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Veterinary Medicine, Stara Zagora,

Bulgaria The acute phase response (APR) is a nonspecific reaction of fish to disturbances in homeostasis.

The aim of present study was to investigate quantitative changes that occur in the concentration of
acute phase proteins (APPs) in the blood of commercial size common carp (Cyprinus carpio L.)
exposed to organophosphate insecticides within the month of April during ameliorative activities.
Parameters examined were fibrinogen (Fib), ceruloplasmin (Cp) as a positive APPs and albumin
(Alb) as a negative APP. Histological sections of the hepatopancreas and kidneys from 25 fish
have been examined. The hepatopancreas was chosen for this investigation as it is the primary site
of acute phase protein synthesis. APP parameters plasma fibrinogen (P<0.05) registered a signifi-
cantly increased and albumin (P<0.05) exhibited statistically declined in treated group. Based on
the data acquired in this study, it was concluded that, the carp do not exhibit a strong APP synthesis
during the early stages of an APR after spraying with organophosphate insecticides. The results
from this study show that the concentrations of fibrinogen are not significantly increase as well as
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Introduction

The lack of sufficient data for the reference values of the
biochemical parameters (including APPs) could be the rea-
son that they are not frequently used in routine practice in
the determination of blood indices in poikilothermic ani-
mals. Once established the values of these acute phase pro-
teins can be used to assess the state of fish stress response,
tissue damage or metabolic disturbances (Koynarski et al.,
2018). The acute phase proteins (APPs) are reactants syn-
thesized during an acute phase response (APR). The synthe-
sis and role of APPs may differ depending on the animal
species. The APPs whose circulating concentrations in-
crease during APR are called positive (e.g. fibrinogen, ceru-
loplasmin, C-reactive protein etc.), and proteins whose con-
centrations decrease are called negative (e.g. albumin, trans-
ferrin) (Cray, 2013).

However, there is not enough information on the progress of
the APR in the common carp after short-term exposure to
organophosphate insecticides in the literature available to
us.

Fibrinogen (Fib) is an APP, a B-globulin, present in the
plasma of all vertebrates, which is also produced in the liver
(Ceron et al., 2005). Fibrinogen is involved in homeostasis,
providing a substrate for fibrin formation, and in tissue re-
pair, providing a matrix for the migration of inflammatory-
related cells (Tothova et al., 2011).

Ceruloplasmin (Cp), alfa 2 glycoprotein, has molecular
weight of about 132 000 D and binds 6 copper ions. The
copper-Cp complex is secreted by the liver into the plasma
and can contribute copper to cells. Cp is a the acute phase
protein, playing important anti-inflammatory roles, as a
copper transporter from hepatocytes to other tissues, inhi-
bits the peroxidation of membrane lipids and it is a scaven-
ger of free radicals and superoxide. It protects polyunsatu-
rated fatty acids in red blood cell membranes from active
oxygen radicals (Yonar et al., 2010). Cp has been found in
several fish species, including common carp (Cyprinus car-
pio), European plaice (Pleuronectes platessa), tilapia (Ore-
ochromis niloticus), grey mullet (Mugil cephalus) and Eu-
ropean eel (Anguilla anguilla) (Di Giulio and Meyer, 2008).

Albumin is the major negative APP in all species. The serum
albumins are found not in all fish (Andreeva, 2010). Its
main function is the regulation of the colloidal osmotic pres-
sure of the blood and the transport of some endogenous and
exogenous compounds.

Contamination of water by insecticides is mainly due to in-
tensive agriculture combined with surface runoff and sub-
surface drainage, usually within a few weeks after applica-
tion. In fish, different insecticides can be absorbed through
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gills, skin or alimentary ducts (Banaee, 2013). Hence, pol-
lutants such as organophosphate insecticides (OPs) may sig-
nificantly damage certain physiological and biochemical
processes when they enter into the organs of fishes (Naga-
raju and Rathnamma, 2013). OPs impair the enzymatic
pathways involved in metabolism of carbohydrates, fats and
protein within cytoplasm, mitochondria, and proxisomes. It
is believed that OPs exhibit this effect through inhibition of
acetylcholinesterase (AchE) or affecting target organs di-
rectly. OPs induce cellular oxidative stress via affecting mi-
tochondrial function and therefore disrupt neuronal and hor-
monal status of the body (Karami-Mohajeri and Abdollahi,
2011).

