
1

Introduction

Sepsis, which is dangerous and has a high mortality rate, is 
a systemic inflammatory response syndrome caused by infec-
tion. It has become the main cause of death in an intensive care 
unit (ICU) except for heart disease (1). Severe sepsis is usually 
accompanied by malperfusion of surrounding tissues, decreased 
blood pressure, and organ dysfunction. The most common lung 
pathological changes are acute lung injury (ALI) and acute res-
piratory distress syndrome (ARDS) (2), whose main causes are 
the damage to alveolar epithelial cells and capillary endothelial 
cells. The damage can cause diffuse pulmonary interstitial and 
alveolar edema, resulting in progressive hypoxemia and respira-
tory distress (3).

The scientific research conclusion showed that nitric oxide 
(NO) and nitric oxide synthase (NOS) can not only control mi-
tochondrial respiratory capability but also lead to lung decom-
pensated respiratory failure, thus they are important organ toxic 
substances (4). When the toxin and the proinflammatory cells 
gather in large quantities in the body, the inducible nitric oxide 
synthase (iNOS), one of the subtypes induced by NOS after in-
jury, will cause hypotension in the case of severe sepsis (5). The 
results are the blood circulation between the pulmonary artery 
and venous capillary and multiple organ dysfunction syndromes 
(6). iNOS is an important reason for the production of NO. To 
restore the hemodynamic impairment in severe sepsis, it is ne-

cessary to reduce the production of NO and avoid pulmonary 
pathological changes such as pulmonary edema and respiratory 
distress (7).

In recent years, the research of RNA interference technology 
has made a breakthrough, and the nano-drug carrier preparation 
developed with interference molecules is also widely used in 
the field of medical treatment (8). It is a phenomenon inhibiting 
the expression of specific genes in normal organisms. When the 
double-strand RNA homologous with the coding region of en-
dogenous mRNA is introduced into cells, the mRNA will be de-
graded, resulting in gene expression silencing (9). It is a specific, 
efficient, and economical method of inhibiting gene expression, 
which can specifically knock down or silence inflammatory fac-
tors in alveolar cells and reduce the inflammatory reaction, so 
as to treat acute lung injury and acute respiratory distress syn-
drome. However, the present nano preparations can’t be decom-
posed in the body, so there is biological toxicity (10). Moreover, 
its interface charge is quite high, and it is often expelled from the 
body before the nano preparation reacts. Therefore, a new type 
of nano-drug carrier preparation was designed in this experi-
ment, which can reduce the biological toxicity to the minimum. 
The surface of the nano-drug carrier preparation is covered with 
Mannatide, which can reduce the interface charge. Moreover, 
Mannatide can quickly process and interpret the mannose recep-
tor around the tissue cells and improve the absorption of tissue 
cells to nano-drug carrier preparation. It is beneficial to the treat-
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ment of lung pathological changes in severe sepsis (11).
The purpose of this study was to investigate the clinical ap-

plication value of this new nano-drug carrier preparation in the 
lung pathological changes of severe sepsis and the expression 
of iNOS.

Materials and Methods

Experimental animals
Adult male Wistar rats, weighing 200-250g, aged 8-11 

weeks, were provided by Jingjiang People's Hospital Experi-
mental Animal Center, which did not carry the main zoonotic 
pathogens and fulminating infectious disease, and did not carry 
the pathogens that were harmful to animals and interfered with 
the research. This experiment had been approved by the Ethics 
Committee of Jingjiang People's Hospital, which was in line 
with the standard of experimental animal feeding management 
and use.

Main experimental reagents and instruments
The multi-parameter monitor was manufactured by Ruibo 

Technology Co., Ltd., China. The blood gas analyzer was ma-
nufactured by Easy Diagnosis Biomedicine Co., Ltd., China. 
Ultracentrifuge was manufactured by Beckman Coulter, Inc., 
USA. Constant- temperature water tank was manufactured by 
HerryTech Co., Ltd., China. Biomicroscopy was manufactured 
by Dianying Optical Instrument Co., Ltd., China. 5℃ Low-tem-
perature freezer was manufactured by Fuyi Electric Appliance 
Co., Ltd., China. - 70℃ ultra-low temperature freezer was ma-
nufactured by Lneya constant temperature refrigeration techno-
logy Co., Ltd., China. 4% Polyformaldehyde was manufactured 
by Linyi Shengyang Huagong Co., Ltd., China. The nitric oxide 
test box was manufactured by Haling Shengwu Co., Ltd., China. 
Hematoxylin and Eosin staining kit was manufactured by Gefan 
Biotechnology Co., Ltd., China.

