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Borax is a hepatotoxic substance and induces oxidative stress in hepatocytes. It may trigger the expression
of pro-inflammatory cytokines like Interleukin-1 and apoptotic signals like Caspase-3. Extract of the
seaweed FEucheuma cottonii contains carotenoids and flavonoids which suppress oxidative stress in
hepatocyte. This study was conducted to determine the effect of E. cottonii extract on borax-induced
Interleukin-1 and Caspase-3 expression in rat hepatocyte cells. This research employs a posttest-control
group design. Twenty Wistar male rats were separated into four groups: control group (K1) received no
intervention, K2 received Na-CMC 0.5% for 17 days and Borax 40 mg/200 g on the fourth day every
hour for 14 days, P1 and P2 groups were administered E. cottonii extracts at doses of 600 mg/200 g and
1200 mg/200 g for 17 days, respectively, followed by borax induction at a dose of 40 mg/200 g on the
fourth day with a one-hour interval for 14 days. Interleukin-1 (IL-1) levels were measured with ELISA,
while caspase-3 expression was measured with PCR. For the statistical analysis, Kruskal Wallis and
Mann Whitney were used. The level of IL-1 in P2 was significantly lower than in K2 (p<0.05). Caspase-3
expression was significantly lower in P1 and P2 than in K2 (p<0.05). IL-1 level and caspase-3 expression
of hepatocytes are affected by administration of E. cottonii extract. The extract has the ability to prevent
inflammation and hepatocyte apoptosis.

1. Introduction

2013). The liver, which is responsible for detoxifying
toxins, is extremely vulnerable to damage (Guyton

Borax is a chemical subtance that is widely used
as food preservatives, enhancing color and texture
of food. According to Regulation of the Minister of
Health No. 033 of 2012 that the use of borax as a
food additive is prohibited because borax is toxic to
cells (Kemenkes-RI, 2012). Although its use has been
prohibited, borax is still present in some foods. Using
an acid-base titration test, the 2020 research conducted
in the heart of Semarang revealed that meatball samples
contained 3.02% borax (Eva, 2020). Borax abuse causes
dysfunction in the brain, liver, and kidneys (Adinugroho,
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and Hall, 2016). Rat hepatocytes underwent necrosis
when borax was administered for 14 days at a dose of
40 mg/kg BW to rats of the Wistar strain (Neca, 2021).

Borax produces free radical ions 4B(OH)4- in the
body. This ion combines with the ion of an unsaturated
fatty acid to produce hydroxyl radicals (OH-). Hydroxyl
free radicals induce oxidative stress in hepatocytes,
which manifests as lipid peroxidation, protein
modification, and DNA damage. The mitochondrial
pathway is activated by apoptotic signal triggered by
DNA stress. Hepatocyte apoptosis is characterized
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by an increase in caspase-3 expression, which is an
executor caspase in the process of cell apoptosis
(Kumar and Abbas, 2015). In addition, free radicals
increase the secretion of proinflammatory cytokines
such as IL-1, which contributes to the inflammatory
process in damaged cells by stimulating the migration
of neutrophils and monocytes. Inflammation increases
the production of free radicals, which can exacerbate
hepatocyte damage (Abul ez al., 2016). To prevent the
harmful effects of free radical exposure on the body,
it is essential to provide a balanced antioxidant. As a
maritime nation, Indonesia has tremendous potential for
developing natural antioxidants derived from seaweed.
Compared to conventional antioxidants, seaweed has
several advantages, including easy cultivation, relatively
lower prices, simple processing, and absence of adverse
side effects (KKP-RI, 2018). Most participants in the
Pakistani developing country study believed that
herbal medicine was safe and inexpensive (Kanwal
and Sherazi, 2017).

Eucheuma cottonii is the most widely cultivated
type of seaweed. There are protein, fiber, carbohydrates,
essential fatty acids, minerals, and chlorophyll among
the bioactive compounds present (Yuniarti e al., 2020).
In a phytochemical analysis of E. cottonii, alkaloids,
flavonoids, and saponins were identified (Hudaifah et
al., 2020). The inhibitory concentration 50 (IC, ) value
for E. cottonii seaweed extract is 23.15 g/mL. This
value falls under the category of extremely powerful
antioxidant activity. Bioactive compounds in E. cottonii
play a role in the production of antioxidant enzymes
such as catalase, superoxide dismutase (SOD), and
glutathione peroxidase (GPx) (Yanuarti et al., 2017).
Other compounds such as carotenoids are also present
in E. cottonii (Palawe and Tumonda, 2018). The role of
seaweed as an antioxidant on IL-1 cytokine secretion
and caspase-3 expression has not been fully elucidated.
Therefore, this study compared the effect of seaweed
extract E. cottonii at doses of 600 mg/200 g and 1200
mg/200 g on IL-1 level and caspase-3 expression in
hepatocytes of borax-induced rats.

2.
2.1.

