Toxicology Reports 5 (2018) 18-27

Contents lists available at ScienceDirect

toxicology

reports

Toxicology Reports

journal homepage: www.elsevier.com/locate/toxrep

Check for
updates

Evaluation of acute and sublethal effects of chloroquine (C;gH>¢CIN3) on
certain enzymological and histopathological biomarker responses of a
freshwater fish Cyprinus carpio

la,b,

Mathan Ramesh®, Selvaraj Anitha®, Rama Krishnan Poopal®”*, Chellappan Shobana®

2 Unit of Toxicology, Department of Zoology, School of Life Sciences, Bharathiar University, Coimbatore, 641046, Tamil Nadu, India
® Environmental Toxicology and Toxicogenomics Lab, Department of Environmental Biotechnology, Bharathidasan University, Tiruchirappalli, 620 024, Tamil Nadu, India

ARTICLE INFO ABSTRACT

Keywords: In this study the toxicity of antimalarial drug chloroquine (CQ) on certain enzymological (GOT, GPT and LDH)
Chloroquine and histopathological alterations (Gill, liver and kidney) of a freshwater fish Cyprinus carpio was studied after
Biomarker acute (96 h) and sublethal (35 days) exposure. The median lethal concentration (96 h) of CQ was 31.62 mg/ml.
GOT During acute treatment (CQ at 31.62 mg/ml) the treated fish groups showed a significant increase in GOT and
]?]1))13 GPT activities in blood plasma; whereas LDH activity was decreased when compare to control groups. To analyse
Histopathology the effects of drug at the lowest concentration, the fish were exposed to 3.16 mg/ml (1/10th of 96 h LC50 value)
Acute for 96 h. In sublethal treatment (3.16 mg/ml) GOT activity increased up to 14th day and decreased during the
Sublethal rest of the exposure period (21, 28 and 35th day). A biphasic response in GPT activity was observed. LDH
C.carpio activity was found to be increased throughout the study period (35 days) compare to control groups. The al-

terations in enzyme activities in blood plasma were found to be significant at p < 0.05 (DMRT). Many histo-
pathological changes in vital organs such as gill, liver and kidney of fish were observed in CQ treated group
(acute and sub-lethal) compare to normal group. The alterations in the enzymological and histopathological
study in the present investigation indicate that the drug CQ has toxic effects on non-target organisms. We
conclude that the alterations in enzymological parameters and histopathological changes can be used as bio-
marker to assess the health of the aquatic organism/environment. Further data on molecular studies are needed

to define the mode of action and toxicity of these emerging pollutants.

1. Introduction

Quinoline is known for its bactericidal, antiseptic and antipyretic
action. Chloroquine (CQ) belongs the quinoline group. It is a white or
slightly yellow crystalline powder with bitter taste. It is a lysosomo-
tropic weak base, soluble in water at pH 4.5 with molecular formula of
C18H56CIN3, The derivatives of CQ includes chloroquine diphosphate
(C18H29C1N3.2H3P04), chloroquine phosphate (C18H29C1N3.H3PO4),
chloroquine sulfate (C;gHy6CIN3. H,SO4) and chloroquine dihy-
drochloride (C;g8H26CIN3.2HCI) [1]. CQ has been used as a primary
antimalarial drug since 1930s due to its tolerability, effectiveness
against malaria and inexpensive synthesis [2]. In addition to serving as
a malarial drug, CQ is now used in cancer therapy due to its enhance-
ment property against tumour activity [3]. CQ is also shown to sig-
nificantly improve insulin levels in type 2 diabetes (T2D) [4]. In ad-
dition CQ is used as an antifungal [5], it is used in the treatment of
rheumatic and immune-mediated diseases [6], management of HIV,

SARS-CoV and influenza A/H5N1 virus [7].

Unfortunately, CQ use could have various side effects in mammals
such as cardiac arrest, blindness, arrhythmias, hypokalemia, retino-
pathy, renal failure and cerebral oedema. In addition, CQ treatment
during pregnancy is extremely toxic to embryo and overdose could lead
to death [8]. The negative effect of CQ is due to the fact that it inhibits
diastolic depolarization, which slows down conduction and alters the
intracellular transport of ionic transport. It also inhibits glucose 6-
phosphate dehydrogenase activity, enzyme synthesis in nucleic acids;
cyclic AMP pathway and it also increase oxidative stress in the organs
[1,9]. Due to its high affinity towards nucleates and nucleoproteins, CQ
could accumulate in lysosomes, adrenal glands and in epithelial cells of
kidney which alters the secretion of aldosterone [10].

