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ABSTRACT - Drug-induced nephrotoxicity (DIN) accounts for up to sixty percent of hospital acquired acute
kidney injury. Several efforts have been made to reduce drug-induced renal damage; however, DIN remains a
matter of concern, with substantial impact on patients and the health system. Silymarin is a drug that has been
used for many years in alternate and modern medicine for treating hepatic diseases. Its antioxidant, anti-
inflammatory and anti-apoptotic effects make it an interesting herbal medicine, and these properties have
implicated this compound as a potential renoprotective agent. Based on the findings from animal studies, this
review concluded that silymarin might exert significant protective or ameliorative effects against drug-induced
kidney disease, especially against cisplatin-induced renal damage. Whether the protective administration of
silymarin could be an effective clinical pharmacological strategy to prevent DIN is a question that remains to be
answered in clinical trials.

This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For
Readers”) may comment by clicking on ABSTRACT on the issue’s contents page.

INTRODUCTION drugs (NSAIDs) are also commonly recognized as
nephrotoxic medications. Preventive strategies,
Drug-induced nephrotoxicity (DIN) is a major such as hydration (especially in volume deficient
cause of acute kidney injury (AKI). DIN has been patients), avoidance of concurrent use of
implicated in up to 20% of hospital admissions due nephrotoxic drugs, drug dose adjustment based on
to AKI and in 8-60% of in-hospital AKI. Drug- kidney function, use of alternative medication with
induced kidney disease is recognized as a main no or less nephrotoxic potential and preventive
cause of mortality and morbidity (1). Several administration of antioxidant drugs, have been
common mechanisms have been proposed for DIN, proposed to minimize DIN; however, DIN still
including altered intra-glomerular hemodynamics, remains a significant cause of morbidity and
tubular  cell toxicity, inflammation (i.e., mortality (1,2).
glomerulonephritis, acute and chronic interstitial Silybum marianum, also known as milk thistle,
nephritis), crystal nephropathy, rhabdomyolysis and is a member of Asteraceae family and is well
microangiopathy. In addition, patient-specific or recognized as a hepatoprotective herbal medicine.
drug-related factors may predispose certain patients Silymarin is a lipophilic extract of the milk thistle
to drug-induced kidney injury. seeds. It is composed of three isomers of
Patient-related risk factors include decreased flavonolignans (silybin, silydianin, and silychristin),
effective intravascular volume, old age, concurrent and two flavonoids (taxifolin and quercetin) (3,4).
use of several nephrotoxic agents, diabetes mellitus,
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Silymarin is commonly prescribed in cases of
cirrhosis, viral hepatitis and Amanita phaloides
poisoning (4-6).

Two major mechanisms have been proposed to
account for the hepatoprotective effects of
silymarin. The first mechanism is due to its dose-
dependent antioxidant effect. This effect is
mediated by scavenging of free radicals, decreasing
formation of reactive oxygen species (ROS) and
inhibition of fatty acid peroxidation. The second
mechanism involves anti-inflammatory and anti-
apoptotic actions through interference with nuclear
factor kappa-B (NF-kB), modulation of inducible
nitric oxide and decreases in cyclooxygenase-2
expression. Silymarin also possesses antiviral and
anti-fibrotic effects (6,7).

As noted, silymarin has shown promising
hepatoprotective effects, both experimentally and
clinically. Antioxidant and anti-inflammatory
properties of silymarin may also have protective
role against photocarcinogens (7) and nephropathic
processes (3). Silybin has been found to stimulate
kidney cells in a similar manner to that seen in liver
cells. Silybin and silychristin have been shown to
increase proliferation rate, protein and DNA
biosynthesis and lactate dehydrogenase (LDH)
activity in kidney cells that have been damaged in
vitro by paracetamol, cisplatin or vincristine.
Administration of silybin prior to or following the
chemical-induced injury has prevented or reduced
nephrotoxic effects (8).

Silymarin therefore appears to have the
potential as a renoprotective agent against
nephrotoxic medications due to its antioxidant, anti-
inflammatory and anti-apoptotic actions. The
protective effects of silymarin on drug-induced
nephrotoxicity have been investigated to date
primarily in animals, with renoprotection against
cisplatin being most frequently reported. This
manuscript reviews the available articles that have
examined the nephroprotective effects of silymarin
against a number of nephrotoxic drugs.

