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Urinary Neutrophil Gelatinase-associated Lipocalin as 
a Biomarker of Kidney Injury in Hematologic-Oncologic 
Patients Receiving Amphotericin B
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Mohammad Mahdi Sagheb,3 Kamiar Zomorodian4

Introduction. The aim of the present study was to compare the 
changing pattern of urine neutrophil gelatinase-associated lipocalin 
(NGAL) with serum as well as urine creatinine during amphotericin 
B treatment and determine its accuracy in the early detection of 
amphotericin B nephrotoxicity.
Materials and Methods. A cohort study was performed during 9 
months at 3 hematology-oncology services. Patients aged 15 years 
and greater with no documented history of acute kidney injury 
or chronic kidney disease, planned to receive any formulation of 
amphotericin B for at least 1 week, were included. Serum as well 
as urine creatinine and urine NGAL were determined on days 
zero, 3, 5, 7, 10, and 14 of amphotericin B treatment.
Results. Forty patients with the mean age of 38.0 ± 14.1 years were 
recruited. Eleven of 40 patients (27.5%) developed amphotericin 
B nephrotoxicity. The overall changes in the mean values of urine 
NGAL were not significant during amphotericin B treatment, 
neither within nor between the two groups. The area under the 
curve of urine NGAL (0.7; 95% confidence interval, 0.59 to 0.96) 
on day zero was significantly higher than that of serum creatinine 
(0.46; 95% confidence interval, 0.27 to 0.66; P = .01) for predicting 
amphotericin B nephrotoxicity.
Conclusions. The incremental pattern of urine NGAL during 
amphotericin B treatment was not significant compared to baseline 
values. The urine level of NGAL on the first day of amphotericin 
B administration was more accurate than serum creatinine in 
predicting acute kidney injury caused by this agent.

IJKD 2017;11:201-8
www.ijkd.org

1Department of Clinical 
Pharmacy, Faculty of 
Pharmacy, Shiraz University of 
Medical Sciences, Shiraz, Iran
2Hematology Research Center 
and Department of Internal 
Medicine, Shiraz University of 
Medical Sciences, Shiraz, Iran
3Nephrology-Urology Research 
Center and Department of 
Internal Medicine, Shiraz 
University of Medical Sciences, 
Shiraz, Iran
4Basic Sciences in Infectious 
Diseases Research Center 
and Department of Medical 
Mycology and Parasitology, 
Shiraz University of Medical 
Sciences, Shiraz, Iran

Keywords. urine, neutrophil 
gelatinase-associated lipocalin, 
amphotericin B, nephrotoxicity

INTRODUCTION
Serum creatinine is the product of a nonenzymatic 

hydrolysis of endogenous creatine in the skeletal 
muscles and liver.1 It has been considered as a 
classic marker of kidney function. However, serum 
creatinine has several drawbacks in clinical practice. 
First, many nonrenal factors such as age, sex, race, 
protein intake, muscle mass, medications, infections, 
and inflammatory status may potentially alter its 

level.2 Second, serum creatinine and glomerular 
filtration rate (GFR) are hyperbolically, rather 
than linearly, related. In this regards, an increase 
in serum creatinine from 4 mg/dL to 8 mg/
dL produces the same proportional decrease of 
GFR, as it increases from 1 mg/dL to 2 mg/dL.3 
Third, serum creatinine can overestimate kidney 
function especially in the early phase (24 to 48 
hours) of acute kidney injury (AKI). This can lead 
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to delay in the diagnosis of kidney injury as well 
as inappropriate dosing of medications with renal 
route of elimination.2, 3

Considering the limitations of serum creatinine, 
and on the other hand, being cumbersome, costly, 
and not readily available direct measurement 
methods of GFR (eg, urinary inulin clearance and 
the plasma 99mTc-diethylenetriaminepentaacetic 
acid),3 several new markers of kidney injury has 
been investigated during the recent 2 decades. 
Neutrophil gelatinase-associated lipocalin (NGAL), 
a 25-kDa protein with 178 amino acids belonging 
to the lipocalin superfamily, is a prominent 
example in this regard. Its expression is induced 
in response to kidney injury, and it involves in 
maintaining cell homeostasis by modulating the 
transport of hydrophilic substances through the 
membrane.4 Although serum as well as urine 
NGAL are among the most extensively evaluated 
novel AKI biomarkers in different clinical settings 
such as cardiopulmonary bypass and diabetic 
nephropathy, its role in the detection of AKI caused 
by medications is largely limited to radiocontrast 
agents and cisplatin.5

