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Abstract
Background and Objective: Blue-green algae often blooming in fresh water worldwide after organic pollution (Nutrient enrichment).
The high proliferation of blue-green algae during blooms may cause changes in ecosystem due to toxicity of several species. The toxins
which  can  be  produced  by these algae draw the scientific society attention to highlight their biological effect in ecosystem.
Methodology: The current study included isolation and purification of cyanobacterial alga Hapalosiphon aureus  West and West 1897
from Al-Ashar-river in Basra Governorate Southern of Iraq and cultivation of an axenic culture by using BG-11 liquid medium. The ability
of this alga to produce hepatotoxin, in particular, microcystins was measured by using the enzyme linked immunosurbent assay
technique. Results: Findings showed that  H. aureus  produced microcystin approximately 53.32 µg gG1 of lyophilized cells. Fresh water
snail Lymnaea auricularia was used to assess the biological toxicity of this algal species. Some histopathological changes such as
degeneration  and  aggregation  of some non-living components in the cytoplasm of hepatocytes were detected after acute exposure
(48  h). While after 2 week of exposure hyperchromic, necrosis, aggregation of some non-living components in epithelial tissues of
hepatopencreas and degeneration were detected. The intestine after the acute exposure showed disappearance of brush border epithelial
tissue and necrosis, while  after  the  chronic  exposure,   degeneration, necrosis, loss and hypertrophy of epithelial tissue and hypertrophy
were observed. Prostate gland did not show any histopathological symptoms through the acute exposure, whereas, chronic exposure
for algal extraction caused alveolar  dilation  and  metaplasia  of  epithelial  tissue  of  alveolar  in comparing with control group.
Conclusion:  In  the  current  study   a new species of filamentous blue-green algae  was diagnosed in Iraq and their adaptability to
produce hepatic toxin (microcystins) in high concentration. Also, many histopathological effects where showed on fresh water snail under
low concentration of microcystin extract and this points to the possibility of transmission of the poison to  the food chain and may be
using this alga as biological control on snail.
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INTRODUCTION

Cyanobacteria are a phylum of blue-green algae that get
their energy from sun light by photosynthesis and known as
blue-green algae. These algae are considered the most
abundant in the world with a big role to primary productivity1.
Previous studies showed many blooming phenomenon of
blue-green algal species and detected their ability to produce
toxins2,3. Blue green algae produce several toxins which causes
a hazard for drinking and raw water safety such as
hepatotoxins, neurotoxins and cylindrospermopsins. These
toxins are different in their structures and toxicity4,5.

Blue-green algae often blooming in fresh water
worldwide after organic pollution (Nutrient enrichment)6. The
high proliferation of blue-green algae during blooms may
cause changes in ecosystem due to toxicity of several
species7,8. Microcystins and nodularins are considered the
most important hepatotoxins which can be found in different
habitat from fresh water to oceans and produce from several
genus Microcystis, Nostoc, Plantothrix, Nostoc, Anabaena,
Calothrix and Hapalosiphon9-13. Hepatotoxins are considered
the most common of cyanotoxins especially microcystins
(MCs) which have been 80 variants identified6,14. Microcystins
are intracellular toxins but may rabidly release by cell lysis as
a result of senescence, pesticides or environmental stress15.

Blue-green algae may causes some lethal effects on highly
range of aquatic and terrestrial organisms but other are less.
Mollusks and crustacean may fed on toxic cyanobacteria so
they consider as vectors at least when their guts load of
toxins16. Microcystins cause acute and chronic effects in
different  terrestrial or aquatic organisms and entering the
food web by accumulation primarily in liver or gastrointestinal
tract or in digestive gland in vertebrate and invertebrate,
respectively17-20.

Gastropods can be exposed to cyanotoxins following
ingestion of toxic blue-green algae or exposure to dissolved
extracellular toxins after algal cell lysis. Several observation
showed that gastropods may be accumulate free microcystins
by grazing toxic blue-green algae less than uptake dissolved
toxins in water21-26. Moreover, several studies showed the
ability of microcystins to accumulate in tissues and causes
impair digestive gland homeostasis in gastropod of Lymnaea
stagnalis as a result of consumption of toxic cyanobacteria or
exposed to dissolved microcystins27-30.

