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Objectives: The utilization of fish by-products through hydrolysis methods may produce a high-grade
product that increases its economic value and reduces pollution. Tilapia Viscera Protein Hydrolysate
(TVPH) is reported to have a positive impact on health. However, there is a lack of evidence for the inter-
play of regulatory T cells (Tregs) and neutrophils in acute lung injury (ALI) influenced by TVPH. Our study
investigated the implication of TVPH on Tregs and its protective effect on ALI in mice challenged with
lipopolysaccharide (LPS).
Methods: Thirty-six male Balb/C mice were randomized into six groups: untreated, LPS, dexamethasone
(DEX) + LPS, and TVPH at doses 150, 300, 450 mg/kg BW, respectively + LPS. Mice were challenged with
LPS after seven days of treatment via intraperitoneal injection. After 6 h, mice were sacrificed. Spleen was
harvested for flow cytometry analysis, and lung was collected for histological and immunofluorescence
analysis. Tregs was labelled as CD4+CD25+CD62L+, CD4+CD25+IL-10, and CD4+CD25+TGF-b+. Neutrophil
activation was labeled as a combination of CD66a and MPO antibodies.
Results: The CD4+CD25+CD62L+ subsets finding as well as CD4+CD25+IL-10+, CD4+CD25+TGF-b+ subsets,
the expression of CD66a and MPO, and lung histopathological imaging confirmed that TVPH and DEX
attenuate LPS-induced ALI significantly (p < 0.05).
Conclusion: Our finding proposed that TVPH protects LPS-induced ALI through maintaining neutrophils
and Tregs. TVPH might be a promising food nutraceutical candidate by reducing the impact of
inflammation.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Inflammation is an early immune system reaction that protects
the host against bacterial inflammation or cell/tissue damage
(Atho’illah et al., 2021). LPS are unique properties of gram-
negative bacteria, commonly from Escherichia coli, which are con-
sidered a potent inducer of proinflammatory cytokines to initiate
inflammation (Abu-Taweel, 2020; Riyadi et al., 2019d). The
unsolved inflammation during host-pathogen interaction would
over-activate the innate immune system, leading to severe
immune dysregulation (Wuryandari et al., 2021). Along with
excessive inflammation, rapid cytokines production following with
immune cells recruitment into the infected tissue may develop
acute lung injury (ALI) (Zhao and Du, 2020).

ALI and the later form, acute respiratory distress syndrome
(ARDS), are considered critical care medicine and are substantially
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associated with morbidity and mortality. ARDS is characterized by
lung inflammation, hypoxemia, and edema due to the alteration of
lung permeability, hyaline membrane, and alveolar hemorrhage
(Matthay et al., 2019). ALI and/or ARDS are characterized by the
infiltration of immune cells, particularly neutrophils. Myeloperox-
idase (MPO) is a heme-containing enzyme considered the primary
marker of neutrophil activation. MPO expression reflects the neu-
trophil infiltration and is closely related to pulmonary
inflammation-induced lung damage (An et al., 2021). In contrast,
regulatory T cells (Tregs) have been demonstrated to play a crucial
role in suppressing inflammation and preventing autoimmunity in
several diseases. Some previous studies reported that Tregs are
involved in bacterial clearance, repairing the lung epithelium,
and increasing the survival rates of animals induced with LPS
(Tan et al., 2019). These findings provide a critical insight that bal-
ancing neutrophils and Tregs might be beneficial for protecting the
lung from ALI driven by inflammation.

Fish are a significant animal source of food for millions of peo-
ple, supplying roughly 20% of the average animal-protein con-
sumption per capita throughout the world. The global fish
production reached 179 million tons by 2018, with 87% consumed
by humans. Indeed, fish consumption is expected to grow after
2018, and it is anticipated to increase around 18 percent by 2030
(FAO, 2020). However, the growing demand for fish consumption
is frequently accompanied by increased by-products, including
head, skin, fins, tail, bones, viscera, and scales (Darmanto et al.,
2017). Interestingly, fish by-products still contain a high level of
micronutrients (FAO, 2016). Some previous studies reported that
fish by-products possessed anti-allergic, antioxidant, and anti-
inflammatory properties (Aryani and Riyadi, 2021; Kim et al.,
2018; Pan et al., 2016).

