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Waste filtration, electrolyte balancing, blood pressure management, hormone
generation, and acid-base maintenance are just a few of the vital roles the kidneys play
in preserving general health. Nephrotoxicity, which can result in diseases like acute
kidney injury (AKI) and chronic kidney disease (CKD), is the term used to describe
kidney damage brought on by dangerous substances including medications, chemicals,
and poisons. Numerous chemical and pharmaceutical compounds are linked to various
kidney illnesses, such as kidney stones, glomerulonephritis, interstitial nephritis, and
nephrotic syndrome. ACE inhibitors, diuretics, immunosuppressants, phosphate
binders, and erythropoiesis-stimulating medicines are among the drugs used to treat
kidney illnesses, depending on the stage and kind of kidney impairment. In order to
improve patient outcomes and stop more kidney damage, early diagnosis and treatment
are essential. This article lists the main reasons, kidney disease phases and treatment
choices, with an emphasis on the effects of nephrotoxins and therapeutic strategies for
different renal disorders.

INTRODUCTION

An essential component of the human body, the

the body as urine. Apart from their filtering
function, the kidneys also control vital body
processes like:

kidneys are necessary for preserving general

health. They are fist-sized, bean-shaped structures
that are situated directly below the rib cage on
either side of the spine. Nephrons, which are
microscopic filtering units, number around a
million in each kidney. The main job of the

1. Electrolyte and fluid balance: They make
sure the body keeps the right amounts of
potassium, sodium, and other electrolytes,
which are necessary for the normal operation
of muscles and nerves.

kidneys is to filter blood, eliminating waste,
toxins, and extra fluid, which is then expelled from
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2. Regulating Blood Pressure Regulation: By levels, and erythropoietin, which promotes the
controlling fluid balance and releasing creation of red blood cells.
hormones like renin, the kidneys aid in blood

pressure maintenance. 4. Maintaining  Acid-Base Balance: By

removing hydrogen ions and reabsorbing
3. Hormone creation: They oversee creating bicarbonate, the kidneys assist in keeping the
hormones such as calcitriol, an active form of pH of the body within a normal range. [1]
vitamin D that aids in controlling calcium

Kidney Structure
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Fig 1. Normal Kidney.

Nephrotoxicity: medications, or other factors. It can result in either

short-term or long-term renal dysfunction, which
The term "nephrotoxicity” describes damage tothe  jmpacts the kidneys' capacity to filter waste,
kidneys or reduced renal function brought on by  maintain fluid and electrolyte balance, and control
exposure to hazardous substances, chemicals, blood pressure.
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STAGES OF CHRONIC KIDNEY DISEASE

Stage 1

Stage 4 Stage 5

Severe loss of function Kidney failure

?

Fig 2. Stages of Chronic Kidney Disease

Chemical And Drug Agent Leads to Different
Types of Kidney Disease

Exposure to certain substances, poisons, or
medications can cause various kidney disorders.
The following is a list of kidney illnesses, along
with the chemicals and medications that are known
to cause or worsen them:

1. Acute Kidney Injury (AKI)

AKI is a sudden loss of kidney function, often
reversible if the cause is removed.

Chemical Agents:

Ethylene glycol (antifreeze poisoning)

e Heavy metals:
arsenic

Lead, mercury, cadmium,

o Herbicides: Paraquat

e Toxins: Myoglobin (from rhabdomyolysis),
hemoglobin (from hemolysis)
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Drug Agents:
e NSAIDs: Ibuprofen, naproxen, ketorolac
e Aminoglycosides: Gentamicin, tobramycin

« Radiocontrast Used in

procedures

agents: imaging

« Amphotericin B: Antifungal agent
« Cisplatin: Chemotherapy drug

e Acyclovir: Antiviral agent (can cause crystal
nephropathy) [2-5]

2. Chronic Kidney Disease (CKD)

CKD is characterized by progressive kidney
damage over time.

