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Abstract: Nephrotoxicity is one of the most important side effects and therapeutic limitations of aminoglycoside antibiotics, especially
gentamicin. Gentamicin-induced nephrotoxicity involves free radical generation, reduction in antioxidant defense mechanism and renal
dysfunction. A number of crude herbal extracts have potential to ameliorate gentamicin-induced nephrotoxicity due to presence of various
antioxidant compounds. Therefore the goal of current study was to evaluate the protective activity of T. ammi seeds aqueous extract against
gentamicin-induced nephrotoxicity in albino rabbits. The results showed that gentamicin caused severe alterations in serum biochemical
parameters and kidney markers along with severe alterations in kidney tissues. However, T. ammi extract, when given along with
gentamicin, reversed the severity of gentamicin-induced nephrotoxicity by normalizing the indicators of kidney function e.g. serum urea,
creatinine, blood urea nitrogen, albumin and serum electrolyte parameters indicating the nephroprotective potential of T. ammi. Similarly the
extract has ability to augment the endogenous antioxidant enzymatic machinery by increasing the activity of antioxidant enzyme catalase
and by reducing the total oxidant status. Nephroprotective potential was further confirmed by the histopathological examination.
Nephroprotective potential might be due to the presence of antioxidative polyphenolic compounds in aqueous extract of T. ammi seeds.
Keywords: Medicinal plants, Nephrotoxicity, Antioxidant enzymes
Resumen: La nefrotoxicidad es uno de los efectos secundarios más importantes limitaciones terapéuticas de los antibióticos
aminoglucósidos, especialmente gentamicina. La nefrotoxicidad inducida por gentamicina implica generación de radicales libres, la
reducción en el mecanismo de defensa antioxidante y la disfunción renal. Una serie de extractos de hierbas crudas tienen potencial para
mejorar la nefrotoxicidad inducida por gentamicina debido a la presencia de varios compuestos antioxidantes. Por lo tanto, el objetivo del
presente estudio fue evaluar la actividad protectora del extracto acuoso semillas de T. ammi contra la nefrotoxicidad inducida por
gentamicina en conejos albinos. Los resultados mostraron que la gentamicina causó graves alteraciones en los parámetros bioquímicos
séricos y los marcadores de riñón, junto con alteraciones severas en los tejidos renales. Sin embargo, el extracto de T. ammi, cuando se
administra junto con la gentamicina, invierte la gravedad de la nefrotoxicidad inducida por gentamicina por la normalización de los
indicadores de la función renal, por ejemplo, urea sérica, creatinina, nitrógeno ureico en sangre, albúmina y los parámetros de electrolitos
séricos que indican el potencial nefroprotector de T. ammi. Del mismo modo, el extracto tiene la capacidad para aumentar la maquinaria
enzimática antioxidante endógena mediante un aumento de la actividad de la enzima antioxidante catalasa y reduciendo el estado total de
oxidante. El potencial nefroprotector fue confirmado por el examen histopatológico. El potencial nefroprotector podría ser debido a la
presencia de compuestos polifenólicos antioxidantes en el extracto acuoso de semillas de T. Ammi.
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INTRODUCTION
Kidney is an important target of the drug toxicity,
oxidative stress and toxic materials. In addition,
reactive oxygen species (ROS) derived from
chemical materials cause renal necrosis through not
well-defined mechanisms (Zhang et al., 2013; ElDeeb et al., 2014; Tiong et al., 2014; Zhang et al.,
2014). Several antimicrobial agents cause up to 60%
acute renal injury with significant morbidity and
mortality rates (Dashti-Khavidaki et al., 2013).
Gentamicin is an effective antibiotic of
aminoglycoside class against Gram-negative bacterial
infections. However, it causes nephrotoxicity in 30%
of treated patients at recommended therapeutic doses.
The
mechanism
of
gentamicin-induced
nephrotoxicity involves inflammation and high
oxidative stress resulting in accumulation of
creatinine, urea, and other waste products (Khaliq et
al., 2015). The antioxidant enzymes including
glutathione peroxidase and superoxide dismutase
remove (Shahzad et al., 2014). Several synthetic or
natural compounds have been used to avoid or restore
the gentamicin nephrotoxicity (Mohamed et al.,
2014).
Modern era is being focused on filtering the
pharmacologically active phytoconstituents of plant
owing to their safety and cost effectiveness so they
can be used as neutraceuticals (Jafri et al., 2011;
Hashmi et al., 2013). Plants are major source of
antioxidants like polyphenols, terpenoids, carotenoids
and tocopherol. Natural antioxidants present in
medicinal and dietary plants might be helpful in
preventing the damage induced by oxidative stress
(Goswami & Chatterjee, 2014). Co-administration of
various medicinal plants possessing antioxidant
activity can cure various diseases caused by free
radicals generation due to oxidative stress (Mishra et
al., 2014).
Trachyspermum ammi commonly known as
‘Ajwain’ belongs to family Apiaceae and is widely
used for good flavor and aromatic nature in
traditional and culinary applications (Ram et al.,
2012). T. ammi seeds are cultivated in Pakistan,
Afghanistan, India, Iran and Iraq, and possess
antimicrobial,
antioxidant,
hepatoprotective,
nematicidal, anthelmintic, and gastroprotective
activities (Javed et al., 2006; Ramaswamy et al.,
2010). However nephroprotective effect of T. ammi
seeds has not yet been evaluated. Therefore, it was
worthwhile to evaluate nephroprotective and free

