alterations (Fig. 5). Moreover, the liver of rats from groups 4 
and 5 showed marked improvement as the examined sections 
revealed no histopathological alterations. This study shows that 
parsley is rich with an antioxidant arsenal that includes luteolin, 
a flavonoid that searches out and eradicates free radicals in the 
body that cause oxidative damage in the cell.

Histological changes of the kidney
Microscopically, kidneys of rats from group A showed the 
normal histological structure of renal parenchyma  (Fig.  6). 
Meanwhile, kidneys of rats from group B showed vacuolated 
epithelial lining renal tubules (Figs. 7, 8), and endothelial lining 
glomerular tuft (Fig. 8), as well as protein, casts in the lumen 
of renal tubules (Fig. 9).

Table 1: Effect of feeding with an aqueous extract of all 
tested plants on serum liver enzymes

Groups Parameters

AST (U/l) ALT (U/l) ALP (U/l)
Negative control (group 1) 75.0±5.7d 44.7±3.3d 3.6±0.18b

Positive control (group 2) 187.0±3.4a 107.5±6.4a 5.3±0.64a

Group 3: extract of 
Artemisia absinthium

169.0±5.2b 69.2±3.2b 3.8±0.26b

Group 4: extract of parsley 124.2±3.3c 55.0±2.1c 3.9±0.014b

Group 5: extract of fennel 123.5±3.4c 66.2±1.7b 4.0±0.17b

Values denote arithmetic means±SD of the mean. ALT, alanine 
aminotransferase; ALP, alkaline phosphatase; AST, aspartate 
aminotransferase. Means with different letters (a, b, c, d) in the same 
column differ significantly at P<0.05 using one‑way analysis of variance 
test, while those with similar letters are nonsignificantly different.

Table 2: Effect of feeding with an aqueous extract of all 
tested plants on serum kidney function

Groups Parameters (mg/dl)

Uric acid Urea Creatinine
Negative control (group 1) 0.52±0.06d 24.2±3.8c 0.55±0.05c

Positive control (group 2) 1.31±0.04a 52.2±3.7a 1.95±0.2a

Group 3: extract of 
Artemisia absinthium

0.84±0.04b 35.5±2.6b 1.45±0.05b

Group 4: extract of parsley 0.88±0.09b 39.2±0.9b 1.47±0.09b

Groups 5: extract of fennel 0.63±0.02c 39.5±0.5b 1.57±0.05b

Values denote arithmetic means±SD of the mean. Means with different 
letters (a, b, c, d) in the same column differ significantly at P<0.05 using 
one‑way analysis of variance test, while those with similar letters are 
nonsignificantly different.

Table 3. Effect of feeding with an aqueous extract of all 
tested plants on serum triglyceride and LDH

Groups Parameters

Triglyceride (mg/dl) LDH
Negative control (group 1) 145.8±3.8e 972.0±16.8e

Positive control (group 2) 192.4±3.2a 2004.7±1.7a

Group 3: extract of 
Artemisia absinthium

179.1±6.5b 1518.7±43.06b

Group 4: extract of parsley 160.1±4.7d 1269.0±5.7c

Groups 5: extract of fennel 167.7±4.0c 1237.2±4.2d

Values denote arithmetic means±SD of the mean. LDH, lactate 
dehydrogenase. Means with different letters (a, b, c, d) in the same 
column differ significantly at P<0.05 using one‑way analysis of variance 
test, while those with similar letters are nonsignificantly different.
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Figure  1: Liver of rat from group  A showing the normal histological 
structure of the hepatic lobule (hematoxylin and eosin, ×400).

Figure 2: Liver of rat from group B showing cytoplasmic vacuolation of 
centrilobular hepatocytes and necrosis of sporadic hepatocytes.

Figure 3: Liver of rat from group B showing cytoplasmic vacuolation 
of hepatocytes and marked dilatation with congestion of hepatic 
sinusoids. Figure 4: Liver of rat from group C showing cytoplasmic vacuolation 

of centrilobular hepatocytes and necrosis of sporadic hepatocytes 
(hematoxylin and eosin, ×400).

Figure  5: Liver of rat from group  C showing no histopathological 
alterations.

