Novi Anggraeni/ Afr.J.Bio.Sc. 6(1) (2024) ISSN: 2663-2187

https://doi.org/ 10.33472/AFJBS.6.1.2024.171-183

FJBS

Research Paper Open Access

The Alteration Of TNF-A, MMP-9, And E-Selectin Expression In BALB/C Mice As A

Model Of Pregnancy-Induced Hypertension Induced By Salted Fish Extract And NaCl

Novi Anggraeni®, Agus Sulistyono ®*, Gwenny Ichsan Prabowo® Aditiawarman®
aDoctoral Program of Medical Science, Faculty of Medicine, Universitas Airlangga University, JI. Prof. DR. Moestopo No.47,
Pacar Kembang, Kec. Tambaksari, Surabaya, Jawa Timur 60132, Indonesia.
bDepartement of Obstetrics and Gynecology, Faculty of Medicine, Airlangga University, JI. Prof. DR. Moestopo No.47, Pacar
Kembang, Kec. Tambaksari, Surabaya, Jawa Timur 60132, Indonesia,
‘Departement of Physiology and Medical Biochemistry, Faculty of Medicine Airlangga University, Jalan Dr. Ir. H. Soekarno No.
123, Mulyorejo, Kota Surabaya, Jawa Timur 60115, Indonesia
dDepartement of Obstetrics and Gynecology, Faculty of Medicine, Airlangga University, JI. Prof. DR. Moestopo No.47, Pacar
Kembang, Kec. Tambaksari, Surabaya, Jawa Timur 60132, Indonesia
eInstitute of Health Science of Ngudia Husada Madura, JI RE. Martadinata No.45, Wr 06, Mlajah, Kec. Bangkalan, Kabupaten
Bangkalan, Jawa Timur 69116
*Corresponding author Fax number: +6231 5020251; Tel.: + 6282131413160
*E-mail: agus.sulistyono@fk.unair.ac.id

ABSTRACT
Context: Pregnancy-induced hypertension is a unique condition characterized by elevated blood
pressure and proteinuria that typically resolves after delivery. It affects approximately 5 to 8% of

_ _ pregnancies. Pregnancy carries the risk of increased proinflammatory cytokines such as TNF-a, IFN-
Cg;ﬁ:ﬁ:zge | 2024 v, IL-6, and 1L-8, which can contribute to an inflammatory response through NF-kB activation, and
Received:21 Mar 2024 changes in matrix metallopeptidase gene polymorphism via placental ischemia processes. E-selectin
Accepted : 22 Apr 2024 concentration has been reported to increase in patients with chronic hypertension due to endothelial
doi: 10.33472/AFJBS.6.9.2024.171-183 . . . . . .

dysfunction. MMP-9 is constitutively present in neutrophils, where an imbalanced level of MMP-9

can disrupt physiological trophoblast invasion processes.
Obijective: To demonstrate changes in the expression of MMP-9, TNF-a, and E-selectin exposed to
salted fish extract and NaCl as a model of pregnancy-induced hypertension in BALB/c mice.
Method: True experimental with a Post Test only with control group design. The research subjects
were BALB/c mice at 1-day gestation age impregnated using the estrus synchronization technique.
Data analysis was conducted using the non-parametric KruskalWalls test and parametric one-way
ANOVA with SPSS 22 software.
Results: There was a significant difference between the control group and the treatment group in the
expression of TNF-o, E-selectin, and MMP-9 (p=0.000).
Conclusion: There is a significant difference in the expression changes of TNF-a, E-selectin, and
MMP-9 following the administration of salted fish extract and NaCl in BALB/c mice as a model of
pregnancy-induced hypertension.
Keywords: Extract, Salted Fish, NaCl, Hypertension, Pregnancy, TNF-a, E-selectin, MMP-9.
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INTRODUCTION