The present study has been undertaken to understand the al-
terations occurring in blood circulating proteins, i.e. fibrino-
gen and ceruloplasmin (as positive APPs) and albumin as a
negative APP and to evaluate their potential value as early
sensitive biomarkers in common carp induced by ameliora-
tive activities on exposure to organophosphate insecticides.
The used insecticide is combined organophosphate-pyreth-
roid (chlorpyrifos and cypermethrin).

Material and Methods

The fish samples were obtained from the Tundzha River
near the city Nikolaevo, Bulgaria. The region was chosen
because of the agricultural activities of the district. One hun-
dred thirty-seven common carp fish samples, were taken
twice and transported in a conveying tank, reinforced with
oxygen to the Animal Veterinary Hospital of Trakia Univer-
sity, Stara Zagora, Bulgaria. The first sample was obtained
as part of regular monitoring (control sample), and the sec-
ond sample was taken outside of schedule because of suspi-
cion of possible organophosphate use in the neighboring ag-
ricultural lands (suspect sample). A number of changes were
observed in the behaviour of fish exposed to OPs within the
month of April. After arriving at the Animal Veterinary
Hospital the fish were electro-anesthetized by subjected to
an electrical current (DC) with high voltage (~ 300 V), low
capacitance (47 uF) and low amperage (4.7 mA) for 3 s. Out
of water, fish handling and blood samples were taking by
wearing latex gloves to minimize damage to the skin, mucus
covering and delicate piscine cuticle. Blood was drawn from
the vena caudalis using a needle (18G) in container with
heparin as anticoagulant. The blood was collected (2.5-3.0
ml) in Eppendorff vials and centrifuged at 2500 rpm for 15
min (Janetzki T30, Germany). Plasma was immediately sep-
arated and stored at -20°C until analysis.

The concentration of fibrinogen was estimated by nephelo-
metric determination. Manual method for ceruloplasmin de-
termination based on the oxidation of different compounds
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has become widely adopted for routine use in clinical chem-
istry laboratories. The Ravin’s method described by Bestu-
jeva and Kolb, (1982) is based on the in vitro oxidase activ-
ity that ceruloplasmin shows with substances such as p-phe-
nylenediamine (PPD). A colored oxidation product is
formed from the oxidation of p-phenylendiamine by Cp.
The Cp activity was measured colorimetrically at A =
530 nm using Spekol Spectrocolorimeter (Spekol 11, Carl-
Zeiss Jena, Germany). The concentrations of albumin were
determined by a kit (Giesse, Diagnostics, Italy) on a Semi-
Auto Chemistry Analyzer (Mindray BA-88, Mindray Bio-
Medical Electronics, Shenzhen, China).

After that fish were sacrificed by decapitation, and organs
(hepatopancreas and kidney) were collected, body weight
and length were measured (1529.3 £15.2 g and 49.5 +£2.3
cm) and prepared for histopathological analysis. The speci-
mens for histopathological examination were fixed in 10%
neutral formalin and processed routinely. The 4 pm cross
sections were stained with haematoxylin-eosin.

The statistical analysis was performed using one-way anal-
ysis of variance (ANOVA). The results were processed with
software Statistica v.6.1 (StatSoft Inc., 2002). All results are
presented as mean and standard error of the mean (Mean +
SEM). The statistical significance of parameters was deter-
mined in the LSD test at P<0.05.

