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Abstract

This paper presents the results of a study of a-amylase activity in the liver of
widely represented species of twelve Black Sea fish. Comparative analysis of
interspecies differences showed that the medium level of enzyme activity is
very high only in the liver of annular seabream and horse mackerel. The Black
Sea carnivorous species (scorpion fish, stargazers, shore rockling and whiting)
have low values of the medium level of enzyme activity (range from 0.02 to
62.79 mg/s/g of protein). Enzyme activity did not depend on fish sex, their age
or location. Research has established a lack of any link between enzyme activity
and age for both the scorpion fish and high body pickerel. While studying the
effects of seasonal peculiarities on enzyme activity in the liver of two dominant
species in the coastal zone, it was concluded that enzyme activity is lower in
winter than in other seasons.
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Introduction

It is known that many researchers are turning to the analysis of biochemical pa-
rameters which are widely used in clinical biochemistry and veterinary medicine
as indicators of fish health (Kuzmina, 1977; Pozdnyakova et al., 2009; Vinnikova,
2010; Afanasiev, 2011; Kuzminova, 2016) because reports with these indices are
very informative, and it is these parameters that almost immediately show a sys-
tem’s response to natural and anthropogenic changes.

It is obvious that digestive enzyme activity depends mainly on the formation
of the digestive tract and feeding habits (Ugolev and Kuzmina, 1993; Gisbert et
al. 2009; Zacarias-Soto Bardn-Sevilla and Lazo, 2013; Umalatha, Kushwaha and
Gangadhar, 2016); however, it is already known that the impact of xenobiotics
and natural particular features of fish and water areas affect the level of their activ-
ity (Kandyuk, 1966; Ferreira, Field and Tuttle, 2010; Sadhu et al. 2014).

As far as Black Sea fish are concerned, such studies have been carried out
previously on antioxidant enzymes and circulating immune complexes. It was
found that the activation of protective systems is more pronounced in females
at the high pollution level of Black Sea bays and in young and middle-aged indi-
viduals (Kuzminova, 2010; Rudneva, Kuzminova, Skuratovskaya and Kovyrshina,
2010; Kuzminova, Dorokhova and Rudneva, 2014a; Kuzminova, Kulakovskaya
and Yakimova, 2014b). Therefore, it was interesting to analyze other biochemical
parameters of the Black Sea fish with the aim of assessing their health and living
conditions. The liver, as the main digestive gland and detoxification organ in this
regard, is a suitable research material.

Amylase (diastase, 1,4-a-D-glyukangidrolase, EC 3.2.1.1.) is an enzyme with
a molecular weight in different organisms of 10-435 kDa which is involved in the
hydrolysis of the basic substance groups; it catalyzes hydrolysis of a-1,4-glucosidic
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Fig. 1. Sampling sites in Sevastopol bays (44°36'N — 33°32'E, Sevastopol, Black Sea).

linkages of starch and glycogen into maltose and dextrins
(https://www.brenda-enzymes.org/enzyme; http://www.
worthington-biochem.com/AA/). Amylase molecular
weight in fish is usually 55-57 kDa (Moreau et al., 2001;
Krogdahl et al.,, 2005;) and even more (100 kDa) (Alar-
con, Martinez, Diaz and Moyano, 2001).

In fish, amylase acts throughout the gastrointestinal
tract (Umalatha, Kushwaha and Gangadhar, 2016). The
distribution pattern of amylase in the digestive tract mu-
cosa can vary not only for different species and ecological
groups, but also within a group of the same species (Ugolev
and Kuzmina, 1993). It is known that with relatively con-
stant seasonal activity, differences in the nature of the de-
sorption characteristics were found. Findings on the link
between enzyme activity and such factors as type of nutri-
tion or the environmental group of marine or freshwater
fish can be described as ambiguous, because there is some
evidence that this enzyme has individual variability which
depends on the topography of the intestine and, more im-
portantly, there can be differences in groups of the same
species living in different water areas, which are certainly
determined by food source (Ugolev and Kuzmina, 1993).

Therefore, the aim of this research project was to ana-
lyze the variability of alpha-amylase activity in the liver of
different species of Black Sea fish, with sex, age, species fea-
tures, catch points and seasonal features taken into account.