Nephrotoxicity is the most clinically significant 
adverse reaction of amphotericin B.6 Early diagnosis 
of amphotericin B nephrotoxicity is essential for 
optimal management and preventing its clinical 
as well as economical complications.7 In most 
experimental and clinical studies on amphotericin 
B nephrotoxicity, serum creatinine has been used 
as a marker of kidney function. Therefore, the 
2012 Kidney Disease: Improving Global Outcomes 
guideline has emphasized on investigating novel 
biomarkers of kidney function in this setting.8 
To our knowledge, only 3 experimental and 3 
clinical studies published to date have explored 
other biomarkers of kidney injury rather than 
serum creatinine, including alkaline phosphatase, 
g-glutamyltransferase, lactate dehydrogenase, 
N-acetyl-b-D-glucosaminidase, a-glutathione 
S-transferase,  p-glutathione S-transferase, 
b-glucuronidase, serum as well as urine cystatin 
C, and urine kidney injury molecule 1 (KIM-1).9-14

The aim of the present study was to compare 
the changing pattern of urine NGAL with serum 
creatinine during amphotericin B treatment and also 
their accuracy in the early detection of amphotericin 
B nephrotoxicity in patients hospitalized at 
hematology-oncology services.

MATERIALS AND METHODS
W i t h i n  9  m o n t h s  f r o m  A u g u s t  2 0 1 5  t o 

April 2016, a cohort study was performed at 2 
hematology-oncology and one hematopoietic stem 
cell transplantation services of Namazi Hospital, 
affiliated to Shiraz University of Medical Sciences, 
Shiraz, Iran. The medical ethics committee of the 
hospital approved the study protocol and a written 
informed consent form was taken from all patients.

Patients aged equal or greater than 15 years, 
without documented history of AKI and chronic 
kidney disease, without documented history of 
receiving amphotericin B by any administration 
route within the recent 14 days, and planned 
to receive any formulation of amphotericin B 
intravenously for at least 1 week were considered 
eligible for inclusion. Acute kidney injury was 
defined by an increase in serum creatinine of 0.3 
mg/dL and greater within 48 hours, an increase 
in serum creatinine by at least 1.5 times baseline 
within the prior 7 days, or urine volume less 
than 0.5 mL/kg/h for 6 hours.8 Chronic kidney 
disease was considered when there was a clearance 
creatinine below 60 mL/min/1.73 m2 calculated 
by the simplified Modification of Diet in Renal 
Disease equation or documented history of regular 
peritoneal or hemodialysis for more than 3 months.15

During the course of amphotericin B treatment, 
serum creatinine was monitored daily. Since 
most cases of amphotericin B nephrotoxicity 
have been reported during the first 2 weeks of 
treatment,16,17 urine samples for the determination 
of creatinine and NGAL were collected at certain 
time points including days zero, 3, 5, 7, 10, and 14 
of amphotericin B treatment. Urine samples were 
frozen at -80°C until completing the sampling of all 
recruited patients. Measurement of serum as well 
as urine creatinine was done by an auto-analyzer 
(Shanghai Xunda Medical Instrument, China) via 
exploiting a modified Jaffe colorimetric reaction. 
Urine level of NGAL was determined by the 
double sandwich enzyme-linked immunosorbent 
assay technique (Bioassay Technology Laboratory, 
Shanghai, China). Briefly, urine samples were 
centrifuged at 2000 rpm to 3000 rpm for 20 minutes. 
Then, 40 μL of the supernatant along with 10 μL 
of anti-NGAL antibody and 50 μL of streptavidin-
horseradish peroxidase conjugate were transferred 
to each well. The wells were gently shaken for 60 
minutes at 37°C. After that, at least 0.35 mL of 
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diluted washing solution with distilled water at 
a 1:30 ratio was added to each well and retained 
for 30 seconds. This phase was repeated 5 times. 
Then, 50 μL of chromogen solution A and 50 μL 
of chromogen solution B were added to each well 
and the mixture was incubated for 10 minutes at 
37°C, while protecting wells from light. Finally, 
50 μL of stop solution was added to each well, 
and within 10 minutes after addition of the stop 
solution, light absorption of the admixture was 
determined at 450 nm wavelength by the enzyme-
linked immunosorbent assay reader.

