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INTRODUCTION

The increasing comamination of the
aquatic environment affect the aquatic
ecosystiems and ina indirect way, mainly
through ingestion of contaminated fish,
the human health {De Floraeral., 1991).

The SCE test, a very sensitive
indicator of chromosomal damage
involves exposure of rapidly dividing
cells to the thymidine analogue, 5.2,
Bromodesoxiuridine (Brdu) for two
rounds of DNA replication. The
analogue produces one unifilary and
one bifilary substituted chromatids,
which stain differentiatly when treated
with vanous dyes, giving one lightly
and one darkly stained chromatids, The
celis showing differently stained
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chromatids are named M2 metaphases
orMZeells(Latteral, 1981). Exchanges
can be detected by the presence of a
piece of darkly stained matenal attached
1o a lightly stained chromatid and vice-
versa (figare 1),

This paper’s goal is to determine o
fish species optimal for genotoxic
evaluation of water pollutants, as
measured by the SCE rest,

MATERIALS AND METHODS

Specific genetic and handling criterin
used to evaluate the Brdu-labelling-

method in Lescisens perenaicus and

for the future application of
the SCEs test under field conditions, are
summarized by Lobillo (1993) as
firllovws:

a) Specific genetic oriterin! tissulir

1o Brodu treatment, including:
optimum M2 and mitotic indexes and
Brdu-dose-dependent  significant
increases in SCE rates.

b} Karyotipe criferia: oplimum
number and size of chromosomes for a
fas1 and m'_rt'uu.nth:mnnESCEs.

¢} Handling criteria: ﬁmllty in cap-
ture, transport survival, maintainance
and sdaptation to specific laboratory

Figure 1. M2 cells of Leuciscus pyrenaicus siined with ihe FPG tehmigue, showiag the sivier
chromatids differentintion and sver chromatill exchenges. (Coulas N2 de Lsuoisous pymasas
fofiidas oon la lécnica FPG, mostrando la didenenciscitn @ ntesrcamibso de ks oromatdas hermane).

Archivas de mootecnia vol. 48, miw. 175, p. 12
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conditions and low stress susceptibility.

SPECIES AND PRELIMINARY PROCEDURES!
The following species have been
used: Liza Aurata (Pisces, Mugilidae):
2E specimens between 30-50 g Ciprinus
Carpio(Pisces, Ciprinidac): 5 specimens
weighting 400-500 g and 12 between
15-30 g Fundulus heteroclitg (Fisces,
Ciprinodontidac): 4| specimens between
5-12 g Rutilus alburncides (Pisces,
Ciprinidae); 40 specimens between 3-8
g Lewciscus pyrenaicus (Pisces,
Ciprinidae); 150 specimens between 2-
13 g. The two first species (from
Mugilidae and Ciprinidae families) are
considered cosmopolitan and are
frequently cultured. The third speciesis
a foreign killifish located in slightly
saltish and hypersaline waters in Cadiz
Gulf where they are found in large
populations. Rutifus alfurnoides and
Lewciscus pyrenaicus are autochthonous
species of the Ciprinidee family from
continental waters of southern Spain,

Capture sites and methods and are
summarized in table 1. Taxonomic keys
of Lotina and Hormaechea { 1979) were
used for rapid identification.

Transportation procedures were
carried owt according to Vollmam-
Schipper (1978). Captured fish were
introduced inte opague plastic
cylindrical tanks with 50-100 | ofwater.
under continueous aireation.

Previous to experimental assays, the
fish were maintained in 70 | storage
DguATiums.

LUinder experimental conditions, each
gmuFufﬁsh (three per treatment) was
keptin 25 | assay aquariums. Before and
during the experiments, waler was
biologically and chemically filtered with
superposed plagues (containing reducer

bacterial inoculates) at the bottom and
nctive charcoal in external flters and
was maintained at o continuous
ventilation flow rate of 2 Umin and
constant lemperature of 24-25°C,

The photoperiod was variable, From
Janury to June, dquariums were exposed
to natural light with increasing
photoperiod. From July 1o September,
they were exposed o a constant period
of 14 light-hours/day using artificial light
originated by two Silvanin Gro-lux lnmps
with 3 wartis each one {1000 lux ), Before
experiments the fish were well-fed with
a comercial diet contining 34 p.oent
protein,

Brou-DererenmaL TECHNIOUE:

Variablos in study:

For the standardization of the Brdu-
labelling method in  Lewciscus
pyrenaicus, five variables were defined:

- M2 Index (discontinuous variable):
Percentage of metaphases that undergo
twi rounds of DNA replication (two
cellular cyeles) in the presence of Brdu,
This variable was defined as a function
of the Brdu dose and treatment time
(time during which cells are exposed to
Brdu).