Over production and extensive use of pharmaceuticals including CQ
may reach the aquatic ecosystem mainly through sewage effluents,
washing out of faecal materials by rain, domestic wastewater and STPs.
The presence of these pharmaceutical drugs or their residues in the
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Fig. 2. Illustrates the sublethal response of plasma enzyme GOT activity of C. carpio to
CQ. Value followed by the different letter are significantly different atp < 0.05 (DMRT).

aquatic environment is a serious issue throughout the world. Due to
their resistance to degradation and lipophilic property they persist in
the aquatic environment and could have negative effects on the biota
[11]. So far, more than 100 pharmaceuticals have been identified the
aquatic ecosystem [12], recently Ramaswamy et al. [13] and Shan-
mugam et al. [14] have detected pharmaceutical and personal care
products such as carbamazepine, triclosan, parabens, diclofenac, keto-
profen, naproxen, ibuprofen and acetylsalicylic acid in Indian major
rivers such as Kaveri, Vellar and Thamiraparani.

Ecological risks by manmade chemicals are a potential subject of
concern. Toxicity of any chemical can be determined by using bioassay
methods. Specifically fish bioassay is considered as crucial in the field
of eco-toxicology. As fish are one of the most organisms of the aquatic
food web, and as they are a chief sources of food all over the world and
as they are highly sensitive to slight environmental changes [15,16] it is
important to conduct fish bioassay. Bioassays play an important role in
providing information about the impact of emerging chemicals [17]. In
addition to bioassay, biomarkers are considered as early warning sig-
nals in the field of environment risk assessment. The biomarker re-
sponse reveals the health status of an organism, population and eco-
system [18]. Biochemical and histological biomarkers are known to be
sensitive tools to detect direct effects of pollutants in the specific organ
[19]. These biomarkers may provide information from the starting
point of biological effects to the impact on cell physiology [20].

Among the biochemical biomarkers enzymes are commonly used as
a marker of pathological alterations of the organ, as they rapidly re-
spond to chemicals. Glutamate oxaloacetate transaminase (GOT or
AST), glutamate pyruvate transaminase (GPT or ALT) and lactate de-
hydrogenase (LDH) are the enzymes found in heart, liver, kidney,
skeletal muscles and erythrocytes. GOT and GPT participate in transa-
mination reactions. Likewise, LDH is an oxidative enzyme which is
important for glycolytic activity. The alterations in these enzymes are
used as organ health indicators of chemical exposure. GOT, GPT and
LDH are widely used enzymological parameters in toxicology and in
clinical chemistry to know the status of organs [21]. Similarly, histo-
pathological changes provide the direct effects of the toxicant in organs
[22] and also reveal the difference between damage induced by tox-
icant and other factors in organs/tissues [23]. In fish, gills are the

LDH actlvity (IL/L)

19

Toxicology Reports 5 (2018) 18-27

Control = CQtreated Fig. 1. Reveals the acute response of plasma
4500 - enzyme (GOT (A), GPT (B) and LDH (C))
4000 - . activity of C. carpio to CQ.
3500 - -
m 4
m ,
m .
1500 -
1000 -
Sw +
0
Exposure period (96h)
100 - H Control [CQ treated
a

= 80 -

5 b

E 60 -

2 d i

® 40 - e

&

© 20 -

0 T T T ]
7 14 21 28 35

Exposure period in days
Fig. 3. Illustrates the sublethal response of plasma enzyme GPT activity of C. carpio to

CQ. Value followed by the different letter are significantly differentatp < 0.05 (DMRT).
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Fig. 4. Illustrates the sublethal response of plasma enzyme LDH activity of C. carpio to
CQ. Value followed by the different letter are significantly differentat p < 0.05 (DMRT).

primary site of toxicant exposure and their structural changes indicate
the impact of toxicant. Liver is the second largest organ in the body and
are known to be a defense organ. Antoine et al. [24] reported that liver
is the major target area of human pharmaceuticals. Likewise kidney is a
target organ for many pharmaceutical drugs. Hence, histological ob-
servation of vital organs such as gill, liver and kidney are important
biomarkers in determining the toxic effect of human pharmaceuticals.

The present study was carried out to evaluate the acute and sub-
lethal toxicity of chloroquine (CQ), an antimalarial drug in a freshwater
fish Cyprinus carpio using certain biomarkers. The experimental model
C. carpio is a common carp cultured widely in India

2. Materials and methods
2.1. Procurement of experimental fish and laboratory setup

Fingerlings of C. carpio (mean body weight of 6.0 + 0.2 g and body
length of 7.0 = 0.3 cm) were collected/transported to the laboratory
from Tamil Nadu Fisheries Development Corporation Limited, Aliyar,
Tamilnadu, India in aerated polythene bags. The fingerlings were
transported in the early morning to minimize the heat stress. After ar-
rival to the laboratory, they were transferred into large size water tanks
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Fig. 5. Photomicrographs (2 mm) of the H&E-stained gill tissue of C. carpio (A) Control group showing regular shaped GF gill filament and GL lamellae, (B) Acute exposure, (C-G)
Sublethal exposure of CQ. LF, lamellar fusion; DN degenerative and necrotic changes in the epithelium of gill filaments; OE edema; V vacualization; HP hyperplasia; BC blood congestion;
EL epithelial lifting; HT hypertrophy; F fusion; C Curling; DQ desquamated were found in the CQ exposed fingerlings.