A decrease in estimated GFR by 50% and larger, 
calculated by the Cockcroft-Gault formula, or an 
increase in serum creatinine (doubling from the 
baseline value) was considered as amphotericin 
B nephrotoxicity.18

Continuous data were expressed as mean 
± standard deviation. Categorical variables were 
reported as percentages. Comparison of the mean 
values of studied biomarkers (serum creatinine 
and urine NGAL) at certain time points during 
amphotericin B treatment (days zero, 3, 5, 7, 10, 
and 14) within and between patients with and 
without amphotericin B nephrotoxicity was done 
by the 1-way analysis of variance with repeated 
measures. The accuracy of serum creatinine and 
urine NGAL at days zero, 3, 5, 7, 10, and 14 of 
treatment in predicting or detecting amphotericin 
B nephrotoxicity was evaluated by the receiver 
operating characteristic curves of sensitivity and 
specificity and relevant data were expressed as 

area under the curve (AUC) and 95% confidence 
intervals (CI). P values less than .05 were considered 
significance. All the above statistical analyses were 
performed using the SPSS software (Statistical 
Package for the Social Sciences, version 20.0, IBM 
Corp, New York, NY, USA).

RESULTS
Ninety patients were planned to receive 

amphotericin B during the study period. Among 
these, 50 patients did not meet the inclusion 
criteria because of switching to other antifungal 
agents including voriconazole and posaconazole 
(n = 10), receiving amphotericin B for less than 1 
week (n = 18), death before 1 week of amphotericin 
B treatment (n = 7), receiving amphotericin B 
during the recent 2 weeks (n = 5), age below 18 
years (n = 3), and tolerating amphotericin B for 
only 2 days (n = 2). Finally, 40 individuals were 
recruited into study.

The mean age of the cohort was 38.0 ± 14.1 years. 
Twenty six (65%) individuals were men. Liposomal 
and conventional amphotericin B were given to 25 
(62.5%) and 15 (37.5%) patients, respectively. Eleven 
of 40 (27.5%) patients developed amphotericin B 
nephrotoxicity during the treatment course.

Figure 1 demonstrates the changing trend in the 
mean value of serum creatinine and urine NGAL 
at the studied time points during amphotericin B 
treatment. The overall incremental trend seen with 
serum creatinine was significant in patients with 
and without amphotericin B nephrotoxicity (P = .04). 

Figure 1. The changing pattern of serum creatinine and urine neutrophil gelatinase-associated lipocalin (NGAL) at studied time points 
during the course of amphotericin B treatment in patients with and without amphotericin B nephrotoxicity.
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In contrast, the difference in mean values of serum 
creatinine between the two groups during the course 
of amphotericin B treatment did not reach the 
level significance (P = .98). In contrast, the overall 
changes in the mean values of urine NGAL were 
not significant neither within (P = .25) nor between 
(P = .55) the two groups during amphotericin B 
treatment. Considering each 2 studied time intervals 
during amphotericin B treatment (Tables 1 and 2), 
the mean changes in serum creatinine and urine 
NGAL values were comparable between the patients 
with and without amphotericin B nephrotoxicity.

Analysis of the receiver operating characteristics 
curves of sensitivity and specificity demonstrated 
the AUC of urine NGAL (0.765; 95% CI, 0.588 to 
0.962) on day zero was significantly higher than 
that of serum creatinine (0.464; 95% CI, 0.268 
to 0.660; P = .01) for predicting amphotericin B 
nephrotoxicity. In contrast, these values were 
comparable at the remaining studied time points 
including days 3, 5, 7, and 10 (Table 3 and Figure 2). 