- Mitotic index (discontinuous va-
riable): number of metaphases per one
hundred inferphase cells. Also,a function
of the Brdu dose and the treatment time,

- Sister chromatid differentiation o
SCD (subjective variable): Chromatic
contrast level between sister chromatid
of each cromosome. Major contrast
implies optimum SCEs visualization,

DN (subjective variable): level of
chromosomic structure alieration. A low
DN implies optical resolution of entire

Archives de oowcenis vol 46, nim. [75, p. 33,
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chromosomic stracture, avoiding wrong
SCEs scores.

- SCEsM2ndividual (continuous
variable): this1s the mun vanable and is
mathematically defined as & weighted
T

Maan SCEs M2 indrdual = 5CEs =
2y, o B, MR e AR )
L any

These five varnables wene measured
at each experimental step in order 1o
define the experimental objectives until
the optimum hase-line SCE frequency
wias estimated.

obyectives (see table il]:
In the first experimental step,
optimum treatment time was estimated:
expasure time to Brdu from which the
maximum M2 index is obtnined. High
M2 indexes permit easy and rapid

Archivos de gootecmin vl 46, nim. 175, p. 34,

micasurement of SCE rates and optimum
estimation of the cell-cycle time under
the specific expenmmental comnditions.

Cell-cycle estimation { Kligerman ef
al., 1982 and Ciles er al., 1988), is the
half-time of the maximum yield of M2
cells (or maximuam M2 index).

The experimental design to reach
this objective is as follows: At time 0,
the fish receive one intraperitoneal (IP)
injection of 0.5 mg of Phytochemaglu-
tinin-M (Sigma) in PAS solution/gram
of body weight (bw). Phyiohemaglu-
tinin-M {PHA-M) his been used on fish
to stimulate the cellular division (Giles
eral., 1988 ; Pendis and Lobillo 1991).
At different treatment times (20, 24, 28
and 32 hours before sacrifice), aconstam
Brdu (Sigma) dose of 0.5 mg/g olbw. in
PBS solution, is inoculated IP
simultancously with a second dose of
PHA-M to each group of fish (three
individuals per group). Two hours before
sacrifice, the fish receive a colchicine
{Sigma) inoculation in PBS solution ata
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constant dose of 0,35 ppip of bw. The
total assay time from the first inoculation
of PHA-M was 48 hours.

In the second experimental step the
optimum Brdu dose was estimated: 1t is
defined asthe dose at which the optimum
values for defined variables are
simultancously obtained: the lowest
possible SCEs rate and DN grade, and
the greatest possible percentage of M2
and mitotic index and a high grade of
sister chromatid differentiation {SCD).

The experimental design to reach
this second objective is as follows: m
constant treatment time, increasing doses
of Brdu (from 0.1 mg to |, 1 my of Brdw'
gram of bw.} were inoculated [P into
cach group of fish, PHA-M and
colchicine were inoculated in the same
way as described in the first step.

In the third experimental step the
Brdu dose was adjusted, At the optimum
treatment time, the fish were injected
with a medium dose of Brdu, acconding
tothe optimum interval dose obtained in
the second step. PHA-M and colchicine
inoculations were injected in the same
way as abave,

Finally, in the fourth step, the base-
line frequency of SCEs was estimated:
the mean of SCEs between individuals
at optimum Brdu dose and a1 treatment
time.

Experimental design: at optimum
treatment time, different groups of fish
were inoculated at constant and optimum
Brdu dose.

Starstical analysis

The computer program S45 (1967)
was used as a specific statistical analysis.
Values of the five variables previously
described were registered soastodefine
the experimental objectives.

The number of animals tested per
treatment was three, and the mumber of
cells examined per animal was between
50-100, according to Gene Toxicological
Work Group (Latt et al., 1981),

Proc-Univarate-SAS was carmied out
to verify the adjustment of the SCEs
vartable toa Normal Distribution. Prog-
Mmeans-SAS was also used to obtain the
descriptive statsties of the SCEs varia-
ble.

