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	 The paper presents the results of a study of the coagulogram of common carp 
(Cyprinus carpio) following stress induced through acute hypoxia within 72 hours. In addition, 
stress markers (glucose, cortisol, hemoglobin) were analyzed on the basis of correlation and 
regression. It has been established that by the increase in thrombin time (TT), activated partial 
thromboplastin time (APTT) and an increase in the level of fibrinogen in fish blood by the 4th 
day of the experiment, that the coagulation processes were accelerated under the influence of 
hypoxic stress. Also, the dynamics of the stress markers corresponds to the stages of the classical 
adaptation syndrome. It has been concluded that any of them can be used to indicate stressful 
conditions.

Keywords: Coagulation; Cortisol; Fish; Hemostasis; Hypoxia; Stress.

	 The study of the physiological adaptations 
of an organism to various environmental conditions, 
one of which is the hemostatic system, represents a 
current scientific problem. Thus, the main goal of 
this work was to assess the effect of stress reactions 
caused by hypoxia on carp coagulogram indices.
	 In view of the fragmentation of the 
sources, the differences in methodology and 
facilities1,2, as well as the lack of standardization 
of the study of hemostasis in various fish species 
under various stressful environments, this problem 
remains unclear.
	 The internal, external, and general 
pathways of the blood coagulation system of 
bony fish were first demonstrated in the works 

of other researchers 3,4,5. Studies conducted on 
bony fish indicate that the coagulation process is 
fundamentally similar to that of other vertebrates, 
in particular to mammals 1,6,7. Recently, Russian 
researchers obtained data on the functionality 
of primary and secondary hemostasis in various 
fish species with low activity of plasma factors, 
such as fibrinogen level, TP, and PP compared 
with mammals 8. A comparative analysis of these 
data revealed that there are both similarities and 
differences in the coagulogram indices in different 
classes of fish 9.
	 Fish handling can result in a significant 
stress response, and it is safe to assume that 
interspecies differences in blood coagulation in 
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fish may well be the result of different responses 
of these fish to stress.
	 Stress resulting from fish-farming 
operations is mainly associated with hypoxia, 
which is exacerbated by increased activity during 
the pursuit, attempts to break free of the net, 
etc. Stressful reactions are caused mainly by 
catecholamines and cortisol 15,16,17, which act for 
two different but overlapping time periods. 
	 Since the content of catecholamines has 
not been measured in most studies on fish stress, 
some authors identify them by indirect signs 
18,19,20. However, the adrenal response to stress in 
fish remains unclear. Smith claims that adrenaline 
secretion increases under conditions of acute 
hypoxia 18. Some studies show that catecholamines, 
primarily adrenaline, play a significant role in all 
types of reproduced stress 21.
	 There is an extensive database of 
studies on the effect of various types of stress of 
commercial and wild fish. In most of these studies 
an increase of cortisol (and glucose) concentrations 
in plasma were experimentally recorded 22,23,24,25,

26,27,28,29,30,31,32. In other experiments, the levels of 
cortisol, glucose, and some other hematological 
parameters did not change significantly 33. The 
conclusions of some studies emphasize the 
importance of cortisol in fish as a stress hormone 
34,35, as well as an indicator of various disturbances 
in the aquarium environment 36. Other researchers 
also noted that the level of cortisol in the organs and 
tissues of fish can be used in biomonitoring their 
wintering conditions 14. Wedemeyer and Yasutake 
suggested using cortisol and glucose of plasma for 
fish health evaluation 18.
The literature indicates that coagulation time in 
fish is a rather unstable indicator, which depends 
not only on the method of blood drawing, but also 
on environmental factors and the physiological 
state of fish 37. The same source suggested that the 
stress factors obviously increase the rate of blood 
coagulation in fish, although the author advises that 
a caught fish is a fish subjected to a severe stress, 
and interspecific differences in blood coagulation in 
fish may well be the result of differences resistance 
of these fish to stress.
	 It is also worth noting a review of studies 
where the activation of hemostatic mechanisms 
in fish under stress conditions was identified 
1. According to a number of the researches 

coagulation time is a good indicator of stress, and 
its reduction can be the result of an increase in 
the level of catecholamines and cortisol that are 
released during stress.

