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Introduction
The number of fish species exceeds 32400 [1] and most of them swim 

by undulations of the whole body [2]. Fish locomotion is powered by at 
most three (but mostly only two) morphologically differing myotomal 
muscle fibre types. Red oxidative muscles provide generally maximally 
10% of the whole body musculature and are responsible for continuous 
cruise swimming (characteristic of river-living species), while white 
muscle fibres provide ca. 50% of body mass, being myoglobin-poor and 
thus powering primarily short term, burst-type locomotion [3], latter 
being characteristic for the benthic feeder species or escaping situations. 
The metabolic consequences of sustained or intermittent strenuous 
activity include the alteration of substrate metabolism, strictly bound 
to muscle fiber types as the oxidation of skeletal muscle protein and 
fat measurably increases, while that of carbohydrates decreases [4]. 
The intensive breakdown of both proteins and lipids leads to higher 
blood concentrations of their breakdown metabolites (free amino acids 
and non-esterified fatty acids, NEFA) although in fish, due to the high 
white muscle proportions blood glucose and lactate levels provide 
increases [5]. Lactate and glucose accumulation followed by hepatic 
glycogen depletion is largely distinct among fish species. It is proved 
that in situ glycogenic removal of lactate dominates in fish [6], at least 
slow swimming benthic species, such as common carp. Besides this, 
generally determinant, anaerobic fermentative pathway muscle utilizes 
ATP replenished from the hydrolysis of phoshagens [5]. However, 
the prolonged onset of exercise (mostly characteristic for marine or 
migratory species) leads to the complete oxidation of carbohydrates, 
and later to that of fats and amino acids to fuel ATP replenishment 
within the muscle cell. Ultimately, aerobic metabolism turns to 
dominate, indicating a radical shift to lipid metabolism [5]. The blood 
lipid metabolism of fish differs from the homoeothermic vertebrates, 
as NEFA oxidation is not stimulated by exercise in some marine fish, 
e.g. rainbow trout [7], due to the lack of glycerokinase activity, which 
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Abstract
Altogether 24 (12 control and 12 treated) growing (initial bodyweight: 50.4 ± 20.1 g) common carps (Cyprinus 

carpio L.) were subjected to a regular training protocol for 35 days, with daily 30 min strenuous exercise bouts aiming 
to describe blood serum clinicochemical alterations. Samples were taken 4 times (0 as control and 3 time points 
during training, every 9th day) from all fish. In the nitrogenous serum compounds the training protocol increased 
albumin and oxidized glutathione concentration at time point 3, while neither total protein, nor creatinine reacted to 
swimming. From the lipid metabolites triacylglycerol provided higher values at time point 3. Total and HDL cholesterol 
concentrations were unaltered, meanwhile the HDL percentage in the total cholesterol fraction provided an age-
associated increase and a significantly lower final value in the trained group. Within enzymes aspartate and Alanine 
Aminotransferase (AST and ALT) provided markedly higher activity values at time point 3. Gamma-GT, pseudo 
cholinesterase, alkaline phosphatase and lactate dehydrogenase (LDH) showed no significant changes induced by 
regular swimming. In the serum ions training exerted temporary hypokalemic and hypocalcemic effect (time point 
2), while sodium, inorganic phosphate and magnesium were unaffected by exercise. Both groups showed an age-
associated increase in the serum sodium concentrations. It was assumed that even longer term regular submaximal, 
but exhaustive exercise exerts only mild effect on the substrate metabolism of carp, a slowly swimming (with burst-
like movements) benthic feeder.
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is however not true for freshwater species [8]. Meanwhile NEFA are 
less utilized, it was published for rainbow trout that lipolytic rate is not 
altered by strenuous exercise in muscles [7]. Moreover, authors found 
that trouts do not mobilize triacylglycerol stores to exceed the resting 
blood plasma niveau to fuel working muscles (via NEFA), even during 
4 days of continuous swimming. This was partly explained by the very 
intensive in situ NEFA re-esterification. 

The complex piscine metabolic adaptation to long-term aerobic 
training is less studied, in particular in freshwater species providing 
short, but high-intensity swimming bursts [9]. Moreover, this kind of 
metabolic adaptation is markedly different from the effects of short-
term exercise. In order to detect major metabolic alterations during 
a programmed exercise protocol that is characterized by relatively 
short and intensive sessions, the present study was aimed to determine 
symptomatic serum enzymes, protein and lipid metabolites in a 
cyprinid species (common carp) less studied from this aspect.

