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Abstract

Doctor fish (Garra rufa) have recently been used for aesthetic purposes and as a medical treat-
ment in patients with psoriasis (ichthyotherapy). For this particular kind of human therapy it is
essential to guarantee adequate hygienic conditions for both people and fish. The aim of this study
was to test two concentrations of water disinfectants, chloramine T and peracetic acid, on Garra rufa
to ascertain possible exposure damage to the epidermis and gills. Fish were exposed to 2 mg/l and 10
mg/l of chloramine T and to 15 ul/l and 45 pl/l of peracetic acid in a 40-minute static bath up to six
times a day for one week. The epidermis and gills were checked for histological changes and the
number of epidermal mucous cells, club cells and taste buds were quantified; mucous cells were also
characterized histochemically to detect alterations in mucin production. No mortality or severe his-
tological changes were found in treated or control fish. Cell count showed a significant increase
(p<0.05) in mucous cells (mean 49.1+ 6.7 vs 37.0 £ 13.1 of controls) in animals treated with peracetic
acid independently of the dose. Club cell number showed a significant (p<0.05) decrease in fish
treated with 2 mg/l of chloramine T (mean 74.3+15.6) and with 45 pl/l of peracetic acid (mean
78.17 £ 10.5) compared to controls (mean 107.0 + 19.2). Histochemical evaluation of mucous cells did
not reveal changes in mucin type in fish exposed to the two disinfectants. The results suggest a good
tolerability of Garra rufa to the two disinfectants at the concentrations tested.

Key words: Doctor fish, cyprinid, human ichthyotherapy, chloramine T, peracetic acid, histology,
histochemistry

Introduction
thyotherapy) (Ozcelik et al. 2000, Grassberger and

The use of the so-called doctor fish (Garra rufa) Hoch 2006). The basis of the therapy is that people

has recently been established both for aesthetic pur- are exposed to fish which feed on skin tissues. In this
poses in “health and wellness” centres and as a medi- context it is essential to guarantee adequate hygienic
cal treatment in patients with psoriasis (ich- conditions for humans and at the same time preserve
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fish health. To date, no scientific studies have ad-
dressed the positive effects of ichthyotherapy.

The aim of this study was 1) to test two concentra-
tions of two different disinfectants commonly used for
water treatment (chloramine T and peracetic acid) on
Garra rufa tissues to assess possible tissue damage to
the integument and gills; 2) to characterize any disin-
fectant-induced histochemical changes in the compo-
sition of mucins.

Materials and Methods
Experimental protocol

The experiment was approved by the ethical scien-
tific committee for animal experimentation of the
University of Bologna, in accordance with the Euro-
pean Community Council directive (86/609/ECC) and
carried out at the facility in Cesenatico (Bologna Uni-
versity, Italy). Fish were previously obtained by natu-
ral reproduction in controlled conditions. Five 60 liter
aquaria (one control group and four treatments) were
set up with a recirculating system to contain 20 fish
each. The environmental conditions were monitored
daily to maintain standard parameters of temperature
(28-29°C) and oxygen (5-6 mg/l) and to check for am-
monia, nitrites and nitrates. Water pH and hardness
(CaCO; equivalents) were 7.4 and 29° F respectively
(1°F=10 mg/L. CaCOs; equivalents). Fish (a total of
100 animals) were acclimatized for two weeks before
the experiment.

The disinfectant concentrations were chosen ac-
cording to the literature (Powell et al. 1995, Sanchez
et al. 1998, King and Farrell 2002) and following the
guidelines for water treatment given by the manufac-
turer (Oxygen, WWW.ORPC.IT, Milan, Italy) as
2 mg/l (low dose) and 10 mg/l (high dose) for
chloramine T and 15 pl/l (low dose) and 45 pl/l (high
dose) for peracetic acid.

Fish were moved each time from the aquaria to
a ten liter tank for a 40-minute static bath with the
disinfectant. At the end of the treatment the fish were
returned to their aquaria. This was done to reproduce
the hypothetical practical conditions of repeated ich-
thyotherapeutic sessions. The trial protocol consisted
of five days of treatment for each dose/disinfectant
with increasing disinfections/day (from two disinfec-
tions on the first day to six disinfections on the fifth
day). The bath was renewed each time.

Fish were fed a commercial cyprinid food twice
a day, morning and evening, to verify appetite. Data
on mortality were recorded.

