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Cortisol influences the host—parasite interaction between the
rainbow trout (Oncorhynchus mykiss) and the crustacean

ectoparasite Argulus japonicus

C.HAOND' D.T. NOLAN, N. M. RUANET, J. ROTLLANT/

and 8. E, WENDELAAR BONGA*

Department of Animal Ecology and Ecophysivlogy, aculty of Science, Uniwersity of Nijmegen, Toernoorveld I,

6525 ED Nigmegen, The Netherlands

(Recerved 4 Aprit 2003 revised 9 July 2003, accepled 9 July 200.3)

SUMDMARY

The host-parasite interaction between the rainbow trout Oueorhynchus mykiss and the fish louse Argulus japonicus was
investigated by administering low levels of dietary cortisol before infecting the fish with low numbers of the parasite, After
24 h, the dictary cortisol treatment clevated blood cortisol and glucose levels and stimulated the synthesis of secretory
eranules in the upper layer of skin cells. Infeetion with 6 lice per fish causcd skin infiltration by lymphocytes, also 1n areas
without parasites. T'he lymphocyte numbers in the blood at 48 h post-parasite infection were reduced. Other changes,
typical for exposure to many stressors and mediated by cortisol, were also found in the epidermis of parasitized fish,
although neither plasma cortisol nor glucose levels were noticeably atfected. Glucocorticoid receptors were localized
immunohistochemically and found in the upper epidermal layer of pavement and filament cells, and in the leucocytes
migrating in these layers. Cortisol-fed fish had reduced numbers of parasites and the changes in the host skin are likely
volved in this reduction. Thus a mild cortisol stress response might be adaptive in rejecting these parasites. Further, the
data suggest that this effect of cortisol is mediated by the elucocorticoid receptor in the skin epidermis, as these are located
directly at the site of parasite attachment and feeding in the upper skin cells that produce more secretory granules in

response to cortisol feeding.

Key words: host—parasite interaction, Argulus japonicus, cortisol, epidermis, lvmphocyte.

INTRODUCTION

The Branchiuran fish lice belonging to the genus
Argulus are responsible for disease outbreaks mn a
wide variety of fish species throughout the world
(Rahman, 1995; Rushton-Mellor & Boxshall, 1994).
With some exceptions, these lice occur in fresh water
and are a major problem for Ash farmers mn de-
veloping countries (Jafri & Ahmed, 1994 Rahman,
1996 Singhal, Jeet & Davies, 1990), but arc also a

problem in Buropean fish culture (Buchmann &
Bresciani, 1997: Buchmann, Uldal & Lyholt, 1995;
Grignard, Melard & Kestemont, 1996). Forexampie,
a rainbow trout (Oncorhynchus mykiss) Farm i
Portugal (Menezes et al, 1990) and a Scottish ramn-
bow trout and brown trout (Salmo trutta) stillwater
fshery (Northeott, Lyndon & Campbell, 1997) were
decimated by A. foliaceus.

Despite the economic losses [rom crustacean
ectoparasites in fisheries and aquaculture, little is
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known about the biology of the parasite, including
the nature of the relationship between the lice and
their hosts. Since the early seventies, it has been rec-
ognized that the host fish can affect several aspects
of lice biology, but the underlying mechanisms are
poorly understood. Rejection of the cyclopoid co-
pepods Lernaca eyprinacea and Lernaea polymorpha
by their host has been reported for both najve and
previously infected fish (Shields & Goode, 1978
Woo & Shariff, 1990) and it was thought that the
rejection was at least in part due to cellular responses
of the host. With respect to the salmon louse
Lepeophtheirus  salmonis, naive hosts of different
species of salmon showed variability in their sus-
ceptibility to infection (coho <chinook < Atlantic;
Johnson & Albright, 1992 a4). Coho salmon were the
most resistant to parasite establishment and moun-
ted strong tissue responses, including inflammation
and epithelial hyperplasia leading to parasite loss.
Naive Atluntic salmon, however, were highly suscep-
tible to infection and failed to mount any probably
significant tissue responses to any of the develop-
mental stages. Cortisol administered in cocoa butter
implants, which strongly elevated cortisol levels in
the blood, suppressed the infammatory response and
the development of epithelial hyperplasia in the
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normally resistant coho salmon, and resulted in the
inability of the tish to shed 7. salmonts (Johnson &
Albright, 19920).