Chemical Agents:
e Lead and cadmium (chronic exposure)

e Arsenic (in contaminated water)
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e Environmental toxins: Persistent organic
pollutants
Drug Agents:

e NSAIDs: Long-term use of ibuprofen or
naproxen

e Proton Pump Inhibitors (PPIs): Omeprazole,
pantoprazole

e Lithium: Used for bipolar disorder

o Herbal remedies: Containing aristolochic acid
[6-8]

3. Glomerulonephritis

Inflammation of the glomeruli, often immune-
mediated.

Chemical Agents:

e Hydrocarbons: Benzene, toluene

(environmental exposure)
Drug Agents:
e Gold salts: Used in rheumatoid arthritis
disease or

e Penicillamine: For Wilson's

rheumatoid arthritis

e Certain antibiotics: Beta-lactams
penicillin), sulfonamides [9-10]

(e.9.,

4. Interstitial Nephritis

Inflammation of the kidney interstitium, often
caused by hypersensitivity reactions.

Drug Agents:
« Antibiotics:

Penicillins,  cephalosporins,

sulfonamides, rifampin

e NSAIDs: Ibuprofen, diclofenac

e Proton Pump Inhibitors (PPIs): Omeprazole,
lansoprazole

o Diuretics: Thiazides, furosemide [11-12]
5. Nephrotic Syndrome

Characterized by heavy proteinuria, edema, and
hypoalbuminemia.

Chemical Agents:

e Mercury (industrial exposure or contaminated
food)

Drug Agents:

Gold salts: For rheumatoid arthritis

Penicillamine: For Wilson’s disease

e NSAIDs: Rarely [13-14]
6. Tubular Disorders

Damage to the renal tubules, causing problems like
Fanconi syndrome or acute tubular necrosis
(ATN).

Chemical Agents:
e Heavy metals: Lead, cadmium

o Ethylene glycol: Causes ATN through crystal
formation

Drug Agents:

e Aminoglycosides: Gentamicin, tobramycin

Cisplatin: Chemotherapy drug

Tenofovir: Antiviral agent

Ifosfamide: Chemotherapy drug [15-16]
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7. Rhabdomyolysis-Induced Kidney Injury

Breakdown of muscle tissue releases myoglobin,
causing kidney damage.

Chemical Agents:

« lllicit drugs: Cocaine, amphetamines

« Toxins: Snake venom, severe burns

Drug Agents:

« Statins: At high doses or with drug interactions
o Cocaine: Induces muscle breakdown [17-18]
8. Analgesic Nephropathy

Damage to the kidneys due to chronic use of
painkillers.

Drug Agents:

o Combination of NSAIDs and acetaminophen
(chronic use) [19]

9. Kidney Stones (Nephrolithiasis)

Crystallization of substances in urine, leading to
stones.

Chemical Agents:
« Ethylene glycol: Causes oxalate stones

e High uric acid levels: From lead exposure or
gout

Drug Agents:
e Acyclovir: Causes crystal nephropathy

e Indinavir: HIV medication that can form
stones [20-21]

10. Hypertensive Nephropathy

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

Kidney damage due to high blood pressure.
Chemical Agents:

o Lead exposure: Chronic exposure can worsen
hypertension

Drug Agents:

e« NSAIDs: Can exacerbate hypertension and
kidney damage [22-23]

Treatment Of Different Stage of Kidney
Disease

1. For Chronic Kidney Disease (CKD)

e Angiotensin-Converting Enzyme (ACE)
Inhibitors or Angiotensin Il Receptor Blockers
(ARBs):

o Drugs: Enalapril, Lisinopril, Losartan,
Valsartan.
o Purpose: Control blood pressure, reduce

proteinuria, and slow progression of CKD.
e Phosphate Binders:

o Drugs: Sevelamer, Lanthanum carbonate,

Calcium acetate.
o Purpose: Manage hyperphosphatemia in CKD.

e Erythropoiesis-Stimulating
(ESAS):

Agents

o Drugs: Epoetin alfa, Darbepoetin alfa.
o Purpose: Treat anemia associated with CKD.
e Vitamin D Analogs:

o Drugs: Calcitriol, Paricalcitol.
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Purpose: Manage
hyperparathyroidism. [24-29]

secondary

2. For Acute Kidney Injury (AKI)
Diuretics:
Drugs: Furosemide (loop diuretics).

Purpose: Manage fluid overload, though use is
controversial.

