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ABSTRACT

Blue-green algae produce a wide range of toxic compounds, particularly neurotoxins, which effects have only been
shown on the central and peripheral nervous system. The current study was conducted to show the
histopathological effects of anatoxin-a purified from local isolates from Shutt Al-Arab river water in Basra
governorate / Southern Irag on some organs including testes, liver and kidneys. Results showed the ability of alga
P. limnetica to produce anatoxin-a to reach 35 pg/g D.W. Three groups of laboratory mice (n=8) were injected
intraperitonial daily for 15 days under laboratory conditions with (1)-Normal saline (Control group), (2) - low
dose group with purified anatoxin-a = 0.5 pg/L and (3) - high dose group =l pg/L). Purified toxin showed many
histopathological effects at low and high doses and the effects increase with increasing dose. The testes showed a
decreased number of elongated spermatids in central tubules in low dose group, while in high dose group, good
evidence of the gross morphological effect of seminiferous tubules is seen which appear devoid of elongated
spermatids in most tubules with predominant rounded spermatids. Liver cells in low dose appear more
eosinophilic and without nuclei with fatty degeneration of sinusoids and mild inflammatory infiltrate. The
appearance of large vacuoles within hepatocytes, necrotic cells, sinusoids poorly visualized with increased
inflammatory cells in liver tissue under high dose. Kidneys at low dose showed increased eosinophilia of renal
tubules cells, mild degenerative changes, hemorrhage and decrease in size of the urinary capsule. However,
extravasation of red cells, congestion, dilatation of capillaries and chronic inflammatory cells were found under

high dose exposure.

Keywords: Neurotoxins, Anatoxin-a, Blue-green alga Pseudoanabaena limnetica, Testis, Liver, Kidney

INTRODUCTION

The blue-green algae (Cyanobacteria) are widely
distributed in aquatic, terrestrial habitats and
capable to survive in a wide range of extreme
environments [1, 2, and 3]. Cyanobacteria blooms
may be a cause of toxicity to several organisms
such as fishes, animals, invertebrates, plants,
domestic animals and humans [4, 5, 6, 7, and 8].
Cyanotoxins are a diverse group of compounds,
which include cyclic peptides (Microcystins and
Nodularin), Alkaloids (Anatoxin-a, Antoxin-a(s),
Saxitoxins) and non-protein amino acids [9].
Anatoxin-a is a similar structure analogue to
acetylcholine (a neurotransmitter) with relatively
small molecular weight (165 Da). This toxin is
rapidly absorbed in the gastrointestinal tract. In
mammalians the mode of action of anatoxin-a is a
mimic to the action of acetylcholine; however, it
could not be degraded by acetylcholine esterase
[5, 10].

Anatoxin-a is a cyanotoxin produced by several
genus and species particularly Aphanizomenon,
Microcystis, Anabaena flos-aque, Oscillatoria

formosa and Pseudoanabaena limnetic [11, 12,
13]. These types of algal toxins were termed as
Very Fast Death Factor (VFDF), because it induces
paralysis, convulsion, tremors and causes death
after 2-7 minutes [14]. Several studies focused on
the toxicity of anatoxin-a against animals such as
the study of Claska and Gilbert [15] on the survival
rate of Daphnia pulex and the study of Weigand
and Pflugmacher [5] on reproductive rates of
rotifers. A little information is known about the
anatoxin-a toxicity against mammals, for example
on rats, hamster and mice [16]. Algal neurotoxins
(anatoxin-a, anatoxin-a(s) and homoanatoxins) do
not completely comprehend upon their toxico-
kinetic, except several emblems associated with
oral exposure, which showed fast absorption of
toxins from the gastrointestinal canal [17]. , while
the study of Paschner et al., [18] revealed detected
anatoxin-a in the urine of poisoned dogs and their
bile acid without changing its composition.

The side effects of neurotoxin anatoxin-a in other
organs except the nervous system are very rarely
studied except the study of [19], which visualized
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the toxic effects of this toxin on tfestes and sperm
count. The present study aims to visualize the toxic
effects (Histopathological effects) of purified
anatoxin-a from local alga on some organs (Testes,
Liver and kidney) in laboratory mice after
experimental intraperitonial injections.

MATERIAL AND METHODS

Collection, isolation, purification and cultivation
of blue-green alga P. limnetica.

The alga was collected from Shutt AL-Arab river
water by using phytoplankton net (Mesh size = 20
um). Dilution method was used to isolate this alga
as unialgal culture and cultivated in Cu-10 liquid
medium (As of patch culture 1500 ml media in 2|
conical flasks) according to [20]. The purification
method of alga was done according to [21] to get
axenic cultures. Algal identification was made
according to [22].

Purification of anatoxin-a

Anatoxin-a was extracted and purified depending
on [23]. With some modifications by use of 20 ml
of trichloroacetic acid methanol (0.01% V/V). Fifty
milligrams of algal dry weight was used to extract
the purified anatoxin-a [13]. The purified toxin was
preserved in dark glass containers to prevent
degradation by the light and kept in the refrigerator
at (-18 Co).