Materials and Methods
Training settings, handling of fish, sampling

One-summer-old common carps (average weight: 50.4 ± 20.1 g, 
n=12 trained and 12 control) were introduced into a 500 l fish tank 
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and overwintered in the Fish Laboratory of the Kaposvár University 
(Hungary). During the overwintering period fish could acclimate to 
laboratory conditions. During the conditioning and the experimental 
period a commercial feed (Aller Aqua, proximate and fatty acid profile 
is shown in Table 1) was fed ad libitum. In the experiment carps were 
sub-divvied for two groups, experimental (trained) and control and 
were kept in a single tank sub-divvied into two identical parts. The 
swimming facility was self-constructed, and installed to a recirculating 
system. It was a lengthwise halved plastic tube placed in a bigger 
trough. The ends of the tube were closed with a tightly woven mesh. 
Water velocity was adjusted by changing the level of the raceway and 
the volume of the influent water. Water velocity was measured with 
FP311 Global Water Flow Probe propeller-based current measuring 
instrument. Trained fish were exercised daily in a four-week period, 30 
minutes every day, at constant velocity (0.6 m/s).

Blood sampling and analysis

Blood samples from the tail vein were taken (with 22 g needles) 
from all fish at the start (time point 0), then every 11th day (time points 

0, 1, 2, 3), 12 hours after the exercise sessions. As the primary aim of 
the study was to characterize the chronic, but not the acute effects 
of exercise, resting parameters were recorded. After withdrawal into 
Eppendorf tubes the blood was immediately placed on ice, left to clot, 
centrifuged (1500 g/10 min) and serum was stored frozen (-70oC) 
until analysis. Clinical chemical analysis was performed on automated 
equipment (Hitachi 917) in a single analytical run. Serum oxidized 
glutathione concentration was measured spectrophotometrically [10].

Body weight

Body weight was measured at the start and end of treatment.

Statistical analysis

From the basic dataset outlier values [11] outliers were filtered 
and the remaining data were tested for normality (Shapiro-Wilk test). 
Between-group (trained vs. control, as marked by lowercase letters in 
Table 2) differences were analysed by independent samples t-test at the 
significance level of 0.05 at each time point, while within group (i.e. 
trained or control), time-dependent alterations (differences among 
time points) were analysed with one-way ANOVA with the Turkey 
post hoc test (marked by uppercase superscripts in Table 2) [12].

Ethical issues

The experiment was approved by the Animal Experimentation 
Ethics Committee of the University of Kaposvár, as allowed by 
the Somogy County Animal Health and Food Control Authority 
(allowance no.: 1151/006/SOM/2005).

Results
Body weight

Neither the initial (51.4 ± 26.5 vs. 49.7 ± 17.9 for control and trained, 
resp.), nor the final (59.8 ± 37.4 vs. 52.7 ± 20.8, resp.) bodyweight was 
different between groups.

Blood serum clinical-chemistry

The basic serum clinical chemical results are summarized in Table 
2. Results were interpreted handling training and ageing separately. 
Within the nitrogenous serum compounds the training protocol led 
to a significant increase of the albumin concentration at time point 3, 
while neither total protein, nor creatinine did not indicate the effect 
of regular swimming. Age-associated alteration was not found for any 
of the above-mentioned metabolites. The serum oxidized glutathione 
concentration was higher at the final sampling in the trained fish 
(Figure 3). From the lipid metabolites triacylglycerol provided slightly 
higher values throughout the training period in the swimming fish, 
which was only significant at time point 3. In contrast, neither total, 
nor HDL cholesterol concentrations changed due to regular exercise. 
Their relation, i.e. the HDL percentage in the total cholesterol fraction 
provided an age-associated increase and a significantly lower final value 
in the trained group at time point 2 (Figure 2). The total cholesterol 
concentration of the trained fish provided a significant increase 
(ageing-associated) along the study; a similar trend was found for the 
HDL fraction, and also for its percentage in the total cholesterol. 