Materials and methods

The activity of a-amylase was analyzed in the liver of the
following species of Black Sea fish: scorpion fish Scorpae-
na porcus Linnaeus, 1758 (order Scorpaeniformes, fam-

ily Scorpaenidae), stargazer Uranoscopus scaber Linnae-
us, 1758 (ord. Peciformes, fam. Uranoscopidae), round
goby Neogobius melanostomus (Pallas, 1814), knout
goby Mesogobius batrachocephalus (Pallas, 1814) (ord.
Perciformes, fam. Gobiidae), Mediterranean three-bar-
beled rockling Gaidropsarus mediterraneus (Linnaeus,
1758), whiting Merlangius merlangus euxinus (Nordma-
nn, 1840) (ord. Gadiformes, fam. Gadidae), red mullet
Mullus barbatus ponticus Essipov, 1927 (ord. Peciformes,
fam. Mullidae), peacock wrasse Symphodus tinca (Lin-
naeus, 1758) (ord. Peciformes, fam. Labridae), golden
grey mullet Chelon auratus (Risso, 1810) (ord. Mugi-
liformes, fam. Mugilidae), high body pickerel Spicara
flexuosa Rafinesque, 1810 (ord. Perciformes, Sparidae),
Mediterranean horse mackerel Trachurus mediteraneus
(Steinedachner, 1868) (ord. Perciformes, Carangidae),
and annular seabream Diplodus annularis (Linnaeus,
1758) (ord. Perciformes, fam. Sparidae).

The samples of fish were caught in Sevastopol bays
(Fig. 1) from 2011 to 2014 using bottom snares (depth -
18-20 m, net diameter — 12 mm).

Ethics Statement

After being caught, the samples were kept in a large tank
on the boat for 30 min before delivery to the laboratory.
Then, they were placed into the aquarium (it was filled
with water with artificial aeration taken from their natu-
ral habitat, a bay of the Black Sea) where they were kept
for an hour. Each fish was quickly killed by cutting the
spine, and the liver was immediately taken and frozen
at -20° C.
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Fig. 2. The activity of a-amylase in the liver of different species of Black Sea fish from coastal area of Sevastopol

(M+SEM).

The biological analysis of fish was performed in
accordance with the standard ichthyologic techniques
(Pravdin, 1966). Age was determined by using scales for
high body pickerel, wrasse and golden grey mullet and
for other fish — by using otoliths after their being kept
in glycerin solution (50 %) for one week.

The enzyme activity was calculated in liver homog-
enates and presented in grams of protein.

The biochemical analysis, calculation of enzyme ac-
tivity and the protein concentration in samples were per-
formed in accordance with approved techniques (Pozd-
nyakova et al., 2009) by using a kit of reagents (Filisit,
Ukraine,  https://alvimedika.com.ua/uk/nabory-dlja-
klinicheskoy-biohimii/448-000-npp-filisit-diagnostika-
ukraina.html). The concentration of protein was deter-
mined in accordance with the Lowry method (Lowry et
al,, 1951). The activity of amylase in liver homogenates
was analyzed using the Caraway method (Caraway,
1959) with a small modification (the whole procedure,
including homogenates preparation, was carried out in
the cold, without 5 minutes incubation of samples at
37° C). This method is based on a change in the color

intensity of the iodine-starch complex, which is propor-
tional to the activity of the enzyme in the sample. The
optical density of the samples was determined at 600 nm
using the spectrophotometer Specol 211 (Carl, Zeiss).

The author cited data from the literature on the wa-
ter and sea ground state and the biodiversity of some
species of invertebrates (Kuzminova, 2006; Kuzminova,
Dorokhova and Rudneva, 2014a) to describe the ecolog-
ical status of the bays where fish were caught.

The results of biochemical analysis were statistically
processed using the Mann-Whitney U-test (Mann and
Whitney, 1947) with probability level p=0.05 and pre-
sented as M+SEM.