In the field gastropods are exposed to chronic effects
during blooming period after ingestion of toxic algae
producing microcystins and acute exposure at the end of this

period24.  The snail Lymnaea auricularia  is one of the
important  invertebrates,   which   taxonomically   belonging
to the  phylum:  Mollusca,   class   Gastropoda,  subclass:
Pulmonata,  Order:  Basommatophora   and   to   the  family:
Lymnacaeae. It is medium-sized  snail  and  characterize  by 
thin shell with short-rolls31. Several studies was recorded
awidely distribute of  this  snail  in many freshwater sites
southern  of  Iraq32,33.  The  previous  studies  were referred to
the infections of snail L. auricularia   with many species of
trematod larvae33,34 and considered as intermediate host of
parasites  of  Fasciolla  and  Schistosoma  species  which are
the causes of many risks to human and other animals35. The
present study was aimed to isolation, purification of
filamentous   blue-green   alga   Hapalosiphon  aureus   from
of  Al-Ashar-river  Southern  of  Iraq  with  evaluate  its  ability
to    produce    hepatotoxin     (Microcystins)     and   showed
histopathological effects on some tissues of the fresh water
snail L. auricularia in the laboratory after exposure on
microcystin extract.

MATERIALS AND METHODS

Water sample collection:  Water samples were collected from
Al-Ashar river, Basra governorate, Southern of Iraq by using
phytoplankton net with mesh size 20 µ then water samples
were put in clean plastic bottles and brought to the laboratory
for isolation and purification of the blue-green alga.

Isolation, identification and purification of blue-green alga
H. aureus: The blue-green alga H. aureus  was isolated from
water samples using liquid media (BG-11) and solid media
(Spreading  method)  on agar 2%  agar/liquid media in order
to exclude a unialgal culture of cynobacterial alga then get a
pure culture as axenic culture36,37. The purified alga was
classified38,39. All  laboratory  works  were  performed  in
Biological Science Department/College of Education For Pure
Science/Basra University.

Cultivation and harvesting of alga H. aureus: Axenic culture
of  H.  aureus   was  cultivated as a batch culture in conical
flasks  3  L  in  volume  filled   with  2   L   of   sterilized   medium
(BG-11). The  flasks  were  put in growth chamber with light
and dark illumination period 12:12 h under a light intensity of
(130-150 µE2  secG2)  and  temperature  of 25±2EC. The growth
period of   cyanobacterial    alga     extended    for   3   weeks
(21 days). Then the harvesting was accomplished by filtering
the growth of alga on GF/C filter paper. The filtrated cells were
lyophilized to get the dry weight by using freezing drier
apparatus type (Top 10 D freeze dryer)36.
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Extraction and purification of microcystin: Microcystin was
extracted and purified according to methods of Harada et al.40

and Park et al.41. One gram of lyophilized cells was extracted
three times with 10 mL of 0.05 M acetic acid for 30 min with
stirring. After that the extraction was centrifuged at 4000  rpm.
The supernatant was adjusted to pH  = 10 by using
ammonium  hydroxide  7%.  The  adjusted  extract  was
directly applied  to  a  reverse phase ODS-disposable
extraction column© 18). The column was preconditioned by
washing with 10 mL of methanol and then 10 mL of water. The
column containing toxins was washed with 10 mL distal water,
followed by distal water-methanol (9:1 mL v/v). Elution from
the column with methanol (20 mL) gave the toxins-containing
fraction and the toxin MCs were detected as type and
concentration  by   using   ELISA   method   according  to
Weller et al.42, by using apparatus reader ELISA type (Biotek).
This analysis was performed by the immune-assay method
with an ELISA microcystin plate kit of Abraxis company (USA)43.

Collection and acclimation of fresh water snail Lymnaea
auricularia: Fresh water snail L. auriculria  was collected from
AL-Ghibaesh  marshes  Northern  of  Basra  governorate
southern  of  Iraq. The identification of the snail was performed
in according  to Ahmed44 and confirmed by Murtada Yousif 
AL-Abad  (Personal communication) in College of Education
for pure sciences/Basra University. The snails were cultured in
the laboratory in class aquarium with dimensions of
(30×20×20 cm) which was filled with filtered tap water and
provided with oxygen by aerator and fed on commercial fish
food. The laboratory generations were used in experiments of
toxicity.

