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Pesticides: Indoors and Outdoors This Area Has Been

Drinking water contaminated by agricultural or industrial pesticide T PESTICIDE
runoff ; &

Insecticides and rodenticides used indoors (e.g., flea sprays used in

home or on pets, pesticides used in schools)
Outdoor sprays used on lawns, gardens, playgrounds, parks, golf 2

courses, roadsides, hydroelectric rights-of-way Please Keep All Pets

Off The Grass
Pesticide residues on food ,  Thank You

Spray drift from agricultural spraying

 TYPES OF PESTICIDES -

_._—..

HOW LONG TO KEEP }
DOG OFF GRASS

INSECTICIDES HERBICIDES

FUNGICIDES ALGAECIDES

ANTIMICROBIALS l RODENTICIDES

WOOD PRESERVATIVES

**Glickman 1989 investigation of insecticide exposure, obesity
and the risk of bladder disease in dog




DANGERS OF PESTICIDES

HUMANS

* LOWERED COGNITIVE

PERFORMANCE

» LOSS OF SMELL

* PARKINSON’S DISEASE

* ALZHEIMER'S & DEMENTIA
« AUTISM

* DAMAGED MOTOR

FUNCTION

* CANCER

ENVIRONMENT

* PERSISTENT CHEMICALS
« CONTAMINATION OF AIR,

GROUND, & WATER

* FIELD RUN OFF

+« ENDS UP 1,000 MILES AWAY
+ IMPROPER DISPOSAL

* AERIAL SPRAYING

+ COSTLY OR IMPOSSIBLE TO

CLEAN WATER

* DAMAGES SOIL

WILDLIFE

» CREATE MORE TOXIC

CHEMICALS ONCE EATEN

* DISRUPTS CALCIUM

PRODUCTION

* BIOMAGNIFICATION
* PHYSIOLOGICAL AND

BEHAVIORAL CHANGES

* MASS EXTINCTION FOR

BEES AND BATS

» LOWERS POLLINATION
* MISTAKEN FOR FOOD

Companion animals

Cancer?
Immune dysfunction?
Endocrine Disruption?
Allergy?

Developmental or other
abnormalities
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Molecules

Pathways and Networks
Cells and Tissues

Whole Organisms
Human Populations

Global Health




Distinct types and classes of pesticides that have wide-ranging sources of exposure across animals, people, and
environments merit investigations with a systems approach

* Testing of environments, water, and food in addition to people and pets may

help identify relative levels of exposures . _
Environmental and treated waters may be important

sources of persistent pesticide exposures to animals and
people and likely elicit different mechanisms from what is
shown in controlled, single-exposure laboratory animal
studies

Diuron

An integrated host-microbiome response is essential to fully
understand the role for bioaccumulation and/or microbial
detoxification that will impact detection levels

Aslan B., Viola L., Saini S.S., Stockman J., Ryan E.P. (2020) Pets as Sentinels of Human Exposure to Pesticides and Co-exposure Concerns with Other Contaminants/Toxicants. In: Pastorinho
M., Sousa A. (eds) Pets as Sentinels, Forecasters and Promoters of Human Health. Springer, Cham. https://doi.org/10.1007/978-3-030-30734-9 3



Environmental
Microbiome

Antibiotic usage
'@'} (Abeles 1. al 2016)
-] Exposure to heavy metals, air
& pollutants, nanoparticles, and
endocrine disrupting chemicals
(Rosenfeld 2017)

%ﬁ Shifts in dict *
. (Ley e, al 2008, Mucgge ¢t al Cohabitation with animals .
Environmental 2011) Human ,[ﬁfj. (Song et al. 2013, Misic et al. 2015, Animal

Chemicals/Diet ¥ Microbiome Ross, Doxey, and MNeufeld 2017) Microbiome

! -h‘-‘"'.'.lk Perturbations in micrabial stability & e o Resistance or susceptibility to Clostridium Jifficile infection
I -"—-{Emmw]d. MeMlinds, and Thurber 2017) 2 = (Buffie e, al 2015)

Recent studies suggest that canine and feline gut
fecal microbial phylogeny (e.g. predominance of
Human Disease Firmicutes, Bacteroidetes, Proteobacteria and
Actinobacteria) and functional capacity

(major functional groups related to carbohydrate,
One Health Relationships Between Human, Animal, and Environmental Microbiomes: A Mini-Review pr()tein, DNA and Vitamin metabo"sm, Vil’u|ence

Front. Public Health, 30 August 2018 .
hitps://doi.ore/10.3389/foubh. 2018.00235 factors and cell wall and capsule) are similar to
thoce nf the hitman arit!
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Current Recommendations for Cancer Prevention

1. Be aslean as possible without becoming underweight.

Be physically active for at least 30 minutes every day.
Avoid sugary drinks. Limit consumption of energy-dense foods.

W N

Eat more of a variety of vegetables, fruits, whole grains and legumes such as
eans.

Limit consumption of red meats and avoid processed meats.
If consumed at all, limit alcoholic drinks to 2 for men and 1 for women per day.
Limit consumption of salty foods and foods processed with salt (sodium).

Don’t use supplements to protect against cancer.

© 0 N W

*It is best for mother breastfeed exclusively for up to 6 months and then add
other liquids and foods.