Experimental methods

Preparation of nano-agents
Firstly, N, N-dimethylaniline was synthesized, and then new 

decomposable poly β-amino ester, low-sensitivity base-pair 
polymer, and linear polymer were synthesized by Michael poly-
addition reaction, respectively. The short interfering RNA was 
mixed with these substances to form three kinds of nanocompo-
sites, which were fully mixed with Mannatide to obtain a new 
type of nano-drug carrier preparation. N, N-dimethylaniline and 
poly β-amino ester were characterized by the method of subtrac-
ted infrared spectrum peak separation, and each polymer and the 
final synthesized nano-drug carrier preparation were characte-
rized by thermal fractionation-differential scanning calorimetry 
and gel permeation chromatography. The results confirmed that 
N, N-dimethylaniline was successfully synthesized, and there 
was no significantly different among the three polymers. The 
characterization of the interface charge of the nano-drug-loaded 
preparation showed that the tissue cells under this structure can 
well absorb the nano-drug, and also had excellent blood stability.

Experimental grouping
120 Wistar male rats were randomly divided into 5 groups 

according to administration time at 0, 6, 12, 24, and 36 hours 
after cecal ligation puncture (CLP). Each rat was subcutaneous-
ly injected with 1mL100g 0.9% sodium chloride injection and 
intravenously injected with 2mg/100g of the new type of nano-
drug carrier preparation at different times. The survival rate of 

each group was observed in 100 hours after the operation.
Ninety male Wistar rats were randomly divided into 5 groups 

according to the administration time at 0, 6, 12, 24, and 36 hours 
after CLP. Each group was further divided into sham operation 
group (A), severe sepsis group (B), and nano-drug carrier prepa-
ration group (C), with 6 rats in each group. Rats in group C were 
intravenously injected with 2mg/100g nano-drug carrier prepa-
ration by tail at 0, 6, 12, 24, and 36 hours after the operation, and 
rats in groups A and B were given the same dose of 0.9% sodium 
chloride injection.

Establishment of sepsis model
CLP method was used to construct a severe sepsis rat model. 

The rats were fasted 12 hours before the operation but drank wa-
ter freely. The establishment of the sepsis model was as follows: 
2% tribromoethanol 4mL/100g was injected intraperitoneally 
under general anesthesia. After the drug took effect, the rats were 
fixed on the operating table in the supine position, and the skin 
was prepared and disinfected routinely. The incision was about 
2cm along the medioventral line. The subcutaneous tissues such 
as skin and muscle were cut layer by layer, and the cecum was 
found and removed out of the abdominal cavity. The mesenteric 
vessels were carefully stripped and 1/2 of the end of the cecum 
was ligated with line 4. The cecum was punctured once with a 
sterile needle 18, and a drop of feces was squeezed out at the two 
holes, then the cecum was returned and the abdominal cavity 
was sutured layer by layer. In the sham operation group, only 
the abdominal cavity was opened. After the operation, each rat 
was subcutaneously injected with 5mL/100g sodium chloride 
injection and put back into the cage without the restriction of 
activity and diet. The nano-drug carrier preparation groups were 
intravenously injected with 2mg/100g nano preparation by tail 
according to the administration time at 0, 6, 12, 24, and 36 hours 
after the operation and the severe sepsis group was given the 
same dose of sodium chloride injection.

