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Abstract

Fish, as poikilotherms, are subjected to the influence of the
environmental temperature. It has been already reported that fish
immune system is influenced by temperature; however, no
information is available concerning if temperature has any effect on
thrombocytes. Thrombocytes from fish reared at 6°C, 10°C and 20°C
were assessed for alteration in their aggregation capacity. Thrombocyte
percentages were altered by the water temperature at which the fish
was reared, decreasing from 19% (at 10°C) to 13% (at 6°C) and
increasing to 24% (at 20°C). However, the aggregation capacity was
not significantly compromised by these temperature changes in an
individual cell basis, which would suggest a capability of  this cell, to
maintain this indispensable function at different temperatures.
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Introduction

Thrombocytes are believed to be the
platelets equivalent in fish and aggregation
has been described as their principal function
in rainbow trout1,2,3, as well as in other fish4,5,6.
The employment of monoclonal antibodies
(MAb) specific to thrombocytes allowed the
isolation of a pure population of these cells,
facilitating the studies of  their aggregatory
potential4,7,8.

Fish, as poikilotherms, are subjected
to the influence of the environmental
temperature. Several studies have already
demonstrated this effect, for example, on
the fish immune system, particularly on helper
T-cell function9. The capacity of  trout
leucocytes to produce macrophage-activating
factor has been reported to be temperature
dependent10. Kurata et al.11 and Kurata and
Okamoto12  has demonstrated that carp
neutrophils, which are responsible for
spontaneous cytotoxic activity, were able to
accommodate their cytotoxic activity
according to the temperature. Nevertheless,

information verifying whether fish
thrombocytes are also affected by changes
in the temperature is still lacking.

In this report, we checked whether
rearing temperature exerts any effect on the
aggregation potential of  thrombocytes from
rainbow trout.

Materials and Methods

Sixty rainbow trout, weighing
approximately 150g were separated in groups
of 20 fish, and the fish were kept in 100 l
tanks, with running water at a temperature
of 10 ± 1°C. Fish were fed daily with
commercial feed to apparent satiation on
commercial feeding. Fish were fed daily with
commercial feed to apparent satiation. After
one month, one group was acclimated to a
water temperature of 20 ± 1°C, and another
group was acclimated to 6 ± 1°C. The last
group was kept at 10 ± 1°C as a control.
The three groups were kept at the respective
temperatures for three weeks and then re-
acclimated to 10 ± 1°C. Blood samples were
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taken from four fish of each group at the
intervals of  0, 21, 35, and 42 days after the
beginning of the experiment.

Thrombocyte percentages were
analyzed by an Epics Elite flow cytometer
(Coulter, USA), following the same
procedures described in Kfoury et al.7. More
than 10,000 cells/ group were counted in
this flow cytometry analysis. Statistic analysis
was conducted using the chi-square test.

Thrombocytes magnetic separation
and aggregation studies: blood sample of
each fish was centrifuged at 1800 ´g for 5
min at 4°C and the buffy coat was taken,
washed in RPMI-1640 (Nissui
Pharmaceutical Co., Japan) for three times,
and pooled group-wise (6°C, 10°C or
20°C). Peripheral blood leucocytes were
obtained by one-step discontinuous gradient
separation using a Percoll (Pharmacia,
Sweden) density of 1.09 g/ml. About 3 X
107 cells, suspended in RPMI supplemented
with heat-inactivated fetal bovine serum
(FBS; Commonwealth Serum Laboratories,
Australia), were pre-incubated with the
monoclonal antibody TTL-7D11 (anti-trout
thrombocytes; Kfoury et al.7) for 45 min at
4°C. After washing, cells were incubated with
a 1:5 dilution of magnetic bead-conjugated
goat anti-mouse IgG antibody for 20 min
at 4°C (Miltenyi Biotec GmbH, Germany).
Cells were then separated utilizing a magnetic
separation system (Magnetic Cell Separator
MACS, Miltenyi Biotec GmbH, Germany)
following the procedures described in
Kfoury et al.7.