10. *After treatment, cancer survivors should follow the recommendations for
cancer prevention.

*Special population recommendations.

11. do not smoke or chew tobacco.

Following these recommendations, one third of total cancers could be

prevented. Combined with eliminating tobacco use, one half of total
cancers could be prevented. (AICR, 2012)




Acquired Hallmark Phenotypes

Genomic instability \

Sustained Proliferative Signaling
Insensitivity to Anti-growth Signals

Tumor Promoting Inflammation

Evading Immune Destruction

'4-- Tumor Microenvironment

Metastases . ’a-t -’ Goodson et.al. Carcinogenesis. 2015 Jun; 36(Suppl 1): $254-5296.
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Global landscape of the human gut microbiota organized

through
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This is also true for dogs!

Sung et. Al. Nature Communications (2017)



Review and synthesize available research in the scientific literature regarding pets and companion
animal exposures to pesticides and describe instances where shared exposures may impact the
health of humans.

e Oxidative stress caused by pesticides is an important mechanism
through which many of the pesticides exert their harmful effects.
Oxidative stress is known to cause DNA damage which in turn may
cause malignancies and other disorders.

 Many pesticides have shown to modulate the gene expression at the
level of non-coding RNAs, histone deacetylases,
DNA methylation patterns suggesting their role in epigenetics.



https://www.sciencedirect.com/topics/earth-and-planetary-sciences/oxidative-stress
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/histone-deacetylase
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/methylation

Cohort Study Design.

Eighty-ree (83) canines from Background: Metabolic differences

seven different breeds were all fed
the same dry extruded kibble diet

between small and large dogs

Small dogs
(34 individuals; Beagle,
Small Fox Terrier, and Miniature TasLE 2: Clinical measures with adjusted P value < 0.05 between small dogs and dogs of larger body size.
Schnauzgr) Clinical measure Mean small SEM small Mean larger SEM larger Adj. P
Mean weight of 9.3 kg (range of
6.1-15.6 kg). DEXA tissue (gm) 9135.12 401.87 25392 569.82 1.34E' - 18
DEXA lean (gm) 6884.76 308.56 17942.89 491.91 1.34E - 18

Larger dogs DEXA bone mineral content (gm) 379.58 15.99 1009.06 24.88 1.34E — 18
(49 individuals; Labrador Weight (gm) 9486.15 421.58 31768.72 1302.21 22E-16
Retriever, English Setter, Siberian ~ DEXA fat (gm) 2250.42 145.25 7449.06 42725 291E - 16
Husky, and Rottweiler) DEXA total mass (kg) 9.51 0.42 26.40 0.59 1.27E - 11
Mean weight of 31.5 kg (range of Bone density (gm/cm?) 0.65 0.01 0.78 0.01 3.07E - 10
18.4-54.4 kg). Serum creatinine (mg/dL) 0.64 0.02 0.86 0.02 7.80E - 07
Small dogs had a mean age of 6.8 Serum creatine kinase (IU/L) 263.88 33.51 154.04 21.37 5.04E — 05
years (range Serum potassium (mmol/L) 43] 0.05 465 0.05 9.33E-04
of 2.4-13.3 years) while larger Serum total bilirubin (mg/dL) 0.10 0.01 0.13 0.01 0.02
dogs had a mean age of 6.2 years Serum aspartate transaminase (U/L) 35.68 1.99 27.91 1.07 0.02
(range of 2.2-9.8 years). Serum gamma-glutamyltransferase (g/dL) 6.93 0.43 5.94 0.36 0.02

L Serum total antioxidant status (mmol/L) 1.49 0.03 L60 0.02 0.03
All dogs except, Rottweilers, Serum T3 (nmol/L) 106 0.04 0.94 0.03 0.04
were housed in the same location. .1, Groestibility (percentage) 88.00 0.38 86.00 0.57 0.01

Samples were handled and Mean, standard error of the mean (SEM), and adjusted P values are shown. DEXA, dual-energy X-ray absorptiometry; T3, total triiodothyronine.

proc_:essed In the same manner to Journal of Nutrition and Metabolism
avoid technical variability or bias. Volume 2017, Article ID 4535710, https://doi.org/10.1155/2017 /45!



https://doi.org/10.1155/2017/4535710

PC2(18.

2 4
PC1{17.5%) PC1(22.2%)
A Small 4 BEA » LAB A Small a BEA o LAB
o Other 4 FOXT s SET o Other a FOXT s SET
SCHNZER SIB SCHNZR SIB
¢ Hottweiler
(a) (b)

F1GURE 2: Principle component analysis using selected metabolites (a) and clinical parameters (b) between small dogs and dogs of larger
(other) body size. Note that Rottwellers were not considered in the PCA generated with clinical parameters as they are missing DEXA-
related parameters along with thyroid hormones T3 and T4. Body size is indicated by triangle (small) or circle (larger, other). LAB, Labrador
Retriever; SET, English Setter; BEA, Beagle; FOX T, Small Fox Terrler; SIB, Siberian Husky; SCHNZR, Miniature Schnauzer.



1apLE 1: Continued.

