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ABSTRACT

Background: Nephrotoxicity is an emerging health issue in many countries
due to exogenous or endogenous toxicants. Many drugs are responsible
for causing renal damage including antibiotics such as aminoglycoside,
cisplatin, etc. Meanwhile some herbs are traditionally used to treat kidney
disorders due to their nephroprotective properties. One of them is Tukhm-
e-soya (Seed of Anethum sowa) from family Umbelliferae. This study aims
to evaluate the Tukhm-e-soya in gentamicin induced nephrotoxic kidney
models in Albino rats. Methods: The rats were divided in to eight groups
and each group was comprised of six rats. Group |- VIII were control, toxic,
hydro-alcoholic, ethanolic, petroleum ether, chloroform, acetone, aqueous
groups respectively. 1% carboxy methyl cellulose was used as control and
gentamicin was used as toxicant. Duration of the study was 8 days. Serum
creatinine (S.Cr), Blood Urea Nitrogen (BUN), histopathological studies
of kidneys, and lipid peroxidation (LPO), were evaluated. Results were
analyzed using one-way analysis of variance followed by Dunnett's post
hoc test. Results: BUN, S.Cr and LPO levels were significantly increased

INTRODUCTION

Tukhme Soya (Seed of Anethum sowa) belongs to family Umbellifereae. It
is commonly known as Indian dill or dill seeds. In India dill is cultivated
as seed spice and vegetable crop. It is useful in food as spice, vegetable
and fragrant including medicinal value.'?

According to Unani medicine, it has diuretic, analgesic, anti-
inflammatory, anti-spasmodic, carminative, lithotriptic, hypnotic,
wound healing, emmenogogue, properties.’” Further, it possesses
anti-carcinogenic, insecticidal, antioxidant, anti-infertility, analgesic
(dysmenorrhea), and antimicrobial activities as well.**

Acute Kidney Injury (AKI) is a common form of acute renal disease
results from various causes predominantly, misuse of drugs causing
nephrotoxicity is the third common cause.!’ Aminoglycosides are the
common group of drugs used to treat various infectious diseases caused
by gram negative bacteria, but the effect of its treatment causes drug
induced nephrotoxicity.'> Among the aminoglycoside group, gentamicin
is more frequently used, and therefore, it is responsible for 10-20% of all
cases of AKL.!

Reactive oxygen species (ROS) is formed when nephrotoxicity induced
by gentamicin and other toxicants in the kidney. ROS is responsible for
renal injury due to initiation of cellular damage and necrosis resulting
formation of hydrogen peroxide superoxide anion, and hydroxyl anion
in mitochondria of kidney."*'* Protein de-maturation, peroxidation of
membrane lipids, and DNA damage are the mechanisms involved in
kidney damage.'>'¢

in toxicant group when compared with control. Groups Il - VIII showed
significantly lower values close to control group in these parameters.
Study revealed that it has a potent antioxidant activity which may be
responsible for its nephroprotective actions. Conclusion: Therefore, it is
concluded that all the extracts and fractions of Tukhme soya were effective
in nephroprotection but acetone fraction, hydroalcoholic and chloroform
fractions were more effective than other groups.
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Though there are a lot of models for induction of acute renal failure,
gentamicin at a dose of 100 mg/kg/day, ip for 5 consecutive days, is
most commonly used model nowadays. It closely mimics the antibiotic
induced dysfunction in renal function in clinical setup."”

Dill seeds contain many chemical constituents which are having anti-
inflammatory, antioxidant action, and it has been widely used in the
renal conditions by the Unani scholars, it can be assumed that it would
prevent the nephrotoxicity. Hence, the aim of this study is to evaluate the
nephroprotective activity of Indian dill seeds in the animal model.

