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Summary

In this study, we examined whether the adrenergic
volume response of teleost erythrocytes is related to cell
maturity. Rainbow trout (Oncorhynchus mykiss were
made anaemic by reducing their haematocrit to
approximately 50 % of the original value. After 3—4 weeks,
small, young erythrocytes were seen in the circulation. By
measuring the volume distribution of blood samples from

fluidity, measured using the steady-state fluorescence
polarisation method, was greater in anaemic fish after 24
days of recovery from bleeding than in control fish. Since
blood from anaemic fish contained a large fraction of
immature erythrocytes, this result indicates that the

fluidity of the membrane of immature erythrocytes is

greater than that of mature erythrocytes.

anaemic fish before and after noradrenaline stimulation
(10min, 10°moll~1 final concentration), we were able to
show that the volume response of young, immature
erythrocytes to catecholamine stimulation was greater than
that of mature erythrocytes. In addition, the membrane

cell volume,
rainbow trout,

Key words: N&/H* exchanger, catecholamine,
membrane fluidity, erythropoiesis, cell age,
Oncorhynchus mykiss

Introduction

A seasonal variation in adrenergic response of salmonighduced erythrocytic swelling was studied in the newly
erythrocytes has been illustrated in some studies. Nikinmagynthetized and old erythrocytes. In addition, we have
and Jensen (1986) observed a complete ladkadrenergic investigated whether the newly synthetized and old
responses in erythrocytes of rainbow trout acclimated to wintegrythrocytes have different membrane fluidities.
conditions. Cossins and Kilbey (1989) observed that the
adrenergic response of rainbow trout erythrocytes was reduced
in winter fish. Similarly, our recent studies have shown that Materials and methods
adrenergic activation of the N&* exchanger in Arctic charr Experiments were carried out at Saimaa Fisheries Research
(Salvelinus alpindserythrocytes is greatest in spring (Lecklin and Aquaculture at Enonkoski in April 1998. Rainbow trout
and Nikinmaa, 1999). Cossins and Kilbey (1989) suggeste@ncorhynchus mykisWalbaum) of both sexes, weighing
that the annual variations in adrenergic responsiveness cou880-550g, were transferred to 15001 acclimation tanks
be caused by the liberation of young erythrocytes into theupplied with a constant flow of lake water adjusted to 1 or
circulation if the activity of the N@H* exchanger was elevated 8°C. During the experimental period, water temperature and
in young erythrocytes. In many salmonid species, e.g. Baltioxygen saturation were recorded daily; values were 1.5+0.2°C
salmonSalmo salai(Hardig and Hoglund, 1984), brown trout and 84.0+0.9% for the 1°C tank and 8.3+0.1°C and
Salmo trutta (Alvarez et al., 1994) and rainbow trout 80.3+1.1% for the 8°C tank, respectively. The animals were
Oncorhynchus mykigsiouston et al., 1996), the proportion of subjected to a natural photoperiod and fed regularly to satiation
immature erythrocytes in circulation increases in springwith commercial pellets (TESS VITAL 5, Raisio, Finland).
However, the adrenergic responsiveness of erythrocytes atFish were cannulatedia the dorsal aorta (Soivio et al.,
different maturational state has not been investigated in detail975). After cannulation, the fish were allowed to recover for

In the present study, we have manipulated the age @ft least 5 days prior to the experiments. Trout were made
erythrocytes in circulation by making the fish anaemic an@naemic by bleeding thewmia the cannula. The volume of
following the production of new erythrocytes. When immatureblood removed was estimated to cause a 50—60 % reduction in
erythrocytes emerged into the circulation, noradrenalinehaematocrit on the basis of the total blood volume of rainbow
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trout (Nikinmaa et al., 1981). The recovery of individual fish 10% 90%
was followed by taking 100l blood samples 0, 2, 4, 8, 12, 16, 1200
20 and 24 days after bleeding. Control fish were sampled

similar intervals but were not made anaemic. Immediately afte T 900
sampling, red blood cell number and volume distribution wert =
determined using a Coulter counter (sampling stand IIA an § 6001
multisizer I, Coulter Electronics Ltd, Luton, UK) on blood 3
samples diluted 1:5000 in fish saline. The composition of th

saline used (in mmot}) was 128 NaCl, 3 KCI, 1.5 Mggl1.5 3001
CaCb, 5 glucose, 3 pyruvate and 10 Hepes, pH7.6 at 20

