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Abstract The use of chemical pesticides has increased

environmental pollution and affected ichthyofauna as non

target organisms. In the present study, the histopathological

alterations in the larvae and fingerlings of the Caspian

kutum, Rutilus frisii kutum, were used as a model to

investigate the toxic effects of triazine herbicide, atrazine.

To investigate toxic effects of atrazine, fish were exposed

to sublethal concentration of � LC50 for 96 h. Histologi-

cally, the most significant alterations in kidney tissues were

hyperplasia, necrosis, vacuolation, swelling, hypertrophy,

aggregation of hyaline droplets, and disruption of the

haematopitic tissue of the head kidney. The damage was

more severe in larvae than the fingerlings. Results showed

that alterations in kidney tissue caused by atrazine were not

specific but it could be concluded that atrazine is exces-

sively toxic for Caspian kutum even at sublethal concen-

tration and acute exposure.
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Atrazine (2-chloro-4-(ethylamino)-6-(isopropylamino)-S-

triazine) is a widely used herbicide both on agricultural

crops and in urban settings. It reaches aquatic environments

in run off from treated rice farms and agricultural land due

to its high use and its relatively high mobility in soils,

atrazine is frequently detected in surface and ground waters

and affects the non-target aquatic organisms (Kiely et al.

2004). The effects of herbicides on fish as well as other

non-target aquatic organisms are not as well documented.

Atrazine belongs to the s-triazine family of herbicides,

which are some of the most significant water pollutants in

rain, fresh, marine and ground waters all over the world

(Felding 1992; Tasli et al. 1996). Atrazine persists partic-

ularly in anaerobic or denitrified soils (Tasli et al. 1996)

and in some aquatic systems at biologically effective levels

for several weeks (Pratt et al. 1997). It has been shown that

atrazine alters the hydromineral balance and gill function in

crabs (Prasad et al. 1995) as well as alters the haematology

(Prasad et al. 1991; Hussein et al. 1996), hormonal system

(Spanò et al. 2004; Cericato et al. 2008), metabolism

(McCarthy and Fuiman 2008) and growth (Fortin et al.

2008) of fish. Triazine-based herbicides (e.g. atrazine) are

practically unaffected by microbial or hydrolytic degrada-

tion processes and the average half-life of atrazine in soil

ranges from 13 to 261 days (Gamble et al. 1983; US EPA

2003). Thus any data concerning its toxic effects on aquatic

organisms are very useful for assessing its potential hazard

to aquatic systems. Early developmental stages are con-

sidered to be one of the most sensitive stages in the fish life

cycle to the toxic effects of chemical contaminants (Weis

and Weis 1987). Short-term sublethal effects on growth,

behavior or osmotic control may affect the survival of these

critical stages and impact recruitment (Houde 1987, 1989;

Sclafani et al. 1997; Alvarez and Fuiman 2005). It has been

previously demonstrated that the main osmoregulatory

organs of most teleost fish are gill, kidney, digestive system

and the integument (Varsamos et al. 2005) and any inter-

vention with their physiological process could damages the

fish osmoregulation and thus other surviving abilities. For

example, loss of osmotic control altering water content

may influence larval density and buoyancy. The vertical

position of larvae in the water column affects their patterns

of drift and their interactions with prey or predators. Thus,
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a temporary loss of osmotic control in fish larvae may

increase their susceptibility to predation or impair their

feeding ability (Sclafani et al. 1997). Caspian kutum,

Rutilus frisii kutum (Kamensky 1901), is a native, and

commercially important fish species of the Caspian Sea.

This anadromous species spawns from March to April in

rivers and lagoons, favoring aquatic weeds, gravel and

sandy substrates (Heidari et al. 2009). The species has a

great importance in commercial market of the region and it

is proliferate annually by the Iran’s government for stock

recruitment in the Caspian Sea ecosystem, due to its

endangered statues caused by over fishing, urban and

agricultural pollution, destroy of natural spawning rivers

and etc. A detailed description of the toxic effects of var-

ious contaminants on different tissue of fish has been

extensively studied. However, compared to the wealth of

information regarding the toxic effects of various con-

taminants on different tissues, much fewer data are avail-

able on the toxic effects of atrazine on kidney. Due to the

mentioned above, and the fact that the early life stages are

the most sensitive stages in response to the environmental

factors, it was felt necessary to investigate the kidney

histopathology that may occur in R. frisii kutum following

exposure to sublethal concentrations of atrazine at the

larval and fingerling stages. Based on the lack of infor-

mation on environmental realistic concentration of atrazine

in the study area, the sublethal concentration of atrazine

was chosen as the experimental concentration following

the LC50 test for assessing the toxic effects of atrazine on

the test species. The information obtained may be useful

for management and monitoring of atrazine contamination

in the environment.

