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Toxicological Summary for: Anatoxin-a  
CAS:  64285-06-9 
Synonyms: Anatoxin A; (+)-Anatoxin-a; Anatoxin I; Very Fast Death Factor 

The oral toxicity data set to support risk assessment of anatoxin-a is very limited. The available 
studies include one 5-day gavage study, one 28-day gavage study in mice, one developmental 
screening study in mice, and one 7-week drinking water study in rats. There are no chronic 
studies.  

The exact cause for two deaths reported in the 28-day mouse study could not be determined; 
therefore, a treatment-related effect could not be ruled out. The deaths occurred within 2.5 
hours of dose administration. Microscopic investigation of the tissues showed no evidence for 
gavage injury. The incidence of lethality (1/20) in the high dose group was the same as the mid-
dose group, rather than increasing with dose, as is commonly expected for a treatment-related 
effect. However, a 2.5-fold higher dose in a 5-day study caused 25% mortality and a 5-fold 
higher dose resulted in 100% mortality. This indicates that (1) there is a very steep dose-
response curve with a narrow margin between a potential no adverse effect level and lethality 
and/or (2) suitable biochemical or microscopic indicators of early non-lethal toxicity have not 
been identified and incorporated into the studies. 

After a careful review of the available toxicological information, MDH decided the lowest dose 
tested in the 28-day study is a conservative and health-protective NOAEL for the short-term 
duration. MDH recommends the short-term non-cancer risk assessment advice (nRAA) 
presented below because the data are not adequate to confidently develop a health-based 
value (HBV). MDH is unable to recommend subchronic or chronic guidance (RAA or HBV) 
because (1) the only subchronic study evaluated algal extracts without reporting the extent or 
nature of impurities and did not measure the actual doses received by the animals and (2) there 
are no chronic studies. 

Acute Non-Cancer Risk Assessment Advice (nRAAAcute) = Not Derived (Insufficient Data) 

Short-term Non-Cancer Risk Assessment Advice (nRAAShort-term) = 0.1 μg/L  

 (Reference Dose, mg/kg-d) x (Relative Source Contribution) x (Conversion Factor) 
(Short-term Intake Rate, L/kg-d) 

= (0.000047 mg/kg-d) x (0.8)* x (1000 µg/mg) 
(0.285 L/kg-d)** 

= 0.13 rounded to 0.1 µg/L 
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*Relative Source Contribution: MDH 2008, Section IV.E.1. MDH utilizes the U.S. EPA Exposure Decision Tree (U. S. 
Environmental Protection Agency, 2000) to select appropriate Relative Source Contributions (RSCs), ranging from 
0.2 to 0.8. An RSC greater than 0.8 may be warranted for situations where there are no other routes of exposure 
besides drinking water. In the case of anatoxin-a, drinking water is likely to be the predominant source of exposure. 
However, without additional information a specific value cannot be determined at this time. Therefore, the 
recommended upper limit default of 0.8 was utilized. This approach, however, does not consider those who take algal 
dietary supplements that may be contaminated with anatoxin-a. 
**Intake Rate: MDH 2008, Section IV.E and US EPA 2011, Exposure Factors Handbook, Tables 3-1 and 3-81. 

 

 
 
 
 
 

 

 
 

Reference Dose/Concentration: (POD x DAF)/Total UF = 0.000047 mg/kg-d 
(Crl:CD-1(ICR)BR  mice) 

Source of toxicity value: Determined by MDH in 2016 
Point of Departure (POD): 0.098 mg/kg-d (NOAEL, Fawell et al. 1994, 1999) 

Human Equivalent Dose (MDH, 2011): POD x DAF = 0.098 mg/kg-d x 0.14 = 0.014 mg/kg-d  
Total uncertainty factor (UF): 300 
Uncertainty factor allocation: 3 for interspecies differences (for toxicodynamics), 

10 for intraspecies variability, and 10 for database 
uncertainty (lack of multigenerational reproductive 
study, lack of relevant biochemical/biomarker data 
for early non-lethal signs of anatoxin-a 
neurotoxicity) 

Critical effect(s): Death (the exact cause of death could not be 
determined in the critical study, but it is well-
established that anatoxin-a causes death by 
respiratory paralysis from nervous system toxicity) 

Co-critical effect(s): None 
Additivity endpoint(s): Nervous system 

Subchronic Non-Cancer Risk Assessment Advice (nRAASubchronic) = Not Derived (Insufficient Data) 

Chronic Non-Cancer Risk Assessment Advice (nRAAChronic) = Not Derived (Insufficient Data) 

Cancer Health Based Value (cHBV) = Not Derived 

 
 