radical scavenging activity of T. ammi seeds against
gentamicin-induced nephrotoxicity.
MATERIALS AND METHODS
Chemicals, plant material and extraction procedure
Gentamicin sulphate (Gentamicin sulphate® injectible
solution 40 mg/ml) and Silymarin (Silliver® film
coated tablet 200 mg) were purchased from Wuhan
Grand Pharmaceutical Group Co. Ltd. China and
Abbott Laboratories Ltd. Karachi Pakistan,
respectively. Seeds of T. ammi were purchased and
authenticated from University of Agriculture,
Faisalabad (UAF). Seeds of T. ammi were washed
thoroughly with distilled water, dried in shade and
finally powdered. Two hundred gram of powdered T.
ammi seeds were macerated with water for 48 hours
long with occasional stirring at room temperature.
After maceration, it was filtered through Whatman
filter paper. Extract was concentrated using rotary
evaporator under reduced pressure and the weight of
resultant dry material recorded and percentage yield
was calculated. The extract was stored at 4° C till
further analysis.
Animals and study design
Healthy male albino rabbits were acclimatized for 7
days and experiment was conducted in accordance
with international standards of animal welfare. The
rabbits were divided into six equal groups, each
including six animals. Group I: Control (CN) rabbits
were administered normal saline/oral/day; Group II:
Gentamicin
treatment
(GM)
was
injected
intraperitoneally (i.p.) 80 mg/kg body wt./day; Group
III: Silymarin+ Gentamicin treatment (S+GM) was
administered with aqueous solution of silymarin
tablets 200 mg/kg body wt./day and gentamicin
sulfate injection (i.p.) 80 mg/kg body wt./day; Group
IV: Extract+ gentamicin (low dose) treatment (T.A1+
GM) was administered aqueous extract of T. ammi
300 mg/kg body wt./day and gentamicin sulfate
injection (i.p.) 80 mg/kg body wt./day; Group V:
extract+ gentamicin (high dose) treatment (T.A2+
GM) was administered aqueous extract of T. ammi
(T.A2) 600 mg/kg body wt./day and gentamicin
sulfate injection (i.p.) 80 mg/kg body wt./day; Group
VI: T. ammi extract only group (T.A2) was
administered aqueous extract of T. ammi (T.A2) 600
mg/kg body wt./day.
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Blood sampling and histopathological examination
At 15th day, animals were sacrificed and blood
samples were collected. Serum was separated after

centrifugation at 1507 g for 15 minutes. Pieces of
kidney from each group were fixed immediately in
10% neutral formalin for histological examination.