Metabolite name Ratio (small/larger) Class Adj. P RI Mass
5-Methylcytidine 1.13 Nucleotide 0.025 1388 258
N-Formylmethionine 0.89 Amino acid 0.029 1541 176.1
Bilirubin (E,E) 0.50 Cofactors and vitamins 0.031 4625 585.2
X-17299 0.83 Unnamed 0.031 1265.9 229.2
X-18156 0.79 Unnamed 0.031 1392 2721
Palmitoyl sphingomyelin 0.84 Lipid 0.032 2524 311.3
X-16945 L73 Unnamed 0.036 34579 351
Cysteine-glutathione disulfide 0.81 Amino acid 0.038 821 4271
4-Vinylphenol sulfate % 1.29 Xenobiotics 0.040 3323 199.1
Erythritol * 0.87 Xenobiotics 0.040 15175 217
Dihomolinolenate (20:3n3 or 3n6) 1.19 Lipid 0.043 5600 305.4
Anthranilate 1.36 Amino acid 0.049 3213 138.1
Lysine 0.75 Amino acid 0.049 1836.7 317.2
Threitol 0.86 Carbohydrate 0.049 1513 2171
Threonate 0.74 Cofactors and vitamins 0.049 1560.7 292.1
Glutamine 0.89 Amino acid 0.002 684 147.2
X-12010 0.72 Unnamed 0.002 1707 203.1
Glycolate (hydroxyacetate) * 0.87 Xenobiotics 0.002 1119 177
gamma-Glutamyltyrosine 0.75 Peptide 0.002 2073 311.2
X-12822 0.62 Unnamed 0.004 2786 389.1
Xylonate 0.58 Carbohydrate 0.004 1722 292
Prolylhydroxyproline 0.19 Peptide 0.005 960 229.2
Mannitol 0.33 Carbohydrate 0.005 1839 319.1
Hydroquinone sulfate % 157 Xenobiotics 0.005 1383 189
Ethanolamine 0.61 Lipid 0.005 1304 174.1
4-Ethylphenyl sulfate % L50 Xenobiotics 0.006 3570 2011
Arabonate 0.69 Cofactors and vitamins 0.006 1736 292.1
N6-Carbamoylthreonyladenosine 0.87 Nucleotide 0.006 2656 413
Pantothenate (Vitamin B5) 1.32 Cofactors and vitamins 0.006 2218 220.1

Plasma
Metabolite
differences
between small
and large
dogs:

*xenobiotics
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Bacteroides Collinsella Lactobacillus Faecalibacterium

B Small body size
m Larger body size

FiGuURE 1: Fecal microbiota differences (genus level) between small
dogs and dogs of larger body size. Microbiota differences with P
value < 0.05 and relative frequencies greater than 1% are shown.
P <005 P < 0.05.

Journal of Nutrition and Metabolism
Volume 2017, Article ID 4535710, https://doi.org/10.1155/2017 /4E



https://doi.org/10.1155/2017/4535710

1. There are multiple evidences for differences in metabolism BASED ON
DOG SIZE that we must consider when evaluating the levels or impacts of
pesticides or any other environmental exposures.

Metabolic differences may influence exposure dose, immunity and risks
for developing cancer in (aging) dogs and people.

2. Establishing causation, direct (and/or indirect) relationships between chemical
exposures and clinical outcomes remains challenging for both humans and pets
...and particularly without intentional hypothesis-driven study designs.

Is it safe for dogs to eat beans, and If so, does the consumption of beans by dogs
result in metabolic shifts that may be protective of cancer?



Companion dogs (greater than 10kg) were recruited into three double-blinded,
randomized, controlled dietary intervention trials evaluating the safety,
digestibility, and feasibility of 25% w/w cooked bean consumption

Maintenance
Calories

21 dogs
BCS 4-6

_

Restricted

Calories

|
15 dogs
BCS 7-9

N=11 N=10 N=5
Control Control N=5 Navy Control
Bean diet Diet

N=10 Navy

Bean Diet

Diet Bean diet Diet



Plasma, Fecal and Urine metabolome of 66 companion dogs

Annotated plasma
metabolites indicated lipids
responsible for separation
by BCS, such as fatty acids

and phospholipids.

Changes in plasma lipids in
humans with

increased body mass
index have been previously
documented and further
support the hypothesis that
altered energy metabolism
and

glucose homeostasis_occur
in OW and OB dogs.

*take home message: BCS
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/phospholipid
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/blood-lipids
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/body-mass-index
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/homeostasis
https://www.sciencedirect.com/science/journal/19389736
https://www.sciencedirect.com/science/journal/19389736/33/4

Ginny Forster/Dustin Brown

Table 2: Urine collection dates and baseline dietary intake for 21 clinically healthy dogs evaluated for

Eesticide exEt:rsurE.