 
 

Cancer classification: Not Classified 
Slope factor (SF): Not Applicable 

Source of cancer slope factor (SF): Not Applicable 
Tumor site(s): Not Applicable 

Volatile: No  

Summary of Guidance Value History: 
The Short-term nRAA for anatoxin-a is new. No previous MDH values exist for anatoxin-a. MDH 
intends to re-evaluate guidance values on a five year cycle in order to keep guidance values 
current with scientific knowledge. Under this process anatoxin-a will likely undergo re-evaluation 
in 2021. 
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Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751): 
Even if testing for a specific health effect was not conducted for this chemical, information about that effect might be 
available from studies conducted for other purposes. MDH has considered the following information in developing 
health protective guidance. 
 

 Endocrine Immunotoxicity Development Reproductive Neurotoxicity 
Tested for 
specific effect? 

No No Yes Yes Yes 

Effects 
observed? 

- - Yes1 Yes2 Yes3 

Comments on extent of testing or effects: 
1. In one oral developmental study of anatoxin-a in mice, the mean fetal body weight was 
marginally lower than controls at a human equivalent dose 7,000 times higher than the short-
term RfD. There were no other significant effects noted. In one injection study, no significant 
postnatal neurotoxicity was reported, although slight neurobehavioral developmental effects 
(e.g., effects on righting reflex and hanging grip times) were reported in offspring of rats, at a 
dose over 250 times higher than the short-term RfD. Results from injection studies are not 
representative of drinking water exposure.  
2. There are no relevant oral reproductive studies for anatoxin-a. In one intraperitoneal injection 
study in mice, anatoxin-a caused changes in the testes of animals and decreased sperm 
counts. The injected dose reported to cause reduced sperm counts was about 150 times higher 
than the short-term oral RfD. 
3. Respiratory paralysis from anatoxin-a neurotoxicity is a well-established cause of death in 
anatoxin-related poisonings. Death from nervous system toxicity occurred in a 5-day oral study 
in mice at a human equivalent dose more than 17,000 times higher than the short-term RfD. No 
overt nervous system clinical signs were reported in oral 28-day gavage study in mice (at HED 
over 7,000 times higher than short-term RfD) or in a 7-week drinking water study in rats (at HED 
over 2,500 times higher than short-term RfD). However, the cause of deaths in the 28-day 
mouse study could not be determined and the association with anatoxin-a treatment could not 
be ruled out. Since anatoxin causes death by respiratory paralysis related to nervous system 
mechanism, the nervous system was identified as a critical effect for the short-term RfD. 

Resources Consulted During Review:    

Adeyemo, O. M. and A. L. Siren (1992). Cardio-respiratory changes and mortality in the 
conscious rat induced by (+)- and (+/-)-anatoxin-a. Toxicon 30(8): 899-905. 

Anderson, P., N. Denslow, J. E. Drewes, A. Olivieri, D. Schlenk and S. Snyder. (2010). 
"Monitoring Strategies for Chemicals of Emerging Concern (CECs) in Recycled Water. 
Recommendations of a Science Advisory Panel. Final Report. California State Water 
Resources Control Board.", from 
http://www.waterboards.ca.gov/water_issues/programs/water_recycling_policy/docs/cec
_monitoring_rpt.pdf. 

http://www.waterboards.ca.gov/water_issues/programs/water_recycling_policy/docs/cec_monitoring_rpt.pdf
http://www.waterboards.ca.gov/water_issues/programs/water_recycling_policy/docs/cec_monitoring_rpt.pdf


Anatoxin-a - Page 4 of 6 
 

Astrachan, N. B. and B. G. Archer (1981). Simplified Monitoring of Anatoxin-a by Reverse-
Phase High Performance Liquid Chromatography and the Sub-acute Effects of Anatoxin-
a in Rats. The Water Environment: Algal Toxins and Health. W. W. Carmichael. New 
York, Plenum Press. 20. 

Astrachan, N. B., B. G. Archer and D. R. Hilbelink (1980). Evaluation of the subacute toxicity 
and teratogenicity of anatoxin-a. Toxicon 18(5-6): 684-688. 

Bownik, A., A. Rymuszka, A. Sieroslawska and T. Skowronski (2012). Anatoxin-a induces 
apoptosis of leukocytes and decreases the proliferative ability of lymphocytes of 
common carp (Cyprinus carpio L.) in vitro. Pol J Vet Sci 15(3): 531-535. 

Charles River Laboratories. (2011). "Research Models. CD-1 IGS Mice. Nomenclature: 
Crl:CD1(ICR)." from 
http://www.criver.com/files/pdfs/rms/cd1/rm_rm_d_cd1_mouse.aspx. 