and stocked for a minimum period of 30 days to acclimatize. During
acclimation period, C. carpio were fed with rice bran and ground nut oil
cake in a dough form. Excess amount of feed and faecal materials were
removed to avoid contamination of water. In the present study

20

dechlorinated tap water was used. The physico-chemical parameter
(temperature 27.1 + 1.0°C, pH 7.1 = 0.10, DO 6.8 * 0.05mg/L,
total alkalinity 18.2 + 7.0 mg/L, total hardness 17.8 = 0.6 mg/L,
salinity 0.3 = 0.06ppt, calcium 4.0 + 0.1 mg/L, magnesium
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Table 1
Morphological analysis of gill tissues of C. carpio exposed for acute and sub-lethal study.
The morphological anomalies were represented in symbol based on their severity.

Gill tissues morphological Control 96h  7th 14th 21st 28th 35th
anomalies
Lamellar fusion - ++ o+ + + + +
Degenerative and necrotic - +4+ - - — + +
changes in the epithelium of
gill filaments
Edema - ++ - -
Vacuolization - +4+ + + + +
Hyperplasia - ++ - - - - —
Blood congestion - + - - - + -
Epithelial lifting - ++ + + + +
Hypertrophy - + - - + + +
Fusion - — + - — — _
Curling - - - + + — -
Desquamated - — - — _ _

Note: The anomalies visible in the gill morphology were divided based on the severity into
three grades (—) no anomalies; (+) anomalies in < 20% of the fields; (+ +) anomalies
in < 20-60% of the fields.

2.5 *= 0.4mg/L) of water was estimated according to procedure
framed by APHA [25]. At the end of the acclimatization period, healthy
fingerlings were divided randomly into two groups and housed sepa-
rately in 200 L aquaria tank. The study was performed under a photo-
period of 12:12 light-dark cycle. The fingerlings in the aquaria served as
the experimental stock (control and CQ exposed groups).

2.2. Protocol for determination of 96 h LC50

Stock solution was prepared by dissolving 1 g of CQ in appropriate
quantity of tap water. A series of tests were carried out to determine the
96 h LC50 value of CQ to the fish C. carpio. Four-day acute static
toxicity tests were performed to determine the median lethal con-
centration of CQ on C. carpio. Two plastic tubs (20L water capacity
each) were taken and 8L of water was added to each tub. Fingerlings
from the stock were randomly collected and 4 fish was introduced in
each tub. A known concentration of CQ was added to each tub. Two
tubs are separated and marked as control (not treated with CQ). At the
end of every 12 h the numbers of dead and alive fingerlings were noted
up to 96 h. The dead fingerlings were removed instantly. The con-
centration of the CQ in each test was calculated based upon the result
obtained in the previous test. Finally a conformation test will be carried
out after obtaining the LC50. In the conformation test 10 fingerlings
from stock were introduced into tub (50 L water capacity) with 20 L of
water. At the same time the control group was also maintained. The
LC50 of CQ on C. carpio was calculated by the probit analysis method
[26] and noted as 31.62 mg/L. During the test behavioural changes and
signs were closely followed up. Homogenicity of the population in the
study was calculated by using chi-square test (Table S1).

2.3. Acute toxicity studies

For acute toxicity study, six plastic tubs (50 L water capacity) were
taken and to each tub 40 L of water was added. Then three tubs marked
as CQ treated and remaining marked as control (C). Then 31.62 mg/L of
CQ was added to tubs marked as CQ. 20 fingerlings from the stock were
introduced in to each tub. At the end of 96 h blood and organs (gill,
liver and kidney) were collected from C and CQ groups.

2.4. Sublethal toxicity studies

For the sub lethal study, 200 healthy fingerlings were randomly
collected from the stock and separated into two groups (control and CQ
treated). The fingerlings were introduced into two large size aquarium
tanks marked C and CQ treated. 1/10 of LC 50 of CQ (3.16 mg/ml) was
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added and mixed well in the tank marked CQ treated. During the sub
lethal study fingerlings were fed ad libitum, excess of feed was removed
and the water was replaced with same concentration of CQ. At the end
of every 7 day of sublethal exposure, blood and organs (gill, liver and
kidney) were collected from the C and CQ groups.