Collection Date (2010)

Baseline Diet Major

Dog ID Baseline 4 Week Ingredients Treats and Snacks®
NE1 August August Chicken and Wheat Biscuits, CET chews, human food
NB2 August August Lamb and Rice Milk bones
NB3 August September Chicken and Comn Chewie’s and Purina Dog Biscuits
NB4 August September  Meat/Bone Meal and Comn  Biscuits and table scraps
NBS August September  Meat/Bone Meal and Com Human food, bones, and rawhides
NBG August September  Meat/Bone Meal and Com Human food, bones, and rawhides
NB7 September October Chicken and Com Dog biscuits
NBS September October Meat/Bone Meal and Com  Dog biscuits
NBS September October Chicken and Rice Peanut butter
NE10  September October Chicken and Comn
C1 August August Chicken and Com
C2 August August Chicken and Pea Hills dental and chicken jerky treats
C3 August September Chicken and Rice Rawhide chews
C4 Mo Sample  September Chicken and Rice Rawhide chews
C5 August September Chicken and Rice
Co September October Chicken and Com Milk Bones
Cc7 September October Chicken and Corn Bread
C8 September October Chicken and Corn Science diet biscuits
C9 Mo Sample October Chicken and Com Science diet biscuits
C10 October November Chicken and Rice
C1l1 October MNovember Chicken and Rice

1As reported by owners



Table 3: Identification parameters for pesticides detected in canine urine and diet samples.

Multiresidue Analysis of Pesticides in Urine of Healthy Adult
Companion Dogs

Genevieve M. Forster, ™ Dustin G. Brown,” Gregory P. Dooley,” Rodney L. Page,”
and Elizabeth P. Ryan® "

'Department of Clinical Sciences and iDr:p.n‘lnwnt of Environmental and Radiological Health Sciences, College of Veterin:

Medicine and Biomedical Sciences, Colorado State University, 1680 Campus Delivery, Fort Collins, Colorado 80323-1680,
States

V ACS Publicatmns © 2014 American Chemical Society 14677

d.doi 0rg/10.1021 /es503764s | Environ. Sl Technod. 2014, 48, 10

Morris Animal

FOUNDATION

FLINT ANIMAL CANCER CENTER

Retention Precursor Product
Compound Time (Min}  ion (m/fz}) ions (mfz) Classification EPA Registered Use
. 1741 . corn, sorghum, sugarcane, and
At 946 216.1 Herbicid
rane 132.0 EIASE residential lawns 15
1371
Azinphos-ethyl 1131 346.0 970 Insecticide MN/A
B " .06 261.0 205.0 Herbicid Citrus, pineapple, and non-
remac . i 187 9 sroiade agricultural weed control 124
. 2720 .
Bupirimate 1190 317.2 Fungicide MNSA
166.1
. 1740 - . 135
Clopyralid 2.00 132.0 110.0 Herbicide Sugarbests, mint, and wheat
1741
Ethoxyguin 1138 2182 Insecticide  Pears ©f
148.0
1571
Fuberidazole 651 1851 156.0 Fungicide MN/A
trazi 198.0 161 Herbicid N/A
Hydroxyatrazine c el - 860 erbicide
2081 C lett b li |
Imidacloprid a.83 256.1 Insecticide "t SRR,
175.0 potatoes
170.0 -
Metobromuron 915 259.0 Herbicide MN/A
1481
N 1321 - Ornamental plants
Nicot 113 1631 Insecticid
icotine 1300 nzecticide [poinsettias)'®
1021 . Ornamental, non-crop grasses,
Propamocarb 2.895 1892 1441 Fungicide shrubs, and vines 129
1381 . Legumes, flax, lettuce, safflower,
Propham 326 1801 120.0 Herbicide lettuce, and fallow land
1681 . L 130
PFropoxur 8.22 2101 111.0 Insecticide Indoor applications
) 105.0 - . 131
Pymetrozine 3.57 2181 90 Insecticide Fruit and vegetables
. 1421 . ) . \2
Spinosad A 1320 7325 95.0 Insecticide Fruit, vegetables and grains
1701 -
Terbumeton 1015 226.2 1141 Herbicide MNfA
. 175.0 . ) . g3
Thizabendazole B6.57 202.0 1311 Fungicide Fruit, vegetables and grains
) 1671 . Wheat, barley, pastures, and
Triasulfuron 8.02 402.1 1411 Herbicide rangeland ™

MN/A = not currently registered for use in the U.S.
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Some chemicals in the diet
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Plasma 4 week Environmental Metals

Plasma Baseline Environmental Metals
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Tahle 4: Re Enrted binactivities of detected Ees.ti{'idﬂ from PubChem Eiuﬂs.s.az database.
Pesticide! Binactivity
Activates cAMP Responsive Element signaling (A1D: 662)
Activates insulin secretion |(A1D: 743287)
Carcinogenic (AlD: 1189, 1208, 1205)
Inhibits the activation of platelets (8ID: 1663)
Activates the AhR signaling pathway (AID:743085, 743122)
Fuberidazole Aponist of the ER-a signaling pathway (A1D: 743073)
Genotoxic [AID: 7205156)
Inhibits cell surface uPA activity preventing formation of plasmin (AlD: 540303)
Inhibits tyrosyl-DMA phosphodiesterase | (AID: 6B6978 )
Activates the AhR signaling pathway (&1D: 743085)
Increases SMMZ gene splice variant expression [AlD: 1458)
Activates 5'UTR Stem-Loop Driven Prion Protein mRMA translation [A1D: 1999)
Thiabendazole Activates BRCAL Expression (AID: 624202 )
Agonist of the ER-a signaling pathway [(A1D: 743079 )
Inhibits insulin promaotar activity (AID: 1273)
Inhibits tubulin formation (AID: 742504
Genotoxic (AI0: 720516)
Clopyralid Activates the AhR signaling pathway [A1D: 74308 5)
Agonist of the nAchR |AID: 7424632)