MATERIALS AND METHODS

Procurement and Authentication of the Drug Anethum
sowa

Anethum sowa Roxb. was procured from Azad Nagar Market, local
market of Delhi and authenticated by Dr. Sunita Garg, National Institute
of Science Communication and Information Resources (NISCAIR),
New Delhi. A voucher specimen was deposited in the herbarium of
NISCAIR, New Delhi (Authentication number NISCAIR/RHMD/
Consult/2019/3405-06).

Preparations of Extract

Hydro-alcoholic extract of Anethum sowa Roxb. (HAE) was prepared by
the method of Soxhlation. Solvent was recovered and extract was dried
on water bath. The percentage was calculated after weighing the extract.
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Using Soxhlet apparatus, ethanolic extract of Anethum sowa Roxb.
was prepared. The extract was weighed, and the percentage yield was
calculated. Then, this total ethanolic extract (TEE) was used to fractionate
into Petroleum ether fraction (PEF) by reflux method. Solvent was
retrieved and dried extract was obtained.

Insoluble remaining part of the total ethanolic extract in the flask further
fractioned with chloroform as mentioned earlier and by using reflux
method, and dried chloroform fraction (CHF) was obtained.

Residue of total ethanolic extract remained after the above process
further fractioned with acetone through refluxed method, regained the
remaining acetone from the extract and the extract was dried to obtain
Acetone fraction (ACF).

In the last step of fractionation, distilled water was used to dissolve the
insoluble remains of the total ethanolic extract and using reflux method,
Aqueous Fraction (AQF) and its final dried weight were obtained.

Experimental Study

Data was obtained from laboratory-based studies by using pathogen free
albino rats of either sex (male or female) weighing between 150-250 g
and 6 to 8 weeks old. These animals were obtained from Central Animal
House Facility of Jamia Hamdard, New Delhi and kept in the standard
animal facility at room temperature (25 + 2°C) with 12hr light-dark cycle
and was given free access to food (standard pellet diet) and tap water.
All experiments were carried out in accordance with the guidelines for
the care and use of laboratory animals, laid down by the committee
for the purpose of control and supervision of experiments in animals
(CPCSEA), Ministry of Social Justice and Empowerment, Govt. of India,
Jan 2000. Ethical clearance was approved by the Institutional Animal
Ethics Review Committee, Jamia Hamdard, New Delhi (project number
1732 date 08/03/2017).

Drugs and Chemicals

Gentamicin was procured from Cadila Healthcare Ltd (Mumbai, India)
and all the other chemicals used were of analytical grade.

Experimental design

The rats were divided into eight groups with six rats in each group.
Hydro-alcoholic extract (HAE), total Ethanolic extract (TEE),
Petroleum ether fraction (PEF), Chloroform fraction (CHF), Acetone
fraction (ACF) and Aqueous fraction (AQF) of total ethanolic extract
were suspended in 1% carboxy methyl cellulose (CMC). Animals were
identified by cage number and marked on tail individually. The body
weight of the animals was measured at day 0. The groups, interventions,
route of administration, dose, protocol duration and number of animals
are given in Table 1.

Biochemical assays

After the completion of experimental work (8 days of experimental study),
on the 9" day animals of all the groups were weighed, anaesthetized with
anesthetic ether and sacrificed. Collection of blood samples were done
through cardiac puncture using 2 ml syringe of 21G and kept the blood
in plain vials with proper labeling. Blood samples were centrifuged, and
blood serum was separated for the estimation of Blood Urea Nitrogen
(BUN) and S. creatinine, according to the standard methods.'®*

Histopathological Assessment of Rat Kidney

For histopathological studies kidneys of sacrificed animals were
dissected out. Kidney tissues were rinsed by normal saline and secure the
tissue in 10% normal saline dehydrated with100% ethanol solution and
embedded in paraffin. The tissue of kidney was sectioned in to 4-5 mm
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Table 1: Experimental Protocol.

