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Abstract
Chitosan is a derivate of chitin, one of the most abundant polysaccharides in nature. In
aquaculture, chitosan has been used as a flocculant in water recirculation systems with good
results, but recent studies have shown that chitosan acetate may be toxic, producing branchial
damage and death in trout. To improve the understanding of the toxic mechanism of chitosan on
Oncorhyncus mykiss we exposed juveniles (60 g) for 1-2h to chitosan acetate at 10 mg/L and 0.1
mg/L. Fish exposed to the highest concentration of chitosan acetate experienced a rise in the
ventilation rate (74 %), the hematocrit (39 %) and in the immature erythrocyte counts (157 %).
The number of mature erythrocytes as well as hemoglobin were also higher than in control fish
but not statistically different. Simultaneously, a decrease in the mean corpuscular haemoglobin
concentration (37 %) was detected in relation to control measurements. These results and the
death of fish after 30 to 60 min of exposure to 10 mg/L are evidence that chitosan induced respi-
ratory stress causes death by hypoxia. We proposed that the structural characteristics of the
molecule would facilitate its interaction with residues of sialic acid in the mucous-secreting epi-

thelia.

Introduction
Chitin is the second most abundant polysac-
charide in nature after cellulose. It is found
associated with proteins from the exoskeleton
of marine invertebrates, insects and arach-
nids. It is also present in the cell wall of fungi
and in a few species of algae (Muzzarelli,
1977). The main source for industrial produc-
tion of this polymer comes from processing
waste of shellfish fisheries. Annual captures

from the VIII Region of Chile (36º48‘30“S;
73º10‘00“W) reach a total of 8,300 tons of the
red prawn Pleuroncodes monodon and the ny-
lon shrimp Heterocarpus reedi. Processing this
catch generates around 2,000 tons of waste, a
volume by itself attractive for commercial
extraction of chitin. The chemical structure of
chitin is constituted by ß-(1-4)-D, N-
acetylglucosamine units. Its insolubility in
water and common organic solvents stimu-
lates the search for new derivatives of this
polymer. The most important derivative is
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chitosan, also a natural polymer, that can be
obtained by chemical or enzymatic
deacetylation of chitin (Martinou et al., 1997).
It is a copolymer mainly constituted by units
of glucosamine with some remnants of N-
acetylglucosamine in the backbone. The pres-
ence of this amine group provides it with new
chemical and biological properties. In contrast
to chitin, chitosan is soluble in diluted acids
due to the protonation of its amino groups.
This causes it to behave like a polycation at
pH less than 6 and to interact readily with
negatively charged substances, such as
polyelectrolytes of opposite charge
(Argüelles-Monal et al.,2000), thus forming an
insoluble interpolymeric complex.

Medicine (Kul-Lee, 1999) and foods preserva-
tion (Roller and Covill, 2000) have found ap-
plications for chitosan based on its biodegrad-
able (Yamamoto and Amaike, 1997) and
biocompatible (Yong-Lee et al., 1995) proper-
ties. However, some toxicological assays show
that chitosan dissolved in diluted acetic acid
causes toxic/irritant effects (Arai et al., 1968).
Specifically in aquaculture, chitosan has been
used in salmon immunoprotection against
bacterial diseases (Siwicki et al., 1994) but was
not safe for fish in water recirculating systems
(Bullock et al., 1993).  Recent toxicological as-
says with this derivative in trout  (Oncorhyncus

mykiss) found alterations of gill lamellae and
fish death at 24 h of exposure (Bullock et al.,
2000). Notwithstanding these data an expla-
nation of the mechanism by which it induces
toxicity under certain circumstances is not
clear.  Our main objective was a better under-
standing of chitosan acetate toxicity to trout.

Materials and Methods
Chitin was isolated from red prawn shells
(Pleuroncodes monodon) caught in the VIII Re-
gion of Chile. The shells were demineralized
with 2N HCl at room temperature for 2.5 h
and the deproteinization step was carried out
with 4% NaOH for 3h at 95°C. The chitin ob-
tained was washed and dried at 60°C in a
vacuum oven.

Chitosan was prepared by treating chitin in
aqueous 45% (w/v) NaOH at 100 °C for 2 h.
The solid obtained was washed with distilled
water and dried at 60 °C in a vacuum oven.
The chitosan obtained was found to have a
degree of deacetylation of 83.5% and an aver-
age mol. wt. of 67,300. Chitosan solutions to
be tested in this study were prepared by dis-
solving chitosan in an equimolar quantity of
acetic acid.  The pH was adjusted to 5.8 with
NaOH.

The fish were acclimated for two weeks be-
fore starting the experiment. This acclimati-
zation was performed in 100 L glass aquaria,
at 12 ± 1 ºC, with constant aeration and a pho-
toperiod of 14:10D.  About 70 % of water was
renewed every two days. Daily feeding was
at 0.5 % of fish weight. Trout of 60 ± 5 g were
distributed in four groups (10 fish per group).
Two aquaria were treated with chitosan at
10mg/L and at 0.1 mg/L respectively. An-
other was used as water control and a fourth
as solvent control with acetic acid at 10 mg/
L. Two sets of experiments were carried out.
The first experiment established the time at
which unusual behaviour with respect to fish
in the water control began and when death
occurred. The second experiment focused on
the evaluation of the ethologic alterations and
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the collection of blood samples before and
after 60 min of exposure. Four fish exposed
to chitosan (10 mg/L) were transferred to a
tank with clean water after 1.5 h to determine
their capability to return to normal. Oxygen
in the water was 8-8.5 mg/L and pH 6.8 dur-
ing the experimental period.

The ventilation rate (opercular movement per
minute) was measured in each fish before and
during exposure to chitosan. Blood samples
were taken by caudal venipuncture  from BZ-
20 anaesthetized trout and collected in
Eppendorf tubes with EDTA; this sample was
used to study the eryhtrocytes. This consisted
of the determination of the haematocrit by the
microhematocrit method, haemoglobin by the
cyanmethemoglobin method, the number of
total erythrocytes with a Neubauer haemocy-
tometer after diluting the blood 1:100 in Rees-
Ecker solution according to the standardized
procedures for fishes (Blaxhall and Daisley,
1973). Another portion of blood was used to
estimate the mean corpuscular haemoglobin
concentration (MCHC). The number of imma-
ture erythrocytes (polychromatocytes) in a
total of 500 erythrocytes per fish was counted
from blood smears stained with May-
Grunwald and Giemsa. Absolute polychro-
matophilia was obtained from the relative
number of polychromatocytes and the total
count of erythrocytes.

After testing for normality and homogeneity
of variance the data was submitted to ANOVA
and Tukey multiple comparison test by means
of the SYSTAT computer program.

Results
Trout exposed to chitosan acetate at the high-
est concentration (10 mg/L) began an early
differential behaviour with respect to the
other treatment (0.1 mg/L) and the controls.
At 30 min from the beginning of the experi-
ment, swimming of the fish in the chitosan
(10 mg/L) tank was predominantly at the
water surface which was broken frequently
by sudden movements. At the same time, we
observed a major increase in the ventilation
rate (from 86 to 150 times/min) interrupted
by spasmodic vibration of the opercula.  These
fish died within 30 to 60 min after initial ex-
posure. Particulate matter was found adhered
to the body surface. Four fish exposed to
chitosan at 10  mg/L for one and a half hour
and then transferred to clean water also died
in the next 48 h which indicates that the effect
of chitosan, at least at that concentration, is
irreversible. Before dying, this group of fish
looked asthenic, melanic, and were barely
swimming at the bottom of the aquarium. One
of them showed loss of equilibrium. Gills of
all dead trout were covered with abundant
mucus. None of the physiological manifesta-
tions and behaviour mentioned above were
seen in fish from the water control, acetic acid
control or 0.1 mg/L chitosan test group.  The
abnormal signs of fishes in chitosan at 10 mg/
L were interpreted as a case of hypoxia and
blood parameters were measured to test this
hypothesis; the oxygen dissolved in the wa-
ter and the pH were maintained without evi-
dent changes.

Blood sampling was performed at one hour
from the start of the experiment in all aquaria
to get hematological data comparable with
data recorded at the onset of dying in the
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chitosan 10 mg/L group.  The comparison of
blood from the chitosane 10 mg/L against the
chitosan 0.1 mg/L and control fish revealed
an increase of four parameters (Fig. 1), the
hematocrit (39 %), the count of immature
(0.112  x 109/ml)  and mature (1.4 x 109/ml)
erythrocytes and the haemoglobin, although
the change in mature erythrocytes and hae-

moglobin was not significant (P>0.05). Me-
dian corpuscular haemoglobin concentration
from fish exposed to chitosan at 10 mg/L
reached significantly lower values than in all
the other samples. No difference was found
in blood samples from chitosan 0.1 mg/L and
the controls. The behavioral aberrations, to-
gether with these hematological values are

Fig. 1. Effect of chitosan on haematological parameters in trout. Each determination is the mean ± SEM.
*=Significantly different from controls, P<0.05. n= 10 fish per group.
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indicative of a respiratory stress with lethal
hypoxia in the fish exposed to the highest con-
centration of chitosan.