Considering the fact that urine samples of only 11 
patients were available for determining urine NGAL 
at day 14 of amphotericin B treatment, calculating 
AUC values was not feasible at this time point.

DISCUSSION
The changing pattern of urine NGAL was 

incremental during the course of amphotericin 
B treatment in both patients with and without 
amphotericin B nephrotoxicity in our cohort. 
However, these alterations did not reach the 
level of significance. Three major issues can be 
taken into account for this finding. First, limited 
measurements of urine NGAL (6 times) may not 
reflect its real changing pattern in amphotericin 
B recipients. The relatively small sample size of 
the study highlights this issue. Second, although 
most episodes of amphotericin B nephrotoxicity 
have been reported to occur during the first 14 
days of amphotericin B treatment, but the duration 
of patients follow-up and sampling (2 weeks) 

Index Time Point Mean Changes in Serum Creatinine (95% Confidence Interval), mg/dL
Day 3 Day 5 Day 7 Day 10 Day 14

Day 0 0.02 (-0.19 to 0.23) -0.06 (-0.41 to 0.30) -0.06 (-0.28 to 0.16) -0.21 (-0.48 to 0.06) -0.12 (-0.42 to 0.19)
Day 3 ... -0.08 (-0.37 to 0.22) -0.08 (-0.31 to 0.15) -0.23 (-0.56 to 0.10) -0.14 (-0.37 to 0.10)
Day 5 ... ... -0.01 (-0.24 to 0.23) -0.16 (-0.48 to 0.17) -0.06 (-0.45 to 0.33)
Day 7 ... ... ... -0.15 (-0.35 to 0.05) -0.06 (-0.35 to 0.24)
Day 10 ... ... ... ... 0.10 (-0.17 to 0.36)

Table 1. Mean Changes of Serum Creatinine Values at Studied Time Points During Amphotericin B Treatment Between Patients With 
and Without Amphotericin B Nephrotoxicity

Index 
Time 
Point

Mean Changes in Urine NGAL (95% Confidence Interval), ng/mL

Day 3 Day 5 Day 7 Day 10 Day 14
Day 0 -11.58 (-39.93 to 16.78) -1.84 (-32.48 to 28.80) -13.64 (-54.29 to 27.01) -10.71 (-55.59 to 34.18) -17.86 (-51.13 to 15.40)
Day 3 ... 9.73 (-20.14 to 39.61) -2.07 (-43.52 to 39.39) 0.87 (-43.33 to 45.07) -6.30 (-50.97 to 38.40)
Day 5 ... ... -11.80 (-31.47 to 7.87) -8.87 (-37.53 to 19.80) -16.02 (-42.10 to 10.05)
Day 7 ... ... ... 2.93 (-30.37 to 36.24) -4.22 (-33.54 to 25.10)
Day 10 ... ... ... ... -7.16 (-36.54 to 22.23)

Table 2. Mean Changes of Urine Neutrophil Gelatinase-associated Lipocalin (NGAL) Values at Studied Time Points During Amphotericin 
B Treatment Between Patients With and Without Amphotericin B Nephrotoxicity

Time Point Serum Creatinine Urine NGAL
Area Under Curve (95% Confidence Interval) P Area Under Curve (95% Confidence Interval) P

Day 0 0.45 (0.25 to 0.64) .60 0.77 (0.57 to 0.96) .01
Day 3 0.37 (0.18 to 0.56) .21 0.64 (0.47 to 0.81) .17
Day 5 0.40 (0.20 to 0.60) .32 0.63 (0.44 to 0.82) .21
Day 7 0.49 (0.28 to 0.71) .94 0.51 (0.32 to 0.69) .95
Day 10 0.52 (0.22 to 0.82) .89 0.65 (0.40 to 0.90) .29