(unless stated otherwise). The haematocrit (Hct) wa 01

100 150 200 250 300 350

determined by centrifugation (3min, 125§)0 Blood Call volume (um?)

smears were prepared and stained according to th..
May—Griinwald-Giemsa technique and examined using a LeiFig. 1. A Coulter counter profile showing a typical frequency
Laborlux microscope (123%0magnification). distribution of red blood cell volumes in bled fish 24 days after
When small, immature red blood cells emerged into thdecreasing their haematocrit. Vertical lines indicate the 10% and
circulation, the effect of adrenergic stimulation was determine 90 % points of the volume distribution from which the noradrenaline-
using volume change as a measure of adrenergic responindUCEd increase in cell volume for erythrocytes was calculated.
Blood sample was diluted 1:5000 with fish saline (compositiol
as above, pH7.1 at 20°C). The adrenergic responsiveness wasried out using a thermostatted Perkin Elmer LS50
measured at pH7.1 and at 20 °C, because earlier experimehiminescence fluorometer. The sample was excited with
on rainbow trout had indicated that the volume response teertically polarized light at 355 nm, and emitted light was read
catecholamines is maximal in these conditions (Salama arat 440nm. For membrane labellingpl2of 2mmolf? 1,6-
Nikinmaa, 1989). Erythrocytes were allowed to equilibrate fodiphenyl-1,3,5-hexatriene (DPH) in tetrahydrofuran was added
30min before the volume distribution was measured usintp the 3ml membrane suspensions in phosphate buffer at
a Coulter counter. Noradrenaline (2foll™l final pH7.1 and 20°C in a quartz cell. The suspensions were
concentration) was added, and the volume distribution wadabelled for 30min before measurements. The effect of
measured again after a 10min incubation. Coulter countéemperature was determined from 1 to 30°C at intervals of
profiles after the fish had been made anaemic were bimodal fapproximately 5 °C.
all the blood samples studied. However, in some cases, the first
peak containing cells with a smaller volume could only be seen Statistical analyses
as a shoulder on the left-hand side of the second peak andStudent’'st-test (SPSS) was used to analyze whether the
therefore, could not always be clearly separated from thmagnitude of the adrenergic response differed between
second peak after noradrenaline stimulation. Therefore, thenmature and mature red blood cells. Analysis of variance
noradrenaline-induced increase in cell volume was calculat§dANOVA) (with repeated measures) was used to determine the
for cells at the 10% (immature red blood cells) and 90 %lifferences in the erythrocyte numbers between anaemic and
(mature red blood cells) points of the volume distributioncontrol fish at different time points, and analysis of covariance
(Fig. 1). (ANCOVA; SPSS) was used to determine whether the
The erythrocyte membrane fluidities from untreated andemperature-dependency of the polarization of the erythrocyte
bled rainbow trout were measured after a 24-day recovemypembrane differed between treatments (control or anaemic).
period. Plasma and erythrocytes were separated Hp all casesP<0.01 was taken as the significance level. All
centrifugation, and the erythrocytes were washed twice withalues are given as means.£m.
the saline. The washed cells were lysed by freezing and
thawing. The nuclei and intact cells were removed by low-
speed centrifugation (5@) 10 min). The plasma membranes Results
were then separated from the supernatant by centrifugationin rainbow trout acclimated to 8°C, a reduction in
(20000g, 10 min). The pellet containing cell membranes wasaematocrit from 29.8 to 12.4 % induced the production of new
washed three times to remove haemoglobin. The membranesy/throcytes. As seen in Fig. 2, there was a slight decrease in
were resuspended in a small volume of saline and stordHe erythrocyte number of control fish over time, resulting from
in liquid nitrogen until fluidity measurements. The opticalthe serial blood sampling. In contrast, the erythrocyte number
density of the membrane suspension was adjusted tf fish made anaemic remained constant after the initial marked
0.08 absorbanceunits at 500nm to standardize the lighéduction and showed a tendency to increase between 16 and
scattering of the membranes. The fluidity of erythrocyte24 days, such that the statistically significant difference
plasma membranes was measured using a steady-stagtween control and anaemic fish had disappeared by 24 days
fluorescence polarization method, as described by Lehtof recovery. Simultaneously with the tendency of red blood
Koivunen and Kivivuori (1998). The measurements werecell number to increase between 16 and 24 days of recovery,
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after the haematocrit in the treated groupg

