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Abstract

Kidney is considered as a major target organ for exogenous toxicants. Drug induced nephrotoxicity is
more common in patients receiving certain medication and undergoing certain specific clinical treat-
ments resulting in deterioration of kidney functions. Some of the common nephrotoxic drugs include
aminoglycosides, sulphonamides, NSAIDs, anti-cancer drugs which further leads to acute kidney
injury. Boerhaavia diffusa L. is used in herbal medicines as well as functional food in many countries
such as Vietnam, Philippines, Brazil and India. This medicinal plant contains phytochemical constit-
uents such as flavonoids, alkaloids, steroids, triterpenoids, lipids, lignins, carbohydrates, proteins and
glycoproteins. The plant has been used in the treatment of nephrotic syndrome and urinary disorders.
Ayurvedic literature indicates that B. diffusa improves the function of impaired kidneys and also helps
the normal kidneys expel the excess fluid out of the body thereby illustrating its diuretic and possible
nephroprotective effects against drug induced nephrotoxicity. Administration of compounds with
antioxidant activity used for ameliorating drug induced nephrotoxicity have shown positive results in
several experimental models but have either failed to show constant amelioration or proved ineffective
when used for a long term. Given these limitations of modern medicine, plant based therapeutics can
be considered a better alternative.
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Introduction

Kidney performs several important func-
tions such as the maintenance of homeo-
stasis, detoxification, and excretion of toxic
metabolites and drugs and thus inescap-
ably exposed to high concentrations of both
endogenous and exogenous toxins.! One of
the underlying causes of nephrotoxocity is
the usage of nephrotoxic drugs. Gentami-
cin, cisplatin, non-steroidal anti-inflamma-
tory drugs, ifosfamide-induced acute renal
failure resembles the renal failure resulting
from administration of drugs in the clin-
ical set-up leading to complications. Some
other nephrotoxic drugs include aminogly-
cosides, sulphonamides, amphotericin-B,
neomycin, polymyxin, chloro-tetracyclines,
ibuprofen, acetaminophen, heavy met-
als (lead, mercury, uranium and arsenic),
anti-cancer drugs (cyclosporine, cisplatin

and cyclophosphamide), which may lead to
acute kidney failure.?? Intrinsic renal dam-
age due to cytotoxins is a common cause of
acute kidney injury (AKI). AKI is charac-
terized by the sudden impairment of kidney
function resulting in the retention of nitrog-
enous and other waste products normally
cleared by the kidneys. Nephrotoxicity can
be diagnosed through blood test and the lev-
els of blood urea nitrogen (BUN), concentra-
tion of serum creatinine, glomerular filtra-
tion rate and creatinine clearance are used
as parameters for evaluating nephrotoxicity.

