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ABSTRACT. Callao Bay is strategically important for the industrial and tourist sector, serving as a recreational
space for a large part of the population of Chalaca. However, even so, it permanently receives discharges of
effluents, chemical products, and residues from oil refineries, hydrocarbons, and domestic and agricultural
residues. The objective of this research is to evaluate biochemical indicators in fish against contaminants in the
coastal area of Callao, Peru. The seasonal criterion (collections in autumn, spring, summer, and winter) and the
spatial criterion (collections at four points along the coastal zone of Callao) were considered. Isacia conceptionis
and Odontesthes regia showed relatively high concentration values of the enzyme alanine aminotransferase
(ALT). Specifically, ALT is an enzyme used to assess liver function. Sciaena deliciosa showed high levels of
alkaline phosphatase (ALP) in the liver but low values of aspartate aminotransferase (AST) and ALT. In
addition, ALP is an indicator of renal impairment; in saltwater fish, its increase may be related to the increase
in water salinity. The fish with the highest trophic level among the marine fish analyzed was O. regia. This fish
presented the lowest values of ALP in the liver and muscle ALP and AChE (acetylcholinesterase) in the liver
and the highest values for AST. S. deliciosa and O. regia are species that can be used in environmental
biomonitoring, showing variation to the biomarkers studied because they have shown changes in the values of
biochemical markers, mainly AChE of the brain and muscle, and in the protein concentrations of muscle, brain,
and liver between seasons and sampling points in Callao Bay. It is concluded that the marine fish models
evaluated are very useful in assessing contamination in Callao Bay.
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INTRODUCTION

The seas and oceans, which cover 70% of the world's
surface, are one of man's great hopes for future food
supplies. However, pollution is one of the most visible
threats, and the nature of pollutants varies according to
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the productive and urban activities that occur near
aguatic areas. These activities strongly pressure natural
ecosystems, significantly affecting community abun-
dance and structure (Cabral et al. 2001), leading to
habitat loss, resource overexploitation, and the
introduction of exotic species.
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Organic contaminants and heavy metals are
fundamentals part of human sources from domestic,
agricultural, and industrial waste, dangerous to humans,
marine biota, and the environment. These are chemical
elements of environmental interest, mainly due to the
repercussions of their presence in different environ-
mental compartments (lannacone et al. 2022). In
particular, organotin compounds (COES) is one of the
most relevant contaminants that cause endocrine
disruption in marine organisms (Huaquin 2002).
Primarily, tributyltin (TBT) and triphenyltin (TPT)
contained in antifouling paints and used to prevent
fouling have been reported as the principal contaminant
of marine organisms on the hulls of ships, boats, buoys,
and other submerged surfaces (Stanisavljevic 2019).
Globally, there is a history of the effects that the
presence of these compounds in water has on
populations of non-white marine organisms and the
entire food chain (Tanabe 1999, Contreras-Almazo &
Gonzélez-Renteria 2022). While for heavy metals,
several authors point out that they can affect
ecosystems and jeopardize fish consumption, as well as
other levels of the food chain, causing cytotoxic,
mutagenic, and carcinogenic effects in both animals
and humans by consumption of contaminated fish
(Storelli et al. 2005, Qiao-Qiao et al. 2007, Zapata-
Rivera et al. 2018). Fishes also can bioaccumulate and
biomagnify throughout the aquatic food chain
(Ramirez-Morales et al. 2019).

Most of the effects of these contaminants on marine
organisms include morphological changes; for example,
it may affect secondary sexual characteristics in marine
gastropod mollusks due to the high absorption of COEs
(Miglioranza 2021, Nafia-Reyes & Villanueva 2021),
the low ability to metabolize this compound and the
slow elimination of the xenobiotic through excretory
organs. Masculinization of females in marine mollusks,
imposex, is defined as developing male characteristics
in females under the influence of very low concen-
trations of TBT and TPT (0.4 ng L) (Romero et al.
2019).

In recent decades, environmental deterioration has
increased in Peru, a situation that has become more
evident in the coastal zone, where a third of the
Peruvian population lives and where most domestic and
industrial waste is disposed (Sanchez et al. 2008,
lannacone et al. 2022). These problems forced, froman
early age, to monitor marine waters to determine the
pollution produced. Monitoring the characteristics of
aquatic ecosystems can be carried out in several ways,
such as through evaluations through studies of the
physicochemical characteristics of the different

matrices associated with the receiving body (for
example, water, sediments, and biota), as they provide
valuable information related to the state and quality of
these. However, these assessments do not provide
insight into the effects of substances on the receptor
body nor information about the bioavailability of
potential stressors.