had been reduced by approximately 50%.'5 8x10° -
Asterisks indicate a statistically significantg
difference P<0.05) between the erythrocyte > 9
number in control and anaemic fish. The inset! 6x10° -
shows the erythrocyte volume of anaemic

fish as a function of time after bleeding 4x10°
(N=4). The mean red cell volume of anaemic

fish was significantlyR<0.05) smaller at day 2x10° I I | |
24 than before they were made anaemic. 0 5 10 15 20 25 A
Values are meansse.m. Time after anaemia (days)
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the mean erythrocyte volume decreased significantly below tt 7
initial value, from approximately 240m3 to approximately 1200 4
220um3. This decrease was due to a population of small cell
emerging into the circulation, as shown by a new peak in th
Coulter profile (Fig. 3). The immature red blood cells could
also be recognized in blood smears on the basis of the
rounded appearance and basophilic cytoplasm (Fig. 4B). The
findings indicate that, at 8 °C, a major surge in the number ¢
erythrocytes in circulation occurs between 16 and 24 days aft 300 |
the initial reduction in oxygen-carrying capacity. The effect is
clearly temperature-dependent, since making the fish anaen 04+~ . . :
did not induce erythropoiesis within 30 days in trout 0 150 225 300 375
acclimated to 1°C (results not shown). Cell volume (umd)
There was a clear difference in the magnitude of thc
adrenergic response between the newly synthetized and the Fig. 3. Representative Coulter counter profiles showing the
erythrocytes, as shown by the Coulter counter proﬁkfrquency distributions of red blood cell volum_es from rainbow trout
(Fig. 5A). After the addition of 1@moll~! noradrenaline acclimated to_8°C sampl'ed before decreasing the haematoc_:rlt to
(final concentration) to the cell suspension, the pe‘,:150% by bleeding ‘(do.tted line) and 24 days after the haematocrit had
. . . been reduced (solid line).
representing smaller cells was shifted more to the right tha
the peak representing larger cells. Fig. 5B shows the change
the erythrocyte volume as a proportion of the initial volume
The noradrenaline-induced increase in cell volume wamembrane fluidities in control and anaemic fish 24 days after
significantly @<0.001) greater among the small, immaturebleeding (Fig. 6). The DPH fluorescence polarization of
(10.53£1.04%) red blood cells than among the mature redrythrocyte membranes from anaemic trout was lower and,
blood cells (2.81+0.85 %). thus, the membrane was more fluid than that from control
In the present study, the temperature-dependency dfout, suggesting that the immature erythrocytes have more
erythrocyte membrane fluidity was measured using a steadffuid membranes than old erythrocytes. In addition, the
state fluorescence polarization technique. There was rtemperature-dependency of membrane fluidity was greater in
statistically significant difference in the DPH fluorescenceghe anaemic fish than in the control group: regression
polarization between erythrocyte membranes from controtquations for the temperature-dependency of red blood cell
trout and anaemic trout acclimated to 1°C (results nomembrane fluidities werg=0.315-3.453x1073t (r=0.989,
shown), corresponding to the observation that anaemia dRk0.0001) for control fish andp=0.2974.05A1073t
not induce erythropoiesis at this temperature. In contrasfr=0.997,P<0.0001) for anaemic fish, whepads membrane
there was a significant differende<0.001) between red cell fluidity andt is temperature.
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Fig. 5. (A) Representative Coulter counter profiles showing the
Fig. 4. Blood smears from a rainbow trout acclimated to 8°C (A)voluzne distributions of erythrocytes from rainbow trout accllmated_
before the haematocrit had been reduced to 50% by bleeding, to 8 °C. The measurements were made after a 24-day recovery period

which all the mature erythrocytes (arrows) were more-or-less simile oM bleeding to reduce the haematocrit by 50% before (solid line)
and after (dotted line) a 10 min stimulation with noradrenaline (final

in size, and (B) 24 days after bleeding, in which the presence ¢ : g ) ;
immature erythrocytes (arrowheads) is evident. Scale bapsn 10 concentration 1®moll-1). (B) The change in cell volume during a
10min incubation of rainbow trout erythrocytes with-3i@ol 12