Regarding aquaculture products in Indonesia, Tilapia is one of
the vital fish commodities predicted to reach 2.0 million tons in
2030 (Tran et al., 2017). The previous study was reported to gener-
ate a rich peptide successfully from Tilapia by-products by hydrol-
ysis methods (Riyadi et al., 2019a; Riyadi et al. 2019c). Tilapia
Viscera Protein Hydrolysate (TVPH) has shown promising results
as an antihypertensive and immunomodulator (Riyadi et al.,
2020a; Riyadi et al., 2020c). TVPH showed anti-inflammatory
activity based on predictions using PASS online and SwissADME
(Riyadi et al., 2020b; Riyadi et al., 2021). However, although TVPH
has demonstrated beneficial impacts on health, it is still unclear
whether TVPH is also involved in regulating Tregs and preventing
tissue damage. Herein, we evaluated the TVPH effect in mice chal-
lenged with LPS to understand better its role in maintaining neu-
trophils and Tregs by protecting the infected mice from ALI. In
addition, we investigated the effect of different doses of TVPH
and compared it with DEX. Our study may provide a new direction
for TVPH as an alternative nutraceutical food candidate for reduc-
ing the caused by inflammation.
2. Materials and methods

2.1. Defatting and hydrolysis

The viscera of Tilapia were collected from PT Aquafarm Nusan-
tara, Semarang, Indonesia. Briefly, viscera were rinsed with water
and removed their fat. The extraction methods to obtain viscera-
rich peptides was following the previous study (Riyadi et al.,
2019a). First, the viscera were added with distilled water at 1:1
(w/v) and stood for 20 min at 85 �C. The viscera mixtures were
then defatted by 5,800 rpm centrifugation for 20 min at 10 �C.
The pellet obtained was extracted with distilled water 1:1 (w/v)
three times. Next, the 50 mL of protein extract was added with
1.5% alcalase enzyme (cat# 126741, Sigma-Aldrich, ST Louis, MO,
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USA) with � 0.75 AU/mL activity and then incubated for 1.5 h at
55.8 �C with pH 7.9. The viscera protein hydrolysate obtained stood
for 20 min at 85 �C to inactivate the alcalase and then cold cen-
trifuged at 5,800 rpm. The residue obtained was then freeze-
dried to obtain TVPH and evaluated their chemicals and amino acid
composition.

2.2. Animal

Male Balb/C mice 6–7 weeks old with a bodyweight of 22–25 g
were obtained from the Department of Pathology, Faculty of Med-
icine, Brawijaya University. Mice were placed 6 per cage with free
access to food and fresh water in 12 h light/dark cycle at a constant
temperature and humidity. Mice were acclimatized for seven days
before treatment was given. The Animal Care and Use Committee
of Brawijaya University approved all animal housing and experi-
ments with approval number: 030-KEP-UB-2021 in accordance
with the Guide to the Care and Use of Laboratory Animals (National
Institutes of Health, United States).

2.3. Experimental design

Thirty-six mice were equally and randomly divided into six
group: (i) untreated, (ii) LPS (E. coli serotype 0111:B4, cat# trlr-
eblps, InVivoGen, San Diego, CA, USA) 5 mg/kg BW, (iii) DEX
1 mg/kg BW + LPS, (iv) TVPH 150 mg/kg BW + LPS, (v) TVPH
300 mg/kg BW + LPS, and (vi) TVPH 450 mg/kg BW + LPS. DEX
and TVPH were orally administered for seven consecutive days
before LPS injection. Mice in untreated and LPS groups received
normal saline intragastrically for the same period. Thirty minutes
after the final administration, all groups injected LPS at dose
5 mg/kg BW intraperitoneally. Meanwhile, the untreated group
was received a normal saline injection intraperitoneally. Mice were
monitored for their survival rates every one h up to 6 h. six hours
after LPS injection, and mice were anesthetized and sacrificed.
Spleen and lung were harvested and prepared for further
experiments.

