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INTRODUCTION
Acute renal failure (ARF) is a major complication of kidney, encoun-
tered globally and 20 percent of cases can be directly attributed to drugs.1 
Drugs such as antibiotics became the major implicating factor in the 
acute kidney injury due to indigenous functions of kidney to excrete 
them. This acute renal injury often leads to renal failure which in turn is 
associated with other pathological manifestations such as sepsis, cardio-
vascular disorders and diabetes.2 

Aminoglycosides have been one of the common causes of drug induced 
nephrotoxicity.3 Gentamicin is an aminoglycoside antibiotic that is still 
commonly used in the treatment of life-threatening infections. The  
broad-spectrum activity against aerobic gram positive and gram negative  
organisms, their chemical stability and their rapid bactericidal action 
has made them the first-line drugs in a variety of clinical situations.  
However, higher concentrations of these antibiotics are nephrotoxic.1 

Gentamicin induced renal damage is widely used model for inducing  
nephrotoxicity in experimental animals.4 It is characterized by direct  
tubular necrosis, which is localised mainly in the proximal tubules. It is a 
complex phenomenon characterized by an increase in plasma creatinine, 
urea levels, severe proximal tubular necrosis, followed by deterioration 
and renal failure. The toxicity of gentamicin is thought to be related to  
generation of reactive oxygen species (ROS) in the kidney. Because of 
the evidence of mediation of ROS in gentamicin induced renal damage,  
several compounds with antioxidant activity have been tested to ame-
liorate gentamicin nephrotoxicity.3 Several studies have claimed antioxi-

dant property of drugs for their nephroprotective effects in gentamicin 
induced renal damage.5,6,7 
Anethum graveolens L. commonly known as dill belonging to the family 
Umbelliferae is an annual herb growing in the Mediterranean region, 
central and southern Asia.8,9 It  has been used in ayurvedic medicines  
since ancient times. Anethum  graveolens is used as a common house-
hold remedy against a variety of gastrointestinal disorders, e.g. indigestion,  
flatulence, colic pain etc. It is also used as spices and condiments in foods 
for their flavour, aroma and preservation. Their dried ripe fruits and essen-
tial oils have aromatic, carminative, stomachic, diuretic, galac¬togogue 
properties. There are various volatile components of dill seeds and 
herb. Carvone and limonene are monoterpenes, which are present as 
main constituent of dill oil from fruits. α-phellandrene, dill ether and 
myristicin are the compounds, which form the important odour of dill 
herb. Other compounds isolated from seeds are coumarins, flavonoids, 
phenolic acids and steroids. The two flavonoids that have been isolated  
from  Anethum graveolens  L. seed, quercetin and isoharmentin, have  
shown antioxidant activity and could counteract with free radicals.10  

Essential oil of dill exhibited various biological activities such as anti-
microbial, antifungal, anti-inflammatory, antispasmodic, antidiabetic,  
anticancer and anti-hypercholesterolemia, due to the presence of bio-
logically active compounds.8 Further to this it is reported  that Anethum 
graveolens possess significant antioxidant activity.11,12 It is known from 
literature search that antioxidant rich herbs possess significant activity 
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ABSTRACT
Background: Antioxidant rich herbs possess significant activity against  
various disease conditions induced by oxidative stress. Anethum graveolens  
is a rich source of bioactive compounds that possess varying pharmacological  
activities including antioxidant. Objective: To evaluate the nephroprotective  
effect of aqueous extract of Anethum graveolens seeds in a murine model  
of gentamicin induced renal damage. Materials and Methods: Wistar  
albino rats of either sex, weighing 150-200g were divided into 5 groups;  
normal saline, gentamicin (80 mg/kg, i.p), aqueous extract of Anethum  
graveolens seeds at 0.5, 1 and 2g/kg/ body wt., p.o, for 8 days, the extract  
being administered 3 days prior and concurrently with gentamicin for  
5 days. Serum urea, creatinine, uric acid, blood urea nitrogen (BUN) analyses  
and histopathological examination of kidney were performed. Results: 
Gentamicin treatment caused nephrotoxicity as evidenced by marked  
elevation in Serum urea, creatinine, uric acid and BUN (107.5±16.92 mg/dl, 
0.88±0.09 mg/dl,3.05±0.29 mg/dl and 47.80±9.07 mg/dl respectively) as 
compared to saline treated animals. Co-administration of aqueous extract 
of Anethum graveolens at doses 0.5, 1 and 2g/kg/ body wt decreased the 
rise in these parameters in a dose dependent manner. However statistical 