Figure 6: Kidney of rat from group A showing the normal histological 
structure of renal parenchyma (hematoxylin and eosin, ×400).

However, some kidneys from group C showed vacuolations 
of the epithelial lining renal tubules and endothelial lining 
glomerular tuft (Fig. 10), whereas other sections from (group C) 

showed only slight vacuolations of the epithelial lining of some 
renal tubules (Figs. 11–13).
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Figure 7: Kidney of rat from group B showing vacuolations of epithelial 
lining renal tubules (hematoxylin and eosin, ×400).

Figure 8: Kidney of rat from group B showing vacuolations of epithelial 
lining renal tubules and endothelial lining glomerular tuft  (hematoxylin 
and eosin, ×400).

Figure 9: Kidney of rat from group B showing protein casts in the lumen 
of renal tubules (hematoxylin and eosin, ×400). Figure 10: Kidney of rat from group C showing vacuolations of epithelial 

lining renal tubules and endothelial lining glomerular tuft  (hematoxylin 
and eosin, ×400).Discussion

The kidney is the primary organ for clearance and excretion of 
drugs from the body. Moreover, electrolyte and water balance 
are regulated via the kidney. Also, the kidneys excrete urea 
and creatinine as waste products of protein metabolism. The 
increase in urea and creatinine is a sign of kidney damage, 
even though urea concentration increases due to dehydration, 
drugs, and diet [23]. In this study, we investigated the protective 
effects of some plants against the toxicity of kidneys caused 
by gentamicin.

Gentamicin injection caused hepatotoxicity, as indicated by 
the significant increase in serum levels of ALT, AST, ALP, and 
LDH. The serum level of transaminases and ALP is generally 
considered as sensitive markers of the liver function, and their 
concentrations are increased in the serum because of their 
cytoplasmic nature and are released in the blood by changing 
in the permeability of hepatocyte membranes. Increased level 
of LDH in serum in the present investigation indicated the toxic 

effects of gentamicin in the rat. The results obtained in this 
study are consistent with other reports [24], who reported that 
there were increases in serum AST, ALT, and LDH activities 
in rats injected with gentamicin intraperitoneally at a dose of 
100 mg (every other day) for 21 days.

The present study demonstrated that gentamicin treatment caused 
significant increases in serum TGs that may be due to inhibition 
of 7a‑hydroxylase activity [25]. This is in agreement with Rashid 
and Khan[26] and Maha and Haneen [27], who reported that 
injecting rats with gentamicin (80 mg/kg) increased the levels 
of total cholesterol and TGs as compared with control animals.

The gentamicin‑induced neurotoxicity was confirmed by an 
increase in serum creatinine, uric acid, and urea, and blood 
urea nitrogen levels were in agreement with a previous study 
by Fouzia et al. [28], who reported that there were increases 
in serum creatinine, urea, AST, and ALT in rats injected with 
gentamicin intraperitoneally at a dose of 80 mg/kg/day for 3, 
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control group. These results agreed with the results of other 
studies, that is Madeha et  al.  [29], who showed that the 
methanolic extract of parsley decreased lipid peroxidation 
and kidney functions and increased antioxidants and also with 
Haddad and colleagues who reported that there was a decrease 
in the mean values of liver function in parsley methanol 
extract. Other studies were observed by Ayman et al.[30] who 
showed that the effect of peppermint and parsley oil at 0.5 ml 
might be attributed to its antioxidant content and free radical 
scavenger effects. Mohamed et al.[31] illustrated that parsley 
extract (150 mg/kg BW/day for 6 weeks) resulted in a significant 
decrease in TG, AST, and ALT. Nabila et al.[32] indicated that 
TG/liver functions were decreased due to receiving parsley 
leaves extract (E) and parsley seeds oil (O) as compared with 
the positive control group. The activity of parsley may be due 
to the antioxidant compounds including flavonoids, carotenoids, 
and other phenolic compounds [33]. Also, Haidari et al.[34] 
demonstrated that phytochemicals of parsley improve total 
antioxidant capacity, and suppress the destructive oxygen‑free 
radicals and prevent oxidative stress damage.

