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Abstract

In the present study, Oreochromis niloticus juveniles were exposed to 10, 20, and 30% (96h LC50) of ammonia
for two weeks. After this period, the fish were anesthetized and blood samples were taken from the caudal peduncle
with a heparin-coated syringe to evaluate blood parameters. The 0.5 cm samples of the kidney tissue were taken,
fixed in 10% formalin buffer, and after dehydration with alcohol, clarification with xylol, blocking with paraffin
and cutting 4-6 microns thick with a microtome. Finally, the stained slides were studied with a light microscope.
The results showed an enlarged Bowman's capsule, hyaline accumulation, epithelial detachment, increased
melanomacrophage centers, necrotic glomeruli, and tubules in the kidneys after ammonia exposure. In the studies
of blood serum factors with the increase of ammonia, cholesterol and BUN compared to the control and other
groups. As the ammonia concentration increased, the severity of the lesions also increased. Therefore, ammonia
causes changes in the structure and activity of some factors of the kidneys, which must be controlled by creating
the appropriate ammonia and management conditions in the aquatic environment.
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Introduction

The genus Tilapia is a member of the
cichlid family and belongs to the
Perciformes order, which has a rectangular
body (Becke et al, 2019). Most tilapias are
microphytes, but some prefer more organic
plants and use organic plants in places
where other species of farmed fish feed on
plankton (Hoseini et al, 2019). Today, one
of the most important human concerns is the
increased concentration of contaminants in
the environment, especially water, which
contaminates world waters in the form of

sewage, oil spills, effluents of organic and
mineral materials of factories, various
chemicals including metals and quasi-
metals, etc (Saha and Kaviraj 2003; Peebua
et al, 2008). One of the most important
contaminants is nitrogen compounds, the
most dangerous of which is ammonia.
Ammonia is widely recognized as a
common  contaminant  in  aquatic
environments. Ammonia (NH3) consists of
nitrogen and hydrogen (Gomes et al, 2015).
It is a common nitrogenous waste,
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especially among aquatic organisms, and
significantly contributes to the nutritional
needs of terrestrial organisms by acting as a
precursor in fertilizers (Pérez et al, 2018).
Ammonia poisoning is one of the leading
causes of fish mortality in aquaculture
environments.  Ammonia is  mainly
produced by fish through the catabolism of
proteins. It is very toxic to fish, so they need
to get rid of this waste product by releasing
it into the water. Ammonia damages the
kidney of other tissues and causes a variety
of symptoms. According to research,
compounds such as ammonia can easily
enter the circulatory system of fish. Because
fish are permanently immersed in such
polluted environments and excretory organs
such as the liver and kidney are directly
exposed to ammonia for a long period
(Zeitoun et al, 2016; Metwally and Wafeek,
2014). As a result, damage to these tissues
disrupts factors such as cholesterol, urea,
and total protein in the kidney. After facing
stress, fish maintain their body homeostasis
in different ways. The most common
ammonia-related renal complications in fish
include damage to the tubules and glomeruli
and reduced lumen space. The Kidney is
very sensitive to contamination and is
rapidly affected by contaminants and its
function is negatively affected. On the other
hand, the kidney is considered a defense
organ in fish that helps in the detoxification
and excretion of contaminants (Dastan et al,
2017). Considering the role of ammonia in
different forms of water contamination and
its possible entry into water sources, the
present study aimed to investigate its effect
on Oreochromis niloticus as well as kidney
and some blood factors.