significance was obtained only with 1 and 2g/kg body wt doses employed, 
when compared to the gentamicin treated group. Histopathological analysis  
revealed epithelial loss with intense granular degeneration in gentamicin 
treated rats, whereas the test extract mitigated the severity of gentamicin  
induced renal damage. Conclusion: Our data suggests that aqueous ex-
tract of Anethum graveolens seeds exhibits renoprotective effect in genta-
micin induced renal damage probably due to its antioxidant actions.
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Histopathological examination
The kidneys from all the groups, fixed in 10% neutral buffered formalin 
were processed and embedded in paraffin wax and sections were taken  
using a microtome. The sections (5 microns) were then stained with  
haematoxylin and eosin and subjected to examination under light mi-
croscope. They were evaluated and assigned scores as follows:14

Score 0 = Normal

Score 1 = Areas of focal granulovacuolar epithelial cell degeneration and 
granular debris in tubular lumens with or without evidence of tubular  
epithelial cell desquamation of small foci (<1% of total tubule population).
Score 2 = Tubular epithelial necrosis and desquamation easily seen but 
involving less than half of cortical tubules.
Score 3 = More than half of proximal tubules showing desquamation of 
necrosis but involved tubules easily found.
Score 4 = Complete or almost complete tubular necrosis.

Statistical analysis 
Data was expressed as mean ± standard error of mean (SEM). The differ-
ences among treated groups was analysed by one-way ANOVA followed 
by Tukey’s test. A value of p < 0.05 was considered statistically significant.

RESULTS
Effect on biochemical parameters
In the present study, gentamicin (80mg/kg) when injected for eight  
consecutive days caused marked nephrotoxicity as is evident from  
Table 1, showing significant (p  < 0.05 ) increase in serum urea 
(107.5±16.92mg/dl), creatinine (0.8±0.09mg/dl), uric acid (3.05±0.29mg/dl)  
and BUN(47.8±9.07 mg/dl) as compared to normal control animals. The 
test drug, aqueous extract of Anethum graveolens depicted protective 
effects at doses 0.5, 1 and 2g/kg body weight by reducing the levels of 
serum urea, creatinine, uric acid and BUN as compared to gentamicin 
treated group. There was a significant nephroprotective effect at doses 
1 and 2g/kg body weight of the test drug as evidenced by a significant 
decrease in serum urea, creatinine and blood urea nitrogen (p<0.05) as 
compared to gentamicin treated group. Though there was a decrease in 
serum uric acid at all 3 dose of test drug, it was not significant when 
compared to gentamicin treated group.

Histopathological evaluation
The histological changes in the kidney of all the groups were graded and 
the results are expressed in Table 2. It was noted that the microscopic 
study of the kidney sections of the rats which were treated with normal  
saline appeared histologically normal with the score of 0. The kidney  
sections of the gentamicin treated group showed extensive tubular  
necrosis involving most of the renal cortex with an average score of 3. 
The observed changes included dilated tubules with denuded epithelium,  
intracytoplasmic vacuolation, blebs, interstitial and glomerular conges-
tion, stromal inflammation and granular casts (Figure 1). The histomor-
phology of the kidney sections in rats treated with aqueous extract of  
Anethum graveolens showed moderate tubular epithelial degeneration  
and desquamation. Treatment with doses 0.5 and 1g/kg of aqueous  
extract of Anethum graveolens appeared to mitigate the severity of the  
gentamicin treatment-induced renal necrosis, preserving the normal 
histology with an average Score of 1.2 and 0.7 respectively (Figure 2). 
The dose at 2g/kg of Anethum graveolens showed protection against the  
gentamicin induced histological alteration and also showed signs of  
renal tubular regeneration with an average score of 0.2 (Figure 3) providing  
evidence of nephroprotection afforded by Anethum graveolens.

against various disease condition characterized by induced oxidative 
stress. In view of the above findings the purpose of this study was to 
evaluate the protective role of aqueous extract of Anethum graveolens 
seeds in gentamicin induced nephrotoxicity in rats. 