From the enzymes analysed aspartate amino transferase (AST) 
provided nearly two-fold higher activity in the trained fish at time 
point 3, with minor differences during the preceding weeks. Similarly, 
alanine aminostransferase (ALT) serum activity was markedly higher 
at time point 3 in the exercised group, and a similar condition was 
found at time point 0, while in the intermittent period (time points 

Proximate composition
Crude protein (%DM) 45

Crude fat (% DM) 15
Nitrogene-free extract (% DM) 21.9

Crude ash (%DM) 6.9
Crude fiber (%DM) 3.3

Gross energy (MJ/kg) 20.8
Fatty acid composition Total lipid PL

C14:0 6.45 0.92
C15:0 0.39 0.19
C16:0 18.40 22.09

C16:1 n7 7.45 1.39
C17:0 0.43 0.33

C17:1 n7 0.19 0.13
C18:0 3.23 3.93

C18:1 n9 15.60 15.56
C18:2 n6 19.21 38.82
C18:3 n6 0.24 0.06
C18:3 n3 3.40 3.29

C20:0 0.41 0.17
C20:1 n9 2.09 0.44
C20:2 n6 0.38 0.22
C20:3 n6 0.13 0.08
C20:3 n3 0.07 0.02
C20:4 n6 0.72 0.76
C20:5 n3 13.73 3.88

C22:0 0.22 0.24
C22:5 n3 1.49 0.71
C22:6 n3 5.70 6.74

Σ saturated 29.52 27.9
Σ monoenoic 25.33 17.5
Σ polyenoic 45.10 54.6

Σ n3 24.38 14.6
Σ n6 20.67 39.9
Σ n9 17.70 16.0

Σ n6 / Σ n3 0.85 2.73
C18:0 / 16:0 0.18 0.18

C18:1 n9 / C18:0 4.82 3.96
UI (unsaturation index) 189.17 172.4

average FA chain length 17.84 17.9

Table 1:  Proximate composition and fatty acid profile of the feed.
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1-2) no systematic inter-group difference was proven. Gamma-GT 
and pseudo cholinesterase provided no systematic change, neither as 
a result of training, nor as that of ageing. Alkaline phosphatase (ALP) 
and lactate dehydrogenase (LDH) provided slightly higher activities in 
the trained fish throughout the study (without statistical significance).

In the serum ions training exerted temporary hypokalemic and 
hypocalcemic effect (time point 2), while sodium, inorganic phosphate 
and magnesium were unaffected by exercise. Though the experiment 
lasted only for 35 days, both groups showed an clear age-associated 
increase in the serum sodium concentrations (Figure 1).

Discussion

The acute and chronic metabolic effects of exercise can be 
considerably different. In general, the acute effects are characterised 
by mild dehydration, rapid depletion of quickly oxidizable fuel sources 
and elevated concentrations of degradation products in the blood. 
According to our goal (i.e. to describe the longer-term adaptation 
to exercise), the present study was designed to potentially eliminate 
interference by short-term metabolic changes. Thus, training events on 
the sampling days were omitted. As far as the authors are aware, there is 
a lack of information in the literature concerning the effects of training 

 Timepoints

 Group 0 1 2 3
Nitrogenous metabolites

Creatinine (µmol/L)
Trained 0.55 ± 1.51A 0.36 ± 0.81AB 1.75 ± 2.26B 0.02 ± 0.00A

Control 3.00 ± 7.35A 0.90 ± 1.73A 1.00 ± 2.16A 0.18 ± 0.60A

Total protein (g/L)
Trained 27.2 ± 5.58A 30.7 ± 8.34A 29.5 ± 8.27A 31.8 ± 3.57A

Control 27.0 ± 2.45A 29.6 ± 9.97A 33.9 ± 12.03A 30.0 ± 3.10A

Albumin (g/L)
Trained 16.2 ± 2.82A 14.7 ± 7.50A 17.4 ± 6.76A 17.7 ± 4.58aA

Control 12.5 ± 4.37A 13.0 ± 3.16A 19.0 ± 8.71A 12.4 ± 3.32bA

Ox. glutathione (micromol/g prot.)
Trained 6.13 ± 0.94AB 768 ± 2.21BC 8.72 ± 2.1C 5.05 ± 0.79aA

Control 6.72 ± 0.86A 7.41 ± 1.94A 7.37 ± 1.56A 6.90 ± 0.83bA

Lipid metabolites

Cholesterol (mmol/L)
Trained 2.84 ± 0.66A 3.02 ± 0.58AB 3.10 ± 0.33AB 3.47 ± 0.48B

Control 2.68 ± 0.43A 2.90 ± 0.56A 3.02 ± 0.57A 3.22 ± 0.64A

HDL cholesterol (mmol/L)
Trained 1.29 ± 0.09A 1.80 ± 0.65B 1.54 ± 0.41AB 2.24 ± 0.15C