2.5. Sampling

Cardiac blood was collected in a plastic disposable syringe fitted
with 26 gauge needle. The syringe was pre-rinsed with the antic-
oagulant heparin. The collected blood was filled in a heparin rinsed
vials and kept in ice cold condition. Whole blood was centrifuged for
15 min at 10 000 rpm and plasma was collected in separate vials.
Plasma was used for analysis of biochemical parameters (GOT, GPT and
LDH). Then the fingerlings were washed thoroughly with double dis-
tilled water and dried with Whattman filter paper. Then 100 mg of gill,
liver and kidney of the fingerlings were removed and kept in the vials
for morphological studies.

2.6. Plasma GOT, GPT and LDH activity

GOT and GPT activity of fingerlings was estimated according to the
method of Reitmen and Frankel [27], LDH was estimated by Tietz [28]
using the kit manufactured by Span Diagnostics Ltd. 173-B, New In-
dustrial Estate, Road No. 6-G, Udhna, Surat - 394 210, INDIA.

2.7. Histological changes

Gill, liver and kidney of the fingerlings were dissected and fixed in
Bouin’s fluid, dehydrated in graded alcohol, infiltrated with xylene,
embedded in paraffin wax, mounted on glass slides and stained in
haematoxylin and eosin (HE). Photomicrograph of gill, liver and kidney
of C and CQ fingerlings were examined under computer based
Trinocular Microscope with image analysis system (Labomed make).

2.8. Statistics

96 h LC50 value of CQ with 95% confidence was calculated by
probit analysis method of Finney [26]. Differences between C and CQ
groups were calculated for statistical significance at p < 0.05 by Stu-
dent’s t-test, which is represented by an asterisk symbol. All the values
were analysed from one way analysis of variance (software SPSS 6.0)
and Duncan’s multiple range tests were analysed to measure the sta-
tistical differences between CQ groups. Triple asterisks symbol*** re-
presents significant at < 0.001 level.

3. Results

No mortality was observed during the acclimation period, before CQ
treatment and in control groups. When the fingerlings exposed to var-
ious concentrations of CQ showed a sign of behavioural anomalies like
fast swimming, rapid opercula movements, wide open of mouth and
operculum, excess mucus secretion, convulsions and jerky movement.
Finally the fish became lethargic, there was reduction in opercula
movements, and they were at static condition usually at bottom and
dead. These changes were more severe when the concentration of CQ
increased. The fingerlings in the control groups were active and no
anomaly was found. The 96 h LC50 value of CQ to C. carpio was cal-
culated as 31.62 mg/ml. The Chi-square test indicated that the fish
population used in this study were found homogenous. To assess the
acute and sub-lethal toxicity, C. carpio fingerlings were exposed to
31.32 mg/ml and 3.16 mg/ml (1/10th of the 96 h LC50 value) of CQ
respectively.
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Fig. 6. Photomicrographs (2 mm) of the H&E-stained liver tissue of Cyprinus carpio (A) Control group showing regular shaped CV central Vein; S sinusoid; H hepatocytes; HN hepatocyte
nucleus (B) Acute exposure, (C-G) Sublethal exposure of CQ. ND nuclear degeneration; V Vacuolation; CE cellular edema; ISS increased sinusoidal space; N necrosis; AH altered

hepatocyte were found in the CQ exposed fingerlings.

3.1. Acute effect of CQ on GOT, GPT and LDH activity (p < 0.05) compared to the control group. The percentage change of
GOT and GPT activity of CQ treated group were 67.01 and 28.70%

GOT (Fig. 1A) and GPT (Fig. 1B) activity in the plasma of C. carpio respectively. However plasma LDH (Fig. 1C) activity of fingerlings ex-
exposed to acute concentration of CQ increased significantly posed to acute concentration of CQ was found to be decreased
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Table 2
Morphological analysis of liver tissues of C. carpio exposed for acute and sub-lethal study.
The morphological anomalies were represented in symbol based on their severity.

Liver tissues morphological Control 96h  7th 14th 21st 28th 35th
anomalies

Nuclear degeneration - ++ - — — _ _
Vacuolization - ++ - + + + -
Cellular edema - ++ - - + + +
Increased sinusoidal space - ++ o+ + + + +
Necrosis - + — — — — +
Altered hepatocyte - + + + + +

Note: The anomalies visible in the liver morphology were divided based on the severity
into three grades (—) no anomalies; (+) anomalies in < 20% of the fields; (+ +)
anomalies in < 20-60% of the fields.

significantly (p < 0.05) compared to control group after acute ex-
posure.

3.2. Activity of plasma GOT, GPT and LDH at sublethal concentration of
cQ

3.2.1. Plasma GOT activity

When compared to control group plasma GOT activity significantly
(F424 = 1.520+++) increased at the end of 7 and 14th days of exposure
(Fig. 2). However after 21, 28 and 35th day of exposure GOT activity
decreased significantly (F4o24 — 1.520+++) in CQ treated groups when
compare to control group.