Table 3. Area Under the Curve of Serum Creatinine and Urine Neutrophil Gelatinase-associated Lipocalin (NGAL) at Studied Time 
Points of Amphotericin B Treatment for Predicting Amphotericin B Nephrotoxicity
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Figure 2. The receiver operating characteristic curves for 
serum creatinine and urine N neutrophil gelatinase-associated 
lipocalin (NGAL) on days zero to 10 of treatment for detection of 
amphotericin B nephrotoxicity.
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may be insufficient for detecting all plausible 
amphotericin B nephrotoxicity events. In this regard, 
approximately 6 hours after a kidney injury, urine 
NGAL increases rapidly due to an upregulated 
expression and secretion in different sites of the 
tubule.19,20 Last but not least, gene expression and 
transgenic animal studies have implicated that an 
upregulation of NGAL occurs mostly in the distal 
nephron segments including the thick ascending 
limb of Henle and the collecting ducts. However, 
the proximal tubule is the most common site of 
the injury in AKI caused by most medications 
including amphotericin B.4 Considering this issue, 
and on the other hand, amphotericin B also exploits 
its nephrotoxic effects through decreasing GFR,6 
concurrent measurement of NGAL in serum can be 
beneficial to assess the whole aspect of amphotericin 
B nephrotoxicity.

In accordance with our findings, Shinke and 
colleagues demonstrated that among studied renal 
biomarkers including KIM-1, monocyte chemotactic 
protein-1, N-acetyl-b-D-glucosaminidase, and β2-
microglobulin in lung cancer patients that received 
cisplatin, urine NGAL-creatinine ratio did not differ 
significantly between patients with and without 
AKI.21 This was in contrast to findings of at least 
3 other similar clinical studies in the setting of 
cisplatin-induced AKI.22-24 The authors justified 
this discrepancy by the difference in time points 
of sampling and measuring urine NGAL with 
regard to cisplatin infusion and also variations 
in diagnostic criteria for defining AKI.21 In a 
double-blinded placebo-controlled trial on possible 
nephroprotective effects of silymarin on cisplatin 
nephrotoxicity, Shahbazi and coworkers also 
reported that urine NGAL-urine creatinine ratio 
increased significantly after cisplatin infusion.25 
In a preliminary clinical study about the effect of 
ascorbic acid on colistin-associated nephrotoxicity, 
urinary excretion of NGAL during and at the end 
of colistin treatment was significantly higher than 
baseline values.26 Similar findings were observed 
in the setting of contrast-induced nephropathy.27 
In brief, urine NGAL has increased significantly 
during the course of treatment with studied 
nephrotoxic agents in most clinical investigations 
published so far.

With regard to the sensitivity and specificity, 
ur ine  NGAL only  a t  the  in i t ia t ing  day of 
amphotericin B treatment, rather than other studied 

time points, was more accurate compared to serum 
and urine creatinine in predicting amphotericin 
B nephrotoxicity in our population. Shinke and 
colleagues reported that urinary KIM-1 or MCP-
1 had significantly higher accuracy than urinary 
NGAL in detecting AKI in patients received 
cisplatin.21 In contrast, at least 1 investigation 
demonstrated that urine NGAL predicts contrast-
induced nephropathy 24 hours before serum 
creatinine in patients undergoing coronary 
angiography.28 The performance of urine as well 
as serum NGAL in the prediction of AKI has been 
demonstrated in several clinical studies especially 
in the pediatric population.4 For example, Hirsch 
and colleagues reported that serum and urine 
NGAL significantly increased within 2 hours of 
contrast agent administration in children who 
developed contrast nephropathy than the control 
group. The 2-hour NGAL concentrations in the urine 
(P < .001) and plasma (P < .001) were identified 
as independent predictors of contrast-induced 
nephropathy.29 Similarly, in at least 2 studies in 
adult patients, an early increase in both urine 
and plasma NGAL has been documented within 
4 and 2 hours after the administration of contrast 
media agents.30,31 Other relevant clinical studies 
on renal biomarkers of amphotericin B generally 
have not considered this issue. In a clinical trial 
investigating oral N-acetylcysteine for preventing 
amphotericin B-induced nephrotoxicity, serum 
and urine cystatin C and urine KIM-1 at days 
zero, 7, and 14 of amphotericin B treatment had 
nonsignificant comparable accuracy compared 
to serum and urine creatinine in detecting 
amphotericin B nephrotoxicity.14 Relatively small 
sample size, limited times of measuring urine 
NGAL, and lack of a gold standard method such 
as an exogenous agent (eg, inulin, radiolabeled or 
nonradiolabeled contrast media) for calculating 
GFR and determining nephrotoxicity can partially 
justify our findings. However, it is noteworthy 
that an increase in serum creatinine level or a 
decrease in estimated GFR exploited by us is the 
most commonly used definition of amphotericin 
B nephrotoxicity in the literature.18

