ACTA UNIVERSITATIS AGRICULTURAE ET SILVICULTURAE MENDELIANAE BRUNENSIS

Volume LVIII

29

Number 4, 2010

IMPACTS OF DIETARY CYANOBACTERIA ON FISH

A.Zikova, M. Palikova, J. Mares, S. Navritil, R. Kopp

Received: March 2,2010

Abstract
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Development of cyanobacterial water bloom became a common issue all over the world. Cyanobac-
teria are the most important primary producers in aquatic ecosystems but in some abundant species
their secondary metabolites called cyanotoxins seem to be harmful for many animal groups espe-
cially mammals but also fish. In fishes, adverse effects have been demonstrated in several studies ap-
plying cyanotoxins by unnatural injection. However, cyanobacteria and fish coevolved during ages
and therefore the question arises whether cyanobacteria might be even used for fish via oral applica-
tion (fish diet). The use of cyanobacteria for fish diets is varying including applications of pure cyano-
bacteria biomass as well as incorporation of cyanotoxin containing cyanobacteria biomass into com-
mercial fish diet. The impacts of cyanobacteria in fish diets administered via the oral route revealed
contradictory findings ranging from moderate negative to growth promoting impacts and it seems
that any bioaccumulation of microcystins can become depurated by rearing fish in clean water for
ashort period. According to the results obtained from various experiments, cyanobacteria as primary
producers might be used as a component of fish diets especially concerning partial replacement of
fish meal. However, the determination of nutrition value and the bioavailibility of nutrients present
in cyanobacteria for different fish species needs to be determined. Furthermore thorough research is

needed to exclude any harmful problem for the final consumers — humans.

blue-green algae; fish diet; cyanotoxins

Cyanobacteria development became recently
the most discussed topic all over the world (Car-
michael, 1989). Besides negative effects such as dete-
rioration of physicochemical parameters of aquatic
environment accompanied by high pH due to pho-
tosynthetic activities, oxygen depletion and bad
odor from decaying cyanobacterial biomass, cyano-
bacteria are able to produce a wide range of bioac-
tive compounds (Carmichael, 2001). The natural
functions of these secondary metabolites of cyano-
bacteria, for example, in cell signaling, environmen-
tal signaling and defense against zooplanktic pred-
ators still remain unclear. These metabolites are
named cyanotoxins and can be classified into three
groups regarding their structure: cyclic peptides
e.g. microcystins, nodularins; and alkaloids e.g. ana-
toxins, saxitoxins; and lipopolysaccharides that are
produced by all cyanobacterial species (Sivonen and
Jones, 1999). Cyanotoxins may have severe effects
onvertebrates. Cyclic peptides are mainly associated
with hepatotoxicity whereas alkaloids are known to
be neurotoxic and lipopolysaccharides have the po-

tential to be irritants. Microcystins, the most com-
mon cyanotoxins in freshwater systems, are a family
of toxins produced primarily by the species Micro-
cystis aeruginosa but also by other Microcystis species
and other genera, namely Anabaena, Planktothrix, Os-
cillatoria and Nostoc (Dawson, 1998). The toxic mech-
anism of microcystin (MC) is the specific inhibition
of protein phosphatases type 1 and 2A (Goldberg et
al., 1995; MacKintosh et al., 1990). MCs are reported
to have severe impacts on mammals including hu-
mans (Weng et al., 2007; Jochimsen et al., 1998).
Cyanobacteria and fish coevolved in same habi-
tats and thus the question arises whether cyanoto-
xins containing cyanobacteria given via the natural
exposure route as a component of fish diet might af-
fect fish physiology e.g. growth and cause toxin ac-
cumulation in fish. Despite the fact that fishes are
primarily exposed to cyanobacteria in their environ-
ment, most studies concerning effects of cyanotox-
ins, especially microcystin-LR (MC-LR), were per-
formed using mammals (Zikovd and Kopp, 2008).
By far most of the studies in fish deal with exposure
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to MC via intraperitoneal injection, which is an ar-
tificial exposure route (Liang et al., 2007; Wang et
al., 2006; Prieto et al., 2006). However, under natu-
ral conditions cyanobacteria are also ingested by fish
and thus it is of special interest to investigate the im-
pact of cyanobacteria containing fish diets on per-
formance of fish because they are at least in part
a source of natural nutrition. To our knowledge,
only few papers dealing with cyanobacteria con-
taining diets on fish performance exist but because
of ecological importance to reset fish meal it is im-
portant to investigate the potential impacts of cy-
anobacteria biomass on fish as well as on fish consu-
mers. Therefore this review aims to summarize what
is known about the use of cyanobacteria as a compo-
nent of fish diet to point out whether it might be fea-
sible to make use of cyanobacteria in fish diets.

