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Abstract 

Community-acquired respiratory infection is the commonest cause of sepsis presenting to emergency departments. 
Yet current experimental animal models simulate peritoneal sepsis with intraperitoneal (I.P.) injection of lipopoly-
saccharide (LPS) as the predominant route. We aimed to compare the progression of organ injury between I.P. LPS 
and intranasal (I.N.) LPS in order to establish a better endotoxemia murine model of respiratory sepsis. Eight weeks 
old male BALB/c mice received LPS-Escherichia coli doses at 0.15, 1, 10, 20, 40 and 100 mg per kg body weight (e.g. 
LPS-10 is a dose of 10 mg/kg body weight). Disease severity was monitored by a modified Mouse Clinical Assessment 
Score for Sepsis (M-CASS; range 0–21). A M-CASS score ≥ 10 or a weight reduction of ≥ 20%, was used as a criterion 
for euthanasia. The primary outcome was the survival rate (either no death or no need for euthanasia). The progres-
sion of disease was specified as M-CASS, body weight, blood glucose, histopathological changes to lung, liver, spleen, 
kidney, brain and heart tissues. Survival rate in I.P. LPS-20 mice was 0% (2/3 died; 1/3 euthanized with M-CASS > 10) 
at 24 h. Survival rate in all doses of I.N. LPS was 100% (20/20; 3–4 per group) at 96 h. 24 h mean M-CASS post-I.P. LPS-
10 was 6.4/21 significantly higher than I.N. LPS-10 of 1.7/21 (Unpaired t test, P < 0.05). Organ injury was present at 96 h 
in the I.P. LPS-10 group: lung (3/3; 100%), spleen (3/3; 100%) and liver (1/3; 33%). At 24 h in the I.P. LPS-20 group, kidney 
injury was observed in the euthanized mouse. At 96 h in the post-I.N. LPS-20 group, only lung injury was observed 
in 2/3 (67%) mice (Kruskal-Wallis test with Dunn’s, P < 0.01). At 24 h in the post-I.N. LPS-100 group all (4/4) mice had 
evidence of lung injury. Variable doses of I.N. LPS in mice produced lung injury but did not produce sepsis. Higher 
doses of I.P. LPS induced multi-organ injury but not respiratory sepsis. Lethal models of respiratory virus, e.g., influenza 
A, might provide alternative avenues that can be explored in future research.
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Background
Sepsis is a life-threatening failure of body organs caused 
by a dysregulated host-response to infection [1]. Com-
munity-acquired respiratory infection is the commonest 
cause of sepsis presenting to emergency departments. 
Respiratory sepsis is defined as sepsis caused by respira-
tory infections.

Murine models of sepsis have been developed in 
an effort to create controllable and reproducible, 
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experimental systems for investigating mechanisms of 
sepsis development and for studying therapeutics [2]. 
An injection of lipopolysaccharide (LPS) is one com-
mon, low-invasive model to provide certain features 
of the acute state of sepsis [3]. It is highly suitable for 
investigating acute inflammation, although this model 
does not involve true pathogen infections [4]. LPS 
derives from the outer membrane of Gram-negative 
bacteria. High levels of LPS in the bloodstream are 
observed in bacteremia which may progress to life-
threatening sepsis [5]. LPS, as a relatively pure chemical, 
can be quantitatively measured, and its administration 
can be standardized [2, 3].

Intraperitoneal (I.P.) administration is predominantly 
used to construct LPS models. Intranasal (I.N.) admin-
istration of LPS is rarely used but has been reported to 
induce persistent rhinitis in mouse models [6, 7]. I.N. 
administration of live pathogens is widely used to con-
struct pneumonia models [3, 8]. There is no evidence 
comparing the disease progression between I.P. and I.N. 
administration of LPS. No studies evaluate the compari-
son of multi-organ injury between I.P. and I.N. LPS. We 
postulate that the I.N. LPS model better represents organ 
injury due to respiratory sepsis than the I.P. model. In 
this study, we compared the two routes of administration 
in constructing an LPS-induced inflammation model. We 
reported the differences between I.N. LPS and I.P. LPS 
in inducing the clinical course and progression to organ 
injury in murine models.

