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algal blooms and cause paralytic shellfish poisoning (PSP) that pose a
significant risk to public and environmental health. The study of STXs
toxicity has been carried out but little and is known about the
histopathological responses on mice. The purpose of this study was to
evaluate immunotoxic and histological responses induced by STXs
extracted from Acanthocardia tuberculatum. To this end, daily, mice were
treated orally during 7 days with sublethal concentrations (10 mg /100 g
mouse). Lymphocyte proliferation and brain histopathology were analysed
after treatment. The results showed a significative increase of lymphocytes
level and a decrease of polynuclears level. The histological study in brain
mice showed an increase of the number of the nucleus as well as a
hypercondensation of the chromatin brain, Also, we observed the presence
of some multinucleated giant cells that indicate the inflammation in brain.
We conclude that STXs induce inflammation and cells necrosis in brain
mice and causes the importation of the immunizing cells and the
development of the inflammatory reactions.
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1. INTRODUCTION

Harmful algal blooms (HABs) show range expansion and increased frequency in coastal areas since the 1980s
in response to both climatic and non-climatic drivers, and have had negative impacts on food security,
tourism, local economy, and human health [1]. Biotoxins produced by HABs can efficiently be
bioaccumulated by filter-feeders, such as bivalves and small zooplankton, and travel up the trophic chain and

7925



Takati, et.al, 2023 Teikyo Medical Journal

ultimately cause mass mortality events of aquatic fauna [2- 4].

Human consumption of contaminated shellfish can also cause lethal neurotoxic syndrome named Paralytic
shellfish poisoning (PSP) with a variety of deleterious syndromes (headache, vomiting, numbness, and
respiratory paralysis) that, in some cases, can lead to death [5- 7].

STXs are a water-soluble neurotoxins that bind to the voltage-dependent sodium channels in excitatory cells
leading to hyperpolarization of the cell [8]. STXs are one of the most potent neurotoxins that were first
reported in butter clam and mussel tissues in 1957 [9]. To date, More than 57 STX isomers with different
toxic abilities and sodium channel affinities have been identified [10], [11]. STXs are also known as paralytic
shellfish toxins (PSTs) and are mostly produced by marine dinoflagellates and freshwater cyanobacteria [12],
[13].

Acanthocardia tuberculatrum, is a red cockle living in the western Mediterranean coast of Morocco, was
chosen for extraction of STXs for the following reasons; this cockle is an appropriate organism to study
immunological and histological effects in mice of the red cockle STXs extracted due to its remarkable
retention high persistent levels of STXs for several years in its tissues even when the potentially toxin
producing microalgae are not present [14], [15]. In effect, the highest levels of STXs were registered in cockle
from Oued Laou and Kaa Srass, while in other regions STXs levels were lower but remained continuously
higher than the regulatory level. Toxicity data also showed a very irregular distribution in samples from the
same area that could be related to the size of sampled specimen [16]. Also, this type of cardid bivalve is found
in southern Spain and on the Northorn coast of Morocco for the Spanish canning industry [17], [18].

The aims of this sudy were to determine whether the observed toxic effects after intraperitoneal administration
also occur when the same extracts are administered orally and to demonstrate that the toxicity induced by the
oral administration of the saxitoxins extracted from the cockles Acanthocardia tuberculatum to mice that can
affect the histological aspects of vital organs like brain. Hence, immunological and histopahological studies
were assessed after experimental exposure to sublethal concentrations of STXs.

2. Materials and methods

2.1 Samples

Specimens of the cockle (Acanthocardia tuberculatum) were collected from kaa Srass on the Mediterranean
coast of Morocco. The cockle tissues were kept at -20°C until use. All other chemicals were of analytical
grade.

