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ABSTRACT

Background: Drug-induced acute renal failure (ARF) is a medical problem affecting hospitalized pa-
tients and patients presented to emergency hospitals. A drug can induce ARF through a prerenai or an in-
trarenal pathway. Subjects and methods: 12 patients with precenal ARF and 7 patients with intrarenal
nephrotoxic ARF were enrolled in the present study. They were clinically exanined and laboratory and
radiologically investigated. History of prescribed nephrotoxic medications, rise in serum creatinine levels
and ARF manifestations were encomntered in off cases. Plasma NO metabolites (NOy and NO3) were de-
termined colorimetrically as a colored azo dye product of Griess reaction . Results: The study showed
that uonsteroidal anti-inflammatory agents (41.6%), angiotensin converting enzyme inhibitors (16.6%)
and sildenafil citrate, (8.3%) were the single drug-induced prerenal ARF. The remnaining cases fj3.3%}
gave history of multiple drugs intake. On the other hand, aminoglycoside nephrotoxicity occurred in
14.3% of intrarenal ARF patients while, analgesics and/or anti-pyretics caused ARF in 57.14%. At the
same lime, intrarenal ARF was detected in association with methicillin ar cephatosporin administration
in the remaining patients (28.6%). The onset of ARF in boih series of patients began berween four days
and iwo weeks after drug intake (except with sildenafil citrate} while the severity and prognosis were
dose-dependent. Plasma NO-, concentrations among intrarenal ARF patients were not significanly dif-
Serent from those observed in controls. Aliernatively, the concentration of plasma totaf NO-3 (NOx)
among prerenal ARF patients were significantly higher than controls. In addition, plasma NO-2 and NQx
concentrations of intrarenal ARF were significantly lower than those of prerenal ARF. Conclusion: Plas-
ma total NO-3 (NOx) differentiates between prerenal (high) and intrarenal (normal or low) nephrotoxici-
(y. Hyperkalemia and relatively subnormal NQ bioactivity found in intrarenal ARF may explain the high
incidence of cardiovascular strokes in thent. On the other hand, the excess NO in prerenal ARF ,-'mrfif:i-
pates in development of hiypotension and collapse. Discontinuation of the responsible drug is often the

ondy necessary management while avoidance of these drugs is the most effective way ro avoid drug-
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induced nephrotoxicity.
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Key words: ARF: acute renal failure; GFR: glumerular filtration rate ATN: acute tubular necrosis;

NOS: nitric oxide synthase: {i: induced; e: endothelium; c: constitutive; n: neural;) ADMA:asymmetric

dimethylarginine.
INTRODUCTION

Nephrotoxicity is a major side effect in
clinical practice, which frequently leads to
acute renal failure (ARF). Drug- induced
ARF is classified into two categories: (1)
Prerenal ARF is a rapidly but commonly
reversible uremia caused by renal hypo-
perfusion. In prernal ARF, there is a re-
duction in glomerular filtration rate (GFR)
with no frank renal parenchymal damage.
(2) Intrarenal ARF that may be due to pro-
longed renal hypoperfusion, resulting in
tissue ischemia and acute tubular necrosis
(ATN), or due to toxic damage of the
nephrons. Any condition that causes pre-
renal ARF may progress to intrarenal ARF
if renal hypoperfusion is severe and pro-
longed (Mindell and Chertow, 1997; Alex-
opoulos, 1998; Silva, 2004; Markowtiz and
Perazella, 2005). The morbidity and mor-
tality rates in drug-induced uremic pa-
tients with serum creatinine levels greater
than 3.0 mg/dl remain high, although, a
better survival rate in them is not a far
hope (Nash et al., 2002).

Nitric oxide (NO) plays a major role in
maintaining the high renal blood flow and
is also involved in the regulation of glo-
merular hemodynamics and contractility
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of mesangial cells, not only under basal
but also in toxic acute renal failure
(Schramm et al., 1996). NQO is critically in-
volved in the functional and morphologi-
cal alterations observed in drug-induced
nephrotoxicity. In the majority of such
conditions, NO synthesis appears elevat-
ed. The noted increase of NO synthesis ap-
pears primarily protective to the remain-
ing renal function (Rivas-Cabanero et al.,
1996 & 1997; Mindell and Chertow, 1997;
Stroes et al., 1997;Heman et al., 1998; Sus-
chek et al., 2000). However, this increase
in NO synthesis and release does not lead
to renal vasodilatation, probably due to its
decreased bioavailability through its rapid
interaction with reactive oxygen species
and the simultaneous increase in the re-
lease of vasoconstrictors (Goligorsky et al.,
2004). Alternatively, decreased endotheli-
um derived NO has been reported in
acute renal failure that may be due to de-
pletion of tetrahydrobioptrin, a cofactor
for NOSs synthesis (Kakoki et al., 2000). In
agreement with these latter findings is
that 79% of uremic plasma inhibited both
endothelial and inducible NOS activities
while the remaining percent stimulated
NOS activities (Arese et al., 1995). Altered
generation of nitric oxide by the endothe-
lia] cells represents an important feature of
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endothelial dysfunction that contributes to
the pathophysiology of acute renal injury
(Goligorsky et al., 2002). So, it has been
clearly demonstrated that NO participates
in the pathogenesis of ARF and the issue
of whether NO is a "good" or "bad” mole-
cule in ARF is currently under extensive
investigation (Valdivielso and Blantz,
2002).

The above review shows a controversy
about NOS/NO metabolism in drug-
induced ARF in experimental models,
while studies in this field on human are
very rare. 5o, the present study was ini-
tiated to determine the concentration of
plasma NO metabolites (NO-+ NO-3) in
patients with drug-induced ARF whether
secondary to prerenal or intrarenal drug-
induced nephrotoxicity.

SUBJECTS AND METHODS

Serially hospitalized 19 patients with
ARF were studied. Before the develop-
ment of ARF, all these patients were
healthy and none had a past history of re-
nal disease. History of nephropathic drug
intake was given by all patients. Cases
with hemolytic crises, reaction to radio
contrast media or hepatorenal failure were
not included. On clinical background,
none of the uremic patients gave a past
history of chronic associating diseases (re-
nal, pancreatic, hepatic, and endocrine dis-
orders). Before investigations, any drug
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influencing the designed investigations
were replaced by biochemically non-
effective therapies.

The present study comprized 12 pa-
tients suffered from prerenal ARF and the
remaining (7 patients) had intrarenal
nephrotoxic ARF. No case with postrenal
ARF was included in this study. A present
history of drug intake, rise of serum creati-
nine levels, fluid and electrolyte imbalance
and abnormal urine analysis results were
the keystone of drug-induced ARF diag-
nosis. Diagnosis of the underlying cause
of ARF was based on the history while
clinical, radiological, and biochemical ex-
aminations pointed to the type and stage
of ARF (Schrier et al., 2004). Prerenal ARF
due to drug intake is caused by renal hy-
poperfusion and reduction in glomerular
filtration rate without renal parénchymal
damage (low effective circulating vol-
ume). In contrast, intrarenal drug-induced
ARF reflects damage of the nephrons by
drug(s) due to prolonged hypoperfusion
or directly to their toxic damage.

In addition, 10 healthy persons selected
from patients’ relatives, blood donors or
hospital workers were simularly studied as
a reference (control) group. They were
matched in age, sex and body mass index
(BMI) with the uremic patients.

Informed consent was obtained from all
subjects (patients and controls).
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Laboratory investigations:

a- Serum and urinary creatinine (Cr),
spectrophotometric end point assay
(BioMerieux-Vitek Inc., 595 Anglurn
Drive Hazeiwood, Missouri 63042-
2395 USA).

b- Serum and urinary Na and K by ion
selective electrode (AVL-ISE analyzer
988-3 4 Switzer_land).

