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Abstract: Background: In this study, we will establish a stable and optimized rat model that can meet strictly diag-
nosed criteria and serve as a tool to investigate the potential of novel therapeutics in this preclinical model through
comparative analysis of systemic alterations, levels of pro-inflammatory cytokines in serum and infiltrated numbers
of inflammatory cells in distant organ between 30% and 50% TBSA with a full-thickness burn. Materials and meth-
ods: The adult male Wistar rats were randomly divided into the following groups: control group, 30% TBSA with a
full-thickness burn group, and 50% TBSA with a full-thickness burn group. The blood and serum samples in the 3
groups were collected and detected by blood routine examination and biochemical detection at 6 h, 12 h, 24 h and
48 h post burn. The levels of TNF-a, IL-1p and IL-6 in serum were detected by ELISA. The sections of lung, renal,
liver and heart were analyzed by H&E and immunohistochemical staining detection. Results: Our results showed
that temperature in 50% TBSA with a full-thickness burn group was always hypothermia, and lower than 36°C at
defined timepoints post burn, that was in 30% TBSA with a full-thickness burn group was lower than 36°C only at 48
h post burn. The levels of TNF-«, IL-1p3 and IL-6 were significantly increased in 30% and 50% groups at 6 h, 12 h, 24
h and 48 h post burn. The apoptosis in distant organs and the biochemical parameters such as ALT, AST, troponin,
CK, CK-MB, LDH, urea and creatinine in 30% and 50% groups were also increased at different degrees at defined
timepoints after burn, but changes in 50% group were more obvious than that in 30% group. Conclusion: We choose
50% TBSA with a full-thickness burn to establish a stable and optimized rat model that can meet strictly diagnosed
criteria and serve as a tool to investigate the potential of novel therapeutics in this preclinical model.
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Introduction spiratory distress syndrome, acute renal failure,
increased intestinal permeability resulting in

emergency. Despite improved prognosis, in-
creased morbidity and mortality still remain
major concerns in burns. Not only do they cause
accidental death, they also result in consider-
able morbidity and disfigurement leading to sig-
nificant functional and social [1-3].

The severe burn injury triggers an excessive
inflammatory response and serious metabolic
disturbances at early stage post burn [4].
Meanwhile, other systemic disorders are also
accompanied by excessive inflammatory re-
sponse such as cardiac dysfunction, acute re-

hypercatabolism and sepsis [5]. These intense
disruptions in body’s homeostatic balance may
result in multiple organ failure and death [6].
The excessive inflammatory reaction caused by
severe burn of the different total body surface
area (BSA) is also different. Total body surface
area (BSA) burned is bigger, these patients are
more likely to die from excessive inflammatory
response due to the massive release of inflam-
matory mediators from the burn body. Each one
percent increase in total body surface area
burned was associated with a six percent in-
crease in mortality risk [7-12]. Furthermore,
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majority of what is known about that animal
models play a pivotal role in the discovery of
potential therapeutic targets for this condition
thereby furthering biomedical advances [13,
14]. Therefore, comparing systemic inflamma-
tion response and vital organ damage induced
by different area severe burns is needed for
establishing a stable animal model to research
the pathogenesis and treatment of the exces-
sive inflammation after severe burn injury.

Materials and methods
Animal care

All studies adhered to procedures consistent
with the International Guiding Principles for
Biomedical Research Involving Animals issued
bythe Council forthe International Organizations
of Medical Sciences (CIOMS) and were app-
roved by the Institutional Animal Care and Use
Committee at the First Affiliated Hospital to PLA
General Hospital. Wistar rats were obtained
from the local animal facility, housed at the
Institute of Animal Experiments of the First
Affiliated Hospital to PLA General Hospital in
stables with a temperature of 22°C, a relative
humidity of 55% and a day/night cycle of 12/12
hours, with food and water ad libitum.

Six-week-old male Wistar rats (180-220 g) we-
ighing were anesthetized by intraperitoneal in-
jection of 300 mg/kg Avertin (20 mg/ml) (2,2,2-
tribromoethanol, Sigma, USA) [15]. Animals in
control group were subjected to identical proce-
dure and resuscitation, but immersed in water
at 37°C for 12 s. At the end of the experiment,
all rats were sacrificed with an overdose of 10%
chloral hydrate.