Measurement of mean arterial pressure
After 6 hours of administration, the rat was anesthetized 

by intraperitoneal injection of 2% tribromoethanol 4mL/100g. 
After the drug took effect, the neck hair was removed and the 
rat was fixed on the operating table in the supine position, and 
the skin was prepared and disinfected routinely. The longitudi-
nal incision was 2cm long along the middle line of the neck. 
The subcutaneous tissues were carefully separated to expose the 
right common carotid artery. The peripheral tissues and vagus 
nerve were carefully stripped, avoiding the common carotid 
artery. Line 4 was selected to ligate a breakpoint away from the 
heart, and the catheter was placed near the heart of the common 
carotid artery. The blood vessels were gently lifted by the left 
hand and the No. 24 yellow cannula needle was used by the 
right hand through the common carotid artery. After the needle 
remained in the blood vessels, the needle core was slid out and 
the needle was fixed with a wire. Then, the electrocardiogram 
monitor was connected, the relevant values were recorded, and 
the cannula needle was removed after the situation was stable.

Collection of specimens
A 2mL syringe was selected to extract 1-1.5mL arterial blood 

from each rat for blood gas analysis and the values were re-
corded. 0.2mg/100g of phenylephrine was injected into the left 
jugular vein, and the peak means arterial pressure was recorded. 
5mL blood was extracted from the right common carotid artery 
by vacuum blood collection tube. The blood was slowly shaken 



3

Yu Sha et al. / New type of nano-drug carrier preparation on the pathological changes, 2022, 68(8): 1-7

average survival time and survival rate of different groups du-
ring 24-36 hours were significantly improved, and the survival 
rate among the groups was statistically significant (P< 0.01), as 
shown in Figure 1.

The effect of the new type of nano-drug carrier preparation 
on MAP of rats with severe sepsis at different administration 
time

At 0hour after the operation, the MAP in group B was slight-
ly lower than that in group A, but there was no significant diffe-
rence (P> 0.05). As time went by, the MAP of group B decreased 
slowly during 6-12hours after the operation, and increased gra-
dually during 24-36 hours, but was still lower than group A. The 
difference between the groups was statistically significant (P< 
0.01). The MAP of rats in group C during 12-36hours was higher 
than that in group B, and the difference between the groups was 
statistically significant (P< 0.01), as shown in Figure 2. 

and placed in the refrigerator at 5℃ for 1 hour. The blood was 
centrifuged at 2,900r/min for 10 minutes, and the plasma was 
sucked and placed in a sterile centrifuge tube, which was kept 
in the refrigerator at -15℃. The rats were killed and their chests 
were cut. The left lower lobe of the lung was divided into small 
pieces, and each piece was about 100mg. The pieces were put 
into the strain preservation tube, and stored at -70℃, then fixed 
with 4% polyformaldehyde, and stained with hematoxylin and 
eosin.

Detection of specimens
1-1.5mL of right carotid artery blood was extracted. A blood 

gas analyzer was used to detect the concentration of lactic acid 
in rat artery blood, and relevant values were recorded. Then, 
three test tubes were taken, 50μL standard solution was injected 
into tube 1, 50μL sample was injected into tube 2, and 50μL 
distilled water was injected into tube 3. 100μL of reagent A and 
100μL of reagent B was injected into each tube. After comple-
tely mixed, they were placed in the constant temperature tank 
for 1 hour. Afterward, 100μL of reagent C and 100μL of reagent 
D were injected into each tube. After the solution was mixed 
completely and stood, 3000r/ min centrifugation was performed 
for 15 minutes. 300μL of upper layer plasma was sucked and 
500μL of substrate solution was added, mixed completely and 
stood. After the transmittance was adjusted to zero with distilled 
water, the transmittance of each tube was detected under T550 
light, and the serum NO concentration was calculated. After 6 
hours of administration, the lung tissue of each rat was collec-
ted. Liquid nitrogen was added, the lung tissue was ground into 
powder, and then 1mL phenol extraction reagent was added. The 
lung tissue was completely shaken up and pyrolyzed at a low 
temperature for 10 minutes. After that, 0.1mL trichloromethane 
was added to make the lung tissue stand at a low temperature, 
which was centrifuged at 10,000r/min for 10 minutes. The upper 
layer of plasma was sucked and then transferred to the EP tube. 
After precipitation, it was centrifuged at 10,000r/min for 10 mi-
nutes. The upper plasma was removed, and the RNA precipitate 
appeared.