noradrenaline for immature and mature erythrocytes. Measurements
were made at 20°C, and values are means.em from five
. . experiments. The increase in size was significantly greater for
Discussion immature than for mature erythrocytes (P%0.001; Student's
As observed previously, experimental anaemia inducet-test).
erythropoiesis in rainbow trout (Lane, 1979), c&yprinus
carpio (Schindler and de Vries, 1986), goldfistarassius
auratus (Houston and Murad, 1995) and gilthead sea brearastimated using a Coulter counter (Nikinmaa, 1982). Although
Sparus auratgMontero et al., 1995). In the present study, 24we did not inhibit the swelling response with amiloride in the
days after bleeding, two fractions were present in Coultgpresent study, earlier data on rainbow trout erythrocytes using
counter profiles; a first peak at approximately 1586, a similar procedure (Nikinmaa, 1982) and on other cell types
representing immature erythrocytes, and a second peak (@rinstein et al., 1984) indicate that cell swelling initiated by
240ums3, representing mature erythrocytes. The present dathe activation of N&H* exchange and measured using a
clearly show that young and old erythrocytes can be separat€dbulter counter can be fully inhibited by amiloride.
on the basis of Coulter counter volume distribution profiles. It is clear from the present results that the volume changes
Furthermore, the data show that the response is relativeld min after adrenergic stimulation were greater in the
sluggish at 8°C, since significant numbers of immaturémmature, small erythrocytes than in the mature erythrocytes.
erythrocytes appeared in the circulation between 16 and Zdhe response was determined after this relatively short period
days after the fish had been made anaemic. At a very lowaf stimulation to ensure that the volume changes were caused
temperature, 1°C, new erythrocytes were not formed even 3fainly by the activation of N&H* exchange. An upper steady-
days after the induction of anaemia. state volume of adrenergically stimulated fish erythrocytes is
The adrenergic volume changes, which give a picture of theeached within 30—60 min of stimulation (see Borgese et al.,
magnitude of the adrenergic response, can be reliabQ87). As discussed in detail by, for example, Nikinmaa and
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Motais, 1999), will have only a small effect on the cell volume
0.35 1 during the first 10 min of stimulation. Furthermore, since the
volume changes were larger in immature than in mature
0.301 erythrocytes, the activation of *KCI~ cotransport, which
reduces cell volume, would have reduced any differences in
0.25 | the adrenergic volume response between immature and mature
erythrocytes. Similar reasoning applies to the activation of the
Na* pump. The activity of the Ngump appears to be greater
in young than in old erythrocytes, as estimated on the basis of
oxygen consumption due to Naump activity (Phillips et al.,
0151 , , , , , , 2000). Since the activation of the Naump will tend to reduce

0 5 10 15 20 25 30 3B the cell volume, the adrenergic volume response in young cells

Temperature (°C) would probably be affected more than that in mature cells and,

_ o again, the difference in the response between young and old
Fig. 6. Dependence of steady-state fluorescence polarization Valu@?ythrocytes would be reduced.

for the ﬂuorescence. probe DPH on temperat”ie n erythr.ocyte Thus, we have verified experimentally that immature and
membranes from rainbow trout acclimated to 8°C. Open circles

represent values from control fish and filled circles represent valuééature erythroglytes re5p0n(é9d dlfferentlé/ tr? Ca:]echc()jlamlnes.
from fish made anaemic by bleeding. Each symbol represents tie®SSinS and Kilbey (1989) demonstrated that the adrenergic

mean of 4-5 experiments. Equations for the regression lines afgsponse of trout erythrocytes changes season:?llly anq
given in the text. suggested that this variation was due to seasonal variations in