2.4. Cell staining and flowcytometry

The fresh spleen was collected and isolated into a single-cell
suspension (Safitri et al., 2018). The cells were stained with FITC
anti-mouse CD4 (clone GK1.5, BioLegend, San Diego, USA), PE
anti-mouse CD25 (clone 3C7, BioLegend, San Diego, USA), and PE/
Cy5 anti-mouse CD62L (clone MEL-14, BioLegend, San Diego,
USA) as a Tregs marker for 30 min at 4 �C in low light condition
(Atho’illah et al., 2017). On the other hand, the cells stained with
FITC anti-mouse CD4 and PE anti-mouse CD25 (without PE/Cy5
anti-mouse CD62L) were added with cytofix/cytoperm buffer, then
washed using perm/wash buffer. The intracellular staining was
either with PE/Cy7 anti-mouse IL-10 (clone JES5-16E3, BioLegend,
San Diego, USA) or PerCP/Cy5.5 anti-mouse TGF-b1 (clone TW7-
16B4, BioLegend, San Diego, USA) addition for 30 min at 4 �C in
low light condition. Cells were acquired for each sample using
BD FACS CaliburTM. According to the stained used, the cells popula-
tion were then analyzed using FlowJo v10 for Windows.

2.5. Lung injury assessment

The lung lobe was fixed in 10% formalin, dehydrated, embedded
in paraffin, cut into four lm sections, and stained with
hematoxylin-eosin (HE). The stained slides of the lung were then
observed and captured for its histopathological imaging using
Olympus BX51 equipped with Olympus XC10 digital camera sys-
tem. The lung injury was assessed blindly by two experts at least
from twenty different random fields for each section due to the



Table 1
Protein, Amino acids and Chemicals Identification of Tilapia Viscera Hydrolysate
Protein.

Component(s) Results Reference

Protein (%) (Riyadi, et al., 2019a)
Wet 55.55 ± 0.18
Dry 62.81 ± 0.18
Essential amino acids (g/100 g) (Riyadi, et al., 2019a)
Arginine 1.93
Histidine 2.04
Isoleucine 1.56
Leucine 2.19
Lysine 2.82
Methionine 0.88
Phenylalanine 1.07
Threonine 1.26
Tryptophan 0.42
Tyrosine 1.42
Valine 2.78
Total 18.37
Non-essential amino acids (g/100 g)
Alanine 1.56
Asparagine + aspartate 3.15
Cysteine 0.32
Glutamine + glutamate 3.85
Glycine 1.27
Proline/ hydroxy proline 0.99
Serine 1.19
Total 12.33
Chemicals (Riyadi, et al., 2019b)
Flavonoids Negative
Alkaloids Positive
Tannins Positive
Steroids Negative
Triterpenoids Positive
Polyphenols Positive
Saponins Positive
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inconsistent presence of ALI (Matute-Bello et al., 2011). At least
five featured were evaluated to assess lung injury, and the graded
result for each parameter was then calculated as the final injury
score with an overall score ranging from 0 to 1, as followed by
the previous study taken (Yaxin et al., 2014).

2.6. Immunofluorescence staining

The prepared lung tissue in section 2.5 was deparaffinized,
rehydrated, washed three times, and then immersed in citrate buf-
fer pH 6.0 at 100 �C for 20 min. The slides were then washed in
TBS-T three times and blocked with 3% BSA for 2 h in low-light
conditions. BSA was removed carefully, and then the slides were
treated with combination antibodies of FITC anti-mouse CD66a
(clone Mab-CC1, BioLegend, San Diego, USA) and PE-Cy5 anti-
rabbit Myeloperoxidase (bs-1061R-Cy5, Bioss, Massachusetts,
USA). Next, the slides were incubated overnight at 4 �C in low light
conditions. After that, the slides were washed three times using
TBS-T, mounted, and then examined using Olympus IX51 light
microscope (Olympus, Tokyo, Japan) connected with a workstation
installed with Fluoview software. The image acquired was then
analyzed using ImageJ.