Atrazine

Imidacloprid

Nicotine Aponist of the AR signaling pathway [A1D: 743036)
Disruptor of mitochondrial membrane potential (AID: 720635)
Bupirimate antagonist of the GR signaling pathway [A1D: 720725)

antagonist of the AR signaling pathway (81D: 743122, 743063, 743054

aAntagonist of the PPAR-y signaling pathway (21D: 7431939)

Aponist of the antioxidant response element signaling pathway (a1D: 743219)
Propham Agonist of the ER-a signaling pathway (AID: 743078)

Metobromuron Activates the ahR signaling pathway (AI1D: 743122, 743085)

Antagonist for Hypoxia Response Element Signaling Pathway [&ID: 915)

Inhibits Cytochrome pa50 isoforms (AID: E94, 899, BE3, BB4, 1851)

Activates Caspase-3/7 (AID: SEEE13)

Inhibits hydroxyacyl-coenzyme-a dehydrogenase, Type Il (AID: 3B6)

Inhibits 15-human lipoxygenase 1 and 2 (AlID: B81, BET)

Inhibits hydroxysteroid [17-beta) dehydrogenase 4 (AlDc 893

Inhibits Histone Lysine Methyltransferase G9a [AID: 504332)

Inhibits vitamin D receptor (AlD: S04847)

Inhibits bromodomain adjacent to zinc finger domain, 268 (AID: 504333)

Inhibits human tyrosyl-DMA phosphodiesterase 1 & 2 (2D: 686979, 720702 )

Activates heat shock response signaling pathway (AID: 743228)

Agonist of the PPAR-y signaling pathway (AI0: 743094, 743140)

Activates the AhR signaling pathway [A1D: 743122)

antagonist of the thyroid receptor signaling pathway [AID: 743065)

Agonist of the antioxidant response element signaling pathway (AID: 743202)

Ethoxyquin

Ihitps ./ /pubche m.ncbi.nlm_nih_gov/assay/assay.cgl. AhR: aryl hydrocarbon receptor; AR: androgen receptor ER-a:
estrogen receptor-alpha; GR: glucocorticoid receptor, nachR: neuronal acetylcholine receptor; PPAR-G/y: peroxisome
proliferator-activated receptor delta/gamma; uPA: urokinaze plasminogen activator



Effects of Navy bean intake on the companion dog stool metabolome

Forster et. al. Current Metabolomics 2015
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Effects of cooked navy bean powder on apparent total tract nutrient digestibility
and safety in healthy adult dogs
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Bidirectional interaction between pesticides and GM in the host
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Giambo, F.; Teodoro, M.;Costa, C.; Fenga, C.

Toxicology and Microbiota: How Do Pesticides Influence Gut Microbiota? A Review.
Int. J. Environ. Res. Public Health 2021, 18, 5510.
https://doi.org/10.3390/ijerph18115510



Antibiotics could increase the pesticide bioavailability
and thereby may increase the pesticide exposure risk.
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Effects of 7-day ampicillin treatment on the blood concentration of triazine herbicides in rats. Control rats were treated with equal volumes of
water free from ampicillin. The AUC of triazine herbicides was showed in the column diagram, and the percent represents the increase rate of
the AUC in the ampicillin-treated rats relative to the control rats (independent sample t-test, *P < 0.05, n =5)

Zhan, J. et. al. Microbiome 6, 224 (2018).



Acquired Hallmark Phenotypes

Goodson et.al. Carcinogenesis. 2015 Jun; 36(Suppl 1): S254-S296.

(e Genomic instability

Sustained Proliferative Signaling
Insensitivity to Anti-growth Signals

Tumor Promoting Inflammation
Evading Immune Destruction

3=- Tumor Microenvironment

William H. Goodson*, Leroy Lowe, Michael Gilbertson and
; David O. Carpenter
Testing the low dose mixtures hypothesis from
/ the Halifax project
https://doi.org/10.1515/reveh-2020-0033
*_,-‘ Received March 13, 2020; accepted June 2, 2020; published
online
August 24, 2020




Dysregulated metabolism

Cypermethrin
Actolein

Rotenons

Copper
Mickel

Cadmium
Diazinon
Iron
Malathion

AR and ER expression, reduction of ATP and mitochondrial en-
zymes, mitochondrial membrane potential

P53 activation, DMA repair inhibition, FERE phosphorylation, mito-
chondrial dysfunction, cell survival

Cell cycle, DMA damage response, proliferation, differentiation,

mitoechondria

p53 activation, p21 up-regulation, cell viability
Meutrophil apoptosis, E-cadherin regulation, matrix metallopepti-

dase (MMF) production

p53-dependent apoptosis, cell proliferation
ACKE activity, neuronal cytotoxicity

KRAS mutations

Lymphocyte Mutations, Cytotoxicity

LLDE (A-1) (42), NLDE (A-I) (42), NLDE (H-CL) (36,43,44)
LLDE (A-1, A-CL, H-PC, H-CL) {45-50), NLDE (43), threshold (45)

LLDE (H-CL) (51-53), NLDE (H-CL) (51,53), unknown (H-CL H-
FC) (36)

LLDE (H-CL) {54-56)