Results

The level of enzyme activity is very high only in the liver
of annular seabream and horse mackerel (Fig. 2). Given
the research data on food objects of the studied species,
it can be supposed that the Black Sea carnivorous fish
(scorpion fish, stargazers, shore rockling, whiting and
bluefish) have a low level of enzyme activity when they
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Table. The activity of a-amylase in the liver of mass Black Sea fish from bays of Sevastopol with different ecological

conditions (mg/s/g of protein)

. Balaklavskaya | Karantinnaya | Alexandrovskaya Cape
Specie Sex B note
ay Bay Bay Tolsty
horse mackerel female - 0.89+0.48 16.42+9.22%* - age 1-2 y.o., different stages of
N=6 N=11 gonad maturing, mostly rest
male 3.49+1.68 32.22+11.68* 6.06+1.32* -
N=9 N=7 N=9
high body pickerel female 4.68+2.02 5.57+1.36 10.87+£2.92 - age 2-3y.0., rest
N=3 N=20 N=11
male 5.78+1.72 4.41+0.99 2.03+0.89
N=15 N=15 N=5
peacock wrasse > - 3.48+1.72 4.13+1.11 - age 2+-8 y.o., different stages
N=7 N=26 of gonad maturing
golden grey mullet juvenile 3.3210.56 1.73+£1.11 2.29+0.84 - age 2-5y.o.
N=36 N=3 N=9
annular seabream > 8.02+2.26 15.308.21 11.96+5.31 - age 1+-2+y.0., rest
N=3 N=4 N=12
scorpion fish female 0.57+0.22 0.57+0.22 4.05+2.96 1.43+0.26 | age 3-6y.0., different stages of
N=13 N=8 N=13 N=8 gonad maturing, mostly spawn
male 0.94+0.26 0.94+0.26 1.22+0.29 1.49+0.49
N=6 N=12 N=13 N=8
round goby > = 5.57+1.07 6.29+2.91 = age 2-4y.0., spawn
N=8 N=5
knout goby > - 4.22+2.00 1.65+0.64 - age 2+-4y.o., different stages
N=6 N=13 of gonad maturing mostly
spawn
Mediterranean three- | female - 1.66+0.64 1.35+£0.71 - age 1+-3y.o0., spawn
barbeled rockling N=5 N=11
male - 3.17£1.77 0.69+0.32 -
N=5 N=6

Note: values in italics mean significant differences between male and female, * — significant differences with fish from Balaklavskaya Bay, ** —

significant differences with fish from Karantinnaya Bay.

live on a diet of fish. In the liver of golden grey mullet,
which has a mixed type of food, amylase activity is at a
medium level. Gobies and peacock wrasse feed mainly
on shellfish, with the result that they have a higher en-
zyme activity level than the species mentioned above.
Omnivorous fish such as annular seabream and horse
mackerel, whose dietary preference is crustaceans, have
the maximum level of a-amylase activity. Significant dif-
ferences (p<0.05) were found between fish from these
two groups — those with common food sources and
typical carnivorous fish — as follows, the enzyme activity
in horse mackerel significantly differs from that in scor-
pion fish, knout gobies, three-barbeled rockling, whiting
and peacock wrasse (p<0.05). The enzyme activity in the
liver of annual seabream is significantly different from
that in scorpion fish, knout gobies, three-barbeled rock-
ling, whiting and peacock wrasse (p<0.05). In addition,
significant differences were obtained for such species:
scorpion fish — with knout gobies and peacock wrasse;

round gobies — with knout gobies, three-barbeled rock-
ling, whiting and golden grey mullet; red mullet — with
knout gobies and whiting, which also differ in food
source.

The data on the values of enzyme in females and
males of different species are presented in Table 1 with
catch points taken into account. Insignificant sex differ-
ences were found for species registered and for individu-
als from all areas for both females and males. That the
enzyme activity level is higher for females than males is
true only for high body pickerel from Alexandrovskaya
Bay. No differences in amylase activity between speci-
mens of both males and females were found for knout
gobies from Alexandrovskaya Bay (in females, liver ac-
tivity was 1.15 + 0.26 mg/s/g of protein, in male livers —
2.24 + 1.38 mg/s/g of protein), nor were they found for
whiting liver from Karantinnaya Bay (female enzyme ac-
tivity was 2.36 + 0.66 mg/s/g of protein, males — 3.12 +
1.65 mg/s/g of protein).
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Fig. 3. The activity of a-amylase in the liver of high body pickerel and scorpion fish of different

ages (M+SEM).