Groups Interventions  Route Dose Day Animal
Group I 1% CMC PO 10mg/kg/day  1-8 6
(Control)
Group II Gentamicin 1P 100mg/kg/day 3-8 6
(Toxicant)
Group IIT HAE PO 126 mg/kg 1-8 6
Gentamicin P 100mg/kg/day 3-8
Group IV TEE PO 49mg/kg 1-8 6
Gentamicin 1P 100mg/kg/day 3-8
Group V PEF PO 13.72mg/kg 1-8 6
Gentamicin 102 100mg/kg/day 3-8
Group VI CHF PO 16.74mg/kg  1-8 6
Gentamicin 1P 100mg/kg/day 3-8
Group VII ACF PO  9.71mg/kg/day 1-8 6
Gentamicin 1P 100mg/kg/day 3-8
Group VIII AQF PO 8.82mg/kg 1-8 6
Gentamicin P 100mg/kg/day 3-8

PO- Per oral; IP- Intra Peritoneal

thickness and mounted with haematoxylin-eosin and observed under a
photomicroscope.

Kidney Homogenate Analysis

For the kidney homogenate analysis, a post nuclear supernatant (PNS)
was prepared by differential centrifugation method.?* Determination of
lipid peroxidation (LPO) was measured by analyzing thiobarbituric acid
reactive substances (TBARS) by the method of Uchiyama and Mihara
(1978) with some alteration.*

Statistical Analysis

Results of all the data are collected and presented as mean + SEM. The
data was analyzed by one-way ANOVA followed by Dunnet’s t-test for
comparing control to toxicant and toxicant to various groups using IBM
SPSS 20 software. Statistical significance was estimated at the 5% level.

RESULTS

The present study was done on albino Wistar rats. 48 animals were
randomly divided in to 8 groups treated with different interferences for
8 days. On day 9, animals of all the groups were sacrificed and blood
sample were collected for the biochemical analysis to assess gentamicin
induced toxicity and protective effect of different extract of Tukhme soya.
The toxicant group was containing increased level of Serum creatinine
and BUN (1.72 £ 0.12 and 23.96 + 1.21) when compared to control group
(0.81 £ 0.03 and 11.13 + 0.44 respectively). Test groups III - VIII treated
with HAE, TEE, PEE, CHF, ACF and AQF respectively were shown
decreased level of S.cr and BUN when compared to toxicant group as
given in Table 2. The level of LPO was a significantly (P value < 0.001,
< 0.01) decreased in the different test groups, group III (166.57 + 5.11),
group IV (155.21 + 6.08), group V (194.28 + 3.26), group VI (202.89 +
5.76), group VII (148.91 + 6.5) and VIII (155.51 + 2.56) when compared
to toxicant group.

Group III which received HAE along with gentamicin showed moderate
tubular epithelial damage, mild congestion in blood vessels and mild
interstitial oedema with no glomerular changes, epithelial desquamation
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Table 2: Effect of HAE, TEE, PEF, CHF, ACF and AQF on S. Creatinine and
BUN in gentamicin induced nephrotoxicity.

Table 3: Effect of HAE, TEE, PEF, CHF, ACF and AQF on Histopathological
features of kidney in Gentamicin induced renal damage.

Group Treatment  S.Creatinine BUN (mg/dl) LPO pmoles
(mg/dl) Mean Mean + SEM TBARS
+ SEM formed/h/g
tissue Mean +
SEM
Group I 1% CMC 0.81 £0.03**  11.13 +0.44%* 143.18 £ 2.54**
(Control)
Group II Gentamicin 1.72 £0.12 23.96 £ 1.21 210.32 6.3
(Toxicant)
Group IIT HAE +GM 0.89 £ 0.03**  11.97 £ 0.92** 166.57 £ 5.11**
Group IV TEE + GM 0.92 +£0.02**  12.05 + 1.27** 155.21 + 6.08**
Group V PEF + GM 0.92 £ 0.05**  14.75 + 1.15%* 194.28 + 3.26*
Group VI CHF + GM 0.94 £ 0.04** 13.70 + 1.40** 202.89 + 5.76™
Group VII ACF + GM 0.88 £0.14** 11.57 + 1.16** 14891 + 6.5**
Group VIII AQF +GM 0.93 £ 0.06**  12.62 + 1.18** 155.51 + 2.56**