Electrolyte Management:

Drugs: Sodium bicarbonate (for metabolic
acidosis), potassium binders like Sodium
polystyrene sulfonate.

Purpose: Correct metabolic disturbances. [30-
31]

3. For  Glomerular
Nephrotic
Glomerulonephritis)

Diseases  (e.g.,
Syndrome,

e Immunosuppressants:

Drugs: Prednisone, Mycophenolate mofetil,
Cyclophosphamide, Tacrolimus.

Purpose: Reduce immune-mediated damage.
Anticoagulants:
Drugs: Warfarin.

Purpose: Manage hypercoagulable states in
nephrotic syndrome.

Statins:

Drugs: Atorvastatin, Rosuvastatin.

Purpose: Treat dyslipidemia. [32-34]

4.

For End-Stage Renal Disease (ESRD) and
Dialysis

Antipruritics (for uremic pruritus):
Drugs: Gabapentin, Pregabalin.

Antihypertensives:

Drugs: Beta-blockers, Calcium channel
blockers.

Purpose: Control blood pressure.

Iron Supplements:

Drugs: Intravenous iron sucrose, Ferric

carboxymaltose.

Purpose: Correct iron deficiency anemia. [35-
36]

For Kidney Stones
Alkalinizing Agents:
Drugs: Potassium citrate.

Purpose: Dissolve certain types of stones (e.g.,
uric acid stones).

Pain Relievers:

Drugs: NSAIDs
Acetaminophen.

(e.g., ibuprofen),

Alpha Blockers:

Drugs: Tamsulosin.

Purpose: Facilitate passage of stones. [37-39]
For Polycystic Kidney Disease (PKD)
Vasopressin Receptor Antagonists:

Drugs: Tolvaptan.
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Purpose: Slow progression of cyst growth and
CKD. [40]

For Infections in the Kidney (e.g.,
Pyelonephritis)

Antibiotics:

Drugs: Ciprofloxacin, Amoxicillin-

clavulanate, Trimethoprim-sulfamethoxazole.
Purpose: Treat bacterial infections. [41]
Adjunctive Therapy

Sodium Bicarbonate:

Purpose: Treat metabolic acidosis in CKD.
Antiplatelet Agents:

Drugs: Aspirin.

Purpose: Prevent cardiovascular

complications. [42-43]

Treatment of Renal Disease:

Plant Derived Natural Products:

1

. Phyllanthus niruri (Chanca Piedra)

Flavonoids, lignans, alkaloids, and tannins are
examples of active compounds.

Mechanism: It has been demonstrated to
prevent kidney damage by lowering oxidative
stress and inflammation. It is well-known for
its diuretic, anti-inflammatory, and antioxidant
qualities. Traditional medicine frequently uses
it to treat kidney stones and maintain renal
function.

Research: By lowering oxidative stress,
apoptosis, and inflammation in kidney tissues,
Phyllanthus niruri may be able to lessen renal
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toxicity brought on by nephrotoxic substances
like gentamicin. [44-45]

. Withania somnifera (Ashwagandha)

Alkaloids and withanolides are active
compounds.
Mechanism: Ashwagandha's anti-

inflammatory and antioxidant qualities help
lessen kidney damage brought on by
inflammation and free radicals. It could help
improve renal blood flow by controlling nitric
oxide levels.

