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The presence of pesticides and their potential toxic effects on fish can pose a threat to aquatic ecosystems and human health. The
present study aimed to evaluate the effect of commercial formulations of glyphosate (Roundup) on the survival rate, hematological
parameters, and tissues (gills and liver) of juvenile grass carp (Ctenopharyngodon idella). For these purposes, we exposed the fish to 0,
50, 100, and 150mLL−1 of Roundup for 96 hr. Results showed a significant correlation between the fish’s mortality rate and pesticide
concentrations (p<0:01); the LC50 96 hr of Roundup was 75.838mLL−1 in the present study. The concentrations above 50mLL−1

induced significant tissue lesions seen as lamellar aneurism, leukocyte infiltration, distal hyperplasia, cloudy swelling, macrophage
aggregates, and necrosis in the gills and liver. We also reported a significant correlation between the severity of tissue damage and
Roundup concentration. The hematocrit, hemoglobin, white, and red blood cell count significantly reduced after 96 hr of exposure to
100 and 150mLL−1. The opposite trend was reported for concentrations of glucose, albumin, cholesterol, total protein, and
triglycerides. Finally, the fish exposed to 100 and 150mLL−1 of Roundup displayed some clinical signs, such as increasing operculum
movement, darkening the skin, and swimming near the surface during the movement test. Overall, our results showed that
concentrations of Roundup higher than 50mLL−1 can induce various toxic effects and significantly reduce the survival chance of
juvenile grass carp. Roundup altered fish behavior, tissue functioning, and biochemical processes. In this study, we provided some
basic knowledge about the effects of a glyphosate-based herbicide on aquatic organisms and possible environmental management.

1. Introduction

In the era of industrial agriculture, agrochemicals have become
unavoidable for the increase in crops and field production
[1, 2]. As a result of this, we are now facing a global problem
of pollution from chemicals used in the agricultural industry
[3, 4]. Herbicides as an effective solution to control weeds have
become a dominant feature of agriculture. However, there is a

serious concern regarding the expansion of their use due to
their side effects on the biodiversity of aquatic environments,
terrestrial ecosystems, and human health [5, 6].

Glyphosate (N-phosphonomethyl glycine) certainly stands
as one of the most used herbicides in recent decades [7, 8]. It is
a broad-spectrum nonselective organophosphorus herbicide.
Glyphosate’s chemical characteristics allow it to distribute
throughout the plant and damage meristems after a few
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days, making this herbicide extremely effective in controlling
perennial weeds [9]. To increase glyphosate efficiency, it is
always blended with different surfactants. The most widely
commercially used glyphosate-based herbicide today is
Roundup® (glyphosate 41% SL, Bayer AG, Leverkusen, Ger-
mania), which contains polyoxyethylene amine, a surfactant
that improves the absorption and translocation of the active
ingredient in the plant [10]. Today, it is possible to state that a
close dependence between high-yielding orchards and herbi-
cides has been established, as they are an essential component
for plant survival and weed control. However, the choice of
herbicides in Iran is very narrow and is limited to two types of
herbicides: glyphosate and paraquat [11, 12].

