Methods and Datasets for 5-Day Oral Anatoxin-a Toxicity in Mice 
INTRODUCTION 

Anatoxin-a (ATX) is a neurotoxic cyanotoxin found in freshwater globally. Multiple genera of cyanobacteria can produce anatoxins and include producers associated with planktonic blooms such as Aphanizomenon, Dolichospermum, and Planktothrix (1-5) and those most associated with benthic blooms, Microcoleus (6-8) and Phormidium (9-11). Exposure is most often by the oral route and can be related to accidental ingestion during recreational activities (12), exposure in drinking water (13, 14), contamination of  food supplements (15), or when ATX has accumulated in fish tissue (16). ATX is a potent agonist at nicotinic acetylcholine receptors (nAChR) with a higher affinity for the receptor than the biological neurotransmitter, acetylcholine, and the receptor agonist, nicotine. ATX binds to the nAChR and is not affected by acetylcholinesterase, the enzyme which splits and recycles acetylcholine (17-23). This action at the neuromuscular receptors causes muscle contraction which exhausts the energy of the muscle and results in flaccid paralysis. The signs of ATX intoxication include generalized muscle weakness, ataxia, tremors, and respiratory suppression which can lead to death by asphyxiation with higher exposures (17, 18, 20, 21, 24). The rapid onset of effects is responsible for ATX originally being known as the “very fast death factor” (VFDF) (4) and has caused illness and death in pets (6, 11, 25-28), livestock (29, 30), and wildlife (31). The only confirmed ATX exposure in humans was in France with reports of food poisoning after eating sea figs (genus Microcosmus) (32, 33). The reports span seven years and 26 patients occuring in 18 events. Three of these cases had preserved samples of the implicated food and after failing to find more common marine toxins, testing showed concentrations of ATX ranging from 193.7 to 1240.2 µg/kg. The patients reported ataxia, dizziness, blurred vision, nausea, vomiting, headaches and muscle cramps which all resolved within 30 hours.
nAChR are found throughout the central and peripheral nervous systems (34), although the most observed and profound effects have been associated with the neuromuscular receptors resulting in muscle weakness of limbs and diaphragm (29). These effects can occur within minutes and if nonlethal, can completely resolve within approximately 24 hours. This 5-day oral ATX study was designed to assess health effects of repeated, nonlethal ATX exposure, and to establish endpoints other than death for a no observable adverse effect level (NOAEL) and lowest observable adverse effect level (LOAEL).  The endpoints examined included behavioral, neurophysiological, serum chemistry, metabolomics, transcriptomics, and male reproductive effects. Historically, ATX studies have not altered serum chemistry in a dose-related manner (35, 36). In the present study, additional biochemical targets, glutamate dehydrogenase (GLDH), glucose, creatinine, total bilirubin, globulins, cholesterol and triglycerides were included for completeness. Metabolomics and transcriptomics are new information for ATX and these datasets represent samples taken two weeks after the last ATX dose. 
MacPhail et al. (2007) evaluated acute locomotor effects on rats with weekly subcutaneous injections of ATX and immediately testing vertical and horizontal activity for 30 minutes following dosing (37). ATX caused a dose-dependent decrease in both horizontal and vertical activity without developing tolerance over time. In a separate study, pregnant mice were dosed with ATX at either GD 8-12 or 13-17. While the dams showed acute and transient signs of muscle weakness, the offspring did not show significant treatment related effects on viability, weight, or neural function (38). For the current study, a functional observational battery (FOB, a noninvasive behavioral/physiological screen to assess CNS function and neurotoxicological endpoints) was selected as a screening prior to dosing and repeated the week following dosing as well as a novel objects recognition (NOR) assessment for recognition, memory, and cognitive function. 
A previous study (39) dosed male mice with subcutaneous ATX for 7 days and found dose-dependent decreased sperm counts and testicular pathology. The male mice used in our study were evaluated for epididymal sperm counts and testicular pathology to evaluate these potential effects with orally administered ATX.
A subset of male mice in the present study was dosed orally with the highest study dose (6mg/kg) for 5 days and then used to assess auditory function. This was prompted by anecdotal information of human exposure to benthic mats for 3 days. This person developed progressive tinnitus and lost 100% hearing and vestibular function in 1 ear. Two weeks later, a dog death alerted the area that the same river was experiencing a benthic Microcoleus bloom which persisted throughout the summer and produced recorded levels of ATX and dhATX up to 1800 and 30000 µg/L respectively. For this reason, evaluation for auditory function was added as an endpoint.
	The cholinergic system in known to play a role in modulating auditory processing. Both ascending and descending cholinergic influences are involved, and nicotinic receptors are found in the cochlea, dorsal and ventral cochlear nuclei, and the superior olivary and associated nuclei (for review: (40))). Cholinergic inputs to the cochlear nuclei have been shown to originate from the olivary nuclei, pontomesencephalic tegmentum, and lateral paragigantocellular nucleus (41). Cholinergic inputs to the superior olivary complex include other olivary nuclei, the pontomesencephalic tegmentum, and the lateral paragigantocellular nucleus (42). Additionally, the modulatory actions of olivary-cochlear cholinergic projections to help protect the ear from loud noise and help signal detection is well known (for review: (43)). Thus, we examined brainstem auditory evoked responses (BAERs) to examine if treatment with anatoxin altered brainstem auditory neurotransmission.