3.2.2. Plasma GPT activity

There was a significant (F4 24 — g443+++) increase in GPT activity at
the end of 7, 14 and 35th days of exposure in CQ treated groups when
compare to control groups (Fig. 3). A maximum increase of 96.68% was
noted at the end of 14th day. However on day 21 and 28th the GPT
activity was found to be inhibited in CQ treated groups when compare
to control groups.

3.2.3. Plasma LDH activity

LDH activity in the plasma of fish exposed to sublethal concentra-
tion of CQ was found to be increased throughout the study period when
compared to that of the control groups (Fig. 4). The data were statis-
tically significant (F4 24 — 1.744+++) among the treatments.

3.3. Histopathological changes in C. carpio exposed to CQ

3.3.1. Gill

No morphological anomalies were noted in the gill tissue of fin-
gerlings in control groups throughout the study period (Fig. 5A). In the
gill tissue of CQ treated fingerlings severe morphological anomalies
such as lamellar fusion LF, degenerative and necrotic changes in the
epithelium of gill filaments DN, edema OE, vacuolization V, hyperplasia
HP, blood congestion BC, epithelial lifting EL, hypertrophy HT, fusion
F, Curling C and desquamated DQ were observed. The lesions are
summarised in Table 1. Gill tissue in acute treatment had numerous LF,
DN, OE, V, HP, BC, EL and HT (Fig. 5B). In sublethal treatment F, EL, LF
and V were noticed at the end of 7th day (Fig. 5C) in which numerous of
F followed by LF, EL and V were observed. At the end of 14th day of CQ
exposure gill tissue had EL, V, LF and C (Fig. 5D). At the end of 21st day
of exposure period gill tissue showed EL, LF, HP, V and C (Fig. 5E). At
the end of 28th day gill tissue showed LF, HP, BC and DN (Fig. 5F). A
numerous of DQ, EL, LF, HP and V were shown at the end of 35th day in
the CQ treated fingerlings (Fig. 5G). The anomalies occurred in the gill
tissues at acute and sublethal CQ treatment reveals that the drug CQ is
toxic and has effects on the gill morphology.
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3.3.2. Liver

Normal morphology of the liver tissues with central vein CV; sinu-
soid S; hepatocytes H; hepatocyte nucleus HN were shown in the con-
trol group during the study period (96 h and 35 d) (Fig. 6A). Severe
morphological anomalies such as nuclear degeneration ND, vacuoliza-
tion V, cellular edema CE, increased sinusoidal space ISS, necrosis N
and altered hepatocyte AH were appeared in the CQ treated fingerlings
and are summarised in Table 2. The liver tissue of C. carpio during acute
study showed numerous ND, V, CE, ISS, N and AH (Fig. 6B). When
compared to the control liver there was denature in the liver mor-
phology of fingerlings exposed to acute treatment.

During sublethal treatment the liver tissues of CQ treated fingerlings
showed numerous V, CE, ISS, N and AH (Fig. 6C-G). At the end of 7th
day of CQ exposure ISS was noted (Fig. 6C). Morphological changes
such as AH, V and ISS were observed in the liver tissue of CQ treated
fingerlings at the end of 14th day of exposure (Fig. 6D). At the end of
21st day of exposure period, some anomalies such as ISS, V, AH and CE
were noticed (Fig. 6E). At the end of 28th day of exposure period
morphological anomalies of V, AH, CE and ISE were observed (Fig. 6F)
in which numerous of V, ISS and AH were appeared. Likewise, mor-
phological anomalies of ISS, CE, AH and N were appeared at the end of
35th day of exposure period (Fig. 6G). The morphological anomalies
resulted in the acute and sub-lethal treatment clearly indicates that the
CQ has a capable to alter the liver morphology in fish.

3.3.3. Kidney

A normal morphology of Bowman’s capsule BC, renal tubule RT,
epithelial cell EC, hematopoietic tissue HT, glomerului G were shown in
the kidney tissues of control groups (Fig. 7A). Fingerlings in the control
groups did not show any morphological anomalies throughout the
study period (acute and sublethal). In CQ treatment fingerlings (acute
and sublethal) several anomalies such as thickening of Bowman’s cap-
sule TBC, tubular cell necrosis TCN, shrinkage of glomeruli SG, tubular
degeneration TD, glomerular necrosis GN, hyaline droplets degenera-
tion HDD, cloudy swelling CS, congestion in renal parenchyma CRP,
reduction of lumens RL and renal tubular separation RTS were noticed
and are summarised in Table 3. Morphological anomaly such as CS, GN,
TD, TBC, TCN, HDD, SG and RTS were shown in the kidney tissues of
acute treated fingerlings (Fig. 7B). In sublethal treatment fingerlings
exhibit a morphological anomaly of CRP at the end of the 7th day of
exposure period (Fig. 7C). Morphological anomalies like CRP, TBC and
RL were observed at the end of 14th day of CQ exposure (Fig. 7D) in
which there was numerous of TBC than RL and CRP. At the end of the
21st day of exposure period fingerlings exhibits several morphological
changes of TBC, RL, SG, CRP and RTS (Fig. 7E). Similarly anomalies of
GN, CRP, N, TN, TD, SG and TBC were appeared in the kidney tissues at
the end of 28st day of exposure period (Fig. 7F). On 35th day of ex-
posure period fingerlings exhibits morphological anomalies such as GN,
N, CRP, TN, TD, CS and RL (Fig. 7G). The kidney morphological
changes in the acute and sublethal treatment indicate that the drug CQ
has impact and could cause anomalies in the morphology of kidney.