[nfestation with copepodid parasites 18 known to
svolve a stress response in fish, involving a series of
compensatory and/oradaptive behavioral and physio-
logical responses, which are collectively referred to
as the integrated stress responsce (see reviews by
Wendelaar Bonga, 1997 and Tully & Nolan, 2002).
[ the case of cctoparasite infestations, these may
protect the host by reducing parasite settlement and
climinating attached parasites, through stimulating
non-specific tmmune  responses, epithelial hyper-
plasia, mucous cell discharge, and by altering the
composition of the mucous. The primary Stress re-
sponse of fishes involves the activation of the higher
brain centres, which trigger a massive release of
atecholamines and corticosteroids. The secondary
stress responses are the manifold immediate actions
and effects of these hormones and occur at all levels
ol organization. Cortisol has a broad activity spec-
trum in Ashes and has both mineralocorticoid and
glucocorticoid activities. Short-term high circulating
levels of cortisol, or chronic but moderately clevated
cortisol levels also impair hydromineral balance, as
. result of catecholamine-induced increase of the
permeability of the gills to ions (Wendelaar Bonga,
1997). Cortiso! also mediates many of the stress-
related changes in the skin of rainbow trout, where
v ostimulates mucous discharge, mitosis, APOPLOSIS
of epidermal cells, synthesis of granules in the cells
of the upper epidermis, and the imfiltration of the
epidermis by leucocytes (Iger ef al. 19955 Nolan,
Van der Salm & Wendelaar Bonga, 19990), Infection
of salmonids with low numbers of the salmon louse,
. salmonis generally has not resulted i significant
increases in plasma cortisol levels (Bjorn & IMinstad,
1997 Johnson & Albright, 19920 Mustafa &
MaclCinnon, 1999 Ross et af, 2000}, Flowever,
heavy infections typically clevate plasma cortisol to
lovels that cause immunosuppression (IMustata ef al.
2000), Johnson & Albright (1 902 h) reported simijar
plasma cortisol values S. sealar experimentally
inlected with copepodids of L. salmonis. The re-
sponse of parasitized [ish to an additional stressor
has been investigated, especially in relation to hlood
cortisol levels in O. mvkiss (Ruane el al. 1 009 20(H}),
T'he rainbow trout infeeted with adult A. Juponicis
(Ruane et al. 1999) or with juvenile stages of
L. sabmonis (Ruane et al. 2000) showed increases 18
hlood cortisol levels after net confinement to levels
that were significantly higher than those in confined,
but unparasitized, fish. As cortisol modulates the
stress response in fish, parasites such as L. salmonts
or Argulus sp. can also modulate the stress responsc
q fish, Ruane ¢f al. (1999) demonstrated that, m
the host parasite interaction between (. mylass
and A. foliaceus, fish that were fed cortisol contain-
ing food prior to infestation showed signs  of
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immunosuppression  after 4 h net conlinement
21 days post-infection, This indicated a long-term
Cceraction between  celevated  cortisol levels and
afestation on the response to additional stressor,
Therefore the objectives of the present experiment
were to measure the combined effect of low-level
sortisol  administration and infection  with A.
japonicus in O. mykiss in order to stucy the role of the
hormone on the host—parasite interaction. Replicate
groups of fish were fed cortisol in their diet, as ¢
stress-free way of administration of the hormone,
1 were subsequently infected with 6 Argulus per
fslt. Trish were sampled after 14 days (24 Iy after the
last cortisol feeding, and 48 h atter infection with the
parasites). Several parameters related to the stress
response, hydromineral balance, mmune function,
and infestation levels were measured.

MATERTALS AND METHODS
Experimental fish and conditions

Six groups of 30 rainbow trout (approx. 73 ) were
kept in 65 1 black plastic circular tanks. "The water
was fAltered with an Eheim power hlter, acrated with
2 air stone and continuously refreshed with de-
chlorinated Nijmegen tap water. A partially How-
through system was used refreshing about 61 per
hour. The photoperiod was 12:12 light : davk, and
the water temperature was 16 7C, Fish were fad with
Pro-Aqua 20/+4 (Trouw ™ at 1% of body weight
once daily. The experiment began after a 1d-day
acelimatization period.