On the fifth day, after the last treatment, a total of
29 fish (5 controls and 6 animals from each dose/disin-

fectant treatment — 3 immediately after the last treat-
ment and 3 after 12 hours in clean water) were eutha-
nized with a lethal dose of anesthetic (tricaine meth-
anesulfonate MS-222, 100 mg/l).

Macroscopic findings and histology

At necropsy, any changes were recorded
and documented. Gills, mouth/barbs and integument
of the ventral area were sampled and immediately
tixed in 4% buffered formalin. After paraffin embed-
ding histological sections were then cut at change in
3 um, hematoxylin and eosin stained and evaluated
under a light microscope. Epidermal mucous cells,
keratinocytes, club cells, taste buds and gill mucous
cells, epithelial cells and capillary axis were checked
for hypertrophy, hyperplasia, cellular degeneration,
necrosis, inflammatory changes and circulatory dis-
turbances.

Three micrometer-thick H&E stained sections of
integument of the ventral area were assessed under
a light microscope. A manual count was performed to
quantify the number of mucous cells (MC), taste buds
(TB) and club cells (CC). Images of three fields per
fish (area per field 34477 um?) were taken at 40x lens
using a Nikon Eclipse 80i optical microscope and
a Nikon Digital Sight SD-MS camera (Nikon Corpor-
ation, Japan).

Statistical analysis of data was performed using
SPSS 12.0. Significance was set at p<0.05. Preliminary
non-parametric analysis was used to test for Normal
distribution (one sample Kolmogorov-Smirnov test)
of the three variables — total number of MC, TB and
CC counted for each fish. To evaluate the influence of
both disinfectants and dose on cell numbers, paramet-
ric (Analysis of Variance — ANOVA) and non-par-
ametric (Kruskall-Wallis test) analyses were used for
Normal distributed and non-Normal distributed data,
respectively.

Histochemistry on the mouth epidermis
and gills

Different histochemical stains were used to char-
acterize the chemical composition of mucins of epi-
dermal and gill mucous cells and disclose any qualitat-
ive changes in mucin type related to disinfectants. Al-
cian blue at pH 2.5 and pH 1 combined with PAS
staining (Harris et al. 1973) were used to reveal neu-
tral and acidic mucins on sections from two animals
per treatment (including control). Selected cases were
also pretreated with diastase to exclude glycogen in
PAS positive staining or with sulfuric acid 0.1 N (Cull-
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ing’s method) to distinguish between sialylated or sul-
phate acid mucins according to McManus and Mowry
(1960).

Results

Feeding behavior of fish treated with the mini-
mum dose of both compounds was not affected: the
animals showed appetite and voracity (typical “root-
ing” on the bottom) throughout the week, whereas
animals treated with the highest dose of both com-
pounds showed poor appetite, especially towards the
last days of the week. No mortality was observed. At
necropsy, macroscopic findings were absent. Hyper-
trophy, hyperplasia, cellular degeneration, necrosis,
inflammatory changes and circulatory disturbances
were not observed in the integument and gills, either
in treated subjects or in controls.

No significant differences were found in cell
numbers among controls, fish euthanized immediately
at the end of the last treatment and fish euthanized 12
hours later. Due to the lack of significant differences
related to euthanasia timing, the following analyses
were performed using pooled data. For each group
— one control group and the four treatments
(peracetic acid high dose, peracetic acid low dose,
chloramine T high dose, chloramine T low dose)
— mean and 95% confidence intervals (CI) of the
number of TB, MC and CC are reported in Figs. 1-3
respectively.

Means and 95% confidence intervals — TB
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Fig. 1 — Mean number of TB and 95% confidence interval
(CI) in each treatment group. Due to the low number of TB
cells and because of the non Normal distribution of the data,
CI for this type of cell are not reliable and are shown for
informative purposes only.
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Fig. 2 — Mean number of MC and 95% confidence interval in
each treatment group.
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Fig. 3 — Mean number of CC and 95% confidence interval in
each treatment group.

The total number of counted TB ranged from zero
to two cells (mean 0.45; standard deviation 0.69). TB
number was not normally distributed
(Kolmogorov-Smirnow test, p<0.01) so non-paramet-
ric statistical analysis was performed to compare TB
number among the five groups corresponding to the
one control group and the four treatment groups
(peracetic acid high dose, peracetic acid low dose,
chloramine T high dose, chloramine T low dose). No
significant differences (Kruskall-Wallis test, p>0.05)
in TB numbers were found among the five groups
(Fig. 1).

The total number of counted MC ranged from 16
to 74 (mean 41.28; standard deviation 13.34). MC
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number was normally distributed (Kolmogorov-Smir-
now test, p>0.05) so data were analyzed using
ANOVA. Independent variables were the type of dis-
infectant (peracetic acid or chloramine T) and the
dose of disinfectant (high or low); the interaction be-
tween the two variables was also included in the statis-
tical model to see if the effect of each variable was
influenced by the level of the other one. ANOVA is
a multivariate analysis and allowed the concurrent in-
clusion of both disinfectants, dose and interaction in
the analysis: as a consequence, the effect of each inde-
pendent variable is estimated by the model holding
constant all other variables. A significant difference
related to disinfectant type was found for MC
(ANOVA, p<0.05): independently of the dose, ani-
mals treated with peracetic acid showed more MC
(mean +95% CI: 49.1£6.7) than controls
(37.0+13.1) and animals treated with chloramine
T (35.3£6.2) (Fig. 2). Neither disinfectant dose nor
dose-type interaction significantly affected MC numb-
er (both p>0.05). Marginal means predicted by the
statistical model are shown in Fig. 4.

Estimated Marginal Means of MC
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Fig. 4 — Marginal means of MC as predicted by the model.
Means of MC are higher in peracetic acid-treated fish. No
interaction between disinfectant and dose is appreciable.

CC number was normally distributed (Kol-
mogorov-Smirnow test, p>0.05) so data were analyzed
using ANOVA. As for MC, the type of disinfectant,
disinfectant dose and the interaction between the two
variables were concurrently included in the multivari-

ate statistical analysis. The total number of counted
CC ranged from 56 to 140 cells (mean 90.86; standard
deviation 21.78). Statistical analysis revealed a differ-
ence in CC number due to the interaction between
disinfectant dose and type (p<0.01): CC number was
significantly lower in fish treated with low dose
chloramine T (74.3+15.6) and with high dose
peracetic acid (78.17 £ 10.5) than that found in con-
trols (mean *95% CI: 107.0 + 19.2) (Fig. 3). Marginal
means predicted by the statistical model are shown in
Fig. 5.
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Fig. 5 — Marginal means of CC as predicted by the model.
Means of CC are lower in fish treated with high dose
chloramine T and with low dose peracetic acid. The interac-
tion between disinfectant and dose is appreciable due to the
intersection of the lines.

Histochemistry of the mouth epidermis with com-
bined Alcian blue pH2.5/PAS staining displayed
a mixed cell population: mucous cells with foamy
cytoplasm light blue stained (faint Alcian blue stain)
containing non sulphated acid mucins and cells with
homogeneous dark blue cytoplasm (Alcian blue posi-
tive) which contained acid mucins, and mucous cells
magenta stained (PAS positive) which contained neu-
tral mucins (Fig. 6 A). On the other hand, with Alcian
blue pH1/PAS staining all mucous cell were magenta
(PAS positive) showing that the acid mucins had weak
acid radicals (sulphate-free sialic acid or carboxylated
acid mucins) (Fig. 6 B). After a pre-treatment with
sulfuric acid these cells stained with Alcian blue con-
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Fig. 6. Histochemistry of the mouth epidermis in control animals: (A) Alcian blue pH2.5/PAS staining displays a mixed cell
population composed of light blue stained mucous cells (non sulphated acid mucins), mucous cells with a dark blue cytoplasm
(acid mucins) and magenta stained mucous cells (neutral mucins); (B) Alcian blue pH1/PAS staining displays all magenta stained
mucous cells (neutral and sulphate-free sialic acid or carboxylated acid mucins); (C) Sections pre-treated with sulfuric acid show
the majority of mucous cells are Alcian blue stained (sulphate-free carboxylated acid mucins); (D) Sections pre-treated with
diastase show all mucous cells magenta stained (absence of a glycogen content). Bar = 25 um.

firming a sulphate-free content (carboxylated acid
mucins) (Fig. 6 C). Finally, with diastase digestion all
mucous cells were magenta (PAS-positive) demon-
strating the absence of glycogen (Fig. 6 D).

In gills, combined Alcian blue pH2.5/PAS staining
showed a mixed cell population at the apex of primary
lamellae, with most mucous cells containing neutral
(PAS positive) mucins and some Alcian blue stained
cells containing acid mucins (Fig. 7 A). At the base of
primary lamellae all mucous cells stained magenta
(only PAS positive) displaying a neutral content (Fig.
7 B). With Alcian blue pH1/PAS staining all mucous
cells were only PAS positive (Fig. 7 C, D). The
pre-treatment with sulfuric acid showed that mucous
cells at the apex of primary lamellae, Alcian blue
stained with Alcian blue pH2.5/PAS, remained Alcian
positive confirming a sialic-free acid content, while
the majority of cells were magenta stained (neutral
mucin content) (Fig. 7 E) like the mucous cells at the
base of primary lamellae (Fig. 7 F). Glycogen was not
confirmed with diastase digestion (Fig. 7 G, H).
Qualitative evaluation of mucin type in animals ex-
posed to the two disinfectants and in the control did
not show changes in mucous cell content at either
concentration tested.