Rat model of burn injury

The 96 adult male Wistar rats were randomly
divided into 3 groups (n=32): control group,
30% TBSA with a full-thickness burn group and
50% TBSA with a full-thickness burn group.
Each group was divided equally into four sub-
groups of eight rats according to the period of
euthanasia at 6, 12, 24, 48 hours post burn.
The models of 30% and 50% TBSA with full-
thickness burn were prepared. After the rats
were anesthetized by intraperitoneal injection
of Avertin (300 mg/kg), the dorsal hair was
removed completely, first with clippers and
then through the application of Veet depilatory
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cream. The whole backside of these rats was
then placed in hot water (94°C) for 12 s, which
caused 30% TBSA with a full-thickness burn.
Both whole backside and abdomen of those
rats in 50% TBSA groups were also placed in
hot water (94°C) for 12 s and 6 s, respectively.
According to different area, balanced salt solu-
tion (40 mg/kg) of the different doses was
injected into enterocoelia for anti-shock. The
wound was then treated with 1% tincture of
iodine and kept dry to prevent infection. Woun-
ds were left open and animals were sacrificed
at defined time points post burn.

Specimen collection and detection

The blood samples of aortaventralis were taken
at 6 h, 12 h, 24 h, and 48 h post-burn. They
were transferred immediately to heparin-cota-
ining tubes for blood routine examination and
collected serum after centrifuging for biochemi-
cal detection and ELISA assay. Meanwhile, vital
organs including lung, renal, heart and liver
were also collected. These organs samples was
carefully removed, rinsed in PBS. Then they
were fixed in 4% paraformaldehyde for histo-
logical examination.

Blood routine examination and biochemical
detection

The blood and serum samples were detected
by the Central Institute of Clinical Chemistry
and Laboratory Medicine of the First Affiliated
Hospital to PLA General Hospital. A 4 ml aliquot
of blood was taken for full blood count (FBC)
analysis to determine all the whole blood pa-
rameters. FBC was analyzed using a Sysmex XE
2100 (Sysmex UK, Milton Keynes, UK) auto-
mated hematology analyzer within 2 hrs of col-
lection. These parameters, including alanine
transaminase (ALT), aspartate transaminase
(AST), troponin, creatine kinase (CK), MB iso-
form of CK (CK-MB), lactate dehydrogenase
(LDH), urea and creatinine (CREA) in serum
samples were measured spectrophotometri-
cally using commercially available standard
Roche-Hitachi methodology (Roche Diagnostics
GmbH, Mannheim, Germany).

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of TNF-«, IL-13 and IL-6
were normalized to the total protein content.
The levels of TNF-«, IL-13 and IL-6 in serum
samples were determined using ELISA Kkits
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Figure 1. Comparison of systemic changes at defined timepoints post burn in 30%, 50% TBSA with a full-thickness
burn groups and control group. A. The temperature changes of rats in the 3 groups at 6 h, 12 h, 24 h, and 48 h
after burn. B. The leukocyte changes of rats in the 3 groups at 6 h, 12 h, 24 h, and 48 h after burn. C-E. The levels
changes of TNF-q, IL-1p and IL-6 in the 3 groups at 6 h, 12 h, 24 h and 48 h post burn. Values are represented as
mean = SD (n=8), asterisk (*) and double asterisk (**) stand for P < 0.05 and P < 0.01 compared with 30% TBSA
with a full-thickness burn, respectively. single @ and double @@stand for P < 0.05 and P < 0.01 compared with

control group, respectively.

(R&D Systems, Minneapolis, MN) according to
the manufacturer’s instructions.

Histological analyses

After fixation with 4% paraformaldehyde for 24
h at room temperature, the specimens were
embedded in paraffin and sectioned in a plane
perpendicular to the incision. Five-micrometer-
thick sections were prepared, deparaffinized in
dimethylbenzene, and rehydrated. Preparative
sections were stained with H&E in accordance
with standard procedures. Some sections were
incubated with specific antibodies (monoclonal
mouse antibodies against rat MPO and CDG6S;
Santa Cruz Biotechnology, Santa Cruz, CA), fol-
lowed by incubation with the corresponding
secondary antibody and the PAP (peroxidase-
anti-peroxidase) complex, and exposure using
DAB (3,3-diaminobenzidine). Other sections
were stained with In Situ Cell Death Detection
Kit (Roche Applied Science, Germany) following
the directions of the manufacturer. MPO?*,
CD68" cells and apoptotic nuclei were shown to
be brown. The OD value of neutrophil, positive
number of macrophage and cell apoptosis rate
in the lung, liver, heart and renal tissues were
counted in 5 randomly selected fields of the
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each slide by an experienced and independent
cell scientist in a blinded manner.

