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Selected blood parameters (arterial pH, O: and COi tensions, oxygen content, bi
carbonate and lactate concentrations, haematocrit, haemoglobin, red blood cell count,
mean corpuscular haemoglobin, mean corpuscular volume and mean corpuscular
haemoglobin concentration), oxygen consumption and ventilatory frequency were
measured 0, 3 and 24 hours after cannulation of the dorsal aorta of 22 dogfish. Cor
relations were calculated between all pairs of variables along the post-operational
recovery period. Results are discussed in terms of the integrated dynamics of the re
covery process subsequent to handling, anaesthesia and surgery stress. It is suggested
that erythrocyte swelling plays an important role in maintaining tissue oxygen supply
during recovery from operational procedures.
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There is an increasing awareness that
fish can display a wide range of beha
vioural, systemic and cellular responses
to a variety of sublethal stressors (7).
A complicatory source of stress in fish
physiology studies arises from the opera
tional and experimental procedures em
ployed such as handling, anaesthesia, in
sertion of electrodes and cannulae. Con
sequently, a knowledge of the effects of
such procedures and the time course re
quired to reattain normal levels is essen-
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tial in order to permit the valid interpre
tation of results obtained from further
experimental challenges.

Studies of the effects of anaesthesia
and cannulation on the haematological
and respiratory status of teleosts have
been performed (13, 14). The effects of
operational stress on the elasmobranch
Scyliorhinus canicula over a 24 h recov
ery period were recently assessed (4).
Using the standard statistical procedure
of Student t-test, it was concluded that,
following an initial internal hypoxia, the
majority of respiratory and haematolog
ical variables attained stable levels with
in 3 h post-operation, exceptions being
blood pH and lactate.
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There has been recent criticism of the
use of t-test in studies where the exper
imental design involves multiple com
parisons (5). Consequently, despite the
very common use of t-test in the context
of assessing significant changes over time,
we have completed this analysis us
ing the technique of Pearson correlation
coefficients. Correlations have been cal
culated between selected parameters at
different sampling times following inser
tion of dorsal aortic cannulae in order
to assess whether such a statistical pro
cedure will fundamentally alter the con
clusions previously found (4). In addition,
such an analysis by permitting an inte
grative approach may elucidate some pre
viously undisclosed observations on the
dynamics of the haematological and re
spiratory adjustments along the recovery
period subsequent to cannulation.

Materials and Methods

A detailed description of the experi
mental techniques employed can be found
in a previous work (4). In brief, dogfish
(mean weight ± S.D.: 214 ± 41 g) were
caught in the Mediterranean near Barce
lona and maintained in aquaria (Acuario,
Instituto de Investigaciones Pesqueras de
Barcelona), for six weeks prior to exper
imentation. Fish were anaesthetised in
MS-222 anaesthetic (0.1 g I'1) and can
nulated in the dorsal aorta. Blood sam
ples (0.5 ml) were removed immediately
following the operation and 3 and 24 h
later, the fish being placed in flow-
through respirometers during the recov
ery period.

pHa,* PaO2, CaO2 and CaCO2 were
measured by electrode techniques. pHa
was determined using a BMS 3 Mk 2
blood microsystem, calibrated with Ra
diometer buffers. PaO2 "was obtained with
a Radiometer E5047 electrode thermo

Abbreviations (see table I). 

statted in a D616 cuvette. CaO2 and
CaCO2 were measured according to Tuc
ker (15) and Cameron (2) methods re
spectively. Bicarbonate concentration was
derived from the Henderson-Hasselbach
equation. Lactate and haemoglobin (Hb)
concentrations were found by means of
adequate commercial kits (Boehringer-
Mannheim). Vf was determined visually
and VO2 was calculated from oxygen
tensions of inlet and outlet water, flow
rate and the solubility of O2 at the ex
periment temperature.

Statistical analysis were performed with
a VAX/Digital Computer using an
SPSS-X program for Pearson correlation
coefficients. Three types of statistical cat
egory were assumed: highly significant
(p < 0.001), significant (p < 0.05) and
indicative (p < 0.1). A positive correla
tion indicates a related increase of one
parameter with another. A negative cor
relation implies an increase in one param
eter corresponds with a significant de
crease in the other.

Results

The values for selected haematological
and respiratory parameters from the dog
fish were determined immediately after
the operational procedures and after 3
and 24 hours (table I). Unlike other
works (4), standard deviations are em
ployed in preference to standard errors
as the former gives a more accurate
summarisation of the variability in the
observations (5). It can be concluded
that immediately after operational pro
cedures pHa, PaO2 and CaO2 show re
duced values and CaCO2, bicarbonate
and plasma lactate increased. Erythro
cyte swelling is apparent. However, with
the exception of pHa and lactate, most
measured variables attained a stable level
within 3 h.