Discussion

This study protocol reproduced the hypothetic
practical condition of “health and wellness” centres
where fish can be employed for up to six customers
a day in ichtyotherapy sessions lasting 30-40 minutes.

The two molecules tested were chosen among the
common disinfectants used in Italy for waste-water
treatment (peracetic acid) and for disinfection of sani-
tary tools and facilities (chloramine T) (Pergetti et al.
1999, VV AA 2011). Moreover the two compounds
are used in Italy for tool/tank disinfection in aquacul-
ture, and in other countries also for treatment of fish
bacteria, fungi and parasites (Bullock et al. 1991, Har-
ris et al. 2005, Sudova et al. 2010, Straus et al. 2012a).
Chloramine-T is less affected by organic matter than
other chloride compounds; it becomes more toxic in
acidic and warm water and in soft water (Bills et al.
1988). Peracetic acid is a very powerful oxidant but
information on repeated dose toxicity, composition,
concentration and stability of this substance is scant
and few toxicity tests have been done. However, the
effects reported in the literature were generally a re-
sult of the irritant and corrosive properties of
peracetic acid (MassDEP 2010).
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Fig. 7. Histochemistry of gills in control animals: (A,B) Alcian blue pH2.5/PAS staining displays a mixed cell population at the
apex of primary lamellae (A) with a majority of mucous cells magenta stained (neutral mucins) and some Alcian blue stained
mucous cells (acid mucins). At the base of primary lamellae (B) all mucous cells are magenta stained (neutral mucins). (C,D)
Alcian blue pH1/PAS staining shows all mucous cells magenta stained both at the apex (C) (neutral and sulphate-free sialic acid
or carboxylated acid mucins) and at the base (D) (neutral mucins) of primary lamellae. (E,F) Sections pre-treated with sulfuric
acid show some mucous cells at the apex of Alcian blue stained primary lamellae (E) (sialic-free acid mucins), while the majority
of mucous cells are magenta stained (neutral mucins) like the mucous cells at the base of primary lamellae (F). (G,H) Sections
pre-treated with diastase show all mucous cells magenta stained (absence of a glycogen content) both at the apex (G) and at the

base (H) of primary lamellae. Bar= 25 pm.
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The histomorphological features and inflammatory
response of the integument and gills have been evalu-
ated to assess the health of fish in contact with chemi-
cal agents as these organs are those primarily in direct
contact with the aquatic environment (Sanchez et al.
1997, Sanchez et al. 1998).

In our study, neither chloramine T nor peracetic
acid induced histological changes in the integument
and gills. This is not fully consistent with some litera-
ture reports of histological changes for both disinfect-
ants in different fish species. In juvenile rainbow trout
(Oncorhynchus mykiss) a thinning of the epidermis
was associated with a decrease in mucous cell volume
after four weeks of treatment with 10 mg/l of
chloramine T for 60 minutes once weekly (Sanchez et
al. 1998) while minimal changes were found in gills
treated twice weekly for an 11-week period with
a one-hour bath of 10 mg/l chloramine T (Sanchez et
al. 1997). Moreover, Powell et al. (1995) found
a swelling of the gill epithelium associated with inter-
cellular edema, loss of mucous cells and an increase in
chloride cells in fingerling rainbow trout (Oncorhyn-
chus mykiss) treated for one hour with 10 and 20 mg/1
chloramine T twice weekly on two consecutive days
for four weeks; in adult rainbow trout mucous cell
hyperplasia was disclosed in a graded hypoxia experi-
ment with repeated intermittent exposure to 9 mg/l
chloramine T (Powell et al. 1998).

However, chloramine T has been used safely at
concentrations higher than those used in our study in
up to four 60-minute treatments in Atlantic salmon
(Salmo salar), walleye (Sander vitreum) and channel
catfish (Ictalurus punctatus); data on a safe treatment
concentration are lacking for other species
(Gaikowski et al. 2009).