Main text
This study was conducted under the license of the Com-
mittee on the Use of Live Animals in Teaching and 
Research (CULATR approval number: 5924-21). This 
study was carried out by persons holding valid Cap. 
340 licenses issued by the Department of Health, and 
the principles of laboratory animal care were followed 
along the study. Eight-week old male BALB/c mice (body 
weight 25–30 g) were used, as the workflow shown in 
Additional file  1. LPS at 0.15, 1, 10 and 20 mg/kg body 
weight for both I.P. and I.N. routes, and 40 and 100 mg/
kg for I.N. route only, were tested. Animals were moni-
tored for 4 days using a modified Mouse Clinical Assess-
ment Score for Sepsis (M-CASS) based on appearance 
(fur aspect), activity, posture, response to stimulus, chest 
movements, chest sounds and eye lids (Additional file 2) 
[9, 10]. Mice that appeared to be suffering (a total score 
reaching 10) or that had a weight reduction of ≥ 20%, 
were deemed unhealthy and an early scarification was 
carried out. A score of 10 or a weight loss of 20% was 
allocated to dead mice to facilitate subsequent statistical 
analysis. There were three or four mice in each group. At 
humane endpoints, 24 h and 96 h, mice were sacrificed to 

collect brain, heart, lung, liver, spleen and kidney tissues. 
Tissues were fixed in formalin, trimmed and dehydrated, 
and cut into 6 μm thin sections stained by hematoxylin 
and eosin (H&E). Five microscopy photos for each tissue 
each mouse at the field of 20 × were taken, and analyzed 
semi-quantitatively (Additional file 3).

All analyses and figures were computed with the pro-
gram GraphPad Prism (v.9 GraphPad Software, USA). In 
all cases, data were produced from 3 to 4 animals. Sta-
tistical significance was determined by Kruskal-Wallis 
test, Mann-Whitney U test and t test. P < 0.05 was con-
sidered as statistically significant; P < 0.01, P < 0.001 and 
P < 0.0001 were further specified. Data were presented as 
median with 95% confidence interval (CI), median with 
2.5–97.5 percentile and mean with standard deviation 
(SD).

In the I.P. groups, 8-week-old male BALB/c mice were 
injected with 0.15, 1, 10 or 20 mg/kg body weight of LPS 
and monitored for 96 h. After treatment with 10 mg/kg 
LPS, the survival rate was 66.7%; and after treatment with 
20 mg/kg LPS, the survival rate dropped to 0% (Fig. 1). By 
comparison, no mice died in the I.N. groups, even when 
being treated with 40 mg/kg LPS (Fig. 1).

At 4 h, mice started to exhibit abnormal symptoms in 
both routes (Fig. 2). The symptoms were more severe at 
higher doses, suggesting a dose-response relationship. 
I.P. LPS induced relatively higher scores than I.N. coun-
terparts, aligning with the survival rate. At 24 h, mean 
M-CASS post-I.P. LPS-10 was 6.4/21 significantly higher 
than I.N. LPS-10 of 1.7/21 (P < 0.05; Fig.  2). The condi-
tions worsened the most at 24 h after which mice either 
died or recovered.

Body weight dropped the most at 24 h and then recov-
ered in survival mice (Figs. 3a and 4b). In the I.P. groups, 
1 mg/kg or higher doses induced a 10% weight loss 
within 24 h, and the loss became significant at 4 h and 
24 h (P < 0.001; Fig. 3c). In the I.N. groups, only the mice 
treated with 100 mg/kg LPS dropped 10% weight at 24 h 
and only this drop was significant (P < 0.01; Fig. 3c). The 
trend in weight loss was similar between the two routes 
(P > 0.05; Fig. 3d).

Blood glucose levels were measured using a commercial 
kit of blood glucose meter (Safe-Accu, Sinocare, China). 
Blood glucose levels fluctuate in patients with sepsis. 
Hyperglycemia and hypoglycemia can develop, affecting 
health outcomes and reflecting the severity of sepsis. A 
fasting blood glucose level of 80–100 mg/dL has been 
reported for healthy, nondiabetic mice [11, 12]. In the I.P. 
groups, the glucose level of mice treated with 10 and 20 
mg/kg LPS both decreased below 80 mg/dl at 4 h and 24 
h, indicating hypoglycemia (Figs.  4a and 5c). The blood 
glucose change was not LPS dose-dependent (Figs.  4a 
and 5b). At 1 h, a single rising glucose level was recorded, 
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inferring a rapid, sharper anti-stress reaction through 
intensive energy consumption to LPS stimulation 
(Figs. 4a and 5b). In the I.N. groups, the glucose level was 
relatively stable (Figs. 4b and 5d).Lung tissues of the base-
line and I.P. LPS mice at 24 h presented normal structure 
with thin classical inter-alveolar septa, clear bronchioles 
(BR) and vessels (Fig. 5). Lung tissues of the I.P. LPS mice 
at 96 h and the I.N. LPS mice at both 24 h and 96 h were 
observed with thickened alveolar septa, reduced alveo-
lar spaces, massive cellular infiltration in alveolar septa 
and collapsed alveoli (P < 0.01; Fig. 5). Therefore, I.P. LPS 
may induce lung injury at late stages, while I.N. LPS may 

induce lung injury rapidly. In the liver, only I.P. LPS mice 
at 24 h exhibited hepatocytic vacuolation and diffusing 
hemorrhage, with an injury score significantly higher 
than the baseline (P < 0.01; Fig. 5). Normal spleen tissues 
showed a compact structure of white pulps (WP) which 
is clearly distinguished from the surrounding red pulps 
(RP). An expansion of WP and widespread blank spots 
in WP nodules appeared in the I.P. LPS mice; and the 
boundary between WP and RP was blurring (Fig. 5). Mild 
disorder of WP in the I.N. LPS mice at 96 h was observed 
but is not significant (Fig. 5). In the kidney, only I.P. LPS 
mice at 24 h exhibited pathological structure featured 