RESULTS AND DISCUSSION

Table T gives an overview about the papers availa-
ble concerning (1) type of feeding and (2) observed
effects. Microcystin analyses are summarized in ta-
ble II. Cyanobacteria were used in several ways to
feed fish such as dried biomass or cyanobacterial
meal (Zhao et al., 2006a,b) in fish diet, pure cyano-
bacterial cells or lyophilized cyanobacteria used in
diets (Molina et al., 2005). Various fish species in dif-
ferent life stages were used in cyanobacteria feeding
experiments. Duration of fish exposure to cyano-
bacteria varied between hours and weeks.

Comparison of sensitivities to MC between
the predatory rainbow trout and the omnivorous
carp revealed that carp was more sensitive to orally
applied toxic Microcystis cells. Compared to trout,
the longer lasting and more thorough digestion
process of the carp might lead to a greater uptake
of MC via the gut epithelial cells. The pathology in
carp develops rapidly and at lower toxin concentra-
tions in comparison to the pathological events in
salmonids exposed to MC, where a slower develop-
ment of pathology and primarily necrotic cell death
prevails (Fischer and Dietrich, 2000).

Nile tilapia (Oreochromis niloticus) and silver carp
(Hypophthalmichthys molitrix) were shown to exhibit
the capacity for food selection. Both prefer to feed
on a non-toxic Microcystis strain rather than a toxic
strain, thereby avoiding MC uptake (Beveridge et
al.,, 1993; Keshavanath et al., 1994). According to
Dong et al. (2009) dietary cyanobacteria from Lake
Taihu and Lake Dianchi showed negative effects
on growth, feed utilization and nutrient retention
of hybrid tilapia during the exposure period. Fish
showed recovery in growth when they were free of
dietary cyanobacteria, but the clearence of micro-
cystins in fish muscle was slow. Tilapia rendalli is able
to accumulate MCs but the accumulation rate de-
pends on the availability of other feeding sources
besides toxic cyanobacteria (Soares et al.; 2004). Nile
tilapia fed on toxic cyanobacteria was not suitable
for human food (Zhao et al., 2006a) but on the other
hand the accumulation of MCs in the liver of gibel

carp did not reach the critical limit for human con-
sumption of 0.04 pg/kg/day given by WHO (Zhao
ct al., 2006b). Further studies using Nile tilapia re-
vealed that cyanobacteria containing diets did not
exceed the critical WHO value in fish fillet detected
by HPLC even after four weeks of continuous feed-
ing (Zikova, 2008; Zikova et al., 2010). Nile tilapia
seems to have rather great capacity to modify fatty
acids (FA), found in algal food, into their own spe-
cies specific FA patterns. Therefore, the observed in-
fluence appears to be derived from both the amount
and the type of food (Tadesse et al., 2003). Low and
repeated doses of MC-LR from cyanobacterial cells
induce toxicity in tilapia fish although no adverse
effects were detected. When tilapia were exposed
to cyanobacterial cells under laboratory conditions
(60.0pg MC-LR/fish/day) the enzymatic activities
of acid and alkaline phosphatases (ACP and ALP)
changed in a time-dependent manner, but adapted
to the toxic environment over time. At this concen-
tration, MC-LR is only moderately toxic in tilapia
fish (Oreochromis sp.), especially in liver and kidney
and they can derive energy from alternative path-
ways and survive. In addition, both organs under-
went histopathological changes, which could be
correlated to the significant increases in ACP and
ALP, the gills and gastrointestinal tract were also af-
fected. These findings suggest that low and repeated
doses of MC-LR from cyanobacterial cells induce
toxicity in tilapia fish although no adverse effects
were perceived (Molina et al., 2005).