Charles River Laboratories. (2012). "Technical Sheet: CD-1 Mouse Hematology, North 
American Colonies, Jan. 2008 to Dec. 2011." from 
http://www.criver.com/files/pdfs/rms/cd1/rm_rm_r_cd1_mouse_clinical_pathology_data.a
spx. 

Falconer, I. R. and A. R. Humpage (2005). Health risk assessment of cyanobacterial (blue-
green algal) toxins in drinking water. Int J Environ Res Public Health 2(1): 43-50. 

Farrer, D., M. Counter, R. Hillwig and C. Cude (2015). Health-based cyanotoxin guideline 
values allow for cyanotoxin-based monitoring and efficient public health response to 
cyanobacterial blooms. Toxins (Basel) 7(2): 457-477. 

Fawell, J. K. and H. A. James (1994). Toxins from Blue-green Algae: Toxicological Assessment 
of Anatoxin-a and a Method for Its Determination in Reservoir Water. Report No: 
FR0492/DoE3728. Water Research Center and Foundation for Water Research. UK, 
Foundation for Water Research  

Fawell, J. K., R. E. Mitchell, R. E. Hill and D. J. Everett (1999). The toxicity of cyanobacterial 
toxins in the mouse: II anatoxin-a. Hum Exp Toxicol 18(3): 168-173. 

Funari, E. and E. Testai (2008). Human health risk assessment related to cyanotoxins 
exposure. Crit Rev Toxicol 38(2): 97-125. 

Graham, J. L., K. A. Loftin, M. T. Meyer and A. C. Ziegler (2010). Cyanotoxin mixtures and 
taste-and-odor compounds in cyanobacterial blooms from the Midwestern United States. 
Environ Sci Technol 44(19): 7361-7368. 

Health Canada. (2016). "Cyanobacterial Toxins in Drinking Water. Document for Public 
Consultations. Guidelines for Canadian Drinking Water Quality: Guideline Technical 
Document. January 2016."   Retrieved April 2016, from 
http://healthycanadians.gc.ca/health-system-systeme-sante/consultations/cyanobacteria-
cyanobacterie/document-eng.php. 

Macphail, R. C., J. D. Farmer, K. A. Jarema and N. Chernoff (2005). Nicotine effects on the 
activity of mice exposed prenatally to the nicotinic agonist anatoxin-a (abstract 
reviewed). Neurotoxicol Teratol 27(4): 593-598. 

http://www.criver.com/files/pdfs/rms/cd1/rm_rm_d_cd1_mouse.aspx
http://www.criver.com/files/pdfs/rms/cd1/rm_rm_r_cd1_mouse_clinical_pathology_data.aspx
http://www.criver.com/files/pdfs/rms/cd1/rm_rm_r_cd1_mouse_clinical_pathology_data.aspx
http://healthycanadians.gc.ca/health-system-systeme-sante/consultations/cyanobacteria-cyanobacterie/document-eng.php
http://healthycanadians.gc.ca/health-system-systeme-sante/consultations/cyanobacteria-cyanobacterie/document-eng.php


Anatoxin-a - Page 5 of 6 
 

Minnesota Department of Health (MDH). (2008). "Statement of Need and Reasonableness 
(SONAR), July 11, 2008. Support document relating to Health Risk Limits for 
Groundwater Rules.", from 
http://www.health.state.mn.us/divs/eh/risk/rules/water/hrlsonar08.pdf. 

Minnesota Department of Health (MDH). (2011). "MDH Health Risk Assessment Methods to 
Incorporate Human Equivalent Dose Calculations into Derivation of Oral Reference 
Doses." from http://www.health.state.mn.us/divs/eh/risk/guidance/hedrefguide.pdf. 

New Zealand. (2016). "Ministry of Health. Guidelines for Drinking Water Quality Management for 
New Zealand, March 2016. Volume 3. Datasheets. Part 2.4. Cyanotoxins." from 
http://www.health.govt.nz/publication/guidelines-drinking-water-quality-management-
new-zealand 

OEHHA. (2012). "Toxicological Summary and Suggested Action Levels to Reduce Potential 
Adverse Health Effects of Six Cyanotoxins. California EPA. May 2012." 

Ohio EPA. (2012). "Public Water System Harmful Algal Bloom Response Strategy." 

Oregon Health Authority. (2015). "Cyanotoxins in Drinking Water. Frequently Asked Questions. 
General Information about Cyanotoxins and Their Health Effects.", from 
https://public.health.oregon.gov/HealthyEnvironments/DrinkingWater/Operations/Treatm
ent/Documents/algae/BMP-HABs-Exhibit1.pdf. 