METHODS

The present review evaluated and critiqued all of
the available in vitro and in vivo studies that
examined the use of silymarin as a renoprotective
agent. Materials for this review were obtained by
searching Medline, PubMed, Scopus, Cochrane
central register of controlled trials, and Cochrane

database of systematic reviews. Key words used as
search terms included “silymarin”, “milk thistle”,

“Silybum  marianum”,  “silybin”,  “silibinin”,
“nephrotoxicity”, “acute kidney injury”,
“nephropathy” , "renoprotective", and

"nephroprotective". This search was performed
without time limitation.

Silymarin and Cisplatin-Induced Nephrotoxicity

Cisplatin is a potent chemotherapeutic agent that
has been widely used to treat many solid tumours
such as head, neck, lungs, testis, ovary and breast
cancers. Nephrotoxicity is a major and dose-
limiting side effect of cisplatin, with an incidence
reported as 6-13% (1). Renal side effects of
cisplatin include AKI, Fanconi-like syndrome,
distal renal tubular acidosis, hypomagnesemia,
hypocalcemia, renal salt wasting, renal
concentrating defect, hyperuricemia, transient
proteinuria, erythropoietin deficiency, thrombotic
microangiopathy and chronic renal failure (9).
Cisplatin-induced  nephrotoxicity is  mainly
mediated through drug transport into renal epithelial
cells, which subsequently causes injury to nuclear
and mitochondrial DNA, activation of cell
apoptosis and necrosis, and stimulation of
inflammatory responses (9-11). Cisplatin induced
production of ROS has also been implicated in its
nephrotoxicity (12). The major inflammatory factor
involved in cisplatin-induced nephrotoxicity 1is
TNF-a (2,12). The production of TNF-a is highly
dependent on ROS and NF-«B activation (13).
Based on our literature review, the first research
on renoprotective effects of silymarin against
cisplatin- induced renal damage was carried out by
Gaedeke et al in 1996. They induced cisplatin
nephrotoxicity in female Wistar rats by single
intravenous (IV) injection of 5mg/kg cisplatin in
two groups of rats. One group received 200mg/kg
of IV silybin one hour before cisplatin injection.
Normal saline and silybin control groups were also
incorporated into the study. Rats were killed five
days after drug injections. Cisplatin caused a
decrease in creatinine clearance and an increase in
proteinuria, urinary activity of the proximal tubular
enzymes (alanine aminopeptidase and N-acetyl-p-
D-glucosaminidase) and fractional excretion of
magnesium. Pre-treatment of rats with silybin
completely prevented the decline in creatinine
clearance and proteinuria and partially ameliorated
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proximal tubular impairment such as enzymuria and
magnesuria. Silybin also diminished morphological
changes in the S3-segment of the proximal tubules
and protected the kidney from tubular necrosis.

Since other research had shown that vitamin E,
an antioxidant vitamin, could not prevent cisplatin-
induced tubular toxicity, the authors concluded that
antioxidant property of silybin is not the major
mechanism behind renoprotective action of this
flavonoid against cisplatin-induced nephrotoxicity.
They proposed that the toxicity of cisplatin to
tubules may be due to depression of DNA, RNA,
and protein synthesis by this drug. They postulated
that silybin might ameliorate this toxicity by up-
regulation of DNA-dependent RNA polymerase I,
thereby increasing the numbers of ribosomes, and
as a result, counteracting the decrease in
macromolecule synthesis in the kidney (14).

These same investigators, in a subsequent
study, showed that nephroprotective effect of
silybin does not compromise anti-tumour activity of
cisplatin (15). Silybin also showed a dose-
dependent improvement in cisplatin cell toxicity
indices such as cisplatin-induced inhibition of cell
growth, LDH activity, and protein biosynthesis in
Vero kidney cells of the African green monkey (8).
An in vitro study by Sonnenbichler et al in 1999
showed that silybin and silychristin administered to
Vero kidney cells had significant stimulatory effects
on cell proliferation rate, DNA and protein
biosynthesis and the activity of LDH, used as a
cellular metabolic marker. When this cell line was
damaged by various toxins, silybin again showed
protective effects. In this research, the concentration
dependence of cisplatin toxicity was determined to
reach suitable inhibition of cell activities.
Compared to silybin administration after cisplatin,
silybin injection into the cell culture before cisplatin
administration showed more cell protective effects
(8).