Methods and Materials

Caspian Kutum, R. frisii kutum, larvae (newly hatched) and

fingerlings (60 days average age) were obtained from

Shahid Ansari Fish Proliferation and Culture Center, Rasht,

Iran, in April–July 2011. Following determination of 96 h-

LC50 of atrazine for the larvae and fingerlings separately

(Khoshnood et al. 2014), two sublethal concentrations was

determined as � LC50 as 9.25 and 12.47 ppm for larvae

(*0.048 g/L biomass) and fingerlings (*0.43 g/L bio-

mass), respectively. Fish were exposed to this sublethal

concentration for 96 h in triplicate group of 30 fish each, in

the laboratory conditions. One triplicate group of the larvae

and fingerlings was held in clean water as the control

group. No mortality was observed during the experiments

in all experimental groups. The water parameters moni-

tored daily through the experiment for all experimental

groups using Eutech instruments, pcd650 and the values

were as follow: temperature, 14.5 ± 0.5�C, pH 7.6 ± 0.1,

dissolved oxygen 8.5 ± 0.5 mg/L. Water quality condi-

tions (pH, temperature and O2) did not differ among

treatments.

For histological studies, ten fish from each develop-

mental stage were euthanized in 100 mg/L of MS222 and

100 mg/L of sodium bicarbonate and immediately

immersed into Bouin’s fixative for 24 h, washed and

dehydrated in an ascending series of ethanol for embedding

in Paraffin (Merck). Following embedment in Paraffin,

transversal and longitudinal sections of 6 lm were cut on a

Leica RM2255 microtome and collected on glass slides and

stained with Haematoxylin and Eosin (Khoshnood et al.

2010). Histopathological alterations detected in kidney of

larvae and fingerling were recorded as present or absent

and expressed as a percentage of fish affected (prevalence)

per experimental group (ten fish each). Histopathological

alterations quantified in kidney of larvae and fingerling

were analyzed by means of ANOVA in SPSS (16.0)

software.

Atrazine was analyzed in the following exposure solu-

tions: atrazine nominal concentration of 0 ppm on day 0 for

control group, two atrazine nominal concentrations (9.25

and 12.47 ppm) at the beginning (t-0) and end (t-24) of

each 24-h exposure period in atrazine exposed groups of

larvae and fingerling. These measurements were used to

assess the potential contamination of the controls, vari-

ability associated with preparation of the solution and/or

potential degradation of atrazine during the 24 h period of

exposure. Chemical analyses at the end (t-24) of each 24-h

exposure period of the 96-h assay were performed on

pooled water samples of all three replicates of each

experimental group. Various volumes of exposure solu-

tions were collected, depending on the nominal atrazine

concentration, and transferred into a clean glass bottle with

10 ng of the labeled surrogate compound 13C12 PCB-101 to

assess the extraction efficiency. Extraction was performed

three times with a volume of dichloromethane corre-

sponding to approximately 25 % of the collected solution.

Combined extracts were then reduced to about 50 lL and

completed with 50 lL of tris (4-chlorophenyl) methane

(TCPMe, 100 pg/lL) as internal standard. Analysis was

Table 1 Nominal and measured atrazine concentrations in exposure

solutions at the beginning (t = 0) and end (t = 96) of exposure period

Experimental

groups

Nominal concentrations

(ppm)

Measured

concentrations

(ppm)

t = 0 t = 96

Larvae 9.25 9.01 8.89

Fingerling 12.47 12.32 12.28

Control 0 0.001 –
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conducted on a gas chromatograph (GC) equipped with a