The ability of Roundup to easily reach aquatic ecosys-
tems by runoff, drainage, and leaching makes it a widely
distributed environmental contaminant [13]. The toxic
effects of this xenobiotic involve different biological aspects
and are not limited only to survival but extend to alterations
in metabolism [14]. Fiorino et al. [15] reported acute con-
centration of glyphosate as an active substance of many her-
bicides addition to the hatching retardation of common carp
(Cyprinus carpio) and zebrafish (Danio rerio), led to a signif-
icant reduction in the survival rate and growth. Also, there
were significant correlations between acute concentrations of
glyphosate and their physical structure changes, including
eye diameter and heartbeat in early life stages. Cavaş and
Könen [16] studied the genotoxic effects of Roundup (glyph-
osate 41%) on the DNA structure of red blood cells of gold-
fish (Carassius auratus). Their study results showed that 5,
10, and 15 ppm of Roundup led to different levels of anemia
by inducing nuclear abnormalities and DNA damage at
interval times 48, 72, and 144 hr posttreatment; the highest
anemia was related to the treatment of 15 ppm. Also, Maurya
et al. [17] reported residual concentrations of organochlorine
pesticides (OCPs) in industry west water significantly chan-
ged blood parameters (including red blood cell (RBC), white
blood cell (WBC), and mean corpuscular volume (MCV)) of
stinging catfish (Heteropneustes fossilis) on 1st, 5th, 10th, and
20th days after exposure. Sublethal concentrations of OCPs
(10%, 20%, 30%, 40%, and 50%) led to significant tissue
damage on gills, liver, intestine, and muscles at the 1st, 5th,
10th, and 20th days after exposure. Their study results clearly
showed that the accumulation pattern of pesticides and the
spread of tissue lesions had a significant correlation. The
massive increase in the use of glyphosate since the 1970s
has led governments of several countries to take action and
try to reduce or ban its use. Spain, Italy, Germany, Canada,
Portugal, and the Netherlands have already banned glypho-
sate. The majority of glyphosate restrictions worldwide
were introduced after 2015. The International Agency for
Research on Cancer reports on glyphosate’s ability to induce
cancerogenesis in humans [18]. For years, numerous studies
have been conducted to assess the effects of this herbicide on
different animal populations [15–22]. The toxic effects of
glyphosate were studied on different classes of vertebrates.
The majority of past ecotoxicology studies have confirmed
that fish species are a good model for assessing the toxicity of
substances in the aquatic system, due to their efficiency in

metabolizing xenobiotics, sensitivity to contaminants, and
position in the aquatic food chain [23, 24].

Glyphosate and its common formulations have shown
toxic effects on both aquatic invertebrate and vertebrate spe-
cies [25, 26]. In Cherax quadricarinatus, the freshwater cray-
fish, exposure to 22.5mg L−1 of this herbicide led to reduced
somatic cell growth, glycogen, lipid, and protein levels in the
muscle after 50 days [27]. Negative effects of glyphosate were
also observed for various freshwater fish. For example, Neš-
ković et al. [28] reported exposure to 10mg L−1 glyphosate
led to increased alkaline phosphatase activity in the liver of
freshwater carp (C. carpio L.) after 14 days; also, histopatho-
logical changes were seen as epithelial hyperplasia and sub-
epithelial edema at this concentration and above than it. In
addition, there is leukocyte infiltration, hypertrophy of chlo-
ride cells, and lifting and rupture of the respiratory epithe-
lium. Cattaneo et al. [29] found that 10mg L−1 of Roundup
in Europian carp (C. carpio) can decrease acetylcholinester-
ase activity in the brain and muscle and induce oxidative
damage after 96 hr. The evaluated toxicity effect of
120 g L−1 of glyphosate and 10mg L−1 Roundup revealed
that both pollutants increase cell proliferation and cell turn-
over and lead to an upregulation of metabolic processes in
brown trout (Salmo trutta) after 14 days [30]. The results
obtained from toxicological studies are not definitive and are
highly dependent on environmental conditions, age, gender,
and species [31]. The continuation of such studies, in addi-
tion to increasing the reliability of the results, can broaden
the conversation on glyphosate toxicity and its impact on
human and environmental health [32].

Despite the results of previous studies about the toxicity
effect of glyphosate on nontarget organisms, commercial
formulations of glyphosate, such as Roundup, are still widely
used worldwide [33]. There is no single approach to its con-
sumption [34]. For example, according to the ENDURE net-
work reports [35], “Despite the decision of some European
countries such as Spain and Italy to ban the use of Roundup
and other Glyphosate derivatives, sales of glyphosate repre-
sent 33% of total herbicide sales in the EU 28+ 3.”

The present study aimed to evaluate the toxic effects of
the commercial formulations of glyphosate (Roundup 41%
SL, Bayer AG, Leverkusen, Germany) on juvenile grass carp
(Ctenopharyngodon idella) as an important commercial spe-
cies in the north of Iran [36]. Grass carp farms in the north of
Iran are usually located near rice and cotton farms and have
joint water resources with them [37]; in addition, grass carp
is an herbivorous freshwater fish [38]. The north of Iran
(southern areas of the Caspian Sea) is one of the centers of
consumption of pesticides, including glyphosate, due to the
high volume of agricultural production and its subtropical
climates [39].