LLDE (H-CL) {57), NLDE (H-CL) (58), Threshold (H-CL) (58)

LLDE (H-CL) (58), threshaold (H-CL) (50)

Unknown (A-PC) (51), LLDE (H-CL) (52), threshold (H-CL) (36)
LLDE (A-1) (63)

Unknown (H-PC, H-E} (36.64)

Tumor microenvironment

Mickel
EFA

BROS and cellular stress

IL-6 expression, improper DC maturation and polarization, ROS

NLDE (A-T) (175)
LLDE (A-1) (176), NLDE (A-1) (176)

production
Butyltins (such as tributyltiny MWK cell inhibition LDE (A-T) (177)
MeHg Chronic oxidative stress LDE (H-PC, H-CL) (178,179)
Faraguat Chronic ROS production, cellular stress Unknown {&-1) (180)

Tumor-promoting inflamma- BPA

Immune cell proliferation, proinflammatory cytokine induction

Threshald (H-PC) (36), LDE (A-I, H-CL, H-E) (122-126)

tion Fhthalates Immunomaodulation of macrophages, lymphocytes, eosinophils and Unknown (H-PC, H-CL, H-E) (36,127)
neutrophils
PBDES Induction of pro-inflalmmatory cytokines (IL-&, ILE and CRF), inhibi- Threshold (H-FC, H-CL) (123-131)
tion of anti-inflammatory cytokines (IL-10)
Afrazine Immunomaodulation of T cell and B cells, proinflammatory cy- Unknown (H-PC, A-I) (36,132,133)
tokines
Vinclozolin PFroinflammatory cytokine induction, MF-xE activation Unknown (H-PC, A-I) (36,134-136)
4-NF PFroinflammatory cytokine induction, NF-xB activation, iNOS induc- Unknown {A-CL, H-CL, H-FC) (35,137,138)
OO
Immune system evasion FyTidaban Chemokine signaling, TGF-p, FAE, HIF-13, IL-13 pathways Unknown (H-CL, H-PC, A-CL) (36,135,140), threshold (A-1) {141)
Triclosan Chemokine signaling, TGF-f, FAE, IL-1a pathways Threshold (H-CL, H-PC, A-]) (36,142-144), LDE (A-I, H-CL)
(145,148)
Fyraclostrobin Chemokine signaling, TGF-f, IL-1a pathways Unknown (H-CL, H-FC) (38)
Fluoxastrobin Chemokine signaling, EGR, HIF-13, IL-1a pathways Unknown (H-CL, H-PC) (38)
BFA Chemokine signaling, TGF-f pathway Threshold (H-FC) (36), LDE (A-I) (1Z), NLDE (H-CL) (147), NLDE
{A-CL) (148-151), NLDE (A-T) (152-155)
Maneb PI3E/ Akt signaling, chemokine signaling, TGF-, FAK, IGF-1, IL-5,  Unknown (H-CL, H-PC) (35,139,155-158), LDE (A-T) (153),

IL-1a pathways

threshold (A-1) (139,160, threshold (A-CL. A-1) (161)




Table 3.1 Summary of pesticide sources, chemical classifications, and mechanisms of action

Pesticide Chemical Animals Mechanism of action

name Sources classification exposed clinical signs References

Brodifacoum | Ground water, biota, | Rodenticide Mammals Ecchymosis, hematuria Yu et al. (2013), Berny et al. (2010), World
soil, foods Health Organization (1995)

Bromadiolone | Ground water, Rodenticide Mammals Disruption of vitamin K Vindenes et al. (2008), Yu et al. (2013)
surface water, soil, pathway
meat/food /

Chlorpyrifos | Flea control dip, Organophosphate | Dogs Musculogkeletal changes, | Eskenazi et al. (1999), Rauh et al. (2006),
ground and surface | insecticide immune system Thrasher et al. (1993), Boone et al. (2001)
water deregulation

DDT Agricultural land, Organochlorine Chickens Seizures, tremors, low Jayaraj et al. (2016), Arora et al. (2013), Nayak
sea, and river water birth weight et al. (1995), Rajendran and Subramanian

(1997), Pandit et al. (2002), Aulakh et al. {200¢
Goel and Aggarwal (2007)

Diazinon Home lawn, ground | Organophosphate | Dogs Increased liver glucose Morgan et al. (2008), Teimoun et al. (2006),

and surface water release Alahyary et al. (2008), Thayer et al. (2012),
Hasanuzraman et al. (2017), Hossain et al.
(2015), Bhattacharjee et al. (2012), Akan et al.
(2014), Masia et al. (2015), Rahmanikhah et al
(2011)

Diuron Agricultural runoff, | Phenylurea Fish, Cytotoxicity, oxidative Moncada (2004), de Lima et al. (2011),

ground water herbicide amphibians stress, enzyme induction | Huovinen et al. (2015), Sunouchi et al. (2011),
Rudzok et al. (2009), Marlatt and Martyniuk
(2017)
Endosulfan Dairy farms, marine/ | Organochlorine Sheep, goats Convulsions, hypoxia Goel and Aggarwal (2007), Soto et al. (1994),

fresh, surface, and
ground water

Dalvie et al. (2003), Tsiplakou et al. (2010)

M. R. Pastorinho, A. C. A. Sousa (eds.),
Pets as Sentinels, Forecasters and Promoters of Human Health,
https://doi.org/10.1007/978-3-030-30734-9_3