Callao Bay is located on the central coast of Peru, in
the Mar de Grau. This region is strategically important
from an industrial and tourist point of view, serving as
a leisure space for a large part of the population of
Chalaca. Unfortunately, it permanently receives waste-
water discharges from various industries, including fish
products, food for human consumption, and chemicals
from a major oil refinery and one of the country's main
seaports with different loading and unloading areas
(minerals, hydrocarbons). Also, from domestic and
agricultural collectors, discharges from the Chillén and
Rimac rivers, which carry pesticide residues, minerals,
and other products along their route, strongly impact
the receiving environment (PNUMA 2005, Saez et al.
2018, lannacone et al. 2022). As a result of these
diverse activities, numerous discharges are emitted into
the marine environment, in many cases altering the
quality of the physical and chemical parameters of the
environment (Saez et al. 2018, Romero et al. 2019,
lannacone et al. 2022, Osorio et al. 2022). A recent
study provides specific information about potentially
toxic elements in Callao Bay's surface water and fish
muscle (Thaisella chocolata) (lannacone et al. 2022).
The authors reported that average concentrations of As,
Cd, Cr, Hg, Pb, and Se in the study area exceeded the
minimum limit concentration among the regulations for
water in Per(. Also, they concluded that the
consumption of T. chocolata from the bay of Callao
would be a severe problem for people's health: the
values in the water of Be <0.003 mg L, Cs <0.0044 mg
L%, Co <0.0028 mg L?, Sn <0.0138 mg L?, Hg
<0.0001 mg L?, and Cd <0.0015 mg L were found to
be below the spectrophotometer limits of detection
(LD) in most sampling points and seasons during 2015-
2016. The metals with the highest mean values were: Sr
(6.76-7.98 mg L ™), Ba (6.76-7.98 mg L), Si (6.76-
7.98 mg L), Li (0.20-0.23 mg L), Fe (0.04-0.12 mg
L), Al (0.09-0.16 mg L%), zinc (0.01-0.09 mg L), Pb
(0.04-0.07 mg L"), Se (0.01-0.05 mg L), Ni (0.01-0.03
mg L), As (0.01 - 0.02 mg L) and Cr (0.00-0.01 mg
L.

In recent years, the search for innovative study
methods to detect the impacts on aquatic ecosystems
caused by pollution from human activities has
intensified, intending to design and implement



Biochemical indicators in the coastal area of Callao, Peru 353

preventive measures. Thus, the use and development of
biomarkers have gained increasing interest to assess the
risk (probability of producing adverse effects) of a
substance or mixture of potentially toxic chemicals. In
particular, effect biomarkers are valuable parameters
that indicate the presence of exogenous substances or
biological changes in response to different xenobiotics,
such as pesticides (Bertrand et al. 2016), persistent
organic pollutants (Bettinetti et al. 2012), or heavy
metals (Villagran et al. 2019). The monitoring of the
characteristics of aquatic ecosystems and the detection
of xenobiotics can be carried out in different ways, for
example, by monitoring the physicochemical charac-
teristics (water, sediments, and biota) and quantifying
the effect of these substances on the receiving body
(living organism) (lannacone et al. 2022).

The main types of biomarkers used in environ-
mental biomonitoring are exposure, effect, and
susceptibility. The exposure biomarker checks the
amount absorbed or the internal dose, such as the
quantification of enzymes in liver tissue. When the
living organism is in a deleterious environment (with
pollutants), there is a response in the form of oxidative
stress; first, the xenobiotic will be metabolized by the
action of first-phase and second-phase antioxidant
enzymes, then the organisms will secrete the xenobiotic
by specific organs (Lionetto et al. 2019).

Biomarkers used in integrated biomonitoring can
contribute to a better understanding of the exposure
routes and mechanisms underlying biota's adverse
effects (Lionetto et al. 2019). Fish and shellfish have
been widely used as bioindicators of metal contami-
nation; their high protein and low saturated fat content
are an important part of the human diet, and sufficient
omega fatty acids are known to promote good health;
therefore. Several studies have been adopted worldwide
on the contamination of different fish species by heavy
metals (Baqueiro-Cardenas et al. 2007, Villagran et al.
2019, Tkaczyk et al. 2020, Urbina & Solano 2020). Fish
muscle tissue is most used for laboratory analysis as it
is an important metal storage tissue and is the main
edible part of fish (Bhupander-Kumar et al. 2011,
Flores et al. 2018). The toxic effects of pollutants on
organisms may be specific to a group of pollutants or
common to different classes of pollutants; therefore,
samples from the liver (place of accumulation and
metabolism of xenobiotics) and brain (by the number
of contaminants that reach the central nervous system)
must also be analyzed (Kumar et al. 2021).

Biomarkers can be specific or non-specific for the
toxic substance (Garcia & Arceo 2018, Tello-Vallejo
2018). In addition, environmental contamination can

promote a redox imbalance in the exposed organism,
resulting in oxidative damage (DNA damage, protein
oxidation, lipid peroxidation), increased expression or
activation of enzymes that generate oxidants and free
radicals (catalase enzymes, superoxide dismutase,
glutathione system, thioredoxin) in aquatic species
(Lionetto et al. 2019).

The use of biomarkers in fish populations or
communities could increase or decrease their levels to
determine the toxicity of chemical substances is more
relevant from an ecological point of view due to their
sensitivity, specificity, and precision. That is why,
currently, assessments on individuals at the molecular,
cellular, and physiological levels are the most used,
becoming powerful predictive tools that allow the
development of protection and sanitation strategies
before the damage associated with chemical contami-
nation is irreversibly manifested in the ecosystem
(Lionetto et al. 2019, Kumar et al. 2021).