2. Materials and Methods

2.1. Preparation. Juvenile grass carp, C. idella (N= 150), were
purchased from local farms and transported to the labora-
tory (Faculty of Natural Resources, University of Guilan,
Guilan province, Iran). Fish were divided into five tanks
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(300 L—30 fish in each tank). Individuals were maintained
for 2 weeks in tanks for acclimatization to laboratory condi-
tions [31]. The fish were fed by carp commercial feed (SFC,
Faradaneh Co., Shahrekord, Iran), equivalent to 2% of biomass
weight twice a day during the adaption period [23]. Each experi-
mental unit had independent aeration, and 40% of the water in
the tank was replaced daily [40].Water physicochemical param-
eters, the pH, temperature, dissolved oxygen (DO), NH3 concen-
tration, and total hardness of water (CaCO3 concentration) were
measured. Used equipment was: digital soil and substrate pH
meter (S500 pro, Aqua Masters, Burbank, California, US), a DO
meter for aquaculture (HI9147, HANNA Instruments, Bertoki,
Slovenia), andmultiparameter photometers (7100, Palintest Co.,
Gateshead, UK). All measurements were performed twice a day
[31]. Water parameters were as follows: pH 7.8–8.2, DO
7.9–8.6mgL−1, NH3< 0.02mgL−1, temperature 24Æ 2°C and
CaCo3 210mgL−1 during the adaption period; finally,
photoperiod of 16 : 8 hr (light–dark cycle).

2.2. Acute Toxicity Test (LC50 96 hr Test). After the acclimati-
zation period, 84 fingerling fish were divided into four groups
(average weight 14.4Æ 1.7 g and total length 12.3Æ 0.82) with
three replicates (12 aquarium—150×60× 65 cm) and exposed
to four concentrations of commercial formulation of glyphosate
(Roundup 41% SL, Bayer AG, Leverkusen, Germany). Accord-
ing to the manufacturer of Roundup, the solvent used was dis-
tilled water, and the concentration of glyphosate was 410mgL−1

[26]. Nominal concentrations of Roundup were 0, 50, 100, and
150mLL−1, and the test time was 96hr; nominal concentrations
of Roundup were selected according to the Deivasigamani [40]
study and laboratory facilities. The fish mortality rate was calcu-
lated at 24, 48, 72, and 96hr after exposure [41]. Fish were
transferred into the aquarium or the test tank 24hr before the
beginning of the test to adapt fish to the test tank condition and
were not fed during the toxicity test to keep static condition.
Water physicochemical parameters were kept the same for one
of the acclimatization periods (pH 7.9–8.6, DO 7.9–8.6mg L−1,
NH3< 0.02mgL−1, temperature 24Æ 2°C and total hardness
210mgL−1 CaCO3). The LC50 96hr test was a static system
[42]. Finally, glyphosate concentrations were added manually,
and the pesticide was distributed by water circulation inside the
test tank [43]. Also, fish swimming was recorded for 15min at
intervals of 12hr by the camera (Canon, SX230 Hs, 5.0–70mm)
during the LC50 96hr test; the camera was in front of the aquar-
ium [31].

2.3. Histopathological Observation. The samples of gills and
liver were collected at 96 hr of fish exposure to Roundup
(three samples per treatment), and they were fixed with
diluted Formalin solution (Formaldehyde 10% v/v, Sigma®,
Missouri, USA). Formalin of the gill and liver samples was
replaced 24 hr after sampling. The middle parts of the liver
and second-gill arch from the fish’s left side were selected for
sampling, respectively [44]. All samples were taken from fish
that survived exposure to the pesticide, and three slides were
prepared for each treatment [45]. The samples were placed in
a series of alcohols (50%, 70%, 80%, and 96%) for half an
hour. Immediately after that, they were washed with 1-buta-
nol alcohol (for 2 hr) and then placed into chloroform to