Materials and Methods

Experimental design

This study employed an experimental design
with a posttest-only control group. This study was
conducted at the Stem Cell and Cancer Research
Laboratory (SCCR) of Universitas Islam Sultan Agung,
Semarang. Twenty male Wistar rats (Rattus novegicus)
weighing between 200 and 250 g and aged 8 weeks
were divided into four groups. The control group (K1)
received no interventions, while the experimental group
(K2) received Na-CMC 0.5% orally once a day for 17
days and borax 40 mg/200 g on the fourth day with a
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one-hour interval for 14 days. Treatment groups (P1
and P2) received E. cottonii extracts at doses of 600
mg/200 gand 1200 mg/200 g in 0.5% Na-CMC orally
once a day for 17 days, as well as Borax at a dose of 40
mg/200 g on the fourth day with a one-hour interval
for 14 days. The bioethics committee of the Faculty of
Medicine at Universitas Islam Sultan Agung, Semarang
has approved this study (No. 173/V/2022/Bioethic
Committe).

2.2. Preparation of Eucheuma cottonii extract

E. cottoniiwas collected from Karimunjawa Beach
in Jepara. E. cottonii were washed with running water
and cut into small pieces. They were dried in an oven at
400°C, and the air-dried E. cottonii was then ground into
a powder for extraction. 400 g of E. cottonii powder was
macerated with 2 1 of ethanol at 40°C for 3 days. Under
vacuum, the supernatant was collected and filtered
through Whatman No. 1 filter paper in a Buchner
funnel. The filtrate was concentrated by evaporation
at 50°C using a rotary vacuum evaporator. The extract
was dehydrated under reduced pressure, stored at 0 to
4°C, and used in the experiment.
2.3. Measurement of interleukin-1 (IL-1) level
Serum samples were obtained from 20 Wistar
rats. RayBio® Rat IL-1 ELISA kit with wash buffer,
RDIF, dilution, substrate solution, and standard IL-1
was used as the reagent. 1.0 ml of deionized water was
added to the IL-1 Control Kit standard preparation
mixture before centrifugation. The sample microplate
was prepared, and a series of standard solutions were
prepared. 50 pl of RD 1-63 diluents were mounted.
Then, 50 1 of standard, control, and samples were
added, followed by a 2-hour incubation at room
temperature. During the incubation period, 2 ml
of buffer were prepared. After being incubated for
2 h, they were washed 5x. Then, 100 pul of the IL-1
conjugate was mounted, followed by a second 2-hour
incubation at room temperature. After incubation, the
washing procedure was repeated 5x. After two hours
of incubation, 100 pl of substrate was added, followed
by a thirty-minute incubation at room temperature and
protection from light. Then, 50 pl of stop solution was
added and thoroughly mixed. The results were read for
10 min using a 450 nm ELISA Reader.

2.4. Measurement of caspase-3 expression

RNA was extracted from the liver tissues of
each group according to the protocol included in
the Real Genomics Total RNA extraction kit. The
extracted RNAs were subsequently subjected to reverse
transcription polymerase chain reaction using a custom
forward primer mixture (Table 1). The information was
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Table 1. Gene name, accession number, and primer sequences used in GeXP multiplex analysis in rat

Primer sequence

Gene
Forward Reverse

p-aktin 5’-CATGTACGTTGCTATCCAGGC-3’ 5’-CTCCTTAATGTCACGCACGAT-3
Caspase 3 5’-GTGGAACTGACGATGATATGGC-3* 5-CGCAAAGTGACTGGATGAACC-¥

Figure 1. Level of IL-1 in each group. Figure 2. Expression of Caspase-3 in each group.
normalized using beta actin (ActB). The group administered E. cottonii extract at a dose of
1200 mg/200 g had the lowest level of IL-1 (Figure 1).
2.5 Statistic analysis The Mann Whitney test revealed that Caspase-3

The expressions of IL-1 and Caspase 3 were expression in P1-Groups and P2-Groups was significantly
analyzed using Kruskal Wallis followed by Mann lower than in K2-Groups (p<0.05). Caspase-3 expression
Whitney. P values below 0.05 were deemed statistically =~ was significantly lower in P2-groups than in P1-groups

significant. (p<0.05). Caspase-3 expression was significantly lower
in P2-Groups and K1-Groups compared to K2-Groups
3. Results (»<0.05). Caspase-3 expression was found to be lowest

Male Wistar rats were administered Euceuma in the group treated with Eucheuma cottonii extract at a
cottonii extract for 17 days, followed by Borax for 14 ~ dose of 1200 mg/200 g (Figure 2).
days on the fourth day. The results of statistical analysis
on the expression levels of IL-1 and Caspase-3 are 4. Discussion
shown in Figure 1 and 2. IL-1 levels and Caspase-3 Oral administration of Eucheuma cottonii extract
expressions were found to be lower in P1 and P2 than in at a dose of 150 mg/kgBW reduced the levels of SGOT
the other control group, according to the study. Kruskal =~ and SGPT enzymes and repaired the damage to rat
Wallis analysis of TL-1 levels and Caspase-3 expressions ~ hepatocyte cells caused by sodium nitrite, according
revealed a statistically significant difference (p<0.05) to the study’s findings (Dewi and Setyawati, 2020).
between the groups. In addition, a Mann-Whitney According to phytochemical analyses, E. cottonii
test was conducted to determine which group has the contains alkaloids, flavonoids, and saponins (Hudaifah
greater difference. et al., 2020). The total flavonoids content of E. cottonii
The Mann Whitney test revealed that the levels ~ extract was approximately 17.78 mg/g (Yanuarti et
of IL-1 in K2-Groups and P2-Groups were significantly al., 2017). In addition, carotenoids are present at a
greater than in K1-Groups (p<0.05). P2-Group IL-1 concentration of approximately 0.43 mg/g in E. cottoni

