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Abstract
AIM: To assess the effect of inhibition of caspase-1 on 
acute renal injury in rats with severe acute pancreatitis 
(SAP).

METHODS: Forty-two Sprague-Dawley rats were ran-
domly divided into three groups: healthy controls (HC, 
n  = 6), SAP rats treated with saline (SAP-S, n  = 18), 
or SAP rats treated with a caspase-1/interleukin (IL)-
1β-converting-enzyme (ICE) inhibitor (SAP-I-ICE, n  = 
18). SAP was induced by retrograde infusion of 5% 
sodium taurocholate into the bile-pancreatic duct. HC 
rats were subjected to identical treatment and surgical 
procedures without sodium taurocholate. Rats received 
an intraperitoneal injection of isotonic saline (SAP-S) or 
the inhibitor (SAP-ICE-I) at 2 and 12 h after induction 
of acute pancreatitis. Surviving rats were sacrificed at 
different time points after SAP induction; all samples 
were obtained and stored for subsequent analyses. The 
levels of blood urea nitrogen (BUN) and creatinine (Cr) 
were measured using automatic methods, and serum 
IL-1β concentrations were measured by an enzyme-
linked immunosorbent assay. Intrarenal expression of 
IL-1β, IL-18 and caspase-1 mRNAs was detected by 
RT-PCR. IL-1β protein expression and the pathologic 

changes in kidney tissues were observed by microscopy 
after immunohistochemical or hematoxylin and eosin 
staining, respectively.

RESULTS: The serum levels of BUN and Cr in the 
SAP-S group were 12.48 ± 2.30 mmol/L and 82.83 ± 
13.89 μmol/L at 6 h, 23.53 ± 2.58 mmol/L and 123.67 
± 17.67 μmol/L at 12 h, and 23.60 ± 3.33 mmol/L and 
125.33 ± 21.09 μmol/L at 18 h, respectively. All were 
significantly increased compared to HC rats (P  < 0.01 
for all). Levels in SAP-ICE-I rats were significantly de-
creased compared to SAP-S rats both at 12 and 18 h (P  
< 0.01 for all). Serum IL-1β levels in the SAP-S group 
were 276.77 ± 44.92 pg/mL at 6 h, 308.99 ± 34.95 
pg/mL at 12 h, and 311.60 ± 46.51 pg/mL at 18 h; all 
significantly higher than those in the HC and SAP-ICE-I 
groups (P  < 0.01 for all). Intrarenal expression of IL-1β 
mRNA was weak in HC rats, but increased significantly 
in SAP-S rats (P  < 0.01). ICE inhibition significantly 
decreased the expression of IL-1β and IL-18 mRNAs 
(P  < 0.05 for all vs  SAP-S), whereas caspase-1 mRNA 
expression was not significantly different. Weak IL-
1β immunostaining was observed in HC animals, and 
marked staining was found in the SAP-S group mainly 
in renal tubular epithelial cells. IL-1β immunostaining 
was significantly descended in SAP-ICE-I rats compared 
to SAP-S rats (P  < 0.05). Caspase-1 inhibition had no 
effect on the severity of kidney tissue destruction. 

CONCLUSION: The expression of caspase-1-activated 
cytokines IL-1β and IL-18 plays a pivotal role in acute 
renal injury in rats with experimental SAP. Caspase-1 
inhibition improves renal function effectively.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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IL-18 and IL-1β in the kidney play a pivotal role dur-
ing the process of acute renal injury in severe acute 
pancreatitis. Furthermore, ICE inhibitors are effective 
in improving renal function. The mechanisms of ICE 
inhibition may be associated with descended cytokine 
mediated injury and decreased renal cell apoptosis. 
Therefore, the study of the mechanism of acute renal 
injury in severe acute pancreatitis may help identify 
measures for the prevention and treatment, as well as 
supply novel information to further our understanding 
of systemic inflammatory response syndrome and mul-
tiple system organ failure.
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INTRODUCTION
Many experimental and clinical studies have shown that 
interleukin (IL)-1β and tumor necrosis factor (TNF)-α 
play a pivotal role in encouraging tissue destruction and 
organ failure during the course of  severe acute pan-
creatitis (SAP)[1,2]. Caspase-1, a member of  the caspase 
family of  cysteine proteases that is also known as IL-1β-
converting-enzyme (ICE), functions by proteolytically 
cleaving precursors of  IL-1β and IL-18, two structurally 
and functionally homologous proinflammatory cytokines, 
into their active forms[3]. In addition, ICE also interferes 
with the process of  apoptotic cell death. The inhibition 
of  ICE, and in turn, the inhibition of  proper maturation 
of  IL-1β and IL-18, may have significance for the de-
velopment of  SAP and systemic inflammatory response 
syndrome (SIRS). In this research, a rat model of  SAP 
was used to assess the effect of  ICE inhibition on renal 
function by measuring serum levels of  blood urea nitro-
gen (BUN), creatinine (Cr), and IL-1β. In addition, intra-
renal expression of  caspase-1, IL-1β and IL-18, as well as 
pathologic changes in kidney tissues were measured after 
SAP with or without ICE inhibition. 