	METHODS
Animals 
Male CD-1 mice (Crl:CD1(ICR)) between 10 and 12 weeks old were purchased from Charles River Laboratories (Raleigh, NC, USA) and shipped to USEPA (Research Triangle Park, NC, USA). The males were housed individually (to prevent intermale aggression) in polycarbonate cages and heat-treated, laboratory-grade pine shavings (Northeast Products, Warrensburg, NY, USA). All mice were fed LabDiet 5P00 rodent chow (St. Louis, MO, USA) and provided municipal tap water (Durham, NC: treated with particle filtration (50 µm), granular activated charcoal filtration, and re-chlorinated) ad libitum. The mice received cage enrichment of polycarbonate igloos, transfer tubes, and Bed R’Nest shredded paper (Ft. Worth, TX, USA) and were housed in a facility accredited by the Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC.org). The animal rooms were controlled to maintain a temperature of 20-22°C, 30-70% humidity, and 12:12 h light/dark cycle (06:00-18:00 EST). This study was reviewed and approved by the USEPA Center for Public Health and Environmental Assessment Institutional Care and Use Committee (Animal Care and Use Plan #26-04-002). The mice were acclimated after arrival for 5-7 days, weighed and assigned to dosing groups with a random number generator (RANDOM.ORG).

Chemicals and Dosing Solutions 
The natural, positive isomer of ATX (CAS: 64285-06-9; Lot #CNC00133-1; Purity 96.6%) was purchased from Cawthron Institute (Nelson, New Zealand) in solution with 1-mM acetic acid. This stock solution was diluted with MilliQ® type 1 water (Sigma-Aldrich, St. Louis, MO, USA) for the dosing solutions. Oral doses are reported in mg per kg of body mass (mg/kg). The solutions were prepared on Monday and Thursday and always protected from light. The solutions were refrigerated when not in use. Mice were dosed once daily for 5 consecutive days by oral gavage at 10 mL/kg/d and dosing occurred between 9:00 am and 11:00 am. The dose groups were either vehicle (MilliQ® type 1 water), 2, 4, or 6 mg/kg (n=10/sex/dose) and completed in three cohorts balanced for sex and dose. 
Necropsy
Euthanasia occurred 12-13 days after dosing by using CO2 controlled by a Euthanex Smartbox™ administration (EZ Systems, Palmer, PA, USA). At necropsy body weight was recorded, a gross exam was completed, and blood for serum, liver and brainstem for transcriptomics were collected. Blood collected by cardiac puncture at necropsy was placed in a serum separator tube (Cat. No. 365967, Becton Dickinson, Franklin Lakes, NJ, USA), allowed to clot for at least 30 minutes, and centrifuged at 13,000 rpm for 1.5 minutes (Eppendorf Centrifuge 5425R, Hamburg, Germany). The serum was divided into aliquots for metabolomics and serum chemistry to limit freeze/thaw cycles, and stored at -80°C. The liver and brain were placed in separate microcentrifuge tubes on dry ice and then stored at -80°C. Testes and epididymides were collected for testicular histology and sperm motility and counts. (more information below in Male Reproductive section).

Clinical Chemistry
Clinical chemistry parameters were analyzed in the mouse sera using a Rx Daytona+ (Randox Laboratories, Kearneysville, WV, USA) according to manufacturer specifications. Clinical chemistry parameters included alanine aminotransferase (ALT), aspartate aminotransferase (AST), glutamate dehydrogenase (GLDH), glucose (non-fasted), blood nitrogen (BUN), creatinine (Cr), albumin (ALB), total protein (TP), globulins, total bilirubin, cholesterol, and triglycerides.

