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Effects of Serum TNF-a and NO
on Morphology of Myocardial
Tissues in Neonatal Rats
with Endotoxic Shock
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Abstract: Objective To study the changes of serum TNF-a and NO in neonatal rats with endotoxic shock and its
relationship with myocardial cells damge and to explore the protection effect of dexamethasone (DXM) on necnatal rats
with endotoxic shock. Methods Nine of the 117 seven-day-old healthy neonatal Wistar rats were used as the pre-
experimental base value control group, and the other 108 rats were randomly divided into control group, endotoxic shock
group (LPS group, LPS 5 mg/kg) and trearment group (DXM group, LPS 5 mg/kg + DXM S mg/kg). Before and
after injection of LPS (2, 4, 6 and 24 hs), 9 rats in each group were sacrificed and blood samples were collected to detect
TNF-a by ELISA and NO by nitrate reductase. Myocardial super-microstructure was observed under an electron
microscope. Results D In the LPS group, the concentration of serum TNF-a peaked at 2 h, and it decreased to the
level of control group after 6 hs. In the DXM group, the level of TNF-a at 2 h was higher than that of control group ( P
<0.05), but lower than that of the LPS group ( P <0.05). At 4 hs the level TNF-a in DXM group was lower than
that of the LPS group ( P <0.035), but was not different than that of the control group ( P >0.05). From 6 h after
injection, the differences of TNF-a levels in 3 groups were not obvious ( P >0.05). @ In the LPS group, the
concentration of NO rose after 2 h ( P <0.01), and peaked at 24 h ( P <0.01). After 2 hs, the levels of NO in the
DXM group were lower than those of the LPS group ( P <0.01). @ Six hours after the injection of LPS, a little
mitochondria of myocardial cells in the 1LPS group appeared to develop vacuolae-like degeneration. At 24 h, most
mitochondria of myocardial cells in the LPS group presententecl with vaculea-like degeneration and necrosis. The
myocardial fibers were broken. While in the DXM group, the changes in the super-microstructure at 24 h were not as
serious as those which took place in the LPS group. Conclusions TNF-¢ and No were involved in the damage of
myocardial cells in neonatal rats with endotoxic shock. DXM could partly protect the myocardial cells from damage by
nhibiting the production of TNF-a and NO. [ Chin J Contemp Pediatr, 2003, 5(5): 403 — 406
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Multiple organs failure can take place among the
neonates with septic shock. Once myocardial depres-
sion happens, the treatment becomes more difficult.
The mechanism of damage of myocardial cells is very
complicated. Studies in recent years have found that
some mediators such as endotoxin and tumor necrosis
factor-alpha (TNF-a) exerted a similar proinflamma-
tory effect on neonatal rats and resulted in cardiode-
pression''). The cardiodepression effects of endotoxin
and cytokines on mammals might be related to the in-

2] Overseas re-

duction of nitric oxide synthesis
searches have found that TNF-a and interleukin-1
(IL-1) may cause the coronary injury[3 1, but few ref-
erences have been found about the relationship be-
tween the morphological changes in myocardial cells
and the effect of serum TNF-a and nitric oxide (NO)
on neonatal rats with endotoxic shock. This study
aimed at exploring the relationship between TNF-a,
NO and the morphological changes in myocardial cells
in neonatal rats with endotoxic shock and discussing
the protective mechanism of dexamethasone {(DXM)

on cardiac tissues.
Materials and methods

Animal model

One hundred and seventeen 7 day old healthy
neonatal Wistar rats ( provided by the Experimental
Animal Center of the Second Affiliated Hospital of
China Medical University), weighing (17 £ 3) g,
were used in this study. Nine were used as the pre-
experimental base value control group and the rest
were randomly divided into 3 groups: control group,
which were injected intraperitoneally with 0.1 ml
0.9% sodium chloride (NS); an endotoxic shock
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group (LPS group) which were injected with LPS 5
mg/kg (Sigma USA) and a treatment group (DXM
group) , which were given DXM 5 mg/kg immediate-
ly after injection of LPS 5 mg/kg. The endotoxic
shock model was established according to the refer-
encel*!. Before and 2, 4, 6 and 24 hs after injection,
the rats in each group were sacrificed and the blood
samples were collected and placed in a liquid nitrogen
container. Three pieces of 1 mm® myocardial tissue
from each group were taken to be examined by elec-
tron-microscope.
Assay of TNF-a and NO

TNF-a was assayed by ELISA(Kit from Diaclone,
France). NO was assayed by the method of nitrate reduc-
tase (Kit from Jiancheng organism and engineering, Nan-
jing, China). The absorption value of visible violet light
at 500 nm, ID 0.5 cm was detected by a French made S.
500P continuous spectrophotometer .
The myeocardial super-microstructure

The myocardial tissues were soaked in 2.5%
glutaral and stored at 4C. After being fixed by
2.5% glutaral and osmic acid, they were desiccated
gradually by acetone and embedded with resin. After
ultrathin sectioning they were stained by acetic acid
uranium and lemon acid and observed under H600
transmission electron MiCroscope.
Statistical analysis
+

All the data were expressed with mean * stan-

dard deviation. The g -test and ANOVA were used to

analyze the differences.
Results

The changes of TNF-a

In the control group, the difference among vari-
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ous time points was not significant ( P >0.05). In
the LPS group, the concentration of TNF-a at 2 h
was the highest, and it was higher than that of the
control ( P <0.01). It decreased 2 hours later but
from 6 hours onwards after injection the difference
compared with that of control group was insignifi-
cant. In the DXM group the TNF-a level at 2 hours
was the highest. Although it decreased compared

Table 1 Contents of TNF-g at various time points in each group

with that of the LPS group ( P <0.05), it was still
higher than that of the control group ( P <0.05).
Four hours after injection the TNF-a level in the
DXM group was lower than that of the LPS group
( P <0.05) but there was no significant difference
when compared with the control group ( P >0.05).
From 6 hours onwards after injection, the difference

among the 3 groups were insignificant. See Table 1.