An animal study by Karimi et al (2005), using
six groups of male Wistar rats, evaluated
renoprotective effects of milk thistle and its
methanolic extract against cisplatin-induced renal
toxicity. Nephrotoxicity was induced by single
intraperitoneal (IP) administration of 3mg/kg of
cisplatin. Group one just received cisplatin. Group
two and three received 0.6g/kg of methanolic
extract of milk thistle or 50mg/kg of milk thistle 2
hours before cisplatin administration, respectively.
Groups 4 and 5 received the same doses of extract

or milk thistle 2 hours after cisplatin injection,
respectively. Group 6 just received vehicles as
control. Rats were killed five days after cisplatin
administration. Blood urea nitrogen (BUN) and
serum creatinine (SCr) were assessed as markers of
kidney function. Tubulo-interstitial areas were also
evaluated histologically. Administration of milk
thistle or its extract before cisplatin injection
prevented  both  functional and  tubular
nephrotoxicity by cisplatin. Administration of milk
thistle or its extract after cisplatin significantly
prevented SCr or BUN increments, but resulted in
mild to moderate cell injury, based on histological
findings. The authors concluded that the renal
toxicity of cisplatin occurs by a rapid process that
may not be completely prevented by delayed
administration of silymarin (16).

In a similar manner, Abdelmeguid et al
evaluated the protective effects of silymarin on
cisplatin-induced nephrotoxicity. Their five groups
of male Sprague Dawley rats included control,
vehicle-administered, cisplatin-administered,
silymarin (administered 2 hours after cisplatin was
injected), and silymarin (administered 2 hours
before cisplatin was injected) treatments. Silymarin
and cisplatin were dosed at 50mg/kg and Smg/kg
respectively. Body weight gain, kidney wet weight,
behavioural changes and histopathological studies
were measured to evaluate cisplatin-induced
nephrotoxicity. Reduced food intake and body
weight, increased kidney wet weight (manifested as
elevated kidney to body weight ratio), atrophied
glomerular basement membranes and tubular cell
vacuolization indicated significant renal toxicity in
the cisplatin group. Silymarin treated groups (either
2 h before or 2h after cisplatin) had markedly
lowered kidney wet weights. Histological findings
showed that pretreatment with silymarin may block
cisplatin-induced nephrotoxicity. In the group that
received silymarin 2h after cisplatin administration,
only mild to moderate renal injury was noted (17).

As stated before, the flavonoid quercetin is one
of the compositions of milk thistle. Behling et al in
2006 reported protective effect of quercetin when
administered before cisplatin injection in male
Wistar rats. Quercetin attenuated cisplatin-induced
nephrotoxicity, including increased lipid
peroxidation, plasma creatinine level and urine
volume, and decreased urine osmolality. Quercetin
also somewhat reduced cisplatin-induced structural
alterations in the renal cortex and outer medulla, as
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well as histological features of cisplatin-induced
chronic nephropathy, such as interstitial fibrosis,
and tubular atrophy or dilatation. Antioxidant
properties of quercetin were proposed to underlie
the mechanism of these renoprotective effects (18).

In a recent study by Sanchez-Gonzalez,
quercetin renoprotective effects were assessed in
male Fischer rats that were inoculated by breast
adenocarcinoma cells (13762 Mat B-III).These rats
were pretreated with daily IP administration of
quercetin (50mg/kg) for four days, and then a
single IP dose of 4mg/kg of cisplatin was
administered. Kidneys and tumours were assessed
two to six days later. Renal function and structure
were assessed using renal blood flow, glomerular
filtration rate, tubular necrosis/apoptosis, lipid
peroxidation, antioxidant capacity and
inflammatory status. A renoprotective effect of
quercetin  against cisplatin occurred without
reducing the anti-tumour activity of this drug (19).
A lack of negative interference of silymarin with
anti-tumour effects of drugs has been reported by
other researchers as well (20). In fact, silymarin and
its main flavonolignan, silybin, have shown both in
vivo and in vitro anticancer effects against skin,
breast, lungs, colon, bladder, prostate and kidney
carcinomas (21).