¢- Fractional excretion of sodium
(FENa) % that measures the activity of
the kidneys in resorbing sodium was
calculated (Mindell and Chertow,
1997) = (urine Na x serum Cr) /
(urine Cr x serum Na) x 100.

d- Plasma (EDTA) nitric oxide metabo-
lites (NO-,/NO-3;) were determined
by pnotometric assay (Moshage et al.,
1995) using byproducts of Assay.De-
signs. Inc. (800 Technology Drive Ann
Arbor, M1:48108 USA).

statistical
analysis for each group results were
presented as mean + SD. Statistical data
of each group of patients were com-
pared with each other and with those
for healthy subjects using the Student t
test. The significance for any of these tests
was set at P<0.05 (Knapp and Miller,
1992). Statistical analyses were performed
with SPSS 9.0 (SPSS, Inc, Chicago, IL
USA).

Data  being parametric,
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RESULTS

(A) Demographic data of the studied
cases:

In the total ARF group (19 patients) and
the normal control group (10 subjects), the
male to female ratios were 12:7 and 6:4
while the mean ages were 44.9 + 7.7 and
453 + 4.8 years and BMI mean values
were 24.1 + 2.5 and 25.0 + 1.3 respectively.

(B) The main clinical and laboratory
data are shown in Tables from 1 to 5.

DISCUSSION

Drug-induced ARF is one of the com-
mon problems seen by nephrologists in
emergency hospitals, but its true frequen-
cy is probably underestimated. Diagnosis
of it is typically only made in uremic pa-
tients without another explanation for de-
teriorating renal function, and is often
proved by improvement after drug with-
drawal. Failure to recognize drug nephro-
toxicity and discontinuation of the offend-
ing agent(s) may result in unnecessary
morbidity and occasionally, irreversible
acute renal failure (Evenepoel, 2004). De-
spite the progress in pharmaco-therapy,
the frequency of hospital acquired drug-
induced acute renal failure has increased
from less than 5.0% (Mindell and Cher-
tow, 1997) to 6.4% (Nash et al., 2002) of
the total ARF affections. More distressing
is the finding that mortality associated
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with drug-induced acute renal failure has
remained high (Nash et al., 2002).

In the present study, the onset of ARF
was related to drug therapy, oftenly rever-
sible specifically in prerenal cases and the
severity was dose dependent. These re-
sults agree with many studies (Alexopou-
los, 1998; Evenepoel, 2004; Markowtiz and
Perazella, 2005). Prerenal ARF (Table 1)
was found to be induced by nonsteroidal
anti-inflammatory agents (41.6%), angio-
tensin converting enzyme inhibitors
(16.6%) and sildenafil citrate (8.3%). The
remaining (33.3%) was due to combina-
tion of drugs. The prerenal changes were
peripheral  vasodilatation, interference
with fluid and electrolyte homoestasis and
adverse cardiotoxic changes. Adverse re-
nal effects of conventional nonsteroid anti-
inflammatory drugs occur because of in-
hibiting the synthesis of nonselective cy-
clooxygenase responsible for synthesis of
prostaglandins which are important in the
modulation of renal physiology (Gambaro
and Perazella, 2003). At the same time,
aminoglycoside intrarenal nephrotoxicity
with ARF (Table 2) occurred in 14.3% of
the investigated patients while combined
antibiotics, analgesics and antipyretics
caused 57.1% of intrarenal ARF. Adminis-
tration of certain antibiotics (methicillin
and cephalosporin like groups) induced
intrarenal ARF in 28.6% of the studied se-
ries of patients. Some authors (Silva, 2004;
Markowtiz and Perazella, 2005) noticed
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that all aminoglycosides had the potential
to produce nephrotoxicity while others
(Boffa et al., 2000) considered antibiotics,
in general, as the most common cause of
ARF.