The results in this study illustrated that fennel administration 
resulted in decreased levels of TG, LDH, liver, and kidney 
functions as compared with the rats’ group fed with GM. The 
results were in agreement with those of other investigators 
who studied the protective effect of fennel. Nawal, et al.[35] 
who revealed that the administration of fennel significantly 
decrease the activities of TG, ALT, AST, ALP, and kidney 
function as compared with the obesity group  (the positive 
control group). Agarwal et  al.[36] found that methanol and 
hexane extracts of fennel (400 mg/kg/BW) caused reduction 
levels of ALT, AST, ALP, and bilirubin. Wael[37] confirmed 
that fennel oil has positive effects on the histological structure 
of the liver and kidneys and the biochemical levels of AST, 
ALT, ALP, creatinine, and urea. Shimaa et al.[38] observed 
that treating rats with fennel seed extracts exerted a significant 
improvement in most of the biochemical parameters compared 
with the positive control. Fennel extract contains different 
polyphenolic compounds. These polyphenolic compounds 
are known to have tremendous antioxidant activity, and the 
activity of fennel extracts could likely be due to these active 
compounds [6]. GM‑treated group with 5% aqueous extract 
of Artemisia significantly improved the mean values of TGs, 
LDH, liver enzymes, and kidney functions as compared with 
the positive control group. These results were in agreement 
with Ali et al.  [39], who suggested that alcoholic extract of 
Artemisia can ameliorate liver toxicity in rats. In other studies, 
the levels of creatinine, urea, and uric acid were increased in 
diabetic rats, whereas Artemisia extract (50, 100, and 200 mg/
kg) lowered these factors  [40]. Jayasimha et  al.[41] who 
reported that Artemisia absinthium leaves’ methanolic extract 
in different concentrations (100, 250, and 500 mg/kg) produced 
significant hypoglycemic activity and reduced the levels of 
urea and creatinine in diabetic rats. It can be probably due to 
the hypoglycemic activity of this plant. A. absinthium extracts, 
rich in flavonoids and phenolic acids, showed good antioxidant 

Figure 11: Kidney of rat from group C showing slight vacuolations of 
epithelial lining some renal tubules (hematoxylin and eosin, ×400).

Figure 12: Another section of rat from group D showing no histopathological 
alterations (hematoxylin and eosin, ×400).

Figure  13: Kidney of rat from group  D showing no histopathological 
alterations (hematoxylin and eosin, ×400).

5,7,10, and 12 consecutive days. High value levels of blood 
urea and serum creatinine indicated that renal damage might 
be correlated with the significant progressive body weight 
loss and kidney weight gain in the administered GM group.

The oral administration of 5% aqueous extract of parsley 
significantly improved the mean values of TGs, LDH, liver 
enzymes, and kidney functions as compared with the positive 
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activity and cytoprotective effect against oxidative damage [10]. 
Artemisia absinthium administration was shown to put off the 
decrease in TG, and improve liver function in  rats [42].

Conclusion

The present study suggests that parsley, Artemisia absinthium, 
and fennel extracts have protective effects against gentamicin 
toxicity.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Blandy J, Kaisary A. Lectures notes on urology. Publications of the 1 

Arab center for medical literature and Islamic Organization for Medical 
Science. 6th ed. Hoboken: Wiley; 2013. p. 32.

2.	 Geor RJ, Papich MG. Once‑daily aminoglycoside dosing regimens. In: 
Robins on NE, editor. Current therapy in equine medicine. 5th  ed. St 
Louis, MI: Saunders, Elsevier Science; 2003. 850–853.

3.	 Ahmadvand H, Bagheri S, Tamjidi-Poor A, Cheraghi M, Azadpour M, 
Ezatpour B, et al. Biochemical effects of oleuropein in gentamicin-
induced nephrotoxicity in rats. ARYA atherosclerosis 2016;12:87.

4.	 Aboelsoud NH. Herbal medicine in ancient Egypt. J Med Plants Res 
2010; 4:82–86.

5.	 Koppula  S, Kumar  H. Foeniculum vulgare mill  (Umbelliferae) 
attenuates stress and improves memory in Wister rats. Trop J Pharm Res 
2013; 12:553–558.