Thrombocytes aggregation was
investigated by using U-46619 thromboxane
mimetic (9,11-dideoxy-9α 11α-epoxymethano
prostaglandin F2α;Sigma, USA), a powerful
aggregation inducing drug. The aggregatory
effect of U-46619 on the thrombocytes was
determined using a method modified from
Woodward, Smith and Casilla3 Five ng of
U-46619, dissolved in methyl acetate, was
mixed with 3 × 106 cells (suspended in 100
ìl of trout serum) and carefully rotated for
10 min at various temperatures (6°C, 10°C
and 20°C), corresponding to the group

tested in the temperature shift experiment
(i.e.: thrombocytes from fish kept at 6°C
were assayed for aggregation potential at
6°C, and so on). Control groups were
prepared by adding methyl acetate solution.
After that, 100 ìl of  1% paraformaldehyde
in 0.1 M phosphate-buffered saline was
added in order to fix the aggregated cells.
The suspensions were observed with a
Thoma’s hemocytometer where the free cells
were counted. Cells were considered to be
aggregated when three or more cells were
clumped together. The percentage of
aggregated cells for the tests and controls
were determined as follows:

where “Total cells” is the initial total
number of cells, and “Free cells” is the
number of  cells that did not aggregate.
Statistical analysis of  the aggregation
percentages results were carried out using
Chi-square (m´n contingency table) test13.

Results, Discussion and Conclusions

The percentages of thrombocyte
during the course of the experiment are
shown in Fig. 1. Their percentages were
altered by the water temperature the fish
were reared, decreasing from 21% (at 10°C)
to 13% (at 6C) and increasing to 24% (at
20°C). These changes proved to be
statistically significant. Table 1 shows the
percentages of  aggregation of  thrombocytes
from fish kept at 6°C, 10°C and 20°C. An
important factor observed is that the
difference in the aggregation percentages
between the control group (methyl acetate)
and the U-46619 added group remained
constant throughout the whole experiment
period, independently from the temperatures
fish were reared.

An increase on the aggregation
percentages (in both control and U-46619

Aggregated cells (%) =

X 100
Total cells -Free cells

Total cells
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Table 1 - Aggregation percentages of thrombocytes from rainbow trout reared at different temperatures

*The difference in the aggregation percentages between the control group (methyl acetate added; M) and the U-46619 added group (U) remained
constant among the various groups throughout the experiment. The negligible variation observed in this constant was not statistically significant
p<0.01 (Chi-square test –m´n table contingency).

Figure 1 - Thrombocyte percentages of rainbow trout reared at different water temperatures. Percentage values were obtained by FCM analysis.
Statistical analysis of the differences among a, b and c, and d, e and f was proved to be significant, p< 0.01, Chi-square test. (…) shift
to 6°C; (—) kept at 10°C;  ( ___ ) shift to 20°C

added groups) was noticed in the
thrombocytes from fish kept at 20°C. One
could speculate that this phenomenon might
be due to a hyper-activation of the
thrombocyte, however a consistent
explanation for this fact is still lacking.

Significant changes on cell percentage
have been reported by Kurata and
Okamoto12 where carp head kidney cellular
composition (mainly granulocytes and

lymphocytes) was altered by the water
temperature at which the fish was reared.
They have demonstrated that neutrophils
increased in number, as well as their cytotoxic
activity and binding strength against K-562
cells enhanced at lower temperature, thus
concluding that these cells are responsible for
carp immune system at lower temperatures,
since lymphocytes have their activity severely
diminished at these temperatures. Therefore,
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the immune system accommodated to
preserve its function. Regarding
thrombocytes,Casillas and Smith14 have
demonstrated that thrombocytes from
rainbow trout (wild and hatchery strains)
increased in counts and that blood coagulation
becomes more active when fish was
submitted to a short-term stress, however,
these values returned to normal within 24
hours. In our study, the thrombocyte
aggregation capacity (on an individual cell
basis) was not significantly compromised by

these temperature changes, since the
aggregation difference between control and
U-46619 added groups remained constant,
independently from the temperature fish were
kept, which would suggest a capability of
these cells to maintain this indispensable
function at different temperatures. However,
whether the aggregatory capacity (in vivo) as a
whole is diminished at low temperatures or
increased at higher temperatures due to the
changes observed in the thrombocyte
population still needs to be clarified.

Influência de alterações de temperatura na agregação de trombócitos em
truta arco-íris

Resumo

Os peixes, por serem animais pecilotermos, estão sujeitos à influências
da temperatura do ambiente. Vários trabalhos já descreveram que o
sistema imune é influenciado pela temperatura, contudo não existem
informações concernentes à influencia desta sobre os trombócitos.
Trombócitos provenientes de trutas arco-íris (Oncorrhynchus mykiss)
mantidas a 6°C, 10°C e 20°C foram testados quanto à sua capacidade
de agregação. A porcentagem de trombócitos sofreu alteração
dependendo da temperatura da água em que os animais foram
mantidos, diminuindo de 19% (a 10°C), para 13% (a 6°C) e
aumentando para 24% (a 20°C). Entretanto, a capacidade de agregação
individual de cada célula não foi significativamente afetada por essas
mudanças de temperatura, o que sugere a qualidade dessa célula em
manter essa função indispensável independente da temperatura.