Table 1
Renal function markers (Mean ± SE) in control and experimental groups
Parameters

Control
(CN)

Gentamicin
(GM)

Silymarin+
Gentamicin
(S+GM)

T. ammi 1+
Gentamicin
(T.A1+ GM)

T. ammi 2+
Gentamicin
(T.A2+ GM)

T. ammi
(T.A2)

Urea
(mg/dl)

55.2±3.3BC

89.5± 11.5A

58.9±6.5B

55.7±1.79 BC

47.7±3.75C

51.7±4.7BC

Creatinine
(mg/dl)

0.7±0.02B

0.9±0.09 A

0.8±0.04 B

0.78±0.03 B

0.77±0.052B

0.8±0.013 B

BUN
(mg/dl)
Albumin
(g/dl)

25.7±1.6 BC

42.0±5.43 A

27.7±3.01 B

26.2±0.85 BC

22.25±1.5 C

24.2±2.3 BC

3.22±0.10 A

2.74±0.08 B

3.10±0.21 A

3.07±0.04 A

3.02±0.04 A

3.07±0.02 A

TOS
(µmol/L)

2.42±0.06C

4.42±0.58A

2.30±0.07C

3.47±0.13B

2.70±0.17 C

2.27±0.06 C

Catalase
(KU/L)

34.8±0.95 B

24.9±2.15C

39.8±2.35 A

36.5±1.36 AB

39.8±1.36 A

34.0±0.82 B

Mean values with different superscripts in a row differ significantly at P ≤ 0.05. Control (CN): vehicle;
Gentamicin (GM): 80 mg/kg/day; Gentamicin + silymarin (GM+S): 80 mg/kg/day + 200 mg/kg/day;
Gentamicin + T. ammi 1(T.A1+GM): 80 mg/kg/day + 150 mg/kg/day; Gentamicin + T. ammi 2 (T.A2+GM):
80 mg/kg/day + 300 mg/kg/day; T. ammi (T.A2)
Renal function tests and oxidant status
Serum samples were analyzed for serum albumin,
urea and creatinine by using colorimetric assay kits
(Merck Private Ltd, Pakistan). The samples were
analyzed for serum Na+, Cl- and K+ levels using
Prolyte Electrolyte Analyzer (K102959), Diamond
Diagnostics, USA. Serum total oxidant status (TOS)
and catalase activity were determined using the
previously described methods (Erel, 2005; Goth,
1991).

the most important indicators of kidney function
(Muhammad et al., 2014). As predicted, in the
present study, the serum levels of urea, creatinine,
blood urea nitrogen (BUN) and albumin in
gentamicin-treated group were significantly high (P
≤ 0.01), indicating nephrotoxic effects of gentamicin.
This increased serum urea, creatinine and BUN levels
by gentamicin were antagonized by T. ammi seeds
aqueous extract in a dose-dependent manner as
shown in Table 1.

Statistical analysis
The data were analyzed by one-way analysis of
variance and presented as mean ± SE. The groups
were analyzed by Duncan multiple range test for
statistical differences. The statistical significance
level was accepted at P ≤ 0.05 (Steel et al., 1997).

Oxidative stress analysis:
Gentamicin causes renal damage by significant
increase in serum total oxidant status (TOS) and
decrease in endogenous antioxidant enzyme catalase.
T. ammi aqueous extract along with gentamicin
attenuated the nephrotoxicity induced by gentamicin
by decreasing the total oxidant status and raising the
serum catalase activity in dose dependent manner
(Table 1).

