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ABSTRACT

Nephrotoxicity is defining as rapid deterioration in the kidney function due to toxic
effect of medications and chemicals. There are various forms, and some drugs may
affect renal function in more than one way. Nephrotoxins are substances displaying
nephrotoxicity. Different mechanisms lead to nephrotoxicity, including renal tubular
toxicity, inflammation, glomerular damage, crystal nephropathy, and thrombotic
microangiopathy. The traditional markers of nephrotoxicity and renal dysfunction are
blood urea and serum creatinine which are regarded as low sensitive in the detection
of early renal damage. Thus, the detection of the initial renal injures required new
biomarkers which are more sensitive and highly specific that gives an insight into the
site of underlying renal damage. Kidney injury molecule-1, Cystatin C, and neutrophil
gelatinase-associated lipocalin sera levels are more sensitive than blood urea and serum
creatinine in the detection of acute kidney injury during nephrotoxicity.
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should not be confused with the fact that some medications
have a predominantly renal excretion and need their dose

The kidney is the main organ required by the human body
to achieve and perform different important functions
including detoxification, regulation of extracellular fluids,
homeostasis, and excretion of toxic metabolites.!

Nephrotoxicity is defining as rapid deterioration in the
kidney function due to toxic effect of medications and
chemicals. There are various forms, and some drugs may
affect renal function in more than one way. Nephrotoxins
are substances displaying nephrotoxicity. Nephrotoxicity
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adjusted for the decreased renal function (e.g., heparin).
The nephrotoxic effect of most drugs is more profound in
patients already suffering from kidney failure. About 20%
of nephrotoxicity is induced and caused by drugs; this
percentage is augmented in the elderly due to an increase
in the life span and poly-medications.

Aminoglycoside causes nephrotoxicity, which particularly
affects the proximal tubule epithelial cells due to selective
endocytosis and accumulation of aminoglycosides via
the multi-ligand receptor megalin. A consensus set of
phenotypic criteria for induced nephrotoxicity have recently
been published. Novel renal biomarkers, in particular
kidney injury molecule-1, identify proximal tubular injury
earlier than traditional markers and have shown promise in
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observational studies. Further studies need to demonstrate a
clear association with clinically relevant outcomes to inform
translation into clinical practice.?

MECHANISM OF DRUG-INDUCED
NEPHROTOXICITY

There are different mechanisms of nephrotoxicity, including
renal tubular toxicity, inflammation, glomerular damage,
crystal nephropathy, and thrombotic microangiopathy.”

Normally, the kidney preserves constant glomerular filtration
rate (GFR) through regulation of afferent and efferent
arterioles pressure which depends on renal prostaglandin
and angiotensin II. Therefore, prostaglandin antagonists
such as nonsteroidal anti-inflammatory drugs (NSAIDs),
angiotensin-converting enzyme inhibitors (ACEIs), and
angiotensin receptor blockers (ARBs) lead to glomerular
dysfunction.

Renal proximal renal tubular cells are in contact with drugs
due to tubular reabsorption and prolonged concentration
processes. Toxic agents and drugs cause potential damage
to the tubular transport system through the induction
of oxidative stress which leads to tubular mitochondrial
damage. The drugs that cause tubular damage are
aminoglycoside, amphotericin B, and antivirals such as
adefovir and foscarnet.®

Therefore, the pathogenic mechanisms of drug-induced
nephrotoxicity are summarized into the followings:

Alterations of renal intraglomerular hemodynamic
Normally, about 120 mL of plasma is filtered per minute
under the effect of intraglomerular pressure that maintains
normal glomerular filtration; this pressure depends on the
different pressure at afferent and efferent arterioles. Afferent
arterioles pressure depend on the circulating prostaglandins,
while efferent arterioles and intraglomerular pressures
depends on the circulating angiotensin II-mediated
vasoconstriction.l®! Therefore, NSAIDs like diclofenac,
ARB:s like valsartan, and ACEIs like captopril lead to severe
deterioration of intraglomerular pressure and reduction
of GFR. In addition, cyclosporine and tacrolimus cause
dose-dependent afferent arteriole vasoconstrictions.”

Renal tubular cytotoxicity

The renal proximal tubules play a major role in eliminating
waste products from the body, including drugs and their
metabolites. Their active secretion and reabsorption
mechanisms together with biotransformation capacity
make proximal tubule cells especially sensitive to drug-
induced toxicity and subsequent acute kidney injury. As
well, proximal tubule epithelium stably expressing a broad
range of functional transporters and metabolic enzymes
that acts in concert in renal drug elimination. Renal drug
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transporters are highly condensed contributing to the
relative high sensitivity of proximal renal tubules to the
toxic agents such as antiretroviral drugs and cisplatin.®

Glomerulonephritis and interstitial nephritis

Glomerulonephritis is the inflammation of glomeruli caused
by numerous nephrotoxic agents including gold, interferon,
NSAIDs, lithium, hydralazine, and pamidronate.”’ Indeed,
allergic response to the drugs may cause interstitial nephritis
as in allopurinol, rifampicin, sulfonamide, lansoprazole, and
quinolones. Certain drugs may cause chronic interstitial
nephritis including cyclosporine, Chinese herbal medicine,
and NSAIDs (>1 g/day) for 2 years. Initial and early
appreciation of this condition should be recognized, because
it may progress into end-stage kidney disease.['

