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ABSTRACT

Global trend is setting towards improved ‘quality of life’, for that there is considerable
evidence of an increase in demand for medicinal plants. According to the WHO report,
between 65% and 80% of the populations of developing countries use medicinal plants
as remedy nowadays. Kidney is one of the vital organs of body and Nephrotoxicity is one
of the most common problems and it occurs as a result when body is exposed to a drug
or toxin. This review article aims to report and to introduce the effect of most important
medicinal herbs, herbal formulations and some of the specific phytoconstituents that are
used to prevent and treat anticancer, aminoglycoside, non-steroidal anti-inflammatory and
few other classes of drug-induced nephrotoxicity. Particularly anti-cancer drugs among all
other classes of drugs, cause high toxicity leading kidney damage and irreparable kidney
injury. So, attention has recently been paid to seek out alternatives such as natural drugs
that are effective and also less toxic. According to the studies carried out on different
animals and cell line, many medicinal plants, herbal formulations and a few plant-based
constituents by their antioxidant, free-radical and anti-inflammatory properties are found
to be helpful in preventing drug-induced nephrotoxicity.
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INTRODUCTION

The tribal and rural populations all over
world very largely depend on medicinal
plants for their health care and for their
livestock too. This attracted the interest of
many botanists which lead to an array of
reports on ethno-medicine.” Plant species
have a major role to play as about many others
are the synthetic analogues made on
prototype compounds which are isolated
from these plant species.” According to
the report of World Health Organization
(WHO, 2005), about 80% of the total
world’s population directly or indirectly
depends upon Traditional Medicine to fulfil
their healthcare needs. As a source of raw
material, medicinal plants have great impoz-
tance in alternative system of medicine
(Ayurveda, Unani, Siddha and Homoe-
opathy) and it marks them as an influential
therapeutic However,
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demand at global level leads to create a
need for usage of herbal medicine due to its
worldwide acceptance in treating a number
of diseases. Various chemical constituents
of the Medicinal plants belonging to
different families have curative effect against
diseases.?

Reno-toxicity is a poisonous result of
the substances both like toxic chemicals
and medications, on kidney function and
Nephroprotective agents are the drugs
which are having protective effect against
nephrotoxicity. Chronic kidney disease, with
its high frequency, morbidity and mortality,
has become an important public health
problem. Even, chronic kidney disease and
other non-communicable diseases have
often been neglected in the face of persis-
tent challenges from and competition for
resources for communicable diseases and
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high infant and maternal mortality.* With about <3%
of land mass, India hosts about 17% of the Earth’s
population. Very large number of patients below the
poverty line, low gross domestic product and low
monetary allocations for health care have led to sub-
optimal results.

Anticancer drugs are related to nephrotoxicity, i.e. one
of the most common anticancer drug-induced side
effects of the anticancer drugs is nephrotoxicity, that
is, it causes either causes temporary or permanent
kidney damage. Moreover, it can endanger the lives
of cancer patients and therefore intensify their condi-
tions. In about 60% of all the clinical cases, Studies have
shown that nephrotoxicity is the cause of acute renal
injuries and is induced mainly by anticancer drugs.’
Nephrotoxicity can be diagnosed through simple blood
tests or assessment of nephrotoxicity through blood
parameters such as measurement of blood urea nitrogen
(BUN), glomerular filtration rate (GFR), concentration
of serum creatinine and creatinine clearance. Also,
Body is unable to get rid of excess urine and wastes
from the body and blood electrolytes such as potassium
and magnesium will result in their elevation when
kidney damage occurs. A number of potent therapeutic
drugs like aminoglycoside antibiotics, chemotherapeutic
agents and NSAIDS have been added to the therapeutic
arsenal in recent years and a number of therapeutic
agents can adversely affect the kidney resulting in acute
renal failure, chronic interstitial nephritis and nephritic
syndrome.

Prompt recognition of disease and preventing the use
of responsible drug are the only necessary therapy.
Chemical constituents of the Medicinal plants belonging
to different families have curative effect and ancient
literature has proposed a number of herbs for the treat-
ment of kidney disease. Administration of medicinal
plants having nephroprotective effect along with the

nephrotoxic agents (drugs) may reduce its toxicity.>'*!!

Herbs and some of their phytoconstituents for
treating drug-induced nephrotoxicity

Phytoconstituents having nephroprotective
effects against cisplatin-induced nephrotoxicity

Catechin, epigallocatechin and epigallocatechin
gallate

The compounds such as catechin, epigallocatechin and
epigallocatechin gallate (EGCG) found in green tea have
been reported to be effective against nephrotoxicity.'?
A study carried out on mice with cisplatin-treatment
showed that pre-treatment with polyphenols (EGCG
and epigallocatechin) led to decline the toxic changes,

cisplatin-induced side effects and improved renal func-
tion in mice'? thus, it was also found that administration
of 20-40 mg/kg of catechin and EGCG led to decline
in tumour necrosis factor alpha (TNF-o) and MDA
(malondialdehyde) and enhanced glutathione level.

In another study carried out on rats, EGCG was found
preventing the oxidative stress, suppressing systemic
inflammation and leucocytosis and, polyphenol is
reported preventing chances of side effects and
mortality due to cisplatin-induced nephrotoxicity and
thus proved nephroprotective in nature."
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Resveratrol

Resveratrol a polyphenolic compound found in white
hellebore (Veratrum grandiflorum O Loes) root, apple,
grape and, also in other medicinal plants. A study was
carried out on mice and was checked for nephropro-
tective action of Resveratrol using cisplatin-induced
nephrotoxicity model. And, it gave indications of renal
injury and toxicity as elevated serum creatinine level and
urine proteins in resveratrol and found to be lower than
those taken in controls. Also, administration of resve-
ratrol led to decrease in glutathione depletion and lipids
peroxidation."'® Resveratrol also shows anti-inflamma-
tory properties and suppresses oxygen species activity and
its antioxidant property is linked with declined 4-HNE
(4-hydroxynonenal) and carbonyl-adduction,' thus it is
concluded that its nephroprotective action is due to its
reported anti-oxidant potential. Another study reported,
was carried out on rats which demonstrated an increase
in levels of serum creatinine, urine protein and volume,
lipids peroxidation and glutathione depletion in cisplatin-
treated rats. And, changes and nephritis were found to
be alleviated in resveratrol treated rats."”
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Ginsenosides

20(S)- Ginsenoside Rg3 having antioxidant potential is
an active compound present in plants like Panax ginseng,
is used in the treatment of renal disorders in various
regions of the world. A study was carried out for
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Cisplatin-induced apoptosis in potcine proximal tubular
in pig kidney cells (LLC-PK1) through inhibiting c-Jun
(INK)-p53-caspase-3
cascade can be prevented by the use of this plant-based
compound 20(S)- Ginsenoside Rg3."® Also use of

N-terminal kinase signalling

ginsenosides Rg3, Rg5 and Rkl and processed ginseng
can prevent damage to the LLC-PK1 cells. And also,
expressions of p53 and c-Jun N-terminal kinase (JNK)
proteins that are depressed by cisplatin are restored.
Antitoxic activity of this compound is due to its anti-

inflammatory and anti-apoptotic properties.'’

Even,
more compounds of ginseng like Rh4 and Rk3 can lead
to decrease, the induced nephrotoxicity in the LLC-

PK1cells.

A
'__i-w._‘!___:-"_. " My

Tetrahydro-curcumin

Tetrahydro-curcumin is an important compound found
in curcuminoids of root of turmeric plant. A study was
carried out to check for the nephroprotective action
of Tetrahydro-curcumin and it was reported showing
anti-inflammatory properties and preventing cisplatin-
induced nephrotoxicity in addition with preventing
the activities of certain enzymes such as caspase-3 and
cyclooxygenase-2.>! Most probably, due to its antioxi-
dant potential it was found nephroprotective in nature.
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Silymarin

Is a plant-based flavonoid compound from Silybum
marianum. Silymarin tend to show anti-inflammatory
effect by decreasing TNF-o and also found reducing
acute nephrotoxicity through protecting lysis of red
blood cells. Silymarin is found to reduce BUN and serum
creatinine levels and thus protecting cisplatin-induced
nephrotoxicity in patients, which is found credited to its
immunomodulatory, antioxidant and anti-inflammatory
properties.”?
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Nor-dihydroguaiaretic acid (NDGA)
Nordihydroguaiaretic acid (NDGA) is a phenolic lignan

is a natural compound found to be present in the
evergreen shrubs like Larrea divaricata and Guaiacum offi-
cnale” And it is reported to have anti-inflammatory,
anti-cancer and anti-oxidant activity, is also reported to
treat cisplatin-induced renal toxicity when carried out
on Female Sprague—Dawley rats.** And assessment of
parameters creatinine (Cr) and BUN in the serum samples
by using auto blood analyser (Siemens, Dimension Xp
and Plus) was done after 5 days of cisplatin administra-
tion and body weight dectease and kidney/body weight
ratios were calculated as to get rates of kidney injury.
The amelioration was detected clearly by significant
deduction in serum BUN as 86.51 g/dl and creatinine
as 5.30 g/dl levels and significant improvement in body
weight change as —10.34 ¢ and kidney weight as
728 mg/kg and also, restored antioxidant enzymes activity
like SOD (superoxidase dismutase) as 86.28% inhibition,
inflammatory markers like TNF-« as 34.6 pg./ml) and

also histopathological examination.”
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Saikosaponin-d (SSd)

Saikosaponin-d is a triterpenoid saponin, known to have
various pharmacological properties and is reported to
observe, how SSd protected against cisplatin-induced
nephrotoxicity. SSd led to decline the level of reactive
oxygen species (ROS) accumulation and that the specific
ROS scavenger N-acetylcysteine (NAC) and markedly
stopped the cisplatin-induced activation. It has an
ability to reduce the activity of ROS, hence proven

nephroprotective in nature.*
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Phytoconstituents having nephroprotective effect
against Colistin sodium methane sulfonate (CMS)-
induced nephrotoxicity

Astaxanthin

In a study on Male Wistar rats weighing 250 + 20 ¢
Astaxanthin (ASX) is a carotenoid red-orange in colour
naturally found in a large variety of aquatic organisms,
such as microalgae, fishes and crustaceans such as
shrimps, it is known for its antioxidant and anti-inflam-

2728 The levels of urine creatinine

matory properties.
(Cy), urine -glutamyl-transferase (GGT) and renal tissue
activities in malondialdehyde (MDA), SOD, catalase
(CAT), glutathione peroxidase (GPx) and reductase
(GSH), as well as renal histology were observed. And the
results obtained were showed that ASX has an action of
changing the level of the antioxidant enzyme in an assay,
plasma and renal enzyme markers and thus, CMS was
reported to induce renal injury. And, CMS was observed
to decrease the level of the antioxidant enzyme assay.
Astaxanthin of 20 mg /kg b.w. and vitamin E of
100 mg/ kg b.w. was reported to prevent declined effect
caused by CMS.»
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Phytoconstituents having nephroprotective effect
against Ferric nitrilotriacetate (Fe-NTA) induced
-nephrotoxicity

Hesperidin

Hesperidin (HS) is a flavone glycoside commonly found
in citrus fruits. A study on Male wistar rats (150-200 g),
6—8 weeks old was carried out to check for nephropro-
tective effect of Hs against Fe-NTA induced -nephro-
toxicity and Fe-NTA in 9 mg/kg i.p. was reported to
induce inflammation in kidney. Kidney toxicity was
observed by the changes in kidney antioxidant enzyme
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and its kidney morphology. Nitrilotriacetate was known
to prevent antioxidant property of the kidney tissues
and hence leading to nephrotoxicity. And, the treatment
with hesperidin was observed to prevent the abnormalities

in the kidney function.
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Phytoconstituents having nephroprotective effect
against IgA nephropathy model

H1-A

H1-A is a pure compound from Cordyceps sinensis
(Cs), which is a blade-shaped fungus derives its nutrient
from larvae of Lepidoptera.” In an IgA nephropathy
model, a fractionated crude methanolic extract of the
fruiting bodies of Cs significantly led to decrease
haematuria and proteinuria and improved kidney
histology. Purified compound of Cs by silica gel column
chromatography and high-performance liquid chroma-
tography also showed positive results towards renal
protective action against IgA nephropathy. Cs and its
component H1-A led to reduce haematuria and protein
urea in a murine model of IgA nephropathy model.”

Phytoconstituents having nephroprotective effect
against Gentamicin-induced nephrotoxicity

Saikosaponin a and d

Major triterpenoid saponin derivatized from of
R. buplenri are Saikosaponin a (SSa) and its epimer
satkosaponin d (SSd), which have been used as an
anti-inflammatory agent.” Studies separately on Cellular
mechanisms, Animal (rat, mice) and Human were
carried out and it has a potential of an Anti-inflam-
matory, immuno-modulatory. It resulted in deduction
of the urinary protein excretion and kidney injury in
the nephrectomy model, in rat model of gentamicin
nephrotoxicity, etc. Also, SSd reduces proteinuria and
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extracellular matrix deposition and moderate level of
evidence in patients with IgA nephropathy, likely by
inhibiting mesangial cell proliferation.”
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Herbs having nephroprotective effect against
methotrexate -induced nephrotoxicity

(Allium sativum) Garlic

A study was carried out on Forty Wistar Albino male
rats (100-120 g), to investigate the protective effect
of aqueous extract of garlic on methotrexate-induced
nephrotoxicity which exhibited that aqueous A. sativum
extract led to enhanced filtration rate, improved renal
function and activities of antioxidant enzymes. Also,
garlic extract led to decrease oxidative stress and
prevented morphological changes in the kidney.™ And
when observed for parameters results were, Garlic lead
to decrease in MDA level and improved kidney function
because of exerting antioxidant, antiapoptotic and
anti-inflammatory effects. Also, the extract leads to
somehow protect cisplatin-induced side effects including
histo-morphological, ultrastructural and biochemical
changes.”

Herbs and Herbal extracts having nephroprotective
effect against cisplatin-induced nephrotoxicity

Grape

Grapes are found to mainly consist of antioxidant
phytochemicals polyphenols, flavonoids, proantho-
cyanidins and resveratrol. A study was carried out on
4-week-old with weight 125-140 on about twenty-one
male Wistar rats for renal protective effects of anti-
oxidant properties of whole grape juice (with skin and
seeds) on cisplatin-induced acute nephrotoxicity in rats.
And, it showed no significant changes in oxidative stress
and antioxidant status in the kidneys of cisplatin-treated
rats. Rather, after pre-treatment with whole grape juice
tubular cell vacuolization, tubular dilatation and cast
formation in kidney tubules were observed to be slightly
improved.”

Green tea

Green tea commonly known as Camellia sinensis is
a very frequently used plant in traditional system of
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medicine. A Study in male rat for the protective effects
against cisplatin induced nephrotoxicity, was carried
out to show that green tea is effective on increased Pi
transport activity along with reducing cisplatin induced
destructive changes. Administration of green tea and
royal jelly when compared with that of chemotherapy,
a decrease in BUN and serum creatinine was observed
followed by increased MDA production and creatinine
level in rats. Thus, green tea showed protective effect
against cisplatin-induced nephrotoxicity.™

Rubia cordifolia

R. cordifolia belonging to family Rubiacea, a commonly
used herb in Indian traditional medicine, was found to
have antioxidant properties. A study was carried out
on 4-6-week-old male Swiss Albino mice (20-25 gm)
to check for the protective action of hydro-alcoholic
extract of R. cordifolia extract and the effect in cisplatin-
treated mice showed that this extract led to reduce urea
levels and serum creatinine and Lipid peroxidation
in the kidney tissues was also found decreased in
R. cordifolia extract treated animals. And, finally Hydro-
alcoholic extracts of R. cordifolia was found effective
in reducing the cisplatin induced-renal damage.”

Phyllanthus fraternus

P fraternus belonging to family Euphorbiaceae have
attracted pharmacologist’s attention for its pharmaceutical
uses. A study on wistar rats (100 g) was carried out to
check protective effect shown by extract of P. fraternus
on cisplatin and cyclophosphamide induced nephro-
toxicity in rats when they both given in combination to
each other. And the results led to show that adminis-
tration of cisplatin (12 mg/kg, i.p) and cyclophospha-
mide (150 mg/kg, oral) together to wistar rats (100 g)
significantly altered mitochondrial structure and hence
function. Aqueous extract of P. fraternus was found to
reduce nephrotoxicity in this co-administration of
cisplatin and cyclophosphamide-induced model. This
plant can also attune lipids peroxidation and mitochon-
drial respiratory disorders.*

Sphaeranthus indicus

Only a few of the researches have been conducted on
S. indicus, commonly known as East Indian globe thistle,
which is used in treatment of various diseases. A study
was carried out on mice and ethanolic extract of S. ndicus
was used for about 10 days after administration of
cisplatin and it was found effective in reducing the
nephrotoxicity, as reduction in the indices like BUN
level and serum creatinine level were observed. And
also, it led to enhance antioxidant indices like superoxide
dismutase, catalase and glutathione peroxidase in kidney
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and regulated glutathione level in mice and was found
nephroprotective in nature.*!

Urtica dioica L.

U. divica, is known as common nettle and is being used
in traditional system of medicine. A study on kidney
of mice for the antitoxic effects of common nettle was
performed followed by administration of cisplatin. And
it was found to observe that methanolic extract of
U. divica exerted preventive effect by decreasing BUN
level, lipids peroxidation, myeloperoxidase and proteins
oxidation due to its antioxidant properties. Also, it led to
decrease the activities of certain enzymes such as supet-
oxide dismutase, glutathione S-transferase, catalase and
glutathione peroxidase as well as glutathione content
and found potent antioxidant and thud nephroprotective
in nature.*?

Glycyrrhiza glabra

Licorice extract from the dried root of G. glabrais found
being commonly used in Chinese traditional medicine.
It possesses antioxidant potential so it was observed
to have nephrotoxic effects. A study was carried out
in mice where the administration of licorice extract
where it was found preventing all the side effects due
to cisplatin-induced nephrotoxicity including elevated
BUN and serum creatinine as well as raised oxidative
stress in mice. However, when licorice extract was given
in combination with cisplatin, the therapeutic efficacy
(destruction of tumour cells) was tend to reduce. So, it
is recommended to use this extract alone rather than in
combination with cisplatin for exerting anticancer effect.
Thus, it could be concluded that it possesses antioxidant
potential and so nephroprotective in nature.

Panax ginseng

A study was carried out on pig kidney cells to check for
nephroprotective effect of fermented then lyophilised
black ginseng extract against cisplatin-induced nephro-
toxicity. The impaired renal function was observed by
increases in the total protein level and renal enzyme
markers. Panax ginseng extract was analysed to restore
the level of alteration caused by cisplatin and in repair
in kidney damage. And it was observed that cisplatin-
induced cell viability was significantly recovered with
this ginseng extract.'®

Sphagnum palustre

A study was carried out on LLC-PK1 (pig kidney
epithelium, CL-101) cells, to check for nephroprotective
action of ethanolic (EtOH) extract of Sphagnum palustre
and its active ingredients. And the increased percentage

of apoptotic cells by cisplatin was significantly
decreased after cotreatment with the EtOH extract of
S. palustre and ergosterol peroxide, (383,22E,24S)-3-
hydroxyergosta-5,22-dien-7-one and betulinic acid and
also, the protective potential effect of . palustre was
by its ability in inhibiting the mitogen-activated protein
kinase response.*

Pulsatilla dahurica (PD), Centipeda minima (CM),
(Loranthus parasiticus) LP, Sinapis alba (SA), Curcuma
longa (CL), (Scutellaria barbata) SB and Paeonia
suffruticosa (PS)

A study was carried out on Six-week-old BLAB/c male
mice (weighing 20-25 g) and the spray-dried extracts
of 239 products produced by 7 medicinal plants (PD),
(CM), LP, (SA), (CL), SB and (PS)) and they were
screened to quantitatively determine the recovery effects
of herbal medicines (HM) on the cisplatin-induced
nephrotoxicity using cytotoxicity assays of cisplatin-
treated HEK 293 cells. And the results suggested that
SB, CL, PS and SA are the best herbal medicines for the
recovery of cisplatin-induced nephrotoxicity.*

Pueraria tuberosa D.C.

A study was carried out on the albino rats of Charles
foster strain (both sexes, 150-200 g) was performed to
check the nephroprotective effect of an herbal
preparation PTY from methanolic extract of tubers
of Pueraria tuberssa D.C., in cisplatin induced neph-
rotoxicity model. Rats were administered orally PTY
in different doses for seven consecutive days, along
with cisplatin (8 mg/kg B.W,, i.p.) on 4th day. And it
was found to observe that PTY prevented the elevation
in serum creatinine level, BUN. It led to prevent the
decline in glutathione content, activities of superoxide
dismutase and catalase and also prevented DNA
damage, tubular swelling, cellular necrosis and protein
cast deposition as compared with the experimental
control group in kidney.*

Nigella sativa

A study on rats was carried out to check for the nephro-
protective action of seeds of plant Nigella sativa
against cisplatin induced nephrotoxicity in rats. Dose
administration of N. sativa seed extract (50 mg/kg)
30 min prior to the administration of the drug cisplatin
was effective in making the better biochemical and
physiological indices of nephrotoxicity.”” And, thymo-
quinone is reported reducing the nephrotoxicity of
cisplatin and enhances its antitumor activity, may be
due to the prior reported antioxidant action of the

extract.*®#
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Other Medicinal Plants with their specific part and chemical constituents used in treating Cisplatin

Induced Nephrotoxicity
Plant Name Part used Family Chemical constituents
Bauhinia variegatea linn Stems Caesalpiniaceae stigmasterol, flavone glycosides, lupeol, kaempferol-3-
glucoside, B-sitosterol.>®
Cassia auriculate Roots Fabaceae Tannins, Di-(2-ethyl) hexyl phthalate, Alkaloids, Resins, Ca2+
and Phosphorous.®"
Ceratonia Silique Pods and Leaves Fabaceae Flavanoids.*?
Ficus religiosa Latex Moraceae Amino acids and Tannins.*

Kigelia Africana Matured fruits Bignoniaceae

Iridoids, Naphthoquinones, Flavonoids, Terpenes, Tannins,
Steroids, Saponins and Caffeic acid.>

Lepidium sativum Seeds Brassicaceae Volatile aromatic oils, Fatty oils, Carbohydrate, Protein, Fatty
acid, Vitamin B-carotene, Riboflavin, Niacin, Ascorbic acid,
Flavonoids, Glycosides and Isothiocynates.%®
Panax ginseng Roots Araliacae Saponin, glycosides, Ginsenosides (Dammarol), Panaxosides
(Oleanolic acid) and Chikusetsu saponin.*®
Picrorhiza kurroa Royle Rhizome Scrophulariaceae Tannins.%’
Pongamia pinnata Flowers Papilionaceae Flowers Pongamol, Protien, Alkaloids, Tannins, Sugar, Resin
and Fatty oil (Karanjin).%
Vernonia cinereal Aerial parts Compositae Triterpenoids like a-amyrin, B-amyrin and lupeol.%®

Herbal extracts having nephroprotective effect against cyclophosphamide-induced nephrotoxicity

Curcuma caesia Roxb.

For treating various ailments and metabolic disorders
C. caesia Roxb is considered to be very commonly used
herb in traditional system of medicine. A study on
C. caesia Roxb. was carried out on mice against
chemotherapeutic drug cyclophosphamide to check for
its nephroprotective effect. And it was observed that
use of methanolic extract of C. caesia Roxb reduced
serum levels of aspartate aminotransferase (AST) and
alanine transaminase (ALT) and kidney peroxidation in
the treatment group cyclophosphamide and it exerted
toxicity on the kidney in mice. The study suggested that
the methanolic extract of C. caesia Roxb has reduced the
genotoxicity caused by cyclophosphamide and showed
the protective effects against kidney.*’

Phyllanthus fraternus

P fraternus family
have attracted pharmacologist’s
pharmaceutical uses. A study on wistar rats (100 g) was
carried out to check protective effect shown by extract
of P. fraternus on cisplatin and cyclophosphamide
induced nephrotoxicity in rats when they both given in
combination to each other. And the results led to show
that administration of cisplatin (12 mg/kg, i.p.) and
cyclophosphamide (150 mg/kg, oral) together to wistar
rats (100 g) significantly altered mitochondrial structure
and hence function. Aqueous extract of P. fraternus was
found to reduce nephrotoxicity in this co-administration
of cisplatin and cyclophosphamide-induced model.

belonging  to Euphorbiaceae

attention for its
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This plant can also attune lipids peroxidation and
mitochondrial respiratory disorders.”

Herbal extracts having nephroprotective effect
against gentamicin-induced nephrotoxicity

Eclipta prostrate

E. prostrate is a natural product, which was reported to
have a beneficial effect upon gentamicin-induced renal
toxicity in rats. And, this experiment was evaluated on
Sprague—Dawley rats, which was observed to show an
increase in the level of renal enzyme markers and renal
antioxidant assay on the administration of 80 mg/ kg
b.w. gentamicin. The study was carried out for 7 days to
find the beneficial effect of E. prostrate. And the results
showed the elevated level of renal enzyme markers and
minimised renal antioxidant assay, by the potential activity
of E. prostrate. This beneficial activity is probably be due
to the radical scavenging and ferrous ion elimination
properties of the E. prostrate.”!

Moringa oleifera

A study on rabbits to check for protective effect of
Moringa oleifera leaves extract at the dose 300 mg/kg
b.w. was carried out and it reported to improve
complications caused by gentamicin-induced renal
injury in rabbits. Gentamicin at the dosage 80 mg/ kg
b.w. showed a significant elevation in the renal enzyme
markers and Kidney morphology was observed to have
complicated renal damage. M. olifera-treated rabbits
were found to normalize the alteration made by
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gentamicin on kidney and hence found to be nephro-
protective effect of M. oleifera extract.

Euclea divinorum

A study on rats was carried out and was checked for
nephroprotective effect of extract of plant Euclea
divinorum against gentamicin-induced renal toxicity in
rats. Gentamicin led to cause alteration in renal enzyme
markers and antioxidant enzyme assay. And, . divinorum
extract was observed normalising the alteration caused
in renal enzyme markers and antioxidant enzyme assay
and thus, E. divinorum extract was found to be nephro-
protective in nature.*’

Pimpinella anisum

Plant  Pimpinella  anisum commonly known for its
different medicinal properties is also a natural antioxi-
dant and a free radical scavenger. A study was carried
on Wistar albino rats of either sex, weighing 150-200 ¢
into different groups and administered as normal saline,
gentamicin 80mg/kg, intrapetitoneally for about 8 days,
aqueous extract of Pimpinella anisum seeds at 1, 2 and
4g/kg, administration of extract 3 days before and
continuously with gentamycin for 5 days. And blood
collected at last and was observed as, increase in serum
urea, serum uric acid, serum creatinine and blood
urea nitrogen as (107.5+16.92mg/dl, 0.8+0.09 mg/dl,
3.051£0.29 mg/dl, 47.819.07 mg/dl) respectively when
compared with the
Co-administration of Pimpinella anisum extract with
gentamicin led to decrease the raised levels in a dose
dependent manner. Also, Histopathological analysis
was carried out and showing epithelial loss with intense

saline treated groups. Also,

granular degeneration, whereas aqueous extract of
Pimpinella anisum led to show serious the effect of
gentamicin-induced renal damage.**

Turmeric

Turmeric is known to have efficacy against gram nega-
tive bacteria, resistant bacteria, nosocomial infections
and cost effectiveness. Also, Turmeric has various
different medicinal properties including potent antioxi-
dant activity. So, a study was carried out on animals in
different groups with varying number, simultaneously
were administered with extract of turmeric and
gentamycin, on last day animals were sacrificed and
results observed were, Severe renal dysfunction
(146 = 9.2, 2.03 * 0.26), highest renal injury grading
(3.66 = 0.24) was observed in only gentamicin treated
groups followed by spontaneous recovery after with-
drawal of drug but with higher levels of oxidative
stress (0.04 £ 0.01). Gentamicin and Turmeric treated
groups maintained renal function and had lower level of
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renal damage grades and oxidative stress. Turmeric
pre-treated group was having lowest oxidative stress
(0.12 £ 0.03), histopathology grade (0.60 £ 0.06) with
normal renal functions. And, hence turmetic was found
to be nephroprotective in nature.*

Anethum graveolens

Apnethum  graveolens is a major source of bioactive
compounds that are having varying pharmacological
activities including antioxidant. A study on Wistar
albino rats of either sex, weighing 150-200g for Nephro-
protective effect of  _Awethum  graveolens —against
gentamycin-induced nephrotoxicity was performed.
And, Serum urea, creatinine, uric acid, BUN parameters
and histopathological examination of kidney were
observed. As a result, Gentamicin treatment led to
nephrotoxicity, as seen marked increase in Serum urea,
creatinine, utic acid and BUN as 107.5216.92 mg/d],
0.88£0.09 mg/dl, 3.05£0.29 mg/dl and 47.80£9.07 mg/dl
respectively and is compared to saline treated animals.
Then, Administration of aqueous extract of Anethum
graveolens at doses 0.5, 1 and 2g/kg/ body wt. led to
decline the rise in these parameters in a dose dependent
manner. However, 1 and 2g/kg body wt. doses showed
statistical significance, when compared to the gentamicin
treated group. Also, histopathological analysis led to
epithelial loss with intense granular degeneration and,
led to show serious effect of gentamicin-induced renal
damage. Hence, extract of _Anethum graveolens was
found to be nephroprotective in nature.”

Petroselinium Sativum, Eruca Sativa, Curcuma Longa

A study was carried out on forty-two male Sprague
dawley rats to check for the action of Petroselininm
Sativum, Ernca Sativa and Curcuma Longa alone and
in combination, against gentamycin induced nephro-
toxicity. First group was administered with 0.2ml/rat
normal saline and second group injected with
gentamicin 80mg/kg bw i.p. for consecutive 8 days and
rest four groups were give aqueous extract of these
three alone and in combination 1ml/rat, 150mg/kg bw
along with gentamicin. After 24 h, biochemical analysis
was done of blood and urine and kidney specimen for
histopathology.  Petroselinium ~ Sativum, Eruca Sativa,
Curcuma Longa caused nephroprotective effect with
decreased in levels of serum and urea and ALP activity
and normalised Na® and K * electrolytes. Enhanced
output of urine and concentration of Na*and K7, giving
diuretic activity. The nephroprotective effect could be
due to its antioxidant effect as observed from previous
studies as evident by increasing activity of antioxidant
enzymes. Results conclude that combination of all
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these herbs are effective in gentamicin induced neph-

rotoxicity.®
Hemidesmus indicus L.

A study using albino Swiss mice, for nephroprotective
effect of Hemidesmus indicus was carried out and
Efficacy was evaluated against gentamicin-induced

nephrotoxicity, on rats in different groups. Mice were

killed on day 13 of the study but from gentamicin
treated group mice were killed on the seventh day. And,
determination of the drug efficacy was observed by
using haematological and histological examination. The
toxicity study using albino Swiss mice, gave a a result
that the drug was relatively safe up to the dose 7 g/kg bw.
Results showed that the treatment with H. zndicus
helped preventing the gentamicin induced renal damage,

Nephroprotective effect against Gentamicin Induced Nephrotoxicity.

Plant name

Withania somnifera

Part used

Roots

Family

Solanaceae

Chemical constituents

Alkaloids (Somniferon), Withaminon, Wasamin, Sugars, Glycosides,
Amino acids, Essential Oils, Withaniol, Hexatriacontane, Phyto sterol
and oils.%

Solanum nigrum

Whole plant

Solanacea

Alkaloids, Reducing sugars, Glycosides, saponins, Steroids,
Leutein, Lycopene, Vitamin-c, Glucose, Fructose, Caffeicsolasodine,
Tamatidenol, Solamargine, Solasomine, Trigogenine, Pottasium,
Calcium and Phosphorous.*®

Rhazya stricta

Leaves

Apocynaceae

1-carbomethoxy-f3-carboline, Condyloacarpine and Vincanicine.®

Nigella sativa

Whole plant

Ranunculaceae

Alanine, L-Spinasterol, Arabic acid, Arginine, Amino acid, Aspargine,
Aspartic acid, Carvone, Cystine, Cholesterol, Glutamic acid, Linoleic
acid, Linolenic acid, Melanthin, Myristic acid, Oleic acid and Tannins.*®

Glycyrrhiza glabra

Rhizomes

Fabaceae

Glycyrrhizin, Glyciyrrhizic acid, Glycosides, Steroids, Glucose,
Sucrose, Resin, Starch and Essential oil.5®

Emblica officinalis

Fruits

Euphorbiaceae

Vitamin-C, Carotene, Nicotinic acid, Riboflavin, D-glucose, D-fructose,
Myoinositol, Darabinosyl, D-xylosyl, Lrhamnosyl, G-glycosyl,
D-manosyl, D-galactosyl, Embicol, Mucic and Phyllambic acid,
Phellembin, Fatty acid, Leucodelphinidine, Procyanidin, 3-O-gallated
Prodelphindin, Tannins, Ellagic acid, Lupeol and Oleanolic acid.%®

Aerva lanata

Whole plant

Amaranthaceae

Botulin, B-sitosterol, Amyrin, Plant Hentriacontane, Campesterol,
Stigmasterol, Kaempferol, Propionic acid, B-carboline-I, Aervoside and
Aervolanine.®

Cassia auriculate

Roots

Fabaceae

Tannins, Di-(2-ethyl) hexyl phthalate, Alkaloids, Resins, Ca2+ and

Phosphorous.5!

in mice and, the histological examination of kidneys
also supported the findings from haematological
evaluations.”’

Herbal extracts and herbal formulation having
nephroprotective effect against acetaminophen-
induced nephrotoxicity

Ledebouriella divaricata, Sparganium simplex,
Panax ginseng, Aster tataricus, Citrus aurantium,
Sanguisorba officianlis, Arisaema consanguineum
and Polygonum aviculare: A study was carried out
on HEK 293(transformed primary embryonal kidney)
cell line by having been used the centrifuged extract
of about 251 herb medicines and a damage was found
to be observed by acetaminophen when evaluated for
MTS assay. It was found that from the total of 251, 8
herbs as Ledebonriella divaricata, Sparganinm simplex, Panax
ginseng, Aster tataricus, Citrus aurantium, Sanguisorba offi-
cianlis, Arisaema  consanguinenm and  Polygonum avienlare

were found showing a remarkable effective change on
acetaminophen-induced damage in HEK 293 cell line.
And, non-linear regression analysis of Dose response
demonstrated that P. aviculare was found reflecting the
best recovery rate (98%) with the smallest EC50 value
of 0.1 ng/mL out of the screened herbal medicine can-
didates.”” Also, on the basis of results obtained it was
analysed that, acetaminophen is a painkiller drug used
wotldwide but causes severe kidney damage®

Bi-herbal formulation of Ocimum gratissimum
and Gongronema latifolium aqueous leaf extracts

A study was carried out on forty albino rats (100-110g)
to check for the protective effect of aqueous leaves
extract of Ocimum gratissimum and Gongronema latifolinm
on acetaminophen-induced nephrotoxicity model. The
extracts were orally administered with dose each as 200,
300 and 500 mg/kg body weight (bw), 500 mg/kg bw
separately and 100 mg/kg bw silymarin (reference drug)
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was administered to rats for 10 days. Also, a suspension
of acetaminophen with dose 750 mg/kg bw was admin-
istered once every 72 h to induce Nephrotoxicity in rats.
Results reflected an increase in the levels of creatinine,
urea level with a reduction in total protein (ITP) levels
of rats administered acetaminophen only. And, a dose
dependent reversal change was seen in rats pre-treated
with 200, 300 and 500 mg/kg bw of the bi-herbal extract
was found to observe that the aqueous bi-herbal extract
of  Ocimum  gratissium and — Gonglonema  latifolinm
possessed better protective activity as against the mono
extracts in acetaminophen-induced toxicity.”

Herb having nephroprotective effect against
diclofenac-induced acute kidney injury (AKI)

Vinpocetine

A study was carried out on 1-month-old Swiss mice
of about 20-25g and vinpocetine was investigated for
its effect and mechanisms on diclofenac-induced AKI.
Mice was administered a stimulus with diclofenac in
200 mg/kg, p.o. dose and after 30 min. treated with
0.3, 1, or 3 mg/kg, p.o of vinpocetine. Blood and urine
sample were collected 24 h post diclofenac administration
and it was observed elevation in levels of protein and
blood wurea, creatinine and oxidative stress levels.
Diclofenac led to enhanced oxidative stress and it
caused morphological changes leading to renal damage.
Also, diclofenac resulted in kidney cells apoptosis,
up-regulated pro-inflammatory cytokines and led to
the activation of NF- uB (necrosis factor-kappa B) in
kidney tissues. On the other hand, vinpocetine inhibited
diclofenac-induced oxidative stress,
changes, apoptosis, cytokine production and NF-xB
activation and resulted in reducing diclofenac-induced

morphological

blood urea and creatinine. Hence, vinpocetine at dose
3 mg/kg was chosen effective for the experiment.”

Herbal extract having nephroprotective effect
against Tramadol-induced nephrotoxicity

Moringa oleifera

A study was carried out on 20 adult albino mice, divided
into different groups. Control group 1 was given by i.p.
injection of normal saline only, group 2 received oral
dose of Moringa oleifera leaves extract (20 mg/kg/bw)
for three weeks, group 3 received daily ip. dose of
tramadol (0.3 mg/kg/bw) for the same petiod, group 4,
was administered daily oral dose of Moringa oleifera
leaves extract, (20 mg/kg/bw) three h before injecting
i.p. dose of tramadol (0.3 mg/kg/bw), for that petiod.
Tramadol + Moringa oleifera group reflected significant
difference in the mean values of urea and creatinine
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when compared with tramadol-treated group. So,
Moringa oleifera leaves extract have been shown to
reduce effect and renal dysfunction, improve the renal
architecture, with neatrly normalization of serum urea
and creatinine levels which indicate improvement of
renal function. Co-administration of Moringa oleifera
leaves led to show the negative effects of tramadol-
induced nephrotoxicity; due to its antioxidant action.”

Herbal extracts
effect against
nephrotoxicity

having
Streptozotocin

nephroprotective
(STZ)-induced

Erycibe obtusifolia

Extract of plant Erycbe obtusifolia which is generally
used in place of Tripterygium wilfordii to treat auto
immune disorders was used to carry out a study on
ICR-strain male mice 6—7 weeks old. After the extract
administration, BUN in the serum were observed and
results obtained were increased blood urea nitrogen at
doses of 20 and 30 mg/kg of the extract. And, thus
how extract of Eryibe obtusifolia was found to be
nephroprotective in nature.”

Mentha spicata

Extract of the herb Mentha spicata which is related
to M. piperita (peppermint) was studied for its
nephroprotective effect in STZ-induced nephrotoxicity
model in rats. About, forty-eight male Wistar albino rats
weighing 200/250 g were used for the study. Control
group (group I); 20 g/ L M. piperita tea (group II);
20 g/L M. spicata tea (group III); 40 g/L. M. spicata
tea (group 1V) were the following groups with different
number of rats in a group. Results showed that at doses
of 2.2 and 4.4 g/kg per day but as a carminative tea for
humans, this would be consumed at a dose of 5 g/cup.
Results observed were, no toxicity observed with
M. piperita and hence in Mentha spicata.™

Opuntia megacantha

Is a commonly used herb for diabetes in many devel-
oping countries onto which a study was carried out
using rats for STZ induced- nephrotoxicity in diabetic
rats with the dose 200 mg/kg per day administered
orally of leaves extract of O. megacantha and control
rats were administered with normal saline 0.1 ml/100 mg
body weight. O. megacantha leaf extracts led to show an
increase in plasma creatinine and urea concentrations in
non-diabetic and STZ-diabetic rats both and increased
GFR (glomerular filtration rate) in STZ-diabetic rats.
Elevation in plasma urea and creatinine concentrations
and the decline in the level of plasma Na* concentration,
thus is proved nephrotoxic in nature.”
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Herbs having nephroprotective effect against
Galactosamine -induced nephrotoxicity

Cajanus indicus

A study using shrub Cajanus indicns belonging to
family Leguminosae and subfamily papilionacea was
carried out on Swiss albino mice (male, body weight
20 * 2 g). And, a protein was purified from the leaves
of Cuajanus indicus, then both the preventive as well
as curative effects of the protein were observed in the
given study. Galactosamine administered at a dose of
800 mg/kg body weight intraperitoneally for 3 days
before and after the protein treatment at an intraperito-
neal dose of 2 mg/kg body weight for 4 days. To detet-
mine the status of the antioxidative Defence system,
the activities of antioxidant enzymes like SOD, catalase,
glutathione reductase (GR) and glutathione-S-transferase
(GST), levels of cellular metabolites, reduced GSH,
total thiols, oxidized glutathione (GSSG) and lipid
peroxidation end products were performed. And, serum
creatinine and urea nitrogen (UN) levels were measured
to check nephrotoxicity. And it was found that
galactosamine caused a severe oxidative damage in
kidney and Protein treatment both before and after
the galactosamine intoxication could protect the kidney
tissue against galactosamine-induced oxidative stress.”