Ninsontia et al showed a protective effect of
silymarin against cisplatin-induced cell apoptosis,
necrosis and death in a renal proximal tubular HK-2
cell-line. In this study, cellular apoptosis and
necrosis were evaluated using Hoechst 33342 and
propidium iodide and cell vitality was assessed by
3-(4,5-dimethyl-2-yl)-2,5-diphenyltetrazolium
bromide. Cisplatin induced both apoptosis and
necrosis in HK-2 cells and decreased cell viability
by about 40% and 60%, at the doses of 25 and 100
micromolar  (uM),  respectively.  Silymarin
administration at doses of 25-200 uM to these cell
lines before cisplatin injection significantly
protected these cells against cisplatin-induced cell
death in a dose-dependent manner. Cisplatin-
induced HK-2 cytotoxicity was apparently due to
apoptotic and necrotic cell death. This study also
showed that silymarin at increased concentrations
of 100-200 uM exerted anti-cancer activity against
lung cancer H460 and melanoma G36l1cell lines
through increased apoptosis and it also potentiated
cisplatin-induced damage in melanoma cells (22).

These studies all indicate that silymarin reduces
the nephrotoxic effects of cisplatin without
decreasing its  anti-tumour  activity.  The
renoprotective effects of silymarin were more
apparent when it was administered before cisplatin.
Based on these studies, it would seem to be the time
to start randomized human clinical trials for
assessing the clinical renoprotective impact of this
herbal medicine against  the valuable
chemotherapeutic agent cisplatin.

Silymarin and Doxorubicin - Induced
Nephrotoxicity

Doxorubicin, an anthracycline, is widely used to
manage several malignancies, mainly Hodgkin
lymphoma and breast cancer. Although cardiac
toxicity is the main dose-limiting adverse effect of
doxorubicin prescription, nephrotoxicity should not
be neglected. Research by El-Shitany showed that
nephrotoxicity was induced by a single IP injection
of 10mg/kg of doxorubicin to male Albino rats.
Doxorubicin caused significant increases in plasma
creatine phosphokinase (CPK), LDH, creatinine,
and urea concentrations. Reduced glutathione
(GSH) levels were decreased significantly as well
in the kidney. Microscopic examination of the
kidneys one month after doxorubicin administration
showed tubular congestion, tubular cast, interstitial
hemorrhage, vascular tubular  degeneration,
glomerular congestion with wide Bowman’s space,
and proximal tubular degeneration. A group of rats
pretreated with 50mg/kg of silymarin one week
before doxorubicin injection and daily thereafter for
one month showed a marked reduction in plasma
CPK and LDH, by 82% and 43%, respectively,
compared to the doxorubicin-treated group.
Silymarin also caused a decrease in plasma
creatinine and urea levels and an increase in kidney
GSH concentration to near their control values.
Microscopic examination of the kidneys of the
silymarin pretreated group revealed only mild renal
tissue swelling. Doxorubicin-induced cardiotoxicity
and nephrotoxicity were proposed to be the result of
formation of an iron-doxorubicin complex that
generates free radicals and ROS and causes
oxidative damage to the cellular components and
lipid membranes. Silymarin may counteract this
damage through its antioxidant and ROS
scavenging properties (23).
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Silymarin and Vincristine-Induced Nephrotoxicity

Vincristine, a cytotoxic alkaloid, has been used as a
therapy for various types of malignancies.
Administration of silybin before or after vincristine
injection to Vero kidney cells of African green
monkey ameliorated vincristine-induced reduction
in cell growth and LDH activity. These
nephroprotective effects were more pronounced
when silybin was administered before vincristine
injection in this cell line culture (8).

