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This study established a new rat model of '/, partial nephrectomy for research on ischemia-reperfusion
injury in residual kidney. Thirty healthy Sprague-Dawley rats were intraperitoneally anesthetized by
pentobarbital sodium. A lumbar oblique incision was made, and then the right renal pedicle was
isolated and clamped by a smooth microclip. The kidney size was measured and the upper pole of the
right kidney (about 0.5 x 1.0 cm) was resected by a scorching knife and then SURGICEL* FIBRILLAR
Absorbable Hemostats (oxidized regenerated cellulose) was used for rapid haemostasis. Mean kidney
size was 2.0 x 1.1 cm, and mean kidney tissue removed actually was 0.6 x 1.0 cm. Mean operation time
was 3.2 £ 0.5 min (2.6 - 5.2 min), and mean haemostasis time after resection was 1.2 min (0.8 - 1.5 min).
Three minutes after partial nephrectomy, the smooth microclip was removed for reperfusion, without
rebleeding in all cases. No rats died during the operation. A new A partial nephrectomy rat model was
successfully established in our study, which can be used for research on ischemia-reperfusion injury in
residual kidney. Rapid haemostasis could be achieved by SURGICEL* FIBRILLAR Absorbable

Hemostats, which is suitable for application in surgical experiments in rats.
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INTRODUCTION

So far, there are still tens of related research articles on
renal ischemia-reperfusion injury published in some
famous journals such as <J Urol> (Yossepowitch et al.,
2006), <Urology> (Orvieto et al., 2005), <Int J Urol>
(Humphreys et al., 2009) and <Transplantation> (Harper
et al, 2008), etc, indicating that renal ischemia-
reperfusion injury is still a hot topic in urological studies.
However, regardless of human investigations or animal
experiments, most of the studies on renal ischemia-
reperfusion injury were carried out in intact kidneys, and
only few results were from residual kidneys following
small-part partial nephrectomy (Huri et al., 2009; Secin,
2008). A more suitable rat model of '/, partial
nephrectomy for research on ischemia-reperfusion injury
in residual kidney has not been reported.

*Corresponding author. E-mail: zhengjh0471@163.com. Tel:
+8621-66307478.

MATERIALS AND METHODS
Animals

Thirty healthy Sprague-Dawley rats, aged 8 - 10 weeks, weighing
250 — 300 g, were purchased from the Experimental Animal Center
of the Chinese Academy of Sciences and fed in the Animal Center
of Tongji Hospital, Tongji University (Shanghai, China). All rats were
food- and drink-fasted for 6 h before surgery. All animal
experiments were approved by the Administrative Committee of
Experimental Animal Care and Use of Tongji University, and
conformed to the National Institute of Health guidelines on the
ethical use of animals.

Partial nephrectomy and rapid haemostasis

After being intraperitoneally anesthetized by 2 ml of pentobarbital
sodium solution (0.001 kg/L), animals were placed in the left
latericumbent position. After skin unhairing and sterilizion by 75%
(v/v) alcohol, a lumbar oblique incision under the right costal margin
was made to expose the right kidney, which was then pulled
ventralward. After separating the perirenal fat, the right renal
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Renal artery

Figure 1. Anatomic structure of the right renal hilum.

Figure 2. '/, partial nephrectomy in the upper pole of the right kidney. (a) '/4 partial nephrectomy in
the upper pole of the right kidney with a scorching knife, (b) the kidney tissue removed.

pedicle was exposed.

The renal artery was accompanying with renal vein and the artery
was located in the thoracic side of renal vein in all cases (Figure 1).
The right renal pedicle was clamped by a smooth microclip, and the
kidney size was measured, including the maximal transverse
diameter and maximal longitudinal diameter. Then the upper pole of
the right kidney, about 0.5 x1.0 cm, was removed by a scorching
knife (Figure 2), and then a piece of SURGICEL* FIBRILLAR
Absorbable Hemostats (oxidized regenerated cellulose) was used
for rapid haemostasis (Figures 3a and b). Three minutes after
partial nephrectomy, the smooth microclip was removed for
reperfusion, and no wound surface rebleeding was observed in any
case (Figure 3c). No rats died during the operation.

RESULTS

Mean kidney size was 2.0 x 1.1 cm, and mean kidney
tissue removed actually was 0.6 x 1.0 cm. The removed
kidney tissue was approximately 1/4 of the primary
kidney size. Mean operation time was 3.2 + 0.5 min (2.6
5.2 min). The knife was preheated and small vessels
could be coagulated while resection, and then a piece of
SURGICEL* FIBRILLAR Absorbable Hemostats (oxidized
regenerated cellulose) was used to cover the wound for
rapid haemostasis. Mean haemostasis time after resection
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Figure 3. Rapid haemostasis with the SURGICEL* FIBRILLAR absorbable hemostats.

resection was 1.2 min (0.8 - 1.5 min). Three minutes after
partial nephrectomy, the smooth microclip was removed
for reperfusion, without rebleeding in all cases. No
hemorrhoea occurred during the modeling procedure. No
rats died during the operation. 24 h after the modeling
procedure, all the modeling rats survived, with a survival
rate of 100%.