Statistical analysis
SPSS 24.0 was used for statistical analysis, and the data were 

expressed as mean ± standard deviation ( ±s). The Cox regres-
sion method was used for survival analysis, and the χ2 test was 
used for comparison between groups. The test level of α = 0.05 
or P < 0.05 was statistically significant.

Results

General situation
After the establishment of the model, the rats were in poor 

spirits, curled up, and the amount of diet and activity decreased. 
Six hours later, a dark red tissue block appeared in the mouth 
and nose of some rats. After 12-24 hours, the area of tissue block 
increased, the color deepened, and edema appeared on the head 
and face of rats. In the process of dissection, the abdominal ero-
sion, a large amount of bleeding, caecum black, and adhesive 
with peripheral tissue were observed.

Effect of the new type of nano-drug carrier preparation on 
the survival rate of rats with severe sepsis at different admi-
nistration times

There were no significant differences in the average survi-
val time and survival rate among groups during 0-12 hours, the 

Figure 1. Effect of the new type of nano-drug carrier preparation on 
the survival rate of rats with severe sepsis at different administration 
times. Note: * indicated that there were differences in the average 
survival time and survival rate among groups during 24-36hours (P< 
0.01).
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Figure 2. Effect of the new type of nano-drug carrier preparation on 
MAP of rats with severe sepsis at different administration times. Note: 
group A represented the sham operation group, group B represented 
the severe sepsis group, and group C represented the nano-drug car-
rier preparation group, the same as below. * indicated that there were 
differences in MAP among groups during 6-36 hours (P< 0.01).
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The effect of the new type of nano-drug carrier preparation 
on MAP change of rats with severe sepsis at different admi-
nistration time

There were no significant differences in MAP change among 
groups A, B and C during 0-6 hours after the operation (P> 0.05). 
The MAP change of rats in group B was significantly decreased 
after 12-24 hours, with statistical significance (P< 0.05). The 
MAP change in group B was slightly lower than that in group A 
at 36 hours, but there was no statistical significance (P> 0.05). 
The MAP change in group C during 12-24hours was higher than 
that in group B, with statistical significance (P< 0.01). MAP 
change of rats in group C was slightly higher than that in group 
B at 36 hours, but the difference between the groups was not 
statistically significant (P> 0.05), as shown in Figure 3.

The effect of the new type of nano-drug carrier preparation 
on the concentration of lactic acid of rats with severe sepsis 
at different administration time

At 0 hours after the operation, there were no significant diffe-
rences in the concentration of lactic acid among group A, group 
B, and group C (P> 0.05). From 6-36 hours, the concentration 
of lactic acid in group B gradually increased, which was signi-
ficantly higher than that of group A, with statistical significance 
(P< 0.05). The concentration of lactic acid in group C was signi-
ficantly lower than that in group B from 6-36 hours after the 
operation, with statistical significance (P< 0.05). The concen-
trations of lactic acid at 24 hours and 36 hours in group C were 
higher than that in group A, and the difference was statistically 
significant (P< 0.01), as shown in Figure 4.

The effect of the new type of nano-drug carrier preparation 
on NO concentration of rats with severe sepsis at different 
administration time

After the operation, the NO concentration of rats in group B 
was higher than that in group A, and the difference was statis-
tically significant (P < 0.01). The NO concentration in group C 
was lower than that in group B from 6-36 hours but was signi-
ficantly higher than that in group A, and the differences were 
statistically significant (P< 0.05), as shown in Figure 5.

The effect of the new type of nano-drug carrier preparation 
on the expression of iNOS mRNA in lung tissue of rats with 
severe sepsis at different administration time

At 0 hours after the operation, there were no significant dif-
ferences in the expression level of iNOS mRNA among the lung 
tissues of rats of group A, group B, and group C (P> 0.05). The 
expression level of group B was significantly higher than that 
of group A during 6-24 hours, with statistical significance (P< 
0.01). The expression level of group C from 6-24 hours was 
significantly lower than that of group B, with statistical signi-
ficance (P< 0.05). The expression level of group C was lower 
than that of group B from 12-24 hours but was still significantly 
higher than that of group A, and the differences were statistically 
significant (P< 0.01), as shown in Figure 6.