2.7. Statistical analysis

All data were examined by one-way ANOVA followed by Tukey
HSD as a post-hoc test. Data were shown as mean ± standard devi-
ation (SD). P-value<0.05 was defined as the significant value.
GraphPad Prism 8.0 program assisted the statistical analysis.

3. Results

3.1. Protein, amino Acids, and chemical constituents identification

The protein percentage of dried TVPH showed a higher result
than the wet TVPH (Table 1). The amino acids identification result-
ing in lysine has the highest content than other essential amino
acids (g/100 g). Meanwhile, glutamine/glutamate has the highest
content of other non-essential amino acids found in TVPH (Table 1).
The chemical characteristics of TVPH demonstrated that TVPH con-
tains alkaloids, tannins, triterpenoids, polyphenols, and saponins.
In contrast, flavonoids and steroids were absent in TVPH (Table 1).

3.2. TVPH restored Naïve regulatory T-cells in LPS-challenged mice

Our result demonstrated that naïve Tregs have reduced in mice
challenged with LPS 5 mg/kg BW. TVPH showed its protecting
effect in the present study by maintaining the naïve Tregs subsets
from fall after LPS stimulation (Fig. 1A). Furthermore, TVPH admin-
istration elevated the naïve Tregs subsets significantly (p < 0.05) in
a dose-dependent manner (Fig. 1B) compared to the LPS group
only. Interestingly, TVPH in all doses did not significantly differ
with DEX 1 mg/kg BW (Fig. 1B).

3.3. TVPH improves IL-10 and TGF-b secreted by regulatory T-cells in
LPS-challenged mice

As displayed in Fig. 2A, LPS stimulation declined the IL-10
expression by CD4+CD25+ subsets compared to the untreated
group. TVPH restored IL-10 expression significantly (p < 0.05) com-
pared to the LPS group (Fig. 2B). In accordance with naïve Tregs
results, TVPH enhances IL-10 expression (Fig. 2A-B). Interestingly,
TVPH at dose 450 mg/kg BW showed a better effect than DEX. As
following with the CD4+CD25+IL-10+ subsets result, LPS stimula-
tion also declines TGF-b expression by CD4+CD25+ subsets
3

(Fig. 2C). TVPH administration improved TGF-b expression signifi-
cantly (p < 0.05) compared to the LPS group (Fig. 2D). TVPH at dose
300 and 450 mg/kg BW had a similar effect with DEX 1 mg/kg BW
to elevate the TGF-b expression by CD4+CD25+ (Fig. 2C-D).

3.4. TVPH protected lung from LPS-induced lung injury

Our result demonstrated an inflammatory change in the lung
after LPS injection, including neutrophil in alveolar and interstitial
space, hyaline membrane formation, proteinaceous debris found in
the lung airspaces, and alveolar alteration thickness. No lung histo-
logical alteration was observed in the untreated group. On the con-
trary, the alveolar thickness was observed explicitly after LPS
injection. (Fig. 3A). The expression of CD66a and MPO was stronger
in the LPS groups than in untreated groups. TVPH administration
reduces the expression of CD66a and MPO in parallel with the
dosage of TVPH given (Fig. 3A). Intriguingly, the merged image
illustrated the gradual decrease in MPO expression intensity
caused by TVHP, from yellow to green-dominant color. (Fig. 3A).
The lung histology result was following the lung injury scores,
which described that TVPH significantly reduces (p < 0.05) the fea-
tures of lung injury in a dose-dependent manner (Fig. 3B). In par-
allel with the LIS result, the expression of CD66a and MPO was
declined significantly (p < 0.05) in TVPH groups. TVPH administra-
tion protects against lung injury by reducing the inflammatory sign
(Fig. 3C).

4. Discussion

Currently, both non-steroidal anti-inflammatory drugs
(NSAIDs) and steroidal anti-inflammatory drugs are commonly



Fig. 1. Effect of TVPH on the naïve Tregs subsets in LPS-challenged mice. (A) The detection of naïve Tregs (CD4+CD25+CD62L+) expression by flow cytometry analysis. (B) The
comparison of naïve Tregs after stimulation with LPS showed a protecting effect by TVPH. All data displayed as mean ± SD (n = 5). Mean with different notation (a-c) in the
chart are significantly different, and vice versa at p < 0.05 based on Tukey HSD’s test.