Preparation of extract of microcystin from alga H. aureus 
and toxicity experiment against fresh water snail Lymnaea
auricularia: Microcystin was extracted from lyophilized cells
(1 g) of cyanobacterial alga H. aureus in according to the
method40  which is mentioned in this study. The extraction
was filtered by GF/C filter paper, supernatant concentrated
and dried and then dissolve in 100 mL of distal water. Four
aquaria had used in each  experiment  (Three replicate). Each
aquarium filled with 6 L of tap-water with 8 snails and fed on
fish food (artificial food) during the experiment. About 10 mL
of toxin extraction  (Microcystin)  was  added to each
aquarium and the   concentration    of    toxin    was   measured
and  fixed (7.5 µg LG1) ppb, which was determined and
measured by using the ELISA technique focus processed
Abbraxis company/United Status. Snails were exposed to
microcystin extract  for  two  periods  of  exposure, (1) Acute

exposure  for  2  days  and  (2)  Chronic  exposure  period  for
2 weeks in addition to control group. Four snails were
randomly selected to study the histopathological effects of
toxins on their hepatopencreas, intestine and prostate gland.

Histological sectioning:  Paraffin  wax method was followed
for histological sectioning of the snail organs. After exposure
to the  microcystin  extract from alga H. aureus, four snails
were removed from each exposure period for histological
investigation. Shells were removed and then the bodies were
fixed in bouins fluid for 48 h. Tissues were processed as
described by Humason45. About 7 µm thick longitudinal
sections were performed and stained with hematoxylin and
eosin.

RESULTS

Isolation, identification and purification of blue-green alga
and detection its toxicity: Results showed isolation and
purification of blue-green alga H. aureus by using special
liquid medium (BG-11) from contaminated water of Al-Ashar
river/Basra Governorate Southern of Iraq. This alga which
characterized by filamentous alga, branched (True branch)
arising from one side (rarely from both sides) of the main
filaments. Cells ellipsoid, quadrate or cylindrical especially in
the apices of branches and heterotrichous thallus. The lateral
branch is less than the prostrate filaments in diameter. The
thallus contain heterocyst 12.5 µm in length and 10 µm in
width and vegetative cells 12.5 µm in length and 8.75-10 µm
in width (Fig. 1). This alga belonging to following taxa:

Division : Cyanobacteria (Blue-green algae)
Order : Stigonematales
Family : Stigonemataceae
Genus : Hapalosiphon
Species : Hapalosiphon aureus (West and West 1897)

This alga H. aureus was showed their ability to produce
hepatotoxin exactly microcystin with high concentration
reach approximately to 50.32  µg LG1 to each 1 g of lyophilized
dry weight of alga.

Histopathological effects
Hepatopencreas  gland:  Figure 2 showed the normal tissue
of hepatopencreas (Control group), while histological
experiment showed that the hepatopancreas gland of the
snail L. auricularia  which exposed for 48 h to algal toxin
extract  (Mcs)  was  undergone  from  some histopathological
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Fig. 1:  Vegetative form of blue-green alga H. aureus  40x

changes which represented by degeneration and aggregation
of  non-living  things  in  hepatocytes  (Fig.  3).  While,  after
two weeks of exposure, a considerable histopathological
symptoms  were  seen  which  characterized  by  aggregation
of   non-living   components   in   the   epithelial   cells  of
hepatopencreas  with  hyperpigmentation  (hyperchronic),
necrosis and degeneration (Fig. 4-7).

Digestive canal: Figure 8 showed the normal tissue of
intestine  (Control  group),  while after 48 h of exposure to
toxin extraction the digestive canal sections revealed
disappearance of brush border of epithelial cells (Fig.  9) and
necrosis  (Fig.  10),  whereas,  after 2 weeks of exposure
showed degeneration of epithelial cells, loss of epithelial
tissues and necrosis  (Fig. 11, 12) and hypertrophy of epithelial
tissue (Fig. 13).

Prostate gland: Figure 14 was showed the normal tissue of
prostate gland. Also this gland of snail did not show any
histopathological changes after 48 h of exposure. While, after
the chronic exposure, the gland tissues appeared obvious
histopathological changes which, represented by dilation in
alveolar of prostate gland with metaplasia of epithelial tissue
of alveolar (Fig. 15).

Fig. 2: Image of control group show hepatopencreas of fresh
water snail L. auricularia  400x

Fig.  3: Image of  hepatopencreas  of snail L. auricularia at
acute exposure of microcystin extract (7.5 µg LG1) of
alga    H.    aureus     show   degeneration  (short  arrow)
and aggregation of non-living components in the
cytoplasm epithelial  tissue   of   hepatopencreas 
(head arrow) 400x