2.2 Extraction of paralytic shellfish toxins and mouse bioassay

Toxicity analysis was carried out by mouse bioassay according to AOAC method (1990) [19]: 100g
homogenized tissues collected from toxic cockles (Kaa Srass) were mixed with 100ml 0.1M hydrochloric
acid and boiled gently for 5min, pH adjusted to 2-3. The volume of mixture was brought to 200 ml with
double-distilled water, stirred and centrifuged at 3000rpm for 10min. The PSP mouse bioassay involves acidic
aqueous extraction of selected organs. One milliliter of the supernatant was injected intraperitoneally into
each of three albino mice (20+ 2g). The mice are observed for classical PSP symptoms, such as jumping in
the early stages, ataxia, ophtalmia, paralysis, gasping and death by respiratory arrest. The time from initial
injection to mouse death is recorded and the values of toxicity are expressed in terms of STX. The time taken
for the mice to die (death time) is taking into account for determination of sample toxicity expressed in mouse
unit (MU) by Sommer Table [20]. A conversion factor (CF) is obtained by the calibration test using the
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saxitoxin standard (STX). The CF allows to convert the results from MU to pg STXeq. / Kg of meat. The
calculation of this factor is detailed in AOAC, 2000. In our case the CF found is 0.2, determined with ideal
concentrations of 0.322, 0.33 and 0.34 pg/ml of saxitoxin.

2.3 Animals and administration of STXs
Swiss albino’s mice were adapted to laboratory conditions at a temperature of 22°C with food and water ad
libitum. The light cycle during the entire experiment was set to 14 h light and 10 h dark.

Forty-five animals were randomized into five groups of nine mice each, and the STXs extract was
administered daily by oral injection during 7 days. Mice were given STXs at 10 ug /100 g of mice’s weight
while corresponding groups were given sterile double distilled water serving as control in each treatment.

2.4 Immunological study

In order to explore the impact of STXs extract on immunological cells, the number of lymphocytes,
monocytes and polynuclears were calculated in the swiss albinos mice before and after orraly injection (7
days) with 10 mg/100g mouse of STXs extract.

2.5 Histopathological Analysis

After 7 days of treatment, brain samples were preserved in fixative solution (ethanol 80%; formaldehyde 40%
and glacial acetic acid 5%) for 16 h, dehydrated in a graded series of ethanol baths, and embedded in Paraplast
Plus resin. Sections (3— 5 mm) were stained in Hematoxylin and eosin (H&E) [21], then were examinated
under light microscopy (Olympus-BH-2, Olympus, Southall, UK).

3. Results and Discussion

Cyanotoxins are a diverse group of natural compounds, such as anatoxins (ATXs) and STXs, These toxins
have been implicated in the deaths of wild and domestic animals as well as in incidents of human illness. The
liver is the most affected organ in humans but the exposure to the toxin is likely to affect organs such as the
kidney, colon, gonads, and brain as evidenced by in vivo and in vitro studies. The neurotoxicity of cyanotoxins
is a multipathway process, and despite recent achievements, the molecular mechanisms underlying neurotoxic
effects remain elusive [22]. Acute and chronic mice intoxication symptoms and histopathological effects of
the most common cyanotoxins have already been described in the literature. The signs that indicate the
presence of alkaloid neurotoxin cyanotoxins, such as STXs and ATXs are: muscle progressive paralysis,
overrated abdominal breath, cyanosis, convulsions, respiratory arrest, and death in a few minutes after sample
administration, and absence of organ alterations in the post-mortem examen [23].

In our study, immunotoxic and histological responses in mice can be found after orally administration to
STXs extracted from Acanthocardia tuberculatum. The general state and the mice mortality were followed
with the amount 10mg/100 g mice during the 7 days of treatment. No sign of stress or difficulties on breathing,
neither mortality nor visible disease signals in the treated orally mice STXs were observed.