DB-5MS capillary column coupled to a Varian Saturn 2000

ion trap mass spectrometer (MS) by a transfer line kept at

300�C. The injector was operated in splitless mode. Helium

was used as the carrier gas (flow rate, 1.0 mL/min). The

ionization was performed by electron impact at 70 eV and

the ion trap was operated in MS–MS mode. Atrazine

concentrations were calculated on the basis of their

Fig. 1 Normal histological structure (a, e, j) and histopathological

alterations (b–d, f–i, k–l) in kidney of R. frisii kutum larvae after 96 h

of exposure to atrazine. Head kidney is composed of haematopoitic

tissue and kidney tubules (a). After the Bowman’s capsule the tubular

system of the nephron is composed of short neck tubule (a), proximal

tubule (j) which has cuboidal epithelial cells with apical brush border,

distal tubule (e) which its epithelial cells have no brush border,

collective tubule (j). Bowman’s capsule is the first part of the nephron

surrounding the capillary network named the glumerulus (a). Tissue

alterations after exposure to atrazine were as follow: reduction of the

glomerulus and increasing of the Bowman’s space (b); necrosis of the

glomerulus (c); necrosis and disruption of the haematopitic tissue of

the head kidney (d); swelling, hypertrophy, vacuolation and aggre-

gation of hyaline droplets in renal tubular epithelial cells (f–h, k);

hyperplasia of the renal tubular epithelial cells (g); necrosis of the

renal tubular epithelial cells (h); decreasing in lumen space and

complete congestion of lumen in renal tubules (i, k); hyperemia (l).
BS Bowman’s space, G Glumerulus, HT haematopoitic tissue, N neck,

DT distal tubule, PT proximal tubule, CT collective tubule, (?):

Tissue alterations
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response relative to the one of 13C12 PCB-101 in the same

sample. Relative response factor was determined on the

basis of a four point calibration curve for atrazine, while
13C12 PCB-101 and TCPMe were kept at constant con-

centration (100 pg/lL). Atrazine concentrations were cor-

rected on the basis of the recovery of the surrogate

compound. Limit of quantification was 0.003 ng/L for

atrazine and analytical precision was 6 %.

Results and Discussion

Measured atrazine concentrations at t-0 (Table 1) were

within 85 %–105 % of the nominal concentrations. Fish

were exposed to nearly constant atrazine concentrations

over the bioassay period. Variations of atrazine concen-

tration within each 24-h period were of the same amplitude

as the day to day variation at t-0. In one replicate of control

group, atrazine was occasionally detected in trace amounts

(\0.01 lg/L) which could have agricultural source, but

based on the results of the effects of atrazine concentrations

on kidney tissue, it has been concluded that this trace

amounts could not interfere with the control results due to

the significant difference with the sublethal concentrations.

Kidneys were observed right behind the branchial

chamber at the primary part of the trunk, and they divided

into three distinct part: the head kidney, which contained

pronephrus tubules and heamtopoitic tissue, the trunk

kidney which composed of bowman’s capsule, glomerulus,

proximal I and II, distal and collective tubule (Figs. 1, 2),

Fig. 2 Normal histological structure (a, e, h) and Histopathological

alterations (b–d, f–g, i–j) in kidney of R. frisii kutum fingerling after

96 h of exposure to atrazine. Bowman’s capsule is the first part of the

nephron surrounding the capillary network named the glumerulus (a),

Head kidney is composed of haematopoitic tissue and kidney tubules

(e), After the bowman’s capsule the tubular system of the nephron is

composed of short neck tubule (a), proximal tubule (a, e) which has

cuboidal epithelial cells with apical brush border, distal tubule

(h) which its epithelial cells have no brush border, collective tubule

(h). Tissue alterations after exposure to atrazine were as follow:

hyperplasia of proximal tubule epithelial cells (c, d) and detachment

of epithelial cells from the basement membrane (c, d), Congestion of

tubular lumen (f, g, j); necrosis and disruption of haematopoitic tissue

in head kidney (f, b); necrosis, swelling and disorientation of ureter

epithelial cells (i). G glumerulus, HT haematopoitic tissue, N neck,

DT distal tubule, PT proximal tubule, CT collective tubule, (?):

Tissue alterations
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and at the ending part, the tail kidney, which composed of

two elongated ureters ended up to a short bladder (not

shown).