MATERIALS AND METHODS
This study was conducted as per the guidelines set by the Committee for 
the Purpose of Control and Supervision of Experiments on Animals. The 
study was undertaken after obtaining the approval by the Institutional 
Animal Ethics Committee.

Experimental Animals
Adult Wistar albino rats of either sex, weighing 150-200g, inbred in the 
institutional animal house were used for the study. Animals were housed 
in clean polypropylene cages in a controlled environmental condition 
(22± 30C, 55 ± 5% humidity and a 12 h light/ dark cycle). The animals  
were fed with standard rodent diet and water ad libitum. They were  
allowed to acclimatize to these conditions for one week before the  
experimental procedure.

Drugs and chemicals
Gentamicin sulfate injection (Piramal Health Care Ltd) dissolved in normal  
saline was used to induce renal damage. Gentamicin and test drug were  
suspended in suitable vehicle and administered either oral (p.o.) or  
intraperitoneal (i.p.). 

Plant material and preparation of extract
Anethum graveolens seeds were procured from the local market, identi-
fied and authenticated by a local botanist and a voucher specimen of the 
plant (AG/12-98) is being maintained in the herbarium of Department 
of Botany, St Aloysius, College, Mangalore. The seeds were cleaned, dried 
in shade and   powdered using a mechanical grinder. For the preparation 
of aqueous extract, the seed powder (200 grams) was macerated in 600 
ml of distilled water for 24 hrs. It was filtered and concentrated over the 
water bath and the extract was then dried in desiccator.13 

Experimental procedure
After acclimatization, the animals were divided randomly into five 
groups of 6 animals each and placed in separate cages. The animals were 
grouped as follows. Group one, receiving normal saline (1ml/kg body 
weight) intraperitoneal, was used as normal control. The second group, 
received daily intraperitoneal injections of gentamicin (80 mg/ kg body 
weight) served as disease control.14 The animals in group three, four and 
five received 80 mg/kg of gentamicin intraperitoneal and in addition also 
received the test drug, aqueous extract of seeds of Anethum graveolens 
orally at doses 0.5g, 1g and 2g/kg body weight respectively.15 The drugs  
were administered for a total duration of 8 days. The test drug, the aqueous  
extract of Anethum graveolens seeds was started 3 days prior to the  
commencement of the study. 

Blood Sample collection and Assessment of biochemical parameters
Twenty-four hours after the last injection the rats were anesthetized with 
ketamine (60mg/kg) and xylazine (5mg/kg) given intraperitoneally and 
blood samples were collected by cardiac puncture.16 The blood sample 
collected, after a standing time of 30 min, was centrifuged at 2500 rpm 
for 10 min. The serum was rapidly separated and processed for deter-
mination of serum urea, creatinine, uric acid and blood urea nitrogen 
(BUN) as an indicator of kidney damage, using commercially available 
kits from Aspen Diagnostics Private Ltd (Liquid stable biochemistry 
kits). The animals were sacrificed and both kidneys were isolated. The 
kidneys from all the groups were weighed and processed for histopatho-
logical examination. 
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DISCUSSION
Gentamicin being the most nephrotoxic antibiotic amongst all amino-
glycosides, its over dosing ultimately leads to acute nephrotoxicity and 
consequently precipitating ARF in human as well as animal subjects. 
Hence, gentamicin-induced nephrotoxicity is a recognized experimen-
tal model of ARF caused by oxidative stress generated by free radicals. 
The intracellular metabolism of drugs leads to the formation of reactive  
metabolites, which are toxic for cell, as are free radicals. These ROS  
produce cellular injury and necrosis through several mechanisms including  
peroxidation of membrane lipids, protein denaturation and DNA damage  
resulting in dramatic modification of structure and function.17,18 In 
the present study, we observed that gentamicin at a dose of 80mg/kg 
produces significant renal damage when compared to control group 
which is demonstrated by increase in serum urea, creatinine, uric acid,  
BUN(107.5±16.92 mg/dl, 0.88±0.09 mg/dl,3.05±0.29 mg/dl, 47.80±9.07 
mg/dl respectively) and renal tubular necrosis as established with  