Proc-GLM-SAS for unbalanced
models was used 1o study the effects of
visriation sources on the SCEs variable,
This procedure applies the parametric
ANOVA and the Tukey's multiple
comparison test,

Proc-NPAR/TWAY-SAS was used
for discontinuous varinhles to compare
the levels of a specific variation factor,
This procedure uses o non parmetric
ANOVA, the Wilcoxon test (Kruskal-
Wallis ANOVA by ranks).

Finally, Brdu-dose-response curves
were plotted for each case using a
regression analysis. The best fitness
equation was estimated by PROC-NLIN,

Chromosome preparations
Colchicination time was normally
estimated a1 two hours ot about 25°C.
Adter this time, the fish were sacrificied.
The cephalic kidney, an haemopoictic
organ with a high mitotic index, was
removed, transferned to 5 ml ofhypotonic
medium (0.56 p.cent KCI) and
homogenized in a conical glass. The
cellular suspension was transferred into
acylindrical glass and kept there for 95-
100 minutes at 1 7-18°C. Alter hypotonic
shock the suspension was prefixed by
the addition of | mlof Camoy fixer(1:3.
Acetic/Methanol), The suspension was
slightly mixed and then centrifuged at

Archives de soatecnin vol. 46, mim [73, p. 35,
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1500 rpm for 10 minutes. The super-
nitant was discarded and the pellet was
resuspended with 4 ml of Camoy. The
suspension was then left for ot least 12
hours at 4°C. Then it was centrifuged
again and the fixative reploced at least
twice prior o slide preparation.

The slides were obtamed by applying
the suspended cells (4-5 drops) onto a
clean slide using a Pasteur pipette.

Staining procedire

After air drying the slides were
stained with the Fluorescence Plus
Giemsa (FPG) method of differential
staining (Perry and Wolff, 1974;
modified for fish by Giles ef af., 1988;
Lobilla 1993). The slides were
introduced into a staining jar with 1040

Archivos de cootecnia vl 46, nim. 175, p. 78,

ml of Camoy and stored at 4°C for 12
hours. They were then washed in 0.5 x
S5C (pH 7.05 ) and inmersed in Hoechst
33258 solution{ Img in | mlol methanol
plus 100 ml of 0.5 x S8C, pH 7.05) for
30 minutes. After rinsing in distilled
waler, they were covered with a thin
layer of 0.5 x S5C and a coverslide,
scaling the edges with a colour smalt.
The slides were then exposed 1o a two
15-W Sylvania Germicidal Lamp at a
distance of 7.5 cm for %0 mimutes. After
exposure, thecoverslides were removed
and then rinsed in distilled water and
treated with 0.5 x 55C for 60 minutes at
50-55°C before staining in 4 p.cent
sollution Giemsa in Sorensen buffer, ph
6.85 for [0-20 minutes, The washed
slides were coverad with a thin layver of
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Sorensen and a coverslide and observed
under an optical microscope for SCEs
SCOTINg.

Both the chromosome preparation
and staining procedures were carried
out-in the dark or under very low light
conditions, in order 1o avoid direct
contact of natural light with Brdu-
substituted-chromosomes. Experimen-
tal and tremtment conditions for each
group of Tish are summarized in table I1.

RESULTS AND DISCUSSION

The obtained results showed in table
111 are discussed for each specie:

Liza ALRATA

Individuals of this species gave a
medinm-low response o Brdu-labelling
method, with maximun M2 index
between 15-35 p.cent and Brdu-
treatment time at 24 hours, Optimal
averages of M2 cells are neceessary 1o
make the SCEs scoring easicr, more
feasible and rapad (Hoeven eval., 1982).
Scoring of 5CEs in some individuals
was difficult because of low M2 index.

L. aurata has a medium chromosome
number (2n=48), compared with other
species such as UL N (2n=22) or V.
rackowi (Zn=18}, used successfully in
genetic toxicology (Kligerman, 1979,
Alink ev gl 1980; Hoeven et al., 1982).

At optimal Brdu dose and treatment
time, a base-line frequency of 2,73
0.3462 SCEs/M2/individunl was
obtained. This is the lowest frequency
obtained from the species studied and
could be explained by different
mietabolization capacities varying among
species and also as a function of the
medium-high temperature established

during assays with L. auwrata (26-28°C).
Base-line frequency is similar o tha
oblained by Lobillo et al, (1990) in the
same species and under similar experi-
mental conditions.

