Eco. Env. & Cons. 26 (1) : 2020; pp. (341-347)
Copyright@ EM International
ISSN 0971–765X

The potency of increasing salinity in histopathological
changes of clarias sp. osmoregulatory organs
Awanengga Letsyo Widiarto1, Laksmi Sulmartiwi1* and Boedi Setya Rahardja1
1

Faculty of Fisheries and Marine, Universitas Airlangga, Surabaya 60115, Indonesia

(Received 24 September, 2019; accepted 30 November, 2019)

ABSTRACT
Catfish (Clarias sp.) is one of the most leading commodity freshwater fish in Indonesia. Cultivation of Clarias
sp. are spread in many regions in Indonesia. However, many areas don’t meet the availability of good fresh
water, for example in coastal areas and small islands. Water resources in coastal areas generally have a
fairly high or brackish salinity. The increase in salinity can affect the metabolism of freshwater fish regulators.
These disorders can occur in osmoregulatory organs, namely gills and kidneys. The purpose of this study
was to determine the effect of different salinity on histopathological changes in the gills and kidneys of
Clarias sp. and to determine the salinity levels that can be tolerated by Clarias sp. Observations were conduted
on the histopathology of the gills and kidneys of Clarias sp. with the scoring method which is then continued
to statistical test. Based on observations, the histopathological changes found in the gills and kidneys of
Clarias sp. were edema, congestion, cell degeneration, inflammation, necrosis, hemorrhage, hyperplasia
and fusion. The results of the analysis of gill and kidney scoring showed significant differences (p <0.05) for
each salinity concentration. The highest score of scoring was in treatment P3 which is significantly different
from treatment P2, P1 and P0. Different salinity concentrations have a significantly different effect on gills
and kidneys organ damage of Clarias sp.
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Introduction
Catfish (Clarias sp.) is a freshwater fish that cultivated in many regions in Indonesia and is a superior commodity (Yunus and Tuiyo, 2014). Some of
the advantages of Clarias sp.are has a fairly high
nutrient content, economic value, fast growth and
easy cultivation (Prayogo, 2012; Syevidiana et al.,
2019). Demand for seeds of Clarias sp. in one region
in Indonesia is an average of 800,000 per day. Even
it has the potential to reach up to 1.5 million production per day, but the it can be carried out on an average of 600,000 per day (Puspowardoyo and
Djarijah, 2002). One of the problems in the cultivation of Clarias sp. limited by several factors includ-

ing the limitations of water (Putra et al., 2011).
Salinity as one of the parameters of water quality
has a direct effect on fish metabolism, especially the
osmoregulation process. This change in concentration tends to disrupt the internal conditions in fish.
To deal with this condition, the fish make arrangements osmotic pressure by reducing the osmotic
gradient between the fluids of the body and the environment, perform selective retrieval salt. In
aquatic organisms such as fish, there are several organs that play a role in regulating osmotic pressure
or osmoregulation so that the physiological processes in the body can run normally. Osmoregulation in fish is carried out by the organs of the kidney,
gills, skin and digestive tract (Praseno et al., 2009).
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A defense to maintain the balance of osmotic
pressure requires a high energy in the process of osmoregulation. The osmoregulator organs have to
work harder to process and tissue damage in these
organs can be found as a response to the failure of
the process osmoregulation fish. Based on these
statemnets, this study was conducted to determine
the effect of different salinity on histopathological
changes in the gills and kidneys of Clarias sp. This
study was expected to find out the damage caused
by different salinity in gill and kidney organ histopathology, and salinity levels that can be tolerated
by Clarias sp. Hopefully, the cultivation activities in
areas with minimal fresh water can increase productivity.