4. Discussion

Pharmaceuticals in the aquatic environment are a serious concern
worldwide because their environmental fate is not clearly understood.
Even though their concentrations in the aquatic environment are low
(ng L™ to ug L™ 1) [11], they could have adverse effects on the aquatic
biota. The first report on occurrence of pharmaceuticals in the en-
vironment was reported by Garrison et al. [29]. Recently many reports
on the effects of pharmaceuticals on non-target organisms such as
freshwater mussel [30], fish [17,31], cladocerans [32], prawn [33],
micro alga [34], and invertebrates [35] have been studied. Acute
toxicity tests of chemical on organisms are related to non-specific mode
of actions, but it provides rapid responses at short duration [16,21]. The
reports and data on acute ecotoxicity of pharmaceuticals on non-target
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Fig. 7. Photomicrographs (2 mm) of the H&E-stained kidney tissue of Cyprinus carpio (A) Control group showing regular shaped bowman’s capsule BC; renal tubule RT; epithelial cell EC;
hematopoietic tissue HT; glomerului G; (B) Acute exposure, (C-G) Sublethal exposure of CQ. Thickening of Bowman’s capsule TBC; tubular cell necrosis TCN; shrinkage of glomeruli SG;
tubular degeneration TD; glomerular necrosis GN; hyaline droplets degeneration HDD; cloudy swelling CS; congestion in renal parenchyma CRP; reduction of lumens RL; renal tubular
separation RTS were found in CQ treated fingerlings.
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Table 3
Morphological analysis of kidney tissues of C. carpio exposed for acute and sub-lethal
study. The morphological anomalies were represented in symbol based on their severity.

Kidney tissues morphological Control 96h  7th 14th 21st 28th 35th
anomalies

Thickening of Bowman’s capsule — ++ - + + + -
Tubular cell necrosis - +4+ - — — + +
Shrinkage of glomeruli - ++ - — + + _
Tubular degeneration - + - - - + +
Glomerular necrosis - +4+ = — + +
Hyaline droplets degeneration - + - - - -
Cloudy swelling - + - - - - +
Congestion in renal parenchyma — - + + + + +
Reduction of lumens - - - + + - +
Renal tubular separation - ++ - - + — —
Necrosis - - - - - + +

Note: The anomalies visible in the kidney morphology were divided based on the severity
into three grades (—) no anomalies; (4) anomalies in < 20% of the fields; (+ +)
anomalies in < 20-60% of the fields.

organisms alone could not fulfil the risk assessment [36]. In this line
sub lethal toxicity test are important management tool to measure the
long term effect of toxicants at low concentration of chemical.

Acute toxicity studies of pharmaceuticals are predominant than the
long term toxicity test. Acute toxicity data will be useful only when
there will be accidental discharge of drugs [37], in which there will be
no mortality in the organism but morphological, behavioural and me-
tabolic alterations could occur. The data on acute toxicity of chlor-
oquine to aquatic organisms are very limited. Zurita et al. [38] reported
that the 48 h median effective concentration (EC50) of CQ to Daphnia
magna, Chlorella vulgaris, fish cells from Poeciliopsis lucida and the
bacterium Vibrio fischeri was 9, 27, 43 and 126 mg/L respectively. Si-
milarly Rendal et al. [39] reported that the toxicity of CQ to Salix vi-
minalis and Daphnia magna was more at pH 9 than at pH 6 indicating
that the toxicity of CQ depends on the pH of the media. In the present
study the 96 h LC 50 of CQ to C. carpio was found to be 31.32 mg/ml.
Our result more or less similar to reports reported on the LC 50 of other
pharmaceutical drugs such as sulfadimethoxine, carbamazepine, pro-
pranolol, ibuprofen, mefenamic acid, levofloxacin, triclosan to O. latipes
was > 100, 35.4, 11.40, > 100, 8.04, > 100 and 0.60 mg/l, respec-
tively [40,41]. Similarly, Henschel et al. [42] reported the LC 50 of
paracetamol to B. rerio was 378 mg/1 and clofibric acid to D. rerio was
86 mg/1.