It is hypothesized that fishes present in the marine
ecosystem of Callao Bay are affected by activities of
anthropic origin as heavy metals and other pollutants
may present altered physiological and biochemical
responses, such as increased aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) or decrea-
sed acetylcholinesterase (AChE) as the expression of
biomarkers as enzymes and other biochemical
indicators (Solé et al. 2009, Kumar et al. 2021). In this
sense, this research aims to evaluate biochemical
indicators in fish in the coastal area of Callao, Peru.

MATERIALS AND METHODS

Study area

The research was carried out in the coastal area of
Callao Bay (Peru), which is strategically important
from an industrial, tourist, and recreational point of
view. Its coastal waters have contamination problems,
mainly due to domestic, industrial, and agricultural
collectors and mineral sediments resulting from the
loading and unloading mineral concentrates. In
addition, the discharges from the Chillon and Rimac
rivers bring with them residues of pesticides, minerals,
and other products from activities carried out along
their entire course, which have a strong impact on the
receiving environment (PNUMA 2005, Saez et al.
2018, lannacone et al. 2022, Osorio et al. 2022).

The evaluation was carried out from May 2015 to
January 2016 with seasonal criteria in autumn 2015 (1),
winter 2015 (2), spring 2015 (3), and summer 2016 (4).
According to spatial criteria, four sampling stations-
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Figure 1. The geographic location of sampling stations-areas in the coastal zone of Callao, Peru. Modified from Pérez &

Lleellish (2015).

areas were included, georeferenced with GPS and
GARMIN 4215 probe model map (Fig. 1, Table 1). The
first sampling point (P1) corresponds to the area in front
of the naval school with industrial or sanitation
activities. The second (P2) is located opposite the
Instituto del Mar Peruano was in the area allocated for
primary contact recreation; the third point (P3)
corresponds to the area in front of the Callao Port
Terminal, and finally, the last sampling point (P4)
corresponds to the coastal zone of San Lorenzo Island.
This island and its surroundings have a well-preserved
biota due to the almost total absence of human activity
for many years. Also, part of the island is devoted to the
extraction and cultivation of mollusks (Osorio et al.
2022).

lannacone et al. (2022) and Osorio et al. (2022)
show the values by points and season for the
physicochemical and heavy metal parameters of the bay
of Callao, Peru, from May 2015 to January 2016. The
physicochemical values were: sea surface temperature
(SST) (°C), pH, electrical conductivity (mS cm),
salinity, total dissolved solids (TDS), dissolved oxygen
(DO) (mg L), transparency (m), turbidity (FTU),
oxide reduction potential (mRV), ammonia (mg L™),
and nitrates (mg L), chlorophyll (ug L™) and phyco-

cyanin (ug L) obtained in each sampling area. The
concentrations of 24 metals in surface water are Al, As,
Ba, B, Cd, Ca, Co, Cu, Cr, Sr, P, Fe, Li, Mg, Mn, Ni,
Ag, Pb, K, Se, Na, Ti, V and Zn.

Fish collection for biochemical analysis

A total of 67 live fish specimens were collected in the
sampling points with the help of local fishermen in the
coastal zone of Callao Bay from May 2015 to January
2016. Fish were captured with three lonera nets of 2 1/4
mesh, 40 threads, 60 m long by 6 m high. Evisceration
was performed in situ, collecting tissues and organs
from the fish; later, the samples were placed in
polyethylene bags and frozen at -4°C for conservation
and transfer; then, in the laboratory, they were stored at
-20°C until further analysis.

For each sample, the following information was
considered: total length (TL) + standard deviation (SD);
minimum and maximum in cm; weight (W) + standard
deviation (SD), minimum and maximum in g (Table 2).
Nine selected fish species are the most common in the
sampling areas, occupying different niches in the
aquatic ecosystem. Fish were classified by feeding
type: a 'primary consumer' who consumes mainly
plant/detritus’ (herbivores) with values of trophic level
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Table 1. Geographic coordinates of fishing spots in Callao Bay.
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Geographical coordinates

Point Location Latitude  Longitude

Point 1 In front of the Naval School 12°4'25"S  77°10'16"W
Point 2 In front of the Peruvian Sea Institute  12°3'56"S  77°9'36"W
Point 3 In front of Callao Pier 12°2'59"S  77°8'59"W
Point 4 Fronton and San Lorenzo Island 12°4'58"S 77°12'22"W

Table 2. Fish species collected at sampling points in Callao Bay. The values are shown as mean, and standard deviation
(mean + SD), minimum (Min), and maximum (Max), and the unit of each measurement is indicated between brackets. bp:
benthopelagic, d: demersal, pn: pelagic-neritic, Trophic level: herbivores may have values of trophic level between 2.0 and
2.19; tc: consumers who consume ‘mainly animals' (carnivores) may have trophic levels equal to or greater than 2.8; and
fish which are partly herbivore and partly carnivore, i.e. omnivores which consume 'plants/detritus + animals' may have

trophic levels between 2.2 and 2.79.

