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Pesticides: Indoors and Outdoors

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



Companion animals

Cancer?

Immune dysfunction?

Endocrine Disruption?

Allergy?

Developmental or other 
abnormalities







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 

.

• Testing of environments, water, and food in addition to people and pets may 
help identify relative levels of exposures

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

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

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



One Health Relationships Between Human, Animal, and Environmental Microbiomes: A Mini-Review
Front. Public Health, 30 August 2018 
https://doi.org/10.3389/fpubh.2018.00235
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Mechanistic Relationships between Immunity and Cancer

Recent studies suggest that canine and feline gut 
fecal microbial phylogeny (e.g. predominance of 
Firmicutes, Bacteroidetes, Proteobacteria and 
Actinobacteria) and functional capacity 
(major functional groups related to carbohydrate, 
protein, DNA and vitamin metabolism, virulence 
factors and cell wall and capsule) are similar to 
those of the human gut! 

https://doi.org/10.3389/fpubh.2018.00235


Current Recommendations for Cancer Prevention
1. Be as lean as possible without becoming underweight. 
2. Be physically active for at least 30 minutes every day. 
3. Avoid sugary drinks. Limit consumption of energy-dense foods. 
4. Eat more of a variety of vegetables, fruits, whole grains and legumes such as 

beans.
5. Limit consumption of red meats and avoid processed meats. 
6. If consumed at all, limit alcoholic drinks to 2 for men and 1 for women per day. 
7. Limit consumption of salty foods and foods processed with salt (sodium). 
8. Don’t use supplements to protect against cancer. 
9. *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. 



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



"Rubor et Tumor cum  Calore
et Dolore" 



Global landscape of the human gut microbiota organized 
through metabolite transport

Sung et. Al. Nature Communications (2017)

This is also true for dogs!



• 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.

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.

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


Background: Metabolic differences 
between small and large dogs 

Journal of Nutrition and Metabolism
Volume 2017, Article ID 4535710, https://doi.org/10.1155/2017/453

Cohort Study Design. 
Eighty-three (83) canines from
seven different breeds were all fed 
the same dry extruded kibble diet 
for 5 weeks. 

Small dogs 
(34 individuals; Beagle,
Small Fox Terrier, and Miniature 
Schnauzer)
Mean weight of 9.3 kg (range of 
6.1–15.6 kg). 

Larger dogs 
(49 individuals; Labrador 
Retriever, English Setter, Siberian 
Husky, and Rottweiler) 
Mean weight of 31.5 kg (range of 
18.4–54.4 kg). 

Small dogs had a mean age of 6.8 
years (range
of 2.4–13.3 years) while larger 
dogs had a mean age of 6.2 years 
(range of 2.2–9.8 years). 

All dogs except, Rottweilers,
were housed in the same location. 

Samples were handled and
processed in the same manner to 
avoid technical variability or bias. 

https://doi.org/10.1155/2017/4535710
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Journal of Nutrition and Metabolism
Volume 2017, Article ID 4535710, https://doi.org/10.1155/2017/45

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

N=10 Navy 
Bean Diet

N=11 
Control 

Diet

4 Weeks

Restricted 
Calories

30 dogs  
BCS 6-9 

N=10 Navy 
Bean diet

N=10 
Black 
Bean 
Diet

N=10 
Control 

Diet

4 Weeks

15 dogs 
BCS 7-9

N=5 Navy 
Bean diet

N=5 
Blac

k 
Bean 
Diet

N=5 
Control 

Diet

6 Months



Plasma, Fecal and Urine metabolome of 66 companion dogs 
differ by body condition score

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 
may impact levels of 

Forster and Stockman. Topics in Companion Animal Med
Volume 33, Issue 4, December 2018, Pages 126-13

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







Some chemicals in the diet







-40000 -20000 0 20000 40000
-40000

-20000

0

20000

40000

Control Baseline
Control 4 Wk

C1

C2

C3

C4

C5

C6

C7

C8

C9

C10

C11

C1

C2

C3

C4

C5

C6

C7

C8
C9

C10

C11

PC1 (18% Variance)