Results and Discussion

The changes in the concentrations of the studied acute phase
proteins in the present study are shown in Table 1. The blood
concentrations of fibrinogen were slightly influenced by

pesticide effect. In control group the Fib levels were 1.23
+0.05 g/L but suspected fishes showed significant differ-
ences (P<0.05) and slightly elevation — 1.54 £0.06 g/L.. An-
other positive APP which was examined — ceruloplasmin,
remained unchanged in both groups. In control common
carp the Cp values were 28.22 £2.09 mg/L and in the other
group, the concentrations were the same — 28.87 +2.49
mg/L. This study indicated significant differences (P<0.05)
in albumin values in treated group (17.00+1.17 g/L) in com-
parison to the control group (21.60 +1.14 g/L). OPs treated
fish exhibited came to the surface of water, increased oper-
cular movement, mucus secretion and progressively became
lethargic. Most of them showed abnormal swimming move-
ments including loss of orientation.

Histopathological, the kidney exhibited cloudy swelling and
granular dystrophy. The boundaries between epithelial cells
lining the basal membrane of kidney tubules were indistinct.
Cell cytoplasm appeared cloudy, and in some cells it had a
finely granular pattern. Some epithelial cells were separated
from the kidney tubules and were found in tubular lumen.
The changes in the hepatopancreas were more prominent. A
high-grade granular dystrophy was observed. Hepatocytes
were swelled and enlarged, and the boundaries among the
cells were not distinct. The cytoplasm was finely granular
and irregularly stained. At some sites, in single cells or cell
clusters, the dystrophy has evolved into necrobiotic pro-
cesses. As a result, the nuclei of affected cells exhibited a
various stage of karyolysis or were completely lysed, and
cell boundaries disappeared (Figure 1). Vascular hyperae-
mia was observed in the connective tissue stroma.

Table 1. Plasma concentrations of fibrinogen (g/L), ceruloplasmin (mg/L) and albumin (g/L) in control and pesticide-
treated groups of common carp. Results are expressed as means =+ standard errors on the means (SEM).

Parameters Control group Suspect group
Fibrinogen (g/L) 1.23 £0.05 1.54 £0.06*
Ceruloplasmin (mg/L) 28.22 £2.09 28.87 £2.49
Albumin (g/L) 21.60 +1.14 17.00 £1.17*

* (P<0.05) indicate significant differences between suspect and control common carp.
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Figure 1. Photomicrograph of common carp: A. hepatopancreas treated with organophosphorus insecticides at the end of
the month, showing nuclei cell lysis (NCL) and the structure of the organ was indistinct. B. kidney treated with
organophosphorus insecticides showing nuclei cell lysis (NCL) and the structure of the organ was indistinct. C
and D. hepatopancreas and kidney from control groups (H&E magnification x20)

The use of pesticides are one of the most important factors
contributing to the reduction in the fish population and other
aquatic organisms. These pesticides are carried away by ra-
ins and floods to the large water resources and disturbs the
physicochemical characteristics of water (Tripathi et al.,
2011). The primary mechanism of action of OPs is as neu-
rotoxic agents. They are effective inhibitors of AChE
throught the interaction of the nucleophilic active site serine
of the enzyme derivative. This enzyme is important for the
neurological functioning of the sensory, integrative and ne-
uromuscular systems in fish. Most insecticides have an ef-
fect on behavior of fish through influence on the nervous
system and as a result, it can lead to disorders in the fish
response to environmental stimuli. The effect of certain in-
secticides on the activity of AchE may also lead to a decre-
ased mobility in fish (Banaee et al., 2013).

The acute-phase response (APR) is highly conserved in evo-
lution. One of its characteristics is the alteration of the con-
centration of a variety of hepatocyte-derived APPs in blood.
These proteins function as transport molecules, participate
in tissue repair, mediate or inhibit inflammatory processes,
and are part of the mechanism that controls homeostasis
(Wang et al., 2007).