Specimens Enviro_nment/ l\cI)LerRgﬁr Total length (cm) Weight (g)

Trophic level collected Mean + SD Min-Max Mean £ SD Min-Max
Lorna drum (Sciaena deliciosa) d/3.6 34 21.26 +1.60 19-25 143.83 +31.08 96.05-208
Flathead grey mullet (Mugil cephalus) bp/2.5 7 26.89+4.3 20-35.1 289.57 £ 104.09 115-478
Chilean silverside (Odontesthes regia) pn/ 4.0 12 1455+ 1.11 12-16 21.42 £6.17 13-31
Peruvian morwong (Cheilodactylus bp/3.7 3 18.06 + 3.49 13-23 113.55 + 36.25 46-172
variegatus)
Chalapo clinid (Labrisomus philippii) d/3.7 3 17.96 £3.17 13.1-21.5 98.8 +46.14 37-162
Minor stardrum (Stellifer minor) d/35 3 16.88+£2.39 13.5-19 100.38 + 34.61 48.5-119
Pacific menhaden (Ethmidium pn/2.1 3 26.17 +2.84 23-28.5 205.50 + 56.37 143-252.5
maculatum)
Cabinza grunt (Isacia conceptionis) bp/2.9 1 18 18 89.6 89.6
Starry butterfish (Stromateus stellatus) bp/3.6 1 17.8 17.8 76 76

between 2.0 and 2.19; secondary and tertiary consu-
mers who mainly consume animals (carnivores) and
may have trophic levels equal to or greater than 2.8; and
fishes which are partly herbivore and partly carnivore,
i.e. omnivores which consume plants/detritus + animals
and may have trophic levels between 2.2 and 2.79 (Jia
etal. 2021). Also, considering their environment, fishes
were classified as benthopelagic, demersal, and
pelagic-neritic (Jia et al. 2021).

Biochemical analyzes (biomarkers)

Liver, brain, and muscle samples were treated as
follows: 50 mg of each tissue was cut and placed in a
1.5 mL tube; then 0.2 mL of 1X PBS buffer was added,
and the tissue was homogenized with a micro-
homogenizer. The tubes were centrifuged at 5000 rpm
for 10 min. The supernatant was separated into another
tube and refrigerated (4°C) until further use, not longer
than 48 h. Total proteins, acetylcholinesterase (AChE),
aspartate aminotransferase (AST), alanine amino-
transferase (ALT), alkaline phosphatase (ALP), and
oxidases were determined.

Determination of total proteins

The Bradford method was used to quantify total
proteins, with a standard curve with bovine serum
albumin (BSA) (10 mg mL™) generating dilutions from
0.01 mg to 10 mg mL™. After obtaining the standard
curve, the samples were quantified (in duplicate) using
the supernatant obtained from each sample previously
diluted 10 times. The samples were analyzed by
spectrophotometry at an absorbance of 595 nm.
Absorbance values were plotted on the standard curve
to calculate the total protein concentration of the
samples.

Determination of acetylcholinesterase (AChE) in
the brain, liver, and muscle of fish

The supernatant from each tissue was processed using
an AChE determination kit Wiener®, following the
manufacturer's instructions. Duplicate samples were
read in a spectrophotometer at 405 nm at time zero and
10 min. The absorbance value T10-TO was multiplied
by 22.71 to obtain the value in international units (1U)
per liter (L) (IU LY). The detection limit (DL) was 23
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IU L™ Precision: coefficient of variation (CV) (%) =
2.59.

Determination of transaminases in fish liver

The supernatant of the liver samples was evaluated for
the determination of AST and ALT. DL was 3.12 IU
L' for AST and DL was 3.00 IU L for ALT using
Cypress diagnostics® kits developed for each enzyme
and following the manufacturer's instructions.
Duplicate samples were read in a spectrophotometer at
340 nm. Absorbance values were recorded at time zero,
and every minute for 3 min, each reading was
subtracted from the previous one, and then an average
of the subtracted absorbances was obtained. Finally, the
average value was multiplied by 3300 to get the value
in IU L% Sensitivity for AST and ALT: 11U L? =
0.00056 AA min™ and precision: CV (%) = 1.32.

Determination of alkaline phosphatase in fish liver
and muscle

The supernatant of each liver and muscle sample was
processed using a kit to determine this enzyme ALP
following the manufacturer's instructions. Duplicate
samples were read in a spectrophotometer at 520 nm.
The procedure to calculate the IU L* of the enzyme was
the same as described for the determination of
transaminases in fish liver. The detection limit was 1.31
IU L7, sensitivity: 1 IU L™= 0.0004 AA min?, and
precision: CV (%) = 2.29.

For AChE, transaminases, and alkaline phos-
phatase, Biochemistry Normal and Pathological
controls (HBCO1, HBCO02) were employed as controls.
Also, dynamic range, linearity, quality control of the
reagents, and monitoring of the assay procedures'
performance were done following the manufacturer's
instructions.