mean erythrocyte age. Our present results strengthen this

conclusion: young erythrocytes clearly have a larger
Boutilier (1995), the full adrenergic response depends (i) oadrenergic volume response than older ones. Furthermore, it
the rate of activation of the N#&*™ exchanger, (i) on the appears that the difference is mainly due to a greater effect of
coupling of N& and Ct movements as a result of intracellular adrenergic stimulation on the NB* exchange rate in
and extracellular hydration/dehydration reactions betweeimmature than in mature erythrocytes.
bicarbonate and protons, (iii) on the self-inhibition of the The present study gives one potential reason for the increased
Na*/H* exchanger (Garcia-Romeu et al., 1988), (iv) on theadrenergic response in immature erythrocytes: the fluidity of the
activation of the K/CI- cotransport pathway as a result of cellmembrane was greater in immature erythrocytes than in mature
swelling (Motais et al., 1991; Guizouarn and Motais, 1999)erythrocytes. This result contrasts with the suggestion of
and (v) on the state of activation of the"Nmump (Ferguson Gabbianelli et al. (1996) who, on the basis of studies with
et al., 1989). Although we cannot completely exclude thelensity-separated erythrocytes, concluded that the membrane of
possibility that other factors besides the greater/Ha old erythrocytes would be more fluid than that of young ones.
exchange rate in immature than in mature erythrocytes mayowever, in their study, the production of young erythrocytes
have influenced the present results, the conclusion abowas not stimulated and, thus, the exact age profile was
greater adrenergic responsiveness in immature than in matweknown. The fluidity of the cell membrane may affect the
erythrocytes is not invalidated by this uncertainty. The rat@adrenergic response by influencing the lateral movements of
of extracellular hydration/dehydration reactions betweemmembrane proteins. The hormone-receptor complex of the
bicarbonate and carbon dioxide, which greatly influences thadrenergic system diffuses laterally in the plane of the
adrenergic response (Motais et al., 1989; Nikinmaa anchembrane and collides with the guanyl nucleotide regulatory
Boutilier, 1995), was the same for both mature and immaturprotein-adenylate cyclase complex (Tolkovsky and Levitzki,
erythrocytes, since they were suspended in the same salii®78), activating the enzyme. Increased lateral mobility as a
Intracellular carbonic anhydrase activity and anion exchangessult of increased membrane fluidity could therefore activate
activity may be influenced by red cell age but, since botlthe enzyme more effectively and, thus, increase the production
the rate of anion exchange and the rate of intracellulaof cyclic AMP. At present, it is not known whether treatments
hydration/dehydration reactions are much faster than the ratieat increase membrane fluidity also affect the formation of
of Na'/H* exchange and extracellular hydration/dehydratiorcyclic AMP. Furthermore, the effect of red cell age on the
reactions of carbon dioxide/bicarbonate, their influence on thaccumulation of cyclic AMP in fish is not known.
adrenergic response is expected to be small (see Nikinmaa andn addition to membrane fluidity, many other factors may
Boutilier, 1995). Because we determined the volume changasfluence the adrenergic volume response. The number of
after the initial 10 min of stimulation, the effect of self- adrenergic receptors and, consequently, the responsiveness to
inhibition of the N&/H* exchanger (Garcia-Romeu et al., catecholamines may decrease with maturation of trout
1988), even if it differed between young and old erythrocytesrythrocytes. Although it is not known whether the number
on cell volume was small. Similarly,"¥CI~ cotransport, which of adrenergic receptors differs between young and old
is activated by cell swelling, the activation being directlyerythrocytes, it has been reported that the receptor number can
proportional to cell volume increase (e.g. Guizouarn andary in response to several external and internal stimuli. For

0.20 1

Fluorescence polarization
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example, in trout cardiac tissue, the densit;-afirenoceptors Borgese, F., Garcia-Romeu, F. and Motais, R1987). Control of
increases after cold acclimation (Keen et al., 1993). Reid et al.cell volume and ion transport f+adrenergic catecholamines in
(1993) demonstrated that the exposure of trout erythrocytes toerythrocytes of rainbow trougalmo gairdnetiJ. Physiol., Lond.
hypoxia resulted in a 1.5-fold increase in the number of surface 382 123-144. .
B-adrenoceptors. Cortisol affects the number of low-affinity0Ssins, A R. and Kilbey, R. V(1989). The seasonal modulation
receptors in the intracellular pool in trout erythrocytes (Reid and ©f N&7/H" exchanger activity in trout erythrocytes. Exp. Biol.

. 144, 463-478.
Perry, 1991) and the number @fadrenoceptors in trout Ferguson, R. A., Tufts, B. L. and Boutilier, R. G.(1989). Energy

hepgtocyte membrane (Reid et "’?l" 1992). In contrast, the metabolism in trout red cells: consequences of adrenergic

continuous presence of catecholamines decreases the number Qkimyiationin vivo andin vitro. J. Exp. Biol.143 133-147.

functionalf-receptors (Gilmour et al., 1994; Perry et al., 1996)Gabbianelli, R., Santroni, A. M., Falcioni, G., Bertoli, E.,
The number of N&H* exchangers and the turnover of Curatola, G. and Zolese, G. (1996). Physicochemical

individual Na/H* exchangers on the cell surface may change characterization of plasma membranes from density-separated trout

during the life span of erythrocytdseing greater in immature  erythrocytesArch. Biochem. Biophy836, 157-162.

than in mature erythrocytes: the occurrence of two pools dfarcia-Romeu, F., Motais, R. and Borgese, F.(1988).

exchangers showing different kinetic and regulatory Degensitizgtion by external Na of the cyclic AMP-dependeM—Na

characteristics has been demonstrated (Guizouarn et al., 1995)antiporter in trout red blood celld. Gen. Physiol91, 529-548.