To reduce the possibility of laboratory variations 
in the measurement of urinary renal biomarkers, 
determination was conducted on samples frozen at 
-80°C for up to 9 months. Therefore, degradation 
of renal biomarkers, especially NGAL, during 
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the storage period can be a potential concern. In 
this regards, Nauta and coworkers demonstrated 
that storage of urine at either -20°C or -80°C 
was associated with both a gradual decrease in 
the concentration and also an increase in the 
variability of most studied markers including 
NGAL. Accordingly, the authors recommended 
measurement of renal biomarkers in fresh urine 
samples and interpreting with caution the results 
of studies measuring these indexes in frozen urine 
samples.32 In contrast, another study reported that 
if urine samples were immediately cooled to 4°C 
and subsequently frozen at -80°C within 2 days, 
both KIM-1 and NGAL levels in the urine were 
stable for at least 6 months.33 The package insert 
of the enzyme-linked immunosorbent assay kit 
used in our study declares that NGAL in urine 
samples is stable for 12 months at -20°C. Overall, 
it seems unlikely that the storage condition (up to 
9 months at -80°C) can significantly alter NGAL 
level in urine samples and affect our results.

As noted above, relatively small sample size 
(lack of statistical power due to type II error), 
limited frequency of urine sampling, insufficient 
follow-up period, lack of a gold standard method 
to determine GFR, no concurrent measurement of 
NGAL in serum, and sample storage duration as well 
as condition of urine samples can be considered as 
the major drawbacks of our study. Implementing 
various inclusion criteria for recruiting patients 
into the study and lack of any formulation of 
amphotericin B in Iran’s pharmaceutical market 
for a period during the study can partially 
explain our relatively small sample size. In 
contrast, investigating urine NGAL for assessing 
amphotericin B nephrotoxicity in clinical setting 
for the first time to best of our knowledge can be 
considered as the strength of our survey.

CONCLUSIONS
Our data suggests that urine NGAL increased 

during the course of amphotericin B treatment 
for any indication in patients with hematologic-
oncologic diseases. However, the changing pattern 
in its mean level was not significant compared 
to baseline values and also was comparable 
between patients with and without amphotericin 
B nephrotoxicity. The urine level of NGAL on 
the first day of amphotericin B administration 
was more accurate than serum creatinine in the 

early prediction of amphotericin B-induced AKI. 
To elucidate the real role of NGAL in diagnosis 
and assessment of amphotericin B nephrotoxicity, 
urine sampling at more frequent and close time 
points in a larger population, along with concurrent 
measurement of NGAL in serum, and exploiting a 
gold standard method of kidney function calculation 
seem necessary. Before that, the clinical application 
of urine NGAL for the routine assessment of AKI 
caused by different nephrotoxic medications such 
as amphotericin B seems to be premature and 
irrational.

ACKNOWLEDGEMENTS
The authors expressed their sincere gratitude to 

all the nursing staff of hematology-oncology and 
hematopoietic stem cell transplantation wards of 
Namazi hospital for their kindly supports.

CONFLICT OF INTEREST
None declared.

REFERENCES
1.	Wyss M, Kaddurah-Daouk R. Creatine and creatinine 

metabolism. Physiol Rev. 2000;80:1107-213.

2.	Tsigou E, Psallida V, Demponeras C, Boutzouka E, 
Baltopoulos G. Role of new biomarkers: functional 
and structural damage. Crit Care Res Pract. 
2013;2013:361078.