Metabolomics
Serum was analyzed using the Biocrates MxP Quant 500 kit (Biocrates Life Sciences AG, Innsbruck, Austria) on an AB Sciex (Framingham, MA, USA) 7500+ QTRAP liquid chromatography/mass spectrometer. Raw data were processed using Sciex Analyst and MultiQuant.  Quality control validation was performed using Biocrates MetIDQ software. Concentration data were normalized against a mid-level quality control sample and imported to MetaboAnalyst 5.0 (metaboanalyst.ca) for statistical and pathway analysis. A list of 630 physiological metabolites included in this evaluation are added as supplemental material.

Transcriptomics
[bookmark: _Hlk210717663]Sections of liver and a portion of the brainstem to include the superior olivary complex were removed and placed in RNAprotect and kept on dry ice until stored at -80°C. RNA extraction was processed with RNeasy mini kits (Qiagen, Germantown, MD, USA) per manufacturer directions. Following extraction quantity was determined using a Nanodrop ND-1000 (Thermofisher Scientific Inc., Waltham, MA, USA) with a target of 200 ng/µl. RNA samples (200 ng/mL, 11 µL) were stored in a conical bottom MicroAmp barcoded plate (Applied Biosystems Life Technologies, Thermo Fisher Scientific Inc., Waltham, MA, USA) sealed with adhesive aluminum foil at -80 °C, and shipped overnight priority on dry ice to BioSpyder Technologies (Carlsbad, CA, USA) for sequencing to a minimum mapped read per sample of 1.07 million using the TempO-Seq S1500 mouse whole transcriptome assay v1.2. Single-read sequencing was performed on an Illumina NovaSeqX (Illumina, San Diego, CA, USA) with alignment performed by BioSpyder. Alignment was performed using mouse reference genome GRCm39 using the STAR aligner (version 2.5.3a). Raw FASTQ files were provided by BioSpyder.

Behavior
For behavioral analysis, all animals were first tested using a modification of the Functional Observational Battery (FOB) protocol (44, 45).  Mice were evaluated four or five days before ATX exposure and three days after the completion of ATX dosing. For open field observations, the mouse was removed from the cage and placed on top of a laboratory cart lined with absorbent paper (changed between each animal), then allowed to explore for 2 minutes.  The observer assessed and scored the mouse’s body posture, activity level, alertness, and the number of rears. An inverted screen test was included as an assessment of limb strength and coordination which is the mice being placed on a wire mesh and then inverted. The observer counts the seconds necessary for the mouse to climb to the top. Other variables included reaction to handling, general muscle tone, defecation, urination, click response, and tail pinch response. Any findings that could impact the data were noted. All tests were conducted by the same observer who had no knowledge of the treatment group for each animal. The next 2 consecutive days were used for habituation, training, and testing the mice for the Novel Object Recognition (NOR) test. Again, these tests were performed with the operator being blinded to the dose groups. The specific standard operating procedures (SOP) for each test are included in the relevant data spreadsheets. Short-term object memory was evaluated using the NOR test (46). The arena was made of opaque grey acrylic (38.1 × 45.1 × 30.5 cm) and was placed on a laboratory cart. Two types of objects of similar height (25.4 cm) were used. Testing was done in a dimly lit room averaging ~45 lx in center of the arena. Tracking and analysis were done using Ethovision XT (Noldus Information Technology, Inc., Leesburg, VA, USA). The arena and objects were cleaned with a diluted solution of Lysol between each animal. Day 1 was habituation and consisted of a 5 min acclimation period to the test arena. During this period the mouse was placed in the center of the arena and tracked by the Ethovision software. The total distance traveled, velocity (speed corrected for periods of non-movement [<2 cm/s]), time spent in the center of the arena, and time spent in the thigmotaxis zone (within 2 cm of the edge of the arena) were measured. On Day 2 (the next day), two identical objects were placed in the arena in adjacent corners. The object types used were counterbalanced among the treatment groups. The mouse was placed into the arena facing the wall opposite the 2 objects and its movements were tracked for 5 min. The mouse was then returned to its home cage. The same parameters for measurement with habituation were used as well as measuring the time spent and number of visits with each object (left or right). The mouse was considered in the left or right zone if its nose was pointed within 2 cm of the object. To check for side bias, the preference index (PI) was calculated for one side based on time in the object zone (i.e., PI (zone) = [(time spent in left zone)/(time spent in right zone + time spent in left zone)]. One hour after the training trial, the test trial was conducted in which a familiar object (an object used for training) and a novel object (object type not used in training) were put into two adjacent corners of the arena. The familiar and novel object side placement was counterbalanced among the treatment groups. The mouse was placed into the arena facing the wall opposite the objects and allowed to explore for 2 min. The total distance traveled, velocity, time spent in the start zone, time spent with each object and number of visits to each object were measured. A PI for number of visits to, and time spent with, the novel object was calculated as: PI (visits) = [(visits to the novel object)/(visits to novel object +visits to familiar object) ]. A similar calculation was performed for PI (time) using time spent with the novel and familiar object.