Fig. 2. Effect of TVPH on the IL-10 and TGF-b secreted by CD4+CD25+ in LPS-challenged mice. (A) The detection of IL-10+ expressed by CD4+CD25+ subsets by flow cytometry
analysis. (B) The comparison of IL-10+ expressed by CD4+CD25+ after stimulation with LPS. (C) The detection of TGF-b+ expressed by CD4+CD25+ subsets by flow cytometry
analysis. (D) The comparison of TGF-b+ expressed by CD4+CD25+ after stimulation with LPS. All data displayed as mean ± SD (n = 5). Mean with different notation (a-d) in the
chart are significantly different, and vice versa at p < 0.05 based on Tukey HSD’s test.
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Fig. 3. Lung histological changes after 6 h LPS injection in untreated/treated mice. (A) HE and immunofluorescence of lung tissue for detecting neutrophil and MPO after 6 h
LPS injection. The black square indicated higher magnification in 50 lm scale (B) TVPH showed a protective effect significantly against LIS after 6 h LPS injection. Lung
damages were evaluated in 400x magnification with scale bar 100 lm. (C) The expression intensity of neutrophil (CD66a) and MPO in lung tissue was diminished significantly
by TVPH administration. Mean with different notation (a-d) in the chart are significantly different, and vice versa at p < 0.05 based on Tukey HSD’s test.

Putut Har Riyadi, R. Romadhon, Apri Dwi Anggo et al. Journal of King Saud University – Science 34 (2022) 102020

5



Putut Har Riyadi, R. Romadhon, Apri Dwi Anggo et al. Journal of King Saud University – Science 34 (2022) 102020
used for treating pain and inflammation. However, both frequently
induced undesirable effects in long-term use (Wongrakpanich
et al., 2018). In addition, the term ‘‘back to nature” is growing
and gaining much interest in research due to the excellent health
effect offered. Interestingly, there is a trend to utilize food or its
derivative and food by-products to treat some diseases (Kim
et al., 2018; Sila and Bougatef, 2016). Fish by-products are fre-
quently considered waste or discarded directly after processing a
fish. However, fish by-products utilization produce bioactive pep-
tides and other high-quality nutrients, which exhibit antioxidant
activity (Riyadi et al., 2019a, 2019b; Riyadi et al., 2020a).

In the present study, we focused on using a fish by-product
from the viscera of Tilapia through hydrolysis methods to evalu-
ate its anti-inflammatory properties. Our result demonstrated
that TVPH maintains the naïve Tregs subsets after six h injection
with LPS. Tregs are well described to have an essential role in
suppressing inflammation and orchestrating the immune
response. A previous study reported that aryl hydrocarbon recep-
tor (AhR) is involved in Tregs induction. Ahr is broadly expressed
in various tissues and immune cells and recruited to the Foxp3
promoter, activating Tregs (Wang et al., 2012). Tryptophan
(Trp), an essential amino acid (EAA), is reported to be involved
in Tregs differentiation/action, while TVPH contained high Trp
(Gargaro et al., 2021; Riyadi et al., 2019a). Further, Trp catabo-
lites, L-Kyurenine, interact with Ahr to support the formation
of Tregs. Interestingly depleted Trp catabolism and tyrosine
would suppress Tregs establishment (Campesato et al., 2020).
In long-term stimulation, Trp catabolites induce the phenotype
CD4+CD25+CD62L+ and might restore its suppressive function
(Fallarino et al., 2006). Our study suggested that biopeptide con-
tained in TVPH might maintain the naïve Tregs subsets after LPS
injection.