MATERIALS AND METHODS
Experimental animal model
The Experimental Animal Center of  Jinling Hospital in 
Nanjing provided healthy normal adult male Sprague-
Dawley rats weighing 240-250 g. All 42 animals were ran-
domly divided into one of  three groups: healthy controls 
(HC; n = 6), SAP rats treated with saline (SAP-S; n = 
18), and SAP rats treated with an ICE inhibitor (SAP-I-
ICE; n = 18). The latter two groups were divided into 6, 
12, and 18 h time-point groups, each containing six rats. 
5% sodium taurocholate was infused retrogradely into 
the bile-pancreatic duct to induce SAP as previously de-

scribed[4-8]. The HC group underwent the same operative 
procedure in the absence of  sodium taurocholate. In the 
SAP-S group, rats received an intraperitoneal injection 
of  isotonic saline at 2 and 12 h after SAP induction. In 
the SAP-ICE-I group, rats were given an intraperitoneal 
injection of  the ICE inhibitor Ac-Tyr-Val-Ala-Asp-2,6-
dimethylbenzoyloxymethylketone of  0.25 mg dissolved 
in 2 mL phosphate-buffered saline (PBS) first at 2 h and 
again at 12 h post-SAP induction. Surviving rats were 
sacrificed at 6, 12 and 18 h, and samples were obtained 
for subsequent analyses.

Measurement of serum BUN and Cr levels 
An automated HITACHI-7150 analyzer was used to 
measure serum BUN and Cr concentrations and evaluate 
the severity of  acute renal injury.

Serum IL-1β levels
Serum IL-1β levels of  were measured using an enzyme-
linked immunosorbent assay (ELISA) kit according to 
the manufacturer’s instructions (Sigma-Aldrich, St. Louis, 
MO, United States). All samples were tested in duplicate 
and averaged.

RNA extraction and real-time polymerase chain reaction 
analyses
TRIzol reagent (Gibco of  Thermo Fisher Scientific, 
Waltham, MA, United States) was used to extract total 
RNA from kidney tissue (100 mg total) according to 
the manufacturer’s protocol. Briefly, kidney tissue was 
homogenized in 2 mL of  TRIzol reagent, and the ho-
mogenate was centrifuged at 12000 r/min for 10 min 
at 4 ℃ to remove the insoluble material. Homogenized 
samples were incubated with 0.2 mL chloroform at room 
temperature for 5 min. Samples were mixed for 15 s, and 
incubated at room temperature for 3 min, followed by 
centrifugation at 12000 r/min for 15 min at 4 ℃. The 
upper aqueous phase was transferred to a fresh tube and 
incubated for 10 min with 0.5 mL of  isopropyl alcohol. 
The tissue sample was again centrifuged at 12000 r/min 
for 10 min at 4 ℃, and the pellet was washed in 1 mL of  
75% ethanol. Finally, the tissue sample was vortexed and 
centrifuged at 7000 r/min for 5 min at 4 ℃, briefly air-
dried, dissolved in 50 μL of  diethylpyrocarbonate-treated 
water, and stored at -80 ℃. Absorbance readings at 260 
and 280 nm from an ultraviolet spectrophotometer were 
used to determine the RNA concentration.