P
C

2 
(1

4%
 V

ar
ia

n
ce

)

-40000 -20000 0 20000 40000
-40000

-20000

0

20000

40000

Navy Bean Baseline

Navy Bean 4Wk

NB1

NB2

NB3 NB4

NB5NB6

NB7

NB8

NB10

NB1

NB2
NB3

NB4

NB5

NB6

NB7

NB8

NB10

PC1 (18% Variance)

P
C

2 
(1

4%
 V

ar
ia

n
ce

)

Effects of Navy bean intake on the companion dog stool metabolome

Forster et. al. Current Metabolomics 2015



2016. Journal of Applied Animal Nutrition, Vol. 4; e4; page 1 of 11

Navy and black bean-based dog foods are digestible during weight loss in
overweight and obese adult companion dogs



Giambò, 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. 

• Effect of ampicillin on the triazine herbicide 
bioavailability

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). 



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

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





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





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 
Mixture

Less than 10 chemicals

Complex 
Mixture

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

Similar 
Mixture

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

Components 
of Concern

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

Indicator 
Chemical

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



Chemical mixture interactions 

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

Interaction When effect of mixture is different from additivity
Synergism Effect of mixture is greater than additivity estimated based 

on toxicity of components

Potentiation When non-toxic component increases toxicity of other
chemical

Antagonism When effect of mixture is less than additive

Inhibition When non-toxic component decreases toxicity of other
chemical

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



How antagonism among mixture 
components can complicate analysis

Basis of 
Interaction

Examples
Synergism of potentiation          Antagonism or inhibition

Chemical-
chemical

Formation of carcinogenic
nitrosamines from non-
carcinogenic nitrites in stomach

Oral ammonia counteracts 
ingested formaldehyde

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



The host microbiota and the immune system must 
communicate to maintain a balance between the 
inflammatory response activation and the immune 
tolerance preservation 

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 a loss of 
homeostasis that can promote a pro-neoplastic 
inflammatory environment through chronic 
inflammation, immune evasion and immune 
s ppression 



Testable Hypothesis in dogs: 

Does exposure to pesticide-
permethrin impact tumor 
immune evasion strategies 
such as downregulation of 
MHC-1

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

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 



a-BHC
a-Chlordane
Alachlor
Aldrin
Atrazine
b-BHC
Chlorobenzilate
Chloroneb
Chlorothalonil
cis-Permethrin
d-BHC
Dacthal
Dieldrin
Endosulfan I
Endosulfan II
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



Vet Comp Oncol. 2017;1–7.



FIGURE 4 Comparison of the abundance of 
Faecalibacterium spp. based on qPCR analysis and 
Illumina sequencing analysis. Bars represent the mean 
log DNA (qPCR data) or mean relative abundance 
(sequencing data)



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?

Image adapted from Seres Therapeutics, 2017

Chemotherapy

ACC clinical trials core
Jonathon Stockman, DVM
Hend Ibrahim, MD, PhD
Nora Jean Nealon, PhD, DVM



Rice bran and navy beans have prebiotic functions 
and support microbiota metabolism for cancer 

control and prevention in people

Brown Rice

Rice Bran

Navy beans
These ingredients 
are safe for use in 

dogs!

+



Study Timeline

Week 1 Week 2 Week 15

Week 2-Week 15: Chemotherapy

Week 5 Week 11Week 7 Week 9

Week 5-Week 11: 6-Week Dietary Intervention

STUDY DIET:
20% w/v cooked 
beans, 5% heat-
stabilized rice bran



Unpublished data (Ryan lab)
Eldridge Foundaition support



Gut microbial diversity increased over time

Baseline

Diet intervention +  Chemotherapy
Chemotherapy

Start



E. Coli did not increase during dietary intervention

Baseline

Chemo-
therapy

Start

Diet intervention
+  Chemotherapy



Probiotic commensals increased during dietary intervention

Baseline
Baseline

Chemo-
therapy

Start

Chemo-
therapy

Start

Diet intervention 
+ 

Chemotherapy
Diet intervention 

+ 
Chemotherapy



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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