These drugs appear to be minimally
metabolized within the body and undergo
nearly exclusive renal excretion. The role
of infection (when present) and subse-
quent bacterial endotoxin can influence
the pathogenesis of drug-induced nephro-
toxicity. The clinical course of drug neph-
rotoxity depends on the primary health
status in these patients. In the present
study, FENa % (Table 3) was a reliable in-
dex for differentiation between both types
of ARF. However, Mindell and Cherlow
(1997) stated that there was an overlap in
the values of FENa% in ARF types. Thus,
decreased FENa% was noted in -patients
with decreased effective circulating fluid
volume {Aromoff, 1992).

Cardiac manifestations recorded in this
study were due to the noted hyperkalemia
of ARF (Table 4). In the present study, full
recovery was observed in 73.5% and in-
complete recovery was found in only
16.0% while worsening of the condition
with development of complications was
encountered in 10.5% of cases. Factors of
poOr prognosis were a poor previous
health status and the presence of hidden
infection. Oligurea was a high risk of mor-
bidity.
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Management of the present cases in-
cluded: (1) stopping admiinistration of the
nephrotoxic drugs-(2) encouragement of
intravenous fluid infusion for drug elimi-
nation (3} dialysis for intrarenal cases till
renal function was restored and (4) proper
management of any clinical disorder of
the vilal organs (e.g. cardiovascular, neu-
rovascular and pulmonary systems).

Endothelial dysfunction in ARF may re-
sult from accumulation of uremic toxins.
These include a variety of guanidino com-
pounds which have been shown to be ni-
tric oxide synthase modulators both in vi-
tro and in vivo (DeDeyn et al., 2003).
Thuraisingham and Yaqoob (2003) report-
ed that there was an increased NO release,
but this was associated with excess con-
sumption of it in uremia. NO metabolites
(NOx) in the plasma of hemodialysis
nephrotoxic patients showed higher con-
centrations, both pre- and post-dialysis
compared to controls. This is not a simple
retention by ARF since culture of endothe-
lial cells in uremic plasma demonstrated
increased NO release compared to con-
trols. At the same time, Noiri and Col-
leagues (1996) concluded that, excess NO
were produced via induced NOS (iNQOS)
in the course of acute renal failure and
hemodialysis modified the state of plas-
ma NOS activity in uremia. So plasma
taken after hemodialysis session showed a
reduced irhibitory activity since, mole-
cules reducing NOS activity were accu-
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mulated in the ultrafiltrate.

In the present study, there was signifi-
cantly higher concentrations of plasma
NO stable metabolites in the form of total
nitrates (NOx) in prerenal ARF patients
compared to healthy control group (Table
5). The high plasma NOx concenlrations
can be attributed to the rapid inactivation
of the excessively released NO. Moreover,
it is likely that renal dysfunction may de-
crease clearance of such NO metabolites,
amongst which NO-3. In this respect, Suto
et al. (1995) showed that approximately
50% of the ingested nitrates are excreted in
the urine. Subsequently, total nitates
(NOx) will be retained in the circulation in
cases with renal insufficiency. In this re-
spect and based on pharmacological and
experimental studies, some authors (Con-
ger et al., 1995; Can et al., 2000} suggested
an impaired production of plasma NO in
ARF.  Alternatively  others  {Rivas-
Cabanero et al.,, 1997) found that in ARF,
NO is formed in excessive amounts due to
an augmented expression of both iNOS
and endothelial NOS (eNOS) but not neu-
ronal NOS (n NOS). Altered generation of
NO by endothelial cells or reduced NO bi-
oavailability represents an important fea-
ture of endothelial dysfunction (Arese et
al., 1995; Goligorsky et al., 2002). Conger
et al. (1995) have demonstrated that vaso-
relaxation in response to stimuli generat-
ing endothelium-derived relaxing factor
was inhibited in ARF.
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With regard plasma NOx concentration
in intrinsic (intrarenal) ARF patients, it
showed no significant difference from the
control group. However, there was a sig-
nificant decrease in comparison to the cor-
responding prerenal ARF value (Table 6).
These findings can be explained by the
possibility of NO conversion to peroxyni-
trite which is implicated in cytotoxicity. Of
interest is that plasma NOx levels (ob-
tained under condition of dietary nitrate
control) do not give stand-alone informa-
tion about NO production, particularly
when renal function is impaired. Reduced
synthesis of the vasoactive substances (e.g.
NO and prostaglandins) in renal disease
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might predispose such patients to drug-
induced nephropathy. Subsequently, Can
et al. (2000) postulated that L-argininc
supplementation had beneficial effects in
gentamycin-induced acute renal failure.
The nitric oxide reledsed from vascular en-
dothelium played a protective role in gen-
tamycin nephrotoxicity (Goto et al., 2004).