Research: By reducing blood creatinine and
BUN levels, Withania somnifera has been
demonstrated to enhance renal function and
lessen gentamicin-induced nephrotoxicity in
animal models. [46-48]

. Cichorium intybus (Chicory)

Flavonoids, tannins, alkaloids, and inulin are
the active ingredients.

Mechanism: Chicory helps to preserve renal
function and lessen oxidative stress because of
its diuretic, anti-inflammatory, and antioxidant
properties.

Research: By minimizing renal damage
brought on by harmful substances, studies
indicate that Cichorium intybus improves
kidney health and lessens the effects of
cadmium-induced nephrotoxicity. [49-50]

4. Curcuma longa (Turmeric)

One of the active ingredients is curcumin, a
polyphenolic molecule.

Mechanism: Curcumin has strong anti-
inflammatory and antioxidant properties. It
aids in lowering inflammation and oxidative

4415 | Page



o1

(o2}

Naveen Tripathi, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 5, 4409-4427 | Review

stress, two factors that frequently lead to
nephrotoxicity. Additionally, it has been
demonstrated to stop cellular apoptosis and
kidney fibrosis.

Research: By lowering indicators of oxidative
stress and enhancing kidney function,
Curcuma longa has shown protective benefits
in cisplatin-induced nephrotoxicity and lead-
induced nephropathy. [51-52]

. Boswellia serrata (Indian Frankincense)

The active ingredients are boswellic acids.

Mechanism: Pro-inflammatory cytokines like
TNF-o and IL-6 are known to be inhibited by
boswellic acids, which also have anti-
inflammatory and antioxidant qualities. It also
aids in preventing toxins from harming kidney
cells.

Research: By lowering oxidative stress and
renal inflammation, Boswellia serrata can
guard against NSAID-induced nephrotoxicity.
[53-54]

. Azadirachta indica (Neem)

Flavonoids, nimbidin, and azadirachtin are the
active ingredients.

Mechanism: Neem has long been utilized as a
cleansing, anti-inflammatory, and antioxidant.
It can improve renal healing processes and
lessen oxidative damage and inflammation in
the kidneys.

Research: By lowering blood creatinine, urea
levels, and kidney histopathological damage,
neem extracts have been demonstrated to
mitigate diabetic nephropathy and gentamicin-
induced nephrotoxicity. [55-56]
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7. Silybum marianum (Milk Thistle)

e Active Compounds: Silymarin (a flavonoid
complex).

e Mechanism: Silymarin is a potent antioxidant
that protects liver and kidney cells from
oxidative damage. It helps stabilize cell
membranes, regenerate damaged tissues, and
reduce inflammation.

e Research: Silybum marianum has shown
nephroprotective effects in various animal
models, particularly in preventing cisplatin-
induced nephrotoxicity, by decreasing
oxidative stress and improving kidney function
markers. [57-58]

8. Tribulus terrestris (Puncture Vine)

o Alkaloids, steroids, flavonoids, and saponins
are examples of active compounds.

e Mechanism: Tribulus terrestris, which is well-
known for its diuretic, anti-inflammatory, and
antioxidant qualities, protects the kidneys by
preventing oxidative damage and preserving
renal function.

e Research: By lowering blood creatinine and
raising antioxidant levels in the Kkidneys,
Tribulus terrestris can prevent gentamicin-
induced nephrotoxicity, according to animal
experiments. [59-60]

9. Allium sativum (Garlic)

e Flavonoids, sulfur compounds, and allicin are
the active ingredients.

e Mechanism: Garlic's anti-inflammatory and
antioxidant  qualities are  well-known.
Additionally, it enhances renal function and
lessens oxidative stress in the kidneys.
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Research: Garlic's antioxidant qualities and
ability to increase renal blood flow may help
reduce drug-induced nephrotoxicity,
especially that brought on by gentamicin. [61—
62]

Ginkgo biloba (Ginkgo)

Flavonoids and terpenoids (ginkgolides) are
active compounds.