Difficult capture and handling, the
lowest survival percentages during
travelling and laboratory conditions, and
high stress susceptibility during
manipulations operations (inoculations,
ctc) make this species unappropiate for
our work conditions. But considering
the suitable response to Brdu-labelling
meethod, it could be used in laboratories
Tear Coasts,

Crrmus CARFIO

C. carpio is included in Post (1964)
classification as a non- suitable species
for studies of genetic toxicology, Very
high chromosome number, (between
1063-104) with lintle chromosomes and
many microchromosomes make the
scorng of SCEs, chromosome bands,
ele., very ledious. Results obtnined with
Brdu technigue show o maximun vield
of M2 cells of 12 poent a1 24 hours,
Except in Fo macrolepidonus, this
percentage was the lowest obtained.

Kligerman (1979) also found a bow
percentageof M2 cellsin L7 fim (Pisces,
Ciprinodontidae), between 20-30 p.cent
in intestinal epitellial cells and 9-20
p.cent in kidney lymphocytes. However
this author did not apply any mitotic
index increasing methods such as the
ones used in this paper. Pha-M
stimulation method applied in C. canpio,
doesn't show expected optimal results,
Although the mitotic index was the
highest found among the species used in
this study, the M2 index doesn’l increase
comparatively, This fact scems to show
that PHA-M response in renal lym-

Archives de zootecmia vol 48, nam. |73, p. 37,
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phocites of C, carpio was optimal, but
Brdu was not sufficiently incorporated
to DNA, so that the cellular progression
was not easily detected, It could be
explained by specific conditions that
could alter the carrier, uptake, excretion
and metabolization of Brdu, These
factars would be varying mainly as a
function of medium-high temperature
in assays with L aurara and would de-
termine the very low intracellularuptake
and Brdu meoarporation to DNA

F.H, MACROLEPIDOTUS
No expected results were found for

Archivos de tootecnia vol 46, nim |75, p. 38

this species after Brou-labelling method.
At wide intervals of Brdu doses and
Ireatment times it was not possible to
evidence any M2 cells. Under the same
conditions and in order to perform
experiments in water with different
salinities, the mitotic index was the
lowest obtained.

Experimental designs in this species
were based on references by some
authorsthatused other Ciprinodontides.
These authors found that long Brdu
treatment Limes were necessary to obtain
the maximum yield of M2 cells. As
Cipronodontidae species tested seem o
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coincide in very large cellcycle times
{as a function also of temperature),
consequently Kligerman and Bloom
(1976) reported optimal treatment time
of 120-1 56 hours in intestinal epitellium
cells of L. fimd and Alink er al., (1980}
found 240 and 120 hours in branguial
epitelliam cells of U pyemes at 12 and
20°C, respectively,

In spite of the long treptment limes
tested (12-200 hours) and optimal
temperature of 25°C, we didn't find any
M2 cells. Possible explanations are
widely discussed by Lobillo{ 1993), This
author refers to a low lymphopoyesis
rate in cephalic kidney as evidenced by
renal smears stained with metachromatic
dyes. The presence of tissular barriers
such as the renal porta system in
curihaline species such as F.h ma-
crofepidofus, and increases of renal
activity in fresh-water conditions
because of osmotic regulations, could
alsoacelerate theexcretion of substances
intraperitoneally administrated, Chher
physiological factors could act on Brdu
levels or intracellular concentrations.

Rumius ALBURNOIDES

Brdu technique applied to this species
showed good results. Also were optimal:
its effective capture using electric fishing
methods, high survival percentage
during transportation and easy adap-
tation to lsboratory conditions.

R alburnoides bas a great genetic
interest because of the presence of
diploid and triploid individuals in nate-
ral populations. Collares-Pereira{ 1984)
explain this phenomena due to hibri-
dization ofthis specie with £, pyrenaicus.

But R. alburnoides shows some
disadvantages compared to L pyre-
naicus. Triploid individuals of this specie

{about Bl p.cent in nxtural populaticns)
has a mean valee of 73 chromosomes,
with large variation: less than 70 and
mare than 76 (Collares-Pereira, 1984),
A high number and too much variability
in¢hromosome numbers make the SCEs
scoring very tedious and slow. Moreover
chromosome size of & alburnaides is
comparatively shorer than L pyre-

mafcus. This problem could be avoided
if we changed the SCESM2 variable 1o
the SCEs/Chromosome, although we
wotld lese additional time in scoring
the chromosomes per metaphase.