3.	Hoste EA, Damen J, Vanholder RC, et al. Assessment 
of renal function in recently admitted critically ill patients 
with normal serum creatinine. Nephrol Dial Transplant. 
2005;20:747-53.

4.	Sabbisetti V, Bonventre JV. Biomarkers in acute and 
chronic kidney diseases. In: Taal MW, Chertow GM, 
Marsden PA, et al, editors. Brenner and Rector’s the 
Kidney. 9th ed. Philadelphia, PA: Saunders Elsevier; 2012: 
p. 1016-43.

5.	Pianta TJ, Buckley NA, Peake PW, Endre ZH. Clinical use 
of biomarkers for toxicant-induced acute kidney injury. 
Biomark Med. 2013;7:441-56.

6.	Laniado-Laborı´n R, Cabrales-Vargas MN. Amphotericin 
B: side effects and toxicity. Rev beroam Micol. 
2009;26:223-7.

7.	Bates DW, Su L, Yu DT, et al. Mortality and costs of acute 
renal failure associated with amphotericin B therapy. Clin 
Infect Dis. 2001;32:686-93.

8.	KDIGO Clinical practice guideline for acute kidney injury. 
Kidney Int Suppl. 2012;2:8.

9.	Inselmann G, Balaschke M, Heidemann HT. Enzymuria 
following amphotericin B application in the rat. Mycoses. 
2003;46:169-7.

10.	Tonomura Y, Yamamoto E, Kondo C, et al. Amphotericin 
B-induced nephrotoxicity: characterization of blood and 



Neutrophil Gelatinase-associated Lipocalin and Amphotericin B—Karimzadeh et al

208 Iranian Journal of Kidney Diseases | Volume 11 | Number 3 | May 2017

urinary biochemistry and renal morphology in mice. Hum 
Exp Toxicol. 2009;28:293-300.

11.	Kondo C, Aoki M, Yamamoto E, et al. Predictive genomic 
biomarkers for drug-induced nephrotoxicity in mice. J 
Toxicol Sci. 2012;37:723-37.

12.	Pai MP, Norenberg JP, Telepak RA, Sidney DS, Yang S. 
Assessment of effective renal plasma flow, enzymuria, 
and cytokine release in healthy volunteers receiving a 
single dose of amphotericin B desoxycholate. Antimicrob 
Agents Chemother. 2005;49:3784-8.

13.	Demirtaş S, Akan O, Can M, Elmali E, Akan H. Cystatin C 
can be affected by nonrenal factors: a preliminary study 
on leukemia. Clin Biochem. 2006;39:115-8.

14.	Karimzadeh I, Khalili H, Sagheb MM, Farsaei S. A 
double-blinded, placebo-controlled, multicenter clinical 
trial of N-acetylcysteine for preventing amphotericin 
B-induced nephrotoxicity. Expert Opin Drug Metab Toxicol. 
2015;11:1345-55.

15.	KDOQI Clinical practice guidelines for chronic kidney 
disease: evaluation, classification, and stratification 
[Accessed 14 August 2015]. Available from: http://www.
kidney.org/professionals/KDOQI/guidelines_ckd/toc.htm

16.	Gallis HA, Drew RH, Pickard WW. Amphotericin B: 30 
years of clinical experience. Rev Infect Dis. 1990;12:308-
29.

17.	Harbarth S, Pestotnik SL, Lloyd JF, Burke JP, Samore 
MH. The epidemiology of nephrotoxicity associated 
with conventional amphotericin B therapy. Am J Med. 
2001;111:528-34.

18.	Goldman RD, Koren G. Amphotericin B nephrotoxicity in 
children. J Pediatr Hematol Oncol. 2004;26:421-6.

19.	Haase M, Story DA, Haase-Fielitz A. Renal injury in the 
elderly: Diagnosis, biomarkers and prevention. Best Pract 
Res Clin Anaesthesiol. 2011;25:401-12.