clarify for 1 hr [46]. After this step, the samples were placed
into an incubator at 37°C for paraffinization and softening
by the solution of chloroform and paraffin (1 : 1). After that,
samples were incubated in pure paraffin at 54°C and were
prepared for tissue incisions after cooling. The tissue inci-
sions were obtained by the automatic tissue processor
machine (TP1020, Leica Microsystems Inc., Buffalo Grove,
IL, USA), and their thickness was 6 µm. The tissue incisions
were stained with hematoxylin-eosin [47]. Tissue damages
were observed and evaluated by light microscopy (Model
RH-85 UXL, UNILAB®, India). The tissue damages were
classified as none, mild, moderate, and severe according to
the described method in Abalaka’s [48] study and modified
with the laboratory facilities. Organs with numerical values
ranging from 0 to 10 were classified as normal tissue (none),
11 to 20 as mildly damaged tissue (mild), 21 to 50 as moder-
ately damaged tissue (moderate), and 51 to 100 as severely
damaged (severe).

2.4. Hematological Biomarkers. Blood samples were collected
through the caudal vein technique. According to this tech-
nique, the sample was taken from the midline just posteriorly
of the anal fin. Blood samples were centrifuged for 10min at
2,500 rpm and transferred to the laboratory for hematologi-
cal analysis. Blood samples of all fish in each tank were
polled, and finally, 12 blood samples were analyzed (three
samples for each treatment). Total protein, albumin, globu-
lin, triglyceride, cholesterol, and glucose in serum were mea-
sured from each sample using an automatic biochemical
analyzer (Roche Hitachi 911 Chemistry Analyzer, Tokyo,
Japan) and their corresponding kits (Pars Azmoon Inc., Teh-
ran, Iran). The samples were taken from live fish in sublethal
concentrations treatments of Roundup at 96 hr after expo-
sure. Hematocrit (Hct) was determined by centrifuging
whole blood in heparinized micro-Hct capillary tubes at
3,500× g for 10min (Osterode, Germany) at 24°C. The
mean RBC count, mean WBC count, and mean concentra-
tion of hemoglobin (Hb) were calculated according to Hous-
ton [49].

2.5. Data Analyses. The lethal concentration of glyphosate in
intervals of 24, 48, 72, and 96 hr (LC50 24, 48, 72, and 96 hr of
Roundup) was estimated through a probit test with a 95%
confidence [50]. We used the Spearman test to find the correla-
tion between different nominal concentrations of commercial
formulations of glyphosate (Roundup 41% SL) and mortality
(2-tail). Finally, the correlation between the mortality rate of
fish and the concentration of Roundup and the significant differ-
ence between average measured indicators of treatments were
appraised with the two-tailed significance Spearman tests and
the Analysis of Variance (ANOVA) test with a 95% confidence
by SPSS software (IBM SPSS Statistics 20), respectively.

The video data were analyzed by Adobe After Effects
software (AAE CS6) on the Windows platform (Windows
7 Ultimate, Microsoft corporation©). The clinical signs of
fish were reported by direct observation of recorded videos,
counting average movement of the gill operculum in 1min,
and comparison color of the object (fish) during a period by
Adobe After Effects CS6 software (AAE CS6) [31].
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3. Results and Discussion

3.1. Results

3.1.1. Acute Toxicity Test (LC50 96 hr). The analysis of the
present study showed there was a significant correlation
between increasing the concentration of Roundup and
increasing the grass carp juvenile number of deaths
(p<0:01); it is shown in Figure 1.

The results of the toxicity test showed mortality in all
treatment phases (except for the control group) (Table 1).
The LC50 96 hr of the commercial formulation of glyphosate
(Roundup 41% SL, Bayer AG, Leverkusen, Germany) was
75.838mL L−1, while LC50 for 24, 48, and 72 hr were
120.343, 110.495, and 85.424mLL−1, respectively (Table 2).

Exposure to different concentrations of Roundup leads to
some clinical signs in fish, such as increasing operculum
movement, fast swimming, anxiety, darkening of the skin,
swimming near the water surface, and death with an open
mouth.