Mechanism: Ginkgo, a potent antioxidant,
lowers inflammation and increases circulation,
all of which can help shield the kidneys from
harm.

Research: Ginkgo biloba can improve kidney
function indicators and lessen oxidative
damage by protecting against gentamicin-
induced nephrotoxicity, according to animal
studies. [63-64]

Hibiscus rosa-sinensis (Hibiscus)

Organic acids, flavonoids, and anthocyanins
are examples of active compounds.

Mechanism: Hibiscus, which is well-known
for its anti-inflammatory and antioxidant
properties, aids in reducing kidney damage
brought on by inflammation and oxidative
stress.

Research shows that Hibiscus rosa-sinensis
can lessen the effects of nephrotoxicity caused
by  ethylene  glycol by  lowering
histopathological damage and  serum
creatinine. [65-66]

Glycyrrhiza glabra (Licorice)

Triterpenoids, flavonoids, and glycyrrhizin are
the active ingredients.
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Mechanism: Strong anti-inflammatory, anti-
fibrotic, and antioxidant qualities of licorice
help shield kidney tissues against fibrosis and
injury.

Research: In models produced by gentamicin
and cisplatin, licorice extracts have
demonstrated  nephroprotective  efficacy
against drug-induced nephrotoxicity. [67—68]

Glycyrrhiza uralensis (Chinese Licorice)

Glycyrrhizin, glycyrrhetic acid, and flavonoids
are the active ingredients.

Mechanism: Glycyrrhiza uralensis, which is
well-known  for  its  hepatoprotective,
antioxidant, and anti-inflammatory qualities,
provides defense against kidney damage
brought on by inflammation and oxidative
stress.

Research: It has been demonstrated to improve
renal function and shield the kidneys from
oxidative stress by reducing
cyclophosphamide-induced  nephrotoxicity.
[69-70]

Moringa oleifera (Drumstick Tree)

Vitamins, polyphenols, and flavonoids are
examples of active compounds.

Mechanism: The anti-inflammatory and
antioxidant qualities of moringa help shield the
kidneys from oxidative stress and pollutants.

models of diabetic
gentamicin-induced

Research: In animal
nephropathy and
nephrotoxicity, =~ Moringa  oleifera  has
demonstrated nephroprotective properties,
lowering renal damage and enhancing kidney
function. [71-73]
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15. Pterocarpus marsupium (Indian Kino Tree)

e Pterocarpin, marsupin, and tannins are the
active ingredients.

e Mechanism: This plant, which is well-known
for its anti-inflammatory and antioxidant
properties, aids in shielding the kidneys from
harm caused by free radicals.

e Research: By lowering oxidative stress and
kidney damage, Pterocarpus marsupium can
guard against cisplatin-induced
nephrotoxicity. [74—76]

Semi Synthetic Products for Nephrotoxicity:
1. Acetaminophen (Paracetamol) Derivatives

e Compound Semi-Synthetic: N-acetylcysteine
(NAC)

e Mechanism: The amino acid cysteine is the
semi-synthetic precursor of NAC. It serves as
a precursor to glutathione, a potent antioxidant
that aids in the kidneys' detoxification of
reactive oxygen species (ROS). By restoring
glutathione levels and halting oxidative
damage, NAC is used therapeutically to treat
acute kidney injury (AKI) and acetaminophen-
induced nephrotoxicity.

e Research: According to a number of studies,
NAC can help lessen kidney damage brought
on by nephrotoxic medications like gentamicin
and cisplatin. [77-78]

2. Doxorubicin Derivatives

e Doxorubicin  (Doxil), a semi-synthetic
compound, is liposomal

e Mechanism: A modified form of doxorubicin,
liposomal doxorubicin is encapsulated in
liposomes to increase its therapeutic index and
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lessen nephrotoxicity. Liposomal formulations
prevent harm to non-target organs, such as the
kidneys, while assisting in the drug's targeting
of cancer cells.