RESULTS
Renal function parameters
Urea, creatinine, blood urea nitrogen and albumin are
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Table 2
Serum electrolyte variation (Mean ± SE) in control and experimental groups
Renal histopathology
Mean values with different superscripts in row differ significantly at P ≤ 0.05.
Parameters
Sodium
(mEq/L)
Potassium
(mEq/L)
Chloride
(mEq/L)

Control
(CN)

Gentamicin
(GM)

Silymarin +
Gentamicin
(S+GM)

T. ammi
1+ Gentamicin
(T.A1+ GM)

T. ammi
2+ Gentamicin
(T.A2+ GM)

T. ammi
(T.A2)

138.3±0.4A

135.3±0.4B

139.0±0.9A

137.4±1.2A

138.4±0.4A

137.9±0.3A

5.6±0.08ABC
106.9±0.5AB

5.3±0.14C
104.6±0.8B

5.5±0.19BC
108.0±0.4A

5.7±0.22ABC
107.6±1.0A

6.0±0.3AB
108.5±1.2A

6.2±0.33A
106.7±1.2AB

Mean values in rows sharing similar alphabets do not differ significantly
ii. Serum electrolyte variation:
Gentamicin administration resulted in significant
decrease in serum electrolytes i.e. sodium, potassium
and chloride levels (as given in Table 2). Coadministration of T. ammi seeds aqueous extract
restored the serum electrolytes levels towards normal
values.
Results of the qualitative analysis of
histopathological changes are presented in Table 3.
Histopathological examination of kidney tissues also
supported the biochemical results. Kidney tissues of
gentamicin-intoxicated rabbits showed that there was
massive tubular epithelial cell necrosis, with
pyknosis, karyorrhexis and karyolytic changes.
Kidneys tissues of rabbits that received silymarin
along with gentamicin exhibited mild degenerative
and necrotic changes in the tubular epithelium.
However, kidney tissues from T. ammi low dose
treatment group along with gentamicin, showed a
slight decrease in the gentamicin-induced tubular
necrosis. The tubular lumen was dilated along with
mild degenerative changes in the proximal
convoluted tubules. The treatment of rabbits with
high dose of T. ammi along with gentamicin caused
significant ameliorative changes on gentamicininduced tubular necrosis. There was regeneration of
tubular epithelium and intact nucleus along with mild
congestion. Kidneys of rabbits that received T. ammi
extract at high dose without gentamicin exhibited
normal tubular epithelium with mild congestion as
shown in Table 3.

DISCUSSION
The
pathogenesis
of
gentamicin-induced
nephrotoxicity is reported due to high level of
reactive oxygen species (ROS) as gentamicin makes
a complex with iron that acts as potent catalyst of
free-radical formation and enhances the generation of
reactive oxygen species. Abnormal production of
ROS may result in cellular injury and necrosis
through peroxidation of membrane lipids, protein
denaturation and DNA damage (Noorani et al., 2011;
Ali et al., 2014; Gad & El-Maddawy, 2014).
Oxidative stress is one of the main mechanisms
involved in acute and chronic hepatic and renal
pathologies (Suganya et al., 2011; Qin et al., 2014).
Natural antioxidants have a variety of biochemical
actions i.e. inhibition of reactive oxygen species
production, scavenging of free radicals and
modification of intracellular redox activity (Goswami
& Chatterjee, 2014). It has been reported that
polyphenolic bioactive compound such as tannins,
flavonoids and phenols present in different medicinal
plants exhibited significantly higher antioxidant and
radical scavenging property (Hussain et al., 2012).
In this study, gentamicin has significantly
increased oxidative stress that was clear from
increased total oxidant status in gentamicin-treated
group. The administration of silymarin or plant
extract along with gentamicin significantly reduced
total oxidant status. The stimulating factors of
gentamicin nephrotoxicity are increased level of
hydrogen peroxide and hydroxyl radicals, and
decreased amount of intracellular glutathione level.
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The results showed the severe kidney damage
by administration of gentamicin, most expected by
ROS mediated mechanism as evident by decreased
activity of catalase. The observed decrease in the
level of catalase may be due to its increased
.