Determination of oxidases in fish liver

The supernatant of each liver sample was processed
following the methodology described by Technical
Standards Manual, Fiocruz-Brasil (Ministério da Satde
2006) to quantify oxidase in fish liver. Duplicate
samples were read in a spectrophotometer at 620 nm.
The absorbance values obtained were plotted on a
cytochrome standard curve B (0.1 mg mL™ to calculate
the concentration of cytochrome B, in micrograms) per
milligram of protein (ug Cit. B mg* of protein).

Statistical analysis

The average values and standard deviation found for
each season and sampling point are presented for the
five enzymes and the protein concentrations in marine

fish. For the three species of marine fish that presented
the highest individual values collected, the biochemical
indicators were compared between points and between
seasons. In the case of more than three seasons/points,
the analysis of variance (ANOVA) was used with
subsequent Tukey's multiple comparison test, and in the
case of two seasons/points, the Student's t-test was
used. In the same way, the values of biochemical
markers were compared among marine fish. In
addition, the ALP values in the liver and muscle were
contrasted, and the protein concentrations for each
teleost fish were examined. The analyzes were
performed with the PAST 4.0 statistical program at a
significance level of 0.05.

RESULTS

The mean values of five enzymes (ALP, AST, ALT,
AChE, and oxidases) in the muscle, liver, and brain of
fish collected in the coastal zone of Callao are shown
(Table 3). The fish Odontesthes regia and Stromateus
stellatus showed relatively high concentration values of
the enzyme AST with mean values of 69.82 and 40.1
IU, respectively (Table 3). The fish Sciaena deliciosa
showed relatively high concentration values of the
enzyme AST at season 2 with medium values of 45.42
IU (Table 3). In turn, O. regia, also in season 2, showed
a variation in mean AST values from 2.6 1U L (P1) to
115.9 1U Lt (P2). In contrast, in season 3, the following
averages were obtained: 75.1 IU L (P2) and 85.1 IU
Lt (P3) (Table 3).

Liver, brain, and muscle oxidase values were
relatively similar among the nine species evaluated
(Table 3). Labrisomus philippii, Isacia conceptionis,
Cheilodactylus variegatus, and Mugil cephalus showed
the lowest values of the enzyme AST (<20 IU L™). Five
species showed low values of ALT (<10 IU Lh): S.
deliciosa, M. cephalus, C. variegatus, L. philippii, and
S. stellatus. Only 1. conceptionis and O. regia showed
positive values (>30 1U L™Y). S. stellatus showed a low
value of AChE in the brain (4.6 1U L) but the highest
in the liver (24.2 1U L) and muscle (28 IU L™Y).

At point P4, S. deliciosa has high levels of ALP in
the liver (314.56 U L) and protein concentration
(3220.37 mg mL™Y), with low values of AST (24.16 IU
L) and ALT (11.85 IU L) (Table 4). The oxidase
values in S. deliciosa were the same at points P1 and P3
(0.08 ug Cit. B mg™* protein) (Table 4). The seasonal
analysis of the biochemical indicators in S. deliciosa
showed significant statistical differences for AST (F =
6.57, P < 0.05) between autumn 2015 and winter 2015
and between winter 2015 and spring 2015. The liver



