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Abstract
Background: Lake Diatas is one of the important lake which is influenced by agricultural activities 
around the lake, and chlorpyrifos is widely used as a pesticide in this area. This study aimed to analyze 
the damage of the gill tissue of Oreochromis niloticus L. and Cyprinus carpio L. as two freshwater fish, 
which are mostly caught to be consumed by the residents in Lake Diatas, Indonesia, that were exposed 
to chlorpyrifos.
Methods: Acclimatization was performed for 14 days and continued with toxicity test for 30 days. 
Chlorpyrifos exposure was tested at various concentrations. Fish gill tissue was observed microscopically 
in 10, 20, and 30 days of exposure, and damages were scored based on the level of gill tissue damage. 
Results: It was revealed that O. niloticus L. experienced edema, proximal basal hyperplasia, fusion, 
hyperplasia in all secondary lamellae, and necrosis at the higher exposure concentration. While C. 
carpio L. experienced fusion, hyperplasia, clubbing, necrosis, and obvious degradation of gill tissue of 
fish after 30 days of exposure to chlorpyrifos. There was a significant difference in the damage of fish gill 
tissue between each variation treatment (P < 0.05). 
Conclusion: According to the results, the higher the concentration of chlorpyrifos and the longer the 
exposure time, the higher the level of damage in gill tissue.
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Introduction
Lake Diatas is a lake located in Nagari Alahan Panjang, 
Lembah Gumanti sub-district, Solok district, West 
Sumatera province, Indonesia. It is classified as tectonic 
lake with maximum depth of 44 km and 12.3 km2 area. 
The water source of Lake Diatas comes from the Aie 
Mati River and the Batang Galagah River, while the water 
comes out through the estuary into the Batang Gumanti 
River. The lake is one of the potential resources, especially 
in the field of tourism and agriculture, which improving 
the economy of the people who live around it. Lake Diatas 
is used by residents for daily living, water transportation 
for surrounding residents, as well as for other activities 
like fishing. The geographical map of Lake Diatas can be 
seen in Figure 1.
Oreochromis niloticus L. and Cyprinus carpio L. are two 
fish, which are widely cultivated as fresh water fish in Lake 
Diatas. These fish are economical, widely consumed by the 
society, and can show reaction to environmental changes. 
C. carpio L. lives in fresh water that is not too deep and the 

flow is not too heavy, like on the banks of rivers or lakes. 
This fish can live well in areas with an altitude of 150-600 m 
above sea level and at a temperature of 25-30°C. Although 
it is classified as freshwater fish, it is occasionally found 
in brackish waters or river estuaries of 25%-30% salinity. 
C. carpio L. can survive at a low dissolved oxygen (DO) 
concentration of 0.3-0.5 mg/L (1,2).
While O. niloticus L. has the ability to grow normally at 
temperature between 14 and 38°C with the optimum 
temperature for growth is 25-30°C. The optimum pH for 
the growth of the fish is 7-8 and the fish body color is 
affected by the environment. This fish should live in water 
with dissolved oxygen levels greater than 3 mg/L (2,3).
The use of pesticides in the West Sumatra region is 
dominated by organophosphate pesticides, which are very 
toxic and have a half-life that varies in nature. The main 
type of organophosphate pesticides that are often used in 
West Sumatera is chlorpyrifos. Chlorpyrifos is also widely 
used for the agricultural activities around Lake Diatas. 
Small amounts of chlorpyrifos can have significant effect 
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due to its nature, because it cannot be mixed well with 
water, and therefore, remain on the surface of the water 
with air and evaporate (4).
The respiratory system of fish consists of organs that bind 
oxygen and emit carbon dioxide. These organs are gills 
and gill-related structures, such as blood vessels allowing 
the exchange of oxygen and carbon dioxide. The gills have 
branched structures wrapped entirely by the outer layers 
and are composed of thin-walled filaments or lamellae, 
each having a blood capillary. Therefore, gill is the primary 
and vital respiratory organ in fish (5).
If fish is exposed to environmental pollutants, such as 
pesticides, its important function will be in danger due 
to the disruption of oxygen uptake of fish, which will 
indirectly affect the growth of fish. The structure of gill 
tissue composed of thin epithelium, which can be directly 
in contact with toxic substances in the environment (6). 
Damage to gill tissue can be investigated by analyzing 
histopathological changes in this tissue, such as edema 
(swelling of tissue), fusion (an increase in the number of 
cells in the tissue), hyperplasia (increased cell production), 
and necrosis (death of cell). Edema is swelling of tissue, 
fusion is marked with thickening of epidermis, hyperplasia 
is the enlargement of an organ or tissue caused by an 
increase in the reproduction rate of its cells, and necrosis 
is a form of cell injury, which results in the premature 
death of cells in living tissue (6). 
The aim of this study was to analyze the histopathological 
changes in gill tissue of O. niloticus L. and C. carpio L., 
which was exposed to chlorpyrifos insecticide at various 
concentrations.

