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Novel nanoliposomes alleviate contrast-induced acute kidney 
injury in New Zealand rabbits by mediating inflammatory response 
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Background: The purpose of the research was to investigate the preventive effect of nanoliposomes on 
contrast-induced nephropathy (CIN) in New Zealand rabbits and to provide a theoretical basis for clinically 
effective prevention and treatment of CIN and the development of new contrast agents.
Methods: A total of 48 New Zealand rabbits were divided into four groups randomly, there were 12 rabbits 
in eacj group: (I) control group; (II) contrast group; (III) hydration prevention group; and (IV) nanoliposome 
group. The changes of serum creatinine (SCr) and blood urea nitrogen (BUN) were messured before and 
after injection of iopromide. Enzyme-linked immunosorbent assay (ELISA) was used to detect inflammatory 
and oxidative stress indexes, including neutrophil gelatinase-associated lipoprotein (NGAL), tumor necrosis 
factor-α (TNF-α), superoxide dismutase (SOD), and malondialdehyde (MDA). Twenty-four hours after 
injection of the contrast medium, the rabbits were killed and the pathological changes were observed under 
an electron microscope.
Results: There were statistical significances in sCr and BUN values among the four groups at both 8 hours 
and 24 hours after injection of the contrast medium. Serum NGAL and TNF-α levels were also significantly 
different among the four groups (P<0.05) 24 hours after injection of the contrast medium. The incidence 
rate of CIN in each group was statistically significant. Nanoliposomes had obvious advantages over hydration 
prevention in NGAL and TNF-α levels. 
Conclusions: Nanoliposomes can prevent the occurrence of CIN and reduce the damage of contrast agent 
to the kidney by reducing inflammatory reaction.
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Introduction

Contrast-induced acute kidney injury (CIAKI) occurs 

when SCr increases more than 25%, or reaches modulus 

of greater than 44.2 μmol/L, within 1–3 days following the 
injection of a contrast agent. (1). Dosage of contrast agent, 
diabetes, old age and previous chronic renal insufficiency 
are the close risk factors that affect the occurrence and 
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development of CIAKI. CIAKI is the chief harmful event 
after iodine contrast agent injection, with an incidence 
of 10–30%. It is the third major cause of disease in 
hospitalized patients, after drug-induced damage and 
ischemic damage. Researches have indicated that many 
harmful results, including death, cardiac complications, and 
dialysis, are closely linked to CIN. The morbidity of CIN 
aggects hospitalization time, short- and long-term incidence 
rates, and mortality (2,3). Hence, preoperative interposion 
is very significant. Hydration therapy is the widely used and 
the lowest cost method to prevent CIN. Rehydration can 
increase effective circulating blood volime, and increse renal 
perfusion.

Many risk factors can promote the occurrence of CIN. 
For example, percutaneous coronary intervention (PCI), 
which is increasing in patients over 75 and in emergency 
department admissions, is a significant factor in the 
development of CIN (4). However, the most important risk 
factor for CIN is impairment of basic renal function, such 
as stage IV and V chronic kidney disease (CKD), which has 
a risk of CIN onset more than 3 times higher than that of 
patients with normal renal function (5,6). However, there is 
no standard acute kidney injury treatment in clinic.

A nanoliposome is a type of l ipid microcapsule 
structure (7), which is initially used as tumor adjuvant 
delivery systems. Nanoliposomes are much smaller in 
size than ordinary liposomes and have a high degree of 
deformability. The conductivity, stability, and adhesion 
if nanoliposomes in cell fluid or other body fluids offer 
great superiorities over ordinary liposomes (8-10). Further, 
nanoliposomes have no biological toxicity or allergens (11). 
In the treatment of acute kidney injury, nanoliposomes 
can protect the stability of mitochondrial transmembrane 
potential of renal cells by reducing the apoptosis injury of 
kidney and affecting the metabolism of mitochondria. This 
study aimed to investigate the effect of nanoliposomes on 
preventing and treating CIN in New Zealand rabbit CIN 
model, and provide a theoretical basis for clinically effective 
prevention and treatment of CIN and the development of 
a new contrast agent. We present the following article in 
accordance with the ARRIVE reporting checklist (available 
at https://dx.doi.org/10.21037/atm-21-3201).

Methods

Use of animals 

Experiments were performed under a project license (No.: 

2020YS-047-01) granted by institutional ethics board 
of Tianjin Chest Hospital, in compliance with Chinese 
national guidelines for the care and use of animals. A 
protocol was prepared before the study without registration.