Silymarin and Aminoglycoside - Induced
Nephrotoxicity

Aminoglycosides are generally known as most
potent nephrotoxic drugs. Aminoglycoside uptake
occurs via internalization through megalin
transporters. After internalization, aminoglycosides
initiate a cascade of reactions that finally result in
cell death. To date, increases in intracellular sodium
concentration, reactive oxygen species and pro-
inflammatory cytokines and in apoptosis, decreases
in glucose, and depletion of adenosine triphosphate
(ATP) storage have been proposed as being
responsible for aminoglycoside-induced tubular,
glomerular and vascular damage. In the renal
tubules, aminoglycosides may interfere with
mitochondrial function and compromise ATP
production. Induction of apoptosis and ultimately
necrosis of tubular epithelial cells have been
implicated in tubular toxicity.

In the glomerulus, aminoglycosides may
decrease  glomerular filtration rate through
mesangial contraction, stimulation of mesangial
proliferation and neutralization of negative charges
of the glomerular filtration barrier. An increase in
vasoconstrictor mediators, including increases in
angiotensin-II, endothelin-I, thromboxane A2 and
ROS, and decreases in vasodilator prostaglandins,
have been proposed to explain aminoglycoside-
induced vascular dysfunction. The net effects of
aminoglycosides on kidney are therefore apparently
mediated by vasoconstrictors, ROS, inflammatory
cytokines and apoptosis. Aminoglycoside-induced
nephrotoxicity may be non-oliguric or polyuric and
its clinical presentations include increased serum
creatinine and urea concentrations, proteinuria,
enzymuria, glycosuria, hypomagnesemia and
hypocalcemia (24).

Varzi and colleagues evaluated silymarin
effects on gentamicin-induced nephrotoxicity in a
study of five groups of dogs. Group 1 was injected
saline as control group. Groups 2 to 5 received
intramuscular injection of 20 mg/kg of gentamicin
sulfate once daily for 9 days. Group 3 was
administered vitamin E orally at dosage of 25
mg/kg once daily for 9 days. Group 4 received
silymarin 20 mg/kg daily for 9 days. Group 5 was
administered both vitamin E and silymarin at the
same doses as groups 3 and 4 for 9 days. Rises in
serum creatinine and urea levels and decreases in
glomerular filtration rate were considered as
markers of deteriorating renal function. Total serum
antioxidant activity was also assessed as a marker
of antioxidant defense capacity. The dogs that
received silymarin concomitant with gentamicin
had lower rises in serum creatinine and urea
concentrations and higher glomerular filtration rates
compared to the group that was administered
gentamicin alone. Serum levels of malondialdehyde
(MDA), a marker of lipid peroxidation, were also
significantly lower and total serum antioxidant
activity was higher in silymarin treated dogs.
Interestingly, in this study, silymarin showed
greater nephroprotective and antioxidant effects
than did vitamin E (25).

Silymarin and Cyclosporine - Induced
Nephrotoxicity

Cyclosporine, a calcineurin inhibitor, is the
cornerstone of immunosuppressive therapy in many
solid organ/bone marrow transplantation centers.
Cyclosporine can induce both reversible and
irreversible damage to all kidney compartments
including glomeruli, arterioles, and the tubulo-
interstitium. Cyclosporine-induced renal
dysfunction manifests as asymptomatic increases in
serum creatinine concentration, acute renal failure,
delayed recovery of renal graft function and
hemolytic-uremic syndrome. Increase in
angiotensin  and  endothelin  concentrations,
imbalance between vasodilatory /vasoconstrictory
prostaglandins, and oxidative stress are thought to
be responsible for cyclosporine-induced
nephrotoxicity. Antioxidants were proposed as
possible protective agents against cyclosporine-
induced nephrotoxicity but human studies are still
needed (26).
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Silybin appears to have the potential to inhibit
lipid peroxidation and to promote free radical
scavenging. Since some researchers attributed
cyclosporine-induced nephrotoxicity to lipid
peroxidation and effects on cytochrome P-450,
Zima et al hypothesized a possible role for silybin
in preventing cyclosporine-induced nephrotoxicity.
They induced cyclosporine nephrotoxicity by IP
administration of 30mg/kg of this drug in rats. One
group of rats received Smg/kg of silybin 30 minutes
before cyclosporine injection. Although silybin
administration reduced the rise in plasma and
kidney MDA concentrations compared to
cyclosporine alone group, it did not prevent
glomerular filtration rate reduction due to
cyclosporine (27).