Control 1.31 ± 0.09A 1.50 ± 0.28A 1.77 ± 0.58AB 2.25 ± 0.31B

HDL% in total
Trained 47.3 ± 9.3A 59.4 ± 17.4AB 50.5 ± 17.3AB 65.1 ± 4.9aB

Control 49.6 ± 6.7A 53.8 ± 16.1AB 61.1 ± 23.0AB 71.0 ± 6.26bB

Triacylglycerol (mmol/L)
Trained 1.88 ± 0.27A 2.38 ± 0.22B 2.38 ± 0.27B 2.86 ± 0.33aC

Control 1.93 ± 0.17A 2.15 ± 0.31A 2.11 ± 0.54A 2.32 ± 0.29bA

Enzymes

AST (IU/L)
Trained 123,7 ± 61.75AB 116.9 ± 49.36AB 95.8 ± 63.14A 178.0 ± 66.69aB

Control 93.2 ± 51.36A 126.4 ± 132.66A 80.4 ± 23.88A 98.9 ± 46.46bA

ALT  (IU/L)
Trained 2.27 ± 0.79aAB 1.64 ± 1.57A 1.83 ± 1.80A 4.33 ± 3.60aB

Control 1.33 ± 0.82bA 3.60 ± 4.77A 2.80 ± 1.32A 1.09 ± 1.04bA

Gamma-GT  (IU/L)
Trained 1.27 ± 1.49A 2.36 ± 4.39A 1.83 ± 1.19A 1.33 ± 1.78A

Control 1.17 ± 0.983AB 0.30 ± 0.48A 2.40 ± 1.65B 0.91 ± 1.38AB

Alkaline phosphatase  (IU/L)
Trained 101.5 ± 65.78A 109.4 ± 73.45A 117.0 ± 75.04A 121.8 ± 87.61A

Control 108.2 ± 55.40A 132.9 ± 59.26A 137.1 ± 71.17A 160.0 ± 96.09A

Pseudo cholinesterase  (IU/L)
Trained 48.1 ± 25.89A 83.9 ± 46.30B 37.1 ± 17.12A 38.0 ± 24.50A

Control 30.1 ± 14.28A 54.1 ± 57.26A 53.5 ± 31.50A 45.7 ± 42.86A

LDH  (IU/L)
Trained 678.9 ± 540.74A 837.4 ± 721.81A 436.0 ± 441.57A 1012.3 ± 588.34A

Control 340.5 ± 211.15A 450.2 ± 476.56A 388.8 ± 166.89A 704.5 ± 565.27A

Ions   

Na (mmol/L)
Trained 138.6 ± 6.62A 144.7 ± 9.68AB 145,4 ± 6.64AB 147.0 ± 3.46B

Control 135.5 ± 10.61A 142.6 ± 9.22AB 148.5 ± 3.75AB 151.5 ± 8.72A

K (mmol/L)
Trained 1.35.5 ± 0.84aA 1.27 ± 0.87A 1,34 ± 0.59aA 1.07 ± 0.55A

Control 2.95 ± 0.59b B 1.87 ± 0.61AB 1.98 ± 0.67b AB 0.80 ± 0.56A

Cl (mmol/L)
Trained 113.5 ± 2.94aB 103.1 ± 10.07A 112.5 ± 7.69B 110.8 ± 2.89B

Control 132.0 ± 12.85bB 108.1 ± 8.31B 109.9 ± 12.79B 110.0 ± 4.00A

Ca (mmol/L)
Trained 2.23 ± 0.17aA 2.25 ± 0.19A 2.35 ± 0.59aA 2.44 ± 0.13A

Control 2.41 ± 0.16bA 2.59 ± 0.70A 2.99 ± 0.74bA 2.53 ± 0.19A

P (mmol/L)
Trained 3.16 ± 1.33A 4.04 ± 1.02AB 4.50 ± 1.32B 3.68 ± 0.87AB

Control 3.35 ± 2.15A 3.26 ± 1.25A 3.80 ± 1.40A 3.80 ± 1.90A

Mg (mmol/L)
Trained 0.90 ± 0.23aA 0.87 ± 0.22A 0.87 ± 0.23A 1.20 ± 0.25B

Control 0.70 ± 0.10bA 0.81 ± 0.21A 0.96 ± 0.24AB 1.13 ± 0.24A

Significance of differences in the given parameter at the time-point marked: a, bP<0.05
Significance of differences in the given parameter within the group between time-points: A, B, CP<0.05

Table 2:  The basic serum clinical chemical results of the trained and control group.
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on the metabolic adaptation of freshwater fish, in particular common 
carp. Clinical chemical follow-up studies on carp were so far conducted 
to elucidate the effects of anaesthesia [13] and transport [14]. Exercise 
induced clinico-chemical adaptation was analysed in golden fish 
(Salminus maxillosus), and in the lipid metabolism in rainbow trout 
[15], while marine teleost species were preferably studied [4]. Thus, 
this study part intended to describe metabolic adaptation as assessed by 
blood serum analysis in growing common carps exposed to increased 
physical activity in a controlled trial setting.

