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ABSTRACT

Furunculosis in fish results in financial detriment to freshwater aquaculture in Indonesia. Furunculosis, an infectious
disease produced by Aeromonas salmonicida, presents a considerable risk to the large-scale farming of both salmonid and
non-salmonid species in freshwater environments. This study sought to evaluate the impact of Spirulina platensis extract
on the histopatological intestinal health of tilapia infected with Aeromonas salmonicida. Thirty tilapia, each around
10 cm in length, were distributed into five groups. Negative control (P0-) without immersion in Spirulina platensis
extract and free from Aeromonas salmonicida infection. Positive control (PO+) not immersed in Spirulina platensis
extract, infected with Aeromonas salmonicida. Tilapia subjected to doses of 400 mg/L (P1), 600 mg/L (P2), and 800
mg/L (P3) The extraction of Spirulina platensis occurred for three hours on the seventh day (first immersion) and the
fourteenth day (second immersion), followed by an evaluation of Aeromonas salmonicida infection on the twenty-first
day. A necropsy of the fish was performed on day 28. Histopathological analysis revealed that Spirulina platensis extract
reduced intestinal villous erosion and inflammatory cell density in the intestines of tilapia. Immunohistochemical
staining demonstrated a decrease in the presence of Aeromonas salmonicida within intestinal tissue at a dosage of 800
mg/L. This work indicates that more research is necessary to examine the histological features of the intestines of tilapia
infected with Aeromonas salmonicida with those supplemented with Spirulina platensis through feed.
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1. Introduction

Since the 1990s, tilapia cultivation has
dominated global fisheries, with a commercial
production capacity of 2.5 million tons in 2007. In
2008, it was rated fifth and peaked in 2014, over
3.5 million tons, following carp (Cyprinus carpio)
and salmon (Salmo salar L.). The swift expansion
has resulted in a rise in the prevalence of illnesses
affecting tilapia, attributable to the intense fisheries
system employed. High density seeks to enhance
production outcomes, resulting in stress-induced
immune suppression, thereby rendering fish highly
vulnerable to disease infections and elevating the
disease transmission rate among farmed fish""’. The
occurrence of furunculosis in fish due to Aeromonas
salmonicida in Indonesia has led to economic losses
in freshwater aquaculture. It is a pathogenic species
within the genus Aeromonas, posing significant risks
in the intensive farming of salmonid fish. Evidence
suggests that non-salmonid fish species inhabiting
freshwater, brackish, and marine settings are very
vulnerable to this bacterial infection. Pathogenic
bacteria in fish can infiltrate the host via three
distinct pathways like the skin, gills, and digestive
tract. Bacteria can traverse the gastrointestinal barrier
through three distinct mechanisms. In intact tissue,
bacteria may traverse by transcellular or paracellular
routes, potentially compromising the intestinal
lining through enzymes or extracellular toxins
prior to entry. A. salmonicida induces intestinal
injury commencing in the anterior intestinal region
(foregut) 2,

Mitigating Aeromonas infection can be
achieved by enhancing the immune system of fish.
Spirulina platensis is a natural substance utilized
as an immunostimulant. The hot water extract of
Spirulina platensis can enhance the immune system
in shrimp. The hot water extract of Spirulina
platensis, administered via injection and immersion
techniques, resulted in an elevation of white blood
cell counts in shrimp[s]. Investigations have been
performed on tilapia, revealing that dosages of
200 mg/L, 400 mg/L, and 600 mg/L resulted in
decreased damage to the intestinal villi of gourami
fish. The lipopolysaccharide content in Spirulina
platensis can enhance the immune system and
safeguard fish afflicted with Aeromonas”. Kozenko
and Henson'® indicated that phycocyanin derived
from Spirulina platensis promotes hematopoiesis.

A study was conducted on the histological and
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immunohistochemical ~characteristics of tilapia
intestines immersed in Spirulina platensis extract and
then infected with Aeromonas salmonicida bacteria.

2. Materials and Method

2.1. Ethical Approval

Ethical clearance for animal study was obtained
from the Faculty of Veterinary Medicine, Gadjah
Mada University (Certificate Number: 0023/EC-
FKH/Int./2019), ensuring compliance with animal
welfare guidelines and ethical standards.

2.2. Study Period and Location

Thestudy was carried out from February to April
2019. The research site and immunohistochemistry
analysis of fish intestines were conducted in the
Veterinary Pathology Laboratory, Faculty of
Veterinary Medicine, Gadjah Mada University. The
production of Spirulina platensis hot water extract
was conducted at the Joint Laboratory Facility,
Faculty of Biology, Gadjah Mada University.