R alburnoides isalso highly sensitive
to handling operations. This problem is
unusually present in L. pyremaicus,
Optimal Brdu dose for K. albwrmoides
was found in a previous paper by our
fteam (Lobilbo er af., 1991 ). At medium-
high temperature conditions of 28°C
this optimal dose was 0.8 mg/'g. At this
temperature the M2 index ot optimal
treatment time of 16 hours was more
varinble and shorer (13-40 p.cent),
compared with L. peremaicus (48-63
pcent). High varizhility on M2 index in
R. alburnoides was refered 1o by Lobillo
(1990) and could be explained by the
temperture effects on metabolic activity
and more specifically on cellular division
synchronism (Giles efal ,1989; Lobillo,
1994, ).

Leuciscus PYRENAICUS

Resulis exposed in table 11 seem 1o
show that L. pyrenaicns isthe best choice
for standarization of the Brdu method
and pesterior penotoxic assays, The main
reasons for this choice are: easy and
efficient capture by clectric fishing
method; high survival percentage during
transportation; casy and rpid sdaptation
to aquaria conditions; very low stress

Archives de zootecnia vol. 46, nim. 173, p. 19,
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susceptibility; constant chromosomic
formulae equal to 2n=50; chromasome
size superior than thatof & altwrmotdies;
optimal response to Brdu treatment with
maximun percentages of M2 cells (43-
63 peent) and low interindividual
wariahility; short time per assay, taking
only 28 hours; optimal body weight and
size, about 10-15 g and 10 ocm,
respectively, This implies easy handling
duning inoculation process and less cost
duse 1o the low amount of administrated
substances.

L. pyrenaicus is mcluded in the group
of fish with medium-high chromosomic
number. Presently day, authors are using
several species with chromosome
numbers much higher compared with
limitations referred to by Post (1964)
about fish species with suitable
kariotypes for mum:l‘-ng.u:ﬂ studies. In
practical situstions quality criteria of
optical observation and ¢
structure resolution are more importam
than chromosomic number criteria

Compared withother species selocted
o measure genetic damage by wiler
pollutants in natural waters and
aquaculture farms, this species has an
important role over UL fimi, the most
commonly used specie of fish in the
SCE test. Optimal treatment time with
Brdu in L. pyremaicus was found to be
28 hours at 24-25°C using renal
lymphocytes as target cells. In L0 limi
the optimal time was obtained as 120-
156 hours at 20°C on intestinal cells
(Kligerman et al, 1976). Moreover, M2
index in L. pyrenaicus is very high (48-
63 p.eent) if compared with the results
obtained for L, fimi {30 p.cent maximun).

According to our results, L
pyvrengicuy seems o be the optimal
species to assess the SCE test in fish.

Archivos de sootecnia vol. 46, mim. |73, p, 40,

Further intensive studies such as
exposure to well-known genotoxic
agents revealed a suitable end-point and
hgh sensitivity of the SCE test in this
specics for detecting and monitoring
genodoxic agents in laboratory condi-
tions {Lohillo, 1993), SCEs lest in L.
mvrenagicus could become an integral
and imporant piece of genoloxic con-
trol programs under both laboratory and
field {continental waters only)
conditions.

Efforts to evaluate the feasibility of
fish citogenetics assays for assessing
genatoxic exposure in naturl or fam
fish populations, have been limited.
Alink et al., (1980} reported increase
frequencics of chromosome breaks and
SCEs, respectively in U pypmea
exposed to Rhine water in Flow-through
asquarin, The reports of SCE induction in
English sole (Stromberg ef af, 1981)
amd of chromosomal aberration induc-
tion in a feral goby in India lKrimjn
and Redge, 1982) are found in this
contexl, Subsequent studies by others
have continued 1o validate the mundmi-
now [ L'mibra sp.) SCE assay for labora-
tory testing of chemicals for genstoxic
activity { Vigfusson eral., 1983). But the
fact that Umbra species may not be
readily available in areas where studies
are desired and they don’t have a good
adaptation, are two great limitations,

The casy availability of L pyrenaicus
in continental waters of the Spanish
southwest, and optimal and very
sensitive response to Brdu technique
inclicate:

|. The suitability of the SCE testin L.
pvrenaicus for detecting and moniloring
genotoxicants  under laboratory
conditions | Lobillo, 1993),

2. 8CEs test in this species present
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clear advantages for the development of
procedures to assess genetic damage in
fish exposed in site 0 point sources of
aquatic pollution and so, the evaluation
of the role of genotoxic contaminantsin
epizoatic neoplasia in fish populations
as referred to by Maddock er al, (1986)
and the prevention of serious ecological
catastrophes, economic loses in fish
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