Experimental design

The design consisted of 3 experimental treatments,
cach performed in duplicate tanks: treatment witly
cortisol and treatment with <. japonicus, and sham
rreatment for cortisol and <. japonicus. "I'wo groups
of fish received food with cortisol, and 2 groups re-
cotved food without cortisol, Afterwards these -
aroups were infected with L. japonicus. T'wo other
groups served as controls and were sham treated for
cortisol and parasite, For cortisol Teedimg, at 4 chiys
and 2 days before infection, the normal food was
substituted with the same ration ol food treated with
reagent grade ethanol (4 groups) or cthanol contaime-
ing cortisol (2 groups). This food was prepared by
mist spraying the pellets with absolute  ethunol
(Merck), or with the same volume of ethanol con-
taining cortisol (hydrocortisone, Sigma) to Ive
cortisol content of 100 mg/kg food. The cthanol
was allowed to evaporate for § days prior to feeding
the treated pellets, Two days after the second cor-
tisol containing meal, the 2 groups fed cortisol and
othanol-sprayed food and the 2 groups fed ethanol-
sprayed food were cach infected with 120 acult aned
subudult . japonicus. This was accomplished by
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pouring beakers containing the required number of
parasite into each tank, Control fish were sham in-
fected by pouring beakers of water only 1nto their
tanks. The treatment groups are referred to as
CONTROL (ethanol-sprayed food and sham -
fected), ARG (ethanol-sprayed food and A. japonicus
infected) and CORT&ARG (cortisol containing
food and A4, japonicus infected).

Sample points and methods

Four fish from each tank were sampled at time zero
(Tiro) Le. after 14 days acclimatization. Five hsh
per tank were sampled 24 h after the second cortisol
administration (Teaep) and another 5 fish were sam-
pled 48 h post-A. japonicus infection (I'arc;). The S
fish were netted into a solution of 2-phenoxyethanol
(1:1000; Sigma) in which they were rapidly and
irreversibly anaesthetized. Blood was taken by
needle from the caudal blood vessels and immedi-
ately discharged into pre-cooled Eppendorf tubes
containing Na,EDTA/aprotinin (15 mg/3000 KIU
per ml of blood; Sigma) for lymphocyte counts and
plasma analysis. The fish were weighed, measured,
and the number of attached parasites was munted
For histological analysis, skin biopsies (10

10 mm) from 4 fish from each tank were taken from
the anterior part of the head and fixed in Boumn's
fixative for light microscopy (LM). Ifor electron
microscopy (EM), smaller pieces of skin (5 X5 mm)
from the same 4 fish were Hxed in Na-cacodylate
buffered glutaraldehyde for 20 min on ice, and post-
fixed in 1% osmium tetroxide in the same buffer
(Tger et al. 1995; Nolan et al. 2000). "Thssues were
ixed at the sample points post-cortisol feeding and
post-A. japopnicus infection,

Infestation density and condition faclor

Infestation level was recorded as the total number of

parasites on cach fish. Condition factor was caleu-
lated as 100 (body weight/fork length®), where body
weight is in g and fork length s i em.

Sample processing

Plasma  cortisol  was  measured  with  radio-
immunoassays developed and validated to measure
the hormone in the blood of fishes. Na™ concentra-
tions were determined with a Hame-photometric
auto-analyser (Technicon model 1V) coupled to
a1 spectrophotometer for determining CI7 by the
formation of ferrothiocyanate in plasma diluted 200-
fold. Plasma glucose was assayed using the Boch-
ringer UV-test kit following the manufacturer’s
nrotocol (Bochringer, Mannheim, Germany). Lym-
phocyte numbers were quantified by diluting the
blood 1:20 with Trek liquid, then counting them
in a Blirker hacmocytometer in a light microscope
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(Ruane et af. 1999), For LM, skin samples were fixed
for 24 h, processed through paraflin wax and sec-
tioned at a thickness of 5um. Mucous cells were

f«,

stained with the Alcian blue (pH 2-5) method,

described by Nolan, Reilly & Wendelaar Bonga
(1999a) and Van der Salm et al. (2000). T'he pres-
ence and localization of cortisol receptors in the
epidermis were demonstrated with an antibody
against O, myliss g‘luumnuu)ul receptors raised in
rabbits (Twjague et al. 1998), as described by Van
der Salm et af. (2000), The primary antibody was
used at a working dilution of 1:32000. IFor the con-
trols, primary and secondary antibodies were omits
ted. FFor transmission ¢lectron microscopy (I'IEM), 4
samples per pgroup at each time-pomnt were pro-
cessed, examined in the electron microscope and
photographed without knowledge of the treatments.
[Five low magnification areas from the upper epider-
mis of cach fish were enlarged 4 times and printed.
From these micrographs, the numbers of secretory
eranules were counted in 7-10 filament cells per fish
(cach filament cell representing a cytoplasmic area of
circa 200 um®y. Mean values for each fish were cal-
culated. Only data from mature filament cells with
a visible nucleus, which were neither necrotic nor
apoptotic, were used. The general ultrastructure of
the epidermis was examined with particular atten-
tion being paid to cellular necrosis (characterized
by nuclei with aggregations of chromatin, swelling
of the cytoplasmic compartment and loss of apical
microridges) and apoptosis (characterized by pro-
aressive densification of the nucleus, organelles and
cytoplasm, leading to cell shrinkage and loss of con-
tacts with surrounding cells), leucocyte infiltration
and epithelial integrity (evaluated by intercellular
swelling and cell=cell contacts). The observations
were compiled and expressed semi-quantitatively
following other studies (Iger, Balm & Wendeiaar
Bonga, 1994a; Nolan et al. 2000; Nolan e al.
1999 ),