Due to the fact that differences in the activity of
alpha-amylase in the liver of high body pickerel between
the samples from different bays were insignificant, but
there were considerable differences between individu-
als of both sexes, the enzyme activity for individuals of
different ages was calculated (Fig. 3). It was found that
enzyme activity is of the same level in all the specimens,
irrespective of age (both females and males). Lack of
any connection between enzyme activity and age is also
characteristic of scorpion fish, but that does not apply
to very young specimens: they had a high activity level.
Significant differences (0.01<p<0.05) were found only
between very young and middle age groups for Scorpae-
na porcus and Spicara flexuosa.

The analysis of seasonal effects on enzyme activity
in the liver of S. porcus and S. flexuosa has revealed that
enzyme activity is lower in winter than in other seasons

(Fig. 4), but the seasonal differences are insignificant for
scorpion fish, and only between spring and autumn in
the liver of high body pickerel (despite close middle val-
ues of enzyme activity).

Discussion

There is some evidence that benthophages feeding on
detritus have the minimum amylase activity level, while
the fish feeding on mollusks and macrophyte have a
higher level, and the maximum level of studied en-
zyme activity is in fish that consume food rich in car-
bohydrates (Ugolev and Kuzmina, 1993). However, the
authors pointed out that greatest differences have been
found within the group of the same species, especially
for a-amylase. Biochemical analysis of digestive en-
zymes of Black Sea fish has revealed that the level of total
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Fig. 4. The activity of a-amylase in the liver of high body pickerel and scorpion fish in different seasons (M+SEM).

amylolytic and sucrose activity in mucosal homogenates
of whiting was minimum (0.7 and 0.1 umol *gmol *g-1*
min-1), and for annular seabream (like in our study) the
value was maximum (4.1 and 3.9 pmol *gmol * g-1 *
min-1) (Ugolev, 1993). The results obtained are con-
sistent with available data that the enzyme is primarily
produced in fish feeding on plant objects (Fernandez,
Moyano, Diaz and Martinez, 2001). The facts that the
activity of this enzyme is dependent on the diet and eco-
logical groups of fish; and the ratio of membrane activity
to abdominal activity of amylase is greater for predatory
fish than for herbivorous (reviewed by (Kuzmina, 1977).
It is also known that the activity of digestive enzymes
in the intestines of omnivorous fish is the greatest (Hi-
dalgo, Urea and Sanz, 1999; Al-Tameemi, Aldubaikul
and Salman, 2010; Gottlieb et al., 2018). This is true in
our case in regard to horse mackerel, annual seabream,
round goby, peacock wrasse, and red mullet, which have
a wide food spectrum.

There are very few articles devoted to the identifica-
tion of sex differences in the studied enzyme, in particu-
lar in fish. The study of a-amylase activity in the urine of
manatees Trichechus inunguis (Pantoja, Rosas, Da Silva
and Dos Santos, 2010) did not reveal differences between
males and females. Nor were they found in the intestinal
mucosa of bream from different pre-spawning groups
caught in the river Sit (Ugolev and Kuzmina, 1993).
However, in the blood of rainbow trout Oncorhynchus
mykiss farmed in Iran, the enzyme activity level was
higher in males than in females (Yousefian et al., 2010).
Our results are probably connected with the absence of
sexual difference between adult male and female food
preferences (Rafrafi-Nouira et al., 2016).

To my mind, the most likely explanation of the lack
of significant differences in activity of alpha-amylase in
the liver of fish from different bays lies in the fact that
the environmental conditions of the Black Sea have been
improving since 2008, compared with those of the late
1990s (Zavyalov et al., 2016). This improvement was ex-
pressed in a decrease in the level of petroleum hydro-
carbons in bottom sediments (Mironov and Alemov,
2018), an increase in species diversity and zoobenthos
biomass (Revkov, 2011; Alyomov et al., 2015) and, as a
result of this, an increase in the number, size and weight
of adult fish and an improvement in the food base of ich-
thyoplankton (Oven, Salekhova and Kuz'minova, 2008;
Vdodovich, 2008; Klimova, 2010; Zavyalov et al., 2016).
Therefore, the state of food source base in different loca-
tions can be similar.