Rogers, E. H., E. S. Hunter, 3rd, V. C. Moser, P. M. Phillips, J. Herkovits, L. Munoz, et al. 
(2005). Potential developmental toxicity of anatoxin-a, a cyanobacterial toxin. J Appl 
Toxicol 25(6): 527-534. 

U.S. Environmental Protection Agency - Office of Research and Development. (1988). 
"Recommendations for and Documentation of Biological Values for Use in Risk 
Assessment." from http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=34855. 

U.S. Environmental Protection Agency - Office of the Science Advisor. (2011). "Recommended 
Use of Body Weight¾ as the Default Method in Derivation of the Oral Reference Dose." 
from http://www.epa.gov/raf/publications/pdfs/recommended-use-of-bw34.pdf. 

U.S. Environmental Protection Agency (EPA) - Office of Research and Development. (2011). 
"Exposure Factors Handbook: 2011 Edition." from 
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=236252. 

U.S. EPA. (2006). "Toxicological Reviews of Cyanobacterial Toxins: Anatoxin-A. U.S. 
Environmental Protection Agency. NCEA-C-1743. November 2006." 

U.S. EPA. (2009). "Final Contaminant Candidate List 3 Chemicals: Screening to a PCCL. U.S. 
Environmental Protection Agency. Office of Water. EPA 815-R-09-007. August 2009.", 
from https://www.epa.gov/sites/production/files/2014-
05/documents/ccl3chem_screening_to_pccl_08-31-09_508v2.pdf. 

U.S. EPA. (2015). "Health Effects Support Document for the Cyanobacterial Toxin Anatoxin-A. 
U.S. Environmental Protection Agency. Office of Water. EPA-820R15104. June 2015." 
from https://www.epa.gov/sites/production/files/2015-06/documents/anatoxin-a-report-
2015.pdf. 

http://www.health.state.mn.us/divs/eh/risk/rules/water/hrlsonar08.pdf
http://www.health.state.mn.us/divs/eh/risk/guidance/hedrefguide.pdf
http://www.health.govt.nz/publication/guidelines-drinking-water-quality-management-new-zealand
http://www.health.govt.nz/publication/guidelines-drinking-water-quality-management-new-zealand
https://public.health.oregon.gov/HealthyEnvironments/DrinkingWater/Operations/Treatment/Documents/algae/BMP-HABs-Exhibit1.pdf
https://public.health.oregon.gov/HealthyEnvironments/DrinkingWater/Operations/Treatment/Documents/algae/BMP-HABs-Exhibit1.pdf
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=34855
http://www.epa.gov/raf/publications/pdfs/recommended-use-of-bw34.pdf
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=236252
https://www.epa.gov/sites/production/files/2014-05/documents/ccl3chem_screening_to_pccl_08-31-09_508v2.pdf
https://www.epa.gov/sites/production/files/2014-05/documents/ccl3chem_screening_to_pccl_08-31-09_508v2.pdf
https://www.epa.gov/sites/production/files/2015-06/documents/anatoxin-a-report-2015.pdf
https://www.epa.gov/sites/production/files/2015-06/documents/anatoxin-a-report-2015.pdf


Anatoxin-a - Page 6 of 6 
 

Wonnacott, S. and T. Gallagher (2006). The Chemistry and Pharmacology of Anatoxin-a and 
Related Homotropanes with respect to Nicotinic Acetylcholine Receptors. Marine Drugs 
4: 228-254. 

Yavasoglu, A., M. A. Karaaslan, Y. Uyanikgil, F. Sayim, U. Ates and N. U. Yavasoglu (2008). 
Toxic effects of anatoxin-a on testes and sperm counts of male mice. Exp Toxicol Pathol 
60(4-5): 391-396. 

 
 


	Toxicological Summary for: Anatoxin-a
	Acute Non-Cancer Risk Assessment Advice (nRAAAcute) = Not Derived (Insufficient Data)
	Short-term Non-Cancer Risk Assessment Advice (nRAAShort-term) = 0.1 μg/L
	Subchronic Non-Cancer Risk Assessment Advice (nRAASubchronic) = Not Derived (Insufficient Data)
	Chronic Non-Cancer Risk Assessment Advice (nRAAChronic) = Not Derived (Insufficient Data)
	Cancer Health Based Value (cHBV) = Not Derived
	Summary of Guidance Value History:
	Summary of toxicity testing for health effects identified in the Health Standards Statute (144.0751):
	Comments on extent of testing or effects:
	Resources Consulted During Review:




