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ABSTRACT: The dynamics of the densities of epidermal thionin-positive cells (putative mast cells) in 
the skin of brown trout fry were investigated during experimental infections with the skin parasites 
Ichthyophthirius multifilus (Ciliophora) and Gyrodactylus derjavini (Monogenea). It was shown that the 
metachromatic thionin-stained cells were extremely sensitive to parasite exposure, as the density of 
cells in the skin of trout decreased markedly after exposure to the pathogens. As early as 7 d post infec- 
tion the cell counts were significantly reduced and almost totally depleted following 9 d infection, 
which suggests that degranulation of the cells occurs following parasite exposure. No recruitment of 
new cells was seen during the study period. Some reduction in uninfected control groups indicates that 
the putative mast cells are sensitive to stress as well. A notable variation in densities of thionin-stained 
cells between different fins was found and the cornea1 surface was devoid of these cells. The possible 
implications of these cells in host-parasite interactions are suggested and discussed. 
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INTRODUCTION 

The structure and function of mast cells in mammals 
have been extensively studied (Galli et al. 1999) and 
similar cell types have been described from a range of 
teleosts. These fish cells have been characterized 
based on their metachromatic staining with thionin 
(Reite 1998). However, the function of these cells in 
fish is still poorly understood. In mammals mast cells 
are believed to play a major role in both specific and 
non-specific reactions against foreign substances but 
whether or not the thionin-positive cells in fish play a 
similar role is unknown. Besides being important 
effector cells in allergies (hay fever, asthma, anaphy- 
laxis), the mast cells participate actively in mammalian 
immune responses to parasites (Harrison et al. 1999). 
In addition, there is reason to believe that mast cells in 
mammals have a function in innate immunity to vari- 
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ous pathogens (Galli et al. 1999). An investigation of 
how partly corresponding cells in teleosts interact with 
parasites is therefore relevant. 

It is known that teleosts are fully capable of mount- 
ing a specific immune response against the ciliate 
Ichthyophthirius multifiliis (Clark & Dickerson 1997) 
and additionally, non-specific reactions in the fish 
seem to be activated upon infection with this parasite 
(Buchmann et al. 1999). Likewise, both specific and 
non-specific systems play a role in the response of 
teleosts against monogeneans, and several effector 
mechanisms including mast cells have been suggested 
to be involved (Buchmann 1999). However, the only 
indirect suggestion of mast cell involvement in trout 
associated with ectoparasitic infections was provided 
by Blackstock & Pickering (1980). They showed that 
eosinophilic granular cells were abundant in brown 
trout epidermis infected with the ectoparasitic flagel- 
late Ichthyobodo necator. Such cells are presumably 
related to thionin-positive cells. Because they contain 
cytoplasmic granules with sulphated glycosaminogly- 
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cans, they stain metachromatically with basic aniline 
dyes such as thionin (Reite 1998). As these substances 
are water soluble, it is necessary to preserve material 
for staining in absolute alcohol before processing. 
However, tissue fixed in water soluble fixatives lose 
this staining ability and appear as eosinophilic granu- 
lar cells (Reite 1998) as only their acidophilic and 
water-insoluble granula are retained. Working with 
alcohol-fixed rainbow trout intestine infected with 
the acanthocephalan Acanthocephalus dirus, Bullock 
(1963) found basophilia connected with an epithelia1 
reaction around the parasite's hooks. This could indi- 
cate the involvement of basophils or mast cells in the 
host response. Clearly, the association between tissue 
mast cell densities and parasitic infections in fish needs 
to be investigated further. 

The present paper elucidates the question of 
whether any change in metachromatic thionin-positive 
epidermal cells (putative mast cells) occurs following 
exposure of brown trout fry to the skin parasitizing 
parasites Ichthyophthin-us multifiliis and Gyrodactylus 
de  rja vini. 

MATERIALS AND METHODS 

Fish. Uninfected fry of brown trout Salmo trutta were 
purchased from the Esrom trout hatchery (North 
Zealand, Denmark) and acclimatized for 7 d in a ther- 
mostat regulated laboratory room (1 1.6"C) in aerated 
municipial water (pH 7.4, CaC03 390 mg I-') in 200 1 
aquaria. The fry had a mean body length of 24.8 mm 
(SD 1.75) and a mean body weight of 153.7 mg (SD 
1.75) (n = 10). 

bro, Jutland) and maintained in 200 1 aquaria with live 
rainbow trout with regular supplement of uninfected 
fish. The age of the laboratory stork was 3 yr when 
used. 