In the present study, as an alternative
to Student t-test, two types of correla-
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Table II. Highly significant, significant and indicative Pearson correlation coefficients for 0, 3
and 24 hour parameter pairs.
Abbreviations as in table I.

0 h sample 3 h sample 24 h sample

Highly significant correlations
CaCOs — HCO,- 0.9984 CaCO, — HCO3- 0.9988 CaCO s — hco3- 0.9994

Hb — MCHC 0.9725

Significant correlations
Ht — pHa — 0.7220 CaCOi — pHa — 0.7713 PaOs -— Ht — 0.8130
RBCC — PaOi — 0.6338 MCH — HCO3- 0.8099 MCV ■— lactate 0.7972
Vf — lactate 0.5635 RBCC — Ht 0.7370 RBCC — MCV — 0.6486
Hb — MCHC 0.7303 RBCC — Hb 0.7088 MCV ■— MCH 0.6904
Hb — Vf 0.6121 MCH — CaCO3 — 0.7914 VO3 -- MCHC — 0.7545
RBCC — MCV — 0.7763 Ht — Hb 0.8518 VO3 -- Vf — 0.8125
CaOi — PaOs 0.7568 Ht — MCHC 0.7268 CaO3 — lactate 0.8169
Hb — lactate 0.6346 RBCC — MCV — 0.9052 MCH ■— lactate 0.7115
Ht — Hb 0.6528 RBCC — Vf 0.7553
Hb — MCH 0.7258 MCV — Vf — 0.8169

VO3 -- MCH — 0.7788

Indicative correlations
Hb — pHa — 0.5333 pH a — HCO3- — 0.7470 PaOs -- Hb — 0.5724
CaOi — CaCOi 0.5819 CaCOi — CaOi — 0.6477 PaOs -— RBCC — 0.5934
Vf — CaO» — 0.5256 RBCC — CaO3 0.5706 CaCO,s — lactate 0.8600
MCH — MCHC 0.5195 Hb — MCH 0.5845 lactate — Vf — 0.5783
MCH — lactate 0.5141 MCH — MCHC 0.6282 Ht — RBCC 0.5789
MCV — PaOi 0.5452 pHa — lactate — 0.5956 Hb — MCH 0.5374
HCO3- — CaOi 0.5799 PaO3 — lactate 0.5979 RBCC — MCH — 0.6049
Ht — lactate 0.5512 CaOj — HCOr — 0.6524 CaOs -- MCV 0.5856
Ht — Vf 0.4767 CaO3 — Vf 0.5326 lactate — hco3- 0.8692

RBCC — MCHC 0.6759 Ht — IHb 0.5484
MCH — VO3 0.6088 Hb — MCHC 0.5861

MCH -- MCHC 0.5404

tions were performed. Firstly, data ob
tained at the different sampling times
were cinsidered separately. Secondly, gen
eral correlations were calculated with
all values for every variable without dis
tinction of hour of measurement.

The results of the first analysis show
ing correlation coefficients for the 0, 3
and 24 h samples are given in table II.
A very low number of significant corre
lations are evident for each sample, sig
nificant correlations being only 10-12 %
from all calculated variables.

Table III shows coefficients for gener
al correlations, asterisks indicating those
which are significant. pHa is positively
correlated with PaO2 and with CaO2 and
negatively correlated with CaCO2, bicar
bonate and lactate. Further a positive
correlation exists between PaO2 and
CaO2 and between PaO2 and bicarbo
nate is highly significant, which should
be expected in view of the derivation of
bicarbonate concentration from the Hen-
derson-Hasselbach equation.

The majority of haematological pa
rameters (Ht, Hb, MCV, MCH and
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MCHC) are positively correlated. How
ever, no significant correlation exists be
tween MCV and MCHC indicating that
any change in red blood cell size is not
associated with an increase in haemoglo
bin content of the individual erythrocyte.

A third group of correlations are those
between haematological parameters and
blood gas variables. With the excep
tion of RBCC, haematological parame
ters are negatively correlated with pHa,
CaO2 and PaO2 and positively with
PaCO2, bicarbonate and lactate.

Finally, VO2 is negatively correlated
with PaO2 and CaO2 and positively with
Ht, Hb and Vf.