20.	Singer E, Markó L, Paragas N, et al. Neutrophil 
gelatinase-associated lipocalin: Pathophysiology and 
clinical applications. Acta Physiol (Oxf). 2013;207:663-72.

21.	Shinke H, Masuda S, Togashi Y, et al. Urinary kidney 
injury molecule-1 and monocyte chemotactic protein-1 are 
noninvasive biomarkers of cisplatin-induced nephrotoxicity 
in lung cancer patients. Cancer Chemother Pharmacol. 
2015;76:989-96.

22.	Gaspari F, Cravedi P, Mandalà M, et al. Predicting 
cisplatin-induced acute kidney injury by urinary neutrophil 
gelatinase-associated lipocalin excretion: a pilot 
prospective case-control study. Nephron Clin Pract. 
2010;115:c154-60.

23.	Lin HY, Lee SC, Lin SF, et al. Urinary neutrophil 
gelatinase-associated lipocalin levels predict cisplatin-
induced acute kidney injury better than albuminuria 
or urinary cystatin C levels. Kaohsiung J Med Sci. 
2013;29:304-11.

24.	Peres LA, da Cunha AD Jr, Assumpção RA, et al. 

Evaluation of the cisplatin nephrotoxicity using the 
urinary neutrophil gelatinase-associated lipocalin (NGAL) 
in patients with head and neck cancer. J Bras Nefrol. 
2014;36:280-8.

25.	Shahbazi F, Sadighi S, Dashti-Khavidaki S, et al. Effect 
of Silymarin Administration on Cisplatin Nephrotoxicity: 
Report from A Pilot, Randomized, Double-Blinded, 
Placebo-Controlled Clinical Trial. Phytother Res. 
2015;29:1046-53.

26.	Sirijatuphat R, Limmahakhun S, Sirivatanauksorn V, 
Nation RL, Li J, Thamlikitkul V. Preliminary clinical study 
of the effect of ascorbic acid on colistin-associated 
nephrotoxicity. Antimicrob Agents Chemother. 
2015;59:3224-32.

27.	Bachorzewska-Gajewska H, Malyszko J, Sitniewska 
E, Malyszko JS, Dobrzycki S. Neutrophil-gelatinase-
associated lipocalin and renal function after percutaneous 
coronary interventions. Am J Nephrol. 2006;26:287-92.

28.	Ling W, Zhaohui N, Ben H, et al. Urinary IL-18 and 
NGAL as early predictive biomarkers in contrast-induced 
nephropathy after coronary angiography. Nephron Clin 
Pract. 2008;108:c176-81.

29.	Hirsch R, Dent C, Pfriem H, et al. NGAL is an early 
predictive biomarker of contrast-induced nephropathy in 
children. Pediatr Nephrol. 2007;22:2089-95.

30.	Ling W, Zhaohui N, Ben H, et al. Urinary IL-18 and 
NGAL as early predictive biomarkers in contrast-induced 
nephropathy after coronary angiography. Nephron Clin 
Pract. 2008;108:c176-81.

31.	Bachorzewska-Gajewska H, Malyszko J, Sitniewska E, et 
al. Neutrophilgelatinase– associated lipocalin and renal 
function after percutaneous coronary interventions. Am J 
Nephrol. 2006;26:287-92.

32.	Nauta FL, Bakker SJ, Lambers Heerspink H, et al. Effect 
of frozen storage on urinary concentration of kidney 
damage markers. Am J Kidney Dis. 2012;59:586-9.

33.	van de Vrie M, Deegens JK, van der Vlag J, Hilbrands 
LB. Effect of Long-term Storage of Urine Samples on 
Measurement of Kidney Injury Molecule 1 (KIM-1) and 
Neutrophil Gelatinase-Associated Lipocalin (NGAL). Am J 
Kidney Dis. 2014;63:573-6.

Correspondence to:
Iman Karimzadeh, PharmD, PhD
Department of Clinical Pharmacy, Faculty of Pharmacy, Shiraz 
University of Medical Sciences, Shiraz, Iran
Tel: +98 713 242 4128
E-mail: karimzadehiman@yahoo.com

Received July 2016
Revised October 2016
Accepted November 2016


