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PHYSIOLOGICAL RESPONSES OF “TAMBAQUI” Colossoma macropomu(@HARACIDAE)
TO ACUTE STRESS
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ABSTRACT

In this study some physiological responses of “tambagalbssoma macropomusabmitted to capture

and handling stress were evaluated. Changes were observed in red blood cell (RBC), white blood cell
(WBC), hematocrit percentage, hemoglobin concentration, mean corpuscular volume (MCV), blood glucose
and plasma cortisol. After stress, red blood cell, hemoglobin, and hematocrit decreased significantly while
blood glucose, plasma cortisol, MCV, white blood cell number, lymphocytes and neutrophils numbers
increased. MCHC, monocytes and special granulocitic cells numbers (SGC) did not show any change after
the disturbance.
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RESUMO

No presente trabalho avaliaram-se as respostas fisiolégicas do tartlmggsomanacropomumsub-

metido ao estresse de captura e manejo. Foram analisados o eritrograma, o leucograma, o hematdcrito, a
hemoglobina, o volume corpuscular médio (VCM), a concentra¢do da hemoglobina corpuscular média
(CHCM), a glicemia sanguiinea e o cortisol plasméatico. Apds estresse, observou-se decréscimo do nimero
total de eritrocitos, da concentracdo da hemoglobina e do hematdécrito e elevagdo no VCM, da glicemia
sangiinea e do cortisol plasmatico. Os leucdcitos totais, 0 numero de linfocitos e de neutréfilos também
aumentaram significativamente apds o estimulo estressante. Nao foram registradas altera¢des significati-
vas no CHCM e no niumero de mondcitos e de células granulociticas especiais (CGE).
Palavras-chave“tambaqui”,Colossoma macropomuyestresse, hematologia