Deta handling and statistics

As there were no statistically significant differences
in the data between replicate tanks, the data were
pooled giving #=8 at 'z and n=10 at T'eonrr
and Tare. For LM parameters #=8 and for 1M
n=4. For all parameters except condition factor and
Na: Cl ratio, effects of treatments were tested by
ANOVA at cach sample point and differences be-
tween treatment groups were identified with Bon-
ferroni’'s multiple range test, Non-parametric data
were identificd with Bartlett’s test and were log
transformed before analysis to achieve homogeneity
of variance. For condition factor and Na: Cl ratio,
differences were tested by non-parametric ANOVA.
Differences between ARG and CORT&ARG lice

numbers at Tape; were tested with the Mann-
Whitney U-test, Spearman  Rank Correlation
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Table 1. Plasma cortisol levels

and numbers of attached parasites at

sampling for rainbow trout (Oncorliynchues myRiss) at the beginning of the

experiment (TzEro), 24 1 after receiving the second
48 1 post-infection with 6 Argulus

containing feeds (Teora), and
japonicus per fish ("' anes)

(Data given as mean s E.

tor n=8-10. For full

of 2 cortisol-

details, see text. *P<(-05;

¥ P < ()-01 compared with control, Where 2 groups share the same superscript
letter, significance bhetween them is £P<0-01.)

ry rg 4 rr1
L' 1) 'Corer Ianre

Plasma cortisol (ng/ml)

CONTROL 5174 1-34 2:31 - 07+ O 11 148
ARG 16O 1Ok (7 42 30 12:23 4= 32+
CORT&ARG [-8O -4 (b7® 276247 01%F ):53 - 283
No, lice/tish
CONTROL, — — -
ARG — — 3-8 4-0-70%
CORT&ARG e — 17 =0 310
Spearman Rank Clorrelation
CONTROL o — —
ARG - — R=069, P=0-03
CORT&ARG — e R =, P==0-20)

analysis  was  used  to examine the relationship
between the numbers of attached parasites and
the circulating blood hormone levels at 24 h post-
s fection. All data are presented as mean values 5.k,

Sratistical significance was P <()-05.

REESULTTS
Iish condition factor and harasite nfestation densily

No fish died during the experimental neriod; the fish
wd well and remained disease Tree. "The mean con-
dition factor of the CONTROL Ash was 10554
0:024 and was not significantly different from the
ARG or CORT&ARG groups at any sumple point
(data not shown), At T'are, the number ol parasites
drtuched to ARG fish was signihean ly higher than
orn CORT ARG lish (Table 1).

[3lood parameters

At 1 iro, cortisol values were all well within levels
considered basal for unstressed fish althrough they
were higher in the CONTRO L fsh than in the ARGy
and CORT&ARG groups (Table 1). At Toorenrs
plasma  cortisol was significantly higher in the
CORTRARG group. At Tagre, the mean plasma
cortisol values of ARG and CORT&ARG fish were
not different from the CONTROL values ("I"able ).
There was 4 signilicant positive correlation hetween
che numbers of parasites per fish and the levels of
cortisol measured in the plasmi of ARG fish, hut
there was no such correlation for the CORT&ARG
Ash ((Table 1), The numbers of parasites were sig-
niticantly higher in the ARG group than 1 the
CORT&EARG group ((Table 1), Table 2 shows that

Table 2. Plagma glucose and circulating
[ymphocytes in rainbow trout (Oncorlivnchus mykiss)
at the beginning of the experiment ((T'ziro), 240
after receiving the second of 2 cortisol-containing
feeds (T'eonra), and 48 h post-infection with 6
Argulus japonicus per hsh ("I s ies)

(Data given as mean ks, for == 8=10, [For [ull details, see
coxt, WP < (10 R D00 comprtred with control,)

R e '
" TN

Irl“x'l R} rl‘{‘tlill rl‘\l{(.;

Plasma glucose (mg/dl)
CONTROI. OO - 3 713 RN
ARG S -1- 5 73 42 NS
(.'.(_ ).R'I‘&:'\ R( ; ql- A4 -} _"_i_'_; 3;.*“1 w Hl ‘__l !

e 1

LLymphoceytes (¢ 107/ml)