Material and methods

	 The research was conducted in strict 
accordance with ethical principles established 
by the European Convention on protection of 
the vertebrata used for experimental and other 
scientific purposes (adopted in Strasbourg in March 
18, 1986 and confirmed in Strasbourg in June 15, 
2006) and approved by the local ethic committee of 
the Federal State Budgetary Educational Institution 
of Higher Education the Vereshchagin State Dairy 
Farming Academy of Vologda (Record 12, dated 
December 3, 2015).
	 The studies were carried out in aquaria 
conditions on 8 carps (Cyprinus carpio), grown 
under production-line conditions in a fish farm. 
The fish were kept in a tank with continuous water 
circulation and forced aeration at a temperature of 
18–20 ° C; the feeding regime was one time per 
day with a specialized food for this fish species.
	 Blood drawing from animals was carried 
out after twenty-four-hours acclimatization and 
also 24, 48, and 72 hours after the influence of the 
stress factor what meets the method of conducting 
an acute experiment for fish. The complex stress 
factor was the actual fish capture for blood 
sampling and the total hypoxia, as well as the 
further deprivation of dissolved oxygen to the 
environment by turning off the oxygen compressor 
for all the next days of the experiment. 
	 Fish were anesthetized with clove oil at a 
dose of 0.033 ml / l38. Blood drawing was carried 
out with a syringe from the tail hemal canal in a 
volume of 0.77% of the fish body weight (1.2 kg on 
average) for examination of the coagulogram —  in 
plastic test-tubes (3.8% sodium citrate solution in 
a ratio of 1: 9), for the analysis of stress markers 
— in plastic test-tubes without anticoagulant. All 
studies were performed during the first two hours 
after blood drawing.
	 The parameters of plasma-coagulation 
hemostasis were determined on the coagulometer 
“Thrombostat” manufactured by Behnk Elektronik, 
Germany 39. To assess the state of plasma-
coagulation hemostasis the following indicators 
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were determined: APTT (activated partial 
thromboplastin time), PT (prothrombin time), 
TT (thrombin time) using human thrombin, 
quantitative analysis of fibrinogen. The plasma 
fibrinolytic activity was measured by detecting 
soluble fibrin-monomer complexes (SFMCs) 
in an o-phenanthroline sample (tablet version). 
The concentration of cortisol in blood plasma 
was determined by means of solid-phase 
chemiluminescent immunoassay. Plasma glucose 
concentration was determined by biochemical 
method. Blood hemoglobin was determined by 
the cyanmethemoglobin photometric method using 
KFK-2 (ZOMZ, USSR). The level of dissolved 
oxygen in water was determined by means of O2-
test-systems (Tetra, Germany).
	 The values of the results obtained are 
presented in the form of the average value and the 
standard error of mean (M ± m). The significance 
of differences in the coagulogram indices of 
carpswas evaluated using the Mann-Whitney 

test for independent samples. The significance of 
differences in the coagulogram indices and the carp 
stress markers obtained during the experiment was 
evaluated using the Wilcoxon test for dependent 
samples. A qualitative interpretation of the strength 
of the connection between stress reactions and 
coagulogram indices was performed according to 
the obtained value of R based on the Cheddock 
scale 40.

Results and Discussion 

	 As a result of the experiment, the 
following data on the dynamics of oxygen in the 
aquarium were obtained: on the 1st day — 5.0 mg 
/ l, on the 2nd day — 4.8 mg / l, on the 3rd day — 
3.2 mg / l, and on 4th day - 2.0 mg /l.
	 It was noted that the plasma cortisol 
level on the 1st and 3rd days after the combined 
exposure to stress factors was significantly 
different from the 2nd day, and by the 4th day the 

Table 1. Dynamics of Carp Stress Markers

Parameter	 The first day, 	 The second day, 	 The third day, 	 The fourth day,
	 n=8	 n=8	 n=8	 n=8