Discussion
The membrane affinity of chitosan has been
described for a wide variety of cells (Evans
and Kent, 1962), with special remarks on its
non toxic, non-antigenic and non-allergenic
properties in some models (Widra, 1989).
However, Khan et al (2000) found that this
polysaccharide dissolved in acid produces ir-
ritant effects in rabbit skin in the form of
edema and erythema. Similar results were
obtained with intracutaneous injection but
even when the systemic effect was tested, no
rabbit died within 72 h post-injection. In con-
trast, the toxic effects on trout seem to be dra-
matically different. Bullock et al (2000) affirm
that experimental fish died within 24 h when
exposed to chitosan at 0.75 mg/L in acetic
acid. We expected that a treatment at a higher
concentration (10 mg/L) would shorten the
response time and intensify the physiologi-
cal changes. Practically all the signs identified
until now are characteristic of acute hypoxic
processes, although abnormalities like
edemas and gill epithelium basal membrane
lesions (Bullock et al., 2000) as well as the
mucus overproduction, also found in our
work, are less specific. Branchial edema with
loosening of the lamella epithelium and de-
struction of the columnar cells producing tel-
angiectasis are clinical indicators of a variety
of intoxications (Mallat, 1985; Murrad et al.,
1990). A more defined indication of the mecha-
nism of toxicity was obtained through the
examination of the hematological changes.
The hematological response of fish exposed
to chitosan at 10 mg/L is typical of an acute

hypoxic process, which induces sudden in-
creased haematocrit by splenic contraction
(Kita and Itazawa, 1989). Moreover, the eryth-
rocytes sent into the circulatory system are im-
mature and still in active synthesis of haemo-
globin.  This  explains why the haemoglobin
contribution of these cells is insufficient for a
significant increase in total haemoglobin
measurement with respect to the control. In
the same way, the significant population in-
crease of immature erythrocytes (with less
haemoglobin) explains the reduction in mean
corpuscular haemoglobin concentration in
fish exposed to 10 mg/L of chitosan. The sig-
nificantly higher value of the haematocrit
without a significant rise in the count of total
erythrocytes would be another consequence
of the hypoxia: increase of immature erythro-
cytes and enlargement of erythrocytes by
swelling (Lecklin et al., 2000). These effects
would account for the haemoconcentration,
which would complement the effect of the
high mucus secretion, consuming water from
the blood.

It is known that acylneuraminic acid (sialic
acid) in glycoproteins is partially responsible
for the high viscosity of mucilaginous secre-
tions of the respiratory and urogenital tracts
and the eye socket in animals (Sheran, 1975;
Qaqish and Amija, 1999). Because of their low
pK values, their carboxyl groups are fully dis-
sociated at physiological pH values. This high
density of the negatively charged carboxyl
group present on each mucin molecule im-
parts to them an extended rod-like structure.

Fish have a mucus layer covering the body
and gills. The effect of increases in mucus se-
cretion observed in chitosan treatments could
be due to the interaction of sialic acid-rich
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glycoproteins of the membranes and chitosan
acetate, which is partially protonated, form-
ing an interpolymeric complex over mem-
branes. Several studies on the interaction of
chitosan and the sialic acid residue of mucin
(Genta et al., 1998; Deacon et al., 1999) have
demonstrated that the degree of interaction
depends on several factors, such as the mo-
lecular weight or ionic strength of chitosan.
These studies also suggest that in addition to
electrostatic interactions other forces are ac-
tive between these polymers. In fact, there
could be another attractive forces involved in
chitosan-mucin binding such as hydrogen
bonding and/or hydrophobic interaction. The
presence of these forces is important for the
initial attachment of both polyelectrolytes and
interpenetration between the chitosan and
mucin chains for optimum mucoadhesion.

As long as chitosan adheres to the fish gill
mucus it apparently stimulates more muci-
laginous secretion thus promoting
hemoconcentration and an increasing barrier
to the gas exchange. The spasmodic move-
ments in fishes are probably a mechanism to
get rid of the chitosan-mucous layer formed
on its gills.

In this way, chitosan acquires concentration-
dependent toxic/irritant characteristics and
may produce hypoxia by damage and ob-
struction of the branchial epithelium. Or more
probably the mucus secretion caused hypoxia
by increasing the diffusion distance for oxy-
gen. The respiration impairment is evident
through the ventilation rate increment and the
haematological response: increase of the
hematocrite rise of immature erythrocytes and
reduction of mean corpuscular haemoglobin
concentration.

Future research should seek to establish what
chronic effects result from the exposure of
trout and other aquatic organisms to this
polysaccharide and to explain its mechanism
of toxicity.
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