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Abstract  

Biochemical and endocrine parameters afforded an accurate evaluation of health and welfare of 

cultured fishes and can be used as an indicators and stress signals to different conditions. The present 

study was designed to characterise reference values of circulating levels stress hormone and acute 

phase proteins of most economically important freshwater fish in Bulgaria aquaculture and to 

supplement the information in the existing database.  Blood samples were drawn from the vena 

caudalis of 8 species of fresh water fish immediately after they were electro stunning. The collected 

blood (approximately 2.0 ml) has been centrifuged at 2500 rpm for 5 min at room temperature and 

plasma was immediately separated and stored at -20°C until analysis. Plasma cortisol was assayed by 

laser fluorescence reader (i-chroma TM Reader Boditech Med Incorporated). Plasma glucose levels 

were analysed with commercial diagnostic kits. The concentrations of acute phase proteins were 

estimated by nephelometric and colorimetrically. The reference values of cortisol, glucose, fibrinogen 

and ceruloplasmin were assessed in carp (Cyprinus carpio), rainbow trout (Oncorhynchus mychiss), 

brown trout (Salmo trutta fario), Russian sturgeon (Acipenser gueldenstaedtii), Siberian sturgeon 

(Acipenser baerii), hybrids Russian sturgeon female x Siberian sturgeon male, pike (Esox lucius), 

African catfish (Clarias gariepinus). The results reflect species differences in corticosteroid and acute 

phase proteins values and may be due to differences in season, temperature, gender, origin, 

physiological, nutritional status, etc.  
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1. Introduction 

Biochemical analysis is very important like as diagnostic tool in piscine medicine [15]. Many pathologic changes 

are reflected in blood serum or plasma well before the development of clinical disease. The levels for some 

hormones, enzymes and ions can be used as indicators of health for different animal species as well as fish [10]. 

The assessment of these components  may help to define  the influence of stress factors on the homeostasis of 

fish. Reference intervals for plasma cortisol, glucose, fibrinogen and ceruloplasmin were established using 

standardized clinical methods. Although fish lack adrenal glands, analogous production and release of adrenal 

cortical and medullary hormones occur in the interrenal cells and chromaffin tissues, respectively, both of which 

are located in the piscine anterior kidney [6]. Acute phase proteins including ceruloplasmin (Cp), fibrinogen (Fib) 

and C-reactive protein have recently isolated from fishes. Estimation of Cp concentration of fish could be of 

importance in the early  detection of diseases. Cp is a the acute phase protein, released in response to infection 

and inflammation, playing important anti-inflammatory roles, as a copper transporter from hepatocytes to other 

tissues, a regulator for hepatic iron mobilization as well as a scavenger of free radicals and superoxide [17].  Cp is 

major antioxidant proteins which can synthesize in several tissues. 
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The aim of this study is to evaluate the reference values of cortisol, blood glucose, fibrinogen and ceruloplasmin 

in some fresh water fish species to supplement the information in the existing database that serves to monitor the 

status of these species. Levels of stress hormone and acute phase proteins were measured from eight fish species: 

(Cyprinus carpio), rainbow trout (Oncorhynchus mychiss), brown trout (Salmo trutta fario), Russian sturgeon 

(Acipenser gueldenstaedtii), Siberian sturgeon (Acipenser baerii), hybrids Russian sturgeon female x Siberian 

sturgeon male, pike (Esox lucius) and African catfish (Clarias gariepinus). This may allow important clinical 

decisions about those fresh water fishes. 

2. Material and Methods 

The experiment was conducted in the Biochemical Laboratory, Department of Pharmacology, Physiology of the 

Animals, Biochemistry and Physiological Chemistry, Faculty of Veterinary Medicine, Trakia University, Stara 

Zagora, Bulgaria. Eight different species and hybrids of fresh water fish were collected in 2016 during spring and 

early summer from fishermen (wild fish) and different aquaculture systems (net cages, pond, raceways and 

recirculating systems). Only large adult fish which were healthy and with normal behaviour were selected. To 

reduce stress during the blood sampling fish were anesthetized with mobile electro stunning device and blood 

was drawn with a syringe containing heparin as anticoagulant, by the caudal vein puncture method. The collected 

blood (approximately 2.0 ml) has been centrifuged at 3000 rpm for 5 min (Ohaus FC5515, Ohaus Corp., 

Germany) at room temperature and plasma was immediately separated and stored at -20°C until analysis. Plasma 

cortisol was assayed by laser fluorescence reader (i-chroma TM Reader, Boditech Med Incorporated, Germany). 

Plasma glucose levels were analysed using an semi-auto analyser (Mindray BA-88, Mindray Bio-Medical 

Electronics) with commercial diagnostic kits (Giesse, Diagnostics, Italy). The concentration of fibrinogen was 

estimated by nephelometric determination. Manual method for ceruloplasmin determination based on the 

oxidation of different compounds has become widely adopted for routine use in clinical chemistry laboratories. 