Male Reproductive
Testes were collected from the 90-95 day old male mice at necropsy. One testis from each mouse was placed in Bouin’s for 24 hours and then placed in 70% ethyl alcohol with lithium carbonate for 3 changes until the yellow had dissipated from the tissues and then placed in 70% ethyl alcohol for storage until the histopathology. The preserved testes were sent to Experimental Pathology Labs (Durham, NC, USA) for paraffin embedding, hematoxylin and eosin staining and evaluation for abnormalities Each epididymis was cut midway to separate into the cauda and caput. The right epididymides were placed on ice and stored at -20°C for sperm counts. The left epididymides were kept at room temperature for sperm motility evaluation on a TOX IVOS Motility Analyzer, version 12 (Hamilton Thorne Research, Beverly, MA, USA).

Auditory Evaluation- The auditory pilot study was completed separately in three groups of eight to ten males with five consecutive days of a single oral dose of either vehicle (MillQ® water, n=14) or anatoxin-a at 6 mg/kg (n=14). Six mg/kg was determined to be a high dose with no lethality in earlier dosing trials. The week following dosing, the mice had cortical screw electrode surgery, and after one week of recovery, the mice had auditory testing. Over the course of the study, two treated mice died after the fifth ATX dose, one control and one treated mouse died at the start of restraint for testing, two controls were euthanized for poor health and found to have gastric stasis, likely due to buprenorphine used for analgesia.

Surgery
Mice underwent electrode implantation surgeries 1 week after dosing with anatoxin. Animals were placed in a pre-oxygenated induction chamber for approximately 2 minutes with oxygen delivered at a 2 L/min flow rate, then 3% isoflurane (Covetrus, Chicago, IL, USA) was delivered at 1 L/min for induction. When the respiratory rate was approximately 2 breaths/s, the mouse was removed from the chamber and positioned in a nose cone with continued isoflurane anesthesia. After shaving the head, as well as both thighs for placement of a pulse-oximeter sensor, the mouse was moved to a sterile surgical location.
[bookmark: _Hlk213947943]The mouse was positioned in a stereotaxic device with 2% isoflurane delivered at 1 L/min via a nosecone. The animal was placed on a feedback loop heating plate (Model TCAT-2DF, Physitemp, Clifton, NJ, USA) using a RET-3 probe, and colonic temperature was maintained at 37°C. Avagard antiseptic gel (3M Health Care, St. Paul, MN, USA) was applied twice to the scalp and allowed to sit for 1 minute before removal with a sterile gauze pad. Puralube ophthalmic ointment (Dechra Veterinary Products, Overland Park, KS) was applied to the cornea to prevent drying. The respiratory rate was recorded, and a toe-pinch was used to ensure surgical level of anesthesia before beginning surgery. Heart rate and oxygen saturation measured by a pulse-oximeter (MouseSTAT®, Kent Scientific, Torrington, CT, USA) attached to the thigh, and respiratory rate, was recorded throughout the procedure. Anesthesia levels were adjusted between 0.5 – 2.5% isoflurane with a 1-1.5 L/min flow rate to maintain oxygen saturation >90% and heartrate between 350-500 bpm.
A 0.75-1-inch incision was made on the midline of the head, and the skin was retracted using hemostatic forceps. The periosteum was removed, and sterile saline and Q-tips (Citmed Corporation, Citronelle, AL, USA) were used to throughly clean the surface. Neurostar Stereotaxic software system (v6.3.1, Neurostar, Tubingen, Germany) was used for setting bregma and lambda as landmarks and locating electrode placement, and a hand-drill (0.8 mm bit) was used to drill holes in the skull. Epidural screw electrodes (00-90 x 1/16 in., 0.8mm2 surface area) were placed at the following locations: a ground (GND) electrode was placed +1.0 mm anterior (A) and 1.5 mm lateral (L) left from bregma, a reference (REF) electrode was placed +1.0 mm A and 1.5 mm L right from bregma, and an active (ACT) electrode was placed -5.3 mm posterior (P) from bregma over the cerebellum. The electrode pins (Astrex Electronics, Plainview, NY, USA) were locked into a 5-pin headcap (CDM, Inc., Turnersville, NJ, USA). Thirty minutes prior to the end of the surgical procedure, the mouse received a s.c. injection of saline (1 mL, USP 0.9% Sodium-Chloride, prewarmed at 37°C; Hospira Inc., Lake Forest, IL, USA) and 5 mg/kg s.c. Meloxicam (Meloxidyl®, Covetrus, Dublin, OH, USA).  The headcap was attached to the skull using RelyX Resin Cement (3M Deutschland GmbH, Neuss, Germany) using a Paradigm DeepCure LED curing light (3M Deutschland GmbH). Electrode impedances were measured (Grass Electrode Impedance Meter, Grass Instrument Div., Astro-Med, Inc., West Warwick, RI, USA; kOhm at 30 Hz). 
After the surgery was complete, bupivacaine (0.25%, 2mg/kg; Hospira, Lake Forest, IL, USA) was applied locally, the incision was sutured with 4-0 Vicryl™ (Ethicon, Guaynabo, Puerto Rico), and isoflurane was replaced with pure oxygen. The mouse was moved to the induction chamber with a gel-pack heating pad (Hand Warmers, Fine Care, China) for 5-10 minutes with oxygen delivered at a 2 L/min flow rate. Mice were allowed to fully recover on room air in their home cage with supplemented heat (SpaceGels™, Braintree Scientific, Braintree, MA, USA and myHOT™ Super Large Hand Warmer, Seoul, Korea). For five days following surgery, mice received fluids twice daily (s.c., 1 mL, USP 0.9% Sodium-Chloride, prewarmed at 37°C) and Meloxicam once daily (5mg/kg s.c.), and were provided a “chowtella” mixture (Nutella™, Ferrero, Alba, Italy and powdered LabDiet 5P00 rodent chow, MO, USA) in addition to regular chow pellets and supplemental heat as needed. 