/

Pesticide Chemical Animals Mechanism of acti
name Sources classification exposed clinical signs /‘ References
Fipronil Topical flea and tick | Phenylpyrazole Cats, dogs Decreased ATP Sengupta et al. (2014), Stone et al. (2014),
control, residential production, seizures Heidler and Halden (2009)
water, surface and
wastewaber
HCH Agricultural land, Organochlorine Chickens Potential role in breast Jayaraj et al. (2016), Arora et al. (2013), Nayak
river and sea water cancer et al. (1995), Rajendran and Subramanian
(1997), Pandit et al. (2002), Zou and Matsumura
(2003), Bronden et al. (2007), Guy et al. (2015},
Aulakh et al. (2006)
Imidacloprid | Animal hairs, Neonicotinoid Mammals, birds, | Immunosuppression, Bonmatin et al. (20135), Federoff et al. (2008),
household use, insecticide fish, respiratory failure, Canadian Council of Ministers of the
aquatic media, L.e., amphibians, prolonged sedation Environment (2007), Forster et al. (2014), Craig
ground and surface reptiles et al. (2005), Gibbons et al. (2015), Mohamed
water et al. (2009), Bal et al. (2012), Cardone (2015)
Linuron Agricultural runoff, | Phenylurea Fish, Enzyme induction de Lima et al. (2011), Huovinen et al. (2015),
varous waters herbicide amphibians Sunouchi et al. (2011)
Methaldehyde | Household Molluscicide Domestic Ataxia, convulsions Ruiz-Suarez et al. (2014)
animals
Methiocarb Household and Carbamate Rabbits, rats Musculoskeletal changes | Blazkova et al. (2009), Rodrigues et al. (2011),
agricultural water insecticide EPA (1994)
Paraquat Agriculture, waters | Herbicide Dogs Lung failure Caloni et al. (2016), Clark et al. (1966)
Systems
Permethrin Matural waters Pyrethroid Cats Loss of consciousness, Dymond and Swift (2008), Gotoh et al. (1998)

metabolic acidosis




Chemical mixtures

Challenges:
Prioritizing mixtures
Correct study design

Correct statistical analysis
Readout selection



Chemical mixtures terms

Mixture Combo of 2 or more chemicals that may jointly contribute to
effects in target population

Simple Less than 10 chemicals

Mixture

Complex Combination of so many chemicals that composition is not
Mixture fully characterized and may be variable

Similar Same chemicals but slightly different proportions, or have
Mixture most but not all chemicals in similar proportions

Components | Chemicals in mixture that likely contribute to health hazard
of Concern because of concentration or joint toxicity

Indicator Chemical selected to represent toxicity of mixture because it
Chemical Is characteristic, potent and has dose-response data



Additivity

Interaction

Synergism

Potentiation

Antagonism

Inhibition

Masking

When effect can be estimated from sum of exposure levels
(weighted for potency) or effects of individual components

When effect of mixture is different from additivity

Effect of mixture is greater than additivity estimated based
on toxicity of components

When non-toxic component increases toxicity of other
chemical

When effect of mixture is less than additive

When non-toxic component decreases toxicity of other
chemical

When components oppose or compete with, and thus
counteract, each other



How antagonism among mixture
components can complicate analysis

Basis of Examples

Interaction Synergism of potentiation Antagonism or inhibition
Chemical- Formation of carcinogenic Oral ammonia counteracts
chemical nitrosamines from non- Ingested formaldehyde

carcinogenic nitrites in stomach
Pharmacokinetic

Absorption Dietary zinc inhibits lead toxicity by
decreasing absorption

Distribution Disulfiram increases lead
neurotoxicity by forming
complexes that enter brain

Excretion Probenecid decreases
excretion of penicillin,
increasing effect

Metabolism Selenium shifts metabolism to
detoxification and decreases toxicity
of 2-acetylaminofluorene in liver



Monao- and Disaccharides
Amino Acids
Fatty Acids

4. Host Absorption

-] ion
Carbohydrate
Protein

6. Microbial Absorption

8. Host Absorption

‘ iil ! * Healthy Pet Microbiome
a (192 . e

(125 N rcvotcla
115 I acteroldes

TS [Ruminocaoccus 1
(25 I o
fﬂh aaaaa libacterium
IB Clostridium
'i' Lachnospiraceae

The host microbiota and the immune system must
communicate to maintain a balance between the

inflammatory response activation and the immune
tolerance preservation

InnEmETITITOTY
({rapid responsa)

Adaplive immunity
(slow response)

Nature Reviews | Cancer

A lack of control in pro-inflammatory and anti-inflammatory
bacteria (causing an imbalance between Th17 and T-
regulatory cells) establishes a dysbiotic state.

Immunological intolerance results in aloss of
homeostasis that can promote a pro-neoplastic
inflammatory environment through chronic
inflammation, immune evasion and immune



Permethrin- induced changes in the expression of genes (in
fish) associated with the immune response

Testable Hypothesis in dogs:

Does exposure to pesticide-
permethrin impact tumor
Immune evasion strategies

such as downregulation of
MHC-1

The transcriptome-wide effects of exposure to a pyrethroid pesticide on the Critically Endangered
delta smelt Hypomesus transpacificus. Vol. 28: 43—60, 2015
doi: 10.3354/esr00679

Oh my, I think I got
a mutation...