According to the study of Kamjunke et al. (2002b),
cyanobacterium Aphanizomenon can be considered
as a suitable alternative food source for juvenile
roach (Rutilus rutilus) when zooplankton food is in
short supply. Growth rate with Aphanizomenon was
significantly higher than without food. Roach were
able to maintain their weight by using this cyano-
bacterium, which may allow them to bridge over pe-
riods when no other food is available. In contrast,
Microcystis was obviously not a suitable food prob-
ably because of its poor digestibility (Kamjunke et
al., 2002b). It was suggested that the incomplete di-
gestion of Microcystis was the main reason for the ne-
gative growth rates of roach when fed on this cya-
nobacterium species. The Microcystis mucus cover
protects these cyanobacteria against digestion in
the intestine of roach that lacks pepsin- and acid-
secreting cells (Persson, 1983). During gut passage
some carbohydrates may be released from the mu-
cus, which are absorbed by the fish, but the Micro-
cystis cells are not destroyed and digested. An as-
similation of Microcystis into muscle tissue of O+year
roach was detected. Therefore, at least some parts of
this cyanobacterial species were utilized. Assimila-
tion increased, however, with proportion of Apha-
nizomenon in cyanobacterial food indicating a more
effective utilization of the filamentous cyanobacte-
rium (Kamjunke et al., 2002a).

Li et al. (2005) suggested that antioxidant en-
zymes were able to eliminate oxidative stress in-
duced by low concentrations of microcystins and to
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prevent increased lipid peroxidation in the liver of HPLC and from the findings it seems that the high-
loach (Misgurnus mizolepis). According to Tab. II. cya-  est concentrations were found in liver > spleen, gall
notoxin concentrations were detected by ELISA or  bladder, kidney > muscle.

CONCLUSIONS

Toxic effects and modes of action of hepatotoxins in fish have been investigated in detail at several
levels (whole fish, eggs, organs and enzymes). In some case the reasons for species specific suscepti-
bilities of MC remain unclear. However, these various MC sensitivities have to be investigated from
an ecological point of view as well as for the potential to impact human health via the food chain. Cya-
notoxins present in fish can depurate fast after putting fish into clean water (Adamovsky et al., 2007).
More investigations are needed to verify that all cyanotoxins and potential harmful metabolites can
become depurated easily and might not bear any harm for consumers.

Tt is likely that at least in part cyanobacteria even containing cyanotoxins might be used for fish diets.
However, the determination of digestebility, nutrition value and the bioavailibility of nutrients pre-
sentin cyanobacteria for different fish species needs to be determined.
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SOUHRN
Vliv sinic jako krmiva na ryby

Masivni rozvoj vodniho kvé&tu sinic se stal v mnoha ohledech €asto diskutovanym celosvétovym té-
matem. Sinice jsou ve vodnim prostiedi sice vyznamnymi primarnimi producenty, mohou ale pro-
dukovat siroké spektrum metabolitt s ¢asto negativnim t¢inkem na ostatni organismy. B&€zné druhy
planktonnich sinic jsou producenty toxickych metabolitt — cyanotoxint, které jsou toxické pro poi-
kilotermnii homoiotermni obratlovce véetné ¢lovéka. Sinice aryby se viak vyvijeji po mnoho let spo-
le¢né& ve stejném prostiedi bez zjevnych negativnich vlivii na rybi organismus. Navzdory experimen-
ttm, které potvrzuji skodlivy vliv toxinti sinic na ryby aplikovanych pfevazné& intraperitonedlné, tedy
nepfirozenou cestou, pokusy s ordlni aplikaci sinic rybam pf¥inesly ¢asto protikladné vysledky. A to
od mirné podpory rtstu ryb, az po skute¢nost, Ze microcystiny se mohou kumulovat v tkdnich ryb
a pFenéet se vramci potravniho fetézce. Daldi experimenty viak prokazuji snizeni koncentrace sini-
covych toxint po pfesunu ryb do &isté vody bez sinic. Na zdkladé ziskanych vysledkt by sinice jako
primérni producenti mohly byt vzhledem ke svému slozeni vyuzity jako komponent krmnych smé&si
pro ryby. Tyto tivahy nabyvaji viznamu v souvislosti s hleddnim nédhrady za v sou¢asnosti nedostatko-
vou a drahou rybi mouc¢ku. Podminkou je stanoveni nutri¢ni hodnoty pouzitych sinic a biodostup-
nost v nich obsazenych zivin pro jednotlivé skupiny ryb. Z pohledu spot¥ebiteld rybiho masa je po-
tfeba dalsi vyzkum, ktery prokaze, ze p¥i pouziti sinic obsahujicich cyanotoxiny v krmivech pro ryby
nemuze dojit k ohrozeni zdravi konzumentt takto krmenych ryb.

sinice, krmivo pro ryby, cyanotoxiny
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