The method is based on the in vitro oxidase activity that ceruloplasmin shows with substances such as p-

phenylenediamine (PPD). A colored oxidation product is formed from the oxidation of p-phenylendiamine by Cp 

using Revin’s method  [3]. These measurements were made on a spectrophotometer (λ=530 nm, Carl-Zeiss Jena, 

Germany). The statistical analysis was performed using one-way analysis of variance (ANOVA). The results 

were processed with software Statistica v.10 (StatSoft Inc., 2002). All results are presented as mean and standard 

deviation of the mean (Mean ± SD). The statistical significance of parameters was determined in the LSD test at 

P<0.05. 

3. Results and Discussion 

As a part of veterinary inspection, blood plasma cortisol, glucose, fibrinogen and ceruloplasmin could be 

important for assessing the physiological status of fish. Reference values of this parameters were summarized 

in Table 1and Table 2.  

Table 1. Plasma cortisol and glucose reference values of different species of fresh water fishes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Cortisol (μg/dL) Glucose (mM/L) 

 min  - max Mean ± SD min  - max Mean ± SD  

Cyprinus carpio  16.7-17.6 17.31±0.37 2.20-3.80 2.76±0.61 

Oncorhynchus mychiss  <2.9 5.4-6.5 6.03±0.43 

Salmo trutta fario 18.1-20.31 19.1±0.84 4.7-5.5 5.15±0.30 

Acipenser 

gueldenstaedtii 
 <2.9 5.9-7.6 6.48±0.64 

Acipenser baerii  <2.9 5.9-6.6 6.36±0.25 

Acipenser gueldenst x 

Acipenser baerii  <2.9 6.0-6.7 6.45±0.31 

Clarias gariepinus 14.91-20.86 17.27±2.02 8.0-8.5 8.35±0.18 

Esox lucius  <2.9 1.4-1.9 1.71±0.17 
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Table 2. Fibrinogen and cereloplasmine reference values of different species of fresh water fishes 

 Fibrinogen (g/L) Ceruloplasmin (mg/L) 

 min  - max Mean ± SD  min  - max Mean ± SD  

Cyprinus carpio  0.80-1.99 1.37±0.43 11.7-44.6 26.97±11.09 

Oncorhynchus mychiss 1.41-1.94 1.63±0.21 11.37-35.87 27.32±1.77 

Salmo trutta fario 1.05-2.66 1.83±0.61 11.37-29.75 23.33±6.25 

Acipenser 

gueldenstaedtii 
0.66-1.00 0.91±0.12 8.75-119 81.22±40.79 

Acipenser baerii 0.62-1.90 1.15±0.48 60.37-122.5 86.32±24.23 

Acipenser gueldenst x 

Acipenser baerii 
 n.d 15.75-85.75 45.06±29.62 

Clarias gariepinus 1.08-1.98 1.48±0.38 34.12-85.75 51.91±19.53 

Esox lucius  n.d. 52.5-156.62 82.54±38.50 

 

Table 1 data do not exhibit significant changes between sturgeons species and hybrids for the glucose levels. The 

concentration of this parameter has very close values with species from families, namely Salmonidae, and 

Acipenseridae.  But for the same index we observed significant differences when Esox lucius and Cyprinus 

carpio were compared with other fish species. In  both  fish  the values  were  lowest in compare to other values 

in the same list.  Mean blood glucose value for carps  was similar  to the those reported by Sieroslawska et al. 

[12]. According to the obtained results by Khodadoust [7] in Esox lucius the concentration of glucose during 

summer  were 122.76±114.34 mg/dl (minimum 20.69 mg/dl and maximum 224.83 mg/dl) which coincides with 

the values obtained from us. In pike it established a relationship between glucose levels and the season, which is 

not regular. The one of the basic stress factors cortisol, showed significant differences between acipenserids 

(Acipenser gueldenstaedtii, Acipenser baerii), Oncorhynchus mychiss and Esox lucius, which have much lower 

values (<2.9 μg/dL) compared with the other three species respectively: carp (17.53±0.03 μg/dL), brown trout 

(19.51±0.72 μg/dL) and african catfish (17.3±3.1 μg/dL). Cyprinus carpio and Clarias gariepinus presented very 

close values of plasma cortisol (17.31±0.37 and 17.27±2.02 μg/dL). The reference values in the concentration of 

the acute phase proteins (fibrinogen and ceruloplasmin) in this investigation were  presented  in Table 2. Analysis 

of the plasma fibrinogen values showed significant differences between all studied species. The lowest Fib 

concentrations were observed in Russian sturgeon (0.91±0.12 g/L) compared with other species and the highest 

ones- in brown trout (1.83±0.61 g/l). In fact, according our research the levels of this parameter were the lowest 

in Acipenseridae family. Although, the fibrinogen values  exposed differences in all eight fish species that were 

examined in this work. Other acute phase protein, ceruloplasmin had the highest mean values in Acipenser baerii 