Quantitative determination of Anatoxin-a

The Enzyme-linked immunosorbent assay (ELISA)
technique was used to determine the quantity of
toxin in algal cells after purification above
according to the method of [24]. The kit was
purchase from Abraxis Company.

Preparation of Laboratory mice

In the present study 24 male mice, each of 25 gm.
in weight were obtained from the animal house of
Biology department / College of Education for pure
sciences at Basra University/Iraq. Male mice were
kept under laboratory conditions at 25+1 Ce and
constant light periods 12/12 light and dark
respectively according to [25]. Mice were divided
into three groups (8 mice for each group) and were
in three middle-size plastic cages separately. All
cage floors were replaced weekly by new sawdust.

Preparation of purified anatoxin-a doses and
design of experiment

Two doses were made from purified anatoxin-a
represented by Low dose = 0.5 ug/l and high dose
=1 ug/l, also, to control = normal
saline. Each experimental group of mice were
injected daily with 0.1 ml of each dose
intraperitonial (i.p. injection) for 15 days.

Histological sections

At the end of experiments, all mice were sacrificed
and organs including liver, kidneys and testes were
dissected and processed for pathological
procedures. After that fixation in 10% formalin
solution followed by dehydration in ascending
concentrations of ethanol and clearing in xylene
followed by impregnation in paraffin wax and
preparing wax cubes to be cut by the microtome
info appropriate 4-5 micrometer sections which
were then stained by hematoxylin & eosin stains
according to the standard method of [26]. Light
microscope with a digital camera (Type Genex
USA) was used to take photos at 100X and 400X
magpnification.

RESULTS

The findings showed that puri-fied neurotoxin
(Anatoxin-a) from alga P.limnetica has caused
many histopathological changes on  various
important organs represented by the liver, testes
and kidneys of laboratory mice under the two
doses used in the study. The results revealed the
following:

Liver:

A: low dose

The hepatocytes appear more eosinophilic and
some cells without nuclei. Most cells show early
changes of fatty degeneration indicating reversible
hepatocellular injury, while the sinusoids are less
clear with mild inflammatory infilirate of the portal
area under low dose compared with the control
group as shown in Fig-1, 2.

B: High dose

A toxic effect appears more severe with a marked
degree of fatty degeneration (large vacuoles within
hepatocytes). Liver sinusoids could not be visualized
with inflammatory cells infiltration of hepatocytes.
Markedly diloted and congested venules with
extravasation of red blood corpuscles. Many
necrotic cells are found with chronic inflammatory
cells at the portal region, Fig-3, 4.
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Fig.1: Liver (control) show central vein
(Long arrow, Sinusoid (Head arrows),
hepatocytes (White arrow).

3 Y
Fig.2: Liver (Low dose): Eosinophilia of
hepatocytes and some cells without nuclei
(Head arrow), Early fatty degeneration
(Thin arrow), Sinusoids less clear
(Circles).

o

Kidneys

A: low dose

The results showed increased eosinophilia of cells
of renal ’r_ubules with mild degenerative changes of

Fig.5: Kidney (Control): Renal corpuscle
(Head arrow), Renal tubules (Long arrow).

Fig.3: Liver (High dose): Fatty degeneration of
hepatocytes (Short arrows), Extravagated red

cornuscles (Long arrow) & Congested vessel (Star).

Fig.4: Liver (High dose): Fatty
degeneration of hepatocytes (Short
arrow).

many tubules, especially the proximal tubules.
Some of the glomeruli appear hypercellular and
hemorrhagic, with increasing size of the urinary
capsule, Fig-5, 6.

Fig.6: Kidney (Low dose): Increased
eosinophilia of renal tubules with mild
degenerative changes (arrow), Hemorrhage
of glomeruli with increased size of urinary
capsule (Head arrow).
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B: High dose which appear devoid of elongated spermatids in
Many gross morphological effects appear in the most tubules with predominant round spermatids
kidneys exposed to the high dose including Fig- 10-13.

extravasation of red corpuscles with clear
degeneration of many renal tubules and
congestion and dilation of capillaries and venules.
Loss of many glomeruli is noticed with the presence
of a few collections of chronic inflammatory cells,
Fig-7.

spermatids (Circle), Sertoli cells (White
arrow), Round spermatogonia (Head
arrow), basement membrane (arrow)
and Leydig cells (Star).

Fig.7: Kidney (High dose): Congested

and hyper-cellular glomerulus (Long

arrow), degenerated tubules (Head

arrow).

Testes
A: Low dose
The exposure to this concentration of anatoxin did
not induce marked gross morphological effect on
mouse seminiferous tubules. However, there
appears a loss of organization and decrease in the
numbers of elongated spermatids in the center of
tubules. Leydig and Sertoli cells appear unaffected
by the toxin, Fig-8, 9

7o -

Fig.10: Testis (High dose): Loss of
organization and decrease in the number
of elongated spermatids in the center of

tubules (arrow).