Real-time polymerase chain reaction (RT-PCR) was 
carried out using a One Step RNA PCR Kit (AMV; 
Takara Bio Inc., Otsu, Shiga, Japan). Each 50 μL reac-
tion consisted of: 5 μL of  10 × One Step RNA PCR 
Buffer, 10 μL of  MgCl2 (25 mmol/L), 5 μL of  dNTPs 
(10 mmol/L each), 1 μL of  RNase Inhibitor (40 U/
μL), 1 μL of  AMV RTase XL (5U/μL), 1 μL of  AMV-
Optimized Taq polymerase (5 U/μL), 1 μL of  upstream 
specific primer, 1 μL of  downstream specific primer, 1 
μL of  experimental sample (≤ 1 μg total RNA), and 24 
μL of  RNase-free dH2O. The sequences of  IL-18, IL-
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1β and β-actin primers (designed with Primer 3 software 
and synthesized by Sangon Biotechnology Co., Shang-
hai, China) were as follows (forward and reverse prim-
ers): caspase-1, 5′-GTG TTG CAG ATA ATG AGG 
GC-3′ and 5′-AAG GTC CTG AGG GCA AAG AG-3′ 
(500 bp product); IL-1β, 5′-TTG GGA TCC ACA CTC 
TCC AG-3′and 5′-AGA AGC TGT GGC AGC TAC 
CT-3′ (400 bp product); IL-18, 5′-AGA TAG GGT CAC 
AGC CAG TC-3′ and 5′-GCT GCA ATA CCA GAA 
GAA GG-3′ (300 bp product); β-actin, 5′-CAT AGC 
TCT TCT CCA GGG AG-3′ and 5′-AGG GTG TGA 
TGG TGG GTA TG-3′ (600 bp product). The follow-
ing protocol was used for each RT-PCR reaction: 30 min 
at 50 ℃ for the reverse transcription reaction followed 
by enzyme inactivation for 2 min at 94 ℃, and 30 cycles 
of  30 s at 94 ℃, 30 s at 51 ℃ (caspase-1), 53 ℃ (IL-1β) 
or 55 ℃ (IL-18), and 90 s at 72 ℃, or 30 s at 55 ℃, 30 
s at 94 ℃, 90 s for 35 cycles at 72 ℃ (β-actin). All RT-
PCR reactions were terminated with an elongation step 
for 5 min at 72 ℃ and the PT-PCR products were stored 
at 4 ℃. Reaction products (5 μL) were resolved by 2% 
agarose electrophoresis and visualized using ethidium 
bromide and digitally photographed. Band intensity was 
determined by optical density, and quantified as ratio of  
individual PCR product/β-actin.

Histopathology and immunohistochemical staining for 
IL-1β in kidney tissues
For histopathology, paraffin embedded tissue blocks 
were cut into 4 µm sections and stained with hematoxylin 
and eosin according to established protocols. For im-
munohistochemistry, tissue sections underwent antigen-
retrieval by heating for 25 min in 0.01 mol/L sodium 
citrate (pH 6.0), washed in PBS and pre-incubated with 
10% normal goat serum and 10% fetal calf  serum in PBS 
for 20 min. Consecutive sections were then incubated 
with a rabbit anti-rat IL-1β polyclonal antibody (1:200; 
Santa Cruz Bio. Inc., Dallas, TX, United States) at 37 ℃ 
for 120 min, washed three times in PBS, incubated with a 
secondary antibody (EnVision System, anti-rabbit HRP; 
Dako, Glostrup, Denmark) at 37 ℃ for 40 min, and 
washed again in PBS. Tissue staining was visualized using 
a diaminobenzidine substrate-chromogen solution. Slides 
were counterstained with hematoxylin, dehydrated, and 

mounted. Two slides per rat were visualized using a BH-2 
microscope at 400 × magnification, and five 0.5 cm × 1.0 
cm fields were selected randomly from each slide. The av-
erage gray value (AGV) was calculated using color image 
analysis and was inversely associated with IL-1β protein 
expression.

Statistical analysis
Analysis of  variance (ANOVA) was used for statistical 
analyses using SPSS 17.0 statistical software. All values 
are presented as mean ± SD, with a P value < 0.05 con-
sidered statistically significant.

RESULTS
Renal function
Serum levels of  BUN and Cr were significantly higher in 
the SAP-S group compared to the HC group at 6, 12 and 
18 h (P < 0.05 for all). Treatment with the ICE inhibitor 
significantly reduced these levels at 12 and 18 h (P < 0.05 
for all vs SAP-S) (Table 1). 