Materials and Methods
This research was conducted in April-October 2017
in the laboratory of the Faculty of Fisheries and Marine, Airlangga University, Indonesia.
Research tool
The equipments in this study were an aquarium of
20 pieces in size 50 x 16 x 18 cm (5 liters), aerators,
aeration hoses, aeration stones, section sets, refractometers, sterofoam, thermometers, DO meters, pH
paper, ammonia kit tests , fiber tub, measuring cup,
beaker, glass object, glass cover, fish net, label paper, sample container and pencil / ballpoint.
Research material
The material used in this study were the seeds of
Clarias sp. with a size of 7-9 cm from the Mina
Usaha Cemeng Bakalan Sidoarjo Farmer Group,
commercial feed in the form of pf 800 pellets, water
with salinity of 30 ppt, aquadest and formalin 10%.
Observational procedures
This research was conducted by dividing into four
groups, namely the control group (P0) with salinity
0 ppt, treatment group 1 (P1) with salinity 3 ppt,
treatment group 2 (P2) with salinity 6 ppt and treatment group 3 (P3) with salinity 9 ppt. the level of
salinity is not directly given to Clarias sp. on the first
day (Prananingtyas et al., 2019). An increase in salinity of 1 ppt was carried out every 2 days until salinity was reached in each treatment. Each aquarium
with each different salinity is filled with Clarias sp.
as many as 20 fishs. Observations were carried out
for 30 days by feeding as much as 3 times a day,
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namely at 08.00, 12.00 and 16.00. Every 2 days cleaning of feces is carried out by removing about 20% of
water which then replenishes it with 20% of the new
water with salinity according to treatment.
Water quality parameters that observed in this
study included temperature, DO and ammonia.
Temperature checks and DO are carried out every
day in the morning and evening, while the ammonia examination is done once a week. Measurement
of pH is also carried out every day to maintain the
suitability of the pH of each treatment. Histopathological preparations were carried out on the 30th
day of treatment. Fish gills and kidneys were taken
and then fixated using Hematoxillin-Eosin (HE)
staining. Observation of histopathological preparations was carried out using the Semi-quantitative
scoring method of histopathological changes
(Gibson-Corley et al., 2013). The method has values
such as 0, score 1 (mild) if <45% of the area of view
is experiencing tissue damage, score 2 (moderate) if
tissue damage occurs at 50-75% and score 3 (weight)
if damage is 76% from the broad field of view.
Data analysis
The data from observations on histopathological
preparations of gill and kidney organs were based
on the degree of damage scores. Analysis of the data
used was non-parametric statistical analysis using
the Kruskal Wallis test followed by the Mann
Whitney test.

Results
Based on observations, histopathological changes
found in Clarias sp. different salinity affects gill and
kidney organ damage. This can be seen from the
findings of microscopic changes from each organ,
indicating that different salinity concentrations influence the changes in gill and kidney organ damage of Clarias sp. The overall observation results can
be seen in Table 1.
Changes in gill tissue of Clarias sp. including
edema, hyperplasia, congestion, fusion, and hemorrhage. In the edema damage is marked by the
stretching of the secondary lamellar epithelium because it is filled with fluid. Swelling damage can be
found in all treatments. Hyperplasia damage is
characterized by the discovery of thickening or enlargement of an organ. In the gill organs can be recognized by the enlargement of primary and secondary lamella, damage to fusion of lamella occurs due
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Table 1. Histopathological changes in the organs of Clarias sp on 3 ppt salinity media up to 9 ppt.
Treatment
P0
P1
P2
P3

Microscopic Changes (Hispathology)
Kidney

Gill

There is no damage
Edema, Congestion
Edema, Inflammation, Degeneration, Congestion
Congestion, Edema, Hemorrhage, Necrosis

There is no damage
Edema, Hyperplasia
Edema, Congestion
Fusion, Hemorrhage, Edema

to continuous pathology of hyperplasia and causes
the filling of the intermediate intermarella space by
new cells which then triggers attachment on both
sides of the lamella, damage to hemorrhage marked
by blood from blood vessels due to holes in the wall
or blood breaking through the intact wall because of
the increase in porosity of the blood vessels, and

damage to congestion is the blocking of blood
marked by capillary in congested tissue that looks
more dilated and more red because it is full of
blood. The description of histopathological damage
of gill organs in Clarias sp can be seen in Figure 1.
Changes also occur in the kidney tissue of catfish
such as edema, congestion, inflammation, degenera-

Fig. 1. Gills histopathology of Clarias sp. a, Normal gills histology of Clarias sp. P0: the control shown by the Lamela
Primer (LP) and Secondary (LS) black arrows has no change, 400x magnification. b, Gills of Clarias sp. in
treatment P1: 3 ppt which was shown by the primary Lamela black arrow and secondary to hyperplasia (HP),
a magnification of 1000x. c, P2: 6 ppt which is shown by the blue arrow experiencing Congestion (K) and the
red arrow experiencing Edema (E), 400x magnification. d, P3: 9ppt which is shown by the yellow arrow
experiencing Hemorrhage (H), which shows the red arrow experiencing Edema (E) and the one with the black
arrow experiencing Fusion (F), 400x magnification. e, P3: 9 ppt which is shown by the black arrow experiencing Fusion (F) Magnification of 400x.
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tion, hemorrhage and necrosis. Signs of damage to
tissue swelling, congestion and hemorrhage as
shown in the gills. Inflammation is characterized by
inflammation so the tissue looks shapeless. Degeneration damage is an abnormal accumulation of cell
substances characterized by fat degeneration in the
form of vacuoles (empty space) and damage to necrosis is characterized by having a pale color than
normal color, loss of range and appear to be destroyed or shrinking. The picture of histopathology
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can be seen in Figure 2 below.
Calculation of histopathological scoring values of
gills and kidneys of Clarias sp. those treated with
different salinity can be seen in Table 2. The results
of the scoring calculation obtained an average score
of scoring, namely in the kidney: 0; 1.4; 2; 2,8 and on
gills: 0; 1.6; 2.2; 3. This shows that the histopathology of the gills and kidneys of Clarias sp. obtain a
score of between 1-3 which indicates the level of
mild to severe damage due to different salinity