Experimental procedure. The 2 separate experi- 
ments with the 2 parasite species were conducted at 
11.6"C with a 12 h light: 12 h dark cycle. For each ex- 
periment 2 aquaria (experimental and control), each 
containing 4 1 aerated water and 40 fish (total volume 
17 1) with daily water exchange, were used. Before 
starting the infection procedure 10 fish were sampled 
from each aquarium (0 group). 

Infection procedure: Infection with Ichthyophthinus 
multifiliis was produced by exposing 30 fish to infec- 
tive theronts (40 fish-') for 24 h. Infection with Gyro- 
dactylus derjavini was accomplished b y  placing dis- 
sected fins with attached parasites in the aquaria (160 
parasites to 30 fish) (24 h) .  Infection success with gyro- 
dactylids was monitored after 24 h or 5 d by anaes- 
thetizing (MS 222 50 mg 1-l) fry (in a beaker with 50 m1 
solution) and subsequently counting the number of 
attached gyrodactylids or ich-parasites, respectively, 
with a dissecting microscope (6 to 40x magnification). 
Fish were not touched during this procedure. Infection 
success with I. multifiliis was first recorded after fixa- 
tion/staining and during the subsequent counting of 
putative mast cells (see below). 

Sampling: Following infection, fish were kept for a 
total of 9 d. Samples from the various groups, each 
comprising 10 fish, were taken on Days 0, 7 and 9. 

Effect o f  anaesthesia: In order to clarify whether 
anaesthesia had any effect on the density of thionin- 
positive cells 2 groups of trout fry in 17 1 aquaria were 

Parasites. Ichthyophthirius multifiIiis: 
Table 1 Gyrodactylus de javini infecting Salmo trutta. Densities of thionin- 

A laboratory stock Of this "liate was positive cells [number of cells field-'; mean and (SD)] in various fins and 
established transferring trophonts corneae from brown trout before and after infection (7 and 9 d)  (1 to 3 para- 
infected rainbow trout obtained from a sites fish-'). Field area = 0.31 mm2 In each group 10 fish were counted. In 
Danish trout farm (Refsgaard 11, Jutland) 
to uninfected rainbow trout in the labora- 
tory aquaria. After infection the parasite 
stock was maintained by introduction of 
nai've fish every few weeks. The labora- 
tory stock was used 8 mo after establish- 
ment. Infective theronts were produced 
from trophonts escaping dissected in- 
fected fins of rainbow trout in glass 
beakers with water. Following tomocyst 
development and tomite formation, escap- 
ing theronts were isolated and counted 
using a dissecting microscope (40x mag- 
nification). 

Gyrodactylus derjavini: A stock of this 
monogenean was established in the labo- 
ratory based on infected farm trout (Pcele- 

each fish 3 fields were counted in 2 pectoral ?ins, 2 pelvic fins, anal fin, cau- 
dal fin, adipose fin, dorsal fin, and 2 corneae. ': p < 0.01 in relation to 

Day 0, #: p < 0.01 in relation to uninfected control same day 

Pectoral Pelvic Anal Caudal Adipose Dorsal Cornea 
fin fin fin fin fin fin 

Day 0 11.1 8.5 4 5 3.1 7.8 8.2 0.0 
Unlnfected (8 1) (6.3) (4.5) (4.4) (9.4) (5.5) 

6.1 5.3 7.5 2.5 6.0 3.7 
Uninfected (7.2) (3.8) (11.8) (2.4) (7.5) (2 7) I Day 7 O 0  1 
Day 7 1.3 2.3 0 5 0.3 0.8 0.9 0.0 
lnfected (1.8)'# (3.5)'# (0 8 ) '#  (0.6) '# (2.1) '#  (2 l ) ' #  

Day 9 3.3 3.5 1.5 3.1 1.9 1.8 0.0 
Uninfected (3.8) (3.8) (1.4) (4.2) (2.4) (2.3) 
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microscissors, stained with 0.1 % thionin in 
absolute ethanol (pH 4), rinsed in absolute 
ethanol and finally mounted in Depex. Swim 
bladders from rainbow trout were likewise fixed 
and stained in order to determine whether the 
staining of mast cells corresponded to the 
description provided by Reite & Evensen (1994). 

