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ABSTRACT Objective: To observe the expression levels of neutrophil gelatinase-associated lipocalin (NGAL) in kidney ischemia-
reperfusion injury (IRI) in rats and to discuss its function in acute kidney injury. Methods: Ischemia-reperfusion (IR) kidney injury rats
model was established. Fifty male rats were divided into two groups randomly: sham group(group S), IR group(group M), which included
2h, 6h, 12h, 24h, 48h ssubgroups, each had 5 rats. Observed the changes of blood urea nitrogen (BUN), serum creatinine (SCr), NGAL
and B2-microglobulin in each group. Results:In model group, NGAL levels were increased at an early time (2h) and peaked at the 24h
samples (P<0.05), and still higher than the sham group by the 48h recovery period. The B2-microglobulin showed a significant elevation
at 12h and peaked at the 48h after reperfusion(P<0.01). The expression of BUN was elevated at 6h and peak at the 48h subgroup. But the
SCr was enhanced only at the 48h after injury. The pathology demonstrated that in model group there were a loss of brush border
membranes, tubular dilation and tubular epithelial cell edema at the 2h subgroup, and at 6h there was a small quantity of epithelium fall
off, degenerate, even necrosis, luminal debris, and the protein cast appearance. The lumens was narrowed obviously by the interstitial
edema at the 12h. Then the protein cast increased gradually at the 24h and 48h. Conclusion: NGAL may represent an early, sensitive and
specific serum biomarker for ischemic-reperfusion renal injury.
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Table 1 The changes of SCr and BUN at various time points ( X+ s n=5)
SCr pmol/L BUN(mmol/L)
Time point
S S M
2h 91.58+ 10.32 91.97+ 6.64 8.95+ 1.62 9.33% 2.12
6h 95.92+ 12.38 97.29% 8.03 8.50%+ 1.33 16.08+ 3.134
12h 86.00+ 9.32 94.84+ 531 7.69% 1.57 17.21x 1.51*
24h 83.41+ 8.89 100.29+ 6.22 9.91% 2.36 18.80+ 4.714
48h 83.95+ 9.98 120.20% 16.644° 7.85% 1.22 23.45+ 4.244°

Note: A P<0.01 Comparison between the sham group and model group at the same time point; ® P<0.05

subgroups in the group.
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Table 2 The changes of serum NGAL and B2-MG at various time points ( xt s n=5)

NGAL (pg/ml) B2-MG ng/ml
Time point
S S M
2h 67.98% 12.37 86.55+ 591~ 1.89+ 0.47 2.04+ 0.57
6h 7527+ 7.93 91.88+ 5414 2.15% 0.86 2.57+ 0.68
12h 78.44% 6.05 97.58+ 7.36% 248+ 0.67 3.74+ 0.60°
24h 70.77+ 10.23 107.94% 6.224° 2.12+ 0.72 3.78% 0.66*
48h 76.49 6.88 89.73+ 6.69~ 2.32+ 0.73 477+ 0.90%°

Note: AP<0.05 Comparison between the sham group and model group at the same time point; A P<0.01 Comparison between the

sham group and model group at the same time point; ® P<0.05 Comparisons between subgroups in the group.



www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.22 AUG.2012

- 4233 -

6h 24h 48h °

120
100
80
60
40
20

concentration

2h 6h 12h 24h 48h
time point(h)
1S
Fig.l The changes of each index in group S

140
120
100
80
60
40
20

concentration

2h 6h 12h 24h 48h
time point (h)

2S
Fig.2 The changes of each index in group S

38 400x 5 M2h

—e— BUN
—=—SCr

B 2-MG
—»— NGAL

3-14

400x

6 M2h N
4 S 400x% Fig. 6 There were a loss of brush border membranes, tubular dilation and
Fig.4 The tubular structure was normal in group S (400 ) tubular epithelial cell edema at 2h in model group (400% )

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



- 4234 . www.shengwuyixue.com Progressin Modern Biomedicine Vol.12 NO.22 AUG.2012

10 M12h 400%
Fig.10 The lumens was narrowed obviously by the interstitial edema at

12h in model group (400% )

7 M6h 400x%

8 M6h N 11 M24h 400x

400x Fig.11 Observed glomerular hyperemia become lightening at 24-h in
Fig.8 There was a small quantity of epithelium fall off, degenerate, even model group (400% )

necrosis, luminal debris, and the protein cast appearance at 6-h in model

group (400% )

12 M24h 400%
Fig.12 The protein cast increased gradually at 24h in model group (400% )

9 MI2h 400x%
Fig.9 Observed glomerular hyperemia at 12h in model group (400% ) AKI
-4 NGAL IL-18
3 51 NGAL 1993 lipocalin
2
AKI N NEEN °
° NGAL
o, IRI 2h s,

AKI AKI NGAL

o

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.22 AUG.2012

- 4235 .