In many aquaculture farms CQ is administrated with a dose of
10-20 mg/L as a safe dose [43]. In the present study the mortality of
fish exposed to CQ at higher concentrations may be due to inhibition of
various metabolic functions caused by CQ. CQ binds with DNA and
inhibits the metabolic functions, interfere with haemoglobin and it also
causes cell mediated death [6]. Similar to our findings MacPhee and
Ruelle [44] observed mortality of fish salmon upon exposure to 20 uM
of CQ, whereas only behavioural changes were noticed in rainbow trout
exposed to 388 uM of CQ after 24 h [45]. To analyse the impact of CQ
at lower concentration in the present investigation 1/10th value of 96 h
LC 50 value (3.16 mg/ml) was taken.

GOT and GPT are the liver guiding enzymes and function as catalyse
in transfering amino groups to alpha-keto acids and aspartic acid to a-
ketoglutaric acid in interconversion of carbohydrate and protein. In the
present investigation GOT, GPT and LDH activity in plasma of fish was
altered during acute and sublethal exposure. Van der et al. [46] stated
that changes in the activity of plasma GOT and GPT act as a sensitive
indicator to know the health status of organs of fish exposed to che-
micals. Decrease in transaminase activity was due to the deficiency of
amino acids and reduction of a-ketoglutaric acid. When there is minor
cell damage, the enzyme activity may increase in the blood (extra-
cellular fluid) [21]. Increase in plasma GOT and GPT activity is an in-
dication of functional damage of muscular, hepatic, and renal cell
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damage. However, GOT and GPT levels in an organism is depends on
the protein and carbohydrate metabolism [47]. Any changes in the
protein and carbohydrate metabolism may also leads to a change in the
transaminase activity. In the present study also the accumulation of CQ
in tissues/organs leads to damage of these organs which results release
of these enzymes in to blood. In general an increase in transaminases
activity indicates tissue damage whereas the inhibition of these en-
zymes indicates disturbance in the structure of cell organelles or death
of cell organelles. The inhibition of lysosomal functions in PLHC-1 cell
lines may be due to selective accumulation of CQ in the lysosomes [38].
Tetrameric enzyme, LDH is located in the cytoplasm and plays an im-
portant role in the energy metabolism under oxygen demand. Altera-
tion in LDH activity indicates the release of isozymes from damaged
cells, changes in protein and carbohydrate metabolism and leakage
from white muscle and red blood cells [47,46]. Furthermore changes in
the activity of LDH could be used as a good marker of membrane per-
meability and apoptosis [48]. In the present study the significant in-
crease in LDH activity during acute study indicate impaired carbohy-
drate metabolism caused by the drug chloroquine. However, the
observed increase of LDH activity during sublethal treatment might
have resulted from tissue damage due to accumulation and toxicity of
CQ. In the present study, the alterations in the GOT, GPT and LDH
activities clearly indicate that the fish is under stress condition. Al-
terations in GOT,GPT and LDH activity has been reported in L. rohita
exposed to selenium [21], D. magna exposed to carbamazepine [48], C.
carpio exposed to clofibric acid and diclofenac [49] and in C. mrigala
exposed to ibuprofen [50]. The alteration in these enzyme activities are
generally used as sensitive biomarkers for the monitoring of xenobiotics
in the aquatic environment. Zurita et al. [38] reported a dose dependent
inhibition of total protein content and significant increase in SOD and
G6PDH activities in PLHC-1 cells due to CQ toxicity. In the present
study also the alterations of the GOT, GPT and LDH activities during
acute and sublethal toxicity depends on the dose and exposure period.

Histological studies of the fish provide rapid detection of health
status of various organs. Gill, liver and kidney are the vital organs
perform various functions such as exchange of gases, osmotic and ionic
balance, detoxification mechanism, metabolism and excretion respec-
tively [51]. Gill is the primary organ to contact the waterborne xeno-
biotics, so examination of the morphology of gill is mandatory in the
field of toxicology. In the present study the histology of the control
group showed a normal structure with GF and GL. But in the CQ treated
group several anomalies such as LF, DN, OE, V, HP, BC, EL, HT, F, C and
DQ were occurred. Exposure of fish to xenobiotics could cause various
anomalies in the gill morphology [52]. Nascimento et al. [53] observed
structural alterations in the fish Oligosarcus hepsetus, Hypostomus aur-
oguttatus and Geophagus brasiliensis collected from the polluted Paraiba
do Sul River.