DISCUSSION

There  are  several  national and international studies
drew  attention  to  some  famous  genus  and  species  of
blue-greens  algae  which  producing liver toxins
(Microcystins) such  as  Microcystis  aerugenosa,  M.  flos-aque, 
Calothrix parietina, Nostoc muscurum, N. carneium,
Hapalosiphon welwitchii,      Oscillatoria     agardhii     and 
Anabaena circinalis11-13,46-49. So,   the   current   study   was 
focused   on  the   diagnosis   of  this species of filamentous
blue-green  alga  H.  aureus   and  state  the ability to
producing     hepatotoxin      (Microcystin).     In     addition    to
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Fig.  4: Image of hepatopencreas of snail L. auricularia at
chronic exposure of microcystin extract (7.5 µg LG1) of
alga H. aureus show  aggregation  of non-living
components in the epithelial tissue of  hepatopencreas
(head arrow) and hyperchromic (arrow) 400x

Fig. 5: Image of hepatopencreas of snail L. auricularia at
chronic exposure of microcystin extract (7.5 µg LG1) of
alga H. aureus show necrosis the epithelial cells after
aggregation of non-living components (arrow) 400x

investigate the  histopathological  effects  of  this  toxin extract
on some tissues of fresh water snail L. auricularia in Basra
Southern  of  Iraq.  The  results  was showed the ability of alga
H. aureus   to produce a high concentration of hepatotoxin
type microcystin which reached to 50.332 µg gG1 from
lyophilized dry weight. This concentration of toxin is
considered high when compare with previous mentioned
species which reached12 between (37.7-44.41 µg gG1) and less
than  the  toxin  concentration  found  in Nostoc carneum
reach50  to 50.67 µg gG1.

Several studies was observed histopathological and
physiological  effects  of  microcystins  on  laboratory mice51-53

 

Fig. 6: Image of hepatopencreas of snail L. auricularia at
chronic exposure of microcystin extract (7.5 µg LG1) of
alga H. aureus  show necrosis the epithelial cells (short
arrow) and hyperchromic (big arrow) 400x

Fig. 7: Image of hepatopencreas of snail L. auricularia at
chronic exposure of microcystin extract (7.5 µg LG1) of
alga H. aureus show degeneration the epithelial cells
(arrow) 400x

and on fishes12,47-50,54-56  but a few studies examined the toxicity
of cyanobacteria on mollusks57,58. The present findings shed
light on some of the histopatholological effects caused by
microcystin  producing   from   filamentous   blue-green  alga
H. aureus on important gastropod L. aricularia.  Therefore,  this
results may give an interesting indication to the ecological
benefits of this algal species, because this snail is an
environmental and medical important as it is considered an
intermediate host of Fasciola  and Shistosoma which cause
rashes to swimmers35. Furthermore, the gastropods play the
important role in structuring fresh water communities as
herbivorous grazers and preys of numerous predators59. So,
this highly toxicity of this alga may causes negative impact on
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Fig.  8: Image    control    group     show     intestine     of   snail
L. auricularia  400x

Fig. 9: Image of intestine of snail L. auricularia show
disappearance of brush border of epithelial tissue at
acute exposure of microcystin extract (7.5 µg LG1) of
alga H. aureus 1000x

gastropods may have a potential cascading effects on the
equilibrium and functioning of ecosystem58.

Findings showed some histopathological changes in
hepatopencreas of snail in acute exposure and these changing
became more apparent with increasing of period exposure
which represented by necrosis, degeneration aggregation of
non-living things and hyper pigmentation. This results agree
in some effects of MCs with several studies on fish and
mice51,55,60. Hepatotoxicity is primary effects when exposed to
microcystins because this toxin are active transported via
organic anion transporters and concentrate in liver cells. The
toxicity of microcystins results from the inhibition of the
catalytic subunit  of  protein  phosphatase  1  and 2A which
play  an  important role  in  balance  of   phosphorylation  and

Fig. 10: Image of intestine of snail L.  auricularia  show
necrosis epithelial cells at acute exposure of
microcystin extract (7.5 µg LG1) of alga H. aureus  400x

Fig. 11: Image of intestine of snail L. auricularia  at chronic
exposure  of  microcystin  extract  (7.5  µg LG1) of alga
H. aureus  show degeneration of epithelial tissue and
loss 400x

dephosphorylation of structural proteins in the cells. These
effects of microcystins was led to hyperphosphorylation of
cytoskeletal proteins which causes the deformation of
hepatocytes61. This initial rapid response of hepatocytes to
microcystin  exposure  represented  by cell deformation
caused by disruption of the cytoskeletal as a results of
hyperphosphorylation of proteins. Moreover, hepatotoxins
cause disruption of liver texture by hypovolemic shock and
excessive blood bleeding in the liver61-64.