. " ._v"'

Fig.14 There was still much protn cast at 48-h in model group (400x )
o M  NGAL
2h B2-
- NGAL
proliferating cell nu-
clear antigen, PCNA -
18-19]
NGAL
2o AKI
NGAL mRNA
NGAL GFR NGAL
&, NGAL AKI
AKI NGAL
- AKI
o NGAL AKI
AKI AKI
References
[ . M]. 2008 255

Jin Hui-ming, Wang Jian-zhi. Physiopathology [M]. Beijing: The Peo-
ple's Medical Publishing House, 2008:255(In Chinese)

[2] Devarajan P. Proteomics for biomarker discovery in acute kidney inju-
ry[J]. Semin Nephrol, 2007, 27:637-651

[3] Devarajan P. Proteomics for the investigation of acute kidney injury
[J]. Contrib Nephrol, 2008, 160:1-16

[4] Devarajan P, Parikh C, Barasch J. Case 31-2007: a man with abdomin-

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved.

al pain and elevated creatinine[J]. N Engl J Med, 2008, 358(3):312

[5] Parikh CR, Jani A, Mishra J, et al. Urine NGAL and IL-18 are predict-

—

ive biomarkers for delayed graft function following kidney transplanta-
tion[J]. Am J Transplant, 2006,6(7):1639-1645

[6] Mishra J, Dent C, Tarabishi R, et al. Neutrophil gelatinase-associated

—

lipocalin (NGAL) as a biomarker for acute renal injury after cardiac s-
urgery[J]. Lancet, 2005,365(9466):1231-1238

Parikh CR, Abraham E, Ancukiewicz M, et al. Urine IL-18 is an early
diagnostic marker for acute kidney injury and predicts mortality in the
intensive care unit[J]. J Am Soc Nephrol, 2005,16:3046-3052

[8] Parikh CR, Mishra J, Thiessen-Philbrook H, et al. Urinary IL-18 is an

[7

—

early predictive biomarker of acute kidney injury after cardiac surgery
[J]. Kidney Int, 2006,70:199-203
[9] Wagener G, Jan M, Kim M, et al. Association between increases in ur-
inary neutrophil gelatinase-associated lipocalin and acute renal dysfun-
ction after adult cardiac surgery[J]. Anesthesiology, 2006,105:485-491
[10] Washburn KK, Zappitelli M, Arikan AA, et al. Urinary interleukin-18
is an acute kidney injury biomarker in critically ill children [J].
Nephrol Dial Transplant, 2007,23:566-572
[11] Zappitelli M, Washburn KK, Arikan AA, et al. Urine neutrophil gela-
tinase-associated lipocalin is an early marker of acute kidney injury in
critically ill children: A prospective cohort study [J]. Crit Care,
2007,11:R84
[12] Cowland JB, Borregaard N. Molecular characterization and pattern of
tissue expression of the gene for neutrophil gelatinase-associated lipo-
calin from humans[J]. Genomics, 1997, 45: 17-23
[13] Cowland JB, Sorensen OE, Schested M, et al. Neutrophil gelatinase-
associated lipocalin is up-regulated in human epithelial cells by IL-13
but not by TNF-a[J]. J Immunol, 2003, 171: 9366-0366
[14] Mishra J, Mori K, Ma Q, et al. Amelioration of ischemic acute renal
injury by neutrophil gelatinase-associated lipocalin [J]. J Am Soc
Nephrol, 2004, 15: 3073-3082
[15] Devarajan P. Neutrophil gelatinase-associated lipocalin (NGAL): a
new marker of kidney disease [J]. Clin Lab Invest Suppl, 2008, 241:
89-94
[16] Mishra J, Mori K, Ma Q, et al. (2004) Neutrophil gelatinase-associat-
ed lipocalin (NGAL): a novel urinary biomarker for cisplatin nephrot-
oxicity[J]. Am J Nephrol, 2004, 24:307-315
[17] Mori K, Lee HT, Rapoport D, et al. Endocytic delivery of
lipocalin-siderophore-iron
ischemia-reperfusion injury[J]. J Clin Invest, 2005, 115 (3) :610-621
[18] Mishra J, Ma Q, Prada A, et al. Identification of NGAL as a novel
urinary biomarker for ischemic injury[J]. ] Am Soc Nephrol, 2003, 4:
2534-2543

[19] Devarajan P, Mishra J, Supavekin S, et al. Gene expression in early

complex rescues the kid ney from

ischemic renal injury: Clues towards pathogenesis, biomarker discov-
ery and novel therapeutics[J]. Mol Genet Metab, 2003, 80: 365-376

[20] Schmidt-Ott KM, Mori K, Li JY, et al. Dual action of neutrophil
gelatinase-associated lipocalin [J]. J Am Soc Nephrol, 2007, 18:
407-413

[21] Grigoryev DN, Liu M, Hassoun HT, et al. The local and systemic
inflammatory transcriptome after acute kidney injury [J]. J Am Soc
Nephrol, 2008, 19: 547-558

http://www.cnki.net