Serum IL-1β levels 
Serum IL-1β levels were significantly higher in each SAP 
experimental group when compared to the HC group at 
all time points (P < 0.05 for all). In addition, serum IL-
1β levels were significantly lower in the SAP-I-ICE group 
compared to the SAP-S group (P < 0.05 for all) (Table 1).

Intrarenal mRNA expression of IL-18, caspase-1 and 
IL-1β
IL-1β, IL-18 and caspase-1 mRNA levels were detectable 
in samples from the HC group, though expression of  
IL-1β mRNA was weak. All transcript levels were sig-
nificantly higher in samples from the SAP-S group when 
compared to HC rats (P < 0.05 for all). IL-1β mRNA 
expression was restored to normal healthy control levels, 
and IL-18 mRNA expression was significantly descended 
following ICE inhibition (P < 0.05 for all), whereas the 
expression of  caspase-1 mRNA was not significantly dif-
ferent (Figure 1, Table 2).

IL-1β protein expression in rat kidney tissue
Immunohistochemical staining demonstrated weak IL-
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Table 1  Serum levels of blood urea nitrogen, creatinine, interleukin-1β and average gray value of interleukin-1β

Group n BUN (mmol/L) Cr (mmol/L) IL-1β (pg/mL) IL-1β staining (AGV)

HC 6 5.02 ± 0.42 41.17 ± 2.48 90.13 ± 21.13 63.67 ± 6.19
SAP-S
   6 h 6 12.48 ± 2.30b   82.83 ± 13.89b 276.77 ± 44.92b 45.00 ± 4.98b

   12 h 6 23.53 ± 2.58b 123.67 ± 17.67b 308.99 ± 34.95b 42.33 ± 4.89b

   18 h 6 23.60 ± 3.33b 125.33 ± 21.09b 311.60 ± 46.51b 38.33 ± 5.13b

SAP-ICE-I
   6 h 6 11.17 ± 1.71b 73.50 ± 11.62b   151.42 ± 27.26b,d   53.00 ± 6.60b,c

   12 h 6   18.45 ± 2.66b,d   75.67 ± 14.11b,d   152.47 ± 29.60b,d   49.67 ± 5.39b,c

   18 h 6   19.23 ± 2.18b,d   77.50 ± 13.90b,d   175.45 ± 29.72b,d   46.50 ± 5.24b,c

Values are mean ± SD; bP < 0.01 vs HC; cP < 0.05 and dP < 0.01 vs SAP-S. AGV: Average grey value; BUN: Blood urea nitrogen; Cr: Creatinine; HC: Healthy 
controls; SAP: Severe acute pancreatitis; SAP-ICE-I: SAP with IL-1β-converting-enzyme inhibition; SAP-S: SAP with saline. 
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ogy in the HC group, whereas morphological changes oc-
curred in the SAP-S and SAP-ICE-I groups at 12 and 18 
h, observed as marked capillary congestion in renal glom-
eruli, swelling, blurry boundaries and scattered necrosis in 
renal tubular epithelial cells, stenosis or atresia of  lumens, 
visible protein casts, interstitial edema, and inflammatory 
cell infiltration (Figure 2). Interestingly, caspase-1 inhibi-
tion had no effect on the severity of  kidney tissue injury 
as measured by these morphological changes.

DISCUSSION
Individuals diagnosed with SAP often face complications 
including multiple system organ failure, and especially 
respiratory and acute renal failure (ARF), which are the 
major causes of  death[9]. ARF is a frequent and early 
complication of  SAP, often coinciding with a worse 
prognosis; mortality rates are 71.2% in patients with ARF 
and 6.8% in those without[10]. Previous studies suggest 
that the activation of  caspase-1/ICE is an important step 
in the pathophysiologic process of  complicated acute 
pancreatitis, with evidence demonstrating reduced overall 
severity and mortality following ICE inhibition[11,12]. The 
mechanism behind this change, however, remains poorly 
understood.