utilization for scavenging gentamicin and/or oxygen
derived radicals. The administration of aqueous
extract of T. ammi seeds restored the catalase level to
base line, indicating antioxidant activity of the plant
extract

Table 3
Histopathological features as seen in the kidneys of control and experimental groups
Parameters

Control
(CN)

Gentamicin Silymarin+
(GM)
Gentamicin
(S+GM)
+++
-

Control
(CN)

Gentamicin Silymarin+
(GM)
Gentamicin
(S+GM)
-

Coagulative
necrosis
Necrosis
+++
+
+
Blood
vessel
+++
+
+
congestion
Pyknosis
++
Karryorehexis
++
Karryolysis
++
Hyperchromatic
++
nuclei
Glomerular
+++
+
+
congestion
(-): normal; (+): little effect; (++): appreciable effect; (+++): severe effect
Gentamicin caused a significant increase in
creatinine and BUN (Reddy et al., 2012). The
mechanism behind elevated serum urea and
creatinine might be that gentamicin increases the
entry of Ca+2 in the mesengeal cells leading to
reduced glomerular filteration rate (Stojiljkovic et al.,
2008). There is an inverse relationship between the
quantity of urea absorbed and the rate of tubular urine
flow (Kaneko et al., 2008). The decreased level of
albumin in gentamicin treatment is might be due to
high level of ROS that might be alter the protein
synthesis and catabolism. This mechanism may
clarify the increase in BUN in the present study. The
administration of graded doses of T. ammi seeds
reduced the levels of raised serum urea and creatinine
in a dose-dependent manner suggesting that the
contents of T. ammi seeds protected the integrity of
kidney tissue. Gentamicin administration is
associated with severe necrosis, desquamation in
proximal tubules and dysfunction of co-transport
systems and channels, leading to decreased

+
+

absorption of electrolytes (Chen et al., 2009). The
results of present study indicated that serum
electrolytes i.e., sodium, potassium and chloride
levels were significantly reduced in gentamicintreated animals. The decrease in electrolyte level may
be due to increased wasting or reduced absorption of
electrolytes resulting from kidney damage. The
administration of plant extract restored electrolytes
levels, indicating nephroprotective activity.
Plants are a rich source of natural
antioxidants (Nandave et al., 2009). Phytochemical
constituents of T. ammi seeds are responsible for its
antioxidant and free radical scavenging activity
(Ramaswamy et al., 2010). The potential antioxidant
properties of this plant might be probably due to the
active hydrogen donor ability of hydroxylated
substitution of calotropogenin, calotropin and
calotoxin. Similarly, high molecular weight
compounds and the proximity of many aromatic rings
of coroglaucegenin, glucofrugoside, calotroposide A
and B could be more important for the free radical
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scavenging activity of this plant extract. The
bioactive compounds of T. ammi seeds might give the
possible explanation about this plant to act as reactive
oxygen species scavengers (Shimmi et al., 2012).
The
present
study
indicates
that
administration of gentamicin results in kidney
damage, which is counteracted by co-administration
of plant extract, showing nephroprotective activity. It
has been shown that polyphenolic compounds
prevent nephrotoxicity induced by oxidative stress
and restored the renal markers level. Based on the
above literature, we propose that the phytochemical
constituents in T. ammi seeds might be responsible
for its antioxidant activity and protective effects in
gentamicin-induced
nephrotoxicity.
However,
additional studies are necessary to explore other
possible mechanisms.
CONCLUSIONS
Our results show that aqueous extract of T. ammi
seeds possesses antioxidant properties and restored
gentamicin-induced nephrotoxic effects as evidenced
by various biochemical and renal function markers.
REFERENCES
Ali F, Lodhi LA, Hussain R, Sufyan M. 2014.
Oxidative Status and Some Serum Macro
Minerals during Estrus, Anestrous and Repeat
Breeding in Cholistani Cattle. Pak Vet J 34:
532 - 534.
Chen YS, Fang HC, Chou KJ, Lee PT, Hsu CY,
Huang WC, Chung HM, Chen CL. 2009.
Gentamicin-Induced Bartter-like Syndrome.
Am J Kidney Dis 54: 1158 - 1161.
Dashti-Khavidaki S, Moghaddas A, Heydari B,
Khalili H, Lessan-Pezeshki M, LessanPezeshki M. 2013. Statins against druginduced nephrotoxicity. J Pharm Pharm Sci
16: 588 - 608.
El-Deeb WM, Fouda TA, El-Bahr SM. 2014. Clinicobiochemical Investigation of Paratuberculosis
of Dromedary Camels in Saudi Arabia:
Proinflammatory Cytokines, Acute Phase
Proteins and Oxidative Stress Biomarkers. Pak
Vet J 34: 484 - 488
Erel O. 2005. A new automated colorimetric method
for measuring total oxidant status. Clin Bioche
38: 1103 - 1111.
Gad SB, El-Maddawy ZE. 2014. Silymarin improves
pancreatic endocrine function in rats. Pak Vet
J, 34: 214 - 218.