3.1.2. Histopathological Observation. Tissue damage was
observed in different degrees in all individuals exposed to
the herbicide (50, 100, and 150mL L−1). Histopathological
changes started to be observed at the treatment with the
lowest pollutant concentration: mild lamellar fusion, basal,
and distal hyperplasia. In addition, moderate epithelial
hyperplasia was evident. At a concentration of 100mLL−1,
the damage increased in severity (Table 3).

We reported a mild lamellar aneurysm, leucocyte infil-
tration, and mild necrosis. The greatest damage to the gills
was found, as expected, at the highest concentration
(150mLL−1) of Roundup. The samples were characterized
by severe necrosis and leukocyte infiltration, as well as
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FIGURE 1: The polynomial regression between nominal concentrations of commercial formulation of glyphosate (Roundup 41% SL, Bayer AG,
Leverkusen, Germany) with mortality rate (number of deaths) of the grass carp (Ctenopharyngodon idella) 96 hr after exposure (p<0:01).
The average weight of fish was 14.4Æ 1.7 g.

TABLE 1: The mortality rate of grass carp (Ctenopharyngodon idella)
after exposure to different concentrations of commercial formula-
tion of glyphosate (Roundup 41% SL, Bayer AG, Leverkusen,
Germany).

Concentration
(mL L−1)

Number of fish
No. of mortality

24 hr 48 hr 72 hr 96 hr

0 21 0 0 0 0
50 21 3 5 6 7
100 21 7 9 13 15
150 21 11 15 19 20

Note. All concentrations are nominal. The average weight of fish was
14.4Æ 1.7 g.

TABLE 2: Lethal concentration of commercial formulation of glyph-
osate (Roundup 41% SL, Bayer AG, Leverkusen, Germany) for grass
carp (Ctenopharyngodon idella).

Point
Concentration (mL L−1)

24 hr 48 hr 72 hr 96 hr

LC10 46.408 30.863 26.655 23.489
LC20 64.034 58.199 46.829 41.459
LC30 78.042 77.910 61.376 54.417
LC40 100.853 94.753 73.806 65.489
LC50 120.343 110.495 85.424 75.838
LC60 156.778 126.237 97.042 86.187
LC70 176.269 143.080 109.471 97.258
LC80 199.079 162.791 124.018 110.216
LC90 230.714 190.127 144.192 128.186
LC95 266.838 212.701 160.853 143.027

Note. All concentrations are nominal. The average weight of fish was
14.4Æ 1.7 g.
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moderate lamellar fusion, lamellar aneurysm, epithelial
hypertrophy, and basal and distal hyperplasia (Figure 2).

Regarding tissue damage in the liver of C. idella, they
ranged from mild at the lowest Roundup concentration,

moderate at the intermediate concentration, and severe in
the highest herbicide concentration treatment. There was
observed a high degree of necrosis, cloudy swelling, and
numerous macrophage aggregates at 100mLL−1 of Roundup.

TABLE 3: The correlation between the commercial formulation of glyphosate (Roundup 41% SL, Bayer AG, Leverkusen, Germany) and
damages of grass carp gills (Ctenopharyngodon idella).

Tissue damages
Concentration (mL L−1)

0 50 100 150

Lamellar fusion – ++ +++ +++
Lamellar aneurism – – ++ +++
Epithelial hypertrophy – +++ ++++ +++
Leukocyte infiltration – – ++ ++++
Basal Hyperplasia – ++ ++ +++
Distal hyperplasia – ++ +++ +++
Necrosis – – ++ ++++

Note. All concentrations are nominal. Also, none (–), mild (++), moderate (+++), and severe (++++) of tissue damage.

ðaÞ ðbÞ

ðcÞ ðdÞ

ðeÞ ðfÞ
FIGURE 2: The grass carp (Ctenopharyngodon idella) histopathological changes of the gills by commercial formulation of glyphosate (Roundup
41% SL, Bayer AG, Leverkusen, Germany): (a) lamellar fusion (100mLL−1 of Roundup); (b) lamellar aneurism (150mLL−1 of Roundup); (c)
distal hyperplasia (100mL L−1 of Roundup); (d) leukocyte infiltration (150mL L−1 of Roundup); (e) basal hyperplasia (100mLL−1 of
Roundup); (f ) epithelial hypertrophy (50mL L−1 of Roundup). All pictures are magnified× 10.
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As the Roundup concentration increased, the hydropic swell-
ing also increased. All tissue damage data are shown in Table 4
and Figure 3.