Statistical analysis

All data are expressed as the mean + SD (X + 5)
and were analyzed using SPSS 16.0 (SPSS Inc,
Chicago, IL, USA). The data were analyzed using
the ANOVA test (factorial design) was applied
using Prism software (GraphPad Soft-ware, La
Jolla, CA, USA). The differences were consid-
ered to be statistically significant at *P < 0.05,
**P < 0.01, @P < 0.05, @@P < 0.01.

Results

Systemic change

Compare with normal temperature of rats in
control group, temperature changes in 30%
and 50% TBSA with a full-thickness burn groups
were significantly different at 6 h, 12 h, 24 h,
and 48 h after burn. The temperature change in
30% TBSA with a full-thickness burn group was
very slightly, while temperature in 50% TBSA
with a full-thickness burn group was decreased
significantly and its value was (34.60+0.36)°C
at 6 h post burn. At other time points post burn,
temperatures in both groups firstly increased
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Figure 2. Comparison of inflammatory cells numbers and cells apoptosis rates of lung at 24 h post burn in 30%, 50%
TBSA with a full-thickness burn groups and control group. A. The inflammatory cells infiltrations and cells apoptosis
rates in lung were assessed by H&E staining, immunohistochemistry and Tunnel detection. B. A quantitative analy-
sis of positive staining for neutrophils (MPO) is shown in the corresponding histogram. C. A quantitative analysis of
positive staining for macrophages (CD68) is shown in the corresponding histogram. D. A quantitative analysis of
positive staining for apoptosis cells is shown in the corresponding histogram. Values are represented as mean + SD

(n=8), asterisk (*) stands for P < 0.05 and double asterisk (**) stands for P < 0.01.

then decreased markedly, and their peak val-
ues were (37.67+0.15)°C and (35.73+0.22)°C,
respectively. In general, temperature in 50%
TBSA with a full-thickness burn group was
always hypothermia, and lower than 36°C at
defined time points post burn (Figure 1A).

Furthermore, full blood count (FBC) analysis
shows that leukocyte number in 50% TBSA with
a full-thickness burn group increased signifi-
cantly at 6 h post burn, then decreased rapidly
and significantly, even lower than 4x10°%/L at
12 h, 24 h and 48 h post burn. However, leuko-
cyte number in 30% TBSA with a full-thickness
burn group were not obvious at 6 h and 12 h
post burn, decreased markedly at 24 h and 48
h post burn. leukocyte count was significant dif-
ferences in both groups at 6 h and 12 h post
burn. In general, leukocyte count in 50% TBSA
with a full-thickness burn group were always
lower than 4x10°%/L at defined time points post
burn other at 6 h post burn (Figure 1B).
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Inflammatory cells infiltration and structure of
the vital organ change

To assess whether excessive inflammatory re-
action at early stage after 30% and 50% TBSA
with a full-thickness burn, we still need to
detect the numbers of infiltrating neutrophils
and macrophages, apoptosis rates of cells in
the remote organs such as lung, liver, renal and
heart by immunohistochemical and TUNEL st-
aining detection.

Lung

Our results showed that the numbers of infil-
trating neutrophils (MPO*) and macrophages
(CD68") in lung tissue in 50% group significant-
ly higher than that in 30% group at 24 h post
burn. In addition, both of the two groups were
higher than control group (Figure 2A). These
results of the quantitative analysis are present-
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Figure 3. Comparison of inflammatory cells numbers and cells apoptosis rates of liver at 24 h post burn in 30%, 50%
TBSA with a full-thickness burn groups and control group. A. The inflammatory cells infiltrations and cells apoptosis
rates in liver were assessed by H&E staining, immunohistochemistry and Tunnel detection. B. A quantitative analysis
of positive staining for neutrophils (MPO) is shown in the corresponding histogram. C. A quantitative analysis of posi-
tive staining for macrophages (CD68) is shown in the corresponding histogram. D. A quantitative analysis of positive
staining for apoptosis cells is shown in the corresponding histogram. Values are represented as mean = SD (n=8),

asterisk (*) stands for P < 0.05 and double asterisk (**) stands for P < 0.01.

ed in the corresponding histogram (Figure 2B,
2C).