Fig.8: Testis (Control): Spermatogonia
(Thick and long arrow), Elongated
spermatids (Head arrow), leyding cells
(Thin and long arrow, Round
snermatocvtes (Thin and short arrows).

o - ! k -7 s .
Fig.11: Testis (High dose): Absence of
. elongated spermatids (Head arrow),
B-High dose Leyding cells (Arrow).
The higher dose revealed good evidence of the
gross morphological effect on seminiferous tubules,
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Fig.12: Testis (High dose): Absence of
elongated spermatids (Head arrow) and
Leyding cells (White Arrow

YA P
A /

NS e T A P s

Fig.13: Testis (High dose): Absence of
elongated spermatids (Head arrow) and
Leyding cells (Arrow).

DISCUSSION

In previous studies, it was revealed that
cyanobacterial alkaloids, especially anatoxins and
soxitoxins  on  exposure to mice by oral
administration or intraperitoneal injection have
caused many symptoms represented by paralysis,
cyanosis, respiratory arrest and death within few
minutes depending on the dose of exposure [27].
Also, they caused many pathological changes in
brain tissue such as decay in the thickness of grey
matter, karyopycknosis of nuclei of glial cells,
shrinkage of neurons, congestion of capillaries, the
disappearance of endothelial cells lining the blood
vessels and white matter appear as spongiform
when mice were injected with sub lethal doses of
purified anatoxin-a (0.5 and  1u/L) from alga P.
limnetica [13]. The present study aims to show if
the purified anatoxin-a at sub-lethal doses (0.5 and
1u/L) from alga P. limentica can cause toxic
pathological effects in vital organs of male mice
including the liver, kidneys and testes or not.

The finding in the present study showed that dose-
dependent  histopathological ~ changes  were
detected in experimental animals compared to the
control group. The liver showing an increased
degree of fafty degeneration, congestion,
inflammation and necrosis  which is  more
prominent in high dose group (1 ug/L), as seen in
Fig. (3, 4), Similar findings were noted in liver
tissue of mice after exposure to toxic effects of
insecticide  agents  like  dimethoate  (an
organophosphorus ~ compound  with anti-
acetylcholine esterase like activity) which revealed
more toxic dose-dependent changes [28]. Similarly,
the kidneys produced morphological alterations
that varied according to the concentrations of the
anatoxin-a administrated, so that more severe
pathological effects on renal tubules, glomeruli and
vasculature were noticed in the high dose group.
Consistent results were mentioned by other
researchers[29,30], which showed many
histopathological effects on liver, kidneys and lungs
of mice when they used acetic acids extract (AEs) of
two cyanobacterial  species Pseudoanabaena
galeata and Geitlerinema splendidum. In their
study, they concluded that the two species
produced unknown anti-acetylcholine esterase toxic
effect on mammals after oral administration.
Another study [31] revealed that the extract of alga
P. galeata which contains three types of
cyanotoxins (Microcystins, saxitoxins and anatoxins)
that were detected by two detection techniques
HPLC and ELISA was caused the hepatic injury in
mice after intraperitoneal injection and also a
reduction in body weight and observed tumor
promotion in the liver after one week of treatment.
The results of our study are consistent with several
studies which revealed that neurotoxins may
produce hepatic hemorrhage and different
symptoms [32, 33]. The histopathological effects in
this study on some important organs (liver, kidney
and testis) revealed that exposure to low
concentrations of anatoxin-a (1 ug/l) for a short
period (15 days) it's harmful and influential for the
infegrity of living organisms [34]. The
histopathological examination of testes exposed to
anatoxin-a at low dose showed minor changes
Fig.9 which were more severe in the high dose
testes. These findings indicate the arrest of
spermatogenesis and delay in the production of
spermatozoa which might lead to infertility.
Microscopic examination of germ cells nuclei shows
condensed chromatin with hyperchromasia and
prominent nucleoli that may be due to DNA
damage induced by the toxins compared with
control, Fig-8. These results agree with [19], whose
study was conducted to evaluate the effects of
neurotoxin (standard pure of anatoxin-a) on festes,
however, the dose that was used in that study was
much higher than this research which reaches to
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50, 100 and 150 ug/kg/day i.e. (1.25, 2.5 and
3.75 ug/25g/day.

CONCLUSION

The present study showed that the purified
neurotoxin (Anatoxin-a) from toxic alga P. limnetica
under low concentrations (0.5 and 1 ug/l) led to
many histopathological effects, especially on the
liver and kidneys, as well as its significant impact
on the testes in male laboratory
mice, which may cause infertility.
It can be said that exposure to water contains these
concentrations of toxin for at least two weeks can
cause significant harm to live creatures in aquatic
and terrestrial environments.
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