The exposure to microcystin extract showed a large
histopathological impacts on intestine represented by
disappearance of brush border of epithelial cells and
hypertrophy  which  were  not  observed  in  previous studies, 
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Fig. 12: Image of intestine of snail L. auricularia  show necrosis
of epithelial tissue at chronic exposure of microcystin
extract (7.5 µg LG1) of alga H. aureus  400x

Fig. 13: Image of intestine show hypertrophy of epithelial
tissue of intestine of snail L. auricularia at chronic
exposure  of  microcystin  extract (7.5   µg  LG1) of alga
H. aureus  400x

while other effects match with earlier studies especially after
2 weeks of exposure to the microcystin extract which causing
widespread cell lysis and necrosis, these effects can be
attributed to the co-localized with strong presence of
covalently bound MCs and inhibit the activity of  PP1 and
PP2A in any eukaryotic cells and their inhibition leads to hyper
phosphorylation of cytoskeletal proteins64. Similar pathological
changes   were   already   described for L. stagnalis was
exposed to dissolved MC-LR30  and fish fed with MC-producing
cyanobacteria13. Lance et al.57 found that snail L. stagnalis
when exposed to MC-LR or to toxic cyanobacteria showed a
diminution  of  the  digestive  epithelium   area,   because  the 

Fig. 14: Image  control   group  show  prostate  gland  of snail
L. auricularia  400x

Fig. 15: Image of prostate gland show dilation of alveolar
(stars) and metaplasia  of  epithelial  tissues   of   snail
L. auricularia  at chronic exposure to microcystin
extract (7.5 µg LG1) of alga H. aureus  400x 

digestive  epithelium  tissues contains glycogen stores that
can be mobilized by this snail during starvation or toxin
exposure.

Prostate gland showed less effect than other organs or
tissues in snail through a cute exposure, while the adverse
effects were observed after 2 weeks of exposure, so this results
did not found in previous studies which represented by
dilation in alveolar and metaplasia of epithelial tissue of gland.
Moreover, whatever intoxication route of MCs occurred in the
genital gland including spermatozoid and oocytes (immature
and mature) and the genital glands are known to be the
second  major  site  of MC accumulation in gastropods after
the  digestive  gland23-25.  Finally,  freshwater  snails as primary
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consumers, constitute an important link between primary
producers (potentially toxic cyanobacteria) and higher
consumers  such  as  crayfish,  fish,  water  fowl61 which they
can  represent  an  intoxication  route to predators in food
web.  Intoxication  of  mollusks  may  occur  via feeding on
toxic  cyanobacteria  and  absorption  of  cyanotoxins
dissolved in water or adsorbed on food particles.
Consumption of  toxic  cyanobacteria  and  absorption of
dissolved MC were experimentally demonstrated in
gastropods, resulting in MC accumulation and detrimental
effects on life traits27,28,65,66.

CONCLUSION 

The current study was showed diagnosis and classified a
new toxic blue-green alga H. aureus  which found in Al-Ashar
river  in  Basra  Governorate  Southern  of Iraq. Therefore this
alga is considered know a toxic alga and it has the ability to
produce  the   hepatotoxin   (Microcystins)   with  highly
concentration. Also, the low concentration of its microcystin
extract  7.5 µg LG1 was led to several histopathological
changes  in  some  important organs hepatopencreas,
intestine  and  prostate  gland of snail L. auricularia  in acute
and  chronic  exposures.   So   this  results   which   revealed
that  the  toxic  effect  may be transferred to another
organisms in the food chain down to human due to
accumulation of toxins in snail tissues. This toxic effects of alga
may be using as biological control to eliminate the snail
because it considered an intermediate host of several
parasites.

SIGNIFICANT STATEMENTS

This  study  have included isolation and purification of
new  species of blue-green algae Hapalosiphon aureus from
Al-Ashar river at Basra Southern of Iraq.

An  evaluation   of   his   toxic   effects   against   fresh
water  snail  Lymnaea  auricularia.  This  alga   showed  its
ability  to  produce   microcystin   in    high   concentration
reach  to  52.33  µg  gG1.  This   study   have   confirmed  that
this  alga  has   ability   to   produce   hepatotoxins
(Microcystins).

This  study  may  be  considered  as  a  first study in Iraq
and in the world about this species. In addition, the
microcystin  extract  at  low  concentration  7 µg LG1 of this
alga was  led  to  several  histopathological effects on snail,
these effects can be transmitted to human through food
chain.
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