Furthermore, H&E staining of the lung sections
revealed that the structure damage of alveolar,
bleeding, edema, and neutrophil accumulation
in 50% group was more serious than that in
other two groups (Figure 2A). TUNEL staining
displayed that apoptotic rate of cells in 50%
group was markedly higher than that in other
two groups, as well as apoptosis rates of cells
in 30% group higher than that in control group
(Figure 2A). The result of the quantitative analy-
sis are presented in the corresponding histo-
gram (Figure 2D).

Liver

The numbers of infiltrating neutrophils and
macrophages in liver in 50% group significantly
higher than that in 30% group as well as num-
bers of infiltrating neutrophils and macro-
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phages in 30% group higher than that in control
group at 24 h post burn (Figure 3A). These
results of the quantitative analysis are present-
ed in the corresponding histogram (Figure 3B,
3C). However, the numbers of infiltrating macro-
phages in liver were less than that in lung at
same time point post burn.

H&E staining revealed that cell swelling, inter-
stitial hemorrhage of liver in 50% group, while
these changes not found in other two groups
(Figure 3A). TUNEL staining displayed that cell
apoptosis rate in 50% group was markedly hi-
gher than that in other two groups, as well as
apoptosis rates of cells in 30% group higher
than that in control group (Figure 3A). The re-
sult of the quantitative analysis are presented
in the corresponding histogram (Figure 3D).

kidney

The numbers of infiltrating neutrophils and
macrophages in renal tubules in 30% and 50%

Int J Clin Exp Pathol 2015;8(6):6367-6376
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Figure 4. Comparison of inflammatory cells numbers and cells apoptosis rates of renal at 24 h post burn in 30%,
50% TBSA with a full-thickness burn groups and control group. A. The inflammatory cell infiltrations and cells apop-
tosis rates in renal was assessed by H&E staining, immunohistochemistry and Tunnel detection. B. A quantitative
analysis of positive staining for neutrophils (MPO) is shown in the corresponding histogram. C. A quantitative analy-
sis of positive staining for macrophages (CD68) is shown in the corresponding histogram. D. A quantitative analysis
of positive staining for apoptosis cells is shown in the corresponding histogram. Values are represented as mean *

SD (n=8), asterisk (*) stands for P < 0.05 and double asterisk (**) stands for P < 0.01.

group significantly higher than that in control
group at 24 h post burn, but the numbers of
infiltrating macrophages in 30% and 50% group
were so little (Figure 4A). These results of the
quantitative analysis are presented in the cor-
responding histogram (Figure 4B, 4C).

H&E staining revealed that structure of glomer-
ular and renal tubular were relatively complete,
but brush border of renal tubular was detach-
ment and part of the epithelial cells of renal
tubular fell off in 50% group, while these chang-
es not found in other two groups (Figure 4A).
TUNEL staining displayed that cell apoptosis
rate in 50% group was significantly higher than
that in other two groups, as well as cell apopto-
sis rate in 30% group higher than that in control
group (Figure 4A). The result of the quantitative
analysis is presented in the corresponding his-
togram (Figure 4D).
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Heart

The degree of infiltrating neutrophils and mac-
rophages in heart in 50% group significantly
higher than that in 30% group at 24 h post
burn. In addition, both of the two groups were
higher than control group (Figure 5A). These
results of the quantitative analysis are present-
ed in the corresponding histogram (Fi-
gure 5B, 5C).