Brainstem Auditory Evoked Potential (BAER) Testing
	Mice were tested for auditory function one week following surgery. Neurophysiology equipment was calibrated prior to testing, and data was collected using custom written software on a PC-based platform as previously described (47, 48). Calibrations included passing signals of a known frequency and amplitude through amplifiers and auditory subsystems; correction factors were calculated and used to automatically adjust the acquired data or auditory stimulus. 
	Testing was performed on non-anesthetized, restrained mice, positioned inside a custom-built testing chamber (47). BAERs (1,000 accepted trials) were recorded using multiple auditory stimuli to evaluate intensity-response functions and differences between stimulus frequencies. Any trial that saturated the A/D converters was rejected. Stimuli included rarefaction clicks (stimulus duration 50 µs), 4 kHz (duration 1254 µs), 16 kHz (duration 312.5 µs), and 64 kHz (duration 78.125 µs), with all stimuli presented at 75- or 100-dB peak sound pressure level (SPL, re: 20 µPa) at a rate of 5.56 Hz. The order of the stimuli was randomized between sets of two mice (1 control and 1 treated), with treatment groups counter-balanced across testing time and test chambers. Colonic temperature was recorded after each stimulus paradigm using a temperature probe (RET-3; Physitemp Instruments, Inc., Clifton, NJ, USA), connected to a thermometer (Thermalert Model TH-8; Physitemp Instruments, Inc.) located outside the test chamber. When testing was complete, the mice were euthanized with CO2.