Satyanarayana and colleagues examined the
possible protective role of quercetin, one of the

bioflavonoid components of silymarin, on
cyclosporine-induced nephrotoxicity. They
produced a rat model of cyclosporine

nephrotoxicity by injecting 20mg/kg cyclosporine
subcutaneously for 21 days. The quercetin treated
groups received 0.5 or 2 mg/kg of quercetin one day
before and then concurrently with cyclosporine
daily for 21 days. Tissue lipid peroxidation was
assessed by thiobarbituric acid reacting substances
(TBARS). Plasma  creatinine and  urea
concentrations and creatinine and urea clearances
were assessed to evaluate kidney function.
Cyclosporine injection resulted in a significant rise
in plasma creatinine and urea levels and a decrease
in creatinine and urea clearances in rats.
Morphological studies showed severe interstitial
fibrosis, arteriopathy, glomerular  basement
membrane thickening and tubular vacuolization in
these animals. The quercetin group showed
significant preservation of kidney function and
structure, based on evaluation of these parameters.
The antioxidant properties of quercetin were viewed
as contribution to the underlying nephroprotective
mechanism (28).

Silymarin and Acetaminophen - Induced
Nephrotoxicity

Acetaminophen, an effective painkiller, may exert
some renal side effects, especially chronic
interstitial nephritis (2, 29). Vero kidney cells that
were intoxicated with different concentrations of
acetaminophen responded to the addition of silybin

with a significant decrease in the inhibitory effects
of acetaminophen on protein biosynthesis and
proliferation rate. Better results were noted when
higher concentrations of silybin (40 uM versus 20
uM) were injected (8). Ramachandran et al
evaluated milk thistle effects on nephrotoxicity
induced by a single IP dose of 750 mg/kg
acetaminophen in male Wistar albino rats. In this
study, silymarin was used as a standard
renoprotective agent. Oral silymarin administrations
at a 50 mg/kg dosage significantly improved kidney
function indices such as plasma urea, creatinine and
uric acid concentrations. Markers of antioxidant
activities such as of superoxide dismutase, catalase
and glutathione peroxidase were mildly decreased
and maintained near normal ranges in the animal
group that received silymarin (30).

Studies that have evaluated the renoprotective
effects of silymarin against drug-induced
nephrotoxicity are summarized in table 1.

DISCUSSION

About 60% of hospital-acquired acute kidney injury
can be accounted for by drug-induced
nephrotoxicity, which is a main cause of mortality
and morbidity. Several options, such as dose
adjustment based on renal function, hydration and
avoidance of nephrotoxic agents, have been
proposed to prevent or ameliorate drug-induced
nephrotoxicity (1, 2). Nevertheless, DIN remains a
major problem for health care professionals.
Silymarin is widely used as a hepatoprotective
remedy. Antioxidant and anti-inflammatory actions;
protein synthesis induction; inhibition of lipid
peroxidation, leukotriene and  prostaglandin
synthesis; and neutrophil migration are among the
pharmacologically described effects of silymarin
bioflavonoids (5, 6, 31). Silymarin may exert
positive effects in the management of patients with
renal insufficiency. Recently, Roozbeh et al
reported that treatment of hemodialysis patients
with silymarin, alone or in combination with
vitamin E, significantly decreased plasma MDA
concentration and increased red blood cell
glutathione peroxidase and hemoglobin levels (32).
Silymarin also reduced kidney damage and restored
activities of superoxide dismutase, glutathione
peroxidase and catalase enzymes in rats with
alloxan-induced diabetes (33). In streptozotocin-
induced diabetes rats, milk thistle extract attenuated
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diabetic nephropathy, probably by increasing
catalase and glutathione peroxidase activity and
reducing lipid peroxidation in renal tissue (34).

Renoprotective effects of silymarin against
some chemical nephrotoxins other than drugs have
also been reported. An animal model of chloroform
induced nephrotoxicity was designed in Sprague-
Dawley male rats by administering 20% chloroform
in olive oil at dose of 2ml/kg every other day. When
silymarin was intragastrically administered at a
dose of 50mg/kg, 24 hours after [P administration
for two weeks, a significantly restored renal
function was observed, based on the urine and
serum markers of kidney function (urea, creatinine,
creatinine clearance, protein, albumin, urobilinogen,
and nitrite). Silymarin treatment also restored losses
in body weight and rises in kidney weight that had
been induced by chloroform (35).

