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Exogenous human recombinant interleukin-10 protects the kidney 
against hypoxia-induced renal injury in immature rats
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Aim: The purpose of this study was to determine the effects of exogenous human recombinant interleukin-10 (rhIL-10) on hypoxia-
induced renal injury in immature rats.
Method: The study was performed on 1-day-old Sprague–Dawley rat pups. Group 1 (n = 8) served as non-hypoxic controls. Group
2 (untreated, n = 8) rats were subjected to hypoxia-reoxygenation (H/O) and were then returned to their mothers. Group 3 (rhIL-
10 treated, n = 8) rats were subjected to H/O, were returned to their mothers, and were treated with rhIL-10 (75 µg/kg subcuta-
neously) for the next 3 days. All animals were killed on day 4 and renal specimens were obtained to determine the tissue level of
malondialdehyde (MDA) and histological changes.
Results: In the untreated group, moderate or severe renal tubular necrosis was observed However, the tubular necrosis score was
significantly less in the rhIL-10 treated rats than in the untreated rats (P < 0.05). In the untreated group, MDA levels were
significantly increased compared with the control and rhIL-10 groups (P < 0.001 and P < 0.05, respectively). In the rhIL-10 treated
group, MDA levels were not significantly different compared with the control group.
Conclusion: RhIL-10 has a protective effect against hypoxia-induced renal injury in immature rats by depression of tissue MDA
level and renal tubular necrosis score.
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Introduction

Postischemic acute tubular necrosis is observed most fre-
quently in patients after major surgery, trauma, severe
hypovolemia, burns, and others.1 In addition, although rare,
newborn babies with respiratory distress syndrome may
develop acute renal failure despite severe renal hypoxemia,
limited renal perfusion, and oxygen delivery to the kidney.2

Ischemia–reperfusion damage is a complex process that
involves many mechanisms, including the participation of
reactive oxygen intermediates and their metabolites.3 In
addition, soluble inflammatory mediators are also believed
to play an important role in the inflammatory cascade.
Elevated levels of various proinflammatory cytokines
including interleukin-6 (IL-6), tumor necrosis factor-alpha,
and platelet activating factor have been reported in infants
with necrotizing enterocolitis, bacterial sepsis, or menin-
gitis.4 Interleukin-10 (IL-10) is a potent inhibitor of fever,
early phase inflammation, and has effect on inhibition of
cytokines, chemokines, neutrophil activation, adhesion and
nitric oxide production.5

Little is known about the response to hypoxic injury in
developing kidneys, and no specific treatment has been

shown to improve the high morbidity and mortality asso-
ciated with these patients. Therefore, the aim of this study
was to determine the effects of exogenous human recom-
binant interleukin-10 (rhIL-10) on hypoxia-induced renal
injury in immature rats.

Materials and methods

Animals and experimental design

This experimental study was performed on 1-day-old Spra-
gue–Dawley rat pups (weight, 16–22 g; mean, 20 g) whose
mothers were maintained under standard conditions. All
experimental protocols were performed according to the
guidelines for the ethical treatment of experimental
animals.

Twenty-four rat pups were randomly divided into three
groups. The method of Okur et al.6 was used for hypoxia-
reoxygenation (H/O). Hypoxia was accomplished by
placing the pups in an airtight Plexiglas (Rohm & Haas,
Philadelphia, PA, USA) chamber (Vacunit; Eschmann,
Lancing, UK), which was perfused with 100% CO2 for
5 min. After hypoxia the animals were reoxygenated for
5 min with 100% oxygen. After hypoxia–reoxygenation,
the animals were returned to their mothers’ cage and kept
in a normothermic environment (21°C to 23°C). All ani-
mals were allowed to receive breast milk both before and
after the above procedure.
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Group 1 (control, n = 8) rats served as non-hypoxic
controls. Group 2 (untreated, n = 8) rats were subjected to
H/O and were then returned to their mothers. Group 3
(rhIL-10 treated, n = 8) rats were subjected to H/O, then,
were returned to their mothers, and were treated with rhIL-
10 (75 µg/kg subcutaneously; Sigma, St Louis, MO, USA)
for the next 3 days.

All animals on day 4 after birth were anaesthetized, the
abdomen was opened, and biopsies were obtained from the
left kidneys before sacrificing with sodium pentobarbital.

Histopathology

Coronal kidney samples were cut and embedded in paraf-
fin, and 4-mm sections were prepared. The sections were
then stained with hematoxylin–eosin (HE), reviewed in a
blinded fashion by a renal pathologist and nephrologist,
and scored with a previously described semiquantitative
scale designed to evaluate the degree of tubular necrosis.7

Higher scores represent more severe damage, with maxi-
mum score being 4: 0, normal kidney; 1, minimal necrosis
(<5% involvement); 2, mild necrosis (5–25% involve-
ment); 3, moderate necrosis (25–75% involvement); and 4,
severe necrosis (75% involvement). Then tissue portions
were suspended and homogenized in ice-cold 0.15 mol/L
K-phosphate buffer, Ph 7.4 (10% wt/vol). Homogenates
were stored at −70°C (for up to 1 week) until lipid perox-
idation analysis.