Mast cell counting:At least 3 zones of 0.31 mm2 
were counted on each fin if possible. All cells con- 

used. One group (13 fish) was treated for 5 min Table 2. Ichthyophthirius rnultifiliisinfecting Salmo trutta. Densities 
(maximum counting time) in 50 mg 1-1 MS 222, of thionin-positive cells [number of cells field-'; mean and (SDI] in 

whereas the other group (12 fish) was left va~ious fins and corneae from brown trout before and after infection 
(7 and 9 d).  Field area = 0.31 mm2. In each group 10 fish were 

untreated. 24 h in pure both counted. In each fish 3 fields were counted in 2 pectoral fins, 2 pelvic 
groups were fixed and processed for cell counting fins, anal fin, caudal fin, adipose fin, and dorsal fin. ' .  p < 0.01 in re- 
as described below. lation to Day 0, #: p < 0.01 in relation to uninfected control same day 

Fixation and staining: The sampled fish were 

Day 0 19.7 25.5 19.9 3.7 10.1 9.9 
Uninfected (15.5) (14.4) (19.3) (5.8) (15.5) (9.3) 

Day 7 16.8 9.5 16.0 5.0 12.8 6.7 
Uninfected (16.6) (12.2) (13.6) (8.7) (20.8) (10.5) 

Day 7 1.3 0.6 (0.4) 0.4 0.6 1.1 
Infected (1.9)'# (1.0)'# (0.9)'# (0.9)'# (l.5)'# (2.5)'# 

Day 9 15.4 14.2 15.7 6.3 13.4 14.0 
Uninfected (9.9) (13.9) (16.7) (10.3) (14.2) (14.9) 

preserved in absolute ethanol for more than 2 wk. 
Fins and corneae were then dissected with 

Pectoral Pelvic Anal Caudal Adipose Dorsal 
fin fin fin fin fin fin 

I 

microscope (400x magnification). 
l 

taining metachromatically stained cytoplasmic 
granules were registered using a compound 

Statistics. For each group of fish the mean number 

0.1 0.2 0.2 0.1 
Infected (0.3) ' #  (0.5) ' #  (0.5)'# (0.2)'# (0.7)'# (0.2)'# 

(and SD) of mast cells per counting zone in each fin Table 3. S a h o  trutta. Densities of thionin-positive cells [num- 
type was calculated, the data did not fit a normal ber of cells field-'; mean and (SD)] in various fins and corneae 

from brown trout treated or not treated with MS 222 for 5 rnin distribution the Mann-Whitne~ U-test was used to and fixed 24 h following Field area = 0.31 
evaluate differences of means between experimental NOS,  of fish were 12 and 13, respectively. No significant dif- 
groups. ference between groups 

RESULTS 

All parasite-exposed fish became infected. Fish 
exposed to gyrodactylids harboured 1 to 3 parasites 
per fish after 24 h and 5 d. Fish exposed to theronts 
showed visible trophonts in the fins on Days 7 and 9 
(recorded in thionin-stained preparations made for 
mast cell counting). 

Metachromatically stained cells in the trout fins were 
located superficially and showed red cytoplasmic 
granules despite the deep-blue colour of the primary 
thionin stain. The density of these cells varied consid- 
erably between fins. Thus, uninfected trout showed a 
high number of cells on the pectoral, pelvic, dorsal and 
adipose fins, a lower density on the anal and caudal 
fins and no mast cells in the cornea (Tables 1 & 2). 
Following 7 and 9 d infection with Ichthyophthinus 
multifiliis and Gyrodactylus deqavini, respectively, a 
marked and highly significant decrease of the density 
of thionin-positive cells was observed. In some controls 
a less notable decrease was seen. However, this was 
probably not caused by the anaesthesia (MS 222-bath) 
because no effects of MS 222 could be detected in an 
associated experiment (Table 3). In addition, the in- 
fected fins also contained significantly fewer cells than 
the corresponding controls sampled at the same time. 

Pectoral fin Caudal fin Dorsal fin 

Untreated (n = 12) 5.6 (3.6) 4 ( 5  5.2 (3.3) 
Treated (n = 13) 5.3 (5.5) 1.7 (0.3) 5.3 (4.9) 