Shit! The T celis are
gonna kill me




a-BHC
a-Chlordane
Alachlor

Aldrin

Atrazine

b-BHC
Chlorobenzilate
Chloroneb
Chlorothalonil
cis-Permethrin
d-BHC

Dacthal

Dieldrin
Endosulfan |
Endosulfan Il
Endosulfan sulfate
Endrin

Endrin aldehyde
Etridiazole
g-BHC
g-Chlordane
Heptachlor
Heptachlor epoxide (Isomer B)
Methoxychlor
p,p'-DDD
p,p'-DDE
p,p'-DDT
Simazine
trans-Nonachlor
trans-Permethrin



TABLE 1 Signalment of the enrolled dogs

Breed Sex Age (years) Body weight (kg) Clinical/dinico pathological signs
Lymphoma dogs
1 Jack Russell Terrier m 7 10 Splenomegaly;
Increased CRP, LDH
2 Labrador Retriever m 9 43 Splenomegaly; hepatomegaly;
Increased LDH
3 Dachshund 10 Increased LDH
4 Jack Russell Terrier m 6 Mild thrombocytopenia;
Spleno-hepatomegaly
Increased ALP, GGT, ALT, AST, LDH .
5 Beagle £ 8 16 Increased LDH PC2 I{E%:I
6 Labrador Retriever f 9 36 Increased ALP
7 Belgian Shepherd m 7 34 -
8 Hound f 6 23 Splenomegaly
9 Beagle m 9 17 -
10 Mixed f 9 20 Increased ALP, ALT, AST, LDH -_'- ®
11 Doberman f 10 34 Increased CRP, LDH
12 Mixed m 8 45 Mild anaemia;
Increased ALP, CRP [ ]
Healthy dogs .
13 Boxer m 5 31 . .
22 Pit Bull Terrier mc 4 30 ®
23 Boston Terrier fs 3 12 . . ® [ ] I-Eal'l'h'y'
24 Labrador Retriever mc 2 36 ' & Lymphomsa
14 Boxer f 7 24 -.
32 Mixed fs 1 40
25 Dachshund mc 6 5 PC1 (12 %)
15 Boxer f 4 22 FEE {?%}
16 Boxer f 9 31
28 Mixed mc 7 26
29 Labrador Retriever me 10 29 FIGURE2 Principal coordinates analysis of unweighted UniFrac
= — = - - distances of 165 rRNA gene. Analysis of similarity revealed clustering
20 Mixed f 4 26 between dogs with lymphoma and healthy control dogs
21 Mixed f 4 22
18 Boxer f 4 25 (R =.33,P =.001)
19 Boxer f 8 2%
26 Brittany Spaniel mc 1 21
27 Jack Russel terrier mc 9 10
31 ‘Weimaraner mc 1 27
33 Mixed fs 10 30

Abbreviations: ALP, alkaline phosphatase; ALT, danine aminotransferase; AST, aspartate aminotransferase; CPR: C-reactive protein; f, female; fs, spayed

female; LDH, lactate dehydrogenase; m, male; me, castrated male.

Vet Comp Oncol. 2017;1-7.
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Does Chemotherapy negatively impacts the gut microbiome in dogs?

If yes, can diet help recover this dysbiosis?
Or Are there chemical exposures that are responsible for this dysbiosis?

Dysbiosis Triggers
Pathogen infection,
envirgnmental, and other
health factors lead to dysbiosis

| Chemotherapy
B -
{
-
L
ACC clinical trials core Healthy 3 Dysbiotic
Jonathon Stockman, DVM Microbiome Disease State

Hend Ibrahim, MD, PhD
Nora Jean Nealon, PhD, DVM

2 A

Loss of diversity Y r
and functionality i

Image adapted from Seres Therapeutics, 2017




Rice bran and navy beans have prebiotic functions
and support microbiota metabolism for cancer
control and prevention in people

These ingredients
are safe for use in

Navy beans
& dogs!

Rice Bran



Study Timeline

Week 5-Week 11: 6-Week Dietary Intervention

‘ Week 2-Week 15: Chemotherapy

Week1l Week2 Week 5 Week 7 Week 9 Week 11 Week 15
(o
FE

STUDY DIET:

20% w/v cooked
beans, 5% heat-
stabilized rice bran
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Gut microbial diversity increased over time

Shannon Diversity Index
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E. Coli did not increase during dietary intervention
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Probiotic commensals increased during dietary intervention

Bifidobacterium adolecesentis Faecalibacterium prausnitzii
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To what extent, microbiota mediate the disease-
causing effects of the environmental chemicals?

Are the effects of the environmental chemicals on
gut microbiota highly depend on sex and age

Exposure to environmental chemicals during various stages of life causes alterations in the gut
microbiome that may be associated with changes in health, including immune dysfunction and
cancer.

The altered carbohydrate and lipid metabolism are promising intervention targets

The field of gut microbiome toxicology is still relatively new, which is why many studies have only
reported changes in the gut microbiota composition and not on the mechanisms by which chemicals
interfere with gut microbiota.



Toxicology and Nutrition Lab at CSU
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