357

Biochemical indicators in the coastal area of Callao, Peru

Snijja1s
€0L0T L'618T 6'L9VE ¥0°0 0'8C 9Y (274 € oy 0'1¢ 9081 1 € 14 snojwos
‘ . e . . uddyyd
8'C91 F6'TLTT L'€8Y F £6L0€ PLSTF €¥T6T €00 80IF¢€l voFII LOF60 IvFLL 1’92 F T8I €8TF6'CE 9SLFEVL € 14 € SHU0SLqDT
" stuoydaouoo
T'806T L'6T9T 9°€0€€ 00 L'1T 091 6°€l €LE YI'vl 78T (4439 1 14 € Diovs]
SnIp3aLIDA
L'evy ¥ 950¢ 6'LECFG'188T L8T FL916T S00 8LFLS ¥6F601 TOT+88 ¥VSF6S 661 FS8I €IS T¥Y6 S91 +91 € 14 € snjtovpopoy)
Smypinavut
TOSI F6£S8 YLIFTSIL L'LTLF1°88Y1 100F1°0 SIF9 01 F88I CEF6 8ITFICI LITFTT L6FV'S 6'S8Y FCIEVI € T T wmpnuz
P’ 811 T S0¥8T T'8LT T 1'9€8T 8VETT09PE 00 ToFel ToTSYI SOTTI TS TT69 8'CTTTC8 81°0T +99¢ T66F8TTI € €
6TSTF ¥ SPLT TEOEFTISTE VTSI FOE8IE 00 TITF 101 €1 SIFv'T STEFLIT €9TFISL S9T¢6T 69€ T L°LST € [4 k i
€LITF 1999 9TETFT098 6LIFVOLET o 6TTL8L €¥FS8T TIF86 T6EFLIS TISFO6SIT 6ST6TI T0T T 1°0ST € [4 . soysayIuopo)
CIETFTSEOI STT+S8LTI 201+ 16¥1 60°0 CEIF6I YEFLGI 61+19 €0TF €€ty 8TFIT 6vTE6 S0¥ F9'86 € [
- 9Y0T F STl 6'9€TF I'89L1 10°0 ¥ 800 - 68FG6IE 8F 6l LYTF ST1 P8EFIPE - LOSFTIL € € 1 Louru 12f1]121S
SL6YT 9°668T 911€EE ¥0°0 €1 9°¢ € € [43 1+°801 S0ST 1 € ¥
H TEOTF I SH9 09€ F ' 18ST 200 F 600 ] 8CFETC Y1 F6°81 5 891 F691 = 9 TLTF98€ES € € ; snypydao
- L'T91 F 6966 S06FT6691 800 - 6IFI¥E 8FT0I € €EIF861 - 00 F 6769 € I 18N
CEET Y SPLT 1091 T 8%CLT €68 1T S9I¢E 00 (AR v 1T TSt 6F 991 8T+ L0T LITTF6EY 99 F L'801 6EITT8T0E g 14
S¥ITF8999C €T6TFTITST TISSF€89TCE  T100F¥0°0 LY ¥V I'vF€CC 9EFCSS ¥'9r F 86T T8TFIST 8 LY FT66 99TTF 1'€8T € € b
L'SOF6'TSLT ['LTI FTE8ST ISETFVIETE ¥0°0 &1 TIFSST 89FT9°¢l STIFLYL 88IFI9LI YILF8Y6 Y ELF1°L0T € [4
TTFIT18T SI8F L6V9T I'SITFS010€ SO0 €1 CEIFIT 99FI1 € LETFT6I 9TI ¥ 081 COETFETIT € I
SIEF EV69T TISIF L'86¥T 91y +86LTE 100 F+0°0 el S6FVII 8TFIT € TTFYY 888 F €0ST SOEFELTE € 4
Sy TV VLT TIvl T 6'€T8T 6'SY8T €00 90FI TITFS01 9 € 6'LL PSEF Y ITI LET € (4 € psoLdljap
PEVT F9ILST TYIIFTI9TLT T86T T 99¥9T 10°0 €00 T6FLL ToOT6YT 9YF68 € S0F+T8S 9TV FH6LE £eEF EBII T 1 puaDIdS
I'ITF6SL 6 TOTFTLLII YEL F V' T9V1 100F 600 SEFSET Yy FLT £€9F 691 6'€CFIST TLTFV Y I'STFLI9 ¥9€ F 86T € [4 z
LEITF6SPIIT 6L T 6TIIL S8TT T I'0IST 1001600 1T+78C PIT 16T LEFET] 6P T €9 I rsy 8TI 1 T8I SSF0€8T € 1
b €TP T TT1601 8TI T+ S9P8I1 [4%0] 7 TOTEYE IV FL6I € (2 S VSIFLIY T € 1
- 999 F I'ev9 9TETFIL6ST 10°0 ¥ 60°0 - I'SFTIE €0IFI'91 € TLTF OV - TOITF LTI 9 1
J[osnIA urerg IOATT IOAIT S[OSNIA urexg IOATT IOATT IOATT IS IOATT
(urayoxd 1D @Tv) (10D (ISV) fees) () Jog uoseag —_—
(-7 Swr) sujoxd [ejo 1. Bw gy (11 ND (FYDV) 25BI01S2UTOYD[K100Y OSBIOJSURIIOUNIUE  ISBIOJSUBRIOUTUER sajdueg
(d71V) asereydsoyd sureyry
3n) sasepix() auuery ajenedsy ’

"9T02 Jawwns : ‘5102

Bunds :g ‘GTOZ JIUIM :Z ‘GTOZ ULININE T :U0SeaS "Niad ‘Aeg oe[jeDd Wwoj sa19ads ysij 1509191 aUIU Ul UOIRIIUSIU0D Sulslold pue sawAzus anl Jo sanfen ues|y ‘€ a|gel