Female Swiss albino mice fed with silymarin
and ferric nitrilotriacetate, a potent nephrotoxic
agent and a renal carcinogen, showed lower rates of
lipid peroxidation, kidney cell hyper proliferation,
and expression of proinflammatory mediators
compared with the group that received ferric
nitrilotriacetate alone (36). Conversely, silymarin
exacerbated renal impairment in an animal model of
glycerol-induced acute kidney injury. In that study,
silymarin administration resulted in persistence of
oxidative stress and inflammatory processes,
tubular necrosis and apoptosis in rats with glycerol-
induced AKI (37).

Another renoprotective impact of silymarin
includes preventive effects against
ischemia/reperfusion (I/R) renal injury. Silymarin
dose-dependently prevented I/R induced renal
morphology changes in Sprague-Dawley rats,
including tubular dilatation and vacuolization,
pelvic inflammation, interstitial inflammation,
perirenal adipose infiltration and tubular and
glomerular necrosis (38). Silymarin prevented I/R
induced renal damage in Wistar rats based on other
kidney markers such as serum creatinine, urea, and
cystatin C concentrations, serum enzymatic activity
of gluthathione peroxidase and serum and tissue
MDA and NO levels (39).

Silymarin has also shown anticancer activities
against renal cell carcinoma in some studies
(21,40,41). Possible mechanisms of silymarin anti-
cancer effects include inhibition of cell
proliferation, enhancement of apoptosis, decreases
in angiogenesis, blockage of cell cycle regulators

and increases in the expression of cell cycle
inhibitors (21).

Silymarin is rapidly absorbed following oral
administration and undergoes both phase I and
especially phase II metabolism in the liver.
Although silymarin reduces activities of some
cytochrome P-450 isoenzymes, UDP-glucuronosyl
transferase, and P-glycoprotein, no clinically
significant drug interaction has yet been reported
with usual dose of silymarin (42-44). Milk thistle
extract has a good safety profile and most
associated adverse events are mild in nature and
include mild dyspepsia, allergic reactions, urticaria
and nausea. Pruritus, headache, exanthema, malaise,
asthenia and vertigo have been reported less
frequently following silymarin administration (45,
46).

In conclusion, most of the studies of silymarin
are suggestive of promising positive effects on
drug-, chemical-, and to some extent, disease-
induced nephropathy. Due to the high burden that
DIN places with respect to patient morbidity,
mortality, and health-related costs, silymarin may
be recommended as a renoprotective agent to
attenuate toxicity of some valuable drugs such as
cisplatin and aminoglycosides that currently have a
high likelihood of inducing nephrotoxicity.

Limitations

In this review, we have presented articles that
evaluate protective effects of milk thistle
bioflavonoids against drug-induced nephrotoxicity.
All of the available articles are animal and in vitro
cellular studies, which makes generalization to
human subjects difficult.

Future Perspectives

Drug induced nephrotoxicity is a well-recognized
cause of acute kidney injury; hence, its prevention
is a matter of significant clinical relevance. Few
medical options are available to prevent DIN. New
animal data show the beneficial effects of silymarin
on the prevention or reduction of nephrotoxicity
induced by a number of important drugs such as
cisplatin, doxorubicin, vincristine, acetaminophen
and aminoglycosides. Major studies that focused on
the use of silymarin as a nephroprotective agent
have been reviewed in this article. Almost all of
these studies showed that silymarin administration
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to animals reduced or prevented DIN. Randomized
clinical trials should now be designed to assess the
renoprotective effects of milk thistle against
nephrotoxic drugs, by using more accurate and
rapid markers of renal damage than serum urea and
creatinine (e.g., cystatin C, neutrophil gelatinase-
associated lipocalin, kidney injury molecule-1, and
interleukin-18) and by evaluating the
nephroprotective impact of silymarin at different
sites of the nephron.
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Table 1.A summary of studies on renoprotective effects of silymarin against drug-induced nephrotoxicity