Materials and Methods
Fish maintenance
Oreochromis niloticus L. and C. carpio L. juveniles 
were obtained from Sungai Bangek, Kecamatan Lubuk 
Minturun Padang. The characteristics of O. niloticus L. 
(initial length: 4-5 cm, body weight: 2-2.5 g, and age: ±1 
month) and C. carpio L. (initial body length: ± 7-8 cm, 
body weight: ±5 g, age: about ± 3 months), considering 
the size of the gill for the sample preparation purposes, 

were measured. Fish were used in experiments after being 
acclimated in a holding tank for 14 days. Fish were fed 
with pellet (brand PF 80) three times a day. The water 
in the fish tanks was replaced every three to four days, 
according to the renewal test method (7). Acclimatization 
was performed to adapt fish to environmental conditions, 
which maintained by the measurement of temperature, 
pH, and DO. The acclimatization was successful if no 
more than 3% of the test animals died within 48 hours. 
The acclimatization of test animals in this study was 
conducted for 14 days (8). 

Experimental setup
In this study, glass fish tanks (45 × 40 × 40 cm) equipped 
with an aerator with 3.5 L/min discharge were used (9,10). 
Chlorpyrifos insecticide solution used in this study was 
Dursban 200 EC. The water volume for each tank was 
adjusted to the ratio of 1 L of water for 0.8 g of fish weight 
(8). Each variation was carried out in 3 fish tanks, each 
containing 20 fish (11). The fish were observed for their 
gill tissue damages every 10 days until day 30.
Sublethal toxicity test was performed using an artificial 
solution of chlorpyrifos insecticide. O. niloticus L. was 
exposed to chlorpyrifos at concentrations of 0.0019, 
0.0038, and 0.0076 mg/L. While C. carpio L. was exposed 
to chlorpyrifos at concentrations of 0.0007, 0.0014, and 
0.0028 mg/L. Control group containing only chlorine-free 
water. 
The gills were taken from 3 fish samples of each test 
variation every 10 days. The fish were anesthetized using 
frozen ice, and then, the gills were taken and fixed with 
Bouin’s solution, and followed by hematoxylin and eosin 
(H & E) method. Microscopic observations of histological 
gill slice preparation were performed using a microscope 
with 40-1000X magnification for histopathological 
analysis. 

Gill scores
The gill damages were analyzed using a semi-quantitative 
scoring system, and scored from 0-5 based on the presence 
of edema (swelling of tissue), hyperplasia (increased cell 
production), lamellar fusion (increased number of cells in 
the tissue), and necrosis (death of cell) (12). Observations 
were assessed using scoring methods based on the extent 
of tissue damage, as presented in Table 1.

Statistical analysis
The scores of gill tissue damage were calculated, and 
the mean score was then analyzed with regression and 
correlation analysis to determine the relationship of gill 
damage with chlorpyrifos concentration and duration of 
exposure. Kruskal-Wallis test was conducted to determine 
if there is a significant difference between each variance, 
the calculations continued with Mann-Whitney U test at 
5% level of significance to determine the real difference 
between gill damage at each concentration and duration 

Figure 1. Geographical map of Lake Diatas, Indonesia.
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exposure. The data were analyzed using Kruskal-Wallis 
and Mann-Whitney U tests by SPSS version 20.