levels were significantly lower than K2-Group IL-1  extract (Palawe and Tumonda, 2018).
levels (p<0.05). The difference between P1-G and P2-G Borax generates hydroxyl radicals, which
IL-1 levels was not statistically significant (»p>0.05).  activate Kupffer cells to produce proinflammatory

32 https://doi.org/10.30659/sainsmed.v13i1.25075



Muhyi, et al.

cytokines via the inflammasome signal NLRP3 and
the transcription factor NFkB (Abul and Andrew,
2016). Among these cytokines is IL-1. In this study,
IL-1 levels were significantly lower in the group given
1200 mg/200 g of E. cottoni extract than in the control
group (K2). Flavonoid is able to inhibit the production
of the proinflammatory cytokine IL-1 by inhibiting
the NLRP3 inflammasome and caspase-1, there by
preventing the conversion of pro-interleukin 1 to
interleukin 1 (Lim ez al., 2019). Reducing IL-1 receptor
kinase 4, which is bound to TLR4 on macrophage cells,
is a second mechanism. It will inhibit NF-«B activity.
Consequently, the production of TNF, IL-1, COX-2, and
iNOS, which play essential roles in the inflammatory
process, decreases (Echave, 2022). Previous research
demonstrated that administration of E. cottonii extract
at a dose of 300 mg/kgBW significantly decreased TNF
and NF-«kB expression in mice with asthma (Bakar et
al., 2015).

In this study, administration of E. cottonii
extract at doses of 600 mg/200 g and 1200 mg/200 g
significantly reduced caspase-3 expression compared
to the control group (K2). The expression of caspase-3
is the final step in both the intrinsic and extrinsic
apoptotic pathways. Borax induces the formation of
hydroxyl radicals, which influence lipid peroxidation,
protein modification, and DNA damage (Kumar and
Abbas, 2015). Stress DNA results in the activation of
apoptotic cell signalling via the intrinsic pathway. In the
presence of DNA stress, the p53 upregulated modulator
of apoptosis (PUMA) signal is activated. PUMA then
activates Bax in the cytosol and inserts Bax into the
mitochondria. The release of proapoptotic molecules
such as cytochrome c and apoptosis-inducing factor is
triggered by mitochondrial damage (AIF). In hepatocyte
cell apoptosis, the cytochrome ¢ complex, APAF-1,
forms a Caspase Recruitment Domain (CARD) that
activates caspase 9 for procaspase-3 activation, resulting
in caspase-3 as the executor caspase (Wong, 2012).

Flavonoids and carotenoids in E. cottonii extract
exert a direct effect by preventing the formation of
reactive free radicals (Arsianti, 2014). In addition,
minerals like Fe, Cu, Zn, and Se play a role in the
production of antioxidant enzymes like catalase,
superoxide dismutase, and glutathione peroxidase
(Matanjun et al., 2012).

These enzymes play a role in converting active
radicals, such as superoxide and hydroxyl, into
less reactive forms (Sue and Kathryn, 2019). This
antioxidant’s function is to prevent the occurrence
of DNA damage in hepatocyte cells caused by borax
exposure (Kumar and Pandey, 2013). By preventing
DNA damage in hepatocyte, this antioxidant property
of Eucheuma cottonii extract inhibits the activation of cell
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apoptotic signals via the intrinsic pathway. Consequently,
there was no formation of apoptosome complexes
between cytochrome ¢ and APAF-1. There was also no
activation of caspase-9, the caspase activation initiator
(Pradhan ez al., 2021).

In addition, a decrease in caspase 3 expression
can also occur via the extrinsic pathway, as evidenced
by the fact that E. cottonii extract can also inhibit the
production of the proinflammatory cytokine TNF,
as demonstrated by previous research. This cytokine
binds the cell membrane death receptor and activates
caspase-8 to initiate caspase-3 activation (Wong, 2012).
Previous research demonstrated that administration
of E. cottonii extract at a dose of 9 mg/20 g BW could
reduce the expression of caspase-8 in trophoblast cells
in lead-induced mice using immunohistochemical
techniques (Wahyuni and Fajri, 2018). Previous
research demonstrated that E. cottonii extract inhibits
apoptosis via the extrinsic pathway.

5. Conclusion

The administration of E. cottonii extract at doses
of 600 mg/200 g and 1200 mg/200 g reduces the level
of IL-1 and caspase-3 expression in borax-stimulated
rat hepatocellular cells. The group administered 1200
mg/200 g E. cottonii extract experienced the greatest
reduction in IL-1 level and caspase-3 expression.
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