Materials and Methods

In the present study, a total of 120
Oreochromis niloticus with an average
weight (of 35 +1g) were prepared,
transferred to the laboratory, and kept in a
500-liter tank for two weeks to adapt to the
new conditions. They had access to proper
aeration, feeding by plate (0.02 body
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weight/day). During the experiment, the
mean temperature of the water, oxygen
concentration, and water hardness were 27
+90°C,6.2+1mg/L,and 2693 mg/L
respectively. After sorting, the fish adapted
to the new environmental conditions. Since
the lethal concentration (96h LC50) of
ammonia is not known, a range-finding test
was performed to find the lethal range of
ammonia on O. niloticus. A static acute
toxicity test was performed on O. niloticus
for 96 hours according to standard
instructions (Latif et al, 2014). Ammonia
(Merck, Germany) was prepared as an
ammonium chloride solution. Feeding of
juveniles was stopped 24 hours before the
toxicity test. Effective physicochemical
parameters of water including pH, dissolved
oxygen, and temperature was recorded
daily. After determining the lethal range,
the final acute ammonia toxicity test was
performed in five control treatments for
three replications. In each treatment, ten
fish were placed in pre-aerated 15-liter
aquariums. The dead fish were collected
from  the  aquarium environment
immediately and the number of fish losses
at 24, 48 , 72, and 96 hours were calculated
and recorded. Data obtained from the acute
toxicity test was also analyzed by probit
analysis with a 95% confidence interval.
For sub-lethal toxicity studies, 120 O.
niloticus juveniles were assigned into four
treatments, three groups based on different
percentages of LC50 96h (10, 20, and 30%
LC50 96h) and one control group exposed
to ammonia for 14 days at constant
temperature and pH. Ten juvenile O.
niloticus were randomly distributed in 100-
liter aquariums and experiments were
performed semi-statically according to the
standard O.E.C.D method (20% of the
aquarium water was changed on a daily
basis). The food residues were removed
from the aquariums when changing water.
In order to keep the ammonia concentration
constant, the same water content, which was
removed from the aquarium, was added to
the aquarium. Tissue sampling was
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performed on five fish randomly on days 0
and 14 after exposure. At the end of the
experimental period, the fish were
randomly caught from each treatment. To
evaluate the pathological kidney impacts of
ammonia, kidney tissues of each of the
treatments were sampled and fixed in 10%
formalin buffer solution for 24 hours. Then
the fixed samples were transferred to 70%
ethanol, and dehydration was performed
with a series of 70, 80, 90, and 100%
ethanol concentrations. Afterward,
clarification was performed by xylene.
Kidney tissue samples were then
deparaffinized and molded using molten
paraffin. All these steps were performed by
the tissue passage device under a pre-
defined program. The tissues were then
molded and paraffinized on the Tissue-Tek
Mold System at a melting point of 56-58°
C. A microtome was used to prepare 4-6 pm
thick sections from paraffin molds. After
being placed on the slide, molds were
placed in an oven at 60°C for half an hour
to remove excess paraffin from the tissue.
After deparaffinization and replacing it with
xylene, the samples were restained by
reducing  ethanol  solutions  series
(Morovvati et al. 2017; Morovvati et al.
2012). The prepared tissues were
transferred back to the oven to dry. Five
sections were prepared from each sample
and stained and investigated using
hematoxylin and eosin and specific stain.
The prepared slides were investigated under
a light microscope that was connected to a
Dinolit lens and a computer system
equipped with Dinocapture software (Basir
and Peyghan, 2016). Then five fields of
view from each kidney slide were
considered.

To study blood factors, the fish were
anesthetized using powdered dianthus;
blood was then taken from the tail vein
using a 2 cc heparin syringe. Finally, the
blood was centrifuged at 3000 rpm for 10
minutes and the plasma was transferred to
newly labeled microtubes and stored at -80
°C and was used to measure some blood

biochemical factors (Zimmer and Wood,
2016; Jeney et al, 1992).

Since we have quantitative and
continuous data in the present study, the
number of independent groups was
evaluated. Considering the normal data
distribution, the Kolmogorov-Smirnov test
was used (Savari et al, 2013). Data analysis
was also carried out using SPSS ver. 19
(SPSS Inc, version 19.00, California, USA),
and all the results were expressed based on
the mean + standard deviation. One-way
analysis of variance was used for inter-
group comparison and then Tukey's
multiple comparison test was used. P<0.05
was considered as the level of significance.

Results

The results of the microscopic studies of
O. niloticus kidney showed that the kidney
was dark red in the vicinity of the spine and
extraperitoneal above the swim bladder and
stretched along the spine from the head to
the posterior end of the body, and like other
real bony fish, had the head and body. This
tissue was covered on outer surface by a
very thin capsule of loose connective tissue
and a row of mesothelial cells. This capsule
was observed on the entire outer surface of
the kidney (Figure 1). Exposing O. niloticus
to ammonia resulted in tissue changes
including Bowman's capsule dilation
(Figure 2), hyperemia (Figure 3), hyaline
accumulation  (Figure 4), epithelial
detachment  (Figure 5), increased
melanomacrophage centers (Figure 6), and
necrotic glomeruli and tubules (Figure 7).
The severity of the lesions as necrosis
(Figure 8), epithelial lifting (Figure 9) and
dilation of bowman space (Figure 10)
increased  with  increasing ammonia
concentration (Table 1).