Hypertension during pregnancy affects
both the mother and the fetus, it can lead to
maternal and fetal morbidity and mortality if
not properly managed [1]. Preeclampsia is a
pregnancy-related  hypertensive  disorder
characterized by placental malperfusion and
multi-organ injury. Hypertension is a risk factor
for the occurrence of preeclampsia; in other
words, a history of hypertension increases the
risk of preeclampsia by 1.591 times compared
to those without a history of hypertension [2].
Pregnancy-induced hypertension is a unique
condition characterized by symptoms such as
elevated blood pressure and proteinuria, which
typically  resolve after  delivery [3].
Approximately 5-8% of pregnancies may
experience hypertension, manifesting in one of
the following categories: chronic hypertension,
preeclampsia-eclampsia, or chronic
hypertension with superimposed preeclampsia
[4]. Pregnancy carries the risk of increased
proinflammatory cytokines and changes in
matrix metallopeptidase gene polymorphism
through placental ischemia processes [5]

Based on data from the World Health
Organization (WHO) in 2020, an estimated 934
cases of preeclampsia occur worldwide each
day. Approximately 342,000 pregnant women
experience preeclampsia, with 25% of
preeclampsia/eclampsia being the leading cause
of complications during pregnancy and
childbirth [6]. Preeclampsia causes 9-26% of
maternal deaths in developing countries and
16% in developed countries [7]. This condition
accounts for about 14% of maternal deaths and
10-25% of perinatal deaths globally.
Additionally, preeclampsia also increases the
risk of chronic diseases later in life for both
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mothers and children, such as hyperthyroidism,
diabetes mellitus, and dyslipidemia [8].
Hypertension (eclampsia-pre-eclampsia)
accounts for 33.07% of the highest causes of
death, followed by hemorrhage at 27.03%, non-
obstetric complications at 15.07%, obstetric
complications at 12.7%, infections during
pregnancy at 6.06%, and other causes at 4.81%
[9]. The prevalence of pregnancy-induced
hypertension increased from 10.8% in 2017 to
13.0% in 2019, while the prevalence of chronic
hypertension increased from 2.0% to 2.3% [10].

Excessive sodium consumption (>5
grams) per day has been proven to lead to a
significant increase in blood pressure and is
associated with  the development of
hypertension and cardiovascular complications.
Electrolytes such as Sodium (Na+) and
Potassium (K+) have a crucial role in pre-
eclampsia and eclampsia, as they significantly
contribute to the function of vascular smooth
muscle. Serum Na+ levels were found to
increase significantly in pre-eclampsia patients
compared to normal pregnant women [11, 12].
The maladaptation theory explains the
disruption in trophoblast interaction with the
maternal immune system, which can result in
the failure of spiral artery remodeling [13].
Nutritional patterns wherein serum blood Na
levels are categorized as high, blood pressure
tends to increase [14].

Excessive salt intake regulates the
expression of cytokines VEGF, IL-1pB, IL-6,
and TNF-a and vascular endothelial growth, as
evidenced by research results using 40 eight-
week-old Sprague-Dawley rats randomly
selected and divided into 2 groups. Group 1
received normal food and tap water (normal salt
diet) for 30 days and 60 days, while Group 2
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was given a high-sodium diet containing 8%
NaCl and 1% salt (high-salt diet) for 30 days
and 60 days [15]

Hypertension increases the expression
of adhesion molecules in endothelial cells.
These molecules function as binding tissues
between leukocytes and endothelial cells.
Adhesion molecules, including e-selectin, p-
selectin, sSVCAM-1, and sICAM-1, increase in
essential hypertension and are independently
associated with atherosclerosis. Hypertensive
patients have higher levels of e-selectin
compared to normotensive participants [16].
MMP-9 plays a role in the degradation of
extracellular matrix components. Matrix
Metalloproteinase-9 (MMP-9) plays a crucial
role in trophoblast invasion into the uterus to
create an optimal environment for the embryo
[17]. During trophoblast invasion into the
decidua, trophoblasts are assisted by proteolytic
enzymes such as MMPs. In this case, MMP-2
and MMP-9 are involved in the process of
decidua tissue remodeling during pregnancy.
Moreover, MMPs also act as membrane
receptors and signal transducers. The increase
in MMP-9 levels is also influenced by estrogen
and progesterone hormones. Matrix
Metalloproteinase-9 (MMP-9) is found to
increase in normal pregnancy and plays a role
in vascular remodeling, angiogenesis, and
changes in  systemic blood  vessels.
Additionally, in experiments with mice, MMP-
9 also causes relaxation of the aorta and inferior
vena cava [5].

