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Introduction- Inorganic arsenic

Inorganic arsenic (iAs) is a ubiquitous environmental metalloid that is present in drinking water, soil, food, and other consumer 

products

Inorganic arsenic compounds are classified as carcinogenic to humans by the The International Agency for Research on Cancer 

(IARC)

Of  the inorganic forms of  arsenic, arsenite (trivalent oxidative state) is a common form of  existence

Structure of  sodium arsenite



This map shows estimates of  how many private domestic well users in each county may be 

drinking water with levels of  arsenic of  possible concern for human health.(µg/L, micrograms per 

liter)

Image from U.S. Geological Survey 

Introduction- Environmental levels of  inorganic arsenic

The primary route of  exposure to arsenicals is from drinking water

In drinking water, levels of  iAs are shown to exceed the World Health Organization 

(WHO) limit of  10 μg As/L in many regions of  the United States



Introduction – Inorganic arsenic and diabetes

Exposure to environmental toxicants and increased risk to chronic diseases



Introduction – Epidemiological studies

Several epidemiological studies have associated arsenic exposure to increased risk to diabetes



Introduction – Rodent studies

Rodent studies have identified potential mechanisms by which exposure to arsenic increases risk to diabetes



Introduction- Prenatal exposure to arsenic and diabetes

Diabetogenic effects of  iAs exposure at specific develop-mental windows, including exposure of  parental germ cells prior to conception, 

has never been systematically examined



Introduction- Overarching theme of  the study

Central hypothesis: Preconception exposure to iAs would lead to changes in transcript levels in parental germline cells and would lead to 
adverse metabolic phenotype relevant to diabetes in offspring.

Objective: To characterize gene expression changes in germline cells from mice exposed to inorganic arsenic (iAs) as a potential
mechanism by which preconception exposure may alter metabolic phenotypes in offspring



Keywords and abbreviations

iAs inorganic arsenic (Sodium arsenite)

FBG (Fasting blood glucose)

FPI (Fasting plasma insulin) 

15-min blood glucose 

glucose measured in blood at 15-min post-intraperitoneal injection of  d-glucose  

15-min plasma insulin

insulin measured in plasma at 15-min post-intraperitoneal injection of  d-glucose  

Delta glucose

Difference in glucose levels between 15 -min post-intraperitoneal injection of  d-glucose and fasting blood glucose 

Delta insulin

Difference in insulin levels between 15 -min post-intraperitoneal injection of  glucose and fasting plasma insulin

HOMA-B (Homeostasis assessment-β cell function)

A measure of  β-cell activity

HOMA-B = [FPI × 20]/[FBG − 3.5]

HOMA-IR (Homeostasis assessment-insulin resistance)

A measure of  insulin resistance

HOMA-IR= [(FBG) × (FPI)]/405

Insulinogenic index

A measure of  Beta Cell Function 

(FPI15min− FPIBasal)/(FBG15min − FBGBasal)



Animal study design 

Strain C57BL/6J



Scatter plots showing fasting blood glucose (FBG) and fasting plasma

insulin in male (A and C) and female (B and D) parental mice exposed

to sodium arsenite.

Results – Fasting blood glucose (FBG) and fasting plasma insulin (FPI) in parental mice exposed to arsenite 



Gene Base 

Mean

Log2 Fold 

change

p-value Benjamini 

Hochberg 

adjusted p-value

Protein tyrosine phosphatase, non-

receptor type 22 (Ptpn22)

133.95 -0.90 6.38E-06 0.05

Cluster of  differentiation (CD248) 84.67 1.28 1.12E-05 0.05

Chemokine (C-C motif) ligand 8 

(Ccl8)

297.20 1.04 1.84E-05 0.05

Major Vault Protein (Mvp) 231.27 0.48 2.13E-05 0.05

Ras-related protein Rab-3D (Rab3d) 145.55 0.58 4.35E-05 0.08

Sperm was collected after mating from males exposed to iAs for 10 weeks prior to mating and unexposed control males. Differentially expressed genes were identified based

on Benjamini-Hochberg adjusted p-value <0.1.

Results – Top genes that were differentially expressed in sperm cells of  sires exposed to inorganic arsenic



Pathway Fold 

enrichment

p-value Benjamini 

Hochberg 

adjusted p-value

Focal adhesion 3.25 9.71E-08 2.43E-05

PI3K-Akt signaling pathway 2.53 3.57E-07 4.46E-05

ECM-receptor interaction 3.82 6.08E-05 0.005

Collagen trimer 4.05 3.59E-05 0.001

Insulin-like growth factor 

binding

8.35 2.84E-05 0.006

Positive regulation of  non-

canonical Wnt signaling

19.54 4.57E-05 0.024

The pathways were identified based on Benjamini-Hochberg adjusted p-value <0.1.

Results – Top pathways in sperm cells that were significantly enriched with genes altered by exposure to iAs



Scatter plots showing percent fat and percent lean mass in male (A and C) and female (B and D) G1 mice at twenty-two weeks of age exposed to

sodium arsenite prior to conception and respective controls. P values indicate significant differences between control and treatment groups within sex.

Results – Metabolic phenotypes in offspring



Scatter plots showing fasting blood glucose, 15-min blood glucose, and delta

glucose15 - 0 min normalized to percent body fat in male (A, C, and E) and

female F1 (B, D, and F) mice at twenty-three weeks of age exposed to

sodium arsenite prior to conception and respective controls. P values indicate

significant differences between control and treatment groups within sex.