The effect of the new type of nano-drug carrier preparation 
on the expression of iNOS mRNA and protein in lung tissue 
of rats with severe sepsis at different administration time

Within 6 hours after the operation, the expression of iNOS 
mRNA and protein in lung tissue of rats in group B and group 
C were not significantly increased, and the difference was not 
statistically significant (P> 0.05). The expression level of group 
B gradually increased from 12-24 hours. The expression level of 
group C was lower than that of group B, but was always higher 

than that of group A during the same period, with statistical 
significance (P < 0.01). At 36 hours, there was no significant 

Figure 3. Effect of the new type of nano-drug carrier preparation on 
MAP change of rats with severe sepsis at different administration 
times. Note: * indicated that the MAP change of groups B and group 
C were different from that of group A during 12-24 hours (P < 0.05).

Figure 4. Effect of the new type of nano-drug carrier preparation on 
the concentration of lactic acid of rats with severe sepsis at different 
administration times. Note: * indicated that the concentration of lactic 
acid of group B was different from that of the other groups during 
6-26 hours (P < 0.01).
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Figure 5. Effect of the new type of nano-drug carrier preparation on 
NO concentration of rats with severe sepsis at different administration 
times. Note: * indicated that the NO concentration of group B was 
different from that of the other groups during 6-36 hours (P < 0.05).
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increase in the expression level of all groups, and the differences 
were not statistically significant (P> 0.05), as shown in Figure 7.

The detection results of blood routine and blood biochemical 
of rats in the control group and nano-drug carrier prepara-
tion group

The results showed that there was no significant difference in 
indicators of blood routine and blood biochemical between the 
rats injected with the new type of nano-drug carrier preparation 
and the normal control group. It was proved that the nano-drug 
carrier preparation had high drug safety and no obvious biologi-
cal toxicity to the body, as shown in Figure 8.

The effect of the new type of nano-drug carrier preparation 
on the pathological changes in lungs of rats with severe sep-
sis at different administration time

The light microscope of Figure 9 showed that there were a 
small number of red blood cells in the lung vesicles of rats in 
group A at 0, 6, 12, 24, and 36 hours. The structure of the ve-
sicles was normal. At 0 hours, there were some red blood cells, 
and the structure of the vesicles was roughly normal. During 
6-24 hours, a large number of red blood cells were exuded from 
the lung vesicles of rats in group B, and the lung parenchyma 
was seriously swollen. Inflammatory cells were gathered in the 
inflammatory foci, with vesicles collapsing at the same time. 
At 36 hours, red blood cells appeared in the vesicles of group 
B, and swelling and inflammatory cell aggregation still existed. 
During 0-6 hours, micro red blood cells appeared in the pulmo-
nary vesicles of rats in group C, and the alveolar structure was 
roughly normal. During 12-24 hours, there was a large number 
of red blood cells exudation, with swelling of lung parenchyma. 
Inflammatory cells gathered in inflammatory foci and vesicles 
collapsed, and still existed at 36 hours. The lung pathological 
damage was not significantly improved compared with that in 
group B during the same period.

Discussion

Sepsis is a systemic inflammatory response syndrome caused 
by infection. The clinical mortality rate is high. Its pathogene-
sis involves many factors such as cell endotoxin, inflammatory 
mediators, and immune dysfunction, which is closely related to 
the pathophysiological changes of many systems and organs in 

the human body (12). Severe sepsis patients often have multiple 
organ dysfunction. The first organ damaged is the lung, which 

Figure 6. Effect of the new type of nano-drug carrier preparation on 
the expression level of iNOS mRNA of rats with severe sepsis at dif-
ferent administration times. Note: * indicated that the expression level 
of iNOS mRNA of group B was different from that of the other groups 
during 6-24 hours (P < 0.01).
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severe sepsis at different administration times. Note: * indicated that 
the expression level of iNOS mRNA and protein of group B was dif-
ferent from that of the other groups during 12-24 hours (P < 0.01).