The mechanism of the APR and of induction of APP synt-
hesis in fish has not been completely investigated. The
fishes have limited APP production in the liver in response
to inflammatory stimuli compared to APR in mammals.
This agrees with other investigations on ectotherms such as
plaice, channel catfish, and fresh water murrel, which react
with weak or restricted inducible APP production (Simko,
1998). However, since there is evidence that some major
acute phase cytokines and their receptors are evolutionarily
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highly conserved (Aoki et al., 2008) it is likely that the basic
signalling mechanisms of the APR in fish are similar to
those described in mammals. Several cytokine homologues,
namely IL-1pB, IL-10, tumor necrosis factor (TNF a and f3)
have been cloned in fish species (including carps). Expres-
sion of IL-8 has been demonstrated in various teleost species
e.g., rainbow trout, common carp, catfish, pink salmon, had-
dock, in response to inflammatory stimuli (Whyte, 2007).
TNF expression studies, have demonstrated that TNFa
mRNA expression and regulation in trout, carp and flounder
is similar to that observed in mammals following similar ac-
tivation kinetics. Two TNFs (a and B) are present in mam-
mals, and both the TNF a-like gene has been cloned and an-
alyzed in number of fish species including carp but seems
that TNFa have more prevalent role in teleosts. Some stud-
ies of fishes (trout, carp, catfish, turbot, and sea bream) sug-
gested that TNF-a and -P are important activators of macro-
phages (Uribe et al., 2011).

In mammals, nonspecific response is performed predomi-
nantly of cytotoxic cells, known as natural killer cells. Nev-
ertheless, the nonspecific cytotoxic cells of catfish are mor-
phologically distinct from the large granular lymphocytes of
mammals; they are suggested to be functionally similar.
Also, these cells are agranular, small lymphocytes that are
commonly found in lymphoid tissues (kidney and spleen),
but are rarely found in the blood. Nonspecific cytotoxic cells
have shown activity in other fish species, including common
carp, rainbow trout, damsel fish and tilapia.

The studies in this manuscript were focused on investigating
and comparing quantitative changes induced by non-inflam-
matory stimuli in plasma proteins (Fib, Cp, Alb) of common
carp. Teleost fishes may be good indicators of contamina-
tion by pollutants because their biochemical responses are
quite similar to those found in mammals (Banaee et al.,
2008). Some researchers selected in advance some of the
APPs and measurement their quantities in blood samples
taken from control and experimental fish (trout, salmon,
carp, catfish, plaice, murrel and tilapia). These investigators
made it possible to understand that in elasmobranchs and
teleosts are present homologs of some known APPs and
concentrations of some of them increase in response to in-
flammatory stimuli. The changes in the concentrations of
APPs are due largely to changes in their production by
hepatocytes (Gabay and Kushner, 1999). As in animals,
hepatocytes are the prime source of APP in fish (Bayne and
Gerick, 2001).

Measurement of Cp which is nonspecific immunity param-
eter probably can be used as bio indicator of the health status
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of the fish. Y1ldiz and Ergoniil (2010) reported that Cp val-
ues decreased after formalin exposure both in sea bream and
sea bass and did not return to control values within 48 h re-
covery. In our study, Cp levels did not show change either
in control group or in suspected fishes. The reduction may
be the result of the defense mechanism of the host cell
against an increased oxidation caused by the inflammatory
stimuli. According Dunier et al. (1991) some blood parame-
ters of nonspecific immunity (ceruloplasmine, lysozyme,
hemagglutinins) were slightly affected by organophospho-
rus insecticide which are used in aquaculture to eliminate
fish ectoparasites. Mikulikova et al. (2013) investigated the
effect of herbicides on Cp levels in common carp and their
research show that ceruloplasmin activity was not affected
by the exposure.

In our study was not observed rising of concentrations of
Cp. The interesting is that in healthy common carp the levels
were 28.22 +2.09 mg/L and these values were the same as
the group exposed to the treatment with pesticide — 28.87
+2.49 mg/L. These results suggest that Cp should not be
used to evaluate the APR in common carp after short-term
exposure to spraying with pesticides.