Results
Water quality during toxicity test was suitable for both fish 
species. Measurement of pH ranged 7.5-8.5 for O. niloticus 
L. and 7.9-8.3 for C. carpio L. While DO concentration 
ranged 6.6-7.6 mg/L for O. niloticus L. and 5.3-7.3 for C. 
carpio L., with the requirement for DO was larger than 3 
mg/L. The temperature of water for fish ranged 25, 1-28, 
and 8°C for O. niloticus L. and 25.6-28.5°C for C. carpio L., 
with the requirement for both fish ranging 25-30°C.

Gill tissue damage of Oreochromis niloticus L.
The damages of the gill tissue of O. niloticus L. are shown 
in Table 2. The damages of the gill tissue of control 

samples slightly increased every 10 days. It was revealed 
that control group experienced some minor damages of 
edema and hyperplasia, which were considered standard 
for farmed fish (13).
The worst gill lesion of necrosis was observed in the fish 
exposed to 0.0076 mg/L of chlorpyrifos, which can be seen 
in Table 2. In the exposure of 0.0019 mg/L chlorpyrifos, 
gill experienced edema and fusion, while in the exposure 
of 0.038 mg/L chlorpyrifos, gill experienced hyperplasia. 
Increasing scores of damages by the higher and longer 
chlorpyrifos exposure are presented in Figure 2 (P < 0.05).

Gill tissue damages of Cyprinus carpio L.
Damages of the gill tissue of C. carpio L. can be seen 
in Table 3. Similar to O. niloticus L., there was a slight 
damage to gill tissue of C. carpio as control group, which 

Table 1. Level of gill tissue damages

Level Score Details
I 1 There is edema in the lamellae and the release of epithelial cells from the underlying tissue;
II 2 Occurrence of hyperplasia in the secondary proximal basal lamellae;
III 3 Hyperplasia in the two secondary lamellae and clubbing;
IV 4 Hyperplasia occurs almost in all parts of the lamellae
V 5 There is a loss of secondary lamellar structure and filament damage.

Table 2. Gill tissue damages of Oreochromis niloticus in 30 days of exposure to chlorpyrifos

Chlorpyrifos 
Concentration

Changes in Gill Tissue of Oreochromis niloticus
Day-10 Day-20 Day-30

Control group

0.0019 mg/L

0.0038 mg/L

0.0076 mg/L
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were considered normal for farmed fish (13).
The higher score by the longer exposure to higher 
chlorpyrifos concentrations, was supported by P < 0.05. 
The gill experienced fusion and hyperplasia after 30 days 
of exposure to 0.0019 mg/L chlorpyrifos. While in the 
exposure to 0.038 mg/L chlorpyrifos, gill experienced 
hyperplasia since the 10th day of experiment. Necrosis of 
gill tissue was observed in the exposure to 0.0076 mg/L 
chlorpyrifos.

At concentration of 0.0007 mg/L, the gill of fish 
experienced the changes by the occurrence of fusion 
to hyperplasia throughout lamellae within 30 days of 
exposure. On the 10th and 20th days, the gills of fish 
experienced fusion in the form of the binding of the two 
secondary lamellae. According to Robert, fusion occurs 
due to an increase in the number of mucus cells in the 
lamellae that continuously increases (6). On the 20th day, 
lamellae fusion was more prevalent in the gill tissue of C. 
carpio L. compared to that on the 10th day. And on the 
30th day, the gills of fish experienced a complete lamellae 
hyperplasia, characterized by the incorporation of several 
secondary lamellae throughout the lamellae (Figure 3).

Discussion
The results showed that chlorpyrifos is responsible for 
pathological changes in the fish gill. In a similar study by 
Pal et al, the effects of chlorpyrifos on the gill of Cyprinus 
carpio for 14 days were investigated and several damages 
to gill, including fusion, hyperplasia to necrosis, were 
reported (14). Another study by Xing et al also showed 
histopathological changes in the brain and kidney of 
common carp after 40 days of exposure with more severe 
damages at higher exposure doses (15). 
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Figure 2. Gill tissue damages of Oreochromis niloticus by score.