L‘()er‘]{()l; -=I~'(l;;f1_;;()'5 .3'{) nl () | “I} '_'_'l'_'“'ﬁ
ARG JOAH03 TR0 30 R
A F 2N

37 0 300} () 3%EF

o A o e ek P i B L im.-uiﬁ'lq-nlmﬂi:-ﬂ.-h"nm!L':.:'.:J-..J:.Mn.-.n-.-u‘u.‘\-'-'hﬂl;.-;._l.s catLiau A F R dnadirr kbl y o e R L LB S L s gy oy L PR TP I TR I TR LRI 11 pma
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the plasma glucose values were signiticantly higher
i the CORT&EARG group at "Tears and that the
aumbers of cireulating lymphoceytes i the hlood at
T were significantly lower in ARG and CORT
SARCG groups than in the CONTROL, fish ("Table 2).
Plasma Na' and Cl o concentrations ol all fishy
groups sampled, as well as Na: Cl ratios, remained
similar throughout the experiment and were within
the runge of values reported for freshwater salmo-
nids (data not shown),

Light microscopy of the skin

There were no significant changes in the numbers ol
mucous cells over time or between treatments (chaita




Fig. 1. Immunolocalization of the glucocorticoid receptor in the epidermis of the head skin of control Oncorliynchus
mykiss at Typro. Staining (arrows) 1s concentrated in the upper laver of the epidermis, primarily in the top fm.v cell layers
(pavement cells and underlying filament cells and in the lower layer, mainly in irregularly shaped leucocyte-hlce: cells.
L., leucocyte:; m, discharging mucous cell; p, pavement cell; PCells, melanin-containing pigment cells in subepidermal

layer; Derm, dermis.

not shown). Cortisol receptor staining occurred
mostly in the upper layer of the epidermis, primarily
in the top few cell layers (pavement cells and
underlying filament cells, illustrated i Ifig. 1 from
a CONTROIL fish at T, gro). Staining was also
observed in the lower laver, mainly in irregularly
shaped leucocyte-like cells, identihied as muacro-
phages, and small regularly shaped lymphocytes.
There was a weaker, discrete staining in the cyto-

[ g ]

plasm of mucous cells.

Ielectron microscopy

T'he M appearance of the skin epidermis of the
CONT'ROL, Ash was normal and consistent with
previous reports for this species (Iger et al. | 904 ar;
[ger, Jenner & Wendelaar Bonga, 19946, Schmidt
et al, 1999), The multilayered epithelium was com-
posed of several cell types, with the uppermost layer

of cells, those in contact with the water, differ-
entiated into pavement cells with elaborated apical

microridges. Below this were large populations of

™

lament and mucous cells, within which ifow num-
vers of leucocytes, mainly macrophages, granulo-
cytes and lymphoceytes, were observed. Both the
]m:vemunt and filament cells contained considerable
numbers of small granules (Fig. 2A). This epidermal
structure was altered in the CORT&ARG group at
Teorr (Fig, 2B) when more discharging mucous
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cells were seen, granule numbers in the pavement
cells increased, and the granules were located closer
to the apical surface (Fig. 2D) than in control fish
(FFig. 2C). Additionally, some limited microridge clis- g
ruption was observed and the incidence of apoptotic
and necrotic cells in the upper cell layers increased
slightly. Intercellular spaces in the epidermis be- i'
came evident (g, 2B) and they were often infil-
trated by leucocytes, which were more frequent than
in the epidermis of the CONTROL: group. The
epidermal condition of the ARG group at o
was comparable to that seen in CONTROL. A

semi-quantitative overview of the condition of the

ra =

L
[RFLELEN

epidermis is presented in Table 3.

[n general, the A. japonicus infestation had a
greater impact on the epidermis than did cortisol
feeding. In the ARG group at Tapc, discharging
mucous cells were more common, granule numbers
in some pavement cells were depleted, microridges

were more seriously disrupted, intercellular spaces
were more extensive and contained more leucocytes,
and the numbers of necrotic and apoptotic cells in the
apper epidermis was increased when compared to
the CONTROL group at Tare. The changes seen
in some parameters in the CORT&ARG group were
less than in the ARG group. The main diflerences
were reduced effects on pavement cell necrosis, gran- @i'“
ule numbers, and the extent of leucocyte infiltration.
The numbers of granules in the upper epidermal
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Transmission celectron micrographs of the upper epidermis of head skn from Oueorhyvnelies mvkiss. (A) "The upper
s (1) have apical microridges (arrow) and, toget:
ropulations of granules, m, mucous cell, (13) 2+
(I'corer), the granule populations are extensive in pavement (p) and filament cells

»

wr with the underlymg filament cells (F), contain
1 after receiving the second ol 2 cortisol-contaming meals
(). (C) Upper pavement cell of control

traut at Ueoer, showing signs of active granule synthesis and normal granule density, (D) Upper pavement cell 24 h after

receiving the scecond of 2 cortsol-containing meals {{Ucorer). Granule density

located closer to the apieal side ol the cells.

cells of the cortisol fed fish were significantly higher
at looner (It 3), There were no significant differ-
ences 1in the numbers of granules between treatments
at [anpe. A summary semi-quantitative evaluation
ol these results 1s given mm Table 3.