METHOD

The research type is True Experimental,
with a Post Test only with control group design.
This study used pregnant female mice of Mus
Musculus strain Balb/C at gestational age of 1
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day, which were mated through estrus
synchronization technique and had obtained
approval from the Ethics Committee of the
Faculty of Medicine, Airlangga University
(199/EC/KEPK/FKUA/2022). Mus Musculus
mice were chosen for this research considering
their frequent use in biomedical studies and
their genetic similarity to humans, as well as

their ability to adapt to laboratory
environments.
The inclusion criteria for the mice

subjects are: 1) Pregnant Balb/C strain mice
(Mus Musculus) at gestational age day 1; 2)
Healthy condition indicated by active
movement and intact fur, with an average
weight of 25-30 grams; and 3) No prior
exposure to any chemical substances. The
exclusion criteria are: death before the
completion of the research treatment or any
defects. Dropouts occur if the health condition
of the mice deteriorates, or if they die during the
study.

The total sample for this study is 72
Balb/c strain Musculus mice, with the following
breakdown: 12 mice in the negative control
group, 12 mice in the positive control group, 12
mice in treatment group 1, 12 mice in treatment
group 2, 12 mice in control group 3, and 12
mice in control group 4. The sampling
technique involves breeding female Musculus
Balb/C mice by injecting 5 IU Pregnant More
Serum Gonadotropin (PMSG), 48 hours later
injecting 5 IU Human Chorionic Gonadotropin
(HCG). The diagnosis of pregnancy was
obtained 17 hours after mating and the presence
of a copulatory plug (the plug that covers the
vagina of the mouse from the cervix to the
vulva) was evaluated to obtain the negative
control group, while for the positive control
group, pregnant Musculus Balb/C mice are
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conditioned as a pre-eclampsia model by
injecting anti QA-2 from days 1-4 of
pregnancy. In this study, each treatment group
will be administered salted fish extract
containing NaCl at respective doses: group 1:
17.5 mg/day, group 2: dose of 52.6 mg/day,
group 3: 87.8 mg/day, and group 4:
administered NaCl dose of 52.6 mg/day for 13
days, followed by termination on gestational
day 14 by administering ketamine injection.
Extract Material

5 grams of ground salted fish sample
was placed into a stoppered Erlenmeyer flask,
then added with a mixture of acetone:
dichloromethane (50:50, v/v), and left to stand
overnight for static extraction process. The
extraction result was filtered through a funnel
filled with cotton or cleaned glass wool soaked
in a mixture of petroleum ether and acetone
(4:1, v/v) for eight hours. Subsequently, 25 mL
of the organic phase was pipetted into a round-
bottom flask, concentrated in a Rotary
Evaporator at a water bath temperature of 40°C
until nearly dry, and then dried using nitrogen
gas. The residue was dissolved in 5 mL of
isooctane: toluene (90:10, v/v).
A total of 20 mL of extract was evaporated to
near dryness using a Rotary Evaporator at a
water bath temperature of 40°C. The resulting
residue was dissolved in 20 mL of n-hexane to
contain 1 g of the analytical sample. Glass
wool, 5 mL of n-hexane, and 1 g of activated
silica gel were then added. The mixture was
stirred with a stirring rod until homogeneous.
The inner walls of the column were rinsed with
2 mL of n-hexane, and the liquid was allowed
to flow until the meniscus was just above the
silica gel. A total of 2 mL of concentrated
extract (equivalent to 1 g of the analytical
sample) was introduced into the column,
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flushed with 3 x 1 mL of n-hexane, and the
liquid was allowed to flow until the meniscus
was just above the silica gel. Elution was
performed with 20 mL of eluent A (a mixture of
Ethyl Acetate and n-Hexane, 0.2:99.8 v/v). The
first 10 mL of eluate (containing the internal
standard) was collected, and the remaining
eluate was discarded. Pyrethroids were eluted
with 35 mL of eluent B (a mixture of Ethyl
Acetate and n-hexane, 10:90 v/v), and the eluate
was collected in a round-bottom flask, then 10
mL of the first eluate containing the internal
standard was added. It was carefully evaporated
to dryness. The residue was dissolved in n-
decane to a volume of 1 mL.