Construction of animal model

A total of 48 New Zealand rabbits weighing about 2 kg, 
raising at 18–25 ℃ and fed and drank freely, were randomly 
divided into four groups by random number table, with  
12 rabbits in each group. The control group was 
intravenously injected with normal saline (24 mL/kg) 
(Guizhou Baite Pharmaceutical Co., Ltd., Guiyang, China); 
the contrast group was intravenously injected with the 
contrast agent iopromide (24 mL/kg) (Bayer, Leverkusen, 
Germany); the hydration group was intravenously injected 
with the contrast agent iopromide (24 mL/kg) and normal 
saline (24 mL/kg); and the nanoliposome group was 
intravenously injected with the contrast agent iopromide  
(24 mL/kg) and nanoliposomes (2 mL/kg) (Shunna 
Technology Co., Ltd, Shanghai, China). All authors were 
aware of the group allocation.

The rabbits were anesthetized by an intraperitoneal 
injection of 3% pentobarbital. At the prescribed time 
intervals, the contrast agent, saline and nanoliposomes 
were injected into the auricular vein using an indwelling 
needle. Gauze was used to compress the auricular vein to 
stop bleeding until hemostasis occurred. Blood samples 
were drawn within 24 hours after the injection to detect sCr 
level.

The rabbits were killed 24 hours after the injection and 
the left kidney was cut obliquely about 1.5–2 cm outward 
and downward. The cortex was washed with 4 ℃ buffer 
solution and then put into a container containing 4 ℃ 
fixative solution (2.5% glutaraldehyde). Next, the cortex 
was cut into several 1 mm3 cubes, and the amount of renal 
cortex was cleaned and dried with saline, and weighed and 
saved at −80 ℃ for further use. 

Determination of renal function

The renal function indexes of SCr and BUN were surveyed 
before and after injection of iopromide. SCr and BUN 
levels were tested using a TBA-120FR biochemical 
analyzer (Toshiba Co., Tokyo, Japan). A judgement of 
CIN was described as the increase of SCr by more than 
25% compared with the baseline following the injection of 
contrast agent.
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ELISA assay

Inflammatory and oxidative stress indexes, including tumor 
necrosis factor-α (TNF-α), superoxide dismutase (SOD), 
neutrophil gelatinase-associated lipoprotein (NGAL), 
malondialdehyde (MDA), and other indicators were detected 
using an enzyme-linked immunosorbent assay (ELISA) (Elixir 
Canada Medicine Company Ltd., Vancouver, Canada), 
according to the manufacturer’s protocol. First, each well 
was coated with 100 μL of standard solution. Specimens and 
controls were placed into the appropriate wells. To avoid 
potential microbial and chemical contamination, 50 μL of 
enzyme conjugate was added to each well and the microwells 
were rinsed and lightly brushed with distilled or deionized 
water 5 times. Next, 300 μL of the diluted wash concentrate 
was added to all wells and the plate was inverted and tapped 
after the final wash to remove any residual fluid. The same 
procedural sequence was maintained for aspiration, with  
50 μL of Chromogen A and Chromogen B reagent added to 
each well. The absorbance was read within 10 minutes using 
a micro titrator at 450 nm.

Pathological examination

The ultrastructural changes of mitochondria, endoplasmic 
reticulum and endothelial cells were surveyed using a 
HITACHI H800 electron microscope (HITACHI Ltd., 
Tokyo, Japan). The electron microscope examination was 
performed with technical support provided by Tianjin 
Institute of Biotechnology, Chinese Academy of Sciences.

Statistical analysis

Statistical analysis was done using IBM SPSS 20.0 software. 
The experimental data is expressed as mean ± standard 
deviation (SD). Fisher’s Least Significant Difference (LSD) 
test or Dunnett-t test were applied between two groups and 
chi square test was used to analyze categorical variables. 
P<0.05 was considered statistically significant.

Results

Comparison of SCr and BUN in four groups

At 8 hours after injection, SCr values were 178.00±72.63 
and 113.67±31.63 (P=0.001) for the contrast group and 
nanoliposome group, respectively, while 24 hours after 
injection, SCr values for the contrast and nanoliposome 
groups were 174.75±97.51 and 90.42±17.22 (P<0.001), 

respectively. The SCr value for the contrast group was 
significantly higher than that for the nanoliposome 
group at both 8 and 24 hours after injection (P<0.05,  
Figure 1A). At 8 and 24 hours after injection, the BUN for 
the contrast group was significantly higher than for the 
nanoliposome group (8 hours: 11.55±4.64 vs. 7.93±2.67, 
P=0.017; 24 hours: 12.55±8.49 vs. 5.92±2.43, P=0.007; 
Figure 1B).