However, deterioration in environmental condi-
tions might lead to a situation in which the enzyme in-
vestigated in different biological materials might either
be intensively synthesized or inhibited. For instance,
the mass death of common carp Cyprinus carpio, chub
Leuciscus cephalus, trout barb Capoeta trutta and tigris
scraper Capoeta capoeta umbla ocurred in the Turkish
dam lake because of low oxygen concentration, which
was provoked by an excessive level of nitrogen, copper
and nickel compounds in wastewater dumped into the
lake. In addition, a-amylase activity in the serum of nor-
mal individuals of fish and at the time of death increased
(Sevket Kandemir et al., 2010). Under the influence of
different concentrations of diesel fuel, the activity of
alpha-amylase in red clover (Trifolium pratense L.) de-
creased, which has a negative effect on seed growth. The
author believes this effect is caused by a decrease in wa-
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ter absorption, which leads to low conversion of starch
(Tonel et al., 2013).

In periodicals, the data on the relationship between
amylase activity and age are fragmentary. Based on the
findings of different scientists on crustaceans and shell-
fish, and on his own research results about clam Pho-
las orientalis, R. U.Tizon et al. suggested that the lack of
connection between enzyme activity and size is due to
the variability of individual animals’ “digestive respons-
es” (Tizon, Serrano and Traifalgar, 2013). However,
there are some data in agreement with our results: the
total amylolytic activity in juvenile pike, perch, roach,
and bream was significantly higher than that of adult
fish, especially when the sort of food changes during a
transition to predatory lifestyle (Ugolev and Kuzmina,
1993; Kuzmina, 1996). A similar research aspect was
described for Indian carp Labeo rohita; it was found
that the activity of amylase exhibited an increasing
trend with size up to the middle size group, decreasing
thereafter (Umalatha, Sridhar, Kushwaha and Gangad-
har, 2016). In addition, Munilla-Moran et al. found that
amylase activity decreased with age: 3-day-old larvae of
turbot Scophthalmus maximus (L.) and 30-day-old juve-
niles were compared with adults (Munilla-Moran and
Stark, 1990).

A very interesting biological phenomenon is that
for fish and aquatic mammals there is a difference in
amylase activity only between newborn (hatched prelar-
vae fish and juveniles) and adult individuals, but within
different-sized groups of mature specimens amylase
“works” smoothly. The researchers put forward a reason
why the food source at the early stages of development
is different from the food source of adult organisms:
there is a high need for amylase for digestion of phyto-
plankton or consuming yolk sac/milk, but later, after the
complete formation of the digestive tract and transition
to quite a monotonous diet, the enzyme activity is quite
stable (Tovar-Ramirez et al., 2004; Alvarez-Gonzalez et
al., 2006; Pantoja, Rosas, Da Silva and Dos Santos, 2010;
Farhoudi, Abedian Kenari, Nazari and Mackhdoomi,
2013). A.M. Ugolev and V. V.Kuzmina (1993) found that
the age dynamic of enzymatic activity for carnivorous
species, as optional benthophages, is less pronounced
than for omnivorous species, which is in agreement with
our own results obtained for high body pickerel and
scorpion fish. The authors reported that the tendency
for activity to decrease with age was noticed for the in-
testinal mucosa of perch, roach and bream (Ugolev and
Kuzmina, 1993; Kuzmina, 1996).

It is known that the production of pancreatic amy-
lase in freshwater fish is greatest in summer (Kuzmina,
1977; Ugolev and Kuzmina, 1993; Kuzmina, Golova-
nova and Izvekova, 1996). The explanation for this is
that fish have maximal enzymatic activity in the peri-
od of most active eating (Ugolev and Kuzmina, 1993),

which, undoubtedly, can be applied to Black Sea fish.
Some authors have added that digestive enzyme activity
depends on food availability and variability, and that is
more expressed in summer (Gottlieb et al., 2018). In the
case of high body pickerel and scorpion fish, having low
amylase activity only in winter, it can also be explained
by this reason, because even in autumn the Black Sea
remains warm, so marine fish have an adequate food

supply.
Thus, analysis of a-amylase activity in the liver of

habitual species of Black Sea fish showed:
the level of enzyme activity is very high only in
the liver of annular seabream and horsemackerel,
having a wide food spectrum (limits from 1.82 to
69.16 mg/s/g of protein);

— enzyme activity studied is lower in winter than in
other seasons because of less active eating;

— its value does not depend on the sex and age of adult
fish;

— the parameter studied does not have significant dif-
ferences between its values obtained when studying
the liver of fish from different bays.
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