IL-10 and TGF-b are the primary inflammatory cytokines
secreted by Tregs. Our finding suggested that LPS down-
regulated IL-10 and TGF-b, expressed by CD4+CD25+, were reversed
by TVPH (Fig. 2A-D). Tregs secretes IL-10 and TGF-b to reduce
inflammatory response by inhibiting inflammatory immune cells
(Shariati et al., 2019). Another previous study reported that fish
by-products from tuna cooking drip up-regulated IL-10 concentra-
tion in a dose-dependent manner after splenocytes stimulated by
LPS. Thus, the high dose of tuna cooking drip might assume to trig-
ger the immune regulatory response (Kim et al., 2018). Similar to
our results, TVPH administration showed the elevated of IL-10 in
a dose-dependent manner (Fig. 2A-B). Besides, fermented fish oil
(FFO) products were reported to increase TGF-b and IL-10 concen-
tration. Moreover, the FFO also up-regulated Foxp3 expression, fur-
ther improving the inflamed sites (Han et al., 2012). Interestingly,
other studies reported that EAA levels in circulation could be
sensed by T-cells and implicated for Tregs differentiation. Further,
EAA and TGF-b have synergized effect in Foxp3 expression
(Cobbold et al., 2009). These molecular mechanisms might restrict
T-cells proliferation and delay inflammation.

In line with Tregs results, our finding indicated that TVPH
protects from LPS-induced ALI by diminished MPO generated
by neutrophils and improving lung histological features. We pro-
posed two mechanisms how TVPH could protect mice from ALI
after LPS induction. First, TVPH improves lung architectures via
interplay between neutrophils and Tregs. As we stated before,
TVPH administration elevated the naïve Tregs and its anti-
inflammatory cytokines, IL-10 and TGF-b. Neutrophils infiltrate
the alveolar spaces immediately after LPS induction and release
a massive MPO during acute lung inflammation. The elevated
level of MPO reflected the neutrophil migration on the alveolar
cavities and lung parenchyma and might be represented lung
damage (Mao and Huang, 2018). Based on our findings, TVPH
significantly reduced CD66a and MPO in lung tissue. These find-
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ings suggested that TVPH could restrict the neutrophils activa-
tion in the lung tissue. Tregs could limit the neutrophils
accumulation and modulate neutrophils function by generating
IL-10 (Okeke and Uzonna, 2019). Besides, Tregs could induce
lung repair by orchestrating T helper (Th)1 and Th17 cells (Tan
et al., 2019).

Second, we assumed that TVPH could protect from ALI due
to its antioxidant presence. Some previous studies reported that
peptides, which have smaller molecules than protein, are more
potent to regulate free radicals and terminate the lipid peroxi-
dation cycles (Sila and Bougatef, 2016). The fraction with
molecular weight 3–10 kDa and 10–100 kDa has better antiox-
idant activity than the fraction of < 3 kDa in red Tilapia scale
protein hydrolysate. Different amino acids such as proline,
methionine, lysine, phenylalanine, aspartic acid, and glutamine
are responsible for their antioxidant activity (Sierra et al.,
2021). In the present work, glutamine/glutamate displayed the
highest abundance in TVPH (Table 1). Gln modulates IL-8
response via IjB/NFjB signaling pathway after stimulation by
LPS which diminishes immune response, proinflammatory
cytokines, and chemokines (Liboni et al., 2005). Moreover, Gln
in its single, di-, and tripeptide form was represented about
40% of the total bioactivity observed in commercial fish protein
hydrolysate (Fitzgerald et al., 2005). TVPH acts as an exogenous
antioxidant, promoting enzymatic antioxidants, including super-
oxide dismutase, to lower lipid peroxidation and protect from
renal injury (Riyadi et al., 2020a). Our finding suggests that
TVPH may serve as a novel immunomodulator for protecting
the lung from damage.

5. Conclusion

The present study suggested that TVPH at dose 450 mg/kg BW
showed a promising effect on Tregs and lung improvement. Tilapia
viscera protein hydrolysate attenuated inflammation through
maintaining naïve Tregs and elevated the expression of IL-10 and
TGF-b by CD4+CD25+. TVPH reduces the expression of CD66a and
MPO on the lung and protects mice from lung injury after LPS
injection. TVPH might be a promising candidate as a food
nutraceutical or pharmaceutical in the future to treat inflammation
caused by LPS. Therefore, further research is needed to discover the
detailed mechanism of TVPH that interferes with the inflammation
signaling pathway.
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