Cortisol, ng/ml	 287,2±28,9b	 118,9±56,6ac	 333,6±65,2b	 211,8±112,2
Glucose, mmol/L	 2,2±0,5cd	 2,9±0,3d	 6,8±3,3a	 4,6±0,5ab

Hemoglobin, g/l	 89,1±2,12bd	 80,3±9,8ad	 -	 52,9±1,9ab

a – differences are significant with the first day of research (p<0,05)b – differences are significant with the second day 
of research (p<0,05)c – differences are significant with the third day of research (p<0,05)d – differences are significant 
with the fourth day of research (p<0,05)

Graph 1. Dynamics of Fish Stress Markers during the Experiment
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Table 2. Dynamics of Carp Coagulogam

Parameter	 The first day, 	 The second day, 	 The third day, 	 The fourth day,  
	 n=8	 n=8	 n=8	 n=8

TT, sec	 206,8±17,3cd	 193,0±44,8c	 109,3±10,0ab	 99,3±10,5a

PT, sec	 138,5±21,96	 141,6±12,0c	 137,0±27,5bd	 135,4±0,6c

APTT, sec	 19,3±5,3	 29,3±4,4d	 22,4±2,6d	 9,2±1,1bc

Fibrinogen, g/l	 1,3±0,2c	 1,3±0,4	 1,0±0,2ad	 2,0±0,1c

SFMCs, mg %	 18,7±2,8	 17,0±1,8c	 20,3±2,0bd	 12,5±2,5c

a – differences are significant with the first day of research (p<0,05)b – differences are significant with the second day 
of research (p<0,05)c – differences are significant with the third day of research (p<0,05)d – differences are significant 
with the fourth day of research (p<0,05)

Table 3. The correlation Relationship between Stress 
Markers in Carp 

Parameter	 Glucose, 	 Hemoglobin, 
	 mmol/L	 g/l

Cortisol, ng/ml	 0,45	 -0,70
Glucose, mmol/L	 1,00	 -0,67

Table 4. Correlation Parameters between Stress Markers and Coagulogram Indices in Carp

Parameter	 TT, sec	 PT, sec	 APTT, sec	 Fibrinogen, g/l	 SFMCs, mg %

Cortisol, ng/ml	 0,10	 0,40	 0,05	 -0,30	 0,15
Hemoglobulin, g/l	 0,98	 -0,30	 0,96	 0,70	 0,58
Glucose, mmol/L	 -0,16	 0,16	 0,06	 -0,30	 -0,13

cortisol level decreased significantly. This can be 
explained according to classical concepts on the 
processoccurrence in stages, where the 1st and 2nd 
days of the experiment correspond to the first stage 
(anxiety), the resistance stage appears on the 3rd day 
with a significant increase of plasma cortisol level, 
and its sharp decrease by the 4th day corresponds to 
the stage of exhaustion [graph. 1].
	 The plasma glucose level in the experiment 
on the 1st day was significantly different from the 
3rd and 4th days, while the 2nd one had significant 
differences with only the 4th day. Analyzing the 
dynamics of glucose level, one can draw the same 
parallel with the occurrence in stages of the stress 
process as with cortisol [tabl.1].
	 The concentration of hemoglobin on 
the 1st, 2nd and 4th days of studies was determined 
under the conditions of hypoxia. It was on the 
1st day significantly different from the 2nd and 

4th days. An obvious decrease can be noticed in 
the chromoprotein in the blood of experimental 
animals during the experiment. Most likely, this 
effect is caused by blood loss associated with daily 
blood drawing for tests. Along with this, the effect 
of corticosteroids is not ruled out.
	 APTT on the 2nd and 3rd day of the 
experiment was significantly different from that on 
the 4th day. It can be noted that by the fourth day 
this indicator underwent a sharp understatement of 
time according to which the rate of the first phase 
of hemocoagulation increased.
	 PT on the 3rd day has significant differences 
with the indicators of the 2nd and 4th days. Studying 
PT in dynamics it should be noted that it practically 
did not change during the experiment.
	 The amount of fibrinogen in the tested 
animals on the 3rd day of the experiment had 
significant differences from that on the 1st and 4th 

