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Abstract

BACKGROUND: Prenatal ischemic hypoxia can increase mortality and morbidity and affect the immune system.
One of the immune responses is tumor necrosis factor-a. (TNF-a) levels. However, the cellular mechanism of
immune response abnormalities due to prenatal hypoxia remains unclear. An 11-17-day-old fetus is a sensitive
period of neural development. Brain ischemia will cause cell dysfunction and can even affect TNF-o. levels. Thus,
how prenatal ischemic hypoxia increases TNF-o. levels in the fetus remains unclear.

AIM: This study aims to examine the effect of the onset and duration of prenatal ischemic hypoxia on TNF-a. levels.

METHODOLOGY: An experimental study with a post-test control design was conducted. Thirty Rattus norvegicus
were induced with prenatal ischemic hypoxia (embryos aged 7, 12, and 17 days). The independent variable was
prenatal ischemic hypoxia, while the dependent variable was TNF-a. levels. TNF-a was measured using the ELISA
technique and was carried out when the fetus was 19 days old (E19). The TNF-o. was analyzed using ANOVA, and
the limit of significance was set at p < 0.05.

RESULTS: The TNF-a levels in the prenatal ischemic hypoxia group were statistically higher than in the control group
(p < 0.05). The more the onset and the longer the ischemic hypoxia is, the higher the TNF-level (p < 0.05).

CONCLUSION: The prenatal ischemic hypoxia increased TNF-o. levels in the fetus.

Introduction increase tissue catabolism; thus, pathological brain
changes due to the direct effect of cerebral hypoxia
will be more severe. TNF-ca is released by microglial

The incidence of ischemic hypoxia is cells, which are stressed cells due to cerebral hypoxic

approximately 2—4/1000 births, where 60% of babies
are born prematurely. The incidence of asphyxia
neonatorum in Indonesia is approximately 40/1000 live
births. In total, 110,000 neonates die every year due to
asphyxia. Perinatal morbidity reflects the presence of
dangerous antenatal conditions [1], [2], [3].

stressors [12], [13], [14].

How the onset and duration of prenatal
ischemic hypoxia affect TNF-o levels remain unclear.
This study aims to examine the effect of onset and
duration of prenatal ischemic hypoxia on TNF-o

levels.
Hypoxia is associated with immunity [4], [5], [6],
cognitive [71, [8], motor, and behavioral
aspects [4], [9], [10]. One form of immune response is
the level of tumor necrosis factor-o. (TNF-o) [11], [12].
Methods

However, the cellular mechanism of prenatal immune
response abnormalities due to hypoxia remains
unclear. The exact mechanism of the immune response,
especially in relation to prenatal ischemic hypoxia, is still
debatable. One form of immune response is a change
in TNF-a levels. Furthermore, the effect of prenatal
hypoxia on TNF-a is still unclear. Cerebral hypoxia can
affect the cytokines TGF-§ and TNF-o. and any brain
injury can lead to an increase in TNF-a. All of these
cytokines can be found in the cerebrospinal liquor and
serum. The cytokines IL-13 and TNF-a can biologically

This research was an experimental study with
a post-test with a control group design. This study has
two variables, namely, the dependent variable and
the independent variable. The independent variable
was prenatal ischemic hypoxia, while the dependent
variable was the TNF-a level in the blood to know the
effect of the onset and duration of prenatal ischemic
hypoxia on TNF-a levels.
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The subject in this study was animal, animal
supply was carried out by selecting healthy Rattus
norvegicus parent Sprague—Dawley strains which were
pregnant at 7, 12, and 17 days. The subjects were 24
fetuses with bodyweight < 5.50 g in the gestational
phase of Rattus novergicus Sprague—Dawley rats based
on Delcour et al. (2012). They were divided into three
groups named hypoxia ischemic (HI)7, HI12, and HI17
for experimental groups and one control group (C) with
17 days of gestation which consists of six subjects
in each group. The subjects were kept the food and
drink ad libitum. The experiment groups were ischemic
hypoxia induction by unilateral uterine artery ligation in
7", 12", and 17" day of fetal age in day of gestation
under anesthesia using chloral hydrate 350 mg/kg
intramuscular. The other group was the control group
which was not induced by prenatal ischemic hypoxia.

The immune response in this study was
examined by measuring TNF-a levels in the blood using
the enzyme immuno assay (ELISA) technique. The
TNF-a. measurement was carried out when the fetus
was 19 days old (E19). TNF-a levels were analyzed
using ANOVA to know the differences between groups.

Results

Table 1 shows the data on the body weight of
rats. The Kruskal-Wallis test of these data denoted a
significant effect. Post hoc Mann—Whitney test showed
that the birth weight of children in the HI7, HI12, and
HI17 groups was lower than that of the control group,
respectively, (p = 0.002). However, the bodyweight of
the study subjects met the inclusion criteria (weight in
the treatment group <5.5 g).

Table 1: The body weights of rats

Groups N Means + SD (g) p

HI, 6 4.48 +£0.31 0.001*
HI, 6 4.92+0.83

Hi, 6 4.84 +0.36

C 6 6.46 +0.29

*Kruskal-Wallis test, P < 0.05. HI, HI,, HI,.: rat groups with prenatal ischemic hypoxia on the 7", 12", and
17" day of gestational age and control group (C).

The mean weight of the placenta of 19-day-
old fetuses in the prenatal ischemic hypoxia group
was lighter than that of the control group (Table 1).
Furthermore, normality and homogeneity tests
were carried out. The results of the normality test
of Shapiro-Wilk’s data showed p = 0.02. Placental
weight data were analyzed by Kruskal-Wallis test. The
results of the Kruskal-Wallis test showed a statistically
significant decrease in placental weight in the control
group compared to the brain weight in the control group
(p = 0.002) (Tables 2 and 3).