Serum biochemical analysis showed that
compared to the control, A and B, groups,
cholesterol and BUN increased but total
protein decreased in group C. But this
difference was significant only in the value
of BUN. (Table 2).
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Figure 5. Group exposed to 2.7 mg/l ammonia

after two weeks. Epithelial lifting (arrows), (H-
E, x400).

Figure 1. Control group kidney. Distal tubule
(D), Proximal tubule (P), and glomerulus (G)
were shown. H-E x400.

.‘_} l\ . : ‘_ O : . :
Figure 2. Group exped to‘i? mg/Il amrh.:)‘nia flilgure 6. Grli)u?vleﬁposed to 2.7hmg/| ammonia
' ot ' . after two weeks. Melanomacrophages aggregates
after two weeks. Dilation of Bowman's capsule (Mm), (H-E, x400).

(arrow), (H-E, x400).

after two weeks. Necrosis of glomeruli and
tubules (N), (H-E, x400).

Figure 4. Group exposed to 2.7 mg/I ammonia
after two weeks. Hyalen accumulation (arrows),
(H-E, x400).
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Table 1: Morphometric analysis of the kidney of tilapia after 2 weeks of exposure to ammonia

Changes Control | NH30.9mg/l | NH3 1.8 mg/l NH3 2.7 mg/|
Melanomacrophages aggregates - + ++ +++

Hypermia - + ++ +++
Inflammation of interstitial tissue - + ++ +++

Note: absent (-); rare (+); frequency (++); very frequency (+++); Number fish per group =10

Table 2: Serum blood factors of tilapia after 2 weeks of exposure to ammonia

Factor Control A B C
Cholesterol (mg/dl) | 156.71+13.66% | 167.31+15.72?% | 179.73+18.67 2 | 187.21+18.33?
BUN (mg/dl) 5.44+0.272 6.21+0.69° 7.18+0.252 9.41+1.17°

Total protein (g/dl) 2.47+0.33% 2.15+0.5242 1.84+0.62 2 1.23+0.21¢

Note: Different letters within each row indicate a significant difference in level of (p<0.05).
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Figure 8. Control and Groups exposed to 0.9
mg/l (A), 1.8 mg/l (B), and 2.7 mg/l (C) ammonia
after two weeks. Increased number of cell
necrosis, The asterisks indicate a significant
difference at the level of (P<0.05), N=10.
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Figure 9. Control and Groups exposed to 0.9
mg/l (A), 1.8 mg/l (B), and 2.7 mg/l (C) ammonia
after two weeks. Epithelial lifting of tubules, The

asterisks indicate a significant difference at the
level of (P<0.05), N=10.

Figure 10. Control and Groups exposed to 0.9
mg/l (A), 1.8 mg/l (B), and 2.7 mg/l (C) ammonia
after two weeks. Dilation of bowman space, The
asterisks indicate a significant difference at the
level of (P<0.05), N=10.

Discussion

Ammonia is one of the serious problems
in the aquaculture industry and causes a
series of changes in the tissue indices of the
liver, kidney, and some blood biochemical
factors in different fish (Au, 2004). One of
the fundamental problems is to obtain a
standard ammonia concentration that is not
dangerous and harmful to aquatic life and to
create an environment in which this water
toxin causes the least harm to the fish (Kim
et al, 2019; El-Sayed et al, 2008). Juvenile
fish show higher sensitivity to ammonia and
0. niloticus was used in the current study.
Ammonia concentrations are strongly
influenced by temperature, pH, and other
factors such as dissolved oxygen levels,
salinity, animal species, age, and fish size
(Khalil et al, 2016). When the NH3
concentration in water increases, it enters
the cells because it can be infiltrated into the
cell membrane, and plasma ammonia levels
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increase as its excretion from the fish body
decreases. Elevated blood ammonia levels
increase oxygen consumption and reduce
the blood's ability to transport oxygen in the
body. Kidney damage also occurs due to
lesions of the glomeruli and renal tubules
that include a decrease in the oxygen-
carrying ability of the blood, a decrease in
the entry of oxygen into the fish body due
to gill damage, and a disturbance in the
metabolism of brain cells (Ferreira and
Martins, 2008). These damages are
attributed to the dirty option of the
electrochemical properties of nerve cell
membranes and the effect of ammonia on
neurotransmitters and biochemical activity
in the brain. Fish of different species do not
have the same ability to convert ammonia to
urea. This can be considered as one of the
reasons for the difference in sensitivity to
ammonia. Since there is a need for a special
device for measuring blood ammonia, like
other blood gases, there is a high possibility
of an error during this process, it is possible
to indirectly detect ammonia poisoning by
measuring urea. Because aminotransferase
is located in the mitochondria and is a
biologically beneficial marker for cell
damage, changes in blood aminotransferase
levels can be associated with mitochondrial