Our modeling rats have been used for investigating the
effects of different warm ischemia times (WITs) including
20, 30, 40, 50, 60 min on ICAM-1, bcl-2 and bax mRNA
and protein in residual kidney. Eighty healthy rats were
randomly divided into renal pedicle clamping group and
renal artery clamping group. After clamping for 20, 30,
40, 50 or 60 min (n = 8), the microclip was relaxed for
renal reperfusion. Another 8 healthy rats served as
control (WITO). After ischemia-reperfusion for 24 h, resi-
dual renal sample was obtained by right nephrectomy,
and then the protein and mRNA expressions of ICAM-1 in
rat residual renal tissue were determined by
immunohistochemistry and RT-PCR. Compared with the
weakly positive expression of ICAM-1 protein in WITO,
WIT20 and WIT30 groups, strongly positive expression of
ICAM-1 protein was present in WIT40, WIT50 and WIT60
groups, with significant difference (p < 0.05). The mRNA
expression level of ICAM-1 increased progressively from
WITO group to WIT60 group, however, significant
differences could be found between WIT30 and WIT40
groups (p < 0.05), WIT30 and WIT50 groups (p < 0.01)
as well as WIT30 and WIT60 groups (p < 0.01),
respectively, but there was no significant difference
between WIT20 and WIT30 groups, indicating that renal
injury was mild if WIT was less than 30 min. With the
extension of WIT, renal cell injury showed an increasing
and aggravating trend, however, WIT of less than 30

min has little effect on renal tissue, suggesting that it is
safe for partial nephrectomy.

DISCUSSION

Over the years, many studies on renal ischemia-
reperfusion injury have been available (Troncoso et al.,
2005; Kakkar et al., 2004; Laven et al., 2004; Huri et al.,
2009; Phull et al., 2008), and it has always been the
research focus in the urological field. However, these
studies have three major features.

First, most of the data about renal ischemia-reperfusion
injury were from solitary kidney model, because the
animals underwent contralateral nephrectomy before
grouping (Harper et al., 2008; Baldwin et al., 2004). The
solitary kidney model was indeed more suitable for
studying the effects of ischemia time on kidney function
or related molecular biological changes. However, for
patients who underwent partial nephrectomy clinically,
most have a healthy or normal contralateral kidney, so,
studies on renal ischemia-reperfusion injury should be
based on the animal model with a normal contralateral
kidney, which is more consistent with the actual situation
of clinical status. The rat model we designed has a
normal contralateral kidney, so, it will be valuable in future
experiments.

Second, the modeling kidney is always intact, not
partially resected in most animal experiments (Troncoso
et al., 2005; Kakkar et al., 2004; Laven et al., 2004), so it
is necessary to investigate the effects of ischemia-
reperfusion injury on the residual kidney tissue following
partial nephrectomy, because partial nephrectomy
instead of radical nephrectomy has been the treatment of



choice for patients with early-stage renal cell carcinoma.
Partial nephrectomy involves only cancer tissues and
normal renal parenchyma is preserved. It is an excellent
surgical procedure especially for patients with solitary
kidney or contralateral renal insufficiency. Previously,
open partial nephrectomy is a standard of care for small
exospheric renal masses. With the development of
laparoscopic surgery, laparoscopic partial nephrectomy
has become the frequently used technique in the
treatment of patients with renal cell carcinoma. In the
treatment of complex cancers, the kidney will experience
long-time ischemic injury. Especially in the laparoscopic
partial nephrectomy in which the procedure is compli-
cated, shorter ischemia time may affect the surgical
operations and prolonged ischemia time may result in the
aggravation of warm ischemia injury. Thus, it is
imperative to explore the effects of warm ischemia time
on the residual kidney and thus optimize it

Third, the %/ partial nephrectomy model was the most
commonly used animal model for research on partial
nephrectomy (Fleck et al., 2006), but is only limited for
studies on kidney failure. However, partial nephrectomy
is mainly applied for treatment of superficial small renal
tumors of less than 4 cm, during which, only about less
than 30% of kidney tissues will be removed in most cases
so, a small-part partial nephrectomy animal model should
be established for studies on ischemia-reperfusion injury.
Only few reports about small-part partial nephrectomy rat
or murine model are available on studies on effects of
ischemia-reperfusion injury following partial nephrectomy
(Huri et al., 2009; Phull et al., 2008).

By wusing a simple operative procedure and
haemostasis method, a new rat model of 1/4 partial
nephrectomy which was not previously reported was
successfully established in our present study. It will be
more suitable and valuable for future research on effects
of ischemia-reperfusion injury in residual kidney following
small-part partial nephrectomy. It can be used to
determine the effect of different warm or cold ischemia
time on kidney function and molecular biological changes
in the residual kidney. On the basis of animal models
previously described, we investigated the effects of warm
ischemia time on the expression of ICAM-1, an
inflammatory factor in rats that underwent small-part
partial nephrectomy. Our results indicated that WIT of
less than 30 min was safe and tolerant for residual renal
tissues. However, optimized cold ischemia periods and
the effects of laparoscopy on the safe ischemia periods
are required to be further investigated in future studies.
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