Lymphocyte proliferation is a very sensitive test and is used as a potential biomarker for toxic exposures.
While STX is notorious for its neurotoxicity, immunotoxic effects have also been described. Previous study
investigated the role of STX in altering immune function, specifically T lymphocyte proliferation. In the
present study, figure 1 showed that exposure to STXs increase significantly lymphocyte level (140%) and
decrease significantly (P 0.05) polynuclear level (66%). No change was observed for monocytes level. The
decrease of polynucelars can be explained by the fact that STXs can damage directly or indirectly immune
system cells especially polynuclears, disrupting their production in the bone marrow, or inhibiting their
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activity in the immune response. These effects can reduce the body's ability to fight infections and increase
the risk of diseases. Our results were consistent with the toxicological studies that showed that STX caused
an increase in harbor seal (Phoca vitulina concolor) lymphocyte proliferation at 10 ppb and exposure to STX
significantly increased the amount of virus present in lymphocytes [24].
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Figure 1: Leucocytes numbers values are means * standards deviations. P< 0.05 (student t-test).
%, indicate the percentage of decrease or increase of the values comparing with the control.

The macroscopic analysis of the removed brain during the dissection did not reveal any changes compared to
the control. By performing Hematoxylin and eosin (H&E) staining validated that STXs exposure in brain of
the mice treated with 0.3 mg/g compared to control show an increase of the number of the nucleus as well as
a hypercondensation of the chromatin. Also, we observed the presence of some multinucleated giant cells that
indicate the inflammation in brain (Figures 2 and 3). In effect, the necrosis of the cells causes the importation
of the immunizing cells and the development of the inflammatory reactions.

Figure 2: Photomicrograph (100 * H&E) of a section of brain from control mice treated with STXs

showing a normal histological appearance.
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Figure 3: Photomicrograph (100 * H&E) of a section of brain from mice

treated with STXs showing an increase of the number of the nucleus as well as
a hypercondensation of the chromatin.

Previous studies have reported that STX is able to induce oxidative stress in algae and neural cell cultures
through the lipid peroxidation (LPO) pathways [25]. As we know, LPO mechanisms are well established in
the pathogenesis of Alzheimer's disease [26].

Another study has shown that examination of brain from zebrafish after 30 pg/L microcystin-LR (MCLR),
toxin produced by cyanobacteria, exposure induced severe damage to cerebrum ultrastructure, showing
edematous and collapsed myelinated nerve fibers, distention of endoplasmic reticulum and swelling
mitochondria. This finding suggested that MCLR showed neurotoxicity in zebrafish which might attribute to
the disorder of GABA neurotransmitter pathway [27].

Our results were consistent with the toxicological study that reported that STX-exposed mice exhibited brain
neuronal damage characterized by decreasing neuronal cells and thinner pyramidal cell layers in the
hippocampal CA1 region compared with control mice. Long-term low doses of STX exposure can cause
neuronal inhibition, which is a process related to spatial memory impairment. Additionally, H&E staining
validated those long-term low-level exposures did not cause significant gross morphological lesions in
hippocampal regions of the brain, but decreased pyramidal cells and neuronal cells in CA1 [28].

4. Conclusions

In this study, a mouse model was used to explore the immunotoxic and histological effects of STXs exposure.
The present study demonstrated that STXs exposure for 7 days to 10 mg/100g mice of STXs cause significant
increase of lymphocyte level and a decrease of polynuclear level and induce inflammation and cells necrosis
in Brain. The necrosis of the cells causes the importation of the immunizing cells and the development of the
inflammatory reactions. These findings provide new insights and evidence for STXs neurotoxicity.

Abbreviations:
ATXs, anatoxins; Harmful algal blooms, HABs; H&E, Hematoxylin and eosin; LPO, Lipid peroxidation;
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MCLR; microcystin-LR; MU, Mouse unit; Paralytic shellfish poisoning, PSP; PSTs, paralytic shellfish
toxins; STXs, saxitoxins; STX, saxitoxin;

5. Author contributions

N. T: Conceived, designed and performed the experiments, analyzed the data, contributed analysis tools,
wrote the paper.

H. A: revised the final version of the paper,

M. N. B: revised the final version of the paper,

M. B: Contribute to design and analyzed the data, correction the paper

M. M. E: Conceived, designed and supervised the experiments and the analysis of the data, critical of wrote
the paper and coordinate the work

All authors approved the final version of the paper.

6. Acknowledgment

The authors would like to thank University Hassan 1l of Casablanca, Faculty of Sciences and Techniques —
Mohammedia, the team members of Virology, Oncology and Biotechnologies, Laboratory of Virology,
Oncology, Biosciences, Environment and New Energies, Laboratory of BioGeosciences and Materials
Engineering and Laboratory of Immunology and Biodiversity for the financial and scientific support during
all work stages on this research.

7. Conflict of interest
The authors declare that they have no conflict of interest.

8. Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-
profit sectors.

9. Bibliographical references
[1] Gobler, C. J. (2020). Climate change and harmful algal blooms: insights and perspective. Harmful algae,
91, 101731.

[2] Doucette, G. J., & Kudela, R. M. (2017). In situ and real-time identification of toxins and toxin-producing
microorganisms in the environment. In Recent Advances in the Analysis of Marine Toxins). Elsevier, 78,205-
218.

[3] Starr, M., Lair, S., Michaud, S., Scarratt, M., Quilliam, M., Lefaivre, D., Robert, M., Wotherspoon, A.,
Michaud, R., Ménard, N., Sauvé, G., Lessard, S., Béland, P., & Measures, L. (2017). Multispecies mass
mortality of marine fauna linked to a toxic dinoflagellate bloom. PloS one, 12(5), e0176299.

[4] Boivin-Rioux, A., Starr, M., Chassé, J., Scarratt, M., Perrie, W., Long, Z., & Lavoie, D. (2022). Harmful
algae and climate change on the Canadian East Coast: Exploring occurrence predictions of Dinophysis

acuminata, D. norvegica, and Pseudo-nitzschia seriata. Harmful Algae, 112, 102183.

[5] Etheridge, S. M. (2010). Paralytic shellfish poisoning: seafood safety and human health perspectives.
Toxicon, 56(2), 108-122.

7930


https://www.teikyomedicaljournal.com/

__§‘ @:ﬁT 3{ ISSN: 03875547

18951 03875347 Volume 46, Issue 04, April, 2023

[6] Thottumkara, A. P., Parsons, W. H., & Du Bois, J. (2014). Saxitoxin. Angewandte Chemie International
Edition, 53(23), 5760-5784.

[7] Wei, L. N., Luo, L., Wang, B. Z., Lei, H. T., Guan, T., Shen, Y. D., Wang, H., & Xu, Z. L. (2023).
Biosensors for detection of paralytic shellfish toxins: Recognition elements and transduction technologies.
Trends in Food Science & Technology.

[8] Cestele, S., & Catterall, W. A. (2000). Molecular mechanisms of neurotoxin action on voltage-gated
sodium channels. Biochimie, 82(9-10), 883-892.

[9] Schantz, E. J., Mold, J. D., Stanger, D. W., Shavel, J., Riel, F. J., Bowden, J. P., Lynch, J. M., Wyler. R.
S., Riegel. B., & Sommer, H. (1957). Paralytic shellfish poison. VI. A procedure for the isolation and
purification of the poison from toxic clam and mussel tissues. Journal of the American Chemical Society,
79(19), 5230-5235.

[10] Wiese, M., D’Agostino, P. M., Mihali, T. K., Moffitt, M. C., & Neilan, B. A. (2010). Neurotoxic
alkaloids: saxitoxin and its analogs. Marine drugs, 8(7), 2185-2211.

[11] Perez, S., Vale, C., Alonso, E., Alfonso, C., Rodriguez, P., Otero, P., Alfonso, A., Vale, P., Hirama. M.,
Vieytes M. R ., & Botana, L. M. (2011). A comparative study of the effect of ciguatoxins on voltage-
dependent Na+ and K+ channels in cerebellar neurons. Chemical research in toxicology, 24(4), 587-596.

[12] Martins, C. A., Kulis, D., Franca, S., & Anderson, D. M. (2004). The loss of PSP toxin production in a
formerly toxic Alexandrium lusitanicum clone. Toxicon, 43(2), 195-205.

[13] Ramos, T. K., Costa, L. D. F., Yunes, J. S., Resgalla Jr, C., Barufi, J. B., de Oliveira Bastos, E., Horta
Jr, P.A., & Rorig, L. R. (2021). Saxitoxins from the freshwater cyanobacterium Raphidiopsis raciborskii can
contaminate marine mussels. Harmful Algae, 103, 102004.

[14] Vale, P., & Sampayo, M. A. D. M. (2002). Evaluation of marine biotoxin's accumulation by
Acanthocardia tuberculatum from Algarve, Portugal. Toxicon, 40(5), 511-517.

[15] Takati, N., Mountassif, D., Taleb, H., Lee, K., & Blaghen, M. (2007). Purification and partial
characterization of paralytic shellfish poison-binding protein from Acanthocardia tuberculatum. Toxicon,
50(3), 311-321.

[16] Taleb, H., Vale, P., Jaime, E., & Blaghen, M. (2001). Study of paralytic shellfish poisoning toxin profile
in shellfish from the Mediterranean shore of Morocco. Toxicon, 39(12), 1855-1861.

[17] Rharrass, A., Talbaoui, M., Gaspar, M., Kabine, M., & Rharbi, N. (2016). Gametogenic cycle of the
rough cockle Acanthocardia tuberculata (Mollusca: Bivalvia) in the M’diq Bay (SW Mediterranean Sea).
Scientia Marina, 80(3), 359-368.

[18] Tirado, C., Marina, P., Urra, J., Antit, M., & Salas, C. (2017). Reproduction and population structure of

Acanthocardia tuberculata (Linnaeus, 1758) (Bivalvia: Cardiidae) in southern Spain: implications for stock
management. Journal of Shellfish Research, 36(1), 61-68.

7931



Takati, et.al, 2023 Teikyo Medical Journal

[19] AOAC. (1995). Paralytic shellfish poison: biological method. Official methods of analysis of AOAC
international.

[20] AOAC (2000). AOAC Official Method 959.08. Paralytic Shellfish Poison, Biological Method. Final
Action. AOAC official methods of analysis, 17th ed., Gaithersburg, MD, USA,; 59-61.

[21] Woods, A. E., & Ellis, R. C. (1994). Laboratory histopathology: a complete reference. In Laboratory
histopathology: a complete reference (pp. 312-312).

[22] Florczyk, M., Lakomiak, A., Wozny, M., & Brzuzan, P. (2014). Neurotoxicity of cyanobacterial toxins.
Environ Biotechnol 10: 26-43.

[23] Falconer, 1., Bartram, J., Chorus, 1., Kuiper-Goodman, T., Utkilen, H., Burch, M., & Codd, G. A. (1999).
Safe levels and safe practices. Toxic cyanobacteria in water, 155-178.

[24] Bogomolni, A. L., Bass, A. L., Fire, S., Jasperse, L., Levin, M., Nielsen, O., Waring. G., & De Guise, S.
(2016). Saxitoxin increases phocine distemper virus replication upon in-vitro infection in harbor seal immune
cells. Harmful Algae, 51, 89-96.

[25] Melegari, S. P., de Carvalho Pinto, C. R., Moukha, S., Creppy, E. E., & Matias, W. G. (2015). Evaluation
of cytotoxicity and cell death induced in vitro by saxitoxin in mammalian cells. Journal of Toxicology and
Environmental Health, Part A, 78(19), 1189-1200.

[26] Sultana, R., Perluigi, M., & Butterfield, D. A. (2006). Protein oxidation and lipid peroxidation in brain
of subjects with Alzheimer's disease: insights into mechanism of neurodegeneration from redox proteomics.

Antioxidants & redox signaling, 8(11-12), 2021-2037.

[27] Yan, W., Li, L., Li, G.,, & Zhao, S. (2017). Microcystin-LR induces changes in the GABA
neurotransmitter system of zebrafish. Aquatic Toxicology, 188, 170-176.

[28] Sun, Q., Chen, X, Liu, W., Li, S., Zhou, Y., Yang, X., & Liu, J. (2021). Effects of long-term low dose
saxitoxin exposure on nerve damage in mice. Aging (Albany NY), 13(13), 17211.

7932


https://www.teikyomedicaljournal.com/