Herbal extract having nephroprotective effect
against Nitrobenzene-induced nephrotoxicity
Euphorbia hirta L. extract

A study was carried out on albino rats (1000 mg/kg
body weight) to check nephroprotective activity of
ethanolic extract of Euphorbia hirta (400 mg/kg body
weight) in nitrobenzene-induced model. The levels of
antioxidant enzymes SOD, catalase, GPx, GST and the
levels of reduced GSH), total thiols and vitamin C in
the kidney tissues and histopathology were determined.
And, it was analysed that Nitrobenzene administration
significantly (P < 0.01) increased the lipid peroxidation
and significantly (P < 0.05) decreased the levels of SOD,
CAT, GPx, GST, GSH, total thiols and vitamin C and
treatment with extract normalised antioxidant level and
Euphorbia hirfa extract was proven effective protector
against nitrobenzene-induced nephrotoxicity, through
its antioxidant capacity.”’

Herbs having nephroprotective effect against
Bromobenzene-induced nephrotoxicity
Triphala

A study on female Wistar albino rats was carried out to
check for nephroprotective action of triphala powder
on Bromobenzene-induced nephrotoxicity. Mice were

divided into groups and treated with no treatment,
bromobenzene (10 mmol/kg), bromobenzene and
Triphala (250 and 500 mg/kg, respectively), Triphala
alone (500 mg/kg) and bromobenzene and silymarin
(100 mg/ke). Antioxidant effect and serum kidney
functional parameters were analysed. And the results
obtained was significant (P < 0.05) decreases in the
antioxidant enzymes like catalase, superoxide dismutase,
glutathione-S-transferase and glutathione peroxidase as
well as total reduced glutathione. Also, a significant
(P < 0.05) decrease in serum total protein and albumin
as well as significant (P < 0.05) increases in serum
creatinine, urea and uric acid levels. Also, histopatho-
logical examinations of kidney sections of the experi-
mental rats supported the biochemical observations.™

Phytoconstituents having nephroprotective effect
against Dichlorvos induced nephrotoxicity

Nigella sativa oil (NSO)

A study was carried out on twenty-four Wistar rats
were randomly divided into groups. And, rats were
administered with phosphate buffer solution as
controls, Dichlorvos (DDVP), DDVP+NSO and
NSO alone. Post 2 weeks treatment with this, blood
samples were collected and haematological parameters
like red blood cells count (RBC), haemoglobin (Hb),
erythrocyte indices mean cell volume (MCV), mean
corpuscular haemoglobin (MCH), mean corpuscular
haemoglobin concentration (MCHC) and Platelets,
renal function parameters (albumin, urea, total protein,
chloride, sodium and potassium ions) and nonspecific
immune response white blood cells count (WBC) were
observed. And it was observed that NSO maintained
optimal levels of RBC count, Hb, packed cell volume,
albumin, WBC count and urea, indicative of its protective
effect against haemo-, immuno- and nephrotoxicity of
Dichlorvos.”

CONCLUSION

It can be concluded from above mentioned studies that
pure phytoconstituents, herbal extracts and few of their
formulations have got enough potential to be used as
Nephroprotective agent with least toxicity as the above-
mentioned drugs are being traditionally used by different
systems of medicine over 3000 years. Although, to
substantiate the claims further studies are needed with
more relevant, reliable and advanced parametets.
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ABBREVIATIONS

WHO: World Health Organisation; BUN: Blood urea
nitrogen; GFR: Glomerular filtration rate; N N-AIDS:
Non-steroidal anti-inflammatory drugs; EGCG: Epigal-
locatechin gallate; TNF- a: Ttumour necrosis factor- a;
MDA: Malondialdehyde; 4-HNE: 4-hydroxynonenal;
LLC-PK1: Lilly laboratories cell-porcine kidneyl;
JNK-P53: c-Jun N-terminal kinase; NDGA: Nordi-
hydroguaiaretic acid; SOD: Superoxidase dismutase;
ROS: Reactive oxygen species; NAC: N-acetylcysteine;
CMS: Colistin sodium methane sulfonate; GGT: Glu-
tamyl-transferase; MDA: Malondialdehyde; GPx: Glu-
tathione peroxidase; Fe-INTA: Ferric nitriloacetate;
SSa: saikosaponin-a; SSd: Saikosaponin-d; Cr: Creatinine;
AST: Aspartate amino transferase; ALT: Alanine trans-
aminase; HEK-293: Transformed primary embryonal
kidney; TP: Total protein; NF-KB: Necrosis factor-
kappa B; AKI: Acute kidney injury; STZ: Streptozocin;
GST: Glutathione-S-transferase; GSH: Glutathione;
GSSG: Total thiols oxidised glutathione; UN: Utrea
nitrogen; RBC: Red blood cells; Hb: Haemoglobin;
MCH: Mean corpuscular Hb; MCV: Mean cell
volume; MCHC: Mean corpuscular Hb concentration;
WBC: White blood cells.
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PICTORIAL ABSTRACT

Herhs and some of their phytoconstituents for treating drug-induced nephrotoxicity
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SUMMARY

According to the WHO report, between 65% and 80%
of the populations of developing countries use medic-
inal plants as remedy nowadays. Kidney is one of the
vital organs of body and Nephrotoxicity is one of
the most common problems and it occurs as a result
when body is exposed to a drug or toxin. This review
article aims to report and to introduce the effect of
most important medicinal herbs, herbal formulations
and some of the specific phytoconstituents that are
used to prevent and treat anticancer, aminoglycoside,
non-steroidal anti-inflammatory and few other classes
of drug-induced nephrotoxicity. Particulatly anti-can-
cer drugs among all other classes of drugs, cause high
toxicity leading kidney damage and irreparable kidney
injury. So, attention has recently been paid to seek out
alternatives such as natural drugs that are effective and
also less toxic. According to the studies carried out on
different animals and cell line, many medicinal plants,
herbal formulations and a few plant-based constituents
by their antioxidant, free-radical and anti-inflammatory
properties are found to be helpful in preventing drug-
induced nephrotoxicity
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