Determination of malondialdehyde

Malondialdehyde (MDA) is the end product of lipid per-
oxidation and is a well-known parameter for determining
the increased free radical formation in renal tissue. In our
study, MDA levels were assessed by the method of Ohkawa
et al.8 The essential of the method is based on measuring
the concentration of the pink chromogen compound that
forms when MDA couples to thiobarbituric acid (TBA).
MDA was used as the standard, and the appreciation was
performed using a standard curve obtained from the MDA-
TBA reaction, as described.8 The protein content of homo-
genates was determined according to the procedure of
Lowry et al.9 and values were expressed as nanomoles of
MDA per milligram of protein (nmol MDA/mg protein).
All analyses were performed in duplicate.

Statistical analysis

Data were entered and analysed on a personal computer
using SPSS version 10.0 (SPSS, Chicago, IL, USA). All
values are expressed as mean ± SD. The significance of the
data obtained was evaluated using analysis of variance
(ANOVA), and the F-value was found to be significant.
Differences between means were analysed using the post-
ANOVA Bonferroni test; P-values of less than 0.05 were
considered significant.

Results

Histopathology

Histopathologically, the control rats had essentially no
renal alterations (Fig. 1a). The tubular necrosis score

tended to be more in the untreated and rhIL-10 treated
animals, compared with that in the control group rats
(P < 0.0001 and P < 0.05, respectively). In the untreated
group, moderate or severe renal tubular necrosis was
observed (Fig. 1b). However, the tubular necrosis score
was significantly less in the rhIL-10 treated rats than in the
untreated rats (P < 0.05; Fig. 1c; Table 1).

Fig. 1  (a) Normal appearance of renal tubules in sham-
operated group (HE, original ×200). (b) In the untreated
group, moderate or severe necrosis was observed (HE, origi-
nal ×200). (c) Minimal or mild renal tubular necrosis was also
seen in the interleukin-10 treated group (HE, original ×200).
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Malondialdehyde

The MDA levels of the study groups are shown in Table 1.
In the untreated group, MDA levels were significantly
increased compared with the control and rhIL-10 groups
(P < 0.001 and P < 0.05, respectively). In the rhIL-10
treated group, MDA levels were not significantly different
compared with the control group (Table 1).

Discussion

Interleukin-10 is a pleotrophic cytokine with many
immunosuppressive effects, and a few immunostimula-
tory effects.10 The concept that IL-10 acts as an anti-
inflammatory molecule was suggested primarily by studies
showing inhibition of the synthesis of a large spectrum of
pro-inflammatory cytokines by different cells, particularly
of the monocytic lineage. Thus, IL-10 inhibits the produc-
tion of IL-1a, IL- 1b, IL-3, IL-6, IL-8, TNFa, G-CSF and
GM-CSF and chemokines, including IL-8 and macrophage
inflammatory protein-a from lipopolysaccharide-activated
human monocytes.11 These cytokines and chemokines play
a critical role in the activation of granulocytes, monocytes/
macrophages, NK cells, T and B cells and in their re-
cruitment to the sites of inflammation.12 As IL-10 has
anti-inflammatory effects on both macrophages and on ac-
tivated mesangial cells in culture, Kitching et al.13 suggest
that the inhibition of proliferation is likely to reflect both
direct and indirect (via macrophages) effects of IL-10. It
has recently been shown that the anti-inflammatory cytok-
ines and interleukin (IL)-10 inhibit renal injury in ischemia
models of acute renal failure.14 IL-10 inhibits the produc-
tion of cytokines, chemokines, adhesion molecules, and
inducible nitric oxide synthase.15 In addition, I-R damage
is also a complex process that involves many mechanisms
including true free radicals and their metabolites.3 IL-10
also prevents free oxygen radical release and nitric oxide-
dependent microbicidal activity of macrophages and
decreases their ability to generate prostaglandins.16 These
oxygen-derived free radicals damage tissue by peroxida-
tion of unsaturated lipids within the cellular and mitochon-
drial membranes. Lipid peroxidation measurement is a
more practical and safer method to evaluate the factors
causing cellular injury and activation common pathway.
MDA is the best indicator for lipid peroxidation of free
radicals. This compound can be measured not only in blood
but also in tissues.17

Dosage of rIL-10 treatment for ischemia–reperfusion
examined in our study was based on ex vivo studies exam-
ining inflammatory cytokine production and on previous
human studies of IL-10 administration.18–22 In the present
study, the tubular necrosis score was significantly less in
the rhIL-10 treated rats than in the untreated rats. The
MDA level in the rhIL-10 treated group was significantly
lower in comparison to the untreated group. These
improved findings were achieved when the immature
rats subjected to H/O were treated subcutaneously with
75 µg/kg doses of rhIL-10 for 3 days. The doses and timing
of IL-10 administration used in this study seem to be effec-
tive. These changes suggest a role for rhIL-10 on hypoxia-
induced renal injury in immature rats. The effects may be
explained by the above-mentioned role of rhIL-10 inhibit
the production of cytokines, chemokines, adhesion mole-
cules, inducible nitric oxide synthase, and prevents free
oxygen radical release.
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