The concentrations of fibrinogen in common carp are be-
tween 2.0-2.6 g/L (Feeney and Brown, 1974). They are
within the expected normal range for humans and domestic
animals (2-4.5 g/L). In our study we observed that Fib con-
centrations in common carp were 1.23 +0.05 g/L

Usually, the structure of acute-phase proteins and acute-
phase responses are similar in all species, having universal
character in animal kingdom (Tirziu, 2009) but only a few
inducible APPs were detected in the trout plasma and their
degree of inducibility appears to be much lower than that of
manmalian APPs (Simko, 1998). It could be that teleosts
require longer periods for APP production after an inflam-
matory stimuli. Thus, this indicates that salmonids do not
exhibit the same degree of acute phase protein response as
seen in mammals (Simko, 1998). Magnadottir et al. (2011)
showed a relatively slow humoral and cellular response to
APR induction (by using the turpentine injection) in Atlan-
tic cod, as well as slightly reduced serum protein level and
little effect on the pentraxins.

In mammals, hepatic expression and plasma concentrations
of haptoglobin, a1-acid glycoprotein, antitrypsin, fibnnogen
and pentraxins increase along with many others during the
APR (Gruys et al., 1998). By comparison, plasma changes
in corresponding proteins do not change in fish to a degree
observed in mammals, suggesting that the acute phase pro-
tein response of ectotherrnic vertebrates is limited (Simko,
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1998). However, it would seem that hepatic protein induc-
tion responses in fish are more limited than in mammals.

Changes in the concentration of serum protein, albumin and
globulin have been used as indicators of stress response in
fish (Sala-Rabanal et al., 2003). In the present study, albu-
min concentration decreased in the pesticide-treated fish
which show that the metabolism of albumin was probably
affected. Mikulikova et al. (2013) reported that Alb levels
reflected to the exposure to pesticides with delay. They ob-
served a reduction in albumin values in common carp. Ac-
cording them this parameter was influenced although it was
not evident at the total protein levels. Reducing the plasma
concentration of negative APP is probably caused by a pref-
erential synthesis in liver of positive APPs which are im-
portant components of systemic defence mechanisms (Gruts
et al., 1998).

Ramesh and Saravanan (2008) observed that in the pesticide
treated fish, protein levels decreased. According to Vani et
al. (2012), in Indian carp exposed to sub-lethal dose of cy-
permethrin (a synthetic pyrethroid) there is reduction of Alb
levels (from 20.9 g/L - controls to 10.3 g/L for suspect
group). They suggest that this may be attributed to the stress
mediated mobilization of these compounds to satisfy the
growing energy demand from fish to cope with a state where
there is presence of toxics substances. Another possible re-
ason for the lowered amount of albumin may be a decreased
albumin synthesis in the hepatocytes. In the present study,
similar findings have been observed in fishes. Our results
showed a significant decrease in values of Alb compared to
the control - concentrations reduced from 21.6 g/Lto 17 g/L.
The control values in our study were close to the control date
reported by Vani et al. (2012) (20.9 g/L) and near to the lev-
els detected by Koynarski et., (2018) which showed that the
reference range for Alb in cyprinids are between 5.3 and 22
g/L. In another study (Kopp et al., 2011) has examined the
influence of cyanobacterial toxins on albumin levels of the
common carp and have revealed that this parameter is not
significantly different from the control group and has only a
slight decrease. Lower levels may indicate diminished liver
activity, but the decline in values may be caused by other
factors.

Fishes exposed to insecticides showed abnormal behavior
changes like swimming near the water surface with delayed
movements, lethargic and erratic swimming, loss of naviga-
bility, loss of equilibrium etc. Similar changes in the behav-
ior were observed by Banaee et al. (2013).

Histopathological analysis reported important alterations in
liver, including changes in nuclear shape, morphological de-
rangement and necrosis. Similar histopathological changes

were observed in the liver tissue of carp, tilapia and catfish
exposed of different insecticides (Banaee, 2013).

Conclusion

Collectively, these findings suggest that the carp do not
exhibit a strong APP synthesis during the early stages of an
APR after spraying with organophosphorus insecticides.
The concentrations of fibrinogen are not significantly in-
crease as well as the levels of ceruloplasmin remained un-
changed. The possibility remains that there might be limited
early change or that responses may be delayed beyond the
period of examination. Likewise, it remains possible that
carps might have an acute phase protein expression response
to more powerful inflammatory stimuli than the organop-
hosphorus pesticides administration examined in this study.
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