Nitrogenous metabolites

From within all nitrogenous metabolites analysed only albumin 
provided statistically higher concentration in the regularly trained fish, 
at the final sampling. Besides being the major protein fraction in the 
serum, albumin is the carrier molecule of non-esterified fatty acids 
(NEFA). These are in fish oxidizable fuels [5], thus, increased albumin 
concentration might refer to intesified storage lipid hydrolysis and 
transport in the serum. It has to be added that the number of NEFA 
binding sites of albumin appears to be constant, at least in mammals 
[16]. In contrast, it was early elucidated that NEFA oxidation is not 
stimulated by exercise in rainbow trout [7], and trout muscles are fully 
deficient in glycerokinase activity [8]. For freshwater fish, in particular 
carp this information is lacking, but the skeletal muscle glycerokinase 
activity of other freshwater fish species, such as plaice (Pleuronecte 
platessa) and flounder (Pleuronecte flesus) is low but detectable. It 
may thus be plausible that regular submaximal exercise did sligthly 
augment NEFA flux in the studied carps. Albumin is not the only 
NEFA binding protein in fish [17]. Analyzing the possible reasons of 
the elevated serum albumin levels a further factor may be considered: 
regular exercise leads to hypervolemia, coupled with increased albumin 
concentration to maintain osmolality. It is rather interesting that 
neither total protein (TP) nor creatinine responded to the submaximal 
exercise (and aging). Albeit relevant literature is scarce, transport-
associated stress response was coupled with lower serum TP level in 
carps [14]. This is again consonant with the above findings, proving 
that protein catabolism was not present in the carps as an energy 
shuttle. As piscine kidneys excrete much of the nitrogenous waste as 
creatine, from which creatinine is formed [18], its training-unaffected 
concentration again refers to the fact that protein catabolism was not 
induced by the swimming treatment.

Lipid metabolites 

The extent of NEFA in covering exercise energy requirements of fish 
have been analysed, and were found to be less important, as compared 
to lipoproteins (LP) [7]. Resting triacylglycerol turnover largely exceeds 
the requirements of endurance swimming in rainbow trout [15]. The 
contribution of esterified fatty acids (dominantly triacylglycerols of 
LPs) to fuel exercise metabolism of freshwater fish is still unknown, but 
seems to be important, based on our findings. In addition, in trout it 
was reported a largely increased lipoprotein lipase (LPL) activity after 
endurance swimming in the red muscles [19]. Interestingly, the strongly 
activated LPL activity was not accompanied by changes of serum 
lipopoprotein concentrations. During recovery from high-intensity 
exercise (such as the case of carps), white muscle (dominant in the 
carp fillet [20]) mitochondria oxidize lipids to fuel creatine phosphate 
and glycogen synthesis [21]. However, intramuscular triacylglycerol 
concentration is generally unaffected by exercise [22]. It seems thus 
that not stored, but circulating triacylglycerols serve as an important 
fuel source for fish muscles, which is not typical for homoeothermic 
vertebrates [23]. 

We found supportive results in the carps, in the serum 
triacylglycerols (time point 3, significant elevation), while total and 
HDL cholesterol fractions failed to respond quantitatively to exercise 
training. However, the relation of the two cholesterol fractions 
(HDL% in total) was significantly lowered by the exercise to the end 
of the training period (timepoint 2), while both groups showed an 
age associated increase in this parameter (Figure 2), as supported by 
other authors [24], but only humans (fish results were not available). 
Albeit less relevant for fish, we found an identical age-related increase 
in growing broiler chickens [25]. Rainbow trout resting triacylglycerol 
flux is not exceeded even during 4 days of continuous swimming 
[7]. Our exercise load was markedly lower that this, but it has to be 
mentioned that carps were so exhausted by the end of the sessions that 
they could be caught with hands. Taking the above results into account 
it seems that carps provide burst-like, intensive but short exercise 
bouts, of which the energy requirement may by primarily covered from 
intramuscular lipids [5]. and to a lesser part from intracellular fuels 
(both muscle and liver glycogene (see LDH)).