H&E staining revealed that myocardial fiber tro-
phy and fibers gap widened in 50% group, while
these changes not found in other two groups
(Figure 5A). TUNEL staining displayed those
apoptosis rates of cells in 30% and 50% group
was markedly higher than that in control group,
while apoptosis rates of cells in 50% group
markedly higher than that in 30% group (Figure
5A). The result of the quantitative analysis is

Int J Clin Exp Pathol 2015;8(6):6367-6376



Systemic inflammation response and vital organ damage

Control

ol

Neutrephil i.l].ﬁ.“l’:l;(lll
L —

wn

Lad

e

Positive rate(%)
)

= th

Control  30% 50%

Figure 5. Comparison of inflammatory cells numbers and cells apoptosis rates of heart at 24 h post burn in 30%,
50% TBSA with a full-thickness burn groups and control group. A. The inflammatory cells infiltrations and cells apop-
tosis rates in heart were assessed by H&E staining, immunohistochemistry and Tunnel detection. B. A quantitative
analysis of positive staining for neutrophils (MPO) is shown in the corresponding histogram. C. A quantitative analy-
sis of positive staining for macrophages (CD68) is shown in the corresponding histogram. D. A quantitative analysis
of positive staining for apoptosis cells is shown in the corresponding histogram. Values are represented as mean +
SD (n=8), asterisk (*) stands for P < 0.05 and double asterisk (**) stands for P < 0.01.

presented in the corresponding histogram
(Figure 5D).

All results suggest that infiltrated of inflamma-
tory cells, destruction of the structure and cells
apoptosis occurred at different degree in the
distant organs, including lung, liver, renal and
heart of rats in 30% and 50% group, but the
infiltrated numbers of inflammatory cells and
apoptosis rates of cells in 50% group was sig-
nificantly higher than that in 30% group.

Change in the biochemical parameters

The serum samples of the rats in the 3 groups
at6 h, 12 h, 24 h and 48 h post burn were ana-
lyzed for the crucial and sensitive biochemistry
parameters as summarized in Table 1. Serum
ALT activity were significantly firstly increased
from 6 h to 12 h then decreased after 12 h in
both of the severely burned groups, but ALT
activity in 50% group was markedly higher than
that in 30% group at 6 h, 12 h, 24 h and 48 h
post burn. AST activity in serum showed similar
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tendency but the time point of peak value in
50% group was 12 h post burn and that in 30%
group was 24 h post burn. AST and activity in
50% group was significantly higher than that in
30% group at defined timepoints post burn.
Levels of high sensitive troponin activity were
explicitly increased post severe burn as com-
pared to normal value in control group. In addi-
tion, a strong increase in serum CK and CK-MB
activities in 50% group was observed at 6 h
post burn and peak values arrived at
(10973.75+4239.34) U/L and (4516.40+
173.13) U/L, which [16] resulted in a 8.3-fold
and 3.2-fold increase compared to control
group. The levels of LDH, urea and creatinine
was also increased at 6 h, 12 h, 24 hand 48 h
post burn, but they exceeded range only
slightly.

Discussion

Thermal burn represents a pathophysiological
condition in which hyperactive macrophages
are primed to stimulate the downregulation or

Int J Clin Exp Pathol 2015;8(6):6367-6376
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Table 1. Values changes of the biochemical parameters at defined timepoints in 30%, 50% TBSA with a full-thickness burn groups and control group

30% 50%
Control
6h 12 h 24 h 48 h 6h 12 h 24 h 48 h
ALT (U/L) 53.67+2.89 70.20+19.10 103.75+1.89¢¢ 86.33+6.66° 78.33+18.48 121.00+21.49%@** 164.00+14.07¢@** 139.00+12.38¢@** 114.00+25.50°¢@*
AST (U/L) 138+25.36 212.80+83.19¢%° 315.00+15.68%¢ 332.00+1.47¢° 182.00+£10.15° 442.40+121.12°¢* 505.00453.75%@** 492.67+10.38%@** 380.50+33.49%@**
Troponin 206.33+2.36 248.11+3.08¢%¢ 263.31+9.28¢%° 218.77+4.03%¢ 210.13+4.16 287.34+3.190¢** 262.15+3.21°¢ 234.25+4.110@** 215.22+2.08°
(pg/mL)

CK (U/L) 1335.33+176.38 4235.80+422.64 4106.75+361.39°° 4011.33+538.83%® 2583.33+164.51%® 10973.75+4239.34%®* 8626.75+211.56%®** 5580.75+262.95%®** 3835.50+20.09°®**

CK-MB 1420.80+61.56  3310.67+72.00°® 2841.33+58.96°¢ 2928.25+62.24°® 1962.00+27.03°°¢  4516.40+173.13°®*  3210.67+61.56°®**  2218.75+89.22°¢** 2034.00+262.31°¢**
(u/L)