(n=9,z * 5 ,pg/ml)

Groups 0h 2h 4h 6 h 24 h

Control 14.9+5.0 14.4+2.8 15.2+9.6 14.9+4.2 14.7+5.2
LPS 14.64.6 378.6124.4%4 30.4+3.6° 16.9+4.6 15.3+4.9
DXM 15.8+5.0 19.8 +4 4»ed 14.2+2.8° 14.9+2.6 14.8%5.5

Note: a vs control P <0.05; b vs control P <0.01; ¢ vs LPSP <0.05; d vs the same group at 0 h P <0.01

Variations of serum NO

In the control group, there was no significant
difference among various time points ( P >0.05).
In the LPS group, the level of NO began to rise 2

hours after injection and peaked 24 hours after injec-

tion. While in the DXM group the level of NO rose
from 4 hours onwards after injection and peaked at 24
hours, but they were all lower than that of the LPS
group ( P <0.01) and higher than that of the con-
trol group ( P <0.01 or 0.05). See Table 2.

Table 2 Variations of serum NO at various time points in each group (n=9, £ s ,pg/ml)

Group 0h 2h 4h 6h 24 h

Control 28.6+5.8 28.314.9 28.0£5.2 29.2+5.8 30.2+6.2
LPS 28.2+4.8 40.5+7.6¢ 108.4 £ 16.8%4 153.6+£20.1%¢ 362.2+16.2%9
DXM 28.4%5.2 28.2+2.2¢¢ 40.5+10. 6% 114.8+ 10,25 225.4 420,24

Note: a vs control P <0.05; b vs control P <0.01; c¢vs LPSP <0.01; dvs the same group at 0 h P <0.01

The changes of the morphology in myocardial cells
In the control group myocardial fibers were ar-
ranged regularly and Z lines and mitochondria were
clear. Six hours after injection, a little mitochondria
of myocardial cells in the LPS group presented with
vacuolae-like degeneration. Twenty-four hours after
injection, most mitochondria of myocardial cells in
the LPS group developed vacuolae-like degeneration
and necrosis. The myocardial fibers grew wider and
ranked irregularly. Six hours after injection, the su-
per-microstructure of myocardial tissues in the DXM

group had almost regained their normal status.
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Twenty-four hours after injection, only a little mito-
chondria of myocardial cells in the DXM group devel-
oped vacuolae-like degeneration. The myocardial

fibers were complete.

Discussion

During the endotoxic shock, LPS interacts with
the host immune system and stimulates mycrophage
and other inflammatory cells, which results in inflam-
mation material being released. TNF-a is the initial

factor in the inflammatory chain reaction, leading to
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IL-1, IL-6, 1L-8 and other factors such as while the NO level increased from 4 hours and was

prostaglandins and NO being released. As a result of
this endothelial cells are damaged, platelets assemble
and more oxide free radicals are released. Finally a
cascade reaction takes place and the tissue impairment
is increases. In the clinical experiment, the concen-
tration of serum TNF-a increased in neonates with
septic shock, which was related to the degree of
shock!3). In this study, the concentrations of TNF-a
in neonatal rats peaked at 2 hours after injection of
LPS, which was similar to the study of adult rats’
suggesting that the reactions to excessive inflammato-
ry factors in neonatal and adult rats are similar.

NO is a small inorganic molecule, a proper
amount of which can modulate blood vessel tension,
maintain blood pressure and organs’ reperfusion. But
excessive NO will result in persistent irreversible hy-
(7]

potention Meanwhile, NO can act with the en-

zymes in mitochondria*’, and play an important role .

in endotoxic shock. In this study the myocardial su-
perstructure 6 hours after injection of LPS mainly
presented with mitochondria necrosis, which was
parallel with the time of shock and the degree of
metabolic acidosis and the concentration of TNF-a,
NO. The mechanism of myocardial cells damage by
NO can be summarised as follows; Persistently re-
leased NO stimulates resolvable guanylyl cyclase,
which raises the level of ¢<GMP and stimulates the
c¢GMP-depended protein enzyme, then L-type calcic
cannel is closed and myocardial depression is result-
ed®. NO acts upon ;" and make ONOQO' to be re-
lease which induces peroxidation of lipid'®). NO re-
leased from myocardial cells can inhibit mitochondria
activity and further reduce the production of ATP. In
this study the TNF-« level peaked at 2 hours after in-
jection of LPS, then gradually decreased but the NO
level increased from 2 hours onwards after injection of
LPS and kept increasing to 24 hours. It indicated
that NO was induced by TNF-a and was one of the fi-
nal media of inflammation cascade reaction. In the
DXM group the TNF-q level increased from 2 hours
onwards but was lower than that of the LPS group,

lower than that of the LPS group. It implied that
DXM protected myocardial tissue by reducing TNF-«
and the NO level.

To sum up, TNF-a and NO were representative
inflammatory factors, which are involved in the dam-
age of myocardial cells in neonatal rats with endotoxic
shock. DXM could partly protect the myocardial tis-

sues from damage by inhibiting the production of
TNF-a and NO.
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