Drug induced nephrotoxicity
mechanism

Drugs can exert direct toxic effects on
renal tubules, inducing cellular injury and
death in acute tubular necrosis, or induce
inflammation in the renal interstitium
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in acute interstitial nephritis (AIN).Gen-
eral mechanisms leading to nephrotoxicity
include changes in glomerular hemody-
namics, tubular cell toxicity, inflammation,
crystal nephropathy, rhabdomyolysis, and
thrombotic microangiopathy. Nephrotoxe
icity is enhanced by the positive charge of
polycationic aminoglycosides, which are
attracted to the negatively charged proxi-
mal tubular membrane phospholipids. This
facilitates drug binding to the megalin/
cubilin receptor complex. Medications and
endogenously produced substances com-
pete with each other for transport proteins
and influx/efflux transporters, which may
increase intracellular drug concentration
and risk for kidney injury.**¢ These drug-
drug interactions increase kidney injury
and overall drug toxicity. Accumulation of
high concentrations of the polycationic ami-
noglycosides within intracellular lysosomes
causes lysosomal injury, which is associated
with phospholipid membrane injury, oxida-
tive stress, and mitochondrial dysfunction.
This promotes proximal tubular cell apopto-
sis and necrosis with clinical manifestations
such as an isolated proximal tubulopathy.™®
The lipid/liposomal formulations to a lesser
degree, cause kidney injury by disrupting
tubular cell membranes and increasing
permeability to cations, which result in
tubular dysfunction due to cell swelling/
dysfunction. The polymixin antimicrobial
agent induced nephrotoxicity is related to
their D-amino content and fatty acid com-
ponent, which increases cellular membrane
permeability and allows cation influx.® This
effect causes tubular cell swelling and lysis
followed by AKI development. The acyclic
nucleotide phosphonates (adefovir, cidofo-
vir) enter the cell via basolateral human
organic  anion transporter—1(hOAT1-)
and promote cellular injury primarily
through disturbing mitochondrial function.
Mitochondrial injury is manifested by
mitochondrial  enlargement, clumped
cristae, and convoluted contours that
impair cellular energetics. Tenofovir, which
is employed widely to treat hepatitis B
virus and HIV infection, is associated with
proximal tubulopathy and AKI.!*" Reduc-
tion in VEGF levels or signaling pathways

by antiangiogenic drugs promotes loss of
the healthy fenestrated endothelial phe-
notype and promotes microvascular injury
and thrombotic microangiopathy, causing
proteinuria and AKI. By interfering with
local alternative complement pathway reg-
ulators, these drugs may also activate com-
plement and increase risk for thrombotic
microangiopathy.

Researchers have tested different
approaches like atrial natriuretic peptide,
low dose dopamine, endothelin antagonists,
loop diuretics, prostaglandin analogues,
sodium bicarbonate, and o-lipoic acid to
manage AKI. However, the current treat-
ment of AKI is still pragmatic.’2!3* Though
these agents have shown favorable results
in several experimental models of ischemic
or nephrotoxic AKI, they have either failed
to show consistent benefit or proved ineffec-
tive when used therapeutically for a long
term.’1617 Owing to the limitations of these
agents of modern medicine, researchers are
exploring the traditional system of medi-
cine for compounds that are already being
used by ayurvedic physicians for treating
patients having impaired renal function.®

B. diffusa in Ayurveda

The science of Ayurveda does not
describe the kidney disorders in terms of
acute or chronic renal failure. However,
it mentions disorders of renal function
in terms of various symptoms and signs
like dysurea (Mutrakrucchra), suppres-
sion of urine (Mutraghata) and retention
of urine (Mutravrodha). B. diffusa alone
or in combination with other herbs has
also been used to relieve edema (shotha)
of several causes. B. diffusa is a part of
several polyherbal preparations such as
Vidarighrita and Bhadravahaghrita which
are used to relieve symptoms presumably
occurring due to renal dysfunction.’® As
per the Ayurvedic literature, it is believed to
rejuvenate the urinary system. Ayurvedic
texts also mention that B. diffusa improves
the function of impaired kidneys and in
edematous conditions, it helps the normal
kidneys expel the excess fluid out of the
body very effectively.?’ Various experimental
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studies have also illustrated its diuretic and
possible nephroprotective effects against
acetaminophen-induced renal damage.
However, the exact mechanism of diuresis
and nephroprotective potential has not been
understood.