Determining the NaCl content

The finely ground sample is accurately weighed
to 2 grams and dissolved in hot water until the
salt is completely dissolved. The salt extract is
then diluted to 100 ml, 10 ml portion of the
diluted extract is taken and titrated with 0.1 N
AgNOs using a 5% solution of K>CrOs4 as an

indicator. By using the  formula:
(Vtx N AgNO3x Mr NaCl x 100%
Bs '

NaCl content =

Immunohitochemical test

For immunohistochemical staining, paraffin is
removed by sequentially immersing tissue
sections in xylene and ethanol at graded
concentrations. The sections are then placed in
3% hydrogen peroxide for 30 minutes and
washed for 2 minutes, followed by treatment
with 0.025% trypsin for 6 minutes at 37°C. The
sections are incubated with primary antibodies
(TNF-a, E-selectin, MMP-9) for 30 minutes
and washed with PBS three times. The sections
are then incubated with secondary antibodies by
incubating the sections for 30 minutes, followed
by washing with PBS three times for 2 minutes
each and incubation with streptavidin/avidin
HRP (horse radiash peroxidase) for 30 minutes.
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The sections are washed with PBS three times
for 2 minutes each, rinsed with distilled water,
immersed in Mayer's hematoxylin for 6
minutes, washed with running water, followed

by dehydration, clearing, mounting, and
observation under a light microscope.
The research variables include: 1)

independent variable: Administration of salted
fish extract, and dependent variables: TNF-a, e-
selectin, and MMP-9. The research instrument
is a mouse cage consisting of a sand tray with a
wire cover, filled with husks, and equipped with

RESULT AND DISCUSSION
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plastic food and water containers measuring
20cm x 30cm x 40 cm, with room humidity at
temperatures between 27-28°C. The mice are
fed standard pellet-shaped feed with crude
protein, crude fat, calcium, and phosphorus
composition, and water is provided daily in
special bottles with a daily requirement of 60 ml
per mouse. Data analysis for 3 groups or more,
the One-way ANOVA or Kruskal-Wallis tests
are used. Normality is assessed using the
Shapiro-Wilk test with SPSS 22.

Table 1. The effect of Administration of salted fish extract and NaCl at VVarious Doses on the

Expression of TNF-a, E-selectine, dan MMP-9

Sitokin Group p-value
1 (NC) 2 (PC) 3 (Salted Fish 4 (Salted 5 (Salted Fish 6 (NaCl
Extract NaCl Fish Extract NaCl 52,6)
17,5) Extract 87,8)
NaCl 52,6)
TNF-o 16406 6,48 +1,08 538 0,82 6,00 +0,86 6,43 +0,98 6,44 +098  0,000*
3
MMP-9  1,63+0,61 3,75+1,28  2,15+0,78  291+0,71  3,66+1,09  3,53+1,35 0,000%
1,750 3,50¢ 2500 285¢ 4,00¢ 3,20¢
E- 0,0740,13  1,41+127  1,26%0,52  0,50+0,19  0,74+0,34  0,94+0,55 0,000*
selectin  0,00¢ 0,60 1,40¢ 0,45 0,60 0,80

The data represents the mean + SD. # P<0,05 #P¢9¢ shared superscripts on the same row indicate no
differences between groups
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Picture 1. Light microscope image of TNF-a overexpressed cells stained brown, indicated by red arrows;
1. Negative control, 2. Positive control, 3. Salted fish extract NaCl 17.5 mg, 4. Salted fish extract NaCl 25.6
mg, 5. Salted fish extract NaCl 87.8 mg, 6. NaCl 52.6 mg. Magnification 400x.

-
--

Picture 2. Light microscope image of E-selectin overexpressed cells stained brown, indicated by red arrows;
1. Negative control, 2. Positive control, 3. Salted fish extract NaCl 17.5 mg, 4. Salted fish extract NaCl 25.6
mg, 5. Salted fish extract NaCl 87.8 mg, 6. NaCl 52.6 mg. Magnification 400x.