Table 1: Effect of gentamicin and Anethum graveolens on various biochemical parameters.

Group Parameters

Urea
(mg/dl)

Creatinine
(mg/dl)

Uric acid
(mg/dl)

BUN
(mg/dl)

Normal control 53.83±18.6 0.55±0.62 1.71±0.34 25.09±8.69

Gentamicin (80mg/kg) 107.5±16.92* 0.88±0.09* 3.05±0.29* 47.80±9.07*

Anethum graveolens  (0.5g/kg) 68.98±14.51 0.75±0.14 2.05±0.58 32.13±6.77

Anethum graveolens  (1g/kg) 46.30±6.21** 0.48±0.04** 2.20±0.50 21.55±2.90**

Anethum graveolens  (2g/kg) 43.95±2.11** 0.43±0.02** 2.55±0.16 20.45±0.97**

Values are expressed as mean ± SEM
*p < 0.05 when compared to normal control group
 **p< 0.05 when compared to gentamicin treated group

Figure 1: Photomicrograph of kidney sections of only gentamicin treated 
group: showing extensive necrosis (red arrow), glomerular congestion (black 
arrow), interstitial congestion and inflammatory cell infiltration-score 3  
(40 X, H &E).

Figure 2: Photomicrograph of kidney sections treated with aqueous extract 
of Anethum graveolens at doses 0.5 and 1 g/kg: showing granular casts (black 
arrow) and degenerated tubular epithelium with interstitial inflammatory 
infiltration -score 1.2 & 0.7 respectively (40X, H &E).

Figure 3: Photomicrograph of kidney sections treated with aqueous extract 
of Anethum graveolens at dose 2g/kg: showing dilated tubules with flattened 
epithelium in the regenerative phase after tubular injury (black arrow), shed-
ding of necrotic cells and sparse interstitial infiltration –score 0.2 (40X, H &E).

Table 2: Histological features and histopathological scoring in gentamicin and Anethum graveolens treated groups.

Histopathological Feature Normal 
control

Gentamicin Anethum 
graveolens 
(0.5g/kg)

Anethum 
graveolens

(1g/kg)

Anethum 
graveolens

(2g/kg)

Glomerular infiltration _ +++ +++ ++ _

Interstitial congestion _ +++ ++ + _

Interstitial infiltration _ +++ ++ + +
Sparse, scattered

Average score 0 3 1.2 0.7 0.2
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previous reports.5,6,7,18 Administration of aqueous extract of Anethum 
graveolens seeds provided marked functional and histological protection 
against acute renal damage in rats treated with gentamicin as evident by 
the changes in biochemical parameters observed and its significant role 
in maintaining tubular integrity.
Agents with significant free radical scavenging property can either  
inhibit or alleviate the renal damage induced by drugs. Antioxidants are 
capable of stabilizing or deactivating free radicals before they attack cells  
and have the ability to protect the body from damage caused by free  
radical induced oxidative stress. The importance of plants as natural anti
oxidants is well established and there is a growing interest because of 
their antioxidative properties in scientific research. These properties of  
herbs and plants can be attributed to the presence of numerous phyto-
chemicals in them. It is shown that several phyto derived compounds 
because of their antioxidant properties have been experimentally used to 
reduce the gentamicin nephrotoxicity and confer cytoprotection against 
free radical induced damage.4,11