6.	 Chatterjee S, Goswami N, Bhatnagar P. Estimation of phenolic components 
and in  vitro antioxidant activity of Fennel  (Foeniculum vulgare) and 
Ajwain (Trachyspermumammi) seeds. Adv Biores 2012; 3:109–118.

7.	 Zhai  Q, Narbad  A, Chen  W. Dietary strategies for the treatment of 
cadmium and lead toxicity. Nutrients 2015; 7:552–571.

8.	 Hoffmann D. Medical herbalism: The science and practice of herbal 
medicine. Simon and Schuster; 2003.

9.	 Deans SG, Kennedy AI. Artemisia absinthium. InArtemisia: CRC Press; 
2001. p. 66-74.

10.	 Oana C, Daniel C, Alexandra G, Liana T, Elena U, Lucia M. Evaluation 
of antioxidant and cytoprotective activities of Arnica montana L. and 
Artemisia absinthium L. ethanolic extracts. Chem Central J 2012; 6:97.

11.	 Reeves PG, Nielsen FH, Fahmy GC. Reported of the American Institute 
of Nutrition adhoe wriling committee on the reformulation of the 
AIN‑76A‑Roden diet. J Nutrition 1993; 123:1939–1951.

12.	 Farombi  EO, Ekor  M. Curcumin attenuates gentamicininduced renal 
oxidative damage in rats. Food Chem Toxicol 2006; 44:1443–1448.

13.	 Schermer S. The blood morphology of laboratory animals. Long Mans, 
Printed in Great Britain, Green and Co. Ltd; 1967. p. 350.

14.	 Bohmer  HBUM. Micro‑determination of creatinine. Clin.Chem. Acta 
1971; 32:81–85.

15.	 Fossati  PC, Principle  L, Berti  G. Egyptian colorimetric method of 
determination of uric acid in serum. Clin Chem 1980; 26:2077.

16.	 Patton CJ, Crouch SR. Enzymatic color method of determination of urea 
in serum. Anal Chem 1977; 49:464.

17.	 Fossati PC, Principle L. nzymatic Colori‑metric determination of total 
serum triglyceride. Clin Chem 1982; 28:2077.

18.	 Bais R, Philcox M. Approved recommendation on IFCC methods for 
the measurement of catalytic concentration of enzymes. Part  8 IFCC 
method for lactate dehydrogenase. 1983. J  Clin Chem Clin Biochem 
1994; 32:639–655.

19.	 Reitman  S, Frankel  S. Colorimetric determination of serum 
transaminases. J Amer Clin Path 1957; 28:56–63.

20.	 Kind PRN, King EJ. Estimation of plasma phosphatase by determination 
of hydrolysed phenol with amino‑antipyrlne. J Clin Path 1954; 7:322–
326.

21.	 Bancroft JD, Gamble M. Theory and Practice Histological Techniques. 
Edinburgh, London: Churchill Livingstone; 2002.

22.	 Steel RGD, Torrie JH. Principles and Procedures of Statistics. 2nd ed. 
New York, NY: McGraw‑Hill; 1980.

23.	 Ene‑ojo AS, Chinedu  EA, Yakasai  FM. Toxic effects of sub‑chronic 
administration of chloroform extract of Artemisia maciverae Linn. on 
the kidney of swiss albino rats. Inter J Biochem Res Rev 2013; 3:119–
128.

24.	 Galaly  SR, Ahmed  OM, Mahmoud  AM. Thymoquinone and 
curcumin prevent gentamicin‑induced liver injury by attenuating 
oxidative stress, inflammation, and apoptosis. J  Physiol Pharmacol 
2014; 65:823–832.

25.	 Hussein SA, El‑Senosi YA, Ragab MR, Hammad MMF. Hypolipidemic 
effect of curcumin in hyper‑cholesterolemic rats. Benha Veter Med J 
2014; 27:277–289.

26.	 Rashid  U, Khan  MR. Fagonia olivieri prevented hepatorenal injuries 
induced with gentamicin in rat. Biomed Pharmacother 2017; 88:469–
479.

27.	 Maha AH, Haneen  HM. Studies on effects of celery leaves on lipids 
profile and nephrotoxicity in rats induced by gentamicin. Curr Sci Int 
2017; 06:711–722.