Goswami N, Chatterjee S. 2014. Assessment of free
radical scavenging potential and oxidative dna
damage preventive activity of Trachyspermum
ammi L. (carom) and Foeniculum vulgare
Mill. (fennel) seed extracts. Biomed Res Int
doi:10.1155/2014/582767
Goth L. 1991. A simple method for determination of
serum catalase and reversion of reference rang.
Clin Chim Acta 2: 143 - 150.
Hashmi N, Muhammad F, Javed I, Khan JA, Khan
MZ,
Khaliq
T,
Aslam
B.
2013.
Nephroprotective effects of Ficus religiosa
linn (peepal plant) stem bark against isoniazid
and rifampicin induced nephrotoxicity in
albino rabbits. Pak Vet J 33: 330 - 334.
Hussain T, Gupta RK, Sweety K, Eswaran B,
Vijayakumar M, Rao CV. 2012. Nephroprotective activity of Solanum xanthocarpum fruit
extract
against
gentamicin-induced
nephrotoxicity and renal dysfunction in
experimental rodents. Asian Pac J Trop Med
5: 686 - 691.
Jafri SA, Abass S, Qasim M. 2011. Hypoglycemic
effect of ginger (Zingiber officinale) in alloxan
induced diabetic rats (Rattus norvagicus). Pak
Vet J 31: 160 - 162.
Javed I, Iqbal Z, Rahman ZU, Khan FH, Muhammad
F, Aslam B, Ali L. 2006. Comparative
antihyperlipidaemic
efficacy
of
Trachyspermum ammi extracts in albino
rabbits. Pak Vet J 26: 23 - 29.
Kaneko JJ, Harvey JM, Bruss ML. 2008. Clinical
biochemistry of domestic animals. 6th (Ed.).
San Diego, USA: Academic Press.
Khaliq T, Mumtaz F, Rahman ZU, Javed I, Iftikhar
A. 2015. Nephroprotective potential of Rosa
damascena mill flowers, Cichorium intybus
linn roots and their mixtures on gentamicininduced toxicity in albino rabbits. Pak Vet J
35: 43 - 47.
Mishra S, Pani SR, Sahoo S. 2014. Anti-nephrotoxic
activity of some medicinal plants from tribal
rich pockets of Odisha. Pharmacognosy Res
doi: 10.4103/0974-8490.132598.
Mohamed AM, Salwa AI, Entesar FA, Maha YK,
Rehab AR, Magdy KH. 2014. Sildenafil
ameliorates gentamicin-induced nephrotoxicity
in rats: role of iNOS and eNOS. J Toxicol
doi:10.1155/2014/489382.
Muhammad F, Zafar MS, Khaliq T, Javed I, Saleemi
MK. 2014. Nephroprotective effects of Morus

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/285

Ishaq et al.