Drug-induced crystal nephropathy

Many drugs produced crystals which are insoluble in the
urine and precipitated within distal renal tubules, which
causing interstitial reaction and obstruction. The most
common drugs that generate crystals are sulfonamides,
ampicillin, acyclovir, ciprofloxacin, methotrexate, and
triamterene."! These drugs are mainly precipitated at
acidic urine causing crystal nephropathy mainly in patients
with renal impairment. In addition, tumor lysis during
the induction of chemotherapy as in lymphoproliferative
diseases causes significant uric acid and calcium deposition
leading to acute renal failure.!?!

Drug-induced thrombotic microangiopathy

Drug-induced microangiopathy is due to a drug-induced
immune reaction that leads to thrombotic thrombocytopenic
purpura and platelet activations, which eventually lead
to endothelial cytotoxicity as illustrated in different
medications such as ticlopidine, cyclosporine, and quinine.™!

Drug-induced rhabdomyolysis

Different drugs may cause damage to the skeletal muscles
due to direct toxic effect on the myocytes or predisposition
of myocyte to the toxic effect of exercise. This damage
leads to lysis of myocytes and discharge of the intracellular
myoglobin and creatine kinase. Myoglobin leads to renal
damage due to direct toxicity and tubular obstructions.
Many drugs have been reported to produce rhabdomyolytic
effect including statins, alcohol, heroin, ketamine, and
cocaine.!

BIOMARKERS OF NEPHROTOXICITY

The traditional markers of nephrotoxicity and renal
dysfunction are blood urea and serum creatinine which
are specific with low sensitivity in the detection of earlier
renal damage. Thus, the discovery of the initial renal
injury required new biomarkers which are more sensitive
and highly specific that gives an insight into the site of
underlying renal damage.™!
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A urinary protein is regarded as a potential marker
of acute and chronic renal damage that is induced by
nephrotoxic drugs. Normally, the glomeruli restrict
the transport and migration of high-molecular-weight
proteins from the blood to the lumen of the nephron, but
during pathological conditions, high-molecular-weight
proteins can be identified and detected in the urine due to
nephron dysfunction. High-molecular-weight proteins
such as albumin, transferrin, and immunoglobulin G
are more sensitive proteins in the early detection of
glomerular filtration dysfunction, glomerular damage, and
structural glomerular damage, respectively.'”! Normally,
low-molecular-weight proteins are mainly reabsorbed at
renal proximal tubules, but when there is an excess in the
amount of low-molecular-weight protein concentrations
this lead to nephron overload that exceeding the proximal
renal tubules reabsorbing capacity. Therefore, proximal
renal tubules damage lead to low-molecular-weight
proteinuria due to failure of the reabsorption capacity.!'*

Low-molecular-weight proteins such as oc1-microglobulin,
B2-microglobulin, Cystatin C (Cys C), retinol-binding
protein, and kidney injury molecule-1 (KIM-1) are
obviously recorded as the main proteins that reflect the
underlying renal glomerular and/or tubular damage during
nephrotoxicity.! Nephrotoxic agents such as cisplatin,
NSAIDs, and aminoglycoside lead to upregulation of KIM-1
due to ischemic reperfusion injury. Thus serum level of
KIM-1 is linked and correlated with the immune response
of renal proximal tubules damage during nephrotoxicity.™!
In addition, mRNA of KIM-1 is vastly expressed in the
injured kidney which is exposed into the lumen and then
released into the lumen, which finally excreted in the urine.
Furthermore, KIM-1 is detected in the blood since it stable
and can be directly identified.!

Besides, neutrophil gelatinase-associated lipocalin (NGAL)
which is a 25 kDa protein is attached to the granulocytes; it
correlated with nephrotoxicity since it is responsible for the
inflammation during renal ischemia and acute renal injury.*

In addition, different cytokines such as interleukin (IL),
interferon, and colony-stimulating factors play an important
and integral role in the renal tubular damage and repair, so
they are considered as biomarkers of kidney injury during
drug-induced nephrotoxicity.!