Fig. 1 Survival curve of 8-week-old male Balb/c mice after treated with different LPS doses at 0.15, 1, 10 and 20 mg/kg body weight 
via intraperitoneal (I.P.) route, and 0.15, 1, 10, 20 and 40 mg/kg body weight via intranasal (I.N.) route over 96 h. Three or four mice for each group

Fig. 2 Measurement of a modified Mouse Clinical Assessment Score for Sepsis (M-CASS) of 8-week-old male Balb/c mice after intraperitoneal 
(I.P.) or intranasal (I.N.) treatment with 0.9% saline, 0.15 mg/kg LPS, 1 mg/kg LPS, 10 mg/kg LPS and 20 mg/kg LPS over 96 h. Data were presented 
as mean with standard deviation (SD). Comparison of M-CASS between I.P. LPS and I.N. LPS at the same dose was made by unpaired t test 
with Welch correction (*P < 0.05; ** P < 0.01; **** P < 0.0001). Three or four mice for each group. Note: A total score of 10 or more, or when one 
category reaches a 3, was used as a criterion for euthanasia; as for the dead mice, a score of 10 was allocated at the time points after mice died
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with hemorrhage and infiltration of inflammatory cells 
(Fig. 5). In the brain and heart, similar structures nearly 
as the baseline were observed in all groups (Additional 
file 4). In the saline control, no pathological changes were 
observed (Additional file 5). Overall, I.P. LPS showed evi-
dence of tissue damage on multiple organs, and I.N. LPS 
only produced a focused lung injury.

Most cases of sepsis are due to community-acquired 
respiratory infections acquired oro-nasally. As the I.P. 
route produces an intra-abdominal rather than respira-
tory, model of sepsis, it is less likely to be more relevant 
to community-acquired pneumonia. As I.N. is admin-
istration via the nose, it should be more physiologically 
relevant to respiratory sepsis. In this study, we compared 
the progression of organ injury between I.P. LPS and I.N. 
LPS in order to establish a better endotoxemia murine 
model of respiratory sepsis. Intratracheal (I.T.) and intra-
bronchial (I.B.) administration are also used to construct 
models of respiratory infections but these high-invasive 

routes require anesthesia which may interfere with 
immune responses [3, 13].

In our study, I.P. and I.N. LPS at the same doses induced 
strikingly different survival rates. I.P. LPS was more lethal 
than I.N. LPS, which may be due to differences between 
abdominal and pulmonary immunity. Mucosal surfaces, 
such as respiratory epithelium, are directly exposed to the 
external environment and therefore, are highly vulner-
able to infection [14]. Environmental pathogens invade 
hosts most commonly through the olfactory mucosa [6, 
7]. As a result, the respiratory tract has evolved a variety 
of innate and adaptive immune defenses, together with 
mucociliary clearance, to prevent infection, promote 
rapid destruction of infected cells and clear the inva-
sions [14, 15]. Some vaccines can easily provoke robust 
systemic immune responses but relatively poor mucosal 
responses in the respiratory tract [14]. At the same dose, 
I.N. LPS might get compromised by the mucosal protec-
tion on the respiratory tract to elicit less harm than I.P. 

Fig. 3 Measurement of body weight loss (%) of 8-week-old male Balb/c mice after intraperitoneal (I.P.) treatment with 0.15, 1, 10 and 20 mg/kg LPS 
over 96 h (a), measurement of body weight loss (%) of mice after intranasal (I.N.) treatment with 0.15, 1, 10, 20 and 40 mg/kg LPS over 96 h, and 100 
mg/kg LPS over 24 h (b), comparison of body weight loss (%) of mice between 0 h, 1 h, 4 h and 24 h for I.P. 20 mg/kg LPS stimulation and I.N. 100 
mg/kg LPS stimulation, respectively (Kruskal-Wallis test with Dunn’s multiple comparisons test; ns = not significant; * P < 0.05; ** P < 0.01; *** P < 
0.001; **** P < 0.0001) (c), comparison of body weight loss (%) of mice between I.P. 20 mg/kg LPS stimulation and I.N. 100 mg/kg LPS stimulation 
at 1 h, 4 h and 24 h (Mann-Whitney test with correction for multiple comparisons using the Holm-Sidak method) (d). Data were presented 
as median with 95% confidence interval (CI) in Fig. 4a and b, and median with 2.5-97.5 percentile in Fig. 4c and d. Three or four mice for each group. 
Note: suppositional = A body weight loss of 20 % which has been defined as one humane endpoint was allocated at the time points after mice 
died
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LPS. Unlike live pathogens, LPS as bacterial components 
are unable to grow and reproduce in hosts. Therefore, 
LPS via I.N. route may be unable to induce sepsis in mice.