Trachyspermum ammi effect in gentamicin-induced nephrotoxicity

alba linn against isoniazid-induced toxicity in
albino rabbits. Pak Vet J 34: 499 - 503.
Nandave M, Ojha Sk, Joshi S, Kumari S, Arya DS.
2009. Moringa oleifera leaf extract prevents
isoproterenol-induced myocardial damage in
rats:
evidence
for
an
antioxidant,
antiperoxidative,
and
cardioprotective
intervention. J Med Food 12: 47 - 55.
Noorani AA, Gupta KA, Bhadada K, Kale M. 2011.
Protective effect of methanolic leaf extract of
Caesalpinia bonduc on gentamicin-induced
hepatotoxicity and nephrotoxicity in rats. Iran
J Pharmacol Ther 10: 21 - 25.
Qin B, Sun WY, Xia HZ, Li YL, Zhang ZW, Xu SW.
2014. Effects of cold stress on mRNA level of
uncoupling protein 2 in liver of chicks. Pak
Vet J 34: 309 - 313.
Ram HNA, Sriwastava NK, Makhija IK, Shreedhara
CS. 2012. Anti-inflammatory activity of Ajmodadi Churna extract against acute inflamemation in rats. J Ayur Integ Med 3: 33 - 37.
Ramaswamy S, Sengottuvelu S, Haja Sherief SH.
2010. Gastroprotective activity of ethanolic
extract of Trachyspermum ammi fruit. Int J
Pharm Biol Sci 1: 1 - 15.
Reddy VC, Amulya V, Lakshmi CH, Reddy K,
Praveen DB, Pratima D, Thirupathi AT,
Kumar KP, Sengottuvelu S. 2012. Effect of
Simvastatin
in
gentamicin
induced
nephrotoxicity in albino rats. Asian J Pharm
Clin Res. 5: 36 - 40.
Shahzad M, Liu J, Gao J, Wang Z, Zhang D, Nabi F,
Li J. 2014. Hsp-90 inhibitor geldanamycin
attenuates liver oxidative stress and toxicity in
thiram-induced tibial dyschondroplasia. Pak
Vet J 34: 545 - 547.

Shimmi SC, Jahan N, Sultana N. 2012. Effect of
Ashwagandha (withania somnifera) root
extract against gentamicin induced changes
of serum urea and creatinine levels in rats. J
Bangladesh Soc Physiol 6: 84 - 89.
Steel RGD, Torrie JH, Dieky DA. 1997. Principles
and procedures of statistics. 3rd (Edition)
McGraw Hill Book Co Inc, New York, USA.
Stojiljkovic N, Veljkovic S, Mihailovic D,
Stoiljkovic M, Radovanovic D, Randelovic P.
2008. The effect of calcium channel blocker
verapamil on gentamicin nephrotoxicity in rats.
Bosnian J Basic Med Sci 8: 170 - 176.
Suganya S, Sophia D, Raj CA, Rathi MA,
Thirumoorthi L, Meenakshi P, Kumar DG,
Gopalakrishnan VK. 2011. Amelioration of
nitrobenzene-induced nephrotoxicity by the
ethanol extract of the herb Euphorbia hirta.
Pharmacogn Res 3: 201 - 207.
Tiong HY, Huang P, Xiong S, Li Y, Vathsala A, Zink
D. 2014. drug-induced nephrotoxicity: clinical
impact and preclinical in vitro models. Mol
Pharm 11: 1933 - 1948.
Zhang XZ, Chen Y, Huang HL, Xu DL, Ren CB, Liu
BT, Su S, Tang ZX. 2013. Pseudorabies virus
induces viability changes and oxidative stress
in swine testis cell-line. Pak Vet J 33: 438 441.
Zhang W, Liu Y, Ge M, Yao C, Xue J, Zhang Z.
2014. Resveratrol reduces oxidative stress and
improves arsenic efflux in rats exposed to
arsenic trioxide. Pak Vet J 34: 251 - 253.

Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/286