Determination of inflammatory and oxidative stress indexes

Twenty-four hours after injecting the contrast medium, 
the NGAL and TNF-α levels in contrast group were 
significantly higher than the control group (Figure 2), 
indicating that the renal function of the rabbits in the 
contrast group had different degrees of inflammatory injury, 
causing renal function degeneration. The concentration of 
NGAL in the hydration group and nanoliposome group 
was significantly lower than those in the contrast group 
(42.06±22.19 vs. 59.14±20.99, P=0.046 and 35.28±25.12 vs. 
59.14±20.99, P=0.006; Figure 2A), and the concentration of 
TNF-α in the nanoliposome group was significantly lower 
than in the contrast group (28.43±17.16 vs. 57.01±20.45, 
P=0.001; Figure 2B), indicating that hydration with saline 
and the application of nanoliposomes played an important 
role by alleviating the inflammatory reaction and protecting 
renal function. After 8 hours following injection, the 
concentration of NGAL in the nanoliposome group was 
significantly lower than in the contrast group (38.54±25.98 
vs.  62.32±21.69, P=0.010; Figure 2A). The TNF-α 
concentration in hydration and nanoliposome groups was 
significantly lower than the contrast group (47.57±28.34 
vs. 66.24±19.89, P=0.039; 34.77±19.96 vs. 66.24±19.89, 
P=0.001; Figure 2B). NGAL and TNF-α levels in the 
hydration group and nanoliposome group decreased at  
2 hours compared with the contrast group, but there was 
no statistical significance (P>0.05, Figure 2A,2B). For SOD 
and MDA, no significant difference was found among the 
four groups at any of the time intervals (Figure 2C,2D). 
These findings suggested that inflammatory reaction is an 
important mechanism of CIN.

Pathologic findings

The incidence rates of CIN in the control, contrast, 
hydration, and nanoliposome groups were 0% (0/12), 67% 
(8/12), 50% (6/12), and 25% (3/12), respectively. There was 
significant difference among the four groups (P=0.002). For 
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Figure 1 Comparison of renal functions among four groups. (A) SCr values among four groups at different time intervals. (B) BUN values 
among four groups at different time intervals. Compared with the contrast group, *P<0.05; **P<0.01. Compared with the hydration group, 
#P<0.05; ##P<0.01. SCr, serum creatinine; BUN, blood urea nitrogen.

A

B

pairwise comparisons between groups, the incidence rate 
of contrast vs. nanoliposome groups (P=0.007), contrast vs. 
control groups (P=0.002), and hydration vs. nanoliposome 
groups (P=0.025) showed statistical difference.

The kidney specimens of the CIN animals were observed 
under an electron microscope. Normal kidney tissue 
and renal tubule structure were observed in the control 
group (Figure 3A). The ultrastructural changes found in 
the contrast group included swelling of mitochondria, 
disorder of boundary cristae, microvilli, and apoptotic 
cells in the lumen (Figure 3B). In the hydration group 
and nanoliposome group, the ultrastructure showed that 
the mitochondria of renal tubular epithelial cells swelled 
obviously, mitotic swelling of mitochondria was light, the 
structure of the internal boundary ridge was normal, with 
a few broken areas, and a few tissue cells were apoptotic, 
without nuclear pyknosis (Figure 3C,3D).

Discussion

In recent years, a large number of studies have shown 

that inflammatory mediating reaction plays an important 
role in the occurrence and development of renal function 
damage and deterioration (12,13). CIN can be considered 
the renal function damage caused by contrast media. After 
the contrast agent enters the organism, it can stimulate the 
proinflammatory factor reaction in vivo, directly causing 
kidney damage to the renal tubular epithelium and leading 
to an increased risk of CIN (14). Despite the continuous 
improvement of contrast media, the incidence of CIN is 
still rising, and the mortality rate is also rising. So far, the 
pathogenesis of CIN has not been fully elucidated. It may 
be related to the imbalance of vasodilation and contraction 
of renal medulla caused by contrast agent, direct toxicity 
of contrast agent to kidney, inflammatory reaction and 
apoptosis. NGAL and TNF-α are highly sensitive markers 
which can indicate the inflammatory state of the body.