The result of the present study assumed
an increased NO production in prerenal
ARF and a decreased production of it in
intrarenal affections. Both conditions are
harmful for the corresponding patienls'
and contribute to the pathophysiological
diverge seen in them.
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Table (1): The main medical data in prerenal ARF patients.

436

z Major
s S j - ) ) ) . Duration of J .
hie @ Pre existing disease Prescribed drug erapy presenting signs
s ’ Py and symptoms
Automnimmune diseases- Non steroidal anti- :
5 41.6 . . 4 days
osteoartheritis inflammatory
5 G Hynertens] Angiotensin converting 4da * Hypolension,
¥ ertensio o . s
ypet i enzyme inhibitor Y C‘::?P“- a"'lj
cardiovascular
1 * 8.3 Senile impotence Slidenafil citrate 2 hours T
' <, Mixed drugs (antibiotics, * Acule renal failuse
Prolonged unknown ] )
4 333, 1. antipyretics and 4 days
: fever )
analpesics)

Table (Z) : The main medical data in intrarenal ARF patients.

Cases l . Major presenting
i ) Duratien of
Pre existing discasce Preseribed drug signs and
No. Yo therapy
symptonis
I 14.3 | Urinary tract infection Aminaoglycoside 14 days (1) Hypersensilivity
5 i Prolonged unknown Methicillin and _— reaction.
. 7&10 days :
fever cephalosporin antibiotics 8| (@) Normotensive
(3) Urinary volume
depletion and
urinary deposil
57.1 Variable Multiple drugs 8-12 days of RBCs and
casts.
{ [ (4)ARF
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Vol. XII No. 1, Jamiiary 2005



El-Kannishy et al ... -

Table (3): Data of significance in urine analysis of both ARF groups.

Prerenal | Intrinsic ARF
Specific gravity ~1.020 1.010 (fixed)
FENa% <l.0 >1.0
Albuminurea Nil - trace +t
Casts Hyaline (few) Epithelial & Granular

Table (4): Selected kidney function tests (serum creatinine, sodium and potassium
concentrations) statistical data in normal control group versus ARF patients.

Creatinine Sodium Potassium’
Data
mg/d| mmolA mmeol/|
Normal contrel 1.0520.2 137,124 4 3.90£0.4
ARF patients 6.8+1.5 136.6+3.8 5.15%1.7
p-value <0.001 >(.90 <0.001
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Table (5): Statistical data of plasma NO stable metabolites as NO, and NO, (NO2+ NO3)

in the studied groups.

[ items (studied groups) NO, pmol/L NO; umol/L
|A] Norinal control group XxSD 36.246.3 11.4+1.6
[B] Presenal ARF group X+SD 49.5+8.3 12.2+1.8
[C] entrarenal ARF group X+8SD 3219.5 10.5:2.4
P: Aversus B 0.001 0.624
P: A versus C 0.567 0.345
P: B versus C 0.001 0.012

Mansonra J. Forensic Med. Clin. Toxicol.
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