Picture 3. Light microscope image of MMP-9 overexpressed cells stained brown, indicated by red arrows;
1. Negative control, 2. Positive control, 3. Salted fish extract NaCl 17.5 mg, 4. Salted fish extract NaCl 25.6
mg, 5. Salted fish extract NaCl 87.8 mg, 6. NaCl 52.6 mg. Magnification 400x.

Table 1 shows that the mean + SD score
of TNF-a expression was highest in the positive
control (PC) group (treated with Anti QA-2)

6.48 + 1.08, followed by group 6 given NaCl
52.6 mg 6.44 + 0.98, group 5 given salted fish
extract with NaCl content of 87.8 mg was 6.43"

+ 0.98, group 4 given salted fish extract with
NaCl content of 52.6 mg was 6.00° + 0.86,
group 3 given salted fish extract with NaCl
content of 17.5 mg was 5.38 + 0.82, and the
negative control (NC) group was 1.64% + 0.63.
The NC group showed significant differences
with all groups, while the PC group, group 3,
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group 4, group 5, and group 6 showed
significant differences only with the NC group,
while with other groups, there were no
significant differences. (p=0.000, p<0.05).

The mean + SD score of MMP-9
expression was highest in the positive control
(PC) group (treated with Anti QA-2) 3.75 £
1.28, followed by group 5 given salted fish
extract with NaCl content of 87.8 mg which
was 3.66 = 1.09, group 6 given NaCl 52.6 mg
was 3.53 + 1.35, group 4 given salted fish
extract with NaCl content of 52.6 mg was 2.91
+ 0.71, group 3 given salted fish extract with
NaCl content of 17.5 mg was 2.15 + 0.78, and
the negative control (NC) group was 1.63 £
0.61. The NC group showed non-significant
differences with group 3 and significant
differences with the PC group, group 4, group
5, and group 6. Group 3 showed non-significant
differences with group NC and group 4 and
significant differences with the PC group,
group 5, and group 6. Group 4 showed non-
significant differences with group 3 while with
other groups, significant differences were
observed. Group 5 showed non-significant
differences with the PC group and group 6,
whereas with group NC, group 3, and group 4,
significant differences were observed. Group 6
showed non-significant differences with the PC
group and group 5, while with group NC, group
3, and group 4, significant differences were
observed. (p=0.000, p<0.05).

The mean = SD score of e-selectin
expression was highest in the positive control
(PC) group (treated with Anti QA-2) 1.41 +
1.27, followed by group 3 given salted fish
extract with NaCl content of 17.5 mg which
was 1.26 = 0.52, group 4 given NaCl 52.6 mg
was 0.94 + 0.55, group 5 given salted fish
extract with NaCl content of 87.8 mg was 0.74
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+ 0.34, group 4 given salted fish extract with
NaCl content of 52.6 mg was 0.50 + 0.19, and
the negative control (NC) group was 0.07 +
0.13. The NC group showed significant
differences with all other groups. The PC group
showed significant differences with the NC
group and non-significant differences with
other groups. Group 3 showed significant
differences with the PC group and significant
differences with other groups. Group 4 showed
significant differences with the NC group and
group 3, but non-significant differences with
the PC group, group 5, and group 6. Group 5
showed significant differences with the NC
group and group 3, and non-significant
differences with the PC group, group 4, and
group 6. Group 6 showed significant
differences only with the NC group and non-
significant differences with all other groups.
(p=0.000, p<0.05).
TNF-a Expression

Table 1 shows there is an increase in
TNF-a expression in the positive control group
with the administration of Anti-QA2 given on
days 1-4 of mouse gestation, compared to the
negative control group. Anti-QAZ2 is a specific
antibody model capable of binding to the QA-2
protein in mice. This study indicates that the
administration of Anti-QAZ2 at a dose of 40 ng
on days 1-4 of mouse gestation results in a
decrease in QA-2 expression in trophoblast
cells. The decrease in QA-2 expression is
followed by an increase in the expression of
heat shock protein (Hsp)-70 and vascular cell
adhesion molecule (VCAM)-1. The increase in
the expression of these molecules is indicative
of increased trophoblast apoptosis and
endothelial dysfunction. Anti-QA2 can be used
for pre-eclampsia models, as demonstrated by
the decrease in Placental Growth Factor
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(PIGF), Vascular Endothelial Growth Factor
(VEGF), and the increase in the anti-
angiogenic  factor  sFlt-1,  glomerular
endotheliosis, and fetal growth restriction in
conception outcomes.