Introduction and RrRry, 1994). Hyperglycemia is considered one
of the secondary responses, induced by the greater
Capture, transport, and handling are aquaculturglycogen depletion caused by the increasing of
procedures normally employed in intensive culturecatecholamines concentrationAdaup; Mazeaub;
systems (RIEGER-AzzoLiNi et al., 1989; N\RNAWARE; DonaLpsoN, 1977; RekerING, PoTTINGER, CHRISTIE,
BAkeR; TomLINsoN, 1994). Those practices may causel982). Blood glucose and plasma cortisol
morphological, biochemistry, or physiological changes,concentrations are good indicators of stress in teleost
which may lead to metabolic disturbance, enzymatidishes. The magnitude and duration of such response
dysfunction, and several other malfunctions in the fishare strongly related to the species and nutritional status
organism (Kirovskava and GApcHAYA, 1993). (Nakano and ToMLINSON, 1967; ViENDT and SUNDERS,
Hypersecretion of corticosteroids, mainly cortisol 1973; RckerING, POTTINGER;, CHRISTIE, 1982; MIAYAN
(by the interrenal cells), and catecholamines (by theind Moon, 1992).
chromaffin cells), such as adrenaline and The negative effect of high plasma cortisol levels
noradrenaline, are considered primary responses i8 the suppression of some aspects of the immune
stress (Mzeaubp; Mazeaub; DoNALDSON, 1977; Rip system, which interferes on the number of leukocytes
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and proportion of different types of white cells hematocrit were obtained according ta (Er (1944)
(Tomasso, Smco; Davis, 1983; B\rton and 4rzow, and GLpenFars et al (1971), respectively. White
1995; &Ney et al, 1997). A preliminary study blood cells (WBC) were counted in Neubauer
suggested a close relation between infestation oéhambeafter blood dilution in sodium chloride solution
parasites and high plasma cortisol concentration irf0.65%) with gentian violet (1%) and red neutral
tambaqui (Avares-Dias and Snprim, 1998). (Tavares-Dias; SanbrIN; CamPos-FiLHo, 1999) Blood
“Tambaqui”, Colossoma macropomyns an  smears, stained according todRnrFeLD(1947), were
economically important tropical freshwater fish from used for differential count of leukocyte under
the Amazon Basin (&tacnoLL, 1992), with few  microscopic examination (VARES-DIAS; SANDRIN;
scientific studies on stress responses. The aim of thiSampos-FitHo, 1999)
study was to determine the physiological response of Blood glucose was measured by enzymatic
“tambaqui” submitted to stress of capture and handlingmethod (Labtest kit) and cortisol determined by
radioimmunoassay (Coat-a-Count Kit). Mean
Material and Methods corpuscular volume (MVC) and mean corpuscular
hemoglobin concentration (MCHC) were determined
Thirty juvenile “tambaqui”’, Colossoma according to WATROBE (1934).
macropomum(mean weight 585 g + 100 g and mean  The statistical design was entirely randomized, and
length 27 cm £ 3 cm) were brought from a commerciathe averages of the two treatments were compared by
fish farm in Sertdozinho, SP, Brazil and maintained inF-test (P<0.01). Data were also submitted to Pearson
an aerated tank. Blood was rapidly collected (withinlinear correlation (Bnzato and Kronka, 1995).
60 s) from the caudal vein of each animal with
syringes and needles containing EDTA (10%). AResults
blood aliquot was used for red blood cell (RBC) and
leukocyte determinations. Plasma was separated by During the experimental period, water quality pa-
centrifugation for further cortisol analyses. Anotherrameters presented the following value ranges: tem-
blood sample, collected with syringes containing EDTAperature, 23.0 - 25%C; pH, 7.5 - 7.7; dissolved oxy-
and fluoride, were obtained for blood glucosegen, 5.3 - 6.7 mg/L.
determination. Red blood cell (RBC), hemoglobin concentration
After the first sampling, fish were kept in a 36-m and hematocrit decreased significantly (P<0.01), while
cement tank, with earthen bottom, and fed normally foblood glucose, plasma cortisol and MCV increased
72 hours. After this period, all 30 fish were captured(P<0.01) after stress (Table The white blood cells
individually and subjected to stress by allowing them to(WBC), lymphocytes and neutrophils numbers were
struggle out of the water for 40 seconds (for details sekigher (P<0.01) after the disturbance (Table 2).
BarToN and Zrzow, 1995; Dvis and $Hreck, 1997).  Monocytes and special granulocitic cells numbers
Another sampling, similar to the first one, was performed SGC) did not change (P>0.05) after stress.
again. During the experimental period, temperature, pH Significant linear correlation (P<0.01) between blood
and dissolved oxygen were monitored. glucose and plasma cortisol were observed (Table 3). Sig-
Red blood cells (RBC) were determined with annificantlinear correlation (P<0.01) were also reported among
automatic blood cell counter. Hemoglobin and WBC, blood glucose, and plasma cortisol (Table 4).

Table 1.Average values * standard deviation of blood characteristicsroficropomuniefore and after acute stress

Blood parameters Before stress After stress F-test
Blood glucose (mg/dL) 116.7 £30.8 166.9 +62.0 15.24**
Plasma cortisol (ng/mL) 182.1 +47.7 333.8+95.9 58.20**
RBC (106/pL) 2.830 £0.56 1.868 £ 0.36 73.54*
Hemoglobin (g/dL) 11.3+0.9 84+1.0 138.4**
Hematocrit (%) 416 +6.9 29.8+3.0 71.13*
MCV (fL) 150.0 +15.9 165.2 +25.7 7.31%*
MCHC (g/dL) 27.7+3.3 28.1+2.2 0.02"

™>_not significant (P>0.05); ** - significant (P<0.01)
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Table 2. Average values * standard deviation of leukocytes cou@t miacropomunbefore and after acute stress