Table 3. Gill tissue damages of Cyprinus carpio in 30 days of exposure to chlorpyrifos

Chlorpyrifos
Concentration

Changes in Gill Tissue of Cyprinus carpio L.
Day 10 Day 20 Day 30

Control group

0.0007 mg/L

0.0014 mg/L

0.0028 mg/L
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According to a study by Harper and Wolf, stress response 
in fish can be detected early through observation of 
behavioral changes, anatomical pathology examination, 
and histopathology of several organs or tissues, such as 
gills (16). Stress in fish can affect the damage to gill cells, 
such as edema, hyperplasia, and cell fusion. Something 
that disrupts the energy metabolism in the cell or slightly 
injures the cell membrane can make the cell unable to 
pump sodium ions. As a result, the osmotic pressure 
caused by the increase of sodium concentration possibly 
makes the water diffuse into the cell in the form of 
morphological changes, called edema or cell swelling (6).
Fusion of the secondary lamellae results in the disruption 
of the oxygen-taking process by the gills. Another study 
by Efrizal et al also showed fusion damage in gill tissue 
of indigo fish caused by phosphamidon insecticide 
(17). Hyperplasia in the proximal basal and fusion of 
secondary lamellae are chronic reactions due to irritation 
by chemicals. In the study of Qureshi et al, carp was used 
as a test animal and exposed to 0.2 mg/L fipronil and 0.05 
mg/L buprofezin insecticides, and hyperplasia throughout 
the secondary lamellae was reported (18). According to 
Gomes et al, fusion is caused by environmental factors, 
aquatic pollutants, the intensity of the interaction of biotic 
organisms, and the limitations of food preparation (19). 
Based on the above statement, the occurrence of fusion 
and hyperplasia throughout the secondary lamellae in this 
study is due to these environmental factors, because apart 
from the chlorpyrifos exposure, fish interactions and the 
limitations of food preparation could also be the other 
causes of these changes. 
The occurrence of necrosis in this study was caused by the 
absorption of chlorpyrifos through the gills, which inhibits 
gill function as a respiratory device and ultimately lead to 
death of fish. Consistent with this study, Durham reported 
that toxic compounds inhibits cell metabolism, so that no 
more energy can be formed for survival (9). Similarly, 
Rennika et al found that the exposure of gill tissue of 
O. mossambicus to diazinon with 2.5% concentration of 
LC50 (0.00625 mg/L) caused histopathological changes 
including edema, hyperplasia in proximal basal, and 

fusion (11). 

Conclusion
The damages to the gill tissue of O. niloticus L. and C. 
carpio L. were observed in all variations within 30 days 
of exposure to various concentration of chlorpyrifos. The 
gill tissue of O. niloticus L., at experienced proximal basal 
edema and hypeprlasia in no exposure of chlorpyrifos, 
at 0.0019 mg/L chlorpyrifos concentration experienced 
proximal basal hypeprlasia and fusion, at 0.0038 mg/L 
concentration experienced hyperplasia in all secondary 
lamellae, and at 0.0076 mg/L concentration experienced 
necrosis. 
While the gill tissue of C. carpio L., at chlorpyrifos 
concentration of 0.0007 mg/L experienced fusion and 
hyperplasia throughout the lamellae. At exposure of 
0.0014 mg/L chlorpyrifos, clubbing of gill tissue and 
hyperplasia throughout the lamellae were observed, while 
necrosis was observed in gill tissue at exposure of 0.0028 
mg/L chlorpyrifos. 
Statistical analysis of the results of Kruskal-Wallis and 
Mann-Whitney tests showed a significant difference 
between the longer exposure time and the higher 
concentration of chlorpyrifos exposure, which resulted 
in the higher histopathological changes of the gill tissue. 
Further research can be conducted on the effect of long-
term exposure to chlorpyrifos on the histopathological 
changes in other tissues and also to determine the effect 
on the behavioural changes and fish survival.
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