DISCURSION

T'his study 1s the hrst to examine a role of the stress
hormonce cortisol on the relattonship between the
fish louse, A, japonicus, and the trout O, mrykiss in the
shovt term. T'he results show that the admimistration
of low levels of cortisol reduced the immtensity of infes-
tation. While we do not understand the exact mech-
anism of this bencehicial response, it is possible that

s greater and the granole populations are

the elevation of plasma glucose in cortisol-fed hish
provided more energy tor dealing with the countering
of the parasite. T'o obtain as comprehensive a picture
as possible, we measured a variety of parameters in
the host, In the short term, infestation with low
parasite numbers resulted in the migration of lym-
phocytes out of the blood and into the epidermis,
where the epithelial disruption was associated with
an mereased incidence of discharging mucous cells
and moderately elevated Tevels of apoptosis, Infece-
tton with low numbers of the parasite did not affect
hydromineral balance, nor did 1t cause an increase in
plasma cortisol or glucose levels, which are primary
stress parameters used to assess stress i bsh, From
the positive correlation between numbers of lice and
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Table 3. Semi-quantitative evaluation of the ultrastructural parameters
observed in the head skin epidernus of rainbow trout (Oncorlivnchus
myvkiss) after receiving the second of 2 cortisol-containing teeds and 48 h
post-infection with 6 Argulus japonicus per fish

(Data given as mean+ 8.6, for n=8-10, Ifor full details, see text, IFor a given
parameter, O =unaffected, — =ncgatively stimulated and 4+ =positively stimu-

lated.)

Parameter CONTROL ARGUILUS COR'T&ARG

[Post-cortisol teed [ithanol
Pavement cell microridges ()
Pavement cell granules (}
Pavement cell apoptosis ()
Pavement cell necrosis ()
Mucous cell discharge ()
[ntracellular spaces ()
L.cucocyte mhitration ()

Post-Argulus intection sham
Pavement cell nicroridges ()
Pavement cell granules ()
Pavement cell apoptosis ()
Pavement cell necrosis ()
Mucous cell discharge ()
Intracellular spaces ()
Leucocyte mnhltration ()

[Lthanol Cortisol
() (}/ —

) -+

) 0/ +

) ()
) 0/ -
() +-

() -

+ A rgulus o Arolus
() ()

+ —i— -
—— —— .
L o L) - L L
L o] - _}- e el

. ki I,

160 -

O Control
Arg
B Cort & Arg

140 -
120-
100

80 -

SN
o

",
ot

60 -

i .l"‘:"i e
Lt
.t‘_.l ;.i!___rli ‘T: /
J.I E J“.' r
x f‘r r"‘ ‘-'- 3
r] o
.J' ..I_ r-. f.i'
g
74
/f 7
77
o / i
o e Ir,l"
S
- o
y - £t

No.granules per cell

40-

", ',
e

h..,"'-h_'. ) \i\ Ty e by

NN

M'-u

RORR,
RN

ORI
O .

20-

L,
i L M R
\C:: " _'b,":"\lh."hl_ b, e 11‘\"' N Tt
RN

™
N NN
, ]
1 -:\.k: e e "\-:‘-""1

N

i Y
~ :ku:"h‘\:‘ L -
Ny

T,

R

._:".. "‘i:h_ by, =
1"'.-‘:.,

Q
LN

™,

hy

Post-cortisol Post-argulus

i, 3. Numbers of granules quantified (in the head skin
epidermis of Onearhynclius mykiss) afrer receiving the
second of 2 cortisol-containing mweals (post-cortisol), and
18 h post-infection with 6 drgulus japonicus per hsh (post-

argulus). ''he data represent counts per eytoplasmic area of

upper epidermal cells, Data given as mean s, Tor ps=e,
[for fudl details, see texte, B8 Pec (0001,

blood cortisol levels, we predict that higher numbers

of parasites would significantly increase the levels of

circulating cortisol. Our observation that low levels
of infestation by this fish louse do not disrupt the
hydromineral balance is consistent with the results
of other studies (Grimnes & Jukobsen, 1996; Nolan
et al, 1999q).