Leukocytes Before stress After stress F-test
WBC (uL) 2663.3 £233.8 6910.0 £1023.6 41.94**
Lymphocytes (pL) 937.6 £81.3 2130.0 £195.6 55.04*
Neutrophils (uL) 1566.3 +137.2 4594.9 +890.5 35.24**
Monocytes (L) 86.7 £22.5 121.4 £26.0 1.26M°
SGC (pL) 72.8 £26.3 63.7 £27.6 0.08"°

“>_not significant (P>0.05); ** - significant (P<0.01)

Table 3.Pearson linear coefficient among red blood cell count (RBC), hemoglobin, hematocrit, blood glucose and plasma
cortisol of C. macropomunafter acute stress

Parameters Glucose Cortisol
RBC(pL) 0.317™ 0.259"™
Hemoglobin (g/dL) -0.277™ -0.263™
Hematocrit (%) -0.122"™ 0.277™
Glucose (mg/dL) 1.000 0.617*
Cortisol (ng/mL) - 1.000

NS not significant (P>0.05); ** - significant (P<0.01)

Table 4.Pearson linear coefficient among leukocytes count and plasma cortizohatropomumafter acute stress

Parameters WBC Lymphocytes Neutrophils Monocytes S.G.C.  Cortisol
WBC(L) 1.000 0.628** 0.980** 0.600** 0.408NS  -0.372Ns
Lymphocytes(ul) - 1.000 0.468* 0.727*  0.432* -0.197Ns
Neutrophils(pL) - - 1.000 0.483* 0.327NS  -0.380MNS
Monocytes(pL) - - - 1.000 0.540**  -0.109NS
S.G.C. (uL) - - - - 1.000 -0.041Ns

NS-"not significant (P>0.05); * - significant (P<0.05); * - significant (P<0.01)

Discussion costeroid levels are generally mirrored by increases
in plasma levels of glucose generated by the glucose-
Agquaculture urges for more accurate informa-mobilizing effects of both classes of hormone
tion on stress control, in order to assure health ofWeNDELAAR Bonga, 1997).
fish, once those animals are confined into artificial FevoLpeN; RersTIE Roep (1991) observed posi-
environment. Hematological parameters can be ofive correlation between blood glucose and plasma
great importance for fishfarmers, serving as indica-cortisol in Atlantic salmofs. salarsubmitted to con-
tors of the physiological status and helping on thefinement stress. Similar results were observed in
prevention and control of pathologies related to strestambaqui after capture and handling stress. Contrarily,
(ALDRIN; MESSAGER BAUDIN-LAURENCIN, 1982). pacuPiaractus mesopotamicdgl not show increased
Fish respond to stress with characteristic acutglasma cortisol level after capture stress, even when
increases in plasma levels of the catecholaminedyigh blood glucose was observed Aktins et al.,
adrenaline and noradrenaline, and slower, but mor2000). Dwvis and Rrker (1986) reported increases
sustained, increases in plasma levels of the corticosa plasma cortisol levels in 13 teleost species after
teroid cortisol. Increases in catecholamine and cortitransport stress, with differences among the species.
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This study demonstrates a significant reduction In “tambaqui” subjected to stress, white blood
in RBC, hemoglobin and hematocrit in “tambaqui” cells (WBC), lymphocytes and neutrophils numbers
immediately after submission to capture and handlingghowed significant increase (P<0.01) and those of
stress. Similar studies with brown tr@dlmo trutta  SGC and monocytes exibited a slight alteration. Prob-
(PickeriNG; PoTTINGER; CHRISTIE, 1982) and channel ably, the increase in leukocyte number in stressed
catfishIctalurus punctatugELLsaesserand QEwm, “tambaqui” was caused by an increased leukocyte
1986) do not show significant alteration in the eryth-migration from the spleen to the blood circulation,
rocyte number. The lack of effect was also observedvhich was observed inmanda limandgPuLsForp
by other authors on hematocrit (Eaesserand Cem, et al, 1994).