Reid and Perry (1994) showed that the interspecific differencé@mour. K- M., Didyk, N. E., Reid, S. G. and Perry, S. F(1994).

. . . Down-regulation of red blood cdB-adrenoceptors in response to

in adrenergic responsiveness may partly be related to

diff i th b f . . h chronic elevation of plasma catecholamine levels in the rainbow
ifferences in the numbers of antiporters in erythrocyte ... ;. Exp. Biol.186, 309-314.

membrane. They also reported that, under hypoxic conditiongyinstein, S., Goetz, J. D., Furuya, W., Rothstein, A. and Gelfand,
the number of NdH" antiporters in trout red blood cell g w. (1984). Amiloride sensitive NaH* exchange in platelets
membranes was increased. Raynard and Cossins (1991) andnd leukocytes: detection by electronic cell sizitugr. J. Physiol.
Lee et al. (1991) discussed the possibility that transport systems247, C293-C298.
could be expressed differentially during cell maturation. Direcuizouarn, H., Borgese, F., Pellissier, B., Garcia-Romeu, F. and
effects of erythrocyte maturation on transport systems have Motais, R. (1995). Regulation of N@H" exchange activity by
never been demonstrated for fish erythrocytes, but data on dogecruitment of new NdH" antiporters: Effect of calyculin Aam.
erythrocytes show this to be the case for thé panp. In the J. Physiol.268 C434-C441 , o
red cells of puppies, some ouabain-sensitivetiénsport is ~ Cuizouam, H. and Motais, R. (1999). Swelling activation of

. . transport pathways in erythrocytes: effects of, @nic strength
observed (Lee and Miles, 1972), but in the erythrocytes of adult .

+ o and volume changeam. J. Physiol276, C210-C220.
dogs no NHK ATPase_aCt'V'ty has been demons’Frated (Parke'i-'lérdig, J. and Hoéglund, L.B. (1984). Seasonal variation in blood
1977). With regard to fish, the oxygen consumption that can be components of reared Baltic salm@almo salarL. J. Fish Biol.
attributed to the Na pump decreases with increasing 24 565-579.
erythrocyte age (Phillips et al., 2000). Houston, A. H., Dobric, N. and Kahurananga, R.(1996). The
In conclusion, the present study clearly demonstrates anature of hematological response in fish. Studies on rainbow trout

connection between erythrocyte age and the adrenergic volumeOncorhynchus mykisexposed to simulated winter, spring and
response. These data strengthen the suggestion that seasong#mmer conditionsFish Physiol. Biocheni5, 339-347.
variations in the catecholamine response may be caused Bguston, A. H. and Murad, A. (1995). Erythrodynamics in fish:
erythrocytic patterns. Furthermore, the data demonstrate thatRecovery of the goldfisiCarassius auratusrom acute anemia.
the membrane fluidity of immature erythrocytes is greater tha, Can. J. Z0ol.73, 411-418.

that of mature erythrocytes, and this may influence adrener ICeen,J. E., Viazon, D.-M., Farrell, A. P. and Tibbits, G. F(1993).
y ytes, y 9 Thermal acclimation alters both adrenergic sensitivity and

responsiveness. Howev_er.,_'Fhe results of the present Stm.jyadrenoceptor density in cardiac tissue of rainbow tdowExp. Biol.
cannot exclude the possibilities that the number of adrenergic 181 27_47.
receptors, the number Of NBl* exchangers or their' rate of |ane, H. C.(1979). Some haematological responses of normal and
turnover decrease during erythrocyte maturation, thus splenectomized rainbow tro8aimo gairdnerto a 12 % blood loss.
influencing the catecholamine response. J. Fish Biol.14, 159-164.
Lecklin, T. and Nikinmaa, M. (1999). Seasonal and temperature
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