A study in China administered low-
dose salt induction food of 5 grams/day or 85.5
mmol Na+/day (WHO standard) and high-salt
levels of 15 grams/day (equivalent to 87.8 mg
dose in mice) given for 13 days. On day 4, there
was an increase in NF-xfB levels, and on day 10,
there was an increase in IL-8 levels.
Proinflammatory cytokines such as TNF-a,
IFN-y, IL-6, and IL-8 can contribute to
inflammatory  responses through NF-kB
activation, a transcription regulator that plays a
crucial role in inducing inflammation.
Inflammatory ~ conditions  caused by
proinflammatory cytokine production are a
consequence of hypoxia, partly due to
hypernatremia-induced changes in blood vessel
lumen diameter leading to vasoconstriction,
resulting in excessive expression of Hypoxia
Inducible Factor-1oc (HIF-1a). Levels of
proinflammatory cytokines such as IL-6, IL-8,
TNF-0, and IFN-y increase over time in both
maternal and fetal vein samples under
normoxia or hypoxia. In patients with pre-
eclampsia, ischemic placenta can contribute to
maternal endothelial cell dysfunction by
increasing the synthesis of IL-6, TNF-a, and
IL-8.

From the analysis of TNF-a expression,
a p-value of 0.000 was obtained, indicating a
significant difference between the control
group and the treatment group.
MMP-9 Expression

The highest expression of MMP-9 is
observed in the positive control (PC) group,
followed successively by the treatment groups
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(3,4, 5, 6) and the negative control (NC) group,
as indicated by the mean£SD values. MMP-9 is
one of the crucial members of the matrix
metalloproteinase family. MMP-9 can degrade
the main component of type IV collagen in the
extracellular matrix and is directly involved in
the process of trophoblastic epithelial cell
attacking the endometrium and embryo
implantation. [15]. MMP-9 enzyme has both
vasodilatory and vasoconstrictor effects.
MMP-9 enzyme can degrade extracellular
matrix, causing vasodilatation in the early
phase, but does not cause vessel stiffness.
Excessive MMP-9 enzyme activity can
eventually lead to continuous vessel stiffness,
changes in elastic tissue of blood vessels, thus
leading to hypertension [5, 17, 24].

Previous clinical research findings have
indicated that MMP-9 levels in pregnant
women  with early preeclampsia are
significantly elevated compared to normal
pregnancies. This suggests that increased
MMP-9 levels become one of the important
factors in the pathophysiology of early
preeclampsia. Results from studies by Poon et
al. (2009) and Lockwood et al. (2014) observed
increased MMP-9 levels in pregnancies with
preeclampsia complications similar to this
study, indicating higher MMP-9 expression in
decidual cells, which play a crucial role in
preeclampsia [25, 26]. However, a study by
Meng (2014) in China showed different results,
indicating weak expression of MMP-9 in
chorionic trophoblast cells of placenta in early
preeclampsia compared to expression in
normal pregnancies. Additionally, previous
clinical trials have shown that compared to
normal women, patients with early
preeclampsia have significantly increased
serum MMP-9, suggesting that increased serum
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MMP-9 levels may be one of the important
factors in PE [27].