After 96 h of exposure to sublethal concentration of

atrazine, significant changes were observed in the kidney of

larvae and fingerlings of the R. frisii kutum. These changes

were including hyperplasia of the renal tubular epithelial

cells (Figs. 1, 2) swelling, hypertrophy and aggregation of

hyaline droplets in renal tubular epithelial cells (Figs. 1, 2)

decreasing in lumen space and complete congestion of

lumen in renal tubules due to severe hypertrophy of renal

tubular epithelial cells (Figs. 1, 2), reduction of the glo-

merulus and increasing of the bowman’s space (Figs. 1, 2),

necrosis of the glomerulus (Figs. 1, 2), necrosis of the renal

tubular epithelial cells (Figs. 1, 2), hyperemia (Figs. 1, 2),

necrosis and disruption of the haematopitic tissue of the

head kidney (Figs. 1, 2), and finally vacuolation and mas-

sive hypertrophy of the renal tubular epithelial cells at the

final hours of the exposure (Figs. 1, 2). In addition to

observed alterations, disorientation of the ureter epithelial

cells (Figs. 1, 2), hyperplasia of the proximal tubule epi-

thelial cells and detaching of these cells from the basement

membrane were excessive changes observed specially in

kidneys of the fingerlings exposed to atrazine. In the

present study, kidney of the fish often showed swelling in

tubule cells. This alteration can be identified by the

hypertrophy of the cells and the presence of small granules

in the cytoplasm. This initial stage in the degeneration

process can progress to hyaline degeneration, characterized

by the presence of large eosinophilic granules inside the

cells. These granules may be formed inside the cells or by

the reabsorption of plasma proteins lost in the urine, indi-

cating damage in the corpuscle (Hinton and Laurén 1990;

Takashima and Hibya 1995). In more severe cases, the

degenerative process can lead to tissue necrosis (Takashi-

ma and Hibya 1995). The presence of tubule degeneration,

coupled with the necrosis in the kidney in the present study

indicates that the kidney suffered damage after exposure to

the atrazine, even at the short period of exposure. There are

few reports on the effects of atrazine on kidney in fish, for

example, exposure of Gobiocypris rarus to atrazine caused

glomerulus shrinkage and expansion of Bowman’s space,

necrosis of renal tubular epithelium and dilution of the

tubules (Yang et al. 2010). In addition, Oulmi et al. (1995)

showed that atrazine at concentration of 10–80 lg/L can

cause necrosis in kidney proximal tubule of the rainbow

trout, which lead to the renal loss of ions and proteins.

Results of the quantitative observation of the histopa-

thological alterations in kidney tissue of larvae and fin-

gerling showed that generally the alterations in larvae were

more severe than the fingerling, in addition the most sig-

nificant alterations in larvae were hyperplasia, decreasing

of lumen space and vacuolation; and the most significant

alterations in fingerling were hyperplasia and decreasing of

lumen space (Fig. 3).

The teleostean kidney is one of the first organs to be

affected by contaminants in the water (Thophon et al.

2003). Most common alterations found in the kidney of

fishes exposed to water contamination are tubular degen-

eration (swelling and hyaline droplets) and changes in the

corpuscle, such as dilation of capillaries in the glomerulus

and reduction of Bowman’s space (Takashima and Hibya

1995). Exposure to metals frequently causes alterations in

the tubules and glomerulus, such as was described by

Thophon et al. (2003) for the perch (Lates calcarifer)

exposed to cadmium; Handy and Penrice (1993) found

swollen Bowmańs capsule cells and melanomacrophages in

the kidney of trout (Salmo trutta) and tilapia (Oreochromis

mossambicus) exposed to mercuric chloride. Similar

alterations were found in fishes exposed to organic con-

taminants (Veiga et al. 2002) and mixed environmental

contaminants (Schwaiger et al. 1997; Pacheco and Santos

2002). These reports suggest that the histopathological

changes in the kidney could not be considered specific to

the stressors. Results of the present study showed that

atrazine at sublethal concentration and short term (acute)

exposure can cause severe damages in kidney tissue of the

larvae and fingerlings of R. frisii kutum. It has been dem-

onstrated that any damage to the renal tissue could lead to

imbalances in ion and water regulation that could affect

survival capabilities (Yang et al. 2010).

Fig. 3 Prevalence (%) of kidney histopathological alterations in

R. frisii kutum larvae and fingerling. Histopathological alterations of

the kidney tissue in larvae (except for congestion of lumen) were

more severe than fingerling. Alterations marked with (asterisk) were

significantly different in two experimental groups (p \ 0.05). Values

are expressed as mean (±) SE. HP hyperplasia, HT hypertrophy, AHD

aggregation of hyaline droplets, DLS decreasing of lumen space, CL

congestion of lumen, RG reduction of the glomerulus, IBS increasing

of the Bowman’s space, NG necrosis of the glomerulus, NREC

necrosis of the renal tubular epithelial cells, H hyperemia, NHT

necrosis of haematopitic tissue, V vacuolation, DBM detaching of

cells from the basement membrane
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