BAER Statistical Analysis
Peak amplitudes and latencies were quantified using individual animal average waveforms. All statistical analysis was performed using SAS v9.4 (SAS Institute, Cary, NC, USA). Dependant variables were analyzed for normality using the Shapiro- Wilk test (p < 0.05) (49) in PROC UNIVARIATE. Latencies (ms) were calculated from the onset of the stimulus, were normally distributed, and were analyzed at each stimulus frequency using PROC MIXED with an unstructured covariance. Any post hoc comparisons were performed using Tukey-Kramer (50). Amplitudes (µV) were calculated from baseline deﬁned as the average voltage over the pre-stimulus period). For unknown reasons, there was a large variability in the size of the BAER waveforms. This resulted in a non-normal distribution for peak amplitudes, which were analyzed using a non-parametric Kruskal-Wallis analysis (51-53). To determine if the overall magnitude of the BAER response was related to a specific stimulus condition or treatment group, the root mean square (RMS, µV) of the waveforms was calculated from 1.4058 ms after stimulus presentation (after any stimulus artifact, but before the onset of the BAER) to 14.9966 ms (end of the recording). If the RMS value was below 2 µV, the waveform was scored as a “0”, otherwise it was scored as a “1”. This binary classification was analyzed using PROC CATMOD (54-56) to determine if “small waveforms” correlated with anatoxin treatment or certain stimuli. The nominal p-values are provided in the manuscript text and a p < 0.05 was considered for further investigation. Due to the number of dependent measures, a False Discovery Rate (FDR) correction (57-59) was used to help control the Type I error rate (critical α = 0.05) within a stimulus frequency.
RESULTS for BAER
	Brainstem auditory evoked responses were able to be recorded for all the stimulus conditions, albeit with a large variability in the amplitude of the responses (Fig. 1; 95% confidence intervals indicated by shaded region around control waveforms). 
[image: ]
The responses were under stimulus control, as evidenced by the increased amplitudes at 100 dB vs 75 dB. The waveforms in the treated animals appeared to have lower amplitudes in the lateral lemniscus brainstem region associated with peak P4 (marked by vertical black bar at top graphs). However, this was not supported by the non-parametric statistical analysis for peak amplitudes (all p-values > 0.05). The sole treatment-related change was in the amplitude of peak N1 for the 16 kHz 100 dB stimulus, where the amplitude was less in the treated animals (X2 = 3.8876, df = 1, p = 0.0486). However, when examined post-hoc, neither of the peak-to-peak amplitudes for P1N1 or N1P2 was significant (p-values ≥ 0.8327). There were no treatment-related differences in the RMS amplitude of the BAER for any of the stimulus conditions (p-values ≥ 0.1590).  Smaller amplitude BAER waveforms were more frequent for the 64 kHz stimuli than for the click or 4 kHz stimuli (Hz effect: X2 = 52.84, df = 3, p-value ≤ 0.0001) and were more prevalent at the 75 dB than for the 100 dB intensity across stimulus frequencies (dB effect: X2 = 16.31, df = 1, p-value ≤ 0.0001). When the RMS amplitude was dichotomized below/above 2 µV, there were no treatment-related differences in the occurrence of smaller amplitude waveforms (p-values ≥ 0.3833). Smaller RMS values were indicated for the 75 dB stimuli vs the 100 dB stimuli and were more prevalent for the 64 kHz stimulus than for the click or 4 kHz stimuli (p-values ≤ 0.0001). 
	Peak latencies were altered by the stimulus intensity but were largely unchanged by treatment with anatoxin.  The latencies of most BAER peaks decreased using the 100 dB relative to the 75 dB stimulus intensity, mostly for the click and 4 kHz stimuli (p-values ≤ 0.0444). The only indication of effects related to anatoxin treatment were observed for the 64 kHz stimuli, where a treatment by intensity interaction was indicated for the latencies of peaks P2, P3, N3, P4, and N4 (p-values ≤ 0.0496). For these peaks, the latency decreased as the intensity was increased (75 to 100 dB) in controls, whereas the latency either did not change or slightly increased in anatoxin-treated mice. However, this may have been related to easier peak detection at the higher stimulus intensity. It should be noted that none of the p< 0.05 anatoxin-related effects were significant after applying a FDR correction for the number of variable quantified. 
Dataset Files Included:
Clinical chemistry: ATX Serum Chemistry Results.xlsx
Metabolomics: Anatoxin Metabolomics Data 20241026.xlsx
Biocrates-Quant500-list-of-metabolites-v4-2021.pdf

Transcriptomics: Gene Expression of Mouse Liver and Brain after 5-day Oral Exposure of Anatoxin-a https://doi.org/10.23719/d-sj4r
Behavior: 
ATX FOB Dataset.xlsx
Anatoxin NOR Habituation Dataset.xlsx
Anatoxin NOR Training Dataset.xlsx
Anatoxin NOR Testing Dataset.xlsx
Male Reproductive: 
Anatoxin Sperm Count Data.xlsx
Anatoxin Sperm Motility Data.xlsx
ATX Testes Histology Report.pdf
Auditory Testing:
BAER Data: Herr, D. (2025). ANA2: Auditory Evoked Responses after 5 Day Exposure to Anatoxin [Data set]. U.S. EPA Office of Research and Development (ORD). https://doi.org/10.23719/1532514
ANA2_Fig1_Stacks_All_Data.pdf (BAER waveforms for each stimulus with treated and control means and 95% confidence interval shading)
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