2.3. Preparation of Spirulina platensis extract

Forty grams of Spirulina platensis flour
is combined with 450 milliliters of water and
thereafter cooked using a hot plate stirrer for one
hour at a temperature of 90°C. The cooled solution
is centrifuged at 4°C at 2500 rpm for 15 minutes
to separate the sediment from the supernatant. The
supernatant is collected and subjected to freeze-
drying. The dosage of Spirulina platensis hot water
extract is determined based on the modified research
of Tayag et al. (2010), namely at concentrations of

400 mg/L, 600 mg/L, and 800 mg/L.

2.4. Experimental Design

Thirty tilapia were acclimated for seven days
and thereafter partitioned into five groups. The fish
groups were P0-, tilapia devoid of Spirulina platensis
extract and uninfected by Aeromonas salmonicida.
Group PO+, tilapia devoid of Spirulina platensis
extract, infected with Aeromonas salmonicida.
Group P1 consisted of tilapia immersed in Spirulina
platensis extract at a concentration of 400 mg/L
for 3 hours on the 7th day, followed by a second
immersion on the 14th day. Group P2 consisted of
tilapia immersed in Spirulina platensis extract at a
concentration of 600 mg/L, whereas Group P3 was
treated with a concentration of 800 mg/L, similar to
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Group P1. On the 21% day, groups PO+, P1, P2, and
P3 were inoculated with Aeromonas salmonicida via
intraperitoneal injection of 0.1 cc at a concentration

of 10” cells/ml. All fish underwent an autopsy on
the 28" day.

2.5. Histopathological Preparation of Intestinal
Organs

The histological tissue process has multiple
stages like fixation, dehydration, embedding,
blocking, cutting, staining, and mounting. The
intestinal organ tissue pieces are stored in 10%
phosphate buffered formalin for 24 hours, and
trimmed to a size of 0.3 x 0.5 x 0.5 cm. The
subsequent procedure employs a tissue processor
utilizing ethanol at concentrations of 70%, 80%,
and 90%, followed by absolute ethanol three times,
each for a duration of 60 minutes. The clarifying
procedure involves three washes with xylol, followed
by two infiltrations with liquid paraffin, each lasting
one hour, and the subsequent sectioning of paraffin-
embedded tissue at 5-7 micron using a microtome.

2.6. Data Analysis

Data were acquired by the study of microscopic
observations of immunohistochemistry results,
antigen-antibody interactions, antigen distribution,
and the chromatic quality of binding responses,
together with descriptive analysis.

3. Results

Immunohistochemical labeling of tilapia
intestines yielded positive results in treatments PO,
P1, and P2, but negative controls and treatment
P3  exhibited negative immunohistochemistry
(Table 1). Positive immunohistochemical staining
results demonstrated the presence of Aeromonas
salmonicida antigens, represented by a brown
coloration in the tissue (Figure 1), with the bacteria

Figure 1.

uniformly dispersed across the intestinal mucosa.
The histopathological examination of tilapia fish
intestines treated with varying doses of Spirulina

platensis reveals villi erosion also shown in Figure 2.

Table 1. The results of immunohistochemical and
histopathological examination of intestinal

organs

Groups Number IHC HE
PO- 1 -

2 -

3 -

4 - -
PO+ 1 - -

2 - Erosion

3 +  Erosion

4 +  Erosion
P1 1 + Erosion

2 - Erosion

3 +  Inflammation

4 - Erosion, Inflammation
P2 1 + -

2 - Erosion

3 + Erosion

4 - Inflammation
P3 1 - -

2 - Erosion

3 - Erosion, Inflammation

4 - -

IHC: Immunohistochemistry; HE: Hematoxylin Eosin; +:
positive result; - negative results

4. Discussion

Immunohistochemical staining can validate the
diagnosis and ascertain the distribution of Aeromonas
salmonicida in the tissues or organs of the fish, with
a positive reaction indicated by the presence of a
brown color resulting from the binding of antigens

The results of the immunohistochemistry analysis of tilapia intestines indicate positive results, with

brown coloration observed. A: PO+; B: P1 at a dosage of 400 mg/L; C: P2 at a dosage of 600 mg/L (1)
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Figure 2.

and antibodies. Bintari”' reported that the results
of immunohistochemistry for Aeromonas hydrophila
were consistent with those obtained using rabbit
polyclonal serum, revealing brown patches that
were either clustered in a specific region or dispersed
across the kidney tissue.