days. It can be seen that by the 4th day of exposure 
to stress factors the blood fibrinogen underwent a 
large jump [graph.2].
	 TT on the 1st day of the study had 
significant differences with the indicators of the 3rd 
and 4th days; while on the 2nd day it had significant 
differences only from the 3rd one. Analyzing TT 
in dynamics it can be noted that, like APTT, it has 
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Graph 2. Dynamics of Fish Coagulogram during the Experiment

noticeably decreased by the 4th day, what indicates 
an acceleration of the processes in the third phase 
of coagulation [tabl. 2].
	 The number of SFMCs on the 2nd and 4th 
days of the experiment was significantly different 
from the 3rd day. Contrary to the assumptions about 
the occurrence in stages of changes SFMCs of 
blood plasma decreased by the 4th day.
	 Correlation analysis revealed the presence 
of a moderate to close correlation relationship 
between indicators of stress reactions [tabl. 3]. 
Analyzing the data of the table, we can conclude 
that all three stress markers are quite strongly 
interconnected, this makes it possible to use any 
of them to identify stress conditions. The highest 
quality regression models were obtained by 
analyzing the dependence of cortisol and glucose 
on hemoglobin level (R2 was 0.44 and 0.45, 
respectively). Correlation analysis revealed the 
presence of medium and high links between some 
indicators of the secondary link of hemostasis and 
the content of stress markers in the blood serum 
of carps [tabl. 4]. The strongest relationship was 
found between plasma hemostasis and levels of 
hemoglobin and cortisol. The correlation between 
the hemoglobin content and the hemostatic 
parameters in the blood of the tested fish was 
revealed from noticeable to very close. Cortisol 
most noticeably affects the duration of PV (r = 0.4) 
and inversely correlates with fibrinogen level (r = 
-0.3).

	 Studying the complex effect of stress 
factors, it was found that the dynamics of the levels 
of cortisol and glucose used in this experiment 
as stress markers corresponds to the classical 
occurrence in stages of stress, where all three stages 
are visible. The main interest for us is the adaptive 
reaction of a coagulogram of carps to critical 
environmental conditions. According to numerous 
indicators of plasma coagulation of blood, it can be 
seen that its speed increased significantly during 
the days of the experiment and closer to the stage 
of exhaustion, and the prothrombin time, which 
plays a significant role in the formation of a blood 
clot in carps, deviated slightly compared to other 
indicators.
	 Based on the correlation and regression 
analysis, we, first of all, established a close 
relationship between the hemostasis indices and 
the hemoglobin level in the blood of stressed carps. 
Furthermore, the less hemoglobin level is, the more 
actively the internal and general links of the fish 
coagulation system function. Besides the indicator 
of the work of the external coagulation link – PT 
will lengthen with a decrease in hemoglobin. All 
these changes are likely to help stop possible 
bleeding, as the causes of low hemoglobin, but, at 
the same time, prevent excessive activation of the 
coagulation system, as the cause of thrombosis. 
Cortisol most noticeably affects the duration of PT 
and inversely correlates with fibrinogen level.
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	 It is equally important that the correlation 
analysis revealed a moderate to close correlation 
between the indicators of stress reactions: cortisol 
and plasma glucose. All three stress markers are 
highly interconnected, this makes it possible to use 
any of them to identify stressful conditions.
	 An important factor was the presence of 
medium and high links between some indicators of 
the secondary link of hemostasis and the content 
of stress markers in the blood serum of carps, and 
therefore, these indicators of the coagulogram can 
also be used as bioindicators of critical conditions 
in fish.

Conclusion

	 Data on hemostatic indications of 
commercial fish in the literature, as before, remain 
fragmentary. The results of this work confirm 
the thesis of the sources cited on the large role 
of cortisol in the stress response, and on the 
acceleration of coagulation in fish in stress.
	 Since fish, both in natural and in artificial 
growing conditions, is subjected to multiple stress 
factors of different nature and origin, the work 
carried out may become the basis for further study 
of the impact of various conditions on the blood 
physiology of these animals. It is also promising 
to develop alternative assessments of fish health 
status, including hemostasis indicators.
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