The formation of intercellular spaces in the teleost
skin epidermis and infileration of these spaces by
leucoeytes was reported For Atlantic salmon with an
infestation of the sea louse L. salmonrs (Nolan et al,

1999a), as well as for a variety of other stressors (e.g.
Iger et al. 1994h; Iger & Wendelaar Bonga, 1994;
Nolan et al. 1998, 2000). Extravasation of leucocytes
from the blood vessels and their subscquent ap-
pearance in the peripheral tissues 18 normally ob-
served in stressed fish (Wendelaar Bonga, 1997),
where it is thought to be, in part, mediated by cortisol
(Iger et al. 1995; Van der Salm et af, 2000). This 1s
supported by the mammalian literature where, dur-
ing acute stress, cell-mediated immunity in rats was
enhanced 7 vivo by directing leucocytes to the skin,
whereas chronic stress suppressed such movements,
Additionally, the reaction to acute stress, and the ben-
eficial aspects of both the stress response and immune
function {(principally increases resistance to vIruses,
bacteria and fungi), were positively related with cir-
culating glucocorticoid levels in the blood of the rat
(Dhabhar & Mcliwen, 1997), In the present study,
low-level cortisol administration did not signifi-
antly reduce the number of circulating lymphoceytes
in the blood, but did increase their presence n the
epidermis. This observation points to rapid re-
nlacement of the extravasating leucocytes by blood
cells from the haematopoicetic tissues. Moderately
clevated cortisol levels during exposure to a stressor
are thought to be adaptive, whereas high cortisol
levels can have deleterious effects (Bury et al. 1998,
Wendelaar Bonga, 1997). On the basts of plasma
cortisol data from previous experiments in which
rainbow trout were fed cortisol in their diet, we may
assume that in the present experiments, the cortisol
peaks would have been about 100-150 ng/ml within
2= h, and would have returned to basal levels within
2436 h (Balm & Pottinger, 1995, Barton, Schreck &
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Barton, 1987). Cortisol s imphicated in mediating
the mhibitory effects of stressors on the immune re-
sponse, thus decreasing discase resistance (Isllis,
1981; Wendelaar Bonga, 1997). Ifor instance, the
mortality of the bhrown trout Sablne trutta, due to
bacterial and fungal disease, inereases with chronic
clevation of the plasma cortisol level (Pickering &
Pottinger, 1989). Similarly, the increase in numbers
ot the cctoparasite Gyrodactyvius salaris on several
salmonids treated with cortisol is ateributed to the
immunosuppressive effect of the hormone (Harns,
Soleng & Baklke, 2000). In our study, we obscrved a
benceticial effect of cortisol feeding with the hormone
reducing the number of parasites when rainbow
trout (), myvhkiss were infected with the Lice A. japo-
nicus, In this experiment, the fish were not exposed
to o chronie clevation of plasma cortisol, and thus
serious suppressive effects on the innate immune
system probably did not oceur.

In the present study, stress-free cortisol adminis-
tration via the diet increased the numbers of gran-
ules in the upper cell layers of the skin epidermis
of trout. These secretory granules contain endogen-
ous peroxidase activity (Iger et al. 1994b; Iger &
Wendelaar Bonga, 1994), In rainbow trout their syn-
thesis was also stimulated by cortisol (Iger et al.
1995), and many stressors have been reported to
induce changes in the numbers of these granules 1n
fish skin (Iger & Wendelaar Bonga, 1994 Iger et al.
19946, Iger, Jenner & Wendelaar Bonga, 1994¢;
Balm et of. 1995 Burkhardt-Holm, Escher & Meier,
[907). The contents of these granules are seereted
out into the glycocalyx and mucous layer covering the
hish, Peroxidase 1s considered to be an anti-microbial
component of the non-specific defence system of fish
and has been demonstrated in the mucous and gly-
cocalyx on the surface of the skin (Broklken et al.
1908 lger & Wendelaar Bonga, 1994). T'he seereted
skin peroxidase 18 a biochemically distinet soform
from the peroxidase of the blood (Brokken et al.
1998). While the significance of the enhanced se-
cretion of peroxidase during stress 18 unknown at
present, the stimulatton of granule synthesis by
cortisol admintstration i the present study was as-
soctated with reduced establishment by A, japonrcus
on the host fish, Farther, inanother study, the gran-

ule populations in the cells of the upper epidermis of

sea trout smole (S, trutta) were depleted within 3 h
of exposure of the fish to either Rhine water or acute
temperature shock (Nolan et af. 2000), These ob-
servations are consistent with the hypothesis that
these granules have a role in the integrated stress
response to hoth toxte and non-toxic stressors.,
experimental infection of the Atlantic salmon with
low numbers of the sea louse .. salmonis induced
stress-related changes i the skin and gitll epidermis
and these occurred i a dose-dependent manner
relative to the  parasites introduced