DISCUSSION 

The method used in the present investigation, apply- 
ing whole-mounts of fry fins, provides a possibility for 
enumerating thionin-positive cells in the epidermis of 
fish fins. The cells appear with clear red cytoplasmic 
granules on an unstained or a slightly bluish back- 
ground. Thus, this staining method can be used when 
studying the effect of various physical, chemical and 
biological factors on these cells. The exact nature of 
these cells is not clear but due to the metachromatic 
staining with thionin following fixation in absolute 
ethanol they fit the description of teleost mast cells pro- 
vided by Reite (1998). Morphologically they corre- 
sponded to the swim bladder mast cells described by 
Reite & Evensen (1994) and to similarly stained cells 
seen by control staining of rainbow trout swim bladder 
performed by the present authors (data not shown). 
The function of these putative mast cells in the trout fin 
are unknown. However, it is noteworthy that the den- 
sity of these cells shows a fast and marked decrease 
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within 7 d post-infection. Therefore, the possibility 
cannot be excluded that they have a function in the 
host response against foreign substances and organ- 
isms like parasites. As the non-infected control group 
experienced a slight decrease in cell density during the 
experimental period, there are indications that factors 
other than parasites could play a role. The anaesthetic 
MS 222 showed no effect on cell density and the fish in 
the experimental groups were treated in exactly the 
same way (no manipulation with tools). However, the 
possibility cannot be excluded that the stress associ- 
ated with water shift in the aquaria could affect the fish 
and thereby influence cell density. This effect would 
evidently be of far lesser importance than infection. 

It has been proposed that these putative mast cells 
correspond to eosinophilic granular cells which appear 
in formah-fixed tissue stained with, e.g., Giemsa (Reite 
1998). These cells have been found in Salmo trutta 
(Blackston & Pickering 1980), and recently Matsuyama 
& Iida (1999) provided evidence for involvement of 
these cells in inflammatory reactions in tilapia. The lat- 
ter authors described degranulation of eosinophilic 
granular cells in swim bladders and peritoneum fol- 
lowing injection with bacteria. These cells have been 
known to occur in salmonid tissue, where they respond 
to various bacterial products (Ellis 1985, Vallejo & Ellis 
1989, Powell et al. 1993, Reite & Evensen 1994). In 
addition, the present work shows that thionin-postive 
cells occur in brown trout fin epidermis, where they 
seem to degranulate upon infection with skin para- 
sites. Therefore, the possibility cannot be excluded 
that these cells have some mast-cell-like functions. 

Nothing is known about regeneration of piscine mast 
cells upon such an activation, but evidently recruit- 
ment of thionin-positive cells to the epidermis is a pro- 
cess which takes more than 9 d under the conditions 
described. This points to a difference between some 
mammalian mast cell types and the putative piscine 
mast cells. Following degranulation of mucosal mast 
cells in sheep, those cells will in some cases increase in 
number in the affected tissue within a few days (Harri- 
son et al. 1999). In this context it should be emphasized 
that it is unlikely that thionin-positive teleost cells are 
fully identical to mammalian mast cells and they may 
accordingly act differently at least in some respects. In 
addition, the lower temperature (compared to mam- 
malian body temperature) at which fish normally live 
could also play a role in the kinetics of this teleost cell 
type. In other respects as well one may find significant 
differences. Mast cells play a prominent role in 
mammals responding to parasite infections (Galli et al. 
1999, Harrison et al. 1999, Meeusen 1999) with de- 
granulation of these cells due to specific interaction 
between antigen and IgE on the cell membrane. How- 
ever, as the immunoglobulin class IgE does not occur 

in teleosts, the possibility can be excluded that such 
antibodies attach to the surface membrane of mast 
cells in fish and elicit mediator release following anti- 
gen cross-binding. Despite these differences some 
important mechanisms in innate immunity associated 
with the putative mast cells could occur in teleosts. The 
thionin-positive cells in both swim bladder walls and 
trout fins are superficially located and are likely to be 
in close contact with any pertubation in the environ- 
ment. Therefore, they could be induced to release their 
cytoplasmic granules upon any contact of a mechani- 
cal, physical or chemical kind. This non-specific but 
pro-inflammatory reaction could contribute to a pri- 
mary response and activation of subsequent reaction 
of both specific and non-specific elements of the host's 
immune system. in this context it should be noted that 
the corneae were devoid of mast cells in both unin- 
fected and infected trout. Previous investigations have 
pointed to the corneae as immunoprivileged sites in 
trout (Buchmann & Bresciani 1998). Thus, the cornea1 
epithelium is devoid of mucous cells and according to 
the present investigation also putative mast cells. The 
cornea seems to offer a less hostile microenvironment 
for ectoparasites such as Gyrodactylus derjavini when 
the skin of the host responds and elicits a decrease in 
parasite numbers. This further suggests that teleost 
mast cells play a role in antiparasitic host responses. 
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