(86.32±24.23 mg/L) and Esox lucius (82.54±38.5 mg/L) compared with other fish species. Clarias gariepinus 

also showed high levels (51.91±19.53 mg/L). There were non-significant differences between cyprinids and 

salmonids for the considered parameter. The lowest values of Cp in the studied species were found in brown trout 

(23.33±6.25 mg/L), and the highest ones in Siberian sturgeon (86.32±24.23 mg/L). The term "normal" values do 

not apply to all animals, nor do the same reference intervals apply to all breeds of animals. This values can be 

useful for determination of general results for a specific assay, but accurate establishment of reference values 

should be performed for each veterinary laboratory, with its own equipment and reagents. Determination of 

reference values is best performed in the laboratory where  animals  will be tested [8]. Biochemical and endocrine 

parameters can be used as an effective method for monitoring physiological and pathological changes in fish. 

Alterations in the levels of  blood parameters are indicators and stress signals to different conditions [16]. The 

stress response that helps fish to cope with various challenges also appears to be  conserved across vertebrates, 

and the physiological changes that occur in response to stress in fish are similar to those described for mammals. 
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Fishes have the innate ability to experience negative states (pain, stress) in a way analogous to that experienced 

by other vertebrates [4]. Fish responses to stress can be divided into three groups: primary, secondary, and 

tertiary responses [1]. The primary responses refers to neuroendocrine response in which catecholamines and 

cortisol are released from chromaffin (adrenal medulla homologue) and interrenal cells (adrenal cortex 

homologu), respectively. Its higher levels trigger a secondary response (which include hyperglycemia due to 

increased glycogenolysis and gluconeogenesis) that includes changes in plasma and tissue ion and metabolite and 

hematological  levels. Catecholamines which release is rapid and its levels increase immediately with stress.  On 

the other side the release of cortisol in teleostean and other bony fishes is delayed relative to catecholamine 

release [1]. In  present work, measured parameters classically considered to be indicative of the stress response. 

Cortisol is the principle corticosteroid in actinopterygian fishes [1] and its levels are commonly used as an 

indicator of the degree of stress experienced by fish [1, 2].  Plasma glucose is considered to be valuable indicator 

of the secondary stress indicators (which includes metabolic, hematological, hydromineral, and structural) of fish 

[2]. The detection of stressors may result, in the stimulus for the release of catecholamines which stimulate 

glycogenolysis causing the release of glucose, the main carbohydrate reserve of the fish [10]. In recent decades 

were conducted studies including molecular and  immunologic analyses of the blood plasma in teleosts fish that 

demonstrate and suggest that teleosts and mammals are similar, despite the substantial evolutionary distance [13], 

furthermore the fibrinogen involved in blood coagulation in all vertebrates. In addition to that Fib is an acute-

phase protein (APP) present in the plasma of all vertebrates [5], which is also produced in the liver. Acute phase 

response is an animal reaction to homeostasis changes and during this process APPs are synthesized by many 

cellss, especially by hepatocytes. APPs are group of molecules which show a differences between species and 

diseases, but they have one common characteristic – changes in intensity of their synthesis during various 

pathological processes, irrespectively of their evolution type [14]. The study provided a comparison between 

levels of two APPs of individual fish species. The primary purpose of this investigation was to identify reference 

values of blood plasma fibrinogen and ceruloplasmin which could be used as potential biomarkers for piscine 

welfare. Previous studies [9] reported that it is believed that ceruloplasmin belongs to the acute phase proteins in 

some fish species such as an Acipenseridae. In the present work the concentrations of Cp  were closed to the 

values found by Kolman [9] in an  Acipenseridae, but the levels in Oncorhynchus mychiss  were lower than those 

reported by Yonar et al [17]. The reasons for the differences in the values of parameters investigated by us can be 

varied. Variations of blood parameters may be due to the interspecific variability, environment conditions 

(natural habitat or captivity, water temperature and chemistry, deep of water source), season, physiological and 

nutritional status [11]. Also,  many  intraspecies factors that can influence  parameters and the reliability of  

concentrations as reference ranges is questionable.  Although these reference intervals may not be equally 

applicable to the fish species studied, they can offer general guidance on the interpretation of laboratory data 

from them. 

4. Conclusions 

Reference intervals of studied biochemical indices have been observed for a select reference population of fishes 

in Bulgaria. The investigation focused on cortisol, glucose, fibrinogen and ceruloplasmin and provided in 

particular information on the reference ranges for eight fish species. It should be taken into account that these 

results may be usable for data interpretation in other labs, to extend existing information or beneficial for making 

decision in clinical practice.  
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