Research: Compared to standard doxorubicin,
which is known to cause nephrotoxicity,
liposomal doxorubicin has demonstrated less
renal toxicity. [79-80]

. Penicillin Derivatives

Amoxicillin and ampicillin are semi-synthetic
compounds.

Mechanism: Semi-synthetic derivatives of
penicillin, ampicillin and amoxicillin have
altered side chains that contribute to their
broader range of activity. These semi-synthetic
antibiotics have a reduced nephrotoxic profile
and are less likely to harm kidneys when used
in clinical settings, even though penicillin
itself  can  result in  drug-induced
nephrotoxicity.

Research: When compared to previous
penicillin derivatives, studies have shown that
amoxicillin has a superior safety profile with
less nephrotoxicity. [81-82]

4. Corticosteroid Derivatives

Prednisolone/Methylprednisolone is a semi-
synthetic compound.

The mechanism Semi-synthetic corticosteroids
prednisolone and methylprednisolone have
altered structures that lessen the nephrotoxic
adverse effects of natural corticosteroids.
Nephrotic syndrome, glomerulonephritis, and
autoimmune kidney disorders can all be
effectively treated with these medications'
strong anti-inflammatory and
immunosuppressive properties.
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Research:  These corticosteroids lessen
nephrotoxic damage in lupus nephritis and
nephrotic syndrome and aid in the
management of inflammatory kidney illnesses.
[83-84]

5. Cisplatin Derivatives

Nedaplatin is a semi-synthetic platinum-based
chemotherapeutic drug that has been
chemically altered to lessen nephrotoxicity in
comparison to cisplatin. It is utilized as a
substitute for cisplatin in cancer treatment
because of its better pharmacokinetic
characteristics.

Research: Nedaplatin is a viable treatment
option for cisplatin-induced nephrotoxicity, as
evidenced by animal studies that indicate it
produces reduced renal toxicity. [85-86]

6. Taxane Derivatives

Semi-Synthetic Substance:

Paclitaxel/Docetaxel

Mechanism: Taxol, a naturally occurring
substance obtained from the Pacific yew tree,
is the semi-synthetic precursor to docetaxel
and paclitaxel. These substances are used to
treat a variety of malignancies as
chemotherapy drugs. Compared to natural
taxol, they are altered to increase stability,
bioavailability, and efficacy while lowering
nephrotoxic adverse effects.

Research: Studies indicate that paclitaxel and
docetaxel are safer for long-term usage in the
treatment of cancer and less nephrotoxic than
their natural equivalents. [87-88]

7. Quinine Derivatives
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Chloroquine/hydroxychloroquine is a semi-
synthetic compound. Its mechanism These are
altered forms of quinine, an alkaloid that is
taken from the bark of the cinchona plant and
used to treat malaria. In addition to being used
to treat autoimmune disorders including
rheumatoid arthritis and lupus nephritis,
hydroxychloroquine and chloroquine have
also been  demonstrated to  lessen
nephrotoxicity in specific circumstances.

The semi-synthetic derivatives of quinine,
chloroquine and hydroxychloroquine, have a
safer profile with fewer kidney-related adverse
effects, despite quinine's potential for
nephrotoxicity. [89-90]

8. Herbal Derivatives

Semi-Synthetic Substance: Derivatives of

Berberine

Mechanism: To improve its bioavailability and

effectiveness in treating renal illnesses,
berberine, an alkaloid obtained from a variety
of plants, has undergone chemical
modification. Its anti-inflammatory, anti-

fibrotic, and antioxidant qualities help stop
kidney damage and slow the course of chronic
kidney disease (CKD).