number of
(Nolan el al. 1999 ¢), In the present experiments, Ash
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infected with A. japonicus showed a statistically sig-
nificant correlation between parasite number and
plasma cortisol level, and this supports the view that
increasing numbers of parasites are increasingly
stressful for the fish. This relationship, however, was
lost in the CORT&ARG group, possibly because
exposure of the fish to cortisol beftore infestation had
macle the fish more resistant to the parasites than the
fish ted cortisol-free food. This indicates that a high
fevel of cortisol performs a functional role in the
adaptive responses of the host to the parasite.
Stimulation of leucocyte extravasation and their
migration mto the peripheral tissues might be such
an adaptive response; stimulation of granule syn-
thesis i the upper eprdermis and their discharge
might be another.

'The positive correlation between plasma cortisol
levels and parasite numbers 1 the ARG fsh indi-
cates that increasing numbers of 4. japonicus induce
stronger stress responses in the fish. Using a hyper-
holic model, Poole, Nolan & T'ully (2000) demon-
strated that baseline cortisol levels 1 wild sea trout
S, trutta naturally mftested with L. salmonis were
significantly higher than in uninfested fish. Fur-
thermore, there was a positive correlation between
infestation intensity and extrapolated cortisol levels,
T'he cortisol response of trout to A. japonicus infes-
tation and the effects of chronically elevated levels of
cortisol in the blood remain to be demonstrated.
Ruane et al. (1999) found no differences in plasma
cortisol m O, mykiss 21 days post-infection with 6
Argulus per fish, indicating that adaptation to this
number of parasites had occurred.

This 1s the hirst study to demonstrate cortisol re-
ceptors in the epidermis of the rainbow trout 0,
mykiss. Lffects of cortisol administration on epi-
thehal cells of O. mykiss include increased synthesis
and secretion rate of granules of the upper epidermal
cell layer, and mcercased infiltration of the epidermis
by leucocytes (this study and Tger e al. 1995), These
cdata support the view that these effects may be
mechiated via the cortisol reeeptor, as the cortisol
receptor was found by immunohistochemistry to be
located in the upper epidermis (consisting primarily
of granule secreting filament cells just before or in
the process of differentiation into pavement cells)
and 1 leucocytes, cells known to be responsive to
cortisol. Low levels of cortisol can enhance carp
neutrophil function and proliteration 7n vitro, while
higher levels induced apoptosis in B-lymphocytes
(Weyts et afl. 1998). The latter observations, together
with those from the present study, support the hy-
pothesis that cortisol levels slightly above unstressed
basal levels are adaptive in teleost fish (Wendelaar
Bonga, [097),

In conclusion, this study confirms that, adminis-
tration of low doses of cortisol induce cellular
respouses in the skin of rainbow trout that are
also observed in response to a variety of stressors.




. P T o - . . . P T
T T e T B L T L e T S LPNLE CPCILI ST NI SR SRR TS s LU nELIL R L i R - . - ]
_ r"ﬁj‘i-.".l" ﬁm’::'_?.'.-'.-'.f:'Fﬁ_';;L"_'.::‘;:-,_“_HH. v s y L omrtiath s - ' - - L 1 L oo vy | R I N L P T I T T e Tl Ty Ll L g b T T T PO LR T AP ML TITE TE an war ) l;‘;:ﬂ':‘t:-l';:‘ft?.lhul it gt 1

Clortisol rfluences the tronl—Argulus host—parasite velationship

Certainly, the imncreased synthesis and discharge ot
ogranules in the cells of the upper epidermis may be
adaptive as 1t 18 associated with a lower mfestation
rate by the fish louse A. yaponicus than tound in fish
that were not treated with cortisol before infestation.,
The localization of the glucocorticoid receptor in the
pavement and filament cells, as well as the presence
of leucocytes in the epidermis, suggests that the ef-
fects of cortisol on these cells are receptor mediated.
Infestation increased the numbers of lymphocytes
infiltrating the skin epidermis and mdicated 1m-
munostimulation. T'he maintenance of hydromineral
balance, in spite of moderate epithelial disruption,
together with the absence of an infestation-related
tncrease of cortisol or glucose in the plasma, indi-
cates that the numbers of parasites used were not
excessively or chronically stresstul to the fish. How-
ever, the significant positive correlation between
parasite number and plasma cortisol suggests that
higher infestation levels would cause greater effects.
A dose-response study to the parasite 18 required to
examine this prediction.
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