A number of  studies have shown expression of  IL-
1β mRNA in normal mouse, rat and human kidneys[13,14], 
whereas others have reported difficulty in detecting ex-
pression in normal human kidney and normal glomeruli 
isolated from rats[15-17]. In this study, expression of  IL-
1β mRNA and protein was detected, though weak, in the 
normal rat kidney. The reason for this difference is not 
clear and could be explained by a difference in species 
or technique. Tesch et al[18] demonstrated that intrinsic 
renal cells constitutively express IL-1β and are the major 
source of  the increased IL-1β production seen during rat 
anti-glomerular basement membrane glomerulonephritis, 
suggesting that IL-1β production is likely to play an im-
portant role in renal injury in experimental glomerulone-
phritis. 

Caspase-1/ICE is a member of  cysteine proteases of  
the caspase family. The proteolytic cleavage of  the 31 kD 
IL-1β precursor into its biologically active 17 kD form is 

1β expression in normal kidney tissue and strong IL-1β 
expression in cortical renal tubular epithelial cells from 
SAP-S kidney tissue. Quantification of  the IL-1β immu-
noreactivity showed that the increase in IL-1β staining 
with SAP was significant (P < 0.05), and this increase was 
significantly attenuated with ICE inhibition (P < 0.05 vs 
SAP-S) (Figure 2, Table 1).

Histopathology in kidney tissue 
Light microscopy revealed normal kidney tissue morphol-
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Figure 1  Expression levels of renal caspase-1, interleukin-1β and inter-
leukin-18 mRNAs in cases of acute pancreatitis. Agarose gel electrophoresis 
revealed mobility and size of real-time polymerase chain reaction products for 
A: Caspase-1; B: interleukin (iL)-1β; and C: iL-18 in kidney tissues from healthy 
controls (HC), severe acute pancreatitis (SAP-S) rats treated with saline, and 
SAP rats treated with a caspase-1 inhibitor (SAP-iCE-i). The DNA fragments 
from each group were of expected size. Lane 1: HC; lanes 2-4: SAP-S; lanes 5-7: 
SAP-iCE-i; lane 8: marker.

Table 2  Intrarenal expression of caspase-1, interleukin-1β 
and interleukin-18 mRNAs

Group n Caspase-1 IL-1β IL-18

HC 6 0.36 ± 0.03 0.13 ± 0.01 0.38 ± 0.03
SAP-S
   6 h 6  0.45 ± 0.03b  0.19 ± 0.02b  0.57 ± 0.04b

   12 h 6  0.46 ± 0.04b  0.20 ± 0.03b  0.58 ± 0.05b

   18 h 5  0.43 ± 0.04b  0.20 ± 0.03b  0.55 ± 0.04b

SAP-ICE-I
   6 h 6  0.45 ± 0.03b  0.15 ± 0.02d    0.45 ± 0.04b,d

   12 h 6  0.44 ± 0.03b  0.15 ± 0.02d    0.45 ± 0.04b,d

   18 h 5  0.45 ± 0.02b  0.15 ± 0.02d    0.44 ± 0.04b,d

Values are mean ± SD; bP < 0.01 vs HC; dP < 0.01 vs SAP-S. HC: Healthy 
controls; SAP: Severe acute pancreatitis; SAP-ICE-I: SAP with IL-1β-
converting-enzyme inhibition; SAP-S: SAP with saline. 
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one of  the major functions of  ICE. Activated lympho-
cytes and monocytes produce IL-1β, which could cause 
cardiac dysfunction, circulatory collapse, hypoperfusion, 
metabolic acidosis, fever, shock and production of  acute 
respiratory distress syndrome. In this research, a highly 
specific competitive and irreversible inhibitor of  ICE 
was injected into rats 2 h after SAP induction, which is 
known to alter serum levels of  amylase in the pancreas 
and lungs[11,19], and a remarkable elevation of  serum 
BUN, Cr and IL-1β was observed. In addition, SAP in-
duced an upregulation of  intrarenal IL-1β and caspase-1 
mRNAs, corresponding to increased IL-1β immunos-
taining and obvious pathologic changes in kidney tissues. 
ICE inhibition significantly decreased serum and intrare-
nal IL-1β expression levels, and improved renal function. 
These data suggest that ICE inhibition alleviates IL-1β-
mediated renal injury in SAP.