The phytochemical analysis of dill plant demonstrated the presence of 
alkaloids, flavonoids, tannins, saponins, cardiac glycosides, terpenoids,  
anthocyanin which are important for antioxidant and free radical  
scavenging properties.19 The antioxidant properties of the above phyto-
constituents are because of their redox activities, which allow them to 
have different activity such as hydrogen donors, reducing metabolites, 
reactive oxygen species quenchers and metal chelation.20 It was reported   
that water extract fraction of dill had significant DPPH scavenging activity.  
The stable free radical of DPPH value is generally used to evaluate plant 
antioxidant ability by working as hydrogen donors or free radical scav-
engers. D-carvon and D-limonene, the active ingredients in Anethum 
graveolens have shown hepatoprotection in liver damage induced by 
carbon tetrachloride (CCl4) in rats. The lipid peroxidative degradation 
of biomembranes is one of the principle causes of hepatotoxicity due 
to CCl4. D-carvon and D-limonene afford protection by stabilizing the 
hepatocyte membrane, decreasing the production of free radicals and 
release of enzymes into the blood.21 It is also reported from other studies 
that Anethum graveolens possesses significant antioxidant potential.11,21,22 
Because of the above properties dill seeds have the potential to protect  
biological molecules from oxidation, decreasing the rate of lipid per-
oxidation. Pre-treatment and simultaneous administration of aqueous  
extract of Anethum graveolens seeds with gentamicin provided nephro-
protection as substantiated by improvement in biochemical parameters 
and renal histology. Though the underlying mechanism is not clear, it 
might be probably related to the presence of phytochemicals and their  
antioxidant potential. Further studies are required to explore and  
associate the antioxidant effect to nephroprotection afforded by Anethum  
graveolens which might help better characterize and ascertain its mecha-
nism in attenuating gentamicin induced renal damage. 

CONCLUSION
To conclude, this study provides scientific evidence of the nephroprotective  
effects of orally administered aqueous extract of Anethum graveolens 
seeds in gentamicin induced renal damage. It further suggests that the  
observed protective effects of Anethum graveolens in gentamicin neph-
rotoxicity could be attributed to its well-known antioxidant potential 
which needs to be established by future studies. 

ACKNOWLEDGEMENT
The authors acknowledge the assistance of Dr K V Nagalakshamma, 
Head of the Department of Botany, St Aloysius College, in identification 
and authentication of the plant seeds. 

CONFLICT OF INTEREST
The authors declare no conflict of interest. 

REFERENCES
1.  Kim SY, Moon A.  Drug-induced nephrotoxicity and its biomarkers. Biomol Ther. 

2012;20(3):268-72.
2.  Sodimbaku V, Pujari L, Mullangi R, Marri  S.  Carrot (Daucus carota L.): Nephro-

protective against gentamicin-induced nephrotoxicity in rats Indian J Pharmacol.  
2016;48(2):122-7.

3.  Makwana MV, Pandya NM, Darji DN, Desai SA, Bhaskar VH. Assessment of 
nephroprotective potential of Sida cordifolia Linn. In experimental animals. Der 
Pharmacia Lettre. 2012;4(1):175-80.

4.  Virani S, Bhatt S, Saini M, Saxena KK. Aloe vera attenuates gentamicin-induced 
nephrotoxicity in wistar albino rats: histopathological and biochemical changes. 
Asian J Pharm Clin Res. 2016;9(1):113-7.

5.  Abdel-Raheem IT, Abdhal-Ghany AA, Mohamed GA. Protective effects of 
quercetin against gentamicin-induced nephrotoxicity in rats. Biol Pharm Bull. 
2009;32(1):61-7.

6.  Yaman I, Balikci E. Protective effects of Nigella sativa against gentamicin- 
induced nephrotoxicity in rats. Exp Toxicol Pathol. 2010;62(2):183-90.

7.  Harlalka GV, Patil CR, Patil MR. Protective effects of Kalanchoe pinnata pers. 
(Crassulaceae) on gentamicin-induced nephrotoxicity in rats. Indian J Pharmacol.  
2007;39(4):201-5.