NGAL is a relatively small protein in the lipoprotein 
family, which was first found in human neutrophils. NGAL 
is the response of nephron to renal tubular epithelial 
injury (15,16). In AKI, elevated NGAL levels have been 
confirmed. NGAL is very stable, so it can be easily detected 
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Figure 2 Comparison of inflammatory and oxidative stress indexes among four groups. (A) NGAL concentrations among four groups at 
different time intervals. (B) TNF-α concentrations among four groups at different time intervals. (C) SOD concentrations among four 
groups at different time intervals. (D) MDA concentrations among four groups at different time intervals. Compared with the contrast 
group, *P<0.05; **P<0.01. Compared with the hydration group, #P<0.05. NGAL, neutrophil gelatinase associated lipoprotein; TNF-α, 
tumor necrosis factor-α; SOD, superoxide dismutase; MDA, malondialdehyde.
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in serum. Under normal circumstances, NGAL expression 
is low in many tissues (lung, kidney, large intestine, and 
stomach). Apoptosis of epithelial cells with high expression 
level can induce NGAL-expression cell damage (17,18). 
Recent evidence has revealed that NGAL is elevated in 
CKD regardless of etiology and elevated NGAL levels can 
predict the progression of CKD (19,20). Early diagnosis 
and treatment strategies are needed in clinical practice to 
predict the progression of disease. Since SCr levels cannot 
immediately identify or predict the progression of renal 
damage, it is necessary to find novel early markers. NGAL 
was synthesized as a marker of kidney injury. Previous 
studies have found that NGAL level has a significant 
correlation with the severity of renal damage and might be 
an ideal biomarker for early renal damage in patients with 
CKD (21). Mitnefes et al. (22) found that the correlation 
between plasma NGAL and the estimated glomerular 
filtration rate (eGFR) was better than that of SCr and 
cystatin C with eGFR. Recent evidence suggests that 

NGAL may even be involved in CKD (23). Cross-sectional 
studies of autosomal dominant polycystic disease and IgA 
nephropathy illustrated that urine and serum NGAL might 
affect renal function in nephropathy, glomerulonephritis, 
pediatric lupus nephritis, and chronic kidney diseases (24).  
After 2 years of follow up, Shen et al. (20) found that 
the severity of renal damage was closely related to the 
deterioration of renal function in 92 patients with stage 2–4 
CKD caused by primary chronic glomerulonephritis.

TNF-α  i s  mainly  composed of  monocytes  and 
macrophages. Other cells, such as lymphocytes, vascular 
endothelial cells and fibroblasts can also produce  
TNF-α (25). TNF-α activates a variety of signaling pathways 
by binding to receptors, including c-Jun N-terminal kinase 
(JNK), the NADPH oxidase activation pathway, and 
nuclear factor kappa B (NF-κB), etc. (26,27). In endothelial 
cells, TNF-α has been shown to inhibit the expression 
of endothelial nitric oxide synthase (eNOS) (28), thus 
increasing the activation of the NF-κB pathway through 
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Figure 3 Pathologic findings in different groups of New Zealand rabbits. (A) Renal ultrastructure of New Zealand rabbits in control group; 
(B) renal ultrastructure of New Zealand rabbits in contrast group; (C) renal ultrastructure of New Zealand rabbits in hydration group; (D) 
renal ultrastructure of New Zealand rabbits in nanoliposome group.

B

C D

A

the instability of eNOS mRNA (29). In endothelial and 
vascular smooth muscle cells, TNF-α activates NADPH 
oxidase to induce inflammatory oxidation (30). A growing 
body of evidence has shown that TNF-α  shows an 
increasingly significant role in the diagnosis and treatment of 
macrovascular and metabolic inflammatory diseases such as 
obesity, diabetic metabolic syndrome, myocardial ischemia, 
and rheumatoid arthritis (31-33). We have previously 
demonstrated severe endothelial dysfunction and activation-
related organ damage in salt-sensitive hypertension and 
that the NF-κB inflammatory pathway is related to the 
expression of TNF-α in vascular proliferation (34,35). 
Further, Elmarakby et al. (36) revealed the inhibitory effect 
of TNF-α on renal injury in salt-induced hypertensive rats. 

In this study, nanoliposomes can mix together with the 

renal cell membrane, postpone the apoptosis of organelles, 
and finally lessen kidney damage.The outcomes supply a 
new way for the prevention of CIN, and offer a theoretical 
basis for the research of new contrast agents. However, 
results of this paper are limited to the laboratory scale, and 
large-scale clinical studies are necessary to prove the clinical 
usefulness of nanoliposomes, to effectively reduce the 
happening of renal events after PCI, and better the short- 
and long-term final result of patients.

In conclusion, we successfully established a New Zealand 
rabbit model of CIN and confirmed that the occurrence of 
CIN might be related to inflammatory reaction. We showed 
that nanoliposomes can reduce the occurrence of CIN and 
the damage of contrast agent to the kidney. These findings 
could support the development of new options for clinical 
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practice and treatment to reduce the incidence of CIN.
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