LDH 1198.00+162.14 1659.80+395.80%¢ 1710.25+60.40°¢ 1438.00+58.89°¢ 1865.50+174.03%¢ 2193.25+278.03%®**  2297.25+68.21%@**  1867.75+49.92¢®**  1336.33+82.25%**
(/L)

Urea 4.68+0.10 9.54+0.53%¢ 8.83+1.22¢¢ 5.01+0.82¢°¢ 7.00+0.84¢%¢ 11.08+0.26%@** 14.43+1.020@** 8.38+0.71%@** 8.25+0.61°¢
(mmol/L)

Crea 17.33+0.50 24.40+0.36%¢ 22.75+0.75%¢ 21.67+0. 26°¢ 21.75+0. 56°¢ 29.50+0.118@** 24.33+0.48¢%¢ 22.07+0.38%® 20.67+0.31¢%°
(umol/L)

ALT = alanine transaminase; AST = aspartate transaminase; CK = Creatine kinase; CK-MB = MB isoform of CK; LDH = lactate dehydrogenase; Crea = Creatinine. Values are represented as mean + SD (n=38), asterisk (") and double asterisk (") stand
for P < 0.05 and P < 0.01 compared with 30% TBSA with a full-thickness burn, respectively. Single @ and double @@ stand for P < 0.05 and P < 0.01 compared with control group, respectively.
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upregulation of certain inflammatory cytokines
[17]. Abnormal levels of proinflammatory medi-
ators, such as tumor necrosis factor alpha
(TNF-B), interleukin-1B (IL-1B), interleukin-6 (IL-
6) and interleukin-8 (IL-8) contributed to the
progress of tissue necrosis and possible seri-
ous complications following the initial trauma,
such as excessive inflammatory response and
severe metabolic imbalance [18, 19]. Fur-
thermore, excessive inflammatory response is
an essential process during the occurrence of
multiorgan failure which contributes to deaths
in severely burned patients [7, 20].

It was worth noting that the diagnosis about
excessive inflammatory reaction met at least
two points in the following four points: (1) T >
38°C or T < 36°C; (2) heart rate > 90 times/
min; (3) breathing > 20 times/min or PaCO, <
32 mmHg; (4) leukocyte count > 12x10°%/L or <
4x10°%/L [21]. However, these parameters were
chosen to be quite sensitive, but they clearly
lacked specificity for a clinically meaningful di-
agnosis [22]. Therefore, researchers thought
that excessively inflammatory mediators in
plasma, infiltrated inflammatory cells and dam-
age and dysfunction of distant organ were
thought to play a key role in the diagnosis of the
excessively inflammatory response [4, 23, 24].
In this study, we will establish a stable and opti-
mized rat model through comparative analysis
of systemic alterations, levels of pro-inflamma-
tory cytokines in serum and infiltrated numbers
of inflammatory cells and apoptosis rates of
cells in distant organ between 30% and 50%
TBSA with a full-thickness burn.

Our results showed that hypothermia, low num-
bers of leukocyte count, high levels of TNF-q,
IL-1B and IL-6 in 50% TBSA with a full-thickness
burn group comprehensively met diagnosed
criteria of excessive inflammatory response at
defined timepoints after burn, while that in 30%
TBSA with a full-thickness burn groups met in
part. Meanwhile, our research also displayed
that the infiltrating numbers of neutrophils and
macrophages in the lung, liver, renal and heart
in 50% TBSA with a full-thickness burn group
were significantly higher than that in 30% TBSA
with a full-thickness burn group. The biochemi-
cal parameters such as ALT, AST, troponin, CK,
CK-MB, LDH, urea and creatinine in 30% and
50% groups were also increased at different
degrees at defined timepoints after burn, but
the changes in 50% group were more obvious
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than that in 30% group. In addition, destruction
of the structure and cells apoptosis in the dis-
tant organs in 30% group were so slightly, while
that in 50% group were so severely. Therefore,
using 50% TBSA with a full-thickness burn to
establish a rat model of excessive inflamma-
tion response post burn was a stable and opti-
mized model that can meet strictly diagnosed
criteria and serve as a tool to investigate the
potential of novel therapeutics in this preclini-
cal model.
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