Discussion

Data from different sampling times
were considered separately in the first
analysis (table H). Such an analysis gives
information about which variables are
related in each sample. Significant cor
relations observed were only 10-12%
from all calculated variables. Similar
analysis performed on Hypophthalmych-
thys molitrix obtained the same figure
(8). In the present study only two of the
same pairs of variables were correlated
at each of the three sampling times. It
is apparent, therefore, that when each
sampling time is regarded individually,
a certain number of correlations between
pairs of parameters exist. However, when
each sampling time is compared with
the other two, those correlations appar
ent in one group do not inevitably reap
pear within the others. Such results sug
gest that during the recovery period pos
sible interactive relationships between
respiratory, haematological parameters are
verifiable only along the whole time
course but not at a single instant as de
termined by individual sampling tech
niques. The ability to monitor such
parameters continuously during the recov
ery period would perhaps take into ac

count any lag or phase differences be
tween relationships over the time course
which the present experimental technique
necessarily excludes. Further, the possibil
ity that we have failed to measure im
portant parameters which may effect a
controlling function on the integrative
recovery of the physiology of the animal
must not be excluded.

Second analysis considered general
correlations for all values without dis
tinction of hour of measurement thus
permitting assessment of which parame
ters followed a parallel, and possibly in
teractive, evolution along the observed
time course.

Results for correlations between blood
gas parameters are similar to those ob
tained in previous works (10) for a num
ber of freshwater species after subjection
to anaesthesia, although in the present
study additional stresses of handling and
operational procedures may also be con
tributory factors. As previously conclud
ed (4), such procedures invoke a con
siderable state of internal hypoxia. MS-
222 is a known asphyxiant of fish (12),
which inhibits ventilation and gaseous
exchange across the gills. Further, MS-
222 also produces an environmental hy
percapnia thus influencing the carbonic
buffering system of the blood (1). CaCO2
and bicarbonate therefore increases. In
association with the marked lactacidosis,
increased CO2 composition of the blood
leads to the marked decrease in arterial
pH evident after anaesthesia and opera
tional procedures. Such an induced hyp
oxia, as also indicated by decreased
CaO2 and PaO2, implies severe interfer
ence with gaseous exchange processes
with a pH mediated Bohr shift probably
playing a dominant role.

Increase in MCV following anaesthe
sia has been found in trout (12) and has
been partly associated with increased
hacmoconcentration (6), but this phenom
enon appears absent from the dogfish.
Increased Ht following anaesthesia has 
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been also observed in trout (9). In the
present study, RBCC does not signifi
cantly decline despite sequential sampling
suggesting that a net increase of cell size
occurs. Recruitment of red blood cells
de novo from the spleen could lead to
an increase in Ht which despite sampling
does not significantly change over time.
However, increased MCV would appear
to be the major effect of the anaesthesia-
induced hypoxia.

The existence of a negative correlation
between RBCC and MCV indicates that
as RBCC may decrease, MCV should
increase. Although MCV increase has
been regarded as a passive consequence
of the anaesthesia (4), it is possible that
it may be an adaptative compensation.
An increased erythrocytic size may lead
to increased surface area available for
oxygen uptake by the haemoglobin under
hypoxic conditions when oxygen is less
available. Further, increased blood vis
cosity through erythrocytic swelling may
increase residence time in the gill vascu
lature hence increasing time available
for gaseous exchange. Such a strategy
might partially compensate for the pH
dictated decrease in haemoglobin oxygen
affinity (Root effect) apparent in many
fishes species-. The very low number of
erythrocytes in elasmobranchs in compar
ison to teleosts (3) also suggests that a
mechanism of increasing MCV during
hypoxia may be a more effective strategy
in maintaining oxygen supply to the tis
sues of these animals.

Correlations between blood gas and
haematological parameters can again be
partially explained in terms of erythrocyt
ic swelling. Increase in MCV with no
increase in MCHC raises blood oxygen
affinity by dilution of haemoglobin within
the cell (11). An increased oxygen affin
ity would seem empirically acceptable
when PaO2 and CaO2 decline as a con
sequence of the operational procedures.
When PaO2 and CaO2 increase with
time, MCV is accordingly reduced.

VO2 relations with some other param
eters can be explained in terms of hyp
oxia. A decreased level of blood oxy
gen dictates that increased oxygen is re
quired thus accounting for the increased
VO2 immediately after the operational
procedures. Although Vf did not signifi
cantly change with time (table I), venti
latory stroke volume decreases (4),
hence conforming to the decreased oxy
gen requirement as the recovery process
progresses.
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Resumen
Se ha determinado una amplia serie de pa-

riimetros hematoldgicos y respiratorios en
22 ejemplares de Scyliorhinus canicula inme-
diatamente despuSs de la canulacidn de la
aorta dorsal y despu6s de 3 y de 24 horas. El
estudio de las correlaciones entre las variables
determinadas indica que el hinchamiento de
los eritrocitos juega un papel importante en el
mantenimiento del suministro de oxigeno a los
tejidos. Los resultados se discuten en funcidn
del estrds producido por la manipulacidn, anes-
tesia y cirugia y de la din&mica del proceso
de recuperaci6n.
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