358 Latin American Journal of Aquatic Research

protein showed seasonal differences (F = 20.03, P <

2l ° S 0.05) with high values for autumn and winter 2015 and
Blen *+ * = =, low values for spring 2015 and summer 2016. The
=\~ & AChE in the brain showed seasonal differences
between autumn 2015 with spring 2015 and between
gl & 8 winter 2015 and spring 2015 (F = 8.48, P < 0.05).
Sla = Z Seasonal oscillations were observed for brain proteins
2 (F=159.9, P <0.05) among the four seasons evaluated.
Jswnn ¢ Muscle AChE and muscle proteins indicate seasonal
2 o = variations (F = 61.82, P < 0.05) between winter 2015
Hlm T § with spring 2015 and summer 2016. The rest of the
biochemical markers in S. deliciosa did not show
2l - 8 seasonal differences (F = 0.47-3.26, P > 0.05). The
ég - § absence of variation between sampling points was
= observed for all biochemical indicators in S. deliciosa
- - (F = 0.15-2.36, P > 0.05). Liver protein was the only
=| & = 2 marker that showed differences between P1 and P4 (F
g | &= & & =3.23, P < 0.05).
i In M. cephalus it was observed that the values of
S |3 |glagsx & 8 ALP (694.95 IU LY) and AST (19.76 IU L) in the liver
=3 § Eleban & 2 were higher at P1 (Table 5). However, muscle protein
8 :§ o & concentration was higher at P3 (2497.52 mg mL™%). No
Z 3 o changes were seen between sampling points P1 and P3
C; 3 el LB L 3 for the five enzymes and protein concentrations in M.
o T E1 =S o g cephalus (t = 0.17-1.21, P > 0.05). The AChE of the
Q brain showed a higher value for P1 than P3 (t = 2.83, P
E %, . o S < 0.05).
Q g g Pt 3 In O. regia, low levels of ALP and AST were
=y - o observed in the liver at P1 (98.62 and 2.57 IU L™,
"g e respectively) and low values of ALT i_n the liver at_P2
§ 5 nexla 85 o (36.57 1U L) (Table 6). The protein concentration
i [ o < — = values in the liver were higher at P3 (3460.20 mg mL™)
é “ (Table 6). Finally, differences were noted between
= oo o 0 winter 2015 and spring 2015 for O. regia, with the
< 2a % 0§ highest values for liver AChE, liver oxidases, brain
§ == - I AChE, and muscle AChE in winter 2015 (t = 2.68-
3 23.84, P < 0.05), and for liver, brain, and muscle
= g g 4 & protein concentration, muscle ALP, and muscle protein
B fo] - R S concentration, the highest levels for spring 2015 (t =
g —= 3.78-33.43, P < 0.05). No seasonal differences were
% Joagw o seen for ALP, AST, and ALT (t=0.08-0.70, P > 0.05).
2 S ea 8§ 9 In O. regia, differences were observed between
2 ! B § sampling points P1 and P2 and between P1 and P3 for
5 AST (F =7.81, P <0.05). Liver protein concentration
§ £ indicated changes between P1 and P3 (F = 5.37, P <
S A F 0.05) and for muscle ALP between P1 and P3, and
g Ny between P2 and P3 (F = 11.84, P < 0.05). In the rest of
s ” ; 51 51 =) %g § = the biochemical indicators in O. regia, there were no
:‘ i :T S EE g Bg 2 differences between the sampling points (F = 0.19-4.07,
5| & 22295228 P>0.5).
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Table 5. Mean values of some enzymes in Mugil cephalus according to Callao Bay, Peru sampling areas. L: liver, B: brain,

M: muscle.

Mugil cephalus

Enzymes Point 1 Point 3

L B M L B M
ALP (IU LY 694.95 - - 441.59 - 108.41
AST (IU LY 19.76 - - 14.01 - -
ALT (IU LY 3 - - 3 - -
AChE (IU LY 10.24 34.51 - 13.61 18.14 131
Oxidase (ug Cit.B mg* protein) 0.08 - - 0.08 - -
Protein concentration (mg mL?) 1699.20 996.86 - 2013.98 1208.14 2497.52

Table 6. Mean values of some enzymes in Odontesthes regia according to Callao Bay, Peru sampling areas. L: liver, B:

brain, M: muscle.

Odontesthes regia

Enzymes Point 1 Point 2 Point 3

L B M L B M L B M
ALP (IU L 98.62 - 9.29 153.93 - 21.21 122.78 - 56.56
AST (IU L 2.57 - - 95.51 - - 85.71 - -
ALT (IU LY 43.27 - - 36.72 - - 69.25 - -
AChE (IU) 6.06 19.68 19.02 6.10 14.88 14.38 1.04 14,52 1.26
Oxidase (ug Cit.B mg protein) 0.09 - 0.07 - 0.04

Protein concentration (mg mL%)  1490.99 1278.47 1035.19

2281.68 2055.70 1705.75 3460.20 2836.12 2840.55

When analyzing the biochemical parameters, higher
ALP values were found in the liver in E. maculatus and
M. cephalus compared to C. variegatus, L. philippii, O.
regia, S. deliciosa and S. stellatus (F =33.92, P <0.05).
The AST was lower in M. cephalus and statistically
different from that observed in O. regia among the
marine fish examined (F = 3.27, P < 0.05). The AChE
in the liver was lower in L. philippii and O. regia
compared to S. deliciosa and S. stellatus (F=3.83, P <
0.05). In contrast, AChE in the brain was statistically
lower in L. philippii compared to M. cephalus, S.
deliciosa and S. stellatus (F = 4.25, P < 0.05). Protein
concentration in the brain was lower in E. maculatus
and M. cephalus compared to C. variegatus and L.
philippii (F = 4.83, P < 0.05). Muscle ALP was lowest
in O. regiavs. S. deliciosa, which was highest (F = 3.56,
P < 0.05). Muscle protein concentration was higher in
C. variegatus and S. deliciosa than in E. maculatus (F
= 3.56, P < 0.05). No differences were seen in ALT,
oxidases, liver protein concentration, and AChE in
muscle among the examined teleost marine fish (F =
0.52, P > 0.05).