Acknowledgments

disorders and tissue damage. So, there was
an increasing trend in the severity of these
complications with increasing ammonia
concentration. The kidney is an important
target organ for the toxic effects of a large
number of environmental contaminants.
Histological changes occur in the glomeruli
and renal tubules of fish following exposure
to toxins and contaminants (Magouz et al,
2021; Gammerdinger et al, 2016).
Microscopic kidney examination showed
several pathological lesions such as
dilatation of Bowman's capsule, hyperemia,
hyaline accumulation, epithelial
detachment, increased melanomacrophage
centers, and necrosis of glomeruli and
tubules (Lim et al, 2015; Isani et al, 2013).
In conclusion, the ammonia susceptibility
of fish species in a family is not the same.
In the face of chronic ammonia poisoning,
growth rate and survival rate decrease and
the fish become more susceptible to
infectious agents (Abdelghany, 2020).
These conditions are usually associated
with qill, liver, and kidney lesions. In
general, it can be concluded that the
presence of nitrite and ammonia in water
can cause microscopic and macroscopic
damage in different tissues and changes in
some blood factors in N. tilapia.

The present study was supported by the Vice President of Research and Technology,

University of Tehran, Tehran, Iran.

Conflict of interest

The authors declare no conflict of interest.

Funding

This paper is supported by the Deputy of Research, University of Tehran.

References

Abdelghany, A. (2020). Food and feeding habits of
Nile tilapia from the Nile River at Cairo, Egypt.
Fish Farming Technology, P, 447-54.

Au, D. (2004). The application of histo-
cytopathological biomarkers in marine pollution
monitoring: a review. Marine Pollution Bulletin,
48(9-10), 817-834.

69 | Iranian Veterinary Journal

Basir, Z., & Peyghan, R. (2016). The process of
kidney gradually changes in, Tenualosa ilisha
during migration from the sea to the river. Journal
of Persian Gulf, 7(26), 47-56.

Basir, Z. & Peyghan, R. (2019). Immunohistochemical
and ultrastructural study of the effect of different
salinities on gill chloride cells of Cyprinus
Carpio. Iran Fisheries Science Journal, 28(5),
131-141.



Azadeh Nochalabadi, Hassan Morovvati and Rahim Abdi

Becke, C., Schumann, M., & Steinhagen, D. (2019).
Effects of unionized ammonia and suspended
solids on rainbow trout (Oncorhynchus mykiss) in
recirculating aquaculture systems. Aquaculture,
499, 348-57.

Dastan, V., Abdi, R., Movahedinia, A., & Salari-
Aliabadi, MA. (2017). Study of gill and kidney
tissue changes in Tenualosa ilisha during
migration from sea to the Karun and Bahmanshir
rivers. Iranian Scientific Fisheries Journal, 25(4),
53-62.

El-Sayed, Y.S., & Saad, T.T. (2008).Subacute
Intoxication of a Deltamethrin-Based Preparation
(Butox® 5% EC) in Monosex Nile Tilapia,
Oreochromis niloticus L. Basic & clinical
pharmacology & toxicology, 102(3),293-299.

Ferreira, 1.LA., & Martins, C. (2008). Physical
chromosome mapping of repetitive DNA
sequences in Nile tilapia Oreochromis niloticus:
evidence for a differential distribution of
repetitive elements in the sex chromosomes.
Micron, 39(4), 411-418.