*P value < 0.01 (VS), *P value <0.05 (S), *P value >0.05 (ns)

and inflammatory cells infiltration. Same changes are found in group
VIII which received AQ fraction of Anethum sowa. Group IV, V and VI
which received TEE, PE and CH fraction of Anethum sowa along with
gentamicin showed glomerular changes (mild-moderate), tubular casts
(moderate), mild epithelial desquamation, moderate to severe congestion
of blood vessels with no tubular epithelial damage, inflammatory cell
infiltration and no interstitial oedema. Test group VII which received
AC fraction of Anethum sowa showed the following histopathological
changes such as mild tubular epithelial damages, mild blood vessels
congestion and mild interstitial oedema with no glomerular changes,
tubular casts, epithelial desquamation and inflammatory cells infiltration
(Table 3). Figure 1 to 8 shows renal tissues of the rats of group I to VIII
respectively.

DISCUSSION

Kidney is an important organ of the body, which has a natural function
of excretion of waste products from the body. Apart from this it controls
the volume and composition of the body fluids, for water and virtually all
electrolytes in the body, balance between intake and output is maintained
in large part by the kidneys. Kidneys are most important channel of
excretion for majority of drugs and its metabolites, so it always opens
up to receive the drugs and other toxins which cause renal damage or
renal toxicity. Nephrotoxicity occurs when kidney-specific detoxification
and excretion do not work properly due to the damage or destruction
of kidney function by exogenous or endogenous toxicants.”? There
are many nephrotoxins including antibiotics such as aminoglycoside,
vancomycin, antifungal such as amphotericin B, immunomodulators
such as calcineurin inhibitors, chemotherapeutic agents, cyclosporine,
tacrolimus etc.”

Clinically, the high dose of gentamicin (2.5 mg/kg, IM every 12 h for
7 days) has been shown to produce nephrotoxicity. It has been reported
that 30% of patients treated with gentamicin for more than 7 days show
signs of nephrotoxicity.?* Oxidative stress is one of the common factors
for renal tubular necrosis. Due to limitations of conventional medicine,
use of herbal nephroprotective agents having powerful antioxidant
activities for lowering the oxidative stress are focused by scientist for
nephroprotection.”

The present study was done on albino Wistar rats. 48 animals were
randomly divided in to 8 groups treated with different interferences for
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Figure 1: Photomicrograph of renal tissue of rats of control group showing
normal kidney cells with intact nucleus (1% CMC in 10 mg distilled water).

8 days. On day 9, animals of all the groups were sacrificed and blood
sample were collected for the biochemical analysis to assess gentamicin
induced toxicity and protective effect of different extract of Tukhme soya.
The function of kidney was estimated on biochemical parameters such
as Serum creatinine and BUN. All groups showed lower values of BUN
and Serum creatinine nearer to control group but significantly lower in
comparison to toxicant group. Acetone fraction treated animal group
was showed very low level of S. creatinine and BUN than other groups.
These lower values of S. creatinine and BUN indicate the preventive
nature of the extracts in renal functions.

There was a significant increase (P value < .001) in the LPO level
(210.32% 6.3) compared to the normal control group, due to acute
nephrotoxicity induced by gentamicin in the kidney homogenate of
toxicant group of rats. The increments in ROS production or a reduction
in the status of antioxidants and membrane fluidity may causes the
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Figure 2: Photomicrograph of renal tissue of rats of toxicant group, treated Figure 5: Photomicrograph of renal tissue of rats of PEF (13.72mg/kg) with
with Gentamicin (100mg/kg/day). Gentamicin (100mg/kg/day)

Figure 3: Photomicrograph of renal tissue of rats treated with HAE (126mg/kg) Figure 6: Photomicrograph of renal tissue of rats treated with CHF
with Gentamicin (100mg/kg/day). (16.74mg/kg) with Gentamicin (100mg/kg/day).