Figure 8. The detection results of blood routine and blood bioche-
mical of rats in the control group and nano-drug carrier preparation 
group.
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Figure 9. Pathological changes in lungs of rats in three groups under 
a light microscope (100x magnification).
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mainly shows acute lung injury and acute respiratory distress 
syndrome. Studies showed that severe sepsis is mainly caused 
by cell death in lung tissue, which is due to the increase of ener-
gy between white blood cells and the expression level of indu-
cible nitric oxide synthase. That affects the blood circulation 
between arterioles and venules in the body, causing lung injury 
and respiratory distress (13).

In this experiment, a new type of nano-drug carrier prepa-
ration was prepared based on RNA interference technology. 
Ninety rats were randomly divided into five groups according 
to different postoperative administration times, and each group 
was further divided into three subgroups. One group was injec-
ted with 2 mg/100 g nano-drug carrier preparation by tail vein, 
and the other two groups were given 0.9% sodium chloride in-
jection. The experimental result showed that the survival time 
of rats in the pre-24 hours groups was less than 36 hours, indi-
cating that the new type of nano-drug carrier preparation could 
improve the survival rate of rats with severe sepsis. During the 
experiment, the MAP of rats with severe sepsis continued to 
decrease, and the MAP of the rats given the new type of nano-
drug carrier preparation significantly increased in the later stage 
of the experiment. The concentration of nitric oxide and lactic 
acid in rats with severe sepsis significantly increased within 36 
hours, and the concentration of nitric oxide and lactic acid in 
rats treated with the nano-drug carrier preparation decreased at 
the later stage of the experiment. The expression level of iNOS 
mRNA in lung tissue of rats with severe sepsis group significant-
ly increased during 6-24 hours, which began to decrease after 36 
hours. The expression level of iNOS mRNA in rats injected with 
the new nano-drug carrier preparation significantly decreased. 
Simeone et al. (2018) (14) pointed out that some calmodulin-
dependent on enzymes, such as myosin light chain kinase, can 
catalyze the phosphorylation of myosin to activate ATP enzyme, 
causing smooth muscle contraction and aggravating pulmonary 
edema, leading to acute respiratory failure. Some micro RNAs in 
RNA interference technology can inhibit the mRNA expression 
of these enzymes, and then restore the blood barrier between ve-
nules and arterioles caused by respiratory failure (16). This ex-
periment also confirmed the reliability of this statement, which 
using nanoparticles can be considered for this purpose (17-18). 
The new type of nano-drug carrier preparation can selectively 
silence inflammatory factors in lung cells, reduce the inflam-
matory reaction, control the amount of nitric oxide production, 
make gas conversion unobstructed, and stabilize the average 
pulse pressure (19). It can also increase the absorption of drugs 
for lung cells, which was of great significance for the clinical 
treatment of lung pathological changes with severe sepsis.

Depending on the gene silence of RNA interference techno-
logy, a new type of nano-drug carrier preparation was designed 
and applied in the study of lung pathological changes and iNOS 
expression in severe sepsis. A total of 120 rats were selected 
for CLP and were grouped according to different administration 
times. The rats were observed for 100 hours after the injection 
of nano-drug carrier preparation. Then, 90 rats were randomly 
grouped according to a different administration. Each group was 
further divided into three subgroups. One group was injected 
with nano-drug carrier preparation for the experimental study. 
The result showed that the new type of nano-drug carrier pre-
paration can improve the survival rate and MAP, reduce the 
concentration of nitric oxide and lactic acid, and reduce the 
expression level of iNOS in rats with severe sepsis. However, 
due to the complicated production process and a small amount 
of preparation, it can’t be used in animal experiments with large 
samples. Moreover, the drug characteristics and biotoxicity of 

the preparation were still unclear, and further clinical research 
was needed. It was believed that this new type of nano-drug car-
rier preparation would play an important role in the treatment 
of severe sepsis with the exploration of scientific research and 
experiments.
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