Gammerdinger, W.J., Conte, M.A., & Baroiller, J.
(2016). Comparative analysis of a sex
chromosome from the blackchin tilapia,
Sarotherodon melanotheron. BMC Genomics,
17(1), 1-10.

Gomes, J.M., Ribeiro, H.J., & Procopio, M.S.
(2015). What the erythrocytic nuclear alteration
frequencies could tell us about genotoxicity and
macrophage iron storage. PloS one, 10(11),
£0143029.

Hoseini, S.M., Yousefi, M., & Hoseinifar, S.H.
(2019). Antioxidant, enzymatic and
hematological responses of common carp
(Cyprinus carpio) fed with myrcene-or menthol-
supplemented diets and exposed to ambient
ammonia. Aquaculture, 506, 246-55.

Isani, G., Letizia Falcioni, M., & Barucca, G. (2013).
Comparative toxicity of CuO nanoparticles and
CuSO4 in rainbow trout. Ecotoxicology and
Environmental Safety, 97, 40-46.

Jeney, G., Nemcsok, J., & Jeney, Z. (1992). Acute
effect of sublethal ammonia concentrations on
common carp (Cyprinus carpio L.). Il. Effect of
ammonia on blood plasma transaminases (GOT,
GPT), G1DH enzyme activity, and ATP value.
Aquaculture,104(1-2), 149-156.

Khalil, S.R., Abd Elhakim, Y., & EI-Murr, A.E.
(2016). Sublethal concentrations of di-n-butyl
phthalate promote biochemical changes and DNA
damage in juvenile Nile tilapia (Oreochromis
niloticus). Japanese Journal of Veterinary
Research, 64(1), 67-80.

Kim, J.H., Kang, Y.J., & Kim, K.I. (2019). Toxic
effects of nitrogenous compounds (ammonia,
nitrite, and nitrate) on acute toxicity and
antioxidant responses of juvenile olive flounder,
Paralichthys olivaceus. Environmental
Toxicology Pharmacology, 67, 73-78.

Latif, A., Khalid, M., & Ali, M. (2014). Evaluation
of toxic stress of copper sulfate and lead nitrate on
hematological ~and  serum  biochemical
characteristics of freshwater cyprinid (Labeo
rohita). International Journal of Engineering and
Techniques, 4(1), 366-372.

Lim, M.Y., Zimmer, A.M., & Wood, C.M. (2015).
Acute exposure to waterborne copper inhibits
both the excretion and uptake of ammonia in
freshwater rainbow trout (Oncorhynchus mykiss).
Comparative Biochemistry and Physiology Part
C: Toxicology & Pharmacology,168, 48-54.

Magouz, F.I., Mahmoud, S.A., & EI-Morsy, R.A.
(2021). Dietary menthol essential oil enhanced
the growth performance, digestive enzyme
activity, immune-related genes, and resistance
against acute ammonia exposure in Nile tilapia
(Oreochromis niloticus). Aquaculture, 530,
735944,

Metwally, M., & Wafeek, M. (2014). Effect of
ammonia toxicity on carbohydrate metabolism in
Nile tilapia (Oreochromis niloticus). World
Journal of Fish and Marine Sciences, 6 (3), 252-
261.

Morowvvati, H., Abdi, R., & Shamsi, M.M. (2017).
Effect of different salinity concentrations on the
gill of benni Barbus sharpeyi. Journal of
Veterinary Research, 72(2).

Morovvati, H., Zolgharnein, H., Noori Moghahi,
M.H., Abdi, R., & Ghazilou, A. (2012).
Alterations to chloride cells of the secondary
lamella and gill branches of spotted scat
(Scatophagus argus L.) in different salinities.
Journal of Veterinary Research, 67(2), 109-17.

Naderi, S., Abdi, R., Navabi, M.B., & Movahedinia,
A. (2014). Distribution Pattern of Main Mucus
Secretory Cells in Different Parts of Epiderm in
Epinephelus coioides. International Journal of
Scientific Engineering and Technology, 3(5),
630-3.

Peebua, P., Kruatrachue, M., & Pokethitiyook, P.
(2008). Histopathological alterations of Nile
tilapia, Oreochromis niloticus in acute and
subchronic alachlor exposure. Journal of
Environmental Biology, 29(3), 325-31.