B. diffusa : An Overview

Boerhaavia is a highly polymorphic
genus of Nyctaginaceae also known as four-
o’clock family because most of the species
open their flowers four hours after noon i.e.
in early evening or morning. It is commonly
known as Punarnava in Sanskrit, which
means ‘renews the body’. Nyctaginaceae
constitutes 391 species across 32 genera.
Most Boerhavia species possess worldwide
medicinal uses and hence occupied positions
in different systems of medicine including
Indian Ayurveda, Siddha and Unani, Afri-
can medicine, traditional Chinese medi-
cines as well as Brazilian traditional med-
icine. Six important species i.e; B. diffusa,
B. repens, B. chinensis, B. erecta, B. elegans
and B. reniformis are found in India. B. dif-
fusa shared about 131 compounds out of
180 compounds isolated from this genus and
for most of these compounds, it is currently
an exclusive source. 2! The compounds from
Boerhavia genus include characteristic chro-
moalkaloids, quinonolizidine alkaloids, fla-
vonoids, phenolic glycosides, phenolic acids,
sterols, organic acids, triterpenoids, lignins
and glycoproteins. Besides nephroprotec-
tive and diuretic activity, B.diffusa also
possesses antioxidant, immunomodulatory,
anti-cancer, anti-diabetic, hepatoprotective,
anti inflammatory, anti- fibrinolytic, anti-
microbial, spasmolytic, anti-asthmatic and
anticonvulsant activities.

Taxonomic description

Punarnava is a herbaceous perennial
with a large root and highly branched
stems that are prostrate or ascending to
a height of up to a metre. The leaves are
simple, ovate-oblong, acute or obtuse at the
tip and rounded or subcordate at the base,
glabrous above, white with minute scales
below. The small rose or white coloured
flowers are borne in small umbels arranged

in corymbose, axillary and terminal pani-
cles, giving way to a detachable indehiscent
seed with a thin pericarp.?

Systematic Position

Kingdom: Plantae
Subkingdom: | Tracheobionta
Division: Magnoliophyta
Class: Magnoliopsida
Subclass: Caryophyllidae
Order: Caryophyllales
Family: Nyctaginaceae
Genus: Boerhaavia
Species: diffusa

Fig.1. Boerhaavia diffusa

Source: Plant Description bioinfo.bis.res.in

Geographical distribution

Boerhaavia species are widespread and
their dispersal is aided by birds and human
activity. The distribution of Boerhaavia spe-
cies is in the warmer parts up to an altitude
of 2000 m. Besides this, they are found in
disturbed areas, waste places, roadsides,
dry pinelands, among scrub on tropical
reefs. Although native to India and Brazil,
B. diffusa is found in the tropical, subtrop-
ical and temperate regions of the world.?
This suggests that the worldwide distribu-
tion of B. diffusa may have helped in estab-
lishment of its broader ethnomedicinal
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spectrum. In India, Rakt punarnava (B.
diffusa) is known to possess more medici-
nal importance than Shweta punarnava (B.
erecta). %

Nephroprotective Activity

The effect of aqueous ethanolic extract on
E. coli-induced acute pyelonephritis in rats
at a dose 50mg/Kg p.o. administered twice
orally showed 42.85% decrease in number
of animals showing signs of renal changes.
Administration of the extract (50mg/Kg
p.o.) twice orally showed 99.09% decrease
in bacterial count per mL of urine.?! The
study on antioxidant potential of BD extract
in urinary stones by means of inhibition of
oxidative trauma and kidney cell damage
and showed decrease in calcium oxalate
deposition.’®*  Studies approving diuretic
and kidney stone dissolving properties of
BD extracts along with the isolation of a
diuretic alkaloid, punarnavine, describe the
use of BD in urinary disorders. The stud-
ies in mercury chloride toxicity rats demon-
strated that 200 mg/kg b.w. aqueous leaf
extract of B. diffusa was given orally for 5
days effectively protect kidneys from dam-
age.”® In eupalitin-3-O-f3-D-galactopyrano-
side treated Koi carp (Cyprinus carpio) fish,
the levels of urea, creatinine and marker
enzymes were normal and no pathological
changes in renal tissue were observed .*
Although these studies lack of positive con-
trols, their results suggested the traditional
significane of Boerhavia diffusa in urinary
disorders. A recent study in gentamicin-in-
duced nephrotoxicity rats was carried out in
two parts for different parameters. Among
five different groups of rats in each part, a
positive control group received o-lipoic acid
in 0.5% CMC while test groups received 200
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