8.  Chahal KK, Monika, Kumar A, Bhardwaj U, Kaur R. Chemistry and biological 
activities of Anethum graveolens L. (dill) essential oil: A review. J Pharmacogn 
Phytochem. 2017;6(2):295-306.

9.  Al-Snafi AE. The pharmacological importance of Anethum graveolens, a review. 
Int J Pharm Pharm Sci. 2014;6(4):11-3.

10.  Jana S, Shekhawat GS. Anethum graveolens: An Indian traditional medicinal 
herb and spice. Pharmacogn Rev. 2010;4(8):179-84.

11.  Isbilir SS, Sagiroglu A. Antioxidant potential of different dill (Anethum graveolens L.)  
leaf extracts. Int J Food Prop. 2011;14(4):894-902.

12.  Oshaghi EA, Khodadadi I, Tavilani H,  Goodarzi MT. Aqueous Extract of Anethum 
Graveolens L. has potential antioxidant and antiglycation effects. Iran J Med 
Sci. 2016;41(4):328-33.

13.  Malihezaman M, Sara P. Effects of aqueous extract of Anethum graveolens (L.) 
on male reproductive system of rats. J Boil. Sci. 2007;7(5):815-8.

14.  Kumar KV, Naidu MU, Shifow AA, Ratnakar KS. Probucol protects against  
gentamicin-induced nephrotoxicity in rats. Indian J Pharmacol. 2000;32(2):108-13.

15.  Monsefi M, Ghasemi A, Alaee S, Aliabadi E. Effects of Anethum graveolens L. 
(dill) on oocyte and fertility of adult female rats. J Reprod Infertil. 2015;16(1):10-7.

16.  Parasuraman S, Raveendran R, Kesavan R. Blood sample collection in small 
laboratory animals. J Pharmacol Pharmacother. 2010;1(2):87-93.

17.  Mishra S, Pani SR, Sahoo S. Anti-nephrotoxic activity of some medicinal plants 
from tribal rich pockets of Odisha. Pharmacognosy Res. 2014;6(3):210-17.

18.  Al-Majed AA, Mostafa AM, Al-Rikabi AC, Al- Shabanah OA. Protective effects 
of oral arabic gum administration on gentamicin-induced nephrotoxicity in rats. 
Pharmacol Res. 2002;46(5):445-51.

19.  Kaur GJ, Arora DS. Antibacterial and phytochemical screening of Anethum  
graveolens, Foeniculum vulgare and Trachyspermum ammi. BMC Complement 
Altern Med. 2009;9(1):30.

20.  Oshaghi EA, Khodadadi I, Mirzaei F, Khazaei M, Tavilani H, Goodarzi MT. Metha-
nolic extract of Dill leaves inhibits AGEs formation and shows potential hepato-
protective effects in CCl4 induced liver toxicity in rat. J Pharm (Cairo). 2017:1-9.

21.  Rabeh NM, Aboraya AO. Hepatoprotective effect of Dill (Anethum graveolens L.)  
and Fennel (Foeniculum vulgare) oil on hepatotoxic rats. Pakistan Journal of 
Nutrition. 2014;13(6):303-9.

22.  Stanojevic LP, Stankovic MZ, Cvetkovic DJ, Danilovic BR, Stanojevic JS. Dill 
(Anethum graveolens L.) seeds essential oil as a potential natural antioxidant 
and antimicrobial agent. Biologica Nyssana. 2016;7(1):31-9.

Article History: Submission Date : 10-11-2018; Revised Date : 10-02-2018; Acceptance Date : 23-02-2018.
Cite this article: Srivastava P, Rao RR, Shenoy PJ, Manjrekar PA, Teerthanath S, Bhuvaneshwari S. Nephroprotective Effect of Anethum graveolens in a Murine 
Model of Gentamicin Induced Nephrotoxicity. J Young Pharm. 2018;10(2):155-8.