Iranian Veterinary Journal | 70




The effect of different concentrations of ammonia on. . .

Pérez, M.R., Rossi, A.S., & Bacchetta, C. (2018). In
situ evaluation of the toxicological impact of
wastewater effluent on the fish Prochilodus
lineatus: biochemical and histological
assessment. Ecology Indicator, 84, 345-353.

Saha, S., & Kaviraj, A. (2003). Acute toxicity of
synthetic pyrethroid cypermethrin to freshwater
catfish ~ Heteropneustes  fossilis  (Bloch).
International Journal of Toxicology, 22(4), 325-
328.

Savari, S., Safahieh, A., Archangi, B., Savari, A., &
Abdi, R. (2013). Brain anatomy and histology of
orange-spotted grouper (Epinephelus coioides).
Journal of the Persian Gulf, 4(14), 1-13.

71 | Iranian Veterinary Journal

Zeitoun, M.M., EL-Azrak, K., & Zaki, M.A. (2016).
Effects of ammonia toxicity on growth
performance, cortisol, glucose, and the
hematological response of Nile Tilapia
(Oreochromis niloticus). Aceh Journal of Animal
Science, 1(1), 21-8.

Zimmer, A.M., & Wood, C.M. (2016). Physiological
and molecular ontogeny of branchial and extra-
branchial urea excretion in post-hatch rainbow
trout (Oncorhynchus mykiss). American Journal
of Physiology-Regulatory, Integrative and
Comparative Physiology, 310(3), R305-R312.

Received: 08.12.2022
Accepted: 11.08.2023



’f"’ﬁé_"@[«ﬁ_[,ﬁ.’jf'.ﬁ)}; lefdlia
DOI: 10.22055/1VJ.2023.375952.2529

D3 9 4ulS (5 yie 995 90 giunsd (5 9 43 Sl gol Alids slaclile il
S SLadhs als g3 sla gist

Teme many 5 M (Suse Guun gl lg g sal)]

Ol 18 O oLl (K8 s oS3 bS5 5S's B,
Ol D5 018 oKl (Kol 0aSK2ls cayly pske 05, il |

Ol e e gl 055 5 p ke oK1 (ol pske adS3 (bys elidim ) 055 st T

VEYON s e VEOANY il s gk

e AS>

. e

S a8 1,8 Sl gol (LCB0 ciels 48) wamyu ¥e 5 ¥ Ve (A 5me 5o GaA g0 de © Olsa b olale usla dalllss o
o0 o olis S by pon Bl 51 5 Ghsen Lo oale cine 5ol 51 Gy sl 3 50 8 S YIV 5 VA /4 Jolae 55 4
o 3 S5 a3 Ve s Gl s g i S 51 e il </ 8315 4 B sladipal i G5S ¢ 3 €hpsh Sish slaomaa L
colgs oo oS Al a5 Sae b uSae Y8 clis @ G 5 0l b oS Sob (bl b olwailis (JSI L 80T 5
Ol panS (e s e Gt S5 ) (Sla i 38 K 158 dallhe 3550 5558 @SS b sud (5500 1K 5 slawdll
i Sl gal Gasae 5o GBS L8 ) o LGS 500855, sladdsl 5 Lad s 8K 5 565 S 53 38150 (il 53] galinl yusds suiS
Onigad 3 Gl il 38 Las s S nla 5 J53S 658 o e BUN 5 5 550l€ (SLo gal (1381 b 653 o e 5185 9586 (g 53 59
GolS Jalge 51 (Ao callad 5 HbALL o (Shuas el Shigel Galnly @il (il 38 50 cluls cud (Sl clile Gial38 b
i S o buns 53 S sel Hluis o pad 5o crulie (B e bl slanl b wl S sud

I Sl (S saT (55t 58 g0 st 1sunlS Cilals

Ol 018 O 8 o5 (K5 5als ISty pghe 05 Skl Fg o i 1 g ki 5 ¥

E-mail: hmorovvati@ut.ac.ir

[oNolel

© 2020 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open-access article distributed under the
terms and conditions of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0
license) (http://creativecommons.org/licenses/by-nc/4.0/).

Vel WY Gaals o o jladdi (aa ) 93 0 99 (Ol yal oSk el da il