In addition to generating large amounts of  active IL-
1β, the precursor of  IL-18 was processed into its bioactive 
form by ICE[3]. IL-18, which was called interferon (IFN)-
γ-inducing factor, is a new pro-inflammatory 18000 kD 
cytokine, sharing structural and functional similarities with 
IL-1β. The gene expression and synthesis of  IL-1, TNF, 
and some chemokinesis are induced by IL-18. Also, IL-18 
plays a part in the Th-1 response to the stimulation of  vi-
ral antigen, firstly because natural killer cells and T cells of  
IFN-γ production could be induced by IL-18. Rau et al[20] 
reported that IL-18 concentrations in patients with SAP 
are significantly elevated, and that the development of  
pancreatic necrosis and organ failure is closely correlated 
with the IL-18 concentrations in serum. In this research, 
marked upregulation of  expression of  IL-18 mRNA in 
the kidney was observed after induction of  SAP, which 
was significantly decreased with ICE inhibition. 
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Figure 2  Immunohistochemical detection of interleukin-1β. Representative micrographs showing interleukin (iL)-1β immunoreactivity in hematoxylin counter-
stained kidney sections from animals with severe acute pancreatitis (SAP) (magnification × 200). Saline treatment A: 6 h; C: 12 h; and E: 18 h after SAP induction. 
Caspase-1 inhibitor treatment B: 6 h; D: 12 h; and F: 18 h after SAP induction.
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It is confirmed that TNF-α, IL-18 and IL-1β induce 
the synthesis of  each other[3,21,22]. Tomosugi et al[23] dem-
onstrated that TNF and IL-1 can increase the severity of  
glomerular injury in nephritis. Furthermore, Faubel et al[24] 
demonstrated that cisplatin-induced ARF is associated 
with increases in IL-1β, IL-18, and IL-6 and neutrophil 
infiltration in the kidney. Therefore, we speculate that in-
trarenal overproduction of  IL-18 plays a part during the 
course of  SAP complicated with acute renal injury, and 
that the alleviation of  acute renal injury by ICE inhibition 
may be due to the decrease in IL-18 expression. Addi-
tionally, ICE interferes with the process of  apoptotic cell 
death and triggers TNF-α and Fas-mediated apoptosis. 
Therefore, the improvement of  renal function observed 
in this study by ICE inhibition may be associated with 
a decrease in renal cell apoptosis. As the results also re-
vealed no morphological changes in rat kidneys following 
ICE inhibition, we speculate that these may be associ-
ated with extra-pancreatic organ-specific injury and other 
mechanisms of  acute renal injury in SAP. 

In conclusion, overproduction of  IL-1β and activa-
tion of  caspase-1/ICE and IL-18 in the kidney play a piv-
otal role during the course of  acute renal injury in SAP, 
and the ICE inhibition is effective in improving renal 
function. Mechanisms of  the effects of  ICE inhibition 
may share a close relationship with decreased cytokine-
mediated injury and with decreased renal cell apoptosis. 
Therefore, these results supply novel ideas that may help 
to further understand SIRS and multiple system organ 
failure, and to explore measures for the prevention and 
treatment of  SAP.

COMMENTS
Background
interleukin (iL)-1β and tumor necrosis factor (TNF)-α play pivotal roles in 
inducing local tissue destruction and organ failure during the course of se-
vere acute pancreatitis. IL-18 is a pro-inflammatory cytokine, structurally and 
functionally similar to iL-1β. Caspase-1, termed as iL-1β-converting-enzyme 
(iCE), functions to proteolytically cleave iL-1β and iL-18 into their active forms 
and interferes with apoptotic cell death. Therefore, iCE inhibition may play an 
important role in the treatment of severe acute pancreatitis (SAP) and systemic 
inflammatory response syndrome (SIRS). In this research, the effects of ICE 
inhibition on acute renal injury were assessed in an experimental model of SAP 
by examining pathologic kidney changes and measuring levels of blood urea 
nitrogen, creatinine, iL-1β, and iL-18. 
Research frontiers
A number of studies have shown expression of iL-1β mRNA in normal mouse, 
rat and human kidney, whereas other studies have failed to detect it. Results 
from this study confirm that expression of IL-1β mRNA is weak in normal rat 
kidney, and increased with SAP.
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The results of this study demonstrate that iCE inhibition alleviates SAP-induced 
renal injury by regulating the expression of iL-iβ and iL-18. However, treatment 
with an iCE inhibitor did not affect gross morphological changes in kidney tis-
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Applications
This study suggests that ICE activity is a novel mechanism in systemic inflam-
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