Fetal plasma was taken to check the TNF-o
levels using the ELISA method. The data obtained were
further analyzed using the ANOVA test. ANOVA test

Table 2: The weight of the placenta of 19-day-old fetus

Groups Placenta weight (mg)

Minimum Maximum Means + SD
HI, 560 640 593 + 80
HL, 440 510 480 + 70
HL, 580 640 582 + 60
C 730 810 746 + 80

p = 0.0001*
*One way ANOVA test, significance P < 0.05. HI, HIQ‘ HI,: rat groups with prenatal ischemic hypoxia on the
7", 12", and 17" days of gestational age and control group.

results showed a significant difference (p < 0.05). Fetal
plasma TNF-o levels were elevated in the prenatal
ischemic hypoxia group. In other words, the longer the
prenatal ischemic hypoxia is, the greater the TNF level.

Table 3: The TNF-10. level in the fetus at 19" day

Groups TNF-1o Level (pg/ml)

Minimum Maximum Means + SD
HI7 87.05 160.94 108.92
HI12 77.39 113.36 100.69
HI17 85.49 107.39 95.91
C 78.61 92.61 88.79

p =0.001*

*One way ANOVA test, significance P<0.05. HI, HI,, HI,.: rat groups with prenatal ischemic hypoxia on the
7" 12", and 17" day of gestational age and control group.
Discussion

This study showed that the weight of the
hypoxic rat placenta was lower than that of the control
group. Prenatal hypoxia exposure in rats causes
restriction of growth and development of several body
systems [3], [15], [16]. The placenta affects the growth
of the fetus. Prenatal hypoxia can affect placental
function, leading to placental dysfunction that plays
a role in fetal growth restriction. Placental-mediated
fetal growth restriction occurs through chronic fetal
hypoxia due to poor placental perfusion through various
mechanisms. Maternal vascular malperfusion is the
most common placental disease that contributes to
fetal growth restriction [17], [18].

Several studies have shown that hypoxia affects
immunity [5], [6] specifically the TNF-a levels. This study
indicated that TNF-o levels were higher as the duration
of prenatal ischemic hypoxia increases. Furthermore,
the results showed that the longer the prenatal hypoxia
is, the higher the TNF value will be. It aligns with the
previous research [19], [20], [21], revealing that hypoxia
causes an increase in TNF [22], [23].

TNF-a is produced from various cells such
as lymphoid cells, cardiac myocytes, activated
macrophages, endothelial cells, mast cells, fibroblasts,
neurons, and adipose tissue. It is mainly secreted as
a type Il 212-amino acid long transmembrane protein
arranged in a stable homotrimer. The secreted form of
human TNF-o. develops a triangular pyramidal shape
and weights about 17-kDa. TNF-a is expressed in
largely segregated populations of CD11b"CD45 dim
microglia and CD11b"CD45 high macrophages in
mice [22], [24].
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Actually, TNF is a weak inducer of apoptosis
(TWEAK). TNF-o, was initially described as an inducer
of apoptosis in altered cell lines. TWEAK acts by
binding to the TNF-a receptor (TNFR) with fibroblast
growth factor-inducible 14 (Fn14), the smallest member
of the TNF receptor superfamily (TNFR). The specificity
of TWEAK binding to Fn14 has been confirmed in
several experiments [11], [25]. TWEAK is expressed
by monocytes, dendritic cells, and natural killer (NK)
cells. Macrophages/monocytes are the main soluble
TWEAK (sTWEAK) in inflammatory tissues. Moreover,
immune organs, including the spleen, lymph nodes,
and appendix, also express TWEAK [21], [26]. TWEAK
and Fn14 expression in normal tissue were relatively
low. Increased TWEAK and Fn14 are usually seen
in response to stress, tissue injury, or remodeling.
TWEAK-mediated activation of Fn14 optimally
promotes a productive tissue response after injury.
However, excessive or persistent upregulation of Fn14
and TWEAK/Fn14 activation frequently leads to various
pathological responses. The TWEAK/Fn14 signaling
pathway participates in a variety of biological activities,
including proliferation, differentiation, migration and cell
death (apoptosis/necrosis), angiogenesis, and immune
responses [11], [25], [27].

Besides, tissue injury and infection can
stimulate TNF-o. production in the periphery. TNF-a
is a large molecule and circulating cytokine naturally
cannot cross the blood-brain barrier (BBB) under normal
physiological situations [19], [28]. However, it reaches
the brain using several immune-mediated pathways and
transfers signals from the periphery to the CNS. The
rapid transmission pathway is where primary afferent
nerves innervate the site of inflammation. Another slow
transmission pathway consists of cytokines that start
from the circumventricular organs and choroid plexus and
diffuse into the brain parenchyma by mass transmission.
In the third pathway [29], [30], TNF-a is transported
across the BBB under a particular saturated transport
system. TNF-a is a potent inducer of the inflammatory
response, a key regulator of innate immunity and plays
a vital role in regulating Th1 immune responses against
intracellular bacterial and certain viral infections [31].
However, impaired TNF-a can also contribute to many
pathological situations and immunocompromised
diseases. It indicated that prenatal ischemic hypoxia
causes elevated TNF-a levels [20], [32]. Nonetheless,
further research is needed on immune disorders in
humans with prenatal hypoxia.

Conclusion

The prenatal ischemic hypoxia increased
TNF-a levels in the fetus. Further research is needed
on immune disorders in humans with prenatal hypoxia.
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