Fig. 2. Kidney histopathology of Clarias sp. a, Normal kidney histology of Clarias sp. P0: the control shown by the black
arrow is Tubulus (t) and Bowman Capsule (b), 400x. b, Kidney histopathology in treatment P1: 3 ppt shown by
black arrows experiencing congestion (K), 400x magnification. c, In P2: 6 ppt treatment shown by black arrows
experiencing degeneration (D), a magnification of 1000x. d, Treatment of P2: 6 ppt ppt shown by black arrows
experiencing Inflammation (I) and Degeneration (D), 1000x magnification. e, in the treatment of P3: 9ppt shown
by the blue arrow experiencing Congestion (K), the yellow arrow experiences Hemorrhage (H) and the red arrow shown goes to Edema (E), 400x magnification. f, Treat P3: 9 ppt shown by black arrows experiencing Necrosis (N), 1000x magnification.
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Table 2. The test results on the scoring of histopathological changes in gills and kidneys of Clarias sp.
with different salinity
Treatment

Value of tissue
damage to
the gill

Value of tissue
damage to
thr kidney

0d
1,4c
2b
2,8a

0d
1,6c
2,2b
3a

P0
P1
P2
P3

Explanation: Different supercrypt notations for each test
parameter showed significant differences with significance (á = <0.05). P0 = salinity 0 ppt, P1 = salinity 3 ppt,
P2 = salinity 6 ppt, P3 = salinity 9 ppt.

treatments.
Kruskal Wallis analysis results for scores of gill
and kidney in Clarias sp. Shows a significant difference (p <0.05) for all salinity concentrations. This
shows that different salinity concentrations affect
the level of gills and damage to kidney organs
Clarias sp. Gill test results of Clarias sp. using Mann
Whitney showed that the highest value of tissue
damage was found in P3 treatment which was significantly different (p <0.05) with treatment P2, P1
and P0.
Water quality data on maintenance of Clarias sp.
can be seen in Table 3 the water quality parameters
observed during the study were temperature, dissolved oxygen (DO) and ammonia.The results of the
water quality measurements show that during the
study water quality was well maintained because it
was still within the normal range. The temperature
during the study shows the numbers 28-29ºC which
are still in the normal range of 25-31ºC. The sea oxygen is also in the normal range, which is 4-5 mg / L,
which means that the aeration of each aquarium
works properly. Then the measurement of ammonia
also shows the number 0.003-0.006 mg / L which is
below the normal number which is <0.025 mg / L,
which means that the cleanliness of the water is

maintained from the number of fish stools.

Discussion
Histopathological observation results show a salinity affect the changes in osmoregulatory organ tissue (gills and kidneys), where the level of damage is
higher in line with increasing salinity concentration
when compared with controls. Some significant
damage such as edema or congestion in each treatment is a form of response because it can’t tolerate
the salinity level given. This change occurs at the
salinity concentration tested with the level of damage from mild to severe. The initial effect of salinity
treatment on Clarias sp. resulting in changes in the
kidney and gills of Clarias sp. namely the presence
of edema and congestion. Edema is an abnormal
accumulation of fluid in one or more body cavities.
Edema (swelling) is swelling because of the buildup
of fluid in the cell tissue and in the organs in the
body, congestion is the increased volume of blood in
the vessels (Kusuma, 2010).
Salinity environment, tends to have environmental conditions that have hypertonic properties while
fish body fluids are hypotonic to the environment.
Electrolyte concentration and the osmotic pressure
of the media’s water become greater than in the
body so that water from body fluids tends to osmosis out. Such to the condition fish will try to maintain the osmotic pressure of body fluids so as not to
come out of the cell and prevent the urine from becoming more concentrated than the blood. These
balancing needs make the fish tend to drink water
and remove excess sodium and chloride electrolytes
(Affandi and Tang, 2002). Freshwater fish drink a
lot of salinity water resulting in not being able to
tolerate sodium in the body and resulting in retention of sodium and increased interstitial fluid volume. Failure to excrete excess sodium results in retention of water in the body and edema is formed
(Kusuma, 2010). The gill’s defense response is char-

Table 3.Water quality measurement results
Water quality
Temperature (°C)
DO (mg/L)
Ammonia (mg/L)

Treatment

Normal range

P0

P1

P2

P3

28-29
4-5
0.003

28-29
4-5
0.006

28-29
4-5
0.006

28-29
4-5
0.006

25-31 (Tawar, 2005)
5 (Boyd and Tucker, 2012)
< 0.025 (Bhatnagar and Devi, 2013)