Enzymes

The typical hepatic enzymes ALT and AST reacted to the exercise 
with elevated serum activity values, at the final sampling. The markedly 
elevated activities regularly indicate hepatocellular damage. Similar 
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results for AST were reported by other authors in carps, where serum 
AST activity was a direct correlate of transport associated stress [14]. 
Interestingly, ALT failed to respond to this condition in the cited 
report. Moreover, AST activity values ranged over the literture data 
during the entire study, even the initial sampling. Although it was not 
directly determined, exercise or capture associated stress may as well 
lead to hepatocellular damage and consequent ALT and AST activity 
increases in snapper (Chrysophrys auratus) [26]. 

Lactate dehydrogenase (LDH) was showing non-significantly 
higher activities troughout the study in the trained carps. We assume 
that the large standard deviation led to the lack of statistical significance 
between groups. We experienced that carps maintain an irregular, 
burst-type swimming even in constant speed water flow. It is thus 
supposed that glycolytic potential was only slightly increased while 
lactate is a known glycogenic substrate of fish muscles [6].

Alkaline phosphatase (ALP) in veretabrates is a diagnostic marker 
of hepatobiliary and bone disorders [27]. In our dataset a slight but 
not significant increasing tendency was found for both groups, without 
inter-group differences. It has to be added that isoenzymes of ALP 
were not analyzed separately, thus its origin (liver, bone, intestine) is 
not clear. Evaluated together with gamma-GT providing minimal and 
physiological fluctuations, it seems that hepatobiliary disorders can 
be excluded. On the other hand, neither strenuous nor mild exercise 
affects the serum activity of gamma-GT. The physiological role of 
gamma-GT is to break down extracellular glutathione and making 
its amino acids available to the cells [28]. Meanwhile the activity of 
gamma-GT was not significantly higher in the trained fish, we found 
significantly higher oxidized glutathione levels in this group (but only 
at the final sampling) (Figure 3). These results agree with other authors 
[29] in humans, describing largely increased oxidized glutathione 
(GSH) levels after exercise in humans. GSH is a potent antioxidant, 
preventing cellular membrane lipids which are targets of oxidative 
damage during strenous exercise [30]. Taking the gamma-GT results 
also into account we suppose a mild alteration of the glutathione redox 
status due to exercise in which GSH oxidation was augmented.

Serum ions

Sodium and chloride concentrations of freshwater fish range from 
130 to 150 mmol/L [17]. Any deviations from this are associated with 
gill or renal diseases or water acidity or altered hardness. For chloride, 
we found slightly lower values, without tendentious alterations, while 

sodium was unaltered by training. In contrast, an age-dependent 
increase was found for serum sodium concentration in both groups 
(Figure 1). Earlier studies on birds [31,32] provided similar, age 
dependent sodium level increases, most probably referring to the 
relationship of this ion with the increasing dry matter content of the 
body along ageing. As far as the authors are aware, in freshwater fish 
this is the first instance to prove this alteration.

Capture procedure and consequent exhaustion related stress 
can increase serum sodium, potassium, chloride and calcium 
concentrations [27]. In our study in none of these ions were similar 
findings found (i. e. trained vs. control comparison), in contrast, 
potassium and calcium decreased (time point 2 and the initial value). 
The increased concentration of these ions is generally attributed to 
muscle cell membrane injuries and consequent leak. The opposite was 
found in our study (only magnesium provided initially (initial, zero 
point sampling) higher concentration in the exercised groups. Based 
on the less fluctuating ion concentrations and the slight training 
associated between group differences sarcolemma damage was not 
supposed in our study.

Conclusions
Summarized, in common carp characterized with burst-like 

swimming we found slightly elevated lipoprotein utilization (decreased 
HDL cholesterol% in the total cholesterol), severe hepatocellular 
damage (ALT, AST, most probably induced by the concomitant 
stress), well balanced serum ion concentrations providing mostly 
age-associated changes (sodium) after a 35-day training period. Based 
on the finally increased albumin concentration we supposed slight 
hipervolemia, while increased oxidized glutathione concentration 
referred to elevated antioxidant capacity. It was assumed that even 
longer term regular strenuous exercise exerts only mild effect on the 
substrate metabolism of carp, being a slowly swimming benthic feeder.
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