Study Animal models Administration plan Nephrotoxic agent Monitored indices Results
(injection)
Gaedeke et al 1996 female Wistar rats silybin 200 mg/kg Cisplatin Smg/kg (IV) Enzymuria, magnesium Lower enzymuria
wasting, histology and magnesium
wasting, and
improvement in
histology in silybin
group
Bokemeyer et al 1996  Female Wistar rats 200mg/kg 1 h before Cisplatin 5Smg/kg into the Body weight, 24 h urine No decrease in
cisplatin injection IV tail vein (IP) volume and total urinary creatinine clearance,
into the tail vein AAPA activity, urinary Mg lower urea
,serum and urinary ~ concentration,
creatinine, BUN AAPA, and Mg
wasting were noted
in silibinin treated
rats
Karimi et al 2005 male Wistar rats methanolic  extract of Cisplatin Smg/kg for 5 days BUN, creatinine, histology =~ Lower BUN, SCr
silymarin 200mg/kg 2h (IP) levels, and tubular
before and after cisplatin necrosis in treatment
injection group
Behling et al 2006 Adult male Wistar rats Quercetin 50mg/kg 24 Cisplatin Smg/kg by (IP) plasma creatinine, urine Quercetin  treated
and 1 hour before volume and osmolality, group had better
cisplatin administration lipid peroxidation, renal kidney
and were repeated daily morphology histopathology.
for 2, 5 or 20 subsequent Quercetin also
days by gavage improved  plasma
creatinine, lipid
peroxidation
Abdelmeguid et al Sprague Dawley rats Silymarin 50 mg/kg 2h Cisplatin 5 mg/kg (IP) weight gain, kidney wet Lower kidney
2010 before and after cisplatin weight, behavior change weight to body
injection and histology weight,
improvement in

histology in the
silymarin  treated

group
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Table 1. Continued.....

Sanchez-Gonzalez et al
2011

Ninsonita et al 2011

El-Shitany et al 2008

Varzi et al 2007

Ramachandran et al.
2011

Zima et al 1998

Satayanarayana et al
2001

Rats inoculated by
breast adenocarcinoma
cells

Human renal HK-2 cells

Adult male albino rats

Dogs

Male Wistar albino rats.

Rats

Rats

Quercetin  50mg/kg for
four days (IP)

Silymarin 25-
200micromolar before

Silymarin ~ dose  of
50mg/kg  seven days
before and daily for 30
day (IP)

silymarin 20mg/kg daily
for nine days

Silymarin at dose of 50
mg/kg for six days by
oral rout

silibinin ~ at dose of
Smg/kg 30 min before
cyclosporine

Quercetin 0.5 or 2mg/kg
one day before and daily
for 21 days

Cisplatin 4mg/kg (IP)

Cisplatin 25-100micromolar

Doxorubicin dosed 10mg/kg
(IP)

Gentamicin 20mg/kg for 9
days (IM)

Acetaminophen dose of 750
mg/kg (IP)

Cyclosporine dose of

30mg/kg (IP)

Cyclosporine 20mg/kg/day
for 21 days (SC)

Renal blood flow, GFR,

tubular necrosis/apoptosis,
lipid peroxidation,
antioxidant capacity,

inflammatory status
Cell apoptosis and necrosis

by Hoechst 33342 and
propidium  iodide, cell
vitality by dimethyl-
diphenyl tetrazolium
bromide

BUN, creatinine, tissue
change

SrCr and urea and GFR and
MDA

BUN, SrCr, wuric acid,
catalase, glutathione
peroxidase

Serum Creatinine, MDA,

GFR

BUN, SrCer, arteriopathy,
glomerular basement
thickening, tubular
vacuolization and hyaline
casts

quercetin  partially
prevented all the
renal effects of
cisplatin

Decreased cells
apoptosis, necrosis,
and death

Lower rise in BUN,
SCr, tissue change
in treatment group

Lower SCr, serum
urea, and MDA and

higher GFR in
silymarin group
Improved SCr,
BUN, wuric acid,
catalase and
glutathione
peroxidase
Silibinin treated
group had lower
lipid peroxidation
without
improvement  SCr,
GFR

Quercetin at dose of
2mg/kg/day
improved renal
dysfunction
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