Explanation: P0= salinity 0 ppt, P1= salinity 3 ppt, P2= salinity 6 ppt, P3= salinity 9 ppt.
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acterized by excessive mucus excretion caused by
mucous cell proliferation resulting in the incorporation of lamellae gill (fusion) and cell hyperplasia
(Metcalfe, 1998).
Histopathologic features were observed on the
gill organs such as congestion, hyperplasia, fusion
and hemorrhage is a common response that occurs
due to the entry of foreign materials such as irritants
or salinity levels that are stressors that can’t tolerate
with fish body (Mohamed, 2009). Damage to cells
that continue will result in decreased organ function
then there is a failure in performing its functions,
will be followed by the death of the individual. The
level of organ damage depends largely on how successful the osmoregulation mechanism works. The
state of cell necrosis in catfish is an indication of the
effect of damage because it cannot tolerate a substance (salinity) and an indication of a defense response to the material. Necrotic results from a number of morphological changes that will be followed
by cell death in the tissue(Ramali et al., 2003). Cells
that can no longer adapt to the changes that occur,
in the long run will cause cells to lose the function
and eventually cause cell death or necrosis. One of
the causes of cell death and dysfunction is lack of
oxygen. Because damage to an osmoregulation organ so that it can result in a sudden and severe lack
of oxygen will continue to fail respiration and the
inability to change energy through ATP. This failure
will be followed by an imbalance of all homeostatic
intracellular mechanisms that regulate ion transport, membrane permeability and cell structure
(Spector and Spector, 1993).
The concentration of salinity treatment affects the
damage response that is different in each organ so
that the histopathological picture of gill and kidney
tissue that is damaged shows that the organ failed
in the osmoregulation process. Thus, the use of land
for catfish cultivation in areas with increasingly limited freshwater resources can’t be applied or applied optimally. The acclimatization process of catfish is carried out gradually by increasing the salinity level slowly so that catfish can adapt well to the
treatment, in the preliminary test there were several
catfish which could not survive at 10 ppt salinity but
still survived at 9 ppt during the study. Fish seeds
can also be said to have a large immune system and
can adapt well. This is because the development of
chloride cells in the gill fillament will increase in the
Na + / K + ATPase in the blood when the fish has
entered the saline water. Chloride cells have a very
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important role in the adaptation of freshwater and
sea water fish. These factors make optimal survival
and absence of death (Kaneko et al., 2008).
Water quality is defined as a factor in the feasibility of water to support life and growth of aquatic
organisms whose value is determined within a certain range. Data supporting the research are water
quality which includes temperature, pH, dissolved
oxygen content and ammonia. Measurements of
water temperature were carried out every day during the study ranging from 28-30 ° C. This shows
that the range of water temperature during the
study is still in a proper condition for the maintenance of catfish, which is 22-32 °C (Tawar, 2005). An
important factor that affects the growth and survival of fish other than feed is the quality of the
water especially temperature. Temperature can affect important fish activities such as breathing,
growth and reproduction. High temperatures can
reduce dissolved oxygen and appetite for fish
(Kelabora, 2010).
Measurements of water pH values were carried
out every day during the study ranged from 6-7.
The optimal pH for the growth of most fish species
ranges from 6.5-9.0 (Boyd, 1982). This shows that
the range of pH values is quite feasible for the maintenance of catfish seeds. DO (Dissolved oxygen)
measurement plays an important role in the cultivation process, this is because the activity of microorganisms that decompose organic matter requires
sufficient oxygen. The measurement results of dissolved oxygen content in catfish maintenance water
ranged from 4-5 mg/L. Dissolved oxygen levels in
waters are at least 3 mg/L and optimum at 5 mg/L.
Fish need a sufficient amount of oxygen to survive
in a water. This shows that the range of DO values
is quite feasible for maintenance of Clarias sp. Ammonia measurements are carried out every three
days using a spectrophotometer or test kit. Ammonia measurement results in maintenance water of
Clarias sp. ranged from 0.003-0.006 mg / L. The optimum ammonia concentration for growth of Clarias
sp is <0.025 mg/L (Bhatnagar and Devi, 2013). Ammonia concentration > 0.3 mg/L will cause stress,
decreased appetite, fish death. It is necessary to do
regular water changes and do the siphon for optimal ammonia values (Pitrianingsih, 2014).
Changes of the gill and kidney organs can be
used as an indicator of the level of fish health and
the quality of the media when cultivating catfish.
Further testing needs to be done to see the effect of
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salinity on decreasing fish immunity systems that
are maintained in salinity for a long time.

Conclusion
The conclusion obtained from this study is the difference in salinity affects the histopathology of the
gills and kidneys of Clarias sp. with a real difference
(p <0.05) for all treatments. Increased salinity of 9
ppt has a high influence on damage to the gill and
kidney tissue of Clarias sp.
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