Figure 4: Photomicrograph of renal tissue of rats treated with TEE (49mg/kg) Figure 7: Photomicrograph of renal tissue of rats treated ACF (9.71mg/kg)
with Gentamicin (100mg/kg/day). with Gentamicin (100mg/kg/day).
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Figure 8: Photomicrograph of renal tissue of rats of AQF (8.82mg/kg) with
Gentamicin (100mg/kg/day).

enhancement in LPO level which was reported in the present study.
LPO level is significantly reduced in all the test groups (group III to
group VIII). Group VII (AC fraction) was shown lower value of LPO
level among the all-other groups.

Histopathological analysis of kidney of animals in the present study
revealed that there were no morphological changes (renal glomeruli
bounded by normal capsule and normal proximal, distal and convoluted
tubules) in the control group. Gentamicin treated group (toxicant group)
showed severe histopathological modifications i.e. glomerular, tubular,
and interstitial modifications. The modifications which were seen in
this groups, that the bowmen’s capsule space increased, vacuolation,
dilatation in tubules, shrinkage of glomeruli and inflammatory cells
infiltration around the blood vessels etc. Experimental studies have
reported that the histopathological changes by gentamicin, are hyper
cellularity, blood capillary congestion and shrinkage of glomeruli."* The
results of histopathological changes revealed that Acetone fraction of
TS showed very less morphological changes (very close to the control
group) in kidney tissue of rats as compared to other test groups, while
toxicant group showed severe morphological changes in kidney tissues,
causes renal dysfunction due to gentamicin induced renal toxicity.

Phyto-constituents of plants contained antioxidant activity or free
radical scavenging activity, are able to relieve from various diseases
such as inflammatory disorders, cardiovascular systems, cancer and
diabetes.”® Unani drugs possess nephroprotective properties with no
side effects. There are a lot of nephroprotective drugs in Unani system.
Tukhm-e-soya (Anethum sowa Roxb.) also one of them, used to improve
the urinary system and counterweight the toxicity due to drugs.

Determination of kidney homogenate analysis was done by the
estimation of antioxidant enzyme such as LPO. Status of antioxidants
and amount of oxidative stress as they play an important role in the
etiology of the nephrotoxicity was exhibited in this study. In toxicant
group the level of LPO was increased in toxicant group when compared
to the normal control, this level decreased in different test group such as
HAE, TEE, PEF, CHE ACF and AQF treated animal group as compared
to toxicant group.

CONCLUSION

The result of this study concludes that Tukhme soya exhibited a protective
effect against nephrotoxicity as all the extracts and fractions of Tukhme
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soya were effective in nephroprotection. However, acetone fraction,
aqueous-ethanol and chloroform fractions of Tukhme soya were more
effective than other groups. This may be due to its potent antioxidant
activity. Therefore, dill seeds are capable to treat the renal damage caused
by gentamicin induced nephrotoxicity and besides this, the seed extracts
need further experimental studies on large scale on human subjects for
the validation of its prominent nephroprotective effect.
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ABBREVIATIONS

HAE: Hydro-alcoholic extract; TEE: total Ethanolic extract; PEF:
Petroleum ether fraction; CHF: Chloroform fraction; ACF: Acetone
fraction; AQF: Aqueous fraction; CMC: Carboxy methyl cellulose; AKI:
Acute Kidney Injury; ROS: Reactive oxygen species; NISCAIR: National
Institute of Science Communication and Information Resources;
CPCSEA: control and supervision of experiments in animals; PO: per
oral; IP: intra peritoneal; BUN: Blood Urea Nitrogen; PNS: post nuclear
supernatant; LPO: lipid peroxidation; GM: Gentamicin; TBARS:
thiobarbituric acid reactive substances.
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