3.1.3. Hematological Parameters. Values for hematological
and biochemical parameters are shown in Table 5. The level
of total protein at the 50mL L−1 concentration increased
compared to the control group. The trend of increase in total
protein concentrations followed the increase of glyphosate
concentration, with the highest values in individuals treated
with 150mL L−1 of Roundup in comparison to other groups.
The albumin level was lowest in the control group, with a
significant difference compared to the other groups. The
albumin level did not differ significantly among fish indivi-
duals exposed to glyphosate. As for the cholesterol level, it
increases significantly in the intermediate (100mL L−1) and
maximum (150mL L−1) concentration groups when com-
pared to control and individuals exposed to 50mL L−1.

Exposure of fish for 96 hr to this herbicide induced a
significant increase in triglyceride concentrations. However,
we did not observe any significant difference between the
treated groups. The glucose level was lower in the 100 and
150mL L−1 glyphosate concentration group as compared to
the control group and the group with the lowest glyphosate
concentration. Comparison between fish that experienced
the highest and intermediary concentrations showed a sig-
nificant decrease in individuals from the 150mL L−1 glypho-
sate group.

The Hb values and the WBC count in fish from the 100
and 150mL L−1 groups were significantly lower than the
ones in the control and 50mL L−1 groups. The values for
Hct and the red blood cell count were lowest in fish exposed
to the highest concentration of Roundup, followed by ones
facing intermediate concentrations, while no differences
were reported between the control group and the group
exposed to 50mL L−1 Roundup.

3.2. Discussion. Growing public concern about the conse-
quences of the massive use of glyphosate herbicide in indus-
trial agriculture raised many questions about its use and
effects on nontarget organisms [51]. This study aimed to
assess the potentially toxic effects of the commercial formu-
lation of glyphosate, Roundup, on juvenile grass carp as a
nontarget aquatic organism. Glyphosate displayed a lethal

and sublethal impact on grass carp. We found a dose-
dependent correlation between glyphosate concentrations
mortality rate and tissue damage. Glyphosate-induced pro-
found changes in liver and gill tissues, which underwent
necrosis, hyperplasia, hypertrophy, and leukocyte infiltration.

Standard ranges of the blood parameter values were sig-
nificantly dependent on species, age, gender, and environ-
mental conditions [16, 52]; however, the Hb and the RBC
count were significantly reduced during the treatment with
higher doses of glyphosate. The reduced number of RBCs
can be the result of hemorrhage, hemolysis, and reduced
erythropoiesis [53]. White blood cell counts also declined
during the exposure period, reaching their lowest point in
the group with the highest glyphosate concentration.
Changes in WBC are usually seen in an aquatic organism
exposed to herbicides [52]. WBC is directly related to the
stress level and health of each organism [17]. Roundup’s
ability to affect tissues can reflect on hemopoiesis and block
the maturation and release of white blood cells [54].

In glyphosate-treated fish, we reported an increase in
cholesterol levels. A study conducted by Stoyanova [55] on
common carp suggested that the accumulated glyphosate in
the fish’s liver can change lipid metabolism and increase
cholesterol values. In addition, cholesterol is the base mole-
cule for steroid synthesis, including the stress hormone.
Therefore, an increase in cortisol under stressful conditions
also may contribute to an increase in cholesterol levels [56].
Putative liver dysfunction caused by Roundup can also alter
other blood biochemical parameters (i.e., total protein, tri-
glyceride, and albumin) of fish individuals. We reported liver
lesions, severe necrosis, cloudy swelling, and numerous mac-
rophage aggregates.