1986; Grneiroand WkeiNaTI, 1998) and hemoglobin BarToN and 4rzow (1995) observed increase in
(Carneiro and WkeinaTI, 1998). Several stress sourceslymphocytes in walleyeStizostedion vitreurh hour
induce erythrocyte releasing from the spleens@un after handling, and lymphopenia, 3 hours later, but no
and LeaTHERLAND, 1989; RLsForpet al, 1994) and  significant changes in neutrophils.ovka; FaRriAs;
increase erythrocyte fragility (Miteroet al, 1999). VAL (1994) studied the leukocyte response of
Harwms et al. (1996) observed erythrocyte fragments “tambaqui” and “tamoataHoplosternum littorale

in blood smears and anisocytosis and higher plasmander different temperatures and found limphopenia
cortisol levels in striped badgorone saxatilissub-  in tambaqui and no changes in differential leukocyte
jected to stress. count in “tamoatd”. Lymphopenia and neutrophilia

Stress can alter the standard hematological chawere observed in channel catfish 18 hours after in-
acteristic of teleosts, elevating plasma corticostertravenous inoculation of cortisoli{saesserand Cem
oids (kN and NeLsoNn, 1971; Mazeaub; MAZEAUD; (1987).

DoNALDsON, 1977; ReKERING; POTTINGER; CHRISTIE, In the present study, changes in plasma cortisol
1982;Tomasso, Smco; Davis, 1983; ELsaesserand  and blood glucose levels were similar to those showed
CLem, 1986; BwrTon and ivama, 1991) and catechola- by other teleosts (&erTsoN THomas; ArRNOLD, 1988;
mines (MRNAWARE; BAKER; ToMLINsON, 1994). When  KriEGeErRAzzoLini et al, 1989; [EvoLDeN; REFSTIE
challenged with moderate to severe hypoxia, rainRoep, 1991;Miavan and Mbon, 1993; &ney etal.,

bow trout,Onchorhynchus mykissrelease cat- 1997). The other analyzed parameters, as red blood
echolamine hormones, mainly adrenaline and noraeell count (RBC), leukocytes, hematocrit, and he-
drenaline, into the circulation. An increase in plasmamoglobin, altered differently in “tambaqui” when
catecholamine levels can enhance both oxygen transompared to other fish species. Handling stress might
port in the blood and transfer across the gilisofT  lead to important metabolic, osmoregulatorysEn

MAs and BRrry, 1992). and Zrzow, 1995) and hematologicali{isaesserand

Stress might also lead to increase of susceptibilCLEm, 1986; Bwrton and Zrzow, 1995; GRNEIRO
ity to infectious diseases IRERING; POTTINGER; and WrainaTI, 1998) changes, which may cause se-
CHrisTIE, 1982; Fckering and RTTINGER, 1987;  rious growth problems, susceptibility to disease and
MauLE et al., 1989; Wik et al, 1989). Such decrease parasite infection and even deathi@/ét al, 1989).
in disease resistance seems to be mediated by rievertheless, the magnitude of such stress responses
duction of leukocytes numben¢ReRING; POTTINGER; may vary among fish species and may be influenced
CHrisTIE, 1982; ELsaesser and Gewm, 1986; by the type of stimulus and time of exposure. In in-
AINswoRTH, DExIANG; WATERSTRATT, 1991) or sup- tensive culture systems, fish are submitted to envi-
pression of its activities (Ekering and BTTINGER,  ronmental variations and stressful procedures and the
1985; Eisaesserand Gem, 1986). Stress also acts knowledge on fish stress is still very incipient. Thus,
on many others components of immune systeniuture studies are required to find methods which
(PckerinGg and RTTINGER, 1985; Wik et al, 1989).  could minimize such adverse effects, avoiding losses
However, in the present study it was not regis-and damages to the fish producers.
tered any significant correlation between plasma
cortisol levels and circulating leukocytes. Neutro-References
phils are the major elements in leukocyte cells in
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phils, lymphocytes anthonocytes functions after and function of neutrophils in stressed channel cat-
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