Research: By lowering oxidative stress,

fibrosis, and inflammation,  berberine
derivatives have been found to protect against
diabetic nephropathy and induced

nephrotoxicity. [91-92]

9. Flavonoid Derivatives

Semi-Synthetic Substance: Derivatives of

Rutin and Quercetin

The mechanism Plant-derived flavonoids
quercetin and rutin have undergone chemical
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modification to increase their Kidney
protective properties. These substances can
lessen kidney damage brought on by
nephrotoxic drugs like gentamicin and
cisplatin because of their strong anti-
inflammatory, anti-apoptotic, and antioxidant
properties.

Research: Studies have shown that derivatives
of rutin and quercetin have nephroprotective
properties, enhancing kidney function in
nephrotoxic situations. [93-94]

Glycoside Derivatives

Semi-Synthetic Substance: Digoxin and other
cardiac glycosides

Mechanism: Heart failure and arrhythmias are
treated with digoxin, a semi-synthetic
derivative of the cardiac glycoside ouabain. By
improving renal blood flow and lowering
glomerular damage, it has demonstrated
possible nephroprotective benefits in some
mice, while being mostly utilized in
cardiovascular treatment.

Research: Digoxin may enhance renal
perfusion and function, particularly when heart
failure is the cause of kidney injury. [95-96]

Synthetic Products for Nephrotoxicity

1.

Angiotensin-Converting Enzyme (ACE)

Inhibitors

For instance, Ramipril, Lisinopril, and
Enalapril

Mechanism: Angiotensin | is converted to
angiotensin Il, a peptide that constricts blood
vessels and encourages kidney injury, by ACE
inhibitors. ACE inhibitors lower blood
pressure, glomerular pressure, and proteinuria

by blocking this route. These parameters are
important in diabetic nephropathy and other
types of chronic kidney disease (CKD).

e Research: By enhancing renal function and
lowering  glomerular  hypertension  and
glomerulosclerosis, ACE inhibitors have been
demonstrated in studies to slow the course of
kidney disease.

2. Angiotensin Il Receptor Blockers (ARBSs)

e For instance, Irbesartan, Valsartan, and
Losartan

e« Mechanism: Like ACE inhibitors, ARBs
prevent angiotensin Il from acting at its
receptor location without interfering with the
ACE enzyme. This helps prevent diabetic
nephropathy, hypertensive nephropathy, and
glomerulonephritis by lowering  kidney
vasoconstriction, salt retention, and fibrosis.

o Research: Studies have shown that ARBs,
especially in people with diabetes and
hypertension, are useful in lowering
proteinuria and slowing the course of CKD.

3. Statins

For instance, Rosuvastatin, Simvastatin, and
Atorvastatin

e Mechanism: The HMG-CoA reductase
enzyme is inhibited by statins, which are
medications that decrease cholesterol. Statins
have been shown to have anti-inflammatory
and antioxidant properties in addition to their
ability to lower cholesterol. These properties
may help shield the kidneys from harm caused
by hyperlipidemia and diabetic nephropathy.

e Research: Statins have been shown to lower
proteinuria, maintain kidney function, and
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decrease the development of renal fibrosis and
diabetic nephropathy.

4. Phosphodiesterase Type 5 (PDE5) Inhibitors

For instance, Vardenafil, Tadalafil, and

Sildenafil

Mechanism: Although PDES5 inhibitors are
mostly used to treat erectile dysfunction, they
also increase renal blood flow through
vasodilatory effects. By raising cyclic GMP
levels, they can enhance glomerular filtration
and lessen kidney damage brought on by
diabetes and high blood pressure.

Research: PDES5 inhibitors are promising
options for treating nephrotoxicity since
preclinical and clinical trials  have
demonstrated that they may help lessen renal

fibrosis, glomerular  hypertension, and
tubulointerstitial fibrosis.

5. Endothelin Receptor Antagonists

« Bosentan and Ambrisentan, for instance

e Mechanism: Endothelin-1, a  strong

6.
(SS

vasoconstrictor that can result in renal fibrosis
and glomerular damage, is inhibited by
endothelin  receptor antagonists.  These
medications can lower glomerular
hypertension and stop the progression of renal
fibrosis by inhibiting endothelin receptors.