Due to the death/humane endpoint of mice, the avail-
ability of tissue samples was affected. All the mice of I.P. 
LPS-20 died after 24 h. Therefore, at 96 h, tissues from 
I.P. LPS-10 survival mice were used to demonstrate his-
tology alterations. Only I.N. route received higher LPS 
doses of 40 mg/kg (tested 96 h) and 100 mg/kg (tested 24 
h). For M-CASS, I.P. and I.N. LPS at the same doses were 
compared. For body weight and glucose level, the high-
est doses from each route were chosen to represent the 
comparison.

The administration route of LPS plays an essential role 
in inducing acute pulmonary damage [16]. In a previous 
study, LPS administered I.N. caused acute pulmonary 
damage (within 2–4 h and reached maximal damage 
at 24–48 h), whereas intravenous (I.V.) LPS only pro-
duced a baseline effect [16]. However, that study did 

not investigate the injury of multiple organs. Our study 
revealed a consistent massive cellular infiltration in alve-
olar septa in lung tissues. Our study also revealed that 
I.N. LPS is unable to develop a similar degree of multi-
organ (lung, liver, spleen and kidney) injury as with I.P. 
LPS. Nevertheless, great heterogeneity has been stated 
as the typical pattern of histopathological analysis in 
sepsis models. Organ injury was not always consistently 
observed in septic mice. No specific or characteristic his-
tological features exist among different studies [9, 17].

We applied M-CASS to monitor disease severity. 
In humans, the Sequential Organ Failure Assessment 
(SOFA; additional file  6) score is widely used to assess 
the severity of sepsis [18]. Similar metrics to evaluate 
animal sepsis are lacking [9]. Only a limited amount of 
blood can be sampled in mice, rendering difficulty in per-
forming biochemistry assays such as the measurement of 
platelets, bilirubin and creatinine [9]. M-CASS and the 
murine sepsis score (MSS) are commonly used to assess 

Fig. 4 Measurement of blood glucose level (mg/dl) of 8-week-old male Balb/c mice after intraperitoneal (I.P.) treatment with 10 mg/kg LPS, 20 
mg/kg LPS and 0.9% saline over 24 h (a), measurement of blood glucose level (mg/dl) of mice after intranasal (I.N.) treatment with 10 mg/kg LPS, 
20 mg/kg LPS, 40 mg/kg LPS, 100 mg/kg LPS and 0.9% saline over 24 h (b), comparison of blood glucose level (mg/dl) of mice between 0 h, 1 h, 4 
h and 24 h for I.P. 20 mg/kg LPS stimulation and I.N. 100 mg/kg LPS stimulation, respectively (Kruskal-Wallis test with Dunn’s multiple comparisons 
test; ns = not significant; * P< 0.05; ** P < 0.01; *** P < 0.001; **** P < 0.0001) (c), comparison of blood glucose level (mg/dl) of mice between I.P. 
20 mg/kg LPS stimulation and I.N. 100 mg/kg LPS stimulation at 1 h, 4 h and 24 h (Mann-Whitney test with correction for multiple comparisons 
using the Holm-Sidak method) (d). Data were presented as median with 95% confidence interval (CI). Three or four mice for each group. Note: 
for the groups in which mice died, blood glucose level of the whole group has been removed from analysis thereafter
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the severity of sepsis in rats and mice [9]. These tools 
are based on observational characteristics lacking the 
quantitative strength and relevance of SOFA. In future 
studies, we propose to develop a murine-SOFA to more 
objectively assess sepsis in murine models. Murine mod-
els infected with viruses have been widely studied, but 
few have been assessed from the perspective of sepsis. 
We suspect lethal virus models probably develop sepsis 
before death. In future research, lethal models of respira-
tory virus, e.g., influenza A, might provide alternative 
avenues that can be explored.

Conclusions
In conclusion, variable doses of I.N. LPS in mice did not 
produce sepsis, as determined by M-CASS and histology. 
I.P. higher doses of LPS induced multi-organ injury but 
not respiratory sepsis. Lethal models of respiratory virus 
hold the potential to be explored in future research.
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Additional file 4. Histology of brain and heart from control and lipopoly-
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or intranasal (I.N. 100_24 h & 20_96 h) routes at 24 h and 96 h stained with 
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routes at 96 h stained with haematoxylin and eosin (H&E). Size bar 
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