The glucose level was significantly reduced after acute
exposure to this herbicide. Loro et al. [57] also reported
decreased plasmatic glucose levels and hypoglycemia after
exposure to glyphosate-based herbicides. Hypoglycemia
can be caused by stress, irritation, and rapid movements of
the fish. Our result indicated that the treated fish showed
behavior changes: anxiety, fast swimming, and increasing
operculum movement. The similar result was reported in
Rhamdia quelen and Leporinus obtusidens [58]. Histopatho-
logical changes on the gills (i.e., lamellar fusion, lamellar
aneurism, epithelial hypertrophy, leukocyte infiltration, and
distal hyperplasia) induced by Roundup can affect the

TABLE 4: The correlation between the commercial formulation of glyphosate (Roundup 41% SL, Bayer AG, Leverkusen, Germany) and the
damages to the liver of grass carp (Ctenopharyngodon idella).

Tissue damages
Concentration (mL L−1)

0 50 100 150

Necrosis – ++ ++++ ++++
Hydropic swelling – ++ +++ ++++
Cloudy swelling – ++ ++++ ++++
Lipidosis – ++ +++ +++
Macrophage aggregates – ++ ++++ +++
Dilation of sinusoid – ++ +++ +++

Note. All concentrations are nominal. Also, none (–), mild (++), moderate (+++), and severe (++++) of tissue damage.
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TABLE 5: Results of blood biochemical tests (meanÆ SD) of adult grass carp (Ctenopharyngodon idella) at 96 hr after exposure to different
levels of commercial formulation of glyphosate (Roundup 41% SL, Bayer AG, Leverkusen, Germany).

Blood parameters Control (0mL L−1) 50mLL−1 100mLL−1 150mLL−1

RBC (106 μL) 2.31Æ 0.06a 2.30Æ 0.8a 1.56Æ 0.09b 1.29Æ 0.72c

WBC (104 μL) 2.27Æ 0.53 a 2.23Æ 0.69a 1.81Æ 0.12b 1.79Æ 0.32b

Hematocrit (%) 45.33Æ 0.6a 44.2Æ 0.7a 37.4Æ 0.02b 32.9Æ 0.13c

Hemoglobin (g/dL) 8.04Æ 0.31a 7.91Æ 0.76a 5.25Æ 0.46b 5.24Æ 0.63b

Glucose (mg/dL) 4.14Æ 0.07a 4.12Æ 0.11a 3.24Æ 0.03b 2.04Æ 0. 13c

Total protein (mg/dL) 1.88Æ 0.31d 2.94Æ 0.12b 2.96Æ 0.13b 3.68Æ 0.21a

Triglyceride (mg/dL) 1.89Æ 0.16d 2.33Æ 0.04a 2.31Æ 0.09a 2.33Æ 0.07a

Cholesterol (mg/dL) 3.87Æ 0.22c 3.89Æ 0.31c 4.16Æ 0.04a 4.15Æ 0.04a

Albumin (mg/dL) 0.52Æ 0.05b 0.67Æ 0.12a 0.65Æ 0.41a 0.66Æ 0.03a

Note: Different letters (a–d) in the same row indicate significant differences (p<0:05).

ðaÞ ðbÞ

ðcÞ ðdÞ

ðeÞ ðfÞ
FIGURE 3: The grass carp (Ctenopharyngodon idella) histopathological changes of the liver by commercial formulation of glyphosate
(Roundup 41% SL, Bayer AG, Leverkusen, Germany); (a) necrosis (50mLL−1 of Roundup); (b) hydropic swelling (50mL L−1 of Roundup);
(c) lipidosis (100mL L−1 of Roundup); (d) cloudy swelling (50mL L−1 of Roundup); (e) macrophage aggregates (150mL L−1 of Roundup); (f )
dilation of the sinusoid (100mL L−1 of Roundup). All pictures are magnified× 10.
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respiration process and reduce the survival chance of intoxi-
cated fish [44].

4. Conclusion

Based on the results from this study, we can conclude that
glyphosate, its commercial formulation—Roundup, causes toxic
effects on grass carp, altering biochemical parameters of the
blood and inducing serious damage to fish tissue. This is one
of the studies confirming the toxic effects of herbicide’s massive
use in industrial agriculture on nontarget organisms.
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