The only study on peracetic acid reported his-
topathological changes in the gills of channel catfish
fry (Ictalurus punctatus) treated with 2.2 mg/l (Straus
et al. 2012b).

Our study evaluated the number of mucous cells,
club cells and taste buds because of their actual or
potential response to environmental changes. In par-
ticular, mucous cells are known to be responsive to
general irritative insults through hyperplasia and mu-
cous discharge as an adaptive and protective reaction
(Ferguson 2006). Halbgewachs et al. (2009) found
that the number of club cells in fathead minnows (Pi-
mephales promelas) decreased significantly after corti-
sol injection, suggesting their role in the immune re-
sponse. Fish taste buds consist of several cellular com-
ponents and enable the animal to identify food by
detecting distinct chemical substances at a short dis-
tance (Kasumyan 1997). Any change in the number of
taste buds induced by disinfectants could consequent-
ly induce a certain degree of appetite loss.

The significant increase in mucous cells in fish
treated with a high peracetic acid concentration is
probably a protective response to irritant acidic envi-
ronmental conditions (Ledy et al. 2003). This re-
sponse was not evident for chloramine T, in line with
its chemical features.

The observed decrease in club cells at high
peracetic acid concentration and at low concentration
of chloramine T cannot be considered a direct conse-
quence of the type and dosage of disinfectants. The
adverse effect of chloramine T only when used at low
dosage is biologically inconsistent. The differences
among groups are probably a stress-dependent re-
sponse to accidental events, such as handling of fish.
We suggest caution in using these cells as indicators of
adverse chemical effects because of their high suscep-
tibility to various stressors.

The lack of significant differences in taste buds
among the five groups is related to their low number
in ventral areas (Cinar et al. 2008).

Histochemistry by combined Alcian blue/PAS
staining at two pH values proved a useful tool to clas-
sify different mucous cell populations on the basis of
the type of mucins produced, and disclose any
changes due to the treatments. The present results
suggest that the majority of mucous cells in the epi-
dermis of Garra rufa have sulphate-free acid mu-
copolysaccharides (carboxylated), while only some
mucous cells possess a neutral content. Most mucous
cells in gills contained neutral mucopolysaccharides
and only few cells at the apex of primary lamellae
showed sulphate-free acid mucopolysaccharides (car-
boxylated). Yamada et al. (1975) reported a preva-
lence of mucous cells containing sialic acid glycop-
roteins in skin and gills of Japanese eel (Anguilla ja-
ponica). Saxena and Kulshrestha (1981) showed
a mixed mucous cell population containing neutral
mucopolysaccharides, glycogen, sulphated acid mu-
copolysaccharides and sialic acid glycoproteins in the
skin of striped dwarf catfish (Mystus vittatus). Fletcher
et al. (1976) showed a majority of sulphated acid mu-
copolysaccharides in the skin of plaice (Pleuronectes
platessa), a mixed mucous cell population containing
neutral mucins, glycogen, sulphated acid mu-
copolysaccharides and sialic acid glycoproteins in the
skin of flounder (Platichthys flesus), and mucous cells
containing sialic acid glycoproteins in the skin of rain-
bow trout (Salmo gairdneri). The mucous cell popula-
tion was mixed in the gills of all three species, with
cells producing each type of glycoprotein. Harris et al.
(1973) found a prevalence of sialic acid glycoproteins
in epidermal mucous cells in brown trout (Salmo
trutta) and Hentschel and Muller (1979) displayed the
same content in mucous cells of Prussian carp (Caras-
sius auratus gibelio), European bullhead (Cottus
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gobio) and bull rout (Myoxocephalus scorpius), es-
pecially in freshwater species with respect to saltwater
fish. More recently, two studies on epidermal and gill
mucous cells of a cyprinid fish, Indian major carp
(Labeo rohita and Cirrhinus mrigala) showed the pro-
duction of glycoproteins in gills with oxidizable vicinal
diols and glycoproteins with sialic acid residues with-
out O-acyl substitution, and the same glycoproteins
also in the epidermis but at a low concentration. In
addition, glycoproteins with O-sulphate esters are se-
creted by the mucous goblet cells both in gills and
epidermis (Rai et al. 2012, Srivastava et al. 2012).
Qualitative evaluation of mucous cell mucin types in
the present study did not reveal changes among the
five groups. The histochemical composition of mucins
was not affected by the two disinfectant molecules
tested.

In conclusion, although peracetic acid showed
a moderate irritative effect at the higher concentra-
tion used, no severe histological damage was found
suggesting the two disinfectant molecules are well-tol-
erated by Garra rufa.
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