The administration of Spirulina platensis
diminished the proliferation
salmonicida within the intestinal tissue of tilapia.
Lipopolysaccharide, a constituent of the Spirulina
platensis cell wall, may act as an immunostimulant.
Boajiang™ asserts that the lipopolysaccharide
(LPS) level in Spirulina platensis enhances non-
specific cellular immunity and particular humoral
function. LPS constitutes a component of the cell
wall of Spirulina platensis. The administration of
Spirulina platensis extract as an immunostimulant
demonstrated a reduction in villous
and inflammatory cell density in the intestines
of tilapia infected with Aeromonas salmonicida.
Fish were immersed in Spirulina platensis extract
twice, followed by an injection of 10° Aeromonas
salmonicida/ml. The PO treatment (tilapia devoid of
Spirulina platensis extractand Aeromonas salmonicida
infection) exhibited normal intestinal conditions.
Fish in the PO group exhibited health and were
impervious to bacterial infection. The intestinal
histology of the P0O- group exhibited no alterations.
The PO+ group (tilapia devoid of Spirulina platensis
extract, then inoculated with Aeromonas salmonicida
via injection) exhibited clinical manifestations of
Aeromonas salmonicida infection. Bacteria were
administered intramuscularly, swiftly entering
the bloodstream and subsequently disseminating
systemically as bacterial emboli to target organs.

of Aeromonas

erosion

©2025 Sckolah Kedokteran Hewan dan Biomedis, IPB University

The histopathological examination of tilapia fish intestines treated with varying doses of Spirulina
platensis reveals villi erosion (7). A: P1 received a dosage of 400 mg/L; exhibiting an undamaged
intestinal image; B: P2 received a dosage of 600 mg/L

These findings align with research indicating the
presence of Aeromonas salmonicida in several internal
organs within 2 to 12 hours post-exposure'”!"”,

Reduced activity of Aeromonas salmonicida
bacteria attributed to immersion in Spirulina
platensis. Phycocyanin and lipopolysaccharide
derived from Spirulina platensis can enhance the
immune system at a concentration of 400 mg/L. The
microalga Spirulina platensis, a cyanobacterium,
is frequently utilized as a natural feed supplement
owing to its varied nutritional composition,
which  markedly  improves  biomodulatory
and immunomodulatory  capabilities"".  The
lipopolysaccharide of Spirulina
platensis is recognized for its immunostimulant
properties, evidenced by the enhancement of
macro- and microglobulin antibody production
and a notable increase in macrophages. The

concentration

polysaccharides in S. platensis can enhance non-
specific cellular and humoral immunity"”

According to the observation results of P1
(tilapia fish immersed in Spirulina platensis extract
at a concentration of 400 mg/L for 3 hours on
the 7th day, followed by a second immersion on
the 14th day), the enhancement of the response
remains minimal, indicating that bacterial activity
cannot be entirely eradicated. The density of
inflammatory cells in P1 indicates that erosion of
intestinal villi provokes an inflammatory response
characterized by the infiltration of inflammatory
cells. Inflammatory cells traverse from blood vessels
to the wounded area, characterized by the presence
of polymorphonuclear cells and macrophages in
the lamina propria. Treatment P2 (600 mg/L)
demonstrated superior outcomes compared to P1,
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as indicated by reduced villi erosion and a less dense
presence of inflammatory cells . The P3 therapy (800
mg/L dosage) decreased erosion and inflammatory
cell density in the intestines of tilapia. This results
from heightened intestinal lymphoid activity
and an elevated cell count in the lamina propria,
facilitating the direct phagocytosis and elimination
of bacteria, hence averting excessive bacterial activity
and reducing villous erosion. The reduction in
inflammatory cell density led to enhanced intestinal
histopathology relative to the prior therapy”.
Polysaccharides derived from Spirulina platensis
stimulate monocytes and neutrophils in tilapia.
The elevated monocyte and neutrophil counts in
tilapia with Spirulina platensis hot water extract
enhanced immune system activation. Neutrophils
and macrophages in fish generate reactive oxygen
species (ROS), which are linked to the phagocytes’

capacity to eliminate infections! "),

5. Conclusion

The administration of Spirulina  platensis
extract at a concentration of 800 mg/L through
immersion for 3 hours on the 7" and 14" days
in tilapia, subsequently infected with Aeromonas
salmonicida, can diminish the proliferation of
Aeromonas salmonicida in the intestines of tilapia, as
evidenced by immunohistochemistry.
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