Research: Preclinical and clinical research
have indicated that these medications may help
lessen kidney damage in diseases such as
polyarteritis nodosa, diabetic nephropathy, and
hypertensive nephropathy.

Selective Serotonin Reuptake Inhibitors
RIs)

For instance, the mechanisms of sertraline,

fluoxetine, and paroxetine have been
demonstrated to have nephroprotective
benefits Dby lowering oxidative stress,

inflammation, and kidney tissue fibrosis, while
being generally used for depression and
anxiety.

Research: The potential of SSRIs to lessen
tubulointerstitial ~ fibrosis and  diabetic
nephropathy has been investigated. They could
also assist CKD patients in reducing their
proteinuria.

7. Metformin

8.

Mechanism: A biguanide called metformin is
used to treat type 2 diabetes. By increasing
insulin sensitivity and reducing hepatic
glucose synthesis, it lowers blood sugar levels.
It has been demonstrated that metformin
lowers the risk of diabetic nephropathy and
increases glomerular filtration rate (GFR) in
diabetic individuals.

Research:  Metformin has demonstrated
nephroprotective benefits when administered
judiciously in individuals with early-stage
diabetic nephropathy, despite concerns over
the possibility of lactic acidosis in cases of
severe renal impairment.

SGLT2 Inhibitors (Sodium-Glucose

Cotransporter 2 Inhibitors)

For instance, empagliflozin, dapagliflozin, and
canagliflozin

Mechanism: SGLT2 inhibitors assist reduce
blood glucose levels by blocking the kidneys'
ability to reabsorb glucose. By lowering
glomerular hyperfiltration, enhancing renal
function, and lowering albuminuria, these
medications also directly protect the kidneys.
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Research: SGLT2 inhibitors have been shown
in clinical trials to considerably slow the
evolution of diabetic nephropathy, lower
proteinuria, and postpone the need for dialysis
in diabetic patients.

9. Corticosteroids (Synthetic)

10.

For instance, methylprednisolone and
prednisolone

Mechanism: Anti-inflammatory and
immunosuppressive  medications  called

synthetic corticosteroids are used to treat
inflammatory ~ kidney  disorders  and
autoimmune illnesses. Particularly in diseases
like glomerulonephritis, lupus nephritis, and
nephrotic syndrome, they aid in lowering
inflammation and immune-mediated kidney
damage.

Research: Methylprednisolone and
prednisolone work well to avoid kidney
damage from autoimmune disorders and to
treat inflammatory kidney illnesses.

Cilastatin

Mechanism: The synthetic drug cilastatin is
used in conjunction with the broad-spectrum
antibiotic  imipenem. Cilastatin  reduces
imipenem's nephrotoxicity by blocking the
renal enzyme dehydropeptidase-1, which stops
imipenem from being broken down in the
kidneys.

Research: When treating infections with
imipenem, especially in individuals with renal
impairment, cilastatin is utilized to avoid renal
damage.

. Carbapenem Derivatives

For instance, Ertapenem and Meropenem

12.

Mechanism: Compared to more traditional
antibiotics like gentamicin and amikacin, these
synthetic broad-spectrum antibiotics have a
lesser nephrotoxic profile because of their
modified carbapenem structure.

Research: Studies have indicated that
carbapenem derivatives, particularly
meropenem, are less likely to cause

nephrotoxicity and have a safer renal profile.
N-acetylcysteine (NAC)

Mechanism: Acetaminophen-induced liver
damage is countered by NAC, a synthetic
derivative of the amino acid cysteine. Because
of its antioxidant qualities, NAC guards
against oxidative stress, a major contributing
factor to drug-induced nephrotoxicity.

Research: The nephroprotective properties of
NAC are extensively investigated, especially
in individuals receiving chemotherapy or
gentamicin or other nephrotoxic medicines.
[97-106]
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