28.	 Fouzia RM, Kaleem S, Bano B. Comparative effect of olive oil and fish 
oil supplementation in Combating gentamicin induced nephrotoxicity in 
rats. Indian J Clin Biochem 2005; 20:109–114.

29.	 Madeha N, Haddad A, Habibah A, Abdulbasit  I, Mohamed I. Sakran, 
Ghena  M. Mohammed. Assessment of the antioxidant activity of 
parsley and carob in hypercholesterolemic male rats. Biomed Res 2018; 
29:3370–3377.

30.	 Ayman FK, Haiam OE, Hanaa FE. Protective effect of peppermint and 
parsley leaves oils against hepatotoxicity on experimental rats. Ann 
Agricu Sci 2015; 60:353–359.

31.	 Mohamed A, Said S, Abd El‑Lateef S. Effect of parsley (Petroselinum 
crispum) extract on lipid profile in adult male albino rats. AAMJ 
2013;11:1.

32.	 Mahmoud NY, Salem ZA, El-Moslemany AM. Nephroprotective and 
Antioxidant Effects of Parsley Plant Parts against Gentamicin-Induced 
Nephrotoxicity in Rats. Academy Journal Nutrition. 2015;4:113-22.

33.	 Charles DJ. Antioxidant Properties of Spices, Herbs and Other Sources. 
1st ed. New York, NY: Springer; 2013.

34.	 Haidari  F, Keshavarz  S, Shahi  M, Mahboob  S, Rashidi  M. Effect of 
parsley (Petroselinum crispum) and its flavonol constituents, kaempferol 
and quercetin, on serum uric acid levels, biomarkers of oxidative 
stress and liver xanthine oxidoreductase activity in oxonate‑induced 
hyperurice‑mic rats. Iran J Pharm Res 2008; 10:811–819.

35.	 Elghazaly NA, Radwan EH, Zaatout HH, Elghazaly MM, El din Allam N. 
Beneficial Effects of Fennel (Foeniculum Vulgare) in Treating Obesity in 
Rats. Journal of Obesity Management. 2019 Jan 17;1(2):16.

36.	 Agarwal D, Saxena SN, Vishal MK, Sharma LK, Dubey PN, Lal G, 
et al. Hepatoprotective properties of fennel seeds extract. MOJ Food 
Processing & Technology 2018;6:00140.

37.	 Al-Amoudi WM. Protective effects of fennel oil extract against sodium 
valproate-induced hepatorenal damage in albino rats. Saudi Journal of 
Biological Sciences 2017;24:915-24.

38.	 Shimaa  E, Hanem  A, Nora  M, Safaa  M. Dose‑dependent effect of 
coriander (Coriandrum Sativum L.) and fennel (Foeniculum Vulgare M.) 
on lead nephrotoxicity in rats. Int J Res Stud Biosci 2016; 4:36–45.

39.	 Ali  M, Shirin  M, Sara  A, Tavako  H, Shayesteh  M, Sedaghat  N, 
Kheiripour  A. Antioxidative and hepato‑protective effects of 
hydroalcoholic extract of Artemisia absinthium L. in rat. J Herb Med 
Pharmacol 2016; 5:29–32.

40.	 Sunmonu TO, Afolayan AJ. Evaluation of antidiabetic activity and 
associated toxicity of Artemisia afra aqueous extract in wistar rats. 
Evidence-Based Complementary and Alternative Medicine 2013;2013.

41.	 Jayasimha Goud B, Danamma B, Nizamuddin Basha S, Dayananda KS, 
Chikka Swamy  BK. Hypoglycemic activity of a methanol extract of 
Artemisia absinthium leaves in experimental rats. Int J Appl Pat Recog 
2011; 2:307–312.

42.	 Bora  KS, Sharma A. Neuroprotective effect of Artemisia absinthium 
L. on focal ischemia and reperfusion‑induced cerebral injury. 
J Ethnopharmacol 2010; 129:403–409.


	Protective effect of some plants against the toxicity of kidneys caused by gentamicin
	Recommended Citation

	tmp.1719296283.pdf.ZtqE9