The appearance of EL, HP and OE in the gill of stressed fish indicates
the defence responses of the fish exposed to xenobiotics [52,54].
Likewise, epithelial lifting and hypertrophy may occur by the formation
of edema and induced proliferation of cellular component (endoplasmic
reticulum) respectively [55]. These changes in the gill morphology may
inhibit the entry of xenobiotics into the fish. Morphological alterations
in the gill lamellae could cause blood congestion (BC) in the gill of fish
exposed to toxic substance [56]. Vacuolisation and lamellar fusion
could occur as a response of stress condition, which may disrupt the
normal physiological function in fish [57]. Fish in the highly polluted
environment could have necrosis in their gill morphology as a result of
direct effect of toxicant [58]. In the present study the alterations in the
gill morphology may leads to entry of CQ which may disrupt the re-
spiratory mechanism and adverse effects.

Hepatic histopathology provides the toxic effects of chemicals and
other substances. Hepatic cells are powerful to withstand to high level
of chemicals, hence its histopathological alterations could be used as an
ideal indicator for knowing the nature of chemicals [59]. Ahmed et al.
[60] reported that liver is the major site of the teleost fish which could
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show alterations in metabolic mechanism and physiology to waterborne
pollutants. In the present study during acute and sublethal CQ exposed
group certain structural anomalies such as ND, V, CE, ISS, N and AH
were noted. A similar structural alteration in the liver of fish exposed to
various chemicals has been reported; Bucher and Hofer [61] in Salmo
trutta, Capkin et al. [62] and Uguz et al. [63] in Oncorhynchus mykiss,
Miranda et al. [64] in Hoplias malabaricus and Ahmed et al. [60] in
Oreochromis mossambicus.

Jarrar and Taib [65] reported that nuclear degeneration, cellular
oedema, necrosis and alteration of hepatocytes are the indication of the
hyperactivity of nucleus and severe and irreversible damage of liver.
Vacuolation could occur as a result of anoxia, irregular synthesis of
parenchymal cell substances, defence mechanism and various bio-
chemical alterations such as inhibition of protein synthesis and ionic
regulation, denaturation of enzymes, energy depletion, disaggregation
of microtubules, or shifts in substrate utilization in the liver [66]. The
histological alterations occurred in the liver of fish exposed to CQ
treatment could result in several abnormal metabolic action which may
leads to failure of other organs also. A reduction in cell number, hy-
dropic degeneration of the cytoplasm and pyknotic nuclei has been
reported in PLHC-1 cells due to CQ toxicity [38].

Kidney is the vital organ in maintaining the internal ionic and water
balance and excretion of unwanted digested food stuffs from the body.
Renal histology is a powerful parameter in assessing the effect of che-
micals in the organism. According to Ortiz et al. [67] kidney could be
used as a good indicator in toxicology research because it is the organ
which receives high of post-brachial blood. In the present study the fish
in control groups showed a regular shape of BC, RT, EC, HT and G in
their kidney structure. Structural anomalies such as TBC, TCN, SG, TD,
GN, HDD, CS, CRP, RL and RTS were observed in the kidney of fish
exposed to CQ. Similar result was found by Veiga et al. [68] in Pro-
chilodus lineatus, Pacheco and Santos [69] in Anguilla anguilla, Capkin
et al. [62] in Oncorhynchus mykiss, Das and Mukherjee [70] in Labeo
rohita, Gill et al. [71] in Puntius conchonius and Cengiz [72] Cyprinus
carpio exposed to various chemicals.

Tubular, granular and hyaline droplet degeneration and necrosis are
the common structural changes that occur in the presence of toxic
substance in the kidney [73]. Rand [74] reported that the accumulation
of irregular size of eosinophilic granules, degradation of hyaline droplet
in the cytoplasm causes necrosis. Cloudy swelling could be occurring in
the fish exposed to toxic substance by the hypertrophy and fine gran-
ules in cytoplasm. Flow of blood through the kidney is higher than
other organs of the body; Bowman’s capsule in the kidney often gets
pathological effects due to presence of chemicals in the blood [75]. The
structural changes occurred in the kidney of fish exposed to CQ treat-
ment indicates the functional impairment, which could alter the me-
tabolic mechanisms of the fish.

5. Conclusion

The present study concludes that CQ may affect the health condition
of the fish by altering the enzymological and histological parameters of
the fish C. carpio both at acute and sublethal concentrations tested in
this study. The observed enzymological and histological alterations
during acute toxicity may be due to high dose of the CQ, whereas the
alterations during sublethal treatment indicates that CQ may remains
active in aquariums and cause adverse effects. The alterations in the
enzymological and histopathological parameters can be used as ideal
biomarker in aquatic toxicology. Furthermore, the enzymological and
histological alterations are very much essential to precede further
toxicity study for the better define about the pharmaceuticals toxicity in
aquatic organisms.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
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online version, at https://doi.org/10.1016/j.toxrep.2017.11.006.
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