Some studies indicate increased levels

of MMP-9 in preeclampsia, while others
describe decreased levels. Collagen, one of the
main constituents of MMP-9, can also be
implicated in preeclampsia. Increased vascular
collagen content leads to rigidity in blood
vessels, thereby reducing vascular elasticity.
This is associated with increased peripheral
resistance in the progression of hypertension
[5].
Disruption in blood vessels and molecules
related to cell damage (DAMPs) and pathogen
damage (PAMPs) can activate an inflammatory
response mediated by TLR activation. TLR4
plays a role in inflammatory conditions. NF«kf
activation, pro-inflammatory cytokine
induction, macrophage activation, and
dendritic cell activation are roles of TLR-4. In
other words, the mechanism of inflammation in
neutrophils and macrophages is mediated by
direct interaction with TLR4, which enhances
TLR signaling and NFkB, followed by
increased production of pro-inflammatory
cytokines. TLR-4 mediates inflammation
through the MYD88 pathway. Pro-
inflammatory cytokines resulting from NF«f3
activation include TNF-a, IL-6, IL-8, and IL-1.
TNF-a produces adhesion molecules leading to
increased e-selectin and VCAM, causing
changes in leukocytes in the blood, thereby
increasing MMP-9 [28]. Increased production
of IL-6 and TNF-a will activate ATI-AA.
Increased AT1-AA will activate ET-1,
Angiotensin 11, sFlt-1 [29]. Increased Angll by
AT1-AA activation will increase MMP-9 in
vascular smooth muscle cells [30].
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E-Selectin Expression

The highest expression of e-selectin
was found in the mean + SD of the treatment
group given salted fish extract containing 17.5
mg of NaCl compared to the control group,
which consisted of mice with normal
pregnancy without being given salted fish
extract or NaCl induction. High salt levels
successfully modulated NET production and
IL-8 release by neutrophils. These findings are
consistent with previous research indicating
that high salt levels can induce
proinflammatory cytokines through
macrophage activation in PE [15].

As a result of exposure to DAMPs,
macrophages also produce proinflammatory
cytokines such as Interleukin-8 (IL-1), TNF-a,
Interleukin-6 (IL-6), and Interleukin-8 (IL-8).
Proinflammatory cytokines such as TNF-a,
IFN-y, IL-6, and IL-8 can contribute to the
inflammatory response through NF-kB
activation, a transcription regulator that plays
a crucial role in inducing inflammation [20].
TNF-a is a potent immune response modulator
that induces adhesion molecules and
neutrophil activation. Interleukin-8 (IL-8),
also known as neutrophil chemotactic factor
(NCF) and monocyte-derived neutrophil
hemotactic ~ factor (MDNCF), is an
inflammatory chemokine produced locally in

response to tissue damage, crucial for
recruiting and  activating  neutrophils.
Interleukin-8  (IL-8)  primarily  recruits

monocytes and neutrophils, thus quickly
causing monocytes to migrate and strongly
adhere to the single layer expressing e-
selectin, allowing them to bind [31]. Adhesion
molecules including e-selectin, p-selectin,
SVCAM-1, and sICAM-1 increase in essential
hypertension and are independently associated
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with atherosclerosis. Hypertensive patients
have higher levels of e-selectin than
normotensive participants [16].

The PC group or the preeclampsia
model mice injected with Anti-QA2 on days
1-4 of pregnancy had the highest mean + SD
compared to all other groups. The anti-QA2
protein in mice homologous with Human
Leukocyte Antigen (HLA)-G in humans. If the
expression in trophoblasts is inhibited or low,
then the trophoblast cells will be considered
non-self antigens that induce antibody
formation and desidua. Antibodies that bind to
antigens (trophoblasts) will activate the
complement pathway, leading to trophoblast
lysis and consequent endothelial dysfunction
by activating macrophages [32]. Plasma e-
selectin concentration can be a marker of
endothelial dysfunction or activation [33].

The increase in placental e-selectin
expression is associated with increased
maternal e-selectin and indicates that placental
dysfunction contributes to endothelial damage
in preeclampsia. Increased mMRNA expression
of E-selectin in HUVECs and HEECs
endothelial cells after incubation with
maternal perfusion found in the placenta of
women with preeclampsia [34]. Pro-
inflammatory cytokines produced from NF«f3
activation include TNF-a, IL-6, IL-8, and IL-
1. TNF-a induces adhesion molecules leading
to increased e-selectin and VCAM, causing
changes in leukocytes in the blood, thus
increasing MMP-9 [28].

CONCLUSION

There are significant differences in the
expression changes of TNF-a, e-selectin, and
MMP-9 after the administration of salted fish
extract and NaCl in Balb-c strain mice as a
model of pregnancy hypertension.
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