Palavras-chave:
Truta.
Trombócito
Anticorpo
monoclonal.
Agregação.

References

1 HILL, D. J.; ROWLEY, A. F. The thromboxane mimetic,
U-46619, induces the aggregation of fish
thrombocytes. British  Journal of Haematology, v. 92,
p. 200-211, 1996.

2 LLOYD-EVANS, P.; BARROW, S. E.;  HILL, D. J.;
BOWDEN, L. A.; RAINGER, G. E.; KNIGHT, J.;
ROWLEY, A. F. Eicosanoid generation and effects on
the aggregation of thrombocytes of rainbow trout,
Oncorhynchus mykiss. Biochimestry Biophysics Acta,
v. 1215, p. 291-299, 1994.

3 WOODWARD, J. J.; SMITH, L.; CASILLAS, E.
Thrombocyte aggregation in rainbow trout.
Comparative. Biochemistry and Physiology A, v. 68,
p. 457-66, 1981.

4 NAKAYASU, C.; YOSHITOMI, T.; OYAMATSU, T.;
OKAMOTON.; IKEDA, Y. Separation of carp (Cyprinus
carpio L.) thrombocytes by using a monoclonal
antibody, and their aggregation by collagen. Veterinary

Immunology and Immunopathoogy, v. 57, n. 3-4, p.
337-346, 1997.

5 PICA, A.; LODATO, A.; GRIMALDI, M. C.; DELLA-
CORTE, F. D. Morphology, origin and functions of the
thrombocytes of Elasmobranchs. Archivio Italiano di
Anatomia e di Embriologia, v. 95, p. 187-207, 1990.

6 STOKES, E. E., FIRKIN, B. G. Studies of the peripheral
blood of the Port Jackson shark (Heterodontus
portusjacksoni) with particular reference to the
thrombocyte. British  Journal of Haematology, v. 20,
p. 427-435, 1971.

7 KFOURY, J. R.; NAKAYASU, C., RODRIGUES
SOUZA, J. C., OKAMOTO, N. Characterization of a
monoclonal antibody specific to rainbow trout
thrombocytes. Journal of Experimental Zoology, v. 284.
p. 309-316, 1999.

8 ROMBOUT, J. H. W. M.; KOUMANS-VAN DIEPEN,
J. C. E.; EMMER, P. M.; TAVERNE-THIELE, J. J.;
TAVERNE, N. Characterisation of carp thrombocytes
with specific monoclonal antibodies. Journal of Fish
Biology, v. 49, p. 521-531, 1996.



27

Braz. J. vet. Res. anim. Sci., São Paulo, v. 43, suplemento, p. 23-27, 2006

9 BLY, J.; MILLER, N. W.; CLEM, L. W. A monoclonal
antibody specific for neutrophils in normal and stressed
channel catfish. Developmental and Comparative
Immunology, v. 14, p. 211-221, 1990.

10 HARDIE, L. J.; FLETCHER, T. C.; SECOMBES, C. J.
Effect of temperature on macrophage activation and
the production of macrophage activating factor by
rainbow trout (Oncorrhynchus mykiss) Developmental
and Comparative Immunology, v. 18, p. 57-66, 1994.

11 KURATA, O. N.; OKAMOTO, E.; SUZUMURA,
N.; SANO, I. Y. Accomodation of carp natural killer-
like cells to environmental temperatures. Aquaculture,
v. 129, p. 421-424, 1995.

12 KURATA, O. N.; OKAMOTO, I. Y. Adaptability of
carp neutrophilic granulocytes to environmental
temperatures: spontaneous cytotoxic activity and cell-
adherent activity Fish and Shellfish Immunology, v. 7,
p. 585-593, 1997.

13 HOEL, P. G. Introduction to mathematical
statistics. 5..ed. New York: John Willey, 1984. p. 259-
262.

14 CASILLAS, E.; SMITH, L. S. Effect of stress on blood
coagulation and haematology in rainbow trout (Salmo
gairdneri). Journal of Fish Biology, v. 10, p. 481-491,
1977.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