No differences were found between ALP values in
the liver and muscle for C. variegatus (t = 2.46, P >
0.05) and L. philippii (t = 0.90, P > 0.05). In contrast,
higher ALP values in the liver than in muscle were

observed in E. maculatus (t = 5.07, P < 0.05), O. regia
(t=6.18, P <0.05), and S. deliciosa (t=2.17, P < 0.05).

In E. maculatus, higher protein concentration values
were observed in the liver than in the brain and muscle
(F = 35.74, P < 0.05). In contrast, L. philippii was
higher in the brain than in the muscle, but in the liver,
it was the same as in the brain and muscle (5.75, P <
0.05). No differences in protein concentration were
seenin M. cephalus, O. regiaand S. deliciosa (F = 0.87-
1.96, P > 0.05).

DISCUSSION

Fish are commonly used for biomonitoring of
pollutants in aquatic ecosystems, as they are aquatic
vertebrates that bioaccumulate toxic substances
through ingesting contaminated sediments or food
(Reis-Henriques et al. 2009). These animals have a
wide distribution due to their diversity and importance
in these environments, in addition to occupying
different trophic levels and being in direct contact with
pollutants (Osman et al. 2012).

Fishes have been shown to respond with great
sensitivity to changes in the aquatic environment and
low concentrations of environmental pollutants (Hafez
2009), in addition to being especially sensitive to
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exogenous estrogens (Alamino & Silva 2021). As was
previously reported, when the aquatic organism is in an
environment with an excess of chemicals such as
pesticides, industrial chemicals, and heavy metals,
there is an increase in the production of oxidizing
compounds and radicals (Kumar et al. 2021).

Heavy metal microparticles catalyze reactions,
generating free radicals. They cause oxidative stress,
mainly by forming hydroxyl groups that cause protein
damage, lipid peroxidation, and DNA/RNA damage. In
this sense, samples of the liver (the target organ of
many pollutants, responsible for the metabolism of the
pollutant), brain (by the number of pollutants that reach
the central nervous system), and muscle (reflects the
metabolic activity) are processed and isolated (Lionetto
etal. 2019).

Transaminases are enzymes widely distributed in
aquatic organisms. Serum activity under normal
conditions is low or absent. Destruction of the tissues
in which they are present leads to increased serum
levels. Specifically, ALT is an enzyme used to assess
liver function. According to Alvarez et al. (2012), a
high concentration of ALT can be used with some
specificity in diagnosing toxic liver injury. In the
present work, no differences were observed between
concentration values of the ALT in all the other teleost
fish evaluated.

S. deliciosa and O. regia showed elevated levels of
ALP in the liver compared to muscle. The enzyme
alkaline phosphatase is found in all tissues. Tissues in
which its concentration is very high are the liver, bile
ducts, and bone cells (Sharifian et al. 2018). There is a
wide variety of ALP enzymes called isoenzymes, with
slightly different structures in different tissues. Because
diseased or damaged tissues release enzymes into the
blood, serum ALP measurements can differentiate bone
from liver disease. In addition, ALP is an indicator of
renal alteration; in saltwater fish, its increase may be
related to the increase in water salinity.

All fish examined showed relatively similar and
high values of total protein concentration in the liver
but different in muscle and brain. However, E.
maculatus showed low values in the brain and muscle
but high values in the liver. Patterns of proteins in fish
vary quantitatively and qualitatively under different
stimuli. The main factors that produce variation are sex,
age, seasonal changes, diseases, trophic levels, and
toxins (Tilami & Sampels 2018).

The enzymatic biomarkers and protein concen-
tration indicators of fish contamination did not show a
specific pattern related to any of the four monitoring
points in Callao Bay, Peru.

Trophic variables of marine teleost fish were
significantly related to xenobiotic metabolism hepatic
markers and especially high in benthic/supra benthic
fish feeders (Solé et al. 2009). Significant interspecies
differences were evidenced, although each biochemical
marker varied independently. The fish with the highest
trophic level among the marine fish analyzed was O.
regia. This pelagic-neritic fish presented the lowest
values of ALP in the liver and muscle and AChE in the
liver and the highest values for AST. However, further
research is needed to consider pollution gradients in
Callao Bay to establish which fish species is the best
adequacy as sentinel.

CONCLUSIONS

Variations in biochemical markers in the liver, brain,
and muscle in fish can be used as bioindicators of
exposure to heavy metals in monitoring water quality
in Callao Bay, Peru. I. conceptionis and O. regia had a
higher liver function, which may indicate toxic liver
injury or a high degree of sensitivity to the contaminant.
S. deliciosa and O. regia are species that can be used in
environmental biomonitoring, showing variation to the
biomarkers studied because they have shown changes
in the values of biochemical markers, mainly AChE of
the brain and muscle, and in the protein concentrations
of muscle, brain, and liver between seasons and
sampling points in Callao Bay.
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