All these biomarkers can be detected in both urine and
blood for estimation of drug-induced nephrotoxicity.
For that reason, measurement of urine proteins regarded
as a basic test for estimation of nephrotoxicity and renal
damage. Nephrotoxic agents are closely linked with
acute kidney injury as well as chronic renal dysfunction.
Although conventional measurement of blood urea and
serum creatinine does not determine the severity of
nephrotoxic-induced renal damage.!
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Moreover, IL-18 was initially illustrated and described as
inducing factor of interferon gamma which is activated
by caspase-1 during apoptosis. IL-18 acts on specific
receptors which found on specific cells including mast,
dendritic, T-cells, and basophils cells. IL-18 is involved in
the pathogenesis of obesity, inflammatory bowel diseases,
and chronic kidney diseases. Besides, high IL-18 serum
levels are linked with renal tubular atrophy and interstitial
fibrosis. In addition, high urinary IL-18 is correlated with
acute kidney injury and drug-induced nephrotoxicity. High
levels of IL-18 in acute kidney injury may be a biomarker
of renal injury or as a protective factor that prevents the
further progression of this disease.[2

Cys C was initially mentioned in 1961 as trace protein in
the urine and cerebrospinal fluid in patients with renal
failure. It was anticipated as a marker of renal failure in
1985. Furthermore, Cys C together with blood urea and
serum creatinine is used for evaluation of renal function
and GFR. Cys Cis alow-molecular-weight protein excreted
by glomerular filtration, so high level of Cys C is linked
with reduction of GFR and glomerular filtration. It has
been shown that Cys C serum levels predict the stage and
progression of renal diseases. Cys C serum levels also
increased in cigarette smoking, cancer, neurological, and
atherosclerosis.?!

Vitronectin (VIN) is a 70-83 kDa glycoprotein synthesized
by hepatocytes and circulated in the plasma, and it was
firstly described in 1967 as serum spreading factor. It
colocalized with C5b-9 (active complement cascade) and
immune glomerular deposit during the pathogenesis of the
renal disease, thus it may promote or attenuate fibrogenesis
during renal interstitial injury. VIN serum levels are
correlated with fibrosis in renal diseases. Moreover, VIN
binds and prolong the half-life of plasminogen activator
inhibitor-1 leads to more production of plasmin which
has a glomerular protective effect during acute kidney
injury.[®

Integrin (ITN) is a transmembrane receptor that assists
extracellular matrix adhesion, and it consists of a- and
B-subunits. ITN regulates critical cell functions and
homeostasis during glomerular injury through antifibrotic
effect, leading to significant glomerular protection. On
the other hand, ITN 0281 may lead to glomerular injury
through upregulation of collagen synthesis; therefore ITN
02fBlinhibitors may be of great value in the reduction of
renal damage.® In addition, ITN 02B1linhibitors attenuate
cyclosporine-induced nephrotoxicity through inhibition of
mesangial production of collagen.?*”

Therefore, novel and new biomarkers may help in
estimation of renal damage that give an important
picture about disease progression and clinical
outcomes [Figure 1].031
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Figure 1: Biomarkers of acute injury damage and their predicted
sites (Fuchs and Hewitt; 2011)

PREVENTION AND ATTENUATION OF
DRUG-INDUCED NEPHROTOXICITY

The preventive strategies for prevention of drug-induced
nephrotoxicity required knowledge of certain risk factors
and preemptive measures which include the followings:

Patient factors

Patient older than 60 years with concomitant heart failure,
dehydration, underlying chronic renal insufficiency, and
diabetes mellitus are at high risk for development of acute
kidney injury. Gender and genetic variations are common
contributing factors into the susceptibility to drug induced-
nephrotoxicity as male is more vulnerable compared with
female to the nephrotoxic effects due hormonal differences.
Furthermore, other factors increase risk of drug induced-
renal damage is dehydration, heart failure and hepatic
insufficiency.?*

Drug factors

Some drugs are potentially and inherently nephrotoxic such
as cyclosporine and aminoglycosides. As well, prolonged
exposure to some drugs lead to chronicinterstitial nephritis and
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crystal nephropathy like allopurinol. Moreover, combination
of nephrotoxic drugs as in diuretic and aminoglycoside
combination increases the risk of renal damage.™!

Preventive measures

1. Using effective but not nephrotoxic drugs

2. Estimation and amelioration of underlying risk factors

3. Assessment of baseline renal function before the
initiations of therapy

4. Modification of diet according to the renal functions

5. Inrisky patients, the assessment of GFR is mandatory
before starting therapy

6. Using drugs according to the Food and Drug
Administration guide

7. Adequate hydration and treatment of underlying acute
and chronic diseases

8. A good communications between expertise physician
and room pharmacist for drug dose monitoring and
exploring the dose-response curve.?*3!

RECOGNITION OF RENAL IMPAIR-
MENT AND EARLY INTERVENTION

The majority of renal dysfunctions induced by nephrotoxic
agents are reversible, thus the main measure in this status
is stopping and discontinuing the offender agents. Most
nephrotoxic agents raise blood urea and serum creatinine, but
in spite of that trimethoprim and cimetidine may raise serum
creatinine before starting of nephrotoxic effect which may due
to competition with creatinine at renal tubular secretion.”!
Serum creatinine is a more precise marker than blood urea in
the evaluation of renal function since it not affected by diet.
Hence, 50% rise or more than baseline creatinine by 2 mg/dL
is regarded as an early sign of acute renal failure. Moreover,
all medications of affected patient should be re-viewed to
identify the offender nephrotoxic agent.®!

CONCLUSION

KIM-1, Cys C, and NGAL sera levels are more sensitive than
blood urea and serum creatinine in the detection of acute
kidney injury during nephrotoxicity.
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