Results –Fasting blood glucose, 15-min blood glucose, and delta glucose15 - 0 min normalized to percent body fat

in offspring exposed to arsenite  



Scatter plots showing fasting plasma, 15-min plasma insulin, and delta insulin15 - 0 min

normalized to percent body fat in male (A, C, and E) and female (B, D, and F) F1

mice at twenty-three weeks of age exposed to sodium arsenite prior to conception

and respective controls. P values indicate significant differences between control and

treatment groups within sex.

Results –Fasting plasma, 15-min plasma insulin, and delta insulin15 - 0 min normalized to percent body fat in 

offspring exposed to arsenite  



Scatter plots showing HOMA-IR, HOMA-B, and insulinogenic index

normalized to percent body fat in male (A, C, and E) and female (B, D,

and F) F1 mice at twenty-three weeks of age exposed to sodium arsenite

prior to conception and respective controls. P values indicate significant

differences between control and treatment groups within sex.

Results –HOMA-IR, HOMA-B, and insulinogenic index normalized to percent body fat in offspring exposed to 

arsenite  



Pathway Fold 

enrichment

P-value Benjamini 

Hochberg 

adjusted p-value

Ribosome 4.66 5.97E-20 1.57E-17

Intracellular ribonucleoprotein complex 3.27 1.84E-17 3.02E-15

Structural constituent of  ribosome 3.42 4.95E-16 5.21E-13

Cytosolic large ribosomal subunit 3.83 1.64E-07 8.29E-06

Mitochondrial inner membrane 3.19 6.91E-20 1.51E-17

Respiratory chain 6.28 2.03E-12 1.67E-10

Oxidative phosphorylation 3.74 3.56E-12 4.68E-10

Mitochondrial respiratory chain complex I 6.74 1.73E-11 1.26E-09

Parkinson's disease 3.40 1.40E-10 1.23E-08

Non-alcoholic fatty liver disease (NAFLD) 2.87 1.27E-07 5.55E-06

The pathways were identified based on Benjamini-Hochberg adjusted p-value <0.1.

Results –Top pathways in livers from female offspring that were significantly enriched with genes altered by 

preconception exposure to iAs



Pathway Fold 

enrichment

p-value Benjamini 

Hochberg adjusted 

p-value

Focal adhesion 2.69 9.71E-06 0.001

ECM-receptor interaction 3.41 1.90E-04 0.006

PI3K-Akt signaling pathway 1.89 8.38E-04 0.023

Cell cycle 1.98 8.46E-06 0.006

Platelet-derived growth factor 

binding

12.32 6.73E-05 0.011

Extracellular matrix structural 

constituent

5.40 2.04E-04 0.017

Protein digestion and absorption 2.92 0.002381 0.049

Collagen trimer 3.052 0.005332 0.079

Leukocyte cell-cell adhesion 8.29 3.11E-05 0.014

Membrane to membrane docking 19.89 6.07E-04 0.086

The pathways were identified based on Benjamini-Hochberg adjusted p-value <0.1.

Results –Top pathways in livers from male offspring that were significantly enriched with genes altered by 

preconception exposure to iAs



Cell / Tissue Parental sperm Parental oocyte

Offspring liver 

(M)

95 6

Offspring liver 

(F)

81 20

The genes were identified based on p-value <0.05.

Results – Number of  genes that are commonly enriched in both parental germline cells and offspring livers 



Cell / Tissue Parental sperm Parental oocyte

Offspring liver 

(M)

16 0

Offspring liver 

(F)

0 0

The pathways were identified based on Benjamini-Hochberg adjusted p-value <0.1.

Results – Number of  pathways that are differentially perturbed in both parental germline cells and offspring 

livers based on gene list from previous table 



Pathway Fold 

enrichment

p-value Benjamini Hochberg adjusted 

p-value

extracellular matrix 16.16 1.47E-19 2.26E-17

proteinaceous

extracellular matrix

15.04 6.50E-19 5.00E-17

extracellular region 3.82 8.42E-11 4.32E-09

extracellular space 3.44 1.90E-07 4.87E-06

collagen trimer 20.82 1.04E-07 3.20E-06

platelet-derived growth 

factor binding

90.86 1.88E-07 3.77E-05

extracellular matrix 

structural constituent

31.91 1.10E-06 1.11E-04

ECM-receptor 

interaction

16.53 2.79E-06 2.71E-04

Protein digestion and 

absorption

16.53 2.79E-06 2.71E-04

PI3K-Akt signaling 

pathway

6.51 3.03E-06 1.47E-04

Results –Common list of  Top ten pathways that were significantly enriched with genes altered by 

preconception exposure to iAs in both offspring male liver and parental sperm 

The pathways were identified based on Benjamini-Hochberg adjusted p-value <0.1.



Summary and Conclusion

• Inorganic arsenic exposure significantly altered transcript levels of  genes, including diabetes-related genes, in the sperm of  sires

• Some of  the same gene transcripts and the associated pathways altered in sperm of  sires were also altered in the livers of  th e offspring

• In female offspring, the preconception exposure was associated with increased adiposity, but lower blood glucose after fastin g and after glucose 

challenge

• Males from parents exposed to inorganic arsenic had higher plasma insulin after glucose challenge and higher insulinogenic in dex than control 

offspring, indicating a greater requirement for insulin to maintain glucose homeostasis

• Our results suggest that preconception exposure may contribute to the development of  diabetic phenotype in male offspring, po ssibly mediated 

through germ cell-associated inheritance
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